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Table 1-1 List of tested compounds,

No. Compound Structure Sourcea)
1 trans-Cinnamaldehyde @cn:m-mo TK
2 a-Methyl cinnamaldehyde <C::>»CH=C—CHO TK

|
CH3
3 Benzaldehyde QCHO NC
4 Cinnamyl alcohol @CH=CH—CH20H TK
5 Cinnamyl acetate QCH=CH-CH2-O-C-CH3 TX
I
0
6 trans-Cinnamic acid <:;;>»CH=CH—COOH TK
7 trans-o-Hydroxycinnamic CH=CH-COOH TK
acid
OH
8 trans-m-Hydroxycinnamic CH=CH-COOCH TK
acid
HO
9 p-Hydroxycinnamic acid HO-<<::>FCH=CH-COOH TK
10 Cinnamamide @CH=CH-C-NH2 TK
I
0]
11 Cinnamyl methyl ketone <C::>}CH=CH-C-CH TK
_ 3
(Benzalacetone) g
12 Methyl cinnamate <i::>}CH=CH-C—O—CH3 TK
i
0
13 Ethyl cinnamate <i::>}CH=CH—C-O—C2H5 TK
1

0




Table 1-1 (continued) ( 16
14 Vinyl cinnamate <C::>>CH CH-C-0-CH=CH, TK
15 Benzyl cinnamate @CH CH- C 0-CH @ TK
16 Coumarin TK
P
00
4-H i
17 ydroxycoumarin [:::I:x;;r TK
OH
18 7-Hydroxycoumarin HO 0 0 TK
Umbelli
(Umbelliferone) _
19 7-Hydroxy-6-methoxy- HO 0] 0 SC
coumarin (Scopoletin) :I::::[;V:];
~
CH-0
20 Anethole CH3—0-<:::>>—CH—C2H— TK
21 p-Anisaldehyde CHS—O-Q—CHO - TK
22 n-Butyl acetate CHzC-0-(CHy) zCHz TK
i
0
23 Citral CHz-C=CHCH,CH, ~C=CH-CHO TK
| I
CHg CH3
24 n-Decylaldehyde CHz(CH,) gCHO TK
25 Estragole CH3—0—<i:::>-CH2CH=CH2 TK
26 Ethyl acetate TK

CHS—g—O—CZHS

)



(
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Table 1-1 (continued)
27 Ethyl acetoacetate CHB—%—CH2-%-O-C2H5 TK
0 0
i
28 Ethyl anthranilate QC-O—CZHS TK
NH,
29 Ethyl benzoate @%-O—CZHS TK
0
30 Ethyl caprylate CHB(CH2)6-%-O—C2H5 TK
0
31 Ethyl isovalerate CHS-QHCHZ—%-O-C2H5 TK
CH; O
32 Ethyl phenylacetate <C::>}CH2—%—O—C2H5 TK
0
33 Ethyl vanillin HO CHO TK
CoHg-0
34 Geraniol CHS-?=CHCH2CH2-$=CHCH2—OH TK
CHz CH;
35 Iscamyl butyrate CH3(CH2)2—E-O—CH2CH2—§H—CH3 TK
0
CHy
36 Isoamyl formate HE'O"CH2CH2"$H'CH3 TK
CH3
37 Jasmone CH3 TK
;; CHZCH=CHCH2CH3
OH
38 Linalool CH3—$=CHCH2CH2—§-CH=CH2 TK
CH CH

3 3
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Table 1-1 (continued)
s
39 dl-Menthol CH3 CH-CH3 TK
OH
3
40 Methyl salicylate QC—O_CHB TX
OH
41 dl-Perillaldehyde CH2=(‘L©»CHO TK
CHg
42 Piperonal 0— CHO TK
L,
43 Vanillin HOQCHO TK
CHz-0
a) TK, Tokyo Kasei Kogyo; NC, Nakarai Chemicals; SC, Sigma Chemical -
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70 J - % 4 q
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e 5% (W) z i<,

SIS ) TP T vkt s 3R
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Table 1-2. Antimutagenic effect of cinnamaldehyde on 4-NQO-induced

mutagenesis in E. coli WP2Zs,

4-NQO Cinnamaldehyde Viable cells Revertants
treatment in SEM agar per per
(pg/ml) medium (pg/ml) plate plate
0 0 184 10
40 183 8
1 0 190 87
40 194 27
2 0 109 685
40 130 137
3 0 37 1060
40 66 292

Cells were treated with 4-NQO for 60 min at 37°C
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Table 1-3

