
sti tute in Øež u Prahy. The re sults were plot ted as in verse
pole fig ures cal cu lated by Har ris method [2, 3]. The hy -
drides were doc u mented on metallographic pol ished sec -
tions in UJP PRAHA. 

Chan ges of tex tu re and re o ri en tati on of hyd ri des

Tem per a tures cor re spond ing to VVER op er a tion tem per a -
ture or higher, com bined with con stant ten sile stress, cause
creep lead ing to in creased for ma tion of zir co nium crys tal -
lites, which ro tate their bases in a di rec tion per pen dic u lar to 
tan gen tial di rec tion (TD). This rep re sents con di tions fa -
vour able for hy dride pre cip i ta tion in the ra dial di rec tion
(RD), which dra mat i cally re duce tube wall re sis tance to
rup ture. How ever, this ef fect was ob served dur ing ex per i -
ments with open tubes with out in ter nal overpressure. Un -
der real op er a tion con di tions in a re ac tor, the overpressure
of gas ses in side the fuel rod con trib utes to the de for ma tion
of clad ding tubes. Re sults of Rogozyanov et al. [4] sug gest
that in stan dard op er a tion con di tions of VVER, the ef fect
of ax ial ten sile stress slightly dom i nate over the in ter nal
overpressure ef fects. The fi nal de for ma tion is approx. 80 x
smaller than the de for ma tion re sult ing from per formed ex -
per i ments and re sult ing tex ture changes will have only
small in flu ence on the ori en ta tion of hy drides. Dis tinc tive
un fa vour able changes in hy dride ori en ta tion can be ex -
pected only dur ing ac ci dent of cask/con tainer accompained 
by tem per a ture rise and break of the cask/con tainer. 

The ori en ta tion of hy drides did not changed con tin u -
ously: hy dride ori en ta tion is usu ally ran dom and di rec -
tional align ment was found only in ex tremely de formed
tubes, where the pole den sity (p´) of plane (100) in AD ex -
ceeded the bound ary which lies in the in ter val 6,9 – 8,6.   

New tex tu re

In clad ding tubes ex posed to 700 oC and con stant ten sile
stress of 10 MPa for 184 h (sam ple G), a new (not yet de -
scribed in lit er a ture) tex ture ap peared: the high est pole
den sity (p´) in TD was found for (101) pyr a mid fol lowed
by p´ for (100) prism. This tex ture can be ex plained by
{111} twinning, as only this twin can face both (101) and
(100) planes per pen dic u lar to TD. More over, only in this
sam ple the (110) prism shows the high est p´ in AD of all of
the ob served planes in this sam ple, while the (100) prism
has the low est p´ com pared to all sam ples.  High p´ of  the
(110) prism and the oc cur rence of {111} twinning prove
recrystallisation. Re vers ible phase trans for ma tion of a sig -

nif i cant amount of a-Zr - b-Zr prob a bly con trib utes to the
for ma tion of this new tex ture.     
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Abs tract

Nu cleases are a broad group of en zymes which con trols hy -
dro ly sis of phosphodiester bonds in nu cleic ac ids. The re -
ac tion is used in wide spec trum of bi o log i cal pro cesses,
which is in cor re la tion with num ber of dif fer ent struc tures
and re ac tion mech a nisms. Nu cleases play their role in
DNA rep li ca tion, tran scrip tion from DNA to RNA, nu cleic 
acid’s re pairs, apoptotic pro cesses and con trolled cell death 
or in deg ra da tion of nu cleic ac ids as a nu tri tion source. The
re ac tion mech a nisms are pos si ble to char ac ter ise with re -
spect to re ac tion cen tre con sti tu tion, pres ence of metal
ions, deprotonated wa ter or typ i cal amino-acid res i dues as

serine, thyrosine or histidine. One of the bac te rial nu -
cleases was suc cess fully crys tal lized and dif frac tion data
were col lected. A phase prob lem so lu tion is in prog ress.

