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Aryl sulfotransferase (3'-phosphoadenylsulfate:
phenol sulfotransferase, EC 2. 8. 2. 1)¥& phenol

AT EEL sulfate T8I vjdA Tl AA S
A o] A3 % (xenobiotic biotransformation) 73
S &3l E4ZA (Jakoby et al, 1980; Kim,
1984) EREES ol F2 EEH o (Ca-
mpbell et al, 1987; Falany et al, 1990; Khoo et al,
1990) ¥F o= £& & r}(Anderson et al, 1991). ©]
BEAhE AMEA 2%, FMe 4F9) isozyme( I,
II, 11 2 v)ol =43} (Jakoby et al, 1980; Sekura
et al, 1981; Campbell et al, 1987; Falany et al, 1990),
ZFA EA A= A X2 (Sekura et al, 1981; Christ and
Walle, 1989; Falany et al, 1990), mitochondria 2
endoplasmic reticulum(Q &<, 1993)9] == o]
ih=

e EZUALY FFRBoEA OGS 7T E
748 #7]olw (Sherlock, 1985), £3] & A=
e FFEHAY AWM AHE REEZE A
AR A WEATE 71FE HFHoEN AAE
23533 lvh(Jakoby et al, 1982).

Zroll 4ol o715 W ke &4 8 4837 i3]
Aol BasiA= A (Matsumoto and Nakamura,
1991; Tomiya et al, 1992) 2.2 &34 Ut} 18
2t} Aol g A EE A e B g Aol
g} Aol Bl AT A AFE
AfMe 8HY EE ¥ A AE A
A7+ A8 modelZ o]-&3tm Ut} A 7+
Fg FE ZANE FFH Hge F33) AN
¥ 9 (Becker, 1963; Tsukada and Lieberman, 1964;
Lieberman and Kane, 1965), A AJ o] $AI 3+ A]7]19]
AAZNME dHANY &2 8 2-E7] 98 49
A B9 84=r AEHE 53] AAANA &

Azt 4EHE E4E FoAMe BAERY A
A AL Zosle E4LEY EAE HE9
Alstth(Lamy et al, 1973; Principato et al, 1983;
73] 9}, 1987; 73 £, 1988; EnH 9, 1988;
232 9, 1989; A A3 HE4, 1991; £ E 9,
1990) i ghch

Aryl sulfotransferasex A A o]EA9] HAHE
7179 49z ERFEY oA FAHAHI
(Jakoby et al, 1982; Falany et al, 1990; Khoo et al,
1990) ¥Zdx 82 57 (Anderson et al, 1991)
g Eo E AA Fo AMTZAFR YAHAA 2
EAEY ¥Fol Y& Aoz HZEd 28y g
A F 837 AATAAN 2 84z WF
g Hie FolE 5 gUrh

o] A7 A A aryl sulfotransferased] &
Ax 45T 2 HE 7|AY dD-& Golr 7] 93t
AP dE o2 A ALY FEH FEHYHE &
A F 1222058 1097439 AT ALY
Al A, mitochondria @ microsomeol] A o] &4 2]
=g FQ3R e =T 39 g AT
F 2d AHE Fo AMATAA o] B9 KmXA %}
VmaxX = 87 &35t o5 4AL 2uax &

o
ERETE

SE U MR FEL 4FolN B 2P = A}
43 AF 320~360 gol H& Sprague-DawleyZE
ZHHAE AR Jteed E HAA FE
¥ 12471 ¥, 29, 3Y, 69 € 1099 A& 47
5utg]y] S A AF}AT. & 4 e A
e £839on] A48 A Fo] gFF dez
AP ALRE AlREE AR FA AL
AEFe AYFE AIRE H=E 3l

9 AA €L ih A gF WEL 1
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Aotel AT YA A Y & USSR 5%
Agg zAsGen AT AN F A
#ASA etherst Aol 413

Aok BH e g A &L BN AL g
FERE o 2em AN 11y 3‘%“‘4‘—’}‘:‘9}%%
EZ wroz t&sta A A Abolg] AWE 2
9E F g VAR E 2 H uEe 2
At A FES HA 7+ F 70%7 =HH
o] A& AWzt original liver)olet 2712 S HTh
a8 AAY Ye 025 M sucrosef o2 &
AL WEZ FE3] upste] 7ho Holdd RS
Ve & BR AAGAL SteE S e ANEeT
Al EH ot

