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Mutagenic cytosine analogs : Mispairing and mutagenesis
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Summary

We have found two highly mutagenic cytosine analogs, N*-aminocytidine and P-nucleoside.
Inside cells, these analogs are metabolized to the triphosphates, which can be incorporated into
DNA by the replication machinery. Due to their ability to pair with guanine and adenine, they can
induce replicational errors which would result in mutations. There seems to be two reasons for
their high mutagenic potency. First, their efficient incorporation and low tautomeric constants
cause high error rates in replication. Second, the analogs are retained in DNA because the cellular
repair systems cannot remove these incorporated analogs efficiently.

(This paper, chaired by Toshihiro Ohta, was presented to the 9th JEMS Annual Symposium, “Synthetic
Models for DNA Damage and Mutagenesis”, organized by Kazuo Negishi and Hikoya Hayatsu, sponsored
by the Environmental Mutagen Society of Japan, and held at Yakult Hall, Tokyo, May, 29, 1998.)
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Fig.1 Probable pathway of dP mutagenesis in E. coli.

TiITbTEY, BN LPHERGTTL 2 OBELE
L& 9 i3l 34 Lvs, —%, Brown i3t
FEX LTI b VARG TEL S NLEFD
XU URENFIVUVELV MLV EDRIGTEL B
N-T I3 b riZont, TI/JRIICEEEN.S
BiRL A IV RICEZE SN FERE ZNFROLLEY
ZOWTHKRL, 250 pKa 76, NAEFoXxi o
P (N*Coh) TIX7 3 /B 1 4 3 /7 8Ip51 110, N*-
T/ N Cam) T30 X HEE L 72
(Brown et al., 1968). Zflid & Wiz EHE T 2 &,
L L DNA 22 b DRI TGAEANE, N-Coh U
EDIZDENY, N-Cam D EDIZDE 3YDFERT
BRPELDLZ &2 D,

2. 7+0OJ0 DNANDBAH LERFE

Brown O 70— 73 FEBIZI o nERET o /R
ZOTHX )R FICERREE» S22 R L:
(Chu, et al.,, 1974). —FHbhbiid, WEEEEA A4 o i
ETOE I o F P tORBEHEL T
W, TORWEEITH L N-TI /v F Vo nERE
HIZRKZFD, 2OEREMEZHCEZ S, KBS
RHNVEATETT A X ARICHAIER I2mGCERES
2RO Z LA b A - 72 (Negishi et al,, 1983), Z ik
BT VEATEITAXLLF U0 %) VBT 2
TAXLF VX F—EaFH T nwlkizkde
FELZ oD, 12120, FAF L F oo F TR
TUAHBHEBETOLNT I/ v F VA N-T I/
TAXVYF VoL DERERABAEBIIAE TS
5, N*-T I/ F o3P vF VX4 —42
I D) rEbEh, BEBEABRIIAY, X key
272%, MU CEEEICA ) DNAKERAF NS L # 2
HLilh, BRSPS KBEE N-T I/ F 00280
HEWMTHEBETLE, NYTI/FAXL v F VU DNA
FIZBE S 115 (Nomura, et al., 1987 ; Negishi, et al.,
1988). 7272L, KD NLT I/ o F o 3fi@n Yy
ZDEETHT I /{beZiF, 7)Y BEotAtiz
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BT B, s5fue b F 7L TEBLLANTI )L F
PR RBEICEGAZE B &, DNA FoOREREE DK
WAHETAXF L FOUIRRRATATW S, IS, —
B, NNT3I/vF Vo Fhizzofsthro) o5
BikE ootk TAXLCFUOLARICHWLR Y
DEEZLID, 72, BLAAD A H =X LD LEZ T,
RNAUZDNA &) @ WERTHEGAZ LT\ 3 7] RE
Ld), BEMMIHTH2, Z0LHIRE IV R0
Yy TR S CEREE RO L b
. —H, EFuXiATIVEIOL LTS
W ENT &2 (Janion and Glickman, 1980 ;
éledziewska-(}éjska and Janion, 1982 ; BCbenek
and Janion, 1985)., Nt Fu X s+ DAy,
DRBEDEWTHAX L REN LT -t EREHAKES
Vo BIEASS IR N E R A XL L F
VDA, FIVUXF-XIZLAEAALLHIE
LoD, ZOMEEFELLNWIIIZALSL, NAEF
RXF UL HMBENTRHEZ NS D (Popowska
and Janion, 1975 ; Popowska and Janion, 1977), %
DFEMILCbPoTwERw, EFrXL AT I L aft
DX PXSTIVELFO @I ELE, N-X b
X FTEEL A, ZOEEKE LT, Brown 5P
ITN—=T 372 TAX L)V R Z7vA L FPFurs
BN, P-X 743 F(dP) L 81117, Zof{tamox
BEMEFANLL 5, BWiEE 2SI L sb - 72,
ZIT, ZHIZEREFL, ZORRELA S =X LT3
L7z (Negishi et al., 1997). ZD{LaitfiRo s ko
STFus L3R, FIVCEF-LIZENY) LR
L3N THERBHRICAZS LW (Fig. 1), #3vo%
T2 RCEEEKRBE T, 3IXA XY EREM SR
B, F2, VKP-X 2L AL FEP)IGIZEAYER
BHEERI WA, 203, 7Yoo Fordr—v
POHMERE) IVUR ) vBILLLW RO EEbR
5. KEH dP 2 8 UEBHICImmT 2 &, b L b F 3
D000 7FICHLTAP 1F3 T3, midpe
2 LT DNA F o dP &8s 5,
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Fig.2 Normal base-pairs (a, b) and models of Cam-G pair (¢) and Cam-A pair
(d). An amino form of Cam is close to C not only in its ability to
hydrogen-bond with G, but also in its shape. Its imino form is close to T in
its shape as well as in its ability to hydrogen-bond with A .