In tro ducti on

Nu cleases are a group of en zymes re spon si ble for cleav age
of DNA and RNA. The re ac tion is in volved in var i ous bi o -
log i cal pro cesses: DNA rep li ca tion, re com bi na tion, rep a ra -
tion pro cesses, nu cleic ac ids (NA) deg ra da tion,
pro grammed cell death, etc. Dif fer ent re quire ments on nu -
cleases func tion leads to struc tural and re ac tion mech a -
nisms di ver sity. As nu cleic ac ids are an es sen tial
com pound of liv ing be ings, their deg ra da tion is fa tal.
There fore, pro duc tion and func tion of nu cleases is strongly 
reg u lated in cells.
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Small bac te rial nuclease (SBN) was cho sen for fur ther
stud ies, with re spect to struc ture so lu tion and re ac tion
mech a nism de ter mi na tion by X-ray crys tal log ra phy.

The o ry and ex pe ri ment

Me cha nism of phospho dies ter bond clea vage

Nuclease ca tal y ses dis rup tion of one of the P – O bonds
con nect ing units of nu cleic ac ids. The cleav age of
phosphodiester bond is a gen eral acid-base ca tal y sis, where 
a base ac ti vates a nucleofil by deprotonation and an acid
sta bi lizes fi nal prod uct by protonation. When ac ti vated
nucleofil is close enough to phos phate group, a highly
charged in ter me di ate is formed, where phos pho rus forms 5
co va lent bonds. Fi nally, the scissile bond breaks.

The nucleofile, ini ti ated by deprotonation, is mostly a
wa ter mol e cule or a hydroxyl group of serine or thyrosine,
which leads to a co va lent com pound of pro tein and nu cleic
acid. In this case, the com plex is dis so ci ated in the sec ond
step. More over, 3’-end of nu cleic acid can act as a
nucleofil, re sult ing in re or der ing of nu cleic-acid chains
(e.g. splic ing) [5].

Bac te rial nucle a ses

The pro tein se quence da ta base UniProt con tains 8996 se -
quences (291,462 un re vised; 28th June 2013) of bac te rial
nu cleases but there are only 645 known struc tures (Pro tein
Data Bank; 28th June 2013). 

Nu cleases can be clas si fied by sev eral cri te ria. The pri -
mary cri te rion is the po si tion of the cleav age: exonucleases
re move nu cleo tides from NA ends and endonucleases dis -
as sem ble chains to lon ger prod ucts. Ac cord ing to sub -
strate, DNases and RNases dif fers in sugar spec i fic ity,
more over, nu cleases can be spe cific to sin gle-stranded (ss)
or dou ble-stranded (ds) nu cleic ac ids. Some nu cleases pre -
fer cleav age of given se quence of nu cleo tides. Num ber of
nu cleases ful fils sev eral op tions in the cri te ria, for ex am ple
de grad ing nu cleases show only weak sub strate spec i fic ity.

De tailed clas si fi ca tion can be done on the ba sis of re ac -
tion mech a nisms. An over view of nu cleases with known
struc ture was pub lished by Yang, 2011 [5].

Crys tal li zati on and diffracti on me a su re ments of SBN

Crys tal li za tion of the small bac te rial nuclease (SBN) was
per formed with hang ing drop method. An ini tial screen ing
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1.6 M am mo nium sul phate
0.1 M Tris pH 8.5

2.2 M am mo nium sul phate

0.1 M Tris pH 8.5
2.0 M am mo nium sul phate

0.1 M so dium ac e tate pH 4.6

2,2 M am mo nium sul phate

0.1 M so dium ac e tate pH 4.6

Fig ure 1: Ex am ples of crys tals of small bac te rial nuclease grown in so lu tion with am mo nium sul phate.
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was held in crys tal li za tion plates, where wells were cov -
ered by glass cover clips and sealed by sil i con grease. Ini -
tial hits oc curred in the screen ing set In dex, Hampton
Re search, so lu tions num ber 2 and 6 with high con cen tra -
tion of am mo nium sul phate. Fur ther op ti mi za tion con sisted 
of chang ing of con cen tra tion of am mo nium sul phate.

