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NiL,(DMSO), was isolated, but NiL, decomposed in pyridine into non-metal-containing
disulfide (1) instead of NiL,py,. Ligand field stability of NiL, is lower than those of PtL,
and PdL,. Therefore, it may likely occur that pyridine molecules coordinate with Ni**
from the axial directions, which dissociate NiL,. On the contrary ,DMSO which is a weaker
base than pyridine dose not dissociate NiL, and gives NiL,(DMSO),. }

PtL, and PdL, yielded both pyridine- and DMSO-clathrate. On the other hand, CoL,
and ZnL, formed neither clathrate.

These differences are supposed to depend on the stability of the complexes against bases.
Therefore, the stability of the metal complexes, ML,, seems to be PtL,, PdL,>NiL,>CoL,,
ZnL,.

Experimental

DMSO clathrates were synthesized by recrystallization of their original complexes from DMSO. Infrared
measurements were carried out as potassium bromide disks with a Hitachi Infrared Spectrophotometer
Model EPI-S2. Magnetic susceptibility measurements were done by the Gouy method at room temperature
(204:1°).

5) S. Kitagawa and H. Tanaka, Chem.: Phaym. Bull. (Tokyo), 26, 1629 (1978).
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Bovine liver f-acetylhexosaminidase A (Hex A) and B (Hex B) were purified by hydro-
phobic affinity chromatography. Octyl Sepharose CL-4B was more effective than Phenyl
Sepharose CL-4B as an adsorbent. Both the crude and the purified preparations of Hex
A and Hex B exhibited extensive heterogeneity when focused on a polyacrylamide gel
plate with pH gradient; Hex A gave at least ten bands with pI’s ranging from 5.0 to 7.0,
and Hex B at least fourteen bands with pI’s ranging from 6.5 to 8.5.

Stepwise elution with increasing pH from a CM-cellulose column resulted in rough
separation of Hex A and Hex B into overlapping classes.
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B-Acetylhexosaminidase from bovine liver consists of two main components, acetyl-
hexosaminidase A and B (Hex A and Hex B),? like many other mammalian visceral acetyl-
hexosaminidases. Previously, the bovine liver enzymes were purified by affinity chromato-
graphy using CH-Sepharose 4B substituted with p-aminophenyl f-acetylglucosaminide and
the corresponding 1-thio-glycoside as affinity adsorbent, in which multiplicity of Hex B was
suggested on the basis of its behaviour in affinity chromatography.?®

1) Location: 2-2-1, Miyama, Funabashi-shi, Chiba, 274, Japan.
2) a) T.J. Langley and F.R. Jevons, A7ch. Biochem. Biophys., 128, 312 (1968); b) M. Tanaka, S. Kyesaka,
and S. Murata, Chem. Pharm. Bull. (Tokyo), 26, 1188 (1978). :
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To avoid the laborious preparation of the adsorbents hydrophobic affinity chromato-
graphy using commercial adsorbents, Phenyl and Octyl Sepharose CL-4B, has been examined
in our laboratory. The present paper describes the effectiveness of these adsorbents, es-
pecially of Octyl Sepharose CL-4B, and also extensive heterogeneity of the enzymes exhibit-
ed by isoelectric focusing on a polyacrylamide gel plate. In addition, an experiment intended
to separate the heterogeneous enzyme proteins with a CM-cellulose column is described.

Materials and Methods

Chemicals Phenyl and Octyl Sepharose CL-4B were obtained from Pharmacia Fine Chemicals,
CM-cellulose from Serva, Ampholine PAG plates from LKB Production, and Fast Garnet GBC salt and
Coomassie Brilliant Blue R from Sigma. p-Nitrophenyl and a-naphthyl g-acetylglucosaminides were pre-
pared by the method of Leaback.® ,

Enzyme A 25—509, saturated ammonium sulfate precipitate prepared according to Weissmann’s
specification? was further purified by the procedures of Langley,?® as described in the previous paper,2?)
using Sephadex G-200 and DEAE-cellulose columns. “Fractions A and B” thus obtained were used, desig-
nated as crude Hex A and B. The enzyme was assayed by incubating with p-nitrophenyl p-acetylglucosa-
minide as previously reported.??) One unit of enzyme activity releases 1 pmol p-nitrophenol per min at 37°.

Protein Determination: Protein was de-
termined by the method of Lowry ef @l.») with
bovine serum albumin as a standard.

