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3. 2N Qo MIZ2RE MES Bl 5 & 8

7h @id &
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w2} 3M KCl §9 02 F&59ct 4aade 2
‘:"?}TQ“-‘—} 1A= 1743}7] A3t Az

F2 o8 W A FAE 33 v,
‘éﬁ% F&4 7M9E ZA Dok Pho-
sphate buffered saline (PBS), pH 74 €& 7}
8l Sorvall ¥4 E2]7] (Du Pont Co., US.A)
A A SS-34 rotorE ©]&3t 5000 X g2 A ¥
A A sle] PBSell o} U o Ed7 AEA
%‘—"1’ £ AAs L dol e AHE PBS, pH

4 g0 =9 3M KCl 84& 23 g9 2ml¥
7}0}37_ 4TAA 18A7 A3t ch 22 e
2] 71ell A SS-34 rotor& o] £-3ke] 20,000 X gol
A 0B 93 g AFH-E 244 EY]
(Hitachi Koki Co., Tokyo, Japan)olA RP-
80T-3 rotorE ©]-&3l9 110,000 X goljA] 90%
7+ sl A2AL 4T 18X 7 BA351Y
o}, o] wj 500 volumes®] PBS, pH 7.4 £ & A
W mste] BNt FHE £4L 244
7oA g dAEEE Ao
110,000 X goll A 9023t YA A 4F4<S 2ml
A B3l -70CoHA BaAsiA.

L) ol ek

Bradford®9] gl ma} @dd F29¢
A ek (gl ko] 10-100 ug Akel) Hsle &
Fo2 100 Wk HA 233 b5 98 A8

mlE 7}éta 5% Fo] £33 EA 2 5% nmoll
A FBEE ST EE Yo Es
bovine serum albumin&9%-& A}-&stch. @
A A&+ Coomassie brilliant blue G-250 100
mg< 95% ethanol 50 mio}] |11, & 7]} 85%
(W/V) phosphoric acid 100 ml& 7}&+ ¥ 147}
A FHTE A

4. Polyacrylamide gel(PAG) X7|¥s % So-
dium dodecyl sulfate(SDS)-PAG &7|¥&

Polyacrylamide gel 7195 Smith™9] w

W o & slab gel& AH2-8lo] PROTEIN I Slab #
Tube Electrophoresis Cell (Bio-Rad Lab.,, Calif.,
USA)E AH83te AASAT £3d  gel
(129, 70 ml)2 monomer$% [30% acrylamide,
0.8% N N’-methylene-bis-acrylamide (Sigma
Chemical Co., St. Louis, US.A)] 280 ml, 15 M
Tris-HCl %% (pH 88) 81 ml, AZFF 237
mE EFste AFHZZ I7IE AAR F
tetramethylethylenediamine [TEMED (Bio-Rad
Lab., Calif, U.S.A)] 0.07 ml, 209% ammonium
persulfate 0175 miE A7Fste] A Lo FA|
Atk ¥4 9 gel (4%, 20ml)-& monomer £
26 mil, 05 M Tris-HCl €49 (pH 6.8) 25 ml,
AZEFT 149 mE HolA F7E AAT ¥
T EMED 0.01 ml, 20% ammonium persulfate
005 miE FErlstn, 2eld gelglol combE A
g T FHE gel $9E Fo T
combE AATL wellE FFTZ &35 (0.063
M Tris-0.192 M glycine, pH 8.3)2.2 A1t &
WA Age Algg3d [0.125 M Tris-HCl &
29 (pH 6.8), 10% glycerol, 0.024% bromo-
phenol blue] 0.2 mi9} EF3le] & 4L & A7)
dEsHen A7|9dEL 20 mAS 4% ARE
4ToNA At A7|gFol 8 F gele
0.1% Coomassie brilliant blue R-250 (Sigma
Chemical Co., St. Louis, US.A)2.2 s
™ 30% methanol-10% acetic acid £HA &
A5} ot

gl BAFE A7) 913 SDS-PAG
A719E5S Agstden 1 I SDSRE A
9l3la PAG A719 5% YA ojd £
H gel (12%)7} 74 E gel (4%) 2 9= %%
H2] SDS FE7F0.1% HA FIeH A8