Reconstruction experiment

Antimutagen in

Number of Trp* colonies per plate

SEM agar medium Wp2s * Revertant Revertant clones
(pg/ml) clones and WP2s
None 6 310 325
Cinnamaldehyde (20) 3 326 320
Cinnamaldehyde (40) 4 300 3253
Coumarin (100) 5 310 309
Coumarin (200) 5 320 322
Umbelliferone (50) 4 319 321
Umbelliferone (100) 6 318 317

* Approx. 108 cells of WP2s were spread.
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Table 1-4

Antimutagenic effects of cinnamaldehyde,

umbelliferone on the 4-HAQO-induced mutagenesis

coumarin and

Antimutagen in Viable cells Induced
SEM agar medium Revertants
(pg/ml) per plate per plate
None 124 511
Cinnamaldehyde (20) 120 157 (69)%)
Cinnamaldehyde (30) 130 81 (84)
Cinnamaldehyde (40) 131 37 (93)
Coumarin (100) 137 198 (61)
Coumarin (150) 116 130 (75)
Coumarin (200) 127 78 (85)
Umbelliferone (50) 132 155 (70)
Umbelliferone (75) 136 103 (80)
Umbelliferone (100) 137 62 (88)

Cells were treated with 4-HAQO (4 pg/ml) for 15 min at 37°C.
a) % decrease in the number of induced revertants per plate.
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( 36

Table 1-5
Stability of mutagenic activity of 4-NQO and 4-HAQO after pre-incubation with
cinnamaldehyde.
Mutagen (pg/ml) Cinnamaldehyde Viable cells Revertants M. F.
4-NQO 4-HAQO (pg/ml) per ml per plate (Trp*/107)
0 0 0 3.5 x 108 7 2
0 0 40 3.5 x 108 8 2
2 0 2.5 x 108 1305 522
2 20 .4 x 108 1328 553
2 40 2.6 x 108 1291 496
4 0 3.2 x 108 375 117
4 20 3.2 x 108 406 127
4 40 3.3 x 108 420 127

4-NQO or 4-HAQO was pre-incubated with and without cinnamaldehyde in phosphate

buffer for 15 min at 37°C prior to exposure to bacterial cells.

)
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Fig. 1-5. Hypothetic actions of cinnamaldehyde to explain its antimutagenic
activity. (1) Inactivation of 4-NQO or 4-HAQO by chemical interaction, (2)
Inhibition of metabolic activation of 4-NQO in bacterial cells, (3) Growth
inhibition specific to Trp* revertant cells, (4) Effect on mutation fixation

process including DNA repair.



(41 )

L 2% 4-NQOHFHKELELR o B8 L B A I
MBFRE T T b GBI N1, 2462
BErRyvuvFerFaernfd&dRTLLE R
ALt VHRELERERALEAR T EE I, AR
KEZ2RIaeaN BT 3 Desmulagenic 1 K
T IaHEAs W oo e R LT O S,
3% dadliette Lz d T BIBE LA
243 L BEREFARNALAS., 0 E T O
2., ABEMEB AL OTIEERS,LRDE
FrL-FETnTp BBERAs 20 2 —
BMREEICE B ALNTEID , 122 L 35
d. MNNGH#EXEZLER oL 2 92 %4
MelFEH NRpHrLNT, DT N L - FE
CYHBEB AL - FELYFFGRHLABBERE
FoRgho Nz Briz B £3HBE
T I N3 b AT (TN 12,
A%ZHBa#ede L2 BET VT EFE X
N = ) e A Y X 4-NQO R L., T
£ U ONAE %5487 3 BETERAL TR
KREEmempld 3BT A%, 1215 L.



( 42 )

S HBA I E MNNGR B IC £, T4 U 72 DNA
BB ekl d 225K EEXESc TERAL
T e BB UE S L AT FT TR TS
We #1E. CELEEnEXKBEHE FHL 2 F,
recA . JexA Bl e v L% 4 2 ONA 1518
ABENAGEAR I 0L, TR U B rech
LexAk (25 b e W F £ 1. DNAKE o 1%
NEFBIRAITEL, TE UV E TG r
L2 RBAY BB, 02N 03 (
Witkin , 1969 ; Kordo etal., 1970 )o Z 0 = £ IZ
TN FEBE3IBEC L T 3 N
LNQO 2 UV 181 A BB ERTH). L
TN, T AR GFH 0 lexAT REBEH G
NS nHBERLEIFASILZLELEZ T 2.
T U0, =2, MNNG 3 E7 LF L JE
Bl b dhAhod TBL. EEEBG T A
AR fexA” R EH O BLH Y OIFE K (<
R S A :chhm:/}:(?ﬁﬁ?f(/frb!—
KN =) Tl N 4-NQO R KUV B AR
LRvwrd LA e HY. MNNTH ELE




