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Studies on the Lipase of Chromobacterium viscosum. V.V
Physical and Chemical Properties of the Lipases
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Physical and chemical properties of the two kinds of lipases (lipase A and lipase B)
from Chromobacterium viscosum were investigated. The results were as follows: Sedimenta-
tation constants were 5.35 x 10~% and 3.82 X 102 cm.g/sec-dyne; Molecular weights were
1.2 x 10° and 2.7x10%; Intrinsic viscosities were 0.060 and 0.051 dl/g; Partial specific
volumes were 0.816 and 0.663 cm?/g; Isoelectric points were 4.7 and 6.9 for the lipase A
and B respectively. From the study of ORD, the «-helix content of the lipase A was
calculated to be less than 10% and of the lipase B was to be about 209,. The amino acid
compositions of the lipases were different from each other and the lipase B did not contain
the half-cystine. Lipid was not detected in the both enzymes and carbohydrate was con-
tained only in the lipase A (14%). By the modification with diazonium-1-H-tetrazole,
the enzymic activities were decreased with increase of the modification of histidine residue
in the both lipases, and it was assumed that one mole of the histidine residue in the lipase
B wasrelated with the catalytic action of the enzyme. Some properties of the lipases which
will be concerned with the affinity of the enzymes on their hydrophobic substrates were
also discussed. - '
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Lipases (glycerol ester hydrolase, EC 3.1.1.3) have a distinctive property that they hy-
drolyze rapidly the water-insoluble fatty acid esters but very slowly the water-soluble esters.
On the other hand, esterases (carboxylic ester hydrolase, EC 3.1.1.1) act preferentially on
the water-soluble esters. In their substrate specificities, lipases had been distinguished from
esterases.® The catalytic action caused by lipase proceeds cn the surface of the substrate,
and it will be attributable to the adsorption of the enzyme on the surface.# It is one of the
most interesting problems what the structures or components in the lipase molecule produces
the affinity for hydrophobic substrates. And in fact, several hypotheses have so far been
formulated in this connection. Tomizuka, e al.% found that the lipase from Candida cylin-
dracea had a high content of hydrophobic amino acid residues and considered that the hydro-
phobic amino acids would be related to the affinity of the enzyme to lipids. Similar amino
acid composition was also observed in the lipases from Mucor® and Rhizopus.”  Brock-
erhoff has postulated that hydrophobic region mainly constituting of hydrophobic amino acids
and hydrophilic region consisting of hydrophilic amino acids and carbohydrate chain exists
in the pancreatic lipase, and these regions are related to the orientation of the enzyme mole-
cule on the substrate interface.® Okuda and Fujii has reported that animal adipose tissue
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lipase is composed of esterase and lipid, and that the lipid component induced the affinity of
the enzyme to the insoluble substrates.”? Other lipases that contain carbohydrate%619 and
lipid™ were reported. On the other hand, lipases which did not contain carbohydrate or
lipid were also found.1® ‘ ' -
Multiple forms of lipases have frequently been observed. There are three molecular
species of lipases in pancreas'® and one of the lipase with a high molecular weight is an aggre-
gate of the low molecular weight lipases with lipids. It was also reported® that Rhizopus
sp. produced several species of lipases and there was a relationship of interconversion between
the two enzymes. Other multiple forms of lipase from an origin were reported.!®
- In previous papers of this series,!® two lipases were isolated and purified from Chromo-
bacterium wviscosum. Furthermore we found that the lipases, as well as the lipases of the
other origins, had a characteristic of adsorption not only on the substrate-water interface
but also on various interfaces, 4. e. air/water,”® water-insoluble organic solvent/water,18
hydrophobic glass/water,’® and that these properties were similar to those of detergents.
The present paper deals with the physical and chemical properties of the two lipases from
Chromobacterium viscosum to elucidate the multiplicity and the molecular aspects of the
lipases for the affinity on lipids. '

Material and Methods

Enzymes and Assay of Lipolytic Activity The lipases with a high molecular weight (lipase A) and
with a low molecular weight (lipase B) of Chromobacterium viscosum were purified from the culture filtrate
according to the methods described in previous paper'® and they were confirmed to be homogeneous with
disc electrophoresis.  Assay of lipolytic activity was carried out in the same manner as described previously6sr
where olive oil emulsion was used.

