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SUMMARY

Geotrichum candidum (ATCC 34614) produces extracellular lipase upon

submerged cultivation. With conventional purification techniques, the

enzyme was easily purified to apparent homogeneity, as judged from disc-

PAGE, isoelectric focusing and ultracentrifiugation. It was easily

crystallized by concentration, and low resolution X-ray analysis was done

on the crystals. However, we have quite recently found that the apparently

pure lipase was a mixture of two isozymes, both composed of 544 amino acids

and 6.5% carbohydrate. The two isozymes were separated from each other by

hydrophobic interaction chromatography. An X-ray analysis at 2.8 A

resolution has been undertaken onthe main fraction. The main chain was

tentatively followed. The whole enzyme molecule consists of a single domain

of 50 x 50 x 70 A, and contains 9 a-helices and 2 g-sheets.

INTRODUCTION

Geotrichum (G.) candidum, an imperfect fungus isolated from a rotten

carrot, produces about 200 mg of lipase per liter of the culture broth. The

enzyme was purified by a multistep procedure including ammonium sulfate

fractionation, anion exchange chromatography and gel filtration of the

culture filtrate (1). The enzyme preparation was judged homogeneous from

disc-PAGE, isoelectric focusing and ultracentrifugation; it was easily

crystallized by simply concentrating the enzyme solution up to 3% protein.

An X-ray structure analysis was undertaken using the crystals, and the  
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gross structure elucidated (2,3):

However, we have quite recently found that the apparently pure enzyme

was a mixture of two isozymes. They were separated from each other by

further subjecting the enzyme preparation to hydrophobic interaction

chromatography (4). Here we report the hydrophobic interaction chromatography,

crystallization and X-ray structure analysis at 2.8 A resolution.

EXPERIMENTAL

l. Separation of isozymes

The three initial purification steps (ammonium sulfate fractionation,

DEAE-Sephadex A-50 chromatography and gel filtration on Sephadex G-100 )

of G. candidum lipase were followed as described previously (1). Further

purification was accomplished by hydrophobic interaction chromatography

on a Butyl Toyopearl 650M column (Tosoh, Japan). The ultrafiltration

concentrate from gel filtration on Sephadex G-100, which contained 375 mg

of the protein, was brought to 25% saturation with ammonium sulfate, and put

on a Butyl Toyopearl 650M column (3.4 x 29 cm) equilibrated with 10mM

acetate, pH 5.6, containing 25% saturated ammonium sulfate. After washing

the column with 3 column volumes of the same buffer, the adsorbed material

was eluted with a decreasing gradient of 25-0% saturated ammonium sulfate

in the same buffer at a flow rate of 20 ml/h.

2. Crystallization

The first eluted fraction on hydrophobic interaction chromatography was

dialyzed against 20 mM acetate buffer, pH 5.6, and concentrated to 3%

protein. A sitting-drop vapor diffusion technique with polyethylene glycol

6,000 (PEG &,000) as the precipitant was employed for crystallization at

15°C; The reservoir solution was the same buffer containing 12% PEG 6,000.

One droplet was prepared by mixing 10 pl reservoir solution and an equal

amount of the protein solution.

3. Heavy atom derivatives

Four heavy atom derivatives were prepared by soaking method with KoPtCl,,

KoPt(NOo),4, K3U0jFs5, and Pb(OCOCH3)9. One to two ul of the concentrated

heavy atom solutions were added to each droplet containing protein

crystals so that the final heavy atom concentrations reached 2-6 mM.

The soaking experiments were also performed at 15 °C.
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4. X-ray experiments

Preliminary X-ray experiments were done by Precession photography. The

intensity data of the native and heavy atom derivatives were collected on a

Rigaku four-circle diffractometer mounted on a rotating-anode X-ray

generator (40 kV, 300 mA), using Ni-filtered CuK radiation with A=

1.5418A. An w-scanning mode was employed with a scan speed of 6°/min.

The absorption correction was made based on the azimuthal reflection

intensity. The detorioration of crystals was monitored and corrected by

3 standard reflections measured every 150 reflections. Reflections up to

2.8 A resolution were measured for native and all the derivatives. A set

of intensity data of Bijvoet pairs were collected for Pt-derivative to

determine the chirality. About 90% of the total reflections had structure

amplitudes (F) larger than 36 (F).

