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Von Willebrand factor (vWF) plays a crucial role in thrombus formation after vascular
damage. It forms a bridge between collagen exposed at sites of injury and glycoprotein Ib
(GpIb) located on the surface of blood platelets. Binding to GpIb is mediated via the A1
domain of vWF. Mutations in the A1 domain, so called vWD type 2B mutations, result in
spontaneous binding of vWF to GpIb. Patients suffering from these mutations manifest
bleeding episodes. In order to investigate an explanation for this spontaneous binding to
GpIb, we solved the crystal structure of the A1 domain to compare with models of the A1
domain containing mutation R543Q.
Diffraction data were collected to 2.25 Å resolution on a 170 * 80 * 20 µm3 crystal  (Rmerge
6.5 %; redundancy 3.5). The crystal has space group P2(1) (a=76.83 Å, b=60.65 Å, c=87.66
Å, β=95.071) with 4 molecules in the asymmetric unit. The structure was solved by
molecular replacement and refined to a R-factor of 20.7 % and a free R-factor of 27.5 %.
Conformational changes were visible in the peptides flanking the A1 domain. Interpretation
of this conformational change is complicated by the presence of Cd++ ions interacting with
the flanking peptides in the R543Q mutant and not in the wt molecule.
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Von Willebrand factor (vWF) plays a crucial role in thrombus formation after vascular
damage. It forms a bridge between collagen exposed at sites of injury and glycoprotein Ib
(GpIb) located on the surface of blood platelets. Binding to GpIb is mediated via the A1
domain of vWF. Mutations in the A1 domain, so called von Willebrand's disease type 2B
mutations, result in spontaneous binding of vWF to GpIb. Patients suffering from these
mutations manifest bleeding episodes. In order to understand spontaneous binding to GpIb,
we solved the crystal structure of the A1 domain with mutation R543Q.
Diffraction data were collected to 2.2 Å resolution on a 40 * 40 * 20 µm3 crystal  (Rmerge
8.5 %; redundancy 14). The crystal has space group P43212 (a=b=80.5 Å, c=125.349 Å) with
4 molecules in the asymmetric unit. The structure was solved by molecular replacement and
refined to an R-factor of 20.8 % and a free R-factor of 25.0 %. Conformational differences
with respect to wt-A1 were visible in the N- and C-terminal peptides flanking the A1 domain.
Interpretation of these conformational changes is complicated by the presence of Cd2+ ions
interacting with the flanking peptides in the R543Q mutant and not in the wt molecule.
Therefore, we recently collected data on a crystal grown under different conditions. Analysis
of this data is in progress.
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Glycoprotein (Gp) Ibα is a member of the Gp Ib-IX-V adhesion complex located on the
surface of blood platelets. This complex is involved in von Willebrand Factor mediated
adhesion of platelets to collagen, an essential first step in the arrest of bleeding. We have
expressed a 33 kDa N-terminal fragment of GpIbα in mammalian cells. This fragment
contains a complete von Willebrand Factor binding site. Plate-like crystals were obtained
with dimension of up to 0.3 mm x 0.3 mm and a thickness of about 10 _m. Most crystals
suffer from disorder in one direction. About one out of 8 crystals is suitable for data
collection. Unfortunately, crystal quality can not be judged from crystal morphology and no
significant diffraction data can be measured on our in house equipment. Therefore a
significant amount of data collection time at the ESRF must be spend on identifying suitable
crystals. A first native data set to a maximal resolution of 2.0 Å was collected on ID14-EH2
(native 1 in Table). This data set did not process very well due to high mosaicity in one
direction and considerable radiation damage. A second native dataset (native 2) collected on
ID14-EH2 is of better overall quality, but has a somewhat lower resolution due to the use of a



