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phosphate-buffered saline.
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(pH7.5) TY¥EHL L7, BHEWCEKR) Xy 77—
PB 74 (Pharmacia) & 77V <% 5 4 k 2.5-5
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B #
. EWE, RS LEHF, FHERESLUVERE
D y-GTP D¥EH

B y-GTP ORBLERE R 1 ICFET L TH
D, BB T O LIE Y 816 mU/mg protein T, 7
FEFa—-NLEEE MY b2 X100 TREEL 2B
RE &L T, RERMEEIZ 995 1%, INRIX 13%TH -
fo. =7, EEE, EEFR, FHlags X CEEEn
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mU/mg protein & 14%, 1230 mU/mg protein &

Table 1. Purification profile of y-GTP from pancreatic cancer.

st Total Total Total Specilic Total Yield(%)
ep volume(ml)  protein(mg)  activity(mU) activity(mU/mg) purification(-fold)

Sodium deoxycholate and 1,300 130,936 108 x10' 0.82 1 100

Triton X-100 extraction
Acetone precipitation 1,000 4,484 63.0X10° 14.0 17 58
Bromelain treatment 1,000 2,114 50.0%10* 23.7 23 46
Chromatography on 440 352.0 27.0%10° 78.8 96 26

DEAE-Sepharose fast flow
Chromatography on 400 40.0 23.6x10* 590 . 720 23

Phenyl-Sepharose CL-4B
Chromatography en 18 17.6 14.4x10? 816 995 13

MonoQ HR 5/5

~ +

NP | _ +
NP 2

PCa. | N.P.

PCa 2 N.K.

N.L.
PCa.3
HCC |
PCa.4 ce 2
L H
PCa.5

Fig.1. Electrophoretic pattern of the purified y-
GTP fractions using 8-25% polyacrylamide
gradient gel slah. Case 1 (N.P. 1) and case 2 (N.P.
2) of normal pancreas, and case 1 (P.Ca. 1), case 2
(P.Ca. 2), case 3 (P.Ca. 3), case 4 (P.Ca. 4) and case
5 (P.Ca. 5) of pancreatic cancers.

Fig.2. Electrophoretic pattern of the purified y-
GTP fractions using 8-25% polyacrylamide
gradient gel slab. Normal pancreas (N.P.),
normal kidney (N.K.), normal liver (N.L.), and
casel (HCC1) and case2 (HCC2) of hepat-
ocellular carcinomas.
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12%, 2270 mU/mg protein & 11%, 4884 mU/mg
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1. Con A =37 »38fni4

FERKEyGTPD 26D Con ARERIZAZN
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D 2% (EBRIS, 5) XEThZh89%, 99% L &iE%
AUtz &2, EEFF v-GTP @ Con A #&%IE 90%

Table 2.

THo7eDERL, AFHIIERE y-GTP D 241k 2 hz
195%, 7% L PeECon ABERERLE, —
7, EEE v-GTP 13 15% &{Ev> Con A EEELRL
7= (F2).

ZD &5, Con A DFE, EE OSBRI TEN
D DEEMNA LN, £z, BE v-GTP it
5Bth 3B TEEEE -GTP A D Con A BEE%
ERL7DY, Mo 2 FITiRERs ML, ConA
T BEAMEOEL > T A AEEMMRIE S I,

2. LCA (=31 s 8

EER y-GTP D 2z 2 h®h 17%, 20% D LCA
EERERTOWHBL, BEy-GTP Tk 54ld4
Bl (FEBIL, 3, 4, 5)2530%LALEDE W LCARS
RERULK (F2). g7, EEF y-GTP Ik 4%
LCA EAXERTO WL, FFHllERE y-GTP D 2
FliZv i d S0%FERDOBE W LCA AL LR LI,
—%, EEE v-GTP D LCAHEELIZ 0% TLCA »
ZALFEE Lot

UEDZ &L, BRE y-GTP 3R v-GTP &
FRRIC, %< DBE LCA L TEMMEOEMT 3
bDEEZ NI,

3. E-PHA (=34 a8k

B3 3 & U 4 13 B v-GTP © E-PHA Bl
ATLhIARNTTT7 4 =D — 2 ERT. EEE
vGTP L EEF yGTP R EbBE /47 3 =5
FHBICEFEE L, EPHAY S A% F@EDL, E
PHA L TR MM 2R & kot —H, KB
y-GTP T2 5 B9 2 B (FEf12, 4)#%E-PHA ont

Affinity of 7 -GTPs purified from normal pancreas, pancreatic

cancer, normal liver, hepatocellular carcinoma and normal kidney
to Con A-and LCA-Sepharose column.

