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Abstract

Transcriptional slippage was previously found in Escherichia coli during RNA
elongation at runs of 10 or more As or Ts, resulting in the addition of untemplated A or
U residues. To evaluate the incidence of transcriptional slippage in vivo, we employed
a yeast functional assay, and analyzed the frequency and spectrum of mutations in
mRNA of the tumor suppressor p53 in rat tissues. In this assay, yeast are transfected
with p53 PCR products and a gapped p53 expression vector allowing homologous
recombination in vivo and yielding a percentage of red colonies which reflects the
proportion of mutant PCR products. Insertion mutations of single base of adenine (A)
at stretches of 6As were frequently detected in the liver samples of LEC rats which
develop spontaneous hepatitis and hepatocellular carcinoma. For excluding the
possibility of artifacts, p5S3 cDNA was amplified by PCR from plasmids containing
wild-type p53 and tested with the yeast functional assay, resulting in no A insertion after
sequencing 23 mutant clones. Furthermore, in vitro transcript of wild-type p53 was
synthesized by SP6 RNA polymerase, and then, reverse-transcribed, PCR-amplified,
and tested with the yeast functional assay. The overall rate of A insertion was much
lower than that in the LEC rat liver.  Since A insertions were found predominantly at
nucleotides 293-298 in exon 4, an exon 4-specific yeast functional assay was developed .
A insertion was detected in 4.8 % of the PCR product of mRNA but 0-0.1 % from
genomic DNA, which suggested that such A insertion was caused by transcriptional
slippage in vivo. The A insertion rate was increased in acute hepatitis stage in the LEC
rat liver, while the rate slowly increased by aging in control WKAH rat liver. It was

suggested that cell damage and aging were primarily responsible for increased rate of

transcriptional slippage.
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B TEDOEA OBEEE R- 37291213, 8% DNA 5 5 mRNA A

5 <& mRNA DS EBAEANOBRVELLIThbh B ENEEANICEETH 3.
LM LMIESCT I ADBEETIZDWTIE, BEBRETOEERNOBD 2
WIIEHERBYBE T D FE AP D 9 (ribosomal frameshifting)iZ & 1, $6% DNA 0
R REIIRBLIEAENELAINIBEENLSNTVS 2. B, 2hbD
BRVHABYICOEONSE ZEMRBITHONCEINDDH 5. mEEMEIC
BV % HEELF D EALIL transcript mutation (BEHEZER) SIETH, WY T
NETIR2DDI A THRHENTNS. F—IT, GARCTRED 2 HHEMD
IR URCHIZY mRNA KERBE X NS BEIC GA HBWIE CUBRETBY A TTH 5.
COEZNHREIN TS BETELTIE, b OB BERRICHBIT28-7 3
04 FRIBAEHBETFPIEFF > B B THBL Y Bratleboro T v Mz H
FENFRBINEZBETND S . DOV TOEEERIT. NEBICENE
DEENEINT D ENFENTHED *9, fi2ZDERIZTIVYNA T—JRD
50 SEBHOFTRIER EBERDDH B ZEARBINTW S, B, 75
> (adenine, A) E/=IXF I > (thymine, T) AIZEGEFET 2L I BN TR
DNA KIIFELIRWRATZ A £72130 5 )V (uracil, U) AHEA D 2 WK%
TBHH1TTHD. ZHUT RNA polymerase D £ X IR 12 855 DNA $ & RNA
SEICAEC 2" 72H 5 transcriptional slippage (55 21 w ) ICiRET 3
EEZALNTND V. ZoB&IT, ) REAME (poB BiET) AR A
(actor VI 85 F) DBETIEHINTNS 7D, TS DBEFOELEBETFIC
(3 1THERENH O, frameshift 234 U 57D EERZFUNTFHENS. L
U, 2O 1IFHEREDEER, DNA EIC7 F= O BB EHEHET A EAMATETL
XV, ZITEHEFEAYyTIMRI S, 200, —8D mRNA Tir75F=> 1
SBEAMMEND R OFHARDNEFEICEE UBAMEFAEOEEE2 5 OEH
WEASNTERNBRTZZEABEINTVS. ZOBEFEZY v 7L, A




P INESERIT LIV BEREBRBIOEOBREICHETZ 21
MRS D, ZDHICE, BEAY v ITNEDLIRBETFT, Y0Ld
FATRESNDINEHSNICT EILEND 5.

HH SR - 8% B8 EICRIET S Long-Evans Cinnamon (LEC) 5 v k
DT BEF pS3 DER % yeast functional assay®' 0% W THATL, FFRHO
pS3 mRNA DHITHE A w T LD EEZ NS ADHALRZEHEICH
WELZ. LEC S5y M3, £%SHAXYD, BHFREREL, BHFL, HE
BRMOEZMR T, £ B HAETICHEERIET S "), LEC v MIRI#H O
EEHBETF Ap-7p (B b Wilson KD ELBET ATP-7B IZxHETAZD T v
FBET) KER “I'N$ 270, FICHINVARZEREL THANRETLZ &
MEEHE N TWS 191 Lizdto T, LEC T v MZBIF% p53 mRNA O B8 E
BYTFZOMAERE, HHIREEICEEL-RKTHLEEISNS.

mRNA DR ZFHT 5 20121, HEkETIZMH TEHKD DNA 7 01—
CDRERINERE TILENH 2. CORBEEZMET 2010, EFHITRE
REZ MWz p53 cDNA DERA V) — =2 /1% ERLL 7. yeast functional assay
Tld, pS3 mRNA DY ¥zE.-PCR FEY) S RENY ¥ — 2 BERHICRIFFICEA TS
T, BROBEFHFRAMEZ EBICELD p53 cDNA IZEEINICRERY
—ICHAREND. RN TREL pS3 HANERREER T & LU THEET
NEMROoD-—@dAaLARD, RETHNIRERS. Zofkao=—ns S
TJAIRZEERT S Z LXK TRIRWICE R pS3 cDNA OB 2T Z &0t
EETHS. AR TIE, 1) T b p53 mRNA OEBERTY F= 2 DAL
ZNEEA) y TICRRTZ2 ZEOFH, 2) ZOEER) v FICE5T 5%
TORYT, BEU3) BERY v 72 ABWITRET 2RI 2T 7~




FEE & 5 1k

B W) RLER B K TNBE 36 8 o bk

LEC 7 v bBX U WKAH T v ML K 27 5 25 e 8 BT 75 fd 3 B
HRF9T 7-107 Bl £ THELLB DRV, PITFINIT—FIVKETFIZS v
PEOFBIUOBEOMBERMH LES ICEAZRICTHAL-80C THERE
L 7z. 7,12 dimethylbenz(a)anthracene (DMBA) &5 5 v bR 3A B K%
PHSE LI Dt Iz, SRRk E LTSy NIFRIRRE L DL /-
cKDH-8, OWH, KT'T v b DA K UL U7z Mifask cSST-2 ZH W=, #ify
BEERITII SV large THIR TR S > A7 — AL LEC T v b RFHI
Bk 93C13, [F] Long-Evans Agouti (LEA) T v b HISRATHEMEK 93A16'® (BEA A%
EHOCRE LR DtE) 2RV

