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The surface structural features of three cellulases/endoglucanses (Cel12A), including two 'parent' 
endoglucanases from (i) a thermophile bacterium, R. marinus (in red), and (ii) a mesophile fungus, T.reesei 
(in blue), as well as (iii) a 'baby' protein-engineered endoglucanase (in green) produced by combining 
features of the thermophile (red) and mesophile (blue) parent Cel12A enzymes.  To produce the 'baby' 
enzyme shown in green, residues forming the substrate-binding groove of the parent enzyme shown in blue 
were identified and 'transplanted' onto the equivalent regions of the parent enzyme shown in red through ~36 
non-contiguous  mutations.  Structure determination of the baby enzyme revealed that it derives its groove 
(panel B) from the mesophile parent (panel C), but the rest of its surface (panel E) including its bottom from 
the thermophile parent (panel D), as intended. Functional studies showed that the baby enzyme has the 
thermal stability of the thermophile parent and the functional temperature optimum of the mesophile parent. 
This work resulted from a collaboration between the groups of Guptasarma, Singh and Karthikeyan.
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It is my heartfelt pleasure to report on the performance of our Institute during the two 

years gone by.  This biennium report chronicles our achievements during the years 

2005-2007.  As we look back, we find that our institute made significant strides in its 

chosen path.  It maintained its position among the top five CSIR laboratories in terms 

of the average impact factor per paper. Our research programmes, as a perusal of this 

report will make apparent, have lead to several positive outcomes; more than 187 

papers were published in internationally peer reviewed journals and 14 patents were 

filed, with 11 being granted in India and abroad.

One of our scientist's was conferred the prestigious 'Dr. S.S. Bhatnagar Award' while 

two were conferred with 'Pitamber Pant National Environmental Fellowship Award' 

and 'AVRA Young Scientist Award'. Another two scientists bagged the 'National 

Bioscience Award for Career Development', and another was elected Fellow of the  

Association of Microbiologists of India.

It is established that modern biological research is heavily dependent on the 

infrastructural facilities available.  Hence special efforts were made to upgrade many 

of our existing facilities and acquire new ones.  Modernisation of our fermentation 

facilities and the procurement of several sophiscated equipments were the outcome of 

this. As a result, public-private mode participation and utilization of these facilities 

especially for fermentation and protein purification have increased significantly at 

IMTECH.

Often the results of basic academic research, no matter how significant, are usually still 

far from the point from where they can be taken to the market. To overcome this 

paradigm, commercial linkages were established with a number of companies/ 

organizations and a few of our technologies mentioned below were licensed to major 

companies. 

?Successful completion of technology transfer of clot-specific streptokinase  

(engineered new-generation clot dissolver protein) to Nostrum Pharmaceuticals 

Inc., USA. Work on Phase II has started and primate studies were successfully 

completed recently.

?Successful completion of technology transfer of recombinant staphylokinase to 

Strides Arcolab Ltd., Bangalore, with work on Phase II being started involving 

scale-up and animal toxicology.
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?Phase III (clinical trials on humans) of technology transfer of recombinant 

streptokinase to Shasun Chemicals & Drugs Ltd., Chennai were successful and 

product launch is expected  by middle of the year 2009.

?Know-how for the production of alpha-amylase and alkaline protease was transferred 

to Celestial Labs, Hyderabad.

In addition, IMTECH scientists have discovered a new immunosuppressive agent. Its 

further development as a lead molecule is in progress and a commercial tie-up is expected 

soon.

A key component of national development is the generation of highly trained scientific 

Ph.D. programme and organizing various short and long term training courses.  During the 

period under report 21 students working at IMTECH obtained their Ph.D. degrees, 45 new 

students were admitted to our Ph.D. Programme and 70 others from various places were 

given intensive training for a period ranging from 2 to 6 months.  We also ran two 

successful CSIR Programme on Youth for Leadership in Science (CPYLS) Programmes 

organized centrally by the Human Resource Development Group of CSIR.

Overall, the Institute moved forward on its chosen path with confidence and in quiet 

realization that it has the potential to do even better.

In keeping with the spirit of Team CSIR, the Institute has fostered closer ties with sister 

laboratories and hopes to strengthen these bonds further in the years to come.  Perhaps, it is 

not out of place to mention here that in our endeavour to attract funds from outside 

agencies/organizations, we were successful to an extent not only in attracting funds from 

private organizations and other Govt. agencies but also from abroad.

Thus, the institute has moved forward significantly in the direction laid down by my 

predecessors.  This, does not, however, mean that we are complacent in our endeavours.  

Excellence has no absolute standards.

As always our Research Council provided valuable advice and guidance.  Our heartfelt 

thanks are due to CSIR, DBT, DST, ICMR and ICAR for the unstinted support all along.  

Last but not the least I extend my sincere thanks to all my colleagues, associates, students 

and other members of the IMTECH family for their alround help and co-operation.

(Girish Sahni)
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foxr nks o"kkZsa ds nkSjku laLFkku esa gq, dk;Z dh fjiksVZ izLrqr djrs gq, eq>s vR;ar g"kZ gks jgk gSA 
;g f}okf"kZdh izfrosnu o"kZ 2005&2007 dh gekjh miyfC/k;ksa dk izys[k ¼vkbZuk½ gSA ihNs 
eqM+dj ns[kus ij ge ikrs gSa fd laLFkku us vius pqus gq, ekxZ esa dbZ egRoiw.kZ lksiku r; fd, 
gSA laLFkku us vkSlr bEiSDV QSDVj izfr 'kks/ki= es ekeys esa lh,lvkbZvkj dh ikap 'kh"kZ 
iz;ksx'kkykvksa esa viuk LFkku cuk, j[kk gSA gekjs 'kks/k dk;Zdzeksa ls dbZ ldkjkRed ifj.kke 
lkeus vk, gSa tSlkfd bl fjiksVZ dks ns[kus ls gh Li"V gks jgk gS] varjjkLVªh; [;kfr izkIr 
tuZyks esa 180 ls vf/kd isij izdkf'kr gks pqds gSa rFkk 14 isVsaV Qkby fd, tk pqds gS ftlesa ls 
Hkkjr rFkk fons'k esa feykdj 11 iznku Hkh fd, tk pqds gSaA

gekjs ,d oSKkfud dks izfrf"Br *MkW-,l-,l- HkVukxj iqjLdkj* rFkk nks vU; dks ̂ihrkEcj iar 
jk"Vªh; i;kZoj.k QSyksf'ki vkokMZ* rFkk ̂,ohvkj, ;qok oSKkfud iqjLdkj* iznku fd;k x;kA nks 
oSKkfudksa us dSfjvj fodkl ds fy, *jk"Vªh; thofoKku iqjLdkj* izkIr fd;k] rFkk ,d dks 
,lksfl,'ku vkWQ ekbØksck;ksykWftLV vkWQ bafM;k dk QSyks pquk x;kA

;g ekuk tkrk gS fd vk/kqfud tho foKku esa 'kks/k eq[; rkSj ij miyC/k djkbZ xbZ 
volajpukRed lqfo/kkvksa ij vkfJr gksrh gSA vr% orZeku lqfo/kkvksa ds mUu;u ds fy, rFkk 
ubZ lqfo/kkvksa izkfIr ds fy, fo'ks"k iz;kl fd, x,A fd.ou lqfo/kkvksa dk vk/kqfudhdj.k rFkk 
fofHkUu mPp {kerk ;qDr miLdjksa dh [kjhn mlh dk ifj.kke gSA blds QyLo:i beVSd esa] 
fo'ks"kr% fd.ou rFkk izksVhu 'kqf}dj.k ds fy,] bu lqfo/kkvksa mi;ksx rFkk lkoZtfud&futh 
ra= dh lgHkkfxrk lkFkZd rkSj ij c<+h gSA

vf/kdrj ewy 'kS{kf.kd 'kks/k ds ifj.kke] pkgs fdrus Hkh egRoiw.kZ D;ksa u gksa lkekU;r% ml iM+ko 
rd ugha igqap ikrs tgk¡ ls mUgsa ckt+kj esa yk;k tk ldsA bl ckr dks le>rs gq,s cgqr lh 
dEifu;ksa] laxBuksa ds lkFk okf.kfT;d laca/k LFkkfir fd, x, rFkk gekjh fuEukafdr dqNsd 
izkS|ksfxfd;k¡ cM+h dEifu;ksa dks ykblsafld`r dh xbZA

& ukWLVªe QkekZL;wfVdy bad ;w-,l-, dks ¼FkDdk ?kksyd izksVhu dh vfHk;kaf=r ubZ ih<+h½ 
FkDdk fof'k"V LVsªIVksdkbusl dh izkS|ksfxdh dk LFkkukUrj.k lQyrkiwoZd fd;k x;k gSA 
Qsl&2 ij dk;Z vkjaHk fd;k x;k rFkk vkjafHkd v/;;u gky gh esa lQyrk iwoZd iwjs fd, 
x,A

& LVªkbM~l ,ØksySc fy0] caxykSj dks iqu;ksZxt LVSfQyksdkbusl dh izkS|ksfxdh LFkkukUrj.k 
dk dk;Z lQyrkiwoZd iwjk fd;k x;k rFkk Qst+ 2 ij dk;Z vkjaHk fd;k x;kA

& 'kk'kqu dSfedYl vkSj MªXl] fy0] pSus dks fjdfEcusaV LVªsIVksdkbusl ds Qst+&3 ¼euq";ksa ij 
fpfdRlh; ijh{k.k½ dh izkS|ksfxdh lQyrk iwoZd LFkkukUrfjr dh xbZ rFkk o"kZ 2009 ds 
e/; rd mRikn yk¡p gksus dh laHkkouk gSA
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& ukWLVªe QkekZL;wfVdy bad ;w-,l-, dks ¼FkDdk ?kksyd izksVhu dh vfHk;kaf=r ubZ ih<+h½ 
FkDdk fof'k"V LVsªIVksdkbusl dh izkS|ksfxdh dk LFkkukUrj.k lQyrkiwoZd fd;k x;k gSA 
Qsl&2 ij dk;Z vkjaHk fd;k x;k rFkk vkjafHkd v/;;u gky gh esa lQyrk iwoZd iwjs fd, 
x,A

& LVªkbM~l ,ØksySc fy0] caxykSj dks iqu;ksZxt LVSfQyksdkbusl dh izkS|ksfxdh LFkkukUrj.k 
dk dk;Z lQyrkiwoZd iwjk fd;k x;k rFkk Qst+ 2 ij dk;Z vkjaHk fd;k x;kA

& 'kk'kqu dSfedYl vkSj MªXl] fy0] pSus dks fjdfEcusaV LVªsIVksdkbusl ds Qst+&3 ¼euq";ksa ij 
fpfdRlh; ijh{k.k½ dh izkS|ksfxdh lQyrk iwoZd LFkkukUrfjr dh xbZ rFkk o"kZ 2009 ds 
e/; rd mRikn yk¡p gksus dh laHkkouk gSA



& ,YQk ,feysl rFkk ,Ydkykbu izksVhl ds mRiknu ds lac/k esa rduhdh tkudkjh 
lsysfL'k;y ySCl] gSnjkckn dks LFkkukUrfjr dh xbZA

blds lkFk gh] beVSd ds oSKkfudksa us ,d uohu izfrj{kk fujks/kh dkjd dh [kkst dh gSA 'kh"kZ 
v.kq ds rkSj ij ftlds fodkl dk dk;Z izxfr ij gS rFkk ,d okf.kfT;d xBca/ku 'kh?kz gh 
laHkkfor gSA 

jk"Vªh; fodkl dk ,d eq[; ?kVd gS mPp oSKkfud izf'k{k.k ;qDr ih,pMh dk;ZØe pykuk 
rFkk fofHkUu y?kq ,oa nh?kkZof/k izf'k{k.k dkslZ vk;ksftr djukA fjiksVZ dh vof/k ds nkSjku 
beVSd esa dk;Zjr 21 'kks/k Nk=ksa us ih,pMh dh fMxzh vftZr dh] 45 u, Nk=ksa us gekjs ih,pMh 
dk;ZØe esa izos'k fy;k rFkk fofHkUu LFkkuksa ls vk, 70 vU; Nk=ksa dks 2 ls 6 eghus dh vof/k dk 
xgu izf'k{k.k iznku fd;k x;kA geus bl nkSjku lh,lvkbZvkj ds ,pvkjMhth }kjk dsUnzh; 
rkSj ij vk;ksftr ̂lh,lvkbZvkj dk foKku esa ;qok usr`Ro dk;ZØe* nks ckj pyk;kA

lexzr % laLFkku vius bfPNr iFk ij iwjs vkRefo'okl ds lkFk RkFkk bl laKku ds lkFk vkxs 
c<+ jgk gS fd mlesa blls Hkh mÙke dk;Z djus dh {kerk gSA

Vhe lh,lvkbZvkj dh Hkkouk dks iwjk djrs gq, laLFkku us viuh lgiz;ksx'kkykvksa ds lkFk 
?kfu"B laca/k cuk, gSa rFkk vk'kkoku gS fd vkus okys o"kksZa esa ;g vkSj lqn`<+ gksaxsA rFkkfi ;gk¡ 
;g crkuk vU;Fkk ugha gksxk fd vU; cká ,tsfl;ksa] laxBuks ls fuf/k izkIr djus ds iz;kl esa 
ge dqN gn rd u dsoy futh laxBuksa rFkk vU; ljdkjh ,tsfl;ksa ls fuf/k izkIr djus esa 
lQy gq, gS vfirq fons'kksa ls Hkh fuf/k izkIr dj ik, gSaA

lexzr% laLFkku esjs iwokZf/kdkfj;ksa }kjk nh xbZ fn'kk esa laLFkku us egRoiw.kZ mUufr dh gSA 
rFkkfi bldk ;g rkRi;Z ugha gS fd ge vius iz;klksa ls larq"V gSaA Js"Brk dk dksbZ ekud ugha 
gksrkA

ges'kk dh rjg gekjh vuqla/kku ifj"kn~ dh vksj ls ewY;oku ijke'kZ rFkk ekxZn'kZu izkIr gksrk 
jgk gSA lh,lvkbZvkj] MhchVh] Mh,lVh] vkbZlh,e,vkj rFkk vkbZlh,vkj] muds [kqys 
lg;ksx ds fy, gekjh vksj ls gkfnZd /kU;okn ds ik= gSaA varr% eSa vius lHkh lgdfeZ;ksa] 
lgk;dksa] 'kks/k Nk=ksa rFkk beVSd ifjokj ds vU; lHkh lnL;kas dks muds lokaZxhu lg;ksx rFkk 
enn ds fy, gkfnZd /kU;okn nsrk gw¡A
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The overall aim of the project is to identify and characterize regulatory molecules of 
M. tuberculosis that are involved in phosphate sensing. 

M. tuberculosis PhoP regulates expression of unknown virulence determinants and 
controls biosynthesis of complex lipids. In the laboratory, for the first time, PhoP and
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truncated PhoR sensor proteins were shown to participate in phosphotransfer
reactions using conserved residues characteristic of two-component signaling

systems. -Galactosidase activity originating from phoP promoter-lacZ construct
was inhibited in the presence of PhoP, suggesting transcriptional auto-inhibition by
the response regulator. High-resolution DNA-protein contact studies revealed a
consensus recognition sequence within the phoP promoter that includes three 9-bp

1 T T T 9direct repeat units. Each repeat unit adjusts to the consensus AC / / / P AP C .G G G y u

Alterations in the sequence of the newly-identified direct repeat units relieved phoP
transcriptional repression in presence of PhoP, suggesting that PhoP represses its own
expression by sequence-specific interaction(s) with the repeat units. Together, these
results identified hitherto unknown PhoP-regulated genetic determinants in the
regulatory region of the phoP promoter which are central to understanding how PhoP
possibly functions as a global regulator in M. tuberculosis.

Although much work remains to be done in identifying the genes regulated by PhoP,
the present work, identifying a gene promoter regulated by the MTB PhoP and
biochemically characterizing its binding interactions(s), represents a significant
advancement in our understanding of the PhoPR two-component system. Elucidation
of the specific signal sensed by the PhoR histidine kinase is the next challenge, i.e., to

+2identify whether the signal is Mg as in Salmonella, phosphate as in Streptomyces,
acetate as in E. coli, or otherwise. We wish to understand the conditions and
determinants of regulation of PhoP function. Meanwhile, identification of the target
sites to which PhoP binds may help find PhoP-regulated promoters with a consensus
PhoP-binding site, and allow future studies on regulatory interactions of the PhoP
response regulator.
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The objectives of this project were to decipher the function of a class of predicted
whiB-like ORFs of Mycobacterium tuberculosis H37Rv. Initially, these small ORFs
of 86-114 amino acids were implicated in regulation of sporulation in
Streptomycetes. However, as genome sequences of different organisms belonging to
actinomycetes made available, it became clear that these small ORFs are distributed
throughout the group actinomycetes, although the number of ORFs of similar nature
vary from organism to organism. The importance of these predicted ORFs (with no
apparent functions) cannot be ignored, especially in mycobacteria, because even M.
leprae which has undergone severe retrogressive evolution has retained four ORFs 
of this group/family. All the whiB-like ORFs have four conserved cysteine residues.
The goal was to study the function of some of these ORFs in M. tuberculosis H37Rv,
and the nature of the proteins encoded by them.

Iron-sulfur clusters are key to the regulatory function of at least three transcription
factors SoxR, IscR and FNR whereas the function of OxyR, global regulator Spx,
Hsp33, RsrA, Yap1 are regulated by thiol-disulfide. Unlike SoxR, IscR and FNR, in
which an Fe-S cluster is needed for regulation, it is essential for aconitase to lose its
Fe-S cluster before it can bind to RNA and perform its regulatory function. Recently,
human mitochondrial glutaredoxin2 (Grx2) was also reported to have an EPR silent

2+non-oxidizable [2Fe-2S] cluster that bridges two Grx2 molecules via two structural
Cys residues to form dimeric holo Grx2. Similar to aconitase, human holo Grx2 with
Fe-S cluster is enzymatically inactive and the loss of Fe-S cluster activates the Grx2.
The Grx2 along with the Fe-S cluster also has a thioredoxin- like motif. So far, only
two proteins in nature, i.e., human Grx2 and Aquifex aeolicus ferredoxin with a
thioredoxin-like fold, are known to co-ordinate an Fe-S cluster. Thioredoxins and
glutaredoxins are thiol-disulfide oxidoreductases that help in the maintenance of
cellular redox homeostasis. They both share similar structure and overlapping
functions and usually contain a Cys-X-X-Cys motif as an active site.

Thioredoxins are small ubiquitous proteins, which mediates dithiol-disulphide
exchanges in all living cells. These proteins function through the formation or
reduction of a disulphide bond in their target protein. They also share a common



structure known as the Trx motif which consists of four - helices and five - sheets 
and a pair of redox active cysteines present in the form of a Cys-X-X-Cys motif. The 
actual role of each of thioredoxin/thioredoxin-like proteins in the cell is determined 
by : (a) the redox potential of the protein, and (b) the direction of the electron 
transport pathway it participates in. Thus, both kinetic and thermodynamic functions 
are important. Thioredoxins or thiol-specific redox systems are important in the 
protection of cells against toxic oxygen species, maintenance of the intracellular 
thiol-disulfide balance as well as in providing reducing power to key reductive 
enzymes, for e.g., ribonucleotide reductase. Both thioredoxin and glutaredoxin are 
maintained in a reduced form by their cognate thioredoxin reductase or glutathione 
/glutathione reductase at the expense of NADPH. 

Biochemical analysis of WhiB1 and WhiB4 proteins of M. tuberculosis H37Rv.  In 
depth analyses of the amino acid sequences of WhiB-like proteins of mycobacteria 
showed that they all have four conserved cysteines, with a Cys–X-X-Cys motif. The 
Cys–X-X-Cys motif is well characterized and known to be redox sensitive, which 
means that the cysteines in the motif respond to oxidative stress by forming disulfide 
bond. Both whiB1 and whiB4 genes were cloned and proteins were expressed and 
purified. Thus, the group tested the status of disulfide bond formation in both WhiB1 
(Rv3219, 252bp/84aa) and WhiB4 (Rv3681c, 357bp/118aa) using MALDI-TOF-
TOF. The results clearly showed the presence of two intramolecular disulfide bonds 
in both WhiB1 and WhiB4 proteins where one of the bonds, at least in WhiB4, occurs 
between two cysteines of the Cys–X-X-Cys motif and the other disulfide bond is 
formed by the two outside cysteines. The reducing/oxidizing capacity of a protein 
depends upon the sequence and structural context of the Cys–X-X-Cys motif. 
Similar to other proteins with Cys–X-X-Cys motif, WhiB1 also can be reduced by 
reduced glutathione. Therefore, the redox potential of WhiB1 was calculated by 
using the ratio of GSH/GSSG as standard; however an identical method could not be 
used for WhiB4. Attempts are being made to calculate the redox potential of WhiB4 
using thioredoxin reductase and NADP+/NADPH ratio. 

Both WhiB1 and WhiB4 are thioredoxin-like proteins as judged by their thiol 
transfer capacity to insulin, showing that both WhiB1 and WhiB4 are protein 
disulfide reductases. So far these results suggest that both WhiB1 and WhiB4 are 
likely to work by the oxidation and reduction of disulfide bonds. The concentrated 
and purified WhiB1 and WhiB4 proteins were brownish in colour, surprisingly the 
scanning of purified proteins produced a spectrum typical of Fe-S cluster containing 
proteins. Cysteine and histidine residues have the potential to co-ordinate Fe-S 
clusters in proteins. Mutational analysis of WhiB1 and WhiB4, where either 
individual or multiple cysteine residues were mutated to serine, showed that the Fe-S 
cluster is coordinated by all four-cysteine residues. The result was further confirmed 
using a cysteine modifier. The oxygen sensitivity of the WhiB1 and WhiB4 Fe-S 
clusters was studied by exposing the purified proteins to different concentrations of 
H O  and then scanning spectra. The Fe-S cluster of WhiB4 (data were similar for 2 2

WhiB1) protein is oxygen sensitive. 
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The data clearly showed that WhiB like proteins are stress responsive, and that they 
function by oxidation/reduction of cysteines. Thus theoretically, after the Fe-S cluster 
is lost and under favourable conditions, i.e., when redox state of the cell is in normal 
condition, the protein should have capability to reconstitute the Fe-S cluster. In several 
other Fe-S cluster coordinating proteins, some other proteins mediate the 
reconstitution of the Fe-S cluster. Thus the purified WhiB1 protein was allowed to air 
oxidize which disassembled the Fe-S cluster and then10 mm DTT was added in the 
same preparation. The reaction was allowed to continue at room temperature for 6 hrs, 
and then absorbance at 420 nm (a characteristics of Fe containing proteins) was 
measured. The increased absorbance at 420 nm clearly showed that both WhiB1 and 
WhiB4 proteins reconstituted the Fe-S cluster under reducing condition without the 
help of any accessory protein. The result suggests that both WhiB1 and WhiB4 of M. 
tuberculosis are likely to be sensor proteins. Thioredoxins are regulatory proteins and 
their regulation property is governed by reversible oxidation/reduction of disulfide 
bonds.  To study the nature of Fe-S cluster both WhiB1 and WhiB4 were subjected to 
electro-paramagnetic resonance (EPR) analysis.  EPR spectra clearly showed that each 
molecule of WhiB1 and WhiB4 proteins co-ordinates a [4Fe-4S] cluster. The spectra 
further showed that there is continuous oscillation of Fe3+ and Fe2+ state between the 
Cys-X-X-Cys motif suggesting that WhiB1 can sense the stress by using its Fe-S 
cluster. Cysteine mutagenesis and alkylation studies showed that all the four cysteine  
residues are involved in the [4Fe-4S] cluster coordination. The removal of [4Fe-4S] 
cluster leads to conformation changes in both proteins. It was demonstrated that both 
WhiB1 and WhiB4 are protein disulfide reductases, with WhiB4 more active as a 
disulfide reductase than WhiB1. Mutational analysis showed that both the disulfide of 
WhiB4 contributes towards the disulfide reductase. Deletion of all the four cysteines 
abolished the [4fe-4S] cluster as well as disulfide reductase function. Further the holo-
proteins were enzymatically inactive. 
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structure known as the Trx motif which consists of four - helices and five - sheets 
and a pair of redox active cysteines present in the form of a Cys-X-X-Cys motif. The 
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are important. Thioredoxins or thiol-specific redox systems are important in the 
protection of cells against toxic oxygen species, maintenance of the intracellular 
thiol-disulfide balance as well as in providing reducing power to key reductive 
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in both WhiB1 and WhiB4 proteins where one of the bonds, at least in WhiB4, occurs 
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reduced glutathione. Therefore, the redox potential of WhiB1 was calculated by 
using the ratio of GSH/GSSG as standard; however an identical method could not be 
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Both WhiB1 and WhiB4 are thioredoxin-like proteins as judged by their thiol 
transfer capacity to insulin, showing that both WhiB1 and WhiB4 are protein 
disulfide reductases. So far these results suggest that both WhiB1 and WhiB4 are 
likely to work by the oxidation and reduction of disulfide bonds. The concentrated 
and purified WhiB1 and WhiB4 proteins were brownish in colour, surprisingly the 
scanning of purified proteins produced a spectrum typical of Fe-S cluster containing 
proteins. Cysteine and histidine residues have the potential to co-ordinate Fe-S 
clusters in proteins. Mutational analysis of WhiB1 and WhiB4, where either 
individual or multiple cysteine residues were mutated to serine, showed that the Fe-S 
cluster is coordinated by all four-cysteine residues. The result was further confirmed 
using a cysteine modifier. The oxygen sensitivity of the WhiB1 and WhiB4 Fe-S 
clusters was studied by exposing the purified proteins to different concentrations of 
H O  and then scanning spectra. The Fe-S cluster of WhiB4 (data were similar for 2 2
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The data clearly showed that WhiB like proteins are stress responsive, and that they 
function by oxidation/reduction of cysteines. Thus theoretically, after the Fe-S cluster 
is lost and under favourable conditions, i.e., when redox state of the cell is in normal 
condition, the protein should have capability to reconstitute the Fe-S cluster. In several 
other Fe-S cluster coordinating proteins, some other proteins mediate the 
reconstitution of the Fe-S cluster. Thus the purified WhiB1 protein was allowed to air 
oxidize which disassembled the Fe-S cluster and then10 mm DTT was added in the 
same preparation. The reaction was allowed to continue at room temperature for 6 hrs, 
and then absorbance at 420 nm (a characteristics of Fe containing proteins) was 
measured. The increased absorbance at 420 nm clearly showed that both WhiB1 and 
WhiB4 proteins reconstituted the Fe-S cluster under reducing condition without the 
help of any accessory protein. The result suggests that both WhiB1 and WhiB4 of M. 
tuberculosis are likely to be sensor proteins. Thioredoxins are regulatory proteins and 
their regulation property is governed by reversible oxidation/reduction of disulfide 
bonds.  To study the nature of Fe-S cluster both WhiB1 and WhiB4 were subjected to 
electro-paramagnetic resonance (EPR) analysis.  EPR spectra clearly showed that each 
molecule of WhiB1 and WhiB4 proteins co-ordinates a [4Fe-4S] cluster. The spectra 
further showed that there is continuous oscillation of Fe3+ and Fe2+ state between the 
Cys-X-X-Cys motif suggesting that WhiB1 can sense the stress by using its Fe-S 
cluster. Cysteine mutagenesis and alkylation studies showed that all the four cysteine  
residues are involved in the [4Fe-4S] cluster coordination. The removal of [4Fe-4S] 
cluster leads to conformation changes in both proteins. It was demonstrated that both 
WhiB1 and WhiB4 are protein disulfide reductases, with WhiB4 more active as a 
disulfide reductase than WhiB1. Mutational analysis showed that both the disulfide of 
WhiB4 contributes towards the disulfide reductase. Deletion of all the four cysteines 
abolished the [4fe-4S] cluster as well as disulfide reductase function. Further the holo-
proteins were enzymatically inactive. 
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The work carried out under this project, as published, is as below:

Saurabh K. Garg Md. Suhail Alam, K.V. Radha kishan and Pushpa Agrawal.
Expression and characterization of -(1,4) glucan branching enzyme Rv1326c of
Mycobacterium tuberculosis H37Rv. Protein Exp. Purif., 51, 198-208, 2007.

Saurabh K. Garg, Md.Suhail Alam, Vishal Soni, K. V. Radhakishan and Pushpa
Agrawal. Characterization of Mycobacterium tuberculosis WhiB1/Rv 3219 as a
protein disulfide reductase. Protein Exp. Purif., 52, 422-432, 2007.

Md. Suhail Alam, Saurabh K. Garg and Pushpa Agrawal. Molecular function of
WhiB4/Rv3286c of Mycobacterium tuberculosisH37Rv: a [4Fe-4S] coordinating
protein disulfide reductase. Mol. Microbiol., 63, 1414-1431, 2007.

stThe Research Council of IMTECH in its 31 meeting held on July 3-4, 2006
reviewed the work done under this project and declared the project as successfully 
completed.

Project Leader: Dr. Pushpa Agrawal
Other Participant: Ms. Richa Bajpai

The PIS 136 integrase is an arginine-rich DNA binding protein. The amino acid
sequence of the protein has all conserved regions and residues of a site specific
integrase. However, studies in the lab show that though the protein appears to be a
site-specific tyrosine recombinase, in vitro the protein functions as a transposase as
well as a resolvase. Sequence analysis of in vitro recombination products showed that
every recombination site has CA di-nucleotides. The CA di-nucleotide is a
characteristic of Mu and HIV transposase.

Temperate bacteriophages use site-specific recombination to stably integrate to the 
host chromosome and generate stable lysogens. The recombination is between attB
and attP regions and in general tRNAs are the targets. The most common site-
specific recombinase is tyrosine recombinase or serine recombinase. Tyrosine
recombinases have been reported not just from bacteriophages but also from
transposons e.g., Tn916, Tn1545 and CTn86 and CTn9343. Brom and colleagues
described a novel feature of tyrosine recombinase which can generate a co-integrate
between two plasmids of Rhizobium elti CNF42. However, this case is conditional
because it happens when re-iterated sequences are present in the plasmid which acts

as recombination site. Co-integrates are resolved by serine recombinases, but
exceptions have been reported where tyrosine recombinases are also used for
resolution e.g., Tn4430 and Tn4651. However, genome shuffling by deletions or

IS DDE MOTIF ESSENTIAL FOR TRANSPOSASES? FUNCTIONAL
ANALYSIS OF PIS 136 INTEGRASE GENE : A LIKELY
TRANSPOSASE

Functional model of WhiB4 of M.
turberculosis. WhiB4 remains as a
holo protein under normal growth
conditions but once Mtb invades
the host, it encounters oxidative
and nitrosative stress in the form of
ROIs and RNIs. These agents lead 

2_ 3+to oxidation of Fe to Fe followed
by disassembly of [4Fe-4S] cluster,
formation of two intra-molecular
disulfide bonds and generation of
apo WhiB4. The process also
brings conformational change in
the protein. Apo WhiB4 accepts
electrons either from a reductase
(not yet identified) or directly from
a reducing agent (not know as yet)
and gets activated. The active form
of protein then transfer the signal to
target protein(s) as a disulfide
reductase.
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duplication seem to be rec independent and plasmid or phage encoded recombination
system is reported to play an important role.

Serine recombinase family of proteins which have both invertase and resolvase
functions are mechanistically different from tyrosine recombinase. Tyrosine
recombinases first create a staggered nick at identical positions in two opposite strands
by generating a 3'-phosphotyrosyl bond and a 5' hydroxyl group. Each nicked strand
swivels around its partner strand to form a Holliday junction which then is resolved
into reciprocal recombinants by breakage and exchange of the two parental strands at
the other end of the spacer which involves the migration of the junction across the
spacer. The joining reaction is mediated by nucleophile attack of 5'-OH group from a
cleaved strand of one substrate on the 3' phosphotyrosyl bond formed on the cleaved
strand of its partner. In case of serine recombinases, the protein makes concerted
double strand breaks in the two recombination sites before starting the exchange or
any re-sealing of DNA strand can occur. Serine recombinases prefer orientation of
recombination sites such as direct or inverted repeats.

Integrases require accessory host factors to perform their reactions along with specific
attP and attB sequences, while transposases normally work by a two-step process and
do not require host factor. In the first step, the donor DNA molecule is fused to a target
molecule in a process that involves DNA replication, which requires the function of
transposase and makes co-integrate. Resolution takes place by a conservative site-
specific recombination event at two directly repeated recombination sites known as
res sites into donor and target molecules. In this case resolvase is transposon-encoded.
All these reports show that whatever may be the pathway, recombination to resolution
of recombinants require two separate enzymes.

The integrase gene of PIS 136 was cloned and expressed in the pET22b vector at 30 C.
The protein was purified under denaturing condition and was refolded. The refolded
protein had DNA binding property and also performed the first reaction in the
recombination process that was DNA cleavage. Sequence analysis and comparison
with other intergrases indicated that PIS 136 integrase might be a tyrosine
recombinase. Therefore, the predicted tyrosine residue was mutated to phenylalanine
by site directed mutagenesis followed by overlap PCR. The PCR product was also
cloned and expressed in pET22b vector at 30 C. The protein was purified, as with the
wild type, and refolded and its DNA binding properties were compared with the wild
type protein. Surprisingly, the tyrosine mutant protein failed to bind to DNA but
maintained the DNA cleaving property. PIS 136 integrase protein has a serine residue

that the 9 position, indicating that the protein may also function as a serine
recombinase, suggesting that it is a chimera. If that indeed is the case then it is not
surprising that the protein retains the DNA cleaving property but some how cannot
complete the recombination reaction. The cleaved products are being analysed to find
the DNA sequence at which the protein works. The integrase protein showed gel shift
of the linear DNAbut when supercoiled DNAwas used as a substrate.
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Javed N. Agrewala
javed@imtech.res.in

COSTIMULATORY MOLECULES-MEDIATED REGULATION OF
THE ACTIVATION AND DIFFERENTIATION OF ANTIGEN
PRESENTING CELLS

Project Leader: Dr. Javed N.Agrewala
Other Participants: Mr. ManzoorA. Mir

Dr. Vijender Singh
Ms. Shweta Jain
Mr. U. Gowthaman
Mr. Rajender Das

Evidence from a variety of studies suggests that a B cell's contact with T helper cell is
crucial for its optimalactivation and antibody secretion. Contact between B cell and T
cell can be mediated by antigenpresentation, as well as antigen-independent cell-cell
interactions using molecules known as adhesion (LFA-1, LFA-3, ICAM-1, etc.) and
costimulatory molecules (CD80, CD86, CD40, etc.). Signalsfrom T cells induce two
opposite fates in B cells: clonal expansion and clonal deletion. The role of
costimulatory molecules is very well established in the activation of T cells, but
nothing has been definitively determined about how these molecules operate in the 
activation and differentiationof B cells.

An array of costimulatory molecules, e.g. CD80, CD86, CD40, CD27, CD278,
OX40L, etc., are expressed on the surfaces of antigen presenting cells. Their role has
gained considerable significance in theactivation of T cells, but very little is known in
connection with the activation of antigen presenting cells. The exact mechanism of
sequence of signals provided by different costimulatory molecules in the stimulation
and inhibition of B cells, macrophages and dendritic cells is largelyunknown.

The group has demonstrated for the first time that the signaling through
costimulatory molecules CD80 and CD86 can modulate the activity of B cells and B
cell lymphomas. Costimulation through CD80 induces apoptosis in B cell lymphoma
by up-regulating the expression of pro-apoptotic molecules. In contrast,
costimulation through CD86 augmented the level of anti-apoptotic molecules. Thus,
it may be inferred from these findings that engagement of CD80/CD86 on antigen
presenting cells with CD28/CD152 on T cells not only influences T cells but also B
cells. The kinetics of rapid and high level of expression of CD86 in early immune
responses and the delayed expression of CD80 on antigen presenting cells can be
viewed as necessary activation and inhibitory signals, respectively, delivered by
these molecules during the immune response. After the group's report, the role of
CD80/CD86 in bi-directional costimulation has been internationally followed up by
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many groups. The work has opened a new concept in costimulation and many groups
have shown that signaling through CD80/CD86 can also control the function of B
cells, dendritic cells and T cells. Recently, Logue and Sha 2004, [Nature
Immunology: News and Views] have indicated that CD28-CD80 bi-directional
signaling is a two-way street to activation. Further, this strategy is being currently
utilized by Biogene for the treatment of relapsed and refractory follicular lymphoma
patients.

Pro-inflammatory cytokines IL-1, IL-6 and TNF-a enhance M. tuberculosis specific long-term central memory
lo hiphenotype (CD197 /CD62L ). Mice were injected either with M. tuberculosis infected macrophages (IM) or in

combination with IL-1+IL-6TNF-(IMC). After 240 days, peripheral blood was drawn and expression of central
memory markers (CD197 and CD62L) were evaluated on CD4+T cells by 3 colour staining. Control group
comprised of mice injected with uninfected macrophages.
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The group has also demonstrated that IL-4- and IFN-g-induced secretion of IgG1 and 
 IgG2a, respectively, could be inhibited by signaling B cells through CD80 molecule. 

 IL-4 and IFN-gacted synergistically with CD86 costimulation and augmented the 
  production of IgG1 and IgG2a, respectively. Interestingly, IL-4 could inhibit the 

 secretion of IgG2a induced by CD86 signaling but IFN-g failed to obstruct the 
 secretion of IgG1, even though the latter hasantagonistic property for IL-4. 

Currently, the group is studying the influence of signaling through costimulatory 
molecules on the survival of intracellular pathogens viz. M. tuberculosis and S. 
typhimurium in infected macrophages. Further, how costimulation of infected 
macrophages affects the secretion of cytokines and expression of costimulatory 
molecules and its impact on the activation vs anergy of T cells is also being studied.
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saumya@imtech.res.in

MOLECULAR BASIS OF THE MECHANISM OF ASSOCIATION OF 
Vibrio cholerae AND Entamoebae histolytica 

 Project Leader: Dr. Saumya Raychaudhuri  
 Other participants: Mr. Vibhu Jain

         Mr. Mitesh Dongre
         Ms. Chetna

 

In India, like in other developing countries, diarrhoea is a major problem. Despite 
considerable advancement in the understanding of diarrhoeal diseases as a whole, 
much remains to be learnt. Both acute watery diarrhoea and dysentery are prevalent 
in some regions of our country, particularly the coastal regions; therefore, in these 
areas, an individual might become a victim of a mixed infection by different 
diarrhoeal disease-causing pathogens. It has been observed that the interaction 
between two pathogens alters their pathogenic and survival potential. For example, it 
has been seen that interactions of Mycobacterium avium and Legionella 
pneumophila with water borne amoeba Acanthamoeba castellani enhance their 
virulence and vice versa. Therefore,  interactions among different organisms could 
alter their virulence potential. 

The objective of this project was to understand the mechanism of cross talk or 
interaction between diarrhea-causing bacteria and a protozoan namely Vibrio 
cholerae and Entamoeba histolytica and its subsequent influence in disease per se.  

Vibrio cholerae is the causative agent of cholera, a form of diarrhoea, which 
continues to ravage and remains a major public health problem in the developing 
world.  The organism has the capacity to survive in diverse estuarine environments as 
well as in human host.  Recent studies suggested that the interaction with a fresh 
water amoeba, Acanthameoba castellanii could be one of the possible modes of its 
survival in the aquatic environment.  It was also shown that V. cholerae could 
replicate intracellularly in Acanthamoeba castellanii, which further prompted 
studies of its interaction with a parasitic amoeba, Entameoba histolytica. 

Entamoeba histolytica, the causative agent of amebic colitis and amebic liver abscess 
is the second leading cause of death from parasitic disease worldwide.  In their 
natural environment, trophozoites of E. histolytica live in the colon region of the 
human intestine together with resident microflora, which under normal condition are 
usually composed of a complex mixture of mostly anaerobic or microaerophilic 
bacteria.  In order to examine, the interaction of Vibrio cholerae by the trophozoites 
of E. histolytica, a gentamicin assay was employed as described elsewhere.  In this 
assay, E. histolytica HM-1:IMSS trophozoites (a gift from Prof. Sudha



The group has also demonstrated that IL-4- and IFN-g-induced secretion of IgG1 and 
 IgG2a, respectively, could be inhibited by signaling B cells through CD80 molecule. 

 IL-4 and IFN-gacted synergistically with CD86 costimulation and augmented the 
  production of IgG1 and IgG2a, respectively. Interestingly, IL-4 could inhibit the 

 secretion of IgG2a induced by CD86 signaling but IFN-g failed to obstruct the 
 secretion of IgG1, even though the latter hasantagonistic property for IL-4. 

Currently, the group is studying the influence of signaling through costimulatory 
molecules on the survival of intracellular pathogens viz. M. tuberculosis and S. 
typhimurium in infected macrophages. Further, how costimulation of infected 
macrophages affects the secretion of cytokines and expression of costimulatory 
molecules and its impact on the activation vs anergy of T cells is also being studied.

12

R
&

D
 

P
R

O
G

R
A

M
M

E
S

Saumya Raychaudhuri   
saumya@imtech.res.in

MOLECULAR BASIS OF THE MECHANISM OF ASSOCIATION OF 
Vibrio cholerae AND Entamoebae histolytica 

 Project Leader: Dr. Saumya Raychaudhuri  
 Other participants: Mr. Vibhu Jain

         Mr. Mitesh Dongre
         Ms. Chetna

 

In India, like in other developing countries, diarrhoea is a major problem. Despite 
considerable advancement in the understanding of diarrhoeal diseases as a whole, 
much remains to be learnt. Both acute watery diarrhoea and dysentery are prevalent 
in some regions of our country, particularly the coastal regions; therefore, in these 
areas, an individual might become a victim of a mixed infection by different 
diarrhoeal disease-causing pathogens. It has been observed that the interaction 
between two pathogens alters their pathogenic and survival potential. For example, it 
has been seen that interactions of Mycobacterium avium and Legionella 
pneumophila with water borne amoeba Acanthamoeba castellani enhance their 
virulence and vice versa. Therefore,  interactions among different organisms could 
alter their virulence potential. 

The objective of this project was to understand the mechanism of cross talk or 
interaction between diarrhea-causing bacteria and a protozoan namely Vibrio 
cholerae and Entamoeba histolytica and its subsequent influence in disease per se.  

Vibrio cholerae is the causative agent of cholera, a form of diarrhoea, which 
continues to ravage and remains a major public health problem in the developing 
world.  The organism has the capacity to survive in diverse estuarine environments as 
well as in human host.  Recent studies suggested that the interaction with a fresh 
water amoeba, Acanthameoba castellanii could be one of the possible modes of its 
survival in the aquatic environment.  It was also shown that V. cholerae could 
replicate intracellularly in Acanthamoeba castellanii, which further prompted 
studies of its interaction with a parasitic amoeba, Entameoba histolytica. 

Entamoeba histolytica, the causative agent of amebic colitis and amebic liver abscess 
is the second leading cause of death from parasitic disease worldwide.  In their 
natural environment, trophozoites of E. histolytica live in the colon region of the 
human intestine together with resident microflora, which under normal condition are 
usually composed of a complex mixture of mostly anaerobic or microaerophilic 
bacteria.  In order to examine, the interaction of Vibrio cholerae by the trophozoites 
of E. histolytica, a gentamicin assay was employed as described elsewhere.  In this 
assay, E. histolytica HM-1:IMSS trophozoites (a gift from Prof. Sudha



Bhattacharyya, JawaharLal Nehru University, New Delhi) were suspended in serum 
5 free TYI-S-33 medium at a concentration of 10 amoebae/ml.  Trophozoites were 

incubated in triplicate in 24-well tissue culture plates (Falcon).  Subsequently, V. 
cholerae O139, strain SG24 (gift from Dr. Ranjan Nandy, National Institute of 

7Cholera and Enteric Research, Calcutta) was added to a final concentration of 10  
0cells/ml.  The samples were incubated at 36 C for 1 hour followed by addition of 

200g/ml gentamicin for 2 hours to kill primarily extracellular bacteria.  After 
gentamicin treatment, the trophozoites were washed three times with PBS by 
centrifuging at 280g for 7 min.  After washing, trophozoites were counted with 
trypan blue to check viability and lysed by syringe passage in presence of 0.01% 
Triton X-100.  Dilutions were plated on LB agar plates for colony enumeration, 

3which was 5.53 ± 0.18 X 10 .  The data suggested the presence of intracellular 
bacteria within the trophozoites of E. histolytica.  In other way, trophozoites 
provided a protective barrier for Vibrio cholerae against the killing effect of 
gentamicin.

To further investigate the intracellular localization of the bacteria, the group 
performed a transmission electron microscopy of infected trophozoites.  
Microscopic pictures of 1 hr post-infected trophozoites revealed that V. cholerae 
O139 cells were localized intracellularly in the vacuoles.

Taken together these findings suggest that V. cholerae O139 cells were recognized by 
the trophozoites of E. histolytica and localized primarily in the vacuoles.  Earlier 
various surface molecules of V. cholerae were shown to be involved in diverse 
functions.  For example, the extensively studied type 4 pilus, the toxin-coregulated 
pilus (TCP), is necessary for colonization of the mammalian intestine.  Similarly, a 
mannose-sensitive hemagglutinin (MSHA) was found to promote the adherence of 
V. cholerae to zooplankton.  Besides promoting adherence to biotic surface, MSHA 
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is also important in developing biofilm formation on abiotic (borosilicate glass) 
surface.  At this stage, the cell surface molecules of V. cholerae that mediate its  
interaction with the trophozoites of E. histolytica are not known.  This warrants 
further investigation. Further, association of Vibrio cholerae with free-living as well 
as parasitic amoeba may serve as a model to explore the biology of the bacterium.  
This is the first report that describes the interaction of V. cholerae with human 
intestinal parasitic protozoa, Entamoeba histolytica.

The work carried out under this project, as published, is as below: 

Vibhu Jain, Mitesh Dongre and Saumya Raychaudhuri. Interaction of Vibrio 
cholerae O139 with an intestinal parasite Entameoba histolytica. J. Med. 
Microbiol., 55, 1755-1756, 2006.

Raychaudhuri, S.; Jain, V. and Dongre, M. Identification of a constitutively active 
variant of LuxO that affects production of HA/protease and biofilm development in a 
non-O1, non- O139 Vibrio cholerae O110. Gene, 369,126-33, 2006.

The Research Council of IMTECH in its 31st meeting held on July 3-4, 2006 
reviewed the work done under this project and declared the project as successfully 
completed.

OElectron micrograph of thin section of (A) Entamoeba histolytica trophozoites incubated for one hour at 36 C with Vibrio 
cholerae SG24 (B) Vacuole magnification. Thin sections were prepared after epoxy resin embedding. Bacteria were found 
insidevacuoles.A rrow indicates bacteria.
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incubated in triplicate in 24-well tissue culture plates (Falcon).  Subsequently, V. 
cholerae O139, strain SG24 (gift from Dr. Ranjan Nandy, National Institute of 
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0cells/ml.  The samples were incubated at 36 C for 1 hour followed by addition of 

200g/ml gentamicin for 2 hours to kill primarily extracellular bacteria.  After 
gentamicin treatment, the trophozoites were washed three times with PBS by 
centrifuging at 280g for 7 min.  After washing, trophozoites were counted with 
trypan blue to check viability and lysed by syringe passage in presence of 0.01% 
Triton X-100.  Dilutions were plated on LB agar plates for colony enumeration, 

3which was 5.53 ± 0.18 X 10 .  The data suggested the presence of intracellular 
bacteria within the trophozoites of E. histolytica.  In other way, trophozoites 
provided a protective barrier for Vibrio cholerae against the killing effect of 
gentamicin.

To further investigate the intracellular localization of the bacteria, the group 
performed a transmission electron microscopy of infected trophozoites.  
Microscopic pictures of 1 hr post-infected trophozoites revealed that V. cholerae 
O139 cells were localized intracellularly in the vacuoles.

Taken together these findings suggest that V. cholerae O139 cells were recognized by 
the trophozoites of E. histolytica and localized primarily in the vacuoles.  Earlier 
various surface molecules of V. cholerae were shown to be involved in diverse 
functions.  For example, the extensively studied type 4 pilus, the toxin-coregulated 
pilus (TCP), is necessary for colonization of the mammalian intestine.  Similarly, a 
mannose-sensitive hemagglutinin (MSHA) was found to promote the adherence of 
V. cholerae to zooplankton.  Besides promoting adherence to biotic surface, MSHA 
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is also important in developing biofilm formation on abiotic (borosilicate glass) 
surface.  At this stage, the cell surface molecules of V. cholerae that mediate its  
interaction with the trophozoites of E. histolytica are not known.  This warrants 
further investigation. Further, association of Vibrio cholerae with free-living as well 
as parasitic amoeba may serve as a model to explore the biology of the bacterium.  
This is the first report that describes the interaction of V. cholerae with human 
intestinal parasitic protozoa, Entamoeba histolytica.

The work carried out under this project, as published, is as below: 

Vibhu Jain, Mitesh Dongre and Saumya Raychaudhuri. Interaction of Vibrio 
cholerae O139 with an intestinal parasite Entameoba histolytica. J. Med. 
Microbiol., 55, 1755-1756, 2006.

Raychaudhuri, S.; Jain, V. and Dongre, M. Identification of a constitutively active 
variant of LuxO that affects production of HA/protease and biofilm development in a 
non-O1, non- O139 Vibrio cholerae O110. Gene, 369,126-33, 2006.

The Research Council of IMTECH in its 31st meeting held on July 3-4, 2006 
reviewed the work done under this project and declared the project as successfully 
completed.

OElectron micrograph of thin section of (A) Entamoeba histolytica trophozoites incubated for one hour at 36 C with Vibrio 
cholerae SG24 (B) Vacuole magnification. Thin sections were prepared after epoxy resin embedding. Bacteria were found 
insidevacuoles.A rrow indicates bacteria.
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EXPLORATION OF TYPE III SECRETORY SYSTEM IN NON-O1, 
NON-O139 STRAINS OF V. Cholerae: ROLE OF QUORUM SENSING 
IN THE REGULATION OF TTS SYSTEM

Project Leader:  Dr. Saumya Raychaudhuri  
Other Participants:      Mr. Vibhu Jain

          Mr. Mitesh Dongre  
                      Ms. Ranjana Tripathy 

Ms. Chetna
                      
The objectives of this project are :

1. To detect the presence of various TTSS related genes among all the available 
clinical and environmental non-O1, non-O139 strains.  For this, TTSS 
associated genes found in the reference sequenced strain AM-19226 
belonging to serogroup O39 will serve as a template for designing primers 
and probes. 

2. Study of the role of quorum sensing phenomena in coordinating the function 
of type III secretion system of V. cholerae non-O1, non-O139 strains.

  
Type III secretion systems play a crucial role in the virulence of many Gram negative 
pathogens by directly mediating the secretion and translocation of bacterial effector 
proteins into the cytosol of eukaryotic cells.  So far, more than 20 proteins have been 
found to be associated with the formation of TTSS macromolecular complex. The 
apparatus proteins of TTSS are highly conserved among bacteria that possess the 
system.  In contrast, the effector proteins secreted via this system are not conserved 
among those bacteria and thus evoke a wide range of biological activity in target 
cells.  

It has now become evident that quorum sensing plays an important role in the 
regulation of type III secretion system.  In V. harveyi, quorum sensing has been 
shown to regulate inversely the expression of genes encoding TTS system.  At high 
cell density, in presence of auto inducers the TTS system of V. harveyi switches to 
non-operational mode.  In contrast to V. harveyi, quorum sensing positively controls 
the expression of type III gene and protein secretion in enterohemorrhagic and 
enteropathogenic Escherichia coli. 