Tissue

Con A-bound fraction

LCA-bound fraction

Normal pancreas
case 1
case 2
Pancreatic Ca.
case 1
case 2
case 3
case 4
case 5
Normal liver
Hepatocellular Ca.
case 1
case 2
Normal kidney

78
7

77
78
89
78
99
90

95
97

%
%

17 %
20 %

%
%
%
%
%
%

37T %
11 %
31 %
37 %
4T %
34 %

% 48 %
% 54 %
% 0%
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Fig.3. Affinity chromatography of y-GTPs purified from normal pancreas (case 1,2)
and pancreatic cancers (case 1,2,3,4,5) on an E-PHA agarose column. The arrows
show where elution was begun with 6.7 mM KH,PO,, 1.0 M NaCl. e—e, y.GTP
without neuraminidase treatment ; O« O, y-GTP with neuraminidase treatment.
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BED y-GTP TH, —We777yavilicE—2%
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7ERLE. IR, YT VEEER £ E-PHA CRL
BRME2ET 2B EHL, EPHA Ioxd 2 8N
MRLDERICE sl EBbili,

. HEAnHkE

5 & y-GTP D/ 4 5 3 =¥ — LA
s v s buZg—hyrrsrur s Ig
T4 =X BBHEERT. I & D RO LEBHEB -
GTPOEBHERIWRT L THS, EEE v
GTP 2 HIDFEST VTR L 4.0 Tho7/2. — 7,

Normal liver

5% y-GTP OSESIMESIIC LIV EL > T3 LD,
LENLEREE y-GTP L THETH D, Kb -
GTP t ERK y-GTP ORI idEE ST h o
Ens o, EHEF y-GTP LAFHEERE v-GTP 1
DVTAHTH, FIROBEOEHSE L HEk, FME .
GTPOEEAREREN yCTPOZN LV EETSH
D, LA THE y-GTP L TLBWEES+%
L.,

AT —CAE®R T, & y-GTP %
BADEIE6.055 6.2 DMICHEIL, SEEMs
I3RS EEEBOMOSESDOEREAS
nilmorz, L, B y-GTP Tl 5 fid 24
GEFI1, 5) »Zh®N5.2, 5.6 & HEME-SE
BHERL, /47128 —YHEERLEREy-GTPO
FEAIEE LT s,

IV. &t

B 6 chifke LThit B y-GTP HifE%, HEL
U CIEREE, BERE, ERA, Flgs L UvERED

Normal kidney

6.7mM KH:POu 6.7mM KH:1PO«
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I
} bR
&0 100 "
i
[
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. |' b‘
~ H ! ‘t)
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|
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4 ey Vg, '
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~ 0 T T g T
> 20 40 20 40
=
>
2
o
© Hepatocellular Ca.
o
-
o}
1 ( casel) ( case2 )
-
100+ 1 R‘ 100
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Fraction number
Fig. 4. Affinity chromatography of y-GTPs purified from normal liver, normal kidney
and hepatocellular carcinomas (case1,2) on an E-PHA agarose column. The

arrows show where elution was begun with 6.7 mM KH,PO,, 1.0 M NaCl.

oe—o,

v-GTP without neuraminidase treatment; O©----- O, y-GTP with neuraminidase

treatment.
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Fig. 5. Electrofocusing column chromatography of ¢-GTPs purified from normal

pancreas (case 1), pancretic cancer {(case 1), normal liver, hepatocellular carcinoma

(case 1) and normal kidney.

®—8& y-

GTP without neuraminidase treatment ;

Qe O, y-GTP with neuraminidase treatment.
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Table 3. Isoelectric points of 7 -GTPs purified from normal pancreas,
pancreatic cancer, normal liver, hepatocellular carcinoma and

normal kidney.

Tissue inidace treaiment)  middoss. resiment)
Normal pancreas

case 1 4.0 6.1

case 2 4.0 6.2
Pancreatic Ca.

case 1 4.3 5.2

case 2 5.9 8.0

case 3 4.9 8.0

case 4 4.5 6.2

case 5 4.1 5.6
Normal liver 4.1 6.0
Hepatocellular Ca.

case 1 6.0 6.2

case 2 5.8 6.0
Normal kidney 4.7

Fig.6. Double immunodiffusion in agarose gel
stained with y-GTP activity. y-GTPs purified
from normal pancreas (N.P.), pancreatic cancer
(P.Ca.), normal liver (N.L.), hepatocellular
carcinoma (HCC) and normal kidney (N.K.).
Antibody against y-GTP purified from normal
kidney (Ab).