RNA OB XS ) L DNA O Hli i

HEEMALIE 1x10°@ & 7= D 1ml D Trizol Reagent (Gibco-BRL,USA) TIAf#
L, X2-80CTHMAREL THWZT v KT 100mg & 721D 2ml @ Trizol
Reagent EIKITHRET I A1 H— (FNRBERE, KB) THHRL, - /72U
LFFTTHR—=NTx /=)0 7 3 )b LAHHHEE TS RNA 2L 7=,
RNA X, =% /—)LiEEE &, 0.1% diethyl pyrocarbonate (DEPC) (WAKO, X
B) ALERZRBE/KIZYEA% L 7. DNA |3 RNA ZHiH L 725% D @ Trizol 43 @i 5 LY
=V KDL, 10%T% ) — )V EEVO0IMI I BT NI LR
WTHH L721R, 8mM KEB(L T b U D ABIKICIARRL /2.

W5 -PCR (reverse transcription-PCR:RT-PCR)B L U4 / A DNA D
PCR
£ RNA3 1 g %, 65T, 10 7 INBLEH 5 2 EDKHFICTRE L, 200 BT

DY ELHREFR (M-MLV reverse transcriptase, Stratagene, USA) , RI¥AT KIS,
7.5mM Dithiothreitol (DTT), 0.5mM MgCl,, 0.5mM & dNTP BLUR05u M Tv




b p53 Rr R T 51 < —RP53P1 (5’- AGCCCTAAAGTC-3’) %11z, 37C T 60
73 1 W ER 5 X It (reverse transcription: RT) &2 175 7=, Z 1% 95T 5 43 il AL i t%
5 EKPICTEB L 5w b p5S3 cDNA %57~

Z D RT EM % §% & L, Polymerase Chain Reaction (PCR) #:i2k D pS3
cDNA ZHEL /2. SEECHERLUZRTEM2 4 1IZET 514 —0.5 u M & Pfu
DNA AU A F—+ 1.25 B (Stratagene, USA) , RIERAIRIGHE, 75 u M &
dNTP Z A, 28 20 1 1 & L, Gene Amp PCR System 2400-R ( Perkin Elmer,
USA) IZ& D PCR %175 /=, ¥ D yeast functional assay DFPS T I —& L
TFC2 (£ A7 54 ¥— :5-CAGCGACAGGGTCACCTAAT-3") ,RC2 (7 >
FE AT 51— : 5-TTTATGGCGGGACGTAGACT-3") %\ =(Fig.1-A).
exon 4 specific assay DFFL T T Y —EL LU TFC2 &RC3 (FoFLUATSS
A ¥— : 5-CGTGCACATAACAGACTTGGC-3") % fV \(Fig.1-B), $§%ICIT 5 fi%
FRRTEM2 11 HBNWEY /) LA DNASOng 2=, PCR KIE&HIT, WD
NDOHFE D 95T40 B, 63T20 #, 78C60 % 3551 7 )L & L/=. PCR MM,
1% 7 A0 — AT )V NEXIKE &7 WRER L /=,

o gy S o

b hEFAERY pS3 BBIN 7 4 —pLS72 (Swiss Institute for Experimental Cancer
Research, R. D. Iggo 8-k D fit5) |3, 1.6kb D ADHI /O E—4 — %4 DNA
BT h, Wi Hindlll B XN Eagl 6D b b p53 cDNAKTH, X 5ICFD FHIC
CYC1 Z—I =5 —ES%E ZDIETRHRKBE S v MLY% —pRS315 iZ
MARALTESDTHS . ZOXRIY—IIBRNT 1 A —THRINS D
O cen/ARS BEF, LED2 BIEFBEIUNT 2 ED ) Vit FEAELTWS. T
v bk p53 BB 4 —pLSRP53'21, pLLS72 % HindIll 35 X T Eagl (TAKARA, X
) TIHEL E b pS3cDNA ZHIBR L7288, ZZIiCT v k pS3cDNA DL a1—F
1 2 THEBETUONF @A L THEMIN/Z, pLSRPS3 ZBERD Pl B X
O Sl TYIWL, v hpS3DIR6B8MEIR345%0— KT 5 cDNA
B ZBRELEBIRTIZAI RFYr v IR I 2ERLE. ZOBRTS




AR RE 1%ER R Y 0 — ZNEBKIKENT L D 508 - FIU L 72 #%. Wizard PCR
prep (Promega, USA)IZ X D#ERIL 7z. X 51T calf intestine alkaline phosphatase
(TAKARAIZ X D iz ) >~ B{b L, EDTA %1z 65STIZHNR U BEK % kg
SRR, Jx /=) 700 73V A0NE, T ) )L DML .
exon 4-specific yeast assay i DF ¥ v 7R 4 —|Z13, pLSRPS3 % Pstl THLEEL ,
AR68ME 1B ICHY T 2HBERRLE DEZHWE. Fy v IRy —
SR w21 HIC 20ng/u 1 ERBEIITHBIL -,

T b pS3OEERT v
1) EERRER

p33 L R—F—F5AI R (RGC KA : p53 DO >t H AKEEK S % F
D75 XAk, CYCI minimal promoter, ADE2 {5 ¥ % &) %44k DNA IZ
AR ATE ADE2 2R BEREFE yIG397” GBARAY . MATa ade2-1,Leu2-3,112trpl-
1his3-11,15canl-100ura3-1 URA3 3xRGC::pCYC1::ADE2, t.¥g¥ KFEFEEH
AEBLEXODHE) Z2ERLE. COMBEBER pS3 2RETES5AIR
TIHHEHT 5 &, ADE2 BZFOSREL, @¥OHGI0=—2405%. —4,
REMpS3 2R D75 A3 RTIHEEGMRT 5 &, ADE2
(phosphoribosylaminoimidazole carboxylase) BT, 77 = > & iR O i
PEY) (phosphoribosyl aminoimidazole) ASBERFNICERE L BERHIFBI O —%
£LB P,
2)_yeast functional assay

yIG397 21+ BDY 7= (200 1 g/ml) % fZ 7= YPD ##h 100ml $ T
30CITTHEH 2 L, 0.D.600 %%0.8 {23 L 7z I¥ 5 T 2,000rpm 5 43 i D 338 0> 3 e
WCEXDEEL, 500 1 1D O0.IMEEEE ) F7 A, 10mM Tris-HCI (pH8.0), ImM
EDTA AW ICRRE L7z, T ORERHRIETE SO 1 112 PCR PEMY) 50-100ng (FEKS
FPCR RIGIZLUT13 1 1),20ngDF v v TR ¥ —, 5 pu | OB FHNE—
AS{H ¥ B DNA(10mg/m)B LK, 300 1 1 D 40% (W/V) polyethylen glycol
(PEG) 4000 Z &0 0.1M KEER 1 7 A\, 10mM Tris-HCl (pH8.0), ImM EDTA 5 #&