Recent studies suggest that the strains of V. cholerae belonging to the diverse non-
O1, non-O139 serogroup could emerge as a potential threat having capacity to cause 
sporadic diarrhoea and outbreaks.  Although majority of these diarrhoea-causing 
non-O1, non-O139 strains are devoid of cholera toxin and toxin co-regulated pili, 
sequencing data reveals the presence of TTSS gene clusters in strains belong to this 
diverse serogroup.  It is, therefore, conceivable that the TTSS gene products as well 
as proteins that are secreted through this system could contribute to the virulence of 
V. cholerae strains belong to these diverse serogroups.  The organization as well as 
the involvement of the quorum sensing phenomena in the regulations of type III 
systems in non-O1, non-O139 serogroups of V. cholerae strains are not completely 
understood, which motivated us to embark on this project. 
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Recently Mekalanos and co-workers identified eleven type III associated genes in a 
non-O1, non-O139 V. cholerae strain AM-19226.  To examine the distribution of 
those genes in the various non-O1, non-O139 clinical isolates of Indian origin, a total 
of 54 strains were subjected to Southern hybridization by using radiolabeled probe 
corresponds to vspD gene.  Out of 54, 14 strains proved to be positive. VspD is a 
secreted protein having 80% homology with EspD protein of Vibrio 
parahemolyticus. These 14 strains positive for vspD were further subjected to 
another round of Southern hybridization with two more genes namely vcsQ2 and 
vcsC2.  All strains but one proved to be positive for both genes. 

In addition to the above mentioned projects, the group also focuses on mechanisms of 
quorum sensing by using V. cholerae as a model organism to study cell-cell 
communication phenomena and various properties controlled by related signal 
transduction processes.  Towards this end, the group recently characterized a variant 
of central regulator of the quorum sensing circuit of V. cholerae conferring a 
phenotypic alteration in this strain. 
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EXPLORATION OF TYPE III SECRETORY SYSTEM IN NON-O1, 
NON-O139 STRAINS OF V. Cholerae: ROLE OF QUORUM SENSING 
IN THE REGULATION OF TTS SYSTEM

Project Leader:  Dr. Saumya Raychaudhuri  
Other Participants:      Mr. Vibhu Jain

          Mr. Mitesh Dongre  
                      Ms. Ranjana Tripathy 

Ms. Chetna
                      
The objectives of this project are :

1. To detect the presence of various TTSS related genes among all the available 
clinical and environmental non-O1, non-O139 strains.  For this, TTSS 
associated genes found in the reference sequenced strain AM-19226 
belonging to serogroup O39 will serve as a template for designing primers 
and probes. 

2. Study of the role of quorum sensing phenomena in coordinating the function 
of type III secretion system of V. cholerae non-O1, non-O139 strains.

  
Type III secretion systems play a crucial role in the virulence of many Gram negative 
pathogens by directly mediating the secretion and translocation of bacterial effector 
proteins into the cytosol of eukaryotic cells.  So far, more than 20 proteins have been 
found to be associated with the formation of TTSS macromolecular complex. The 
apparatus proteins of TTSS are highly conserved among bacteria that possess the 
system.  In contrast, the effector proteins secreted via this system are not conserved 
among those bacteria and thus evoke a wide range of biological activity in target 
cells.  

It has now become evident that quorum sensing plays an important role in the 
regulation of type III secretion system.  In V. harveyi, quorum sensing has been 
shown to regulate inversely the expression of genes encoding TTS system.  At high 
cell density, in presence of auto inducers the TTS system of V. harveyi switches to 
non-operational mode.  In contrast to V. harveyi, quorum sensing positively controls 
the expression of type III gene and protein secretion in enterohemorrhagic and 
enteropathogenic Escherichia coli. 

Recent studies suggest that the strains of V. cholerae belonging to the diverse non-
O1, non-O139 serogroup could emerge as a potential threat having capacity to cause 
sporadic diarrhoea and outbreaks.  Although majority of these diarrhoea-causing 
non-O1, non-O139 strains are devoid of cholera toxin and toxin co-regulated pili, 
sequencing data reveals the presence of TTSS gene clusters in strains belong to this 
diverse serogroup.  It is, therefore, conceivable that the TTSS gene products as well 
as proteins that are secreted through this system could contribute to the virulence of 
V. cholerae strains belong to these diverse serogroups.  The organization as well as 
the involvement of the quorum sensing phenomena in the regulations of type III 
systems in non-O1, non-O139 serogroups of V. cholerae strains are not completely 
understood, which motivated us to embark on this project. 
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STUDIES ON THE ROLE OF g - GLUTAMYL TRANSPEPTIDASE IN 
GLUTATHIONE HOMEOSTASIS IN YEAST

Project Leader: Dr. Anand K. Bachhawat
Other Participants: Mr. Chitranshu Kumar

Mr. C.V. Srikanth
Mr. Dwaipayan Ganguli
Ms. Jaspreet Kaur
Ms. Neha Kasturia
Ms. Hardeep Kaur
Mr. Akhilesh Kumar

The main objectives of the project are i) to determine the role of g-GT in the 
utilization of glutathione as a sulphur/nitrogen source (exogenous and endogenous) 

and ii) to determine the role of g-GT in glutathione homeostasis and develop genetic 
screens for investigating glutathione homeostasis.

The earlier work had revealed the presence of an alternate pathway for glutathione 

degradation that was independent of the g-GT enzyme. 

In the present period a genetic strategy was taken to isolate mutants in the alternative 
pathway for glutathione degradation. Using this approach the group was able to show 
the participation of 3 previously uncharacterized genes in S. cerevisiae, DUG1 
(YFR044c), DUG2 (YBR281c) and DUG3 (YNL191w) (Defective in Utilization of 
Glutathione). A fourth gene was also picked up in this screen, DUG4 that was 
identical to the glutathione transporter gene, HGT1 (that has been previously 
described from the lab), and was responsible for the transport of glutathione into S. 
cerevisiae prior to its degradation by Dug1p/Dug2p/Dug3p. In this study the group 
was able to show that although dipeptides and tripeptides with a normal peptide bond 
such as cys-gly or glu-cys-gly required the presence of only a functional DUG1 gene 
that encoded a protein belonging to the M20A metallohydrolase family, the presence 

of an unusual peptide bond such as in the dipeptide, g-glu-cys, or in GSH, required the 
participation of the DUG2 and DUG3 gene products as well. The DUG2 gene 
encodes a protein with a peptidase domain and a large WD40 repeat region, while the 
DUG3 gene encoded a protein with a glutamine amidotransferase domain. The 
Dug1p, Dug2p and Dug3p proteins were found to form a degradosomal complex, 
through Dug1p-Dug2p and Dug2p-Dug3p interactions.

In addition to these studies the group has characterized a novel cysteine transporter in 
Saccharomyces cerevisiae. Cysteine transport in the yeast Saccharomyces cerevisiae
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 is mediated by at least eight different permeases, none of which are specific for 
cysteine.  The team described a novel, high affinity, (K = 55 ìM), cysteine-specific m 

transporter encoded by the ORF YLL055w that was initially identified by a combined 
strategy of data mining, bioinformatics and genetic analysis. Null mutants of 
YLL055w, but not of the other genes encoding for transporters that mediate cysteine 
uptake such as GAP1, GNP1, MUP1 or AGP1, in a met15 background, resulted in a 
growth defect when cysteine, at low concentrations, was provided as the sole sulphur 
source. Transport experiments further revealed that Yll055wp was the major 
contributor to cysteine transport under these conditions. The contributions of the 
other transporters became relevant only at higher concentrations of cysteine, or when 
YLL055w was either deleted or repressed.  YLL055w expression was repressed by 
organic sulphur sources, and was mediated by the Met4p-dependent sulphur 
regulatory network. The results reveal that YLL055w encodes the principal cysteine 
transporter in S. cerevisiae, which the group has named as YCT1 (Yeast Cysteine 
Transporter).  Interestingly Yct1p belongs to the Dal5p family of transporters rather 
than the amino acid permease family to which all the known amino acid transporters 
belong.
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P.R. Patnaik
pratap@imtech.res.in

MATHEMATICAL MODELLING UNIT

Project Leader: Dr. P.R. Patnaik

The Mathematical Modelling Unit (MMU) studies the applications of mathematical 
methods to biological problems. Its research is on bioreactor modelling and 
optimization under simulated industrial conditions.

During this two-year period, investigations were carried out in two projects:

(a) Exploration of noise-filtering strategies for performance enhancement of an    
oscillatory fermentation.

(b) Comparative evaluation of modelling approaches to bioreactor optimization  
under simulated industrial conditions: a case study of PHB production by 
Alcaligenes eutrophus.

Both projects were completed. The first project explored the effectiveness of 
conventional and neural filters for removal of noise present in the feed stream(s) of a 
continuous flow bioreactor sustaining an oscillating fermentation. The microbial 
system studied was Saccharomyces cerevisiae, which produces monotonic or 
oscillating or chaotic outputs. The nature of the outputs, mainly biomass, ethanol, 
dissolved oxygen (DO) and unconverted glucose, depends on the dilution rate and 
the DO concentration. Based on reported observations with large bioreactors, 
Gaussian noise containing a spectrum of variances was considered to be present in 
the glucose feed stream. An extended Kalman filter (EKF) and a low pass 
Butterworth filter  (LPBF) were considered representative algorithmic filters, and 
their noise-reduction abilities were compared with different configurations of neural 
filters through simulation experiments. All neural filters were superior to both the 
LPBF and the EKF. However, the choice of the best neural filter depends on the 
performance index employed. These investigations also generated two interesting 
corollary sets of results. One was that a hybrid neural filter, that combined an 
algorithmic filter and a neural filter, was better than either of its components. 
Secondly, the presence of optimally filtered residual noise generated more of the 
product than the complete removal of noise. This was explained through resonance 
between the filtered noise and the biological system per se.

ndThe Research Council of IMTECH in its  32    meeting held on December 19-20, 
2006 reviewed the work done under this project and declared the project as 
successfully completed.
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The second project applied similar concepts to a fed-batch fermentation for the 

production of poly-b-hydroxybutyrate (PHB) by Ralstonia eutropha (formerly 
called Alcaligenes eutrophus). Besides being a fed-batch operation, this fermentation 
also differed from the previous one in (a) the kinetics and (b) the use of two key 
substrates, one for nitrogen and the other for carbon. Glucose was the carbon 
substrate and ammonium chloride (or sulfate) provided nitrogen. Both substrates 
were utilized by the cells to grow and multiply, but PHB was synthesized only when 
there was a shortage of nitrogen. Furthermore, neither excess carbon nor complete 
deprivation of nitrogen was physiologically desirable, thus making the time-variant 
relative flow rates of the two substrates a controlling factor. Three key issues were 
investigated: (a) the merits of different kinetic modelling methods, (b) optimization 
of the degree of dispersion of the broth, and (c) different filtering strategies for noise 
in the two feed streams. For kinetic modelling,  mechanistic and cybernetic models 
were employed from the literature, and neural models were proposed in this project. 
Since the dispersion in large bioreactors is rarely complete, the effect of controlling 
the dispersion becomes important. The results showed that dispersion corresponding 
to a Peclet number (Pe) of about 20 maximized the performance. For both Pe = 20 and 
for complete dispersion (Pe = 0), a neural description for the kinetics was more 
accurate than both mechanistic and cybernetic models. However, since neural 
networks have limitations also, the use of hybrid models as in the case of the S. 
cerevisiae work just described, was also studied. As expected, hybrid models were 
the best. Since different hybrid designs are possible, a pivotal question to be 
answered during the design of a hybrid neural system is: which variables are to be 
assigned to the mechanistic, cybernetic and neural aspects? The answer depends on 
the objectives of the hybrid system and it may differ from one culture to another. 
These aspects have been discussed in the publications arising out of both projects.

The work carried out under these projects is described in detail in the publications 
listed below:

1. Patnaik P.R., Neural network designs for poly-b-hydroxybutyrate 
production optimization under simulated industrial conditions. Biotechnol. 
Lett., 27, 409-415, 2005.

2. Patnaik P.R., Application of the Lyapunov exponent to detect noise-induced 
chaos in oscillating microbial cultures. Chaos Solitons Fractals, 26, 759-
765, 2005.

3. Patnaik P.R., Feasibility and uniqueness of stationary states of nonideal 
recombinant fermentations. React. Kinet. Catal. Lett., 87, 11-18, 2006.

4. Patnaik P.R., Synthesizing of cellular intelligence and artificial intelligence 
for bioprocesses. Biotechnol. Adv., 26, 129-133, 2006.

5. Patnaik P.R., Hybrid filtering to rescue stable oscillations from noise-
induced chaos in continuous cultures of budding yeast. FEMS Yeast Res., 6, 
129-138, 2006.

6. Patnaik P.R., External, extrinsic and intrinsic noise in cellular systems:
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analogies and implications for protein synthesis. Biotechnol. Mol. Biol. 
Rev., 1, 123-129, 2006.

7. Patnaik P.R., Enhancement of PHB biosynthesis by Ralstonia eutropha in 
fed-batch cultures by neural filtering and control. Food Bioprod. Process, 
84 (C2), 150-156, 2006.

8. Patnaik P.R., Neural network configurations for filtering of feed stream 
noise from oscillating continuous microbial fermentations. Bioautomation 
4, 45-56, 2006.

9. Patnaik P.R., Fed-batch optimization of PHB synthesis through mechanistic, 
cybernetic and neural approaches. Bioautomation, 5, 23-38, 2006.

10. Patnaik P.R., Dispersion optimization to enhance PHB production in fed-
batch cultures of Ralstonia eutropha. Biores. Technol., 97, 1994-2001, 
2006.

11. Patnaik P.R., A reappraisal of the plasmid stability problem in chemostat 
cultures. Ind. J. Biotechnol., 6, 267-270, 2007.

12. Patnaik P.R., Analysis of the effect of flow interruptions on fed-batch 
fermentation for PHB production by Ralstonia eutropha in finitely dispersed 
bioreactors. Chem. Eng. Commun., 194, 603-617, 2007.

13. Patnaik P.R., Sensitivity propagations in response to start-up perturbations 
during batch fermentations with complementary cultures. Chem. Eng. Res. 
Des. , 85, 1079-1085, 2007.

14. Patnaik P.R., Hybrid filtering of feed stream noise from oscillating yeast 
cultures by combined Kalman and neural network configurations. Bioproc. 
Biosyst. Eng., 30, 181-188, 2007.
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Sekhar Majumdar
majumdar@imtech.res.in

STUDY ON TNF- a MEDIATED DEATH SIGNALING BY VIRULENT 

AND AVIRULENT MYCOBACTERIA

Project Leader: Dr. Sekhar Majumdar
Other Participant:  Mr. Rohan Dhiman

The main objectives of this project are to understand the death signaling mediated by 
TNF-á and the role of NF-êB dependent anti-apoptotic protein molecules on 
apoptosis manifested by pathogenic and non-pathogenic mycobacteria. Studies will 
include examination of the apoptotic potential of virulent (Mycobacterium 
tuberculosis H37Rv) and avirulent (Mycobacterium tuberculosis H37Ra) 
mycobacteria on infected macrophages, role of NF-êB in apoptosis and mechanism 
of apoptosis in infected macrophages.

 An emerging principle in intracellular parasitism is that successful pathogens such as 
M. tuberculosis have acquired the ability to persist in the host without always 
inducing disease and mortality. Despite the implementation of TB control programs, 
case rates continue to soar where the prevalence of HIV infection is high. The 
situation is further complicated by a worldwide increase in drug resistant and MDR-
TB, and the recent reports of XDR-TB. Thus, the resurgence of TB truly constitutes a 
global health crisis. So, better understanding of host-pathogen interaction is the need 
of the hour.

Preliminary experiments revealed that M. tuberculosis H37Rv and M. tuberculosis 
H37Ra differ in their apoptotic potential. M. tuberculosis H37Ra infected cells 
undergo more apoptosis than M. tuberculosis H37Rv in THP-1 cells. In order to 
understand the role of NF-êB in M. tuberculosis H37Rv mediated apoptosis, stable 
THP-1 cell-line (THP-1-IêBáM dn cells) over expressing IêBá mutated form was 
generated so as to inactivate NF-êB. Inactivation of NF-êB in THP-1- IêBáM dn 
cells was checked by studying NF-êB-DNA binding activity using EMSA and by 
seeing degradation of IêBá in cytoplasm. Annexin V staining clearly showed that the 
proportion of apoptotic macrophages in THP-1-IêBáM dn cells harboring M. 
tuberculosis H37Ra and M. tuberculosis H37Rv were more in comparison to M. 
tuberculosis H37Ra and M. tuberculosis H37Rv infected THP-1 cells respectively. 
This result was further confirmed by TUNEL, DAPI staining and DNA 
fragmentation where comparable fractions of M. tuberculosis H37Ra and M. 
tuberculosis H37Rv infected THP-1- IêBáM dn cells showed chromatin 
condensation and nuclear fragmentation suggestive of apoptosis than infected THP-
1 cells. Further to deduce the mechanism of apoptosis and taking into account the 
earlier published report suggesting central role of mitochondria in TNF-á mediated
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Other Participant:  Mr. Rohan Dhiman

The main objectives of this project are to understand the death signaling mediated by 
TNF-á and the role of NF-êB dependent anti-apoptotic protein molecules on 
apoptosis manifested by pathogenic and non-pathogenic mycobacteria. Studies will 
include examination of the apoptotic potential of virulent (Mycobacterium 
tuberculosis H37Rv) and avirulent (Mycobacterium tuberculosis H37Ra) 
mycobacteria on infected macrophages, role of NF-êB in apoptosis and mechanism 
of apoptosis in infected macrophages.

 An emerging principle in intracellular parasitism is that successful pathogens such as 
M. tuberculosis have acquired the ability to persist in the host without always 
inducing disease and mortality. Despite the implementation of TB control programs, 
case rates continue to soar where the prevalence of HIV infection is high. The 
situation is further complicated by a worldwide increase in drug resistant and MDR-
TB, and the recent reports of XDR-TB. Thus, the resurgence of TB truly constitutes a 
global health crisis. So, better understanding of host-pathogen interaction is the need 
of the hour.

Preliminary experiments revealed that M. tuberculosis H37Rv and M. tuberculosis 
H37Ra differ in their apoptotic potential. M. tuberculosis H37Ra infected cells 
undergo more apoptosis than M. tuberculosis H37Rv in THP-1 cells. In order to 
understand the role of NF-êB in M. tuberculosis H37Rv mediated apoptosis, stable 
THP-1 cell-line (THP-1-IêBáM dn cells) over expressing IêBá mutated form was 
generated so as to inactivate NF-êB. Inactivation of NF-êB in THP-1- IêBáM dn 
cells was checked by studying NF-êB-DNA binding activity using EMSA and by 
seeing degradation of IêBá in cytoplasm. Annexin V staining clearly showed that the 
proportion of apoptotic macrophages in THP-1-IêBáM dn cells harboring M. 
tuberculosis H37Ra and M. tuberculosis H37Rv were more in comparison to M. 
tuberculosis H37Ra and M. tuberculosis H37Rv infected THP-1 cells respectively. 
This result was further confirmed by TUNEL, DAPI staining and DNA 
fragmentation where comparable fractions of M. tuberculosis H37Ra and M. 
tuberculosis H37Rv infected THP-1- IêBáM dn cells showed chromatin 
condensation and nuclear fragmentation suggestive of apoptosis than infected THP-
1 cells. Further to deduce the mechanism of apoptosis and taking into account the 
earlier published report suggesting central role of mitochondria in TNF-á mediated



apoptosis of macrophages, mitochondrial membrane potential of infected THP-1-
IêBáM dn and THP-1 cells was examined by flow cytometry as well as by confocal
microscopy where significant change in mitochondrial membrane potential of
infectedTHP-1- IêBáM dn cells was observed than infected THP-1 cells followed by
significant release of cyt. c from mitochondria. Effect of cyt. c release was also
studied on downstream caspases like caspase-3 where M. tuberculosis H37Rv and
M. tuberculosis H37Ra infected THP-1- IêBáM dn cells showed more caspase-3
activity than infected THP-1 cells.

RNAse protection assay further gave insight into the mechanism of apoptosis where
differential expression of bfl-1/A1 mRNA, an anti-apoptotic member was found with
M. tuberculosis H37Rv or M. tuberculosis H37Ra infection in THP-1 cells at 48 h of
post-infection. Since, bfl-1/A1mRNAexpression is regulated by NF- êB, activation
of NF-êB was also studied at 48 h of post-infection where M. tuberculosis H37Rv
infection showed more NF-êB-DNA binding activity than M. tuberculosis H37Ra.
This was further confirmed by NF-êB-dependent reporter assay and p65
translocation by confocal microscopy.

It has been reported that TNF-á plays very important role in apoptosis of
mycobacteria infected macrophages. Before studying the release of TNF-á in
mycobacteria infected THP-1 and THP-1- IêBáM dn cells TNFR1 expression was
first measured in PMAdifferentiated THP-1 and THP-1- IêBáM dn cells where THP-
1- IêBáM dn cells showed higher TNFR1 expression than THP-1 cells. At 48 h post-
infection, increased production of TNF-á was observed in THP-1- IêBáM dn cells
than in THP-1 cells infected with M. tuberculosis H37Rv or M. tuberculosis H37Ra
by ELISA. Role of TNF-á was investigated using neutralizing anti-TNF-á antibody
where marked decrease in apoptosis after 72 h of post-infection were observed in
both types of cells harboring M. tuberculosis H37Ra with anti-TNF-á antibody. In
contrast, addition of anti-TNF-á antibody failed to show any effect on M.
tuberculosisH37Rv infectedTHP-1 aswell asTHP-1- IêBáM dn cells.
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Increased apoptosis in infected THP-1- IêBáM dn cells also showed its effect on the
intracellular survival of M. tuberculosis H37Ra by 3.1 fold inTHP-1- IêBáM dn cells
in comparison to normal THP-1 cells and of M. tuberculosis H37Rv by 3.5 fold in
THP-1- IêBáM dn cells in comparison to normal THP-1 cells. In conclusion, the
study for the first time demonstrated that inhibition of NF-êB in M. tuberculosis
infection lead to increase in apoptosis of infected macrophages by down-regulating
bfl-1/A1 mRNA expression which affects intracellular bacterial viability.

Efforts are being made to target the expression of bfl-1/A1 so as to modify the
outcome of infection.

Bfl-1/A1 inhibition enhances P/L fusion in GFP-M. tuberculosis H37Rv or GFP-M. tuberculosis
H37Ra infected cells after 48 h of infection. THP-1 cells were first transfected with bfl-1/A1 siRNA and
then infected with GFP-M. tuberculosis H37Rv (A) or GFP-M. tuberculosis H37Ra (B) for 4 h. At 48 h
post-infection, infected and control cells were stained for 2 h with LysoTracker and analyzed for P/L fusion
under confocal microscope. THP-1-IkBaM dn cells were directly infected with GFP-M. tuberculosis
H37Rv (A) or GFP-M. tuberculosis H37Ra (B) for 4 h and at 48 h post-infection, cells were analyzed for
P/Lfusion
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Engineering of proteins to understand determinants of protein folding, 
aggregation and stability, and to manipulate enzymatic or therapeutic 
function 

Project Leader: Dr. Purnananda Guptasarma
Other Participants:  Ms. Swati Sharma

Mr. Shubbir Ahmed
Mr. Sanjeev Kumar Chandrayan
Ms. Divya Kapoor
Mr. Neeraj Dhaunta
Ms. Uzma Fatima
Mr. Bipan Verma
Ms. Sharanjit Kaur

Principal Collaborators : Dr. Subramanian Karthikeyan
Dr. Balvinder Singh
Dr. Dibyendu Sarkar

Protein/enzyme surface re-engineering : The group has developed and 
experimentally tested a method, based on protein structural analyses, for the rational 
mixing of the interior features of a beta sheet-based protein with the surface features 
of a different structurally-homologous beta sheet-based protein, regardless of the 
level of sequence identity. Using this method, developed in collaboration with S. 
Karthikeyan and B. Singh, the group has successfully transplanted the cellulose-
binding and catalytically-active surface of a mesophile endoglucanase (Trichoderma 
reesei Cel12A) onto a thermophile counterpart glucanase (Rhodothermus marinus 
Cel12A) to create a novel enzyme that combines the activity characteristics (the 
optimum temperature of function) of the mesophile enzyme with the structural 
stability characteristics (the temperature of structural melting) of the thermophile 
protein. The transplanted surface is made up of many tens of non-contiguous residues 
that come together to form the cellulose-binding groove, during folding, from all 
over the novel enzyme's polypeptide sequence, as established through determination 
of the X-ray crystal structure in collaboration with S.Karthikeyan. Besides the 
novelty of the engineering approach, and the obvious implications for the design and 
production of new industrial enzymes, the work also demonstrates a hitherto-
unsuspected autonomy of structure and function of enzyme active surfaces, and 
shows that high global structural stability does not necessarily translate into high 
temperatures of function, in enzymes. Patents have been applied for. Besides this 
endoglucanase, we have also performed active surface transplantation with a 
Pyrococcus furiosus aminopeptidase, and are part-way through performing a whole 
surface transplant of the entire surface of a lens protein, beta crystallin B2, onto a 
structurally-homologous lens protein, gamma  crystallin.  
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Therapeutic protein surface re-engineering : The group used structural analyses to 
arrive at potential modes of self-assembly of interleukin-2 into large soluble and 
insoluble aggregates, and are part-way through testing specific engineered variants 
for reduced proneness to aggregation. Similarly, the group used a combination of 
structural analysis and experimentation (principally mass spectrometry) to arrive at 
potential mutations to increase the proteolytic stability (shelf-life) of interferon 
gamma, and are part-way through testing these. In addition, in collaboration with D. 
Sarkar, the group designed variants of erythropoietin that are being tested for 
increased proteolytic stability in the absence of glycosylation. 

Heterologous enzyme expression : The group cloned about ten different enzymes of 
importance from Pyrococcus furiosus and successfully expressed several of these in 
Escherichia coli and refolded the same to functional form, for in-house studies and 
transfer to interested industries. In particular, characterization of stability to water-
miscible organic solvents, and function in the presence of solvents, has been carried 
out for a lysophospholipase of potential importance as a long-chain lipid de-
esterification agent. Simultaneously, the group also modified an existing expression 
vector to create a novel vector for increased production of hyperthermophile proteins 
through fusion with a specific hyperthermophile protein that appears to both reduce 
proteolysis and improve the folding of the fusion partner; this vector also provides for 
affinity-based purification and post-purification proteolytic separation of fusion 
partners. A patent is being filed.

Stability of natural and engineered hyperthermophile proteins :  The group 
achieved three important milestones in regard to understanding the kinetic stability 
of P. furiosus triosephosphate isomerase (TIM). (A) The group destroyed 
electrostatic interactions on the surface of Pfu TIM, through a combination of 
denaturant and heat, and without disturbing the secondary or tertiary structure, to 
demonstrably destroy kinetic stability and bring about cold denaturation upon 
cooling from 90-100 C. (B) The group similarly destroyed electrostatic interactions 
on the surface of Pfu TIM, through alterations in pH, again without disturbing the 
secondary or tertiary structure, to destroy the molecule's kinetic stability. (C) In 
partial support of the group's hypothesis regarding the mechanism of kinetic 
stabilization, the autonomous folding of numerous secondary and supersecondary 
structural elements (genetically excised from Pfu TIM and expressed in E.coli) was 
demonstrated. 

Folding of sequence-scrambled proteins :  The group discovered that folded beta 
sheet-containing structures with high polyproline type II (PPII) structural content are 
obtained by (A) backbone-reversal engineering of E.coli GroES, (B) conservative 
residue-substitution engineering of Zea mays chymotrypsin inhibitor 2 (CI2), and 
(C) genetic excision and tandem duplication of a large beta hairpin structure located 
on the surface of alpha hemolysin from Staphylococcus aureus. In all cases, the 
structure initially obtained was transformable into forms with further increased beta 
sheet content, through heating which converted PPII structures into beta sheets, or 
increased alpha helical content, through addition of trifluoroethanol. Retro-GroES 
folded to assemble into a multimer of 3 or 5 subunits. The other two engineered 
constructs remained monomeric, and displayed the structural features  known to be 
characteristic of them in their original structural/sequence contexts.
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of a different structurally-homologous beta sheet-based protein, regardless of the 
level of sequence identity. Using this method, developed in collaboration with S. 
Karthikeyan and B. Singh, the group has successfully transplanted the cellulose-
binding and catalytically-active surface of a mesophile endoglucanase (Trichoderma 
reesei Cel12A) onto a thermophile counterpart glucanase (Rhodothermus marinus 
Cel12A) to create a novel enzyme that combines the activity characteristics (the 
optimum temperature of function) of the mesophile enzyme with the structural 
stability characteristics (the temperature of structural melting) of the thermophile 
protein. The transplanted surface is made up of many tens of non-contiguous residues 
that come together to form the cellulose-binding groove, during folding, from all 
over the novel enzyme's polypeptide sequence, as established through determination 
of the X-ray crystal structure in collaboration with S.Karthikeyan. Besides the 
novelty of the engineering approach, and the obvious implications for the design and 
production of new industrial enzymes, the work also demonstrates a hitherto-
unsuspected autonomy of structure and function of enzyme active surfaces, and 
shows that high global structural stability does not necessarily translate into high 
temperatures of function, in enzymes. Patents have been applied for. Besides this 
endoglucanase, we have also performed active surface transplantation with a 
Pyrococcus furiosus aminopeptidase, and are part-way through performing a whole 
surface transplant of the entire surface of a lens protein, beta crystallin B2, onto a 
structurally-homologous lens protein, gamma  crystallin.  
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Therapeutic protein surface re-engineering : The group used structural analyses to 
arrive at potential modes of self-assembly of interleukin-2 into large soluble and 
insoluble aggregates, and are part-way through testing specific engineered variants 
for reduced proneness to aggregation. Similarly, the group used a combination of 
structural analysis and experimentation (principally mass spectrometry) to arrive at 
potential mutations to increase the proteolytic stability (shelf-life) of interferon 
gamma, and are part-way through testing these. In addition, in collaboration with D. 
Sarkar, the group designed variants of erythropoietin that are being tested for 
increased proteolytic stability in the absence of glycosylation. 

Heterologous enzyme expression : The group cloned about ten different enzymes of 
importance from Pyrococcus furiosus and successfully expressed several of these in 
Escherichia coli and refolded the same to functional form, for in-house studies and 
transfer to interested industries. In particular, characterization of stability to water-
miscible organic solvents, and function in the presence of solvents, has been carried 
out for a lysophospholipase of potential importance as a long-chain lipid de-
esterification agent. Simultaneously, the group also modified an existing expression 
vector to create a novel vector for increased production of hyperthermophile proteins 
through fusion with a specific hyperthermophile protein that appears to both reduce 
proteolysis and improve the folding of the fusion partner; this vector also provides for 
affinity-based purification and post-purification proteolytic separation of fusion 
partners. A patent is being filed.

Stability of natural and engineered hyperthermophile proteins :  The group 
achieved three important milestones in regard to understanding the kinetic stability 
of P. furiosus triosephosphate isomerase (TIM). (A) The group destroyed 
electrostatic interactions on the surface of Pfu TIM, through a combination of 
denaturant and heat, and without disturbing the secondary or tertiary structure, to 
demonstrably destroy kinetic stability and bring about cold denaturation upon 
cooling from 90-100 C. (B) The group similarly destroyed electrostatic interactions 
on the surface of Pfu TIM, through alterations in pH, again without disturbing the 
secondary or tertiary structure, to destroy the molecule's kinetic stability. (C) In 
partial support of the group's hypothesis regarding the mechanism of kinetic 
stabilization, the autonomous folding of numerous secondary and supersecondary 
structural elements (genetically excised from Pfu TIM and expressed in E.coli) was 
demonstrated. 

Folding of sequence-scrambled proteins :  The group discovered that folded beta 
sheet-containing structures with high polyproline type II (PPII) structural content are 
obtained by (A) backbone-reversal engineering of E.coli GroES, (B) conservative 
residue-substitution engineering of Zea mays chymotrypsin inhibitor 2 (CI2), and 
(C) genetic excision and tandem duplication of a large beta hairpin structure located 
on the surface of alpha hemolysin from Staphylococcus aureus. In all cases, the 
structure initially obtained was transformable into forms with further increased beta 
sheet content, through heating which converted PPII structures into beta sheets, or 
increased alpha helical content, through addition of trifluoroethanol. Retro-GroES 
folded to assemble into a multimer of 3 or 5 subunits. The other two engineered 
constructs remained monomeric, and displayed the structural features  known to be 
characteristic of them in their original structural/sequence contexts.
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Mechanisms of protein aggregation : These studies are continued on from the last
biennium report. Briefly, during these two years, the group : (A) produced and
studied a super-prionogenic variant of the human prion, initially identified through 
phage-display library creation and screening of prion variants mutagenized between
residues 101-112, which spontaneously folds into a beta sheet-based structure, and
also forms amyloid fibrils, establishing the importance of naturally occurring
mutations in this region of the sequence which are associated with genetic prion
disease such as new variant CJD; (B) established, using differential labelling and a

Figure. Heteroaggregation of the backbone-reversed forms of two all-beta proteins, retro-CspA and retro-

HSP12.6. The three top panels show routine fluorescence microscopic images of FITC-labelled retro-CspA

(panel A), TRITC-labeled retro-HSP12.6 (panel C) and a co-aggregate of the two proteins (panel B). Panels D

and G show fluorescence from FITC, and TRITC, respectively, in the same confocal sections in a field of co-

aggregates; the corresponding fluorescence emission spectra associated with regions of interest (marked by

arrows) are shown in panels E and F.
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novel confocal spectrofluorimetric microscopy technique, that structurally unstable
beta sheets can lose structure and associate in heteromolecular fashion to form
aggregates; (C) established, using proteolytic probing of susceptible peptide bonds,
that the structure of carbonic anhydrase chains within thermal aggregates conserves
many native-like features; (D) created genetic fusions of amyloid-forming
polypeptides with proteins that are extremely structurally stable (specifically, retro-
CspA with green fluorescent protein, in one case, and Alzheimer's amyloid beta
peptide with a thermophile-derived endoglucanase, in the other) to investigate
whether in such fusion constructs the stable domain keeps its fusion partner from
undergoing aggregation, or whether the aggregation-prone partner pulls the stable
domain into the aggregate in structured, or unstructured form. While the results with
the second fusion showed unequivocally that the stable domain resists aggregation,
in the first fusion, GFP deposited with retro-CspA into an amyloid-like aggregate
with reduced fluroescence quantum yield; (E) We have developed panels of phage
display-derived monoclonal scFv antibodies against beta-2-microglobulin folded
into two different conformations.
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CHEMOTAXIS AND DEGRADATION OF NITROPHENOLS AND 
NITROBENZOATES BY BACTERIA

Project Leader: Dr. Rakesh K. Jain
Other Participants: Mr. Gunjan Pandey

Ms. Debarati Paul
Mr. Janmejay Pandey
Ms. Archana Chauhan
Mr. Dhan Prakash

The objectives of the project were:

1. Characterization of nitrophenols and nitrobenzoates degrading chemotactic 
microorganisms.  These compounds include o, -m and p-nitrophenols and o, 
-m- and p-nitrobenzoates.

2. Understanding of the pathways involved at the biochemical and genetic 
levels in the biodegradation of above compounds.

3. Understanding of the chemotactic behaviour of the microorganisms to the 
above listed nitroaromatic compounds.

4. Attempts to transfer the chemotactic property to more efficient nitroaromatic 
degrading non-chemotactic organisms studies to test the efficiency of such 
microorganisms for the degradation of these compounds.

Arthrobacter protophormiae and Ralstonic sp. are the two organisms, isolated by 
enrichment technique used in the present study, which are capable of utilizing p-
nitrophenol (PNP), 4- nitrocatechal (NC) and o-nitrobenzoate (ONB) as sole source 
of carbon and energy.  PNP and 4-NC are degraded by the oxidative route whereas 
ONB degradation followed a reductive route.  The pathways for the degradation of 
above compounds have been determined on the basis of enzyme assays and 
characterization of the intermediates.  These techniques involved TLC, GC, GC-MS, 
1H NMR.  In Arthrobacter protophormiae, a plasmid of approximately 65 kilobase 
pair was found to be responsible for encoding genes for the degradation of above 
compounds by ONB (0.5mM) could be degraded via the formation of anthranilic 
acid by A. protophormiae.  Recently, it has been shown that this organism is capable 
of adapting itself to 90 mM ONB followed by its complete degradation.  Following 
growth of this organism on higher concentration of ONB, presence of 3-
hydroxyanthranilic acid (HAA) was clear and this was not found to be present as an 
intermediate in the degradation pathway earlier.  The presence of HAA was 
identified by TLC and HPLC analysis following comparison with the authentic 
compound.  Resting cell studies of ONB-induced cells showed that HAA was indeed 
an intermediate of the degradation pathway.  This pathway is also a novel one and has 
been included in the Biocatalysis/Biodegradation database, University of Minnesota, 
USA.
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Attempts were made to clone the gene(s) or gene cluster(s) involved in the 
degradation of some of the nitroaromatic compounds such as PNP and NC from A. 
protophormiae, Burkholderia cepacia and Ralstonia sp.  These enzymes are 
benzenetriol dioxygenese and maleylacetate reductase.  The above enzymes were 
found to be involved in the degradation of several aromatic pollutants including PNP 
and NC.  This was achieved through PCR amplification using degenerate primers.  
The group was able to amplify a 300 bp fragment of maleylacetate reductase from B. 
cepacia which was further cloned into pBluescript II KS(+) vector and the above 
fragment was sequenced.  Database search showed substantial homology with 
maleylacetate reductase gene.  Similarly, in case of benzenetriol dioxygenase 
gene(s), using degenerate primers, the team  were able to amplify a fragment of 540 
bp in case of B. cepacia and Ralstonia sp. and a fragment of 300 bp in case of A. 
protophormiae.  These fragments were then cloned into pBluescript II KS(+) vector 
and sequenced.  The database search showed homology with benzenetriol 
dioxygenase enzyme.  The Southern hybridixation of digested genomic DNA using 
540 bp fragment as a probe confirmed the cloning of the gene(s) for benzenetriol 
dioxygenase enzyme.  The group then prepared a genomic library of Ralstonia sp. 
from the DNA fragment that showed homology with benzenetriol dioxygenase, in 
order to clone the complete gene cluster, as the team knew that degradation genes are 
usually present in a cluster in many organisms.  Clones were screened by dot blot 
analysis using the 540 bp DNA fragment(s) as probe and colony PCR.  One of the 
clones that showed a high degree of homology in dot blot analysis was selected, its 
DNA was isolated and digested with EcoRI enzyme.  This clone showed the presence 
of an insert of approximately 7 kb.  Initial sequencing results of this fragment clearly 
showed the presence of maleylacetate reductase and benzenetriol dioxygenase.  The 
sequence has now been completely annotated and submitted to the Genbank, NCBI 
(Accession No. AY574278).  The group is further working on the characterization of 
the above clone.  The genomic library obtained as above from Ralstonia sp. was 
screened for some other gene(s) for upper pathway enzyme(s) of PNP and NC by 
nitrite release.  The clones were also screened for any possible chemotactic gene(s) 
involved in the chemotaxis of Ralstonia sp. toward different NACs.

The team had earlier shown that Ralstonia sp., isolated by the chemotaxis enrichment 
technique, is capable of utilizing PNP, NC, ONB and p-nitrobenzoate (PNB) as sole 
source of carbon and energy.  The organism was found to be chemotactic toward 
these compounds as determined by the drop assay, swarm plate assay and capillary 
assay.  However, it failed to show chemotaxis towards those compounds that are not 
degraded by the bacteria.  Some of the intermediates of the degradative pathways 
have also been identified.  Results obtained have indicated a correlation between 
chemotaxis and biodegradation of nitroaromatic compounds.  The group has also 
determined that the above microbe is capable of utilizing 3-methyl -4-nitrophenol as 
sole source of carbon and energy, this compound is one of the major breakdown 
products of fenitrothion {(o, o- dimethyl o-(3-methyl-4-nitrophenyl) 
thiophosphate}which is a recalcitrant organophosphate insecticide used in 
agriculture.  It has now been shown that Ralstonia sp. is also chemotactic toward 
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2. Understanding of the pathways involved at the biochemical and genetic 
levels in the biodegradation of above compounds.

3. Understanding of the chemotactic behaviour of the microorganisms to the 
above listed nitroaromatic compounds.

4. Attempts to transfer the chemotactic property to more efficient nitroaromatic 
degrading non-chemotactic organisms studies to test the efficiency of such 
microorganisms for the degradation of these compounds.

Arthrobacter protophormiae and Ralstonic sp. are the two organisms, isolated by 
enrichment technique used in the present study, which are capable of utilizing p-
nitrophenol (PNP), 4- nitrocatechal (NC) and o-nitrobenzoate (ONB) as sole source 
of carbon and energy.  PNP and 4-NC are degraded by the oxidative route whereas 
ONB degradation followed a reductive route.  The pathways for the degradation of 
above compounds have been determined on the basis of enzyme assays and 
characterization of the intermediates.  These techniques involved TLC, GC, GC-MS, 
1H NMR.  In Arthrobacter protophormiae, a plasmid of approximately 65 kilobase 
pair was found to be responsible for encoding genes for the degradation of above 
compounds by ONB (0.5mM) could be degraded via the formation of anthranilic 
acid by A. protophormiae.  Recently, it has been shown that this organism is capable 
of adapting itself to 90 mM ONB followed by its complete degradation.  Following 
growth of this organism on higher concentration of ONB, presence of 3-
hydroxyanthranilic acid (HAA) was clear and this was not found to be present as an 
intermediate in the degradation pathway earlier.  The presence of HAA was 
identified by TLC and HPLC analysis following comparison with the authentic 
compound.  Resting cell studies of ONB-induced cells showed that HAA was indeed 
an intermediate of the degradation pathway.  This pathway is also a novel one and has 
been included in the Biocatalysis/Biodegradation database, University of Minnesota, 
USA.
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Attempts were made to clone the gene(s) or gene cluster(s) involved in the 
degradation of some of the nitroaromatic compounds such as PNP and NC from A. 
protophormiae, Burkholderia cepacia and Ralstonia sp.  These enzymes are 
benzenetriol dioxygenese and maleylacetate reductase.  The above enzymes were 
found to be involved in the degradation of several aromatic pollutants including PNP 
and NC.  This was achieved through PCR amplification using degenerate primers.  
The group was able to amplify a 300 bp fragment of maleylacetate reductase from B. 
cepacia which was further cloned into pBluescript II KS(+) vector and the above 
fragment was sequenced.  Database search showed substantial homology with 
maleylacetate reductase gene.  Similarly, in case of benzenetriol dioxygenase 
gene(s), using degenerate primers, the team  were able to amplify a fragment of 540 
bp in case of B. cepacia and Ralstonia sp. and a fragment of 300 bp in case of A. 
protophormiae.  These fragments were then cloned into pBluescript II KS(+) vector 
and sequenced.  The database search showed homology with benzenetriol 
dioxygenase enzyme.  The Southern hybridixation of digested genomic DNA using 
540 bp fragment as a probe confirmed the cloning of the gene(s) for benzenetriol 
dioxygenase enzyme.  The group then prepared a genomic library of Ralstonia sp. 
from the DNA fragment that showed homology with benzenetriol dioxygenase, in 
order to clone the complete gene cluster, as the team knew that degradation genes are 
usually present in a cluster in many organisms.  Clones were screened by dot blot 
analysis using the 540 bp DNA fragment(s) as probe and colony PCR.  One of the 
clones that showed a high degree of homology in dot blot analysis was selected, its 
DNA was isolated and digested with EcoRI enzyme.  This clone showed the presence 
of an insert of approximately 7 kb.  Initial sequencing results of this fragment clearly 
showed the presence of maleylacetate reductase and benzenetriol dioxygenase.  The 
sequence has now been completely annotated and submitted to the Genbank, NCBI 
(Accession No. AY574278).  The group is further working on the characterization of 
the above clone.  The genomic library obtained as above from Ralstonia sp. was 
screened for some other gene(s) for upper pathway enzyme(s) of PNP and NC by 
nitrite release.  The clones were also screened for any possible chemotactic gene(s) 
involved in the chemotaxis of Ralstonia sp. toward different NACs.

The team had earlier shown that Ralstonia sp., isolated by the chemotaxis enrichment 
technique, is capable of utilizing PNP, NC, ONB and p-nitrobenzoate (PNB) as sole 
source of carbon and energy.  The organism was found to be chemotactic toward 
these compounds as determined by the drop assay, swarm plate assay and capillary 
assay.  However, it failed to show chemotaxis towards those compounds that are not 
degraded by the bacteria.  Some of the intermediates of the degradative pathways 
have also been identified.  Results obtained have indicated a correlation between 
chemotaxis and biodegradation of nitroaromatic compounds.  The group has also 
determined that the above microbe is capable of utilizing 3-methyl -4-nitrophenol as 
sole source of carbon and energy, this compound is one of the major breakdown 
products of fenitrothion {(o, o- dimethyl o-(3-methyl-4-nitrophenyl) 
thiophosphate}which is a recalcitrant organophosphate insecticide used in 
agriculture.  It has now been shown that Ralstonia sp. is also chemotactic toward 
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those nitroaromatic compounds that are partially degraded by the organism by using 
the above-mentioned assays.  These compounds are m-nitrophenol, 2,4-
dinitrophenol, 2,5-dinitrophenol, 2,6-dinitrophenol, o-nitrobenzene, m-nitrobenzene 
and 3,5-dinitrobenzoic acid.  Some of the intermediates of the degradative pathways 
have also been identified using TLC, GC and GC-MS studies.  The results obtained, 
therefore, have indicated a correlation between chemotaxis and biodegradation of 
nitroaromatic compounds.  The chemotactic behaviour of this organism has also been 
determined in soil.  A new soil-agarose plate method has been successfully developed 
in the laboratory.  Encouraging results were also found in soil-agarose plate assay for 
other nitroaromatic compounds.  A quantitative assay for soil chemotaxis has also been 
successfully performed.

The work carried out under this project, as published, is as below:

Pandey, G. and Jain, R.K. Bacterial chemotaxis toward environmental pollutants: Role 
in bioremediation. Appl. Environ. Microb.,  68, 5789-5795, 2002.

Pandey, G.; Chauhan, A.; Samanta, S.K. and Jain, R.K. Chemotaxis of a Ralstonia sp. 
SJ98 toward co-metabolizable nitroaromatic compounds. Biochem. Biophys. Res. 
Commun., 299, 404-409, 2002.

Pandey, G.; Paul, D. and Jain, R.K. Branching of nitrobenzoate degradation pathway in 
Arthrobacter protophormiae RKJ100: Identification of new intermediates. FEMS 
Microbiology Lett.,  229, 231-236, 2003.

Pandey, G. and Jain, R.K. Bacterial chemotaxis toward environmental pollutants: Role in 
bioremediation. Appl. Environ. Microb.,  68, 5789-5795, 2002.

Pandey, G.; Chauhan, A.; Samanta, S.K. and Jain, R.K. Chemotaxis of a Ralstonia sp. SJ98 
toward co-metabolizable nitroaromatic compounds. Biochem. Biophys. Res. Commun., 
299, 404-409, 2002.

Pandey, G.; Paul, D. and Jain, R.K. Branching of nitrobenzoate degradation pathway in 
Arthrobacter protophormiae RKJ100: Identification of new intermediates. FEMS 
Microbiology Lett.,  229, 231-236, 2003.

Paul, D.; Chauhan, A.; Pandey, G. and Jain, R.K. Pathway for the degradation of p-
hydroxybenzoate in Arthrobacter protophormiae RKJ100 and Burkholderia cepacia 
RKJ200. Current Science,  87, 1263-1268, 2004.

Paul, D.; Pandey, G.; Pandey, J. and Jain, R.K. Accessing microbial diversity for 
bioremediation and environmental restoration. Trends Biotechnol.,  23, 135-142, 2005.

Paul, D.; Pandey, G. and Jain, R.K. Suicidal of genetically engineered microorganisms for 
bioremediation: Need and perspective. BioEssays,  27, 563-573, 2005.

Labana, S.; Pandey. G.; Paul, D.; Basu, A. and Jain, R.K. Pot and field studies on 
bioremediation of p-nitrophenol contaminated soil using Arthrobacter protophormiae 
RKJ100. Environ. Sci. Technol,  39, 3330-3337, 2005.

Labana, S.; Singh, O.V.; Basu, A.; Pandey, G. and Jain, R.K. A microcosm study on 
bioremediation of p-nitrophenol contaminated soil using Arthrobacter protophormiae 
RKJ100. Appl. Microbiol. Biotechnol., 68, 417-424, 2005.
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Paul, D.; Singh, R. and  Jain, R.K. Chemotaxis of Ralstonia sp. SJ98 towards p-nitrophenol in 
soil. Environ. Microbiol.,  8, 1797-1804, 2006.

Pandey, G.; Pandey, J. and Jain, R.K. Monitoring Arthrobacter protophormiae RKJ100 in a 
'tag and chase' method during P- Nitrophenol bio-remediation in soil microcosms. Appl. 
Microbiol. Biotechnol.,  70,  757-760, 2006.

Paul, D.; Pandey, G.; Meier, C.; Meer, J.R. and Jain, R.K. Bacterial community structure of a 
pesticide-contaminated site and assessment of changes induced in community structure 
during bioremediation. FEMS Microbiol Ecol.,  57, 116-127, 2006.

Sharma, N.; Pandey, J.; Gupta, N. and Jain, R.K. Growth and physiological response of 
Arthrobacter protophormiae RKJ100 toward higher concentrations of o-nitrobenzoate and p-
hydroxybenzoate. FEMS Microbiol. Lett.,  271, 65-70, 2007.

th
The Research Council of IMTECH in its 28   meeting reviewed the work done under 
this project and declared the project as successfully completed.
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and 3,5-dinitrobenzoic acid.  Some of the intermediates of the degradative pathways 
have also been identified using TLC, GC and GC-MS studies.  The results obtained, 
therefore, have indicated a correlation between chemotaxis and biodegradation of 
nitroaromatic compounds.  The chemotactic behaviour of this organism has also been 
determined in soil.  A new soil-agarose plate method has been successfully developed 
in the laboratory.  Encouraging results were also found in soil-agarose plate assay for 
other nitroaromatic compounds.  A quantitative assay for soil chemotaxis has also been 
successfully performed.
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LINKAGE BETWEEN THE RNAi  MACHINERY AND 
HETEROCHROMATIN ASSEMBLY IN FISSION YEAST

Project Leader: Dr. Jagmohan Singh
Other Participants: Dr. Sharanjit Saini

Dr. Sumit Arora
Dr. Nandni Nakwal
Mr. Kamlesh K. Bisht
Mr. Ashok Kumar
Ms. Swati Haldar
Ms. Nupur Malhotra

The main objective of the proposal is to address the missing connection in the puzzle, 
i.e., how is Clr4 recruited to the heterochromatin sites by the RNAi pathway and how 
other heterochromatin proteins are assembled. In addressing these questions, the 
group envisages the following objectives:

i)   Are Clr4 and Swi6 part of complex with siRNA in vivo? 

Earlier published work has shown that the chromodomain region of the 
heterochromatin protein HP1, of which Swi6 is an ortholog, functions as an RNA-
binding motif. It was proposed that Swi6 and/or Clr4, both of which contain the 
chromdomain, may bind to the RNA molecules being transcribed from the repeat 
sequences in the mating type and centromere regions. In agreement, unpublished 
data show that Swi6, and especially Clr4, exhibit binding towards siRNA, especially 
in the single-stranded form or as a hybrid with the siRNA-DNA hybrid, leading to the 
hypothesis that siRNA generated from the repeat sequences may bind to Swi6 and/or 
Clr4 and get chaperoned to the sites of homology, where they may initiate the histone 
modification (H3-Lys9 methylation), thus initiating the heterochromatin-specific 
mark. In addition the group found that the localization of Clr4 to the heterochromatin 
regions is sensitive to treatment with RNAseH, supporting the involvement of DNA-
RNA hybrid in tethering Clr4 to the repeat sequences that transcribe RNA.