A2} : 2-mercaptoethanol, 2-naphthol, 3’-phos-

phoadenosine 5'-phosphosulfate (PAPS), methylene
blue, a-naphthyl sulfate potassium 2 Gl g A (10
g/100 mi bovine albumin) &< SigmaAl A EF-& Ab
£330 1 8 AGFEL NHEe EF £ ¢
FEE A9

2t NE Y ME BE g AT A AT
HEL 1247 BAAIZ) T ethernbF 3ol A A3
dgon ErgEuaozyy Ase AT 49
AR ZTh 2y ae HEY AR F 4T 0.25
M sucrose} 22 BFdt Zhofl Foldd L

AAT g & 1—1%‘3}5&‘4. HE¢ e HER
#5353 dutste] 7t Boldd sucrosed S 7HsE
@ =5 ARSI,

T AL dde gHEEsd 84S 41
2 Hr FHEE IR

7t NEREELE HET TES A 2~4°C§
‘ﬁz}ﬂ ZA Bolx dWoE PEL

Z o 5 g2 #3te] 9l 9] 0.25 M sucrose &

¥ -2t} Teflon glass homognizer(ThomasAt Al &,
chamber clearance 0.005~0.007 inches) & 2~4C&
FASAA 400 rpme] £E2 F4A2HA 53 45
a8t 10w/ v%e] 2 A FAAL BHEUD o
7t AN 55 F3F sucrose density gradient
LAEY(FE27 FH2], 1986)2F cytosol,
mitochondria ¥ micosome 23L& £a]3lgth

o] AFEYHANN BE 272 2~4TNA Al
gtHon oluf A8 FAEE 7= Du Pont
SorvallAl2] RC-5B refrigerated superspeed centri-
fuge$} OTD-65 B ultracentrifuge th. olw AR&-3H
rotort= Du Pont SorvallA}2] SS-34 2 T865 ro-

:Yl

tord X sucrose liner density gradient-8 2] x| =&
gradient former(ISCO model 570)E A}-&-3}dt.

A4 A2 =H| | Aryl sulfotransferase 3-8 &
A2 ANge zAE £33 cytosol, mitochondria 2
microsome® 82 GWMAFOZ 5 mgmlil HEE
0.25 M sucrose?jol] FEAA A3

g4 845 =X g3 9] cytosol, mito-
chondria @ microsome & 9] aryl sulfotransferase
o] FAHx =22 Al g9} &7 2-naphtholZ} PAPSE
71A2 ARESte] 37ColA 1087 W8E Alle

otoll A= 1-naphthy! sulfate-& methylene blue
9Jr ‘?_—8— A1A AAE ion pair pigmentE chloroform
22 £ F 651 nm HFNA 8RS G
BAHEE A&8HE Sekura et al(1981) 9] ol ¢
3tk 28]x olW aryl sulfotansferase I, II
isozyme &&AolE 05 M sodium phosphate(pH
74) $ZF AL AHL-319 29 aryl sulfotransferase 1II,
IV isozyme &3 A dlE FFH 0 Z A 0.5 M sodium
acetate(pH 5.5) $4F AL ALY o] A4
AT G 1870 1 mie) 84 F& 1 mgd
gl do] uhg-3te] A3 1-naphthyl sulfateE
nmol2 YEH ]t} o] AZolA el &4 A4S
ZA4Ye] HEEE Fol7] A3t 22 A5 U
3le 23] &Ast I HAXAE A o] 4F
AN 7 Bh BT FA4 AMRT 24 d=AE
computer controlled enzyme spectrophotometer
(Varian, Cary 210) % th.

Kmx| & VmaxX|e| £H . g HEA& F 2¢
A% AF DAE 2 A5 L dAe] A=E
FHA g 4 7139 993 IHAES AR
3] Z+zt aryl sulfotransferase I, II 2 I, V
isozyme?] BAEE ZH T £ ol HHLZHH
WhiXE a2ga 7E FR2YEH 1/(SIRE AL
3l o]F H4=%(double reciprocal plot) & =38t
2 ol Ao Z22E KmH 9 VmaxA &
1976) 3t ct.

