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=Abstract=

We have investigated the effect of partial hepatectomy on the closely related acyl-CoA
. amino acid N-acyltransferase, benzoyltransferase and phenylacetyltransferase activities
in rat liver. Cytosolic, mitochondrial and microsomal benzoyltransferase and phenylacety—
Itransferase activities were determined in regenerating livers after 70% (median and left
lateral lobes) partial hepatectomy in rats over a pariod of ten days. The activities of both
benzoyltransferase and phenylacetyltransferase in microsome of regenerating rat liver
showed a significant increase compared to the activities from the original liver from the
first day to the third day after partial hepatectomy. The enzyme kinetic parameters of
hepatic benzoyltransferase were analyzed using benzoyl coenzyme A as a substrate with
microsomal preparations from the first day post—hepatectomy. And enzyme parameters
of hepatic phenylacetyltransferase were also analyzed using phenylacetyl coenzyme A as
a substrate with microsomal preparations from the first day post—hepatectomy. The
results indicated that although the Km values of these enzymes were about the same as
the control original liver, the Vmax values of both enzymes increased significantly. These
results, therefore, suggest that the biosynthesis of hepatic microsomal benzoyltransferase
and phenylacetyltransferase has been increased in the regenerating stage.
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M =

7re)| eEA, nlojelA wE 9)FA ) &4)o)
of7|FW TAEE |5 F5317]) 3 AAYe] &
w7 (Matsumoto & Nakamura, 1991; Tom~
iva e al, 1992; Fausto, 1994)°] &4## glon}
ofA = Zho] Aol ohdt st 2P BFE
shck, AATEe] AskErE A5 9lsiA= 339
2 T T3 35 e AAT F Ao 7Y
o] AAYx]e] nlehEl AU HPAH Rl AL
Rz 9lc}, ofs} 7ro] HF 9] 74 F URE A
At G 2kl FA3] A= o] v sz
(Becker, 1963; Tsukada & Lieberman, 1964;
Lieberman & Kane, 1965; Fausto, 1994), #
Aol 37 2719 AN E Ak 25
24317 93 o] fie] FARTF WEEc)

Benzoyltransferase (benzoyl coenzyme A:
amino acid N-acetyltransferase)$} phenyl-~
acetylransferase (phenylacetyl coenzyme A:
amino acid N-acetyltransferase)¥ A 2 4
2JF|e)E Ay ¥g (phase 2 xenobiotic bio-
transformation) &2¢] dZolH(Nandi e a7,
1979; Killenberg & Webster, 1980; Webster,
1981) ©] ZollA benzoyltransferase £ benz—
oate, salicylate, acetate, propionate, n-—
butyrate, isobutyrate, isovalerate, 3-
methylcrotonate, tiglate, methylmalonate
(Nandi & o/, 1979), 2, 4,~dichlorophenoxy-—
acetate ¥ 2, 4, 5—trichlorophenoxyacetate
(Kelley & Vessey, 1986) 5] L-glycine,
L-asparagine ¥ L-glutamine -& ¥3%s}= ®t
+& BFolsle B4R TREE 249 mito-
chondria o @& < £3E=e] it} (Webster,
1976; Nandi er o/, 1979; Kelley & Vessey,
1986). 83 phenylacetyltransferase &
phenylacetate, indolacetate, phenoxyacetate,
24-dichlorophenoxyacetate®} 242 aryl ace~
tate (Nandi eza/, 1979; Killenberg & Webster,
1980; Kelley & Vessey, 1986) 5l L-glycine,
L-asparagine ¥ L-glutamine & ¥¥3}= 1t

8 FollslE 5424 A4 £5EE 7ke) mi-
tochondria®l]l % #-¥E o] 3lt} (Webster e
al, 1976; Nandi ez o/, 1979; Kelley & Vessey,
1986). ojs} ko] o] Al A W A
= Zhol] FE EAse oy 7 &Aow A
Ao] UG Aol ME o]F Ao BAHE
Fol & Hom AR 2 o] dijt
a3 opR) giek. wpepad AT e o]F &
o] Y= HEI 73S o2 JEE A
o] AAlolE A W3 V5o dxkg veld
Ae Ao Q7

