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Summary

Reactive oxygen species generate structurally diverse thymine lesions that exert differential
cytotoxic and genotoxic effects. They are also processed by different DNA repair enzymes
depending on their structure. Thymine glycol, urea residues and 5-formyluracil represent three
major classes of oxidative thymine damage formed by C5,C6 hydroxylation, ring fragmentation
and oxidation of the methyl group, respectively. Chemical and biochemical methods to introduce
these lesions into natural DNA and oligonucleotides have been developed and the introduced
damage can be characterized and confirmed by specific base excision repair enzymes, mostly
cloned from Escherichia coli. These DNA substrates have also proved to be powerful tools to
uncover catalytic mechanisms and to screen the activity of mammalian DNA repair enzymes.

(This paper, chaired by Masataka Mochizuki, was presented fo 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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BIEEORMEH L U TAERT HIHHEERT, BN RH
= FIBERTFTHY, T LTRIEEDNHEFnX L
EWOBEIFHRETIE D DNA 213, IS 5 I35 Z U VHDNA & G LEBALRIRE S AR T 5. 72,
FERIZE N I ELEEIRET L. KEROHEBER IS DORELIAEE, AEEBEFTHIXBRRT 7
DNA BB ERHM IS —2FXKL, MEHEECRE  BoBICL-oTERTIERBEA — =5 v 7 LT
2% ~3 (Friedberg et al., 1995). e IE# 72X WA LDOWE G, EHERIIEAMERLT IR &
£, BENICEDLOTEZHEL DNAEEZ 522D
PRECC, WM B SUHELE AL L, INET

ZA+ 19984 7TH 21 H

=5 1908 4 7 H 29 (2 100 s8R TlclRZE 3 Ty 52 (von Sonntag,
ORAXBEEREYS 1987 ; Breen and Murphy, 1995). L7:4%> T, G1EEE
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Fig.1 Structures of major oxidative thymine damage. 1, thymine ; 2, thymine glycol
(5,6-dihydro-5,6-dihydroxythymine) ; 3, 5,6-dihydro-5-hydroxythymine
(thymine C5-hydrate) . 4, 5,6-dihydro-6-hydroxythymine (thymine C6-
hydrare) 15, urea;6, N-formylurea:?7, formamide;8, N'-formyl-N%
pyruvylurea ; 9, 5-formyluracil . 10, 5-hydroxymethyluracil.

Fi2k 2 DNA HEDEMHNEL 5 T L~ TH 5
AT B2, MIlRNICHAET 5 DNA #5558
FOEENCZRMECECHEEBE s FRED LS 27
OLRTENPEMBLEND L. FDI2HIZ, A2 NiE
5% DNA (TR ENIZEA L DNA #E O S 2 1 (3
BEBRROREL LTH-5ZLI12E D, DNABES
N7 oty v 7AW I NT & 72,

DNA E{EMERO RS TSR OEE L KT 5
2, ERNZIERI DB ESTESRIC £ (von Son-
ntag, 1987 ; Breen and Murphy, 1995). AHX T3,
4D P THERIOREE L IR I AT
V2 5 thymine HEDIAE % $0i2, DNA ~DER R 7
HBAZEE DNAEERERIZL 228 OWTHET 2,