\:|.Huxl gat a4 A]_g_ ,6_4 1:}—\51!21 z—lal—o 0.5
M perchloric acid®} methanol-ether & (3:1) 2
2 ¢Ag A= Greenberg and Rothstein
(1957)Be 2 54 N8 T e¥Z S AAT b
biuret' (Gornall et al, 1949) 2.2 A3} ch

MA A 594 #AL Student’s t-test2 3f
Qon, foFEL 0.050132 At

2F2(Segel,
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B oM 2t HA F= X|MZte| cytosolic aryl
sulfotransferase 1, II & 1lI, IV isozyme2| EM T
HE g A F AU cytosolic aryl sulfo-
transferase I, II isozyme®] A== 7HE AA
%2988 3¢7A, 1, V isozymed] A= Y
AA F 195 29717 FAFHE FoAE F
e Jgudd (8 D.

ElF|olM 2+ HM = X{A42Z+2| mitochondrial
aryl sulfotransferase I, II 2 III, NV isozyme2|
EME HE TG ZA F AU mitochondrial
aryl sulfotransferase I, Il isozyme®] 8=+ 74
AA & 1938 3974, 1, NV isozymed] A==
g A F 2dRH 397A #4988 s W
B AtH(E 2).

sulfotransferase I, II % I, IV isozyme2| M T
BE 1 2+gF 2EA ¥ AA7ke] microsomal aryl su-
lfotransferase I, II isozyme2] A =& g EA
2 12A17HEE 3Y97A, 1T, IV isozymed] A =E
g HZA 3 193 2¢47A f4% FUHE U
EF AT (E 3).

EF|OA ZHE EH F X2l aryl sulfotrans-
ferase I, II & 1, V isozyme2] EAME HiZF !
g AA & EH 9 aryl sulfotransferase I, I 2
I, V isozyme2 2% 2t AAl F 1247058 1
A7A FA3 F71E YEHATH(E 4).

2t HN & 229 &F XMZIA aryl sul-
fotransferase I, II % I, IV isozymeS] KmX| &
VmaxX|2| B1S : 2+ AA F 299 AT A
cytosolic, mitochondrial ¥ microsomal aryl sulfo-
transferase®] I, II 2 III, IV isozyme< adenosine

3'-phosphate 5'-phosphosulfates 712 & Al-&3}o]

ElFollA 2+ BH| = X{47E2] microsomal aryl KmA 2 Vmaxx & &3S v KmA < &2 d50]

Table 1. Activities of cytosolic aryl sulfotransferase I, II and III, IV of regenerating liver after partial hepatectomy

in rats
Aryl sulfotransferase activities
I, II Isozyme III, IV Isozyme
post (nmol 1-naphthyl sulfate minymg proteint)
hepatectomy
days Original liver Regenerating liver Original liver Regenerating liver
0.5 0.28+ 0.04 0.30+£ 0.03 0.21£0.03 0.23%0.04
0.28% 0.03 0.30% 0.04 0.20% 0.02 0.29+ 0.06*
2 0.27%0.02 0.34% 0.06* 0.19% 0.03 0.27+ 0.05*
0.26% 0.03 0.35%£0.07* 0.18+0.02 0221 0.04
6 0.27%0.03 0.31% 0.05 0.19+ 0.02 0.18%0.03
10 0.27£ 0.04 0.29% 0.03 0.18+0.03 0.18+ 0.04

The data are expressed as meant SD with 5 rats in each group.
Significant difference from original liver(*; P<0.01).

Table 2. Activities of mitochondrial aryl sulfotransferase I, II and III, IV of regenerating liver after partial hepatectomy

in rats
Aryl sulfotransferase activities
I, II Isozyme III, IV Isozyme
post (nmol 1-naphthyl sulfate min'mg protein®)
hepatectomy
days Original liver Regenerating liver Original liver Regenerating liver
0.5 0.58% 0.04 0.63£0.03 0.66% 0.07 0.67% 0.06
0.57£ 005 067+ 0.06* 0.66+ 0.06 0.69+ 0.07
0.57+0.03 0.72£ 0.07** 0.66% 0.05 0.83% 0.09**
0.56+ 0.04 0.89% 0.11*** 0.65% 0.05 1.22% 0. 12%**
6 0.55% 0.04 0.66% 0.05 0.66% 0.04 0.74%0.08
10 0.56+ 0.05 0.55% 0.04 0.64% 0.06 0.68% 0.05