3. BRI S—FEOHE

N-T I/ 74X v F v dCam D b)) wBIE,
dCamTP (Negishi et al., 1985) = dP & F ) ) S E&1K,
dPTP(Zaccolo et al., 1996 ; Negishi et al., 1997) #°7
T=rDBFECLTT=r0MTFICbEATINDL 2 &
13, FALFEMICIEET 22 25 TE 5, #RICEEN
BEFA/IZOWTL, dPEELA N TR VEF DA
BACEIN L, dATP & dGTP 2HLATL 2 L 2% RERR S 1
Twb, dCam #*k FZ7 Y b LToORNEZ FF
2 TWbieH, EMEEE LW TdCam 2 H5LGA ) T
XI7VvAF FOARIIEETH L, £2 T, dCamTP %
BGAZE7 DNA 2 KIBREICEA L L EOFRZ BT
FTH5Z Lk, MEAICEE L Tw % (Matsumoto et
al., 1992).

FNTIE, B¥IN6DOT 37T 20T 7
=L ELEENEBRNTELNIEA ), ZOEHEL
THE, BWICHRTAEEBBICL2HEMPIFTHEL LN
5, EREETHLL P AIILAEFT I VRITH
FELTWED, NT 2 2F VD4, NMR T
T3¢, 20y bOVTFANEBEINR, FTORILIZT
3THAH, XGHEGHEEBITOEER» S5 FAOERET
S)RITHBIENbroT Wb, F7z, MRS
F LK MTWwAZ L, Brown HiC & 5 FE RN
FE (Brown et al., 1968) 7 57 3/ BIBKIERDTH 2
ZERMECT W, £F2C, TI/JRIMTI0%, 43/
B30 % KiEMRT CIRAEL TWBEEZ LI ENFT
&%, DNA GRIZBIT2BLAADEERTIE, dCamTP
FACTP D 1/2 D3hFETIZT7 = DF L LT, dTTP

N0 DMBETTT=OFICEAZINS, T I /8
BT = DMFIC, 43I /BT TF= o OMFITHGA
g, 43I /7BORAAEREITI /BRI
Bz X% b, BLAKED Kool 613, FIV v &a+
DT L CUT v B 25e HEEMEREL WD 7
A a b CFEERY, GERNICT T fF L L
THAINAZ L 2HE L, KREFEA) DNA AKOBE
DYERERDRBRIRICHETE LW EEHmMELTW S
(Moran et al., 1997). L L2 —ICHTIIE S
T, TI/JB, LI BEFNEFENRIST =, &
PRRT T AR AEERTELN LTI RS, ¥
by, F203F 3 (T AN UT B 2
ZENSLORNIZEAZN S L v 2 Lit% b (Fig.
2). THOZEIFABOAKESHELEZ NS,
NLT I/ v F o) RX7vAy FEe L TEERA
FHRICAL, ZHZEiE, VRXZ2VvAFFTHL N
CamTP ##laN T U T 2R RE W2 ¥ 2R
LT, dP DAL, TAXF &K THLENT, UK
X7 VvAF FPTP AP 2 6 & L A RetE i34 70w
, TDLEIRNVERR I vAF RT o s EmBROER
EIEFEMERRL T, RNAKBRAEN AP E ) IR
WIRWHBETHE, 22T, PTP Z2aHL, Z2DIAAL
FETNRTHNEZA, CTPOLY L LT, UTP
DN ELTHES Z &m0, TF=v&dbrr=rtk
LEEMPERTE 22 L7757 (Moriyama et
al., 1998). #1Zi3, CTP ALY & LTW<H4A, CTP
D251, UTP DL & LTI £ &, UTP @ 5 4r
NI1THS, L, MlATPTP A TaENI, 5
RATO LR TCLIT — 4TI e TFRENE,
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Fig.3 Mutagenic cytosine analogs.

