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Thiol Methyltransferase

Taur ochol ate

Effects of Intravenous Administration of Tauro-
cholate on Hepatic Thiol Methyltransferase Ac-
tivity in Cholestatic Rat

Byung Wook Rhee, MD. and Chun Sik Kwak, Ph.D!

Purpose: The possible mechanisms of increased thiol me-
thyltransferase (TMT) activity in cholestatic rat livers and
serum were studied.

Methods: Rats were divided into seven groups: rats receiv-
ing a sham operation, rats with a bile duct obstruction (BDO)
alone (BDO group), rats with BDO plus taurocholic acid
(TCA) irfjection (BDO plus TCA group), rats with BDO plus
tauroursodeoxycholic acid (TUDCA) injection (BDO plus
TUDCA group), rats receiving a choledoco-caval shunt (CCS)
operation (CCS groups), rats receiving a CCS operation plus
TCA Irjection (CCS plus TCA group), and rats receiving a
CCS operation plus TUDCA irjection (CCS plus TUDCA
group). The TMT activities in the serum and in the hepatic
subcellular fractions isolated from these experimental rats
were determined. The values of Km and Vimex in this he-
patic erzyme were measured.

Results: The activities of liver mitochondrial and microsomel
TMTs as well as the Vmex values of TMT were found to
be increased significantly in both the CCS plus TCA ad
the BDO plus TCA groups, compared with the CCS and
BDO groups. On the other hand, the Km values of hepatic
subcellular TMT were the sane in all experimental groups.
The serum TMT activity increased significartly in both the
CCS plus TCA and the BDO plus TCA groups, conpared
with the control, CCS and BDO groups. However, these
serum and hepatic erzyme activities were the same in the
CCS plus TUDCA and the BDO plus TUDCA groups.
Conclusion: The above resuits suggest that TCA stimulates
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the biosynthesis of TMT in the liver. Also, the elevated TMT
activity in the serum is thought to be caused by an increase
in membrane permeability of hepatocytes from liver cell
necrosis caused by TCA. (J Korean Surg Soc 2002;63:
1-10)

Key Words: Cholestasis, Methyitransferase, Taurocholic acid

Departrrent of Surgery, Kosin University College of Medicine,
' Department of Biochemistry, Keimyung University School of
Medicine, Busan, Korea

thiol me-
thyltransferase (]

Thiol methyltrandferase (S-adenosyl-L-methionine: thiol S
methyltrandferase, EC 2.1.19, TMT)(2)  captopril, N-acetyl-
cydeine, D- L-penicillamine, spironolactone,(3) hydrogen
aulfide,(4) diethyldithiocatbamate, 6-propyl-2-thiouracil, 2, 3-
dimercaptopropanal ,(5) mercaptoethanol, mercaptoacetic acid,
methylmercapten,(5,6) dithiothreital ,(6) 2-thiouracil (5,7) 6-mer-
cgptopurine,(7) dimercapral,(8) thiourea, methimazole, thiamin
tetranydrofuryldisulfide, (9 7a -thiogpirol actone,(10)

aulfhydryl S-adenosyl-L-methionine  methyl

2 ,(4,5,11)
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(59)

(9

T™T
@

T™T

(choledocho-caval shunt)

(1213) taurocholic
acid
taurocholic acid
D

S-Adenosyl-L-methionine iodide, 4-chlorathiophenal, ethy-
lenediaminetetraacetic acid disodium: dihydrate, Triton X-100,
potassium phosphate monobasic, potassium phosphate dibasic,
taurocholic acid (from ox bile, sodium sdt T0O750, TCA), taur-
oursodeoxychalic acid (sodium sdt, T0266, TUDCA)

(10 ¢/ 100 ml bovine serum albumin) Sgma
(S, Louis, MO) [methyl-*H] S-adenosyl-
L-methionine  New England Nuclear (Wilmington, DE)
, PPO (2, 5-diphenyloxazole), BisMSB [p -bis-
(O-methylstyryl benzene)], toluene (scintillation grade)
Packard (Downers Grove, IL)

