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"Abstract

Research is carcinogenesis and cancer treatment, commonly uses rats and their usefulness is
well known. Alteration of the p53 tumof suppressor gene is the most common genetic defect
known to occur in human tumors and it seems to play an important role in carcinogenesis.
Recently, a new biological assay for human p53 using a yeast has been developed. This yeast
functional assay is a simple and more sensitive method than previous methods. This study
applied this yeast assay to the analysis of the rat p53 gene and estimated its usefulness. The
yeast functional assay for rats could be established by a modification of the assay for humans.
Thus, cotransformation of a rat p53 PCR products and pLSRP53 plasmid cut with Pst I and Stu
[ results in repair of the plasmid with the PCR products in vivo and constitutive expression of
the full length rat p53 protein in yeast. After cultivation, yeast inserted with wild-type rat p53
forward white colonies and those inserted with mutant type rat p53 forward red colonies
effectively. The ratio (white / red colonies ) coresponded well with the mutant ratio of rat p53
gene (wild / mutant type). The sequence of p53 cDNA obtained from red colonies detects all

clonal mutations. This incidence of mutation fonned out in rat p53 was higher than that of

So6EIHAFES (P9 49 A25H~ 9 A27TH), HB52EBAACOMRSES (FR104E4 A16H~ 4 B17H)
24 FRk114 3 A30H
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previous reports. These results indicate that the yeast functional assay can be applied to for

the analysis of rat p53 and that this assay is highly sensitive and specific enough to estimate the

genotype of rat p53.

Key words : Rat p53, Tumor suppressor gene, Yeast, Homologous recombination.
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BN T W 3228 %56°C/305r 1 {naLEE L
7210% % 721330% fetal bovine serum (FBS)
% & RPMI 1640553 (= v A4, HWFH), H3
VW 1X56°C/304 I A AL LB L 72 7%  calf
bovine serum (CBS) % & &DMEM#Ez# (= v
AA) TITrPC/ 5% COZMHT ThEEMER L 72,
3. RNAOHH

REEMIIXIx10EH 72D 1 mD Trizol Re-
agent (Gibco-BRL, ®X) TH#L, 7 v Ml
#13100mgH 72 D 2méD Trizol Reagent & F£iZ 7k
VA Y — (FHARERE, KR) THBRRELZ,
ZFDH,, BT T IAFAYTA—NT =
J—N/7va kst (AGPC¥) T2
RNAZHRIH L 72,

4. 5 Fpi3RE~I 7 —pLSRPIINDIES!
1) & MpS3FEBIRY ¥ —DHIFREERLE

BRENE NFERPBEHRERENY ¥ —
pLS72 (Swiss Institute for Experimental
Cancer Research, R.D.Iggof§t X hfit5) %
HIBRBER Hindlll & Eag 1 TREHEILL, Calf
Intestine Alkaline Phosphatase (CIAP) i &
Dim ALY VEEL, 1 %EBET A o—2X
TERKE U 72, #1.2kbO £ b p53 cDNAKTH
BOBEL T2, FT.4kbD T A S NiTR %
Wizard PCR prep kit (Promega, Madison,
WI) 7 Fa—AhsEIL Tz,

2) RT-PCR¥:IC X %57 v bpb3 cDNADME

iz}

WKAHZ v kF% 5 it L 72 £ RNA 3 g
%65°C/105r RINEALEE 2 U, 20086105
EERFE (M-MLV reverse transcriptase;
Stratagene, LaJolla, CA), RI%TRIGH, 7.5
mM Dithiothreitol (DTT), 0.5mM MgCl,,
2mM ANTPE X U'0.5uM 7 v b pb3FFEK 7
74 <=—Pl%® Mz, 37°C/60% ¥ E K&

(RT) 2117V 7 v bpb3 cDNA% 87z, Z Dp53
cDNAZER & L, PCREWC LY 7 v Fp53D
&I —T 4 Y EBEEBH1.2kbDOcDNA %

BEIE L7z, BER L7y Fpb3REN T 7 A
< —IdFCl, RC1TE VA 774 ¥ —IZIiZHind
M, 7>F 2> X754~ —iZiZEag | DFIR
B R BEAL 2N 72 (Table 1) » PCRIZRT
EW2ucZhns 7”7 4 <—0.5uM & Pfu
DNARY X5 —¥1.2580 (Stratagene), [A
TR IGH, 0.75mM dANTP %2, GeneAmp
PCR System 2400-R (Perkin Elmer, %)
TIT o720 PCRRIGSA1395°C/40%, 60°C/20
b, 78°C/6080 %354 14 7 v & LTz, PCREYIX
1% 7 7 a—A7 VRNESIKE 21T OHEREL 72
%, Hindlll & Eag 1 THR2WCHEL, 1 %E5E
B7Ha—R 7 Vi CTERKE %, Wizard
PCR prep 7 Ha—RA% Vo BN UGS L
720

3) v pR3RBEARI Y —D IO —=2 T

7.4kbDpLST2KT 2 CIAPALE L, Zh &
RT-PCR#:THE L 7 7y bpb3 cDNAOD
Hindlll-Eag 1 Wik % T4 DNAY #—+¥ (TA-
KARA) ZHWTERK L7 (Fig2a), ZDRIG
WEHWTKEBE (competent high :
TOYOBO, )t — ¥ a v 7RI TEE
L, 7 €y ) YMiL-broth” vV — b £ T4
RrELERE R L 2, £ UL OKRBE 2 0
S5 S5 AL R EERL T b ps3
cDNADBHARAEFN TS G 2 HIRER

