
Ó Krystalografická spoleènost

118 Struktura 2013 -  Students Ma te ri als Struc ture, vol. 20, no. 2 (2013)

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,



in te grated and scaled by HKL-3000 [15]. Matthews co ef fi -
cient was cal cu lated with MATTHEWS_COEF [15], us ing 
the the CCP4 soft ware pack age [16].

Re sults and dis cus si ans

Crys tals of DpcA en zyme dif fracted to the 1.05 C res o lu -
tions and be longed to P21 (prim i tive monoclinic space
group) with unit-cell pa ram e ters a  = 41.3, b = 79.4, c =

43.5 C, a = b = 90.0°,  g = 95.0° and con tained one mol e -
cule in the asym met ric unit [16].Struc tur ally DpcA is a

mem ber of the superfamily of a/b-hydrolase, mo lec u lar re -
place ment with MOLREP [15] from the CCP4 soft ware
suite was used for struc ture solv ing. 

Conclu si ons 

The co or di nates of Xanthobacter autotrophicus (PDB
code: 1B6G; 40% se quence iden ti ties for 121 res i dues and
53% se quence sim i lar ity was used as search model for
DpcA struc ture. DpcA pro tein has a glob u lar shape and is
com posed of two do mains. The core do main shows com -

posed of eight b-strands, within one is antiparallel (b2).

The cen tral b-sheet is flanked on both sides by a-he li ces:
four are on one side and two are on the other side of the
sheet. The sec ond do main, the cap struc ture is lo cated at the 

C-ter mi nal end of the b-sheet and is com posed of a-he li ces
and cov ers the ac tive site, which will be more re viewed in
the pre sen ta tion. The struc ture of DpcA is consimilar to the
oth ers struc tur ally known HLD.
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Ionic liq uids (ILs) are or ganic salts com posed of sep a rate
cat ions and an ions, which are liq uid at room tem per a ture
and vir tu ally have zero va por pres sure. ILs pos sess cationic 
and an ionic com po nents that can be tai lored for dif fer ent
ap pli ca tions how ever the prop er ties of ILs are not known
well. ILs have been re ported to in flu ence on ther mal sta bil -
ity, to sta bi lize pro tein struc ture and ac tiv ity, to in crease
crys tal li za tion rates and crys tal size, to en hance the ki net ics 
of crys tal li za tion.

The in ves ti ga tion of us ing ionic liq uids as ad di tives for
ad vanced crys tal li za tion was held. Twenty four ILs were
in cor po rated in the ex per i ment for their ef fect on the
lysozyme and thaumatin crys tal li za tion us ing Ionic Liq uid

Screen kit. Ex per i ments were set up with 50% w/v ILs
added to the crys tal li za tion so lu tions at ra tion 1:9. Crys tal -
li za tion drop lets were set up at four pro tein/pre cip i tant ra -
tios - 1:1, 1:2, 2:1, 3:1. Crys tals were ob tained un der
iden ti cal con di tions that are op ti mal for com mon lysozyme
and thaumatin crys tal li za tion. 

Sit ting drop vapor diffusion crys tal li za tion ex per i ments 
showed that ad di tion of some of the ILs led to less crys tal
poly mor phism and larger the lysozyme crys tals.

This re search is sup ported by the GACR (P207/12/0775),
ME CR (CZ.1.05/2.1.00/01.0024) and by the AS CR.

Ó Krystalografická spoleènost

120 Struktura 2013 -  Students Ma te ri als Struc ture, vol. 20, no. 2 (2013)



S17

TOWARDS CRYSTAL STRUCTURES OF ANTIBODIES AND TRANSCRIPTION
FACTORS

J. Písaèková1, 2, 3, K. Procházková1, V. Král2, M. Fábry2, P. Øezáèová1, 2

1In sti tute of Or ganic Chem is try and Bio chem is try, ASCR, Flemingovo nam. 2, 166 10 Prague 6, 
Czech Re pub lic

2In sti tute of Mo lec u lar Ge net ics, ASCR, Videnska 1083, 142 20 Prague 4, Czech Re pub lic
3Fac ulty of Sci ence, Charles Uni ver sity in Prague, Albertov 6, 128 43 Prague 2, Czech Re pub lic

jana.pisackova@img.cas.cz

In tro ducti on 

The knowl edge of pro tein three-di men sional struc ture is
im por tant for un der stand ing pro tein func tion. The three-di -
men sional struc ture can, among other things, pro vide in -
for ma tion on reg u la tion of pro tein func tion by in ter ac tion
with lig ands that can also be uti lized in ra tio nal de sign of
in hib i tors or mod u la tors. Struc tural in for ma tion can also
pro vide a ba sis for pro tein en gi neer ing ap proaches. 