Crys tals were fished with ny lon loops and vit ri fied in
liq uid ni tro gen at 77 K. High con cen tra tion of salt in crys -
tal li za tion so lu tion serves as a cryoprotectant. Cho sen crys -
tals were soaked in am mo nium io dide.

Dif frac tion ex per i ments were per formed at syn chro tron 
source BESSY II in Berlin, beamline 14.1 and 14.2 [4], us -
ing a MAR Mo saic CCD 225 or PILATUS 6M de tec tor and 
mini-kappa goniometer. The wave length of X-ray was 1.9
C to im prove anom a lous scat ter ing from sulphurs and
iodines. The dif frac tion data were pro cessed in XDS [2,3].

Re sults and dis cus si on

Crys tals of SBN grow in con cen tra tions of am mo nium
sul phate in in ter val from 1.6 M to 2.4 M (Fig. 1). The crys -
tals usu ally form clus ters of nee dles of length in or der of
hun dreds of mi crom e ters and width in or der of tens of mi -
crom e ters. The nee dle-like mor phol ogy is con served
across var i ous con di tions. In one case, a monocrystal with
hex ag o nal shape ap peared (Fig. 1; top right).

Sam ple im ages of dif frac tion data col lected on these
crys tals are on Fig. 2. The data of ten show dif frac tion of
sev eral lat tices and in few cases pow der dif frac tion of wa -
ter, mainly caused by ice on the sur face of loop.  Data with
high res o lu tion limit are usu ally avail able. How ever, high
res o lu tion data were not col lected yet be cause of ge om e try
lim its of the ex per i ment at wave length 1.9 C. The long
wave length ex per i ment was cho sen to maxi mise anom a -
lous scat ter ing of sul phur and io dine at oms for phase prob -
lem so lu tion.

The data col lected on the crys tal with hex ag o nal mor -
phol ogy and the nee dle-like crys tal soaked in am mo nium
io dide were pro cessed in XDS (tab 1.)

In di vid ual frames mea sured on the crys tal with the hex -
ag o nal mor phol ogy shows both strong ice-rings and mul ti -
ple crys tal lat tices. How ever, it is pos si ble to in dex and
in te grate re flec tions on the ma jor lat tice. Af ter in dex ing
and anal y sis of sys tem atic ab sences, space group P212121

was de ter mined with cell pa ram e ters a = 47.6 C, b = 54.1

C, c = 32.5 C. A sig nal to noise ra tio (I/s(I)) is high even in

high res o lu tion shell and anom a lous sig nal ex ceeds I/s(I)
value of 1 with high cor re la tion co ef fi cient. Low com plete -
ness in high res o lu tion is caused by shad ows of
cryo-stream noz zle and beamstop holder. Nev er the less, the 
ex per i men tal phas ing by SAD was not suc cess ful by now.

In the case of the nee dle-like crys tal, the k-axis was set
to 45° to put the crys tal in more gen eral po si tion in the in ci -

dent beam. To tal 3,240° of ro ta tion by w-axis was col lected 
to get high enough re dun dancy as ex pected space group P1
was con firmed. Anom a lous scat ter ing was ob served, but
search for anom a lous scat ter ers and phas ing was not suc -
cess ful.

Conclu si on

The small bac te rial nuclease was suc cess fully crys tal lized,
but the crys tals with high sym me try were not re pro duced.
Sev eral datasets were col lected, but the phas ing and struc -
ture so lu tion is with out any re sults un til now. The ex per i -
men tal phas ing on the ba sis of the anom a lous scat ter ing on
sulphurs is a de mand ing tech nique, be cause dif fer ences be -
tween Friedel pairs are close to ex per i men tal er rors, there -
fore the mea sure ment has to be op ti mized for this type of
the ex per i ment. The way for im prove ment of the re sults
could be an in verse beam method or so phis ti cated us age of

k-ge om e try for “true re dun dancy” mea sure ments [1].