FEEEE R ILBRIR L, ZOBEOBENE(LE Bk
WHHSIZLTWS, 20X H iz, 8k v-GTP 0%
i owTiE, EoFEERiLe LTHEasNTE
7z,

—7, BZBWTh y-GTPEREOE W I LS
LTV 30008, BEED »-GTP 2DV THREF L 72558
FIIOSWOIMELN T2, TR LS &, EER
v-GTP L& y-GTP O ToF&, EES, ConA
2 LCA KT 2 IR ¥ OB S i
Ri@vonisdolb L, B y-GTP OBHEL

MU TIEEENRREN L IN TS, EEI0L
I BEEFPL»ICT B0, FESEELBO TS
55 y-GTP 2R, AL AETHRE L LT
EE, FFHEES L UEEED y-GTP LB LK
2o, FREREOVLTHRE2EAL, —RICBEET
H5 y-GTP DEREGRL 2B E 0, EEICHNT3
Km {8, E# pH, §ESBA 4 V12 L 288, 8ET
TBOT 77— LTORIG, S0y
HEAERIZ DL THRETRETH S I, Lol
EEOZRBHEBD v-GTP 5 5 W IZED yv-GTP O
HREEBRT L REROBRE AL L, TN LERY
BRI ER T2 <, FFRO »-GTP T3 FEHE L
DIRFEETET 2 FENRESN T8, Dk
SREEERLT, AMRTIREL L TEHBAOE
tERMT2EEL 7 Frond 3 KIG, BREHE
REEAOE B ERLE L TR EERATDIT
H5,

Y, REXHRHFEL CTERELLFE M »-GTPH
{& % Fi\> T Ouchterlony i%i2 & © Z O fEERE
7ol 25, BIE - GTP IZEEERHOEED
y-GTP L uEEM e HBOTRER2ELTE Y, &
Y7z a—FVRAETHRET 2R T, & y-GTP
WIETESR, MG SN TV A THIRERE - GTP S L [Afk
2, FEFRCEREcEREED s,

BRKBEICDVWTHD L, BEEy-GTP OkEE
EFIC LD HE VR 0D, 5Hid 4 FITEER
y-GTP B L TH s » B VLIRBE SR L., &
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7z, FPHIEESRE v-GTP b IEEAF y-GTP WL L TS
PICVKEBIESEBNTE D, BB v-GTP & IFHRE -
GTPEVWINbRREFAEE*ET2ELERLT
w5, BRKENIBITA DL 5% v-GTP OkBE
OERIE, 7, FBEROWECHEL525V7
Ve ¥ OWERBEOE (LS L Ty 3 TR 5T
iz, BRI, SHEBO y-GTP 0SB S 2 HEL
TH5k, EREy-GTP L EEF y-GTPOEES
BB 5L 4.08BTHD, —F, BE y-GTP L T4
fafg v-GTP DEEBELIMESNIC I D ER 2 DD, *
NEFNIEERE v-GTP L E¥HF »-GTP ittt L THEW
BEERELT W, 851, /45125 —VYE
WED YT AMBEERET S &, BEE L FEEBRD 4
CTPDEBHOENNELS BB ED, EEy
GTP B & U Mifa/E y-GTP X EHE#H D y-GTP
KHLTYTABEROD k> T\ 3 2 Lo
ENB. ZDI XTIy EKIE AH-66 TELS
h2 y-GTP Tl 2 ORMEREHESEIOL, EFwcL
TEBESDELL-2TVEEVI Ty MTBT B
Y LA T D SRR,

y-GTP oS CEL TR, EEOHALBYT
BT AN F REEEHETE Y/ — AR - 24
REEGHEBEE, R ZENPe IR T L
0 2 I THEMEB L ) SBBE L v-GTP 0%
EEEOENER:2A L LI, &EV 7 F VN
ATLT7OTNTTT 4 =2k BBEEITo

Con A DIFE, Bv >/ —AMPERR A~ /) —R
BEDCAKBEAELLENTF LI L 3 v
(bisecting N-acetylglucosamine, bisecting GlcNAc)
RHE RV 2ABOESHEH BSOS 2 Z Lot
Mo T3, SEORETE, SERETConA
PR re Y DERENASAIZ L LD, y-GTP
OFEHBEICIEREEEOS 2 L2 IBbRs, ¥
72, BE y-GTP T3 —OEF CIERE »-GTP 12
LT Con ABEEOEIINASNTED, BEy
GTP it Con A BRI ICBIS ¥ 2 581 B ML D
FREL TS AHEENTRBEN D,