Ultracentrifugal Sedimentation Ultracentrifugal analysis was carried out by a Hitachi Analytical
Ultracentrifuge Model UCA-1 with a schlieren optical system, and the sedimentation constant was calculated
according to Schachman’s' method.20 - R : R

Determination of Molecular Weight——Molecular weight of the enzyme was determined according to
Whitaker’s method?) with Sephadex G-100 and G-200. Also sodium dodecylsulfatepolyacrylamide gel
electrophoresis was carried out according to Weber and Osborn’s method?® with 7 .5% gel, and the molecular
weight was calculated. - S

Determination of Isoelectric Point, Viscosity and Specific Volume Isoelectric point was determined
by isoelectric focusing as described by Vesterberg and Svensson2® with the use of 19, carrier ampholite (pH
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3—10).  Viscosity of the protein solution was measured with a Ostwald’s viscometer at 20° and the specific
volume was also measured with a pycnometer.

Measurement of Ultraviolet (UV) Absorption Spectrum and Optical Rotatory Dispersion (ORD) The
UV absorption spectrum was taken with a Hitachi Recording Spectrophotometer Model 323. ORD measure-
ment was performed with a Japan Spectroscopic Recording Spectropolarimeter Model J-20 at room tempera-
ture near 20°. The values of ay and b, were calculated by Moffit~Yang’s plot.2®

Analysis of Amino Acid Composition——The hydrolysis of protein was carried out in 3n p-toluenesul-
fonic acid containing 0.29, 3-(2-aminoethyl)-indole in an evacuated airtight test tube at 110° according to
Liu and Chang’s method. 25 After neutralization, the hydrolyzate was analyzed with a JEOL Amino Acid
Autoanalyzer Model JLC-6AH by the Na+ two column method. On the other hand, the tryptophan content
in the protein was determined spectrophotometrically by Goodwin-Morton’s method. 26 The cysteine and
cystine contents were assayed colorimetrically with Ellman’s reagent.?’

Assay of Carbohydrate and Lipid The hexose and hexosamine contents in the enzyme were deter-
mined by the Phenol-H,SO, method?®® and Elson-Morgan’s method,29 respectively, Assay of lipid was
carried out as follows. The protein (10 mg) containing 50 ug of pentadecanoic acid as the internal standard
were treated with 5% HCl-methanol solution®) and extracted with hexane. The fatty acid methyl ester
in the extract was assayed by gas chromatography with a column of 29, Silicone OV-1.

Chemical Modification of Histidine Residue——Histidine residue in the lipase was modified with dia-
zonium-1-H-tetrazole (DHT) according to the method reported by Takenaka, ¢t al,31)

Results

Sedimentation Analysis

The purified enzymes were dissolved in 10 mu Phosphate buffer (pH 7.0) and the solution
was passed through a column of Sephadex G-25 which was previously equilibrated with 10
mwm phosphate buffer (PH 7.0). The protein solution was concentrated to 29 using a mem-
brane filter. The solution of lipase A was centrifuged at 60000 rpm and 5.3°. On the other

lipase A

lipase B

Fig. 1. Ultracentrifugal Analysis of the Lipases from Chromobacterium

Lipases were dissolved about 2% in 10 mu phoshate buffer (pH 7.0), After reaching full
speed of 60000 rpm, the photographs were taken at a constant intervals of 18 min for lipase
A or 24 min for lipase B from right to left.
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hand, lipase B solution was centrifuged at 60000 rpm and 14.5°. The sedimentation pat-
terns were shown in Fig. 1 and the sedimentation constant (S,,w) of lipase A and B was
calculated to be 5.35 S and 3.82 S respectively.