shorter exposure time of 2 seconds/degree of oscillation. Exposing a different region of the
same crystal for 10 seconds/degree revealed diffraction spots up to 1.8 Å resolution, but
collection of a complete data set was not succesful due to radiation damage. A search for
heavy atom derivatives was initiated. Fluorescenece scans recorded on ID29 suggested that
K2PtCl4 and Na3IrCl6 were present in back-soaked crystals, while HgCl2 was not. Peak data
sets that are complete to 2.5 Å resolution were collected for Pt and Ir. For Ir data were also
collected at the inflection point and at a remote wavelength. Data collection on a sodium
bromide soaked crystal was hampered by insufficient insensity of the X-ray beam and will be
repeated.
The Pt and Ir datasets did not contain an anomalous signal. No heavy atom positions could be
identified from isomorphous difference-Pattersons. This could be due to binding of the metal-
ions to a disordered hexa-histidine tag.
Since the expression system used for GpIb_ does not allow for Se-Met labeling and
molecular replacement with partial homology models has not been succesful, the search for
heavy atom derivatives will be continued.

wavelength
(Å)

resolution
(Å)

Rmerge
(%)

<I>/<_> completeness
(%)

native 1 0.9330 2.0 9.2 (36.8) 10.1 (3.2) 98.5
native 2 0.9330 2.2 7.5 (34.5) 14.3 (2.9) 89.9
Pt peak 1.0719 2.3 5.2 (17.0) 40.8 (7.5) 89.6
Ir peak 1.1053 2.3 7.3 (24.2) 15.7 (3.2) 93.5
    inflection 1.1056 2.3 7.3 (29.8) 15.1 (3.0) 91.3
    remote 1.1170 2.3 6.3 (29.7) 10.6 (1.7) 49.5*
Values in parenthesis apply to high resolution shell. *Incomplete data due to end of beam
time.
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T his long- ter m  pr oject  ai m s at  st udyi ng the react i on mechani sm  of  acet yl chol inester ase (AChE ) 
by a com bi ned use of  cr yo- phot olysi s of  caged com pounds (phot ol abi l e pr ecur sor s of  enzymat i c
subst r at es or  pr oduct s) and temper at ur e- cont r oll ed pr otei n cr yst al logr aphy. Caged com pounds
t hat  are compl exed to AChE  are cleaved at 100  K by means of  li ght fr om  a laser  or f l ash- lam p.
Owing to the prot ein’ s r i gidi t y at  such a low tem per at ur e the phot ol ysi s pr oduct s remai n t r apped
wi thi n the act ive si t e of  the enzyme.  Subsequent  appl i cat i on of an appropr iat e tem per atur e
pr of i l e is ant ici pat ed to result  in tr appi ng of putat i ve enzym at i c react i on inter m edi ates.  In thi s
cont ext dynam i cal  tr ansi t i ons of  bot h the pr ot ei n and it s sur r ounding sol vent  ar e of  par t i cul ar
i nter est .  They al l ow t o def ine tem per at ur e ranges in which int erm ediat es st at es may accum ul at e
t hat  can be st udi ed by st andar d monochrom ati c X- r ay cr yst all ography. 

Numer ous dat a set s at  var i ous tem per at ur es wer e coll ected in the past  two year s on AChE 
compl exed wi t h caged ar senochol ine that  was phot ol ysed under  dif f erent  condi t i ons.  Al l 
exper i ment  wer e perf or med at  a f i xed wavel engt h of  0. 93 Å whi ch corr esponds to an ener gy just 
above the K- absor pti on edge of  ar seni um  (11. 8 keV) ,  the anom al ous si gnal  of  whi ch may
f aci l i tat e the locat i on of  the chol i ne molecule at hi gher  tem per atur es in put at i ve inter m edi ate
st at es. St ruct ur al  changes associ ated wi t h t he caged com pound suggest ed that  i )  cl eavage at  cr yo- 
t emper at ur es is possi ble and that  ii )  a jump or incr ease of temper at ur e in bet ween two dat a- set
coll ecti ons induces mi nor ,  yet  r eproduci bl e posi t i onal  changes of  the cl eavage pr oduct s.  The dat a



sets col l ect ed i n the fr am ewor k of  L S 1923 ar e im port ant cont r ol exper i ment s that  addr essed the
i nfl uence of  X-r ay i r r adi ati on on the observed st r uct ural  changes. 