LCA R 2 RSO EEOBITRIED 7 29— X LB
BIICRIET 5 ZEMBHIONTH 2, B
Bz lEE~—#»—THh 3 a-fetoprotein (AFP) &
LCAREH AR LB L2 &, FEETR
LCA JERE & FEB AT % 5 % 43, FFHIIRE T
LCA & SEOEIML TW3BEBF LI L LD, B
Bz > T fucosylated AFP OBINIT 2 2 & A3l
ENT 22290 FEEHD ».GTP 1281 5 LCA MK
DWET T, EHEEE »-GTP O LCA &1 20% L4
TThaDzaL, BEE y-GTP T 5 Hl 4 Flss

0BUED LCAREERERL, 1, FHIEEy
GTP & E#t1C LCA A EMNEMT % £ v ) i
\Boni, 20 L&Y, BE y-GTP 8 & MRS
v-GTP Tlx, Bz % DOFESED fucosylation 43
FHfEED AFP TH 65 O EEREEML Tw 3
bOEBbIA.,

E-PHA iZBEL TiZ, bisecting GIcNAcBEDH 2
ZEeBLUGal f1 =4 GleNAc f1 ~» 2 Man al — 6
TN—7BBRENTHRWI LN EPHA 4 2
FAHCBOTEETHI L bR T2, 2
bisecting GlcNAc % #iZ 7 v bEEM O y-GTP T
B—YIRBonzvss, 7y b AH-66 BAFED 4
GTP Tt ¥ESHD 0% I HBE L TWwa NI xR, kb
FHEfEREMED y-GTP 2/ 4 5 3 =5 — ¥
%, EPHABMME 7 o~ 757 4 — %175 &, BE
LRBEHRERT LG EOHRES R TWAEY, EH
OETYH, EEE y-GTP REE y-GTP I/ 4
7 3=~ BBk % < EEPHA 7 5 4 %580
LFAREBRME SRRt L, FEaE y-GTP
T2l b ZDBEHNKE BN, DL %
BHOBIET 2 /38 — > 1%, BER »-GTP @ 542
BT L, b LHITH 2 DEALBED Shiz
& 512, BE v-GTP LEFHRE »-GTPO L Fhiz
BWTh, /AFI=F—HAEIzED, Galgl — 4
GlcNAc 81— 2 Man al— 6 ORIECHES LT
NEEM LN, E-PHA 84 2 SfIMH58< 20, 1.0
M NaCl 2 & HBHRTHEH S W2 SEOBINT 3¢
F—vRRBH oI, TDL 3, BE y-GTPIZB W
T b FF#RAERE v-GTP & Ak bisecting GleNAc %
EHOBINL T B AREENTBEN L S,

PED &>z, BE y-GTPREER y-GTP 12tk
B THEL DRSS C BB THEOD B 2 LSRR
&1, TOERGIFMIEE v-GTP OBt W TH
SNAEHERLLEEULLAZELTYSE, 20L&
B, ZhE TOMMAEE v-GTP B § 5 5%
PEALATHIBEFEEINBE I L THEHN, K72, &
LXNTHR L, S, BE y-GTPIcBWT, EE
B TEOBUEEO—HEESLICLbD LW
L5, FFHEE »-GTP BT o ED & 3 g
BRI ORI BEARNICEE S 5 Tl 293,
4%, BEIE y-GTP 120 T b FESE IS % 2001 AT
L, Zh 2 BBNCHL AT 2LEND 5,

LIAT, TORFEITHTH 20, BECERL
EOEBBERER T SEITERD L 5 v-GTP H%
FInH KRB E L0 T, BERE -GTP &1L H5F
HEEHE y-GTP 12813 % Novel y-GTPO9D X 3 i2
MFECHEBEsNS CLR3BRTERZVEICE DR
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5. Lo, BREk, AowEsRcsdd, BE
FARER S EEERICDWT 2 7280, BEORIREE
THEMT 2YWEEMF & 0 BERFAFHI NS, B
BTLOSBCBORE LR T 2BEDEZ L2 L
FRaND, BB BEDCIIECHET S y-GTPIE
EnAHLNTBY, BT y-GTP 24T hiE %
DT EEE~— - L LTEHL5 I LoSHlEE
HHLAZWL, 512, 20X D% y-GTP DRI
BHRECHT 2T/ 7 u—FAiEsBEsNE LS
i, REERZHCVLDOY RS —2y T 4 v SRR E
BEXLCHLEB v TR LS,

#® E:

Bz 517 2 y-GTP OBHUE L2 EBET 2 1o, B
SEMR LD y-GTP 288, ELFETREL /-
EER, ERA, FFMliEs L UEEED y-GTP LIt
BLUaas, F(LFENB L UCREENMERORET 21T
W, DUTFofEmEEL.