(Pstl1 & Stul) UL, BSUKENC THERL 72,
5.5y PRI Y —pLSRP53ICL 2BED

iA=L R

1) BERHRB L UHEH

p53V K — 2 — BRI & ADE 22 BB bk
yIG3971® (GBETH : MATaade2-1, Leu2-3,
112trp1-1his3-11, 15canl-100ura3-1URA3 3
xRGC::pCYC1::ADE?2) (At¥BERFEFH%
HeEELL Y #E) 2HER L, @5, yIG397
BRYPDIC+SZEDT 7= (200ug/mé) % H0Z
TEEHYPDA+ + TEE L 72,
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2) FWERRY 77 AR X BRI O iR
yIG397%2100méD YPDA+ + TIE &= L,
50% (W/V) polyethyleneglycol 4000 (Bisi1t,
%, ®BR) 2500 IMEEREY ¥ 7 4, 10mM
Tris-HC1 (pH8.0), 1mM EDTAB#RIZ TFH#
L7ze ZOEERMREIR30041ICps3FEIR 7T X
N &50ug DEH FAE —KREY 7 B TFDNA

(Stratagene) %Mz, 30°C/303#RIE L 72 D
5,42°C/153 MOt — + v 3 v 7 25 2 BERIC
BALN, BRXET 7= (5ug/mé) fi-o
A ¥ VIARILER 7V — b 1 T30°C/ 48K RS

#L, 20=——HBIUZOOERF NI,
6. T Fpi3DEERT v 4

1) RT-PCR

7 v MEFE#BL & i SRR & D #hib
L7:2RNA%REER X L, #il U7z /i TR s
It % 47 v pb3 ¢cDNA % 72, R Z D p53
cDNAZEER & L, 0.54M®D 7 v b ps3%5EH
774 <—FC2, RC2 (Table1), PfuDNAX
) X7 —¥1.258(7 (Stratagene), [EEAKIG
#, 0.75mM ANTP % & 2 PCRIGIR 201 % I
&L, Bl&EFWTPCRKIE © 95°C/40%, 63°C/
207, 78°C/60% % 354 1 7 VT o 7z 2 DI,
PCREICOREMEEED 220Ky M A Y —
MEEHWTZ, 2RI E D #I1.0kbDp53 cDNA
ZIEE L 72,

2) ¥y vy y—DEH

pLSRP53% Pst I 8 X U'Stu I T5£ I #H1b

Table 1 Oligonucleotide primers used for RT-PCR
and Sequencing of p53

Name Sequence
Pl 5. AGCCCTAAAGTC-3' Sence
FCl1 5.GGCAAGCTTCATGGAGGATTCACAGTCG-3' Sence
RC1 5. ATCGGCCGA GGATGCAGAGGCTGTCAGT-3' Anti-sence
FC2 §.CAGCGACAGGGTCACCTAAT-3' Sence
RC2 S TTTATGGCGGGACGTAGACT-3' Anti-sence
s2 S.TTTCCCTCAATAAGCTGTTCTGCCAG-3 Sence
s4 5.GCCCATCCTTACCATCATCACGCTG-3' Sence
R6F2  5-COCGGCCTCTGACTTATTCT-3' Sence

R6R2 5'-CTGGAGTCTTCCAGCATGAT-3' Anti-sence

L, 79 bpd3cDNAD I F 67,6 a2 K 344
DFEHEPHIRLIBIR T I AI R (Fry 7
78 =) ERVERL T, ZOMRT I AT RIX 1%
BT A 0 — A7 iz CEKIKENC & D 55
UEIX L 7-#, Wizard PCR prepic THEIL
CIAPAME L7z, Ch%®7 =/ —)eZuuiki
LALHE, T8 ) —NIEBIC L O RERIL T, &
DpLSRP53F¥ ¥ v 7R ¥ — 3R 7 v & A
M225ng/ul &7 % & 5 W IxTERRE IR I 5 R
L7z,

3) BERET v A4 OFREB L UFH (Fig. 2b)

REMBED 2 WIZ B S BB L 72 p53
cDNADPCREW & ¥ v v 77 ¥ —%Hik
LIeBERRY) 79 AR K VBERNCBA T % &,
BRI CIEEFHEAA A Z 2L 2 F ¥ v 7
BESE D, #p53 cDNAWS I X 3 N iZ
MHAaAENn 2, ZLT, Fvv 7EEHEED L
MWHBADHI 70 —% —iZ & D p53EE D
BN THEERNCHEEL, X275 —FEDLEU2
HIRFOIEE GBI O 1 v U FFERME %
#BT 5, RT, ZOREERE 2B
BIRT 7= (5 pug/mb) filea A ¥ o HEYRHNEE
W7V — b ET30°C/480FREE L, BN THY
ARIPSIEENRIET 2 &, ZhrERRAR
Lz AIAA TH % p53EHEECY] (RGCHL
F) ez & LT T D ADE2 (phosphor-
ibosyl aminoimidazole carboxylase) &=+ D
REEEECL, BRESRTY T REEL
TERou=-RBHBYE7T 5, —F, &R
pO3VIFEBL 5 L pS3IEHAMAINICHE A TE
IEWEFEIRpS3EENEM S L, FIDADE2#E
GFPEEINT, 77 =rEROPrERHE
¥ (phosphoribosyl aminoimidazole) 23 L
B u = —»REar 23 5@, KIFEHE%FH
L, 17V — b ZDOE200EL LD =—%#
Z, Rav=—QEGEHFETHEL, HUT
P53 DHEBEFHM & 1T - 72,
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Fig.2 p53 expression vectors and outline of yeast functional assay. (a) pLS72 expresses full length p53 cDNA
from the ADH1 promoter. pLSRP53 is identical with pLS72 except human p53 ¢cDNA. (b) When the
yIG397 is transformed with a plasmid encoding wild type p53, the cells express ADE?2, and form white
colonies. Cells containing mutant p53 fail to express ADE2. They form red colonies.