Fig ure 2: Cho sen dif frac tion frames from dataset mea sured on crys tal with hex ag o nal mor phol ogy (left panel) and nee dle-like mor -
phol ogy (right panel).



Re fe ren ces

1. Debreczeni, J.; Bunkoczi, G.; Ma, Q.; a spol.: In-house
mea sure ment of the sul phur anom a lous sig nal and its use
for phas ing. Acta Crystallographica Sec tion D – Bi o log i cal 
Crys tal log ra phy, 59, (2003): pg. 688-696.

2. Kabsch, W.: In te gra tion, scal ing, space-group as sign ment
and post-renement. Acta Crystallographica Sec tion D – Bi -
o log i cal Crys tal log ra phy, 66, µ2, (2010): pg. 133-144.

3. Kabsch, W.: XDS. Acta Crystallographica Sec tion D – Bi -
o log i cal Crys tal log ra phy, 66, µ2, (2010): pg. 125-132.

4. Mueller, U.; Darowski, N.; Fuchs, M. R.; a spol.: Fa cil i ties
for macromolecular crys tal log ra phy at the Helmholtz-

 Zentrum Berlin. Jour nal of Syn chro tron Ra di a tion, 19,
(2012): pg. 442-449.

5. Yang, W.: Nu cleases : di ver sity of struc ture, func tion and
mech a nism. Quar terly Re views of Bio phys ics, 44, (2011):
pg. 1-93. 

This pro ject was sup ported by the Czech Sci ence Foun da -
tion, pro ject P302/11/0855. The au thors wish to thank Dr.
U. Müller of the Helmholtz-Zentrum Berlin, Al bert-Ein -
stein-Str. 15 for sup port at the beam line BL14.1 and BL of
Bessy II.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 20,  no. 2 (2013)       115

Crystal morphology Hexagonal  Needle-like 

X-ray source BESSYII, BL 14.2  BESSYII, BL 14.1 

Detector  MAR Mosaic CCD 225  PILATUS 6M 

Wavelength (Å) 1.9 1.9 

Detector distance (mm)  70 140 

Number of frames 2,160 32,400 

Exposure time per 1 degree (s)  0.8 1.5 
Oscillation angle (°) 1 0.1 

Space group P212121 P1 

Unit cell parameters (Å) a = 47.6, b = 54.1, c = 32.5 a = 22.8, b = 48.8, c = 51.1 

  a = 105.6°, b = 95.1°, g = 89.9° 
Resolution limits (Å) 47.0 – 1.85 (1 .89 – 1.85) 47.0 – 1.98 (2.03 – 1.98) 

Number of observed reflections 503,131 (7,842) 367,755 (10,283) 

Number of unique reflections 6,893 (248)  13,373 (625) 

Overall redundancy  73.0 (31.6) 27.5 (16.5) 

Completeness (%) 88.1 (54.1) 90.4 (59.1) 

Average I/s(I)  115.2 (29.5) 17.5 (5.7) 

Rsym  0.04 (0.10) 0.20 (0.68) 
 

Ta ble 1: Pa ram e ters and sta tis tics of datasets col lected on crys tals with hex ag o nal and nee dle-like mor phol ogy. Num bers in brack ets
rep re sent the high est resolution shell.
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Photosystem II (PSII) is a multisubunit pig ment-pro tein
com plex that ca tal y ses elec tron trans fer from wa ter to the
plastoquinone pool with con com i tant evo lu tion of ox y gen.
PSII con sists of around 25 dif fer ent types of pro tein sub -
units which are or ga nized into two struc tur ally dis tinct
parts: core com plex (D1,D2, CP47,CP43, in trin sic and ex -
trin sic  pro teins, small pro teins of un known func tion) and
pe riph eral an tenna (light-har vest ing com plex II (LHCII)
pro teins). 

