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Hydrogenases are metalloenzymes cat a lyz ing the hetero -
lytic split ting of hy dro gen into pro tons and elec trons. In all
three do mains of life hydrogenases are do mi ciled, but only
a small sub group of [NiFe] hydrogenases evolved the fea -
ture of hy dro gen con ver sion un der aer o bic con di tions. For
en abling the aer o bic hy dro gen ox i da tion in [NiFe] hyd ro -
genases, mul ti ple adapt able path ways have been evolved.
Struc tural in ves ti ga tions on this bi o log i cal ma chine might
lead to new de vel op ments in the field of re new able en ergy
tech nol o gies [1]. 

The mem brane-bound [NiFe] hydrogenase (MBH) of
Ralstonia eutropha (R.e.) is one of the best in ves ti gated
typ i cal O2-tol er ant hydrogenases. Sev eral crys tal struc tures 
of the MBH R.e. as wildtype or with mul ti ple sub sti tu tions
in dif fer ent re dox states re veal a highly fine-tuned in ter play 
be tween path ways and chan nels that lead to a per fect trans -
port of re agents and prod ucts to and from the ac tive site [2,
3]. For hy dro gen split ting the [NiFe] ac tive site of MBH
R.e. re quires the de liv ery of hy dro gen via a hy dro pho bic
gas chan nel. Hy dro gen ox i da tion lib er ates elec trons which
are guided via an elec tron path way to an elec tron ac cep tor.
Sub se quently, the elec trons en ter the quinone pool of the
re spi ra tory chain as re duc tion power for the cell [2]. Un der
aer o bic con di tions ad di tion ally the [NiFe] ac tive site has to
re duce the at tack ing ox y gen to wa ter with 4 e- and 4 H+. On
that ac count the elec tron path way, con sist ing of three [FeS] 
clus ters, has to op er ate bidirectional. A unique [4Fe-3S]
clus ter prox i mal to the ac tive site is mainly in volved in this
switch. This [4Fe-3S] clus ter un der goes re dox-de pend ent
re vers ible trans for ma tions, namely iron-swap ping be tween 
a sul fide and a pep tide am ide N. For pro ton de liv ery sev -
eral path ways close to the ac tive site have been in ves ti -
gated and in tro duce new ques tions that might be an swered
by in ves ti ga tive meth ods e.g. neu tron dif frac tion. The gas
chan nel that is sup ply ing also the in hib i tory ox y gen has
been adapted es pe cially in quan tity and size to re main the
hydrogenase ac tiv ity for the sys tem [4]. Wa ter mol e cules
pro duced un der ox y gen re duc tion are re leased through a
new wa ter chan nel.  This com plex sys tem is still not com -
pletely un der stood and more over sen si tive to X-rays. Con -
se quently a near ra di a tion-dam age free tech nique, the
free-elec tron la ser (e.g. LCLS, Stan ford, USA), has been
used to gain fur ther in sights into the func tion al ity of this
en zyme. 

1. Fritsch, J., Lenz, O., Friedrich, B. (2013). Struc ture, func -
tion and biosynthesis of O2-tol er ant hydrogenases.
NatRevMicrobiol. 2, 106-114. 
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The Gram neg a tive flag el late Vibrio cholerae sur vives be -
tween chol era ep i dem ics as sur face biofilms in aquatic
bod ies.  These sur face biofilms are re sis tant to ex ter nal
stress like an ti bi ot ics, chlo rine, pred a tors and other fac tors.
Pro teins with GGEEF do main have diguanylate cyclase ac -
tiv ity which mod u lates the intracellular level of bis-(3’-
 5’)- cy clic dimeric guanosine monophosphate (c-di-GMP)
which, in turn, reg u lates the switch be tween the motile and
plank tonic form of the patho gen. VC0395_0300 is a pu ta -
tive  pro tein from Vibrio cholerae that has the GGEEF do -
main which shows prom is ing biofilm form ing ca pa bil ity.
Con structs of the gene-of-in ter est were cre ated to pro vide
struc tural and func tional in sights into the role of the
GGEEF do main in biofilm for ma tion. The struc ture was
mod eled by us ing clos est struc tural homolog tem plate and
max i mum se quence align ment. Com par i son with avail able
crys tal struc tures of the GGEEF do main de picted the pres -

ence of a cen tral b sheet and five a-he li ces. This is sup -
ported by sec ond ary struc ture pre dic tion which shows
41.43% he lix, 23.36% strand and 35.20% loops in the pro -
tein structure.