The group would like to further check whether Swi6 and Clr4 exist as a complex with 
RNA in vivo and to identify other protein components of such a hypothetical 
complex. 

a) The identity of the RNA sequences bound by Swi6 and/or Clr4 will be 
checked by microarray technology, where the RNA isolated from
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 such complexes will be labeled with fluorescent dyes and used as a 
probe with the tiling arrays of S. pombe.

b) The identity of other protein components of such complexes will be 
determined by using strains harboring TAP-tagged copies of swi6 and 
or clr4 genes, isolation of the complexes using affinity 
chromatography and analysis of their protein components by mass 
spectrometry. Subsequently, the knockout of the genes corresponding 
to the identified protein components of the complex will be performed 
to investigate their role in silencing.

ii) Is there a direct physical interaction between RNAi and heterochromatin 
components?

The genetic data have indicated that of the three components of RNAi machinery, 
Rdp acts in the same pathway as Swi6 and Clr1-Clr4. Furthermore, the derepressed 
phenotype obtained at the mating type and centromere locus is suppressed by 
overexpression of the histone deacetylase Clr3. Thus, there may be direct interaction 
between some of the components of RNAi pathway and heterochromatin machinery, 
especially between Clr3 and Rdp. Therefore, the group will address the following 
questions:

a) Is Clr3 recruited to heterochromatin and whether this recruitment is 
dependent on Rdp, Dcr and Ago?

b) Is there a direct interaction between Clr3 and RNAi components, 
especially Rdp?

During the period under report the work carried out is as under:

i) Role of Anaphase Promoting Complex (APC) in Silencing:
Earlier work in the laboratory had shown the involvement of APC in gene 
silencing in fission yeast, which is mediated by its role in recruitment of the 
chromodomain protein Swi6 and histone methyltransferase Clr4 to the mat 
and cen loci. Further work has shown that APC subunits Cut4 and Cut9 
directly interact with both Swi6 and Clr4 in vitro and in vivo and the mutant 
Cut4 protein fails to interact with Swi6 and Clr4. Thus, APC recruits Clr4 
and Swi6 by direct physical interaction. Since Swi6 has been shown to be 
required for recruitment of cohesion complex, the group checked for 
recruitment of Rad21 and its degradation during metaphase-to-anaphase 
transition. Interestingly, both processes are abrogated in cut4 and cut9 
mutants.

Further work has shown that, surprisingly, both Cut4 and Cut9 are enriched 
at the mat and cen loci and interestingly, this localization is dependent on 
Swi6. These results suggest that APC on one hand and Swi6 along with Clr4 
on the other are involved in a positive feedback loop to bring about 
heterochromatin assembly. 

The team have further addressed the order of events and found that while 
Swi6 can suppress the silencing defect of cut9 mutant, cut4 cannot suppress 
the silencing defect of swi6 mutant. These results suggest that Swi6 may act 
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b) The identity of other protein components of such complexes will be 
determined by using strains harboring TAP-tagged copies of swi6 and 
or clr4 genes, isolation of the complexes using affinity 
chromatography and analysis of their protein components by mass 
spectrometry. Subsequently, the knockout of the genes corresponding 
to the identified protein components of the complex will be performed 
to investigate their role in silencing.

ii) Is there a direct physical interaction between RNAi and heterochromatin 
components?

The genetic data have indicated that of the three components of RNAi machinery, 
Rdp acts in the same pathway as Swi6 and Clr1-Clr4. Furthermore, the derepressed 
phenotype obtained at the mating type and centromere locus is suppressed by 
overexpression of the histone deacetylase Clr3. Thus, there may be direct interaction 
between some of the components of RNAi pathway and heterochromatin machinery, 
especially between Clr3 and Rdp. Therefore, the group will address the following 
questions:

a) Is Clr3 recruited to heterochromatin and whether this recruitment is 
dependent on Rdp, Dcr and Ago?

b) Is there a direct interaction between Clr3 and RNAi components, 
especially Rdp?

During the period under report the work carried out is as under:

i) Role of Anaphase Promoting Complex (APC) in Silencing:
Earlier work in the laboratory had shown the involvement of APC in gene 
silencing in fission yeast, which is mediated by its role in recruitment of the 
chromodomain protein Swi6 and histone methyltransferase Clr4 to the mat 
and cen loci. Further work has shown that APC subunits Cut4 and Cut9 
directly interact with both Swi6 and Clr4 in vitro and in vivo and the mutant 
Cut4 protein fails to interact with Swi6 and Clr4. Thus, APC recruits Clr4 
and Swi6 by direct physical interaction. Since Swi6 has been shown to be 
required for recruitment of cohesion complex, the group checked for 
recruitment of Rad21 and its degradation during metaphase-to-anaphase 
transition. Interestingly, both processes are abrogated in cut4 and cut9 
mutants.

Further work has shown that, surprisingly, both Cut4 and Cut9 are enriched 
at the mat and cen loci and interestingly, this localization is dependent on 
Swi6. These results suggest that APC on one hand and Swi6 along with Clr4 
on the other are involved in a positive feedback loop to bring about 
heterochromatin assembly. 

The team have further addressed the order of events and found that while 
Swi6 can suppress the silencing defect of cut9 mutant, cut4 cannot suppress 
the silencing defect of swi6 mutant. These results suggest that Swi6 may act 
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downstream of APC. Based on other genetic results, a model was proposed 
wherein APC may be recruited at the time of DNA replication; APC then 
recruits Swi6 and/or Clr4 and thereafter, a positive feedback loop of 
interaction ensures assembly of heterochromatin and its further stabilization 
by recruitment of Cohesin. 

ii) Role of DNA polymerases á and ä in silencing: 
Following up on the earlier work showing that Polá and ä are involved in 
silencing, interestingly, the group now finds that both Polá and Polä interact 
with Swi6 and Clr4 as well and the polá and polä mutants are defective in 
recruitment of Swi6, H3-K9 methylation as well as cohesin recruitment at 
mat and cen loci. These results show a tight coupling between DNA 
replication and heterochromatin machineries and suggest the possibility that 
chromatin structure at the heterochromatin loci may be copied in a semi-
conservative mode, like DNA. A proposal to test this possibility 
experimentally has been supported by the New Idea Fund scheme of CSIR.

iii) Role of Chromatin Assembly Factor 1 and Pap1 in Gene Silencing:
In another line of work the team have investigated the role of CAF1 and 
Pap1, which perform roles in DNA replication coupled assembly of 
chromatin and in response to oxidative stress, respectively, in gene silencing. 
The three subunits of CAF1, namely Cac1, Cac2 and Cac3 have been shown 
to be non-essential for viability but essential for protection from UV damage 
in S. cerevisiae. However, in S. pombe, the team found that cac3 is essential 
and allelic to previously identified gene mis16 in S. pombe. As expected, the 
strains having cac1Ä, cac2 Ä and mis16 /cac3 mutations are defective in 
silencing at mating type and the outer repeats of centromere in S. pombe. In 

Speculative model based on our studies shows a contiguous localization of APC and Cohesin at 
heterochromatin regions through their interaction with Swi6, which may further facilitate 
heterochromatin assembly, silencing, mating-type integrity, centromeric cohesion and segregation.
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addition, cac1 Ä and cac2 Ä strains show a modest defect in rDNA silencing but no 
effect on telomere silencing. Radiation sensitivity experiments showed that cac1 Ä 
strain shows a modest sensitivity to UV rays but not to ã-radiation. Most 
interestingly, cac1 Ä and cac2 Ä strains show significant sensitivity to histone 
deacetylase inhibitor TSA and mis16 mutant is sensitive to the DNA replication 
inhibitor hydroxyurea. In presence of HU, mis16 mutant exhibits increased septation, 
and chromosome segregation, referred to as 'cut' (chromosomes untimely torn) 
phenotype, which appears coincidentally with decline in viability, suggesting that 
mis16 may be defective in chromatin assembly checkpoint. Such a checkpoint 
although speculated to occur has not been demonstrated in any system so far.

Pap1 is a global transcription factor which is induced by mild oxidative stress. Since 
the Pap1 also functions in regulating the expression of a chromatin regulator Uhp1 
that affects silencing, the team explored the possibility whether it might be involved 
in regulating silencing as well. In this regard, it has been shown that another factor 
Atf1, which is induced upon strong oxidative stress, is also required for silencing of 
mating type loci independently of RNAi and its function is mediated through Atfi1 
binding sites neighbouring the mat3 locus and through recruitment of the histone 
methyltransferase Clr4. The  results show that Pap1 is required for silencing of mat3 
and outer repeat locus otr1::R of centromere I. In addition, it is also required for 
silencing of reporter genes inserted at cnt1 and rDNA loci. In support of its role in 
silencing, deletion of the individual binding sites in the mat2-mat3 interval also 
partially abrogates silencing. Interestingly, pap1 Ä strain is also sensitive to TSA 
suggesting that Pap1 may be required for global chromatin assembly and histone 
acetylation.
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downstream of APC. Based on other genetic results, a model was proposed 
wherein APC may be recruited at the time of DNA replication; APC then 
recruits Swi6 and/or Clr4 and thereafter, a positive feedback loop of 
interaction ensures assembly of heterochromatin and its further stabilization 
by recruitment of Cohesin. 

ii) Role of DNA polymerases á and ä in silencing: 
Following up on the earlier work showing that Polá and ä are involved in 
silencing, interestingly, the group now finds that both Polá and Polä interact 
with Swi6 and Clr4 as well and the polá and polä mutants are defective in 
recruitment of Swi6, H3-K9 methylation as well as cohesin recruitment at 
mat and cen loci. These results show a tight coupling between DNA 
replication and heterochromatin machineries and suggest the possibility that 
chromatin structure at the heterochromatin loci may be copied in a semi-
conservative mode, like DNA. A proposal to test this possibility 
experimentally has been supported by the New Idea Fund scheme of CSIR.

iii) Role of Chromatin Assembly Factor 1 and Pap1 in Gene Silencing:
In another line of work the team have investigated the role of CAF1 and 
Pap1, which perform roles in DNA replication coupled assembly of 
chromatin and in response to oxidative stress, respectively, in gene silencing. 
The three subunits of CAF1, namely Cac1, Cac2 and Cac3 have been shown 
to be non-essential for viability but essential for protection from UV damage 
in S. cerevisiae. However, in S. pombe, the team found that cac3 is essential 
and allelic to previously identified gene mis16 in S. pombe. As expected, the 
strains having cac1Ä, cac2 Ä and mis16 /cac3 mutations are defective in 
silencing at mating type and the outer repeats of centromere in S. pombe. In 

Speculative model based on our studies shows a contiguous localization of APC and Cohesin at 
heterochromatin regions through their interaction with Swi6, which may further facilitate 
heterochromatin assembly, silencing, mating-type integrity, centromeric cohesion and segregation.
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addition, cac1 Ä and cac2 Ä strains show a modest defect in rDNA silencing but no 
effect on telomere silencing. Radiation sensitivity experiments showed that cac1 Ä 
strain shows a modest sensitivity to UV rays but not to ã-radiation. Most 
interestingly, cac1 Ä and cac2 Ä strains show significant sensitivity to histone 
deacetylase inhibitor TSA and mis16 mutant is sensitive to the DNA replication 
inhibitor hydroxyurea. In presence of HU, mis16 mutant exhibits increased septation, 
and chromosome segregation, referred to as 'cut' (chromosomes untimely torn) 
phenotype, which appears coincidentally with decline in viability, suggesting that 
mis16 may be defective in chromatin assembly checkpoint. Such a checkpoint 
although speculated to occur has not been demonstrated in any system so far.

Pap1 is a global transcription factor which is induced by mild oxidative stress. Since 
the Pap1 also functions in regulating the expression of a chromatin regulator Uhp1 
that affects silencing, the team explored the possibility whether it might be involved 
in regulating silencing as well. In this regard, it has been shown that another factor 
Atf1, which is induced upon strong oxidative stress, is also required for silencing of 
mating type loci independently of RNAi and its function is mediated through Atfi1 
binding sites neighbouring the mat3 locus and through recruitment of the histone 
methyltransferase Clr4. The  results show that Pap1 is required for silencing of mat3 
and outer repeat locus otr1::R of centromere I. In addition, it is also required for 
silencing of reporter genes inserted at cnt1 and rDNA loci. In support of its role in 
silencing, deletion of the individual binding sites in the mat2-mat3 interval also 
partially abrogates silencing. Interestingly, pap1 Ä strain is also sensitive to TSA 
suggesting that Pap1 may be required for global chromatin assembly and histone 
acetylation.
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Debaryomyces hansenii is one of the most osmotolerant and halotolerant species of 
yeast. It can grow in the medium containing as high as 4M NaCl, whereas the growth 
of S. cerevisiae is limited in medium containing more than 1.7M NaCl. It is the yeast 
most frequently found in traditional cheese and sausages, with a recognized 
contribution to special flavors in these products thus, has an enormous bio-
technological potential for food industry. In the recent past, D. hansenii has become 
an important model for understanding halotolerance and osmotolerance. The group 
is  working towards understanding the extremophillic nature of this yeast at genetic 
and biochemical level. During the period under report the work carried out is as 
under:

A. Cloning and characterization of DSLN1, DNIK1 and DSHO1

In yeast, the osmosensing signal transduction pathway (HOG pathway) plays 
cardinal role in regulating its growth and survival under high osmolar conditions. The 
core component of this pathway is the MAP kinase, Hog1p.  HOG pathway is 
ubiquitous in yeast and fungi. Although this pathway has been studied quite well, 
how cells sense the change in the osmolarity of the environment remained an enigma. 
In S. cerevisiae a trans-membrane protein Sho1p and a membrane bound two-
component histidine kinase Sln1p appeared to be involve osmosensing. In case of N. 
crasa and C. albicans Nik1p, a hybrid histidine kinase has been implicated to 
function as osmosensor. To identify putative osmosensor/s in D. hansenii, the group 
conducted a blast search (TBLASTN) of D. hansenii genome sequence utilizing S. 
cerevisiae Sho1p & Sln1p and C. albicans Nik1p sequences. The search revealed 

-34presence of Sho1 homologue in chromosome C (E value 5e ); Sln1 homologue in 
-148chromosome E (E value 9e ); Nik1p homologue in chromosome G of D. hansenii. 

The corresponding genomic region was PCR amplified D. hansenii strain CBS767 
and cloned in yeast vector pRS425. The amplified fragments were sequenced to rule
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 out any mutation. Phenotypic analysis showed that DSHO1 could complement sho1 
mutation in S. cerevisiae. Similarly, the cloned DSLN1 could complement sln1 
mutation in S. cerevisiae. Interestingly, the Sln1 homologue in D. hansenii has been 
predicted to be a pseudogene due to the presence of a stop codon. However, this stop 
codon was absent in the clone as observed from DNA sequencing. Therefore, this gene 
is bona fide SLN1 homologue. The cloned DNIK1 gene was also found to complement 
sln1 mutation in S. cerevisiae.

B. Creation of salt-insensitive 3'(2'), 5'-bisphosphate nucleotidase by modeling 
and mutagenesis approach

Previously the group has identified a 3'(2'), 5'-bisphosphate nucleotidase (Dhal2p) 
from a highly halotolerant yeast Debaryomyces hansenii. Molecular characterization 
revealed a number of unique features in Dhal2p, indicating this is an extraordinary 
member of the family. The team therefore carried out the structure-function analysis of 
Dhal2p. The group has used molecular modeling approaach to identify key amino acid 
residues and region that are important for its function and salt tolerance. By doing in 
vitro mutagenesis as well as in vivo studies, the team have established, for the first time, 
the crucial role of the 'flap region' and the 'loop region', in the salt tolerance of Dhal2p. 
Moreover, this structural knowledge has provided the team an opportunity to create 
novel and salt insensitive mutant of Dhal2p.

C. Development of genetic tool for D. hansenii

For a development of the D. hansenii transformation system, four histidine auxotrophs 
were isolated. Cells of the wild-type strain CBS767 were UV-irradiated at 
approximately 10% survival and plated to achieve 200-300 viable colonies per plate, 
on YPD. After testing ~20000 colonies, 4 his- mutants were isolated. Among these, 
DB9 appeared to be very stable and carry a defective DhHIS4 gene. The group has 
constructed a plasmid pDH100 by cloning ARS element of Candida famata and 
DhHIS4 gene. This plasmid was transformed into DB9 by electroporation and 
transformants were selected on YNB plate. Plasmid rescue experiments from the 
transformants showed that pDH100 was maintained episomally in D. hansenii. 
Subsequently, by screening a genomic library of D. hansenii strain CBS767, the group 
has isolated eight genomic fragments that could function as ARS element. High 
frequency transformation of D. hansenii could be achieved with some of these 
fragments.
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In yeast, the osmosensing signal transduction pathway (HOG pathway) plays 
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core component of this pathway is the MAP kinase, Hog1p.  HOG pathway is 
ubiquitous in yeast and fungi. Although this pathway has been studied quite well, 
how cells sense the change in the osmolarity of the environment remained an enigma. 
In S. cerevisiae a trans-membrane protein Sho1p and a membrane bound two-
component histidine kinase Sln1p appeared to be involve osmosensing. In case of N. 
crasa and C. albicans Nik1p, a hybrid histidine kinase has been implicated to 
function as osmosensor. To identify putative osmosensor/s in D. hansenii, the group 
conducted a blast search (TBLASTN) of D. hansenii genome sequence utilizing S. 
cerevisiae Sho1p & Sln1p and C. albicans Nik1p sequences. The search revealed 

-34presence of Sho1 homologue in chromosome C (E value 5e ); Sln1 homologue in 
-148chromosome E (E value 9e ); Nik1p homologue in chromosome G of D. hansenii. 

The corresponding genomic region was PCR amplified D. hansenii strain CBS767 
and cloned in yeast vector pRS425. The amplified fragments were sequenced to rule
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 out any mutation. Phenotypic analysis showed that DSHO1 could complement sho1 
mutation in S. cerevisiae. Similarly, the cloned DSLN1 could complement sln1 
mutation in S. cerevisiae. Interestingly, the Sln1 homologue in D. hansenii has been 
predicted to be a pseudogene due to the presence of a stop codon. However, this stop 
codon was absent in the clone as observed from DNA sequencing. Therefore, this gene 
is bona fide SLN1 homologue. The cloned DNIK1 gene was also found to complement 
sln1 mutation in S. cerevisiae.

B. Creation of salt-insensitive 3'(2'), 5'-bisphosphate nucleotidase by modeling 
and mutagenesis approach

Previously the group has identified a 3'(2'), 5'-bisphosphate nucleotidase (Dhal2p) 
from a highly halotolerant yeast Debaryomyces hansenii. Molecular characterization 
revealed a number of unique features in Dhal2p, indicating this is an extraordinary 
member of the family. The team therefore carried out the structure-function analysis of 
Dhal2p. The group has used molecular modeling approaach to identify key amino acid 
residues and region that are important for its function and salt tolerance. By doing in 
vitro mutagenesis as well as in vivo studies, the team have established, for the first time, 
the crucial role of the 'flap region' and the 'loop region', in the salt tolerance of Dhal2p. 
Moreover, this structural knowledge has provided the team an opportunity to create 
novel and salt insensitive mutant of Dhal2p.

C. Development of genetic tool for D. hansenii

For a development of the D. hansenii transformation system, four histidine auxotrophs 
were isolated. Cells of the wild-type strain CBS767 were UV-irradiated at 
approximately 10% survival and plated to achieve 200-300 viable colonies per plate, 
on YPD. After testing ~20000 colonies, 4 his- mutants were isolated. Among these, 
DB9 appeared to be very stable and carry a defective DhHIS4 gene. The group has 
constructed a plasmid pDH100 by cloning ARS element of Candida famata and 
DhHIS4 gene. This plasmid was transformed into DB9 by electroporation and 
transformants were selected on YNB plate. Plasmid rescue experiments from the 
transformants showed that pDH100 was maintained episomally in D. hansenii. 
Subsequently, by screening a genomic library of D. hansenii strain CBS767, the group 
has isolated eight genomic fragments that could function as ARS element. High 
frequency transformation of D. hansenii could be achieved with some of these 
fragments.
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The objectives of this project were:
i) Cloning, overexpression and purification of mycobacterial serine/threonine 

protein kinases utilizing a heterologous (E. coli) expression system.
ii) Biochemical characterization of mycobacterial serine/threonine protein 

kinases.
iii) Identification of natural substrates of mycobacterial serine/threonine protein 

kinases.
iv) Evaluating contributions of mycobacterial serine/threonine protein kinases.

The genome sequence of Mycobacterium tuberculosis, the causative agent of the 
dreadful disease, tuberculosis, has unveiled the presence of a family of eleven 
eukaryotic-type Ser/Thr kinases.  The existence of such a large number of 
regulatory proteins in this intracellular facultative pathogen could be attributed to its 
unique characteristics of being able to survive within the hostile environment inside 
the host together with its long quiescent dormant state.  The work in this project was 
focussed on one such homologue of mycobacterial Ser/Thr kinases, PknA.  
Previously this goup has reported molecular, and biochemical characterization of 
this kinase (Chaba et al., Eur. J. Biochem., 269: 1078 - 1085, 2002.) and its 
interaction with the only serine/threonine phosphatases, PPP.  This work has further 
been extended towards in depth understanding of autophosphorylation activity of 
this kinase, identification of its different subdomains and their functional 
significance.  Finally, attempt has also been made to identify the natural substrate of 
this kinase.

Structural Analysis of PknA:  Ser/Thr or Tyr kinases are annotated based on the 
presence of a catalytic domain harbouring eleven signature motifs, termed as Hank's 
subdomains.  Analysis of the nucleotide derived amino acid sequence of PknA 
indicated the presence of these conserved subdomains towards its amino terminus 
end.  PknA showed the ATP binding motif GXGXXG (alanine is present instead of 
first glycine and X is a variable amino acid) in subdomain I and an invariant lysine 
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residue in subdomain II, characteristic of Ser/Thr or Tyr kinases.  The essentiality of 
this lysine for exhibiting the kinase activity of PknA was highlighted by the inability 
of K42N mutant (lysine at amino acid position 42 of PknA was mutated to 
asparagine) to autophosphorylate.  Furthermore, typical DXKPXN and 
GTXXYXAPE sequences of Hank's subdomain VI and VIII respectively argued the 
inclusion of PknA as a member of eukaryotic-type Ser/Thr protein kinases.  An 
Ala/Pro-rich (alanine/proline-rich) region was identified downstream to the catalytic 
domain of PknA, followed by a hydrophobic stretch of 23 amino acid residues.  The 
charge distribution around this sequence of PknA revealed it to be a transmembrane 
kinase acting as a signalling molecule between the cell exterior and interior.  The 
amino acid sequence following the transmembrane domain shared negligible 
homology with other eukaryotic-type Ser/Thr kinases and thus is unique to PknA.  
This stretch of amino acids presumably represents the regulatory domain of PknA.

To analyze the molecular mechanism of PknA autophosphorylation, various deletion 
mutants were constructed.  The mutants were expressed and purified as MBP fusion 
proteins. The autophosphorylating status of the deletion mutants was analyzed by an 
in vitro kinase assay and further confirmed by immuno blotting with anti 
phosphothreonine antibody. On analyzing the kinase activity we found that the 1-338 
deletion mutant of PknA harboring the catalytic domain and juxtamembrane 
(Ala/Pro) region was capable of autophosphorylation.  However, further shortening 
of this domain by deleting the putative juxtamembrane region contiguous to the 
catalytic domain completely abolished the kinase activity.  This demonstrated that 
the catalytic domain along with the juxtamembrane region was essential for PknA 
autophosphorylation.  This was further supported by the expression of catalytic 
domain deletion mutants, which showed no phosphorylation.  Hence, the team 
concluded that the juxtamembrane region was essential for autophosphorylation of 
the kinase domain and this 1-338 deletion region was the minimum 
autophosphorylating core of PknA. The core was capable of phosphorylating itself in 
a concentration dependent manner like the full length PknA, although 5µg of the 
protein exhibited phosphorylation comparable to 800 ng of full-length protein.  
Further, the effect of bivalent cations was also concurrent with full length PknA, as 

2+autophosphorylation was detectable only in the presence of  Mn  and to some extent 
2+with Mg .  Similarly, ammonium molybdate and sodium vanadate, the potent kinase 

inhibitors, affected the phosphorylation of the core region as the wild type PknA. All 
these results led us to conclude that the autophosphorylation behavior of the core 
region mimics the wild type protein.  

Several lines of evidence indicate that PknA undergoes autophosphorylation, 
however, the mechanism underlying phosphorylation is poorly understood.  To 
determine whether the autophosphorylation was mediated through cis or trans acting 
mechanism, the team conducted an in vitro kinase assay wherein different 

2+concentrations of the kinase inactive mutant of PknA core carrying altered Mg -ATP 
orienting lysine (K42) were incubated with wild type protein. Interestingly, the 
K42N mutant, which is unable to phosphorylate itself, underwent phosphorylation 
on incubation with wild type protein indicating that PknA autophosphorylation was 
intermolecular or trans.

After establishing the autophosphorylation behavior of the core region, it was 
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been extended towards in depth understanding of autophosphorylation activity of 
this kinase, identification of its different subdomains and their functional 
significance.  Finally, attempt has also been made to identify the natural substrate of 
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Structural Analysis of PknA:  Ser/Thr or Tyr kinases are annotated based on the 
presence of a catalytic domain harbouring eleven signature motifs, termed as Hank's 
subdomains.  Analysis of the nucleotide derived amino acid sequence of PknA 
indicated the presence of these conserved subdomains towards its amino terminus 
end.  PknA showed the ATP binding motif GXGXXG (alanine is present instead of 
first glycine and X is a variable amino acid) in subdomain I and an invariant lysine 
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residue in subdomain II, characteristic of Ser/Thr or Tyr kinases.  The essentiality of 
this lysine for exhibiting the kinase activity of PknA was highlighted by the inability 
of K42N mutant (lysine at amino acid position 42 of PknA was mutated to 
asparagine) to autophosphorylate.  Furthermore, typical DXKPXN and 
GTXXYXAPE sequences of Hank's subdomain VI and VIII respectively argued the 
inclusion of PknA as a member of eukaryotic-type Ser/Thr protein kinases.  An 
Ala/Pro-rich (alanine/proline-rich) region was identified downstream to the catalytic 
domain of PknA, followed by a hydrophobic stretch of 23 amino acid residues.  The 
charge distribution around this sequence of PknA revealed it to be a transmembrane 
kinase acting as a signalling molecule between the cell exterior and interior.  The 
amino acid sequence following the transmembrane domain shared negligible 
homology with other eukaryotic-type Ser/Thr kinases and thus is unique to PknA.  
This stretch of amino acids presumably represents the regulatory domain of PknA.

To analyze the molecular mechanism of PknA autophosphorylation, various deletion 
mutants were constructed.  The mutants were expressed and purified as MBP fusion 
proteins. The autophosphorylating status of the deletion mutants was analyzed by an 
in vitro kinase assay and further confirmed by immuno blotting with anti 
phosphothreonine antibody. On analyzing the kinase activity we found that the 1-338 
deletion mutant of PknA harboring the catalytic domain and juxtamembrane 
(Ala/Pro) region was capable of autophosphorylation.  However, further shortening 
of this domain by deleting the putative juxtamembrane region contiguous to the 
catalytic domain completely abolished the kinase activity.  This demonstrated that 
the catalytic domain along with the juxtamembrane region was essential for PknA 
autophosphorylation.  This was further supported by the expression of catalytic 
domain deletion mutants, which showed no phosphorylation.  Hence, the team 
concluded that the juxtamembrane region was essential for autophosphorylation of 
the kinase domain and this 1-338 deletion region was the minimum 
autophosphorylating core of PknA. The core was capable of phosphorylating itself in 
a concentration dependent manner like the full length PknA, although 5µg of the 
protein exhibited phosphorylation comparable to 800 ng of full-length protein.  
Further, the effect of bivalent cations was also concurrent with full length PknA, as 

2+autophosphorylation was detectable only in the presence of  Mn  and to some extent 
2+with Mg .  Similarly, ammonium molybdate and sodium vanadate, the potent kinase 

inhibitors, affected the phosphorylation of the core region as the wild type PknA. All 
these results led us to conclude that the autophosphorylation behavior of the core 
region mimics the wild type protein.  

Several lines of evidence indicate that PknA undergoes autophosphorylation, 
however, the mechanism underlying phosphorylation is poorly understood.  To 
determine whether the autophosphorylation was mediated through cis or trans acting 
mechanism, the team conducted an in vitro kinase assay wherein different 

2+concentrations of the kinase inactive mutant of PknA core carrying altered Mg -ATP 
orienting lysine (K42) were incubated with wild type protein. Interestingly, the 
K42N mutant, which is unable to phosphorylate itself, underwent phosphorylation 
on incubation with wild type protein indicating that PknA autophosphorylation was 
intermolecular or trans.

After establishing the autophosphorylation behavior of the core region, it was 
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tempting to envisage whether the core is able to transfer phosphate to exogenous 
substrates known to be phosphorylated by wild type PknA.  To investigate this, 

32purified core protein was incubated with g - P ATP and casein. In addition to an 
autophosphorylating band of MBP-PknA (1-338) at 75kDa, substrate 
phosphorylation was also observed.  All the aforementioned evidences argued that 
the juxtamembrane region in PknA encompassing residues 269-338 is indispensable 
not only for autophosphorylation but also for substrate phosphorylation ability.  
These results are discordant with the recent reports strongly suggesting that 
juxtamembrane phosphorylation is not required for the catalytic activity of other 
mycobacterial Ser/Thr kinases, like PknB and PknF.

Protein kinases exhibit a multitude of mechanisms for their regulation.  The best 
understood aspect of regulation recognized in recent years is phosphorylation on a 
residue(s) located in a particular segment in the center of the kinase domain, which is 
termed as the activation segment or T-loop.   The activation loop in several kinases 
has been found to be highly disordered in the crystal structure and is capable of 
undergoing large conformational changes when the kinase switches between active 
and inactive states that may determine the catalytic state of the enzyme.  The recently 
solved crystal structure of PknB has highlighted the importance of activation loop in 
supporting the universal activation mechanism of the kinase. The loop thus 
identified, comprises of two threonines actively participating in the activation of the 
protein.  The team now wished to examine whether PknA undergoes activation 
through the same mechanism.  Notably, on aligning the sequence of PknA with that 
of PknB, two threonines corresponding to the phosphothreonines in PknB, were 
identified. Comparable threonines have also been found to exist in other 
mycobacterial Ser/Thr kinases, PknD, PknE and PknF.  To confirm and further 
analyze the role of the two mapped threonines in the activation loop on the kinase 
activity of PknA, these residues were mutated to alanine singly. The single mutants 
T172A and T174A were constructed by site directed mutagenesis and purified as 
MBP fusion proteins. The results argued that T172 is the predominantly 
phosphorylating residue in the activation loop of PknA. Nonetheless, unlike PknB, 
T174A did not show a remarkable effect on phosphorylation. The data corroborated 
well with the PknH, where only one phosphothreonine T170 corresponding to T172 
of PknA and T171 of PknB could be identified in the activation loop. This threonine 
in the activation loop has been recognized as the target for PknH 
autophosphorylation.  The significant decrease in kinase activity of PknA on 
replacing the phosphothreonine to alanine suggested its direct regulatory role and 
hence favors the universal activation mechanism of the kinase.

Evaluating the contribution of PknA in the process of cell division: Alteration in 
cell shape is the initial event in bacterial cell division that involves ordered assembly 
of proteins.  These proteins are fairly conserved among different prokaryotes.  This 
was evident from the fact that a ~56 kDa soluble protein of E. coli interacted with 
mycobacterial PknA.  To investigate the involvement of PknA in this process, the 

protein was expressed constitutively in the E. coli strain DH5 a using a 
Mycobacterium - E. coli shuttle vector, p19Kpro.  As evaluated by scanning electron 
microscopy, expression of PknA resulted in dramatic alteration in the phenotype of 
E. coli cells.  The elongation of cells was about 20 to 30 fold compared to the normal 
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rods of  E. coli.  This observation was not an experimental artifact or the effect of 
plasmid load since E. coli transformed with the vector (p19Kpro) as well as the 
antisense construct (p19Kpro-aPknA) did not show such phenotypic alteration.  The 
elongation of cells did not seem to result in any toxicity from 'out of context' 
expression of the mycobacterial gene since growth curves between experimental and 
controls were very similar.  Furthermore, the kinase dead mutant, K42N (cloned in 
vector p19Kpro), did not result in the elongation of E. coli cells, thereby indicating 
that the kinase activity of mycobacterial PknA is involved in regulating these 
morphological changes.

Since the core region of PknA is capable of auto as well as substrate phosphorylation 
in a manner similar to wild type protein, it was intriguing to know whether the region 
is capable of generating the morphological changes exhibited by the wild type 
protein. In order to see the phenotypic effect of the deleted construct (core), it was 
cloned under a constitutive expression vector p19kpro, an E. coli-Mycobacterium 
shuttle vector. While the wild type protein was able to remarkably elongate the cells, 
unexpectedly, the core fragment when cloned in the constitutive expression vector 
did not show any cell elongation.  This led the group to speculate that the C-terminal 
region is likely to play a sensor role, which thereby relays signals downstream, since 
no morphological changes could be identified in the absence of regulatory cues from 
extra cellular domain.  Therefore, to verify the role of the regulatory domain, the 
group next wanted to determine if these subdomains could interact in trans in E. coli 
cells.  The core region was cotransformed with regulatory and transmembrane 
domains.  Interestingly, coexpression of core and C-terminal region (harboring 
transmembrane and regulatory domain) restored the wild type phenotype.  The cells 
exhibited elongated morphology, further supporting that the domains associate in 
trans to reconstitute a functional protein in vivo.  However, the self-association was 
affected by deletion of a single region or domain, as the core region transformed with 
regulatory or transmembrane domain alone was unable to restore full-length 
phenotype.

Identification of natural substrates of PknA: To elucidate the possibility of 
interaction of PknA with unknown protein(s), soluble fractions of cell lysates from E. 
coli strain DH5á was incubated with MBP-PknA fusion protein that was 
immobilized on amylose resin.  In vitro kinase assays with aliquots of resin after 
thorough washing indicated the phosphorylation of a ~56kDa protein in addition to 
~97kDa autophosphorylating MBP-PknA.

Further, to identify these interactive proteins/natural substrate(s) of PknA, the group 
concentrated on the elongated cell morphology of E. coli that resulted due to 
constitutive expression of this kinase.  The cells when examined by DAPI staining 
under a confocal microscope showed beaded structure indicating that the elongation 
event was a result of inadequate septation.  FtsZ, a homolog of eukaryotic tubulin is a 
crucial molecule in bacterial cell division.  It initiates Z-ring formation and 
congregates several other proteins to form a septosomal complex.  The group, 
therefore, focused on FtsZ from E. coli and M. tuberculosis and their interaction with 
a signaling protein, PknA.  The group found FtsZ either from E. coli (eFtsZ) or M. 
tuberculosis (mFtsZ) was phosphorylated on co-expression with PknA.  Consistent 
with these observations, solid phase binding and in vitro kinase assays revealed the 
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tempting to envisage whether the core is able to transfer phosphate to exogenous 
substrates known to be phosphorylated by wild type PknA.  To investigate this, 

32purified core protein was incubated with g - P ATP and casein. In addition to an 
autophosphorylating band of MBP-PknA (1-338) at 75kDa, substrate 
phosphorylation was also observed.  All the aforementioned evidences argued that 
the juxtamembrane region in PknA encompassing residues 269-338 is indispensable 
not only for autophosphorylation but also for substrate phosphorylation ability.  
These results are discordant with the recent reports strongly suggesting that 
juxtamembrane phosphorylation is not required for the catalytic activity of other 
mycobacterial Ser/Thr kinases, like PknB and PknF.

Protein kinases exhibit a multitude of mechanisms for their regulation.  The best 
understood aspect of regulation recognized in recent years is phosphorylation on a 
residue(s) located in a particular segment in the center of the kinase domain, which is 
termed as the activation segment or T-loop.   The activation loop in several kinases 
has been found to be highly disordered in the crystal structure and is capable of 
undergoing large conformational changes when the kinase switches between active 
and inactive states that may determine the catalytic state of the enzyme.  The recently 
solved crystal structure of PknB has highlighted the importance of activation loop in 
supporting the universal activation mechanism of the kinase. The loop thus 
identified, comprises of two threonines actively participating in the activation of the 
protein.  The team now wished to examine whether PknA undergoes activation 
through the same mechanism.  Notably, on aligning the sequence of PknA with that 
of PknB, two threonines corresponding to the phosphothreonines in PknB, were 
identified. Comparable threonines have also been found to exist in other 
mycobacterial Ser/Thr kinases, PknD, PknE and PknF.  To confirm and further 
analyze the role of the two mapped threonines in the activation loop on the kinase 
activity of PknA, these residues were mutated to alanine singly. The single mutants 
T172A and T174A were constructed by site directed mutagenesis and purified as 
MBP fusion proteins. The results argued that T172 is the predominantly 
phosphorylating residue in the activation loop of PknA. Nonetheless, unlike PknB, 
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Evaluating the contribution of PknA in the process of cell division: Alteration in 
cell shape is the initial event in bacterial cell division that involves ordered assembly 
of proteins.  These proteins are fairly conserved among different prokaryotes.  This 
was evident from the fact that a ~56 kDa soluble protein of E. coli interacted with 
mycobacterial PknA.  To investigate the involvement of PknA in this process, the 

protein was expressed constitutively in the E. coli strain DH5 a using a 
Mycobacterium - E. coli shuttle vector, p19Kpro.  As evaluated by scanning electron 
microscopy, expression of PknA resulted in dramatic alteration in the phenotype of 
E. coli cells.  The elongation of cells was about 20 to 30 fold compared to the normal 
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rods of  E. coli.  This observation was not an experimental artifact or the effect of 
plasmid load since E. coli transformed with the vector (p19Kpro) as well as the 
antisense construct (p19Kpro-aPknA) did not show such phenotypic alteration.  The 
elongation of cells did not seem to result in any toxicity from 'out of context' 
expression of the mycobacterial gene since growth curves between experimental and 
controls were very similar.  Furthermore, the kinase dead mutant, K42N (cloned in 
vector p19Kpro), did not result in the elongation of E. coli cells, thereby indicating 
that the kinase activity of mycobacterial PknA is involved in regulating these 
morphological changes.

Since the core region of PknA is capable of auto as well as substrate phosphorylation 
in a manner similar to wild type protein, it was intriguing to know whether the region 
is capable of generating the morphological changes exhibited by the wild type 
protein. In order to see the phenotypic effect of the deleted construct (core), it was 
cloned under a constitutive expression vector p19kpro, an E. coli-Mycobacterium 
shuttle vector. While the wild type protein was able to remarkably elongate the cells, 
unexpectedly, the core fragment when cloned in the constitutive expression vector 
did not show any cell elongation.  This led the group to speculate that the C-terminal 
region is likely to play a sensor role, which thereby relays signals downstream, since 
no morphological changes could be identified in the absence of regulatory cues from 
extra cellular domain.  Therefore, to verify the role of the regulatory domain, the 
group next wanted to determine if these subdomains could interact in trans in E. coli 
cells.  The core region was cotransformed with regulatory and transmembrane 
domains.  Interestingly, coexpression of core and C-terminal region (harboring 
transmembrane and regulatory domain) restored the wild type phenotype.  The cells 
exhibited elongated morphology, further supporting that the domains associate in 
trans to reconstitute a functional protein in vivo.  However, the self-association was 
affected by deletion of a single region or domain, as the core region transformed with 
regulatory or transmembrane domain alone was unable to restore full-length 
phenotype.

Identification of natural substrates of PknA: To elucidate the possibility of 
interaction of PknA with unknown protein(s), soluble fractions of cell lysates from E. 
coli strain DH5á was incubated with MBP-PknA fusion protein that was 
immobilized on amylose resin.  In vitro kinase assays with aliquots of resin after 
thorough washing indicated the phosphorylation of a ~56kDa protein in addition to 
~97kDa autophosphorylating MBP-PknA.

Further, to identify these interactive proteins/natural substrate(s) of PknA, the group 
concentrated on the elongated cell morphology of E. coli that resulted due to 
constitutive expression of this kinase.  The cells when examined by DAPI staining 
under a confocal microscope showed beaded structure indicating that the elongation 
event was a result of inadequate septation.  FtsZ, a homolog of eukaryotic tubulin is a 
crucial molecule in bacterial cell division.  It initiates Z-ring formation and 
congregates several other proteins to form a septosomal complex.  The group, 
therefore, focused on FtsZ from E. coli and M. tuberculosis and their interaction with 
a signaling protein, PknA.  The group found FtsZ either from E. coli (eFtsZ) or M. 
tuberculosis (mFtsZ) was phosphorylated on co-expression with PknA.  Consistent 
with these observations, solid phase binding and in vitro kinase assays revealed the 
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ability of PknA to interact with mFtsZ protein and also to phosphorylate it.  The 
group, therefore, ascertained mFtsZ as a substrate of PknA.  Furthermore, the 
phosphorylated mFtsZ exhibited impairment in its GTP hydrolysis and 
polymerization abilities.  Thus the results highlighted the ability of PknA to 
phosphorylate as well as to regulate functionality of FtsZ, the protein central to cell 
division throughout the bacterial lineage (Thakur and Chakraborti,  J. Biol. Chem., 
281:40107-40113, 2006).

Elucidation of the contribution of PknA in M. tuberculosis : Western blot 
analysis with cell lysates from in vitro culture of M. tuberculosis using antisera 
generated against MBP-PknA revealed the downregulation of PknA in stationary 
phase, which represents a state of limited metabolism with little or no cell turnover.  
In order to evaluate the contribution of mycobacterial PknA, a disruption construct 
containing kanamycin cassette inserted into the pknA has been generated in a suicidal 
vector pPR27.  The transformation of the construct in M. tuberculosis strain H37Ra 
did not result in any viable colony.  At this juncture it is worth mentioning that pknA 
has already been speculated to be an essential mycobacterial gene through in silico 
analysis.  

Regulation of activities of PknA : All lines of evidence, presented so far 
convincingly established the participation of mycobacterial PknA in the process of 
cell division/differentiation.  However, such morphological events need to be tightly 
regulated in order to maintain a state of homeostasis.  Inspection of the bacterial 
genomes has revealed the genetic linkage between Ser/Thr kinases and 
phosphatases, suggesting that phosphatases are reversing protein phosphorylation 
reactions catalyzed by linked kinases.  The previous in vitro studies with PPP 
revealed its ability to remove phosphate from autophosphorylated PknA as well as 
the substrates phosphorylated by this kinase.  In order to study the in vivo interaction 
of PknA and PPP, p19Kpro-PknA and pMAL-PPP were cotransformed in E. coli 
DH5á and the effect of coexpression on phenotype of the cells was examined under 
the microscope.  On co-expressing PknA and PPP, the majority of cells were normal 
rods and only a small population showed the elongation phenotype. These studies 
indicated that PPP had the ability to reverse the phenotypic alterations shown by 
PknA and thereby established that genetically linked mycobacterial Ser/Thr kinase 
and phosphatase (PknA-PPP) form a functional unit in vitro.

Conclusion :  The  results revealed that pknA from M. tuberculosis encode an active 
Ser/Thr kinase.  An interesting finding of the present study is the remarkable 
elongation of E. coli cells observed upon the expression of PknA.  Although, the 
involvement of this kinase in the process of cell division/differentiation in 
mycobacteria needs to be envisaged, nonetheless the evidence presented here 
strongly suggested the participation of pknA in regulating these morphological 
changes.  Since bacterial Ser/Thr kinases and phosphatases have been reported to 
have opposing physiological roles, it remains to be seen how ppp behaves in this 
situation.  However, the ability of PPP to interact with PknA is definitely pertinent 
information towards elucidating the role of phosphorylation/dephosphorylation 
cascade in the process of mycobacterial cell division/differentiation.  In conclusion, 
the interaction of PknA and FtsZ needs to be characterized in greater detail.  This may 
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help in developing rapid assays for screening of inhibitors of this important 
serine/threonine kinase.

The work carried out under this project, as published, is as below:

Chaba, Rachna; Raje, M. and Chakraborti, P.K.
Evidence that a eukaryotic-type serine / threonine protein kinase from 
Mycobacterium tuberculosis regulates morphological changes associated with cell 
division. Eur. J. Biochem., 269, 1078-1085, 2002.

Tiwari, Sangeeta; Radha Kishan, K.V.; Chakrabarti, T. and Chakraborti, P.K. Amino 
acid residues involved in autophosphorylation and phosphotransfer activities are 
distinct in nucleoside diphosphate kinase from Mycobacterium tuberculosis. J. Biol. 
Chem., 279, 43595-43603, 2004.

Thakur, M. and Chakraborti, P.K.
GTPase activity of mycobacterial FtsZ is impaired due to its transphosphorylation by 
the eukaryotic type Ser/Thr kinase, PknA.  J. Biol. Chem., 281, 40107-40113, 2006.

stThe Research Council of IMTECH in its  31   meeting held on July 3-4, 2006 
reviewed the work done under this project and declared the project as successfully 
completed.
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ability of PknA to interact with mFtsZ protein and also to phosphorylate it.  The 
group, therefore, ascertained mFtsZ as a substrate of PknA.  Furthermore, the 
phosphorylated mFtsZ exhibited impairment in its GTP hydrolysis and 
polymerization abilities.  Thus the results highlighted the ability of PknA to 
phosphorylate as well as to regulate functionality of FtsZ, the protein central to cell 
division throughout the bacterial lineage (Thakur and Chakraborti,  J. Biol. Chem., 
281:40107-40113, 2006).

Elucidation of the contribution of PknA in M. tuberculosis : Western blot 
analysis with cell lysates from in vitro culture of M. tuberculosis using antisera 
generated against MBP-PknA revealed the downregulation of PknA in stationary 
phase, which represents a state of limited metabolism with little or no cell turnover.  
In order to evaluate the contribution of mycobacterial PknA, a disruption construct 
containing kanamycin cassette inserted into the pknA has been generated in a suicidal 
vector pPR27.  The transformation of the construct in M. tuberculosis strain H37Ra 
did not result in any viable colony.  At this juncture it is worth mentioning that pknA 
has already been speculated to be an essential mycobacterial gene through in silico 
analysis.  

Regulation of activities of PknA : All lines of evidence, presented so far 
convincingly established the participation of mycobacterial PknA in the process of 
cell division/differentiation.  However, such morphological events need to be tightly 
regulated in order to maintain a state of homeostasis.  Inspection of the bacterial 
genomes has revealed the genetic linkage between Ser/Thr kinases and 
phosphatases, suggesting that phosphatases are reversing protein phosphorylation 
reactions catalyzed by linked kinases.  The previous in vitro studies with PPP 
revealed its ability to remove phosphate from autophosphorylated PknA as well as 
the substrates phosphorylated by this kinase.  In order to study the in vivo interaction 
of PknA and PPP, p19Kpro-PknA and pMAL-PPP were cotransformed in E. coli 
DH5á and the effect of coexpression on phenotype of the cells was examined under 
the microscope.  On co-expressing PknA and PPP, the majority of cells were normal 
rods and only a small population showed the elongation phenotype. These studies 
indicated that PPP had the ability to reverse the phenotypic alterations shown by 
PknA and thereby established that genetically linked mycobacterial Ser/Thr kinase 
and phosphatase (PknA-PPP) form a functional unit in vitro.

Conclusion :  The  results revealed that pknA from M. tuberculosis encode an active 
Ser/Thr kinase.  An interesting finding of the present study is the remarkable 
elongation of E. coli cells observed upon the expression of PknA.  Although, the 
involvement of this kinase in the process of cell division/differentiation in 
mycobacteria needs to be envisaged, nonetheless the evidence presented here 
strongly suggested the participation of pknA in regulating these morphological 
changes.  Since bacterial Ser/Thr kinases and phosphatases have been reported to 
have opposing physiological roles, it remains to be seen how ppp behaves in this 
situation.  However, the ability of PPP to interact with PknA is definitely pertinent 
information towards elucidating the role of phosphorylation/dephosphorylation 
cascade in the process of mycobacterial cell division/differentiation.  In conclusion, 
the interaction of PknA and FtsZ needs to be characterized in greater detail.  This may 
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The prime objective of this research project is to understand structure-function and 
molecular mechanism of hemoglobins functions in Mycobacterium tuberculosis to 
explore their relevance in cellular metabolism and pathogenicity  and evaluate the 
feasibility of using these novel hemoglobins as potential drug targets.

 Mycobacterium tuberculosis (MTB) is one of the most successful human pathogens, 
claiming more lives annually than any other infectious diseases. One of the major 
contributing factors to the success of MTB is its ability to survive under hypoxic and 
nitrosative stress during its intracellular regime in spite of being an obligate. M. 
tuberculosis synthesizes two novel hemoglobins, HbN and HbO.  Detailed spectral, 
biochemical and subunit association properties of these mycobacterial hemoglobins 
have been studied. The distinct structural features of HbN and HbO, their different 
temporal expression pattern and distinct ligand binding characteristics suggested that 
these mycobacterial hemoglobins may have very different physiological roles. The 
group demonstrated that HbN carries a potent oxygen dependent nitric oxide 
deoxygenase activity and is capable of supporting growth of a recombinant E. coli 
under gaseous nitric oxide and nitrosative stress (Pathania et. al., Mol. 
Microbiology, 2002). The group observed that the properties of HbO with respect to 
oxygen and NO binding are significantly different. The group demonstrated that 
HbO associates with the respiratory membranes and stimulate its respiratory activity 
that is dependent on cytochrome o (Pathania et. al., J. Biol. Chem., 2002). These 
experimental evidences suggest important contributions of these hemoglobins in 
proliferation and persistence of M. tuberculosis within the hypoxic and nitric oxide 
enriched environment of intracellular habitat.  The research during last couples of 
years have been directed to understand how these oxygen binding proteins 
contributes to the cellular metabolism of pathogenic mycobacteria and whether 
functional properties of HbN and HbO would provide any benefit to its host during 
intracellular regime.. 
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Studies on role of mycobacterial hemoglobins on growth and cell survival 
during macrophage infection: Implications of M. tuberculosis HbN and HbO on 
intracellular survival

Since the previous studies indicated that HbN provides distinct growth advantage to 
its recombinant hosts, E. coli and M. smegmatis, after nitric oxide (NO) exposure 
(Pathania et. al., Molecular Microbiology, 2002) and initial intracellular niche of M. 
tuberculosis is macrophages which is NO enriched, the group attempted to check 
whether the presence of hemoglobins provide any effect on cell survival during 
macrophage infection. HbN and HbO encoding genes of M. tuberculosis were 
expressed in hmp mutant of   S. typhimurium, which is unable to metabolize NO and 
grow within the macrophages.  To check the implications of HbN and HbO on 
infectivity and survival within the intracellular environment, Hb carrying S. 
typhimurium was allowed to infect mouse peritoneal macrophages and intracellular 
growth and survival of cells were determined after lysis macrophages every after 30 
min. Viable cell counts of Hb carrying S. typhimurium gradually increased and was 
3-4 fold higher as compared to control and HbO carrying cells suggesting HbN is 
providing substantial protection within the macrophage environment. Since the level 
of NO in the activated macrophages increases significantly, the group tested the 
effect of IFN-gamma on intracellular survival of HbN and HbO carrying cells. In 
activated macrophages HbN carrying cells still exhibited 2-3 fold higher numbers of 
cells as compared to control.  Overall results, thus, clearly indicated that HbN plays 
crucial role in protecting its host from microbicidal activity of macrophages 
particularly in the context of NO toxicity. 

Studies on M. tuberculosis hemoglobins gene expression and promoter activity 
through transcriptional fusion

The initial studies on temporal expression of HbN and HbO indicated that expression 
of HbN is induced significantly during stationary phase, whereas, HbO remains 
expressed throughout the growth cycle of M. bovis  and M. tuberculosis. To get an 
insight into the molecular mechanism of their genetic regulation the group studied 
the promoter activity of HbN and HbO through transcription fusion with GFP. 250 bp 
upstream of glbN gene and 500 bp upstream of glbO gene were PCR amplified from 
the genomic DNA of M. tuberculosis and cloned on promoter probe shuttle vector, 
pSC301. The promoter-GFP fusion constructs were transformed into M. smegmatis 
and M. tuberculosis and promoter activity was monitored under different 
physiological growth conditions through fluorimeter. Results indicated that 
promoter activity of HbN is enhanced several fold at stationary phase, whereas, level 
of HbO promoter activity remains same under normal growth condition. Under 
microaerophilic condition, HbO promoter activity was sustained at a level higher 
than that of HbN. Experiments are underway to study the promoter activity under 
different stress and nutritional conditions.