Molecular Weight

The molecular weight of the lipase A and B was determined by gel filtration on a column
of Sephadex G-200 and G-100 respectively, which was previously equilibrated with 10 mm
phosphate buffer (pH 7.0) containing 0.1m NaCl. The results were showm in Fig. 2 and the
molecular weight of lipase A and B was calculated to be 1.2 105 and 2.7 x 10* respectively.
Also sodium dodecyl sulfate-polyacrylamide gel electrophoresis was carried out to estimate
the molecular weight. As the results, lipase A dissociated into two subunits and the mole-
cular weights were calculated to be 8.0 10% and 5.0 X 104, on the other hand, lipase B showed
only a protein band with a molecular weight of 2.6x10% These results well agreed with
the results from the gel filtration.
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Fig. 2. Determination of the Molecular Weight Fig. 3. Viscosity of the Lipases from Chromo-
of the Lipases from Chromobacterium by Gel bactevium
Filtration The enzymes were dissolved in 10 mn phosphate buffer
The column of Sephadex G-100 (——) and G-200 (—) were (QH 7.0) an'd the viscosity was measured by the Ostwald
equilibrated with 10 m» phosphate buffer (pH 7.0) containing viscometer in a thermostat bath at 20.0°.
0.1m NaCl. Proteins used as standard; 1, y-globulin; 2, —@—, lipase A; —X~—, lipase B.

bovine serum albumin; 3, ovalbumin; 4, pepsin; 5, trypsin; 6,
myoglobin; 7, cytochrome c.

Intrinsic Viscosity and Partial Specific Volume
The viscosity of the enzymes dissolved in 10 mu phosphate buffer (pH 7.0) was measured

with an Ostwald viscometer. From relative viscosity, the reduced viscosity was calculated
and shown in Fig. 3 with relation to the protein concentration. The reduced viscosity of
lipase A was approximately constant throughout any concentrations of the protein and the

intrinsic viscosity was found to be 0.060 dl/g. On the other hand, reduced viscosity of lipase

B became smaller with the protein concentration became higher, and the intrinsic viscosity

was calculated to be 0.051 dl/g. The partial specific volumes of the lipase A and B were
estimated to be 0.816 and 0.663 respectively by weighing the 0.29, protein solution in a
pycnometer.

UV Absorptien and GRD

The lipases were dissolved in 10 mm phosphate buffer (pH 7.0) and the absorption spec-
trum of the solution was taken by a spectrophotometer. The absorption spectrum of lipase
A showed a maximum at 280 nm and a minimum at 250 nm. The extinction coefficient at

280 nm (E

ien) Was calculated to be 5.22 and the ratio of absorbance at 280 nm to 250 nm
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was 1.7. Althongh lipase B showed a maximum and minimum absorption at the wave length
similar to those of lipase A. But the extinction coefficient of lipase B was considerably
differed from that of lipase A and the value was estimated to be 7.02. The ratio of absorb-
ancy at 280 nm to 250 nm was 3.8. ‘

ORD spectra of the lipase A and B at UV region were shown in Fig. 4. Both of the
proteins showed a minimum optical rotation at 233 nm and the reduced mean residue rota-
tions of lipase A and B at the minimum were calculated to be —1620 and —5010 respectively.
On the other hand, the magnitude of the rotation at various wavelength from 700 nm to 300
nm were plotted according to the Moffitt—Yang’s equation. From the plot, the parameters,
a, and b,, were calculated to be —138 and —54 respectively for the lipase A, and to be —362
and —137 for the lipase B. The a-helix contents of the lipase A and B were calculated to
be less than 109, and about 209, respectively from the values of the reduced mean residue
rotation at 233 nm and from the b;.

