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Ribonucleases Sa2 and Sa are extracellular guanylspecific
ribonucleases iso lated from Streptomyces aureofaciens,
strains BMK and R8/26, re spec tively. The iden tity of the
pri mary struc tures of RNase Sa2 and Sa is 53%. Ter tiary
struc tures of these pro teins are very sim i lar. Both en zymes
spe cif i cally hy dro lyse the phosphodiester bond of RNA at
the 3´-site of guanosine [1]. The amino-ac ids Glu56
and His86 (RNase Sa2 num ber ing), which in cat a lytic re ac -
tion act as gen eral acid and gen eral base are con served in
both en zymes. In spite of that, the en zy matic and ki netic
pa ram e ters of the two en zymes sig nif i cantly dif fer [2], for
ex am ple, the cat a lytic con stant kcat of RNase Sa2 is seven
times lower than that of RNase Sa [3]. To better un der stand 
the mech a nism of RNA cleav age and dif fer ences in the cat -
a lytic prop er ties of the two riboucleases we have solved
struc tures of RNase Sa2 with free ac tive site and in com -
plex with the cat a lytic cleav age prod uct (3´-GMP), an an a -
logue of the re ac tion in ter me di ate (exo-2´,3´-GCPT), and
an en zyme in hib i tor (2´-GMP). More over, to better un der -
stand the en zyme-sub strate rec og ni tion we pre formed ex -
tended mo lec u lar dock ing cal cu la tions of mono-, di- and
tri- nu cleo tides into the ac tive site of RNase Sa2.

Struc tures of com plexes were solved with the pro gram
MOLREP [4] and re fined with the pro gram REFMAC5 [5]
against 1.8 and ~ 2.0 C res o lu tion data. The fi nal crys tal lo -
graphic R-fac tors were in the range 20-23 % and Rfree ~ 26
%. Mononucleotides, 3’-GMP, 2’-GMP and 2’,3’-GCPT,
are bound to the ac tive site of RNase Sa2 in a sim i lar man -
ner as in the com plexes with other bac te rial ribonucleases,
RNase Sa [6, 7], binase [8] and barnase [9]. The gua nine
base of all three mononucleotides lies es sen tially in the
same po si tion and forms five hy dro gen bonds, three with
am ide groups of Glu40, Asn41, Arg42 and two with
carboxy-group of Glu43. It is sta bi lized by in ter ac tion with
ar o matic rings of Phe39, Tyr87 and Phe90, which form the
bot tom of the ac tive site. An im por tant role in sta bi liz ing
the base has Arg42, the pla nar ä-guanido group of which
lies flat above the gua nine base form ing so called „closed“
con for ma tion of the ac tive site. The ori en ta tion of the
ribose with re spect to the gua nine base of mononucleotides
dif fers. In RNase Sa2/3’-GMP com plexes the ribose with
re spect to the gua nine is in anti-con for ma tion and the
ribose adopts C2´-endo pucker. In com plexes of
RNase2/2’,3’-GCPT and RNase2/2’-GMP the ribose is in
syn-con for ma tion and the ribose adopts 3’-endo pucker.
The phos phate group of 3’-GMP forms hy dro gen bonds
with Arg67, Arg71, His86 and Tyr87. The phos phate
group of 2’,3’-GCPT forms hy dro gen bonds with Arg67,
Arg71, His86, Tyr87, Glu56 and Arg34. The main dif fer -

ence in the phos phate bind ing site is in the con for ma tion of
Arg34 side-chain, which, most likely, de pends on the con -
for ma tion of the nu cle o tide. When the mononucleotide is
in anti-con for ma tion, the side-chain of Arg34 is turned
out side the ac tive site and does not make any con tact with
the mononucleotide. When the mononucleotide is in
syn-con for ma tion the side-chain of Arg34 is turned to -
wards the nu cle o tide and makes hy dro gen bonds with the
ribose and phos phate group. 

