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CRYSTALLOGRAPHIC STUDY OF A RECOMBINANT CUTINASE
FROM FUSARIUM SOLANIPISI

Chrislaine Martinez, Chantal Abergel and Christian Cambillau

Laboratoire de Cristallographie et Cristallisation des Macromolécules Biologiques, Faculté de Médecine Nord,

Bvd. P.Dramard, 13326 MARSEILLE CEDEX15 , France.

Pieter de Geus and Mark Lauwereys

Plant Genetic Systems, N.V., J.Plateaustraat 22, Gent, B-9000, Belgium.

Cutinases are a group of extracellular fungal hydrolytic enzymes ca-
pable of degrading the insoluble lipid polyester matrix,i.e. cutin, which covers the
surface of plants. Their weight is 22,000 Da, signifantly lower than all other lipases.
A recombinant cutinase from F. solani pisi is expressed and excreted with very
high yieldsin E. coli cultures. Cutinase wascrystallized (PEG 6000 15-20% ,pH 7.0
to 10.0,20°C) in space group P21 with cell dimensions 35.1A,67.4A,37.05 A,

ß=94°.They diffract to 1.5 A resolution (Rsym=4.41%). Data from native and deri-
vatives have been collected. MIR phasingis in progress.

1 INTRODUCTION.

Cutinases are a group of hydrolytic enzymesfirst identified in the extracellular cul-

ture fluids of fungal plant pathogens capable of degrading the insoluble lipid polyester

matrix, i.e. cutin, which covers the surfaceparts of plants ( Kolattukudy,1985). They play

a role in facilitating the attack of the pathogen on the plant and as such contributeto the

pathogen's virulence (Dickman etal.,1989). Cutinases from several phytopathogenic fun-

gi have been extensively characterized ( Kolattukudy,1984), and the primary sequence of

three of them has been deduced from the cloned cDNA (Ettingeret al.,1987).

They constitute a group of homologous enzymes with molecular weight of around

22,000, with highly conservedstretches. These include 4 invariant Cysteines, which form

two disulfide bridges. As no meaningful homology with other known protein structures

has yet been found, this seems to imply distinct tertiary fold, commonfor the fungal cu-
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tinases. Cutinase belongs to the class of the serine esterases. The stretch Gly-Tyr-Ser-

Gln-Gly containing the active site serine, hav even a stronger homology with the consen-

sus sequence Gly-(Tyr or His)-Ser-X-Gly commonly presentin lipases (Blow,1990;Anto-

nian,1988). In addition, the fungal cutinases hydrolyse fatty acid esters and emulsified

trioleyl glycerol asefficiently as porcine pancreatic lipase. Furthermore,classicallipoly-

tic enzymes have a low but measurable hydrolytic activity on cutin. The question then

arises as to whetherall these similarities between lipases and fungal cutinase, both with

respectto catalytic and mechanism of action,point perhaps to another example ofconver-

gence oh three-dimensionnalstructures, very muchlike in the case of trypsin andsubtili-

sin.

In orderto establish the relationship between lipases and cutinases moreclearly, and

to gain insight in the mechanism that enables these enzymesto functionatthe lipid/water

interface, we havestarted the structure determination of the recombinant fungal cutinase.

This should eventually allow us to compare the structure of cutinase with those recently

obtained of two lipases (Brady et al.,1990 ; Winkleret al.,1990).

The enzymewasisolated from an Escherichia coli strain containing a plasmid with

the cloned sequence of Fusarium solani f.sp. pisi cutinase. Details of the construction,

the purification and the characterization of the enzymewill be described elsewhere in the

book ( M. Lauwereyset al.)

