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The sin gle-strand-spe cific S1 nuclease from Aspergillus
oryzae is a metalloenzyme with a wide spread use for bio -
chem i cal anal y sis of nu cleic ac ids [1,2]. It is a glob u lar pro -
tein with a sec ond ary struc ture com posed mainly of

a-he li ces (Fig. 1). Its ac tiv ity de pends on the pres ence of
three Zn2+ ions in the ac tive site: Two Zn2+ ions of the clus -
ter are bur ied at the bot tom of the ac tive site, while the third 
Zn2+ ion is closer to the sur face of the nuclease. The core of
the ac tive site is com posed of nine res i dues co or di nat ing
the zinc clus ter.

We stud ied the pos si bil ity of re plac ing Zn2+ with Ni2+

us ing the X-ray anom a lous dis per sion and other bio phys i -
cal as says. The mix ture of deglycosylated S1 nuclease,
che lat ing agent ethylenediaminetetraacetic acid and NiCl2

in a mo lar ra tio of 1: 5: 10, re spec tively, was crys tal lized
us ing the va por dif fu sion method. The ob tained crys tals
were of suf fi cient qual ity for the dif frac tion ex per i ment on
the syn chro tron ra di a tion source Bessy II, Helmholtz
Zentrum Berlin [3].

The dif frac tion data were col lected at three dif fer ent
X-ray en er gies with the aim of de tect ing the pres ence of
met als us ing anom a lous scat ter ing. Key data col lec tion sta -
tis tics are sum ma rized in Tab. 1. The ob tained anom a lous
dif fer ence maps (Fig. 2) con firmed the ex change of one
Zn2+ ion by Ni2+ at the po si tion M3 clos est to the en zyme
sur face, while the other two Zn2+ ions of the core (po si tions 
M1 and M2) re mained un af fected. De spite the ion ex -
change, the res i dues of the ac tive site and its sur round ings
are struc tur ally con served.
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Spa ce group P 212121

X-ray ener gy (Ni-low ; Ni-peak ; Zn-peak) [keV] 8.320 ; 8.346 ; 9.665 

Re so lu ti on [C] 1.6

Rmer ge (Ni-low ; Ni-peak ; Zn-peak) 0.072 ; 0.075 ; 0.154 

Mean I/s (Ni-low ; Ni-peak ; Zn-peak) 28.8 ; 27.2 ; 15.8

Avg. ano ma lous mul ti pli ci ty 13

Com ple te ness [%] 98.9

Ta ble 1: Se lected data col lec tion sta tis tics

Fig ure 1. Sec ond ary struc ture of S1 nuclease (PDB ID 5FB9).
Zinc ions are rep re sented us ing spheres. Graphics cre ated us ing
PyMOL [4].



Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 28,  no. 2 (2022)       129

3. U. Mueller, R. Foerster, M. Hellmig, F. U. Huschmann, A.
Kastner, P. Malecki, S. Puehringer, M. Roewer,  K. Sparta, 
M. Steffien, M. Uehlein, P. Wilk, M. S. Weiss. The Eu ro -
pean Phys ics Jour nal Plus, 130, 2015, pp. 141/1-10.

4. L. Schrödinger, W. DeLano, PyMOL, 2020, avail able
from: http://pymol.org/pymol.

5. P. Emsley, B. Lohkamp, W. G. Scott, K. Cowtan, Acta
Crystallographica Sec tion D, 66, 2010, pp. 486 – 501.

This work was sup ported by the MEYS CR (pro jects CAAS
– CZ.02.1.01/0.0/0.0/16_019/0000778 and ELIBIO –
CZ.02.1.01/0.0/0.0/15_003/0000447) from the ERDF
fund, by the Czech Acad emy of Sci ences (grant No.
86652036), and by the GA CTU in Prague
(SGS22/114/OHK4/2T/14). We ac knowl edge CMS-
BIOCEV Crys tal li za tion and Dif frac tion, part of In -
struct-ERIC, sup ported by the MEYS CR (LM2018127).