1. BBaO0=—55p53 cDNADQBEEE * D
BEEIDRE
Tv—bERQER LB o= —% 1 ik

plasmid kit : QTAGEN GmbH, Hilden, Ger-
many) C& D 77X Re2MELE, ChEE
[UE FLZ (The Electroporator II, Invitrogen,

WO ZAEHEBEL, zymolyase 100T (4{b%T
%, ®) B X Valkalinelysis % (QIAprep

USA) X VW XL-1blueKIBHEICEAL, 7>
vy Y UiL-broth” Vv — b ECl4RFRIESE L
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Foo BELLKBE I 0 =—5» 5 HEal
kalinelysistiic £ b 77 2 3 N &I L7z, 7
7 A 2 NhDps3DEERAY X Dye Deoxy Ter-
minator kit (Perkin-Elmer, T%£) %= Fiv> CTABI
373 Automated sequencer (Applied Biosys-
tem, TIE) THEMT L 7z, HEIEECTRE R 1
77 A 2 FhOpb3n RS 2 ME T 5 7
BFC1, S2, S40 77 4 ~—%Hwiz (Table
Do
8. S 'BERB7 v A DEEHDERN

Sy FOBERT vy A BT A Ran=—0
HERY > PV hOEEMRNAD R 2 5
KRBT 20080 pEBEET 2720, R DOH|
STHER L ERRPS3OPCREY ZEEE D
SRR v A BfTol. T 5pb3DPCRE
Vw1 %7 A a—A7 M CEIIKE 21TV,
100ng/meBEAL = F ¥ 7 AW IC TYEER, UV
NI VAANE A= — (7Fay, BH) E
TEHEERE Lo BEELONY FORERZT ¥
YRA—FTHEL, IhEb L CHERER
HERBHRDOPCREY #2100 0, 95
5, 90:10, 85 :15, 80 :20, 50 :50, 0 :100
DEIGTRAE LT, ZhoDPCREY % FWT
SETOBERT v A BTV, Rano=—0DF
BiEaz B L7,
9. 4/ LDNADHE & ¢ NIRRT DRE

B A% 108E 5> © Sepa Gene (Sanko Jun-
yaku, BH) 2HWTY / ADNAZHIH L,
RNase (10ug/ul) (WAKO) 4L, R6F2E
Y UR6R2OD I 4 ~— T/ ADNAKD
po3DNE 6 T Y U EMEIRL 7z, & 7z, HWERCH
D754 < —I1ZR6F2% v CEEEERSIR
BRI L DBREL (Tablel),
10, #ETFHI0IE

Student’s t testiZ X VIRE LTz BERET v &
A OFaa=—DHFLEY I NVHDOEKR
mRNA® D B X BT & 0 FHE L
120

= R

1. 5 bpi3RIE~ 2 ¥ —pLSRPIIDIER

WKAHZ v M2 54RNA%RHIHI L, RT-
PCR¥:TT v hp53 cDNADE 2 —F 1 > 74
5% (71 . 2kb) % #iE L CcDN AW A %187 (Fig.
o —K, BRI E b pb3FEIH~ 27 ¥ —pLS72D
BFAER E N p53DcDNAES % Hindlll & Eag 1
T5EEWHIL L THIBRL, 27y hpb3d
DNART4Y H— X1z & D ARALR, T4 57—
va YRIGR CTRBR»ERRL, Bohi:
3MEAD7a—> 50 77X FEEBINLTZ, &
NoxPst 1 &Sty l 10X 2HIBRERUM %17
Vv, Fv hp53 cDNABSHIAAE T B HE
WEREREL LS, 27a—vEbEsnlk
PS5 AIFTIy Fp3r A BHER I N

(data not shown) o
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Fig.1 Detection of rat p53 mRNA expression by
RT-PCR
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RBoNT: 77 AI RS 1) BREZFHEL
CIEEET 20, 2)F4ERT v Fps3DFHH
PSRRI ORE B RS2 5\, 3) ADESE
BFOEEEZRELCHI U =— 2K T 20
I MERET B0, 12D 5 v b p53o3HH A
RAENTTAI R 70— 50, ERICER
L7237 (pLSRP53-8, -31, -34) *BHKD
ERERR Y T 7 A ETRERYIG39TICEB A L7, 2
¥ b a—2i3plS72 (b b EAERIpS3RI 7
% —) EpLS/SAS (t FEEPSIFKIFENT ¥ —)
PRIz, pLS72 T2 To a2 u=— (1600{#)
BHE LR D, pLS/SASTIRETRAT T =—

(7844 ) R L 720 pLSRP53-8, -31, -34T
B THBIu=—(ZhZh2208, 1024, 264
@) 35tz (Table2), 72, 2@ =—DK
XRWRIFEFRDSNT, pLST2TEHES D
DEFEFRUCKREIEZRLTWE, 22T, %
R a0 =—»NEEK X 1172 pLSRP53-8 &
pLSRP53-31D 7 v b pb3 cDNADIERAY %
I & A, pLSRP53-8Tixa—7 4 > 718
BOBERT BEFERE E —F L, —H,
pLSRP53-31TII88FEH DEENG» 5 TIE
£ZL, 0BEHDOT S VBT ANT X B S
Fuy BRI TW (data not shown),
UDEOHREY, ChUBOBERT vX 11X
pLSRP53-8% W TiTo 7z, B, LT Zh%
HIZpLSRP53 & #%it 3 % (Fig. 2a),