The data are expressed as meant SD with 5 rats in each group.
Significant difference from original liver(*; P<0.05, **; P<0.01, ***; P<0.001).
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Table 3. Activities of microsomal aryl sulfotransferase I, I and III, IV of regenerating liver after partial hepatectomy

in rats
Aryl sulfotransferase activities
I, II Isozyme III, IV Isozyme
post (nmol 1-naphthyl sulfate minng protein?)
hepatectomy
days Original liver Regenerating liver Original liver Regenerating liver
0.5 0.73% 0.05 0.93% 0.09** 0.64+0.12 0.74+ 0.09
0.74% 0.04 0.99+ 0.11** 0.62%0.10 0.79% 0.12*
2 0.73%+ 0.04 0.88% 0.08** 0.61%0.11 0.76* 0.08*
0.72% 0.05 0.81+£0.07* 0.62% 0.09 0.64% 0.07
6 0.7310.04 0.72% 0.05 0.62% 0.08 0.61+ 0.06
10 0.73% 0.05 0.70% 0.04 0.60+ 0.07 0.60% 0.06

The data are expressed as mean* SD with 5 rats in each group.
Significant difference from original liver(*; P<0.05, **; P<0.01).

Table 4. Activities of serum aryl sulfotransferase I, II and III, IV after partial hepatectomy in rats

Aryl sulfotransferase activities

1, II Isozyme - III, IV Isozyme
post (nmol 1-naphthyl sulfate minmg protein!)
hepatectomy
days Sham Hepatectomy Sham Hepatectomy
0.5 2.83£0.25 3.25%0.31* 2.62%0.23 3.28% 0.30**
2.80%0.27 3.43%0.33* 2.59% 0.21 3.52% 0.31***
2 2.79%10.23 2.86+ 0.28 2.56% 0.23 2.79% 0.25
2,77+ 0.24 2.81+0.27 2541 0.23 258+ 0.24
6 2.75% 0.22 2771 0.24 2.55% 0.21 2.53+0.23
10 2.76% 0.23 0.74* 0.25 2.53 0.20 2.50+ 0.24

The data are expressed as mean® SD with 5 rats in each group; Sham: sham operation, Hepatectomy: hepatectomized
animals.

Significant difference from sham operated rat(*; P<0.05, **; P<0.01, ***; P<0.001).

Table 5. Aryl sulfotransferase I, II kinetic parameters from regenerating rat liver determined with adenosine 3'-
phosphate 5’-phosphosulfate

Vmax(nmol l-naphthy! sulfate)

cell Km(mM) min! mg protein)

fractions Original liver Regenerating liver Original liver Regenerating liver
Cytosol 0.86% 041 0.91%£0.32 0.36% 0.05 0.45% 0.06*
Mitochondria 167+ 0.32 163* 046 0.68+ 0.08 0.86% 0.10*
Microsome 3.10+ 042 2.98+ 0.50 091+ 0.07 1.10% 0.08**

Michaelis-Menten constants for aryl sulfotransferase I, II were determined using adenosine 3’-phosphate 5'-pho
sphosulfate and 2-naphthol at 37C for cytosolic, mitochondrial and microsomal fractions of original male rat li-
vers(original liver) and of regenerating male ratlivers at the 2nd day after partial hepatectomy.

The data are expressed as meant SD with 5 rats in each group.
Significant difference from original livers(*; P<0.05, **; P<0.01).

Ak 2t of Ao I, 11 ¥ I, V isozyme

E9 VmaxA € F43 F718 deJqH(E 5 ¢ i~

6).
ZF AR ol LG AJ7je] A Azt A 2 G =T}
HEEe AAERY A4 W 54252 goy
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Table 6. Aryl sulfotransferase III, IV kinetic parameters from regenerating rat liver determined with adenosine

3'-phosphate 5’-phosphosulfate

Vmax(nmol 1-naphthyl sulfate)

cell Km(mM) min?! mg protein!)

fractions Original liver Regenerating liver Original liver Regenerating liver
Cytosol 0.82+0.33 0.80% 0.26 0.25% 0.05 0.36% 0.07*
Mitochondria 2.30% 035 227+ 0.41 1.02%0.07 1.28% (.09***
Microsome 227+ 040 223+ 045 1.14£0.09 1.35+0.12*

Michaelis-Menten constants for aryl sulfotransferase III, IV were determined using adenosine 3’-phosphate 5'-
phosphosulfate and 2-naphthol at 37C for cytosolic, mitochondrialand microsomal fractions of original male rat
livers(original liver) and of regenerating malerat livers at the 2nd day after partial hepatectomy.

