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ZERFEOFEEZIHTIUE . VOWAHERFEYWHEICEI IMER. WEH
ERELOILL->THDON, BEPFPORAYP NS 2 OHLE R IFYE 3B i
AN, TOFEABKOENNS . BEFEAEMEACYE TH %desnutagend #i fa py
DRREZD DL AZD LD EMWHIF Sbio-antinutagend 2 DD ¥ A ST 1F
LENBTENTRENTNEY , TD D bdesnutagen®D E 2 FERE AL O BEHEIZ D
WTIE . EFER B, BRNESH. 52 7EaWick 2WEL L CRBIEE/LD
B LN 5N T A0, bio-antinutagenD{EF MBI L TIIDN ABE.
DNA#MEDOHMh o270 -FBEINTVLE3HL0D, BREED LK
BEREFOLOVELIERINTOR LD FHTEANHEBLEINA TV S,

—F. BEBEEOERFEHICELTIE. E FoRVLEFF Y FRZD RS
MEHTHA D PTIVTE PEIIHOEEFENELZ EMMEZINTHAS
N, MEBEFEBICETAIHAERBEBEEAETDLDATHE L, LOMLAEXNS. BB
BHEEEHONEDRANTH B END . HEREWEDNEEL . KKOE R
BHZE#H L TOLAREESTHIKELLSNS,

AMETE. RKIGEHOEHRFAREALEZICH T LB EBRCHDIERITD
WTHFEZITO. BITREBAHIMERZFY (bio-antinutageniE ) Z/Rd C
EARGDTHOEMI LT, £c. MERFEWHEDRE 1T BB BBR/LY H
Da,B-~AEMTNTE PEIERFEEZRTIE RUZhS50TITE R
DHETT 7oA VN ROBORERFRERTILEELAIE LI, 51T,
T oUAOUELAWIZ DN THERFERZH N, HERRECAE R
LHEFW O Uic, Eho. 770V A VORMERFEURED A H= X L%
IMZTBRDIZ. SOSIEEEDNABEOmME N SRITEMZ /oo

BB ERARCYONERRNE
FHpXxBUTHEALUCKRKBERFINVERTHOEMKE . TORGHETS

)T, Kada, Toxicology Forum, 6, 580-589 (1983).




Table LIZ/R L7co RIGE (WP2) (. 3 7T CT—Wasss& Licdb DA ML 1/15MY
7%%@%?%@%\wwm%w%ﬁi5%%%%#?5%¥®Hh%%ET%

BHREMOT, BEFLE GRETZEZRO2.9)/n?/sO %M TR 21T -7,
L@?ﬂ’i\ WEBRGETHE Y ) - VEBTHBMERAE L, EREEZBREAT L —
M BRI EEETD . ZRGFYELEFRBIVNERFEHOFEEARIT LY
ZORER. V) - IVEBEEIHBAHORMTEN. EEHO KRR LICER
ROHICHERRIDBR SN, V /) - VEBBHBYPRERFEEAHE DI &0
ArENf (Table 2) o MEHEOHERZI. A VA VEBBHIBAEYER LR THE
o7z (Table 3) o TO#REE . MERRUENY J — VEEBBLY I FF R 751
BTHROIEEZRLTW S, Eco V) —)VBEO BB EMEEEHR DM
AR UIHER, V) - VEBZOSORMERFEEARX T, BB/LHMO L
A%, MEZFRUENENTCAIEEW ML (Fig. 1) Y,

RIT NEIhEE BB L O ERIFEHITK 58-9 Mix (RBEEILEER + filEk
H) ODIEMICO>OTHRE LY ., ZOHER. $4AHBRRS L KIEE (VP2) = H
Wick (Table 4) . R or2-(2-furyl)-3-(5-nitro-2-furyl)acrylamide (A F 2)
I A Uz ER SE(TAIDZ M2 % (Table 5) oW FhoHEa&b. U/ —
WERBBAY T OMERRENS-I MixDHRMIZ L > THA T B3I ENANEN -
72o BIEABRIYOEEFRHEDOKREICIE . S-9 MixD MBI Z E0NHE X
NTLEN, TOHREIZEID, S MxDFERIT OV TERFORMBHE/AE VD
fERICMAZ . £FTINERFUOBAVICL 2 ZRFHOHAELEVHERA S
BT AEBLENDSLIEERF LI,