2. S5y pS3OBERT v M DBENDBRE

pLSRP53% /27 v Fpb3DBERFT v &2 1

DEEMERIET 2700, EXET v MFE%RD -
p53 cDNA (WT : B4R a v ba—ny 7
V) BEUOAABRCERZHEAL 53 cDNA
MIBLUM2 : EEBaY ra—vy 7
V) OPCREZODWTERT YR A 2175
72opLSRP53D ¥ v v /X7 ¥ —25ng % BT
A LBESIRIEO a0 =—B8E U —H,

WTEZBWiEBERET vt A4 TIE2382@D a2 o
=—%FEKL, £0 5 Bk =—iF152(F
(6.4%) Thotz, 2, 203BHODT 2 /B
DFaY VPV AT A VIZBEREN-ERLE
DMITI397.6%, 218&EHDT I /VBOF v
UBERF Y VBRI NIEM2TIZ92.6%D
Ran=—sB4E U7 (Table3), 72, 1 D08
B (av=—) NIEFER ST A N LEEA
77 A I FHPAEBFICERI IO TO WL ES »
ERETT 2720, ABIXUHAHZENLOEER D
=— kD5 RS NEEIRL, KEBEICEA
#®, ThZhlIEOKRBEI0=—X D 7/FX
SFZ7u—rvi2EINL, BUBRT7yxA %
fTotee ZOR, Raou=—wHRLILTZ
A N7u—rvietRan=_—%2Hao=——
HEDFSRAIFr7u—vii€THIu=—%
S 2 D0HED» D 57z (data not shown),

Table 2 Transformation of yeast with p53 expres- Table3 Results of yeast functional assay using
sion vectors pLSRP53
No.of red No.of white : No.of red No.of total -

Vector colonies colonies % of red colonies vector / Insert colonies colonies % of red colonies
pLST2 0 1600 0% PLSRP53 / water 9 15

pLS/SAS 784 0 100 % pLSRP53 / WT 152 2382 6.4 %
pLSRP53 - 8 0 2208 0% pLSRP53 / M1 1188 1217 97.6 %
pLSRP53 - 31 0 1024 0% pLSRP53 / M2 1616 1745 926 %
pLSRPS3 - 34 0 264 0% WT : RT-PCR product of wild type rat p53 cDNA from WKAH rat liver.

pLS72 contains wild type human p53 cDNA.
pLS / SAS contains mutant human pS53 cDNA ( codon 336,Glu —stop ).
pLSRP53 - 8,-31,-34 contain wild type rat p53 cDNA.

M1 : PCR products of rat p53 ¢cDNA with Tyr203Cys substitution.
M2 ;: PCR products of rat p53 cDNA with Tyr218His substitution.

* : Percent of red colonies was not evaluated because the number of colonies
was less than 200.
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3. BEEHBICEIZSy pS3BRTYE
1 DOEREDRE

108, H, WKAHZ v b2 5 & IEHHE
(9 fEigs) = LeRNARRH L7, RT-
PCRIEIWZ & D pS3DcDNAZBEIEL, o i
DWIERET v A 21To72, ZOFEHR, 9 I
BryFao=——DHEEIZ, 10%LLTF
(5.7~8.2%) TdH > 7z (Table 4) . KIZIEHFH
PO L D5.7~8.2% Dk =—nHKEL
TERZHNL -0, FERDPSIE FKIF T 24
FAROWH % FH W2 BERE T v £ 4 THBE L7259
au=— (6.1%) O E{To 1z, Koo =—
9@ 77 A FEEINL, %Dp53 cDNA
OBFHEEFIERE LI E 23, 297V (R]
ER2) B 1IEEER, 49> 7V (R6~R9)
LEEBA, B 34> 7L (R3I~R5) »nKRE
2HL Twiz(Tableb), 1 HMEBERUI I A
ABEBRTI7u— 2 X VERFERBREL > TH
teo —H, BMAZRRZETT 7= 1 EEDE
ATWIND 6 lOT 7= OESET HEALC
TSN, 7 0 —YRIBIURATRREDHE
FEAEALIC D 5 HERTIHFED 5 iz, RS
TREA > A rOT 72 7Y =% A FOEK
By L BANS A AT 4 TRATIA 7

Table 5

Table 4 Results of rat pb3 functional
assay of samples from normal
rat tissue

Organ - % of red colonies
brain 62+18%
tongue 6.6+02%
heart 7110 %
lung 65+06%
stomach 73+1.7 %
liver 80x09%
spleen 82214 %
kidney 82x16%
muscle 57+18 %

Data are mean % SD values.

DORJEEMEI TR SN 72, 5 DDHIT O = —
IODENLEZT A RIZIEp3OEREITR W
728N o7 (data not shown),

4., Sy rpllBB7 v L1 OBREBEES LU
EEMEDIRE

MHEBRELRFANDL -, FAERMPSIEFRT
%c-SST-28 X UZEREApS3Z FH T % c-
KDH-81Z k3 % pb3D PCREY) % # <2 D HF
BRRELTEET vy A 2707, ZEH
p53 PCREYMDEIG LBR T v { Djkan

p53 mutations in background red colonies

clone mutation

R1 nt337Cto T

Gln 113 stop

R2 nt823TtoG Cys 275 Gly

R3 deletion of nt 146 - 236 5' - GTCCTGCcccagg.....cecctgc ACCGTGG - 3'
R4 deletion of nt 208 - 935 5'- TCCTGCAgcacag.....ccccagCAAAAGA - 3
RS deletion of nt 777 - 833 5'- ACTCCAG tgggaa.....tggg agAGACCGT - 3'
R6 1 base insertion at nt 293 - 298  AAAAAA—>AAAAAAA