Studies on Role of Pre-A helical region of HbN in protein function: Deletion and 
site directed mutagenesis of Pre-A region

 HbN of M. tuberculosis carry an unique N-terminal motif which has been designated 
as Pre-A region which distinguishes it from other homologous HbN type trHbs.
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Studies on role of mycobacterial hemoglobins on growth and cell survival 
during macrophage infection: Implications of M. tuberculosis HbN and HbO on 
intracellular survival

Since the previous studies indicated that HbN provides distinct growth advantage to 
its recombinant hosts, E. coli and M. smegmatis, after nitric oxide (NO) exposure 
(Pathania et. al., Molecular Microbiology, 2002) and initial intracellular niche of M. 
tuberculosis is macrophages which is NO enriched, the group attempted to check 
whether the presence of hemoglobins provide any effect on cell survival during 
macrophage infection. HbN and HbO encoding genes of M. tuberculosis were 
expressed in hmp mutant of   S. typhimurium, which is unable to metabolize NO and 
grow within the macrophages.  To check the implications of HbN and HbO on 
infectivity and survival within the intracellular environment, Hb carrying S. 
typhimurium was allowed to infect mouse peritoneal macrophages and intracellular 
growth and survival of cells were determined after lysis macrophages every after 30 
min. Viable cell counts of Hb carrying S. typhimurium gradually increased and was 
3-4 fold higher as compared to control and HbO carrying cells suggesting HbN is 
providing substantial protection within the macrophage environment. Since the level 
of NO in the activated macrophages increases significantly, the group tested the 
effect of IFN-gamma on intracellular survival of HbN and HbO carrying cells. In 
activated macrophages HbN carrying cells still exhibited 2-3 fold higher numbers of 
cells as compared to control.  Overall results, thus, clearly indicated that HbN plays 
crucial role in protecting its host from microbicidal activity of macrophages 
particularly in the context of NO toxicity. 

Studies on M. tuberculosis hemoglobins gene expression and promoter activity 
through transcriptional fusion

The initial studies on temporal expression of HbN and HbO indicated that expression 
of HbN is induced significantly during stationary phase, whereas, HbO remains 
expressed throughout the growth cycle of M. bovis  and M. tuberculosis. To get an 
insight into the molecular mechanism of their genetic regulation the group studied 
the promoter activity of HbN and HbO through transcription fusion with GFP. 250 bp 
upstream of glbN gene and 500 bp upstream of glbO gene were PCR amplified from 
the genomic DNA of M. tuberculosis and cloned on promoter probe shuttle vector, 
pSC301. The promoter-GFP fusion constructs were transformed into M. smegmatis 
and M. tuberculosis and promoter activity was monitored under different 
physiological growth conditions through fluorimeter. Results indicated that 
promoter activity of HbN is enhanced several fold at stationary phase, whereas, level 
of HbO promoter activity remains same under normal growth condition. Under 
microaerophilic condition, HbO promoter activity was sustained at a level higher 
than that of HbN. Experiments are underway to study the promoter activity under 
different stress and nutritional conditions.

Studies on Role of Pre-A helical region of HbN in protein function: Deletion and 
site directed mutagenesis of Pre-A region

 HbN of M. tuberculosis carry an unique N-terminal motif which has been designated 
as Pre-A region which distinguishes it from other homologous HbN type trHbs.
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Genome analysis of various mycobacterial species revealed that only few HbN might 
carry an additional Pre-A helical region.  It was found that HbN from fast growing 
mycobacterium, M. smegmatis, lacks this structural motif and display very low NO 
metabolizing activity. To explore the relevance of Pre-A helical region in protein 
function, 12 residues N-terminal motif of HbN of M. tuberculosis was deleted and 
truncated protein was expressed and characterized. Deletion of Pre-A region did not 
alter heme binding and oxygen binding properties of HbN of M. tuberculosis but it 
drastically reduced the NO metabolizing activity and ability to resist acidified nitrite 
and nitrosative stress of its host suggesting that it may be important for the function of 
the protein. The group further swapped this motif on the HbN of M. smegmatis to 
check whether addition of this motif to similar heterologous protein would affect its 
function. Surprisingly, integration of pre-A region of HbN of M. tuberculosis on HbN 
of M. smegmatis significantly enhanced its ability to resist acidified nitrite and 
nitrosative stress suggesting that Pre-A region of HbN of M. tuberculosis may be 
playing vital role in modulating its NO scavenging ability.  Role of Pre-A region of 
HbN was further studied by site-specific mutagenesis to find out if any particular 
residue is involved in modulating the function of HbN. There are five positively 
charged residues within the 12 residue N-terminal motif of HbN. These positively 
charged residues were replaced with alanine through site specific mutagenesis and 
mutant protein was expressed and characterized. Replacement of charged residues 
within the Pre-A region resulted drastic reduction in the ability of HbN to resist 
toxicity of acidified nitrite, NO and nitrosative stress. The data, thus, provided strong 
evidence for the novel role of Pre-A region in modulating the NO scavenging 
function of HbN of M. tuberculosis. Attempts are underway to explore if this region 
is in anyway involved in regulating the protein-protein interaction of hemoglobin to 
catalyze NO dioxygenase function.

Cloning and expression of hemoglobin encoding genes from Mycobacterium 
smegmatis

Since the above results indicated that both HbN and HbO of M. tuberculosis may be 
having important functions in facilitating growth under oxygen limited and NO rich 
environment present in macrophages where the tubercle bacillus primarily resides, 
the group initiated work on looking into the characteristics of hemoglobins of non-
pathogenic mycobacterium, Mycobacterium smegmatis to analyze functional 
differences between Hbs of these two groups of mycobacteria. Hemoglobin 
encoding genes of M. smegmatis have been cloned and expressed in E. coli. Primary 
spectral and ligand binding properties of M. smegmatis hemoglobin has been 
determined and compared with that of M. tuberculosis which indicated that NO 
scavenging properties of HbN of M. smegmatis is significantly lower. 

Technology Transfer:  Process for the production of recombinant 
Staphylokinase

Under the ongoing research programme on thrombolytic proteins, the group has been  
working on structure-function and molecular mechanism of function of an anti-
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clotting agent, Staphylokinase, which promises immense potential as a clot buster for 
thrombolytic therapy due to its fibrin selectivity. A recombinant strain for 
overproduction of recombinant staphylokinase has been developed and a facile 
purification protocol for high level production of recombinant protein has been 
developed at laboratory scale. This system has been successfully upgraded at batch 
and fed- batch fermentation level in collaboration with BRPDC division of IMTECH 
and the process, thus, developed for high level production of recombinant has been 
successfully transferred to a pharmaceutical company “ M/s Stride Arcolabs Ltd., 
Bangalore”.
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DESIGN OF SELF-ASSEMBLING b -TURN MOTIFS: STABILIZATION BY 
HYDROPHOBIC INTERACTIONS

Project Leader: Dr. R. Kishore
Other Participants: Mr. Samir K. Nath

Mr. Nigam Kumar

The objectives of this project are to undertake the chemical synthesis and 
characterization of a few designed peptide sequences that can adopt self-assembling 

well-defined folded b - turn like motifs using a design strategy where it is aimed to 
examine whether the high proportion of hydrophobicity imparts additional 
stabilizing tendency.   

To design, synthesize and characterize the peptides that are capable of mimicking a 
well-defined â-hairpin like topology, the group proposed to synthesize and 
characterize a few model peptides with general sequence: Naa-Pro-Xaa-Caa (where 
Naa and Caa are hydrophobic moieties at the N- and C-terminals, respectively, and 
Xaa = non-chiral proteinogenic or non- proteinogenic residues). In these model 
sequences, the Pro residue has been incorporated in view of its strong propensity to 
induce folded topology in the main-chain (i.e., for L-Pro the ö value is restricted close 
to -65±10º). Under specific environments, such peptides are expected to undergo 
self-association and suggested to have biological implications. To establish whether 
central dipeptide segment adopts a folded topology, the corresponding model 
peptides Boc-Pro-Xaa-NHCH  (devoid of Naa- and Caa moieties) have also been 3

developed. 

A few peptides have already been synthesized, purified and characterized. Their 
covalent structures have been established. In combination with Fourier-Transform 
Infra-red (FT-IR) and circular dichroism (CD) spectroscopic analyses, the group is 

1currently performing high-resolution one- and two-dimensional H NMR 
experiments to establish solution conformation. Whether flanking hydrophobic 
entities have any influence on the folded topology will be the subject of detailed 
investigation. Apparently, the available results tend to suggest that in some cases the 

Pro-Xaa segment tends to accommodate a folded -turn like topology where the Pro 
and Xaa residues occupy the i+1 (left-corner) and i+2 (right-corner) positions, 
respectively.

In order to determine the complete three-dimensional structure of the model 
peptides, the group has been able to obtain single crystals, suitable for X-ray 
diffraction analysis, of a few model peptides and currently the team is in the process 
of analyzing the crystal molecular structures.  

b

Figure :b-turn structure across 
Pro-Gly segment
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13Employing high-resolution C solution NMR and circular dichroism (CD) 
spectroscopic techniques, the distinctive influence of two intimately related 
hexafluoro solvents: hexafluoro-2-propanol (HFIP) and hexafluoroacetone 
trihydrate (HFA), on the structural characteristics of Bombyx mori silk fibroin and its 
two synthetic peptides: (Ala-Gly-Ser-Gly-Ala-Gly)  and (Ala-Gly)  have been 5 15

examined. The detailed structural analysis revealed that of the two prevalent helical 

structures: -helix and 3 -helix, the evidence emerged for the fibroin protein and its 10  

derived peptides in favor of 3 -helcal structure in HFIP solvent however, its 10  

significant disruption has been observed in HFA as deducted from the characteristic 
CD data. 

The proposal on model peptides mimicking â-hairpin like topology has received 
financial support from the Department of Science & Technology, Govt. of India.         
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BIOINFORMATICS APPROACH FOR IDENTIFICATION OF VACCINE 
CANDIDATES BASED ON T-CELL EPITOPE PREDICTION

Project Leader: G.P.S. Raghava
Other Participants: Mr. Harpreet Singh

Mr. Manoj Bhasin
Mr. Sudipto Saha

Traditional vaccines based on killed or attenuated bacteria and viruses are 
responsible for preventing millions of deaths each year from infectious diseases. 
These vaccines have dramatically decreased the incidence of diphtheria, measles, 
mumps and tetanus. This traditional approach has potentially harmful or toxic effect 
if due to some reason the pathogen reverts, thus causing disease in the patients. In 
order to overcome some of the limitations of traditional vaccines, antigens of disease 
causing pathogens were introduced as vaccine candidates instead of the full 
pathogen. Though the antigens have much lower toxic effects than the pathogen still 
they have a few unwanted toxic regions. In order to over come these problems, 
subunit vaccine design has emerged as a promising strategy for the rapid 
development of safe vaccines. Since 1995, subunit vaccine design has become an 
integral part of vaccine design strategy. In a subunit vaccine the immunogenic region 
of the antigen is used instead of a complete antigen as the vaccine candidate. It is 
based on the assumption that immunologically active regions can spark the immune 
response to eliminate the pathogens or kill the self-altered cells. A peptide or segment 
of antigen can be used as a vaccine candidate if it can simulate the B-cells or T-cells. 
Thus identification of immunologically active regions/epitopes recognized by B or T 
cells play a crucial role in subunit vaccine design. In the last 5 years, a large number of 
methods have been developed at the Bioinformatics Centre, Institute of Microbial 
Technology, which allow a user to predict B or T cell epitopes with high accuracy. 
These methods are available to the public in the form of web servers and are heavily 
used by the scientific community.   

Details of the work done:

ProPred (Prediction of HLA class II binders): It is a graphical web tool for 
predicting MHC class II binding regions in antigenic protein sequences.  The server 
implement matrix based prediction algorithm, employing amino-acid/position 
coefficient table deduced from literature.  The predicted binders can be visualized 
either as peaks in graphical interface or as colored residues in HTML interface.  This 
server might be a useful tool in locating the promiscuous binding regions that can 
bind to several HLA-DR alleles.

Dr. 

52

R
&

D
 

P
R

O
G

R
A

M
M

E
S

 ProPred1 (Prediction of Promiscuous MHC class I binders):  It is an on-line tool 
for predicting the peptides bind to MHC class – I alleles.  This is a matrix-based 
method, which allows prediction of binding sites for 47 MHC class-1 alleles in an 
antigen sequence.  The server presents the binding sites on antigen in a user-friendly 
format, which can assist the user in identification of promiscuous binding regions 
that can bind to multiple alleles.  ProPred1 allows to predict the standard proteasomal 
and immuno-proteasomal cleavage sites in an antigen sequence.  The simultaneous 
prediction of MHC binders and cleavage sites in an antigen sequence can assist the 
user in identification of potential T-cell epitopes.  Server is available at 
http://www.imtech.res.in/raghava/propred1/

MHCBench:  A general-purpose web server called MHCBench has been developed 
in evaluating the performance of prediction algorithms for the MHC binding 
peptides.  This server allows, threshold dependent and independent evaluation of 
algorithms.  The evaluations can be performed on-line, on peptide data sets available 
at server as well as on user-defined sets.  In order to demonstrate the capabilities of 
server, the team present an evaluation of twelve HLA-DRB1*0401 binding peptide 
parediction algorithms, in this study.  These include five motif based, six matrix 
based and one Artificial Neural Network (ANN) based method.  The evaluation is 
performed on different data sets including the sets of i) non-redundant peptides, ii) 
natural occurring peptides, and iii) non-homologues peptides.  The analysis shows 
that the matrix-based algorithms are better than the motifs and at par with the ANN 
based methods.  The best algorithm showed an ROC of 0.787 while the lowest 
performer had an ROC of 0.542.  The performance of all the algorithms was found 
poor at amino acid level.  The users can evaluate performance of their prediction 
algorithms for any MHC allele using MHCBench server.  In brief, server provides a 
platform for evaluating prediction algorithms for MHC binding peptides.

CTLPred (Prediction of CTL epitopes using QM, SVM and ANN Techniques): A 
systematic attempt has been made to develop a direct method for predicting CTL 
epitopes from an antigenic sequence.  The method is based on quantitative matrices, 
Support Vector Machine (SVM) and Artificial Neural Network (ANN).  The 
quantitative matrix based method achieved an accuracy of 70%.  Later on, the team 
has developed a method using feed-forward backpropagation ANN and obtained an 
accuracy of 72.2%.  The team has also developed SVM based method and achieved 
an accuracy of 75.2%.  Finally, SVM and ANN based prediction methods had been 
combined for utilizing their full potential.  The highest accuracy obtained by 
consensus and combined prediction approaches are 77.6% and 75.8% respectively.

HLADR4Pred (SVM based Method for Predicting HLA-DRB1*0401 binding 
Peptides in an Antigen Sequence):  This is a SVM based method developed for 
identifying HLA-DRB1*0401 binding peptides in an antigenic sequence.  SVM was 
trained and tested on large and clean data set consisting of 567 binders and equal 
number of non-binders.  The accuracy of the method was 86% when evaluated 
through 5-fold cross validation technique.

Peleavage (Improved Prediction of 20S Proteasome Cleavage sites with Support 
Vector Machine):  In this study a systematic attempt has been made to improve the 
accuracy of prediction of 20S proteasomal cleavage sites using following new
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machine learning classifiers; i) Support Vector machine (SVM), ii) Waikato 
Environment for Knowledge analysis (Weka), and iii) Parallel exemplar based 
learnings (PEBLS).  All the classifiers have been trained and tested using five fold 
cross-validation on 645 peptides (including 458 non-cleavage sites and 187 cleavage 
sites) obtained from experimental degradation data of yeast enolase I and  casein.  It 
has been observed from results that SVM classifier outperformed the rest of 
classifiers used in this study as well as previously published proteasomal cleavage 
prediction algorithms.  The SVM based classifier yielded an accuracy of 68% and 
MCC of 0.43 on independent dataset.  A webserver Peleavage, has been developed 
for the prediction of proteasomal cleavage sites in antigenic sequences using above 
SVM classifier (http://www.imtech.res.in/raghava/pcleavage/).

TAPPred: Analysis and Prediction of affinity of TAP binding peptides using 
Cascade SVM:  In this study, 409 peptides that bind to human TAP transporter with 
varying affinity were analyzed to explore the selectivity and specificity of TAP 
transporter.  The abundance of each amino acid from P1 to P9 positions in high, 
intermediate and low affinity TAP binders were examined.  It was observed that the 
binding affinity of peptides to human TAP transporter is mainly affected by three 
residues at –NH2 terminal and one residue at –COOH terminal.  The –COOH 
terminal of TAP binders does not favour hydrophilic and buried residues whereas the 
–NH2 terminal favours charged, aliphatic and hydrophilic amino acids.  The rules for 
predicting TAP binding regions in an antigenic sequence were derived from the 
above analysis.  The quantitative matrix was generated on the basis of contribution of 
each position and residue in binding affinity.  The correlation of r=0.65 was obtained 
between experimentally determined and predicted binding affinity using quantitative 
matrix.  Further a Support vector machine (SVM) based method has been developed 
to model the TAP binding affinity of peptides.  The correlation (r=0.80) was obtained 
between the predicted and experimental measured values using sequence based 
SVM.  The reliability of prediction was further improved by cascade SVM that 
utilizes features of amino acids along with sequence.  An extremely good correlation 
(r=0.88) was obtained between measured and predicted values, when cascade SVM 
based method was evaluated through jack-knife testing.  A web service TAPPred 
(http://www.imtech.res.in/raghava/tappred/orhttp://bioinformatics.uams.edu/mirro
r/ tappred/) has been developed based on this approach.

MHCBN 3.1: A comprehensive database of T cell epitopes and MHC, TAP 
binding peptides:  The current version 3.1 of MHCBN has nearly 24000 MHC 
binding and non-binding peptides, ~1100 peptides interacting with TAP, ~3500 
antigenic sequences and nearly 1000 MHC sequences and more than 1500 published 
references.  MHCBN also contains structures of nearly 850 antigenic proteins and 
120 MHC molecules.  It is a curated database where entries are compiled from 
published literature and public databases.  Each entry of the database provides full 
information like (sequence, its MHC or TAP binding specificity, source protein) 
about peptide whose binding affinity (IC50) and T cell activity is experimentally 
determined.  MHCBN has number of web-based tools for the analysis and retrieval 
of information.  These include tools for mapping of antigenic regions on the query 
sequence, creation of allele specific dataset, BLAST search against MHC or antigen 
database and online submission tool etc.  All database entries are hyper linked to 
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major databases like SWISS-PROT, PDB, IMGT/HLA-DB, PubMed and OMIM to 
provide the information beyond the scope of MHCBN.  MHCBN database can be 
accessed via internet from http://www.imtech.res.in/raghava/mhcbn/.  The updated 
database has been present in the collection of premier databases of the world at 
European Bioinformatics Institute.  The database can be accessed from the EBI at 
http://srs.ebi.ac.uk/srs6bin/wgetz?-page+LibInfo+-id+1X2XW1JU5_L+-lib+-
lib+MHCBN.  The database is largest of its field.

BCIPEP (A Database of B cell Eiptopes):  BCIPEP is a database of experimentally 
determined B-cell epitopes of varying immunogenicity.  This is a curated database 
where detailed information about the peptides is collected and compiled from 
published work.  The current version of Bcipep contains 2479 entries, including 654 
immunodominant, 1617 immunogenic and 208 null immunogenic epitopes.  The 
Bcipep contain on-line web tools for extraction and analysis of data, which includes 
keyword search, peptide search, peptide mapping and BLAST search.  The database 
also facilitates identification of such B cell epitopes, which can also act as T cell 
epitopes.  It provides links to various databases such as GenBank, PDB and SWISS-
PROT. The database is available athttp://www.imtech.res.in/raghava/bcipep , 
ht tp:/ /bioinformatics.uams.edu/mirror/  bcipep/ (Mirror Site)  and 
http://srs.ebi.ac.uk/srs6bin/egi-bin/wgetz?-page+LibInfo+-id+1X2XW1JU5_L+-
lib+BCIPEP

During this project the team developed number of web servers and databases which 
are used heavily world wide for subunit vaccine design.  The team became top group 
in the field of immunoinformatics in last 4 years.  The team developed two databases 
which are largest in their field and used by community as reference databases.  Both 
databases are recognized by world-wide and distributed by European Bioinformatics 
Institute (EBI), only databases from India distributed by EBI.  A commercial package 
VAXIPRED has been developed with ELQUEST private company which integrate 
10 software and two databases.

The work carried out under this project, as published, is as below:

1. Saha, S., Bhasin, M. and Raghava, G.P.S. (2005) BCIPEP: A database of B-
cell epitopes. BMC Genomics 6:79-84.

2. Bhasin, M. and Raghava, G.P.S. (2005) Peleavage: A SVM based Method 
for Prediction of Constitutive and Immuno proteasome Cleavage Sites in 
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Research (Online; http://www3.oup.co.uk/nar/database/ summary/642/)

4. Bhasin, M. and Raghava, G.P.S. (2005) MHCBN: A comprehensive 
database of MHC/TAP binders/non-binders and T-cell epitopes.  Nucleic 
Acids Research (Online; http://www3.oup.co.uk/nar/ database/ 
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5. Bhasin, M. and Raghava, G.P.S. (2004) Prediction of CTL epitopes using 
QM, SVM and ANN techniques. Vaccine 22: 3195-3204.

6. Bhasin, M. and Raghava, G.P.S. (2004) SVM based method for predicting 
HLA-DRBI *0401 binding peptides in an antigen sequence.  
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machine learning classifiers; i) Support Vector machine (SVM), ii) Waikato 
Environment for Knowledge analysis (Weka), and iii) Parallel exemplar based 
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TAPPred: Analysis and Prediction of affinity of TAP binding peptides using 
Cascade SVM:  In this study, 409 peptides that bind to human TAP transporter with 
varying affinity were analyzed to explore the selectivity and specificity of TAP 
transporter.  The abundance of each amino acid from P1 to P9 positions in high, 
intermediate and low affinity TAP binders were examined.  It was observed that the 
binding affinity of peptides to human TAP transporter is mainly affected by three 
residues at –NH2 terminal and one residue at –COOH terminal.  The –COOH 
terminal of TAP binders does not favour hydrophilic and buried residues whereas the 
–NH2 terminal favours charged, aliphatic and hydrophilic amino acids.  The rules for 
predicting TAP binding regions in an antigenic sequence were derived from the 
above analysis.  The quantitative matrix was generated on the basis of contribution of 
each position and residue in binding affinity.  The correlation of r=0.65 was obtained 
between experimentally determined and predicted binding affinity using quantitative 
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(http://www.imtech.res.in/raghava/tappred/orhttp://bioinformatics.uams.edu/mirro
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MHCBN 3.1: A comprehensive database of T cell epitopes and MHC, TAP 
binding peptides:  The current version 3.1 of MHCBN has nearly 24000 MHC 
binding and non-binding peptides, ~1100 peptides interacting with TAP, ~3500 
antigenic sequences and nearly 1000 MHC sequences and more than 1500 published 
references.  MHCBN also contains structures of nearly 850 antigenic proteins and 
120 MHC molecules.  It is a curated database where entries are compiled from 
published literature and public databases.  Each entry of the database provides full 
information like (sequence, its MHC or TAP binding specificity, source protein) 
about peptide whose binding affinity (IC50) and T cell activity is experimentally 
determined.  MHCBN has number of web-based tools for the analysis and retrieval 
of information.  These include tools for mapping of antigenic regions on the query 
sequence, creation of allele specific dataset, BLAST search against MHC or antigen 
database and online submission tool etc.  All database entries are hyper linked to 
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major databases like SWISS-PROT, PDB, IMGT/HLA-DB, PubMed and OMIM to 
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th The Research Council of IMTECH in its 30 meeting held on July 26-27, 2005 
reviewed the work done under this project and declared the project as successfully 
completed.
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C. Raman Suri
raman@imtech.res.in

DEVELOPMENT OF DIPSTICK BASED IMMUNOSENSOR 
SYSTEM FOR SPECIFIC AND SENSITIVE DETECTION OF 
METHYL PARATHION IN WATER SAMPLES 

Participants: Dr. C. Raman Suri
Other Participants: Mr. Rajesh Kumar

The objective of this project is to develop a rapid screening methodology for the 
monitoring of pesticides in samples by concentrating on following aspects:

1. Synthesis of hapten for making  hapten-protein conjugates
2. Generation of specific antibodies (IgG and IgY) against MP and their 

purification
3. Generation of tracers (hapten-gold and antibodies-gold conjugates) 
4. Development of dipstick based immunoassay
5. Validation of developed immunochromatographic assay

Antibodies against methyl parathion using well characterized immunogen (hapten-
protein conjugates) were generated and used as receptor molecules for immunoassay 
development. A lateral flow based dipstick kit has been developed using a 
nitrocellulose membrane on which anti-pesticide antibody is immobilized at the test 
line on the detection zone. The sample is introduced through the sample pad affixed at
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 one end of the nitrocellulose membrane while on the other end; an absorbance pad is 
attached to increase the flow of molecules onto the membrane. The sample along 
with the conjugate move onto the nitrocellulose membrane where these two different 
molecules react competitively to the available binding sites of the anti-MP antibodies 
coated on the membrane. A hand held reflectrometer has been developed 
indigenously for the semi-quantification of sample concentrations at 540 nm. The 
intensity of color developed (reversibly) give the presence of analyte in the sample. 
The intensity of signal is correlated with the concentration of sample with standard 
curve.  
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 one end of the nitrocellulose membrane while on the other end; an absorbance pad is 
attached to increase the flow of molecules onto the membrane. The sample along 
with the conjugate move onto the nitrocellulose membrane where these two different 
molecules react competitively to the available binding sites of the anti-MP antibodies 
coated on the membrane. A hand held reflectrometer has been developed 
indigenously for the semi-quantification of sample concentrations at 540 nm. The 
intensity of color developed (reversibly) give the presence of analyte in the sample. 
The intensity of signal is correlated with the concentration of sample with standard 
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DEVELOPMENT AND SYNTHESIS OF BIOPROCESSES FOR 
PRODUCTION OF RECOMBINANT BIOMOLECULES

Project Leader: Dr. D.K. Sahoo
Other Participants: Dr. K.L. Dikshit

Mr. Arshad Jawed

With increase in the number of people suffering from thrombolytic disorders, the 
market for better and efficient thombolytic agents is growing rapidly. The studies 
aimed at developing a process for production and purification of a promising 
thrombolytic molecule, staphylokinase (SAK). Staphylokinase is a plasminogen 
activator from Staphylococcus aureus. Compared to second-generation thrombolytic 
agents, third generation ones such as staphylokinase result in greater angiographic 
potency rate in patients with acute mycocardial infraction. SAK is highly fibrin-
specific, with a pharmacological profile that avoids systematic plasminemia. 
Staphylokinase gene, cloned and expressed in Escherichia coli BL21 under T7 
promotor, was used for development and synthesis of a bioprocess for production of 
recombinant staphylokinase. The fermentation medium composition plays a major 
role in the growth of the cells and formation of product(s). Since in case of 
recombinant SAK the product is accumulated inside the cells, its yield is directly 
proportional to both cell concentration and specific expression of SAK. Hence, a 
fermentation medium, capable of supporting higher cell densities and sustaining 
higher specific yield of staphylokinase was highly desirable. Since Luria Bertini 
medium is not known to yield higher cell concentrations (O.D.~3.0), there was a need 
to formulate and optimize a synthetic/ semi-synthetic medium to achieve higher cell 
density.  Initially LB medium along with a synthetic medium was evaluated for SAK 
production. The addition of complex nitrogen sources like yeast extract and tryptone 
to the designed synthetic medium increased SAK expression. Initial studies on media 
optimization using classical optimization method showed glucose to be the best 
carbon source for cell growth. As the classical methods suffer from some major 
drawbacks, further experiments were designed by statistical methods and glucose as 
carbon source was used for statistical optimization studies.

It was observed that the components present in the culture medium interact in a very 
complex fashion, and the interactions were affected by their individual 
concentrations and other factors. Though major interacting components were carbon 
and nitrogen sources, other components such as phosphate were found to have 
variable share in interactions. As classical methods do not consider these 
interactions, the optimization results from classical methods are based on the effect 
of individual medium component rather than the whole system. Statistical methods  
are one of the best tools to study the effect of the various components present in the 
medium simultaneously and Response surface methodology was used to maximize 

60

R
&

D
 

P
R

O
G

R
A

M
M

E
S

biomass production and staphylokinase yield, while D-Optimal design was used to 
find out the best combination of the participating nitrogen sources, namely yeast 
extract, peptone and tryptone. The trials were done with each component at five 
different levels of concentration. The parameters included glucose as the main source 
of carbon in every experiment and separate experiments were done for studying the 
effect of glucose with individual nitrogen sources (yeast extract, tryptone and 
peptone).

After statistically analyzing and optimizing the production conditions glucose 
concentration of 0.7% was found to be optimum and the nitrogen sources were 
optimized with yeast extract and tryptone ratio of about 1:4. In the optimized 
medium, the cell growth was OD  = 4.1 as compared to OD  = 3.0 in LB 600nm 600nm

medium and the production of staphylokinase increased to 150 mg/L from 90 mg/L 
(in LB medium).  

SAK production was further optimized in fermenter at 5 L scale and then, the process 
was scaled up to 20 L. As process conditions in the fermenters are better controlled as 
compared to shake flasks, the process becomes robust and reproducible. An 
optimized medium concentration was used and various parameters like the effect of 
inoculum concentration and inoculum age were standardized. Effects of inducer 
concentration, fermentation time and pH control (e.g. by addition of NaOH and 
liquid ammonia) were also studied in batch fermentation process. Maximum cell 

-1concentration of OD =12.0 and staphylokinase yield of 450 mgL  were obtained in 600

batch process under experimental conditions. In order to further increase the cell 
density and product yield, the process was operated in fed-batch mode, starting with 
batch mode for 4 hours and then shifting to fed-batch mode with feeding of a mixture 
of glucose, complex nitrogen sources and other nutrients for about 4 h. After 8 h of 
fermentation, the culture was induced with IPTG to synthesize staphylokinase. 
Optimization and scale up of the process from shake flask to fed-batch process 
increased the cell density by 23 folds reaching OD =70 and the staphylokinase 600nm

-1production was enhanced by more than 28 folds to 2566 mgL .  The cell 
concentration is high in case of fed-batch fermentation and so is the demand for 
nutrients that need to be met for production of desired proteins. One of the important 
nutrients is oxygen and hence, dissolved oxygen concentration is critical in the 
production of recombinant proteins. In order to study the effect of Vitreoscilla 
hemoglobin, a binder of oxygen, on SAK expression at low dissolved oxygen 
concentration, it was co-expressed along with staphylokinase. Fermentation was 
carried out at different concentrations of dissolved oxygen (DO), 15 – 35 %, with the 
control strain and the clone co-expressing Vitreoscilla hemoglobin. In case of clone 
with Vitreoscilla hemoglobin, the growth was increased by 12 – 16 % and the 
production of staphylokinase increased by 15 – 25% as compared to the control 
strain.

As the cloned staphylokinase molecule is expressed intra-cellularly and accumulates 
in the periplasmic space of Escherichia coli, the need was for lysis of cells to recover 
the product in intact and active form. Bead milling is a process scale cell 
disintegration (lysis) method and the capacity to handle high cell density and large 
volume of cell suspensions and addition of no other chemical substances for lysis are 
some of its advantages. Hence large-scale cell lysis was optimized using bead mill and 
the important operational parameters, such as feed rate (of the cell slurry), cell loading,
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higher specific yield of staphylokinase was highly desirable. Since Luria Bertini 
medium is not known to yield higher cell concentrations (O.D.~3.0), there was a need 
to formulate and optimize a synthetic/ semi-synthetic medium to achieve higher cell 
density.  Initially LB medium along with a synthetic medium was evaluated for SAK 
production. The addition of complex nitrogen sources like yeast extract and tryptone 
to the designed synthetic medium increased SAK expression. Initial studies on media 
optimization using classical optimization method showed glucose to be the best 
carbon source for cell growth. As the classical methods suffer from some major 
drawbacks, further experiments were designed by statistical methods and glucose as 
carbon source was used for statistical optimization studies.

It was observed that the components present in the culture medium interact in a very 
complex fashion, and the interactions were affected by their individual 
concentrations and other factors. Though major interacting components were carbon 
and nitrogen sources, other components such as phosphate were found to have 
variable share in interactions. As classical methods do not consider these 
interactions, the optimization results from classical methods are based on the effect 
of individual medium component rather than the whole system. Statistical methods  
are one of the best tools to study the effect of the various components present in the 
medium simultaneously and Response surface methodology was used to maximize 
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biomass production and staphylokinase yield, while D-Optimal design was used to 
find out the best combination of the participating nitrogen sources, namely yeast 
extract, peptone and tryptone. The trials were done with each component at five 
different levels of concentration. The parameters included glucose as the main source 
of carbon in every experiment and separate experiments were done for studying the 
effect of glucose with individual nitrogen sources (yeast extract, tryptone and 
peptone).

After statistically analyzing and optimizing the production conditions glucose 
concentration of 0.7% was found to be optimum and the nitrogen sources were 
optimized with yeast extract and tryptone ratio of about 1:4. In the optimized 
medium, the cell growth was OD  = 4.1 as compared to OD  = 3.0 in LB 600nm 600nm

medium and the production of staphylokinase increased to 150 mg/L from 90 mg/L 
(in LB medium).  

SAK production was further optimized in fermenter at 5 L scale and then, the process 
was scaled up to 20 L. As process conditions in the fermenters are better controlled as 
compared to shake flasks, the process becomes robust and reproducible. An 
optimized medium concentration was used and various parameters like the effect of 
inoculum concentration and inoculum age were standardized. Effects of inducer 
concentration, fermentation time and pH control (e.g. by addition of NaOH and 
liquid ammonia) were also studied in batch fermentation process. Maximum cell 

-1concentration of OD =12.0 and staphylokinase yield of 450 mgL  were obtained in 600

batch process under experimental conditions. In order to further increase the cell 
density and product yield, the process was operated in fed-batch mode, starting with 
batch mode for 4 hours and then shifting to fed-batch mode with feeding of a mixture 
of glucose, complex nitrogen sources and other nutrients for about 4 h. After 8 h of 
fermentation, the culture was induced with IPTG to synthesize staphylokinase. 
Optimization and scale up of the process from shake flask to fed-batch process 
increased the cell density by 23 folds reaching OD =70 and the staphylokinase 600nm

-1production was enhanced by more than 28 folds to 2566 mgL .  The cell 
concentration is high in case of fed-batch fermentation and so is the demand for 
nutrients that need to be met for production of desired proteins. One of the important 
nutrients is oxygen and hence, dissolved oxygen concentration is critical in the 
production of recombinant proteins. In order to study the effect of Vitreoscilla 
hemoglobin, a binder of oxygen, on SAK expression at low dissolved oxygen 
concentration, it was co-expressed along with staphylokinase. Fermentation was 
carried out at different concentrations of dissolved oxygen (DO), 15 – 35 %, with the 
control strain and the clone co-expressing Vitreoscilla hemoglobin. In case of clone 
with Vitreoscilla hemoglobin, the growth was increased by 12 – 16 % and the 
production of staphylokinase increased by 15 – 25% as compared to the control 
strain.

As the cloned staphylokinase molecule is expressed intra-cellularly and accumulates 
in the periplasmic space of Escherichia coli, the need was for lysis of cells to recover 
the product in intact and active form. Bead milling is a process scale cell 
disintegration (lysis) method and the capacity to handle high cell density and large 
volume of cell suspensions and addition of no other chemical substances for lysis are 
some of its advantages. Hence large-scale cell lysis was optimized using bead mill and 
the important operational parameters, such as feed rate (of the cell slurry), cell loading,
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bead loading and bead milling time were optimized by statistical design, response 
surface methodology. The cell lysate was centrifuged and the clear supernatant was 
separated and used for purification studies. An array of ion-exchange chromatography 
matrices such as Sepharose Q, Sepharose XL, DEAE-sepharose, Granular silica, 
Cellufine A and SP-Sepharose was examined for the preferential binding of 
staphylokinase and to purify it to maximum homogeneity preferably in single step. 
Granular silica and SP-Sepharose were found to be the potent candidates for the 
purification of staphylokinase. Though, granular silica bound to staphylokinase with 
higher affinity, it required higher salt concentration to detach the molecule from the 
chromatography matrix, the elution was slow and the results were not consistent under 
experimental condition. Hence, SP-sepharose was studied in detail for capture of 
staphylokinase from the total cell lysate (as the initial step). The unbound protein was 
washed and elution of bound protein was carried out with 0-500 mM NaCl where 
staphylokinase was eluted at 300-400 mM NaCl concentration. The elute containing 
staphylokinase was collected and added with NaCl to a final concentration of 2 M and 
this solution was loaded onto hydrophobic interaction column packed with phenyl 
sepharose as the chromatography matrix. The staphylokinase was eluted with 
decreasing salt concentration from 500-200 mM NaCl. The fractions were run onto a 
SDS-PAGE gel for confirmation and quantification of staphylokinase. 
Staphylokinase was also analysed for its activity and to quantify the active protein. In 
the first stage of chromatography the yield was 75 – 80 %, while yield of 60 – 65 % was 
obtained in the second chromatographic step. Using a pH based elution in ion-
exchange chromatography with Streamline SP sepharose in expanded bed 
chromatography (EBC) where cell lysates directly fed into the column after cell 
disruption (without clarifications), about 75% yield of purified SAK (to homogeneity) 
was obtained in a single step. The purity and homogeneity of staphylokinase was 
checked in SDS-PAGE (single band of SAK with no presence of contaminating 
protein bands in silver stained gel) and further confirmed by Matrix Assisted Laser 
Ionization and Desorption (MALDI-TOF).

rdThe Research Council of IMTECH in its  33  meeting reviewed the work done under 
this project and declared the project as successfully completed.

Licensing of Technology: This work contributed to the development of a process for 
the production of recombinant staphylokinase and the technology demonstrated at 5 L 
and 20 L scale was licensed to M/s Strides Arcolab Limited, Bangalore.
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The objectives of the project were to characterize the antigenic and molecular 

components present on malaria-infected erythrocytes, using monoclonal antibodies.

The malaria parasite alters the host erythrocyte during its intracellular growth. These 

alterations include overall changes in the erythrocyte cytosol along with structural 

changes in the host erythrocyte membrane. A plethora of parasite-derived proteins 

directed at the erythrocyte surface possibly actuate some of these observed 

modifications. Consequently, there is an increasing interest in identifying the parasite 

antigens as well as host-cell altered components expressed on the erythrocyte surface 

as potential candidates for therapeutic interventions. The earlier studies in the lab 

demonstrated the efficacy of homologous immunization with pathogen-infected cell 

membrane towards the generation of infected cell-surface reactive antibodies 

(Chaudhury, 1996; Goel et al., 1998, Majumdar et al., 2000).  Among panel of 

monoclonal antibodies (mAbs) generated against Plasmodium berghei infected 

erythrocytes, two mAbs; mAbF10 and mAbD2, reacted with the infected cell 

surface. Monoclonal antibody, mAbF10, efficiently targeted chloroquine-

encapsulated liposomes to the infected erythrocytes in vivo (Owais et al., 1995; 

Chaudhury, 1996). Besides, few mAbs were also generated against P. falciparum 

parasite in earlier studies. This panel of mAbs was expanded by generating more 

clones secreting mAbs. These  antibodies were used as tools to identify the neo-

antigenic determinants on the infected cell surface. Since the sequence conserved 

and/or antigenically conserved portions of the target molecules may provide better 

options in identifying the functionally or structurally important target molecule(s) in 

malaria parasite and in infected erythrocytes, reactivity of the mAbs was also 

simultaneously tested with both the  species of Plasmodium parasite as well as with  

respective infected erythrocytes by ELISA, immunofluorescence  assay and western 

blotting. Further, RBC invasion inhibitory/ intracellular growth inhibitory potential 
3of these mAbs was also tested by H-hypoxanthine incorporation assay.  mAbs were 

selected for characterization based on their growth inhibitory potential as well as 

binding pattern with the parasite and infected erythrocytes. 
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alterations include overall changes in the erythrocyte cytosol along with structural 

changes in the host erythrocyte membrane. A plethora of parasite-derived proteins 

directed at the erythrocyte surface possibly actuate some of these observed 
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as potential candidates for therapeutic interventions. The earlier studies in the lab 

demonstrated the efficacy of homologous immunization with pathogen-infected cell 

membrane towards the generation of infected cell-surface reactive antibodies 

(Chaudhury, 1996; Goel et al., 1998, Majumdar et al., 2000).  Among panel of 

monoclonal antibodies (mAbs) generated against Plasmodium berghei infected 

erythrocytes, two mAbs; mAbF10 and mAbD2, reacted with the infected cell 

surface. Monoclonal antibody, mAbF10, efficiently targeted chloroquine-

encapsulated liposomes to the infected erythrocytes in vivo (Owais et al., 1995; 

Chaudhury, 1996). Besides, few mAbs were also generated against P. falciparum 

parasite in earlier studies. This panel of mAbs was expanded by generating more 

clones secreting mAbs. These  antibodies were used as tools to identify the neo-

antigenic determinants on the infected cell surface. Since the sequence conserved 

and/or antigenically conserved portions of the target molecules may provide better 

options in identifying the functionally or structurally important target molecule(s) in 

malaria parasite and in infected erythrocytes, reactivity of the mAbs was also 

simultaneously tested with both the  species of Plasmodium parasite as well as with  

respective infected erythrocytes by ELISA, immunofluorescence  assay and western 

blotting. Further, RBC invasion inhibitory/ intracellular growth inhibitory potential 
3of these mAbs was also tested by H-hypoxanthine incorporation assay.  mAbs were 

selected for characterization based on their growth inhibitory potential as well as 

binding pattern with the parasite and infected erythrocytes. 



i) Identification and characterization of mAbs D2 and F10 reactive components

In order to identify components recognized by F10 and D2, immunoprecipitation
experiments were performed, both with metabolically labelled and unlabelled IRBC.
Immunoprecipitaion with D2 revealed two antigens of molecular weights
approximately 146- and 105-kDa, both found to be metabolically labelled, signifying
a parasite-derived source. mAbF10, on the other hand, failed to immunoprecipitate 
any antigen following conventional protocol using uncoupled antibody. However,
mAbF10-conjugated beads precipitated labelled MSP-1 (having molecular masses
230kDa, 195kDa, 156kDa and 95kDa). Further studies involving cellular
fractionations of metabolically labeled IRBC into infected-erythrocyte membrane-
rich fraction (MRF) and parasite rich fraction (PRF), and subsequent
immunoprecipitation involving mAbD2 revealed interesting results.
Immunoprecipitation from PRF revealed the presence of both 146- and 105-kDa
proteins the earlier described antigens, while in MRF only 105-kDa protein could be
observed. Since the intensity of 146-kDa band was much more in PRF as compared to
the 105-kDa band, a significant parasite contamination in the MRF was ruled out. In
case of mAbF10, all recognized components were present both in parasite as well as
membrane rich fractions. Infected cell membranes, affinity purified using rabbit anti-
mouse NRBC antibody-sepharose column, showed the presence of RhopH3 and all
the recognized components of MSP-1, when probed with mAbD2 and F10
respectively. Further, confocal microscopy using MSP-1 and RhopH3 specific
antibodies strongly indicated that these molecules are also associated with the
infected cell membranes (Figs. 1 and 2).

Fig.1 : Fluorescence micrograph showing localization of RhopH3 in intact P. berghei infected RBC : Infected
cells were incubated simultaneously with rabbit anti-NRBC membrane antibodies and anti-RhopH3 antibodies, 
mAbB6 (row I) or mAbG6 (row II) or control-mAb (row III). The primary antibodies binding was localized using
FITC labeled rabbit anti-mouse lg (panel A), TRITC labeled goat anti-rabbit lg (panel B). The cells were
counterstained with DAPI for nuclear staining (panel C). Panels D and E represent phase contrast image and co-
localization (indicated by arrows) of RhopH3 binding mAb and membrane binding rabbit antibodies respectively.
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mAbs D2 and F10 reactive molecules were purified using their respective mAb-
affinity columns. Isolation of antigen(s) from IRBC extracts using D2-Sepharose
column yielded antigens similar to that of immunoprecipitation experiments, i.e.,
molecular weights 146- and 105-kDa. Additionally, F10-Sepharose column also
eluted an antigen of molecular weight greater than 205-kDa, which could not be
obtained in conventional immunoprecipitation experiments. N-terminal sequencing
of the components purified using mAbF10 column revealed that all the molecules
i.e., 230-kDa, 195-kDa and 156-kDa shared the same N-terminus. The obtained N-
terminal sequences were then searched for homologous counterparts using the
BLAST server at www//ncbi.nlm.nih.gov. The retrieved hits revealed homology to
variants of merozoite surface protein/antigen (MSP/MSA-1) of rodent malaria
parasites. Identity, of the order of 90-100% to precursor of major merozoite surface
antigen (PMMSA)/MSP-1 of P. yoelii and P. berghei parasite and 77% to major
merozoite surface antigen precursor/ merozoite surface protein-1 of P. chabaudi,
were observed. For D2 reactive components, the homology search of N-terminus
obtained for 105-kDa molecule revealed 93% identity with high molecular weight
rhoptry protein 3 (RhopH3) of P. yoelii while repeated efforts failed to yield a
conclusive N-terminal sequence of 146-kDa, possibly due to its blockade.
Nevertheless, mAb25 reactive against RhopH2 member of HMW complex, procured
from Dr. Kaneko (University School of Medicine, Shigenobu-cho, Ehime, Japan),
reacted well with 146kDa protein, confirming that it is RhopH2 protein, a member of
HMW complex. Thus, mAbs D2 and F10 were reactive with RhopH3 and MSP1
respectively.

Fig.2 : Fluorescence micrograph showing localization of MSP-1 in P. falciparum infected erythrocyte:
Localization of MSP-1 in IRBC was analysed by incubating the infected cells simultaneously with anti-MSP-1
antibodies mAbF10 (row I) or mAbC3 (row II) and rabbit anti-NRBC membrane antibodies. The primary antibodies
binding was localized using TRITC lebeled goat anti-rabbit lg (panel A) and FITC labeled rabbit anti-mouse lg
(panel B). Panel C represents phase contrast image of field corresponding to field B. Panel D shows paasite
counterstained by nuclear stain DAPI. Merged image is depicted in panel E.
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Stage-specificity of MSP-1 and RhopH3:
For studying the expression profiles of MSP-1 and RhopH3 in infected erythrocytes 
at different stages during intracellular growth of the parasite,  IRBC harboring the 
early and mature stages of parasite were fractionated and metabolically labeled with 

35[ S] methionine and immunoprecipitated using respective mAbs. With mAbF10-
Sepharose beads, as observed earlier, all forms of MSP-1 i.e. MSP-1 , MSP-1 and 230 195 

MSP-1 were immunoprecipitated from schizont stage of the parasite harboring 156 

IRBC. On the other hand, from trophozoite stage mAbF10 could only detect MSP-
1  Immunoprecipitations, using schizonts, by mAbD2-Sepharose yielded the 230.

RhopH3 component of 105-kDa and the associated 146-kDa molecule. While, only 
the RhopH3 component of 105-kDa was found to be present in the trophozoite stage.

Brefeldin A-sensitivity
Studies in P.falciparum have strongly supported the existence of a functional Golgi 
and secretory protein transport pathways. So, experiments were designed in order to 
see the fate of mAbF10- and mAbD2- reactive MSP-1 and RhopH3 components in 
presence of brefeldin A, a fungal metabolite that causes disassembly of the Golgi 
complex and blocks protein export and post-endoplasmic reticulum (ER) processing 
events in mammalian cells. IRBC were first incubated either in the presence or 

35absence of brefeldin A, followed by [ S] labeling and immunoprecipitation using 
mAb-Sepharose beads. No change in immunoprecipitation profile as well as 
intensity of labeled proteins could be seen both for MSP-1 and RhopH3 components. 
Thus, the occurrence of observed components recognized by mAbF10 and mAbD2 
were brefeldin A-insensitive.

ii) Studies on MSP-1:

Association of membrane bound MSP-1 with spectrin
In the literature, with limited experimental evidence, the existence of an association 
between MSP-1 and spectrin during late trophozoite or early schizont developmental 
stages has been suggested. Since the results have demonstrated the association of 
MSP-1 with Plasmodium berghei- infected erythrocytes membranes, so it was 
thought pertinent to check its association with spectrin, if any. For this, affinity 
purified molecule was immunoblotted using mAbF10, anti-IRBC membrane 
antisera and anti-human spectrin antibody. It was observed that  anti- spectrin 
antibody did not show any reactivity indicating that membrane bound MSP-1 is not 
associated with spectrin.

Release of MSP-1 from infected erythrocytes
Many soluble antigens are released from erythrocyte infected with Plasmodium at 
the time of schizont rupture and also during merozoite reinvasion, thus showing their 
presence within the infected serum. It has been reported that smaller fragments of 
proteolytically processed form of MSP-1 are secreted in culture medium or in the 
serum of infected mice.  In order to check for the presence of observed higher 
molecular mass forms of MSP-1 in the plasma of P.berghei infected mice, western 
blotting was performed with the plasma of mice having 10-15% infection and using 
MSP-1 specific mAbF10. It was observed that mAbF10 recognized proteins in the 
range of 230, 195 and 156-kDa corresponding to MSP-1 , MSP-1 , and MSP-1 .230 195 156
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 Control antibody and rhoptry specific mAbD2 did not react with any proteins in the 
infected plasma thus confirming that not only the smaller fragments but also the 
observed higher forms of MSP-1 are also secreted/released within the plasma of the 
infected mice.

Released MSP-1 does not associate with NRBC
In order to confirm that mAbF10 recognized only the parasite encoded protein on to 
the surface of infected cell and not due to non-specific association of the released 
MSP-1 with normal red blood cells (NRBC), NRBC binding assay was performed. 
For this, NRBC were incubated with infected plasma (from 20-30% parasitemia) at 

037 C for one hour and then the cells were lysed and centrifuged. Pellet enriched with 
NRBC membranes was taken for western blotting with mAbF10. The antibody did 
not recognize any of the protein thus ruling out the nonspecific association of 
released MSP-1 with the surface of NRBC.

Active uptake of mAbF10: A possible involvement of MSP-1
125The earlier studies showed a time-dependent increase in binding of I-mAbF10 to 

0IRBC at 37 C, while no such difference in binding of mAbD2 to IRBC was observed. 
In order to establish the specificity of F10 uptake, IRBC were incubated with 
respective iodinated mAbs, in the presence of ten-fold excess non-specific cold 

antibody (mAb44G3), at both 37 C and 4 C. Results clearly indicated a specific 
uptake of mAbF10 without any change in  transport kinetics even in the presence of 
non-specific mAb. On the contrary, mAbD2 showed an overall decrease of 25-30% 
cell-associated counts in the presence of cold mAb44G3. References in literatures 
site a non-specific transport of macromolecules to the IRBC, in addition to 'receptor-

125mediated' uptake. A reduction in cell-associated counts involving I-mAbD2 clearly 
emphasizes the mentioned fact, contributing towards non-specificity of D2 transport. 
           
As an extension to radiolabeling studies, experiments involving immunoelectron 
microscopy was undertaken further. Briefly, both the test mAbs (F10 and D2) and 
control mAb (44G3) were covalently conjugated with 1 nm gold particles. 
Monomaleimido nanogold, procured from M/s Nanoprobes Inc. were conjugated to 
reduced mAbs, in a reaction condition where a single gold particle gets covalently 
linked to the reduced disulfide bond at the hinge region between the heavy chains of 
IgG. The overall conjugation leaves the antigen-binding site unaltered. These gold-
conjugated mAbs served as a better tool than conventional gold solution since the 
latter is attributed to exhibit non-specific gold leaching properties. These gold 

conjugates were incubated with IRBC at 37 C for 30 min, following which the 
samples were fixed and processed for immunoelectron microscopy. Silver 
enhancement of ultra-thin grid sections revealed an increased intracellular 
localization of mAbF10 as compared to D2. Though the compartment-specific 
localization could not be established, yet a greater number of gold particles could be 
seen in sections incubated with F10 gold conjugates. The control mAb44G3 revealed 
negligible gold particles in IRBC sections, thus confirming the uptake of mAbF10 by 
intracellular parasite.
                  
