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PROTEIN-CARBOHYDRATE INTERACTION: STRUCTURAL AND THERMODYNAMIC
CHARACTERISATION OF HIGH AFFNITY BINDING  BETWEEN LECTINS FROM

PATHOGENS AND HOST CARBOHYDRATES

M. Wimmerová1,2, M. Pokorná1, C. Sabin3, S. Perret3, J. Adam1, E.P. Mitchell4, 
A. Imberty3
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Car bo hy drate-me di ated rec og ni tion plays an im por tant
role in the abil ity of patho genic bac te ria to ad here to the
sur face of the host cell in the first step of their in va sion and
infectivity. Lectin-car bo hy drate in ter ac tions are usu ally
char ac ter ised by a low af fin ity for monovalent lig ands that
is bal anced by multivalency re sult ing in high avid ity for
com plex glycans or cell sur faces. Usu ally, a millimolar af -
fin ity is ob served for plant lectin bind ing to mono -
sacharides. In con trast, bac te rial lectins in volved in
pathogenesis dis play much higher af fin ity than that ob -
served for plant or an i mal lectins [1].

Con tri bu tion is fo cused on bac te rial lectins from Pseu -
do mo nas aeruginosa and their homo logues from other

patho gens dis play ing sub-micromolar range af fin ity to -
wards their car bo hy drate lig ands. The com bi na tion of
X-ray crys tal log ra phy and iso ther mal ti tra tion micro -
calorimetry ap proaches is used to de ci pher the struc tural
and thermodynamical ba sis for high af fin ity bind ing of
these lectins to host car bo hy drates. Dis cov ery of a three
amino acid mo tif of the „ligand bind ing loop” that is re -
spon si ble for lectin sugar pref er ences to ward dif fer ent
monosaccharides will be dis cussed.

1. A. Imberty, E.P. Mitch ell & M. Wimmerová, Curr. Opin.
Struct. Biol., 15, (2005), 523.
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STRUCTURE OF b-GALACTOSIDASE COMPLEXES
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The unliganded struc ture of b-galactosidase from the soil
bac te rium Arthrobacter sp. C2-2 iso lated in Antarctica
(GH fam ily 2) re vealed com pact hexameric or ga ni za tion of 
the en zyme [1-2]. It is the first struc ture of a cold-ac tive

b-galactosidase. The struc ture was de ter mined by sin gle
crys tal X-ray crys tal log ra phy with use of syn chro tron ra di -
a tion at the ESRF beamline ID29. The dif frac tion data were 

re corded in 1,800 os cil la tion im ages at 0.1° slic ing and the
scaled set of in ten si ties con tained 577,572 re flec tions in

space group P21 (a = 140.1 C, b = 205.7 C, c = 140.5 C, b = 

102.3°). Six mono mers of the en zyme are ar ranged with

ap prox i mate 32 point sym me try into a sphere-like ob ject
and the in di vid ual ac tive sites face the in ter nal cav ity. The
cav ity is con nected with outer en vi ron ment mainly by three 
dif fer ent types of chan nels. The hexameric form is pres ent
in so lu tion and is as sumed to be the rel e vant bi o log i cal
oligomerization state. There fore, lig ands, sub strates, ions
and prod ucts in ter act ing with the en zyme in the vi cin ity of
the ac tive site must en ter and leave through the ma jor open -

ings. E.coli b-galactosidase from the same glycoside
hydrolase fam ily (a mesophilic coun ter part) was ex ten -
sively stud ied as for its oligomerization state (tetramer), ac -

tiv ity, en zy matic mech a nism and the a-complementation
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phe nom e non [3]. Con clu sions based on the new struc ture
bring the two en zymes into con trast and raise ques tions re -
gard ing the hexamer’s func tion.

Dif frac tion data for sev eral dif fer ent com plexes of the
cold-ac tive en zyme with var i ous types of lig ands were col -
lected and pro cessed, some of them with use of syn chro tron 
ra di a tion. It was con firmed that lig ands must en ter the in -
ter nal cav ity of the com plex and thereby ac cess the ac tive
sites of the hexamer. 

1.  H. Petroková, E. Vondráèková, T. Skálová, J. Dohnálek, P. 
Lipovová, V. Spiwok, H. Strnad, B. Králová, J. Hašek,
Col lect. Czech. Chem. Commun., 70, (2005), 124.