~




ZIMA, ZNZE30CTI0OHRBELZDE, RCISHOB 3w I EHEZE. &
OERY FIOLEICIDBAINEF Y v TIRXTH— L& PCR Wi 13BERFN T
BEFHEMAHEZ 2B L, SR DNANHE N TSI 23 RicllAAENS D
(Fig.1-A, B). ZO#RT 52 3 RIIERIRILUBRINTHRF SN S, BRI
CHUTKDOA D RBIEREEZERTHLEBITH T IVEARD p53 #2148
FRIERBETLEIOICRS. COMBNTEHAR pSI NIRRT S L, TR
RREHE EICHAAATH % pS3 EHBBAY (RGC RS ICKA L FTHO
ADE2 BIZTDEFEEMLL, ZORKR, 7T oNEASHBERIO-—
IBE<IZS. —F, ERA pS3 NWRET 2 & pS3 BHBREIITKSTERW
RHETZ pS33EANGRINSG 2, TitD ADR2 Bz FAEREI RN, 2D
12O BRIOO0- MRS, BEEBRINEZBBIEYT =26 1 gml) -
OA 3 HRIEBIRT L — b ET30C T RMBIEREL-. a0 —BR
BT —hEACT UARBMER L IO —OREEH BRI, 1 L —F
IZDZE 200 Loao - —2KZ, f (BERYpS3) LA (B4R ps3) oo
OZ—8M5, RAOZ—FORIO-—DHEZESRTEHELE.

MEIOZ—DO5DT75AIROBEMETOHERTN DR E
TL—hEICERLEEROO=—%27 522 (200 1 g/ml)% N Z 7= YPD
S 10ml (IZHEFE L, 30C T 14 RIRE S 3 L 2. 2,000rpm 5 236 D 30043 B
WX DR L, zymolyase 100T (4Ab# T %) T37T60 5 ULEE U M FREERE F1 5k
43 %ML L /=%, alkaline lysis 3 (QIAprep plasmid kit, QTAGEN GmbH, Hilden,
Germany) ICEX D 75 AI REMIHLS. TSAI REHET S0, BEREELD
M LI=T 522 REEKZLHE (The Electroporator I1, Invitrogen, USA) 12 & D
XL-1blue KIGEICHA L. BA%, 7Y U il Lbroth 7L — bk T 14
Wil L, EUKBEIO=—%7 > ¥ il L-broth B #iKICHREL
SHIT 14FFEEEE LUz, £D%, B alkalinelysis IKIC kD 75 A 3 REHH
URBKICIAR L 2. 7923 RO p53 O HEEFIZ, DyeDeoxy Terminator
kit (Perkin-Elmer , USA) % f V) T ABI 373A automated sequencer (Applied Biosystem,

8




USA) TRTL=. 7523 R ps3 OBEERFIBRERIGICIILIFO T 51
IT—Z2HWNW .

FC1: 5°-GGCAAGCTTCATGGAGGATTCACAGTCG-3’
§2:5-TTTCCCTCAATAAGCTGTTCTGCCAG-3’
54 : 5’-GCCCATCCTTACCATCATCACGCTG-3’

7 w b yeast functional assay O & & O #2471

v MEEMMOK -SST-2 (B4R p5S3 2R B]) & c-KDH-8 (R p53
DHFEE) D pS3RT-PCR EM%E 1% 7 HO— A I TELXRE 2170,
100ng/ml RALTF 20 ABHKIC THRAR, UV h S ARSIV I 2—%— (741
V) LTEERELE. BEELON ROBEEZTF I M A—Y THIEL.
C DE & EER THIE U7z PCR FEM D DNA #E % &1, c-SST-2 #ifg &
c-KDH-8 #fific i3k D PCR BE#) % £ 1€ 100:0, 95:5, 90:10, 85:15, 80:20, 50:50,
0:100 DHFETTRAL, 3ETOMRBET v L1 270, FaoZ—0¥
EEHRHL~.

P53 ¢cDNA O 7 O —= 25 & in vitro transcription

16 Jfs D LEC 5 FOF L DHIH U /Z2RNA 25 pS3 RN T 51 <7 —
RP53-1 Z H W THIRERIEZ{TV cDNA 28 L7z, ZhZ§%E L TPCR
KKV EI—FT 4 2 VEFIERMEL 2. PCR IZIZLATFD 7 SA 3 —%& .
RP53-2 (L2 A7 54 ¥— : 5-CCCCTGAAGACTGGATAACTGT-3’),
RP53-3 (Y > F L2 AT 514 <Y — : 5-TGGGGACAGGATGCAGAGGCT-3").
INZTAZO0—=27%Fv b (nvitrogen) 12XV pCRII 7523 Rizcr/o—
=L, MYLUTz 4 70— > OFHERFZPE L T2, p53 D in vitro
transcription Zf7T D /2012, AR pS3 2 H DI LR INSZTFTAIRES
1 g% EcoRVIFILIZKDBIRILL, 7 /7 — VB LBRIL =, 2ot
TAI RZE, BATRRET T SP6RNA R X 5—+ (Riboprobe in vitro
transcription system, Promega) & & %12 37°C T 120 /I & # 7. Ing @ RNA
% MWW T RT-PCR %17\, yeast functional assay IZfit L 7=.




GOT, #i, 8-hydroxydeoxyguanosine O Ji &

LEC 7 v b @ f{& GOT(glutamic oxyaloacetic transaminase)i& 13, B E14:1L;
*#51H13%E TBA-60R (Toshiba, HEOIC X O RIE L 7=, S8 13 T ik
(Z-5000, Hitachi, EOIZX D #E L 7z. 8- hydroxydeoxyguanosine(8-OH-dG) D £
/3, high-pressure liquid chromatography (HPLC) % W\ /= & F{L22 iz & 0 BilsE
U, 10°dG I Bt Eg L 7-.

T ) —)ViT X 5 Ml b B

93C13 BXLU 93A16 & 10 %#IEBLY > M 3% i Williams’ medium E
(GIBCO)S %K T 37C, 5% CO, £ FTHELR. Zh s OBERIFLE PBS
T ALK, 0-500mM D LY J —)L & & 524 Williams’ medium E TH: 3§
L, 3 HERICHIAL L1833 K ORI 2 £ EX L 7=. LDH cytotoxycity detection kit
(TAKARA)IZ X U, LDH EMZRIE L, UTFORITREWEL L Z2EE L.

{ (5% LW D4 LDHIEM) - (3> bo—) Lkt o LDH 54 }/ { (%
#® EHT DL LDHEY) + Wit o2 LDH M) - (3> hO—) L
O LDH{EM) }. X7z, #ilan 51347 7 L DNA 725 TNC 4 RNA i L, exon
4-specific assay IZfik L 7z.