o] A7E AA7tellA benzoyltransferase £}
phenylacetyltransferase ¢] 45 HE3} 2
HE 7139 deks dolry] st A|YF oA
24 37 2ke] FR9 2HE s AT F 12
AlZHLE] 10 d7}A] eytosol, mitochondria 2
microsome #3 oA o} Fio FHEEHE F
Fatglom olge e S ARG F 1 o
A3 Fo) 2 AEREY A RN o]F Ao
714l g Km*| 9 Vmax 3§ &4l L
AL B 3Ea) ),

mrl

LA 3

Mz H YUY
1. &8 ® MA

FTEE 4 F o4 2L 271 AR AT
320~350 g°| =+ Sprague—Dawley 2] %
FHE 6 L2F o] g & A e A
Palgon g AA & F 12 A2 14, 2
o, 34,74, 2 104 °)F FE 717 50t
2 B AAIA ARl A-g-3fsic).

7 APT& pE B8 Eskglon] AY A%
of dAF £Q o7 AFEl. AR E AlEE =
ek A BT S A} AFQ A E ALRE A

A e AA e AT P 08
=
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a2

AF zrge) B A s 5F AFHE
g} AHEEE oF 2 cm A3 2k T A5
9E B flor stEstn oAdF =3 Aol
AfE AR F 4 1A BAE 2RY H
ZhdS AAS e ARG e AA L] of
70 %7} E o]A1& A&zt (original liver)o]
g R27]|= slglct.

2. A2

Benzoyl coenzyme A lithium salt, phe-
nylacetyl coenzyme A lithium salt, 5, 5'—
dithiobis(2-nitrobenzoic acid), tris (hydrox-
ymethyl) aminomethane, glycine @ w94
E2 (10 g /100 7/ bovine albumin)-2 Sigma
A () AFE A3 2 9] DA A

B FHEE Sl

I

3. & 3 NEEE

EE AYPelA 7ke] HEE 12 Az FAA
7) ¥ ether v}FslelA APty on] 5 dF
oz nel AfPste FHE A¥AANAT. 282
ol A3t - 4C9) 0.25 M sucrose B2
et 2ol del i g AATY o 2
< AEshgle} =3 AAY LA 4T 0.25
M sucrose Y22 Z835] AojA] bl o} gl
gAE 7157 & 2R AAsK . 28z AHE
7 HER 53] shisle] 3he) gel 3l
sucrose & 7 & EF AAsIG

Zre) AEEEE d7] st HER L FA
2~4TE Y74 F ZA Aoy Aoz nhgn
Egsle] 2 F F 5 g& Fslo] 9 wigke] 025
M sucrose 9-& ¥ t}f Teflon glass ho—
mogenizer (Thomas A} #}F, chamber clear—
ance 0.005~0.007 inch)& 2~4CE& 23}
A 400 rpm & SEE ZAIEYA 5 3 S5 v}
sl 10% (w/v)e) k22 Fh AL HEch
o] 7} AN REE FH3lY sucrose density
gradient A (A7 FAA, 1986)

2.2 cytosol, mitochondria ¥ microsome ¥
e FEEigich. F o] nlf A YL 571 X g
(average relative centrifugal force, ©]3} A
FIH el 10 #7F QAR st 39 m|Hl
HE, A gl g3 BES AAT o 2 A
Helg 7796 X gollA 20 £7F QA ste
pellet o} A A& dglom o] Ao &2 4
Healg- t}A] 104,000 X g oA 1 A|7F GA12g
5l pellet o A AE i), oju LS A4
alg cytosol ¥ ARgsleict. zE)a $¢)
4ol AL pellet F 0.25 M sucrose o] 3
gl o] H& 10~35% (w/v) sucrose linear
density gradient -£9-& d.& JAFE]|d AL
o F-3}5}e] 88,500 X g ellAl 15 #7F A1
slo] & GAEET FF o) Aol B4
pellet & Xo}A 88,500 X g oA 1 A7} LAE
g)5}e] pellet & €32 ©] pellet & =+ 0.25 M
sucrose o] APesl 83500 X g 1 A
7+ LA 8 pellet & 23t o] pellet &
microsome #3822 A4-3%iv}.