Com par i son of ac tive sites of RNases Sa2 and Sa shows 
that the main dif fer ences are in sub sti tu tion of Arg34 and
Arg45 in RNase Sa2 by Gln32 and Val43 in Sa. None of
these res i dues is di rectly in volved in cat a lytic re ac tion,
how ever, it is ex pected that these res i dues play an im por -
tant role in the RNA cleav age as shown by site di rected mu -
ta gen e sis in ribonuclease Bi (Ba cil lus intermedius) [10]
and barnase (Ba cil lus subtillis) [11]. Mo lec u lar dock ing of
dif fer ent di- and tri-nu cleo tides sug gests the pres ence of
subsites for sec ond and the third nu cle o tide. 
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NAD(P)H:QUINONE OXIDOREDUCTASES

Jiøí Brynda1, Jannette Carey2, Julie Wolfová3, Rita Grandori4, Tobias Gustavsson5,
Rüdiger Ettrich3, Ivana Kutá Smatanová3

1
In sti tutes of Mo lec u lar Ge net ics and Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the

Czech Re pub lic, Flemingovo nám. 2, CZ-16610 Prague 6, Czech Re pub lic
2
Chem is try De part ment, Prince ton Uni ver sity, Wash ing ton Rd and Wil liam St, Prince ton, NJ 08544-1009,

USA
3
In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia Ceské Budejovice, and In sti tute of Sys tems Bi ol -
ogy and Ecol ogy, Acad emy of Sci ence of the Czech Re pub lic, Zámek 136,CZ-373 33 Nové Hrady, Czech

Re pub lic 
4
De part ment of Bio tech nol ogy and Bio sci ences, Uni ver sity of Milano-Bicocca, Pi azza della Scienza 2, 20126 

Mi lan, It aly 
5
Bio chem is try De part ment, Lund Uni ver sity, Chem i cal Cen ter, Lund, Swe den

The solved crys tal struc ture of the flavodoxin-like pro tein
WrbA with ox i dized FMN bound re veals a close re la tion -
ship to mam ma lian NAD(P)H:quinone oxidoreductase,
Nqo1. Struc tural com par i son of WrbA, flavodoxin, and
Nqo1 in di cates how the twisted open-sheet fold of
flavodoxins is elab o rated to form tetramer that ex tend cat a -
lytic func tion from one-elec tron trans fer be tween pro tein
part ners us ing FMN to two-elec tron re duc tion of
xenobiotics us ing FAD. The struc ture sug gests a pos si ble
novel phys i o log i cal role for WrbA and Nqo1. The 21 kDa
pro tein WrbA from E. coli is the found ing mem ber of a
fam ily of flavodoxin-like pro teins con served from bac te ria
to higher plants that are im pli cated in cel lu lar re sponses to
al tered re dox con di tions and other kinds of stress via their
two-elec tron NAD(P)H: quinone oxidoreductase (Nqo) ac -
tiv ity). The crys tal struc ture of ox i dized tetrameric E. coli
WrbA ra tio nal izes func tional dis tinc tions with dimeric
Nqos and monomeric flavodoxins, and sug gests a novel
func tion for WrbAs and Nqos. 

WrbA mono mer (Fig ure 1A) adopt the ca non i cal aba
sand wich fold of the flavodoxins with FMN bound at the
C-ter mi nal end of the par al lel 5-stranded sheet but with
char ac ter is tic flank ing in ser tions and the abil ity to form
tetramers (Fig ure 1B) with out a ded i cated multimerization

do main He lix a’ is part of a con served se quence in ter rupt -

ing b5 that is typ i cal of long-chain but not short-chain

flavo doxins (Figure1C). He lix a6 is part of a highly vari -

able subdomain in serted af ter b2 in Nqos (Fig ure 1D) and
some flavodoxins. 

Over lay of 1QRD and WrbA mono mers (Fig ure 1D)
in di cates that co fac tor se lec tiv ity is in flu enced by res i dues

in a short in ser tion af ter b5b that is char ac ter is ti cally con -
served in WrbAs. The ad e nine riboside por tion of FAD is
sub sti tuted by an ir reg u lar seg ment that lies in a groove on

the WrbA sur face along the N-ter mi nus of a1 at the same
depth as the co fac tor, with the se quence 171RQP173 oc cu py -
ing the po si tion of the ad e nine and ribose rings. The WrbA
binds FMN in the same rel a tive lo ca tion as that of
flavodoxins (Fig ure 1C), but the dis po si tion and re dox
prop er ties of FMN are en tirely dif fer ent. Two pro trud ing
loops en close the flavodoxin isoalloxazine in a nar row
crev ice lined by ar o matic res i dues, leav ing the
dimethylbenzene ring edge exposed as an electron con duit.