( 43 )

22t L T E W W o, 152 b & oA L
23 LN AHAZ A LT WS, Gl
WEHEBRBROAT EZTL 2L - F £ T1F 4-NQoO
WL ILBNLEGEICBG D FER BT R
NN edb, oS HKEERT W
DNAWG1 B 2@l L o n{EH & R 1T L 7 0 2
CEERVE LT NS,

AELHp T2 En&E. k7T EF,
7Y . YANY)Y 780> P=RTFP ST
ckF. T4 Nz ) o BFEENZD YA b
it B4 d Desmutagen £ L 2 T 1313 < Bio-
antimutagen & L 7T R KR ZEMHIF AL A L.
X 0B T 4-NQO A % O UV 12 £, T 8% K
IN2RELEERLEXRAKLEEABIE. # 2T,
DNAWGIE 8.2 1CF B U T HEHXETEFITE A
G YNy BE D NI,



*5H £y |

T U N IS KB WP2s (tpE. wrA ) #E A ()
 4-NQO A AEREFEZ 01T 2% X% 2
S0 BFEE A, <. B E 4-NQO T B L 1<%
TELC. EBBEICL ) 4-NQOE KRS . B X
NEBREOBEMEFMLKELE 2H DA
KX 7LV - Fiidnr., BHEXKAAFLE T
BB 43 B oI 7 (02 ANKER .
Bk 7 LT

v, P =27 UFTEeF. I 40Nz >k
L. Nz ) Yo bBHENALSD N 4-NQ0 #
FEHLE B ICHL A LORELE R IMEBREL
L. ZhbadtemdonThn o«,p - F
B LNV BEEEeY 2MmMBAT ha <.
4-NQOHBHXZHXRE 79 28R & 0
:%ﬁl/v<§f%]/\"7:\é£% B & 7 ILT EF 2N
=) YOG o EEREBAZI S DLEE L
~ L E T a Tt 72%'{:“‘&‘;@%%Km w17
CHT 3L EFMEIFA. 4-NQO 0 & 4-HAQOD
N BFR T KEFEEILERT o0 BEE A

JEY

)

e FL. 7T o7y AN )7 2oadl



( 45 )

H Wi THhEHEEZRS N EH ANO P 4 -
HAQO & # F T 4 2 {F # 3 & 7 T # 68 3 R
Bt OB E T AL IC,

~ %, BET7TLUF e 2 U Hed 3 L E
NniEomIE B FEEEEE <L 2 HE
BT HERETRFAL AL N, MNNG 3 &
REEZ < T4 3mMplFRAALH L N ]
- T MNNG FE T ILLF LMAAF (2L 5 7
TU2ZONABB ca2dd 3 ZHELRL LN n &
Bd. 4-NQO # Zsr & 1<% - 24U % DNA 7B
B <terdd3ELEPELABER TE, 7
22N RmS NT03Za 7T, 2 NL N HRE K
RKZ2@A T 3 h3HE o ONABB T T 2 %R
UM onFlAe RI1FLTEHEEEZMBF
Aem Tvnet 2L NI<.

4-NQO . 4- m'%roquino{ine {-oxide
4-HAQD : 4- Hydmxyaminoquinoﬁme {-oxide
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Fig. 2-1. Model for the SOS regulatory system. The RecA protein is synthe-
sized at low levels in uninduced cells, but dose not display significant

protease activity. After SOS-inducing treatments the RecA protein aquires

a specific protease activity.
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Table 2-1

List of chemicals tested

Food and feed additives (44)

Amprolium
p-Anisaldehyde
Ascorbic acid
n-Butyl acetate
Butylhydroxytoluene
Calcium propionate
Caprylohydroxamate
Cinnamaldehyde
Citral

Clopidol

Decoquinate

Naturally occuring compounds and derivatives (23)

n-Decylaldehyde
Ethopabate
Ethoxyquin

Ethyl acetate
Ethyl acetoacetate
Ethyl anthranilate
Ethyl benzoate
Ethyl n-caprylate
Ethyl cinnamate
Ethyl isovalerate
Ethyl phenylacetate