For iso la tion of PSII from higher plants were se lected
model or gan isms, such as to bacco, spin ach, peas, hari cot
and soy. In our ex per i ments we tried two dif fer ent plants –
spin ach Spinacia oleracea and hari cot Phaseolus vulgaris.
Grow ing hy dro ponic plant un der con trolled con di tions and 

op ti mi za tion of re pro duc ible pu ri fi ca tion pro to col of ho -
mo ge neous sam ple suit able for crys tal li za tion is the main
aim of our pro ject. We changed pu ri fi ca tion pro to col and
used new meth od ol ogy with out us ing of de ter gent
TRITON, which could be prob lem atic for PSII com plex
crys tal li za tion. We got pre lim i nary re sults – microcrystals,
which re quire the op ti mi za tion of con di tions, us ing dif fer -
ent crys tal li za tion technics.  It was also shown that the type
of de ter gent and con di tions of solubilization of thylakoids
mem branes are crit i cal steps for crys tal li za tion, which
should be care fully cho sen. 

This re search was sup ported by the ME CR (COST
LD11011, CZ.1.05/2.1.00/01.0024), by the AS CR and
GAJU 141/2013/P.
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In higher plants multistep sig nal ling sys tem (MSS) play a
ma jor role in cytokinin re cep tion and con trib ute to eth yl ene 
sig nal transduction. Some com po nents of MSS take part in
osmosensing, megagametogenesis and flow er ing pro mo -
tion in plants. There fore it is im por tant to in ves ti gate mech -
a nisms of func tion ing of MSS for deeper knowl edge about
higher plants vi tal ac tiv i ties. Multistep sig nal ling sys tems
are com posed of hy brid histidine kin ases (HKs) that per -
ceive a sig nal, histidine-con tain ing phosphotransfer pro -
teins (HPs) that me di ate the phos phate sig nal down stream
to their cor re spond ing re sponse reg u la tors (RRs), which
usu ally play a role of tran scrip tion fac tors. One of HKs,
CKI1, was sug gested to par tic i pate in fe male gametophyte

de vel op ment in Arabidopsis thaliana. CKI1 has spec i fic ity 
in in ter ac tions with HPs, in par tic u lar it has af fin ity in bind -
ing to AHP2 and AHP3 [1]. 

The main aim of this pro ject is struc tural char ac ter iza -
tion of the in ter ac tions among Arabidopsis MSS mem bers
what will al low us to get in side into de tails of its func tion -
ing.

For this pur pose crys tal li za tion of pro tein com plexes
with fur ther X-ray dif frac tion anal y sis are used. 

In the re search ma jor at ten tion is em bed ded to the com -
plexes of re ceiver do main of histidine kinase (CKI1RD)
with Arabidopsis histidine-con tain ing phosphotransfer
pro teins AHP2 and AHP3. 



Screen ing of crys tal li za tion con di tions was per formed
by means of dif fer ent crys tal li za tion screens. Some hits
were found for com plexes of CKI1RD and AHP2 (in dif fer -
ent con cen tra tions) in Morpheus screen. All prom is ing
con di tions con tain MPD, PEG 1000 and PEG 3350, but
dif fer ent buff ers and lig ands. Ob tained crys tals are 3D,
quite large, but too frag ile. X-ray dif frac tion anal y sis for
test ing of crys tals will fol low.

Through X-ray dif frac tion anal y sis struc tures of com -
plexes CKI1 with AHPs are ex pected to be solved.

This re search was sup ported by grants: CZ.1.05/1.1.00/
02.0068, CZ.1.05/2.1.00/01.0024,P305/11/
0756, AV0Z60870520.