X-ray crys tal log ra phy is the prin ci pal method of pro -
tein struc ture de ter mi na tion, close to 90% of all the pro tein
struc tures de pos ited in the Pro tein Data Bank to date have
been solved by this method. Crys tal li za tion of pro tein rep -
re sents a com mon bot tle neck in the pro cess of struc ture de -
ter mi na tion as hav ing suf fi ciently large monocrystal is the
es sen tial re quire ment for dif frac tion ex per i ments. The
crys tal li za tion pro cess is in flu enced by large num ber of
fac tors from which the pro tein sam ple prop er ties are the
most im por tant vari able. There fore, pre-crys tal li za tion bio -
chem i cal and bio phys i cal char ac ter iza tion of the pro tein
sam ple can help in suc cess ful crys tal li za tion. This anal y sis
can also be ben e fi cial for other meth ods of struc ture de ter -
mi na tion such as NMR. 

The use of pre-crys tal li za tion anal y sis will be pre sented 
on an ex am ple of two case stud ies: an ti body frag ments and
bac te rial transcriptional reg u la tor. 

Re com bi nant an ti bo dy frag ments 

Monoclonal an ti body MEM-57 rec og nizes CD3 an ti gen,
which is ex pressed on the sur face of T-lym pho cytes in
com plex with the T-cell re cep tor. CD3 plays role in the
transduction of ac ti va tion sig nal af ter the an ti gen is rec og -
nized by T-cell re cep tor. An ti body MEM-57 shows sim i lar
prop er ties to the ther a peu tic anti-CD3 an ti body OKT3
used as an immunosuppressant in or gan trans plan ta tion.
An ti body MEM-57 could be used in di ag nos tics of au to im -
mune dis eases, for T-cell lym phoma clas si fi ca tion, or as an
immunosuppressant in trans plan ta tion. An ti body MEM-57 
could be also used in can cer ther apy in ther a peu tic an ti -
body for mat of Bispecific T-cell Engager (BiTE). BiTE
mol e cule con sists of an anti-CD3 an ti body sin gle chain
vari able frag ment (scFv) linked to an anti-tu mor an ti gen
scFv. BiTE in duces polyclonal ac ti va tion of cytotoxic
T-lym pho cytes ex clu sively in the tu mor site [1]. The struc -
tural in for ma tion on scFv MEM-57 would en able hu man -
iza tion of the an ti body for ther a peu tic ap pli ca tions. 

Monoclonal an ti body MEM-85 rec og nizes CD44 an ti -
gen, which is a cell sur face re cep tor for hyaluronate and

plays an im por tant role in the im mune sys tem [2]. Some tu -
mors ex hibit CD44 overexpression and this is as so ci ated
with bad prog no sis. An ti body MEM-85 could be used in
can cer di ag nos tics and clas si fi ca tion or in can cer
immunotherapy. MEM-85 blocks hyaluronate bind ing to
CD44 and has been shown to in duce CD44 shed ding from
the cell sur face, sim i lar to the shed ding in duced by
hyaluronate bind ing. Thus, MEM-85 could also be used as
a tool for anal y sis of the struc tural ef fects of hyaluronate –
CD44 in ter ac tion on cel lu lar events. Struc tural in for ma tion 
on the an ti body – re cep tor com plex would al low ra tio nal
de sign of po ten tial hyaluronate bind ing in hib i tors. 