The pres ence of tryptophan res i dues (W4 and W172) in 
the pro teins has en abled us to mon i tor tryptophan flu o res -

cence by ther mal and chem i cally in duced un fold ing. From
the flu o res cence quench ing stud ies with acrylamide, KI
and CsCl on na tive and de na tured pro tein, we could de ter -
mine that one of the tryptophans re sides in a pos i tively
charged pocket. Fur ther more, trans verse urea gra di ent gel
(TUGE) re in forces the fact that the pro tein shows two-state 
(na tive and un folded) un fold ing tran si tion. Like wise, size
ex clu sion chro ma tog ra phy and glutaraldehyde cross-link -
ing have high lighted the oligomerization ten dency of the
pro tein. To gather more in for ma tion on the crys tal struc -
ture, crys tal li za tion tri als were attempted in various screens 
and the work is in progress.  

1. B.K. Ham mer, B.L. Bassler, J. Bacteriol., 91, (2009),
169-177.

2. D. A. Ryjenkov, M. Tarutina, O. V. Moskvin, M.
Gomelsky, J. Bacteriol., 187, (2005), 1792-1798.

The au thors would like to ac knowl edge BRNS, DAE for
fund ing the re search pro ject and for pro vid ing fel low ship
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The con ver sion of L-alanine into D-alanine in bac te ria is
es sen tial for cell wall syn the sis and bac te rial sur vival, and
per formed by pyridoxal phos phate (PLP)-de pend ent en -
zymes called alanine racemases. Based on se quence an no -
ta tion, the two genes alr and ylmE of Streptomyces
coeli color A3(2) are hy poth es ised to en code for pro teins
with alanine racemase ac tiv ity. In the pres ent study, we
pres ent the crys tal li za tion and crys tal struc tures of both
uncomplexed Alr and YlmE and in com plex with lig ands.

The two pro teins share a com mon a/b bar rel fold, which
char ac ter izes the N-ter mi nal do main of Alr and the whole
YlmE pep tide. In both pro teins, the cat a lytic PLP-co fac tor

is bound to a lysine res i due lo cated in the core of the a/b
bar rel do main, Lys46 in Alr and Lys40 in YlmE. De spite

these com mon fea tures, YlmE lacks the C-ter mi nal do main 
pres ent in Alr and that me di ates homodimerization by
head-to-tail binding with the N-ter mi nal do main. Fur ther -
more, in vi tro bio chem i cal stud ies show alanine racemi -
zation only for Alr, with a rate of 2.12 µmol min-1 for the
racemization of L- to D-Ala and 2.90 µmol min-1 for the op -
po site di rec tion. Our re sults con firm the alanine racemase
ac tiv ity of Alr and open the way for fur ther stud ies to elu ci -
date the func tion of YlmE.
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Fig ure 2. A rib bon rep re sen ta tion of the YlmE fold. a-He lixes

and b-strands are rep re sented in or ange and green, re spec tively.
The PLP co fac tor is shown as a ball-and-stick model in red. The
res i dues high lighted in red cor re spond to a flex i ble loop region.

Fig ure 1. A rib bon rep re sen ta tion of the Alr mono mer. a-He lixes 

and b-strands are rep re sented in or ange and green, re spec tively.
The PLP co fac tor is shown as a ball-and-stick model in red. The
cat a lytic Tyr283 is high lighted in red.