SL16

STRUCTURAL INSIGHT INTO ANTIBIOTIC-INACTIVATING ENZYME FROM
STENOTROPHOMONAS MALTOPHILIA

M. Malý
1,2

, P. Kolenko
1,2

, J. Dušková
1
, T. Kova¾

1
, T. Skálová

1
, M. Trundová

1
, J. Stránský

1
,

L. Švecová
1
, K. Adámková

1,3
, B. Hus•áková

1,3
, J. Dohnálek

1

1In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, Biocev, Prùmyslová 595, Vestec
2Czech Tech ni cal Univ. in Prague, Fac. of Nu clear Sci ences and Phys i cal En gi neer ing, Bøehová 7, Prague
3Univ. of Chem i cal and Tech nol ogy Prague, Dep. of Bio chem is try and Mi cro bi ol ogy, Technická 5, Prague

mar tin.maly@ibt.cas.cz

Stenotrophomonas maltophilia is an op por tu nis tic bac te -
rial patho gen re spon si ble for a se ri ous num ber of in fec tions 
glob ally. It ex hib its broad an ti bi otic re sis tance that has
been fur ther ex tended via the ac qui si tion of an ti bi otic-re -
sis tance genes and mu ta tions [1]. We car ried out a
bioinformatic anal y sis of its se quenced genomes to in ves ti -
gate not yet char ac ter ised an ti bi otic-in ac ti vat ing en zymes.

Sev eral cho sen pro teins were ex pressed in Esch e richia
coli strain Lemo21 (DE3) and pu ri fied us ing Ni-NTA and
size-ex clu sion chro ma tog ra phy. Their pro posed func tion –
en zy matic mod i fi ca tion of an ti bi ot ics – was in spected with
an ac tiv ity as say. The en zyme with the con firmed ac tiv ity
was suc cess fully crys tal lized and dif frac tion pat terns were
col lected. The data ex hib ited se ri ous ani so tropy: a res o lu -
tion cut off de ter mined in Aim less [2], ac cord ing to the cri -
te rion of CC1/2 > 0.30, var ied from 2.43 C to 1.92 C in
dif fer ent re cip ro cal space di rec tions. Thus, the data were
cor rected with STARANISO [3]. Af ter the so lu tion of the
phase prob lem in MoRDa [4], the model was re fined in
REFMAC5 [5]. The choice of the anisotropic high-res o lu -
tion dif frac tion limit (1.88 C) was con firmed with paired
refinement in PAIREF [6].

The solved X-ray crys tal struc ture re veals an atomic ar -
range ment of the pu ta tive sub strate-bind ing pocket that al -
lows fur ther struc tural anal y sis (in silico or in vi tro) of
com plexes with po ten tial in hib i tors or an ti bi otic sub strates. 
The over all fold is very close to the tet ra cy cline
destructases [7] or the reductase in volved in the

abyssomicin biosynthesis path way [8]. How ever, the pu ta -
tive ac tive site dif fers sig nif i cantly. Our study leads to a
better un der stand ing of the in volve ment of this en zyme in
the an ti bi otic re sis tance and could con trib ute to the de vel -
op ment of new strat e gies of an ti bi otic ther a pies. Re mark -
ably, the solved struc ture is com posed of a homodimer
linked with two di sul fides. Nev er the less, fur ther in ves ti ga -
tion us ing small-an gle X-ray scat ter ing, mass spec trom e try

Fig ure 2. Anom a lous dif fer ence map (data set Ni-peak) at a

level of 10 s. Sig nif i cant peak at the po si tion M3 proves the
pres ence of Ni. Graphics cre ated us ing Coot [5].

Fig ure 1. Over all struc ture of the an ti bi otic-in ac ti vat ing en zyme
from Stenotrophomonas maltophilia in sec ond ary struc ture rep re -
sen ta tion. Flavin ad e nine dinucleotide (FAD) is shown in stick rep -
re sen ta tion in yel low. The sub strate-bind ing do main is col oured in
green, the FAD-bind ing do main in pink and the C-ter mi nal he lix in
blue.
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and dynamic light scattering showed that the protein is
monomer in solution.
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Pu rine nucleoside phosphorylase (PNP) rep re sents one of
the key en zymes of the pu rine sal vage path way, which is
con sid er ably more en ergy-ef fi cient than de novo path way.
It hy dro ly ses ribose from inosine and guanosine in the
pres ence of an in or ganic phos phate, pro duc ing
hypoxanthine and guanin which can then be re cy cled
trough the sal vage path way or be fur ther de graded to uric
acid. PNP’s ac tiv ity is in creased dur ing pro cesses which
re quire rapid cell di vi sion and pro lif er a tion, which makes it 
a tar get in treat ment of dif fer ent types of can cer, au to im -
mune and other con di tions in hu man, as well as treat ment
for dif fer ent par a sitic dis eases such as tu ber cu lo sis (caused
by My co bac te rium tu ber cu lo sis) where PNP is es sen tial
dur ing tran si tion from la tent to ac tive in fec tion. Both hu -
man and Mtb PNP are tri mers with three ac tive sites. Even
though there is a small se quence sim i lar ity, over all fold and 
ac tive site are con served which pres ents a chal lenge in de -
sign of se lec tive in hib i tors [1,2]. 