4, N'-PZ/IFIIDPP-XTOLAVRD
ZRERHEREEEVLD,

ZDREN—2HIZ, BUAADSRI LT L ov# 2
Lid, wIhd, P EETXI7vHF Fiz—
BEFTIE, QrAYHHLRITRAING, 2ok
VAR TEEEENEINTTL, X277 PHitg
FELELT SN DDIEARBFEARL T 54, U3z
TTo7z2mAiTRHETLLI ST o ffinwis,
LTLZwv, DNA HOMxs&rm-TLED &
VO MRS E L b b, KRR, P-X VAL FEMZ
REMTKBHEEERT L, 1HERETREKEL-
PHRERIIEAEARDLTWS, BEFLLBEINT
WERREDKERL, WEDIEMVIHICES - Tw3
bDEEZLND, WDERREMT Forogs, 5.7
NEYZUNERGIE, BRE2A 5L L&MHTDNA
TOEEFFO NG, BEOMBRY v, 243
BEOLKERI DL TERLDEELZLNS, 5.7 0 F
TIINERMFICESTIZI0%F I LEBEE®RI LD
EIRTELY, BEFBEREIS LW, LE2ifz—2A
AT APTERL2GEEEZRE LW, bULNOBROE
BRTYH, 5.70F U7 2 REAEDNAIREALT
b, REFHIILBESI N L - 72 (Noskov et al.,
1994), 5- 70 EY I LN ERRZRETIOHIZE, X7 L
AF R T NPT o5 0 22 5TV ALEIHEE
Wh N TV 5 (Kaufman, 1988), 73/ v F ¥ R P.X
JVF L RDHE, DI IVAF TR
T LI AEEMEEH LY ) 2L, FHLLT
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s, sEpizmz 27+ o0 70EE, DNA B
B, REHEOZEIFLFBFECH L Lh 0, T—L
DHBIIHF N %, BMICHELS — 2L HhTEHHE
& T 5 T aEtEA & (Negishi et al., 1988 ; Negishi et
al., 1997).

L) — DML LTIMEE: OME»E 2 &1
5. HERROAEAERIC & D51 S 1Uc < 134U, DNA H1ic
RERBMET o sk EXEb I izh), BEEE
L@ %22 e TREND. uvrABC BEBEROA
|THRDBE, TI /)L FUoDBL, ZOBERSK
W72 uorA BEKRTO DNA D dCam D& &I, T4
RO L DT, #7150 %0 <, FREE (3 3EREICT
Elpv, A7y FEEROFETT I/ LF Uik
LDEBBELNMT L E, ZOHII2—41ETH -7,
tirexi s F oy, 3B EicLs0T, &
FERXS CF O rDhAT 5 MRRL IRy F5E
HRTEEI NS Z L27b» % (Negishi et al., 1988). =
DE ) UREERDIIPIZ, DNAK) A5 —FAGIZE
EX VAT FEHRT 28 HRb - T w55 L,
ZORREDEE TR EK, ThbbT v F I —F—
F =L OPFEENT WS, HBTFIa—F
— S =TI, 77207 FsThasbe X7
TR EACEBREERE L, —F, T/
FIrTRBEDORIEIEFESET, T80
(Schaaper and Dunn, 1998). P.X 7L AL FCL %
DN IEHD TEBETHE. L5112, T/
FUYRP-X 7 VLAY MO REEXIEGREED
MEFBHZN LA EFICAHAZL, 202k, TR
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FHOEIDRREEEFEL b,

Fig. 315, ATl T A BERES P v (v
FONNTFurERT KBRSV F TSk
LTHEHEIEL 2 LA LD TH L+
Vb hH, oA, b L LEMERE DNA o
5-AFNL PR LMV LVIZIETHEELTERTH
3 (Jost and Saluz, 1993)7%%, T LDIIEEREM IR
T2 EMH STV B (Podger, 1983 ; Zimmermann
and Scheel, 1984 ; Katz, 1985 ; Podger and Grigg,
1986 ; Schmuck, 1986 . McGregor et al., 1989 ; Katoh
et al, 1993 ; Stopper, 1993). ZD{LAYMHFEIKE LA
(3, GCHHEX» 6 CGREMAD T v 2=V 3 ¥
FEHRECT L TH S, HEZ I -7 NILELE, 2
DTFusi, BEDTT = EOBEMERITML,
PR LIRS EEBRTALESH L, THIEEE
BEUTIIHATEI LN TELZW, ZOTF07I2L5
RN 51T 2 RES A FNVEERBER EORINIZ X
5 &) AR H & 1T v 3 (Jackson-Grusby et
al,, 1997). L2 L, SNTABHESEUNERA =X
LFETHHTEZ LIHZIT DT, KRE L TR
FoRFOMEE B b,
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