3 $19] 7,796 x gellA 20 £ LAEE)
= FA oA P pellet § 0.25 M sucrose &
of deslar o) W& 20~45% (w/v) sucrose
linear density gradient §9& ¥ Al
A5-of) Halsle] 45200 x g oA 20 ¥ QA
Easle] d& AAE-E 0.25 M sucrose el A
desla 7,796 X gellA] 20 £z LR st
pellet & <92 o]A-E& mitochondria ¥
o8 A3l

e} MEEEPe BE A 2~4T A
Algslglom ojuf AR8-¢k HAE-E]7]= Du Pont
Sorvall A} (»]3F)e] RC-5B refrigerated
superspeed centrifuge$} OTD-65B ultracent—
rifuge ¢k, olwl A}43%F rotor ¥ Du Pont
Sorvall A12) SS-34 9 T865 rotor ¥ su-
crose linear density gradient -£-4¢] A|ZE+=
gradient former (ISCO model 570)% A-§-3}
et
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4. Benzoyltransferase ¥ phenylacety-
ltransferase &M EXE 54 AR ZH|

Cytosol, mitochondria ¥ microsome ¥&
2] benzoyltransferase % phenylacety-
Itransferase A& ZAE °]& ¥-8& A=k
22 5 mg/mi7} 25 25 mM Tris—HCI (pH
8.0) kFdo® 3|Msle] ALg3}gic).

5. &4 #YE =5

7} 2P| ¥ #8) benzoyltransferase B4
&4 Ags} 4 benzoyl-coenzyme A $}
glycine & 7|AE A-43le] 30TeA H-gA]7]
WA 280 nm A A time scan 22 W] A
Fsto] Bl BYEE AHEFH: Webster (1981)
Wel o3}, AE EFe phenylacetyl-
transferase 4% 54L& Al8.9} ¥ pheny-
lacetyl coenzyme A ¢} glycine& 7|2A=E A}
£-8te] 30°CellA HbgAIZIEA 236 rm Sl A
time scan &% w4 Aeksle] Fgie] FAHEE
AFESlE Webster (1981)4el <Jslsiet.

o)F Eie) BHE BIE 1 Bl 1 mg o]
gl o] ukSste] AAE coenzyme A S nmol
2 vehgich

o] Ay MRt A BT A HF
=5 ¥o)7] St #E A5 Hsle] 2 3 &
Al 1 HHEAE FHFsict o] A¥eNA 7 &
& YR FA A& ¥3F=AE com-
puter controlled enzyme spectrophotom-—
eter (Varian, Cary 210)gIc}.

6. Kmx| & vmaxxle| &3

7 AAle F 1o AR 3FH 2] 2R
8§ 54 AlRsh 7t B2 72 Az Haag
A}8-8l9) benzoyltransferase 2} phenylacet—
yltransferase &) 8AEE AT F olF A
cene 1MiAE P /R Frade 1/
[SIAE AAtsle % 9= (double reci-

procal plot)E& HEF vl °)F22H5E Km
29} Vmax X5 4+ (Segel, 1976)3}4%ic}.

A2 AR Fo] vz A=RLE 05 M per-
chloric acid ¢} methanol-ether &% (3:1)
o7 JgwAS AAsl= Greenberg & Roth-
stein (1957) 2.2 &4 A& Fo s A
AF k2 biuret ¥ (Gornall e o/, 1949)2.
ererey

8. 44 A4¥

o)A HAL Student's t-test & 3}51or
Fo] 2 0.05 oJst2 3y}

Yy o

1. 81F| ZI NIZEZ0|A benzoyltransferase 2}
phenylacetyitransferase| =xj4

7k AEFEE A benzoyltransferase 2}
phenylacetyltransferase ¢ =FA3=E cytosol,
mitochondria ¥ microsome ©]$X °1§ &
o) A5} 71 B 8L mitochondria ¥
Folglon 71 5t ¥ FFHLE cytosol

F-Zolgit} (Table 1, 2).

2. BIF|IA 2 EA = X|AIZES] benzoyltra-
nsferasel| ML WE

7rd A ¥ AA7E microsome #F 9
benzoyltransferase @45+ 7k AA F 1
g, 2 d Y3 A FATHLE o3 FE
Bolc) 2 gzl |7k benzoyltransferase
A= sl 7k AA 31 Ao A=
o} 83% (P<0.0D), 2 =] AAZIANAE < 59%
(P<0.05), 3 de] AR AE < 46% (P<O.
05)2) Z718 Rgc}h ey cytosole H mi-
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Table 1. Activities of cytosolic, mitochondrial, and microsomal benzoyltransferase in
regenerating rat liver after partial hepatectomy

Benzoyltransferase activities

(nmol coenzyme A min™ mg protein™!)

