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Distribution of Murine Tissue Specific y-Glutamyltransferase:

—Comparison of Six Monoclonal Antibody Applications in Enzyme Linked Immunosorbent Assay,

Radioimmunoassay, Immunohistochemistry, and Autoradiography-—

Meyoung-kon Kim, M.D., Youn-Kyu Park, M.D. and Chéng-Kun Ryu, M.D.

Department of Biochemistry, College of Medicine, Korea University, Seoul, Korea

y-Glutamyltransferase (GGT: E.C. 2.3.2.2.) is a glycoprotein enzyme which is involved in glutath-
ione metabolism and amino acid transport through the plasma membrane. It is distributed widely in
several organs including liver and kidney. Several isozymes of GGT have been reported and some of
the isozymes may be associated with hepatocarcinogenesis.

We have produced six monoclnal antibodies (mAbs) against GGT purified from the liver of
2-acetamidofluorene (AAF) treated rats. All of the six mAbs were obtained by immunizing mice with
liver GGT. Six hybridomas which produced anti-GGT Abs were extensively subcloned and injected
into the peritoneal cavity of BALB/c mice to obtain large quantities of Abs. These mAbs were
purified from ascites by ammonium sulfate precipitation and protein A sepharose CL-4B column
chromatography.

Using these mAbs we proformed enzyme-linked immunosorbent assay (ELISA), radioimmunoassay
(RIA), immunohistochemistry (IHC), and autoradiography (ARG) to study the distribution of GGT
isozyme in tissue. The results indicate that GGT-mAb 1 is specific for the AAF treated liver GGT,
GGT-mAb 5 for the normal liver GGT, and GGT-mAb 6 for the normal kindey GGT. These mAbs
may be used to evaluate the distribution of GGT isozymes in different tissues.
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Table 1. Purification of y-Glutamyltransferase (GGT) Derived from the Liver of 2-Acetamidofluorene (AAF)

Treated Rat
Step Total Total Specific Purifi- Yield
protein GGT GGT cation %)
(mg) sctivity activity fold
U) (U/mg)

Homogenation 34475.0 604.4 0.1 1.0 100.0

Papain treatment
& ASF*(45~90%) 1407.4 419.7 0.3 2.6°(4.0)¢ 69.4
Ion echange chroma.” 70.0 367.3 5.3 42.6°(21.7)¢ 60.8
Affinity chroma.? 8.6 177.8 20.7 167.9°(67.4)¢ 29.4
Gel filtration chroma.® 1.9 125.6 66.1 550.9°(75.6)¢ 20.8

a: Amomonium sulfate fractionation. b: chromatography. c¢: This work. d: CN, Lee etal. Korea UMJ 24(3):122, 1987.
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Table 2. Enzyme-linked Immunosorbent Asay (ELISA) for Detection of Anti-GGT Antibodies in Sera of GGT
Immunized Mice

Mouse GGT Anti-GGT antibody screening®

(Sex/ Group- Initi- First Second Final

B.W.2) Organ® ation booster booster booster
1(#/25) AAF-Li 80 640 2,560 >5,120
2(%/28) AAF-Li 40 640 1,280 >5,120
3(%/28) AAF-Li 160 640 5,120 >5,120
4(%/28) AAF-Li 160 320 640 >5,120
5(%/30) AAF-Li 80 1,280 5,120 >5,120
6(%/30) AAF-Li 160 1,280 2,560 >5,120
7(%/30)¢ AAF-Li 320 1,280 2,560 >5,120
8(5/30)¢ AAF-Li 160 1,280 5,120 >5,120
9(2/32) AAF-Li 80 320 1,280 >5,120

10( 3% /35)¢ AAF-Li 160 320 1,280 >5,120

a: Body weight (g). b: GGT of the liver of AAF treated rat. c: Titration data of two-fold serial dilution analysis.
d: These mice were ruled out due to morsus in tail.