AW B AERACHDICHERRENH B EEZNDTHNMI LD T
H5Bo Fioy S-9 MixDIERIZDONT, ZRZFDAHIEMALITIN A PTE 2 F D Wk
VHEERBINRETHAI ERHIIIR LK,

WE T/7obA vEELEMONE RN
IR R BB POMERRUZLYM TR S0, ZREEDENL Y ) —

VR Z M # LRI AN AL ZFR L. B o HRED HREMI DT,
MERFEZPE L o TORKR. IR BBRAY O RN HREY P ICIHE



REWENEEST S EEWMT U (Table 6) o X512, BREKS AN X2
B2 M54 -THtH L. FERSERE LI, Fig. 2 KZDERETRT, I
hOoDEERADIBT/abA Y. 2-~"FvF—)b, 2-ATFF— )b,
2—=)RF=-NV  RUV2,4-FTHhIPTFr—-NVDOMERREWAR Ui (Table T) o
CHhoDIAMFITNTa, B-—FREBHTNVTE FRTHD ., LEHEOR HHH
BT 7oA BB BORERREEERLEY

Ri. 7r/abA4 v OBELEN L 0 BBEIC OV TLEME LMERER O
(FAEHE L7 (Table 8) © , ZOME, REMTVFE FTHBT /0L A V&
TR PV THBEAFNEZNNYT P VIEROCHERERNBE I W, 770
LAYD3 —TFTINFNEBEBRETHE70 0 TATEFR, 2-"FvF-IV, &
DEBR _BHEAAHE D2, 4 - FHVZF -V CRNEREBIBE o/, 8 -7
cZVBBRETHEYVFLATATFE FCTRAZEREUEN X SIZHE > 70, T s
TERBE ATV~ )V REAZZAFVREEHTLTE FIZ20 TR,
BEALHBRRERIBEINTIN oo ULDOERELD . a, B —FRBEHAH LR
ZVENERREICECEELTVNE I EERAMI LY,

BZFE Tr/olAS UV ORERREOMENBIEFNBE

ENBAREREROERA H= X L3, BLUNMTIN TR OM,
recA-lexABZEF OB TIZH 5 SO SIHEORBELECEEDH 3 = &M b h
T3, 22Ty SOSKHELVunDCHEFY ORBEAT DT 7 - VOFHERE
BU. 77004 VORERFEHEEOBEERT LY o unubCill 5 FIIERE
ROEBRICEERS TSI E0MONTHEY ., 203" WEB-HF /7 vy -
POMERGEFEERE LTS 2T FpSKI002%2 VT, BRETORBELESIC
METAZENTETHE, FIT.IODTFITRI FERBEPERIZHAS .
WP2/pSK1002% % L« umudC sBIZFORBICHT ST 7 0 b1 L OfEAEH#E L
umu . UV-non-mutableDBES, COBIEGEFICERIBILZEERERNRI S
BT ENSZMT SNz, unuDCl % F O EY I recAB z FOEY & 31T
DNAKY AT -FiHE. DNABRBOKEZ T A EAMON TV 3,