R7  1base insertion at nt 865 - 870  AAAAAA—>AAAAAAA

R8 1 base ihsertion atnt 952 - 957 AAAAAA—AAAAAAA

R9 1 base insertion at nt 952 - 957 AAAAAA - >AAAAAAA

Deleted sequences shown in lower case letters .
Homologous sequences shown underlined.
The possible acceptor site for splicing is shown in italics.
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Fig.3 Correlation between percent of red colonies
and mutant p53 cDNA contents.
The bars indicate means + SD.
Statistical analysis was carried out by simple

regression.

y=8.5017+0.90444x r2=0.999

100

Z—DHRZED TEWIEOMHBEBE®RER L

(r’=0.999) (Fig.3), %7z, Z%Ap53 PCR
EWB 0%, 5%, 10%, 15%, 20%&Eh 3
YU INVETRRI O = —DHERICEEENR
Honiz (p<0.001),
5. Zv MEEEMRKCSUIIBRB7 v M &

BUWi-pS3ZTE OB

22BEOEEMIEG MRBOR L 2 FEEH
Fakk 2 Bl % N2 T244 > 7)) 12D Tp53D
BRT v 2T, EUCkFao=—DHE
BRI EZ A, 3.2~8.3%DbDH13H] (1
F), 51.5~54.3%D b © » 3 i (11 &),
92.0~100% b D3 8l (IIFF) &7 hH, K&<
SEWHINT, 2o 3EHEOFE (10~50%,
55~90%) DRDFRauv=——%4L Uy 7

Table 6 Yeast functional assay of p53 in various rat cell lines

. Mautation
Carcinogen Toolred e

Cell line Tumor origin ~ Rat strain  / Virus colonies pS3status  Amino acid change Sequence change Exon
9L glioma Fisher ENU 5.1 wt
KEG-1 glioma WKA ENU 75 wt -

glioma SD - 83 wt
¢8ST-229  adenocarcinoma SHR - 7.7 wt
cl.4 29) adenocarcinoma SHR - 6.3 wt
ER-129) adenocarcinoma SHR - 49 wt
SPRT-1 fibrosarcoma SHR - 32 wt
c-KMT-17-A3 30fibrosarcoma ' WKA ~ MCA 52 wt -
KMT-17-A6 30) fibrosarcoma WKA MCA 948 mt Ser 146 Pro + 85bp del (1/4), Asp 257 Asn (1/4)
- WRL-7 31) leukemia WKA Rausher virus 54 wt nt 870 A del(1/4), nt 952 - 957 A ins (1/4)
P2-a leukemia WKA Rausher virus 6.1 wt
P2-b leukemia WKA Rausher virus ~ 96.9 mt Leu 286 Phe (1/3), 7op ins (2/3) ** 7
LR leukemia WKA Rausher virus 79 wt
1BS leukemia WKA Rausher virus 6.6 wt
1CS5-a leukemia WKA Rausher virus  50.4 wt / mt Leu 127 Phe (4/4) CTC—-TTC 5
1C5-b leukemia WKA Rausher virus  92.0 mt Leu 127 Phe (4/4) CITC—TTC 5 .
2A5 leukemia WKA Rausher virus 100 mt Tle 248 Leu (1/4), Tyr 217 Cys (1/4), 450 bp del (2/4)
1D6 leukemia WKA Rausher virus ~ 54.0 wt / mt Arg 247 Pro (4/4) CGG—CCG 6
owH"* hepatoma F1/LEC - 6.1 wt
LDH hepatoma LEC 3-Metyl-DAB 543 wi/mt  Arg 247 Pro(4/4)  OGG—CCG 6
DAB hepatoma LEC 3.Metyl-DAB  96.5 mt Tyr 218 Cys (4/4) ~ TAT—TGT 6
cKDH-820)  nepatoma WKA  3-Metyl-DAB 100 mt nt728 Gdel (4/4) GGC—G-C 6
3Y1clB1-6  fibroblast Fisher 344 - 100 mt LysB30Thr + Ala 136 The () 5+ GCGACG S
DMBA-0OC1 ovarian cancer WKA DMBA 100 mt His 212 Ile (4/4) CAC—ATC 6

*

LEC rat.

** . Multiple mutations.
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: OWH, a hepatoma cell line was established from a hepatoma spontaneously developed in a backcrossed rat of F1(LEC x WKA) with an



58 HHEAHL, T v M) B pS3DBERERIAS B D RESL

VEES SR hrolz, iz, ThoDHTH
— MR TR B R 2 bR LIz &
%, P2-ah I #, P2-boSlIEfwc, F7:1C5-a¥
X UICS-bEnENINEE LB ICE L Tz
(Table 6) o K2, 50% A LDFRa0=—%E L
7-1E, MEOBbDIWCHO>WT, ZOER%EES
PIT 27D EROFRIT=—D5T T AL
N % [\ UEHERCY] 2 g Lz, IIEEDLDH &
1D6 T, Wi & b 3 N > 24T DIFHEEFCCG
»HCCCRERL, T /BBRTLVX=Vhb
7al) VicEBEIhTWz, 1C5-a (II#) B X
UF1C5-b (IIEE) T a R 127TOCTCHTTCIE
ERLCT I /BBy ohs T 2=VT T
ZVIEBRINTW,, MEHIDWTIE1IC-b

