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Abstract. Glutathione S-transferase (GST) was purified
from oyster by ammonium sulfate precipitation and affinity
chromatography. The purified enzyme had a specific activity
of 4.9 wmol/min/mg protein with 1-chloro-2,4-dinitroben-
zene (CDNB) as a substrate. Kinetic analysis revealed the
K,, and V,,, values of the purified GST to be 0.75 mM and
6.9 pmol/min/mg, respectively. The inhibition pattern of
oyster GST by tetrapyrroles was investigated both in crude
extract and in purified forms. Inhibition studies of rat liver
GST by tetrapyrroles was also carried out to reveal the
differences between oyster and mammalian enzymes. Re-
sults indicate similar patterns of oyster and mammalian GST
inhibition by tetrapyrroles both qualitatively and quantita-
tively, implying their similarity in structure and function.
SDS-PAGE analysis suggested two major subunits with
MWs of 27 and 30 kDa. IEF analysis indicated the existence
of two major 7 class isoenzymes with pl of 4.7-5.1.

Glutathione S-transferases (GSTs, EC 2.5.1.18), also called
ligandins, are a family of multifunctional enzymes found in
almost all living organisms examined. GST catalyzes the
conjugation of glutathione (GSH, Y-glutamylcysteinylgly-
cine) to electrophilic compounds (e.g., benzene epoxide,
aflatoxin B,-8,9-oxide, and benzopyrene—?,8-dihydrodiol—9,
10-oxide) (Goldstein and Faletto 1993) so that they become
more soluble and more easily excreted. Thus, this enzyme
plays an important role in the detoxification and removal
of xenobiotics.

Most glutathione S-transferases in animals exist in di-
meric forms with a wide range of isoelectric points (i.e., pI
4.7-9.8). Based on these differences in pl, glutathione S-
transferases are conveniently divided into three major classes
(Mannervik et al. 1985); = (acidic), a (basic), and W (near
neutral). Each of these classes represents a separate

Correspondence to: B.R. Singh. Fax: 508-999-8451.

multigene family. Typical subunit molecular weights are
heterogeneous and range from 23,000 () to 25,000 (o) to
26,700 () (Singh et al. 1986; Taniguchi and Pyrein 1989;
Johnson et al. 1990). Additionally, many isoforms have been
reported to exist within each class. Recently, a.m.other new,
8, class of glutathione S-transferase was identified, with 2
unique N-terminal amino acid sequence (Meyer et al.. 1991).

The level of GSTs in animals has been shown to increase
when exposed to environmental pollution (Boryslaw_slf)/J
1988; Lee 1988; Suteau 1988). For example, GST aCUV‘%’
was elevated drastically in mussels and crabs from pollute
sites. It is also reported that GST synthesis in primary cul-
tured rat liver cells was induced upon exposure to the potent
carcinogens, polychlorinated biphenyl (PCB) congenefs
(Aoki et al. 1992), which are known to be the major env1ron(i
mental problem in the New Bedford, MA, USA, harbor an
its surrounding areas. .

Estimation of the enzymatic level of glutathione S-trans-
ferase in marine organisms can be carried out to momtgf
the effect of environmental pollution (Vande Waa et al. 199h ;
Orser et al. 1993; Poirier and Singh 1994), legdm.g to the
use of such a detection system in the local marine 1r.1dustr)£i
As a first step, we studied the enzyme activity, kinetics, an
inhibition characteristics of glutathione S-transferase fr<l>m
oyster, a typical marine animal from the New Bedford lo-
cal area.

Materials and methods
Crude extract preparation

Freshly shucked oysters were purchased from Fairhaven Chowder Hous:;.
Fairhaven, MA, USA. Crude extract of oyster was prepared acc~orddm»%ith
Singh and Shaw (1988). The oyster tissues (454 g) were combine e, |
60 ml grinding buffer (100 mM sodium phosphate, 300 mM sucr&ssi:)
mM EDTA, pH 6.5) and 800 1 7.1 mg/ml phenylmethylsulfonate (P The
then blended in a cold (4°C) Waring blender at low speed for 30 Z otor
resulting extract was centrifuged at 10,000 rpm for 20 minin a SS-3 fwas
at 4°C using a Sorvall RC-5B centrifuge machine. The supernatant o 10
collected and was further spun for 5 min in an Eppendorf_ Ce"mﬁi)gfo
remove any small particles. The supernatant was finally diluted 10-
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Table 1. Purification of glutathione S-transferases from oyster.’
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Volume  Total protein  Total activity — Specific activity