oo TDKER Fig. 3 KARONBEIITT 7oL A 2 idunudCE Iz FORB A
HlU7co 720 89 —2ODSOSIKEETHB3AT 07 - VOYNBHERIZL S
BHBE (ODseoDWA) 7704 i3ME Lz (Fig. D, X512, 20h 5
SOSIEEDHRERLRDERBRLOEELZFANBZ D, EREEOB M
TET770VAVDIERIKOOVTKRIFLAED . ZOHR. T/70l 4 VIZERK
DREPERBLSEEE. RUEREEOHRMNIZ. 7/70L A VOBEICIMD
53, M2RETRTTEZENRENK (Pig. 5) » TZBOLAVIZLS
SO SIEDHHIZ 2HEMUATOR-ZDRSNB I EMS (Fig. 3, Fig. 4) .
T/7abA VOFETTE. EREEOHMTAUMABE LTS O SIHEDOHH
PRI S>THBRIEFPAMI LI, COBFEEF. 7704tk b5S0SKE
DHHEN. MERFRORAKBE LTI EEFFTLDOTH B,
RIZ.DNABEICBUTHAEKRTHBWP2E, DNAOKREBEXREB_ R TH S
¥P2s R LXZA1S9D 3 4% T. DNABHEET /7oL A VORMEREW D&
Kohfﬁ%%ﬁlﬁat“o%Q%%\%ﬂﬁﬁﬁ%Gﬁ%§%30@T%%
Ui BAKRIKHLTT 70b A VERMAEERERHAZ R LUEN,. BREBEXRE
BICBMERFEREARXD o7z (Table 9) o —H< 4 0°CTHEZELIEAIZ.
BAKICBOTHERZRU®ENENTEEEHIC, BEBERBHBIIBOLTHRE
RREESBEINS LI ITH o7 (Table 10) , ZOBEBEXREHEOBRSEXS
W 5. bbb ay 7 REZHBUTOArpol @Iz FIRERE % FH
rpol15# fzF% . YP2R U ZAISITHMA U7zATIOR ALk %2 ER L. 727 oL A
VOREERFREIIDOTHRAZIT -7 TOHR. E—- by ay 7 BEIIE
SNTWEHE. BHMBEERS 0°CTHELULCKREBRERREKR (AILD I
ThH. MERFHEBE SN (Table 11) , ULDOERNS, 72704 VO
%@Eﬁum\&t(&%%f@@%ﬁﬁ&%ﬁﬁﬁ@:o@%ﬁﬁ%ﬁ?%:
ELRUBREEEIEKFHEORMITI. BRAEPCE - b a vy /REEHELT
WBI EEPSMT LI,

AFFEEF. SOSKEOHUFIIMERZRHORBRICES L TWBEI EE2TFT &
EHIT, MERFHEEBAEERFE - M a v 7 ISEEOBEA D THS
Lz bDTH B,
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Table 1. Bacterial strains

Strain Harker (Phage) /Plasmid
E. coli B/r
¥P2 trpE56 malB-15 lon-11 sulAl
¥P2s as WP2, but uvrAl55
ZA159 as ¥P2, but 4(uvrB chl)
CH5 71 as P2, but recA5g
AT10 as ¥P2, but rpolll5
Alll as ZA159, but rpollls
¥P2/pSK1002: as ¥P2, but /pSK1002 umuDC' -lacZ’
E. coli K-12
¥4110 prod or B str (2)

'S. typhimurium
- TA98

rfa 4(gal chl bio uvrB) = /pKM101




Table 2. Errecrs OF AUTOXIDIZED LINOLEIC ACID Table 3. ErrecTs oF AuToxipizep OLEIC ACID
" (P.0.V.=1,482meq/kg) ON CELL ViaBiLITY (P.O.V.=690meq/kg) on CELL ViaBiLITY
AND UV MUTAGENESS IN E, coli WP2 AND UV Mutacenests IN E, coli WP2
Amount of Viable cells Number Mutation Amo::zn!. of Viable cells. Numbe: Mutation
autoxidized of Trp* autoxidized of Trp frequenc
. per platc . frcquency . . per plat: lonies requency
linoleic acid 106) colonies (x 1078 oleic acid (x 10%) colonies " %o-e)
{mg/plate) (x per plate x ’ (mg/plaie) per plate
0 109 m 707 Q 122 542 444
2 83 439 499 1.25 i1 403 363
4 78 152 195 2.50 100 284 284
6 8 80 103 375 118 90 76
8 84 33 39 5.00 106 61 58

* peroxide value

4400
_ 4300 3
z s
-3 2
g S
= N S
> -
> 20 ¢
& g
&

J100

1 | 1 1

24 48 72 9%
Oxidation time (hr)
Fig. 1. Correlation between Changes in the P.0.V. of

Autoxidized Linoleic Acid and Antimutagenic Activity in
WP2,

The cells were UV irradiated at 66 J/m? and spread on
SEM plates with various kinds of autoxidized finoleic acid
(5mg/plate). (A), P.O.V.; (QO), revertant colonies.