De o xy ri bo nucle o side re gu la tor DeoR 

In bac te ria, tran scrip tion of met a bolic genes is reg u lated by 
var i ous cat a bolic repressors [3]. Ba cil lus subtilis can uti -
lize deoxyribonucleosides and deoxyribose as a source of
car bon and en ergy. The genes en cod ing the pro teins re -
quired for their ca tab o lism are grouped in the dra- nupC-
 pdp operon. Ex pres sion of this operon is re pressed by bind -
ing of deoxyribonucleoside reg u la tor pro tein DeoR. Ex -
pres sion of met a bolic genes is in duced by bind ing of small
mo lec u lar effector to DeoR. The pre ferred effector mol e -
cule is deoxyribose-5-phos phate, but deoxyribose-1-phos -
phate was also de scribed to act as an in ducer. The DeoR
repressor pro tein from Ba cil lus subtilis is ho mol o gous to
bac te rial reg u la tor pro teins of the SorC fam ily. There is no
se quence sim i lar ity be tween the DeoR reg u la tors of Ba cil -
lus subtilis and Esch e richia coli, even though they pos sess
sim i lar reg u la tory func tion. Struc tural in for ma tion on
DeoR free and ligand bound forms would elicit the reg u la -
tion of DeoR func tion by a small mo lec u lar effector. 

Ex pe ri men tal secti on 

Pro teins were pre pared by heterologous ex pres sion in E.
coli and pu ri fied by com bi na tions of nickel chelation chro -
ma tog ra phy and ion-ex change chro ma tog ra phy. Pro tein
pre-crys tal li za tion anal y sis em ployed size-ex clu sion chro -
ma tog ra phy, flow cytometry, dy namic light scat ter ing, and
thermofluor as say (also known as dif fer en tial scan ning
fluorimetry, DSF). Thermofluor as say was used for the op -
ti mi za tion of pro tein sta bil ity for crys tal li za tion, for op ti -
mi za tion of pro tein oligomeric ho mo ge ne ity, and for
char ac ter iza tion of pro tein – ligand in ter ac tions. Crys tal li -
za tion screen ing was per formed by the sit ting drop va por
dif fu sion method; crys tal li za tion op ti mi za tion em ployed a
wide range of ap proaches us ing hang ing drop va por dif fu -
sion and coun ter-dif fu sion tech niques. Dif frac tion data
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were col lected at beamline MX14.2 at BESSY, Berlin and
pro cessed us ing the HKL-3000 pack age. Struc tures of
DeoR were solved by mo lec u lar re place ment us ing
MolRep pro gram; model build ing was per formed au to mat -
i cally by Buc ca neer and man u ally by Coot pro grams.
Struc tures were re fined us ing Refmac program. 

Re sults and dis cus si on 

Re com bi nant an ti bo dy frag ments 

Sin gle-chain vari able frag ments (scFv) of the an ti bod ies
MEM-57 and MEM-85 were con structed: vari able do -
mains of the heavy and light chains were joined by a flex i -
ble Gly-Ser linker and fur ther equipped with the
N-ter mi nal pelB leader se quence, and C-ter mi nal c-myc
tag and His5 tag. The re com bi nant frag ments were tar geted
into the periplasmic space of E. coli where they ac cu mu -
lated in a sol u ble form. Pro teins were iso lated from the host 
by os motic shock. Two-step pu ri fi ca tion pro to col em ploy -
ing nickel chelation chro ma tog ra phy and ion-ex change
chro ma tog ra phy was de vel oped to pro duce high yield of
pure pro tein: 3 mg of scFv MEM-57 and 1.5 mg of scFv
MEM-85 per 1l of bac te rial cul ture. An ti gen bind ing ac tiv -
ity of both an ti body frag ments was con firmed by flow
cytometry. 

The ra tio be tween monomeric and multimeric forms of
the in di vid ual scFv frag ments was de ter mined by an a lyt i -
cal size-ex clu sion chro ma tog ra phy. In case of scFv
MEM-57, equi lib rium es tab lished be tween mono mer,
dimer and higher oli go mers with the ma jor ity of the pro tein 
be ing in the monomeric form. On the con trary, the
monomeric and dimeric forms of scFv MEM-85 could be
sep a rated dur ing the pu ri fi ca tion pro cess. 

Dy namic light scat ter ing was used to eval u ate the
dispersity of the in di vid ual pro tein prep a ra tions at high
con cen tra tions used in crys tal li za tion ex per i ments. Pro tein
prep a ra tions of scFv MEM-57 which showed monomodal
par ti cle size dis tri bu tion yielded crys tals of better qual ity,
un like polydisperse pro tein prep a ra tions. All pro tein prep -
a ra tions of scFv MEM-85 were monomodal and
monodisperse. 