Fig ure 3. Su per po si tion of Alr (blue) and YlmE (or ange). The
PLP co factors are shown as ball-and-stick mod els and are col -
oured in dark cyan and red for Alr and YlmE, re spec tively. YlmE
superposes well with the N-ter mi nal do main of Alr but lacks the
C-ter mi nal do main re spon si ble for dimerization and alanine
racemization activity.
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Over one third of adults in Amer ica are obese and thus are
at risk on type 2 di a be tes, can cer and car dio vas cu lar dis -
eases. Phospolipase-Acyltranferase (PLA/AT) are im por -
tant en zymes that are cru cial in the de vel op ment of obe sity. 
We have re cently de signed a class of re vers ible PLA/AT
in hib i tors show ing micromolar in hi bi tion that are prom is -
ing can di date anti-can cer or anti-obese drugs. The crys tal
struc ture of PLA1/AT3 and PLA2/AT3 have been re ported 
[1], but the bind ing pocket is very large and con se quently
the in hib i tors may have mul ti ple bind ing modes, Here, we
de scribe the crys tal li za tion and pre lim i nary struc ture anal -
y sis if PLA/AT soaked with var i ous in hib i tors. Soak ing
PLA/AT pro tein crys tals with in hib i tors re mains chal leng -
ing, as the de signed in hib i tors are poorly sol u ble. Our re -

sults dem on strate that it was pos si ble to ob tain in hib i tor
soaked non-dam aged crys tals for PLA/AT 2, by vary ing
the con cen tra tions of in hib i tor and var i ous solubilizing
agents, cryo protectant and pro tein crys tal buffer so lu tion.
The re sult ing crys tals were col lected and re sulted in
high-res o lu tion datasets of 1.4 C, re spec tively. We will op -
ti mize these re sults in fu ture co-crys tal li za tion ex per i ments 
or for the im prove ment of soak ing other PLA/AT fam ily
mem bers (1, 3-5) with a wide va ri ety of in hib i tors.

1. M. Golczak, A. E. Sears, P. D. Kiser, and K. Palczewski,
LRAT-spe cific do main fa cil i tates vi ta min A me tab o lism by 
do main swap ping in HRASLS3, Nat. Chem. Biol., vol. 11,
no. 1, pp. 26-32, Jan. 2015.
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The abil ity to per form the very sim ple ox i da tion of two
mol e cules of thiosulphate to tetrathionate is wide spread
among prokaryotes. De spite the wide spread oc cur rence of
tetrathionate for ma tion, and its well-doc u mented sig nif i -
cance within the sul phur cy cle, lit tle is known about the en -
zymes catalysing the ox i da tive con den sa tion of two
thiosulphate an ions. To fill this gap, the thiosulphate dehy -
drogenase (TsdA), en zyme from Allochromatium vinosum, 
was recombinantly ex pressed, pu ri fied and ki netic and
spec tro scop i cally char ac ter ized [1]. More over, we solved
the crys tal struc ture of the en zyme by Sin gle Anom a lous
Dis per sion (SAD) method us ing the Fe-haem anom a lous
sig nal. We have fur ther ob tained X-ray struc tures of TsdA
in sev eral re dox states. 

The pro tein crys tal lized in space group C2 with PEG
3350 as pre cip i tant and one mol e cule in the asym met ric
unit [2]. Ini tial crys tal li za tion tri als ren dered multiple, ur -
chin-like crys tals with no dif frac tion abil ity. Us ing io dide
as an ad di tive worked as a “sil ver bul let” al low ing to ob tain 
sin gle crys tals that dif fract to 1.4C res o lu tion. TsdA con -
tains two typ i cal class I c-type cytochrome do mains with

two hemes ax i ally co or di nated by His53/Cys96 and
His164/Lys208. The X-ray struc ture showed an all-al pha
struc ture with struc tural sim i lar i ties to the Rhodovulum
sulfidophilum’s SoxAX (PDB code 2OZ1), and the low-re -
dox-po ten tial cytochrom c6 from Hizikia fusiformis (PDB
code 2ZBO). 