2. T. Skálová, J. Dohnálek, V. Spiwok, P. Lipovová, E.
Vondráèková, H. Petroková, J. Dušková, H. Strnad, B.
Králová, J. Hašek, J. Mol. Biol., 353, (2005), 282.

3.    D.H. Juers, T.D. Heightman, A. Vasella, J.D. McCarter, L.
Mac ken zie, Bio chem is try, 40, 14781.

Ac knowl edge ments. This pro ject was sup ported by the
Grant Agency of the Acad emy of Sci ences of the Czech Re -
pub lic (KJB500500512).
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HIPHOP REFINEMENT OF PROTEIN STRUCTURES

Jan Ondráèek

In sti tute of Mo lec u lar Ge net ics, Acad emy of Sci ences of the Czech Re pub lic, Flemingovo nám. 2, 16637
Prague 6

A novel multisolution re fine ment method for pro tein dif -
frac tion data is de scribed. HipHop re fine ment ex plores the
conformational land scape by mod i fi ca tion of the phases by 
in tro duc tion of wa ter mol e cules into the model, fol lowed
by many cy cles of re fine ment and re moval of wa ter mol e -
cules that do not com ply with a min i mal elec tron den sity,
ball shape and a dis tance from pro tein. The re sult ing en -
sem ble of gen er ated mod els rep re sents the graph i cal ex -
pres sion of struc tural vari ances of the crys tal struc ture. The 
shape of the dis tri bu tion func tion (his to gram) of clus ters
(aris ing by over lap ping of mod els) of wa ter mol e cules ex -
presses the prob a bil ity of the cor rect ness of the re fine ment.
The method was suc cess fully used for re fine ments of many 
pro tein crys tal struc tures, e.g. lysozyme soaked with
periodate [1] or bromate [2]. Note wor thy, the in teg rity of
this ap proach was re cently cor rob o rated by Furnham et al.

[3]. The gen eral pa per is in prep a ra tion [4]. Pro gram ver -
sions for ShelX and Refmac are avail able free on
http://www.img.cas.cz/hiphop.

1. Ondráèek, J., Weiss, M.S., Brynda, J., Fiala, J.,
Jursík, F., Øezáèová, P., Jen ner, L.B. & Sedláèek, J.
(2005). Acta Crystallogr. D61, 1181-1189.

2. Ondráèek, J.  & Mesters J.R. (sub mit ted to print). Acta
Crystallogr. D.

3. Furnham, N., Blundell, T.L., DePristo, M.A., Terwilliger,

T.C. (2006). Na ture Struct. Mol. Biol. 13, 184-185.

4. Ondráèek, J., Weiss, M.S., Hilgenfeld, R., Sedláèek.
J. & Mesters,J. (manu script in prep a ra tion). Struc -
ture.
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A COMPLEX OF HIV-1 PROTEASE AND PHENYLNORSTATINE INHIBITOR
ANALYZED AT ATOMIC RESOLUTION

J. Brynda1, P. Øezáèová1, M. Fábry1, M. Hoøejší1, R. Štouraèovì1, M. Souèek2, M. Hradílek2,
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The X-ray struc ture of a com plex of HIV-1 pro te ase (PR)
with a phenylnorstatine in hib i tor Z-Pns-Phe-Glu-Glu-NH2

has been de ter mined at 1.03 C, the high est res o lu tion so
far re ported for any HIV PR com plex. The in hib i tor shows
subnanomolar Ki val ues for both the wild-type PR and the
vari ant rep re sent ing one of the most com mon mu ta tions

linked to re sis tance de vel op ment. The struc ture com pris ing 
the phenylnorstatine moi ety of  (2R,3S) chirality dis plays a
unique pat tern of hy dro gen bond ing to the two cat a lytic
aspartate res i dues. This high res o lu tion al lows to as sess the
do nor/ac cep tor re la tions of this hy dro gen bond ing, and to
in di cate a pro ton shared by the two cat a lytic res i dues. 
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A struc ture-aided de sign of HIV PR in hib i tors has led
to a class of drugs use ful in clin i cal anti-HIV in ter ven tion
[see ref. 1 for re view]. Nev er the less, mutational de vel op -
ment of HIV PR drug re sis tance pres ents a ma jor med i cal
complication. 