5. Structure determination

The crystal structure was determined by multiple isomorphous replace-

ment method. Heavy atoms were located from difference Patterson maps and

cross-difference Fourier maps. Their atomic parameters were then refined

by least-squares calculations. The absolute scale factors and overall

temperature factors were initially estimated from the Wilson plotting.

RESULTS AND DISCUSSION

1. Preparation of lipase

Figure 1 shows a typical chromatogram of G. candidum lipase on a Butyl

Toyopearl 650M column. The enzyme preparation purified according to the

previously reported methods was further resolved into two adjacent active

fractions. Both fractions showed nerarly the same enzymatic properties

except for thermal stabilities and optimum pHs. Determination of N- and

C-terminal amino acid sequences revealed that the fractionated proteins

were the products of the lipase genes whose cDNAs have recently been

cloned. The primary structures of the two proteins were deduced from the

nucletide sequences of the corresponding cDNAs (5,6). The results are

described elsewhere in this monograph.

2. Crystallization and preparation of heavy atom derivatives

Since 80% of the total activity was attributed to the first eluted

fraction (lipase I) from the Butyl Toyopearl 650M column, crystallization

and structure analysis were undertaken using the main fraction. Small
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column size: 1.7 x 29cm (pH 5.6)
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Fig. 1. Butyl Toyopearl 650M column chromatography of Geotrichum candidum

lipase. The enzyme preparation obtained by ammonium sulfate fractionation

of the culture filtrate followed by DEAE-Sephadex A-50 ion exchange, and

gel filtration on Sephadex G-100 was further subjected to the hydrophobic

interaction chromatography.

 

Fig. 2. Single crystals of Geotrichum candidum lipase I.
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crystals appeared in a few days in the droplets, and grew to typical

dimensions of 1.2 x 0.8 x 0.5 mm in a month. Figure 2 shows the crystals.

The crystals were well-ordered judging from a precession Photograph

(Fig. 3). The crystals belonged to monoclinic, space group p2], with unit

cell dimension of a = 59.5, b = 84.5, c = 55.9 Ae = 100.05°. The volume

occupied by unit molecular mass, Vm, was estimated to be 2.50 A3/dalton

from the crystal density of 1.25 g/cm, assuming two molecules in the unit

cell. The crystals were highly sensitive to the environmental change, and

could not be transferred to a PEG 6,000 solution containing heavy atom

compounds without crystal cracking. Therefore, 1-2 ul of 8% PEG 6,000

solution containing concentrated heavy atom compounds were added to the

droplets containing the crystals and mother liquor. The conditions for the

preparation of heavy atom derivatives were: 2.0mM KoPtCl,, 3 days;

2.5mM KzPt(NO,),, 4 days; 6.0mM K3U05F5, 4 days; 5.0mM Pb(OCOCH3)5, 5 days.
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Fig. 3. Precession photograph (u=15°) of (hkO) zone of a Geotrichum

candidum lipase I crystal.  
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3. Structure determination

Figure 4 shows Harker sections of difference Patterson maps of the

four derivatives calculated at 4 A resolution. The main sites located

from the sections were then confirmed by calculating cross-difference

Fourier maps. The atomic parameters obtained were refined by least-squares

refinementusingaset of 13,400 intensity data up to 2.8 A resolution.

The phases of all reflections calculated from these parameters were used to

synthesize electron density map. The mean figure of merit was 0.85.
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Fig. 4. Harker sections at v=1/2 of difference Patterson functions of

(1) PtC1,, (2) UOyFs, (3) Pt(NOy)y, and (4) Pb(OCOCH3), derivatives at 4 Ä

resolution.
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4. Description of the molecular structure

Figure 4 shows the main chain folding of G. candidum. The molecule is of

the dimensions of 50 x 50 x 70 A, and constitutes of a single domain. It

contains both -helices and -sheets. A terminus of the main chain protrudes

to the solvent. As shown in X-ray analyses of Mucor miehei lipases and

human pancreatic lipases (7,8), G. candidum lipase has a long surface loop

covering a cleft in the molecule. Refinement of the structure is now in

progress.

 
Fig. 5. A schematic drawing of the main chain folding of Geotrichum

candidum lipase I.
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