Table 4.  Errects OF S-9 MixX ON ANTIMUTAGENIC
ACTIVITY OF AUTOXIDIZED LINOLEIC ACID (AOLA)

IN UV INDUCED MUTAGENESIS OF

E. coli Bfr WP2

Trp* revertants/plate

Treatinent
+Uv -uUv

AOLA Omg 1,153 3
AOLA 5mg 105 7
AOLA 5mg-+S-9 Mix 200 ul 121 2
AOLA 5mg+S-9 Mix 400 zl 195 6
AOLA 5mg+S-9 Mix 600 ul 263 6
AOLA 5mg+S-9 Mix 800 ul 355 7

Peroxide value of AOLA was 1110 meq/kg.

Table 5. EfrECTs OF S-9 MiIX ON ANTIMUTAGENIC
ACTIVITY OF AUTOXIDIZED LINOLEIC ACID (AOLA)

IN AF2 INDUCED MUTAGENESIS OF

S. typhimurium TA93

His* revertants/plate

Treatment
+AF2 —AF2

AOLA Oug 312 17
AQLA 40ug 28 14
AOLA 40 ug+S-9 Mix 50 ut 2 9
AOLA 40 ug+S-9 Mix 100 ul 5 7
AOLA 40 ug +S-9 Mix 150 ul 127 14

19

AOLA 40 ug +S-9 Mix 200 ul

Peroxide value of AOLA was | 110 meq/kg.

Table 6

EFFECTS OF THE WATER-SOLUBLE FRACTION FROM
VOLATILE PRODUCTS ON CELL VIABILITY AND UV
MUTAGENESIS IN E. coli B/r WP2

Amount of water- Viable cells/ Trp* colonies/
soluble fraction plate plate
(ul/plate) (x 10%
0 105 718
10 84 296
20 95 103
30 109 34
40 116 18

A i |

¥
0

| AL ML SR SN SO M §

2 L] §

T T
8 o 12 15 { min )

_F ig. 2. Gas chromatogram of the water-soluble fraction from

volatile products. 1, acetaldehyde; 2, acrolein; 3, butylalde-
hvde; 4, pentanal; 5, amyl alcohol; 6, hexanal; 7, 2-hexenal; 8,
2-heptenal; 9, 2-nonenal; 10, 2,4-decadienal.



Table 8. ErfrecTs OF ACROLEIN-RELATED COMPOUNDS

Table 7 oN CELL VIABILITY AND UV MUTAGENESIS
EFFECTS OF ACROLEIN, 2-HEXENAL, 2-HEPTENAL, N E. coli B/r WP2
2-NONENAL AND 2,4-DECADIENAL ON CELL VIABILI-
TY AND UV MUTAGENESIS IN E. coli B/t WP2 Dose  Trp™  Viable
No. Name (ug/  colonies/ cells/
Viable cells/plate Trp* colonies/plate plate) plate plate
(x10%
acrolein ~ None 733 131
0 pg/plate 141 633 1 Acrolein 5 252 133
5 116 177 10 87 124
10 127 49 15 54 120
15 117 33 2 Methyl vinyl ketone 15 234 121
20 115 20 30 105 123
45 46 114
2-hexenal 3 Crotonaldehyde 50 442 125
0 204 730 100 331 114
50 198 550 150 215 121
100 158 434 4 2-Hexenal 50 626 138
150 163 302 100 441 120
200 161 256 150 377 130
5 2.4-Decadienal 50 571 132
2-heptenal ) 100 510 135
0 204 730 150 344 103
50 185 516 6 Cinnamaldehyde 150 577 119
100 158 304 300 433 116
150 168 194 450 234 114
200 144 144 7 Propionaldehyde 150 499 123
300 454 127
2-nonenal 450 402 135
0 147 868 8 Acrylic acid 150 709 134
50 136 531 300 691 134
100 120 342 450 643 135
150 120 198 9 Aliyl alcohol 150 668 144
200 123 105 300 536 136
4350 531 145
2.4-decadienal 10 Methyl acrylate 150 758 130
0 141 633 300 642 142
50 121 466 450 582 123
100 110 335
150 lot 193 Individual points are the means of 2 experiments.
200 8! 82