A com bi na torial chem is try ap proach [2] yielded a se -
ries of novel pluripotent HIV PR in hib i tors hav ing a
picomolar range of their Ki val ues for the wild-type HIV
PR as well as var i ous de grees of in sen si tiv ity of their in hib -
i tory po tency to HIV PR vari ants with mu ta tions in po si -
tions 48, 82, 84 and 90, of ten found in drug-re sis tant PR
strains [3]. In this work, the struc ture of wild-type HIV PR,
complexed with one of these in hib i tors, Z-Pns-Phe- Glu-
 Glu-NH2 (Z, benzyloxycarbonyl; Pns, phenylnorstatine, (2
R,3S)-3-amino-2-hydroxy-4- phenyl butanoic acid, termed
here af ter KI2), is de scribed. The phenylnorstatine group,
an un typ i cal in hib i tor moi ety, served the pur pose to in ves -
ti gate the po ten tial of re place ment of amino acid res i dues
with larger groups (the “main chain” be tween the ar o matic
groups oc cu py ing S1’ and S1 pock ets is lon ger by one car -
bonyl group, as com pared to com mon, e.g., hydroxy -
ethylene or hydroxyethylamine isosteres). This com pound
in hib its the Val82Ala mu tant of HIV PR with a Ki value
0.11 nM, while the wild-type HIV PR in hi bi tion has Ki =
0.18 nM3. 

1. Wlodawer, A.; Vondrasek, J. In hib i tors of HIV-1 Pro te ase:
A ma jor suc cess of struc ture-as sisted drug de sign.  Anu.
Rev. Biophys. Biomol. Struct. 27 (1998) 249-284.

2. Houghten, R. A.; Pinilla, C.; Blondelle, S. E.; Ap pel, J. R.;
Dooley, C.T.; Cuervo, J. H. Gen er a tion and use of syn -
thetic pep tide com bi na torial li brar ies for ba sic re search and 
drug dis cov ery. Na ture 354 (1991) 84-86.

3. Rinnova, M.; Hradilek, M.; Barinka, C.; Weber, J.; Soucek, 
M.; Vondrasek, J.; Klimkait, T.; Konvalinka, . A picomolar 
in hib i tor of re sis tant strains of hu man im mu no de fi ciency
vi rus pro te ase iden ti fied by a com bi na torial ap proach.  J.
Arch. Biochem. Biophys. 382 (2000) 22-30.

Ac knowl edge ment

The au thors wish to thank the staff of ESRF in Grenoble,
beamline ID14.

L22

COMPLEX INTERMETALLIC COMPOUNDS AND METAL HYDRIDES FROM POWDER
DIFFRACTION

Radovan Èerný

Lab o ra tory of Crys tal log ra phy, Uni ver sity of Geneva, Radovan.Cerny@cryst.unige.ch

Intermetallic com pounds are play ing im por tant role in
many tech no log i cal ap pli ca tions (high per for mance con -
struc tion ma te ri als, mag netic ma te ri als, hy dro gen stor age).
The char ac ter iza tion of their crys tal struc ture is not an easy
task due to of ten pres ence of lat tice de fects, chem i cal dis or -
der, pseudosymmetry and weak su per struc tures. The fact
that the intermetallic struc tures do not con tain eas ily rec og -
niz able build ing units like mol e cules, and that they are of -
ten build up from at oms with large scat ter ing con tract, does 
not sim plify their struc tural char ac ter iza tion by dif frac tion
meth ods ei ther. The sin gle crys tals are of ten not avail able,
and struc ture size can reach few hun dreds of in de pend ent
at oms.

In the talk we will re view the pit falls of the struc tural
char ac ter iza tion of intermetallic com pounds by X-ray and
neu tron pow der dif frac tion. Dif fer ent tools of struc ture
char ac ter iza tion of intermetallic com pounds and their hy -
drides like high re cip ro cal space res o lu tion [1], res o nant
dif frac tion [2], in-situ stud ies [3], meth ods and pro grams
for struc ture so lu tion [4] will be dis cussed with ex am ples
from our work.

1. Èerný R., Renaudin G., Favre-Nicolin V., Hlukhyy V. and
Pöttgen R.: Mg1+xIr1–x (x = 0, 0.037 and 0.054), a Bi nary
Intermetallic Com pound with a New Orthorhombic Struc -
ture Type from Pow der and Sin gle Crys tal X-ray Dif frac -

tion. Acta Cryst. B60 (2004) 272-281.

2. Joubert J.-M., Èerný R., Latroche, M., Perche ron-Guégan,
A. and Yvon K: Site Oc cu pan cies in the Bat tery Elec trode
Ma te rial LaNi3.55Mn0.4Al0.3Co0.75 as De ter mined by
Multiwavelength Syn chro tron Pow der Dif frac tion. J. Appl.