Z AL 29 SDS, 5% 2-mercaptoethanol©] E]E
% stn 99 Alge AR ¢389% {ii}ﬂ
F 100ColA 283 A d & A9 5S 3t
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71 B3N g8 24uE S Ao I3}
€ @ AdE 7tz Zeldo) reverse polarity
elutions 3}7] 93l $7| 3.0 mm slab gel model
SE 600 (Hoefer Scientific Instruments., San
Francisco, U.S.A)& A3t} Tris-glycine
FE2 ¢39 (0192 M glycine, 0.05 M Tris,
pH 86)2.2 5% supporting gel& = ¥ £
ol 2N AdE 2 9o 23¥ D 5% acryla-
mide gel2 23t} 283 £ 29 9o
SHFL &0 NA F=F Z 2 T 10mA
o] I AFZ 4TAA 18AI2H5<t A3t
ol HAFE lower buffer chambers “+"Z,
upper buffer chambere “-"2 dukA <l A7
53 whdggo 2 st
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A% 2kgol¥ B FAAE 94 84 £
& AHgstn.

7hH X F

Reverse polarity elution *'H< 3] #2)%
¢ #¢ 99 AE complete Freund's adju-
vant®} Z 4ol FA & BE T E7 9 18tz
o FAlsiY. dAHE 23 % AL 77}
incomplete Freund's adjuvant$} 2 41o] &4
& UE F ¥ FABINDL O 432 1Fe
2 A AR EE

W g3 2

AR F AFY Fol 181 B4 & A
sl 5000 X gollA 10%3F AL st &
¥4 Eesish

7. Double immunodiffusion
4 mm X 4 mm ¥ F2F Y 0.02%
sodium azide?} ¥FE PBS €Yo =9 1%

agarose £9& 231 1A T outwell 6719}
center well 1I71& TEJ 3M KCIZ 324
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ted double diffusion® AAlste] a9 gl
Ztel Aty £4E AT Outwellol
10-40 pg¥ 718k3 humidity chamberel A
BAZES F2AA FAAAD Fito] B
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o A=A G2 INAL AASL 2] A
22 & agarose plate Yol $1 7tgstd 4
o] AAE gk HEELE WEJTE 45%
ethanol-10% glacial acetic acid & &9
0.5% Coomassie brilliant blue R-250 &A1&
o2 5-1087 G T 45% ethanol-10%
glacial acetic acid &Yoo 2 &5}
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8. Immunoelectrophoresis (IEP)

84 mm X 94 mm F£9% HF2H Y 0.02%
sodium azide7} &€ PBS £ =9 1%
agarose & 21 113 A7] ¥ LKB Bromma
well set®] Tygon Class VI puncher2 well& g+
S 3M KCIZ &% s g 20 ugH
wellell 7}etglcth. 9% SF9L 006 M sodium
barbital, pH 8.6 & A}-8319 o, LKBA}S]
Multiphor II system®& A}83ted horizontal
electrophoresisE AlPatAth A3 F5A & &
ol dZ2% ¥ plate cm@ 10 Vo] ALE 718t
o 2A2 B TN FFo2 AVNGFE A
et A7]GFo] B¢ ¥ agarose plate]
well Aol trough (2 mm X 52 mm)E HED
S ¢ Ns 100 Wy g %
humidity chamber StollA] 48A17HE <t AF-Lo A
FAA A 1 o1F9] 232 double immuno-
diffusion® FU A Algstdct.

9. Western blotting

PAG A7I9% F geld #& Adsly
Coomassie brilliant blue R-2502.2 g 435} 1}
M2 ¥ Towbin 59 Wil e} nitro-
cellulose (NC) paper®ll electroblotting 353t}
& A7Y ol Bd F, gelS transfer buffer
(0.02 M Tris, 0.19 M glycine, 20% methanol, pH



83)ol ¥ 6087t MM 3] £ £ F transfer
buffer2 %3 24l NC paperg &2l ¥1 ©]
A& transfer buffer’t 0] U+ tankell ¥ 3
NC paper2 YW A0| transferd =% gelZ2
“-"2 NC papere “‘+"2 AZE dA3Ah