2. CUTINASE CRYSTALLIZATION.

Crystals of recombinant cutinase are obtained using the vapor diffusion technique,

with hanging drops or sitting drops (McPherson,1976). Crystals grow in a wide pH

range, from 7.0 to 10.0, although the best crystals are obtained in the 7.0 to 8.0 pH range,

close to the cutinase pI value 7.0. Typically, 5 ul of a 15 mg/ml protein solution are

mixed with 5 pl of a reservoir solution containing 0.1 M HEPES pH 7.0, 15-20 % PEG

6000 (weight/volume). Crystals appear within one week, and reach dimensions of

0.4x0.4x0.6 mm.Crystals of this size diffract to 1.3 A on a Nicollet/Siemensarea detec-

tor, with a RIGAKU RU200 rotating anode source at 40 kVx 80 mA.Crystals are mono-

clinic, with space group P2, and cell dimensions a=35.1 A, b=67.4 A, c=37.05 A and

8=94.0°. Assuming one molecule of 22,000 Dain the asymmetric unit gives a Vm value

of 1.98 A3/Da. ( 38 % water) , in a range found for most proteins (Matthews,1968). Al-

though crystals of sufficient size can be produced bythis classical procedure, larger crys-

tals are obtained using seeding techniques in Cryschem boxes, which allowsitting drops

settings. In this case, the drop and the reservoir solutions are at the same precipitant

concentration, in a range of 5 to 10 %; the protein concentration is still 15 mg/ml. In ma-

ny drops, a single crystal of Imm?is obtained , with the seedstill visible inside (figure 1

a). A native data set was collected at 1.52 A resolution on a Nicolet/Xentronics area de-

tector. The crystal to detector distance was set to 8 cm andthe 2 theta angle to 30°. A to-

tal of 50339 reflections was measured, which lead to 21942 independantdata. Theresults

of this data collection are presentedin tableI.
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Table I : Data collection statistics.

Uniquedata (%) Redun-

dancy

Resolution (A) Independent

c0-1.52

-2.76

2.76-2.19

2.19-1.92

1.92-1.74

1.74-1.62

1.62-1.52

reflections

21.942

4439

4334

4095

3824

3402

1848

83

995

98.2

92.4

87

11.5

48

2.3

27

245

23

2.15

2

1.6

Table II : Crystallographic data of cutinase derivatives

Soaking 20mM.pH 8.0; M.I.R.phasing in resolution range 10 - 3Ä

Nr of meas.
(No crystals)

Nr of unique

% total

R merge

R-iso

R.m.s. Fh

/ residual

Re

Native

83144

(3)
20532

89% at 1.6A

7.54

0.14

Occupancy ( % )

Numberof major

/ minorsites

Mercury
acetate

15 541
(1)

5 962

85% ‚2.6Ä

4.09

0.14

2.5

0.43

32

17.

R(%)

4.41

3.42

4.81

6.21

7.89

9.97

12.93

Potassium Potassium

hexachloro- trachloro-

iridate(IV) platinate(II)

15 370
Cl)

4988

89% , 2.6A

4.77

0.16

2.07

0.48

29

ryt

15 576

(1)

5 015

90% , 2.6A

4.21

0.26

2:2

0.47

30

1/4

I/sigma I

35

77

44

30

18

12

Tl

Uranyl
acetate

22854
C18)

13649

80% at 1.9A

7.43

2:97

0.56

48

173

3. HEAVY ATOMS DERIVATIVES SEARCH AND DERIVATIVES REFINEMENT

RESULTS.

Since no homologuousstructure of cutinase is known, the M.LR. (multi isomorpho-

us remplacement) method mustbe applied to solve the structure. Crystals have been soaked
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in synthetic solutions containing various heavy atomssalts ( Pt, Hg, U, Ag, Pb, Eu,Ir...) at
pH7.0; 0,1M HEPES; 20% PEG 6000 ( weight/volume). No derivative has been obtained
with salts concentrations up to 10 mM.Raisingthe pH to 8.0 andthe heavy atomssalts
concentrations to 20mMallowed usto obtain appreciables fractional changeswith
K3lrCl¢ KyPtCly, UO,7Acy and HgAcp.

X-ray diffraction data for the derivative crystals were collected with a Xentro-
nics/Siemens X100A multi wire detector. Data were reduced with the XENGEN package(
Howward etal. 1987) and crystallographic calculations were performed with the pro-
gramm PROTEIN ( Steigemann, 1974 ). Data collection and statistics for the native and
the derivatives crystals obtained are givenin tableII.
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