2)
4 280 30¢
Sprague-Dawley 1
5 5 . (1
)s 1 2
( 2) (bile duct obgtruction)
1 2 ( 2)
TCA
Ogawva (13 TCA ( 100 g
450 moles) 1 2
( 2) . TUDCA

Ogava  (13)

TUDCA ( 100 g 45umdes)
1 2 ( 2)

1 2 (2)
TCA
Ogawa (13) TCA ( 100
g 45umoles) 1 2
( 2)
TUDCA
Ogawa (13) TUDCA ( 100g 45
M moles) 1 2 (
2)

ether
lcm
medicd grade sillicon tube

. TCA TUDCA
pump (Sage instruments, modd 341A) 5

syringe

ether
0.25 M sucrose

ucrose

2 £C

59
9 0.25 M sucrose Teflon pestle
glass homogenizer (Thomas , chamber dearance 0.005

0007 inches) 2 4C 400 rpm
5 10% (W/v)

. ucrose density
gradient (19 ,
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2 £C
Du Pont Sorvall RC-
5B refrigerated superspeed centrifuge OTD-65B ultracentri-
fuge . rotor  Du Pont Sorvall SS34
T865 rotor sucrose linear density gradient
gadient fome (ISCO modd 570)

4 TMT
5 mg/ml 025 M
uarose 1% Triton X-100
£C 30
5 mg'ml
025 M sucrose .
5
T™MT
4-chlorothiophenol  [methyl-"H]  S-adenosyl-L-methionine
3rc 10
methyl 4-chlorophenyl sulfide  toluene
Weisger  Jakoby(15)
1 iml 1mg
methyl 4-chlorophenyl aulfide  pmoal
2
Peckard Tricarb 4530,
luiquid <cintillation spectrometer
6) Km Vmax
2
T™T 2 4-chlorothiophenol
S-adeno-
syl-L-methionine [methyl-’H] S-adenosyl-L-methionine
T™MT
(2vi)
19

(double reciprocd plot)
Km Vmax

7

05 M perchloric acid
methanol-ether B ) Green-
berg Rothstein(16)

biuret (17

8)
Sudent's t-test
0.05
) T™MT
T™MT
1
T™MT 23% (P 0.05),
22% (P 0.05)
2
31% (P 0.05),
28% (P 0.05) .
1 T™MT
A% (P 0.05), R% (P
0.05) 2
2% P 005), X% (P 0.05)
T™MT
1
23% (P 0.05) 20% (P 0.05)
, 2
38% (P 001,
36% (P 001 .
1 T™MT
28% (P 0.05), 25% (P
0.05) , 2
62% (P 0.00)), 59% (P 0.00])
T™MT
1 2
(Teble 1).
p) T™T
TCA TUDCA
TCA
1 2
T™MT
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Table 1. Effects of time and model of biliary retention on hepatic subcdlular thiol methyltransferase activities in rats

Experimenta groups

Thiol methyltransferase activities (pmol methyl 4-chlorophenyl sulfide min™ ‘'mg protein %)

Cytosol Mitochondria Microsome
Normal 6.300.61 5.09+-0.66 5.02+050
Sham 1 day 6.14+055 5.154+0.70 5.144-058
Sham 2 days 6.182-0.49 521+0.75 5.11+-054
CCS 1 day 6.19+052 6.28+0.78*° 6.17+0.66*°
CCS 2 days 6.240.65 6.69-0.87*' 6.94+0.73 "
BDO 1 day 6.11+0.63 6.82+0.95*° 6.42+064'°
BDO 2 days 6.151+057 724+081 ' 8.121+095 **

The data are expressed as meandSD with 5 rats in each groups. Sham 1 day or Sham 2 days, sacrificed on the 1st day or 2nd day
after sham operation; CCS 1day or CCS 2 days, saxificed on the 1st day or 2nd day after choledocho-caval shunt; BDO 1 day or
BDO 2 days, sacrificed on the st day or 2nd day after common bile duct ligation. *P 0.05 vs. Normal; " P 0.001vs. Normal; * P 0001
vs. Normal; ° P 0.05 vs. Sham 1day; ' P 005 vs. Sham 2 days; ' P 001 vs. Sham 2 days; **P 001 vs. Sham 2 days.

