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ABSTRACT

This study examined effects of crude oil on the phase Il drug-metabolizing enzymes UDP-glucuronosyl
transferase (UDPGT) and glutathione S-transferase (GST) in mussel Mytilus edulis and rockfish Sebastes schie-
geli, a representative bivalve and a culture fish, respectively. This work also intended indirectly to evaluate the
post impact recovery from the massive oil tanker spillage accidents occurred during the summer of 1995 in the
sea area off Yosu City, Chonnam. For these, enzyme activities of UDPGT and GST were examined in the fish
and mussel following laboratory exposure to fresh crude oil, weathered oil, field-obtained oil residues, or in the
field biota samples. Decreased GST activity was observed in rock fish following exposure to oil-soluble frac-
tion (OSF) of fresh oil. A similar diminished GST activity was also observed after OSF of artificially weath-
ered oil. OSF of field oil residues retrieved from the spillage area approximately 1 year later also exerted a
slight inhibition of GST to rockfish. There was neither a change in UDPGT in rockfish, nor were there changes
in mussel in both enzymes to any oil fractions. We could not observe any difference in the two enzymes either
in rockfish or mussel sampled from the field during 1.5~2.0 years post spillage, indicating that their enzyme
systems might had been recovered by the sampling time. In conclusion, it seems that the inhibition of GST
activity in rockfish is a biomarker response to crude oil exposure. The results, however, must be interpreted
with care, as the inhibition may reflect various factors such as oil concentration, duration and water tempera-
ture.
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Fig. 1. Map of collection site for oil residue samples and

biota samples ( @ OR: oil residue samples, ®BS:
biota samples, X SS: spill site).
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Table 1. Enzyme activities in rockfish and mussel following exposure to crude oil

Enzyme activity

Group Con.(mg/L) Temp.(c) ¥ Of animals UoPGT GST
(nmol/mg protein/min)  (wmol/mg protein/min)

Control 0 15°C 10/10 0.550+0.040 0.620£0.050

WSF 1,000 15°C 10/10 0.480+0.030 0.680£0.050

Rochfish 1,000 25°C 9/10 0.510£0.040 0.660 £0.050
OSF 300 25°C 9/13 0.620+1.000 0.380£0.040*
1,000 15°C 10/12 0.490%0.030 0.400+0.040%

Tween 80 1.0 mL/L 15°C 11/ 0.580£0.090 0.601£0.040

Control 0 15°C 10/10 0.104£0.012 0.980£0.080

WSF 1,000 15°C 10/10 0.125+0.013 0.905+0.060

Mussel 1,000 25°C 10/10 0.101£0.009 1.002+0.060

OSF 300 25°C 10/10 0.138+£0.010 0.970£0.070

1,000 15°C 10/10 0.116+0.030 1.21040.050

Tween 80 1.0mL/L 15°C 10/10 0.094+0.028 1.280£0.110

Animals were exposed to crude oil-derived fractions for 1 week and enzyme activities were assessed 24 hr thereafter. Tween 80 was used as
the solvent to accomodate oil-soluble fraction at 1 mL/L concentration.

WSF: water soluble fraction; OSF: oil-soluble fraction.

*Significant decrease compared to control by Duncan’s multiple range test at P<0.05.
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Table 2. Enzyme activities in rockfish and mussel following exposure to laboratory-weathered crude oil
# of animal Enzyme activity
Group Con.(mg/L)  Temp. (°C) guririlif:g $ UDPGT GST
(nmol/mg protein/min)  (umol/mg protein/min)
Control 0 25°C 10/10 0.4301+0.100 0.520+0.070
Rochfish WSF 1,000 25°C 9/10 0.510+0.080 0.590+0.120
OIS ogF 300 25°C 8/10 0.380+0.110 0.28040.070*
1,000 25°C 6/10 0.550£0.160 0.206+0.140*
Control 0 25°C 10/10 0.077+0.014 0.764 £0.102
Mussel WSF 1,000 25°C 10/10 0.093£0.009 0.815+0.083
OSF 300 25°C 10/10 0.071£0.015 0.916£0.122
1,000 25°C 10/10 0.086+0.024 0.8414+0.142

For experimental details, refer to the legend to Table 1.
*Significant decrease compared to control by Duncan’s multiple range test at P <0.05.