1. C. Grefen & K. Harter, Planta, 219 (2004) 733-742.
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In tro ducti on

Multistep sig nal ing sys tem (or multistep phosphorelay)
plays very im por tant role in sens ing/re sponse mech a nisms
in higher plants. It con sists of three com po nents: a sen sory
histidine kinase, which ca tal y ses the autophosphorilation
of a His res i due and sub se quently trans fers the phosphoryl
group to Asp res i due of its in ter nal re ceiver do main. Then,
the sig nal is passed down stream to a His res i due of
histidine phosphotransfer pro tein (Hpt) and fi nally de liv -
ered to an Asp res i due of re ceiver do main of the cor re -
spond ing re sponse reg u la tor, which sub se quently in ter acts
with tar get pro teins or acts as a tran scrip tion fac tors [1,2].
In Arabidopsis, MSP sig nal ing reg u lates var i ous key pro -
cesses, such as osmosensing, hor mone sig nal ing and
gametogenesis [3]. Arabidopsis ge nome en codes 8
histidine kin ases and 5 canonic Hpt (AHP1-AHP5) [4].
The goal of this work is to get in sights into struc tural de ter -
mi nants of AHP-me di ated sig nal ing by the ex am ple of re -
ceiver do main of histidine kinase 1 (CKI1, PDB code
3MMN) and AHP2. 

Ex pe ri men tal secti on

To achieve our goal AHP2 gene was cloned and trans -
formed into E. coli ex pres sion strain. The pro tein was ex -
pressed and pu ri fied in 2 steps: by metal che late af fin ity
chro ma tog ra phy fol lowed by an ion-ex change chro ma tog -
ra phy. Ini tial screen ing of crys tal li za tion con di tions was
per formed by sit ting drop va por dif fu sion method us ing
dif fer ent com mer cial screens. Op ti mi za tion of the dis cov -
ered con di tions in cluded the screen ing of pH, in cu ba tion
tem per a ture, type and con cen tra tion of the pre cip i tant. The

op ti mal buffer com po si tion for crys tal li za tion was de ter -
mined us ing a ther mal shift as say. Dif frac tion data were
col lected on BL14.2 at the BESSY II stor age ring and pro -
cessed with XDSAPP. Struc ture of AHP2 was solved with
SIRAS pro to col, us ing anom a lous sig nal of the Lutetium.
Sub struc ture so lu tion, phas ing, den sity mod i fi ca tion and
ini tial model build ing was car ried out us ing the pro grams
SHELXC/D/E via the graph i cal user in ter face HKL2MAP. 
Side chains were as signed us ing the autobuild/re fine pro to -
col in BUCCANEER. An anom a lous dif fer ence Fou rier
elec tron den sity map was cal cu lated us ing CCP4 pro gram.
Struc ture re fine ment was car ried out us ing REFMAC5 and
it er ated with man ual model build ing in COOT.

Pro tein-pro tein rigid body dock ing with AHP2 and
CKI1rd was per formed by GRAMM-X web server fol -
lowed by mo lec u lar dy namic sim u la tions us ing
GROMACS soft ware. The sim u la tion was per formed at
300K for 100ns. 

Re sults and dis cus si on  

The HPt AHP2 was cloned, overexpressed and pu ri fied to
>95 % pu rity. The ini tial crys tal li za tion con di tions for
AHP2 were iden ti fied in con di tion No. 20 of Crys tal
Screen 2 (Hampton Re search) con sist ing of 0.1 M MES
buffer pH 6.5 and 1.6 M MgSO4. Small tetragonal crys tals
were grown in 2 days at 298 K, but they did not dif fract
X-rays be yond 6C res o lu tion. To en hance the crys tal li za -
tion be hav iour, AHP2 was trans ferred to the buffer op ti mal 
for its ther mo dy namic sta bil ity prior to crys tal li za tion
based on the re sults of the ther mal shift as say. As the most
sta bi liz ing buffer for AHP2 50 mM imidazole, pH 8.0 sup -
ple mented with 5 mM DTT was iden ti fied. The pro tein was 
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then trans ferred to this buffer prior to crys tal li za tion and si -
mul ta neously, the crys tal li za tion tem per a ture was low ered
to 4°C. This op ti mi za tion re sulted in for ma tion of crys tals