In ter est ingly, re duc tion of the en zyme causes a ligand
switch from Lys208 to Met209 in heme 2. TsdALys208
Asn or Lys208Gly vari ants ex hibit sim i lar sub strate af fin i -
ties as the wildtype pro tein but much lower spe cific ac tiv i -
ties point ing at this heme as the elec tron exit point. Cys96 is 
es sen tial for ca tal y sis. Over all, our ki netic, spec tro scopic
and struc tural data lead us to pro pose a mech a nism where
two thiosulfate mol e cules en ter the ac tive site, in duc ing a

move ment of the Sg of Cys96 out of the iron co or di na tion
sphere; this ligand move ment re sults in an in crease of the
re dox po ten tial of heme 1, thus al low ing the se quen tial up -
take of the two elec trons re sult ing from the con ver sion of
the two thiosulfates to tetrathionate, lead ing to the re duc -
tion of both hemes; upon re duc tion, heme 2 un der goes a
ligand switch, which in creases its re dox po ten tial and hin -
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ders the back re ac tion. Most likely, HiPIP serves as the
elec tron ac cep tor in vivo. 

1. Denkmann K., Grein F., Zigann R., Siemen A., Bergmann
J., van Helmont S., Nicolai A., Pereira I. A. C., Dahl C..
(2012) Thiosulfate dehydrogenase: a wide spread un usual
acidophilic c-type cytochrome. En vi ron. Microbiol.
14(10):2673-2688.

2. Brito, J. A., Guiterres, A., Denkmann, K., Pereira, I. A. C.,
Dahl, C., and Ar cher, M.. (2014) Pro duc tion, crys tal li za -

tion and pre lim i nary crys tal lo graphic anal y sis of
Allochromatium vinosum TsdA, an un usual acidophilic
c-type cytochrome. Acta Cryst. F70:1424-1427. 

3. Brito, J. A., Denkmann, K., Pereira, I. A. C., Ar cher, M.,
and Dahl, C.. (2014) Thiosulfate Dehydrogenase (TsdA)
from Allochromatium vinosum: Struc tural and Func tional
In sights into Thiosulfate Ox i da tion. Sub mit ted.

P12-6

 CRYSTAL STRUCTURE ANALYSES OF DIPEPTIDYL PEPTIDASE 11 FROM
PORPHYROMONAS GINGIVALIS

Y. Sakamoto1, Y. Suzuki2, I. Iizuka1, C. Tateoka1, S. Roppongi1, M. Fujimoto1, K. Inaka3, 
H. Tanaka4, M. Yamada5, K. Ohta5, H. Gouda6, T. Nonaka1, W. Ogasawara2, N. Tanaka6

1School of Phar macy, Iwate Med i cal Uni ver sity, Iwate 028-3694, Ja pan
2De part ment of Bio en gi neer ing, Nagaoka Uni ver sity of Tech nol ogy, Niigata 940-2188, Ja pan

3Maruwa Foods and Bio sci ences Inc., Nara 639-1123, Ja pan
4Con fo cal Sci ence Inc., To kyo 101-0032, Ja pan

5Ja pan Aero space Ex plo ra tion Agency, Ibaraki 305-8505, Ja pan
6School of Phar macy, Showa Uni ver sity, To kyo 142-8555, Ja pan