Cyclin-de pend ent kinase 2 (CDK2) is a Ser/Thr pro tein
kinase that is ac tive dur ing G1 and S phase of the cell cy cle
and works as check point con trol. Dur ing the G1 phase of
the cell cy cle, it is ac ti vated by bind ing to cyclin E and in S
phase by bind ing to cyclin A [3]. It is dis pens able in
healthy cells, as other CDKs can take over its role, but it is
es sen tial for pro lif er a tion of can cer cells. This makes
CDK2 an in ter est ing tar get in dis cov ery of anticancer com -
pounds [4].

We uti lize X-ray crys tal log ra phy in the struc ture-based
drug dis cov ery ap proach.

En zymes were pre pared by heterologous ex pres sion in
E. coli and pu ri fied in high yields and pu rity nec es sary for
crys tal lo graphic stud ies. Crys tal li za tion con di tions for all
three en zymes were iden ti fied through wide screen ing and
op ti mi za tion. Dif frac tion data have been col lected on
BL14.1 at the BESSY II elec tron stor age ring op er ated by
the Helmholtz-Zentrum Berlin and crys tal struc tures were
de ter mined at high res o lu tion (Figure1). 

The knowl edge of bind ing prop er ties of these in hib i tors 
will pro vide us cru cial in for ma tion which will be used to
fur ther op ti mize af fin ity and se lec tiv ity of both PNP and
CDK2 inhibitors.
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Serpins are a large superfamily of struc tur ally con served
pro te ase in hib i tors that are widely dis trib uted in na ture [1].
A struc tural study of serpins found in tick sa liva re vealed
mem bers’ uni for mity of struc ture but not their func tions.
This group of pro teins has pri mar ily im mu no log i cal and
haemostatic func tions, but their func tions can vary ac cord -
ing to their spec i fic ity. The tick serpins act as mod u la tors of 
im mune re sponses by us ing their anti-co ag u la tion, and
anti-com ple men tary func tions and play role in immuno -
suppression [2].

The struc tural tran si tion to the dif fer ent con for ma tion is 
re quired for in hib i tory ac tiv ity. The sec ond ary struc ture

typ i cally con sists of 3 b-bar rels, 7-9 a-he li ces and an ex -
posed, flex i ble re ac tive cen ter loop that acts as proteinase
“bait”. There are dif fer ent types of con for ma tion and each
of these struc tural re ar range ments is im por tant in the in hib -
i tory path way. The serpins are ir re vers ible in hib i tors that
adapt the sui cide sub strate mech a nism [3].

Iripin-4 with hith erto un ex plained func tion, crys tal -
lized in two dif fer ent struc tural con for ma tions. The na tive
struc ture was solved at  2.3A  res o lu tion and the struc ture
of cleaved con for ma tion at 2.0A  res o lu tion. Fur ther more,

struc tural changes dur ing the re ac tive-cen tre loop tran si -
tion from na tive to cleaved con for ma tion were ob served. In 
ad di tion to this find ing, we con firm that the main sub -
strate-rec og ni tion site for the in hib i tory mech a nism is rep -
re sented by Glu341. Fur ther re search on Iripin-4 should
fo cus on the func tional anal y sis of this in ter est ing serpin.
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269, 15957-15960. 
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9:e3448. doi: 10.1371/jour nal.pntd.0003448.
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ogy In tel li gence Unit, R. G. Landes Co., and Chap man &
Hall, Aus tin, TX
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15_003/0000441); by the Grant Agency of the Czech Re -
pub lic (Grant No. 19-14704Y) and by the Grant Agency of
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and 04-039/2019/P).

Figure1. A) Over lay of struc tures of hu man PNP (ma genta) and Mtb PNP (cyan) in com plex with one of the in hib i tors. B) Ac tive site
of CDK2 in com plex with an in hib i tor [5].
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Tick-borne en ceph a li tis vi rus (TBEV) is a ma jor hu man
patho gen, trans mit ted by ticks from fam ily Ixodidae.
TBEV is an en vel oped vi rus with a ~ 11 kb pos i tive-sense
sin gle-strand RNA ge nome, en cod ing a sin gle 375 kDa
polyprotein. Dur ing the in fec tion, the polyprotein is
cleaved into three struc tural and seven non-struc tural (NS)
pro teins. While struc tural pro teins are in volved in the as -
sem bly of new virions, non-struc tural pro teins are re spon -
si ble for the vi rus rep li ca tion [1].