Thermofluor as say was used to screen for the com po si -
tion of the stor age buffer op ti mal for pro tein sta bil ity and to 
eval u ate pro tein oligomeric ho mo ge ne ity. For scFv
MEM-57, the pos i tive ef fect of the stor age buffer com po si -
tion (100 mM so dium phos phate pH 7.5, 200 mM NaCl)
was con firmed by the re sults of ini tial crys tal li za tion tri als.
Crys tal li za tion screen ing in the orig i nal stor age buffer did
not yield any crys tals of scFv MEM-57. Af ter the buffer
was changed to com po si tion which showed to be op ti mal
for pro tein sta bil ity in the thermofluor as say (100 mM so -
dium phos phate pH 7.5, 200 mM NaCl), pro tein crys tals
were ob tained in 42 out of 96 screened con di tions. Op ti mi -
za tion of crys tal li za tion con di tions by a wide range of ap -
proaches us ing hang ing drop va por dif fu sion and
coun ter-dif fu sion tech niques is now in prog ress. 

For scFv MEM-85, thermofluor anal y sis showed high
ther mal sta bil ity of the an ti body frag ment in the ma jor ity of 
tested buffer sys tems (melt ing tem per a ture Tm of 340 –
342 K). Crys tal li za tion tri als were un suc cess ful so far ow -
ing prob a bly to the high sta bil ity of the pro tein. 

De o xy ri bo nucle o side re gu la tor DeoR 

The C-ter mi nal effector-bind ing do main of DeoR from B.
subtilis (C-DeoR) equipped with N-ter mi nal His6 tag
cleavable by to bacco etch vi rus pro te ase was ex pressed in
E. coli and pu ri fied us ing nickel chelation chro ma tog ra -
phy. Pre-crys tal li za tion anal y sis per formed by size-ex clu -
sion chro ma tog ra phy and dy namic light scat ter ing
con firmed pro tein sam ple ho mo ge ne ity and showed that a
dimer is the bi o log i cal unit of C-DeoR. The ligand bind ing
ac tiv ity of the re com bi nant C-DeoR was con firmed by
thermofluor as say for deoxyribose-5-phos phate, but not
for deoxyribose-1-phos phate. These re sults con firmed the
role of deoxyribose-5-phos phate as a pre ferred in ducer. 

Crys tal li za tion screen ing tri als in the pres ence of 50
mM deoxyribose-5-phos phate yielded nee dle-shaped crys -
tals. Ex ten sive crys tal li za tion op ti mi za tion by a wide range 
of ap proaches us ing hang ing drop va por dif fu sion and
coun ter-dif fu sion tech niques to gether with pro tein re-pu ri -
fi ca tion by ion-ex change chro ma tog ra phy only yielded
plate-like crys tals of poor dif frac tion qual ity. Thermofluor
as say was used to screen for the com po si tion of the stor age
buffer op ti mal for pro tein sta bil ity and re vealed spe cific
ther mal sta bi li za tion of C-DeoR by trisodium ci trate The
crys tal li za tion screen ing pro ce dure was re peated in the op -
ti mized stor age buffer (20 mM trisodium ci trate pH 7.0,

150 mM NaCl, 0.02% (v/v) b-mercaptoethanol) both in the 
pres ence and ab sence of 50 mM deoxyribose-5-phos phate,
which yielded three-di men sional crys tals. By op ti miz ing
the pro tein and pre cip i tant con cen tra tions large three-di -
men sional crys tals with a good dif frac tion qual ity were ob -
tained and dif frac tion data sets from three dif fer ent crys tal
forms were col lected at high res o lu tion [4]. The struc tures
were solved by mo lec u lar re place ment us ing pu ta tive
sugar-bind ing transcriptional reg u la tor from Arthrobacter
aurescens TC1 as a model. Struc ture re fine ment is cur -
rently in prog ress. 