Yield Purification

(ml) (mg) (pmol/min) (pmol/min/mg) (%) (-fold)
Crude 320 439 x 10°
e 109 0.0247 1
Recovered 460 450 X 10°
- 165 0.0366 100 1.5
Purified GST 22 7.06 29.6 4.20 18 170

;’ Am(_)um of starting tissue was 454 g (1 Ib).
Redissolved protein from ammonium sulfate precipitation.
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with the assay buff: .
assay for GS):F ac‘ie\:ig_z mM sodium phosphate, pH 7.0) before the enzyme

Purification

IRZ:;:S;;X""C( was treated yvith 39.1 g ammonium sulfate salt/100
separated bant (ﬁf}al C.Oncemran.on 2.96 M). The protein precipitate was
using the SSy ;Z"mf“gmg the mixture at 12,000 rpm for 20 min at 4°C
recipitate -34 rotor. The supernatant was discarded, and the pale yellow
camrifuged\;’as.redlssolved in theoassay buffe{. This solution was t_hen
late forms, gain at 12,000 rpm, 4°C, for 20 min to remove any particu-
(Sigztl: éidlss_"lv"'d protein sample was applied to a glutathione—agarose
Tagt 1977 elr;ncal CO..,.St. Louis, MO, USA) column (Simons Aand Vander
volumes (;f h81) equilibrated with the assay buffer, washed with four b.ed
005 M Tri t ;’ assay buffer, and glutathione S-transferase was eluted V.v“h
containin is buffer (pH 9.6) containing 5 mM glutathione. The fractions
the eng ri purified GST were then dialyzed against assay buffer prior to
out gt 4ZCe activity assay. All procedures described above were carried

PrOIein assay

If}(:nt::;] prqtein concentration of the crude extract, redissolved pro_tein
by the mm(;lmum sulfate precipitation, and purified GST were determined
from Bioe}; od of Bradford (1976), with the protein assay kit purchased
as slanda;dad (Hercules, CA, USA). Bovine serum albumin (BSA) served

SDS-PAGE

Th . ‘
dogezn olecular weight of the purified GST was determined by sodium
¥l sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) using 8-
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Fig. 2. SDS-PAGE homogeneous 12.5% polyacrylamide gel of the purified
oyster GST with low-range molecular-weight standards (Bio-Rad). Lancs
1 and 8 show low-range molecular-weight standards: lysozyme (14.4kDa)
trypsin inhibitor (21.5 kDa), carbonic anhydrase (31.0 kDa), ovalbumin
(45.0 kDa), serum albumin (66.2 kDa), and phosphorylase b (97.4 kDa).
Lanes 2 and 3 are purified oyster GST. Lane 4 shows crude oyster extract.
Lane 5 shows redissolved proteins from ammonium sulfate precipitation.
Lane 6 shows washout portions from the GSH affinity column. Lanc 7

shows rat liver GST purchased from Sigma.

25% gradient and 12.5% homogencous gels on the PhastSystem (Phar-
macia). Low-range molecular-weight standards (Bio-Rad) used were lyso-
ibitor (21.5 kDa). carbonic anhydrase (31.0

zyme (14.4 kDa), trypsin inh
kDa), ovalbumin (45.0 kDa), serum albumin (66.2 kDa), and phosphorylase

b (97.4 kDa).

Isoelectric focusing

1 3-9) was run for the purificd enzyme
on the PhastSystem (Pharmacia) at 15°C. Broad pl calibration Kits (Phar-
macia) used were amyloglucosidase (pl 3.5, soybean trypsin inhibitor
(pl 4.55), B-lactoglobulin A (pl 5.20). bovine carbonic an}.xydrgs‘j B (p!
5.85), human carbonic anhydrase B ( pl 6.55), horse m}‘hogloh‘m-aclud_lc band
(p! 6.85), horse myoglobin—basic band (pl 7.35), Ignul I.cchnujscuhc band
(pl 8.15), lentil lectin-middle band (pl 8.45) lentil lectin-basic band (pl

8.65), and trypsinogen (p1 9.30).