10. Alkaline phosphatase-conjugated
anti-antibody®| HIS

NC papere] Western blotting3t ¥ alkaline
phosphatase—-conjugated anti-antibody (APCA)
uh2-2 Blake 509 WS $4 st Aldsl
t}. & NC paperg 05% Tween 20, 0.5% bovine
serum albumin (BSA)e] £&¥ PBS- Tween-
BSAd] 3084 F ¥ @72t} PBS- Tween-
BSA §902 E79 JHH-E 1/5002 HA &
£ Ao NC paperE B7} 3A13E B A24 A
X3 50 & ¥ PBS- Tween-BSA 402
5% 4oz MY AH3sth. PBS-Tween-
BSA 89 ¢ 2 alkaline phosphatase—conjugated
anti-antibody (Sigma Chemical Co., St Louis,
US.A)E 1/5002 3]4 3t} NC paperst 24|t
B Ao A3 EES Fd A S
A7l ¥ PBS-Tween 8902 58 HF 02 A
H A3 5 2 2% 0.15 M vernonal acetate (pH
96), 05 mg/ml 5-bromo-4-chloro-indoxyl
phosphate, 0.1 mg/ml 4-nitrotetrazolium, 4 mM
MgCly §422 37ToHA 1083 A3k
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WA etepdo] DMBAS walA7lZ BALY
& A 87 TR e 2717 Fohet
92 Azl ARHESE 1 270E B o 27
si9.0 DMBA 14 2 P4 2AE A9

€ otapiolA oy ol fudE AL B
3¢ & 9T (28 D.

2. Polyacrylamide gel(PAG) &JI|YS R
SDS-PAG &M |Qs

otetd o 2 2E 3M KCIE o] &3l A X ¢
e clds F&¢ F PAG A9
SDS-PAG A719 %3532 o DMBAui 2 3}
AP z2A} 85 FHE gl ge ol dF
S A& 4+ Ik (28 29 3). DMBA )
A & PAG A719%3 ©9E AVt 4F 73
FRH Jehgr] AFstd e 105 A3 35
g @A Bl A2 Jetvde A& 328 ¢ 3
Aot (1Y 2). SDS-PAG #A7|Y 544 69
KDa, 50 KDa, 43 KDa, 35 KDa, ¥ 32 KDa¢ll
FFste N2 dWAdrt et aiat
g zte aAddt Frkste A4S BEE
F ARG (=¥ 3).

3. B gt HYAO 2l | EAE

DMBA® A 2 AR ZALe] os) fdE o
A FFoA AFA vEve @2 (29 2
- A9} B)2 reverse polarity elutiono.2 T ¥
shESle] Zhzh B ElEt (2d 4). £
3 2 #A I99¥d L SDS-PAG A719EE
A A3t} Weber @ Osborn™¢] #Wigo] wal 2
AFE AEE o @93 A 69,0007 35,000
dalton®] 5 79 A7}, &9d B 50,000
dalton® 2 ¥ 7o Ay} BRHAC. (2
g 5).

4. Double immunodiffusion 2 immuno-
electrophoresis(IEP)

E7oA 2 #d gl JEH S AE
st} AAAQl otstAz DMBA w4 2 WAL
ZAb 98] =€ gt FFolA 3M KCIZ
%223 ddwAdsl double immunodiffusions
ANYPE o Fgo M dAd FAds YE
wtl (29 6). B8 IEPE AP S W FU
dAgt A7 AT (28 7). BZEA
o} 199 € BllyA e o7 2F M F&3} &
WA 8¥A Aol double immunodiffusion
ANEE o HAAdle AHA Fkoy 3
3 BY Aol e 3 WA 3 ] 9A
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o] ol A F&3 AN A7t FA4H
At (24 8).

5. Alkaline phosphatase-conjugated
anti-antibody (APCA) BIS

Double immunodiffusion® IEP 38 2.2 ZA}
g ¢ TR oo JIAR EAFE
APCA wt-go 2 Fqlalgtt. APCA ¥hg- o2 1}
EPA NC paper 912} @A 914 9} PAG A7)
4539 euiddel X7t BLIA dEl e
B (28 9) EAFE FAEH] 948 AA
SDS-PAG A7] 45749 94A94% F4atA v
et} (2’ 10). £ #d i3 A APCA
sHe-A 7S o) PAG A7) 9549 9X 20 o
HH3 o] g @Ay} 3 o Vet
(A 9 «) olvte F4 B G Az ol ©
el Agglo| Ay &7t d € ez 33
g

6. Native protein AQ} BOl EXI& TA

Hedrick®} Smith™9] %o] wet gel 55
6-12%3%t A PAG A719%5& A8 native
proteins®] ¥AFE ZASIA L A 4l
A oA BVARREH AL J|&7I% A&
Zo] g g% o] 838l standard curve& 1H
< o, native protein A¥ ®A#F 96,000, native
protein BE 53,000 dalton2. & ZALH A (19
11).