Tasre I. Amino Acid Composition of
the Lipases from Chromobacterium
after Acid Hydrolysis

:E, Nearest integered value
| Amino acid (mol/mol protein)
-~ /———/;—\
‘g 0 lipase A lipase B
£ 1000} Lysine 51 4
= Histidine 27 7
® .
S 2000L Arginine 34 9
= Aspartic acid 110 26
o 30001 Glutamic acid 89 19
g Threonine 105 28
@ Serine 80 22
£ 40001 Glycine 112 18
3 Proline 34 8
:é, 5000} - Alanine 120 31
54 ! L ! | ! | Half-cystine® 2 0
s 200 220 240 260 280 300 Valine 87 23
Wavelength (nm) Methionine 17 1
. . . . ' Leucine 96 26
Fig. 4. Optical Rotatory Dispersion of the Isoleucine 33 8
Lipases from Chromobacterium Tyrosine 29 8
The enzyme was dissolved in 10 mu phosphate buffer (pH Phenylalanine 21 6
7.0) and the optical rotatory dispersion was measured. Tryptophan? 3 3

a, lipase A; b, lipase B.

@) Assayed colorimetrically with Ellman’s reagent.
b) Assayed spectrophotometrically by Goodwin—
Morton’s method.

Isoelectric Point

The purified enzymes were subjected to the iscelectric focusing with 1%, carrier. am-
pholite (pH 3—10). As the results, single peak of protein and lipolytic activity was obtain-
ed at pH 4.7 for the lipase A and at pH 6.9 for the lipase B.  Also the results indicated that
the enzymes were homogeneous.

Amino Acid Composition

The results of amino acid analysis were shown in Table I. It was found that contents

of the sulfur-containing amino acids, such as cysteine and methionine, in the both lipases
~ were very low and that the lipase B was characterized as an enzyme without S-S bond and
SH residue in the molecule similarly to the lipase from Geotrichum.'*® As for the polarity
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proposed by Capaldi and Vanderkooi,3® the values of lipase A and B were calculated to be
449, and 409%, respectively and were within or close to the range of many soluble proteins
(47£6%). Furthemore, the amino acids in the lipases were classified according to the
report of Hatch,?® where Asp, Asn, Glu, Gln, Lys, Arg, Ser and Thr were polar group, and
Val, Lau, Leu, Ileu, Met, Pro, and Phe were apolar group. The ratio of polar to apolar amino
acid residues of lipase A and B were 1.6 and 1.5 respectively, and the results showed that the
lipases were different from the proteins having a large proportion of apolar residues.

Carbohydrate and Lipid Content

The results of the analysis of carbohydrate and lipid were shown in Table II. The neu-
tral sugar and amino sugar contents of the lipase A were estimated to be 149, as glucose
{correspond to 94 mol/mol enzyme) and 0.16%, as glucosamine (correspond to 1.1 mol/
mol enzyme) respectively. Also, after precipitation with trichloroacetic acid,-the sugar
contents in the protein did not change significantly. On the contrary, the contents of neu-
tral and amino sugar of lipase B were so low that the enzyme was judged to be not a glyco-
protein. The quantitative analysis of lipid components was carried out by means of gas
chromatography to determine the long chain fatty acids. The contents of fatty acids in
both enzymes were so low that the enzymes were judged to have no lipid components.

Tasre II. Carbohydrate and Lipid Content in the Lipases from Chromobacterium

Neutral sugar Amino sugar Long chain fatty acid
(mol/mol protein (mol/mol protein {(mol/mol protein
as glucose) as glucosamine) as palmitic acid)
Lipase A 149% ' 0.16% 0.05%
, (94 mol) (1.1mol) (0.2 mol)
Lipase B 0.309% 0.12% 0.019%
(0.4 mol) (0.2 mol) (0.0 mol)