An isoelectric focusing (1EF) gel (pt

Y
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Fig. 3. IEF 3-9 gel of the purified oyster GST with broad pl calibration
kit (Pharmacia). Lane 2 shows the purified oyster GST sample. Lanes 1
and 3 are standards containing amyloglucosidase (pl 3.50), soybean trypsin
inhibitor (pl 4.55), B-lactoglobulin A (pI 5.20), bovine carbonic anhydrase
B (pI 5.85), human carbonic anhydrase B (pl 6.55), horse myglobin-acidic
band (pI 6.85), horse myoglobin-basic band (pI 7.35), lentil lectin-acidic
band (pl 8.15), lentil lectin-middle band (pI 8.45), lentil lectin-basic band
(pl 8.65), and trypsinogen (pI 9.30).

Enzyme assay and tetrapyrroles inhibition

The enzyme activity was measured by adding 50 pl of 10-fold diluted
crude extract, 50 pl of 20 mM 1-chloro-3,5-dinitrobenzene (CDNB), and
50 ul of 20 mM reduced glutathione into a 1-ml reaction mixture and by
monitoring the absorbance change at 340 nm (Singh and Shaw 1988). In
order to determine the inhibition of GST activity by tetrapyrroles, 50 pl
of 0.1 mg/ml solution of each tetrapyrrole (bilirubin, biliverdin, chloro-
phyllin, and hemin) was added to the reaction mixture before the addition
of reduced GSH.

CDNB, GSH, and the four tetrapyrroles were purchased from Sigma
Chemical Co. All the solutions were freshly prepared immediately before
the enzyme activity assay.

Enzyme kinetics

The initial rate kinetics of oyster GST with respect to glutathione was
studied by measuring the initial reaction rate of the conjugation reaction
while varying the GSH concentration and keeping CDNB concentration
constant. A control experiment was run using the same concentration of
CDNB and GSH in the absence of GST, and the initial rate in the presence
of GST was corrected for the control. A Lineweaver-

\ Burk plot was generated
by plotting 1/V vs. 1/{GSH], then K, and V,,, values were determined from

the slope (K,/V,.,) and y-intercept (1/V,,,) of the plot.

Results and Discussion

Each gram of wet oyster tissue contains 9.7 mg total protein
showing a specific activity of 0.025 pmol/min/mg. The GST
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Fig. 4. Lineweaver-Burk plot of 1/v vs. 1/[GSH] for purified oyster G.ST.
Initial reaction rates (V,) were determined from the slope of AAM.O vs. time
plots at different concentrations of GSH. Experiments were carried out at
room temperature (25°C).

was first purified 1.5-fold by ammonium sulfate prec@pltatlon
and then 170-fold by affinity chromatography thh tqtal
activity recovery of 18%. A typical protocol for purification
of oyster GST is presented in Table 1.

Since oyster GST possesses high affinity with thfa GSH-
agarose column, it can be purified from the r§dlssolved
protein in a single chromatographic step. The elution _prof}le
of the enzyme on the affinity column is presented in Elg-
1. Unabsorbed bulk proteins were removed in the washing
step. The bound GST was eluted with the Tris buffer at pH
9.6 containing 5 mM glutathione, and activity appeared as
asingle sharp peak. However, there was a significant ?mount
of GST activity recovered in the unabsorbed proteins. We
are currently investigating this observation. Kinetic anfi inhi-
bition studies presented in this article mostly deal with the
enzyme preparation that binds preferably to the affinity
column. . 40

The purified enzyme showed a specific activity of 4. ;
pwmol/min/mg protein towards CDNB (I mM C‘D_NB,and
mM GSH in 1 ml reaction mixture). This activity 1 low
compared to glutathione transferases from other marine anl'_
mals: 142 wmol/min/mg protein for octopus hepatopancrgf}r
tic GST (Tang et al. 1994); 140 pmol/min/mg for G
isoenzyme I, 35.3 pmol/min/mg for GST isoenzyme 11 fr(t)_ﬂ;
shrimp eye (Lin and Chuang 1993); 820 wmol/min/mg '(;)1/
GST from squid (Tomarev et al. 1993); and 222 pmol/ méT
mg for GST isoenzyme I and 182 wmol/min/mg for G
isoenzyme II from blue crab hepatopancreas (Keeran an.—
Lee 1987). Specific activity of rat liver GST (Sigma Chem!
cal Co.) was determined to be 17.1 wmol/min/mg Pm“;.n '