ntanaka@showa-u.ac.jp

Periodontitis is a bac te ri ally in duced in flam ma tory dis ease
that de stroys the periodontal tis sues, even tu ally lead ing to
tooth loss. Porphyromonas gingivalis, a Gram-neg a tive,
an aer o bic bac te rium, is a ma jor patho gen as so ci ated with
the chronic form of periodontitis. Be cause P. gingivalis is
an asaccharolytic bac te rium that gains its met a bolic en ergy
by fer ment ing amino ac ids, P. gingivalis se cretes var i ous
pro teas es/peptidases that are ca pa ble of di gest ing ex ter nal
pro teins into pep tides. P. gingivalis uti lises di- and
tripeptides, in stead of sin gle amino ac ids, as sources of car -
bon and en ergy. There fore, peptidases of P. gingivalis that
pro vide di- and tripeptides are es sen tial for the me tab o lism
of the bac te rium, and much at ten tion has been paid to
dipeptidyl peptidases (DPPs) from P. gingivalis. Re cently,
novel DPPs, DPP5 (PgDPP5), DPP7 (PgDPP7) and
DPP11 (PgDPP11), have been iden ti fied from P. gingivalis
[1-3]. The P. gingivalis DPPs, PgDPP5 has been clas si fied
as clan SC, fam ily S9 in the MEROPS da ta base, while
PgDPP7 and PgDPP11 have been as signed to an other type
of serine peptidase fam ily, S46 in clan PA. Whereas
PgDPP7 ex hib its a broad sub strate spec i fic ity for both

aliphatic and ar o matic res i dues at the P1 po si tion (NH2-
 P2- P1-P1’-P2’-…, where the P1-P1’ bond is the scissile
bond), PgDPP11 ex hib its a strict sub strate spec i fic ity for
acidic res i dues (Asp/Glu) at the P1 po si tion.

The S46 peptidases are widely dis trib uted in an aer o bic
Gram-neg a tive spe cies, but they are not found in mam mals. 
There fore, the fam ily S46 peptidases may rep re sent ideal
tar gets for novel an ti bi ot ics. Re cently, the first three-di -
men sional struc ture of a S46 peptidase was de ter mined for
dipeptidyl peptidase BII (DAP BII) from Pseudo -
xanthomonas mexicana WO24 [4]. The study re vealed that 
DAP BII is a homodimer and each sub unit con tains a

peptidase do main in clud ing a dou ble b-bar rel fold that is
char ac ter is tic of the chymotrypsin superfamily, as well as
an un usual á-he li cal do main that reg u lates the exopeptidase 
ac tiv ity of DAP BII. Al though the over all struc ture, the
mo lec u lar ba sis of the exopeptidase ac tiv ity, and the cat a -
lytic mech a nism of the S46 peptidase have been re vealed
by the crys tal struc ture anal y ses of DAP BII [4], de ter mi -
nants for the sub strate spec i fic ity of S46 peptidases at the
atomic level re main to be fully elu ci dated.
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Fig ure 2. Sche matic di a grams of the S1 subsites of S46
peptidases.

Fig ure 1. Over all struc ture of PgDPP11.



In this study, we pres ent the crys tal struc ture of
PgDPP11 (Fig. 1), a mem ber of the S46 peptidase fam ily.
The crys tal struc ture anal y ses, in silico dock ing stud ies,
and site-di rected mu ta gen e sis stud ies clearly ex plain the
mo lec u lar ba sis of the Asp/Glu spec i fic ity of PgDPP11 [5], 
which is de ter mined by the con served Arg res i due in the S1 
subsite (Fig. 2).