1. Thymine B{tEEOBRNLEAE

2 FE TIZRE S 72 thymine HERDIBHII 2 Dk
BICHDE, C5,C6 MRBEILAERY, RBAZIAERY,
methyl ZEB LA B KB & 715 (Fig. 1). Thymine
glycol (2) 12 C5, C6 kB ILERIOREN % ERD
THYN, ZDIIS5MH 51T 6751 HkEgILE s
KFH(3, ) LRESN TS, EBERSHETIZS T,
6 LT NDKREEE L BT 2DITH L, SEIETE
WY 5K 6 LLOKEEILIE L) DA THE. & iz
VIV UVROBILCBA LA B EREBREG)D LS 7%
WARERYPEL 5, REAZERWCEL TL, WE
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LDORREIZIE L T2 F X LEENE XY (6-8) »[FE
BN Twb, 5400 methyl #DOBEALAKRHIZIL, 5-
formyluracil(9), 5-hydroxymethyluracil (10) % 5.
Thymine glycol DEAIZIY, B2 85 ) 74
(KMnO,) £ 72 {3 R ILA 2 2 7 A (0sO.) B AL 25
LN5L, A~ EES ) 7 A3 thymine D5, 6o
_EREATRI{LL, T4 l(pH 8.6) Tl thymine
glycol &, B 1% (A (pH 4.3) T & 5-hydroxy-5-
methylbarbituric acid #:BRIVZAEKT % (lida and
Hayatsu, 1971), #HE CII M B DRSS L 7+ 5.
Thymine D B L X o T4 B ¥ % 5-hydroxy-5-
methylbarbituric acid i3 EE TH 55, N1 LA 74 %
N R-RATEBINLX 7 VA Y FFHEEKII AR
12 & 9 IR U 72 methyltartronylurea i3 & 12 %L L
RF 0, Lt @e A rBA Y 7 A0E T DNA
W2 & L 72 5-hydroxy-5-methylbarbituric  acid b
methyltartronylurea iCZ{LL T2 &F 2 5 3, B
A B ) T AR 2  fu D O RE LT &
BIRIEHREZ N RF s, ISR IRE, RISk,
RE)ICERT U EHH S, 72, thymine & 1 » 72
TETA ) TR 7 v+ F F2E{LL, thymine glycol %
BIRENTEAT 22 L L[RETH 5 (Kao et al., 1993 ;
Sarkar et al., 1998). Fig.2 iZ, thymine % 1 » 7343
HC19merF ) ITX 2 VvAFRERC T BH Y
L {pH 8.6) THLE L - EHHNA KW H L F HPLC 5HE
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Fig.2 HPLC elution profiles of oligonucleotides treated
with KMnOQO.. A 19mer oligonucleotide containing a
single thymine was treated with KMnQO. and prod-
ucts were analyzed before (A) and after (B) HPLC
purification. Samples were eluted with a
acetonitrile gradient [7% (0-5 min), 7-12% (5-45
min)] in 0.1 M triethylammonium acetate (TEAA),
and monitored by UV absorption at 260 nm. Peak 1,
unreacted
thymine glycol.

19mer ; peak 2, 19mer containing

CENBRLERYO HPLC 247 F v — F2RY. 2
PDEBHrLbPE IS, AYVITX7VvAF FFD
thymine 2= &ICB{LL L) &35 &, BIRIED72H,

ko RE o e e DReME LS, Lz
Ho>T, HPLCH 3 WK Y 72 )7 3 FEKENC
I ORBUHPREE LD, UL R T A(0s00) b
thymine @ 5, 6Ll " EE A % ERIRMICEILL,

thymine glycol 2483 2 (Beer et al., 1966 ; Ide et
al., 1985). Cytosine b b3 2RI T 5 P EMITIIH
WMTEL, —kC, ZETKICHT 2EREISVH
PUNEANTLIEX TV RN TR VA F
k@ preparative HE{LIZCHV 65D L, &ET
BREFKAIUBIEA Z I T L3757 R 3 FRr ERED
DNA DEfLIiCHVLNT WS, UBfLA X I 7L 52
% & DNA W @ 4 thymine ® #1 8 % # thymine