B At i) QL B

ARIODZ—DROAFEZIT Student’s ttest ICEL D BRE L. BT v A
DHRIATDZ— DB EY > VB DOER DNA O RO MHBEIZEIR S HTICLD
Al L 7=

10
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1 yeast functional assay O J& FE O B &}

7w b yeast functional assay {28V THR I O =— D LR AHE & pS3 mRNA
DUHBEXKRT ENESDERNT B0, BAER pS3 & KRE T 28 fkk
SST-2, BXUEKR p53 DA & FE T 2 Mk cKDH8 7 5, RT-PCR IZ L W Fh
€41 p53 cDNA ZHIE L, THEND cDNA % 100:0, 95:5, 90:10, 85:15, 80:20,
50:50, 0: 100 DJWELTRALIZY > TIICONWTHREY vtEA 2o/ &
DFER, ¥ mRNA SR 0= — O BRORMIT r= 0.99 O VB HIBE R %
N@BHE Nz (Fig. 2).

2 yeast functionalassay IC K57 T HAEROBRH

E hF v b yeast functional assay Tl 10 %A FOFHRIA O =—13)Ny
IS REEZLENTNG O 22 TETHDICHELTTY R TIIz
DT yeast functional assay Z1T\), 10 LA FOR IO —24EUEHDIZDOWN
TARIAOZ-DSENRLE TS5 AI ROBEEEFZRE LETEZ Y v 70 E
By &72% 3 & D 6A FR{T(exon 4: nt.293-298, exon 7: nt.865-870, exon 8: nt.952-
SNTDTY T2 DFALR (Fig. 3) OEEZMITL-. MR3 7 BED
WKAH v b D292 7)), 78E® LEC 5v O 24> 7))L, DMBA 3
FEIREE 5 Y > T Ib, BIUFEMAE OWH TH 5. #55E 13 Table 1175 L 7=,
78ED LEC v bOFTIRFRIO=Z—NEE8% (7-9%)T, 77> DA
ERE8I/O—-H170-c@ohfz. ZhidLa0=-—n1 %ok
L. LEC v RPSADY > TV T3 2.33.4 % DEETTY T2 O AL RN
BRI, 772 BALNOERELT,31 70— W, exond D 6A
DY FZ2 VIEREDREH 1{E, 6A EALLUSN TOHESBH AT RN 23, B
DIFEDOREH 6, 1z X2 & —D self-ligation B8 1 fHTH - 7=.

11




3 LEC 7 v b DR T oRat

LEC 7 v MIBBENITHIFRE (0-18:8) , SMFAM (1832:K) , 18
PEFF2I (28-70 ) , FHEH (70 ELARE) [/ 55, RN T E S
fE(CF) P RIAZBHCO) A E < KB 5. 22 TKIC, HFEHO&EREI
BIETY TV DEALROBEEERN L. 70 BLLLED LEC 5w ~d CF
327, HCC 3 Y > T BL, JEBEITHLE LY > TINITDNT, ps3 D
yeast functional assay Z{TWER p5S3 DFEEE Y ZPE L /= (Fig. 4. Fao=
—{& CF TY¥1313.4% (11-16%), HCC T 13.9% (11-18%), FE#% SBIHLEE T 13.8%
(12-17%)THoTz. THNE IFEBEOMMTOERDOIIIFER LU LEEZYF= 2D
HMALERNEYD, £0OLI0=—12 L) 25E S CF T7.4 %, HCC T 7.0 %,
T 9.0 %THofe. £z, WFNORBIZBN TS 7F= > OBALRI
exon 4 O 6A HRALIZ ZEERD b iz,

ZHLEC 5y b pS3 ICRHRERD L <IZDNA 2R L ICHRT 3
BOTIEBNWZ LZHEND S/, LEC 5w hOD pS3 D23 —F 1 > K F %
RSz, 16 D LEC 5 DM S RT-PCR IZX D p53 @ cDNA % #tE L,
TA cloning IZX YD pCRIIZZO—=F L7 Goni-sfEo 4 yao—>n4
THEARD S v b pS3cDNAP & [ — D EE R 2R L 1=

4 RTBRXULPCROT—F 777 bDOEEORHN

yeast functional assay ICK DRI N/-EBEERT T2 OEALTREN, M
BERISRT)® PCR D7 —F 777 M KB HDTRWI EEHEHT B8
2, LU Foa2 hO—)VERETo/. £7, 848 pS3 DNAZED TS5
K 0.001-10ng Z#HH & L TFC2, RC2 /514 X —&2HAWVWT35H 1 7))L PCR %
fTV) p53 cDNA ZH#E L, yeast functional assay #1757z, RO =—D KT
0.9% (#8755 A3 K DNA 10ng), 2.4 % ($% 75 2 X K DNA 1 ng), 3.2 % (8
75X FDNAO.1ng), 42 % BB T5 A3 RDNA 0.00l ng) THo7z. =
D35 10ngBLV0.001 ng DT T A3 REHYME L TIT> /2 PCREMIZON
TRONZHRAOZ—NETIAI REERL, ThENsBLUEBIO—>

12




IZDOWTED p53 OEEESEZMITLTZ. ZhehsidFvyy IRV —0
self-ligation &IFRFRHZRERNVBRHINSZD, TFCOFAZLRIZ1I O
Bith = 1178 Mo 7z (Fig 4). RIiZ SP6 2V /= in vitro transcription 12 & U pCRII
ICHLAIA AUTEBF AR p53 cDNA D5 —H RNA 28R L, T 2R E LT RT-
PCR Z1T\), p53 cDNA % i L /=. yeast functional assay DFEHE, AR O0=—|3
6.4 THol. RAODZ—DSEEIRL 27523 ROEEEY 2T L= &
I3, 77O AERI R ZO- 3 so— i@ s, Zhitse
AD 1.6 %(6.4 x 3/12)ITHY Lz, ZOBEIHFEO LEC 5 v NG A
WEBBDOTY T OFALEROBEE (7090 %) L D{EMTH - /=(Fig.4).

SLECT7 Y b®DY ) ADNABLURNALCBI AT HAZTROR
At

COLEC 7y bOBBERY T2 D AR RN genomic DNA DE RN,
mRNA IZAE U2 RN R RSB 728, p53 exon 4 IZH RN 2EBERET v 121 (exon
4 assay) ZER L 7=(Fig.1-B). Z#UC LD, 70-76 i D LEC 5 v MNiFaH 2 7)),
CF3H 7))V, HCC3H > 7)), B 45> INBLUTHE#DLEC 5 v kDF
2H TV DWTRRHT LTz, 47/ L DNA 7513 PCR T, £/~ mRNA 5
RT-PCR TZ €4 exon 4 A EHBL . TS OREEY OBERET v A
2TV U7z, #5313 Table 2127 L 7= & 512, DNA TldfR 2 0= — O8N
233.5%THBDITX L, RNA TIid5872%T, HABKET S IcesLThH
HZ(p=0.05- p=0.0002)2%ED 5N /=,

ZD35, 2D 72 @i d LEC T v b DOFFIZ DT DNA Hik, RNA H3k
TNETNIS2BORIODZ -5 TSI REEINR L THERS & L.
DNANSR T T OEARRIZFIEAERHEN N> =, —F, RNA Tl
ERDORLULENT T OBALRT, 2202 — 1203 2%2 13 sample 1,
2 2%H124.8% (sample 1: 7.7 % x 10/16 27 01— ; sample 2: 7.2 % x 10/15 %7 T —
2)T&H o J=(Fig 5).