Table 3. Mass Production of Monoclonal Anti-GGT Antibodies in Mouse Ascites

Average Protein(con/cerl'l)trationa Total amount
; ascites mg/m [

Hybridoma volume immunoglobulin®

(ml/mouse) Crude ASPr IAC (mg)
GGT-Hyb 1 5.0 32.58 4.91 2.05 1.83
GGT-Hyb 2 6.0 26.75 1.46 1.11 0.85
GGT-Hyb 3 6.5 25.40 0.37 0.29 0.15
GGT-Hyb 4 6.5 26.85 1.46 1.30 1.24
GGT-Hyb 5 5.5 23.11 2.18 1.87 1.60
GGT-Hyb 6 3.5 31.12 23.66 17.54 11.25

a: Lowry method. b: ¢ d: These data were calculated by the method of Langone etal'®,
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6.33%) AZEF 453 F AW A Fu] A oF A ol gloiME AMA el g A e, WAR
Aure-4 wolnk, tlZFEAS ZE hybridoma cell  10=}2] & pristaneo] 2% Eut 2pFo ok Hulule

%)

o

O

< A7) $)5hed ubE 2133 cloning A3 1xbellA 14 W E-7}U hybridoma cell ¢ 85Fox Fubs$ v
A, 2xtoll A 1570, 3akol Al 670 9 hybridoma cell o] 73$olgirt, WAFE F GGTHAE w284
clones® #2] Ig subisotypingd Al8ste] 4Al23t" 2 Fe| ammonium sulfate precipitation®} 4313}
subisotyped F3tet. #F 6719 hybridoma cell 2z wE et s Adste] At 674e] PFLEE
line secreting monoclonal anti-GGT antibody FGGTaA (GGT-mAb 1-6) 232 9w, e &
1~6(GGT-Hyb 1-6)7} 2| %l 3l =} (Table 3). g chilA = 27t B 5,673 4.03mg/mlE

Hybridoma cell clones® 48=8]9] =} B €}l 9l o} (Table 3).
=aql5to] 149 clonewt M3 B9 2o H3F 5.5
ml, A Es= HF 27.64mg/mlo}ic}(Table
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Table 4. Type and Amount of Monoclonal Anti-GGT Antibodies

Designa- Hybridoma Total Type of Type of Total amount .og
tion volume binding Immuno- immunoglobulin
(ml) rat GGT globulin®
’ (Azso) (mg)
GGT-mAb 1 GGT-Hyb 1 6.0 AAF-Li¢ 1gG2a 0.439 1.83
GGT-mAb 2 GGT-Hyb 2 7.0 AAF-Li 1gG2b 0.175 1.85
GGT-mAb 3 GGT-Hyb 3 7.0 AAF-Li 1gG2b 0.031 1.15
GGT-mAb 4 GGT-Hyb 4 14.0 All IgG2a 0.128 1.24
GGT-mAb 5 GGT-Hyb 5 13.0 NI-Lj¢ IeM 0.177 1.60
GGT-mAb 6 GGT-Hyb 6 13.0 NI-K¢ I1gG2a 1.246 11.25

a: These data were calculated by the method of Langone et al'®. b: These results were obtained by immunoglobulin
subisotyping after third cloning. c: GGT of the liver of AAF treated rat. d: GGT of the liver of normal rat. e:

GGT of the kidney of normal rat.

A

3 4

Fig. 1. Electrophoretic (SDS-PAGE) pattern of GGTs
of rats in silver stain (A) and of moncolonal
anti-GGT antibodies in Coomassie blue stain
(B)
1: AAF treated rat liver GGT. 2: Normal rat
liver GGT. 3: Mouse ascites. 4: Fraction after
ammonium sulfate precipitation.
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ing % 157§ hybridoma cell clones®] At&ux] 2 44
3 A3 1gG2a 371, IgG2b 270, IgG2b 271, IgM 1A
ololi, 67He HALE FGCTHAY Ig A% A

Ay B3 0.366, £& %2 H 9.8ml, Ig
2 3 2.82mge| it} (Table 4),

A7)195& SDS-PAGE Aol A AATS 71 =7
GGT® 210, 150, 110, 45, 30 Kd F#%olA 572 &
e 39w WeolEA FoEe 7kz3 GGT+ 140,
100, 40Kd H-$ioll4 3709 &34 274 2ot (Fig.
1). th3o2 PAGE Ao+ 40Kd %¥ 200 Kd7HA]
o 9ol A ¥-8) Farg e ek (Fig. 2).