glycol IZEMT B2 LD HRETH BHY, Bo v BN
) ADBA LR BRICEERT B LFFENIAME
55412 thymine glycol ICERT 2D 3# L\, Dbk
N72HEDIEMIZ, thymine glycol iI22WTHE, ME§
LFAXL R 7 vAF F=1) E(thymidine glycol
5'-triphosphate) # AW L, Z#% terminal deoxynu-
cleotidyl transferase (TdT) T DNA FIZEAT 5 Hik
PE RS LT 5 (Hatahet et al., 1993).
FRHROFETTIAI RS ENEF YV TXIZVEFF
{28 A L7z thymine glycol # 7V 1) &3 (pH 12, =
T2 I VCRABAZ L, thymine glycol (37
BICREFRIEICEHRE NS (Ide et al., 1985 ; Sarker
et al., 1998), Z DB T TIISIMIIET 5%\,
%72, thymine @ methyl %% & &5 Lo *H THEREL
TELE, ZORBIZ LD BHEET % acetol fragment &
ERBTAIXIZLY, BAZNZ thymine glycol B &
VCREREOBTH S 2 & » T & % (Hariharan,
1980). R 2RO T ¥4 /-7 HOEENTR
FREMEAEIMEINTV5 (Guyetal., 1990). =
DA, DNAABICHWS A,GDT I/ EOR#ERIC
{3 phenoxvacetyl (PAC) 3%, C ®{R# 1213 acetyl
FHGWAZ XIS E ), BEDEXOBIRERMEGRT v €
=7k, 60°C, 6HFEDICHNI NEMLRETIERT
YEZTRH, EiR, 6K THRG#EZIT> T 5.
DNA A2 B 5 L B KEORB AR TE 3
72, ZRIENMRICE2F Y ITX 7 VA F ROBFRE
HEICET 2K L ITh LTy B (Gervais et al., 1998).
5-Formyluracil & A3, BEM LT HIEEL R Ko
TiIFA v/ —2HWHErREIN TS, B
ENLHETE, ETLITFAXII2vAF =)
% (5-formyl-2’-deoxyuridine 5’-triphosphate,
fAUTP) Z AL, SHZEDNARN AT —ERIET
DNA #i2EH A9 5 (Yoshida et al., 1997). fdUTP i3
KBEDNARIAS—¥IBLU77—2YT7 DNA
RIAS—EDIWHETH ), DNABHRERIGRIZZ
nziFEmy 2 esh® L dTTP CEHRT 5. —%, DNA
DRk E W AAMETIS, 5-formyluracil 25RE DB
RERGETCREARETHHLTLE I 72D, formyl 3
DR#H & L T ethylenediamine FE k% A 5 HiZ,
% 7213 5-formyluracil DHIBRA L 7 2 {EHFE 2 HEA
TAHEFHOLNT WS, BETE, TYyE=TIZX
LBEDOWREHENE, formyl HORER [N, N-di-(3,
5-dichlorophenyl) ethylenediamine] Z 82 & V) B L
% (Ono et al., 1994). #%#% T3, 5-formyluracil @ RiB¥
R LT 2o0/KEEFE% acetyl 2= TiRal L 725-(1, 2-
dihydroxyethyl) uracil # 7 3 74 MiEic & D EALL,
TryEZ TR FIBED acetyl & SO 2T
TOWBEDHRERZRET S, RT, A TX27LHF
FF &8 3 7 XE(NalOH® B L 5-(1, 2-
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Fig.3 Recognition of thymine damage by endonucleases III, IV and Vil. A, 5°-**P-labeled 19mer oligonucleotides containing a
single thymine (19T), thymine glycol (19TG) or urea (19UR) at the same position were annealed to the complementary
strand and incubated with endonucleases Ill, IV, and Vll. Products were analyzed by 16% denaturing polyacrylamide gel
electrophoresis. B, cleavage sites (arrows) and products formed by the repair enzymes and piperidine treatment.

dihydroxyethyl) uracil 7* & 5-formyluracil ™~ ? %5 #
#4T - T\ 5 (Sugiyama et al., 1996). 25 DIFET
i3, A LA X7 vt 5 FEHWT UV Blf#dE
HE B 1TV, 5-formyluracil D _ESHZEME KT 55
LRI LTS, .

2. BEERZRAVCIBEOES

1) AVITXRILFFE

BA L7HEBOMERICIT, REREEr LN
TWaBKEWHHERD DNABEER»GH W 5115,
Thymine glycol ix N-glycosylase/AP lyase if 14 %2 &
2 endonuclease III(Nth) 5 & UVll(Nei) i< & 1 @ik S
L% (Melamede et al., 1994 ; Wallace, 1994 ; Don-
gvan et al., 1997 ; JEHy, 1997). REFZE L endonu-
clease I, VIl ® (T %, formamidopyrimidine
glycosylase (Fpg) 3 £ I AP endonuclease [endonu-
clease IV (Nfo), exonuclease Il (Xth) ] 1< & - T % 23k
315 (Melamede et al., 1994 ; Wallace, 1994 ; Don-
gvan et al., 1997 ; 3£, 1997). L7ess->T, Tih))