13




6 295 il B K M #6 12JE U 7z p53 B R BUE OB O AT

BRATSIRZNI D LEC T v b EF 54 1 O FTFHLEEIC D W Tl A O yeast functional
assay Z1T72 07z, &l &, 28 DFHR I 0= —DEH/DOLAL & Fig. 6-A IZ
AUz, A2 hO=)LE LU THEBZEADHDE WKAH 5 F & L 78S
D LEC Zv h& WKAH T, pS3 EROBEIZIZIFR UG5 %) THo /-
WKAH Z v M TIIIEICON TR a0 — OB EI AT B B[S 5 1
z. —J5, BEOD LEC v M T, BMIFARICHRD 0= — 08 AR BN
L, 32T 20 %ii< £TEL, TOHRIIBUIFLIC BRI LEDE,
IR DT 2N RS . 1T, Ko OZ=—0 BRI HE & [k &
HERF AN BN L7228, 32 B TRBBICIE T L, BERGHI I & B T a
o7, OB TEINEFAROBERMNREINSE. ThBDS55 LEC 5w kD
342> 7))k, WKAH T v b ORF 2 4 > FINICDWTER ps3 OHEA S %
L. LEC v h& WKAH v FORBATT T DAL R OBEG
yeast functional assay DFR IO = — D HEBOBNNE E HITH KT B 2 EIURE N
/= (Fig. 7).

7 ¥ GOT, FFro# 72 5 i 8-OH-dG SH R E ps3 ZROHE O #114
D e w

LEC Zv b ORHZ BT 5 pS3 EROBEDBMA, 1L EORE &
HRT 00, ThEBHOEMOENRAEOKBCLEHONEHSMIZT
D12®, 21-32 D LEC T h DFF D yeast functional assay I2 351+ 2 70 0= —
DHBE, MK GOT M - FFOMEH R -8-OH-dG & & DHBIRIR % #b7 L 7=
COFR, RADZ— &M% GOT FEHEMEDORMICEWEDMBBER (r=0.98)78

@ 5N J=(Fig. 8-A). —%, #1725 NT 8-OH-dG & I3HIBIASERD Sk o 1
(Fig. 8-B,Q).
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8 T4 /) —)iTK B A\ %M HK0EE

LEC 7 b OFFMIfaEED pS3 DEE R ) v TE2EET B0 E D ML
L7120, BEMMETLY /) —)VCRBTH LIk vifaEEs BT X815,
DNA & RNA Z#fii U exon 4-specific assay Ic L DO - — R A B L 7>
ETODNAY TN THRIOZ LRI 1.92.5 %O TR
SIEMo. —75, RNA 427 )V oF a0 —HE®iE LEC S MR
93C13 T, 100-500 mM D LY J—)LAFIZELD 7.0-7.7 %&2 0, 2> +O—
VD 3.8 -4.1 BITHAREEIZWML (Table3). ZDSE 7.7 %DFIAO=
—ERIEYTNICBIIZ pB ERERELELZS, 187 O— 2T F =
HALETH 7. BALI6 D RNA U > )L TIdfa 0= —Di 5 a7 iR
LG e

L

Y5 A1) w7 (transcriptional slippage) i@ {EAE# 2z BT 2B H£D D&
LTHEHSINSG. RHITHEEDRHA - REZRICL > TE U BERRIBARE R
CBNTIE, RRPOEER) v TEYOHBIC L > TERDEL WKENE 5
N570. INEEMIC, BREAEOEMIC L S RER TIZES 2 ) v TR
DERIZ L > THEROBEIREINTNS 9. LENST, 852w T2
ABHICHBET 2 2 &3, BIROH LWIBBFRERS EE22 505, L
LRABMICBN T, BER) y THENEI LALLM N TEST, 20
HROBGATRRE N5 BEMHEROHRESEDTORN. 2L, BEE2 )
Y 77" DNA 8IS 2 Y w7 (replication slippage) & KR 2 = & AHEE T
HoleZ &, BRUEER) v 7D invivo EF I NEN ST Elr kB e £
LMD, INSOMBEEMIT 272010, E#HIZ yeast functional assay & Xidh
SRERMIEE LECREMFAT Y FEFILERWT, BE2 ) v TOER &
BRET T (A) 76 fEESE L -5 % BRERICHED pS3 BHEIRETD
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BEAUY TZMBHT LIz, 3512, ZOBEKNED LS BHENRE T TIRE
INBMEFN-.

1 yeast functional assay O 4 ff ¥4 @ B &t

E R CEBREMICBNWTEER ) v 72# 351213, 1) DNA ® PCR ¥
)& mRNA O RT-PCR EM)Z TS5 A3 Ricra—= L, 2) 9257 AC%
B 0= OBEEESEZREL, TLT3) MEDERNY — 28T 2
DVRRDHETH 2™, ZOHETIRIEROH 20— P emird 5=
EMTEY, BHUEZEDLAD TERDTSAI Ry O0— 2 2T 5% 5
W&o . AR TIE, ps3 #{m T D yeast functional assay % WV TR 01—
EOERHL, ToREE2EETLHEERALE. 2 TRAIC,
yeast functional assay IZ8\F 2R 0= —DHEENY > FILH DL R pS3 cDNA
DUBREEEICRKRTINEDI N EHRB L. BEMNELEMD ps3 RT-PCR
BEW) &bk 2 TR LLER TR A U yeast functional assay %17 7= k58, Fig. 2 IR L7
& D IKHE ORICHWIEDHBIBFRAEEIH X /z. 5 T, yeast functional assay
KBTLZRIO—DERIIHHEICER m RNA DERERRT S 2 LGRS
F £ B sk