(@

Normal tissue

©
GACTTTTCGGCACAGCAGTGGTGGT

r “ ﬂ

Wiz ¢, DABTa R218D7 & /BB F o
VUMBYATAYADI ALY AKEBIED
5072, 3Y1cLB1-6Ti3, 2 4D 7 & /B (2
R1300aA4 o AvA =k a R 136
DT F=VipbAVE =) OBEBBIRNLEE
Nizo E72,c-KDH-8TIZ723-728% HD 7' 7 =
>~ (G) 6 fEE#ER 9 5 EHT TGO 1 HTBEDRE
BROEINT, TR X D 243BHUED 7
JBPERL, 24FHWEILa FUBHEL
7z DMBA-OC1 T, 2 F>2120CAC(E R
FYV) BATC ([ Vag ) ~D2IEEE
Rk 32w AERABRWIEanT: (Fig
4), P2-bTida K 2860 & AV AEREDIZ
B, BRI IYLEEIT IV OBICES A

(b)

Tumor cell

@

GACT TTTCGGATCAGCGTGGTGGT
| |

Fig.4 Representative results of the yeast functional assay for rat p53. Tongue (a) and DMBA-OC1 (b) showed
6.79% and 1009 red colonies. Sequence electropherograms showing the nomal in the tongue (c) and

mutant in DMBA-OC1 (d).
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Y haYORVIOTEENEA SN ERIIF
»ohiz, c KMTI17-A38 L U2A5TIE, Zh
FNUREDODEILIZCEBOEENED sz
(Table 6) o
6. FRIAOZ—DEEH0%ATERDIMIAMDE
FEFRIZHO>WTDKRE
R =—DHEP0% IR DES, I
MEOEAR/ERADANT v S OBLRAEI
LT LDLHIWITHEL~T a0 ERAT
HL7:DEOPESNCT 5912, LDHIZD
WTph3DE6L 7Y DY/ ADNA%2PCRT
IR U EBSREERY R ER I & 0 AR % 5
Rz ZOFER, 2 N 2470 2 ZBHOERE DAL
BRBFLERC (¥ by y) EERBG (V7 =)
DA %~ EERTIBRE S 1L (data not
shown), £7z, RAFRIC LV YT 70 —=>
ZEBETH - 721C5-alc DWW TliX, FOH 77
U—DRER}T v A BfTolc b 25, 2997
70— TIBWTHEIT O = —IFIT50% D
G THR LU}z (Table 7, 72, Wy 77
u—rkh5 70—y (7u—-rM9, MI2,
M13, M15, M24) iZowWwilRkaa=——mnrs S
FAINEENRLZDOpSIEREEZBE LI L Z
2, HBREEREO I R V12TIC I AV AER
(CTCuA ¥ >»->TTC7 2 =V7 7 =) HFR

Table7 Results of yeast functional assay of 1C5
subclones
sample % of red colonies sample % of red colonies
1C5 - M1 481 % 1CS - M17 443 %
1C5 - M2 457 % 1C5 - M18 47.6 %
1C5 - M4 51.9 % 1C5 - M19 56.2 %
1C5 - M5 493 9% 1CS - M20 479 %
1C5 - M6 514 % 1C5 - M21 532 %
1C5 - M7 472 % 1CS - M22 514 %
1C5 - M8 50.4 % 1C5 - M23 54.7 %
1C5 - M9 43 % 1C5 - M24 487 %
1G5 - M10 463 % 1C5 - M25 48.5 %
1CS - M11 48.0 % 1C5 - M26 48.6 %
1C5 - M12 514 % 1C5 - M27 47.6 %
1C5 - M13 50.6 % 1C5 - M28 474 %
1Cs - M14 481% 1C5 - M29 494 %
1C5s - M15 489 % 1C5 - M30 477 %

oz, ZOMIEEEII SR, BLU3BMRI
bico THHRBEE LI, BRT v v 2{T-
TelER, Rao=——RFnFh50%, 55% & 1%
FZELWEIEEZRL Tz,

] 2

S MpS3BERET7 v AL DEIR

BEET, 7y MOBELIZZENOCHKT
MR WT, HZROpSIERS RN
TWwd, ZhoD Ty Fpb3BRIIKE ST
S/BOBBRAEERTIHEEETHY, ZDIF
EAEETHODLY 5EIFRRINZDNARS
FXAL B a— R385, HlbE MicBU 5
EEREELE IO (7 F102~292) &[HU
THDIZDZEPREINTWS, LIeHo7T, t
MZBOTEBIIZBHS »MZEINTWSp53DDNA
e/ EEEE RO L L fEE L LR
7 vA OHESLIET v b DB BT S ph3D
BRFZHCBVLTHIERORWHEELED S 5
CHEE SN, SSCPEREDRRDFFELIVE
BETHZIZELED, 7v bpb3BIETFOR
R7ve A OBBRIEZDLbDEEZ SN
720

K7 veA OFERICHID, BAKGRIE:
LTUTOEBHEI N, BIHyIG397% v
R—F—FERFE UL THWEESRGCHE S 1
79 bDpS3VFEE LADE2R FHE T 50 E S
2, 7Y Mph3DREBEROHKE K EICER
BERIZIBRWHED», 7y bOMIKELS
pP53DCcDNADZIE X < H§iE & 1, BIZ FHEFE
AAZ IV T TR FRBARKBEIN D E
ISP TH%, T, KWK TIZTT v bpb3HKH
~N 7 #—pLSRP53D 3 DD 7 u—
(pLSRP53-8, -31, -34) ZyIG397~\& A LK
B7ved 2iTo7, ZTORRE, K7 7=
WTIhoiFHaIu=—-%22L Tz, 2DZ
EXT Y FpS3VEERET v A WX B THEREZ
W, TNWBADE2EE 2 EMAL T 2B 2R LI,
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¥ 7z, pLSRP53-8&-3licBWwTau=—D
A XAB LV E NDTF R 3 FpLST2054
CRIBEThH-7: 2 LY, 7 v hph3DFHH
BYIGTDHRER EXCHEE TR R LR
BEDOREN 75 A I FDNA 1L ugh 72
1.0x10°~2.2x104E & REFTH 5 Z LR h
720 BB, Fyry NI —2H/z7v b
PS3DEERET v £ A IZB W T b FIRE LR E
5Tz Z & XD pb3DDNADEE FAHERE & #2
ZREBF vy Ry —1ZHEASNpS3EH
PRFINICEFZON, ZhoDFERLY
FEEMES R 2 2 LR HREEHE SR
725