1. BB »-GTP 3B 7 o—F itk s Az
BEENRECIR, EEE, EEF, FiEs X UE
HEBOD y-GTP LOMEHESROERIRD s ho
AN

2. BB y-GTP OBZWKENE X, 541+ 4 FICIE
W y-GTP L TH e BN TV, FEEOM
WRISHFHIERE »-GTP 8T b D s R,

3. BB y-GTPOEEL I, EFCEIDEL B Y
DOEFHIERE v-GTP L RRIZV TR ER LT
Bhote, /4528 —-PHREERIZVTN L EHEB
LIEFEMHBO y-CTP OFBELOEM/ NS kB
&0, BB y-GTP R EEMEB y-GTP il T
TABEEO R W EEElE v,

4. BEE ¢-GTP @ Con A x5 2 AL, 56
F2HCERE y-GTPOZ N & DML T/

5. B y-GTP o LCA 1z 2 JAIZ, 5 Hid
ABTIERE y-GTPOZ N L DML T, 20
TEFEZ IS y-GTP o B wTbEb e, ZheT
it fucosylation ML T2 Z L AR S L7,

6 . B v-GTP @ E-PHA 233 2 8RO RN
W, 5@ 2FITHES M, i) LHITYH % OIEmS
oo, i, FFHEE v-GTP 2flics Ty
E-PHA (219 2 SR IZEE & o800 T 7z,

PlEL Y, BEyGTP BIEER y-GTPIZLEL T
Y7 NVBEROEY, 7 a—R & bisecting GlcNAc
BREHOBEINL ¥ OREEEO R ERI L TV AT
BEMEDRE S N, ZIUEFFMIEE v-GTP a5 3
ELrENLAEET LD BN,

E &

BeRa bz 0 ffeE, MHRMES - BRICEE
WCEELAHMELRL 2. 1, MIRFETCH D HnE
Wz RO R EEEE - NRHRER G EIR I L S B L 1 L
ESON UM 211 Y S IRV A ARV AL S - L R MY oo ]
BCHEERL 2T,
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Abstract

To elucidate the specific changes of pancreatic gamma-glutamyltranspeptidase (y-GTP)
associated with malignant transformation, some properties of y-GTP purified from pancreatic
cancer were compared with those of y-GTPs from normal pancreas and other tissues. y-GTPs
were solubilized by sodium deoxycholate and Triton X-100 from five specimens of pancreatic
cancer, two of normal pancreas, two of hepatocellular carcinoma and one each of normal liver and
pormal kidney. After acetone and bromelain treatment, y-GTPs were separated by DEAE-
Sepharose fast flow, Phenyl-Sepharose CL-4B and MonoQ HR 5/5 column chromatography. In
the double diffusion test using the antibody against y-GTP purified from normal kidney, the
pancreatic cancer y-GTP was immunologically identical to the y-GTPs from normal pancreas,
normal liver, hepatocellular carcinoma and normal kidney. Four of five pancreatic cancer as
well as hepatocellular carcinoma y-GTPs showed distinctly slower electrophoretic mobility than
the normal enzymes. Isoelectric points of pancreatic cancer as well as hepatocellular carcinoma
y-GTPs varied in each case, but all of them were higher than those of the normal enzymes. This
difference in isoelectric points of y-GTPs between cancerous tissue and normal tissue was reduced
by neuraminidase treatment. Lectin affinity chromatography revealed two of five pancreatic
cancer y-GTPs with greater affinity to concanavalin A (Con A) than normal pancreas y-GTPs.
Four of five pancreatic cancer y-GTPs had a greater affinity to Lens culinaris agglutinin (LCA)
than normal pancreas y-GTPs. This property was also found in hepatocellular carcinoma y-
GTPs. Normal pancreas and normal liver y-GTPs had little affinity to Phaseolus vulgaris
erythroagglutinating (E-PHA), but two of five pancreatic cancer y-GTPs had an apparent affinity
to E-PHA and the one other had a slight affinity to E-PHA. Furthermore, hepatocellular
carcinoma y-GTPs had also an apparent affinity to E-PHA. These results indicate that the
transformational changes of pancreatic cancer y-GTP are mainly induced in the sugar chains of
the enzyme molecules such as lower content of sialic acid and higher content of fucose and
bisecting N-acetylglucosamine (GlcNAc) residue as compared to the normal pancreatic enzyme.
These changes seem to be similar to the associated malignant transformation in hepatocellular
carcinoma y-GTP.