—~ <°\ fn - . .
® E] Q/J & Isoelectric Focusing: Isoelectric focus-
e . .
< g 257 =50 E 0% ing was performed using LKB Ampholine PAG
5% = EYEES plates (pH 3.5—9.5). Focusing, staining and
g & A :f R destaining for protein, and preserving were
= 512.57 32'5 525 S done wunder the conditions described in
gi = = & Ampholine PAG Plate Instruction Mannual.
£° s ) Enzyme was stained by incubation for 5—15
< 0~ < S min at 35—40° in a solution of 0.05m sodium
< citrate buffer, pH 4.2 (ca. 10 ml) containing
R (b) £ o 1—2 ml of saturated solution of z-naphthyl
8 E5.0 = 5011008 B-acetylglucosaminide in water, 1—2 mg of
. E /;‘V Ly Fast Garnet GBC salt and 0.019%, bovine serum
B2 = - - albumin, although staining with naphthyl AS-
£E 250225 7 B 25150 g BI-g-acetylglucosaminide has been well es-
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Fig. 1. Elution Patterns of Hex A and Hex B from Crude Hex A and Hex B were pre-
an Octyl Sepharose CL-4B Column pared by a series of procedures: heat
The crude enzyme in 1 ml of 0.05 » sodium citrate buffer, pH treatment of liver extract at pH 3.8 at
5.0, containing 259, saturated ammonium sulfate, was applied to ° . 1 .. . 1
a column (1x2.5cm) of Octyl Sepharose CL-4B. The column 37 , ammonium su ate PfeClpltatlon, g€
was eluted with the same buffer of increasing ethylene glycol and filtration and DEAFE-cellulose column
decreasing ammonium. sulfate concentration as shown in the figure. . .
The eluates were dialyzed immediately against 0.05 ¥ sodium Chromatography with salt gradlent. In
citrate buffer, pH 4.2, using a continuous-flow dialyzer. Five mi- : : :
Niliter fractions were collected at a flow rate of 20 mi per hr at 4° p olyacrylamlde disc electrophore51s (75
and fractions under the line were pooled. % gel, pH 9.2), crude Hex A moved
(a) Crude Hex A, 112 units, containing 2.24 mg protein and . . ros
{b) crude Hex B, 114 units, containing 6.2 mg protein, were ap- f.aster tOWELI'd anOde ma smgle aCthlty
plied. band, whereas crude Hex B almost re-
—(QO—: activity; —@~—: protein; --------: ethylene glycol;

mained at the top of gel.

——: Ammonium sulfate.

) D.H. Leaback and P.G. Walker, J. Chem. Soc., 1957, 4754.
) B. Weissmann, S. Hadjiioannou, and J. Tornheim, J. Biol. Chem., 239, 59 (1964).

) O.H. Lowry, N.J. Rosebrough, A.L. Farr, and R.]. Randall, J. Biol. Chem., 193, 265 (1951).
6) M. Hayashi, J. Histochem. Cytochem., 13, 355 (1965).
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Tarre I. Hydrophobic Affinity Chromatography of

Crude Hex A and Hex B

Octyl Sepharose CL-4B Phenyl Sepharose CL-4B
PN Pl

Adsorbent Specific activity Yield Specific activity Yield
(units/mg) (%) (units/mg) (%)

Hex A 189 82.7 124.4 79.5
Hex B 178 81.1 34.4 63.8

Hydrophobic Affinity Chromatography

Hex A and B were purified to specific activities of 189 and 178 units per mg, respectively,
in more than 809, yields by using an Octyl Sepharose CL-4B column which were eluted with
increasing ethylene glycol and decreasing ammonium sulfate concentration (Table I and Fig. 1).
Purification with Phenyl Sepharose CL-4B led to inferior results (Table I). The above specific
activity for the purified Hex A is much higher than the value of 137 units per mg for the Hex
A preparation which had been obtained by p-aminophenyl p-1-thio-acetylglucosaminide sub-
stituted CH-Sepharose 4B chromatography,? and the specific activity for Hex B is as high
as the value of 184 units per mg for a Hex B preparation obtained by p-aminophenyl f-acetyl-
glucosaminide substituted CH-Sepharose 4B chromatography.??