Sy rp3BR7 v LA DFEENBIUERE
D&Et

K7 v A EOBEEEREST 5720, IEF
Zv MR L Y RT-PCREE THIE L 72 p53dD
cDNAMTAF B X UANABRNICEREEH AL 72p53
DcDNAWTH ZpLSRP33D ¥ ¥ v 777 X 3
P bBRCEETFEALU#ENIL, IE
WA E R Dp53 PCREEY T3 £76.4% DR
an=—HE L7 (data not shown), — 4,
ENDOPSIERE LTSN TWD I N 205
OFayripns AT A4 2 (Tyr205Cys), 2 K
V220D F v vind ERAF Y (Tyr220His)
LREUCEREZH DTy pb3 cDNA (M1:
Tyr203Cys, M2 : Tyr218His) TiZZh £
97.6%, 92.6%DFKIu=—F 5N, D
ZEixTy VEEPSIHEKRDPCREYITH E b
DFEFERICHRIT = — 2R B I EOFR
MWnHd e mRB LT, 72, FERIPSI & H
ALTEBEREY v A BETHAEDOR a0 =—»
L, IholBERELFZ NI, HIb
D7 v b ZEIFETHEB AR TOER
R o= —H35.7~8.2% DHE THEL T
Wiz, Z DOMEITHHIR SCOhHEkE L7z b b Dpb3
DOEERT v 2 A RICB T 2 EEE (2.9~10%)
WHANEET 2 LRREWEEZRL Tz, £

DERELT, Fv v IR ¥ —BHEOHES,
7 v FpS3DRT-PCROBOEEDTEA, £k
L7zRNAWH* T % %#E L 72 PCREY D AL
(FHRXA vF) REBEZONTZ, 2T,
¥ FpLSRP53D ¥ ¥ v X R7 ¥ —D H % HA
LiceZafRkan=—nB9lHlHAaIn=—26
AR L7z (Table 3) o EERCHI 2T L7z &
2, Ao =Z—TRF¥ vy 7Y —HHDOH
WECL2bHD, $cgau=-TE7v
p53 cDNADIEEEH A & h, HIRER TY)
DHIL7:d ODLBEREOBICERE L 23R D
pLSRPS3ic k2D EFE oz, ZNHDH
BB IXpS3DPCRE 2 W1 BERET v 2 A
Bk e2a0=—4hnD0.4~0.7%TdH %
(data not shown) L {EHE TH -7z, KRT,
Rao=—136.1%% 2 L7OWH (B4R p53
FBIHREEE © Table 6) DRI 0 =—» S EIL
7zp53 cDNADBEERS 2 LIt 25, 2
DOEMRIPEREOFREAE L CEH S Tz, 1
DK E K& TTable5iZRm LIz & 5 ICR3B
L URADOBEHREE A CEERLYIFIEL O THREBC R
L72) W 5IEEDOHEIORTIBED shiz, Z
NiEWaridel 59033 Tic b b OEBERT v £ 1
BREBIAMESE LTEBRRBEL Tnd &
S WRT-PCROBEZH Z Y 5 28BAA v F &
WIOIRRIET(PCROLI—EFEZ 51iz,
b 1OOERL LT, 1EEFAN 70—
YHAHCEO SNz, INOETT=UH6
fE E fE + 2 E AT (nt293~298, nt865~870,
nt952~957) IZ & & 41, RT-PCRD . 7 —DAtlLiz
F v MEN TODNABEB DB OHRAZ RS
L URNARHE SN OBOBALROTH D
AREM R I N, TDEIRT T =6
EESE 3 2 EH)IdE ~ DOph3ItiEFER T, b
NERET v A DT —F 7 77 b ELTHHEHE
ENTBST, ZOT7T=VHAZRIEIZ v b
BAEOBHR LLBZRCHESIT—F 7727 b
EEZ SNz, £z, KROERMED2.7% %
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HolZE LD, IhAME b XD EREIE
35 FENTH 2 A[REMESTR I iz,

S FpS3BR7 v M ENEEN

BERET v 2 A OEREMER, ph3RERY ¥ —
K1 aC—TCERRNCHZEINS Z L ITKEL
Twb, ZD®IZpLSRP53iX CEN/ARS =~
Zy MEFLNRN7 ¥ —pRS315%2 H L ITHEL
720 EBE, ZOZLEHEIDIDFIT=—
BLUHav=—»msZhZTNRIVEDO 7 0 —>
#77AIFREINL, KBE2PEGRRSE
7zo 1EOKBECIZ 1EOTI A FLILA
SRWIEMNTHIN TS, KIGE»S
B U772 A 3 FCHUBEBOEEEZR %
fTolze ZOFR, Rauv=——po/oni7
ZAIFHPHEFLTHRIT=—2, Hao=—
ho/BoNITIRAI RS RLETHIT—
B & N7z (data not shown), Z DEERH
ORIV = —RJFERPII - DAE, T2
Hao=—3H4ERMps37 a—r DA 2FEEL
T3 ZEDIEHI N, SO RXFER L LR
HDp53 PCREY) L2 LR TIRA L (R
7w BEEIToRER, BEMDP53 PCREY
DEIGLRIT=—DHE L DRIZIEEICEH
EOEBEBRAE NIz, ZOZERET vE
AWEEWE»’DH S Z L2 IRL, FARRFZ, 1
DO 1 BHORZ Y — LRSS Tw»
BWZ ERRLIZEFEZ Slz,
BR7vt4A(ck 2HE%S / LpilDist
7 v b OEEMEREHCTERT vy 21 %
fTol488, InoERau=—»B10%UTOD
LB, 50%H1% 0 TE, 100%aWIIEEE 3 DI
SETHIENTER, [BERao=—»E
BUOEREV ANV CHERPS32HET 55
EFEZoNTz, EHX50%~55% DK a0 =—
BB LTz, ZORKEZEHSPIZT 20 IER
RAEREBEC IO S 70—V 2 ElT 2220
T&721C5-alcDWnWT, ZD29% 77 a—iz
DWIEERT v 21Tok &l 3, Y77