KIZ, LEC v RHFHERD p53 cDNA ICBVWT T F= 2586 [EEgE T 2 5
L (6A L) THRBEIC T T OHBALRMRILIND, Zhit ps3 D
EREOYETIEBELALRPCR D7 —F 777 R TRBVWI EEUTD 2 D
DA bO—=)VERICX VIR L 7=,
1) £TPCRICKZDERTHOINENETRS 0, 7523 RickiAAEH
T2 EF4ERY p53 cDNA O PCR BEEM DREAT %475 7. 0.001ng DT 5 A I R & §57 &
LTHWERE TS, Br7O0—-Hh7Fo20AIR 1 DbBRIEENRA- -
WoT, 7F=U DAL PCR DT —F 777 M2 B HDOTIRBN T &t
HEDITIRo T2, 2) KiT, MEERISOT—F 777 NOEBEFENB -5,
TA D=2 R & —\ZHBA A T2 P47 p53 cDNA % SP6 RNA polymerase
ZMHWT in vitro T RNA 12855 L, RT-PCR I2& D p53 cDNA % 8 L yeast
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functional assay Zf7o7z. TR, PEOT7F O AL RN exon 7 &
exon8 O 6A HNLIZEHH I N, TOHEIILED 1.6 % TH > 7=(Fig. 4. Zhuz
R LEC S5y FORRBICBIT BT T OB AL RDLE 7.09.0 % & A
HERARIEN . Tk, LEC 5y MBI 2BERAT Fo L DAL
RIQFEERIEDY —F 77 7 LB HDTIIRWEEZ SN HEED,
yeast functional assay (&5 v b p53 mRNA @ 6A ERfIIC BT 27 Fo U BALR
EHBICRHTE 2 2 EQEEH I N

2 exon 4-specific yeast assay IC X B¥H 2 U v 7 D 3 B

ZDT T2 DEALRIT exon 4 D 6A BALICEBEEICE SN0, &
J2iZ exon 4 DR ZRRIITKRINT 5 yeast assay I /5 A I REKEL, 75
S DFEALERNT ) A DNA OEED mRNA OERBONETH . 20D
7y MO 5 [FFFIC DNA & RNA Z#iiH U TREHT U 7= K58, Fig.5 105k
NI X DA D= —DHEEIL DNA (2.4 %, 1.8 %)IZ . RNA(T.7 %, 7.2%) T
HENIZE S, LMD ZDEN mRNA O 6A LD T F= AL RICH kT
DIENRINIE. ZHTLD, ZOT7FZ OBAERMEEZAY v Sz &
% mRNA OZERTH 5 Z EHFEH I 1172, [FBR72 DNA - RNA 4> 7 LB D7
A0 RO CF ® HCC, &, FFRRBIERMD LEC T v FOFZiIcB0n
THRD 53YTable 2), NS DHEICPNWTHEREICEEL) v IR &
TWE ZEARBEI N,

BERAV Y TOREBANZZXAELT Wagner SIZKBEICBWT, &
FOMERIEDBIC, $% DNA & RNA BIOXMENT NS 120 1 HERD I H
ATNBENSRBMERLTVS V. BEOHERIEOBICIE, BExhk
RNA 85 & 855 DNA S0 BUR M ICH= DB T2 EMNAoNTNS 29, 7
T UMBEERT B ST B85 DNA 13T I O 0 ALY &
2% DT RNA-DNA DR T XN F—HEB DN, §6oT, LB
NEVMN I DTHAMBETHNAEB I THEENSE VL. HE, Y20
PR ILRTY T2 BIUF I UNENEN 6 HEHT 2HMNH 0, 22 TH
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yeast functional assay T8 IC# A LRI X 15 (Tsunematsu et al.,
unpublished data). —Jj, S w k p53 D7 = 2(G)M 6 {HEAET AR RO
p33 DY b A(OM 6 EEST AEATTIIGC £IICOBALRITBRH I NA
W22 IG5 OHEHEIT Wagner DR EXFHFTEHHDOTHS. LHL, FL 6
DY T2 DESFRFITH DRNS, LEC 5 TP Fo 2 DAL RO A4
2O 5D exon 4 D 6AFMTHS. TNLUHD exon 7 B LW exon 8 D 6A
BLTOTY T HAERRI DRV, FOBHELT, 15K, 6@O7Fo
v DEFHINITNET TIIEERY v T2 BITOCRATHT, HEOK
HEZTOIZ 2 KEEIGER ) v TICEE L TWB RN H 5. BIOEE &
LT3, nonsense-mediated RNA decay” D#¥ENE X 5N 5. —MIC premature
stop codon Z4E U S K E mRNAIALRETH B Z ENMSENTVWBA, FDHh
THXD 3K ET RO D4 Uz mRNA BMIBE THRZZIFRT 1 29
7y hpS3 Tldexond D7 Fo U FALRIZ1B0BHO I R ic#kEa K%
U %. fti)jexon 7 & exon 8 DT F AL R TIE, 329 BEICHK I R
ﬂ%Ué.:@tw‘&%T@MWAﬁﬁ%éh%T«ywanMMumy
LEOBENRDIR BED 5N 5 aJhEMD D 5.

3 HMHEAUyToMMcEET »ERK

LEC 7 v MFRDFEBITLE D yeast functional assay D 7R 1 1 = — HBRD LY,
ZRNIC. TORR, RAOZ—OPEEITAMEFREICC—228H 0, Bk
R —EHRAD L, FFSICHEEfERL =(Fig 6-A). 22T, ChzEX
X ERLIR D & 2 % GOT?”, o8 72 5 TN 8-0OH-dG 44 1 222 1 A= L2414
NIA=F—DED/){¥—> (Fig.6-B,C, D) BT BEEEZY w TD
BEDNY — 2 EELLTWE. LEC Ty O TS0 S H BITAIEIT4
BICEL BT 22 &N TNS . §id. Jefafk T DNA O & <
KITTZUIRBT DI EMNBEINTED 2, BERHAOERIIEE 2 )
YT EENE B BREE 2B AIREN A S 5. 48 BIBD LEC 5 v hDOHTIET
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TITH DO EH BN 70-180 ug/g wet weight HD. EHI > hO—)LT v M5 pglg
wet weigh) IZLEREHICHEVWZ ENHMEINTVWS ® . LaL, 78S LEC
v h& WKAH S5 RO TIET7 T DB AL ROBEEICEZIZD S
Mmo7z. 6K, REHFRHOME4 D THOBME LRI O —ORICHE I
LN oTz (Fig. 8B) . LELD, FFAD HOBEEMZOL DT
BAVy TORETIR RN EAURE N

MRS DS DRI T OMIEE R IC X D B OB WIS R 2 P4
9% LEC v b O TIIEMERICL S DNA FEZOEY TH S 8-OH-dG
% etheno-DNA adduct {3 R MEF R RIEDERNICKEBEML, FOEBRDT 2 2,
LU, Fig SITRLTZ20ED LEC 5 v b OFFD 8-0H-dG L RV &R & 2
%, 8-OH-dG/10°dG thiZ U T sample 1 T 1.36, sample 2 T 0.76 T 8-OH-dG L X
WIZEND BICHBH 5T exon 4 TOTVFo U HBAZROBEIRREE &
4.8 % TdH>Jz(Fig.5). £7Jz, 8-0H-dG L X)L EFHR O O =—D BRIz 4H R
RILBO NN o7 (Fig. 8-C). LLEXD, EHEEICEL S DNA OREEHNE
HAVy TOEEDFER L5 HEMIMENEZZ 5N 5.