AA G GGTE A &2 SDS-PAGEE A)gsle] ol &
gel$ Western blotdle] A& GGTEA 9} vk
A]7] hybridizationdt A3} &4 FoiF o AL
9 7+ 24 GGTE 2F 40Kd £4ollA] o4& o
sl (Fig. 3).
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GGToll vla &-& 348 el o] Western hybrid-
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RS A 10100~80022 4w EA

1:100~3,20000 ®jsff Aoz g 4£Folqle

7+ GGTe Fﬂﬁﬂ AclA v sfey wehEd Foig
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o2 g a‘%% FGCTHA Eof vl & AL 2
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Fig. 2. Electrophoretic (PAGE) pattern and enzyme stain of GGTs of
rats in coomassie blue and silver stain (A) and in enzyme stain
with L-y-glutamyl- o-nitroanilide (B)
1: GGT of the liver of AAF treated rat. 2. GGT of the liver of
normal rat.

Table 5. Enzyme-linked Immunosorbent Assay (ELISA) and Radioimmunoassay (RIA) for Determination of
Anti-GGT Antibodies Binding to Tissue Specific GGT

Design- Type of Type of rat GGT coated in ELISA and RIA®
ation binding

rat GGT AAF-Li® NI-Li NI-K¢

in W-blot ELISA/RIA ELISA/RIA ELISA/RIA
GGT-MAbDb 1 AAF-Li* 1,600/400 100/200 100/400
GGT-MAD 2 AAF-Li 1,600 100 50
GGT-MAb 3 AAF-Li 3,200 200 200
GGT-MAD 4 All 3,200 100 50
GGT-MAb 5 NI-Li 800/200 400/800 50/100
GGT-MAD 6 NI-K¢ 1,600/100 200/200 100/400

a: Titration data of two-fold serial dilution analysis. b: GGT of the liver of AAF treated rat. ¢: GGT of the the liver
of normal rat. d: GGT of the kidney of normal rat.

Table 6. Antigen-antibody Reaction between Three GGTs and Six Monoclonal Anti-GGT Antibodies in Western
Hybridization (W-hyb), Enzyme-linked Immunosorbent Assay (ELISA), RadioImmunoassay (RIA),
Immunohistochemistry (IHC), and Autoradiography (ARG)

Design- Type of Type of W-hyb ELISA/RIA THC ARG
ation binding binding

rat GGT rat GGT

in W-blot
GGT-mAb 1 AAF-Li® + + + + +
GGT-mAb 2 AAF-Li + + + + +
GGT-mAb 3 AAF-Li + + + + +
GGT-mAb 4 Al + + —d + +
GGT-mAb 5 NI-Li® + + + _
GGT-mAb 6 NI-K¢ + + + + +

a: GGT of the liver of AAF treated rat. b: GGT of of the liver of normal rat. ¢: GGT of the kidney of normal rat.
d: This result was not worked out.
- . negative. *: tfrace. +: positive.
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9t} (Table 5, 6).

A EE FGGTIA Y Wz 3R ALTHC) A
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— 40 kd

Fig. 3. Western hybridization of GGT transferred to
nitrocellulose membrane with monocolonal
anti-GGT antibodies
A: GGT-mAb 1. B: GGT-mAb 5.

1. GGT of the liver of AAF treated rat.
2: GGT of the liver of normal rat.
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3L Hoj& 4S 29} (Fig. 4.C, D).
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Fig. 4. Immunohistochemical expression between GGT in the liver of AAF treated rat (AAF-Li) and
monoclonal anti-rat GGT antibodies.
A and B: AAF-Li (3 cycles) and GGT-mAb 2. C and D: AAF-Li (5 cycles) and GGT-mAb3.
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A ) B