Units

! 1 [
V2 3 4

Post-irradiation incubation (hr]

Fig. 3. Effects of Acrolein on the Induction of umuDC
Gene.
UV-irradiated (663/m?) E. coli WP2/pSK1002 cells were
cultured with acrolein (0-4.6 #g/ml) and the induction of
umuDC gene was investigated by the f-galactosidase
activity. (@). Oug/ml; (M), 2.3ug/ml; (A), 4.6 ug/ml
acrolein. '

0.5 400
N 2 zm-
: S 100k
o © 50—
g | c 3
[=) 3 .2
S ' 2> o
i : . S
O.fF // I~ 2 st
O
5 @
[ 38 b
0.05\- =
*a o5t
—
1 ) 1 L =
| 2 3 4 ol
Post-irradiation incubation (hr) )
o} [} 1 1 1 ! 1
Fig. 4. Effectsof Acrolein on the Induction of J, Phage. 0 P " . 2d' ’3 f‘ bst' Glh)
01—
UV-irradiated (273/m?) E. coli W4110 (A) cells were siTirraciotion incubotion Thr
cultured with acrolein (0-4.6 ug/ml) and the induction of Fig. 5. Effects of Acrolein on Mutagenesis.
A phage was detected by the reduction of ODgeo. (@), UV-irradiated (66 J/m?) E. coli B/r WP2 cells were cultured
0 pug/ml: (). 2.3 pg/ml; (A), 4.6 pg/ml acrolein. with acrolein (0~4.6 ug/ml) and fixed Trp* mutants were

detected on the minimum agar plates. (@), 0 ug/ml; (M),
2.3 pg/ml; (A). 4.6 ug/m! acrolein.



Table 9

EFFECTS OF ACROLEIN ON VIABLE CELLS AND Trp* MUTANT CELLS
WHEN UV-IRRADIATED CELLS ¥ERE INCUBATED AT 30°C

¥P2 WP2s(uvrAl55)  ZA159C 4uvrB)
Acrolein :
wg/plate C* > HWF° C M MWF C M M
0 124 767 619 154 784 509 162 863 533
4.5 123 174 141 150 630 420 169 752 445
9 121 72 60 139 655 471 161 732 455
18 111 44 40 138 660 478 142 721 508

The number of spontaneous mutants per plate was 4 for WP2,.

2 for WP2s and 4 for ZA159.
*Number of colonies/plate.

*Number of mutant colonies/plate.

‘Mutation frequency (number of mutant cells/10%® viable cells).



‘Table 10

EFFECTS OF ACROLEIN ON VIABLE CELLS AND Trp* MUTANT CELLS
WHEN UV-IRRADIATED CELLS WERE INCUBATED AT 40°C

¥P2 ¥P2s(uvrAl55) ZA159( 4uvrB)
Acrolein
1 g/plate C* M> NF° C M MF C N NF
0 127 533 420 145 206 142 157 353 225
4.5 123 95 717 109 104 95 152 165 109
9 105 36 34 93 46 49 132 110 83
18 93 13 14 88 30 34 112 44 39

The number of spontaneous mutants per plate was 3 for WP2,

1 for ¥P2s and 3 for ZA159.

*Number of colonies/plate.

*Number of mutant colonies/plate.

<Hutation frequency (number of mutant cells/10% viable cells).



Table 11
EFFECTS OF ACROLEIN ON VIABLE CELLS AND Trp* MUTANT CELLS
¥HEN UV-IRRADIATED rpoH15 STRAINS ¥ERE INCUBATED AT 30°C

AI10(rpol15) AI1I(4uveB, rpolils)

Acrolein ,
rg/plate C* M® MFc C M MF.
0 115 241 419 108 228 422
4.5 111 30 54 96 83 173
9 120 13 22 | 85 70 165
18 87 6 14 12500 139

The number of spontanecus mutants per plate was 5 for AIl0 and.
6 for AIlIL.

*Number of colonies/plate.

bNumber of mutant colonies/plate. ,

*Mutation frequency (number of mutant cells/10® viable cells).
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