Experiments were further planned to check the uptake of mAbs under ATP-depletion 

3conditions. Before this, viability status of IRBC was checked by [ H] hypoxanthine
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events in mammalian cells. IRBC were first incubated either in the presence or 

35absence of brefeldin A, followed by [ S] labeling and immunoprecipitation using 
mAb-Sepharose beads. No change in immunoprecipitation profile as well as 
intensity of labeled proteins could be seen both for MSP-1 and RhopH3 components. 
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were brefeldin A-insensitive.
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Association of membrane bound MSP-1 with spectrin
In the literature, with limited experimental evidence, the existence of an association 
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stages has been suggested. Since the results have demonstrated the association of 
MSP-1 with Plasmodium berghei- infected erythrocytes membranes, so it was 
thought pertinent to check its association with spectrin, if any. For this, affinity 
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antibody did not show any reactivity indicating that membrane bound MSP-1 is not 
associated with spectrin.

Release of MSP-1 from infected erythrocytes
Many soluble antigens are released from erythrocyte infected with Plasmodium at 
the time of schizont rupture and also during merozoite reinvasion, thus showing their 
presence within the infected serum. It has been reported that smaller fragments of 
proteolytically processed form of MSP-1 are secreted in culture medium or in the 
serum of infected mice.  In order to check for the presence of observed higher 
molecular mass forms of MSP-1 in the plasma of P.berghei infected mice, western 
blotting was performed with the plasma of mice having 10-15% infection and using 
MSP-1 specific mAbF10. It was observed that mAbF10 recognized proteins in the 
range of 230, 195 and 156-kDa corresponding to MSP-1 , MSP-1 , and MSP-1 .230 195 156
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 Control antibody and rhoptry specific mAbD2 did not react with any proteins in the 
infected plasma thus confirming that not only the smaller fragments but also the 
observed higher forms of MSP-1 are also secreted/released within the plasma of the 
infected mice.

Released MSP-1 does not associate with NRBC
In order to confirm that mAbF10 recognized only the parasite encoded protein on to 
the surface of infected cell and not due to non-specific association of the released 
MSP-1 with normal red blood cells (NRBC), NRBC binding assay was performed. 
For this, NRBC were incubated with infected plasma (from 20-30% parasitemia) at 

037 C for one hour and then the cells were lysed and centrifuged. Pellet enriched with 
NRBC membranes was taken for western blotting with mAbF10. The antibody did 
not recognize any of the protein thus ruling out the nonspecific association of 
released MSP-1 with the surface of NRBC.

Active uptake of mAbF10: A possible involvement of MSP-1
125The earlier studies showed a time-dependent increase in binding of I-mAbF10 to 

0IRBC at 37 C, while no such difference in binding of mAbD2 to IRBC was observed. 
In order to establish the specificity of F10 uptake, IRBC were incubated with 
respective iodinated mAbs, in the presence of ten-fold excess non-specific cold 

antibody (mAb44G3), at both 37 C and 4 C. Results clearly indicated a specific 
uptake of mAbF10 without any change in  transport kinetics even in the presence of 
non-specific mAb. On the contrary, mAbD2 showed an overall decrease of 25-30% 
cell-associated counts in the presence of cold mAb44G3. References in literatures 
site a non-specific transport of macromolecules to the IRBC, in addition to 'receptor-

125mediated' uptake. A reduction in cell-associated counts involving I-mAbD2 clearly 
emphasizes the mentioned fact, contributing towards non-specificity of D2 transport. 
           
As an extension to radiolabeling studies, experiments involving immunoelectron 
microscopy was undertaken further. Briefly, both the test mAbs (F10 and D2) and 
control mAb (44G3) were covalently conjugated with 1 nm gold particles. 
Monomaleimido nanogold, procured from M/s Nanoprobes Inc. were conjugated to 
reduced mAbs, in a reaction condition where a single gold particle gets covalently 
linked to the reduced disulfide bond at the hinge region between the heavy chains of 
IgG. The overall conjugation leaves the antigen-binding site unaltered. These gold-
conjugated mAbs served as a better tool than conventional gold solution since the 
latter is attributed to exhibit non-specific gold leaching properties. These gold 

conjugates were incubated with IRBC at 37 C for 30 min, following which the 
samples were fixed and processed for immunoelectron microscopy. Silver 
enhancement of ultra-thin grid sections revealed an increased intracellular 
localization of mAbF10 as compared to D2. Though the compartment-specific 
localization could not be established, yet a greater number of gold particles could be 
seen in sections incubated with F10 gold conjugates. The control mAb44G3 revealed 
negligible gold particles in IRBC sections, thus confirming the uptake of mAbF10 by 
intracellular parasite.
                  
Experiments were further planned to check the uptake of mAbs under ATP-depletion 

3conditions. Before this, viability status of IRBC was checked by [ H] hypoxanthine
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125 incorporation assay. Cells incubated with I-mAbs were taken at different time 
points for measuring cell-associated radioactivity. No difference in the kinetics of 
125I-mAbF10 uptake could be observed in IRBC incubated under normal or ATP-

125depleted conditions. Similarly, IRBC showed no difference in I-mAbD2 binding at 
both the above-mentioned conditions, thus indicating that binding and uptake of 
mAbs was independent of the metabolic status of IRBC. Secondly, the possible 

125involvement  of caveolae in mediating I-mAbF10 uptake was studied in the 
presence or absence of caveolae-disrupting agents such as nystatin or phorbol-12-
myristate 13-acetate (PMA). No change in cell-associated radioactivity or binding 

125kinetics of I-mAbF10 was seen in the presence or absence of either nystatin or 
PMA. Thus, it is likely that some other alternate pathway of antibody uptake exist in 
IRBC.

MSP-1 epitope mapping
Merozoite surface protein-1 (MSP-1) is one of the most abundant protein reported on 
the merozoite surface and its role have been implicated in the parasite entry into 
erythrocytes.  In the earlier studies, anti Plasmodium berghei  MSP-1  MAbF10 was 
also actively taken up by infected erythrocytes in temperature dependent manner. 
Further, the comparison of deduced P.berghei sequence of MSP-1 with that of P. 
falciparum indicated around 37% identity. So in order to characterize  infected cell 
membrane associated MSP-1 molecule the group first selected MSP-1 reactive 
MAbs from a panel of MAbs, generated against P. berghei and P. falciparum.  Results 
showed MAbs: PbF10, PbG C  and PbC C  (anti -P.berghei mAbs) and one MAb 8 3 5 3

PfE C  (anti-P. falciparum mAb) reacted with rodent MSP-1 which was affinity 4 7

purified using mAb F10 column.  It was interesting to observe that two antibodies 
mAbs PbG C  and  PfE C  showed in vitro P. falciparum growth inhibition as 8 3 4 7

3analysed by H-hypoxanthine incorporation and LDH assays. While, MAb F10 
showed the temperature dependent uptake in P.berghei  parasite as well as infected 
erythrocytes. However, this antibody didn't cross react with P. falciparum. Thus, it 
was pertinent to dissect the regions (epitopes) in MSP-1, functionally and/or 
immunologically conserved in these two plasmodium species. Epitope mapping was 
first carried out by screening 12–mer phage display peptide library using biopanning 
tecnique. Phages bound to antibody coated plates  were eluted and then further 
amplified for subsequent pannings. DNA sequences of these phages were 
determined. Homology search of mAbF10 specific peptide against Plasmodium 
genome using BLAST resulted in ~70% sequence homology to MSP-1. Further 
ClustalX alignment of this peptide with MSP-1 revealed the presence of eleven 
identical residues, indicating that this mAbF10 reactive epitope resides at N-terminal 
region of the MSP-1. This observation was further corborated by the earlier 
observation that all forms of MSP-1: 230kDa, 195kDa and 156kDa recognized by 
MAbF10 had same N-terminal sequences. Thus, the epitope responsible for specific 
uptake of mAbF10 was present towards N-terminus of MSP-1 while mAbs G C  and 8 3

E C  reacted with the epitope conserved among P.falciparum and P.bergei parasite. 4 7

(iii) Studies on RhopH3.
Gene sequence analysis and homology search 
Homology search of the N-terminal sequences of MSP-1 and RhopH3 identified
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similar molecules in different rodent malaria parasites. However, no report of the 
RhopH3 protein from Plasmodium berghei NK65 strain was found in the literature. 
Also, the search for MSP-1 homologues revealed a sequence from P. berghei ANKA 
strain, so it was thought pertinent to clone the sequence of these proteins. Some part 
of this work was done with the help of Dr. S.K. Batra, UNMC Omaha. Primers were 
designed based on N- and C- terminal sequence of MSP-1 and RhopH3 genes of 
Plasmodium yoelii .The gene encoding RhopH3 was reverse transcribed from the 

+poly A  mRNA of P. berghei NK65. However, despite repeated attempts, the same for 
MSP-1 could not be amplified, probably due to its large size. While for RhopH3 gene 
cloning, the reverse transcribed product was cloned in the expression vector pCR2.1. 
The entire RhopH3 encoding gene of 2.6 kb was sequenced and the putative open 
reading frame (ORF) with deduced amino acid translation was obtained using Gene 
runner software.
           
The N-terminal sequence (KDYFNGVLNQKLDDL) of the RhopH3 protein was 
compared to the translated gene sequence of P. berghei RhopH3 (PbRhopH3), 

thclosest similarity was observed at the 25-39  amino acid position 
(KDYFNGVLNQKLSDL). Both the sequences were found to be identical except at 

ththe 13  amino acid position, where a transition from serine to glutamate was observed 
in the N-terminally sequenced protein. Use of Signal P program to predict the signal 
sequence of the theoretical ORF, identified a putative signal peptide sequence at the 
amino acid residues 1-24 of the translated sequence, thus explaining that the N-
terminal region of the 105-kDa RhopH3 protein was a product obtained after the 
cleavage of the signal peptide. 

In order to further confirm the structural similarities between RhopH3 of P.berghei 
and other rodent and human malaria parasite the entire RhopH3 encoding gene of 2.6 
kb was sequenced and the putative open reading frame (ORF) with deduced amino 
acid translation was taken for subsequent analysis. Multiple alignments of 
PbRhopH3 with the known P. yoelii RhopH3 (PyRhopH3), using Clustal W indicated 
a complete identity in the signal sequence, except a substitution of isoleucine with 

thvaline at the 19  position of PbRhopH3. A similarity of 94.5% and an identity of 
87.8% were observed between PbRhopH3 and PyRhopH3.  Manual adjustments for 
the best fit divided the PbRhopH3 protein into two types of blocks. The conserved 
blocks composed of long stretches of sequence were clustered at the N-terminal, 
central region and C-terminal, while the short stretches of variable blocks 
interspersed these conserved sequences and mainly concentrated in the central 
region. All the 12 cysteine residues, located in the conserved blocks were conserved 
between PbRhopH3 and PyRhopH3. Clustal W alignment of PbRhopH3 with P. 
falciparum RhopH3 (PfRhopH3), yielded three types of blocks: conserved, semi-
conserved and variable blocks. Although minor variations were evident, the overall 
patches of identity essentially remained similar between PbRhopH3 and PyRhopH3. 
Thus, in the comparison of RhopH3 sequences between P. berghei, P. yoelii and P. 
falciparum, the overall identity pattern remained similar, thereby indicating 
conservation across the three species of Plasmodium.

Cloning and expression of Rhoph3 gene
This part of study was carried out in collaboration with Dr. K.L. Dikshit's group. For 
structural & functional characterization, attempts made to clone & express RhopH3
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125 incorporation assay. Cells incubated with I-mAbs were taken at different time 
points for measuring cell-associated radioactivity. No difference in the kinetics of 
125I-mAbF10 uptake could be observed in IRBC incubated under normal or ATP-

125depleted conditions. Similarly, IRBC showed no difference in I-mAbD2 binding at 
both the above-mentioned conditions, thus indicating that binding and uptake of 
mAbs was independent of the metabolic status of IRBC. Secondly, the possible 

125involvement  of caveolae in mediating I-mAbF10 uptake was studied in the 
presence or absence of caveolae-disrupting agents such as nystatin or phorbol-12-
myristate 13-acetate (PMA). No change in cell-associated radioactivity or binding 

125kinetics of I-mAbF10 was seen in the presence or absence of either nystatin or 
PMA. Thus, it is likely that some other alternate pathway of antibody uptake exist in 
IRBC.

MSP-1 epitope mapping
Merozoite surface protein-1 (MSP-1) is one of the most abundant protein reported on 
the merozoite surface and its role have been implicated in the parasite entry into 
erythrocytes.  In the earlier studies, anti Plasmodium berghei  MSP-1  MAbF10 was 
also actively taken up by infected erythrocytes in temperature dependent manner. 
Further, the comparison of deduced P.berghei sequence of MSP-1 with that of P. 
falciparum indicated around 37% identity. So in order to characterize  infected cell 
membrane associated MSP-1 molecule the group first selected MSP-1 reactive 
MAbs from a panel of MAbs, generated against P. berghei and P. falciparum.  Results 
showed MAbs: PbF10, PbG C  and PbC C  (anti -P.berghei mAbs) and one MAb 8 3 5 3

PfE C  (anti-P. falciparum mAb) reacted with rodent MSP-1 which was affinity 4 7

purified using mAb F10 column.  It was interesting to observe that two antibodies 
mAbs PbG C  and  PfE C  showed in vitro P. falciparum growth inhibition as 8 3 4 7

3analysed by H-hypoxanthine incorporation and LDH assays. While, MAb F10 
showed the temperature dependent uptake in P.berghei  parasite as well as infected 
erythrocytes. However, this antibody didn't cross react with P. falciparum. Thus, it 
was pertinent to dissect the regions (epitopes) in MSP-1, functionally and/or 
immunologically conserved in these two plasmodium species. Epitope mapping was 
first carried out by screening 12–mer phage display peptide library using biopanning 
tecnique. Phages bound to antibody coated plates  were eluted and then further 
amplified for subsequent pannings. DNA sequences of these phages were 
determined. Homology search of mAbF10 specific peptide against Plasmodium 
genome using BLAST resulted in ~70% sequence homology to MSP-1. Further 
ClustalX alignment of this peptide with MSP-1 revealed the presence of eleven 
identical residues, indicating that this mAbF10 reactive epitope resides at N-terminal 
region of the MSP-1. This observation was further corborated by the earlier 
observation that all forms of MSP-1: 230kDa, 195kDa and 156kDa recognized by 
MAbF10 had same N-terminal sequences. Thus, the epitope responsible for specific 
uptake of mAbF10 was present towards N-terminus of MSP-1 while mAbs G C  and 8 3

E C  reacted with the epitope conserved among P.falciparum and P.bergei parasite. 4 7

(iii) Studies on RhopH3.
Gene sequence analysis and homology search 
Homology search of the N-terminal sequences of MSP-1 and RhopH3 identified
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similar molecules in different rodent malaria parasites. However, no report of the 
RhopH3 protein from Plasmodium berghei NK65 strain was found in the literature. 
Also, the search for MSP-1 homologues revealed a sequence from P. berghei ANKA 
strain, so it was thought pertinent to clone the sequence of these proteins. Some part 
of this work was done with the help of Dr. S.K. Batra, UNMC Omaha. Primers were 
designed based on N- and C- terminal sequence of MSP-1 and RhopH3 genes of 
Plasmodium yoelii .The gene encoding RhopH3 was reverse transcribed from the 

+poly A  mRNA of P. berghei NK65. However, despite repeated attempts, the same for 
MSP-1 could not be amplified, probably due to its large size. While for RhopH3 gene 
cloning, the reverse transcribed product was cloned in the expression vector pCR2.1. 
The entire RhopH3 encoding gene of 2.6 kb was sequenced and the putative open 
reading frame (ORF) with deduced amino acid translation was obtained using Gene 
runner software.
           
The N-terminal sequence (KDYFNGVLNQKLDDL) of the RhopH3 protein was 
compared to the translated gene sequence of P. berghei RhopH3 (PbRhopH3), 

thclosest similarity was observed at the 25-39  amino acid position 
(KDYFNGVLNQKLSDL). Both the sequences were found to be identical except at 

ththe 13  amino acid position, where a transition from serine to glutamate was observed 
in the N-terminally sequenced protein. Use of Signal P program to predict the signal 
sequence of the theoretical ORF, identified a putative signal peptide sequence at the 
amino acid residues 1-24 of the translated sequence, thus explaining that the N-
terminal region of the 105-kDa RhopH3 protein was a product obtained after the 
cleavage of the signal peptide. 

In order to further confirm the structural similarities between RhopH3 of P.berghei 
and other rodent and human malaria parasite the entire RhopH3 encoding gene of 2.6 
kb was sequenced and the putative open reading frame (ORF) with deduced amino 
acid translation was taken for subsequent analysis. Multiple alignments of 
PbRhopH3 with the known P. yoelii RhopH3 (PyRhopH3), using Clustal W indicated 
a complete identity in the signal sequence, except a substitution of isoleucine with 

thvaline at the 19  position of PbRhopH3. A similarity of 94.5% and an identity of 
87.8% were observed between PbRhopH3 and PyRhopH3.  Manual adjustments for 
the best fit divided the PbRhopH3 protein into two types of blocks. The conserved 
blocks composed of long stretches of sequence were clustered at the N-terminal, 
central region and C-terminal, while the short stretches of variable blocks 
interspersed these conserved sequences and mainly concentrated in the central 
region. All the 12 cysteine residues, located in the conserved blocks were conserved 
between PbRhopH3 and PyRhopH3. Clustal W alignment of PbRhopH3 with P. 
falciparum RhopH3 (PfRhopH3), yielded three types of blocks: conserved, semi-
conserved and variable blocks. Although minor variations were evident, the overall 
patches of identity essentially remained similar between PbRhopH3 and PyRhopH3. 
Thus, in the comparison of RhopH3 sequences between P. berghei, P. yoelii and P. 
falciparum, the overall identity pattern remained similar, thereby indicating 
conservation across the three species of Plasmodium.

Cloning and expression of Rhoph3 gene
This part of study was carried out in collaboration with Dr. K.L. Dikshit's group. For 
structural & functional characterization, attempts made to clone & express RhopH3
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 gene initially resulted in expression of truncated form of RhopH3 (corresponding to 
48-1106 nucleotide from N-terminal).  However, the protein was found in inclusion 
bodies. Hence, attempts were made to solublize the recombinant protein. The 
accumulation of the recombinant protein as aggregates could be a result of incorrect 
folding of the expressed protein.  Based on the observation that lower growth 
temperatures often lead to decreased inclusion body formation, culture was grown at 

25 C and 30 C. But at both temperatures more than 95% of the protein was found in 
inclusion bodies.  Further, extraction buffer containing 8M urea resulted in only 
partial solubilization  but also denatured the protein. Besides, various conditions 
using different buffers having salt, detergents and sugar also failed to effectively 
solublize the protein. As the recombinant protein contain 5 cysteine so oxido-
shuffling method  was applied but in this case also protein was unable to fold. Finally, 
success was achieved by using  a mild ionic detergent sarkosyl  which effectively 
solubilized the protein. Both the mAbs D2 and E B reactive with RhopH3, did not 2 6, 

show any reactivity with this recombinant RhopH3(16-294) protein, thus it is likely 
that the epitopes recognized by these two antibodies are not present in this region of 
RhopH3.  

RhopH3 associated molecules and epitope mapping      
Molecules localized in rhoptries, particularly erythrocyte binding proteins, have 
been studied as vaccine targets as these are important for erythrocyte invasion. 
Conserved regions in P.falciparum RhopH3 and that of P.yoelii RhopH3 have been 
identified. Literature shows that HMW rhoptry proteins of malaria parasite exist in 
multiprotein complex which are not affected by chaotropic agents. In line with these 
observations, the studies revealed the association 105 kDa with 146 kDa protein. 
However, among these, only 105 kDa (RhopH3 of HMW) was recognized by 
mAbD2 in western blotting. In order to further check the presence of other members 
of multiprotein HMW complex, affinity purification of HMW  was carried out by 
passing IRBC extract through mAbD2 column. Immunoblotting studies with this 
eluate using polyclonal antiserum revealed other components, although present at a 
low concentration.  Accordingly, it was thought pertinent to select the HMW reactive 
mAbs from a panel generated against P. berghei and P. falciparum.
                      
Immunoblotting of mAb-D2 column purified fraction (containing RhopH3 and 
associated molecules) was performed using above panels of mAbs. PfG D and 5 7 

PfG F  from anti-P.falciparum antibody panel and PbE G PbD F and mAbE B  from 6 2 9 6, 3 7 2 6

anti-P.berghei infected red blood cell membrane panel, showed good reactivity with 
105 kDa , 95  and 45 kDa members of HMW complex. While other antibodies of the 
panels showed no reactivity with the complex.  mAbE2B6 also showed P.falciparum 
growth inhibition indicating that it is reactive against functionally conserved domain 
of RhopH3 protein. Interestingly, the recent observations have also indicated the 
possible association of a protease with the  HMW complex

 Epitope mapping was first carried out for D2 reactive region of RhopH3 by  MALDI 
and peptide phage display methods. For MALDI, immune complex was digested 
with TPCK-trypsin, V8 protease, AspN and Endo Lys C. The region bound to 
antibody after protease treatment was analyzed by mass spectrometry. In parallel, 
antibody binding peptides were also identified by using 12-mer peptide phage
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 library. Homology search of MAbD2 specific peptide (YLGPLEDTNLGY) against 
Plasmodium genome using BLAST showed ~60% sequence homology to RhopH3. 
Further, ClustalX alignment of this peptide with RhopH3 protein revealed the 
presence of eight identical residues, indicating that possible epitopic region of 
mAbD2 resides towards C-terminal. Moreover, the epitope identified by MALDI 
coincided with this peptide sequence, thus confirming that this region constitute the 
epitope of mAbD2.
                     
 Insight thus gained towards the conserved/functional domains of RhopH3 and MSP-
1 might be useful in further testing these epitopes/molecules as targets against 
malaria.

The Research Council of IMTECH in its 32nd meeting held on Dec. 19-20, 2006 
reviewed the work done under this project and declared the project as successfully 
completed.
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bodies. Hence, attempts were made to solublize the recombinant protein. The 
accumulation of the recombinant protein as aggregates could be a result of incorrect 
folding of the expressed protein.  Based on the observation that lower growth 
temperatures often lead to decreased inclusion body formation, culture was grown at 

25 C and 30 C. But at both temperatures more than 95% of the protein was found in 
inclusion bodies.  Further, extraction buffer containing 8M urea resulted in only 
partial solubilization  but also denatured the protein. Besides, various conditions 
using different buffers having salt, detergents and sugar also failed to effectively 
solublize the protein. As the recombinant protein contain 5 cysteine so oxido-
shuffling method  was applied but in this case also protein was unable to fold. Finally, 
success was achieved by using  a mild ionic detergent sarkosyl  which effectively 
solubilized the protein. Both the mAbs D2 and E B reactive with RhopH3, did not 2 6, 

show any reactivity with this recombinant RhopH3(16-294) protein, thus it is likely 
that the epitopes recognized by these two antibodies are not present in this region of 
RhopH3.  

RhopH3 associated molecules and epitope mapping      
Molecules localized in rhoptries, particularly erythrocyte binding proteins, have 
been studied as vaccine targets as these are important for erythrocyte invasion. 
Conserved regions in P.falciparum RhopH3 and that of P.yoelii RhopH3 have been 
identified. Literature shows that HMW rhoptry proteins of malaria parasite exist in 
multiprotein complex which are not affected by chaotropic agents. In line with these 
observations, the studies revealed the association 105 kDa with 146 kDa protein. 
However, among these, only 105 kDa (RhopH3 of HMW) was recognized by 
mAbD2 in western blotting. In order to further check the presence of other members 
of multiprotein HMW complex, affinity purification of HMW  was carried out by 
passing IRBC extract through mAbD2 column. Immunoblotting studies with this 
eluate using polyclonal antiserum revealed other components, although present at a 
low concentration.  Accordingly, it was thought pertinent to select the HMW reactive 
mAbs from a panel generated against P. berghei and P. falciparum.
                      
Immunoblotting of mAb-D2 column purified fraction (containing RhopH3 and 
associated molecules) was performed using above panels of mAbs. PfG D and 5 7 

PfG F  from anti-P.falciparum antibody panel and PbE G PbD F and mAbE B  from 6 2 9 6, 3 7 2 6

anti-P.berghei infected red blood cell membrane panel, showed good reactivity with 
105 kDa , 95  and 45 kDa members of HMW complex. While other antibodies of the 
panels showed no reactivity with the complex.  mAbE2B6 also showed P.falciparum 
growth inhibition indicating that it is reactive against functionally conserved domain 
of RhopH3 protein. Interestingly, the recent observations have also indicated the 
possible association of a protease with the  HMW complex

 Epitope mapping was first carried out for D2 reactive region of RhopH3 by  MALDI 
and peptide phage display methods. For MALDI, immune complex was digested 
with TPCK-trypsin, V8 protease, AspN and Endo Lys C. The region bound to 
antibody after protease treatment was analyzed by mass spectrometry. In parallel, 
antibody binding peptides were also identified by using 12-mer peptide phage
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 library. Homology search of MAbD2 specific peptide (YLGPLEDTNLGY) against 
Plasmodium genome using BLAST showed ~60% sequence homology to RhopH3. 
Further, ClustalX alignment of this peptide with RhopH3 protein revealed the 
presence of eight identical residues, indicating that possible epitopic region of 
mAbD2 resides towards C-terminal. Moreover, the epitope identified by MALDI 
coincided with this peptide sequence, thus confirming that this region constitute the 
epitope of mAbD2.
                     
 Insight thus gained towards the conserved/functional domains of RhopH3 and MSP-
1 might be useful in further testing these epitopes/molecules as targets against 
malaria.

The Research Council of IMTECH in its 32nd meeting held on Dec. 19-20, 2006 
reviewed the work done under this project and declared the project as successfully 
completed.
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BASIC AND APPLIED STUDIES ON CLOT-DISSOLVER AGENTS 
USING PROTEIN ENGINEERING APPROACHES
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Ms. Paramjit Kaur 

The overall aim of the project is to obtain mechanistic insights into the molecular 
action of plasminogen activator enzymes of human as well as bacterial origin so as to 
redesign newer, more efficacious clot-busters.

Catalytic synergy between multiple loci located in the three domains of 
streptokinase during substrate plasminogen processivity.

Plasminogen activation mediated by the streptokinase-plasmin (SK.PN) activator 
complex and its macromolecular substrate, plasminogen involves dynamic protein-
protein interactions during docking, scissile peptide bond cleavage and product 
release/dissociation steps of catalysis. Although biochemical studies from our lab 
such as Yadav, et al., (Biochim Biophys Acta. 2008), Dhar et al., (J. Biol. Chem. 
2002) and Chaudhary et al., (Protein Sci. 1999) have indicated in the past that the 
several possible epitopes, especially surface-exposed loops, participate in the first, 
enzyme-substrate docking step, the identity of a 'higher order' synergistic process, if 
any, in streptokinase (SK) action has not been demonstrated so far. The possible 
'global' function of prominent surface-exposed loops resident in different domains of 
SK in substrate plasminogen processivity was explored through simultaneous multi-
point mutations in these epitopes, namely the alpha domain's 88-97 loop, the beta 
domain's 170 and 250-loops and the region in gamma domain known as coiled coil 
region. Various combinations of  mutations in all these four loci caused retarded 
catalytic activity up to varying extents e.g. a number of different mutations in the 88-
97 loop exhibited nearly 4-fold decreased co-factor activity as compared to the native 
activator complex, while site-specific alanine substitution mutations of the 170-loop 
exhibited decreased catalytic activity of an order of magnitude likewise, various 
charge substitution mutations in the close vicinity of the 250-loop caused a decrease 
in catalysis by a factor of five, as also mutation of key residues in the coiled coil

Dr. Girish Sahni

72

R
&

D
 

P
R

O
G

R
A

M
M

E
S

 region of streptokinase caused a significant fall in catalytic rates of substrate 
plasminogen activation by the preformed SK mutant plasmin complexes . Double 
'hybrid mutants' of these different loci showed a clear phenomenon of co-operativity 
in plasminogen (PG) activation, for example, hybrids in which mutations in the 88-
97 and 170 loops were introduced simultaneously, showed a much more reduction in 
catalytic activity, of the order of nearly 35-fold. Similarly, a double-locus mutant in 
which charge mutations of the 170 and 250 loops were recombined in a single hybrid 
SK mutant exhibited a concerted decline (40-fold) in its cofactor activity. 'Triple 
hybrid' mutants of these distinct loci in which mutations of the 88-97, 170, 250 loops 
and coiled coil region were combined in a single construct, showed a still greater 
retardation, nearly of  three orders of magnitude in substrate processing, compared to 
the native complex. From these studies, the group infer that the three epitopes in SK 
likely work in “symphony” as catalytic motors during the conversion of substrate 
plasminogen to plasmin.

Hierarchical decline of catalytic 
turnover in various loop mutants.

Native SK        Single mutant    Double Mutant    Triple Mutant

Bacterial over-expression and in vitro refolding of cysteine-rich proteins of the 
human thrombolytic system

The group has successfully developed and optimized in vitro refolding capability for 
complex, large proteins of the human thrombolytic system that contain multiple 
disulfide bonds in their native state. Inability to refold in vivo during bacterial over-
expression leads many recombinant proteins into the inclusion bodies. Screening for 
multiple conditions optimal for oxidative refolding was made simple by adopting a 
MATRIX based refolding approach and devising a 96-well micro plate based activity 
assay.  This approach provided a high-throughput method to examine multiple 
conditions of refolding in several multi-well plates simultaneously. Refolding can be 
set under 96 different conditions for one plate and the activity generation can be 
quantified in a single absorption scan for hydrolyzed substrate. A systematic 
investigation exploring different combinations of salt, glutathione, co-solvents such 
as glycerol, and refolding promoters such as L-arginine etc. resulted in successful 
refolding of various plasminogen derivatives that are rich in cysteine and difficult to 
refold with conventional approaches. The methods so optimized are promising for 
other cysteine rich proteins,  in particular those that contain serine-protease like 
catalytic domains and/or the extensively disulfide- bonded or simply the kringle 
domains that are present in many other proteins besides plasminogen with 
therapeutic importance.
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The overall aim of the project is to obtain mechanistic insights into the molecular 
action of plasminogen activator enzymes of human as well as bacterial origin so as to 
redesign newer, more efficacious clot-busters.

Catalytic synergy between multiple loci located in the three domains of 
streptokinase during substrate plasminogen processivity.

Plasminogen activation mediated by the streptokinase-plasmin (SK.PN) activator 
complex and its macromolecular substrate, plasminogen involves dynamic protein-
protein interactions during docking, scissile peptide bond cleavage and product 
release/dissociation steps of catalysis. Although biochemical studies from our lab 
such as Yadav, et al., (Biochim Biophys Acta. 2008), Dhar et al., (J. Biol. Chem. 
2002) and Chaudhary et al., (Protein Sci. 1999) have indicated in the past that the 
several possible epitopes, especially surface-exposed loops, participate in the first, 
enzyme-substrate docking step, the identity of a 'higher order' synergistic process, if 
any, in streptokinase (SK) action has not been demonstrated so far. The possible 
'global' function of prominent surface-exposed loops resident in different domains of 
SK in substrate plasminogen processivity was explored through simultaneous multi-
point mutations in these epitopes, namely the alpha domain's 88-97 loop, the beta 
domain's 170 and 250-loops and the region in gamma domain known as coiled coil 
region. Various combinations of  mutations in all these four loci caused retarded 
catalytic activity up to varying extents e.g. a number of different mutations in the 88-
97 loop exhibited nearly 4-fold decreased co-factor activity as compared to the native 
activator complex, while site-specific alanine substitution mutations of the 170-loop 
exhibited decreased catalytic activity of an order of magnitude likewise, various 
charge substitution mutations in the close vicinity of the 250-loop caused a decrease 
in catalysis by a factor of five, as also mutation of key residues in the coiled coil
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 region of streptokinase caused a significant fall in catalytic rates of substrate 
plasminogen activation by the preformed SK mutant plasmin complexes . Double 
'hybrid mutants' of these different loci showed a clear phenomenon of co-operativity 
in plasminogen (PG) activation, for example, hybrids in which mutations in the 88-
97 and 170 loops were introduced simultaneously, showed a much more reduction in 
catalytic activity, of the order of nearly 35-fold. Similarly, a double-locus mutant in 
which charge mutations of the 170 and 250 loops were recombined in a single hybrid 
SK mutant exhibited a concerted decline (40-fold) in its cofactor activity. 'Triple 
hybrid' mutants of these distinct loci in which mutations of the 88-97, 170, 250 loops 
and coiled coil region were combined in a single construct, showed a still greater 
retardation, nearly of  three orders of magnitude in substrate processing, compared to 
the native complex. From these studies, the group infer that the three epitopes in SK 
likely work in “symphony” as catalytic motors during the conversion of substrate 
plasminogen to plasmin.

Hierarchical decline of catalytic 
turnover in various loop mutants.

Native SK        Single mutant    Double Mutant    Triple Mutant

Bacterial over-expression and in vitro refolding of cysteine-rich proteins of the 
human thrombolytic system

The group has successfully developed and optimized in vitro refolding capability for 
complex, large proteins of the human thrombolytic system that contain multiple 
disulfide bonds in their native state. Inability to refold in vivo during bacterial over-
expression leads many recombinant proteins into the inclusion bodies. Screening for 
multiple conditions optimal for oxidative refolding was made simple by adopting a 
MATRIX based refolding approach and devising a 96-well micro plate based activity 
assay.  This approach provided a high-throughput method to examine multiple 
conditions of refolding in several multi-well plates simultaneously. Refolding can be 
set under 96 different conditions for one plate and the activity generation can be 
quantified in a single absorption scan for hydrolyzed substrate. A systematic 
investigation exploring different combinations of salt, glutathione, co-solvents such 
as glycerol, and refolding promoters such as L-arginine etc. resulted in successful 
refolding of various plasminogen derivatives that are rich in cysteine and difficult to 
refold with conventional approaches. The methods so optimized are promising for 
other cysteine rich proteins,  in particular those that contain serine-protease like 
catalytic domains and/or the extensively disulfide- bonded or simply the kringle 
domains that are present in many other proteins besides plasminogen with 
therapeutic importance.

B
IE

N
N

IU
M

 R
E

P
O

R
T

 



High-level secretory expression of human plasminogen derivatives in Pichia
pastoris

In order to understand the differential contributions of kringles present in
plasminogen molecule for catalytic turnover by the SK-PN complex, the expression
of different molecular forms of plasminogen is highly desirable. For the expression
of relatively large, disulphide-rich proteins, the yeast expression system,. Pichia
pastoris was optimized for secretory expression. Different signal sequences and
culture conditions have been optimized to increase the production of plasminogen
derivatives. Using the various plasminogen derivatives as substrate, the team
observed that upon addition of each successive kringle at the N-terminus of the
catalytic domain there is an increment in catalytic rate which clearly suggests its role
in the formation of multiple contacts in the process of catalysis by SK-PN complex.
These studies reveal the unique molecular mechanism behind action of SK-PN,
which utilizes protein-protein contacts spatially far away from the catalytic
domain/the target peptide bond. Future studies on the mechanistic aspects of the
enzyme-substrate interactions are being carried out using bacterially and yeast
expressed proteins and their mutational forms (see below).

Physical mapping of streptokinase and plasminogen interaction sites and their
concerted action in catalysis probed by steady-state and real-time FRET
studies.

Despite the determination of X-ray crystal structures of SK in complexation with
microplasmin (catalytic domain devoid of all kringles), the group lacked critical
information about the conformational transitions that may either be transient or
steady in nature but are, nonetheless, indispensable for expression of the active site in
the plasminogen. Also, the crystal structure of the SK.microplasmin binary
enzymatic complex is devoid of the docked substrate. This leaves a big gap in the
understanding of how the substrate interacts with the binary enzymatic complex in a
highly substrate and site-specific manner. To address these mechanistic issues, the
team have now developed fluorescence based assays. To explore the interaction of
docked substrate in the SK.PN complex the group took the approach of steady-state
Fluorescent Resonance Energy Transfer (FRET) that utilized extrinsic fluorophore
attachment to strategically placed cysteine residues at different loci of both
streptokinase and substrate plasminogen. The extent of energy transfer between the
donor and acceptor sites in this system enabled the team to map some of the proximal
and distal loci of the docked substrate from one reference point of SK.

Typical FRET spectra showing quenching of
donor fluorophore present in SK beta domain
due to proximal placing of acceptor fluorophore
containing Kringle domain of docked substrate
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The distance mapping validated the previous solution studies based on loop deletion
and mutagenesis (Dhar et al., 2002; J. Biol. Chem.) where the group first proposed 
the role of substrate kringles in catalytic amplification. The distance geometries
calculated by FRET are being utilized to develop a ternary interaction model of
SK.PN and docked substrate that could answer many underlying queries of enzyme-
substrate interactions in the SK system.

The group have also developed a Stopped-Flow FRET based rapid kinetic technique
in order to examine and explore the dynamic changes in both SK and PG and their
allostery in controlling the different steps of catalysis, such as substrate capture,
catalytic transformation and, finally, product release.

Substrate dependent rates of product formation probed in real-time with Stopped-Flow FRET studies. Traces show
rapid kinetics of product formation for three different substrate derivatives viz. midi-plasminogen, mini-plasminogen
and micro-plasminogen of Plasminogen.

By using time-dependent FRET studies the group examined the rapid kinetics of
catalysis for different truncated plasminogen derivatives and showed their altered
competencies as substrates. This pre-steady state examination enabled to calculate
the real-time rate constant of product formation for different plasminogen derivatives
under a single catalytic turn-over situation. This method has also enabled to examine
the catalytic processivity of different mutants of streptokinase that show co-
opertivity in engendering full blown plasminogen activation capability. These results
reveal an undisputed synergism between different loci spread over the SK structure
that interact with the substrate and co-operate during the plasminogen activation
phenomenon.

PEGylation of Streptokinase to increase in vitro and in vivo stability

Use of various thrombolytic protein drugs is hampered by the generally short in vivo
half-life (10-15 min) as well as their immunogenicity. This situation becomes
particularly acute in case of the heterologous agents, such as streptokinase, where the
protein can elicit antibodies sometimes leading to allergic response makes repeated
administrations of the drug essentially ineffective and even dangerous. To maximize
the pharmacological benefits of streptokinase through reduction of immunogenicity
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and increased in vivo stability, Poly-Ethylene Glycol (PEG) polymer addition was 
attempted. Covalent PEG additions to protein are known to increase their circulating 
half-life, reduce the susceptibility to degradation by proteolytic enzymes, increase 
the solubility of proteins, and lessen their propensity to generate neutralizing 
antibodies. To achieve these objectives, cysteines were strategically introduced at 
different regions in streptokinase. The mutational plan was designed on the basis of 
solvent accessibility of the site and its proteolytic lability. The Cysteine variants were 
further chemically modified by attaching sulfhydryl reactive PEG reagents. This 
strategy resulted in the development of a handful number of potentially improved SK 
derivatives. PEGylated streptokinases,  so obtained can be  useful in treating subjects 
with circulatory disorders such as venous or arterial thrombosis or, in particular, 
myocardial infarction with the advantages being that the PEGylated streptokinases 
have the potential for increased efficacy due to extended action thereby requiring 
lesser doses, and also allows the possibility of repeated administration with minimal 
immune reactivity (a patent application has been filed for this invention ).
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FOR DERIVING RULES FOR DNA-PEPTIDE/PROTEIN DOCKING
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Other Participants: Mr. Manish Dutt
Ms. Ruchi Sachdeva

Protein-nucleic acids complexes have been the subject of study for past many years. 
Proteins that bind to specific DNA target sites play essential roles in all aspects of 
gene regulation. Large amounts of sequence information for genes and transcription 
factors etc. from genome analyses are presenting a great challenge in the field of 
bioinformatics. Despite tremendous amount of sequence and structural data on 
protein-DNA complexes, mechanisms of target recognition are not well understood. 
Sequence similarity searches are the most commonly used methods for extracting 
functional information from sequence data. Structural data contain valuable 
functional information as well. Many a time, conformation of DNA plays an 
important role in protein binding.  Molecular dynamics based on a solid body of 
physical theory can simulate biomolecular interactions of the system such as 
protein-DNA complex using force field based methods. Molecular dynamics and 
mechanics methods employ a number of force fields such MM3, CVFF, AMBER, 
CHARMm and GROMOS. The functional form remains more or less the same in all 
force fields that incorporate a large number of empirical parameters. The strategy of 
developing force fields by fitting as many properties of simple systems as possible 
has resulted in the emergence of many slightly different parameterizations and 
functional forms. The force fields do not treat the electrostatic interactions 
effectively; limits (cut off, smoothing algorithm etc.) applied during force field 
calculations also differ; the solvent effects are not addressed satisfactorily. There has 
been little known on the comparative evaluation of these force fields on these 
macromolecular systems. Also, it is interesting to simulate and explore the 
interactions/docking between the proteins and DNA.

The protein DNA complexes have been subjected to analysis, firstly for their 
classification based on the comparison of structures of proteins associated in the 
complexes by the group. The structural homology of proteins has been verified by 
visual comparison to assign the classes and families. The number of already reported 
groups (by Thornton et al.) remained the same with more protein chains being 
observed belonging to the groups 'Enzymes' & 'Helix-turn-helix' as compared to 
other groups. A few new families of protein chains (such as Tn5 transposase family, 
lambda integrase, P4 origin binding domain like, endonuclease IV family, DNA



and increased in vivo stability, Poly-Ethylene Glycol (PEG) polymer addition was 
attempted. Covalent PEG additions to protein are known to increase their circulating 
half-life, reduce the susceptibility to degradation by proteolytic enzymes, increase 
the solubility of proteins, and lessen their propensity to generate neutralizing 
antibodies. To achieve these objectives, cysteines were strategically introduced at 
different regions in streptokinase. The mutational plan was designed on the basis of 
solvent accessibility of the site and its proteolytic lability. The Cysteine variants were 
further chemically modified by attaching sulfhydryl reactive PEG reagents. This 
strategy resulted in the development of a handful number of potentially improved SK 
derivatives. PEGylated streptokinases,  so obtained can be  useful in treating subjects 
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Proteins that bind to specific DNA target sites play essential roles in all aspects of 
gene regulation. Large amounts of sequence information for genes and transcription 
factors etc. from genome analyses are presenting a great challenge in the field of 
bioinformatics. Despite tremendous amount of sequence and structural data on 
protein-DNA complexes, mechanisms of target recognition are not well understood. 
Sequence similarity searches are the most commonly used methods for extracting 
functional information from sequence data. Structural data contain valuable 
functional information as well. Many a time, conformation of DNA plays an 
important role in protein binding.  Molecular dynamics based on a solid body of 
physical theory can simulate biomolecular interactions of the system such as 
protein-DNA complex using force field based methods. Molecular dynamics and 
mechanics methods employ a number of force fields such MM3, CVFF, AMBER, 
CHARMm and GROMOS. The functional form remains more or less the same in all 
force fields that incorporate a large number of empirical parameters. The strategy of 
developing force fields by fitting as many properties of simple systems as possible 
has resulted in the emergence of many slightly different parameterizations and 
functional forms. The force fields do not treat the electrostatic interactions 
effectively; limits (cut off, smoothing algorithm etc.) applied during force field 
calculations also differ; the solvent effects are not addressed satisfactorily. There has 
been little known on the comparative evaluation of these force fields on these 
macromolecular systems. Also, it is interesting to simulate and explore the 
interactions/docking between the proteins and DNA.

The protein DNA complexes have been subjected to analysis, firstly for their 
classification based on the comparison of structures of proteins associated in the 
complexes by the group. The structural homology of proteins has been verified by 
visual comparison to assign the classes and families. The number of already reported 
groups (by Thornton et al.) remained the same with more protein chains being 
observed belonging to the groups 'Enzymes' & 'Helix-turn-helix' as compared to 
other groups. A few new families of protein chains (such as Tn5 transposase family, 
lambda integrase, P4 origin binding domain like, endonuclease IV family, DNA



glycosylase etc.) under various groups have been observed. A new dataset of 
protein–DNA complexes have been generated by taking information from well 
known public databases such as PDB and NDB. The interactions occurring between 
protein and DNA in their respective complexes have been analyzed for the preference 
of type and kind of amino acid residues to base pair(s). A particular set of charged 
residues have been found to be involved in interactions predominantly as compared 
to others. The study of these interactions will help in deriving rules for the docking of 
proteins and DNA into the respective complex. Also, the strengths and qualities of 
commonly employed force fields such as CVFF, AMBER, CHARMm are being 
tested on a few representative complexes.

This study is essential and critical in the post genomic era where a number of nucleic 
acid, protein sequences and structures are available for analysis and simulations.
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Development of Genetic Tools for Functional Analysis of Candida albicans 
Genes

Candida albicans normally exists as a harmless commensal in most healthy humans, 
along the mucosal surfaces of the gastrointestinal and genitourinary tracts and, to a 
lesser extent, on the skin and buccal cavity. However, when the immune system of the 
host gets compromised, it can become an opportunistic pathogen causing painful, 
superficial infections, and systemic infections that are often fatal. Candida infections 
are also on the rise due to a steady increase in the immunocompromised population of 
patients. A molecular level understanding of the biology and pathogenicity of 
Candida will go a long way towards prevention and treatment of infections. 

Though the genome of C. albicans is fully sequenced, the function of large 
proportion of genes is still unknown. Genes crucial for survival and/or pathogenesis 
of C. albicans are identified and studied individually, primarily by gene 
disruption/deletion. However, this is quite cumbersome since C. albicans is naturally 
diploid, and both alleles of a gene need to be mutated to obtain a phenotype.  
Moreover, efficiency of transformation as well as targeted integration is poor in C. 
albicans. Thus, mutating both alleles typically involves generation of deletion 
constructs (by cloning or by PCR), two sequential transformations, and confirmation 
of targeted integration after each transformation. This makes the generation of 
homozygous mutants a rate limiting step in studying C. albicans genes. Failure to 
generate homozygous mutants can lead to inconclusive results, and it may be hard to 
determine whether the gene is essential or not.  Also, the phenotype cannot always be 
attributed to the disrupted gene due to the possibility of transformation induced 
chromosomal abnormalities/mutations elsewhere in the genome. A straightforward 
approach to accurately determine the biological role of a gene is its conditional 
expression, by bringing it under the control of a regulatable promoter. The 
presence/absence of phenotype when the promoter is induced as opposed to when it 
is shut down would clearly indicate the role of the regulated gene in contributing to 
the phenotype. The effect of unintended changes elsewhere in the genome, if any, 
contributing to the phenotype can also be easily ruled out. In C. albicans, a few



glycosylase etc.) under various groups have been observed. A new dataset of 
protein–DNA complexes have been generated by taking information from well 
known public databases such as PDB and NDB. The interactions occurring between 
protein and DNA in their respective complexes have been analyzed for the preference 
of type and kind of amino acid residues to base pair(s). A particular set of charged 
residues have been found to be involved in interactions predominantly as compared 
to others. The study of these interactions will help in deriving rules for the docking of 
proteins and DNA into the respective complex. Also, the strengths and qualities of 
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Genes

Candida albicans normally exists as a harmless commensal in most healthy humans, 
along the mucosal surfaces of the gastrointestinal and genitourinary tracts and, to a 
lesser extent, on the skin and buccal cavity. However, when the immune system of the 
host gets compromised, it can become an opportunistic pathogen causing painful, 
superficial infections, and systemic infections that are often fatal. Candida infections 
are also on the rise due to a steady increase in the immunocompromised population of 
patients. A molecular level understanding of the biology and pathogenicity of 
Candida will go a long way towards prevention and treatment of infections. 

Though the genome of C. albicans is fully sequenced, the function of large 
proportion of genes is still unknown. Genes crucial for survival and/or pathogenesis 
of C. albicans are identified and studied individually, primarily by gene 
disruption/deletion. However, this is quite cumbersome since C. albicans is naturally 
diploid, and both alleles of a gene need to be mutated to obtain a phenotype.  
Moreover, efficiency of transformation as well as targeted integration is poor in C. 
albicans. Thus, mutating both alleles typically involves generation of deletion 
constructs (by cloning or by PCR), two sequential transformations, and confirmation 
of targeted integration after each transformation. This makes the generation of 
homozygous mutants a rate limiting step in studying C. albicans genes. Failure to 
generate homozygous mutants can lead to inconclusive results, and it may be hard to 
determine whether the gene is essential or not.  Also, the phenotype cannot always be 
attributed to the disrupted gene due to the possibility of transformation induced 
chromosomal abnormalities/mutations elsewhere in the genome. A straightforward 
approach to accurately determine the biological role of a gene is its conditional 
expression, by bringing it under the control of a regulatable promoter. The 
presence/absence of phenotype when the promoter is induced as opposed to when it 
is shut down would clearly indicate the role of the regulated gene in contributing to 
the phenotype. The effect of unintended changes elsewhere in the genome, if any, 
contributing to the phenotype can also be easily ruled out. In C. albicans, a few



regulatable promoters have been used to study function of genes by conditional
expression, where one of the alleles is deleted, and the other allele brought under the
control of the regulatable promoter. However, the limitations of this approach are the
need to generate two constructs (one for disruption, and another for regulated
expression), the need for two transformations as well as two confirmations of
targeted integration.  These limitations, along with inefficient targeted integration,
make the generation of strains with conditional expression of test genes very
laborious and time consuming.

To circumvent the above limitations, we have developed a set of modular cassettes 
with which both alleles of a target gene can be conditionally expressed after only a 
single transformation. These cassettes employ auxotrophic markers HIS1 and ARG4,
which have the advantage of not having any effect on virulence, and methionine
repressible (MET3) and maltose inducible (MAL2) promoters. These cassettes are
designed such that after initial selection for arginine prototrophy, in vivo gene
conversion, recombination and further selection for histidine prototrophy would
bring both alleles of a target gene under the control of regulatable promoter. These
cassettes could be successfully used to check the essentiality of certain genes for
growth and survival of C. albicans in vitro. The cassette with MET3 promoter could
also be used to shut down the expression of C. albicans genes during infection of
mice, thereby facilitating the study of the role of these genes in pathogenicity.

Molecular Mechanisms of Amphotericin B (AmB) Resistance in Candida

As mentioned above, the incidence of invasive, and often fatal, Candida infections is
becoming more common. There is also an increase in the number of clinical isolates
resistant to amphotericin B, a frontline antifungal, frequently resulting in treatment
failures. Hence, in another project we are trying to identify and characterize genes
and regulatory pathway(s) that are involved in AmB resistance. A molecular level
understanding of this resistance is likely to help in devising strategies to minimize
development ofAmB resistance during therapy.
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During preliminary experiments done in our laboratory to study AmB resistance, it 
was observed that farnesol, a quorum sensing molecule, increased the resistance by
about 4-8 fold. To explain this, first we tested the involvement of known mechanisms
of AmB resistance to see if farnesol effect is mediated through these. Farnesol is
synthesized from farnesyl pyrophosphate, an intermediate in the ergosterol synthesis
pathway, and thus it is likely that exogenous addition of farnesol affects ergosterol
levels. Since inhibition of ergosterol biosynthesis is known to increase resistance to
AmB, we initially suspected that farnesol increases AmB resistance by modulating 
ergosterol levels. Mutants impaired in ergosterol biosynthesis were tested for AmB
resistance in the presence and absence of farnesol. Farnesol increased the AmB
resistance of all the mutants tested, indicating that farnesol effect is not mediated
through this pathway. Since AmB causes oxidative damage to the cells, and since
farnesol increases resistance to oxidative stress, another possibility is that farnesol
influences AmB resistance by enhancing oxidative stress response. However, results
from mutants impaired in oxidative stress response show that farnesol effect is not
mediated through this pathway as well. Thus, efforts are on to identify other
pathway(s) through which farnesol increases AmB resistance, to better understand
the molecular basis of this phenomenon.