Isoelectric Focusing

As depicted in Fig. 2a and 2b, isoelectric focusing on a polyacrylamide gel plate revealed
that both Hex A and Hex B, regardless of whether crude or purified, are extensively hetero-
geneous; Hex A gave at least 10 bands with

pl's of 5.0—7.0, and Hex B at least 14 bands Sf‘%
with pI’s of 6.6—8.6. With Hex A and B = (404850 55060 |} 62 6580
purified by using Octyl Sepharose CL-4B, ERIEER o | L l 1003
protein bands essentially coincided with ;5/107 X
activity bands, although, on prolonged en- - =
zyme staining, several activity bands ap- £ 5 02
peared at the location where proteins are not :i’ , A
detectable. : M
Treatment of liver extract at pH 8.8 at 0 80 100 130 160 200

37° involved in the purification procedures . (g)g 7.58.0+
was first suspected to be a proteolytic step J5-5 Gl-o 6.2 6.4 6.6 6.87.0 1uNaCl =

250/ E

E 3

oy 5

Ho5 8
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Fig. 3. Elution Patterns of Crude Hex A and

Hex B from a CM-Cellulose Column

Stepwise elution was carried out at 4° with 0.01 x buffers
of increasing pH as indicated by arrows (pH 4.0—5.0:
sodium citrate, pH 5.5—8.0: sodium phosphate). The
eluate was dialyzed against 0.05 u citrate buffer, pH 4.2,

- Fig. 2. Diagramatic Representation of Polyacryl-
amide Gel Isoelectric Focusing of Bovine Liver

f-Acetylhexosaminidase

(a) Purified Hex A, and (b) purified Hex B, each stained for
protein (right) and for enzyme activity (left). (c) Crude Hex
A before CM-cellulose chromatography (left), eluate from the
column at pH 4.0 (middle) and at pH 6.0 (right), all stained
for activity. Arrows roughly indicate pH values.

and 5 ml fractions were collected at a flow rate of 20 ml
per hr. (a) Crude Hex A (518 units, 10.5 mg protein) was
applied to a column (0.7 x5 cm) to give 499 recovery,
and (b) crude Hex B (228 units, 12.4 mg protein) to a
column (0.7 X 2.0 cm) to give 619, recovery.

—(O—: enzyme activity; —@~—: protein.
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which causes the heterogeneity of enzyme protein. This was negated as the corresponding
enzyme fraction prepared by Langley’s method,® which is devoid of the procedure of heat
treatment at pH 8.8, exhibited an identical zymogram with that of crude Hex A or B.

CM-Cellulose Chromatography

Stepwise elution from a CM-cellulose column with buffers of increasing pH was examined
expecting the separation.of the heterogeneous enzyme proteins. Fig. 3 shows the results
which at first seemed promising. Isoelectric focusing, however, revealed that the separation
was unsatisfactory; the activity in each fraction ranged widely over 2—3 pl units and over-
lapped each other, as shown for two Hex A fractions in Fig. 2c.

Discussion

Octyl Sepharose CL-4B was found to be effective for the purification of crude Hex A and
B from bovine liver. Specific activities (units per mg protein) of 189 for Hex A and 178 for
Hex B were obtained in this study using p-nitrophenyl acetylglucosaminide as substrate.
The values are reasonable as compared with the value of 114 reported for the 4400-fold purifi-
ed bovine liver enzyme,? which was assayed under the same condition. High purification
of the enzyme has recently been reported for the enzymes from viscera, such as human kidney”
and human placenta,® where the activities were assayed using the methylumbelliferyl glyco-
side as substrate in different concentrations. When the purified Hex A and B were focused
on a polyacrylamide gel plate, all the protein bands exhibited the enzyme activity, suggest-
ing the absence of detectable contaminative protein. This supports the purity of the prepa-
rations although association of enzyme Wlth the other charged species should be taken into
consideration.

Stepwise elution from CM—cellulose column with increasing pH value was reported to be
satisfactory for analyzmg proteins, as demonstrated for egg white protein;® proteins can
be eluted at pH vicinal to pI and difference of 0.2 pI unit is sufficient for separation. Against
expectation, the present expemmen’c employlng this method resulted in rough separation into
groups.

In the present experiments with isoelectric focusing on a plate, the purlﬁed enzyme ex-
hibited heterogeneity more extensive than that reported for ram testis!® and pig kidney en-
zyme'» which were focused in a column. Many studies have been reported on hexosamini-
dase isozymes, among which the isozymes in human liver and kidney, Hex A,B, I,,1,, S; and S,,
were shown to be characterized by the different combinations of genetically defined « and
subunits.” These isozymes are resolved by DEAE-cellulose column chromatography with
salt gradient. The present study deals with further resolution of Hex A and Hex B which
are already separated by DEAE-cellulose chromatography, and the heterogeneity is too ex-
tensive to arise only from a genetical base. Therefore, it seems likely that the heterogeneity
reflects the subcellular stepwise modification of enzyme protein as suggested for rat liver §
glucuronidase.1®
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