Fig ure 1.
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Lectins are a class of pro teins of non-im mune and non-en -
zy matic or i gin that bind car bo hy drates spe cif i cally and re -
vers ibly. They ex press nu mer ous bi o log i cal ac tiv i ties,
which are based on their act ing as rec og ni tion de ter mi nants 
in di verse phys i o log i cal and patho log i cal pro cesses in clud -
ing fer til iza tion, patho gen-cell ad he sion and rec og ni tion,
in flam ma tory re sponse and oth ers. A num ber of patho gen
mi cro or gan isms uti lize lectin-car bo hy drate in ter ac tion to
rec og nized and in fect host or gan ism. The com pre hen sion
of the mo lec u lar mech a nisms which gives a patho genic
bac te rium the abil ity to in vade, col o nize and re ori ent the
physiopathology of its host is a goal of pri mary im por tance
and such stud ies may di rect the con cep tion of new strat e -

gies to fight these patho genic agents [1].
The con tri bu tion is fo cused on struc tural stud ies on

Ralstonia solanacearum lectin RSL. A 9.9 kDa
fucose-bind ing lectin has been found in bac te rial ex tract
and con se quently pre pared as re com bi nant pro tein. Ul -
tra-high resolution dif frac tion data to 0.94 C were col -

lected from crys tals of the re com bi nant RSL:a-methyl-
fucose com plex at ESRF, Grenoble. Ex cel lent phas ing was
ob tained us ing the RSL/Se-methyl fucoside com plex,
show ing the crys tals to con tain three mono mers, each of

two 4-stranded b-sheets, with two sugar sites per mono -
mer. The three mono mers as so ci ate to form a 6-bladed

b-pro pel ler; the first time such an ar range ment has been
ob served. The struc tural stud ies of RSL dou ble mu tant
(N77G/G84S), in which one of the bind ing site is al tered,
soaked in XXFG (the fucosylated nonasaccharide pres ent
in plant cell wall) clearly showed the nonreducing

trisaccharide aFuc1-2bGal1-2Xyl in non-al tered bind ing
site. The struc tural data has been sup ple mented by ITC
microcalorimetry and sur face plasmon res o nance stud ies
[2].
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ATP-de pend ent pro teas es rep re sent the es sen tial deg ra da -
tion sys tem in the cells. Four ATP-de pend ent pro teas es:
cytosolic - Lon, Clp, HslUV and mem brane FstH pro teas es
ex ist in prokaryotes. In eukaryotic cells, 26S proteasome
con sti tutes the most abun dant and elab o rate ATP-de pend -
ent deg ra da tion ma chin ery. In organelles (mi to chon dria,
chloroplasts and peroxisomes), this func tion is en sured by
an a logues of ATP-de pend ent pro teas es pres ent in
prokaryotic cells.

ATP-de pend ent pro teas es are im por tant for the
biogenesis and ho meo sta sis of liv ing or gan isms. They are
re spon si ble for the deg ra da tion of dam aged or
misassembled pro teins and of non-as sem bled pro tein sub -
units that might be harm ful to the cells. ATP-de pend ent
pro teas es also help con trol the con cen tra tion of sev eral reg -
u la tory pro teins. In prokaryotes, they are in volved in stress
re sponse, patho ge nic ity, cell sig nal ing and de vel op ment
(1). In eukaryotes, they are im por tant for the proper func -

tion ing of organelles and for the im mune and stress re -
sponses. De fi cien cies in ATP-dependent pro teas es are con -
nected with such se vere dis or ders as dys tro phies,
neurodegenerative dis eases and can cer and are thought to
af fect ag ing as well. 