Fig. 5. Autoradiographic appearances between GGT
in the livers (AAF-Li, N1-Li) and spleen (AAF-
Sp) of rats and monoclonal anti-GGT anti-
bodies
A: AAF-Li and GGT-mAb 1. B. AAF-Li and
GGT-mAb 5. C: NI-Li and GGT-mAb 1. D:
NLI.Li and GGT-mAb 5. E: AAF-Sp and
GGT-mAb 1. F: AAF-Sp and GGT-mAbD 5.
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Dunsford 5, Kojima 5292] 2195 Abo|§ A2
ol 5o 7 91 AE ttzre A oo g oE
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precipitation® A|#3 A& & Ige] heavyel light
chain®] ¥ -&lo| 33k v} g9 A7 AP A
2 ¢+ IR (Fig. 1. B),
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AT FAA 9 39 glycosylationd w3}
%38 v} tailing 478 Hof A& FAgREo] oy
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Western hybridization 34 % nitrocellulose me-
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Aot FAd RulREe 2w, ¥AY FAHEAE
prestained SDS-PAGE standard solution (Sigma
Co., MO) 3 A}-g3to 24 A2 c}-E Western hybridi-
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+ Dunsford %] transplantable Morris hepatoma
o] GGTE AT OV-6 52 BAFE Ao 56 Kd
919 GGT subunite] FA-SE BHohe Ade o
£ 4o r e WA 7} Fygolats T4 R4
o] ot E gl e AR o E FYFo] wdE
FA 7L A" 4 Q7] WELR AaFd, H 2
Yol A dotEgd FodF 4 AT 2 23 GGT
F 40 Kd F-HollA FAube& vepligled o+ A
T FLFE FGCTIA Y 57} davhe oA F
S5}, 54 GGTEE o 233 BYFE FGCTIHA
= o GGT #3elA+ A ukgskA ¢stet, ol
& AFAE g F2ell dAA 2 EAFE AAn
G delo] dAAAYE 24 54 4 ddE
FGGCTEA 7 Az o FUAAAI ] AET 715
of 2 fd4le] e AeE B oo ¥ A7+ &
Foltt,

b rhu

M o

3. A E FGOTHH 2 HAZYY HE

HUTE FCEETRASH GETS FUFALS 49
$¢ 224 A9% E4AA594 (ELISA)oIA ¢
Hazozt ALPlA B sha FLFAL
HBWA, P AEFOZE thea8] B4 Aol

o ox M

Aol & Park 5190] A& 712 FGCTEH, °olF
o= mp&s0] B4 i ammonium sulfate precipi-
tationg A& g 3] Fo] I A ubSA HA
sk,

aadd=2AY4 67019 GGT-mAbS #HE3 A
(Table 5, 6)+ Taniguchi® 5-°} human primary he-
patoma GGTol t§ &2 y-1209 24 Fol
GGTY Z4ddEAYA Aol AstAol] it 2aet
$-218 A3 &, Western hybridization 4 o= %
z7 9] GGTollzt AeiAql vk JA-& veld drjet
E aadgEAgdE O 249 GETAHAE &
2 ko] doid F glema 3 A ARALE F3%
o] Az} $4E stojof gk ¥ob, mg YAHESA
W (RIA) 9] Z e} wjaste] & o E4HASH Y
73€ Western hybridization®} & dg4& Ho|&
v} Yk Eo| ol A nldhe Aoz 2o, U4t
s v g S g o] digt Edwards®9|
Aol wad Wy Aukge] pH, 2% 59 8
35t4 W L Bx gong e AgzedA
o 23 A ALy dule Sl M vy
o] Wit o 2 AW L F713lR] E3hd, HlHAb
29 A WA A 8] gl A, §4

O

£ Al a7l Arke d, EXF £
FAHol dage A4 dvhe A 5 olfE 2 A
o] Zr}ske FAlol ek & vl ¥ Age] AAE oo
ute} Ao 4 olek 5l
o zA8a g4 (THC) 4 6719 GGT-mAbe A&
3t A3 GGT-mAb 3¢ 7% (Fig. 4. C,D) Hixon
S0l WA Fof WA oval cellsol] A ©dF
B34 258.7 9 270.115 {AHg Ao, GGT-
mAb 298] 7% (Fig. 4. A,B)+= 7t 23 GGTel =3 4
AAA BiE Hixons*¥, Taniguchi%®, Dunsfor
99 BlUEE FGCTHAE 44 AFodiMe £
9% central vein® vl2 13 3 £.9] 2] hepatocyteol]
ot FAHESS Rol: H5% fAolgich, =3 GGT-
mAb 2¢] 7% A4F 7k 24L& Cameron 592 w4
o &8l 3cycles & 155 59 AAFE T3 ZQlH],
Dunsford $9¢] A|4-3 gl diethylnitrosoamine %o 5
F F4¥ periportal areaciA] F8 TUAFE FA
H-4ol| kA uke& Mol AlZ7} 5439t A e}
kR o] ol X718 v md & W Az g PERE Y