Analysis of the purified oyster GST on SDS-PAGE ( ‘gt'.
2) suggested two major subunits with molecular welgh'tshts
27 and 30 kDa, which are consistent with molecular \Yelg92_
for other glutathione S-transferases (2230 kDa) (Aoki 19 l’
Orser et al. 1993; Lin and Chuang 1993; Tomarev et @
1993). . ds

Isoelectric focusing gel (Fig. 3) showed two major banAl
and a minor band with pl ranging between 4.7 and 5.1 "
of these isoenzymes are acidic and should be classified ";a-
the w class. These isoforms probably arose from posttrans
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and rag 1 T, and (C) rat liver GST by tetrapyrroles. For the purified oyster

the e wver GSTs, the final inhibitor to enzyme ratio was 21 (w/w). All
Xperiments were carried out at room temperature (25°C).

Eona.l modifications such as phosphorylation (Taniguchi and
yrein 1989).
andKlnetic studies (Fig. 4) indicated a K, value of 0.75 mM
STa Viax value of 6.9 pmol/min/mg for the purified oyster
from From the literature, a K, value for GST isoenzyme I
0 11; shrimp eye (Lin and Chuang 1993) is reported to be
to mM, and that for GST isoenzyme 11 is 0.17 mM. Hepa-
Lé) ancreatic GST isoenzyme I from blue crab (Keeran an
Kk € 1987) has a K,, of 0.40 mM, GST isoenzyme Il has a
tomtgf 0.43 mM, all of which are lower than but comparable
0 ¢ K,, value for oyster GST. However, the Vi value of
ry et G.ST (6.8 pmol/min/mg) is Jower than that of GSTs
om shrimp eye (176 wmol/min/mg for isoenzyme I, 41.2
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Table 2. Comparison of inhibition patterns.

Condition Relative ratio
Crude extract 1.00
+bilirubin 0.90
+biliverdin 0.29
+chlorophyllin 0.20
+hemin 0.17
Purified oyster GST 1.00
+bilirubin 0.69
+biliverdin 0.18
+chlorophyllin 0.06
+hemin 0.14
Rat liver GST 1.00
+Dbilirubin 0.58
+biliverdin 0.30
+chlorophyllin 0.06
+hemin 0.00

p.mol/min/mg for isoenzyme II) and from blue crab hepato-
pancreas (243 wmol/min/mg for isoenzyme I, 208 pmol/
min/mg for isoenzyme II). The turnover number k, for
oyster GST is 186 min~".

Inhibition of enzyme activity of oyster crude extract,
purified GST, and rat liver GST by four tetrapyrroles was
performed. Inhibition patterns were compared in order o
understand the structural and functional properties of this
ubiquitous family of enzymes. From Table 2, inhibition pat-
terns for the three GST preparations appear similar qualita-
tively, being inhibited by closed-chain tetrapyrroles (chloro-
phyllin and hemin) more effectively than by open-chain
tetrapyrroles (bilirubin and biliverdin). This indicated a simi-
Jarity in structure between oyster GST and rat liver GST
and that they have binding site(s) for both open-chain and
closed-chain tetrapyrroles, with a preference for the latter.

However, the ratios of inhibition are quantitatively differ-
ent for oyster and mammalian GSTs. While GST from oyster
is inhibited 31% by bilirubin, 82% by biliverdin, and 86%
by hemin, the enzyme from rat liver shows inhibition of
42% by bilirubin, 70% by biliverdin, and 100% by hemin.
The fact that oyster GST is more inhibited by biliverdin and
Jess by bilirubin and hemin compared to rat liver GSTmay be
related to the distinct biological distribution of tetrapyrrole
compounds in those two organisms. In oat plants, GST is
known to be inhibited by chlorophyllin and hemin but not
significantly by bilirubin and biliverdin (Singh and Shaw
1988), perhaps reflecting the physiological presence Qf chlo-
rophyll and heme in the plant cell. Differential binding and
inhibition patterns of GSTs by letrapyrrglcs have been uscd
in the past to distinguish GSTs from different mammalian
tissues (Caccuri et al. 1990; Vander Jagt et al. 1985).

In summary, it is found that glutathione S—lrzxqsfcmsc
exists in oysters and has similar slructu{al characteristics to
mammalian GST. This provides the basis for future :st.ud]cs.
including detailed structural investigation, fca:ﬂlblhty of
some environmental pollutants as substrates qf this enzyme.
and correlation between GST level and marinc Organisms

health conditions.
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