All ATP-de pend ent pro teas es op er ate as pow er ful
multimeric ma chines. They dif fer widely in their com plex -
ity but nev er the less, they share com mon ar chi tec tural fea -
tures. En ergy-de pend ent pro teas es usu ally form
bar rel-shaped oli go mers with nar row cen tral pore. They
con tain the es sen tial and char ac ter is tic re gions, proteolytic
ac tive sites and ATPase(s), which both are nec es sary for
their ac tiv ity. The proteolytic ac tive sites that cat a lyze pep -
tide bond cleav age of spe cific intracellular pro teins are se -
ques tered in a hol low in te rior cham ber, typ i cally
con structed from rings of six or seven sub units or do mains.
The con served ATPase(s) trans duce the en ergy of nu cle o -
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tide-triphosphate bind ing and hy dro ly sis into cy cles of
conformational changes (2). 

Lon pro te ase is the sim plest ATP-de pend ent pro te ase
but the three-di men sional struc ture of the in tact pro te ase
has not yet been re solved. Lon pro te ase cre ates
homo-oligomeric ring com plex in which each iden ti cal
sub unit con tains two key-do mains: an ATPase do main and
a proteolytic do main. Both of these do mains are co va lently
linked and mu tual close co op er a tion be tween them is re -
quired for the full func tion al ity of Lon. The proteolytic do -
main pos sesses a serine-lysine cat a lytic dyad in the ac tive
site (3). Our stud ies of deg ra da tion mech a nism of Lon pro -
te ase showed that the deg ra da tion ini tially oc curs on the
sur face of folded pro teins within the hy dro pho bic amino
ac ids sur rounded by charged amino ac ids (4). Lon pro te ase
seems there fore to em ploy a unique mech a nism of deg ra da -
tion of en dog e nous sub strates. In case of the other ATP-de -
pend ent pro teas es, the deg ra da tion sup poses the bind ing of
the pro tein sub strate to the ATPase, un fold ing and
translocation to the proteolytic cav ity be fore the deg ra da -
tion. Struc tural do mains of Lon are es sen tial not only for
the ATPase and pro te ase ac tiv ity but also for sta bi li za tion
of its oligomeric struc ture. Lon pro te ase rep re sents the

most flex i ble ATP-de pend ent pro te ase and we suc ceeded
in prep a ra tion of the crys tals of pro te ase do main of the hu -
man Lon that are pre pared for the dif frac tion data col lec -
tion. 

This work was sup ported by the Slo vak Re search and De -
vel op ment Agency un der the con tracts APVT-51-029604
and VEGA grant 2/0141/08 from the Slo vak Acad emy of
Sci ences.

1. Tsilibaris, V., Maenhaut-Mi chael, G., Van Melderen L.
Res. Microbiol. 157 (2006) 701.

2. Rotanova, T.V., Botos, I., Melnikov, E.E., Rasulova F.,
Gustchina, A., Maurizi, M., Wlodawer, A. Protein Sci. 15
(2006) 1815.

3. Botos, I., Melnikov, E.E., Cherry, Tropea, J.E., S.,
Khalatova, A.G., Rasulova, F.S., Dauter, Z., Maurizi,
M.R., Rotanova, T.V., Wlodawer, A. J. Biol. Chem. 279
(2004) 8140.

4. Ondrovicová, G., Liu T., Singh K., Tian B., Li H., Gakh
O., Perecko D., Janata J., Granot Z., Orly J., Kutejová E.,
Suzuki C.K. J. Biol. Chem. 280 (2005) 25103

BIO CHEM I CAL STUD IES OF SPOIISA-SPOIISB TOXIN AN TI TOXIN
SYS TEM FROM B. subtilis 
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SpoIISA-SpoIISB pro tein toxin-an ti toxin sys tem re sem -
bles many of the two com po nent bac te rial pro grammed cell 
death mod ules [1]. How ever, in spite of the sim i lar i ties,
pre cise bi o log i cal role of SpoIIS sys tem dur ing Ba cil lus
subtilis life cy cle is still not clear.

In this work we pres ent new find ings con cern ing of
bio chem i cal prop er ties of SpoIIS pro teins and their pos si -
ble im pli ca tions for mech a nisms of SpoIISA tox ic ity and
an abil ity of SpoIISB to cure the le thal ef fect of SpoIISA. 