Cryst. 31 (1998) 327-332.

3. Joubert J.-M., Èerný R., Latroche M., Perche ron-Guégan
A. and Schmitt B.: Hy dro ge na tion of LaNi5 stud ied by in
situ syn chro tron pow der dif frac tion. Acta Materialia 54

(2006) 713–719.

4. Favre-Nicolin V. and Èerný R.: A better FOX: us ing flex i -
ble mod el ing and max i mum like li hood to im prove di -
rect-space ab in itio struc ture de ter mi na tion from pow der
dif frac tion. Z. Krist. 219 (2004) 847-856.
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STRUC TURAL ANAL Y SIS OF OR GANIC POW DERS AND MICROCRYSTALS WITH
SYN CHRO TRON RA DI A TION

J. Maixner, M. Hušák 
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maixner@vscht.cz, husakm@vscht.cz

Mo lec u lar and crys tal struc ture de ter mi na tion used to be
con nected with 3D anal y sis of re cip ro cal space of suit ably
per fect and large enough sin gle crys tals (av er age size of
0.500 mm and vol ume of 0.1mm3). The dif fi cul ties to grow
such sin gle crys tals mainly due to the time con sum ing
partly trial crys tal li za tion pro ce dures are cause that di rects
the struc ture anal y sis of or ganic com pounds to use of ei ther 
very small sin gle crys tals (microcrystals with avarage size
of 0.050 mm and vol ume of 0.0001 mm3 up to submicro -
crystals with size of a pow der like crys tal lite with size of 1

mm and vol ume of 1mm3) or to use polycrystalline ma te ri als 
- pow ders when suit able sin gle mi cro- or submicrocrystals
are not avail able. Both ap proaches need to use high flux of
pri mary beam and ab in itio struc ture so lu tion from pow -
ders fur ther more high res o lu tion to sep a rate the num ber of
se verely over lap ping re flec tions due to a com pres sion of a
re cip ro cal space into one di men sion. These re quire ments
can be achieved by ex ploi ta tion of syn chro tron ra di a tion.

Ab in itio struc ture de ter mi na tion from microcrystals
and pow der dif frac tion data is cur rently of great in ter est in
crys tal log ra phy and ma te ri als sci ence. A num ber of crys tal
struc tures have been solved us ing ei ther so lu tion in re cip -
ro cal space (sin gle crys tal di rect meth ods mod i fied to use
pow der dif frac tion data for phas ing - Altomare et al., 2004) 
or  so-called di rect-space meth ods as new ap proaches for
struc ture so lu tion us ing the Monte Carlo method, the sim u -
lated an neal ing method or the ge netic al go rithm. The later
meth ods di rectly fit a cal cu lated dif frac tion pat tern to the
ob served pat tern, and thus they do not re quire the pat tern
de com po si tion pro cess for ex tract ing in te grated in ten si ties. 
To solve struc tures hav ing a large num ber of un known pa -
ram e ters is, how ever, prac ti cally im pos si ble with out uti liz -
ing data other than those of dif frac tion in ten si ties and a

rigid-body or flex i ble rigid-body ap prox i ma tion is in tro -
duced to re duce the num ber of vari ables.

 The lec ture will give some in for ma tion about han dling
mi cro crys tals, fill ing cap il lar ies to avoid tex ture for ma -
tion, in dex ing pow der data as the bot tle neck of ab in itio
struc ture so lu tion (CRYSFIRE-Shir ley, 1999), ap pli ca tion
of the sim u lated an neal ing (FOX – Favre-Nicolin,V. and
Èerný R., 2002) and Rietveld re fine ment (GSAS - Von
Dreele 2000, EXPGUI – B.H. Toby ).  

We will pres ent the struc ture so lu tion of metergoline
form II  (so lu tion form pow der  data with pre ferred ori en ta -
tion and from mi cro crys tal) and  the re sults of the tem per a -
ture be hav ior of simvastatin in the range from 150 K up to
295 K giv ing  2 new poly mor phic forms solved from syn -
chro tron pow der data.

1. Altomare,A., Caliandro,R., Camalli,M., Cuocci,C.,
Giacovazzo, C., Moliterni, A.G. G., and Rizzi, R. “Au to -
matic struc ture de ter mi na tion from pow der data with
EXPO2004,”J. Appl. Crystallogr. 37 (2004) 1025–1028.