The data are expressed as mean* SD with 5 rats in each group.

Significant difference from original livers(*; P<0.05, ***; P<0.001).

I FAA AR FvrsEe Aol gAY AA
HE F4HE-2 monoamine oxidase(ERE 9], 198
8), alcohol dehydrogenase, aldehyde dehydrog-
enase, microsomal ethanol oxidizing system(Z < 3]
9], 1988), glyoxalase I (Principato et al, 1983) %
microsomal rhodanese(Z ]3] 2] 1993)o|n 1 &
A=t A HE A4 52 glutathione S-transferase,
glutathione peroxidase(&3&4] 2], 1989), xanthine
oxidase, superoxide dismutase(Z 43| 2], 1987),
catalase(Lamy et al, 1973), cholinesterase(Z X3
9], 1990), carboxylestrase, arylesterase(Z3 &3}
Z&4, 1991) 2 cytosolic rhodanese(Z 3] €
1991) §& £ & on, o] AAEL 2He] A4
Bz I EAE7E dEE mebd o] ¥
ol A &A3t aryl sulfotransferase® tH X0 F2
EAste WF 9] MAo] BEF AlV|de 1 &
A= HEE 5 31E Fojtt o] Aol Me FF 9
FEH FZAHE FA & F 1242 19, 29, 3¢,
6d 2 10€9] AN A A EZZ, mitochondria I
microsome®] aryl sulfotransferase I, II 2 III, V<]
EHNEE 45 2 H1ES Yol ¥H ¥F
grE o] A4Ee BAHEE FA3Y =T ¢
oA o] EaEe BAE WE/IHS Y Lol
B 93t dE8A F 2d AR H A
oA of EAES KmA 9 VmaxA S &Astgch

o] ARA HHe] YL HAT F A AThel A
cytosolic, mitochondrial ¥ microsomal aryl sulfot-
ransferase I, II isozymed] ¥AHE=v Z 74y
A F 2d%E 3¢, 149E 3¢ 2 1247
397tA #% F7He JeEhie, A A7 cy-

tosolic, mitochondrial ¥ microsomal aryl sulfotra-

nsferase Ill, V isozyme®] &A=& 2zt 2+ ZHA
3 19%EH 29, 295 H 3¢ ¥ 195 29 7AA
Fold 718 JERAT o4t ZAnE 2 A
A2kl A aryl sulfotransferase isozyme& 2 7+ A}
o] FAg A7ld] 1 =T} FUtHE A2 A
Z+ed,

o] A¥aA HF THAE AAT ¥ 2¢9 A
A AEEEAM o] A4 I, 1 L1, V iso-
zyme?] KmA+= ¥ W%l ek 218y Vmax
e EF #4% 718 YA olgh 2o
AR A o] & EA S KmA 7} ¥ Fo] flodM:
I 4% Z7M81 £ I VmaxA 7t F71E
RAE B o QA A ol E i BEI F/E
A& Fuja g F7t2 JYed Z3g Brje o
Aot WA o] AP A aryl sulfotransferase I,
I 2 I, V isozyme®] A=} 5719 AL o &
ihe] §A4ol F7MHY YEld Ade} A E

o] AgolX BFH FA9 aryl sulfotransferase
I, I 210, V isozyme®] AEE 7Hg A ¥
12A17HEE 19714 #9% 718 JeEhlen,
ol B FEL FANAT. o] 2FE E o 9
Ao A 8A9] aryl sulfotransferase isozymeE 2
Az F7he AALCAM fEl"o] Yeld Ate
Hrle ol¥dh ustd AT o] FEi9
isozymeEo] g HA F 24 T 3R 2 &
Azt F7HE AR E EF3I oo AN
QzZ9 &S FA5T A A7) &)k whahA
o] AYolA AL aryl sulfotransferase isozyme
E9 A= g EA F 12A7EH 19714
F7HE AL T 2EA F EHA 7Y ofHE F
1A 25 dof Y Y 2HZo2RE olE
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ALVt @322 ¥ f&=H0 veEhd Hrl o}
d7t Azt