with max i mum di men sions of ap prox i mately 0.35 ´ 0.2 ´
0.1 mm. which dif fracted up to 2.5 C and show sig nif i cant
anisotropic be hav iour.

The struc ture of AHP2 was solved us ing SIRAS pro to -
col us ing anom a lous sig nal of the Lutetium. AHP2 pro tein
rep re sents a-he li cal bun dle, com pris ing of four short and
two long he li ces. Short he li ces form a cen tral core of the
pro tein with the con served His res i due car ry ing the
phosporyl group sit u ated in the mid dle of the third a-he lix. 

In or der to gain in sight into the struc tural fea tures, un -
der ly ing AHP2-CKI1rd in ter ac tion, mo lec u lar-dy nam ics
sim u la tions were car ried out. Sim u la tions were per formed
for 100 ns and show the sta bil ity of pro tein-pro tein com -
plex. The key res i dues, re spon si ble for the AHP2-CKI1rd
in ter ac tion, were iden ti fied and re veal strong pro tein-pro -
tein bind ing. The anal y sis of the ob tained data is cur rently
in prog ress. 
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In tro ducti on

Haloalkane dehalogenases (EC 3.8.1.5; HLDs) are mi cro -
bial en zymes that cat a lyze the hydrolytic con ver sion of
halogenated aliphatic com pounds to their cor re spond ing
al co hols [1, 2], which is  the hydrolytic dehalogenation ac -
com plished by these en zymes is one of the most im por tant

steps in the biodegradation of 1-halo-n-al kanes and a,

w-dihalo-n-al kanes, se ri ous halogenated pol lut ants [3].
HLDs have a broad sub strate spec i fic ity [4] and a high
enantioselectivity [5], which makes these en zymes ap pli ca -
ble in bioremediation [6], in biosensing [7,8], biocatalysis
[5, 9], cel lu lar im ag ing, and pro tein anal y sis [10, 11] . Un -
der stand ing of the struc tural bases of the en zyme
extremophilicity al lows for the con struc tion of HLD vari -
ants with im proved ac tiv ity and sta bil ity at low and high
tem per a tures and thus en larges their ap pli ca bil ity in en vi -
ron men tal and biosynthetic ap pli ca tions.

Ex pe ri men tal de tails

A novel HLD en zyme, DpcA, ex hib it ing unique tem per a -
ture pro files with ex cep tion ally high ac tiv i ties at low tem -
per a ture, iso lated from Gram-neg a tive psychrophilic
bac te ria Psychrobacter cryohalolentis K5  [12] was crys -
tal lized by sit ting-drop and hang ing-drop vapour-dif fu sion
tech niques. Crys tal li za tion drops were

pre pared by mix ing 2 µl of pro tein so lu tion at the con -
cen tra tion 10 mg ml-1 in 50 mM Tris–HCl buffer pH 7.5
and 1 µl pre cip i tant so lu tion plus 0.3–0.6 µl of 0.1 M
L-proline. Dif frac tion data were col lected at the beamline
14.2, Helmholtz-Zentrum Berlin (HZB) (Ger many) at the
BESSY II elec tron stor age ring, de tec tor Rayonics
MX-225 CCD [13] at wave lengths of 0.978 C.  All dif frac -
tion ex per i ments were car ried out in a liq uid-ni tro gen
stream at 100 K us ing a Cryojet XTL sys tem (Ox ford In -
stru ments). The dif frac tion data for DpcA were in dexed,