Table 2. Effects of taurocholic acid (TCA), and tauroursodeoxycholic acid (TUDCA) infusions after choledocho-cava shunt (CCS) on

hepatic subcellular thiol methyltransferase activities in ras

Experimental groups

Thid methyltransferase activities (pmol methyl 4-chlorophenyl sulfide min™ ‘'mg protein %)

Cytosol Mitochondria Microsome
CCS 1 day 6.19+0.50 6.28+0.78 6.17+0.66
CCS 1 day+TCA 5871044 7.61+£0.89* 84214098
CCS 1 day+TUDCA 6.12+0.56 6.2+0.72 6.12+0.62
CCS 2 days 6.241+0.65 6.69+0.87 6.94+0.73
CCS 2 days+TCA 574+048 8.15+093 8.79+0.88
CCS 2 days+TUDCA 6.28+0.62 6.53+0.76 6.82+0.69

The data are expressed as meant D with 5 rats in each group; CCS 1 day+TCA or CCS 1 day+TUDCA, and CCS 2 days+TCA
o CCS 2 days+TUDCA. One of the following bile acids were administered intravenoudy through the superior vena cava, TCA or TUDCA
(45p moled 100 g body weight) at the time of CCS operation in rats. Then the rats were saxrificed 1 or 2 days after CCS operation.
*P 005vs. CCS 1day; "P 0.01vs. CCS 1day; ' P 005 vs. CCS2 days, ° P 0.01vs. CCS 2 days.

TCA 1
T™T

21% (P 0.05)
TCA 2
22% (P 0.05)
T™T TCA
36% (P 001)
TCA 2
27% (P 00 .
TCA

TUDCA 12
3 T™MT
(Teble 2).
TCA
2
TMT
TCA 12
T™MT

24% (P 0.05)

TCA 1

38% (P 0.00)

1
30% (P 001)
T™T
TCA
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Table 3. Effects of taurochalic acid (TCA), and tauroursodeoxychalic acid (TUDCA) infusions after bile duct obstruction (BDO) on hepatic

subcdlular thiol methyltransferase activities in rats

Thid methyltransferase activities (pmol methyl 4-chlorophenyl sulfide min™ ‘'mg protein %)

Experimental groups

Cytosol Mitochondria Microsome
BDO 1 day 6.11+0.63 6.82+095 6.42+0.64
BDO 1 day+TCA 5.70+052 8431098 8.78+0.74'
BDO 1 day+TUDCA 6.05+0.60 6.73+£0.86 6.36+£0.71
BDO 2 days 6.15+-057 7241081 8.12+095
BDO 2 days+TCA 567+055 9.39+ 102° 9.96+ 106
BDO 2 days+TUDCA 6.12+0.63 7.08+:091 802+0.82

The data are expressed as meant D with 5 rats in each group; BDO 1day+ TCA or BDO 1 day+ TUDCA, and BDO 2 days +TCA
or BDO 2 days+TUDCA. One of the following bile acids were administered intravenoudy through the superior vena cava, TCA or
TUDCA (45u moled 100 g body weight) at the time of common bile duct ligation in rats. Then the rats were sacrificed 1 or 2 days
after common bile duct ligation. *P 0.05 vs. BDO 1day; ' P 0.001vs. BDO 1day; * P 005 vs. BDO 2 days; ° P 0.01vs. BDO

2 days.