V. &3 3 7ot

g F¥e Addoz BT 5 AL B o
Yeh ode] SR 25 deA 2 PA 24k
dald #59 + Aok stehiehd 2 A
Zabol] &)@ oy FF fde AFUY T2
A7\@olN  BAEUTh DAB, MCA, 3-

MeDAB, £ DMBA 59} spahEgtA st WAL

A x4 du el @ & sov
DMBASH B4 ZA}d) 9131 31 9aah 27
%= 4289 4 Aok
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Figure 11.

Analysis of protein molecular weights by PAGE.
Molecular weights of protein A and B were
96.000 and 53,000 dalton respectively. 1:a
-lactalbumin (14,200). 2:carbonic anhydrase
(30,000). 3: egg albumin (45,000). 4. bovine
albumin {monomer: 66,000), 5:bovine albumin
(dimer: 132.000). 6:urease (trimer: 272,000),
7:urease (hexamer: 545.000)
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Faz ey oy FdHT 98 AVEEY
o] FALYYE (1 29} 3) olnlE o] A7}
Kotin™o] A|¢tet Z27rkAle] Al7]o]7] RO
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= Uehd Ho] gle 2L $% gl 283
L AQVBD oug sF Ao ZrldEe &
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o] Y ste AHME B & QAW 3o
A B3l oA vlEE AEI oA 283
¥ tumor-associated fetal antigens (TAFA)<]
7 SMHD A, Foko] BT B 2F AN
£ EASA gAT g A EAde
tissue type specificity® 74 & A5y
A, 2% &3 AAY 549 FEe EA43A
gou} g 5 AYE EAs: ¥4
o] Yelute ¢ Tol stk a2y AA
BAEE AYstn YA TF £F A
M BolAo] Utk & 4 ot dE3 9
uloAe ARA 3-FARt FFEolgdolzt &
F Uk #EA FHAAE AT A Fdde
tumor associated antigen®]™ ©]A& A|v]3l=
FAA7}L BFHEAAME silent geneS 2 FEA
s A 4o 2 Wbl Jehvde Zeg 7
5 7] wjFolo}.

shehatetal © WAL ZAL o Fdd F
Sl M FFEo|gdS MCAZ FEE §Fol
A AL Bndgen®® 2F Klein 5% ¢
& FLEo|gdo] EAEe] FHHUA AR

o) T3} &7 Aels] 23 RPN 7]
Je %t RS FAseh a2t st
A% P ZAt] o3 F2E FFAA

gz on EZL A TN FHE TFNME
Mg tg F9% So] didE 23 3o FF
gglo] glcka Y. o9t gd 33 et
Ao A L8 FFANE FFEolFgUo]
TEYPoz EAYYE Bus Yg¥® 2
Ao otatd 2oz HE Hag 9d A
£ SDS-PAG A7]19%%30A 4% 69,0007
35000 daltonl F 7|9 ATYE JEREAT
PAG A719%574 (nativedt Je)olH e BAZ
96,000 dalton2 2 ZAIE e} 23y d¥a B
£ SDS-PAG #A719%730A &A% 50,000
dalton®) A%t PAG A719E4 (nativedt FH)
o A& 53,000 daltono. 2 ZAFH A} APCA vt
2 Ao Vor ROE " Fo ojrlx G
= BAF 69,0003 35,000 dalton?! 5 7He] &
g9z FAE dx @A Be #2118 50,000
-53,000 daltond] shte] 4992 74EE A2
2 yzdc 2248 96,000 dalton?] @i A
(SDS-PAG73o A& 68,000 + 35,000 = 103,000
9} ¥z 53,000 dalton?] &3 B (SDS-PAG
Ao M e 50,0002 G ZALE A3 wEA
= WAEsdA dEHE d& F IEPY
double immunodiffusion® Al 33t Az} Tl
Ae Ao Bl A ] ofF 7| Bl EA)
1A e FYEo|Fgdez YD @A
Be 374 WA 9 el 2t Ak Eol 3t
Yehde o #d A2 AT