CHNIMLT, MREHEORETH S M GOT EHIIRao-—n %
ERWHBZRLUZ (Fig. 8-A) . £/, LEC 9v hOBTHRIO-—0 R
DEMERFRICHIML TWs. BEFRHICRIBEREEMEES 2T 2 LA
BRESNTBD 9, ZHMNFERTESER Y v FHIML TWS A 8D 5 .
WoT, LEC Ty MBI BEER ) v 7O, MIEOBEIC LGS
BRTSDDRBEZI BT bDEHHIN S,

MMREIC K S TEEAY v FAMEE I NS Z L2 T 272012, LEC
BRU LEA T v TR kOB #E BMIIC TS /) — )L & 5 X TRl =
EABKICEIZRI Uz LEC BLULEA 5 MITH ) — )L RERER IZ B%
BHY, T )= EHICLD, FEEEBITIEMSNATNS %9, 7
DEBT LEC T v HROMEIK 93C13 IZBWTEE R v AT 5 =
CHGER SN 7z(Table3). LA L, LEA T hEIED 9BAI6MIIID RNA Tli b
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FOARIOZ—AWEML Mol DD, 52 v THRBERIZE b
RESNDEREHNZEHRBDON, TNEHLEC Sy MIERMABESKIZOMIT
HErTE2W. L L, LDH b TR 2R D 93C13 O 441 93A16 L 0 &0
BEASRN S 7ZDT, MROBENS—EL VTS LEE R »v THEHE X
NHAEMENDHS. ZOMTELTIE, S5 ICHMIRNISNEELIEZ SN

CNEFHNS, a2 hOo—)LE LU THWE WKAH 5 v hOFFTI3ime &
EBITTRIA D —DELROINT 2 AR SN/, Fig. 7 TraIhi-L>
CZDEMMIT T DEAREL D HDNELNDT, e EHITET 2
VTN B EARBIND. ZHETIVYNA T —IK, 57 SRR
Blattroboro 7 MZH 61D 2 HER LR OB ROBEEHNINEIC X > TH
MTDENIHROLEELULTWS. DL S ICEEEEROEEORINAE
CHRLAERKRTHD LT, BERBOEEE (fidelity) ASHNEEITLES THE
FFHZ &ML TNS.

AR TIE MBEAWEBEN OBBELRFHEICED, BEZAY v 70
FATZATV, MIREREE IS MO B E SO B EE LK TX &
DAREMEEIR L. AR TIREE R v 7OEMBRET & LT p53 MG
BEFEMNTNSA, ps3 DERE Y v 7O R4 U7 truncated protein % LEC
7y FOFFEREICEE L TWAHAEMIZISDE ZARHTH 5. EELR %
Sl & BAM 72 MM, K1 RNA polymerase I D& &2 DWW TId E 75 A8
RBZW. BE2Y v TOHEIC L5 BETHOBBO T EMICEL T, k
TYATVIZY IR I AR EDREHFEOEYET I & H W TERT B fiE I+
nNHdLEZLNS.

a9

BERRD 1 DTHBEHER) v FIZDWNT, yeast functional assay & 115 & L
WRHREZFIA LT, EFNVEMTH S LEC T v O p3 BETICO W TR E
L. ZoORR
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1) yeast functional assay |3 pS3 DEEEROSHRMITIEE L THATS 3.
2) LEC 7Y PZBWTTY T OBAERNERER Y » T2 L5 D TH 3
T EMEEHE N

3)EHEAY Yy T, LEC Ty b TRMEFRICRE S BML, FOEKE L TH
fADREET DS DNBERT 5 Z LAV I Nz,

4) £z, BEAU v T3 & EBITHMT B Z EAVREI N, MlO&IIZ
Lo THIDHKIMEEIND Z EAVRB I N -

o B
BRSSO £ U ALl KPR A I MM B IR <

N HBERTR 5 TN LA EAIHEEE U\ 7= 77\ T 08 K S B 22 IR B Ha 3
RERRT M ERBEBICER V- LET. $EAPRLBRICHEDE AT
BHEIE, BN Z W W - REE—#A7R 5 ICARB X FIZ U It
KPR FERB T MR R RS 72 S MR B EF D38 504, BEB D1
RN U ET.
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Figure Legends

Figure 1. Structure of rat p53 expression vector pLSRP53.

pLSRP53 has restriction sites which can be used to create a gap between codons 68 and
345 for standard rat pS3 yeast functional assay after digestion with Pst I and Stu 1 ( A ).
For exon 4-specific yeast assay, a gap was created between codons 68 and 113 by Pst |
digestion ( B ). Black boxes indicate sites of 6A tract. Gap repair of the plasmid with
the PCR product results in expression of recombinant rat pS3 cDNA . Clones that have

repaired the gap are selected on the medium lacking leucine.

Figure 2. Correlation between percentages of red colonies and mutantp53
contents

A positive correlation was observed between the content of mutant p53 PCR products
and percentage of red colonies, which was evaluated by polynomial regression based on
the formula as follows. y=8.5+0.90x, (r=0.99).

The bars indicate means+S.D.

Figure 3. A insertions at the 6A stretches in the rat p5S3 cDNA.
A insertion was frequently identified in the pS3 clones rescued from red colonies given
by the yeast functional assay. Wild-type and mutant sequences at the 6A tracts in exon

4,7, and 8 were domonstrated.

Figure 4. Percentage of A insertionsin PCR or RT-PCR productsof cloned
PS3 ¢cDNA, SP6-transcript, and mRNA of LEC ratliver tissues

Percentages of red colonies and types of the p53 mutations were compared among PCR-
amplified wild-type p53 ¢cDNA from 10 ng and 0.001 ng of plasmids, RT-PCR products
of SP6 transcript of wild-type p53 cDNA, and RNAs from 7-week-old LEC rat liver,

>70-week-old LEC rat liver, cholangiofibrosis (CF), and hepatocellular carcinoma
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(HCC). The ordinate represents the percentage of red colonies (= frequency of mutation).

Percentages of red colonies were higher in the samples from >70 week-old LEC rats
than PCR or RT-PCR products of wild-type p5S3 clone mainly because of elevated

frequency of A insertion mutation at 6A repeat in exon 4.

Figure 5. Comparison of the frequencies of A insertion between PCR
products of genomic DNA and mRNA templates.

Exon 4 fragments were amplified from genomic DNA and mRNA derived from two liver
tissues of 72-week-old female LEC rats and used for exon 4-specific yeast assay.
Plasmids were rescued from individual red colonies given by each sample and p53
mutations were determined by sequencing. The ordinate represents the percentage of
red colonies (= frequency of mutation) and the abscissa represents the samples from

LEC rat liver. Number of individual red colonies was shown at the top of each bar.

Figure 6. Chronological changes in the frequency of rat p5§3 mutations
detected by yeast functional assay.

