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1.7A X-ray structure of space-grown
collagenase crystals

I. Broutin-L’Hermite,®* M. Ries-Kautt,” A. Ducruix,?

2| aboratoire d’Enzymologie et de Biochimie Structurales,
Béatiment 34, CNRS, 91198 Gif sur Yvette CEDEX, France.
E-mail: broutin@lebs.cnrs-gif.fr

Collagenases, divided into metallocollagenases and serine
collagenases, are the only proteases that cleave the triple helix
of collagen under physiological conditions. In the present work,
the serine protease collagenase purified from Hypoderma line-
atum larvae is studied. From crystals grown in the International
Microgravity Laboratory (IML2), a data set was collected at
1.7 A using synchrotron radiation. Although the resolution is not
very different, the signal-to-noise ratio and the quality of the
electron density are much improved. Alternate conformations
were revealed for several residues, in particular Tyr99, suggesting
a gate mechanism of recognition.

Keywords: inhibitors; serine protease; collagenase

1. Introduction

everal structures
ave been solved over the
last five years omis-Ruth et al., 1996; Broutin et
al., 1996; Betz ) ; Perona et al., 1997; Brandstetter et al.,
1998; Moy et al, 1999), but no similarities could be found,
metallocollagenase structures being mostly helical and serine
collagenase being mostly constituted of S-sheets.

The collagenase used in this study belongs to the chymotrypsin
family (Boulard & Garrone, 1978). It is extracted from the
digestive tract of the larvae H. lineatum, a cattle parasite
responsible for hypodermosis. H. lineatum collagenase (HLC) is
composed of 230 amino-acid residues, corresponding to a mass of
25209 Da. It cleaves type III collagen in its helical part in only
one region, producing the two fragments (3/4 and 1/4 length)
characteristic of the cleavage of collagen by vertebrate collage-
nases (Lecroisey & Keil, 1985), but so far the mechanism by
which collagenase cleaves collagen is unknown. The structure of
the enzyme, initially determined at 1.8 A resolution (Broutin et
al., 1996), was refined using a new data set from a space-grown
crystal. This data set had a signal-to-noise ratio which was clearly
better than those obtained from ground-grown crystals (Fig. 1a).

2. Materials and methods

2.1. Protein crystallization and X-ray
diffraction data

Collagenase was purified from H. lineatum larvae according to
a previously described procedure (Lecroisey ef al., 1979). Crystals
were grown under reduced gravity during the IML2 mission of
the US Space Shuttle, which flew for 14.5 d in July 1994 (Broutin
et al., 1997), using the APCF apparatus (Bosch et al., 1992). One
crystal (1.2 x 0.8 x 0.8 mm) was mounted in a glass capillary of
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2 mm diameter. Measurements were made 5 d after landing, at
279 K on the wiggler beamline W32 (Fourme et al., 1992) at
LURE (Orsay, France) using a wavelength of 0.901 A and a
300 mm diameter MAR Research image-plate detector.
Complete diffraction data were collected from a single crystal.
The total oscillation range was 55°, recorded in steps of 1° with an
exposure time of 180 s per image. The space group is /422, with
two molecules in the asymmetric unit. The unit-cell parameters
were refined to a = 111.3, ¢ = 165.7 A, which is isomorphous to
the previously refined 1.8 A structure (PDB code 1hyl). The data
set was integrated using MOSFLM software (Leslie, 1987) and
the CCP4 package (Collaborative Computational Project,
Number 4, 1994). It contains 54 934 unique reflections from 19 to
1.7 A resolution. The completeness and per of data with 7/
o > 3 are 96.3 and 77.6%, respecti al resolution

<< value (Briinger, 1992a). In order for the
not to be biased, all previously determined water
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Figure 1 R

Two examples of quality improvement in the 1.7 A HLC data set
compared with the previous data set. (a) Quality improvement in
reciprocal space: I/o as a function of 1/d% for a detailed comparison, see
Broutin ez al. (1997). (b) Example of the electron-density quality of HLC
at 1.7 A resolution.
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Table 1

Specifications of optical components.

Component Specifications

Mo/Si MLM Substrate Si wafer (40 x 40 mm)
Number of layers 20
Period, d 12.5 nm (12.4 nm)7
Thickness ratio, Mo/Si 3/7 (3.25/6.75)1
Interface roughness, o (0.4 nm)t

Mo/C MLM Substrate Si wafer (40 x 40 mm)

Number of layers
Period, d

Thickness ratio, Mo/C
Interface roughness, o

50

7.5 nm (7.9 nm)¥
11 (5.5/4.5)t
(0.4 nm)t

+ Values determined by fitting to the observed Cu Ka line diffraction curves.

molecules (PDB code 1lhyl) except the 72 having the lowest
temperature factors were omitted from the starting model.
During the first cycle, a slow-cooling procedure was executed,
starting at a temperature of 3000 K. Subsequent cycles were
limited to energy-minimization calculation and individual
temperature-factor refinement. Between each cycle, 2F, — F,. and
Fo — F. maps were calculated between 19 and 1.7 A and vj
lized using the graphic program O (Jones, 1978). T

The structure usly solved and refined at 1.8 A
resolution (PD ) using X-PLOR version 2.1 (Briinger,
1990) with no Ri. factor and with different geometry parameters
and topology files to the current version. The quality of the new
data set with a three times better signal-to-noise ratio (Broutin et
al., 1997), as well as a completeness of 100% at 1.8 A (the
completeness of the previous data set was 74% on all data and
only 51% in the last shell), prompted us to start a new refinement
procedure. The electron density calculated from the new data set
at 1.7 A shows an amazing improvement in quality compared
with the 1.8 A map. An example of the map quality is given in
Fig. 1(b). This improvement not only reflects the minor resolution

PheAl9 ARILS

ValA226

m— Hypoderma lincatam collagenase (HLC) s Alternate position of Tyr99 in molecule A of HI

molecule A MeOSuc-AAPVIS.CH,CI

e HLC molecule B s Humian leucocyte elastase (HLE)

Figure 2
Superposition of the HLE-AAPV-CH,Cl complex with HLC structure: a
view of the active-site region.
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shift, but also the fact that the number of individual reflections
increased from 45 152 to 54 934, which underlines the dramatic
effect of completeness on map calculation. Another indication of
map quality is given by the fact that ten alternate positions were
visualized and refined (four in molecule A and six in molecule B),
only two of which were common to both molecules. Among those
alternate positions, four residues (39 and 99 in molecule A, and
99 and 143 in molecule B) are quite remarkable. ArgA39t and
GInB143 are located at the interface between molecules A and B.
The electron density shows that the extremities of one glutamine
and of one arginine occupy the same position, thus leading to a
mutually exclusive situation. Among the three different pairing
possibilities, only one implies a direct hydrogen bond.

4. Conclusions

Proteinase inhibitors

The superposition of the two structures led us to the possibility
of a self-inhibition mechanism in HLC involving the B-hairpin
33-41 (LDITLOQDQRRVW).

IB was supported by the Centre National d’Etudes Spatiales
(CNES).
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