v.d 8

58 ot Ql DMBA w143} A 2Ak2
F29 94 o FUIN FF ALY 93
Avh EW wuAdel WsE 73] A8 M
KO g0z %3¢ oahd $PAZe Ed
WAz Ry Bt 2o eg At

1. 24T fyde giidg F&3d
PAG 2 SDS-PAG A7) 94%& Al Az}

69



A% GetdelA e ¢ dud AY
B7t M&A Vet

2. @A AE oslxol DMBAR| 23 WFALA
ZALE A3’ 45 3 EE e AlFe]
BF7MA 1 Fol A9 R dad

< 103 358 veir] Alzste 24374

733 Fo AR

3. 99" Ae PAG A7 dEAAA EAF
96,000 dalton©2 SDS-PAG A7| 9%l
& 1 Exo] Zbz} 69,0003 35,000 daltondl]
qFete 2709 AdHE FAHA UUTH
gl Be PAG A7 4E3dA EAF
53,000 dalton© 2 SDS-PAG el A& 50,000
daltono 2 Vel m shte] ATy FAH
o] It

4. Immunoelectrophoresis 2 double immuno-
diffusion Al3) A3 9¥A A A4 ¥ E
iAol o ZFddM e TAHA L=
FEEo|dNAE, il Be F4 UM 4
Hulw e ZhidE Jehte o 3d oY
A2 ZAME QAT
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-ABSTRACT-

TUMOR-ASSOCIATED PROTEINS IN RAT SUBMANDIBULAR GLAND INDUCED BY
DMBA AND IRRADIATION

Sung-Ook Oh, Soon-Chul Choi, Tae-Won Park, Dong-Soo You

Department of Oral and Maxillofacial Radiology, College of Dentistry, Seoul National University

This study was performed in order to identify changes of the plasma membrane proteins in rat submandibular
gland tumors induced by 7,12-dimethylbenzlalanthracene [DMBA] and X-irradiation. Two kinds of tumor associated
membrane proteins (protein A and B) were isolated with 3 M KCl extraction from rat submandibular gland tumors
induced by DMBA and X-irradiation. To identify their antigenicities, immunoelectrophoresis and double
immunodiffusion was carried out with various proteins extracted from liver, heart, skin and pancreas of adult rats
and from embryonic liver, heart and skin.

The rabbit antisera against the protein A did not cross-react with any of the proteins extracted from the above
mentioned tissues, suggesting that protein A might be tumor specific antigen. However, the rabbit antisera against
protein B was precipitated with proteins extracted from the liver of adult and embryonic rats.

Polyacrylamide gel electrophoresis of these two proteins (A and B) showed that protein A was a dimer with
molecular weights of 69,000 and 35,000 dalton, whereas protein B was a monomer with molecular weight of 50,000
dalton.

Key words : Irradiation, DMBA, Tumor associated membrane proteins, Immunoelectrophoresis, Double
immunodiffusion, Tumor specific antigen
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Histopathologic findings of normal submandibular gland and transformed submandibular
gland.

Panel I: Normal submandibular gland

Panel Il: Transformed submandibular gland by DMBA implantation and irradiation for first
three weeks (Total dose : 60 Gy). (H. E., x 100)

Patterns of PAGE of the proteins extracted from normal and transformed submandibular
gland.

The rats were sacrificed from fourth week (T4) to twenty eighth week (T28) after treatment
with DMBA and irradiation.

Patterns of SDS-PAGE of normal and transformed submandibular gland.

Lane N: Normal submandibular gland.

Lane T4-T28: Transformed submandibular gland.

Lane S: Standard molecular weight marker. a: bovine serum albumin (67.000). b: egg
albumin (45,000). c: carbonic anhydrase (30.000). d: trypsinogen (20.000)

Arabian numbers (1. 2. 3. 4, and 5): Newly appeared protein bands on the SDS-PAGE.
Protein patterns on the PAGE.