3

— 120 —



—Meyoung Kon Kim, et al.: Distribution of Murine Tiussue Specific 7-Glutamyltransferase—

£

oteleiol ofgl i 7*1}‘“/} st AT &R
(ARG)E " 54 o ole] 34 e e
z# 2 photographic plate 4} ol /| u}-¢-3}e] radio-
graph% A 23l 7|< 2 magnification®] A5, A&
3 emunlsion ¥ BAIA SR Y 49 £H S ugt
FF5+£0), Laskey 5 film imagesE: A 4]7)
71 Y& o] &= YA scintillation®] £Fo) whalt
*H, *C, *S 59 wAAEAd 4ol 45+ organic
scitillators} 12519} 2P S ol w299l 4o Al 25
+ intensifying screens® @ zp7HlAL7| EAALE H B
5 gl ArbuA)E A ALE &AL 3 A8,

570
ol ¢
A=,

dRlz 5o oA HAzA S Al ¥

>

e 7% dubdal A pkaisl AL wkyal
silver crystal % gelating &3 emulsion®} 34 A
3l developer® A&3ie Wy Halx gxn B4
sheep anti-mouse Igell &4:9] peroxidase T4l H+
AEALLS] 1% BT 24 FA S AHEshe w S
gelgey 1 7540{] glofAl kA H-S2

293 T8 25T -’T— U 278 Bodnh, A hukab
E7A Fg) 3
emulsion Az A EH development AHel, 17} O]*‘-Qi
particlee] siver crystal® w33 7154,
latent imaged] 44 AX 5% F F Y& 01 ol
] z270] A3slg] e emulsion?} developerE
AEetA Gl E AE A5 AAE Je ez A
S},

olAate] Az u]F

j 5
EARSEY, YARAEAE, WAz e

a8 n ApAA SR A gL 25 Absela
3 9% Al A Aol ol AR FAG
4% Boleh (Table 6), 12} 7 AR whoh 2 g
2 HEE Astol AL o AAl AT PSS
HolwA & e Aol HHHE S4USE wolt
Q- AL A} 7k} Folo] e Wel FAH H4 °

Ao ARE A% GAARLAY, A $9 3
o) 2F5oixlol ¥ Aoz Bu,
2 =

g d 22 3 GGT & Al (monoclonal anti-y-
glutamyltransferase antibodies) & ©]-&3ko] Ao
A2 GGT ¥xof dld &4 HolA& ¥z} 4
Foj el 7k 2o g e AT GCTE o2 vh
2ol HAsto] & wF AL} whtA FFFAL
(SP2-Agl4) & A Z-4%, hybridoma cell& A “8}03
o oIE ol bl G HGOTHAE 3

A al Ak Al < ARrsga, ol
9 (ELISA), "'J/\]-"‘ic’ 22449 (RIA),
AHIHC), A7 157 AHARG) 5o A
= o7 72,

ubol g2l (AAF) EolFe 7l Aoz EE A
.8%, Al 550.9902 FA =)
o, A i%f&% Eol g a g 6.33%= 67
hybridoma cell clones (GGT-Hyb 1~6)% ¥ 2 3} 3
tt,

2) HAZE FCETEAY AA F A
371, IgG2b 274, IgM 1A 5
immunoglobuling Z g
(GGT-mAb 1-6)%
A GGT-mAb 1-3&
%, GGT-mAb 5& AT ﬂ

FE3

t;‘_kiniohié

e Az 1gG2a
- 67}A1 2, T 2.82mge]
Z3ste DA FE FGCTEA
°é‘} i, Western hybridization
okEA (AAF) Foigo 7t =

z7 GGT 40Kd+-3

ol 4] 747} whE-stgla o GGTQ} A3 uh3-slA %
gket,

3) DUAZE FCCTHA o EawAZAY, o
A& Ay, Wzl ArpEAEA A
5o 4L 2% 7Hsds

olA-g Feslel & wl wUkEA FoiTd 2 24
GGToll g =Y ZE FGCTEA S48 & + 3
B, o1 34 Y Wt HAZAH Sol ALl b
S Babo] WA e 22w GGTY +2 3 4 54
L WEY 4 Addler, vobst A=A A%, 59
7k Eoke] 27 Ak AR 7 2ARE A bR A
oz 2ot
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