Effect of farnesol on amphotericin B (AmB) resistance, tested in multiwell plates with increasing concentration of
AmB, in the presence (+) or absence (–) of 50 µM farnesol.An indicator dye is included in the wells which turns pink
upon growth of cells, but stays blue when there is no growth. Farnesol effect on AmB resistance varies depending on
the species -- while it has no effect on C. glabrata, maximal effect is seen with C. lusitaniae.
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Dendritic cells (DC), a group of highly specialized antigen presenting cells (APCs),
are known to initiate and regulate the immune responses. However, the capacity of 
DC to orchestrate the immune responses is largely regulated by environmental
stimulation, which includes the local cytokine milieu. While proinflammatory
cytokines potentiate the immunogenic presentation of an antigen by DC,
immunosuppressive cytokines impart tolerogenic potential to DC. Among several
immunosuppressive cytokines hepatocyte growth factor (HGF) is notable. HGF
induced immunosuppression has been implicated in pathophysiology of various
diseases including allergic airway inflammation where it inhibits IL-12 production
and antigen presentation by DC. Furthermore, HGF plays an important role in
immunopathology of malaria also, where it is demonstrated as a key determining
factor for establishment of parasite infection. Indeed, the lack of immunity against
malaria liver stage enables parasite replication and eventual invasion of erythrocytes.
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This may in part be mediated by the immunosuppressive effect of HGF. Notably,
HGF induces development of tolerogenic DC which further promotes regulatory T
cell (Treg) development. Therefore, HGF may play a critical role in determining the
type of immune response in part via regulating DC function. However, the molecular
basis for HGF-induced inhibition has not been defined in DC. Therefore, the main
focus of the group is to define the molecular basis of HGF-mediated inhibition of DC
activation and effector function via c-MET receptor.

The studies demonstrate that HGF pretreatment of bone marrow derived DC
(BMDC) results in inhibition of NF-êB DNA binding activity, IêB?degradation and
IKKactivation induced byLPS stimulation. Furthermore,HGF induced inhibition of
NF-êB activation results in reduced NF-êB binding to IL-12p35 and IL-12p40
promoter. Importantly,NF-êBactivation regulatesDCmaturation andAPC function.
Therefore, regulation of NF-êB activation pathway by HGF in DC will give a novel
molecular insight of HGF-induced DC tolerance. Currently studies are ongoing to
elucidate the molecular mechanism how HGF/c-MET signaling exhibits inhibitory
effect of NF-êB activation pathway in DC and its impact on DCAPC function. This
may in part be mediated by the immunosuppressive effect of HGF. Notably, HGF
induces development of tolerogenic DC which further promotes regulatory T cell
(Treg) development. Therefore, HGF may play a critical role in determining the type
of immune response in part via regulating DC function.
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Karthikeyan Subramanian
skarthik@imtech.res.in

ANTIBACTERIAL DRUG DISCOVERY: STRUCTURE BASED 
DRUG DESIGN AGAINST A POTENTIAL TARGET

Project Leader: Dr. Karthikeyan Subramanian 
Other Participants : Mr. Mirage Singh

Mr. Pankaj Kumar 
Mr. Zeyaul Islam

The objectives of this project comprise:

1. To clone the RFK/FAD synthase gene from Bacillus subtilis/ M. 
tuberculosis/S. typhimurium/V. cholerae  into a suitable vector

2. Expression and optimization of RFK/FAD synthetase
3. Purification of RFK/FAD synthetase suitable for crystallization 
4. Screening for potential crystallization condition 
5. Optimization of crystallization condition to yield diffractable crystals
6. Data collection, structure determination, refinement of the model
7. Analysing the structure
8. Determination of crystal structures with substrates and products.
9. Identification of potential inhibitor using virtual drug screening and docking 

studies.
10. Kinetic and structural studies of the FAD synthetase with its potential 

inhibitor.
11. To develop the inhibitor with pharmacological properties (with suitable 

collaboration)

During the period under report the following objectives were achieved:

RFK/FADS of S. typhimurium :

The gene that encodes for Riboflavin kinase/ FAD synthetase from S. typhimurium 
has been PCR amplified from its genomic DNA and cloned into pET-28C vector. The 
sequence of the cloned gene was verified by automated sequencing in both 
directions. The protein was over expressed in E.coli and the conditions were 
optimized for over expression. The purification protocol has been standardized to 
yield high quantity of purified enzyme. The activity was checked using HPLC.  The 
molecular mass was determined by MALDI experiments.

RFK/FADS of M. tuberculosis :

The gene encoding the RFK/FADS has been PCR amplified from its genomic DNA 
and cloned into pET-28C vector. The sequence of the cloned gene was verified by
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 automated sequencing in both directions. The protein was over expressed in E.coli 
and the conditions were optimized for over expression.  Yet, the protocol has to 
standardized for better yield and purification.

RFK domain of M. tuberculosis :

In addition to the full length the team cloned and expressed only the riboflavin kinase 
domain of M.tuberculosis. The protein over expressed in E.coli and purified to its 
homogeneity. Screening of the crystallization conditions were started for this 
domain.

RFK/FADS of V. cholerae :

The full length gene of RFK/FADS was PCR amplified from its genomic DNA and 
cloned into pET-28C vector.  Expression, purification and characterization of this 
enzyme is currently going on.

Full length and RFK domain of B.subtilis:

The full length and RFK domain of B.subtilis was PCR amplified from its genomic 
DNA and cloned intopET-28C vector. Expression and purifications has been 
standardized.

D
r.

 K
ar

th
ik

ey
an

 S
ub

ra
m

an
ia

n 
(s

ta
nd

in
g,

 s
ec

on
d

fr
om

 l
ef

t)
 a

nd
 g

ro
up

B
IE

N
N

IU
M

 R
E

P
O

R
T

 



Karthikeyan Subramanian
skarthik@imtech.res.in

ANTIBACTERIAL DRUG DISCOVERY: STRUCTURE BASED 
DRUG DESIGN AGAINST A POTENTIAL TARGET

Project Leader: Dr. Karthikeyan Subramanian 
Other Participants : Mr. Mirage Singh

Mr. Pankaj Kumar 
Mr. Zeyaul Islam

The objectives of this project comprise:

1. To clone the RFK/FAD synthase gene from Bacillus subtilis/ M. 
tuberculosis/S. typhimurium/V. cholerae  into a suitable vector

2. Expression and optimization of RFK/FAD synthetase
3. Purification of RFK/FAD synthetase suitable for crystallization 
4. Screening for potential crystallization condition 
5. Optimization of crystallization condition to yield diffractable crystals
6. Data collection, structure determination, refinement of the model
7. Analysing the structure
8. Determination of crystal structures with substrates and products.
9. Identification of potential inhibitor using virtual drug screening and docking 

studies.
10. Kinetic and structural studies of the FAD synthetase with its potential 

inhibitor.
11. To develop the inhibitor with pharmacological properties (with suitable 

collaboration)

During the period under report the following objectives were achieved:

RFK/FADS of S. typhimurium :

The gene that encodes for Riboflavin kinase/ FAD synthetase from S. typhimurium 
has been PCR amplified from its genomic DNA and cloned into pET-28C vector. The 
sequence of the cloned gene was verified by automated sequencing in both 
directions. The protein was over expressed in E.coli and the conditions were 
optimized for over expression. The purification protocol has been standardized to 
yield high quantity of purified enzyme. The activity was checked using HPLC.  The 
molecular mass was determined by MALDI experiments.

RFK/FADS of M. tuberculosis :

The gene encoding the RFK/FADS has been PCR amplified from its genomic DNA 
and cloned into pET-28C vector. The sequence of the cloned gene was verified by

84

R
&

D
 

P
R

O
G

R
A

M
M

E
S

 automated sequencing in both directions. The protein was over expressed in E.coli 
and the conditions were optimized for over expression.  Yet, the protocol has to 
standardized for better yield and purification.

RFK domain of M. tuberculosis :

In addition to the full length the team cloned and expressed only the riboflavin kinase 
domain of M.tuberculosis. The protein over expressed in E.coli and purified to its 
homogeneity. Screening of the crystallization conditions were started for this 
domain.

RFK/FADS of V. cholerae :

The full length gene of RFK/FADS was PCR amplified from its genomic DNA and 
cloned into pET-28C vector.  Expression, purification and characterization of this 
enzyme is currently going on.

Full length and RFK domain of B.subtilis:

The full length and RFK domain of B.subtilis was PCR amplified from its genomic 
DNA and cloned intopET-28C vector. Expression and purifications has been 
standardized.

D
r.

 K
ar

th
ik

ey
an

 S
ub

ra
m

an
ia

n 
(s

ta
nd

in
g,

 s
ec

on
d

fr
om

 l
ef

t)
 a

nd
 g

ro
up

B
IE

N
N

IU
M

 R
E

P
O

R
T

 



Manoj Raje
manoj@imtech.res.in

CHARACTERIZATION OF A MEMBRANE EXPRESSED

MULTIFUNCTIONAL GLYCOLYTIC PROTEIN AND ITS ROLE IN 

MACROPHAGE FUNCTION

Project Leader: Dr. Manoj Raje
Other Participants : Dr. Chaaya Iyengar

Mr. Rohan Dhiman
Mr. Santosh Kumar
Ms. Pooja Rawat
Mr.Anil Theophilus

GAPDH is known primarily as a cytosolic protein. The group has demonstrated for

the very first time that GAPDH has a novel cell surface localization in mammalian 

cells. It was of interest to understand how an essentially cytosolic protein is localized

on the cell membrane surface and also what are its functions there. In order to answer

this question, the complete characterization of the membrane expressed GAPDH has

been completed. It has now been established that this molecule functions as a novel

receptor for the important iron transport protein Transferrin.

These findings describe the presence of an entirely new uptake mechanism for the

iron transport protein transferrin into mammalian macrophages, wherein these cells

utilize the ubiquitous moonlighting protein GAPDH as a receptor. This mechanism

provides an elegant method by which this abundant cellular protein is relocated to the

membrane for this additional role. It is now proposed that mammalian cell surface

GAPDH represents a primitive mechanism for the uptake of iron transport proteins

that has been conserved in cells. Because GAPDH is a ubiquitous protein, the broader

implications of this finding are that in addition to macrophages, this may be an

alternative mechanism for iron acquisition in other mammalian cells and tissues.

Further studies are underway to elucidate the detailed mechanism and regulation of

this novel transferrin based iron uptake pathway.

Significance of the Contribution: The current findings are central to understanding

iron metabolism in mammalian cell systems. This can be gauged from the fact that

the first ubiquitous Transferrin receptor (TfR-1) was identified in the 1950's.The

second Transferrin receptor (TfR-2) was identified in the 1990's which however is

expressed only on certain cell types. This recent discovery identifies a new type of

ubiquitously expressed Transferrin receptor that bears no homology to the two

previously known receptors. The group has also established that this receptor is

regulated by the levels of extracellular iron.
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Iron is also vital for the replication and survival of invading pathogens. For this

purpose they must acquire host iron. To obtain host iron, successful pathogens

employ several strategies. Intracellular pathogens are known to acquire iron for

metabolic use from transferrin (the mammalian iron transporting glycoprotein) via

the transferrin -receptor endocytic route. Since iron is a critical component of living

systems and is crucial for the outcome of any infection it is of vital importance to

explore the role of GAPDH in iron metabolism. Current research is also focused on

this aspect with relevance to immunity and infection. This study opens up a new

avenue of research in attempting to understand the survival mechanisms of

intracellular pathogens.
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Project Leader : Dr. G.P.S. Raghava 
Other participant: Dr. Balvinder Singh 

Dr. Manoj Kumar 
Mr. Harvinder

Bioinformatics centre at IMTECH has shown consistent growth in the different areas 
of bioinformatics whether in carrying out peer reviewed research or providing 
services to the world wide. This Centre has developed three immunological 
databases and databases for general uses. Following immunological databases are 
used as reference databases i) MHCBN consists of MHC-binders, T-cell epitopes, 
TAP binders etc.; ii) BCIPEP a database of B-cell of epitopes and iii) HaptenDB 
having haptens. BIC has developed a number of web servers based on peer     
r e v i e w e d  r e s e a r c h  c a r r i e d  o u t  a t  t h e  b i o i n f o r m a t i c s  c e n t r e  
(http:/imtech.res.in/raghava/www.html). BIC staff has published more than 60 
research papers in reputed international journals, more than 10 chapters in books, 
around 35 Copyright softwares and more than 25 abstracts/poster/papers presented 
in national and international conferences (http://imtech.res.in/raghava/pub.html). 
The servers are getting more than 15,000 hits per day.

BIC is equipped with state-of-the-art computing facility that includes i) Apple cluster 
integrated with 200 bioinformatics software; ii) Apple macintosh  nodes; iii) SGI 
graphics workstations and SGI origin server; iv) Alpha workstations/server v) Sun  
servers for email and webserver; vi) large number of intel/itenum  based machines; 
vii) two dedicated Internet connections, viii) domain name server, router, proxy 
server and ix) firewall. The Centre has powerful infrastructure in the area of protein 
modeling and Engineering. All computers are on local area network as well as on 
Internet.

BIOINFORMATICS CENTRE ON PROTEIN 

MODELING & ENGINEERING
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Dr. Tapan Chakrabarti
Dr. R.K. Jain Mr. Upendra Singh
Dr. G.S. Prasad Mr. Ashok Yadav
Dr. D. Ananthapadmanaban Mr. Ramesh Singh
Mr. S. Mayil Raj Ms. Girja Ditya
Dr. K. Suresh Mr. Malkhan Singh
Ms. S. Pandey Mr. Paramjit
Mr. Sudhir Kumar Mr. Dhan Prakash
Mr. Sushil Kumar Mr. Malkit Singh

Microbial Type Culture Collection and Gene Bank (MTCC)  a national facility 
supported jointly by DBT and CSIR has been functioning since 1987.   MTCC is an 
affiliate member of the World Federation of Culture Collection (WFCC) and is 
registered with the World Data Centre on Microorganisms (WDCM, Registration 
Number 773).  The main objectives of MTCC are:

i) Procurement of microbial cultures and their long term preservation
ii) Supply of authentic cultures to scientific community
iii) Provide services in the area of identification of microorganisms and freeze-

drying of cultures.
iv) Act as a depository of microorganism including deposit of cultures for patent 

procedure
v) Conduct research in microbial diversity, taxonomy and in related areas.
vi) Impart training/organize workshop in the area related to culture collection, 

microbial taxonomy and diversity.

MTCC is now recognized as an IDA.  The MTCC catalogue and related information 
are  avai lable  on i ts  websi te  (www.imtech.res ._Hlt165717350i_ 
Hlt165717350n/mtcc) and is now being extensively used by regular and potential 
customers around the country and abroad.

MICROBIAL TYPE CULTURE COLLECTION &
GENE BANK (MTCC)
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At present MTCC has more than 7000 characterized cultures of Actinomycetes, 
Bacteria, Fungi, Plasmids and Yeasts in its collection.  In addition about 6000 
potentially important cultures of bacteria and fungi are also being maintained.  
During this period (2005-2007) deposits under  the Budapest Treaty was 119.  For 
filing patents in India and for safe deposit MTCC received 8 and 3 microorganisms 
respectively.

In 2005-2006, a total of 5162 and in 2006-2007 a total of 5291 cultures were supplied 
to different colleges, universities, research institutions and to industries.  During this 
period (2005-2007) more than 700 cultures were identified as a service.  Besides 
these freeze-drying service was also provided to a large number of investigators.

Focus of research in MTCC has been mainly on microbial diversity and taxonomy.  
During this period two new genera and many new species from diverse ecological 
niches of India have been described
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Project Leader:  Dr. D.K. Sahoo

Other Participants: Dr. Vijay Sonawane
Mr. Hemraj Nandanware
Mr. Anirban Roy Choudhury
Mr. E. Senthel Prasad
Dr. Lata Verma
Mr. R.K. Kanojia 

Objectives:

1. To carry research on the development of biochemical processes using 
fermentation technology and downstream processing.

2. To undertake sponsored projects for the development of new products and/or 
new technologies.

3. To evaluate technologies proposed to be imported or upgraded by   either 
private or public sector.

4. To collaborate with various industries and research institutions in terms of 
scientific and technical information exchange and optimal use of different 
equipment.

5. To train technical personnel from industries as well as universities and 
research institutions.  

6. To provide facilities to researchers from universities and other R&D 
organizations.

BIOCHEMICAL ENGINEERING RESEARCH AND 
PROCESS DEVELOPMENT CENTRE
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BIOCHEMICAL ENGINEERING RESEARCH AND 
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R&D on the below mentioned projects was undertaken during the period under 
report:

1. Media and process optimization for production of staphylokinase.

2. NMITLI Project on “Biotechnology for Leather: towards cleaner processing 
Phase II”. 

3. CSIR network project on “Standardization of technologies for bioresources for 
and from leather”.

4. Production of cerulomycin

5. Bio-extract making and screening for bio-actives: Exploration of 
microorganisms for secondary metabolites

6. Screening for proteases, lipases and cellulases

Consultancy, Technology Demonstration and Licensing

• Consultancy assignment of Bigtec, Bangalore was successfully completed.

• Technology on “A process for the production of recombinant staphylokinase” at 
5 L and 20 L scale was demonstrated and licensed to M/S Strides Arcolabs 
Limited, Bangalore.

• Technology on “Production of -amylase” and “A process for production of 
alkaline protease” at 20 L and 100 L scale were demonstrated  and licensed to 
Celestial Labs Limited, Hyderabad.

Human Resource Development

• BERPDC imparted training to students from a number of Universities/ Institutes 
in areas of Biochemical Engineering and Applied Microbiology.
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Extra-mural Human Resource Development

Summer Training Programme for M.Sc. (Biotechnology) students from 
Universities of Calcutta, Panjab, Banaras Hindu, Kurukshetra, Goa, 
Pondicherry, Aligarh Muslim, Punjabi, Guru Nanak Dev, Devi Ahilya, 
Calicut, Jawaharlal Nehru, Nagarjuna, Delhi, etc. was conducted during the 
period under report. A total of 54 students underwent this training.

Winter Training Programme for M.Sc. (Biotechnology) students from 
Universities of Himachal Pradesh, Shimla; Kumaun and Tejpur was also 
conducted during the period under report.   A total of 9 students underwent 
this training.

Long Term Training Programme (6 months) for M.Sc. & B. Tech. students 
from Universities of Calcutta, Panjab, Banaras Hindu, Kurukshetra, Goa, 
Pondicherry, Aligarh Muslim, Punjabi, Guru Nanak Dev, Devi Ahilya, 
Calicut, Jawaharlal Nehru, Nagarjuna, Delhi, etc. was also conducted 
during the period under report. A total of 100 students underwent this 
training.

The Institute of Microbial Technology signed an agreement with the Panjab 
University, Chandigarh on Sept. 19, 2005. According to the agreement, 
IMTECH scientists will participate in the various teaching programs of 
Panjab University and the University will recognize and accredit IMTECH 
scientists, on their expressed requests for guiding research leading to Ph.D. 
degree and the two research Institutes will explore the possibility of joint 
efforts for seeking for funds and conduct of collaborative research, training 
and consultancy with industry / institutions in India / abroad. The MoU 

stwould be valid for a period of 5 years commencing from 1  Sept., 2005. 

The Institute celebrates “Hindi Pakhwara” every year to promote the 
progressive usage of Hindi language in official work. During the period 

under review the same was celebrated 
from Sept. 1-14. Several competitions 
viz., Hindi Essay Writing, Hindi 
Vocabulary, Hindi Calligraphy, Hindi 
Typing and Hindi Quiz were held.

The Bioinformatics Centre successfully 
conducted, from October 18-21, 2005, a 
National Workshop on “Machine 
Learning Techniques in Functional 
Proteomics”  in which 33 participants 
from several academic institutions and 
industries underwent an intensive 
training. 

Participants of the workshop on 
Machine Learning Technique in Functional Proteomics
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Long Term Training Programme (6 months) for M.Sc. & B. Tech. students 
from Universities of Calcutta, Panjab, Banaras Hindu, Kurukshetra, Goa, 
Pondicherry, Aligarh Muslim, Punjabi, Guru Nanak Dev, Devi Ahilya, 
Calicut, Jawaharlal Nehru, Nagarjuna, Delhi, etc. was also conducted 
during the period under report. A total of 100 students underwent this 
training.

The Institute of Microbial Technology signed an agreement with the Panjab 
University, Chandigarh on Sept. 19, 2005. According to the agreement, 
IMTECH scientists will participate in the various teaching programs of 
Panjab University and the University will recognize and accredit IMTECH 
scientists, on their expressed requests for guiding research leading to Ph.D. 
degree and the two research Institutes will explore the possibility of joint 
efforts for seeking for funds and conduct of collaborative research, training 
and consultancy with industry / institutions in India / abroad. The MoU 

stwould be valid for a period of 5 years commencing from 1  Sept., 2005. 

The Institute celebrates “Hindi Pakhwara” every year to promote the 
progressive usage of Hindi language in official work. During the period 

under review the same was celebrated 
from Sept. 1-14. Several competitions 
viz., Hindi Essay Writing, Hindi 
Vocabulary, Hindi Calligraphy, Hindi 
Typing and Hindi Quiz were held.

The Bioinformatics Centre successfully 
conducted, from October 18-21, 2005, a 
National Workshop on “Machine 
Learning Techniques in Functional 
Proteomics”  in which 33 participants 
from several academic institutions and 
industries underwent an intensive 
training. 

Participants of the workshop on 
Machine Learning Technique in Functional Proteomics



IMTECH conducted the seventh "CSIR Programme on Youth for
Leadership in Science" on November 10-11, 2005. A total of 27 students

attended the two day meet. The programme
was initiated by a welcome
address by the Dr. P.R. Patnaik, Scientist 'G'.
Thereafter Dr. Naresh Kumar gave a brief
introduction about CSIR and the aims and
objectives of the CPYLS programme. The
Inaugural talk was delivered by Dr. Tapan
Chakrabarti, Scientist 'G' on the topic
“Prokaryotic Diversity- The unseen
majority”. A special lecture entitled
“Development of Scientific Culture in
India” was delivered by Dr. Nitya Nand, Ex-
Director, CDRI, Lucknow on Nov. 10, 2005.
The lecture generated considerable enthusiasm
among the participants. A scientific exhibition 
on IMTECH's ongoing research programmes
and existing capabilities, live demonstration of
its computer modelling capabilities, and
several laboratory experiments were also held
and the students actively participated in all
these events. Besides this, a poster making
competition and a quiz contest entitled
“Creativity Olympiad” were held in which all

the students actively participated.

IMTECH conducted the eighth "CSIR Programme on Youth for
Leadership in Science" on October 9-10, 2006. A total of 33 students
attended the two day meet. The programme was initiated by a welcome
address by the Dr. P. Chakraborti Scientist 'F'. Thereafter Dr. Naresh Kumar
gave a brief introduction about CSIR and the aims and objectives of the
CPYLS programme. The Inaugural talk was delivered by Prof. B.N.
Ganguli, Consultant, IMTECH on the topic “Some Things Small but
Wonderful”. A scientific exhibition on IMTECH's ongoing research
programmes and existing capabilities, live demonstration of its computer
modelling capabilities, and several laboratory experiments were also held
and the students actively participated in all these events. The programme
concluded with a lively discussion with the participants about their
expectations and the career propects as they see it. They were also
encouraged to give their views & inputs on the programme.

IMTECH organised two workshops on "Leadership Renewal and
Reinforcement” and “Leadership and Change Management" from
February 13-14 and Feb. 15-17, 2006 respectively which were attended by
scientists and senior personnel from administration, finance and stores and
purchase. The workshop was facilitated Mr. Ian Dean of the Groman
Consultancy Group of South Africa. These workshops were well received 
and highly appreciated.

Provided training on “Maintenance and Identification of Cultures” to 3
persons from Nagarjuna Fertilizers & Chemicals Ltd., Hyderabad from
March 20-31, 2006.

Participants of the CPYLS Programme
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Provided training on “Maintenance and Identification of Cultures” to a 
staff member from Saguna Poultry Farm Ltd., Pondicherry, from March 
20-31, 2006.

The Bioinformatics Centre successfully conducted from November 14-17,
2006 a National Workshop on “Bioinformatics Resources on miRNA and
siRNA” in which 28 participants from several academic institutions and
industries underwent an intensive training in the aforesaid field.

The Institute organised, on behalf of HRDG, Ghaziabad a 2-day conclave of
the Controllers of Finance & Accounts / Finance & Accounts officers of
CSIR system from Dec. 1-2, 2006. A total of 54 participants participated in
this meet.

The Institute organised, on behalf of EU-India TIDP, a 2-day workshop on
patent drafting, IPR licensing, Technology Transfer etc. for scientists and
senior faculty of IMTECH, CSIO, NIPER and Panjab Univeristy from
February 26-27, 2007. A total of 58 participants participated in this
workshop.

Signing ceremony of an MoU with Panjab University,
Chandigarh.
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Dr. J.N. Agrewala was conferred the prestigious “Dr. S.S. Bhatnagar 

Award” for the year 2005. Dr. Manmohan Singh, Prime Minister of India 

gave the award to Dr. Agrewala for his outstanding contributions in the 

field of Medical Sciences.

Dr. R.K. Jain was conferred the prestigious "Pitamber Pant National 

Environment Fellowship Award" for the year 2004. The award was in 

recognition of his contribution in the field of Environmental 

Biotechnology and for undertaking research on "Chemo toxic and 

biodegradation of nitro aromatic compounds".

Dr. G.P.S. Raghava was selected for the prestigious “National Bioscience 

Award for Career Development” for 2005-2006.

Dr. P. Guptasarma was conferred the “AVRA Young Scientist Award” for 

the year 2005.

Dr. J. N. Agrewala was selected for the prestigious “National Bioscience 

Award for Career Development” for 2006-2007. 

Dr. Girish Sahni: Elected Fellow of Association of Microbiologists of 

India.

Dr. R. K. Jain was conferred the prestigious “Dr. Y.S. Narayana Rao 

Oration Award” for the year 2004 for his significant contributions in 

biomedical research. 
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Clot-specific Streptokinase 

A team of IMTECH scientists lead by Dr Girish Sahni, has designed a new-
generation clot buster protein. Although the most used thrombolytic protein, 
Streptokinase, has generally proven to be as efficacious in large scale field trials 
on myocardial infarctions as its more expensive counterparts (Urokinase and 
tPA), the administration of the drug at clinically effective doses often results in 
rapid plasminogen activation in the blood stream, leading to the unwanted 
proteolytic degradation of clotting factors, causing bleeding and other serious 
side-effects in many patients. Hence, a clot-buster drug with minimal side-effects 
is highly desirable. This function i.e. the ability to dissolve the pathological blood 
clot without plasminogen activation through the circulatory system is highly 
coveted and a premium property in any clot-buster drug of choice. The new clot-
buster drug developed at IMTECH is unique in its functions, where the 
engineered clot buster circulates in an inactive state without activating the blood 
plasminogen. However, once it encounters and binds to the blood clot, it is 
activated and thereby generates plasmin in and around the vicinity of the clot, 
which, in turn, cleaves the fibrin clots without the occurrence of generalized 
proteolysis, as often happens during SK therapy.

Technology Transfer Tie-ups

Signing Ceremony of technology licensing agreement between IMTECH, Chandigarh and Nostrum 
Pharmaceuticals Inc, USA in New Delhi on July 26,2006. 
Seen in the picture are : Dr. Naresh Kumar, Head RDPD, CSIR (extreme left); Dr. Girish Sahni, Director, 
IMTECH (second from left); THE HON'BLE MINISTER for Science and Technology, Shri Kapil Sibal (third 
from left); Dr. R.A Mashelkar, Director General, CSIR (fourth from left); Mr. Kalra (fifth from left)  and Dr. 
Nirmal Mulye, President, Nostrum Pharmaceuticals Inc, USA (sixth from left) during the signing of technology 
licensing agreement 
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buster drug developed at IMTECH is unique in its functions, where the 
engineered clot buster circulates in an inactive state without activating the blood 
plasminogen. However, once it encounters and binds to the blood clot, it is 
activated and thereby generates plasmin in and around the vicinity of the clot, 
which, in turn, cleaves the fibrin clots without the occurrence of generalized 
proteolysis, as often happens during SK therapy.

Technology Transfer Tie-ups

Signing Ceremony of technology licensing agreement between IMTECH, Chandigarh and Nostrum 
Pharmaceuticals Inc, USA in New Delhi on July 26,2006. 
Seen in the picture are : Dr. Naresh Kumar, Head RDPD, CSIR (extreme left); Dr. Girish Sahni, Director, 
IMTECH (second from left); THE HON'BLE MINISTER for Science and Technology, Shri Kapil Sibal (third 
from left); Dr. R.A Mashelkar, Director General, CSIR (fourth from left); Mr. Kalra (fifth from left)  and Dr. 
Nirmal Mulye, President, Nostrum Pharmaceuticals Inc, USA (sixth from left) during the signing of technology 
licensing agreement 
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A bio-process for the preparation of the new clot buster has been standardized at 
laboratory scale. The process begins with culturing, growing and harvesting the 
organisms, either bacteria or yeast, and purification of biologically active protein 
of about 90-95% purity.

The technology has been successfully transferred to a US firm (Nostrum 
Pharmaceuticals Inc., USA). Based on the tie-up made between Nostrum 
pharmaceuticals, USA, and CSIR (IMTECH), Chandigarh, the new, engineered 
Clot-buster will be developed and commercialized both in developing countries 
and in other markets worldwide. 

Recombinant Staphylokinase

A recombinant strain and a high-efficiency facile two step protocol for 
purification of staphylokinase has been developed by IMTECH scientists for 
high level intracellular production of Staphylokinase in E. coli.  

The complete technological package for the production for recombinant 
staphylokinase has been transferred to M/S Strides Arcolab Ltd., Bangalore. The 
licensee is working on development of the commercial scale process with 
IMTECH's advice.

Know-how for the production of alpha-amylase and alkaline protease was 
transferred to Celestial Labs, Hyderabad.
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The Institute of Microbial Technology celebrated the Technology Day on 
May 11, 2005 in its campus by organizing several programmes for the 
general public and studentÝ. The Institute had declared this day as an 'Open 
day' and a number of students, teachers and lay visitors visited the Institute 
to acquaint themselves about the ongoing work. The Institute organized a 
public lecture by Dr. P.K. Ghosh, President, Biocare SBU, Cadila 
Pharmaceuticals Ltd., Ahmedabad on the topic “Planning by Indian 
Biotech R&D Institutions: Post-2005 Era”.

The Institute celebrated the CSIR Foundation Day on September 26, 
2005. On this day the general public was sensitized on the advancements 
which have taken place in the upcoming area of  Biotechnology. On this day 
the Institute remained open to visitors from 10 am to 12.30 pm. Highlight of 
the day was a special lecture by Dr. Kanury V.S. Rao, Head, Immunology 
Group, International Centre for Genetic Engineering and Biotechnology, 
New Delhi  on the topic “The Dynamics of Receptor-Mediated 
Signaling: Elegance in Chaos”.  

IMTECH Foundation Day Lecture was delivered by Dr. R.A. Mashelkar, 
Director General, Council of Scientific & Industrial Research, New Delhi 
on January 25, 2006 on the topic "Making High Technology Work for the 
Poor". 

To commemorate CSIR Foundation Day, the Institute organized a special 
lecture  on September 26, 2006 which was delivered by  Prof. G. 
Padmanaban, Former Director & Honorary Professor, Deptt. of 
Biochemistry, Indian Institute of Science, Bangalore on the topic “Drugs 
and Drug Targets against Malaria: Old and New”.  

Public Functions & Official Orations
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The seventh Prof. B.K. Bachhawat Memorial Lecture was delivered on Dec. 19, 
2006 by Prof. M. Vijayan, Distinguished Professor, Indian Institute of Science, 
Bangalore on the topic “Structural Diversity and Carbohydrate Specificity of 
Plant Lectins”. 

rdThe Institute celebrated its 23  Foundation Day on January 24, 2007. The 
Foundation Day Lecture was delivered by Prof. H.S. Savithri, Deptt. of 
Biochemistry, Indian Institute of Science, Bangalore on the topic “Studies in 
Protein Science: Two Decades of Fun and Adventure”. 
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2006 by Prof. M. Vijayan, Distinguished Professor, Indian Institute of Science, 
Bangalore on the topic “Structural Diversity and Carbohydrate Specificity of 
Plant Lectins”. 

rdThe Institute celebrated its 23  Foundation Day on January 24, 2007. The 
Foundation Day Lecture was delivered by Prof. H.S. Savithri, Deptt. of 
Biochemistry, Indian Institute of Science, Bangalore on the topic “Studies in 
Protein Science: Two Decades of Fun and Adventure”. 
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As in the previous years IMTECH scientists maintained a close cooperation with 
universities, other academic and r&d institutions and industries, both for the 
development of interactive programmes and also manpower training. Several of 
them were successful in obtaining financial support from various sources for the 
following projects:

qMechanism of action of Anaphase promoting complex in gene silencing 
fission yeast (Funded by Deptt. of Science and Technology).

qChemo-toxic and biodegradation of nitroaromatic compounds (Ministry of 
Environment and Forests).

qEstablishment of Indian Bioresource Information Network (IBIN) (Funded 
by Deptt. of Biotechnology).

qIdentification and investigation into the components of a recently identified 
'alternate pathway' for glutathione degradation in the yeast Saccharomyces 
cerevisiae. (Funded by Deptt. of Science and Technology).

qSecond-generation cytokine biogenerics (Funded by Deptt. of 
Biotechnology).

qSecond-generation thrombolytic biogenerics (Funded by Deptt. of 
Biotechnology).

qTherapeutic humanized monoclonal antibodies (Funded by Deptt. of 
Biotechnology).

qThe design, chemical synthesis and characterization of self-assembling B-
turn like motifs  (Funded by Deptt. of Science and Technology).

qIdentification of potential antigens and antigenic regions for subunit 
vaccine design (Funded by Deptt. of Biotechnology).

qPotent role of pro-memory cytokines in the protection and generation and 
sustenance of memory responses in animals immunized with vaccine 
prepared from macrophages infected with live M. tuberculosis (Funded by 
Indian Council of Medical Research).

qRole of GAPDH as a multifunctional protein in dendritic cells (Funded by 
Deptt. of Biotechnology).

qAn investigation into the presumed rate limiting steps & substrates of 
glutathione biosynthesis in the yeast Saccharomyces  cerevisiae (Funded 
by Deptt. of Biotechnology).

External Linkages
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qComparative analysis of luxO, the Quorum Sensing Master Regulator 
among 01, 0139 and non-01, non-0139 V. cholerae strains (Funded by 
Deptt. of Biotechnology).

qPotent Role of Vaccine prepared from macrophages infected with live 
bacteria in the protection and generation of long-lasting memory cell 
against Mycobacterium tuberculosis (Funded by Deptt. of Biotechnology).

qCharacterization of a novel membrane expressed GAPDH and its role in 
macrophage function (Funded by Deptt. of Science and Technology).

qMolecular mechanism of Vitreoscilla hemoglobin (VHb) function: 
Identification of cellular partner of VHb and studies on protein-protein 
interaction to explore novel function(s) of bacterial hemoglobins (Funded 
by Deptt. of Science and Technology).

qStructural analysis of FAD synthetase from yeast: Potential antifungal 
target for rational drug design  (Funded by Deptt. of Science and 
Technology).

qDeciphering and Studies of Redox Network of Mycobacterium 
Tuberculosis H37Rv (Funded by Deptt. of Biotechnology).

qStudies on molecular mechanism of protein-protein interactions in 
hemoglobins of Mybacterium tuberculosis: Characterization of novel 
interacting partners of mycobacterial hemoglobins and their evaluation as 
potential drug targets (Funded by Deptt. of Biotechnology).

qStudies on peptide deformylase enzyme for development of a screening 
system to identify mycobacteria specific inhibitors (Funded by Deptt. of 
Biotechnology).

qDevelopment of technology for recombinant staphylokinase (Licenced to 
Strides Arcolab Ltd., Bangalore). 

qCharacterization of the pathogen infecting the silkworm insect (Funded by 
Directorate of Sericulture, Uttaranchal). 

qDevelopment of technology for clot-specific streptokinase (Licenced  to 
Nostrum Pharmaceuticals Inc., USA).

qComparative studies on soil ecosystems in Bt and non-Bt corn crops 
(Funded by Monsanto India Ltd., Mumbai).

NETWORKED PROJECTS

During the period under report the Institute worked on the following ongoing 
networked programmes by CSIR: 

qCOR0023: Discovery, development and commercialization of new 
bioactive and traditional preparations
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qCOR0018: Advanced facility for safety evaluation of genetically 
engineered / modified drugs

qCOR0011: Infectious disease handling, storage and research facilities

qSMM002: Exploration & exploitation of microbial wealth of India for 
novel compounds & biotransformation processes

qSMM003: Molecular biology of selected pathogens for developing drug 
targets

qCMM0016: Predictive medicine using repeat and single nucleotide 
polymorphisms

qCMM0017: Drug target development using in-silico biology

qCMM0018: Animals models and substitute technologies

qCMM0021: Technology standardisation of bioresources for and from 
leather

NMITLI Projects

During the period under report the Institute worked on the following ongoing 
NMITLI projects sanctioned by CSIR:

qBiotechnology for leather: Towards cleaner processing (Phase II)

qDevelopment of novel fungicides
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qComparative analysis of luxO, the Quorum Sensing Master Regulator 
among 01, 0139 and non-01, non-0139 V. cholerae strains (Funded by 
Deptt. of Biotechnology).

qPotent Role of Vaccine prepared from macrophages infected with live 
bacteria in the protection and generation of long-lasting memory cell 
against Mycobacterium tuberculosis (Funded by Deptt. of Biotechnology).

qCharacterization of a novel membrane expressed GAPDH and its role in 
macrophage function (Funded by Deptt. of Science and Technology).

qMolecular mechanism of Vitreoscilla hemoglobin (VHb) function: 
Identification of cellular partner of VHb and studies on protein-protein 
interaction to explore novel function(s) of bacterial hemoglobins (Funded 
by Deptt. of Science and Technology).

qStructural analysis of FAD synthetase from yeast: Potential antifungal 
target for rational drug design  (Funded by Deptt. of Science and 
Technology).

qDeciphering and Studies of Redox Network of Mycobacterium 
Tuberculosis H37Rv (Funded by Deptt. of Biotechnology).

qStudies on molecular mechanism of protein-protein interactions in 
hemoglobins of Mybacterium tuberculosis: Characterization of novel 
interacting partners of mycobacterial hemoglobins and their evaluation as 
potential drug targets (Funded by Deptt. of Biotechnology).

qStudies on peptide deformylase enzyme for development of a screening 
system to identify mycobacteria specific inhibitors (Funded by Deptt. of 
Biotechnology).

qDevelopment of technology for recombinant staphylokinase (Licenced to 
Strides Arcolab Ltd., Bangalore). 

qCharacterization of the pathogen infecting the silkworm insect (Funded by 
Directorate of Sericulture, Uttaranchal). 

qDevelopment of technology for clot-specific streptokinase (Licenced  to 
Nostrum Pharmaceuticals Inc., USA).

qComparative studies on soil ecosystems in Bt and non-Bt corn crops 
(Funded by Monsanto India Ltd., Mumbai).

NETWORKED PROJECTS

During the period under report the Institute worked on the following ongoing 
networked programmes by CSIR: 

qCOR0023: Discovery, development and commercialization of new 
bioactive and traditional preparations
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qCOR0018: Advanced facility for safety evaluation of genetically 
engineered / modified drugs

qCOR0011: Infectious disease handling, storage and research facilities

qSMM002: Exploration & exploitation of microbial wealth of India for 
novel compounds & biotransformation processes

qSMM003: Molecular biology of selected pathogens for developing drug 
targets

qCMM0016: Predictive medicine using repeat and single nucleotide 
polymorphisms

qCMM0017: Drug target development using in-silico biology

qCMM0018: Animals models and substitute technologies

qCMM0021: Technology standardisation of bioresources for and from 
leather

NMITLI Projects

During the period under report the Institute worked on the following ongoing 
NMITLI projects sanctioned by CSIR:

qBiotechnology for leather: Towards cleaner processing (Phase II)

qDevelopment of novel fungicides
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Lectures Delivered/Papers Presented

NAME

G.S. Prasad

A.K. Bachhawat

J.N. Agrewala

C.R. Suri

J.N. Agrewala

A.K. Bachhawat

Jagmohan Singh

A.K. Bachhawat

Neeraj Khatri

Swaranjit Singh 

J.N. Agrewala

Pradip Sen

DATE

April 17, 2005

April 18, 2005

May 19-21, 2005

August 4, 2005

September 10-15,2005

September 24-26,2005

September 28, 2005

September 28-30,2005

October 7, 2005

October 7, 2005

November 12-14,2005

November 24-27, 2005

TOPIC

Role of MTCC in Conservation of 
Indian Microflora

Discovering Missing Links in 
Glutathione Metabolism : The 
Awesome Power of Yeast Genetics

Regulatory role of M. tuberculosis 
Infected Macrophages in 
Tuberculosis

Immunosensors Based Monitoring

 
Distinct Role of CD80 and CD86 
in the Regulation of the Activation 
of B cell and B cell Lymphoma

Regulation of the Yeast 
Glutathione Transporter, HGT1

Understanding How Prions Cut 
the Silencing in Fission Yeast

An Alternative Pathway for 
Glutathione Degradation in the 
Yeast Saccharomyces Cerevisiae

1) Genetic Monitoring of 
Laboratory Animals and
 2) Environment Enrichment for 
Laboratory Animals

Application and Role of 
Biosurfactants in Bioremediation

Potent Role of Infected 
Macrophages in Eliciting 
Effective Immune Response 
Against M. tuberculosis

Role of MerTK in Apoptotic cell 
Mediated Regulation of DC APC
Function

PLACE

International Conference of 
Microbial Diversity, Delhi 
University, Delhi

Thapar Institute, Patiala

International Center for Genetic 
Engineering & Biotechnology, New 
Delhi

National workshop on Polymeric 
Sensors, Hindustan College of Engg. 
& Tech, Mathura

First International Congress of 
Biochemistry & Molecular Biology, 
Tarbiat Modares University, Tehran, 
Iran

Small Molecule Yeast Transporter 
Meeting of Europe, New Delhi

Indian Institute of Science, 
Bangalore

Biology of Yeasts, Indian Institute of 
Science, Bangalore

Hisar Management and Healthcare 
of Laboratory animals, Hisar

Kobe University, Japan

24th Biennial Conference of the 
Indian Association of Leprologists at 
Central JALMA Institute for 
Leprosy and Other Mycobacterial 
Diseases, Agra

PGIMER, Chandigarh



Lectures Delivered/Papers Presented

NAME

G.S. Prasad

A.K. Bachhawat

J.N. Agrewala

C.R. Suri

J.N. Agrewala

A.K. Bachhawat

Jagmohan Singh

A.K. Bachhawat

Neeraj Khatri

Swaranjit Singh 

J.N. Agrewala

Pradip Sen

DATE

April 17, 2005

April 18, 2005

May 19-21, 2005

August 4, 2005

September 10-15,2005

September 24-26,2005

September 28, 2005

September 28-30,2005

October 7, 2005

October 7, 2005

November 12-14,2005

November 24-27, 2005

TOPIC

Role of MTCC in Conservation of 
Indian Microflora

Discovering Missing Links in 
Glutathione Metabolism : The 
Awesome Power of Yeast Genetics

Regulatory role of M. tuberculosis 
Infected Macrophages in 
Tuberculosis

Immunosensors Based Monitoring

 
Distinct Role of CD80 and CD86 
in the Regulation of the Activation 
of B cell and B cell Lymphoma

Regulation of the Yeast 
Glutathione Transporter, HGT1

Understanding How Prions Cut 
the Silencing in Fission Yeast

An Alternative Pathway for 
Glutathione Degradation in the 
Yeast Saccharomyces Cerevisiae

1) Genetic Monitoring of 
Laboratory Animals and
 2) Environment Enrichment for 
Laboratory Animals

Application and Role of 
Biosurfactants in Bioremediation

Potent Role of Infected 
Macrophages in Eliciting 
Effective Immune Response 
Against M. tuberculosis

Role of MerTK in Apoptotic cell 
Mediated Regulation of DC APC
Function

PLACE

International Conference of 
Microbial Diversity, Delhi 
University, Delhi

Thapar Institute, Patiala

International Center for Genetic 
Engineering & Biotechnology, New 
Delhi

National workshop on Polymeric 
Sensors, Hindustan College of Engg. 
& Tech, Mathura

First International Congress of 
Biochemistry & Molecular Biology, 
Tarbiat Modares University, Tehran, 
Iran

Small Molecule Yeast Transporter 
Meeting of Europe, New Delhi

Indian Institute of Science, 
Bangalore

Biology of Yeasts, Indian Institute of 
Science, Bangalore

Hisar Management and Healthcare 
of Laboratory animals, Hisar

Kobe University, Japan

24th Biennial Conference of the 
Indian Association of Leprologists at 
Central JALMA Institute for 
Leprosy and Other Mycobacterial 
Diseases, Agra

PGIMER, Chandigarh



D.K. Sahoo

J.N. Agrewala

A.K. Bachhawat

G.S. Prasad

J.N. Agrewala

J.N. Agrewala

Pradip Sen

C.R. Suri

D. 
Ananthapadmana
ban

K. Ganesan

J.N. Agrewala

C.R. Suri

J.N. Agrewala

S. Karthikeyan

.

November 24, 2005

November 28, 2005

November 25-29,2005

December 9, 2005

December 23, 2005

December 28, 2005

January, 2006

January 21, 2006

February 2-3, 2006

February 22, 2006

March 1-5, 2006

March 6, 2006

March 6-8, 2006

October 11, 2006

.

.

Perspective in Microbial and Food 
Technology

Memory T cells and Antigen 
Presentation

Glutathione Transporters of Fungi

Sequence Analysis of Internal 
Transcribed Spacer Region for 
Phylogenetic Assessment of 
Yeasts

Influence of Costimulatory 
Molecules in Modulating the 
Activity of Antigen Presenting 
Cells

Deferential Effect of CD80 and 
CD86 in Regulating the Activity 
of B cells and B cell Lymphomas

Role of MerTK in Apoptotic Cell 
Mediated Immunoregulation of 
Dendritic Cell  Function

Micromechanical Catilever Based 
Immunosensors

Fungal Resources of Biological 
and Medical Importance-The 
World Scenario

Microarrays and their 
Applications, Advanced 
Applications of Biotechnology

Migratory Patterns of Naïve, 
Effectors and Memory T-Helper 
Cells

Fluorescence Based 
Immunodetection. 

Bi-directional Costimulation of B 
Cells

Introduction to Protein Structures 
by X-Ray Crystallography: 

MCMDAV Collage, Chandigarh

12th Annual Symposium of 
Ranbaxy Science Foundation on 
“Immunotherapeutics & Disease 
Management: Recent Advances” at 
All India Institute of Medical 
Sciences, New Delhi

Indian Society for Mycology and 
Plant Pathology, Udaipur

Association of Microbiologists of 
India, Osmania University, 
Hyderabad

3rd conference of the Biotechnology 
Society of India “BIOTECH-2005”. 
The Heritage Village, Manesar, 
Gurgaon

National AIDS Research Institute, 
Pune

Molecular Immunology Forum, 
Bhubaneswar

National Workshop on Sensors & 
Instrumentations, CFTRI, Mysore

Sri. Bhagwan Mahaveer Jain 
Collage, Bangalore

DAV Collage Chandigarh

8th Meeting of Federation of 
Immunological Societies of Asia-
Oceania (FIMSA). All India Institute 
of Medical Sciences, New Delhi

Management Development Program 
on Analytical Instruments, CSIO, 
Chandigarh

3rd Indo-Australian Conference on 
Biotechnology. Centre for DNA-
Fingerprinting and Diagnostics, 
Hyderabad

National Dairy Research Institute, 
Karnal
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K.L. Dikshit

Girish Sahni

P.K. Chakraborti

K.L. Dikshit

Sekhar Majumdar

Girish Sahni

Jagmohan Singh

A.K. Bachhawat

D. Ananthapad-
manaban

A.K. Bachhawat

D.K. Sahoo

Swaranjit Singh

G.C. Varshney

October 19, 2006

September 16, 2006

November 9, 2006

November 22, 2006

December 4-6, 2006

December 11-12, 2006

December 11-13, 2006

December, 2006

December 28-29, 2006

January 4-8, 2007

January 7, 2007

January 12, 2007

February 3, 2007

Modeling and Refinement of 
Biomolecular Structures Using 
CCP4 Suite

Gene Expression and Regulation 
in Escherichia Coli

Art and Science of Writing Grant 
Proposals

Peptide deformylase from 
Mycobacterium tuberculosis: Can 
it Achieve the Status of a Drug 
Target? 

Novel Hemoglobins of 
MycobacteriumTuberculosis : 
Role in Cellular Metabolism and 
Pathogenicity

Differential Expression of NF-?B 
in Human Monocytic Leukemic 
Cell Line THP-1 Determines the 
Apoptotic Fate of Mycobacteria 
Infected Cells

New Trends in Life Sciences

Role of Anaphse Promoting 
Complex in Gene Silencing in 
Fission Yeast

Glutathione Transporters: The 
Importance of Cysteine

Message from the MTCC, 
Chandigarh

An Alternative Pathway for 
Glutathione Degradation in the 
Yeast Saccharomyces Cerevisiae

Bioprocessing of plasmid DNA 
for therapeutic applications

Biodiversity of Microbial 
Surfactants

Therapeutic Monoclonal 
Antibodies: Search for Novel 
Targets in Infectious Diseases, 
Particularly in Malaria and 
Tuberculosis

Center of Biotechnology, Banaras 
Hindu University

CME cum workshop on Drafting 
Skills in Medical Research at
Govt. Medical College, Chandigarh

Symposium on ‘Tuberculosis 
Research’ at the 74th meeting of the 
Society of Biologocal Chemists, 
Lucknow. 

Department of Biology, Illinois 
Institute of Technology, Chicago, 
USA

International Centre for Genetic 
Engineering and Biotechnology, 
New Delhi

National Seminar on New Trends in 
Life Sciences at Punjab University, 
Chandigarh

Jawaharlal Nehru Centre for 
Advanced Scientific Research, 
Bangalore

Society for Biological Chemists, 
New Delhi

J.J. College, Pudukkottai, Tamilnadu

Indian Science Congress Association 
Meeting, Annamalai

National Institute of Pharmaceutical 
Education and Research, Mohali

Banaras Hindu University, Varanasi

“Recent Advances in 
Biotechnology” Symposium held in 
GGDSD College Chandigarh
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D.K. Sahoo
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C.R. Suri

D. 
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ban
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J.N. Agrewala

C.R. Suri

J.N. Agrewala

S. Karthikeyan

.

November 24, 2005

November 28, 2005
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December 9, 2005

December 23, 2005

December 28, 2005

January, 2006

January 21, 2006

February 2-3, 2006

February 22, 2006

March 1-5, 2006

March 6, 2006

March 6-8, 2006

October 11, 2006

.

.

Perspective in Microbial and Food 
Technology

Memory T cells and Antigen 
Presentation

Glutathione Transporters of Fungi

Sequence Analysis of Internal 
Transcribed Spacer Region for 
Phylogenetic Assessment of 
Yeasts

Influence of Costimulatory 
Molecules in Modulating the 
Activity of Antigen Presenting 
Cells

Deferential Effect of CD80 and 
CD86 in Regulating the Activity 
of B cells and B cell Lymphomas

Role of MerTK in Apoptotic Cell 
Mediated Immunoregulation of 
Dendritic Cell  Function

Micromechanical Catilever Based 
Immunosensors

Fungal Resources of Biological 
and Medical Importance-The 
World Scenario

Microarrays and their 
Applications, Advanced 
Applications of Biotechnology

Migratory Patterns of Naïve, 
Effectors and Memory T-Helper 
Cells

Fluorescence Based 
Immunodetection. 