Anethole
Benzalacetone
Benzaldehyde
Benzyl cinnamate
Caffeine

Cinnamami.de

Cinnamic acid

Cinnamyl acetate
Cinnamyl alcohol
o-Coumaric acid
m-Coumaric acid

p-Coumaric acid

Ethyl vanillin
Eugenol

Geraniol

Isoamyl n-butyrate
Isoamyl formate
Linalool
dl-Menthol

Methyl salicylate
dl-Perillaldehyde
Piperonyl butoxide

0-Phenylphenol

Coumarin

Estragole
4-Hydroxycoumarin
Jasmone
Methylcinnamaldehyde

Methyl cinnamate

Pyrimethamine

Retinol

Robenidine

Sodium dehydroacetate
Sorbic acid
Sulfamonomethoxine
Sulfaquinoxaline
Thiabendazole
a-Tocopherol
y-Undecalactone

Vanillin

Piperinal
Safrole
Scopoletin
Umbelliferone

Vinyl cinnamate



Table 2-1 ({Continued)

Antibiotics (21)

Actinomycin D
Aminopterin
Ampicillin
Blasticidin S
Chloramphenicol
Chromomycin A3
Pesticides (61)
Aldrin
Allethrin
Ametryne
Amitraz

Asulam

Atrazine

Bassa

Benomyl

o-BHC

Bromacil
Carbaryl
Chlorobenzilate
Chlorothalonil
Chlorpyrifos
Cyanazine

Cyanofenphos

Cycloheximide
Cytosine arabinoside
Erythromycin
5-Fluorouracil
Griseofulvin

Kanamycin

2,4-D

DDE

DDT

Dibrom
Dimethirimol
Diphenamide
Diquat dibromide
Echlomezol
Endrin

Ethion

Fthalide
Gryphosate
Heptachlor
Hymexazol
Indolebutyric acid

Ioxynil octanoate

Kasugamycin
6-Mercaptopurine
Methotrexate
Novobiocin
Polyoxin B

Rifampicin

Iron methanearsonate
Isoprothiolane
Lenacil

Linuron

Macbal

Malathion

Maneb

Meobal

Methomyl
Naphthalene acetate
Oxycarboxin
Paraquat dichloride
Pentachlorophenol
Phenisobromolate
Phenothiol

Pirimicarb

Streptomycin
Tetracycline

Validamycin A

Probenazole
Propaphos
Pyrethrins
Pyridaphenthion
Simazine
Simetryne
Swep
Terbacil
Tetradifon
Trifluralin
Triforine
Tsumacide

Zineb

( g9 )



Table 2-1 (Continued)

Inorganics (33)
AgNO
AlCl
BaCl
CaCl
Cdcl
CoCl
CsCl
CuCl2
FeCl3

3

3
2
2
2
2

Other chemicals (51)

Acetonitrile
Adenine

Adenosine
9-Aminoacridine
6-Aminonicotinamide
Amitrol

Anilline

Aspirin
8-Azaguanine
5-Bromocytosine
5-Bromodeoxyuridine
5-Bromouracil

Butylhydroxyanisole

FeSO4
GeCl4
H3BO3
HgC12
KBr
K2Cr207
KI

LiCl
MgCl2

Cortisone

Cyclic AMP
Cysteamine
Cytidine
Cytosine
Dexamethasone
Diethanolamine
Disulfiram
Dithiothreitol
Ethidium bromide
Ethionine
Fluoroacetic acid

5-Fluorocytosine

MnC12
NaA502
NaZIIAsO4
NaF
Nazseo3

Na2w04
(NH4)6M07024
NiC12

RbC1l

5-Fluorodeoxyuridine
Formamide
Glutathione
Guanine

Guanosine
Hydroxylamine
Hydroxyurea
Iodoacetic acid
2-Mercaptoethanol
B-Naphthoflavone
Norharman

Ouabain

Phenobarbital

SbCl
SnCl
SrCl
Y (NO
ZnSso
ZrCl

3

s W N W

Pyrazol
Sodium Azide
Thioacetamide
6-Thioguanine
Thiourea
Thymidine
Thymine
o-Toluidine
Uracil

Urea

Uric acid

Vitamin B12

96
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() E. coli PQ37
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LexA repressor

mRNA

B-galactosidase

Fig. 2-2 Construction of E. coli strain PQ37.
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Table 2-2
Inhibitory effects of 5-FU and FUDR on the UV-induction of the SOS gene in E. coli PQ3703