Table 4. Effects of time and modd of biliary retention on serum
thiol methyltrandferase activity in réts

Thio methyltransferase activities

Experimental (omol methyl 4-chloropheny
gops ailfide min™* mi ™)

Norma 1574+091

Sham 1 day 1623+095

Sham 2 days 16.194+0.90

CCS 1 day 20.12+0.98*"

CCS 2 days 2246+ 11*

BDO 1 day 2394+ 124+

BDO 2 days 2561+ 1.20%

The data are expressed as mean® SD with 5 rats in each group.
Experimentd groups are described in Teble 1and text. *P - 0.001
vs. Normal; " P 0.001vs. Shan 1day; * P 0001 vs. Sham 2
days.

2 23% (P 0.05)

TUDCA 1 2
3 T™T
(Tale 3).
3) ™T
™T

1

T™T 28% (P 0.001),

24% (P 000)

Table 5. Effects of taurocholic acid (TCA), and tauroursodeoxy-
cholic acid (TUDCA) infusons &fter choledocho-caval
shunt (CCS on serum thiol methyltransferase activity in

ras
_ Thiol methyltransferase
B@fgjﬂﬂﬁta (omol methyl 4-chlorophenyl
groups alfide min~* ml™?)
CCS 1 day 20.12+0.98
CCS 1 day+TCA 2457+ 118
CCS 1 day+TUDCA 19.7610.09
CCS 2 days 2246+ 112
CCS 2 days+TCA 2763+ 125
CCS 2 days+TUDCA 2.14+104

The data are expressed as mean® SD with 5 rats in each group.
Experimentd groups are described in Teble 2 and text. *P - 0.001
vs. CCS 1day; ' P 0001 vs. CCS 2 days.

2
43% (P 0.001),
39% (P 0.001)
1
5206 (P 0.001), 48% (P 000
2
63% (P 0.001),
58% (P 0.001)
(Tale 4).

T™T
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. TUDCA
(Table 4). 1 2 T™MT
(Table 5).
4) ™T TCA 1 9
TCA TUDCA ™T
TCA . TCA 1 2
1 2 T™MT T™MT 23%
(P 0.00) 28% (P 0.00)
. TCA TUDCA 1 2
1 2 T™MT T™MT
(Table 6).
2% (P 0.00]) 23% (P 0.00)) 5 5
TMT Km Vmax
Table 6. Effects of_ taurocholic a_cid (T CA), and_tauroursodeoxy- 5 ™T 2
cholec acid (TUDCA) infusions &fter bile duct obsruc-
tion (BDO) on serum thiol methyltransferase activity in 4-chlorothiophenol Km Vmax
res Km (Teble 7, 8).
Experimental Thiol methyltransferase activities ?I'MT Vimax
(pmal methyl 4-chloraphenyl
groups aulfide min~* ml~Y) 21% (P 0.05) 38%
(P 00)
BDO 1 day 2394+ 124 TCA
BDO 1 day+TCA 2952+ 1.36*
BDO 1 day+TUDCA 2362+ 127 2
BDO 2 days 2561+ 129 T™MT  Vmax 5%
BDO 2 days+TCA P75+ 143 (P 0009 80% (P 0.002),
BDO 2 days+TUDCA 25124+ 122 21% (P 0.05) 31% (P 0.01)
The deta are expressed as meen=-SD with 5 rafs in each group. TUDCA ' )
Experimentd groups are described in Teble 3 and text. *P - 0.001
TMT  Vmax

vs. BDO 1day; " P 0001 vs. BDO 2 days.