Yeast functional assay was performed on total RNAs from LEC rats and age-matched
control WKAH rats. (A): The ordinate represents mean percentages of red colonies (=

frequencies of p53 mutation) and the abscissa represents ages of the rats. Each symbol

represents the average value in samples (n=2-8). @ stands for male LEC rat livers, O
for female LEC rat livers, A for male LEC rat kidneys, M for male WKAH rat livers,

and [] for female WKAH rat livers. Chronological changes in the frequency of p53

mutation were compared with those in biochemical data; (B): with serum levels of GOT
(adapted from Ref. 27), (C): with copper concentrations in the liver (adapted from Ref.
28), and (D): with 8-OH-dG/5-OH-dG ratio in the liver (adapted from Ref. 29). In B,

Cand D, @ stands for male LEC rat, O for female LEC rat, and X for mixture of

Tl




male and female LLEC rats.

Figure 7. Changes in the frequency of A insertion in p53 mRNA.

Yeast functional assay was performed in samples from male LEC rat livers at various
pathological states (prehepatitis stage at 7 weeks old, early stage of chronic hepatitis at
32 weeks old, and hepatoma stage at 72 weeks old). As a control, liver samples from
young (7 weeks) and old (86 weeks) male WKAH rats were also examined by yeast
functional assay. Plasmids were rescued from 4 to 10 individual red colonies given by
each sample and p53 mutations were determined by sequencing. The ordinate represents

the percentage of red colonies (= frequency of mutation).

Figure 8. Correlations of p53 mutation frequency with serum GOT activity,
and the liver contents of copper and 8-hydroxydeoxyguanosine.

Percentages of red colonies in the liver tissues from 21-32 weeks old LEC rats were
compared with (A) the serum GOT levels, and (B) copper contents and (C) 8-
hydroxydeoxyguanosine in the liver. Regression analysis revealed a highly significant
correlation between p53 mutation frequency and the serum GOT activity (r = 0.98, p <
0.001).

29




A standard rat p53 yeast assay

muO'N pS3 RT-PCR fragment RC2

-{ ADHIp
pLSRP53

ADHI p

B exon 4-specific yeast assay

p53 exon 4 fragment

-4 ADHIp
pLSRP53

\I, ADHI P

Fig. 1. Ba




Percentage of red colonies

| . T . T ’ T
20 40 60 80
Percentage of mutant p53 PCR products

100

Fig. 2, Ba




exon 7/

r C A A A A A ACT C A A A BARRA CAGEN A A G A A A A A C € A (
] P
_um 71
[ i
- 2
Pl P
P [
= B
[ AR
i {
...n «w t »......” ..a.. ; s
L vE oL
iy SN

Mutant (7A)

| € A A A A
o

A A AC T - C A A A A A A AG A A A G A A A A A A AC C A

Fig. 3, Ba




Percentage of red colonies

¢l
vl
91

N N o)) (o) o
I

| I 1 | I 1 R

PCR!10 ng plasmid

uone3i-Jios m
suonenw 19y ]

8 UOX9 ur uonJiasur y g4

RT-PCR!SP6 transcript

L UOXa uIl UonJasul y ]
{ UOXD Ul UoIIasul VB

£
PCR!0.001 ng plasmid l

LEC Rat liver (7 weeks) N
A\

LEC rat liver (>70 weeks)

LEC ratCF

Y
e
R
oo
&




Percentage of red colonies

HOA to 7A

mO6A to S5A

0O Other mutation
m Self-ligation

Sample 1 DNA Sample 1 RNA Sample 2 DNA Sample 2 RNA

Fig. 5, Ba




10 1

Percextage of red colomies

Stages of Pre
hepatitis

s

Servm GOT(K.U)

Acute

T v

60

Age (weeks)

80

L

j

Chronic

{

Hepatoma

o

:

u comcentration

.43ig wet weight)
:

.
-

Age (weeks)

3-0H-4G/10°1G
E-N

40

v T 1

Age (weeks)

20

2 3 :

60
Age (weeks)

Fig. 6, Ba




Percentage of red colonies

b’

20

15

10

B8 A insertion in exon 4
E4 A insertion in exon 8

[ Other mutations

.

\

7 week

Liver tissue

7 week 86 week

WKAH rat

Fig. 7, Ba




Percentage of red colonies

16
o)
14
o)
12} o
o r=0.98
10}
8 {
6 : .
0 500 1000
Serum GOT (IU/L)

141

12}

104

oje

500

1000 1500

Cu content in liver
(ug/g dry weight)

14

12}

104

© 0o

.d 2 3
8-0H-dG/105dG in liver

Fig. 8, Ba




Table 1 Incidence of A insertion in the pS3 ¢cDNA detected by yeast functional assay

Sample Number of % RC A insertion Other mutations
samples tested exon4 exon7 exon8 Total
WKAH rat liver 2 6-7 2/6 0/6 0/6 2/6 4/6

(23%) (0%) (0%) (2.3%) (4.5%)
LEC rat liver 2 7-9 1/8 0/8 0/8 1/8 7/8
(1.0%) (0%) 0%) (1.0%) (7.0%)
Ovarian tumor 5 8-10 5721 0/21 2/21 7/21 14/21
(2.1%) (0%) (0.9%) (3.0%) (6.0%)
OWH cell line 1 84 1/10 1/10 2/10 4/10 6/10
(0.8%) (0.8%) (1.7%) (3.4%) (5.0%)

% RC stands for percentage of red colonies.

Percentages of red colonies due to the mutations were shown in the parenthesis.




Table 2. Comparison of percentage of red colonies between genomic DNA and RNA

samples from LEC rat tissues

% RC
Tissue  Age of rat (weeks) # of samples DNA RNA P value*
Liver 70-76 4 23+037 73+03 0.0002
CF 70-76 3 2.7+0.41 7.0+16 001
HCC 70-76 3 28+095 63+13 0.015
Kidney 70-76 4 3.5+041 6.0+12 0.025
Liver L 2 3.0+035 58+0.1 0.05

%RC stands for percentage of red colonies (mean * S.D.).

*Percentages of red colonies given by DNA and RNA samples were compared with

student’s t-test.




Table 3. Result of exon 4-specific yeast assay of 93C13 and 93A 16 cell lines treated with ethanol

Experiment 1 Experiment 2
: Ethanol
Cell line : }
concentration LDH release Percentage of red colonies LDH release Percentage of red colonies
(%) DNA mRNA (%) DNA mRNA

93C13
0 0 2.4 3.8 0 2.2 4.1
100mM 39.5 2.0 ¢ 35.7 24 7.4
S500mM 4.9 23 7.0 472 21 g

93A16
0 0 1.9 3.9 0 g 4.1
100mM 22.8 2 4.6 26.4 24 4.2
500mM 26.5 2.2 4.4 25.7 23 4.5

*: The plasmids were rescued form 8 red colonies and sequenced. A insertion mutation at nt 293-298
was 1dentified in 7 of 8 clones .