O—YIZBWLTHI T =—134L T50%HT % T
bolzo ZOKRIZ, 1C5-asHFERDPSIE H D
Mk & ZZRAp53% b OMELIREL Tnwb iz
DIS0BBEDORIT=—%2E L 12D Tidk
<, E—#ifENCEHER L ZEREROPS3ERLT
DEFEL T —silillER ko Twa Z
EERRUT, E2, ZOEBRBERIIMEKCS
WTpS3NERM B S UFF LR DM L5 F
BREIEBEEEINTWVWE I LERLTEY,
Ishioka 573t b DR THEMEL TV 3R,
BER}T v 24 DFRau=—DERNT v Mk
OB TFE (genotype) 2RI 2 ET1D
DERALEECEVES Z L 2R UTI,100%300
whikaw=—%82 U IE S itk 5 8% (3
Y1-cl.B1-6 , DAB, 1C5-b, c-KDH-8, DMBA
-0OCl) T7Z7u—FVRERPFEEEI N, b
DOHFETIZLOH (Loss of heterozygosity @ ~~
T OBESHEOHEE) BBETWS Z EHHER
nizo —75, BY OP2-b, 2A58 X 'c-KMT
-17-A6D 3P THBR O EERBLETFBEE S L
7zo IO o DMK TRE IS W REEX, Z0
FREEERALORS I BOEREFIDS 2 L, &
B2 vy FREBbDERFZONRLS T,
¥72,ccKMTI17-A6 T4 27a—>122KZ7 7
=W 6 EERE T 2L TOHABL L UREKE
EPRE I N ze RN CEREBZED Sz
polzl e kY, BERNIERTFEb LICL
BTy XA BT STy bph3EEDT —
F7 727 NREEROL T —Z L BAREM bR
B nizds, Raa=—»94.8% L ERTHa
0= —DEEIME KL, FEMNLEET
DFER LRI EwEEZ oz, U
EDZ LD, Zhe 3HTCERORE S
P53Z R 2 Ko 7o MM I L T v 3 AT HE
HREHwEHEIN T, 5%, ZOHEHL»
570, LR TILENHS LEZ
shiz,
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S v MMEBEEOBEEIAREN

4al, 1CSHIBEDOEERET v 2 A OFER L Dk
REFBEPIZpS3BEE T ORENET 2 Z &8
HHOBRENT, 1CHHILIE D & b L ALK
MR RRc-WRT-TO B R P2 (%2 0 =—
6.1%) > SBRAFREC L VI N 70—
¥ ThH 50 ORIBARMN (1C5-a) B LUK
100R8kfK (1C5-b) MfEDOFR 2 v =— 0 HBIH
FEic 2 hZFh50.4%, 92.0% L =ZENBES L
720,1C5-a B & U1C5-bDIFEEF | DI L D
ALY s T VT
5=V ANDERIED 5N, 1C5-alc D&
F4ROEEAEG D Sh, ~T aFEAET
HDIEBEMIZENT, ZDID, 1C5-bTH
shlcdka o= —oimE, MAKEERCEE
BB FOLOH 24 U7 Mg o3 i3], 2h
DIANT O EEEEOHIIIC L TS ICHISHE L
Teleb EEZ 5087, ZORMBEHERT %
7z, 1C5-a%35RRich7: D kR L7253, LOH
EBILHRRHEShEhol, 2DZE
FLOHPHRIC IV HEWCEID S 2D TR
B ERRBLIZ,

5 ]

7 v Fph3BILF OB ZR 2 HEIC L
Db EENCHRH T 2T v A BEHILL
77e DT vEAFEICBITBEEMEIZI0%LT
T, BEFOZERPS3 mRNADED 5 %E 2
BhRao=—0FEBELEL L THRIBATRETH
%, ¥l2, TOT vEAEEHAWS I L THIKE
BROPS3DELEFR IS5 2 2T
&, pRIEREIE L LIRL B ROBIF
BRrLTHEATHS Z L& NT,

#t B

WE&z21chlzh, RIGBYI = ZTEEL D
BB ZB Y % U7z dbiE R R T ol A5 O st
BIEEREARERR, SEHBECBER, &

OUNEAFEDEEREZTTIVETELED
AT AR £ TH X & U o ik op R
IR S R R P <7 P s 1o v
FEHELUETET, £/, 3Y1cl.Bl1-64ikE = 2t
LTF & E LALIRERAZE I FHE
FHAl, DMBA-OCHifld 22t L TTF&WwE L
P R ARSI 0 e P O A T B < R
LEd, 2LTC, KiFELBichi b SRR
BIE, W RTES £ Uk bl kR R
RS S S o I P P v — S, SR X
BIF2 U, MEEHES X KRB ORE
BOERILE D ELELBL BT E T,
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