Bi-directional Costimulation of B 
Cells

Introduction to Protein Structures 
by X-Ray Crystallography: 

MCMDAV Collage, Chandigarh

12th Annual Symposium of 
Ranbaxy Science Foundation on 
“Immunotherapeutics & Disease 
Management: Recent Advances” at 
All India Institute of Medical 
Sciences, New Delhi

Indian Society for Mycology and 
Plant Pathology, Udaipur

Association of Microbiologists of 
India, Osmania University, 
Hyderabad

3rd conference of the Biotechnology 
Society of India “BIOTECH-2005”. 
The Heritage Village, Manesar, 
Gurgaon

National AIDS Research Institute, 
Pune

Molecular Immunology Forum, 
Bhubaneswar

National Workshop on Sensors & 
Instrumentations, CFTRI, Mysore

Sri. Bhagwan Mahaveer Jain 
Collage, Bangalore

DAV Collage Chandigarh

8th Meeting of Federation of 
Immunological Societies of Asia-
Oceania (FIMSA). All India Institute 
of Medical Sciences, New Delhi

Management Development Program 
on Analytical Instruments, CSIO, 
Chandigarh

3rd Indo-Australian Conference on 
Biotechnology. Centre for DNA-
Fingerprinting and Diagnostics, 
Hyderabad

National Dairy Research Institute, 
Karnal
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A.K. Bachhawat

D. Ananthapad-
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D.K. Sahoo

Swaranjit Singh
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October 19, 2006

September 16, 2006

November 9, 2006

November 22, 2006

December 4-6, 2006

December 11-12, 2006

December 11-13, 2006

December, 2006

December 28-29, 2006

January 4-8, 2007

January 7, 2007

January 12, 2007

February 3, 2007

Modeling and Refinement of 
Biomolecular Structures Using 
CCP4 Suite

Gene Expression and Regulation 
in Escherichia Coli

Art and Science of Writing Grant 
Proposals

Peptide deformylase from 
Mycobacterium tuberculosis: Can 
it Achieve the Status of a Drug 
Target? 

Novel Hemoglobins of 
MycobacteriumTuberculosis : 
Role in Cellular Metabolism and 
Pathogenicity

Differential Expression of NF-?B 
in Human Monocytic Leukemic 
Cell Line THP-1 Determines the 
Apoptotic Fate of Mycobacteria 
Infected Cells

New Trends in Life Sciences

Role of Anaphse Promoting 
Complex in Gene Silencing in 
Fission Yeast

Glutathione Transporters: The 
Importance of Cysteine

Message from the MTCC, 
Chandigarh

An Alternative Pathway for 
Glutathione Degradation in the 
Yeast Saccharomyces Cerevisiae

Bioprocessing of plasmid DNA 
for therapeutic applications

Biodiversity of Microbial 
Surfactants

Therapeutic Monoclonal 
Antibodies: Search for Novel 
Targets in Infectious Diseases, 
Particularly in Malaria and 
Tuberculosis

Center of Biotechnology, Banaras 
Hindu University

CME cum workshop on Drafting 
Skills in Medical Research at
Govt. Medical College, Chandigarh

Symposium on ‘Tuberculosis 
Research’ at the 74th meeting of the 
Society of Biologocal Chemists, 
Lucknow. 

Department of Biology, Illinois 
Institute of Technology, Chicago, 
USA

International Centre for Genetic 
Engineering and Biotechnology, 
New Delhi

National Seminar on New Trends in 
Life Sciences at Punjab University, 
Chandigarh

Jawaharlal Nehru Centre for 
Advanced Scientific Research, 
Bangalore

Society for Biological Chemists, 
New Delhi

J.J. College, Pudukkottai, Tamilnadu

Indian Science Congress Association 
Meeting, Annamalai

National Institute of Pharmaceutical 
Education and Research, Mohali

Banaras Hindu University, Varanasi

“Recent Advances in 
Biotechnology” Symposium held in 
GGDSD College Chandigarh
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G.C. Varshney

J.N. Agrewala

Swaranjit Singh

P.K. Chakraborti

R. Kishore

Girish Sahni

Manoj Raje

S. Karthikeyan

J.N. Agrewala

Girish Sahni

G.C. Varshney

A.K. Bachhawat

February  , 2007

February 15, 2007

February 20, 2007

February 22, 2007

February 23-25,2007

February 28, 2007

February 28, 2007

March 3, 2007

March 8-10, 2007

March 14, 2007

March 22, 2007

March 29, 2007

The Hybridoma Revolution: An 
Emerging Market for Therapeutic 
Human Monoclonal Antibodies

Unique Ability of Activated CD4+ 
T Cells but not Rested Effectors to 
Migrate to Non-Lymphoid Sites in 
the Absence of Inflammation

Bioremediation of Xenobiotics

Cross-talk Between Signaling 
Pathways

?-Alanine: A Plausible 
Conformational Constraint 

Exploitation of Microbial 
Diversity for Biotechnological 
Benefits

Fluorescence Activated Cell 
Sorting & Cytometery, Confocal 
Microscopy

Protein Structure Determination & 
its Importance in Biomedicine and 
Biotechnology

Bidirectional Costimulation: A 
Two Street to Activation

Harvesting New Functions from 
‘Old’ Protein Scaffolds: 
Opportunities for Proteomics era

Prevention and Cure of Important 
Infectious Diseases

An Alternative Pathway for 
Glutathione Degradation in the 
Yeast Saccharomyces cerevisiae

.

Refresher Course Workshop held in 
PGIMER, Chandigarh

Department of Agricultural 
Microbiology, Aligarh Muslim 
University, Aligarh

Kanpur University

Refresher course on ‘Biotechnology 
for Postgraduate Medical Faculty’ at 
PGIMER, 
Chandigarh

First Indian Peptide Symposium, 
Hyderabad

Institute of Engineering and 
Biotechnology Sahauran, Kharar, 
Mohali

PGIMER, Chandigarh

PGIMER, Chandigarh

National Conference of Shanti 
Swarup Bahtnagar Prize Winners. 
Devi Ahilya Vishwavidyalaya, 
Indore

Workshop held in National Institute 
of Pharmaceutical Education and 
Research, Mohali

Snow and Avalanche Study 
Establishment Research and 
Development Center, DRDO, 
Chandigarh.

Jawaharlal Nehru Centre for 
Advanced Scientific Research, 
Bangalore

.
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S. Karthikeyan

J.N. Agrewala

Girish Sahni

G.C. Varshney

A.K. Bachhawat
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February 15, 2007

February 20, 2007

February 22, 2007

February 23-25,2007

February 28, 2007
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March 3, 2007
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Migrate to Non-Lymphoid Sites in 
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Cross-talk Between Signaling 
Pathways

?-Alanine: A Plausible 
Conformational Constraint 

Exploitation of Microbial 
Diversity for Biotechnological 
Benefits

Fluorescence Activated Cell 
Sorting & Cytometery, Confocal 
Microscopy

Protein Structure Determination & 
its Importance in Biomedicine and 
Biotechnology

Bidirectional Costimulation: A 
Two Street to Activation

Harvesting New Functions from 
‘Old’ Protein Scaffolds: 
Opportunities for Proteomics era

Prevention and Cure of Important 
Infectious Diseases

An Alternative Pathway for 
Glutathione Degradation in the 
Yeast Saccharomyces cerevisiae

.

Refresher Course Workshop held in 
PGIMER, Chandigarh

Department of Agricultural 
Microbiology, Aligarh Muslim 
University, Aligarh

Kanpur University

Refresher course on ‘Biotechnology 
for Postgraduate Medical Faculty’ at 
PGIMER, 
Chandigarh

First Indian Peptide Symposium, 
Hyderabad

Institute of Engineering and 
Biotechnology Sahauran, Kharar, 
Mohali

PGIMER, Chandigarh

PGIMER, Chandigarh

National Conference of Shanti 
Swarup Bahtnagar Prize Winners. 
Devi Ahilya Vishwavidyalaya, 
Indore

Workshop held in National Institute 
of Pharmaceutical Education and 
Research, Mohali

Snow and Avalanche Study 
Establishment Research and 
Development Center, DRDO, 
Chandigarh.

Jawaharlal Nehru Centre for 
Advanced Scientific Research, 
Bangalore

.
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Distinguished Visitors

DATE NAME

April 15, 2005 Prof. Gotthard Kunze
Head, Yeast Genetics Institute of Plant Genetics and Crop Plant Research 
Gatersleben, Germany

May 11, 2005 Dr. P.K. Ghosh
President, Biocare SBU, Cadila Pharmaceuticals Ltd., Ahmedabad

June 24, 2005 Prof. Ashok K. Srivastava
Dept. of Biochemical Engg. & Biotechnology, Indian Institute of Technology, 
New Delhi

June 28, 2005 Prof. Sudha Bhattacharya
School of Life Sciences Jawaharlal Nehru University, New Delhi

July 6, 2005 Dr. Pallavi Kshetrapal
Centre for Cellular & Molecular Biology, Hyderabad

July 25, 2005 Dr. Satish Raina
University of Geneva, Switzerland

August 4, 2005 Dr. Anil Gulati
President, Chicago Labs Inc., Chicago, USA 

August 9, 2005 Dr. D.K. Adhikari
Indian Institute of Petroleum, Dehradun

August 9, 2005 Dr. B.N. Ganguly
Consultant, IMTECH, Chandigarh

September 26, 2005 Dr. Kanury V.S. Rao 
Head, Immunology Group, International Centre for Genetic Engineering and 
Biotechnology, New Delhi

September 29, 2005 Dr. Samik Nanda
Biotechnology Research Center, Toyama Prefectural University, Japan

October 6, 2005 Dr. Hans-Peter E. Kohler
EAWAG, Switzerland

October 14, 2005 Dr. Bishwajit Kundu
Asst. Prof. Dept. of Biochemical Engg. & Biotech., 
Indian Institute if Technology, Delhi

October 18, 2005 Dr. Utpal Tatu 
Indian Institute of Science, Bangalore



Distinguished Visitors

DATE NAME

April 15, 2005 Prof. Gotthard Kunze
Head, Yeast Genetics Institute of Plant Genetics and Crop Plant Research 
Gatersleben, Germany

May 11, 2005 Dr. P.K. Ghosh
President, Biocare SBU, Cadila Pharmaceuticals Ltd., Ahmedabad

June 24, 2005 Prof. Ashok K. Srivastava
Dept. of Biochemical Engg. & Biotechnology, Indian Institute of Technology, 
New Delhi

June 28, 2005 Prof. Sudha Bhattacharya
School of Life Sciences Jawaharlal Nehru University, New Delhi

July 6, 2005 Dr. Pallavi Kshetrapal
Centre for Cellular & Molecular Biology, Hyderabad

July 25, 2005 Dr. Satish Raina
University of Geneva, Switzerland

August 4, 2005 Dr. Anil Gulati
President, Chicago Labs Inc., Chicago, USA 

August 9, 2005 Dr. D.K. Adhikari
Indian Institute of Petroleum, Dehradun

August 9, 2005 Dr. B.N. Ganguly
Consultant, IMTECH, Chandigarh

September 26, 2005 Dr. Kanury V.S. Rao 
Head, Immunology Group, International Centre for Genetic Engineering and 
Biotechnology, New Delhi

September 29, 2005 Dr. Samik Nanda
Biotechnology Research Center, Toyama Prefectural University, Japan

October 6, 2005 Dr. Hans-Peter E. Kohler
EAWAG, Switzerland

October 14, 2005 Dr. Bishwajit Kundu
Asst. Prof. Dept. of Biochemical Engg. & Biotech., 
Indian Institute if Technology, Delhi

October 18, 2005 Dr. Utpal Tatu 
Indian Institute of Science, Bangalore



October 20, 2005 Prof. Surinder K Bata
Department of Biochemistry and Molecular Biology, College of Medicine,
Eppley Cancer Institute UNMC, Omaha, USA

October 24, 2005 Prof. Desirazu N. Rao
Department of Biochemistry, Indian Institute of Science

October 28, 2005 Dr. D. P. Kasbekar
Centre for Cellular & Molecular Biology, Hyderabad

November 9, 2005 Dr. Maneesh Jain
UNMC, Omaha, USA

November 10, 2005 Dr. Nitya Nand
Ex-Director, Central Drug Research Institute, Lucknow

November 24, 2005 Dr. Syamal Roy
Indian Institute of Chemical Technology, Calcutta

December 13, 2005 Dr. Mukund V. Deshpande
National Chemical Laboratory, Pune

January 23, 2006 Dr. Deba Prasad Nayak
National Chemical Laboratory, Pune

January 25, 2006 Dr. R.A. Mashelkar
Director General, Council of Scientific & Industrial Research, New Delhi

January 27, 2006 Dr. Sourav Mukherjee
Department of Biological Chemistry and Molecular Pharmacology, 
Harvard Medical School, USA

February 17, 2006 Dr. Deepak Nihalani
Dept. Internal Medicine, University of Michigan, USA

February 18, 2006 Mr. Ian Dean
Groman Consulting, South Africa

February 24, 2006 Dr. Vishwajeet Puri
Asstt. Prof., University of Massachusetts Medical School Worcester, MA, USA

March 1, 2006 Dr. R.R. Hirwani
Head, Unit for Research and Development of Information Products, Pune

March 14, 2006 Prof. Ben C. Stark
Dept of Biological, Chemical & Physical Sciences Illinois Institute of 
Technology Chicago, USA

March 17, 2006 Prof. Surinder K. Batra
Dept of Biochemistry and Molecular Biology College of Medicine, 
Eppley Cancer Institute UNMC, Omaha, USA

March 24, 2006 Dr. S. Pajni Underwood
NCI-NIH, Frederick, USA

154

D
I

S
T

I
N

G
U

I
S

H
E

D
  
 

V
I

S
I

T
O

R
S

March 27, 2006 Prof. James Gomes
Dept. of Biochemical Engineering & Biotechnology Indian Institute of 
Technology New Delhi

March 28, 2006 Prof. K. L. Chopra
Ex-Director, Indian Institute of Technology, Kharagpur

April 05, 2006 Dr. Parikshit Bansal
Assistant Professor, Intellectual Property Management 
National Institute of Pharmaceutical Education & Research, Mohali

June 9, 2006 Dr. Shantanu Sengupta 
Institute of Genomics and Integrative Biology, New Delhi

June 19, 2006 Dr. Sujit K. Sikdar
Molecular Biophysics Unit, Indian Institute of Science Bangalore

July 27, 2006 Dr. Ranjan Sen
Staff Scientist Center For DNA Fingerprinting and Diagnostics, Hyderabad

Aug 02, 2006 Dr. Vinay Vyas
Bioprocess Development Scientist SAIC, Frederick

Aug 24, 2006 Dr. S. Kumaran
Department of Biochemistry and Molecular Biophysics
Washington University School of Medicine Saint Louis, MO 63110, USA

September  25, 2006 Dr. Heather Holeman
Principal Investigator, Functional Genomics Group, Sigma-Aldrich, USA

 
September  26, 2006 Prof. G. Padmanaban

Former Director & Honorary Professor, 
Deptt. of Biochemistry, Indian Institute of Science, Bangalore

October 05, 2006 Dr. Kasthuri Venkatesswaran
Principal Scientist, Jet Propalsion Laboratory California Institute of Technology, 
Pasadena, USA

October 7, 2006 Dr. Raj Bawa
Virginia, New York, USA

October 31, 2006 Prof. Serge Delrot
Director, Institute of Vine and Wine Sciences, Bordeaux, France

November 6, 2006 Dr. Ipsita Roy
Department of Biotechnology
National Institute of Pharmaceutical Education & Research, Mohali

 
November 13, 2006 Prof. Courvalin  

Scientist, Institute Pasteur, Paris

December 19, 2006 Prof. M. Vijayan
Distinguished Professor, Indian Institute of Science, Bangalore
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December 26, 2006 Prof. Umesh Varshney
Department of Microbiology & Cell Biology, Indian Institute of Science, Bangalore.

January 11, 2007 Prof. V. Nagaraja
Department of Microbiology and Cell Biology. Indian Institute of Science, 
Bangalore

January 11, 2007 Prof. M. A. Vijayalakshmi
Vellore Institute of Technology, Vellore, Tamil Nadu

January 16, 2007 Mr. W. M. Busing
Life Sciences Product Manager TEM, M/s FEI Europe B. V. Netherlands

January 24, 2007 Prof. H.S. Savithri 
Deptt. of Biochemistry, Indian Institute of Science, Bangalore

February 08, 2007 Dr. Debasish Bhattacharyya
Indian Institute of Chemical Biology, Kolkata

February 14, 2007 Prof. D. Balasubramanian
Director Research LV Prasad Institute, Banjara Hills, Hyderabad

February 20, 2007 Dr. K.K. Pandey
Institute of Molecular Virology
St. Louis University Health Science Center St. Louis, MO, USA

February 20, 2007 Dr. Pascal Bailon
Bailon Consultants Florham Park, NJ 07932, USA

February 21, 2007 Geoffrey J. Barton, Ph.D
Professor of Bioinformatics, University of Dundee, Scotland, UK

March 12, 2007 Dr. Seema Kalra
Medical College of Wisconsin Dept of Medicine Milwaukee, Wisconsin, USA
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April 16-18, 2005 S. Mayilraj International Conference of Microbial Diversity: 
Current Perspective and Potential Applications

April 16-18, 2005 G.S. Prasad International Conference of Microbial Diversity: 
Current Perspective and Potential Applications

July 14, 2005 Neeraj Khatri Innovative solutions for the research with Laboratory 
animals

July 18-23, 2005 Neeraj Khatri Induction Training   Programme for Scientists

July 18-23, 2005 Kailash Bhamare Induction Training   Programme for Scientists

July 18-23, 2005 Manoj Kumar Induction Training   Programme for Scientists

Sept. 10-15, 2005 J.N. Agrewala First International Congress of Biochemistry and 
Molecular Biology

Sept. 27-29, 2005 K. Ganesan International Conference on the Biology of Yeasts

Sept.27-29, 2005 A.K. Bachhawat International Conference on the Biology of Yeasts

Sept.27-29, 2005 Jagmohan Singh International Conference on the Biology of Yeasts

Nov. 24-27, 2005 Pradip Sen 32nd Annual Conference Indian Immunology Society

Nov. 25-29, 2005 A.K. Bachhawat Indian Society for Mycology and Plant Pathology

Dec. 9, 2005 G.S. Prasad Association of Microbiologists of India 

Dec.14-17, 2005 D.K. Sahoo CHEMCON-2005 and 58th Annual session of Indian 
Institute of Chemical Engineers

Feb. 22-25, 2006 Manoj Kumar 2nd CSIR-NSFC Workshop on Genome Informatics

Mar. 3-4, 2006 Suresh Korpole International Workshop on Biotechnology of Anaerobic 
Bacteria and Archaea

Mar. 7-9, 2006 Dibyendu Sarkar Golden Jubilee Symposium (International Conference on 
Chemical Biology)

Apr. 11-12, 2006 K. Ganesan Frontiers of Molecular Biology in the New Millennium

Aug. 31- Neeraj Khatri Training Programme on Good Laboratory Practice and 
Sept.1, 2006 Regulatory Issues

Sept. 28, 2006 Girish Sahni 4th Conclave on Emerging Technology ‘Emerge Tech 2006’

Oct. 27-28, 2006 S. Karthikeyan Hitech-Pune Maharashtra-2006

Nov. 1-2, 2006 Neeraj Khatri National Seminar on Rational use of Animals in Research 

Nov. 2-5, 2006 S. Mayilraj 7th Asia Pacific Marine Biotechnology Conference

Nov. 2-5, 2006 Sony Pandey 7th Asia Pacific Marine Biotechnology Conference

Nov. 11-12, 2006 Manoj Kumar INDO-US Symposium on ‘Viral Diagnostics, Epidemiology 
and Pathogenesis’
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Conferences/Seminars attended

Delhi University, 
New Delhi

Delhi University, 
New Delhi

NII, New Delhi 

NPL, New Delhi

NPL, New Delhi

NPL, New Delhi

Tarbiat Modares
University, Tehran, 
Iran

Indian Institute of 
Science, Bangalore

Indian Institute of 
Science, Bangalore

Indian Institute of 
Science, Bangalore

PGI, Chandigarh

Udaipur

Osmania University, 
Hyderabad

New Delhi

IGOB, New Delhi

Aids Research 
Institute, Pune

Indian Institute of 
Chemical Biology
Kolkata
JNU, New Delhi

HRDC, Ghaziabad

New Delhi

Pune

NIN, Hyderabad

Cochin, Kerala

Cochin, Kerala

AIIMS, New Delhi
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Nov. 13-15, 2006 Manoj Kumar 7th Asia Pacific conference of medical virology 

Nov.21-23, 2006 R. Soni Programme on Project Management Techniques and 
Practices

Nov.21-23, 2006 Kailash Bhamare Programme on Project Management Techniques and 
Practices

Nov. 22-24, 2006 Pradip Sen 18th National Conference of Parasitology 

Nov. 26-28, 2006 Girish Sahni IV Annual Conference of Biotechnology Society of India 
‘Biotech 2006’ Overexpession: Systems and Challenges

Dec. 4-6, 2006 J.N. Agrewala International Symposium on New Frontiers in Tuberculosis 
Research

Dec. 4-6, 2006 Sekhar Majumdar International Symposium on New Frontiers in Tuberculosis 
Research

Dec. 11-12, 2006 Girish Sahni National Seminar on New Trends in Life Sciences

Dec. 11-13, 2006 Jagmohan Singh Nuclear Architecture: Chromosome – Chromatin Dynamics

Dec. 18-20, 2006 Manoj Kumar International Conference in Bioinformatics InCoB

Dec. 27-30, 2006 D.K. Sahoo CHEMCON 2006 and 59th Annual Session of Indian 
Institute of Chemical Engineers

Jan. 10-12, 2007 D.K. Sahoo Short course on ‘Cell Culture Technology’

Feb. 3-4, 2007 Balvinder Singh XVIIIth   Conference of BTISnet Coordinators 

Feb. 3-4, 2007 Manoj Kumar XVIIIth   Conference of BTISnet Coordinators 

Feb. 15-17, 2007 K. Ganesan Biology of Yeasts and Filamentous Fungi

Feb. 15-17, 2007 A.K. Bachhawat Biology of Yeasts and Filamentous Fungi

Feb. 17-21, 2007 J.N. Agrewala Current trends in Drug Discovery Research

Feb. 23-25,2007 S. Karthikeyan Advances in Structural Biology & Structure Prediction

Feb. 23-25,2007 R. Kishore First Indian Peptide Symposium

Mar. 1-2, 2007 G.C. Varshney Molecular Immunology Forum 

Mar. 7-9, 2007 Sekhar Majumdar IICB, Golden JUBILEE International Symposium on 
Chemical Biology

Mar. 22-25, 2007 Girish Sahni US and European Patent Issues directed to 
Pharmaceuticals
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Name Period Place

P. Guptasarma May 17-28, 2005 Deptt. of Life Sciences, Aalbag, University of 

Denmark, Denmark

Amit Ghosh May 25-June 3, 2005 Montreal, Canada 

S. Mayilraj July 21-October 28, 2005 Braunschweig, Germany

R.K. Jain July 3-8, 2005 Delft, Netherland

D. Ananthapadmanaban July 23-28, 2005 San Francisco, California, USA

K.L. Dikshit August 1-September 15, 2005 Illinois Institute of Technology, Chicago, USA

R.K. Jain August 21-24, 2005 Copenhagen, Denmark

C.R. Suri September 1- October 15, 2005 North Western University, USA

J.N. Agrewala September 10-15, 2005 First International Congress of Biochemistry 

and Molecular Biology, Tarbiat Modares 

University, Tehran, Iran

Swaranjit Singh September 10-December 10, 2005 Kobe University, Kobe, Japan

G.P.S. Raghava October 26-30, 2005 Tokyo, Japan

Girish Sahni November 7-10, 2005 Washington, Chicago, New Jersey USA

G.P.S. Raghava March 15-September 15, 2006 Little Rock, USA

C.R. Suri August 2 – September 1, 2006 EPFL, Lausanne, Switzerland

R.K. Jain August 19-September 2, 2006 EPFL, Lausanne, Switzerland

K.L. Dikshit November 1-December 15, 2006 Illinois Institute of Technology, Chicago, USA

R.K. Jain November 13-15, 2006 Penang, Malaysia

Staff Visits Abroad
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Ph.D. Degrees Awarded

Name of Student Year Title of Thesis

Monika Dahiya 2005 Structure function studies of staphylokinase

Harpreet Kaur 2005 Development of bioinformatics tools for predicting of 

b-turns in proteins and their role in bioactive peptides

C. V. Srikanth 2005 Studies on the glutathione transporters of the yeast 
Saccharomyces cerevisiae

Vandana Gambhir 2005 Mycobacteria and infected macrophages: Isolation and 
characterization of the antigens

Biju Issac 2005 Prediction of genes and repetitive elements in 
eukaryotic genome using artificial intelligence 
techniques.  

Saurabh Garg 2005 Structure Function studies of WhiB1 of
Mycobacterium tuberculosis H37Rv

K. Lakshmipathi 2005 Characterization of integrase gene of the phage 
PIS 136 and its use as a molecular tool

Debarati Paul 2005 Molecular and biochemical studies on biodegradation
of p-nitrophenol and bacterial chemotaxis toward this 
compound

Pradipta Saha 2005 Bacterial diversity of gorompani warmspring water
sample collected from Assam, India

Amit Sharma 2005 Structural studies of proteolyzed intermediates:
Insights into protein folding through complimentary
fragments 

Jagpreet Singh 2005 Mechanistic studies on plasminogen activation by 
streptokinase

Shranjot Saini 2005 Interaction of DNA polymerase alfa and Rhp6 with 
heterochromatin components in Schizosaccharomyces
pombe

Sumit Arora 2005 Studies on the mechanism of DNA replication and 
RNAi machinery in heterochromatin assembly in
fission yeast

Guide

Dr. K.L. Dikshit

Dr. G.P.S. Raghava

Dr. A.K. Bachhawat

Dr. G.C. Varshney

Dr. G.P.S. Raghava

Dr. Pushpa Agrawal

Dr. Pushpa Agrawal

Dr. R.K. Jain

Dr. Tapan Chakrabarti

Dr. K.V. Radhakishan

Dr. Girish Sahni

Dr. Jagmohan Singh

Dr. Jagmohan Singh

.
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lw{etho izkS|ksfxdh laLFkku] p.Mhx<+ esa jktHkk"kk dk;kZUo;u ds fo'ks"k iz;kl fd, 

tk jgs gSaA laLFkku dk dk;Z oSKkfud izd`fr dk gS vr% rduhdh LVkWQ dks foKku 

fo"k;ksa ij fgUnh esa lsfeukj nsus dks izsfjr fd;k tkrk gS ftlls ;g Hkzkafr nwj gks 

lds fd rduhdh fo"k;ksa ij fgUnh esa dk;Z lEHko ughaA fjiksVZ dh vof/k ds nkSjku 

ÞmPp jDrpki vkSj gekjk LokLF;( mM+ku( fjeksV lsaflax( e/kqesg( tSfod gfFk;kj( 

i`Foh ij thou dh mRifRr rFkk fodkl( ekSleh chekfj;k¡( Lora= Hkkjr dh oSKkfud 

miyfC/k;k¡ß vkfn fo"k;ksa ij lsfeukj fn, x,A funs'kd] beVSd }kjk xfBr fu.kkZ;d 

eaMy ds iSuy }kjk bu lsfeukjksa dk ewY;kadu fd;k tkrk gS rFkk loZJs"B rhu 

lsfeukjksa ds fotsrkvksa dks fgUnh fnol lekjksg esa iqjLd`r fd;k tkrk gSA laLFkku ds 

Lokxr d{k esa ,d cksMZ ij fgUnh ds iz'kklfud@oSKkfud 'kCnksa ds vaxzst+h 

i;kZ; yxk, tkrs gSaA ftudh lwph laLFkku ds lnL;ksa esa ifjpkfyr dh tkrh gSA 

blds vk/kkj ij fgUnh i[kokM+s ds nkSjku fgUnh 'kCnKku izfr;ksfxrk vk;ksftr 

dh tkrh gSA

fgUnh okn&fookn izfr;ksfxrk

jktHkk"kk xfrfof/k;ksa dh dM+h esa fnukad 20-06-05 dks 3-00 cts 

vijkg~u lsfeukj gky esa ^ukjh l'kDrhdj.k ¼Women 

empowerment½ & fdruk lgh^ fo"k; ij fgUnh okn&fookn 

izfr;ksfxrk vk;ksftr dh xbZA

dk;Zdze dk lapkyu lqJh 

uouhr vkuan] ofj"B 

vuqoknd us fd;kA 

11 izfr;ksfx;ksa us bl 

lkef;d fo"k; ds i{k o 

foi{k esa vius foosdiw.kZ ,oa 

vdkVÓ rdZ fn, rFkk i{k us 

foi{k ij fot; ikbZA i{k ds izfr;ksfx;ksa us ukjh 

l'kDrhdj.k dks lgh Bgjkrs gq, dgk fd 

l'kDrhdj.k ls rkRi;Z ;g ugha ysuk pkfg, fd 

fgUnh okn fookn izfr;ksfxrk esa funs'kd] beVSd ,oa 
vU; ofj"B vf/kdkjhx.k

fgUnh okn fookn izfr;ksfxrk esa ,d izfrHkkxhA
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lw{etho izkS|ksfxdh laLFkku] p.Mhx<+ esa jktHkk"kk dk;kZUo;u ds fo'ks"k iz;kl fd, 

tk jgs gSaA laLFkku dk dk;Z oSKkfud izd`fr dk gS vr% rduhdh LVkWQ dks foKku 

fo"k;ksa ij fgUnh esa lsfeukj nsus dks izsfjr fd;k tkrk gS ftlls ;g Hkzkafr nwj gks 

lds fd rduhdh fo"k;ksa ij fgUnh esa dk;Z lEHko ughaA fjiksVZ dh vof/k ds nkSjku 

ÞmPp jDrpki vkSj gekjk LokLF;( mM+ku( fjeksV lsaflax( e/kqesg( tSfod gfFk;kj( 

i`Foh ij thou dh mRifRr rFkk fodkl( ekSleh chekfj;k¡( Lora= Hkkjr dh oSKkfud 

miyfC/k;k¡ß vkfn fo"k;ksa ij lsfeukj fn, x,A funs'kd] beVSd }kjk xfBr fu.kkZ;d 

eaMy ds iSuy }kjk bu lsfeukjksa dk ewY;kadu fd;k tkrk gS rFkk loZJs"B rhu 

lsfeukjksa ds fotsrkvksa dks fgUnh fnol lekjksg esa iqjLd`r fd;k tkrk gSA laLFkku ds 

Lokxr d{k esa ,d cksMZ ij fgUnh ds iz'kklfud@oSKkfud 'kCnksa ds vaxzst+h 

i;kZ; yxk, tkrs gSaA ftudh lwph laLFkku ds lnL;ksa esa ifjpkfyr dh tkrh gSA 

blds vk/kkj ij fgUnh i[kokM+s ds nkSjku fgUnh 'kCnKku izfr;ksfxrk vk;ksftr 

dh tkrh gSA

fgUnh okn&fookn izfr;ksfxrk

jktHkk"kk xfrfof/k;ksa dh dM+h esa fnukad 20-06-05 dks 3-00 cts 

vijkg~u lsfeukj gky esa ^ukjh l'kDrhdj.k ¼Women 

empowerment½ & fdruk lgh^ fo"k; ij fgUnh okn&fookn 

izfr;ksfxrk vk;ksftr dh xbZA

dk;Zdze dk lapkyu lqJh 

uouhr vkuan] ofj"B 

vuqoknd us fd;kA 

11 izfr;ksfx;ksa us bl 

lkef;d fo"k; ds i{k o 

foi{k esa vius foosdiw.kZ ,oa 

vdkVÓ rdZ fn, rFkk i{k us 

foi{k ij fot; ikbZA i{k ds izfr;ksfx;ksa us ukjh 

l'kDrhdj.k dks lgh Bgjkrs gq, dgk fd 

l'kDrhdj.k ls rkRi;Z ;g ugha ysuk pkfg, fd 

fgUnh okn fookn izfr;ksfxrk esa funs'kd] beVSd ,oa 
vU; ofj"B vf/kdkjhx.k

fgUnh okn fookn izfr;ksfxrk esa ,d izfrHkkxhA



dk;Z'kkyk esa Hkkx ysrs ofj"B oSKkfud ,oa vU; izfrHkkxh

ukjh fdlh lgkjs dh eksgrkt gS] 'kfDrghu gS vfirq tc rd Hkkjrh; lekt viuh 

ghu ekufldrk dks cnydj tUe ls gh ckyd o ckfydk dks leku :i ls ykyu 

ikyu ugha djrk] leku volj ugha nsxk efgyk vkj{k.k o l'kDrhdj.k dh 

vko';drk iM+rh jgsxhA ;g izfr;ksfxrk laLFkku ds lnL;kas esa cgqr yksdfiz; gS rFkk 

lHkh oxksZa ds lnL;ksa us blesa Hkkx fy;k A

laLFkku ds funs'kd MkW- fxjh'k lkguh] iz'kklu fu;a=d Jh gfj eksgu o lqJh 

vuqjkx lpnso] vuqHkkx vf/kdkjh Hkh bl volj ij mifLFkr FkhaA MkW- ih-vkj-

iVuk;d] oSKkfud] MkW- dud yrk nhf{kr] oSKkfud o Jh jkeLo:i] for ,oa ys[kk 

vf/kdkjh us fgUnh okn&fookn izfr;ksfxrk esa fu.kkZ;d eaMy ds rkSj ij viuh lsok,¡ 

nhaA

vuqokn dk;Z'kkyk

fnukad 5&6 vizSy] 2005 dks ujkdkl] p.Mhx<+ ds lg;ksx ls 

nks fnolh; vuqokn dk;Z'kkyk vk;ksftr dh xbZ ftlesa 

p.Mhx<+ fLFkr dsUnzh; dk;kZy;ksa ds yxHkx 25 

vuqokndksa@fgUnh in/kkfj;ksa us Hkkx fy;kA dk;Z'kkyk esa 

vuqokn] fgUnh lkfgR; rFkk i=dkfjrk txr ls fofHkUu 

fo}kuksa us izfrHkkfx;ksa dks lacksf/kr fd;kA

iz'kklfud fgUnh dk;Z'kkyk

fgUnh dk;Z'kkykvksa ds vk;kstu dh dM+h esa fnukad 25 ebZ] 05 

dks fgUnh dk;Z'kkyk dk vk;kstu fd;k x;k ftlesa laLFkku ds 

iz'kklu fu;a=d Jh gfjeksgu us iz'kklu ds fofHkUu igyqvksa 

ij ,d fo'ks"k okrkZ nhA dk;Z'kkyk esa laLFkku ds lHkh lnL; 

vkeaf=r FksA

mUgksaus iz'kklu ds f{kfrt ds foLrkj dks 

jk"Vªh; Lrj ij O;k[;kf;r fd;k rFkk 

iz'kklu ,oa lrdZrk laca/kh vk;keksa ij 

uohu jkspd tkudkjh nhA

ys[kk dk;Z laca/kh dk;Z'kkyk

blh dM+h esa fnukad 12 tqykbZ] 05 dks Jh 

jkeLo:i] for ,oa ys[kk vf/kdkjh us 

oSKkfud ,oa rduhdh LVkQ dks ys[kk 

vuqokn dk;Z'kkyk ds volj ij MkW- ujs'k dqekj ,oa vU; ofj"B 
vf/kdkjhx.k rFkk MkW- lqjsUnz dqekj 'kekZ] lgk;d funs'kd] 

jkHkk- ,oa lfpo ujkdkl cksyrs gq,A
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ewy dkedkt dh izksRlkgu ;kstuk ds fotsrk dks 
iqjLdkj nsrs gq, Jh gjh eksgu] iz-fu-

laca/kh dk;Z esa vkus okyh O;kogkfjd dfBukb;ksa dks nwj djus ds mís'; dks ysdj 

^ys[kk ,oa lsok ekeys* fo"k; ij fgUnh esa ,d fo'kn okrkZ nhA mUgksaus NqV~Vh fu;eksa] 

;k=k Hkrksa] ias'ku] minku] NqV~Vh ds cnys udn Hkqxrku vkfn lHkh fo"k;ksa ij ljy 

cksypky dh Hkk"kk esa tkudkjh nhA laLFkku ds lHkh lnL;ksa us iwjh izfrHkkfxrk ls 

okrkZ esa Hkkx fy;kA

fgUnh i[kokM+s dk vk;kstu o"kZ 2005 

laLFkku esa fnukad 01-09-05 ls 14-09-05 rd fgUnh i[kokM+s dk vk;kstu 

fd;k x;kA

blds nkSjku fofHkUu izfr;ksfxrk,¡ vk;ksftr dh xbZA fnukad 14-9-05 dks 

laLFkku ds lEesyu d{k esa eq[; lekjksg vk;ksftr fd;k x;kA

laLFkku ds funs'kd MkW- fxjh'k lkguh fdlh fo'ks"k iz'kklfud cSBd ds 

flyflys esa nkSjs ij gksus ds 

dkj.k dk;ZØe esa mifLFkr ugha 

gks ldsA vr% Jh gfj eksgu] 

iz'kklu fu;a=d us dk;ZØe dh v/;{krk 

dhA ofj"B oSKkfud MWk- ujs'k dqekj rFkk 

lqJh vuqjkx lpnso] vuqHkkx vf/kdkjh Hkh 

bl volj ij mifLFkr FkhaA loZizFke bl 

lekjksg dk eq[; vkd"kZ.k *fgUnh iz'uksrjh 

esa fofo/k fo"k;ksa ds lkFk&lkFk fgUnh 

lkfgR; ds {ks= ls fy, x, iz'u Hkh 'kkfey 

fd, x,A Jh gfj eksgu] iz'kklu fu;a=d 

us bl volj ij laLFkku ds 

lnL;ksa dks lans'k fn;k fd iz'kklu ds lkFk&lkFk gesa Hkkjr dh igpku ds 

rkSj ij Hkh fgUnh dks LFkkfir djuk gSA mUgksaus lHkh Hkkjrh;ksa Hkk"kkvksa dks 

Hkh lkFk ysdj pyus dk vuqjks/k fd;k ftlls fgUnh ds izfr vfgUnh 

Hkkf"k;ksa dh Hkh LoLFk ekufldrk fodflr gksxhA mUgksaus i[kokM+s ds nkSjku 

vk;ksftr foKku ij fgUnh esa ys[ku izfr;ksfxrk] dEI;wVj ij fgUnh Vad.k 

fgUnh 'kCnkoyh] fgUnh i=@vkosnu ys[ku izfr;ksfxrkvksa ds fotsrkvksa 

dks rFkk o"kZHkj dh xfrfof/k;ksa ds fotsrkvksa dks o fgUnh esa ewy dkedkt 

dh izksRlkgu ;kstuk esa Hkkx ysus okys deZpkfj;ksa dks iqjLdkj forfjr 

fd,A i[kokM+s ds nkSjku vk;ksftr fgUnh dk;Z'kkyk ds izfrHkkfx;ksa dks Hkh 

bl volj ij muds }kjk izek.k i= iznku fd, x,Aewy dkedkt dh izksRlkgu ;kstuk ds fotsrk dks 
iqjLdkj nsrs gq, Jh gjh eksgu] iz-fu-

fgUnh fnol lekjksg es Jksrkx.k
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dk;Z'kkyk esa Hkkx ysrs ofj"B oSKkfud ,oa vU; izfrHkkxh

ukjh fdlh lgkjs dh eksgrkt gS] 'kfDrghu gS vfirq tc rd Hkkjrh; lekt viuh 

ghu ekufldrk dks cnydj tUe ls gh ckyd o ckfydk dks leku :i ls ykyu 

ikyu ugha djrk] leku volj ugha nsxk efgyk vkj{k.k o l'kDrhdj.k dh 

vko';drk iM+rh jgsxhA ;g izfr;ksfxrk laLFkku ds lnL;kas esa cgqr yksdfiz; gS rFkk 

lHkh oxksZa ds lnL;ksa us blesa Hkkx fy;k A

laLFkku ds funs'kd MkW- fxjh'k lkguh] iz'kklu fu;a=d Jh gfj eksgu o lqJh 

vuqjkx lpnso] vuqHkkx vf/kdkjh Hkh bl volj ij mifLFkr FkhaA MkW- ih-vkj-

iVuk;d] oSKkfud] MkW- dud yrk nhf{kr] oSKkfud o Jh jkeLo:i] for ,oa ys[kk 

vf/kdkjh us fgUnh okn&fookn izfr;ksfxrk esa fu.kkZ;d eaMy ds rkSj ij viuh lsok,¡ 

nhaA

vuqokn dk;Z'kkyk

fnukad 5&6 vizSy] 2005 dks ujkdkl] p.Mhx<+ ds lg;ksx ls 

nks fnolh; vuqokn dk;Z'kkyk vk;ksftr dh xbZ ftlesa 

p.Mhx<+ fLFkr dsUnzh; dk;kZy;ksa ds yxHkx 25 

vuqokndksa@fgUnh in/kkfj;ksa us Hkkx fy;kA dk;Z'kkyk esa 

vuqokn] fgUnh lkfgR; rFkk i=dkfjrk txr ls fofHkUu 

fo}kuksa us izfrHkkfx;ksa dks lacksf/kr fd;kA

iz'kklfud fgUnh dk;Z'kkyk

fgUnh dk;Z'kkykvksa ds vk;kstu dh dM+h esa fnukad 25 ebZ] 05 

dks fgUnh dk;Z'kkyk dk vk;kstu fd;k x;k ftlesa laLFkku ds 

iz'kklu fu;a=d Jh gfjeksgu us iz'kklu ds fofHkUu igyqvksa 

ij ,d fo'ks"k okrkZ nhA dk;Z'kkyk esa laLFkku ds lHkh lnL; 

vkeaf=r FksA

mUgksaus iz'kklu ds f{kfrt ds foLrkj dks 

jk"Vªh; Lrj ij O;k[;kf;r fd;k rFkk 

iz'kklu ,oa lrdZrk laca/kh vk;keksa ij 

uohu jkspd tkudkjh nhA

ys[kk dk;Z laca/kh dk;Z'kkyk

blh dM+h esa fnukad 12 tqykbZ] 05 dks Jh 

jkeLo:i] for ,oa ys[kk vf/kdkjh us 

oSKkfud ,oa rduhdh LVkQ dks ys[kk 

vuqokn dk;Z'kkyk ds volj ij MkW- ujs'k dqekj ,oa vU; ofj"B 
vf/kdkjhx.k rFkk MkW- lqjsUnz dqekj 'kekZ] lgk;d funs'kd] 

jkHkk- ,oa lfpo ujkdkl cksyrs gq,A
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ewy dkedkt dh izksRlkgu ;kstuk ds fotsrk dks 
iqjLdkj nsrs gq, Jh gjh eksgu] iz-fu-

laca/kh dk;Z esa vkus okyh O;kogkfjd dfBukb;ksa dks nwj djus ds mís'; dks ysdj 

^ys[kk ,oa lsok ekeys* fo"k; ij fgUnh esa ,d fo'kn okrkZ nhA mUgksaus NqV~Vh fu;eksa] 

;k=k Hkrksa] ias'ku] minku] NqV~Vh ds cnys udn Hkqxrku vkfn lHkh fo"k;ksa ij ljy 

cksypky dh Hkk"kk esa tkudkjh nhA laLFkku ds lHkh lnL;ksa us iwjh izfrHkkfxrk ls 

okrkZ esa Hkkx fy;kA

fgUnh i[kokM+s dk vk;kstu o"kZ 2005 

laLFkku esa fnukad 01-09-05 ls 14-09-05 rd fgUnh i[kokM+s dk vk;kstu 

fd;k x;kA

blds nkSjku fofHkUu izfr;ksfxrk,¡ vk;ksftr dh xbZA fnukad 14-9-05 dks 

laLFkku ds lEesyu d{k esa eq[; lekjksg vk;ksftr fd;k x;kA

laLFkku ds funs'kd MkW- fxjh'k lkguh fdlh fo'ks"k iz'kklfud cSBd ds 

flyflys esa nkSjs ij gksus ds 

dkj.k dk;ZØe esa mifLFkr ugha 

gks ldsA vr% Jh gfj eksgu] 

iz'kklu fu;a=d us dk;ZØe dh v/;{krk 

dhA ofj"B oSKkfud MWk- ujs'k dqekj rFkk 

lqJh vuqjkx lpnso] vuqHkkx vf/kdkjh Hkh 

bl volj ij mifLFkr FkhaA loZizFke bl 

lekjksg dk eq[; vkd"kZ.k *fgUnh iz'uksrjh 

esa fofo/k fo"k;ksa ds lkFk&lkFk fgUnh 

lkfgR; ds {ks= ls fy, x, iz'u Hkh 'kkfey 

fd, x,A Jh gfj eksgu] iz'kklu fu;a=d 

us bl volj ij laLFkku ds 

lnL;ksa dks lans'k fn;k fd iz'kklu ds lkFk&lkFk gesa Hkkjr dh igpku ds 

rkSj ij Hkh fgUnh dks LFkkfir djuk gSA mUgksaus lHkh Hkkjrh;ksa Hkk"kkvksa dks 

Hkh lkFk ysdj pyus dk vuqjks/k fd;k ftlls fgUnh ds izfr vfgUnh 

Hkkf"k;ksa dh Hkh LoLFk ekufldrk fodflr gksxhA mUgksaus i[kokM+s ds nkSjku 

vk;ksftr foKku ij fgUnh esa ys[ku izfr;ksfxrk] dEI;wVj ij fgUnh Vad.k 

fgUnh 'kCnkoyh] fgUnh i=@vkosnu ys[ku izfr;ksfxrkvksa ds fotsrkvksa 

dks rFkk o"kZHkj dh xfrfof/k;ksa ds fotsrkvksa dks o fgUnh esa ewy dkedkt 

dh izksRlkgu ;kstuk esa Hkkx ysus okys deZpkfj;ksa dks iqjLdkj forfjr 

fd,A i[kokM+s ds nkSjku vk;ksftr fgUnh dk;Z'kkyk ds izfrHkkfx;ksa dks Hkh 

bl volj ij muds }kjk izek.k i= iznku fd, x,Aewy dkedkt dh izksRlkgu ;kstuk ds fotsrk dks 
iqjLdkj nsrs gq, Jh gjh eksgu] iz-fu-

fgUnh fnol lekjksg es Jksrkx.k
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fu.kkZ;d eaMy ds :i esa MkW- vkj-fd'kksj] oS-] Mk-W cyfoanj] oS- o lqJh 'kf'k crjk] 

ofj"B vk'kqfyfid us viuk ;ksxnku fn;kA fgUnh i[kokM+s ds vk;kstu dh lexz 

ifjdYiuk jktHkk"kk vuqHkkx }kjk dh xbZ rFkk Jh gfj eksgu] iz'kklu fu;a=d o 

lqJh vuqjkx lpnso] vuqHkkx vf/kdkjh }kjk le;&le; ij vewY; ekxZn'kZu iznku 

fd;k x;kA

Vscy odZ'kkWi ,oa fgUnh dk;Z'kkyk

laLFkku ds u, HkrhZ lnL;ksa dk uke jktHkk"kk jksLVj esa 'kkfey fd;k tkrk 

gS rFkk izR;sd frekgh ds var esa Vscy odZ'kkWi djds jktHkk"kk vf/kfu;eksa 

dh laf{kIr tkudkjh nh tkrh gS ,oa muds dk;Z dh izdfr ds vuqlkj useh 

dk;Z fgUnh esa djus dks izsfjr fd;k tkrk gSA blh dM+h esa fgUnh i[kokM+s 

ds nkSjku xr nks o"kkZsa ds nkSjku laLFkku esa HkrhZ gq, oSKkfudksa] rduhdh o 

xSj rduhdh LVkWQ ds yxHkx 30 lnL;ksa ds fy, fnukad 09-09-05 dks 4-

00 cts vijkã laLFkku ds lsfeukj gky esa fgUnh dk;Z'kkyk dk vk;kstu 

fd;k x;k ftlesa lqJh uh:] o- fgUnh vf/kdkjh] lh,lvkbZvks dks 

izfrHkkfx;ksa dks lacksf/kr djus ds fy, vkeaf=r fd;k x;kA dk;Z'kkyk dk 

lapkyu lqJh uouhr vkuan] o-vuqoknd us fd;k o lqJh vuqjkx lpnso] 

vuqHkkx vf/kdkjh Hkh bl volj ij mifLFkr FkhaA lqJh uh: us ljy ,oa 

/kkjkizokg Hkk"kk esa jktHkk"kk vf/kfu;eksa o fgUnh orZuh laca/kh tkudkfj;k¡ 

nhA izfrHkkfx;ksa us orZuh laca/kh dfBukb;ksa ds fuokj.k esa mRlkgiw.kZ :fp fn[kkbZA
blds vfrfjDr fnlEcj] 05 esa lekIr frekgh ds nkSjku foŸk ,oa ys[kk vuqHkkx dh 

rFkk ekpZ] 06 esa lekIr frekgh ds nkSjku lkekU;] fcy] izs"k.k] vuqHkkxksa dh Vscy 

odZ'kki vk;ksftr dh xbZA ftlesa lnL;ksa dh Vscy ij tkdj mudh jktHkk"kk esa 

dk;Z djus laca/kh dfBukb;ksa dk fuokj.k fd;k x;k rFkk vH;kl djk;k x;kA

**lh,lvkbZvkj ds foKku esa ;qok usr`Ro dk;ZØe** dh rjg laLFkku ds 

lnL;ksa ds cPpksa ds fy, fgUnh esa fo'ks"k ;ksX;rk  izkIr djus ij izksRlkgu 

;kstuk &o"kZ 2004&05

laLFkku esa pykbZ tk jgh izksRlkgu ;kstukvksa ;Fkk & 

*fgUnh esa ewy dkedkt ;kstuk* o *foKku ij fgUnh esa 

lsfeukj ;kstuk* ds vfrfjDr tSlkfd lfefr ds le{k 

lq>ko j[kk x;k fd lh,lvkbZvkj ds *foKku esa ;qok 

usr`Ro dk;ZØe* dh rjg beVSd lnL;ksa ds cPpksa esa 

jktHkk"kk ds izfr :>ku c<+kus ds mÌs'; ls ,d 

izksRlkgu ;kstuk pykbZ xbZ gS ftlesa d{kk 4 ls 12 rd 

ds Nk=ksa ds fgUnh esa fo'ks"k ;ksX;rk ¼vf/kdre vad 

dk;Z'kkyk esa Hkkx ysrs izfrHkkxh

fgUnh fnol ds volj ij fgUnh fo"k; 
esa fo'ks"k ;ksX;rk izkIr djus ij laLFkku 
ds lnL;ksa ds cPpksa dks iqLdkj nsrs 