Conclu si ons 

Anal y sis of pro teins by com bi na tion of bio chem i cal and
bio phys i cal meth ods such as size-ex clu sion chro ma tog ra -
phy, dy namic light scat ter ing, and thermofluor as say can be 
suc cess fully used to help pro tein crys tal li za tion. We have
pre pared scFv frag ments of an ti bod ies MEM-57 and
MEM-85. We have per formed pro tein pre-crys tal li za tion
anal y sis and we have op ti mized pro tein sta bil ity and ho mo -
ge ne ity for both NMR (MEM-85) and crys tal li za tion
(MEM-57). Op ti mi za tion of crys tal li za tion con di tions is
cur rently in prog ress. In or der to gain in for ma tion on the
struc ture of the deoxyribonucleoside reg u la tor from Ba cil -
lus subtilis in the ligand free form and in the com plex with
deoxyribose-5-phos phate, we have pre pared the C-ter mi -
nal effector-bind ing do main of DeoR (C-DeoR). We have
per formed pro tein pre-crys tal li za tion anal y sis and de vel -
oped crys tal li za tion pro to cols which yielded monocrystals
of three crys tal forms suit able for dif frac tion data col lec -
tion. Three com plete high-res o lu tion data sets were col -
lected and pro cessed, the struc tures were solved us ing
mo lec u lar re place ment; struc ture re fine ment is in prog ress.  
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b-Mannosidase (b-D-mannoside mannohydrolase, EC
3.2.1.25) is an im por tant glycoside hydrolase (GH) spe cific 

for the hy dro ly sis of ter mi nal b-linked mannosides in var i -
ous sugar chains. This en zyme plays an es sen tial role in the

com plete hy dro ly sis of b-mannans to mannose and there -

fore b-mannosidases are very ef fi cient in var i ous in dus trial 
pro cesses, such as hy dro ly sis of galactomannans used for
the im proved re moval of drilled ma te rial in oil and gas
drill ing or cof fee ex trac tion, and as a bleach-boost ing agent 

in the pulp and pa per in dus tries [1]. b-Mannosidases are
also used in the syn the sis of oli go sac cha rides or alkyl

b-mannosides for med i cal and other pur poses [2].
Here, we re port the crys tal li za tion and pre lim i nary

X-ray crys tal lo graphic anal y sis of re com bi nant b-manno -
sidase overexpressed in Pichia pastoris. The ini tial screen -
ing showed two con di tions for ob tain ing the crys tals: (i)
0.2 M mag ne sium chlo ride, 25%(w/v) poly eth yl ene gly col
3350, 0.1 M bis-tris pH 6.5 and (ii) 0.2 M cal cium chlo ride,
25%(w/v) poly eth yl ene gly col 4000, 0.1 M Tris pH 8.5.
The best crys tals were pro duced by fur ther op ti mi za tion
us ing the hang ing-drop vapour dif fu sion method. The main 
precipitants PEG 3350 and PEG 4000 were changed in
small con cen tra tion steps. The tri als showed the best pos si -
ble con cen tra tion was 20%(w/v) for PEG 3350 and PEG
4000. The long nee dles were ob served to be more com pact
with a small in crease in the salt con cen tra tion (MgCl2 or
CaCl2); the ef fec tive range of the con cen tra tion is 0.2–0.4

M. The crys tals of the b-mannosidase were typ i cally nee -
dles with di men sions 0.25x0.01x0.08 mm. Dif frac tion data 
were col lected at BESSY II Berlin (14.1 and 14.2). The
data were pro cessed by XDSAPP [4]. The crys tals be -

longed to space group P1. The b-mannosidase in the na tive
data set dif fracted to 2.41 C res o lu tion and had unit-cell pa -

ram e ters a = 62.37, b = 69.73, c = 69.90 C, g = 108.20°, b =

101.51°, g = 103.20°. The cal cu lated Matthews co ef fi cient
(VM) of 2.56 C3Da-1 with a sol vent con tent of 52.06 % in di -
cates the pres ence of one mol e cule in the asym met ric unit.
The mo lec u lar-re place ment method was per formed with

the struc ture of the b-mannosidase from Bacteroides
thetaiotaomicron (PDB en try 2JE8) [4] as a model, but a

suit able so lu tion was not found. The b-mannosidase in the
SAD data set dif fracted to 2.44 C res o lu tion and had

unit-cell pa ram e ters a = 61.82, b = 65.23, c = 68.72 C , a =

108.63°, b = 101.06°, g = 103.06°. The cal cu lated
Matthews co ef fi cient (VM) of 2.34 C3Da-1 with a sol vent
con tent of 47.42 % in di cates the pres ence of one mol e cule
in the asym met ric unit. Ex per i men tal phas ing, model fit -
ting and re fine ment are in prog ress [5].
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