2. Shir ley, R. (1999). http://www.ccp14.ac.uk/tu to -
rial/crys/pro gram/crysfire.htm

3. Favre-Nicolin, V. and Èerný, R. (2002). “FOX, ‘Free Ob -
jects for Crys tal log ra phy:’ A mo-dular ap proach to ab in -
itio struc ture de ter mi na tion from pow der dif frac tion,” J.
Appl. Crystallogr. 35, (2002) 734–743.

4.  A.C. Larson, R.B. Van Dreele, “Gen eral Struc ture Anal y -
sis Sys tem (GSAS)“, Los Alamos Na tional Laboratoy Re -
port LAUR 86-748 (2000).

5. B.H. Toby, “EXPGUI, a graph i cal user in ter face for
GSAS“, J. Appl. Crys.34, 210-21 (2001).

Ó Krystalografická spoleènost

140 Col lo quium 2006 - Grenoble - Lectures Ma te ri als Struc ture, vol. 13, no. 3 (2006)



L24

CONTRIBUTION TO THE CRYSTALLOGRAPHY OF OWYHEEITE

F. Laufek1,2, R. Pažout3

1Czech Geo log i cal Sur vey, Geologická 6, Praha 5, 152 00, Czech Re pub lic
2Charles Uni ver sity, Fac ulty of Sci ence, Albertov 6, Praha 2, 128 43, Czech Re pub lic

3In sti tute of Chem i cal Tech nol ogy, Technická 5, Praha 6,166 28, Czech Re pub lic
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The min eral owyheeite be longs to com plex sulphosalts of
Ag, Pb and Sb whose struc tures pres ent one of the most
com pli cated prob lems in crys tal log ra phy of in or ganic
com pounds. Un cer tainty ex isted about the crys tal lo graphic 
sym me try which was for a long time con sid ered to be
orthorombic [1] al though a monoclinic sym me try with â

near 90° was sug gested. The crys tal struc ture of owyheeite, 
struc ture for mula Ag2Pb5Sb5S14, was re fined from pow der
X-ray syn chro tron data of a sam ple from hy dro ther mal
veins at the Turkaòk Lode of the Kutná Hora Ag-Pb-Zn
polymetallic de posit, Cen tral Bo he mia, Czech Re pub lic.
The data were col lected on the Swiss-Nor we gian
diffractometer BM1B at the Eu ro pean Syn chro tron Ra di a -

tion Fa cil ity (ESRF, Grenoble, France, l = 0.49953 C,
sam ple in a 0.3 mm glass cap il lary). The pow der X-ray
syn chro tron dif frac tion pattern was in dexed us ing the first
20 lines. The monoclinic sym me try was in di cated by
DICVOL04 [2] pro gram with fig ures of merit M20 = 37, F20

= 267 (0.0014, 53). The syn chro tron pow der dif frac tion
pat tern was re fined with the cell found by DICVOL04 us -
ing the “pro file match ing” op tion [3] of the pro gram
FullProf [4] in or der to de ter mine the space group. The sys -
tem atic ab sences were con sis tent with the space group
P21/c. The ini tial struc tural model was ob tained by pre lim i -
nary sin gle crys tal X-ray dif frac tion ex per i ment
(Makovicky, pers. com). The fi nal struc ture was ob tained
through the Rietveld re fine ment in the pro gram FullProf

and re fined to R fac tors Rwp = 0.041, RB = 0.034 and c2 =
4.52.

Owyheeite, Ag2Pb5Sb5S14, space group P21/c, a =

4.1034(1) C, b = 27.3130(5) C, c = 22.9352(4) C, b = 

90.359(2)°, Z = 4. The asymetric unit con tains 26 at oms.
The av er age struc ture ex hib its four teen S, one Ag, four Pb,

five Sb sites and also two mixed sites, (Pb, Sb) and (Ag,
Sb). The struc ture is pre sented in Fig. 1.

1.    J. W. An thony, Hand book of Min er al ogy, El e ments, Sul -

fides, Sulfosalts. Min eral Data Pub lish ing,  USA, 1990.

2.    A. Boul tif, D. Louër,  J. Appl. Cryst. 37, (2004), 724-731.

3.    A. Le Bail, H. Du roy, J. L. Fourquet, Ma ter. Res. Bu le tin.,

23, (1988), 447-452.

4.    J. Rodríguez-Carvajal, FullProf.2k, Laboratoire Léon
Brillouin, France, 2006.
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Fig. 1. Crys tal struc ture of owyheeite