The proteins were eluted with reverse polarity method.

Lane N: Normal submandibular gland.

Lane T: Transformed submandibular gland.

Lane U: Eluted samples from protein A

Lane L: Eluted samples from protein B

Protein patterns on the SDS-PAGE.

The proteins were sluted with reverse polarity method.

Protein A is a dimer with molecular weights of 63.000 (A1) and 35.000 (A2) dalton and protein
B is a monomer with molecular weight of 50.000 dalton.

Lane N: Normal submandibular gland. Lane T: Transformed submandibular gland. Lane U:
Gel eluted samples from protein A. Lane L: Gel eluted sample from protein B. Lane S:
Standard molecular weight markers. a. phosphorylase b (94.000): b, bovine serum albumin
(67.000): c. ovalbumin (43.000): d. carbonic anhydrase (30.000): e. trypsin inhibitor
(20,000): f, a-lactalbumin(14,400).

Patterns of double immunodiffusion.between antisera and membrane proteins extracted from
normal and transformed submandibular gland.

Results of double immunodiffusion show that membrane proteins (t) exiracted from
transformed submandibular gland cross-react only with the rabbit antisera (A and B) against
protein A and B.

Panel I: Double immunodiffusion with anti-protein A antisera.

Panel ll: Double immunodiffusion with anti-protein B antisera.

¢ : Membrane proteins extracted from normal submandibular glands.

t © Membrane proteins extracted from transformed submandibular gland.

Patterns of immunoelectrophoresis between antisera and membrane proteins extracted from
normal and transformed submandibular gland. ]
Membrane proteins of transformed submandibular gland cross-react with antisera A and B.
A: Antisera against protein A.



3. Antissra against protein B.
¢: Membrane proteins extracted from normal submandibular glands.
t: Membrane proteins extracted from transformed submandibular glands.
Figure 8. Patterns of double immunodiffusion between antisera and membrane proteins of various
tissues of rats.
The rabbit antisera against protein A cross-react only with membrane proteins of transformed
submandibular giand (Pansl I, II), antisera B cross react not only transformed submandibular
gland but also normal aduit and embryonic rat liver (Pane! lil, IV).
Panel I: ¢, normal submandibular gland: t, transformed submandibular gland . h. normal rat
heart: k, normal rat kidney: |. normal rat liver: p. normal rat pancreas.
Panel Il e. nineteen days old embryo: h. embryonic heart: | embryonic fiver: s, embryonic
skin
Panel lll: h. normal rat heart: Ii, normal rat liver: l», embryonic liver: k., normal rat kidney
Panel IV: h, embryonic heart: |1, normal rat liver: Iz, embryonic liver: s, embryonic skin
Figure 9. Western blotting of protein A and B after PAGE.
The extracted membrane proteins were analyzed by 10% PAGE, and transferred to NC paper.
After final reaction with alkaline phosphatase-conjugated anti-antibody, antigenic protein
bands (A and B) wers detsacted.
Panel |: Patterns of 10% PAGE and its transfer to NC paper.
Panel lla: Western blotting of protein A
Panel lIb: Western blotting of protein B
Figure 10. Western blotting of protein A and B after SDS-PAGE.
The extracted membrane proteins were analyzed by 12% SDS-PAGE and transferred to NC
paper. After final reaction with alkaline phosphatase-conjugated anti-antibody, protein A1,
A2 and B wers detected.
Lane S: Standard molecular weight marker
Lane N: Membrane proteins extracted from normal submandibular glands
Lane T: Membrane proteins extracted from transformed submandibular gland.
Lane Ae: Eluted sample of protein A
Lane Be: Eluted sample of protein B
Panel I: Patterns of SDS-PAGE
Panel |I: Western blotting of protein A and B after SDS-PAGE

75






A
313K

NG
ol

Y

T2 Tie 720 724 Y28 N

N T4 T8 TI0

A

Figure 2



a-—

b

Q—a

d—

=FARIRE @

¢ N T4 T8 T2 T16 T207T24 T28 N

Figure 3

Figure 4



=FARISEE @

S T NU L

Figure 5

Figure 6



2

1

Cci

7

Figure

Figure 8



Figure 9

Figure 10