LB Fi$% 7 thymine glycol DNA % endonuclease I

(# % \» it endonuclease V) B & U* endonuclease IV
(H &\ {3 exonuclease 1) TRH LYIHHSEHEZ TS
CEREVIBHEDORBEMEET 52 LHTE 5. Fig. 3
A2 D—#F%R¥, Thymine glycol 8 & IR EFRIE
FEUDA) ITX7VvAF FIZERL. B HRTH
DL, TARYXZVAF FXF—2 L [y-P]ATP %
AT Kz PP L 721, MM T =—1 L
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72. 21 % endonuclease IlI, endonuclease Vi, endonu-
clease IVCILEE L, &tz K) 727 VLT I FERK
ool BEE2E L WRHETE, WIhofsE
BET LYWy FIZR® S5 17Z %%, thymine glycol
Z &L HEE 19 TG (3 endonuclease (Vv — >~ 6) B &
U endonuclease VII(LV — > 14) 12 & 9 383 & nLyIlir-~
VBB TWBE, —7, endonuclease IVIZ thymine
glycol Z B L &7z, YW v FEEATH L »
(L—=>17, 8). RIRZEZELHE IUR T, Hn7z
3O VT NOBEMEIC k> T LRBS YW S T
W (L—110-12, 15). LEFHID S FOBENE IZBER
I2 k> TH7% Y, endonuclease V> endonuclease IV>
endonuclease MDA E % > T B, &1L, BEERR
? DNA SHEIiRE s B 7% 5 726 T, endonuclease VI
TIIER I N ER D 3 Rz VB FR - 72
¥ (B, o-BiEEERY), endonuclease IVTI3 3’ Kifghs
OH #, endonuclease III T 33" &K i i< ¥F (4-
hydroxypentenal) 752 \» 72T ( 8-Ii 842 B ) o A= s
BHEL T w3725 Th 5 Fig.3B). v —> 1313,
thymine glycol Z &L ELZEBER) DLW L2
DT, B, S-BEERM D~ —5—TH 5. endonuclease
I, VIO SHYIIF IR (3 k53R % fE b 2 \s Tyase T 2
nizxt L, endonuclease VTG ILnsksr# 2 £ 9
hydrolase T# % (Wallace, 1994 ; JE, 1997). Ll ko
WRPLLPL LY, FFEDHRBEEELL ) TX 7L
FFFEREELTHWL I LICLD, BEBRRORE
BREOIMERBEIC O OWTORBRIFAREICEL 2 &
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Fig.4 Agarose gel analysis of plasmid DNA containing
thymine glycol and urea residues. pDELI19 plasmid
DNA containing thymine glycol (lanes 1, 2, 5, 6) or
urea residues (lanes 3, 4, 7, 8) was treated with
endonucleases Il (lanes 2, 4) or IV (lanes 6, 8).
Intact (Form I, lower bands) and nicked (Form
II, upper bands) DNA were separated by 0.8%
agarose gel electrophoresis.

MWTED, 4B, EEEEL OB T, endonuclease
I, VDA 37 SKigpEe ) v EBIc Lk V7w 7 &
NTwb729(Fig.3B), 2D F FTII5 &% < DNA
R AT =2k 2BEARPFTEL W, EEOHIEN
T %, endonuclease I, VIl 2 fE A L 72 &, 3’-
phosphodiesterase 8 & UF 3’-phosphatase i&1E % b
endonuclease IV 7213 exonuclease 7% 3’ KifiH &
50 B (B-BLEEAE R o) VBB (B, o-BLBEA )
PBRELFOHEL LT I > —KM»HERI N2,

5-Formyluracil (3, 3-methyladenine glycbsyalse II
(AIKA) 12 & W EE# 3 11 % (Bjelland et al., 1994 ; F:i,
KFEEK). 5-Formyluracil # EBAEFRIVICEA LAY
TXI7VAF FEEZ AIKA 4 v Fax—}FT 5L,
AlkA ® N-glycosylase i £ 12 & ) DNA # & 5-
formyluracil 7* 9] B S 2UBLIE F 5B 1 (abasic site) 282E
Lad, L2L, 2OFFTIIHURMIEI 500w,
RKYTZ7I)NT I FEQKBTIIRNTE LW, 22T,
AlkA ¥4 12 AP endonuclease itk % b DR (72 &
Z ¥ endonuclease IV) & £ ¥ ¥ 2 _— [ 95 & L H
B CTEHYIMrASE C ) AR R RE L 7 5,