UV dose Compound Conc. Cell growth B-Galactosidase Alkaline phosphatase
2 . .
(J/m"™) added (ug/ml) OD600 OD420 Unit OD420 Unit
None 0.502 0.167 82 ( -) 0.480 289
1.5 0.474 0.882 588 (506) 0.470 305
1.5 5-FU 1 0.468 0.613 407 (325) 0.453 296
2 0.458 0.485 326 (244) 0.472 319
3 0.445 0.395 270 (188) 0.439 305
4 0.442 0.327 220 (138) 0.468 328
5 0.438 0.300 203 (121) 0.463 327
6 0.426 0.271 186 (104) 0.458 334
1.5 FUDR 2 0.455 0.578 394 (312) 0.420 285
4 0.446 0.471 319 (237) 0.435 300
6 0.429 0.401 279 (197) 0.416 300
8 0.431 0.370 252 (170) 0.431 309
10 0.438 0.323 214 (132) 0.459 324
12 0.429 0.274 184 (102) 0.449 - 327

Numbers in parentheses indicate induced enzyme units.
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Fig. 2-3  Inhibition of S0S-induction by 5-FU and FUDR. Cells were ir-
radiated with UV and then incubated in LB medium (o) and that contain-

ing 5-FU at 5 pug/ml (w) or FUDR at 10 pg/ml (4) for 120 min at 37°C,
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Fig, 2-4  Inhibition of SOS-induction by 5-FU and FUDR, Cells

were irradiated with UV (1.5 J/mz) and then incubated in LB medium

(o) and that containing 5-FU at 5 pg/ml (4) or FUDR at 10 pg/ml (m).
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Fig. 2-5 Reversibility of inhibition of SOS-induction by 5-FU.
Cells were irradiated with UV at 1.5 J/mz. O, incubated without
5-FU; e, incubated with 5-FU (7 pg/ml); A, incubated with 5-FU

(7 pg/ml) for 30 min and then transferred to LB medium.,
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Table 2-3

Effect of 5-FU and FUDR on the enzyme antivity of B-galactosidase

Compound Conc. oD % inhibition
420
(pg/ml)
Control 0.873 -
5-FU 5 0.893 0
10 0.899 0
FUDR 10 0.894
20 0.885

R-Galactosidase was pre-induced by UV irradiation at 1.5 J/m2.
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Fig. 2-6 Effects of cinnamaldehyde, cobaltous chloride and 5-fluorouracil on SOS-induction., Cells were

irradiated with UV at 1 J/m2 and - then incubated for 120 min.
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2. MERHLELEIMA |

LB THTE2 UV BERLEEZn £ 12
TS0S Bionth & Frih b SOS 518 MAT b
M3 -t kETHZ e pvmns N7 w3 (
Witkin, 1976 ). 5-FU # FUDR 1T SO0S R i # #
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28¢5 2 F0RREBIZHE 0T, Trp*_ﬂfzqé;?
LEAH a AR Rt HRL . 268/
L -F a5-FU. BFWX. 3P/ 7L - F o
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o bak L (ke-4) F1. 2o Tp'
FR MRV NE F3 Bt BEBE WS -
AX%-@mZ"I?T}HL}:H}(\ A F o BIBAE B
éﬁq TN <. Z\SM NBLEE T, )V
BEGE R BB LU Ty o wP2B (85 x
O /ml) & 0dml £ Tpt 70 - v ok (&2
X0 ) e 0wl o B F . B5-FU (2 1217

W



FUDR ) % R 01ml & 0072 7 SEM & X 7° L -
FE AT, 37°C T3 AadEAEL =%,
Trpm 20 2 - E#WLTC. A2-4 1THR L1712 T &
<. 5-FU A& WFUDR GBMRTF T Y 94 7% K
o TrpBAWID - EHEKLIIC. L TN
7. UV FRRILERHFn BV 1F Trpt B 12T
T3 L8 EacnhFHE0eed 26 R I,



Table 2-4 Antimutagenic effects of 5-FU and FUDR on mutagenesis induced by UV in E. coli WP2
*
Compound Conc. UV-induced mutagenesis Reconstruction condition
(ng/plate) Viable cells Revertants Trp+ colonies Recovery
/ plate / plate / plate (%)
Control 132 2010 170 100
5-FU 0.5 138 1264
1 130 883 166 98
1.5 136 705 163 96
2 141 464 171 100
FUDR 1 146 1224
2 147 685 160 94
3 1314 504 159 94
4 135 245 162 95

