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CRYSTALLIZATION AND CHARACTERIZATION

OF CANDIDA RUGOSA LIPASE

Byron Rubin, Penny Jamison and David Harrison

Eastman Kodak Company

Rochester, New York 14650, USA

SUMMARY

A lipase isolated from the fungus Candida rugosahas beenpurified and crystal-

lized in a form suitable for X-ray crystallographic structure determination. Sever-

al proteins with lipolytic activity having isoelectric points from 4.2 to 5.8 were

separated by ion exchange chromatography.The protein having the lowestisoelec-

tric point was crystallized from 2-methy]-2,4-pentandiol in MESbufferin the pres-

enceof calcium (II) salts. The crystals with cell dimensions a=64.9(1) 7 b=97.2(1) A

and b=175.8(2)A, grow as large colorless plates often exceeding 0.7 mm in each of

two dimensions. From the diffraction pattern the apparent crystal symmetry is

C222,. Experimental density determination suggests one 60,000 M,. molecule in the

asymmetric unit and approximately 50% solvent by volume. Theratio unit cell vol-

ume to the molecular weightofthe contents of the unit cell, Vj, is 2.3 A3/d. Diffrac-

tion is strong to a resolution of 2 A resolution and work is underway to determine

the three dimensional structure of this enzyme.

INTRODUCTION

Lipases are a class of enzymes which hydrolyze triglyceride and other, generally fat solu-

ble, carboxylic acid esters. In their chemistry, lipases catalyze the same chemicalreaction as
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esterases. The distinction betweenlipases andesterasesderives from the physical state ofthe

optimalsubstrates (1). Lipases act at interfaces. As a consequence structure and mechanistic

understanding of these enzymeshas not reached the samelevelas the proteolytic enzymes

with which they share many features. Recently the three dimensional structures oftwo neu-

tral lipases have been reported: Mucor mieheitriacylglycerollipase (2) and human pancreatic

lipase (3) which suggest active site homology with the serine proteases. The same homology

may exist for CCEH. Wereport the crystallization and characterization of a neutral lipase

from Candida rugosa identified as carboxyl-ester hydrolase, CCEH.

EXPERIMENTAL

Materials: Candida lipase was obtain from Eastman Kodak Company,Bioproducts division.

Mono-Q column,pre-cast gradient SDS-gels, and precast isoelectric-focussing gels were sup-

plied by Pharmacia (Upsala). All chemicals used were reagent gradeor better. The 2-methyl-

2,4-propandiol (MPD) was vacuum distilled for use in crystallization. Distilled, deionized wa-

ter was used throughout.

Protein Purification: The crude lipase powder was extracted with 50% (v/v) isopropanol.

Typically 20 gram of extract was shaken overnight with 200 ml of alcohol solution. The alco-

hol extract was removed from the remainingsolid by centrifugation. The alcohol extract was

dialyzed overnight versus a 100 fold excess ofMESbuffer, 0.10 M pH 6.0. The dialysate was

then concentrated under pressure over an Amicon PM-30 membranebefore application to a

5 by 50 mm mono-Q column. The mono-Q column waspreconditioned with MESbuffer 0.050

M,pH 6.0 andthe protein was eluted using a 0 to 0.50 M NaCl gradient in the samebuffer.

Foursets offractions were combined. Thesefour pools were concentrated, assayedfor activity

andtested for their ability to crystallize under the survey conditions described below. Homo-

geneity of the resulting protein was established using SDS-gradient, however, isoelectric fo-

cusing electrophoresis showed four bandsofvarying intensity for samplesfrom all four pools.

Crystallization: Crystals ofCCEH were preparedby the vapor diffusion method. Forfreshly

prepared enzyme,four sets of crystallizations experiments were carried out for each of the

four pools separated. In each experiment, the reservoir solutions contained 35% v/v MPD,

0.010 CaClg, and 50mM MESbuffer. For each new preparation ofpurified enzymea pH gra-

dient from 5.7 to 6.3 in 0.1 increments was used to determine the optimal pH for crystalliza-

tion. Typically 2 to four weeks were required to obtain crystals 0.5 by 0.5 by 0.1 mm.

Density Measurement:Density of the crystals was determined by dropping single CCEH

crystals into a calibrated linear density gradient and observing theposition of the crystal as
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it came to rest. The density gradient was calibrated by dropping small volumes of sodium

chloride solutions with known densities into the density gradient column and observing their equi-

librium position. Whenlinearity was confirmed, small CCEH crystals approximately 0.4 mm insize

were transferred to flattened teflon rod and carefully wicked free of the majority of mother

liquor. The crystal bearing rod was then immersedin the gradient and the position of the

CCEHcrystal monitored duringits descent.

X-ray Diffraction Measurements: Crystals of the enzyme were mounted in Debye-Sherer

tubes and subjected to photographic and diffractometric analysis. Precession photographs

were recorded using a 10KW rotating Cu-anode source with nickel filtered radiation. Diffrac-

tometric characterization was performed using a Rigaku AFC5 diffractometer and the same

X-ray source as that used for the precession photographs. Unit cell measurements are based

on 25 reflections with Bragg angle in the range 18° < 20 < 26°. The values reported are the

averagecell dimensionsfor 15 crystals.

RESULTS AND DISCUSSION

 

A photograph showing typical CCEHcrystals is shown in Fig.1. Thediffraction results are

shown in the precession photograph, Fig. 2, andin the Table. The unit cell dimensionsre-

 

Fig. 1. CCEH Single Crystals. The largest of the crystals Fig. 2. Precession Photograph ofCCEH.
are approximately 0.7 mm in their longest dimension. Note Thecrystalis aligned to the show the cen-

the faint cross motif on the largest crystal which is revealed tering perpendicular the the c*axis. The
only undercrossed polarized filters. This motifcorresponds precession angle for this photograph was
to two of the non-primitive crystallografic axes on which 12°. The exposure wasfor 6 h.
crystal can be aligned.
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ported in the Table are based on diffractometer measurements. The length of the c-axis is

somewhatsensitive to the pH at which the crystals are grown. Thereis also somevariability

of the crystal lifetime in the X-ray beam. Manycrystals can endure 5 d in the beam with as

little as 20% loss in referencereflection intensity.

The DNAbased sequence ofa neutral lipase from Candida cylindracea, which isclosely

related or identical to that of the CCEH wedescribe here, has recently been reported (4). The

sequence data suggests a molecular weight of approximately 60,000 which is substantially

lower than the 67,000 inferred from SDS-gel electrophoresis. The sequence data also indi-

cates 5 cysteine residues implying at least one free thiol. Advantageis being takenofthe free

thiol in the solution of the three-dimensional structure ofCCEH which is now underway.

TABLE

CRYSTALLOGRAPHIC DATA FOR CCEH

 

   

Unit Cell Dimensions
a 64.9 (1) A
b 97.2 (1)

c 175.8 (2)

Unit Cell Volume 1,109,000 A 3

Space Group C222,

Experimental Density 1.27 g/cm?

Molecules/Unit Cell 8

Vm 2.3 A3/d
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