A7 BAME B2 AL da $4
Aoz #itat gul 4 o] F7+s 3 (Becker, 1963;
ANAR F3E, 1969) otLe LF4: Al &
5] 2t} (Dzhivanian and Ter-Dganian, 1979; Srein
et al, 1985; Schofield et al, 1987; Nagino et al, 1989;
Dixit et al, 1992) 3 §tt}. u}Z o] FAL AN &
g #e Zoz 9A Al WA E ol
do] (A7 9, 1986; L E 9, 1988; T4
9], 1989) B o] AYoA ZA3F aryl sulfotran-
sferasee WABIHE FBE F47) oldrt A
g gy o) Ao 2 e A A o] A
A= WFo] oj" e 93 AJA = A
ot kA AL M o] A BAEY WE
LA NAE 93 @7 gsiNe g oS
F73 Holor dtalth

(@] oFf
h=d =

A A 7ko| A aryl sulfotransferase®] A E HES
Yolr 7] f3te 83 e FEH FEE e A
A F 127 ZHRE 109719 @4 G
AZEZAA o] e EAEE ZH3E A
A A o] Aol KmA 9 VmaxA = FH 3
Ak

g EA F 83 AYAEY cytosolic, mitocho-
ndrial ¥ microsomal aryl sulfotransferase I, II
isozyme®] 8T E 242} 2+g A ¥ 24 ¥ E 3¢,
14956 3Y % 12/ 7k2E 39714 §9% 37t
el ot g A F 83 A A7 cytosolic,
mitochondrial & microsomal aryl sulfotransferase
I, V isozymed] A5+ ztzt 714 24 F 14
HE 29, 295 H 39 2 14¥H 29744 frejg
7V YAt

g AA % #8FH ¥A9 aryl sulfotransferase
I,II % I, V isozymes] E=E 1E 24 F
1241258 19744 {98 F71e \«PEMSM

g AA ¥ 299 AL AEZEZA o] &
29 1,0 %1, V isozyme?] KmX|& ¥ #HEo]
gd 289y Vmaxxe 25 §% F7HE
228 Pea=

o}2e] A Mol 719 aryl sulfotransferases
T AA F A o] 2 3 AV Y AN

I Aol
A ztd

Z7tEo] I RS EEE 542

P3|
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Aryl Sulfotransferase Activity in Regenerating
Liver after Partial Hepatectomy in Rats

Mi Jeong Shin, M.D., You Hee Kim, M.D., and Chun Sik Kwak, Ph. D.

Department of Biochemistry, Keimyung University
School of Medicine, Taegu, Korea

This study was made to know the changes of aryl sulfotransferase activity in regenerating rat liver.

Cytosolic, mitochondrial and microsomal ary! sulfotransferase isozymes I, II and LI, V activities were
determined in regenerating liver tissue following 70% (median and left lateral lobes) partial hepatectomy
in rats for a period of ten days. The activities of these enzymes in serum were measured, the values
of the Km and Vmax in these hepatic enzymes were also measured.

The activities of cytosolic, mitochondrial, and microsomal aryl sulfotransferase I, II in regenerating rat
liver tissue showed a significant increase between the second and the third day, the first and the third
day, and the twelfth hour and the third day, respectively, following partial hepatectomy.

The activities of aryl sulfotransferase isozymes I, II and IlI, IV in rat serum showed a significant increase
between the twelfth hour and the first day following partial hepatectomy.

The values of Vmax of cytosolic, mitochondrial and microsomal aryl sulfotransferase isozyme I, II and
I, IV in the regenerating liver showed significant increases at the second day following partial hepatectomy.
However, the values of Km of the these hepatic enzymes did not change.

In view of the above results, aryl sulfotransferase isozymes in regenerating rat liver suggest that these
are the enzymes increasing their biosyntheses in the regenerating stage.

Key Words: Regenerating liver, Aryl sulfotransferase.