NS5 is a large con served pro tein com pris ing of two do -
mains con nected by a highly flex i ble linker, which is im -
por tant for the ac tiv ity as well as for the over all shape of the 
pro tein. N-ter mi nal methyltransferase (MTase) do main is
in volved in the cap ping pro cess. C-ter mi nal RNA-de pend -
ent RNA poly mer ase (RdRp) is cru cial for vi rus rep li ca tion 
[2].

This pro ject fo cuses on struc tural and func tional stud ies 
of TBEV NS5 pro tein. Var i ous con structs were de signed –

NS5 full length, RdRp do main and MTase do main. Ex pres -
sion and pu ri fi ca tion of in di vid ual con structs have been op -
ti mized and pure sam ples were used for ini tial
crys tal li za tion screen ing, cryo-EM anal y sis and func tional
as says.

So far, we have ob tained cryo-EM data for RdRp do -
main, us ing Ti tan Krios equipped with Fal con 4 cam era
and Relion pro cess ing pipe line yielded a re con struc tion of
6C res o lu tion. Tiny pro tein crys tals of RdRp grew in sev -
eral crys tal li za tion con di tions. Fur ther more, we have car -
ried out flu o res cence-based bind ing and ac tiv ity as says
with TBEV RdRp as well as DENV RdRp, that re vealed re -
vealed sub strate af fin ity and spec i fic ity.

1. Mac ken zie, J. (2005). Traf fic. 6, 967-977.

2. Bollati, M. et al. (2009). An ti vi ral Res. 87, 125-148.

This re search is sup ported by ERDF No. CZ.02.1.01/0.0/
0.0/15_003/000041.
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The com bi na tion of en ergy eval u a tion of crys tal struc ture
and pow der dif frac tion data may suc cess fully be used in
struc ture de ter mi na tion. Us ing only pow der dif frac tion
fac tors (e.g. Rwp fac tor) can not guar an tee find ing rea son -
able crys tal struc ture. Some struc tures with ac cept able Rwp

fac tor are phys i cally un re al is tic be cause their at oms are too
close to each other. This prob lem can be solved by set ting
re strains to atomic dis tances or by cal cu lat ing the en ergy of 
the sys tem. We use the en ergy eval u a tion be cause it can tell 
us not only which struc ture is un re al is tic but also which
struc ture is more pre ferred in na ture. The en ergy of the
crys tal struc ture can be cal cu lated in two ways - by Mo lec -
u lar Me chan ics (MM) or by Den sity Func tional The ory
(DFT). MM is based on sub sti tu tion to the pre set math e -
mat i cal re la tion so it is fast to com pute (com pared with
DFT). The ad van tage of DFT is its ac cu racy. MM was used 
in our work. We ex pect that MM could be used to speed up
the con ver gence of struc ture de ter mi na tion and DFT could
be used for the fi nal val i da tion of the struc tures. The crys tal 
struc ture can be pre dicted only with en ergy eval u a tion. 

An other pos si bil ity of speed ing the struc ture de ter mi -
na tion up is to use op ti miz ing al go rithms. For ex am ple
global op ti miz ing al go rithm sim u lated an neal ing is used in
pro gram Dash [1] and par al lel tempering and also sim u -
lated an neal ing are used in pro gram FOX [2]. The dif frac -
tion pat tern data can be com bined with the en ergy value of
the struc ture to new cost func tion which we min i mize. The
us age of the com bi na tion of pow der dif frac tion data and
en ergy eval u a tion can ac cel er ate the struc ture de ter mi na -
tion, help to avoid wrong so lu tions of the crys tal struc ture,
or tell us more in for ma tion about the de ter mined struc ture
(e.g. if it could be a metastable struc ture of the ma te rial).