2) RARED DNA

77 R 3 FIZEA L7z thymine glycol i, endonu-
clease II5H %\~ (ZVIIALIRIZ & ) $EYIRF A 4E L 2 > ik —
X —3a v# Form I (super coil) 2* 5 Form II (nick-
ed circular) ~21t3 % (Melamede et al., 1994). Form
I M7 Z 232 P75 o —XBRAGEN &) E{EIC
57BET & %, Thymine glycol DNA @ 7L 1) QLB |z L
DA L7RRIREEL, EiCEER D32, endonuclease
IV L U exonuclease I & ) Il & 11 5. Fig. 4 (3,
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Fig.5 Analysis of N-glycosylase activity of endonuclease
III. A, Duplex M13 DNA containing *H-labeled
thymine glycol ([*H] TG-DNA) or thymine ([*H]
T-DNA) was incubated with the indicated amounts
of endonuclease IIl. Radioactivity released from
DNA was measured after removal of [*H] DNA by
an anion exchange column. B, HPLC analysis of
radioactive materials released from [*H] TG-DNA
upon endonuclease Il treatment. Arrows indicate
the elution positions of authentic thymine glycol
(a), 5-hydroxymethyluracil {(b) and thymine (¢).

JUBRALA R S 7 LA E L ONUBBLA X I T A+ TP

VLRI &Y thymine glycol B L WIREERE 2 217
NEA L7 pDEL197 7 X 3 F(4.8kb) % endonu-
clease I, endonuclease IV& A ¥ F 2xX— bk, 77
T — ZEQGKENC L) LR TH S, Thymine
glycol &4 77 2 2 F DNA 1 endonuclease [I[? A4
2L DRI L Form INBLLTWwa a9 (L—22),

RRFRIEE &7 7 X 2 F DNA i endonuclease 1o
1Z%* endonuclease IViZ X - T3 Form II~Z{LL T

191

NI'I-El ectronic Library Service



The Environmental Mitagen Society of Japan (JEMS)

wé(v‘—yzi, 8).

3) N-ZV)avs—EiEk

Endonuclease IlI, Vi Lk endonuclease {14
EPI, BERLEFAX LY R—RZBON-TY 2L B
A % Y9 5 i 1% (N-glycosylase ii k) Z H L T %
(Fig. 3 B) (Wallace, 1994 ; i, 1997). L72a-T,
BEHIEOEN LA PH 5 Wid “C TEREINT
WiLlE, N-glycosylase iltEIC & 2 HBEDMER DT HET
H5, Fig.5iF, DNAKR Y A 7 —¥ 2 H T —EH
M 13 DNA # [*H-methyl] dTTP £ FCTHEHEL, 2
AR NUEERLE X 3 77 L0005 %%, endonuclease 1T & £ ~
Fax—bFL7RERTH S, N-glycosylase & 1HIT & 9
YI & 1172 [*H-methyl] thymine glycol 7 =#4 &
WA T LI2E0) DNA 2 o4 8EL, BEEES 72 S 1E
% E L7z, Thymine glycol Z&E A L7z DNA T3, #
HER N7 R ETEIE A4 ¥ 2~ — b L 72 endonuclease
Mok : &b izl Tw 55, D [*H-methyl]
thymine DNA TIIBMiZED 5T v % v (Fig. 5
A). SHIGEEEI N2 RGTEEDOHK ZTErD B725
2, T = v a8 7 LD % % HPLC T L
72(Fig.5B). ®HBE DO K EEE — 7 ¥R & D
thymine glycol ©—2 &—# L 722 &£» &, endonu-
clease I N-glycosylase i&i1E 12 & Y thymine glycol
BKDNA P LBREIN TS I L RERI N,

3. DNA BEBREMEDISH

1) BEEROIEREE

INFEFTIHERINEERIKIEHEBEER L, N-
glycosylase IGEN A2 BT MM 7)) 2 53— L
N-glycosylase 132212 AP lyase &% &b¥dH 2

DI N D, HAFRRNT 3/ BEHRS X AR5
TEMRMTORER? 5, N6 DEROMEMREIHEE I
T % (David and Williams, 1998). #4liZze 7y 225
— LT, THX L) R—2D CVEFHET /K5
FHABRICE Y HEEASN(HO0F P B-Enz > OH +
H'B-Enz), OH" Z*CL iZx} LRBRIERT 52 LT &

D HIEAIEET 2 L H 2 b RT W 5, BEDBETI,
BERDT I 7 FHEEALZI N C U ICHERER S L, 1§
FEDBLHE & IR (258 — B2 3R M 1T Schiff AT S
5. 2512, Schiff HEPRE» S D) VEBD B
B (B LU M) »BED o BLEE 2T T 2 L FH 2
5 LT % (David and Williams, 1998). Schiff ¥E2EH
AL, kFlbR7FEF P Y 74 NaBHY) I & D &L E