Post
hepatectomy Cytosol Mitochondria Microsome
days Original liver 578 Original lver Rege]’i‘ve;ftmg Original liver Reg‘i?f;ft‘“g
0.5 72 £ 272 76 £ 310 488 * 1485 586 + 1862 284 £ 572 268 * 584
74 £ 264 64 T 248 516 £ 1278 682 * 1627 268 £ 628 492 £ 9.65%*
70 £ 247 65 L 235 521 * 1258 566 * 1482 278 = 593 442 £ 1062*
72 £ 268 68 £ 278 482 Lt 1312 547 * 1782 276 £ 58 404 = 9.86*
6 73 £ 253 67 £ 245 493 £ 1488 535 * 1426 269 = 622 314 = 6.87
10 71 £ 260 7.0 £ 227 50.7 £ 1328 482 * 1560 279 £ 596 258 = 7.63

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

Table 2. Activities of cytosolic, mitochondrial, and microsomal phenylacetyltransferase

in regeneratingrat liver after partial hepatectomy

Phenylacetyltransferase activities

Post (nmol coenzyme A min-1 mg protein-1)

hepatectomy Cytosol Mitochondria Microsome

days C Regenerating e Regenerating e Regenerating

Original liver \ Original liver . Original liver ,
liver liver liver

0.5 102 £ 277 96 £ 3.02 634 % 1368 67.2 & 1624 38.0 £ 9.62 485 + 15.46
1 98 £ 292 91 + 284 618 & 1287 648 + 1821 364 £ 9.92 107.2 = 33.25%*
2 99 £ 278 94 * 264 602 = 1265 65.6 £ 1943 37.0 = 966 634 = 18.18*
3 9.7 £ 254 96 271 593 £ 1312 668 £ 1768 359 £ 948 572 + 17.24*
6 101 £ 249 88 £ 311 637 * 12.86 55.8 = 1427 367 = 992 424 + 13.63
10 96 £ 227 93 £ 237 628 * 1316 574 + 1266 363 £ 986 326 = 9.65

The data are expressed as mean £ SD with 5 rats in each group.
Significant difference from original livers ( *;P<0.05, **;P<0.01).
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tochondria ¥%&¢] benzoyltransferase B4
EE Z42F A A7)7) Fek HEo] ¢19ic) (Table
1).

3. BFoA 2+ B = x{4zZk2 phenylace-
tyltransferasel) E4 & HE

7+ A F A7) microsome v32] phe-
nylacetyltransferase 845 7o AA 31
9,249 3 A FARHR o7 TotE
veldiglel, & dz7ed f42k9 phenyl-
acetyltransferase 84 %) v]3] 714 HA &
I do] Az AL o 195% (P<0.01), 2 42

A7 oF 71% (P<0.05), 3 Ue] A7k
AE < 59% (P<0.05)9] F71E Kyt 27
Y cytosole #-% @ mitochondria &2
phenylacetyltransferase 4 == z}7t Ay
A7zt Fak dEe] fglet (Table 2).

4. Z2vd Hul & 1 Yo &#F xHMZF microsome
20 benzoyltransferase2} phenylacet-
yltransferase2 Kmx| % VmaxX|e] H{=

7 A F 1 4] Az A microsome
#89] benzoyltransferase ¥ phenylacetyl-
tranferase ¢} Km 2ol W5o] glgic}. 18

Table 3. Microsomal henzoyltransferase kinetie parameters from regenerating rat liver

determined with benzoyl-coenzyme A

V max (nol coenzyme A

Km (mM) . .
min~mg protein)
. . Regenerating L ) Regenerating
Original liver . Original liver ]
liver liver
0.32 £ 0.07 0.29 * 0.06 34.6 * 6.58 56.4 + 11.25**

Michaelis-Menten constants for benzoyltransferase were determined using benzoyl-
coenzyme A and glycine at 30TC for microsomal fraction of original male rat livers
(original liver) and of regenerating male rat livers at 1st day after partial hepatectomy.
The data are expressed as mean = SD with 5 rats in each group.

Significant difference from original livers ( **;P<0.01).