Chemical Modification of Histidine

= 100 4[ From the preliminary experiment in'
> \\\ ’ : which the lipases were photoxydized in the
2 7518 presence of r.ne.th.ylene .blue,‘ it was pre-
B \\\ sumed that histidine residue in the enzyme
;‘: 50F & Ny : should have some relationships to the
£ S~ee enzymic activity. So an examination was
= ° K . . . ..
g 251 \ X made with diazonium-1-H-tetrazole aiming
KN | "\Pl | ' ~ at modifying histidine residues. The results
0 1 2 3 4 5 weré shown in Fig. 5. The lipolytic activity
Modified histidine residues of lipase A was decreased with the modifica-
(mol/mol protein) tion of histidine residue but the stoichio-
Fig. 5. Chemical Modification of the Lipases - metric relationship between the modified
from Cllzromobacterium with Diazonium-1-H- residues and enzymic activity was not
tet . .
cirazole observed. Furthermore, the modification of
The enzymes dissolved in 0.7 u borate buffer (pH 8.8) : .
and various concentration of diazonium-1-H-tetrazole the ty1:osme residues also b roceeded at the
were mixed and kept the pH at 8.6-—9.2 for Lhr.  After same time. Therefore, the role of histidine
the addition of NaNj, the remaining lipolytic activity and id . h cs £
modified histidine residues were assayed. residues 1n the aCtIVIty Ol i1pase A was not
--X---, lipase A; —@—, lipase B. able to elucidate. On the other hand,
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33) F.T. Hatch, Nature (London), 206, 777 (1965).
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lipase B lost its enzymic activity with the modification of histidine residues. Under the
condition that one mole of histidine residue was modified but tyrosine residues were not, the
enzymic activity was decreased to 259,. Also amounts of the modified amino acid residues
were assayed by amino acid analysis and the same results were obtained. From the results,
it was assumed that one mole of histidine residue in the lipase B was closely related to the
enzymic activity.

Discussion

Physical and chemical properties of two kinds of lipases (lipase A and B) purified from
Chromobacterium viscosum were studied to clarify whether the two lipases are different from
each other originally or not. As the results, it became evident that the lipase A and B signifi-
cantly differed from each other in such properties as amino acid composition, carbohydrate
content, isoelectric point and ORD spectrum. Also it was found at sodium dodecylsulfate-
polyacrylamide gel electrophoresis that the lipase A dissociated into two subunits with mole-
cular weight of about 80000 and 50000. From these results, it was assumed that the lipase
A and B would be originally different protein each other. Many reports®13%1% were
presented with respect to multiple forms of lipases which are interchangeable each other, and
it was elucidated that lipid components participate in these interconversion. The lipases
from Chromobacterium did not show interconversion and it was agreeable with the absence of
lipid in the lipases.

It is one of the other problem what structure of the protein bring the affinity into lipases
on the surface of their substrates. And it was considered that hydrophobic structure might
be concerned with the affinity of lipase on the surface. Therefore the amino acid composi-
tion of the lipases was analyzed and high content of hydrophobic amino acid residues was
found.®%1® Lipid contained in the lipase molecule may constitute a hydrophobic region
and play an important role in the enzymic action. Many lipases which contain lipids were
found.™» Also it was reported that the carbohydrate in the lipases from pancreas should
form a hydrophilic tail and support the orientation of the enzyme molecule into the hydro-
phobic substrates with its hydrophobic region.® On the other hand, the lipases from Chro-
mobacterium had neither a high content of hydrophobic amino acid residues nor lipid com-
ponents in its molecule. And the lipase B was judged to have no carbohydrates. From
these results, it was presumed that the principle of the affinity of the lipases on the hydro-
phobic substrates arised from the higher structure of the protein but not from the other
cofactors, and that the hydrophilic and hydrophobic regions in the lipases should show a
similar behavior on the hydrophobic interface as those of detergents.

Chemical modifications were carried out and the effect on the enzymic activity was
examined. Both of the lipases were deprived of their enzymic activity by the modification
with DHT, and it was concluded that one mole of the histidine in the lipase B was closely
related to the enzymic action. But the other modification procedures with carbodiimide,
acetylimidazole, glutaldehyde, monoiodoacetic acid and diisopropylphosphofluoridate did not
give any effects on the enzymic activity of both lipases.
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