We fo cused on in ter ac tions be tween mol e cules of
pre dicted cytosolic do main of SpoIISA (C-SpoIISA) as
well as on its bind ing with SpoIISB pro tein. Ac cord ing to
our gel fil tra tion ex per i ments, it ap pears that switch be -
tween dimeric and multimeric forms of C-SpoIISA can be
re vers ibly pre formed by ad di tion/re moval of di va lent cat -
ions. On the other hand, as shown by gel fil tra tion and
non-denaturating PAGE, SpoIISB seems to af fects
C-SpoIISA dimers in the op po site man ner and its bind ing
leads to dis in te gra tion of the dimer and for ma tion of a
heteropentameric com plex.

The com plex formed be tween cytosolic do main of
SpoIISA and SpoIISB pro teins were shown to re sist treat -
ment with high mo lar chaotropes. This strong in ter ac tion
be tween both SpoIIS pro teins ap pears to be car ried out by
op po site charges pre sented on their sur faces, since only ex -
treme pH leads to break age of the bind ing.     

We at tempted to pre pare crys tals of C-SpoIISA,
SpoIISB, and their com plex, re spec tively. How ever, as in -

di cated by NMR ex per i ments, SpoIISB does not pos sess
any rigid fold and thus prob a bly its mo lec u lar struc ture
could be achieved only from com plex with SpoIISA. We
suc ceeded with crys tal li za tion of C-SpoIISA and
C-SpoIISA-SpoIISB com plex, which both were pre pared
from the same sam ple of co-ex pressed C-SpoIISA and
SpoIISB. Dur ing crys tal li za tion we ob served cleav ing off
the His6 tag fused on N-ter mi nus of SpoIISA. Sim i lar
cleav age was ob served with full-length SpoIISA dur ing its
ex pres sion in Esch e richia coli [2] and this can be also
achieved by in cu ba tion of the crys tal li za tion sam ples in
pres ence of di va lent cat ions. Pre pared crys tals were pos i -
tively tested for their abil ity dif fract X-rays. 

 
This work was sup ported by the Slo vak Re search and De -
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2/7007/27 from the Slo vak Acad emy of Sci ences.
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FAST TRACK TO PRO TEIN 3D STRUC TURE US ING AU TO MATED
CRYS TAL IM AG ING, SCREEN ING AND DATA COL LEC TION

Vernon Smith
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There are a num ber of hur dles in get ting the three di men -
sional struc ture of a pro tein once it has been pu ri fied and
char ac ter ized: Get ting X-ray grade crys tals, col lect ing data 
on these crys tals, and solv ing the struc ture once the data
have been col lected. 

We pres ent new sys tem so lu tions that will lower
these hur dles by: 

• Sim pli fy ing the pro cess of get ting good crys tals
• Speed ing up the char ac ter iza tion of grown crys tals

for X-ray dif frac tion
• Col lect ing more ac cu rate data in house
The Crys tal Farm is an in te grated crys tal im ag ing

sys tem which stores up to 400 crys tal li za tion plates (more
than 35,000 ex per i ments) and au to mat i cally im ages crys -
tal li za tion ex per i ments at reg u lar in ter vals, sched uled by
the user. It al lows re mote ac cess via a web browser and op -
tional scor ing soft ware.

The X8 PROSPECTOR sys tem, con sist ing of a
highly re li able, low main te nance mi cro-fo cus sealed-tube
x-ray source, Montel multilayer op tics and sen si tive Plat i -
num135 CCD de tec tor is ideal for rapid screen ing and char -
ac ter iza tion of the smallest crystals. 

Once large enough crys tals have been ob tained they
can be char ac ter ized crys tal lo graphi cally us ing the X8
PROTEUM dif frac tion sys tem. The Proteumplus soft ware
suite in cor po rates screen ing rou tines that will au to mat i -
cally parameterize crys tal qual ity, giv ing feed-back on the
unit cell, space group, dif frac tion power, mosaicity etc. 
With the in creased bril liance of a mi cro-fo cus ro tat ing an -
ode gen er a tor X-ray source it is now pos si ble to col lect re -
dun dant and high qual ity data in house, faster and on
smaller sam ples.
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Fig ure 1. The X8 PROTEUM, in com bi na tion with a
MICROSTAR-H can be used for rapid screen ing of pro tein sam -
ples, as well as com plete data col lec tion.