Table 7. Rat hepatic thiol methyltransferase kinetic parameters from 2 days after choledocho-cava shunt (CCS 2 days) determined with

4-chlorothiophenol

Mitochondria Microsome

Experimental groups
Vmax
Km (mM) (pmol methyl 4-chlorophenyl Km (mM) Vmax

sulfide min™'mg protein” %)
Sham 2 days 762+48 143+ 18 70.3+59 1B37+17
CCS 2 days 784+53 182+2.3* 726+72 189+2.1
CCS 2 days+TCA 776+59 2.1+26° 718+69 247+24"
CCS 2 days+TUDCA 769+52 77+2.1* 712+64 188+ 19

Michaelis-Menten constants for thiol methyltransferase were determined using 4-chlarothiophenol and [methyl-*H] S-adenosyl-L-methionine
a 37°C for mitochondrial and microsomal fractions of experimentd rat livers a two days after CCS. The data are expressed as mean+ D
with 5 rats in each group. Experimental groups are described in Teble 1, 2 and text. *P 0.05 vs. Sham 2 days; ' P 0.01 vs. Sham
2 days; " P 0001vs. Sham 2 days; ° P 005 vs. CCS 2 days, ' P 001 vs. CCS 2 days.
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Table 8. Rat hepatic thiol methyltransferase kinetic parameters from 2 days dfter bile duct obstruction (BDO 2 days) determined with

4-chlorothiophenal
Mitochondria Microsome
Experimental groups
Vmax
Km (mM) (pmol methyl 4-chlorophenyl Km (mM) Vmax
sulfide min™'mg protein” %)

Sham 2 days 762+48 143+ 18 70.3+59 1B7+17
BDO 2 days 765+ 65 215+22' 726+7.6 245+35
BDO 2 days+TCA 778+62 274+27° 73.1+72 208+3.1°
BDO 2 days+TUDCA 772+56 20.6+2.5* 722+6.7 239+26

Michaelis-Menten constants for thiol methyltransferase were determined using 4-chlorathiophenol and [methy-"H] S-adenosyl-L -methionine
a 37°C for mitochondrid and microsomal fractions of experimentd rat livers at two days after BDO. The data are expressed as mean+ D
with 5 rats in each group. Expeimental groups are discribed in Teble 1, 3 and text. *P 001 vs. Sham 2 days, ' P 0.001 vs. Sham

2 days, P 005 vs. BDO 2 days, ° P 001 vs. BDO 2 days.

24% (P 0.05) 37% (P 007

(Teble 7).
2
TMT  Vmax
50% (P 0.001) 79% (P
0001
TCA 2
T™T
Vmax 92% (P
0001 118% (P  0.00D),
271% (P 00) 2% (P 005
TUDCA
2
TMT  Vmax 44% (P
0.0) 74% (P 0001
(Teble 8).
xanthine oxidase,(18) ethanol oxidi-
zing system,(19) glyoxdase 1,(20) ayl aul-

fotransferase, (21) adehyde dehydro-
genase,(19) benzoyltrans-
ferese, phenylacetyltransfe-
rase,(22) aylamine N-methy-
[trandferase, TMT(D

ethanol oxidizing system,
aldehyde dehydrogenase,(23) benzoyltransferase,(24) arylamine
N-methyltransferase,(25)

T™T
@

T™T 1,2 ,3,
7,14 28
T™T

@)
T™T
T™T
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4 O;;aNa (23) (26)

(1329
TCA
TCA
4
TCA
TCA
TCA TCA
(13,26)

benzoyltranferase  arylamine N-methyltranferase
TUDCA(24,25)

TUDCA

T™T
T™T
T™T

T™T
B

TCA 1 2
T™T

TCA 2
T™MT  Vmax
4-chlorothiophenol TMT Km
TCA T™MT
TCA
Km Vmax
TUDCA 1 2 ,
TUDCA
T™T
1 2 T™MT
T™MT
TCA 1 2

T™MT

TCA T™T
TCA
(28,29)
TUDCA 1 2
T™MT
TUDCA
TMT TCA
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TCA
T™T
TCA TUDCA
T™T
TCA 1 2
T™T
TCA
1 2 T™T
TUDCA 1 2

T™T
TCA 2

TMT  Vmax

TUDCA
2 TMT  Vmax
. 4-chlorothiophenol
TMT Km
T™MT
TCA
TCA
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