We  made the ex am i na tion of en ergy and Rwp func tions
on the struc ture pa ram e ter was made. For sim plic ity, we
used only three struc ture pa ram e ters and made cuts through  
the hypersurface of the func tions. We made the ex am i na -
tion of en ergy and Rwp fac tor of the crys tal struc ture of
paracetamol with two or three de vi ated pa ram e ters. To gain 
pic tures of the hypersurface of the Rwp and the en ergy func -
tion of paracetamol it must be done cuts through the

hypersurface. Our hypersurface has six pa ram e ters: Dx, Dy,

Dz, Da, Db and Dg. These pa ram e ters cor re spond to mo tion 

pa ram e ters of the mol e cule of paracetamol - Dx means de -
vi a tion of the mol e cule in the di rec tion of lat tice vec tor 

r
a ,

sim i larly Dy is the de vi a tion of the mol e cule in di rec tion of r
b  and Dz is the de vi a tion of the mol e cule in di rec tion of 

r
c;

Da means ro ta tional de vi a tion of the mol e cule about the

mol e cule's own Axis 1, sim i larly Db is the ro ta tional de vi a -

tion of the mol e cule about the mol e cule's Axis 2 and Dg is

the ro ta tional de vi a tion of the mol e cule about the mol e -
cule's own Axis3 (in the Fig ure 1 there are the translational
de grees of free dom; in Fig ure 2 there are the ro ta tional de -
grees of free dom). We chose three de grees of free dom i.e.

Dx; Dg; Dy as pa ram e ters which we de vi ated from the crys -
tal struc ture.

We made three cuts though the Rwp func tion

hypersurface. The pa ram e ters Dx and Dg went through all
their pos si ble com bi na tions and pa ram e ter Dy was set con -
sec u tively to 0.0 C, 0.5 Cand 2.0 C.

The dif frac tion pat tern was ob tained by sim u lat ing the
dif frac tion pat tern of paracetamol crys tal struc ture [3] in

Fig ure 1. Crys tal struc ture of paracetamol with il lus trated

translational de grees.

 Fig ure 2. The mol e cule of paracetamol with il lus trated ro ta tional

de grees of free dom.
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the pro gram Ma te ri als Stu dio in the mod ule Re flex. The
pa ram e ters of dif frac tion were set: the re fine ment method
Rietveld, con ver gence qual ity Me dium, the range of dif -

frac tion pat tern from 5 to 45 °2q with step 0.015° 2q,
Bragg-Brentano in stru men tal ge om e try, zero-point shift
0.013, Pseudo-Voigt pro file func tion, pro file pa ram e ters U 
= 0.02192; V = -0.01152; W = 0.00788; NA = 0.1615; NB =
-0.00075. The other dif frac tion pat terns were sim u late with 
the same set tings of the mod ule. The en ergy was cal cu lated
with the pro gram Ma te ri als Stu dio, too Mod ule Forcite was 
cho sen be cause it can quickly com pute the en ergy of the
struc ture (it uses Mo lec u lar Dy nam ics). The pa ram e ters
were set to com pute only the en ergy of the struc ture, use
forcefield COMPASS [4, 5, 6], qual ity was set to Ul -
tra-fine, charges were as signed by the forcefield and sum -
ma tion meth ods were made atom-based.

We have found some in ter est ing re sults which the Rwp

func tion fol low with changes of struc ture pa ram e ters. The
first one is that when the mol e cule ro tates there are not
many lo cal min ima in the Rwp func tion and the sec ond one
is that when the mol e cule is trans lated there is only one -
global min i mum in the Rwp func tion. In en ergy
hypersurface, there are sig nif i cantly more lo cal min ima
and lo cal max ima. From this view we can eas ily rec og nize
the struc tures with too high en ergy and dis card them in -
stead of op ti miz ing them. The cut through hypersurface of
Rwp func tion is plot ted in Fig ure 3a. The cut through
hypersurface of the en ergy func tion is plot ted in Fig ures
3b. When com par ing these two cut there is a lo cal min i -

mum in Rwp func tion at 180°Dg but in the en ergy func tion at 

180°Dg the lo cal min i mum is not. So the en ergy eval u a tion

can help us to avoid search ing the struc ture with this pa -
ram e ter set.

Com pu ta tional re sults were ob tained by us ing Dassault
SystPmes BIOVIA soft ware pro grams. BIOVIA Ma te ri als
Stu dio was used to per form the cal cu la tions and to gen er -
ate the graph i cal re sults. This work was sup ported by the
Grant Agency of the Czech Tech ni cal Uni ver sity in Prague, 
grant No. SGS22/183/OHK4/3T/14.
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Fig ure 3. Cut through paracetamol Rwp func tion hypersurface (3a). The hypersurfaces were cut in Dx and Dg de grees of

free dom and Dy = 0.5 C. The lo cal min i mum can be ob served at 180 °Dg  in Fig ure 3a. In en ergy cut the lo cal min i mum at

180 °Dg is not.