I n a fir st  contr ol  exper i m ent ,  two subsequent  dat a set s were col l ect ed at  100 and 170  K on a
si ngl e cr yst al  of  AChE  compl exed wi t h UNphot ol ysed caged ar senochol ine.  No st r uct ur al 
changes of  the caged com pound wer e det ect ed if  st r uct ures based on bot h data set s wer e
compar ed.  However ,  it s el ect r on densi t y in bot h cases is rem i niscent  of the one that  was
at tr i but ed t o a cl eaved and st ruct ur al ly rel axed com pound in our  ear l i er  studi es.  A second contr ol 
consi sted in com pari ng st r uct ures of  AChE  compl exed wi t h phot ol ysed caged ar senochol ine that 
were det er mi ned fr om  dat a set s wi t h and wi thout excur sion to 170  K pr i or  to data col l ect i on at 
100  K.  Again,  changes indi cat ed a cl eaved and rel axed com pound in bot h st r uct ures.  These
exper i ment s st rongly suggest  that  ir r adi at ion- induced changes repr esent a maj or cont r i but i on to
changes that  wer e pr eviously att r i but ed excl usivel y to the appli cati on of  a temper at ur e pr of i l e
and that  these changes occur  in the very fir st  instances of data col l ect i on.  In a last  contr ol  we
showed that data col l ect i on wi th a X- r ay ener gy bel ow the K-absor pt ion edge of  ar seni um 
( 1. 07  Å, 11.6 keV)  di d not pr event or  r educe the pr evi soul y obser ved damage.

We concl ude that  phot ol abi l e compounds ar e ext r em el y sensi t ive to highl y intense synchr ot r on
X- ir r adi at ion and that  fut ur e st udies should be done invol vi ng X- r ay beam s ot her  than the one
f r om  an undul ator  sour ce. 
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The structure of B. subtilis lipase has recently been solved with data collected earlier at the
ESRF synchrotron (van Pouderoyen et al. (2001) J. Mol. Biol. 309, 215-226).
We are interested in obtaining more insight in the broad specificity of this lipase and the
enantioselective properties of the hydrolysis reaction of this enzyme. We therefore covalently
bound a pair of enantiomeric substrate-mimicks into the active site.
A data set of one bound enatiomer was collected on ID14-2 (14-4-2001). The other on ID29
(1-7-2001). The data characteristics and statistics are as follows:



Space group P212121

Unit cell  40 x 83 x 96Å3

Data collection                                 ID14-2                          ID29                             
Resolution (Å) 1.8 1.8
Completeness    40-1.8Å 88.4% 99.6%
Completeness    1.84-1.80Å 56.2% 94.5%
I/sigma(I)    40-1.8Å 19.4 10.1
I/sigma(I)    1.84-1.80Å 3.8 3.0
R-merge   40-1.8Å 5.5% 17.0%
R-merge   1.84-1.80Å 21.1% 37.9%
Wilson B-factor (truncate): 14.6 11.5
Wilson scale (truncate): 38.9 25.1
Refinement                                                                                                              
current R-factor 17.8% 20.9%
current Rfree-factor 21.3% 24.3%

Electron density calculated with both these data sets clearly showed the two different
enantiomeric inhibitors bound in the active site. The detailed interactions of the inhibitor with
the lipase are being analysed at the moment. The data collected on ID29 has however too bad
data statistics and higher R-factors to be able to use it for a publication.
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The application of enzymes as catalysts provides a convenient way to prepare synthetic
chemicals in an ecologically more responsible fashion than is usually the case with conventional
chemical methods. Moreover, enzymes are capable of synthesizing chiral compounds in an
enantioselective way, which is crucial for the production of countless drugs.

In our group we study the α-amino acid ester hydrolases (AEH's) of Xanthomonas citri and
Acetobacter turbidans. These enzymes transfer the acyl group of an α-amino acid ester to water,
but are also capable of transferring it to a β-lactam nucleus. The enzymes can thus be used for the
production of synthetic penicillins and cephalosporins.