Table 4. Microsomal phenylacetyltransferase kinetic parameters from regenerating rat
liver determined with phenylacetyl-coenzyme A

V max (nol coenzyme A

Km (mM) . ,
. min~'mg protein™)
. . Regenerating o . Regenerating
Original liver . Original liver o
liver liver

0.31 = 0.09 0.29 £ 0.07 496 + 11.42 1344 = 37.36™

Michaelis—Menten constants for phenylacetyltransferase were determined using
phenylacetyl-coenzyme A and glycine at 30C for microsomal fraction of original male
rat livers (original liver) and of regenerating male rat livers at 1st day after partial
hepatectomy.

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

Significant difference from original livers ( ** ;P<0.01).
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v} o)uf] A447ke] microsome & elA benzo-
vltransferase ¢ Vmax X]& diz23ql 987t
o] Vmax 2)2e} ¢F 63% (P<0.01)2] 715
elyIsic}. 28] 32 microsome & ¢l)A] pheny-
lacetyltranferase ¢] Vmax 2+ dlz7ed €
#7ke] Vmax 2| 5e} oF 171% (P<0.01)¢) F7}
£ vehiglcl (Table 3, 4).

h
M

i

I

74 B} 7V, Aol E AlH A vle 9 A
A 7% T B VS MR Aol RR 7t &
ko 2 A Ao] Bhibslw 712 benzoyltransferase
2} phenylacetyltransferase &= @450 HE
o] zefd Flofc}. ulejr] AAY7ke] A EE-E ol
o]F Ao BAYE WE 1 7|AE veols) B
o228 AP7Eel| o] AAe]E A WEke] )3k
NEf A& & F U&F AR AdEY =
3F Ao A7 R Agke] =BT
Asles w7 53] ko] siF 7)5e] dxde] vt
A oz Azxlc} BFH oA 7l F4i7) 7
Z 9)QS AAsIE &2 3l 93 29 v
A9 BRI 3435 AE 8
(Becker, 1963; Tsukada & Lieberman, 1964;
Lieberman & Kane, 1965; Fausto, 1994) ©]
W ZFAEE QS 5] HAla) gzl o)
FabaAlc} (Becker, 1963; Lieberman & Kane,
1965; Bucher, 1967, @743} F34, 1969).
olg} 71 zhe] A7 NE 2HE ERUAE En)
e BT AR WEsch o] it
A71e] Az oA 1 G2} HEEE Ao
E A WP 545 oF ZRR7E glen 1 S
AE =7} SotEE Aol E A W% &5

+ monoamine oxidase (A 9], 1988),

N

alcohol dehydrogenase, aldehyde dehyd-
rogenase, microsomal ethanol oxidizing sys—
tem (7)¢13] £], 1988), glyoxalase I (Principa—
to ez ad, 1983; A1, 1993) W aryl sulfotra-
nsferase (A1v]A) 2], 1995)¢|w, 2L A %7} 72}
AFE Aol E A Wgt AL glutathione

S—transferase, glutathione peroxidase (&
4] 9], 1989), xanthine oxidase, superox-—
ide dismutase (93 £}, 1987), catalase
(Lamy e o/, 1973), cholinesterase (¥x23
2], 1990), arylesterase, carboxylesterase (7]
T3 g4, 1991) 9 rhodanese (3]1993) ¢,
1993) 5¢ & 3 glvh

o] AgldllA benzoyltransferase £ pheny-
laceltransferase 9] &4Jo] 4% # zke] A®
+82 cytosol, microsome ¥ mitochondria
olglel, T3 §] £ oI5 Fho WA=
7} 713 =& #3& mitochondria #&o)ge
o o]F &e] YT} S} e B cy-
tosol #3e]gich. $j¢] AR B il THAF oA
benzoyltransferase £} phenylacetyl trans-
ferase ¢ A4 cytosol, endoplasmic reti—
culum ¥ mitochondria g} & 4 glow F
A4 mitochondria 2} Az+=lt},

o] AyNME IF ke T4 FAE QS
A F12 A2 14,249,349, 64 210
del A7 A cytosol, mitochondria o
microsome ¥#2] benzoyltransferase &

phenylacetyltransferase 452 &43}9lt}.