High-res o lu tion dif frac tion data ob tained from a
space-grown crys tal en abled us to iden tify two po tas sium
ion-bind ing sites in the cat a lytic do main of PgDPP11 be -
cause the pres ent crystallisation con di tions con tained 0.16
M tri-po tas sium ci trate in the res er voir so lu tion. One was
found at the N-ter mi nal amino group bind ing site, and the
other was found at the bot tom of the S1 subsite. The for mer
po tas sium ion was co or di nated by the side chains of
Asn218 and Asp672 and a wa ter mol e cule and was also sta -
bi lised by a cat ion-pi in ter ac tion with the indole ring of
Trp219. Sim i lar cat ion-pi in ter ac tion was ob served be -
tween the indole ring of Trp216 in DAP BII and the N-ter -
mi nal amino group of bound pep tide [4]. The space grown
crys tal was ob tained us ing a coun ter-dif fu sion crystal -
lisation method un der a microgravity en vi ron ment in the
Jap a nese Ex per i men tal Module “Kibo” at the International
Space Station (ISS) [6].
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Lipoxygenases are non-heme iron con tain ing en zymes cat -
a lyz ing the dioxygenation of poly un sat u rated fatty ac ids
[1, 2]. The re ac tion spec i fic ity of these en zymes has been
used as pa ram e ter for their clas si fi ca tion. Lipoxygenase of
Pseu do mo nas aeruginosa (PA_LOX) ox y gen ates the sub -
strates arachidonic acid and linoleic acid [3, 4]. Af ter hy -
dro gen ab strac tion at the ac tive site and re ar range ment of a
rad i cal, a sec ond sub strate, mo lec u lar dioxygen, in serts
stereospecific, form ing a hydroperoxy fatty acid. To make
the lipoxygenase re ac tion pos si ble at the deeply bur ied ac -
tive site tun nels for both sub strates from the pro tein sur face 
to the cat a lytic cen tre are needed. Two crys tal struc tures of
PA_LOX show an ac tive site bound en dog e nous lipid
ligand in a tun nel [4]. To de ter mine the hy dro pho bic tun nel 
for mo lec u lar dioxygen cal cu la tions with the pro gram
Caver were ex am ined [5]. We found a sec ond tun nel open -
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ing lead ing to the cen tre of ca tal y sis. Dock ings of the sub -
strates arachidonic acid and linoleic acid show the
hy dro gen in volved in the hy dro gen ab strac tion as well as
the ac ces si bil ity to the car bon for ox y gen in ser tion [6]. 
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An ces tral se quence re con struc tion is a pow er ful ap proach
al low ing the res ur rec tion of an cient en zymes based on se -
quences pre dicted by a phylo gen etic anal y sis [1]. This
paleo molecular ap proach un cov ers the prop er ties of the an -
ces tral pro teins, in di cat ing the struc tural con se quences of
the mo lec u lar evo lu tion [2]. In this pro ject the se quences of 
rep re sen ta tive mem bers of haloalkane dehalogenase sub -
family II were se lected as tar gets for pre dic tion of com mon
an ces tor of haloalkane dehalogenase DbjA [3-5] and DbeA 
[6], ancDbjA-DbeA node1, and ad di tional an ces tors cor re -
spond ing to the deeper nodes of the branch lead ing to wards 
the pres ent-day en zymes, ancDbjA-DbeA node2,
ancDbjA- DbeA node3, ancDbjA-DbeA node4 and
ancDbjA- DbeA node5. The genes en cod ing pre dicted se -
quences were syn the sized; the res ur rected pro teins were
overexpressed in Esch e richia coli BL21(DE3) cells and
pu ri fied to ho mo ge ne ity by metallo-af fin ity chro ma tog ra -
phy. All crys tal li za tion tri als were per formed by us ing the
sit ting-drop va por-dif fu sion method at 23 °C. The crys tals
of ancDbjA-DbeA node 2, node 3 and node 5 grew dur ing
the ini tial screen ing and no fur ther op ti mi za tion of the crys -
tal li za tion con di tions was nec es sary. The tri an gu lar prism
shaped crys tals of ancDbjA-DbeA node3 with di men sions
0.5 x 0.09 x 0.08 mm grew in con di tion No. 42 of JCSG
con sist ing of 0.02 M mag ne sium chlo ride, 0.1 M Tris pH
8.5 and 20% (w/v) PEG 8000. The hex ag on ally shaped
crys tals of ancDbjA-DbeA node3 with di men sions 0.2 x
0.1 x 0.04 mm ap peared in con di tion No. 16 of the Wiz ard
clas sic con sist ing of 100 mM po tas sium phos phate/so dium
phos phate pH 6.2 and 2.5 M so dium chlo ride. The trigonal