The AEH from Xanthomonas citri crystallises into rectangular blocks with a typical size of 0.1
x 0.1 x 0.05 mm. Though all crystals have the same shape, they exhibit three different lattice
symmetries : primitive tetragonal, primitive orthorhombic and primitive monoclinic. Of these, the
monoclinic crystals (space group P21) are the most amenable to X-ray analysis.

A selenium derivative has been prepared and crystallised. Part of the selenium oxidises
readily, so that careful reduction with 10 mM DTT in mother liquor just before freezing is necessary.
From the selenium-labeled crystals, three datasets could be collected :

A full three-wavelength MAD dataset was collected on ID29 from a crystal of space group
P212121 . The statistics are in table 1. These data were collected from a crystal that showed two



peaks in the fluorescence spectrum which were attributed to reduced and oxidised selenium. No
selenium positions could be found from these data. Subsequent crystals were subjected to
reduction as described above.  A single wavelength SAD experiment was done on ID14-2 with a
crystal of space group P21. A 2.0 Å dataset was collected (statistics in table 1) but the anomalous
signal was to weak for structure solution.  Recently, a SAD dataset was collected from another P21

crystal at the selenium peak wavelength on ID29, which shows clear anomalous signal and
structure solution is under way.

Crystallization experiments with the AEH from Acetobacter turbidans gave two crystal forms:
non-birefringent rhombic dodecahedra (0.1x0.1x0.1 mm) and birefringent prisms (0.4x0.15x0.1
mm). The dodecahedra belong to either space group I23 or I213 and diffracted to 3.0 Å on the
ID14-2 beamline. Native data and three heavy atom soaks have been collected (table 1), but
difference Pattersons show no peaks. The prisms have primitive orthorhombic symmetry, and
diffract to 3.5 Å on a home X-ray source. These crystals have not yet been measured on a
synchrotron source. We are preparing a selenium derivative.

The naproxen esterase from Bacillus subtilis is another enzyme that is studied in our group.
It hydrolyzes esters of arylpropionates with high enantioselectivity, which makes it useful in the
synthesis of anti-inflammatory drugs like naproxen. Crystals of this enzyme have been grown as
early as 1993. A mercury and a platinum derivative have been identified. We are also preparing a
selenomethione labeled sample. We have collected a dataset from a crystal soaked for 30 s. in a
1.0 M sodium bromide solution on the bromide edge, but no anomalous signal could be detected.

Protein Beamline _ (Å) Space
group

unit cell
dim. (Å)

max. res.
(Å)

Compl.
(high res.)

Rmerge

(high res.)
X. citri AEH,
MAD, Semet
peak

ID29 0.979 P212121 a=89.1
b=123.8
c=128.5

3.0 94% (85%) 0.062 (0.119)

inflection point ID29 0.979 P212121 a=89.3
b=123.6
c=128.4

3.0 93% (79%) 0.073 (0.129)

high energy
remote

ID29 0.915 P212121 a=89.4
b=124.3
c=129.1

3.0 93% (71%) 0.094 (0.339)

X. citri AEH SAD
data

ID14-2 0.933 P21 a=90.1
b=125.8
c=132.1
β=91.0 °

2.0 94% (71%) 0.094 (0.218)

X. citri AEH SAD
data on peak

ID29 0.979 P21 a=90.3
b=126.13
c=132.2
β=91.0 °

3.0 100% (100%) 0.103 (0.215)

A. turbidans  AEH
native

ID14-2 0.933 I23 or
I213

a=b=c=343.2 3.0 100% (100%) 0.065 (0.132)

A. turbidans AEH
U soak

ID14-2 0.933 I23 or
I213

a=b=c=342.8 3.0 100% (100%) 0.061 (0.148)

A. turbidans AEH
Hg  soak

ID14-2 0.933 I23 or
I213

a=b=c=343.5 3.0 100% (100%) 0.056 (0.127)

B. subtilis NE Br
soak

ID29 0.920 P3121 or
P3221

a=b=46.9
c=211.7

3.5 97.3% (100%) 0.096 (0.116)