ERE ZhoflA] o)F Ee] FAE WF JHe] o
G dolry] Hste] 2k A F 1 o AR
F o) AAzINA o] E Fe] 7)Aol i Km 2]
9} Vmax & &A3tic}.

o] AgelA AF 2] 2kd-& HARE 3 AYzke)
microsome -8 2] benzoyltransferase &}
phenylacetyltransferase A4 EE 7+g] A
F 14, 29 9 3ol BATAR fo7t F
71e Jehgigic}h. 28y cytosol # mitochon-
dria ¥3 <4 benzoyltransferase®} phenyla-
cetyltransferase @RS 25 AY AV} &
o WES eR] ksl

olAlte] AA o g ol penzoyltransferase ¢t
phenylacetyltransferase © ZFAAo] L4337 A]
7)ol endoplasmic reticulum °l4] A%}
S7HEE AdEhe e o 5 gtk

o] AddelA 7l AAl F 1 dAle) AF AP
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Zro|A microsome ¢] benzoyltransferase £
phenylacetyltransferase ¢ Km %]} Vmax
A& A P& o Km A EF 850 9
U Vmax A& 23 2715 Jehligich. ol
7¥o] AA7rel microsome EFoA o]F &L
9] Km x)7} Wgo] glemME Vmax X7} 57}
By 2 B0t Sk A ) 2 5
Zhell 71917 Zlele} £ = gt wheba] A%k
9] endoplasmic reticulum ®l|4 °]F &9
A=} S7HR AL 2 {A ) Sk el
Azet AR 7 Aol BEgt A]7])e] A
ZrellMe Zkz2l e AAE Sl Mo At
3} bl HAde) Fr)elar (Becker, 1963; W7)A
3} 5359, 1969) ol&e Gi AR szl
t} (Dzhivanian & Ter—Dganian, 1979; Stein
et al, 1985; Schofield eral, 1987, Nagino ef o/,
1989; Dixit ez o, 1992)2 e}, o]d P}
7 ZF AL 99 52 oz WA A} A
P Folghs A (7% 9, 1986, +2A 9,
1988; F&2] 9], 1989)%. QloE g o] Ay eA
243} benzoyltransferase 2} phenyl-
acetyltransferase = 7t A= FAFT &4
7} opdzl AR}, e o] AYgkezE A
A7kl A o]F Ee] §A F7H7F ofd Uald
23 ot Az FsA dstr)E ¥
t}, whebd] A AWzre] endoplasmic reticulum
ol o]F B e Ut Al 7)AE £
3] 7] YA oS dTsliof jiel

o] =AY AT o] AY AFE E o
7 Zke] microsome ¥#& 2} benzoyltransferase
3} phenylacetyltransferase = o] gk
21718 Az AN E 2 o] FIHEE AR
A=},

(@] OF
i =

A7kl A benzoyltransferasesl phenylac-
etyltransferase 9] AR HEE dolrr] ¢
sto] 3F 9] b RE AAT F 7 A)7)e] A
A7re] ATRE A o5 Eo BYES X

3= A olE E29 Km A9} Vmax & ¥
7| &35}t AF7 AF B84 benzoyltra-
nsferase ¢} phenylacetyltransferase ¢ <3|
2% cytosol, mitochondria ¥ micrsome #
Fojgict.

37 7Y A EE microsome -3 ol A
a7k A 51,2 9 3de]] BARMOR fro
T F7HE JErgi

7V A 31 Le] 37 A7 A microsome
B8 9] henzoyltransferase ¢ phenylacety—
Itransferase ¢] Km el #E0] $igich 18
L} o] BB A o]F B Vmax e % #
23 F7HE v siv

o]Ake] ZAz}ellA #F Zke] microsome ¥
A benzoyltransferase ¢ phenylacety-
ltransferase & 20| 43t A7) A7k
e 2 Fe] FUElw B4R A

f

I
Y
ro

Z&4), g4 A A B8 1. Mito-
chondria ¥ Microsome 2| ¥, %o/ 5=
#% 1986;5(1):45-53.

FE4], 3], Frd, o143 IF APzt
Glutathione S—Transferase @ Glutathione
reductase & #X). A5e/ofi=F5 19898
(1):78-86.

HA71A, F3.9: Ethionine ©] WA A Bzke] <
Mol vXE F3. FFIHFR 196910
(1):183-188.

o3, Exd, A, o)A 7 A8
Xanthine Oxidase ] B4x|, A%-o) =
Z 1987;6(1):95-101,

A3, Bad, FE2A, 9% 22 A
AN ErFe] YA, AF e 1988;
7(2):280-287.

A3, 2744, #24: 27 A4¥2s] Rho-
danese o] A%, AF.ovfE5 1993;12(4):
447-454,

A&, 4 A3 A7k Carboxyle—
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