N, BR—LEMICRELR 7R v 7 BRI NS,
Fig. 613, /KREERTES MY 7444, thymine
glycol 5 WIIRFHRIA L EL 5P ERA ) T X 7
A F FEE (9 TG, 19UR) &£ endonuclease % 4
¥¥a~—FL, ZN% SDS-PAGE THHT L 2R T
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< Cross-link
product
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12 3 4 56 7 8 9 10 1112

NaBH; — + — + - 4+ = + - 4+ - 4+
endolll — — + = - — 4+ + - - 3+ o+
oligo 197 197G 19UR

Fig.6 NaBH., trap of the Schiff base intermediate formed
between oligonucleotide substrates and endonu-
clease III. Endonuclease III was incubated with
-19mer oligonucleotide substrates (**P 5’-labeled)
containing thymine (19T), thymine glycol (19TG)
or urea (19UR) in the absence and presence of
NaBH.. After incubation, samples were analyzed by
10% SDS-polyacrylamide gel electrophoresis.

Hb, KFAKRTEF )7L TRAL WA,

thymine glycol 8 & NREZRIFEDO T NORLETY, K
STRDYM S FHER L (V—27, 11). KkFE
RES M) T LATRE L 2GAE, YIRERMA S <
7 Y, endonuclease II(5rF & 23.4kDa) & #H (19
mer) 7 0 R ) 7 INIZEmGTFERD Ny RO 6
niec(v—>8,12), F72, 2N b3y Fit, FEZ o
KRFEMAFRTEF MY 72 (L—2 6, 10)H 5\ iTiAE
HEEE L VHE 19T & endonuclease MNDLH (L —
> 4 ) T3 L% » - 72, Endonuclease IDEAIFFRA)
T3 EEE RS XA R T O RS 5, RO
120-Lys "B b > T 5 2 L REINTWHE Z & »
b, 702 ¥ 7i3120-Lys L HBEBMOTA X )
R=ZDCU DMIREHREINTwELDEHEZ LA,

2) B¥D DNA E188%
i, b hBIeT 225 KEH endonuclease 1

kT s u—=r 737 (Hibert et al., 1997 ;

Aspinwall et al., 1997 ; Sarker et al., 1998). 7 v —=
&Nk E w7, endonuclease IS b~ N-K i
A #) 80-100 FREED R4 T 3/ BRI 2 & A, TOE

GERST I VBRI ORER Y326 BBETH -

7z. L2 L, endonuclease I GG I AT R 7%
hairpin-helix-hairpin (HhH) & F — 7 & C K&l o 4
FedS 7725 —»FFEEINTEY, endonuclease III
R CEREET DO TRIN/, e —=vT7L
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host AB1157 NKJ1004

° (nth* nei*) _ {(nth” neri)
pEK/mNth1  _ . _ _ R + +

PTG — — — — ++ + +

protein (ug) 02 2 02 2 02 2 02 2

-«— substrate

-«— product

12 3 4 56 7 8

Fig.7 Repair activity for thymine glycol in the cell free
extracts from E. coli AB1157 and NKJ1004 harbor-
ing pEK/mNthl. Cell free extracts (0:2 or 2 ug as
protein) from E. coli AB1157 (nth*™ nei*) (lanes 1,

2), NKJ1004 (nth~ nei”) (lanes 3, 4), IPTG-treated ‘

NKJ1004 (lanes 5, 6), and IPTG-treated NKJ1004
harboring pEK/mNthl (lanes 7, 8) were tested for
the 19mer oligonucleotide substrate containing
thymine glycol. Products were analyzed by 16%
denaturing polyacrylamide gel electrophoresis.

)

7o L ET (mNth 1) 2 KB B TRV, Ml
R P ISR T B IEERE R 2 WE L 72 (Fig. 7).
BIET OB, thymine glycol 23T % 2REOBE
endonuclease III(Nth) 3 & U'VIl(Nei) % K18 L 72k
Bk (uth™ nei™) TiTvy, WEMEHIZE 2 thymine glycol
EEUDE) IX 7 vEF FERE L LTHW, Yk
BHIDERED bbb & 512, KIBE NKJ 1004 (nth -
nei”) TREREEIFBD LN LT DI L (V-2 3,
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