shaped crys tals of ancDbjA-DbeA node5 with av er age di -
men sion 0.11 x 0.05 x 0.31 mm were ob served in con di tion
No. 73 of PEG suite con tain ing 0.2 M mag ne sium ac e tate
and 20 % (w/v) PEG 3350. These crys tals were used for
col lec tion of X-ray dif frac tion data and com plete dif frac -
tion data sets were col lected at 1.66, 1.26 and 1.25C res o lu -
tion for ancDbjA-DbeA node2, ancDbjA-DbeA node3 and
ancDbjA-DbeA node 5, respectively. Ob tained
microcrystals of ancDbjA-DbeA node1 and ancDbjA-
 DbeA node4 were fur ther op ti mized by vari a tion of en -
zyme con cen tra tion, pH and pre cip i tant con cen tra tion. Op -
ti mized crys tals of ancDbjA-DbeA node4 ap peared within
three days from the drop com posed of 9.5 % (w/v) mix of
PEG 1000, PEG 3350 and MPD, 0.1 M MOPS/HEPES-Na
pH 7.0. On-go ing struc tural anal y sis of an ces tral en zymes
will pro vide in sight into their unique cat a lytic prop er ties
such as high ther mo dy namic sta bil ity and high cat a lytic ac -
tiv ity.
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Haloalkane dehalogenases (HLDs) are  en zymes  that cat a -
lyze re ac tions of great en vi ron men tal and bio tech no log i cal

sig nif i cance. HLDs  (EC  3.8.1.5)  be long to the a/b- hydro -
lase superfamily [1] of en zymes  cat a lyz ing hydrolytic 
cleav age  of  car bon-halo gen  bonds  in halogenated  hy dro -
car bons  to  yield  the  cor re spond ing  al co hol,  a pro ton and
a ha lide [2]. This work is fo cused on the pro tein-ligand in -
ter ac tions in a re cently  con structed  sta ble  and  sol vent-re -
sis tant  haloalkane  dehalogenase  DhaA from  Rhodo-
 coccus  rhodochrous  NCIMB  13064 and its vari ants with
mu ta tions in the res i dues that form the ac cess tun nel con -
nect ing the en zyme’s bur ied ac tive  site  to  the  sur round -
ing  sol vent. The in ter ac tions and dif fer ent bind ing sites
be tween a pro tein and a ligand were stud ied by us ing mo -
lec u lar dy nam ics method GROMACS [3] and PELE [4, 5]
(an ac ro nym Protein Energy Landscape Ex plo ra tion) that
com bines a Monte Carlo sto chas tic ap proach with pro tein
struc ture pre dic tion and is ca pa ble of ac cu rately re pro duc -
ing long time scale pro cesses.  
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Arginine repressor pro tein pro vides feed back reg u la tion of
arginine me tab o lism upon ac ti va tion by the neg a tively co -
op er a tive bind ing of L-arginine. Un der stand ing this phe -
nom e non re quires the de tailed anal y sis of each bind ing
event and its ef fect on global mo tion of the com plex.

Um brella sam pling tech nique was used to cal cu late
bind ing en ergy (po ten tial of mean force) of L-arginines to
the ArgRC. Un bind ing of L-Arg from ArgR was per -
formed us ing steered dy nam ics. Po ten tial of mean force
(PMF) was cal cu lated us ing weighted his to gram anal y sis
method in GROMACS. Dif fer ently li gated states were pre -
pared ei ther by de let ing (from holo-ArgR crys tal struc ture)
or add ing (to apo-ArgR crys tal structure), using YASARA
tool.

PMF for holo-5 state was ~12 kcal/mol, while in cor re -
spond ing apo+1 state it was ~7 kcal/mol. PMF for holo-4
state and apo+2 state were ~4 kcal/mol and ~15 kcal/mol
re spec tively. 

The PMF of +1 and -5 states have sim i lar val ues while
that of -4  and +2 states are very dif fer ent. The huge dif fer -
ence in the PMF be tween -4 and +2 states could be due to
the dif fer ently oc cu pied bind ing pock ets in these two sys -
tems. Few more rep e ti tions of +2 and -4 states are un der go -
ing, once com pleted these will hope fully al low us to
com pare the bind ing af fin ity of dif fer ently liganded states
of ArgRC and their ef fect on global motion of protein. 
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