MkW- fxjh'k lkguh
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fu/kkZfjr ugha fd, x, gSa D;ksafd vyx & vyx Ldwyksa esa ewY;kadu dk Lrj 

fHkUu&fHkUu gks ldrk gS ½ izkIr djus ij fgUnh fnol ds volj ij iqjLd`r fd;k 

x;k tk,xkA ;g ;kstuk orZeku f'k{kk o"kZ ls ykxw dh xbZA

/kkjk 3¼3½ dk vuqikyu&bysDVªkWfud rkSj ij & laLFkku esa /kkjk 3¼3½ ds vuqikyu ij 

fo'ks"k /;ku fn;k tkrk gS rFkk lHkh lkekU; vkns'k f}Hkk"kh tkjh fd, tkrs gSa rFkk 

vc bZa- esy ds ek/;e ls buds f}Hkk"kh vuqikyu ds fy, laLFkku esa bZ-esy lqfo/kk ds 

f}Hkk"khdj.k dh izfØ;k vkjaHk dh xbZ gSA 

fo'ks"k mYys[k

jktHkk"kk iqjLdkj & uxj jktHkk"kk dk;kZUo;u lfefr] p.Mhx<+ }kjk o"kZ 

2004&05 esa jktHkk"kk dk;kZUo;u ds fo'ks"k iz;klksa ds fy, laLFkku dks uxj Lrj ij 

f}rh; LFkku izkIr gqvkA fnukad 20-05-06 dks p.Mhx<+ esa vk;ksftr ,d 

lekjksg esa lqJh ,l-ds-vkSy[k] eq[; vk;dj vk;qDr ,oa v/;{k] ujkdkl us 

laLFkku ds funs'kd] Mk- fxjh'k lkguh ds lkFk&lkFk jkTkHkk"kk vuqHkkx dks 

Hkh lEekfur fd;k x;kA ujkdkl }kjk uxj Lrj ij vk;ksftr dh xbZ fgUnh 

fuca/k ys[ku izfr;ksfxrk esa laLFkku ds Jh tkudh izlkn] rduhf'k;u dks r`rh; 

iqjLdkj izkIr gqvkA

lalnh; jktHkk"kk lfefr dh nwljh milfefr }kjk laLFkku dk jktHkk"kk 

laca/kh fujh{k.k fnukad 07-06-07

MkW- y{eh ukjk;.k ik.Ms; dh v/;{krk esa fnukad 07-06-07 dks laLFkku dk jktHkk"kk 

laca/kh fujh{k.k fd;k x;kA MkW-oh-ds-xqIrk] funs'kd fuLds;j] ubZ fnYyh us ifj"kn~ 

eq[;ky; dk izfrfuf/kRo fd;k rFkk MkW- iwjuiky] o- fg- vf/kdkjh Hkh bl volj ij 

mifLFkr FksA laLFkku dh vksj ls fuEufyf[kr vf/kdkfj;ksa us Hkkx fy;kA
1- MkW- fxjh'k lkguh & funs'kd 
2- MkW- ih-vkj- iVuk;d & oSKkfud
3- MkW- riu pØorhZ & oSKkfud
4- Jh ,l-Mh- HkV~V & oSKkfud ,oa jktHkk"kk vf/kdkjh
5- MkW- iznhi dqekj pØorhZ & oSKkfud
6- MkW- vkuan dqekj cPNkor & oSKkfud
7- MkW- vkj-,l- tkSyh & oSKkfud
8- Jh ,e- vkj- elku & iz'kklu fu;a=d
9- Jh jke Lo:i & for ,oa ys[kk vf/kdkjh
10- Jh ds-ds- Hkjr & HkaMkj ,oa Ø; vf/kdkjh
11- Jh ijkx lDlsuk & vuqHkkx vf/kdkjh
12- lqJh uouhr vkuan & o-vuqoknd

lalnh; jktHkk"kk lfefr ds le{k eq[;ky;
,oa beVSd ds vf/kdkjhx.k 

fgUnh fnol lekjksg esa iqjLdkj nsrs 
MkW- fxjh'k lkguh
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fu.kkZ;d eaMy ds :i esa MkW- vkj-fd'kksj] oS-] Mk-W cyfoanj] oS- o lqJh 'kf'k crjk] 

ofj"B vk'kqfyfid us viuk ;ksxnku fn;kA fgUnh i[kokM+s ds vk;kstu dh lexz 

ifjdYiuk jktHkk"kk vuqHkkx }kjk dh xbZ rFkk Jh gfj eksgu] iz'kklu fu;a=d o 

lqJh vuqjkx lpnso] vuqHkkx vf/kdkjh }kjk le;&le; ij vewY; ekxZn'kZu iznku 

fd;k x;kA

Vscy odZ'kkWi ,oa fgUnh dk;Z'kkyk

laLFkku ds u, HkrhZ lnL;ksa dk uke jktHkk"kk jksLVj esa 'kkfey fd;k tkrk 

gS rFkk izR;sd frekgh ds var esa Vscy odZ'kkWi djds jktHkk"kk vf/kfu;eksa 

dh laf{kIr tkudkjh nh tkrh gS ,oa muds dk;Z dh izdfr ds vuqlkj useh 

dk;Z fgUnh esa djus dks izsfjr fd;k tkrk gSA blh dM+h esa fgUnh i[kokM+s 

ds nkSjku xr nks o"kkZsa ds nkSjku laLFkku esa HkrhZ gq, oSKkfudksa] rduhdh o 

xSj rduhdh LVkWQ ds yxHkx 30 lnL;ksa ds fy, fnukad 09-09-05 dks 4-

00 cts vijkã laLFkku ds lsfeukj gky esa fgUnh dk;Z'kkyk dk vk;kstu 

fd;k x;k ftlesa lqJh uh:] o- fgUnh vf/kdkjh] lh,lvkbZvks dks 

izfrHkkfx;ksa dks lacksf/kr djus ds fy, vkeaf=r fd;k x;kA dk;Z'kkyk dk 

lapkyu lqJh uouhr vkuan] o-vuqoknd us fd;k o lqJh vuqjkx lpnso] 

vuqHkkx vf/kdkjh Hkh bl volj ij mifLFkr FkhaA lqJh uh: us ljy ,oa 

/kkjkizokg Hkk"kk esa jktHkk"kk vf/kfu;eksa o fgUnh orZuh laca/kh tkudkfj;k¡ 

nhA izfrHkkfx;ksa us orZuh laca/kh dfBukb;ksa ds fuokj.k esa mRlkgiw.kZ :fp fn[kkbZA
blds vfrfjDr fnlEcj] 05 esa lekIr frekgh ds nkSjku foŸk ,oa ys[kk vuqHkkx dh 

rFkk ekpZ] 06 esa lekIr frekgh ds nkSjku lkekU;] fcy] izs"k.k] vuqHkkxksa dh Vscy 

odZ'kki vk;ksftr dh xbZA ftlesa lnL;ksa dh Vscy ij tkdj mudh jktHkk"kk esa 

dk;Z djus laca/kh dfBukb;ksa dk fuokj.k fd;k x;k rFkk vH;kl djk;k x;kA

**lh,lvkbZvkj ds foKku esa ;qok usr`Ro dk;ZØe** dh rjg laLFkku ds 

lnL;ksa ds cPpksa ds fy, fgUnh esa fo'ks"k ;ksX;rk  izkIr djus ij izksRlkgu 

;kstuk &o"kZ 2004&05

laLFkku esa pykbZ tk jgh izksRlkgu ;kstukvksa ;Fkk & 

*fgUnh esa ewy dkedkt ;kstuk* o *foKku ij fgUnh esa 

lsfeukj ;kstuk* ds vfrfjDr tSlkfd lfefr ds le{k 

lq>ko j[kk x;k fd lh,lvkbZvkj ds *foKku esa ;qok 

usr`Ro dk;ZØe* dh rjg beVSd lnL;ksa ds cPpksa esa 

jktHkk"kk ds izfr :>ku c<+kus ds mÌs'; ls ,d 

izksRlkgu ;kstuk pykbZ xbZ gS ftlesa d{kk 4 ls 12 rd 

ds Nk=ksa ds fgUnh esa fo'ks"k ;ksX;rk ¼vf/kdre vad 

dk;Z'kkyk esa Hkkx ysrs izfrHkkxh

fgUnh fnol ds volj ij fgUnh fo"k; 
esa fo'ks"k ;ksX;rk izkIr djus ij laLFkku 
ds lnL;ksa ds cPpksa dks iqLdkj nsrs 

MkW- fxjh'k lkguh
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fu/kkZfjr ugha fd, x, gSa D;ksafd vyx & vyx Ldwyksa esa ewY;kadu dk Lrj 

fHkUu&fHkUu gks ldrk gS ½ izkIr djus ij fgUnh fnol ds volj ij iqjLd`r fd;k 

x;k tk,xkA ;g ;kstuk orZeku f'k{kk o"kZ ls ykxw dh xbZA

/kkjk 3¼3½ dk vuqikyu&bysDVªkWfud rkSj ij & laLFkku esa /kkjk 3¼3½ ds vuqikyu ij 

fo'ks"k /;ku fn;k tkrk gS rFkk lHkh lkekU; vkns'k f}Hkk"kh tkjh fd, tkrs gSa rFkk 

vc bZa- esy ds ek/;e ls buds f}Hkk"kh vuqikyu ds fy, laLFkku esa bZ-esy lqfo/kk ds 

f}Hkk"khdj.k dh izfØ;k vkjaHk dh xbZ gSA 

fo'ks"k mYys[k

jktHkk"kk iqjLdkj & uxj jktHkk"kk dk;kZUo;u lfefr] p.Mhx<+ }kjk o"kZ 

2004&05 esa jktHkk"kk dk;kZUo;u ds fo'ks"k iz;klksa ds fy, laLFkku dks uxj Lrj ij 

f}rh; LFkku izkIr gqvkA fnukad 20-05-06 dks p.Mhx<+ esa vk;ksftr ,d 

lekjksg esa lqJh ,l-ds-vkSy[k] eq[; vk;dj vk;qDr ,oa v/;{k] ujkdkl us 

laLFkku ds funs'kd] Mk- fxjh'k lkguh ds lkFk&lkFk jkTkHkk"kk vuqHkkx dks 

Hkh lEekfur fd;k x;kA ujkdkl }kjk uxj Lrj ij vk;ksftr dh xbZ fgUnh 

fuca/k ys[ku izfr;ksfxrk esa laLFkku ds Jh tkudh izlkn] rduhf'k;u dks r`rh; 

iqjLdkj izkIr gqvkA

lalnh; jktHkk"kk lfefr dh nwljh milfefr }kjk laLFkku dk jktHkk"kk 

laca/kh fujh{k.k fnukad 07-06-07

MkW- y{eh ukjk;.k ik.Ms; dh v/;{krk esa fnukad 07-06-07 dks laLFkku dk jktHkk"kk 

laca/kh fujh{k.k fd;k x;kA MkW-oh-ds-xqIrk] funs'kd fuLds;j] ubZ fnYyh us ifj"kn~ 

eq[;ky; dk izfrfuf/kRo fd;k rFkk MkW- iwjuiky] o- fg- vf/kdkjh Hkh bl volj ij 

mifLFkr FksA laLFkku dh vksj ls fuEufyf[kr vf/kdkfj;ksa us Hkkx fy;kA
1- MkW- fxjh'k lkguh & funs'kd 
2- MkW- ih-vkj- iVuk;d & oSKkfud
3- MkW- riu pØorhZ & oSKkfud
4- Jh ,l-Mh- HkV~V & oSKkfud ,oa jktHkk"kk vf/kdkjh
5- MkW- iznhi dqekj pØorhZ & oSKkfud
6- MkW- vkuan dqekj cPNkor & oSKkfud
7- MkW- vkj-,l- tkSyh & oSKkfud
8- Jh ,e- vkj- elku & iz'kklu fu;a=d
9- Jh jke Lo:i & for ,oa ys[kk vf/kdkjh
10- Jh ds-ds- Hkjr & HkaMkj ,oa Ø; vf/kdkjh
11- Jh ijkx lDlsuk & vuqHkkx vf/kdkjh
12- lqJh uouhr vkuan & o-vuqoknd

lalnh; jktHkk"kk lfefr ds le{k eq[;ky;
,oa beVSd ds vf/kdkjhx.k 

fgUnh fnol lekjksg esa iqjLdkj nsrs 
MkW- fxjh'k lkguh
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fgUnh i[kokM+s dk vk;kstu &2006

lw{etho izkS|ksfxdh laLFkku] p.Mhx<+ esa fnukad 01-09-06 ls 14-09-06 rd fgUnh 

i[kokM+s dk vk;kstu fd;k x;kA blds nkSjku fofHkUu izfr;ksfxrk,¡ vk;ksftr dh 

xbZA fnukad 14-09-06 dks laLFkkr ds lHkkxkj esa eq[; lekjksg vk;ksftr fd;k 

x;kA laLFkku ds funs'kd MkW- fxjh'k 

lkguh us dk;ZØe dh v/;{krk dh] Jh 

,e- vkj- ,lku] iz'kklu fu;a=d fdlh 

fo'ks"k iz'kklfud dk;Z ds flyflys esa nkSjs 

ij gksus ds dkj.k dk;ZØe esa mifLFkr 

ugha gks ldsA loZizFke bl lekjksg dk 

eq[; vkd"kZ.k *fgUnh okn& fookn 

izfr;ksfxrk* vk;ksftr dh xbZ feldk 

fo"k; Fkk **viuh ns'kHkfDr dk lcwr nsrs 

jguk gj ukxfjd dk drZO; gS** 

ftlesa laLFkku ds lHkh lnL;ksa 

us mRlkgiw.kZ Hkkxhnkjh dh A ;g izfr;ksfxrk laLFkku ds lHkh oxkZsa ds 

lnL;ksa esa fo'ks"k yksdfiz; gSA i{k o foIk{k ds lksyg izfr;ksfx;ksa us vius 

fopkjksŸktd rF; j[ks vkSj var esa foi{k dk iyM+k Hkkjh jgkA MkW- lkguh 

us bl volj ij lans'k nsrs gq, laLFkku ds lnL;ksa dks drZO;fu"Bk dh 

vksj izsfjr fd;k fd fu;eksa dk ikyu djuk gekjk drZO; gS vkSj jktHkk"kk 

fgUnh dks viukuk gekjh laoS/kkfud vko';drk gSA mUgksaus okn & fookn 

esa Hkkx ysus okys izfrHkkfx;ksa dks c/kkbZ nsrs gq, dgk fd jkspd fo"k;ksa ij 

fgUnh esa dh xbZ ckrphr ls laLFkku esa fgUnh ds iz;ksx ds fy, ldkjkRed 

okrkoj.k mRiUu gksxkA mUgksaus okn & fookn ds laca/k esa Hkh vius xgu 

fopkj j[ks vkSj ns'kHkfDr dh O;k[;k dks ,d u;k vk;ke fn;kA dk;ZØe dk 

lapkyu lqJh uouhr vkuan] ofj"B 

vuqoknd us fd;k RkFkk laLFkku esa 

jktHkk"kk dk;kZUo;u laca/kh miyfC/k;ksa ij 

izdk'k Mkyk fd laLFkku esa leLr 

dk;Zdyki f}Hkk"kh djus dk iz;kl fd;k 

tkrk gS vkSj blh dM+h esa bl volj ij 

?kks"k.kk dh xbZ fd fgUnh fnol ds volj 

ij laLFkku esa iz;ksx esa yk, tkus okys 

QkeksZa dk f}Hkk"kh :i laLFkku dh oSc 

lkbV ij vkWuykbu miyC/k djk fn;k 

x;k gSA lHkkxkj esa mifLFkr lHkh lnL;ksa 

fgUnh fnol lekjksg esa fu.kkZ;d e.My

fgUnh fnol lekjksg esa fgUnh oknfookn izfr;ksfxrk

fgUnh fnol lekjksg ds volj ij Jksrkx.k
192
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us bl lqfo/kk dk djry /ofu ls Lokxr fd;kA

blds i'pkr~ funs'kd] beVSd }kjk i[kokM+s ds nkSjku vk;ksftr foKku ij fgUnh esa 

Lyksxu ys[ku izfr;ksfxrk] dEI;wVj ij fgUnh Vad.k] fgUnh 'kCnkoyh] fgUnh 

i=@vkosnu ys[ku] rLohj D;k cksyrh gS \] fgUnh okn fookn izfr;ksfxrk ds 

fotsrkvksa dks rFkk o"kZHkj dh xfrfof/k;ksa ds fotsrkvksa dks o fgUnh esa ewy dkedkt 

dh izksRlkgu ;kstuk esa Hkkx ysus okys lnL;ksa dks iqjLdkj forfjr fd,A blds 

vfrfjDr **lh,lvkbZvkj ds foKku esa ;qok usr`Ro dk;ZØe** dh rjg pykbZ tk jgh 

Ldwyh Nk=ksa ds fy, fgUnh esa fo'ks"k ;ksX;rk izkIr djus ij udn iqjLdkj iznku djus 

dh izksRlkgu ;kstuk ds rgr Hkh beVSd lnL;ksa ds cPpksa dks Hkh bl volj ij 

iqjLd`r fd;k x;kA

laLFkku eas jktHkk"kk ds izHkko'kkyh dk;kZUo;u gsrq lHkh {ks=h; 

leUo;dksa@vuqHkkx@izHkkxk/;{kksa dh cSBd

lalnh; jktHkk"kk lfefr dh nwljh milfefr ds }kjk fnukad 07-06-06 dks gq, 

laLFkku ds jktHkk"kk laca/kh fujh{k.k ds laca/k esa ifj"kn~ eq[;ky; ds fnukad 08-08-06 

ds i=kad 20&24 ¼23½@2001&jk-Hkk- ds ek/;e ls izkIr fjiksVZ ¼laLFkku dh vksj ls 

fn, x, vk'okluksa ds laca/k esa ½ dh vuqorhZ dkjZokbZ ds rkSj ij lHkh vuqHkkx 

@izHkkxk/;{kksa dh cSBd fnukad 05-09-06 dks laLFkku ds desVh d{k esa vk;ksftr dh 

xbZ ftlesa fuEufyf[kr lnL; mifLFkr Fks &

1- MkW- fxjh'k lkguh] funs'kd
2- MkW- ih-vkj- iVuk;d] oS-
3- Jh ,l-Mh-HkV~V] oS- ,oa jktHkk"kk vf/kdkjh
4- MkW- iznhi dqekj pØorhZ] oS-
5- MkW- vkuan dqekj cPNkor] OkS-
6- MkW- vkj-,l- tkSyh] oS-
7- MkW- th-lh- ok".ksZ;] oS-
8- MkW- Mh-ds-lkgw] oS-
9- Jh vrqy dqekj xks;y] v/kh-vfHk-
10- Jh vkj-lksuh] oS-
11- Jh ,e-vkj-elku] iz-fu-
12- Jh c`ts'k dqekj] fo- ,oa ys-vf/k
13- Jh ds-ds-Hkjr] Hka- ,oa Ø; vf/k-
14- Jh ijkx lDlsuk] v-v-
15- Jh vkj-,u- caly] iqLrd-vf/k-
16- lqJh uouhr vkuan] o- vuqoknd

lalnh; lfefr dks fn, x, vk'oklu iwjs djus ds i'pkr~ fnukad 15-12-06 ifj-

eq[;k- dks ,rnFkZ fjiksVZ fHktokus gsrq vk'okluksa dh iwrhZ dh fn'kk esa cSBd esa 

egRoiw.kZ fu.kZ; fy, x,A
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fgUnh i[kokM+s dk vk;kstu &2006

lw{etho izkS|ksfxdh laLFkku] p.Mhx<+ esa fnukad 01-09-06 ls 14-09-06 rd fgUnh 

i[kokM+s dk vk;kstu fd;k x;kA blds nkSjku fofHkUu izfr;ksfxrk,¡ vk;ksftr dh 

xbZA fnukad 14-09-06 dks laLFkkr ds lHkkxkj esa eq[; lekjksg vk;ksftr fd;k 

x;kA laLFkku ds funs'kd MkW- fxjh'k 

lkguh us dk;ZØe dh v/;{krk dh] Jh 

,e- vkj- ,lku] iz'kklu fu;a=d fdlh 

fo'ks"k iz'kklfud dk;Z ds flyflys esa nkSjs 

ij gksus ds dkj.k dk;ZØe esa mifLFkr 

ugha gks ldsA loZizFke bl lekjksg dk 

eq[; vkd"kZ.k *fgUnh okn& fookn 

izfr;ksfxrk* vk;ksftr dh xbZ feldk 

fo"k; Fkk **viuh ns'kHkfDr dk lcwr nsrs 

jguk gj ukxfjd dk drZO; gS** 

ftlesa laLFkku ds lHkh lnL;ksa 

us mRlkgiw.kZ Hkkxhnkjh dh A ;g izfr;ksfxrk laLFkku ds lHkh oxkZsa ds 

lnL;ksa esa fo'ks"k yksdfiz; gSA i{k o foIk{k ds lksyg izfr;ksfx;ksa us vius 

fopkjksŸktd rF; j[ks vkSj var esa foi{k dk iyM+k Hkkjh jgkA MkW- lkguh 

us bl volj ij lans'k nsrs gq, laLFkku ds lnL;ksa dks drZO;fu"Bk dh 

vksj izsfjr fd;k fd fu;eksa dk ikyu djuk gekjk drZO; gS vkSj jktHkk"kk 

fgUnh dks viukuk gekjh laoS/kkfud vko';drk gSA mUgksaus okn & fookn 

esa Hkkx ysus okys izfrHkkfx;ksa dks c/kkbZ nsrs gq, dgk fd jkspd fo"k;ksa ij 

fgUnh esa dh xbZ ckrphr ls laLFkku esa fgUnh ds iz;ksx ds fy, ldkjkRed 

okrkoj.k mRiUu gksxkA mUgksaus okn & fookn ds laca/k esa Hkh vius xgu 

fopkj j[ks vkSj ns'kHkfDr dh O;k[;k dks ,d u;k vk;ke fn;kA dk;ZØe dk 

lapkyu lqJh uouhr vkuan] ofj"B 

vuqoknd us fd;k RkFkk laLFkku esa 

jktHkk"kk dk;kZUo;u laca/kh miyfC/k;ksa ij 

izdk'k Mkyk fd laLFkku esa leLr 

dk;Zdyki f}Hkk"kh djus dk iz;kl fd;k 

tkrk gS vkSj blh dM+h esa bl volj ij 

?kks"k.kk dh xbZ fd fgUnh fnol ds volj 

ij laLFkku esa iz;ksx esa yk, tkus okys 

QkeksZa dk f}Hkk"kh :i laLFkku dh oSc 

lkbV ij vkWuykbu miyC/k djk fn;k 

x;k gSA lHkkxkj esa mifLFkr lHkh lnL;ksa 

fgUnh fnol lekjksg esa fu.kkZ;d e.My

fgUnh fnol lekjksg esa fgUnh oknfookn izfr;ksfxrk

fgUnh fnol lekjksg ds volj ij Jksrkx.k
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us bl lqfo/kk dk djry /ofu ls Lokxr fd;kA

blds i'pkr~ funs'kd] beVSd }kjk i[kokM+s ds nkSjku vk;ksftr foKku ij fgUnh esa 

Lyksxu ys[ku izfr;ksfxrk] dEI;wVj ij fgUnh Vad.k] fgUnh 'kCnkoyh] fgUnh 

i=@vkosnu ys[ku] rLohj D;k cksyrh gS \] fgUnh okn fookn izfr;ksfxrk ds 

fotsrkvksa dks rFkk o"kZHkj dh xfrfof/k;ksa ds fotsrkvksa dks o fgUnh esa ewy dkedkt 

dh izksRlkgu ;kstuk esa Hkkx ysus okys lnL;ksa dks iqjLdkj forfjr fd,A blds 

vfrfjDr **lh,lvkbZvkj ds foKku esa ;qok usr`Ro dk;ZØe** dh rjg pykbZ tk jgh 

Ldwyh Nk=ksa ds fy, fgUnh esa fo'ks"k ;ksX;rk izkIr djus ij udn iqjLdkj iznku djus 

dh izksRlkgu ;kstuk ds rgr Hkh beVSd lnL;ksa ds cPpksa dks Hkh bl volj ij 

iqjLd`r fd;k x;kA

laLFkku eas jktHkk"kk ds izHkko'kkyh dk;kZUo;u gsrq lHkh {ks=h; 

leUo;dksa@vuqHkkx@izHkkxk/;{kksa dh cSBd

lalnh; jktHkk"kk lfefr dh nwljh milfefr ds }kjk fnukad 07-06-06 dks gq, 

laLFkku ds jktHkk"kk laca/kh fujh{k.k ds laca/k esa ifj"kn~ eq[;ky; ds fnukad 08-08-06 

ds i=kad 20&24 ¼23½@2001&jk-Hkk- ds ek/;e ls izkIr fjiksVZ ¼laLFkku dh vksj ls 

fn, x, vk'okluksa ds laca/k esa ½ dh vuqorhZ dkjZokbZ ds rkSj ij lHkh vuqHkkx 

@izHkkxk/;{kksa dh cSBd fnukad 05-09-06 dks laLFkku ds desVh d{k esa vk;ksftr dh 

xbZ ftlesa fuEufyf[kr lnL; mifLFkr Fks &

1- MkW- fxjh'k lkguh] funs'kd
2- MkW- ih-vkj- iVuk;d] oS-
3- Jh ,l-Mh-HkV~V] oS- ,oa jktHkk"kk vf/kdkjh
4- MkW- iznhi dqekj pØorhZ] oS-
5- MkW- vkuan dqekj cPNkor] OkS-
6- MkW- vkj-,l- tkSyh] oS-
7- MkW- th-lh- ok".ksZ;] oS-
8- MkW- Mh-ds-lkgw] oS-
9- Jh vrqy dqekj xks;y] v/kh-vfHk-
10- Jh vkj-lksuh] oS-
11- Jh ,e-vkj-elku] iz-fu-
12- Jh c`ts'k dqekj] fo- ,oa ys-vf/k
13- Jh ds-ds-Hkjr] Hka- ,oa Ø; vf/k-
14- Jh ijkx lDlsuk] v-v-
15- Jh vkj-,u- caly] iqLrd-vf/k-
16- lqJh uouhr vkuan] o- vuqoknd

lalnh; lfefr dks fn, x, vk'oklu iwjs djus ds i'pkr~ fnukad 15-12-06 ifj-

eq[;k- dks ,rnFkZ fjiksVZ fHktokus gsrq vk'okluksa dh iwrhZ dh fn'kk esa cSBd esa 

egRoiw.kZ fu.kZ; fy, x,A
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laLFkku esa jktHkk"kk dk;kZUo;u laca/kh fujh{k.k A

lalnh; jktHkk"kk lfefr dh nwljh milfefr }kjk laLFkku ds jktHkk"kk laca/kh 

fujh{k.k dh vuqorhZ dkjZokbZ ds rkSj ij laLFkku ds fofHkUu vuqHkkxksa dk jktHkk"kk 

laca/kh fujh{k.k fd;k x;kA
fnukad 16-10-06 ls 19-10-06 rd ds nkSjku funs'kd] beVSd }kjk ,rnFkZ xfBr 

lfefr }kjk fuEuor fujh{k.k fd;k x;k &

fnukad vuqHkkx le;
16-10-06 ys[kk] fcy] dS'k] 11-30 ls 12-30

lkekU;] izs"k.k iwokZg~u
17-10-06 LFkk & AA] HkrhZ] 11-30 ls 12-30

lqj{kk] ckxokuh] dSaVhu] iwokZg~u
18-10-06 Hk.Mkj ,oa Ø;] b-,l-Mh- 11-30 ls 12-30

bULVwªesaVs'ku iwokZg~u
19-10-06 iqLrdky;] ih-Vh-,e- 11-30 ls 12-30

iwokZg~u

ifj"kn~ eq[;ky; }kjk laLFkku dk jktHkk"kk laca/kh fujh{k.k

fnukad 02-11-06 dk MkW- iwjuiky ofj"B fgUnh vf/kdkjh }kjk laLFkku 

dk jktHkk"kk laca/kh fujh{k.k fd;k x;kA fujh{k.k ds nkSjku laLFkku ds 

iz'kklfud vuqHkkxksa ;Fkk& LFkkiuk] lkeU;] fMLiSp] fcy o ys[kk 

vuqHkkxksa esa lgk;dksa dh Vscyksa ij tkdj o- fgUnh vf/kdkjh us 

jktHkk"kk dk;kZUo;u dh fLFkfr dh leh{kk dh rFkk lgk;dksa dh 

O;kogkfjd leL;kvksa dks Hkh lquk rFkk mi;ksxh lq>ko Hkh fn,A
fujh{k.k dh fjiksVZ izkIr gqbZ rFkk fnukad 14-11-06 dks gqbZ jktHkk"kk 

dk;kZUo;u lfefr dh cSBd esa mlij fcUnqokj ppkZ dh xbZ rFkk 

vuqorhZ dkjZokb;k¡ dh xbZ A

fgUnh dk Kku j[kus oky lnL;ksa ds fy, fgUnh dk;Z'kkyk dk 

vk;kstu

Hkkjr ljdkj ds jktHkk"kk rFkk ifj"kn~ eq[;ky; }kjk ljdkjh dkedkt esa fgUnh ds 

mi;ksx dks T;knk ls T;knk c<+kus ds mÌs'; ls le;&le; ij tkjh funs'kksa ds 

vuqikyukFkZ laLFkku esa fofHkUu xfrfof/k;k¡ vk;ksftr dh tkrh gSaA

blh Øe esa rFkk lalnh; jktHkk"kk lfefr dh nwljh milfefr }kjk 

laLFkku ds jktHkk"kk laca/kh fujh{k.k dh vuqorhZ dkjZokbZ ds rkSj ij 

fgUnh dk;Z'kkyk ds mn~?kkVu ij MkW- iwju iky] o- 
fgUnh vf/kdkjh] MkW- fxjh'k lkguh] funs'kd ,oa

Jh ,e-vkj- elku] iz-fu- ¼ck,a ls½
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fgUnh dk Kku j[kus okys laLFkku ds lnL;ksa dks fgUnh esa dk;Z djus ds 

fy, izsfjr djus ds mÌs'; ls fnukad 03-11-2006 dks laLFkku ds 

lsfeukj gky esa fgUnh dk;Z'kkyk dk vk;kstu fd;k x;kA ifj"kn~ 

eq[;ky; ls MkW- iwjuiky] o fgUnh vf/kdkjh dks laLFkku ds lnL;ksa dks 

lacksf/kr djus gsrq vkeaf=r fd;k x;kA

dk;Z'kkyk dk mn~?kkVu djrs gq, funs'kd] beVSd MkW- fxjh'k lkguh us 

dgk fd ljdkjh lsok esa dk;Z djrs gq, vU; fu;eksa ds ikyu ds 

lkFk&lkFk fgUnh esa dk;Z djuk gekjk ije drZO; gS fgUnh ge lc 

cksyrs gSa vkSj gesa cksypky dh Hkk"kk dk gh iz;ksx djuk pkfg,A MkW- 

lkguh us MkW- iwjuiky dks Hkh muds }kjk laLFkku dks fn, x, ekxZn'kZu 

,oa lg;ksx ds fy, lk/kqokn fn;kA laLFkku ds yxHkx lHkh lnL;ksa dks fgUnh dk 

Kku izkIr gS rFkk mn~?kkVu l= esa laLFkku ds lHkh ofj"B oSKkfud vf/kdkjhx.k ,oa 

lnL; mifLFkr FksA MkW- iwjuiky us dk;Z'kkyk dh izLrkouk izLrqr dh rFkk lalnh; 

jktHkk"kk lfefr dh nwljh milfefr dks fn, x, vk'okluksa dh iwrhZ esa laLFkku dh 

rRijrk ds fy, c/kkbZ nh fd funs'kd ,oa ofj"B vf/kdkfj;ksa dh vfHk:fp ,oa 

jktHkk"kk vuqHkkx dh izfrc)rk ls gh ;g laHko gks ik;k gSA Jh ,e-vkj-elku] 

iz'kklu fu;a=d Hkh bl volj ij mifLFkr Fks rFkk mUgksaus /kU;okn izLrko fn;k 

rFkk eq[;ky; ds lrr~ lg;ksx ,oa ekxZn'kZu ds fy, vkHkkj O;Dr fd;kA dk;ZØe 

dk lapkyu lqJh uouhr vkuan] ofj"B vuqoknd us fd;kA mUgksaus bl ckr ij cy 

fn;k fd Hkkjr tSls cgqHkk"kh ns'k esa tgk¡ lHkh /keksZa] Hkkoukvksa dks lEeku fn;k tkrk gS 

fgUnh ds dk;kZUo;u dk lek/kku gesa Lo;a [kkstuk gSA

,d fnolh; dk;Z'kkyk dk vk;kstu nks l=ksa esa fd;k x;kA izFke l= esa 11-00 ls 1-

00 cts iwokZg~u fgUnh dk dk;Zlk/kd Kku j[kus okys lnL;ksa dks ukfer fd;k x;k 

ftudh la[;k 104 Fkh rFkk vijkg~u 3-00 

ls 5-00 cts vk;ksftr fd, tkus okys l= 

esa fgUnh esa izoh.krk izkIr lnL;ksa ¼la[;k 

63½ us Hkkx fy;kA nksuksa l=ksa esa MkW- 

iwjuiky us jktHkk"kk uhfr ds laf{kIr 

ifjp; ds lkFk&lkFk fgUnh orZuh dk Hkh 

ifjp; fn;kA lnL;ksa us iwjh :fp ls blesa 

Hkkx fy;kA pawfd dk;Z'kkyk esa fofo/k dk;Z 

izdkj ds lnL;ksa us Hkkx fy;k Fkk vr% 

fofHkUu vuqHkkxksa ls lacaf/kr dk;Z ds fgUnh 

ds uewus izLrqr fd,A lnL;ksa dks izksRlkfgr 

dk;Z'kkyk esa Hkkx ysrs funs'kd ¼nk,¡½] 
ofj"B oSKkfud ,oa vU; izfrHkkxh

fgUnh dk;Z'kkyk ds mn~?kkVu ds volj ij cksyrs gq,
funs'kd MkW- fxjh'k lkguh
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laLFkku esa jktHkk"kk dk;kZUo;u laca/kh fujh{k.k A

lalnh; jktHkk"kk lfefr dh nwljh milfefr }kjk laLFkku ds jktHkk"kk laca/kh 

fujh{k.k dh vuqorhZ dkjZokbZ ds rkSj ij laLFkku ds fofHkUu vuqHkkxksa dk jktHkk"kk 

laca/kh fujh{k.k fd;k x;kA
fnukad 16-10-06 ls 19-10-06 rd ds nkSjku funs'kd] beVSd }kjk ,rnFkZ xfBr 

lfefr }kjk fuEuor fujh{k.k fd;k x;k &

fnukad vuqHkkx le;
16-10-06 ys[kk] fcy] dS'k] 11-30 ls 12-30

lkekU;] izs"k.k iwokZg~u
17-10-06 LFkk & AA] HkrhZ] 11-30 ls 12-30

lqj{kk] ckxokuh] dSaVhu] iwokZg~u
18-10-06 Hk.Mkj ,oa Ø;] b-,l-Mh- 11-30 ls 12-30

bULVwªesaVs'ku iwokZg~u
19-10-06 iqLrdky;] ih-Vh-,e- 11-30 ls 12-30

iwokZg~u

ifj"kn~ eq[;ky; }kjk laLFkku dk jktHkk"kk laca/kh fujh{k.k

fnukad 02-11-06 dk MkW- iwjuiky ofj"B fgUnh vf/kdkjh }kjk laLFkku 

dk jktHkk"kk laca/kh fujh{k.k fd;k x;kA fujh{k.k ds nkSjku laLFkku ds 

iz'kklfud vuqHkkxksa ;Fkk& LFkkiuk] lkeU;] fMLiSp] fcy o ys[kk 

vuqHkkxksa esa lgk;dksa dh Vscyksa ij tkdj o- fgUnh vf/kdkjh us 

jktHkk"kk dk;kZUo;u dh fLFkfr dh leh{kk dh rFkk lgk;dksa dh 

O;kogkfjd leL;kvksa dks Hkh lquk rFkk mi;ksxh lq>ko Hkh fn,A
fujh{k.k dh fjiksVZ izkIr gqbZ rFkk fnukad 14-11-06 dks gqbZ jktHkk"kk 

dk;kZUo;u lfefr dh cSBd esa mlij fcUnqokj ppkZ dh xbZ rFkk 

vuqorhZ dkjZokb;k¡ dh xbZ A

fgUnh dk Kku j[kus oky lnL;ksa ds fy, fgUnh dk;Z'kkyk dk 

vk;kstu

Hkkjr ljdkj ds jktHkk"kk rFkk ifj"kn~ eq[;ky; }kjk ljdkjh dkedkt esa fgUnh ds 

mi;ksx dks T;knk ls T;knk c<+kus ds mÌs'; ls le;&le; ij tkjh funs'kksa ds 

vuqikyukFkZ laLFkku esa fofHkUu xfrfof/k;k¡ vk;ksftr dh tkrh gSaA

blh Øe esa rFkk lalnh; jktHkk"kk lfefr dh nwljh milfefr }kjk 

laLFkku ds jktHkk"kk laca/kh fujh{k.k dh vuqorhZ dkjZokbZ ds rkSj ij 

fgUnh dk;Z'kkyk ds mn~?kkVu ij MkW- iwju iky] o- 
fgUnh vf/kdkjh] MkW- fxjh'k lkguh] funs'kd ,oa

Jh ,e-vkj- elku] iz-fu- ¼ck,a ls½
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fgUnh dk Kku j[kus okys laLFkku ds lnL;ksa dks fgUnh esa dk;Z djus ds 

fy, izsfjr djus ds mÌs'; ls fnukad 03-11-2006 dks laLFkku ds 

lsfeukj gky esa fgUnh dk;Z'kkyk dk vk;kstu fd;k x;kA ifj"kn~ 

eq[;ky; ls MkW- iwjuiky] o fgUnh vf/kdkjh dks laLFkku ds lnL;ksa dks 

lacksf/kr djus gsrq vkeaf=r fd;k x;kA

dk;Z'kkyk dk mn~?kkVu djrs gq, funs'kd] beVSd MkW- fxjh'k lkguh us 

dgk fd ljdkjh lsok esa dk;Z djrs gq, vU; fu;eksa ds ikyu ds 

lkFk&lkFk fgUnh esa dk;Z djuk gekjk ije drZO; gS fgUnh ge lc 

cksyrs gSa vkSj gesa cksypky dh Hkk"kk dk gh iz;ksx djuk pkfg,A MkW- 

lkguh us MkW- iwjuiky dks Hkh muds }kjk laLFkku dks fn, x, ekxZn'kZu 

,oa lg;ksx ds fy, lk/kqokn fn;kA laLFkku ds yxHkx lHkh lnL;ksa dks fgUnh dk 

Kku izkIr gS rFkk mn~?kkVu l= esa laLFkku ds lHkh ofj"B oSKkfud vf/kdkjhx.k ,oa 

lnL; mifLFkr FksA MkW- iwjuiky us dk;Z'kkyk dh izLrkouk izLrqr dh rFkk lalnh; 

jktHkk"kk lfefr dh nwljh milfefr dks fn, x, vk'okluksa dh iwrhZ esa laLFkku dh 

rRijrk ds fy, c/kkbZ nh fd funs'kd ,oa ofj"B vf/kdkfj;ksa dh vfHk:fp ,oa 

jktHkk"kk vuqHkkx dh izfrc)rk ls gh ;g laHko gks ik;k gSA Jh ,e-vkj-elku] 

iz'kklu fu;a=d Hkh bl volj ij mifLFkr Fks rFkk mUgksaus /kU;okn izLrko fn;k 

rFkk eq[;ky; ds lrr~ lg;ksx ,oa ekxZn'kZu ds fy, vkHkkj O;Dr fd;kA dk;ZØe 

dk lapkyu lqJh uouhr vkuan] ofj"B vuqoknd us fd;kA mUgksaus bl ckr ij cy 

fn;k fd Hkkjr tSls cgqHkk"kh ns'k esa tgk¡ lHkh /keksZa] Hkkoukvksa dks lEeku fn;k tkrk gS 

fgUnh ds dk;kZUo;u dk lek/kku gesa Lo;a [kkstuk gSA

,d fnolh; dk;Z'kkyk dk vk;kstu nks l=ksa esa fd;k x;kA izFke l= esa 11-00 ls 1-

00 cts iwokZg~u fgUnh dk dk;Zlk/kd Kku j[kus okys lnL;ksa dks ukfer fd;k x;k 

ftudh la[;k 104 Fkh rFkk vijkg~u 3-00 

ls 5-00 cts vk;ksftr fd, tkus okys l= 

esa fgUnh esa izoh.krk izkIr lnL;ksa ¼la[;k 

63½ us Hkkx fy;kA nksuksa l=ksa esa MkW- 

iwjuiky us jktHkk"kk uhfr ds laf{kIr 

ifjp; ds lkFk&lkFk fgUnh orZuh dk Hkh 

ifjp; fn;kA lnL;ksa us iwjh :fp ls blesa 

Hkkx fy;kA pawfd dk;Z'kkyk esa fofo/k dk;Z 

izdkj ds lnL;ksa us Hkkx fy;k Fkk vr% 

fofHkUu vuqHkkxksa ls lacaf/kr dk;Z ds fgUnh 

ds uewus izLrqr fd,A lnL;ksa dks izksRlkfgr 

dk;Z'kkyk esa Hkkx ysrs funs'kd ¼nk,¡½] 
ofj"B oSKkfud ,oa vU; izfrHkkxh

fgUnh dk;Z'kkyk ds mn~?kkVu ds volj ij cksyrs gq,
funs'kd MkW- fxjh'k lkguh
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fd;k x;k fd vius dk;Z{ks= ls laca/k esa fgUnh esa dk;Z djus laca/kh dfBukb;ksa dks

lkeus j[ksa A MkW- iwjuiky ds /kU;okn ds lkFk dk;Z'kkyk lEiUu gqbZA

beVSd] p.Mhx<+ esa fnukad 6-11-06 ls 10-11-06 rd lrdZrk tkx:drk

lIrkg dk vk;kstu

Hkkjr ljdkj ds dsUnzh; lrZdrk vk;ksx ls izkIr vuqns'kksa ds vuqlj.k esa laLFkku esas

fnukad 6-11-06 dks lrdZrk tkx:drk lIrkg dk vkjaHk 'kiFk xzg.k lekjksg ls

fd;k x;kA laLFkku ds lsfeukj gky esa MkW- fxjh'k lkguh] funs'kd] beVSd us

laLFkku ds lnL;ksa dks drZO; ikyu o lR;fu"Bk dh 'kiFk fnykbZA laLFkku ds

lrdZrk vf/kdkjh ,oa iz'kklu fu;a=d Jh ,e-vkj-elku ds lkFk&lkFk lHkh

ofj"B oSKkfud ,oa ofj"B vf/kdkjh blesa mifLFkr FksA

blds vfrfjDr laLFkku ds lnL;ksa esa lrdZrk ds izfr tkx:drk mRiUu djus ds

mÌs'; ls lIrkg ds nkSjku bl fo"k; ij **rLohj D;k cksyrh gS\** fgUnh esa ys[ku o

Lyksxu ys[ku izfr;ksfxrk,¡ vk;ksftr dh xbZ ftuds fotsrk bl izdkj gSaA

Lyksxu ys[ku izfr;ksfxrk

Jh nfoUnz flag] iz;ksx'kkyk i;Zos{kd & izFke iqjLdkj lrdZrk gS oks vfHk;kuA
feVs Hkz"Vkpkj] cus ns'k

egkuAA
Jh iadt dqekj vjksM+k] 'kks/k Nk= & f}rh; iqjLdkj ns'k dh mUufr dk gS

;gh ea=A
Hk"Vªkpkj eqDr jgs gekjk

x.kra=AA
Jh tkudh izlkn] rduhf'k;u & r`rh; iqjLdkj lrdZrk dks viukuk gSA

viuh ft+Eesnkjh fuHkkuk 

gSAA
fgUnh ys[ku izfr;ksfxrk *rLohj D;k cksyrh gS\*

Jh izoh.k dqekj] d-vk'kq-& izFke iqjLdkj
lqJh iwtk lywtk] 'kks- Nk=k & f}rh; iqjLdkj
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rjg lrdZrk tkx:drk lIrkg eukus dh dksbZ vko';drk ugha gksxhA bl volj

ij ,u-Vh-Vh-Vh-vkbZ-vkj] lSDVj 26] p.Mhx<+ ds o-iz'kklfud vf/kdkjh ,oa

lrdZrk tkx:drk lIrkg ds 
volj ij iqjLdkj nsrs funs'kd
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lrdZrk vf/kdkjh Jh ds-,y-flaxyk dks laLFkku ds lnL;ksa dks lacksf/kr djus ds fy,
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vuqoknd rFkk Jh ,e-vkj-elku]

iz'kklu fu;a=d us fu.kkZ;d eaMy ds

rkSj ij viuh lsok,¡ nhaA

iz'kklfud ,oa lsok vuqHkkxksa esa

jktHkk"kk fu;eksa dk vuqikyu

lqfuf'pr djus gsrq iz'kklfud

iz/kku ds lkFk cSBd
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izHkkfj;ksa@vuqHkkx vf/kdkfj;ksa dh cSBd vk;ksftr dh xbZ ftlesa fuEufyf[kr

vf/kdkfj;ksa us Hkkx fy;kA

1- Jh ,e-vkj-elku] iz-fu-
2- Jh ,l-Mh- HkV~V] oS- ,oa jktHkk"kk vf/k-
3- Jh ,- ds- xks;y] vf/k- vfHk;ark
4- Jh ds-ds-Hkjr] HkaMkj ,oa Ø; vf/k
5- Jh ts-,u-vgwtk] o-lq-vf/k- ¼p-xsz-½
6- Jh dqythr flag] oS ¼ckxok.kh½
7- Jh t; izdk'k] v-v- ¼fo ,oa ys-½
8- Jh ijkx lDlsuk] v-v-
9- Jh ,l-Mh- +_f"k] v-v-
10- Jh vkj-,u-caly] iqLr- vf/k-
11- lqJh uouhr vkuan] o- vuq-

lrdZrk tkx:drk lIrkg ds volj ij vfHkHkk"k.k 
lqurs funs'kd] iz-fu- ,oa vU; lnL;
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Vscy odZ'kki ,oa fgUnh dk;Z'kkyk

laLFkku ds u, HkrhZ lnL;ksa dk uke jktHkk"kk jksLVj esa 'kkfey fd;k tkrk gS rFkk 

izR;sd frekgh ds var esa Vscy odZ'kkWi djds jktHkk"kk vf/kfu;eksa dh laf{kIr 

tkudkjh nh tkrh gS ,oa muds dk;Z dh izd`fr ds vuqlkj useh dk;Z fgUnh esa djus 

dks izsfjr fd;k tkrk gSA blh dM+h esa tuojh] 07 ekl esa rhu u, HkrhZ@LFkkukUrfjr 

lnL;ksa dks jktHkk"kk fu;eksa dh tkudkjh nh xbZ rFkk laLFkku esa vk;ksftr dh tk 

jgha jktHkk"kk xfrfof/k;ksa dh Hkh tkudkjh nh xbZA

ofj"B vf/kdkfj;ksa ds fy, fMDVs'ku ,oa dEI;wVj dk;Z'kkyk

ifj"kn~ eq[;ky; ls izkIr funs'kksa ds Øe esa fgUnh Vad.k o vk'kqfyfi esa 

izf'kf{kr LVkQ dh lsokvksa ds leqfpr mi;ksx dh n`f"V ls rFkk laLFkku esa 

fgUnh esa i=kpkj ds izfr'kr esa visf{kr lq/kkj gsrq lHkh vuqHkkx@ 

izHkkxf/kdkfj;ksa o {ks=h; leUo;dksa dks fgUnh esa fMDVs'ku nsus dk 

izf'k{k.k nsus@dEI;wVj ij fgUnh esa dk;Z djus gsrq fnukad 06 ekpZ] 07 dks 

dk;Z'kkyk dk vk;kstu fd;k x;k dk;Z'kkyk esa O;k[;ku nsus gsrq Jh 

larjke] lgk;d funs'kd ¼Va- o vk'kq-½ dks vkeaf=r fd;k x;kA laLFkku 

ds lsfeukj gky esa vk;ksftr bl dk;Z'kkyk esa ,d ?kaVs dk O;kogkfjd 

l= Hkh j[kk x;k A

**lh,lvkbZvkj ds foKku esa ;qok usr`Ro dk;ZØe** dh rjg 

laLFkku ds lnL;ksa ds cPpksa ds fy, fgUnh esa fo'ks"k ;ksX;rk izkIr 

djusa ij izksRlkgu ;kstuk & o"kZ 2005 & 06

laLFkku esa pykbZ tk jgh izksRlkgu ;kstukvksa ;Fkk & *fgUnh esa ewy 

dkedkt ;kstuk* o *foKku ij fgUnh esa lsfeukj ;kstuk* ds vfrfjDr 

lh,lvkbZvkj ds *foKku esa ;qok usr`Ro dk;ZØe* dh rjg beVSd lnL;ksa 

ds cPpksa esa jktHkk"kk ds izfr #>kku c<+kus ds mÌs'; ls pykbZ xbZ 

izksRlkgu ;kstuk ds rgr d{kk 4 ls 12 rd ds Nk=ksa ¼la- 7 dks½ dks fgUnh 

esa fo'ks"k ;ksX;rk izkIr djus ij fgUnh fnol ds volj ij iqjLd`r fd;k 

x;kA

fo'ks"k mYys[k & lh,lvkbZvkj] ubZ fnYyh ds ifji= la[;k 15&3@1@71&vks 

,.M ,e&AA ¼v½ fnukad 8 tuojh]2003 ds ek/;e ls jktHkk"kk foHkkx] x`g ea=ky;] 

ubZ fnYyh ds v-'kk- i= la- 1@14013@03@94 &jk- Hkk- ¼uhfr&1½ fnukad 8 

uoEcj] 2002 ds v/khu izkIr ekuuh; iz/kkuea=h ds funs'kksa ds vuqlkj lHkh 

vf/kdkfj;ksa@deZpkfj;ksa dh okf"kZd xksiuh; fjiksVksaZ esa *vU; miyfC/k;ksa* ds dkWye esa 

jktHkk"kk fgUnh esa vPNk dk;Z djus laca/kh mYys[k djus gsrq *jktHkk"kk fgUnh esa fd;k 
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x;k ljkguh; dk;Z* dh LVSEi cukdj yxk nh xbZ gS ftlls laLFkku esa jktHkk"kk 

dk;kZUo;u dks ,d ubZ fn'kk izkIr gqbZ gSA

jktHkk"kk iqjLdkj & o"kZ 2006&07 esa jktHkk"kk ds iz;ksx dks c<+kus gsrq fd, x, 

iz;klksa ds fy, uxj jktHkk"kk dk;kZUo;u lfefr] p.Mhx<+ }kjk laLFkku dks f}rh; 

iqjLdkj iznku fd;k x;k gSA lkFk gh Jh pUnz izdk'k rduhf'k;u dks uxj Lrj ij 

vk;ksftr fgUnh fuca/k izfr;ksfxrk esa izksRlkgu iqjLdkj izkIr gqvkA ;g iqjLdkj 

ujkdkl ds okf"kZd lekjksg esa fnukad 10-04-08 dks lk;a 3-00 cts jk"Vªh; 

rduhdh izf'k{k.k laLFkku ¼Vh-Vh-Vh-vkbZ½] lSDVj 26] p.Mhx<+ esa okf"kZd 

jktHkk"kk lekjksg ds nkSjku iznku fd;k x;kA Jh ih-ds-pksiM+k] eq[; 

vk;dj vk;qDr ,oa v/;{k] ujkdkl] p.Mhx<+ }kjk dk;ZØe dh v/;{krk 

dh xbZA

funs'kd] beVSd fdUgha iz'kklfud dkj.kksao'k lekjksg esa mifLFkr ugha gks 

ik,A vr% Jh ,e-vkj-elku] iz-fu- us laLFkku dk izfrfuf/kRo fd;kA bl 

volj ij jktHkk"kk vuqHkkx ls Jh ,l-Mh-_f"k] vuqHkkx vf/kdkjh rFkk 

lqJh uouhr vkuan] fgUnh vf/kdkjh dks Hkh lEekfur fd;k x;kA

laLFkku dh okf"kZd fjiksVZ Hkh f}Hkk"kh RkS;kj dh tkrh gSA Jh ih-,l- pksiM+k] eq[; vk;dj vk;qDr ,oa 
Jh Jh Mh-,l-ljk] eq[; vk;qDr] dsUnzh; 

mRikn 'kqYd ls beVSd dh vksj ls  jktHkk"kk 
iqjLdkj xzg.k djrs Jh ,l-Mh- _f"k] vv- 
,oa lqJh uouhr vkuUn] fgUnh vf/kdkjh    
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