Table 3. Enzyme activities in rockfish and mussel following exposure to oil residue sampled in the oil spill area

Enzyme activity

Group Con. (mg/L) T(irgf ’ # ;’liri[iligjls UDPGT GST
(nmol/mg (uwmol/mg
protein/min) protein/min
Control 0 25°C 11/11 0.580+0.090 0.690+0.050
Summer oil WSF 1,000 25°C 10/10 0.370+0.070 0.6004-0.030
sample OSF 300 25°C 8/10 0.390£0.060 0.480£0.040*
1,000 25°C 3/10 0.420+0.180 0.506+0.090
Rochfish
Control 0 15°C 9/9 0.730+0.070 0.570£0.060
Autumn oil WSF 1,000 15°C 9/9 0.720+0.090 0.6904-0.090
sample OSF 1,000 15°C 9/9 0.620+0.080 0.710+0.070
Tween 80 1 mL/L 15°C 10/10 0.660+0.080 0.660+0.070
Summr o
Mussel Control 0 15°C 10/10 0.092+0.007 0.8901:0.080
Autumn oil WSF 1,000 15°C 10/10 0.092+0.009 0.98040.100
sample OSF 1,000 15°C 9/9 0.102x0.009 0.910+0.120
Tween 80 1 mL/L 15°C 10/10 0.088+£0.010 0.990+0.110

Summer and autumn samples were respectively collectively during Aug. 19~23, 1996, and Sep. 18~20, 1996.
For 1,000 mg/L. Summer oil sample in rockfish, the exposure was terminated after 2 days due to marked mortality, and enzyme analysis was

performed 24 hr later.

For other experimental details, refer to the legend to Table 1.

N.T: not tested.

*Significant decrease compared to control by Duncan’s multiple range test at P<0.05.
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Table 4. Enzyme activities in rockfish and mussel sampled in the oil spill vicinity

# of animals

Enzyme activity

Organism  Sampling site Sampling date examined UDPGT GST
(nmol/mg protein/min) (umol/mg protein/min)
BS4 Feb. 12, 1977 6 0.710+0.077 0.788+0.111
May 8, 1977 5 0.5271+0.043 0.8241+0.083
Rockfish BS12 Feb. 12, 1977 5 0.728+0.112 0.754£0.115
BS3 Feb. 12, 1977 5 0.790+0.154 0.776 £0.105
BS6 Feb. 11, 1977 5 0.67410.167 0.608+0.208
BS7 May 8, 1977 5 0.584+0.104 0.711+0.116
BS2 Feb. 11, 1977 6 0.087+0.008 0.900£0.111
BS11 Feb. 11, 1977 5 0.089+0.081 0.834+0.118
BS1 Feb. 11, 1977 7 0.097+0.015 0.879£0.181
BS15 Feb. 24, 1977 10 0.084 £0.010 0.684£0.072
Mussel BS8 Feb. 24, 1977 10 0.075+0.005 0.672+£0.094
May 9, 1977 10 0.08240.008 0.708+£0.099
BS8 Feb. 24, 1977 10 0.088+0.008 0.662 +0.088
BS10 Feb. 24, 1977 10 0.068+0.009 0.804+0.125
May 9,1977 8 0.068+0.009 0.725+0.092
BSS May 9, 1977 3 0.072+0.006 0.728+0.212

For collection sites, refer to Fig. 1.

Two BS8 sample sites in mussel were very close as to be expressed as a single circle.
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&7] wjEell A AL He7Pt Ha ¥
Ple ek
A2gA 2] APME AFAE D APAH F
FHRARE Agstel APAY w2APE 29
shgeh 53] olWe] mAM A VAR F
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HAe W AGHRE 49 ZHoz A8d
Tween 802] =2 2|8 &I opde AT 4
oo AHes ¥ £xo] wEo] THLE
& ZWI7lE Aol A7) dEel FHRA
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Ha 9)o}(Raza et al., 1995; Cunha er al., 2005). 1.
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