* Cells were irradiated with UV at a dosé of 3 J/mz.
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ABE L pHp 21233 B EY MBIt
RIS T SOSEBABXBHE ciTd 2 E W
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MiI<mz7 . 5-FU 2 FUDR 12 AR 4 % & ¢
B 3 = dfpn 7 BBk 0,

5-FU & & IV FUDR 0 UV & & Z X% 2 i<

)



( 78 )
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Bz S . THKINS S0SERREBE T I 2
ricx ). REEEREARNRR T H 3 S0S 4%
BoN® o 0l F3 e bBL LRSS, (Bl
CHMELE RBFEATTLT 7€ EREHTH
37 34 A v o0 CHRFENHZ ((Meyn et
ol., 1977 ; Ichikawa-Ro & Kondo, 1980). 7 ¥ 4
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Table 3-1 Bacterial strains
Strain Genotypea) Source Reference/comments
E. coli B/r derivatives
WP2 trpE65(0c), malB15, lon-11, sulAl Kada Witkin § George, 1973
WP2s as WP2, but uvrdlbsd Kada Hill, 1965
CM561 as WP2, but lexA102, maZB+ Kada Bridges et al., 1972
CM571 as WP2, but recA56 Kada Bridges et al., 1972
WP67 as WP2, but uwvrdlds, poldl Kada Witkin § George, 1973
CM611 as WP2, but uvrdlbs, lexAl02, malB® Kada Bridges et al., 1972
ZA159 as WP2, but A(uvrB, chl) Spontaneous ChlT mutant
ZA516 as WP2, but A(uwrB, chl), ssb-113 P1(PAM2611) x ZAl59
ZA545 as WP2, but ssb-113 P1(PAM2611) x WP2
E. coli K-12 derivatives
AB1157 thr-1, leu-6, proA2, his-4(0c), argE3, thi-1, galK2, lacYl, ara-14, Kato Bachmann, 1972

xyl-5, mtl-1, tsx-33, rpsL31l, supE44
TK603 as AB1157, but uvrd6, ilv-325, argE* Kato Kato & Nakano, 1981
TK610 as AB1157, but wuvrd6, wnuC36, ilv-325, argE+ Kato Kato § Nakano, 1981
AB2463 as AB1157, but recAl$s Kato Bachmann, 1972
AB2480 as AB1157, but wuvrAd6, recAl3, thr+, Zeu+, his+, argE+ Kato Howard-Flanders et al., 1969
MO1594 as AB1157, but wuvrd6, recB2l Oishi Irbe et al., 1981
JC3914 as AB1157, but uvrd6, recB21, recCiZz, argE+ Kato Kato et al,, 1977
JC3913 as AB1157, but uvrA6, recF143, argE+ Kato Kato et al.,, 1977
JC3881 as AB1157, but recB2l, recC22, recF143 Kato Kato et al,, 1977

c6



Table 3-1 (continued)

JM12123 as AB1157, but tif-1, recAl23 Inoue Castellazzi et al., 1972
GC714 as AB1157, but wvrd, tif-1, suldll, ilv, thr', leu®, argE', lacy’® Inoue Villani et al., 1978
PAM2611 Hfr, hisA323, ssb-113 Bachmann  Johnson, 1977

113000 Hfr, met Yamagata  Bachmann, 1972
Bacteriophage

Pl Yamagata

T4 Kada

T4 ochrel9 Kada

a) The nomenclature is that followed by Bachmann (1983),

Witkin et al,, 1982) is retained,

damages.

tif is one of the recA mutations that express SOS functions at 40°C without DNA

To avoid confusing nomenclature change, tif-1 (now called recA441,

€6
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Table 3-2  Antimutagenic effect of cinnamaldehyde on 4-NQO-induced

mutagenesis in uvr- derivatives of E. coli B/r and K-12.

Strain 4-NQO Cinnamaldehyde Viable Trp+ (or His+)
(pg/ml-  in agar plate cells revertants
15 min) (pg/ml) /plate /plate
WP2s 2 0o . 26 1126 a
uvrd 20 43 600 (47)
trpE 30 54 310 (72)
40 60 140 (88)
ZA159 2 0 87 2588
uvrB 20 84 1054 (59)
trpE 30 67 546  (79)
40 67 254 (90)
TK603 4 0 76 952
uvrA 40 77 525 (45)
his 60 68 165 (83)

a) % decrease in the number of revertants per plate
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Table 3-3
Antimutagenic effect of cinnamaldehyde on chemically induced mutagenesis

in E. coli WP2s (uvrd, trpE).

Cinnamaldehyde  Viable Induced

* o -
Mutagen treatment in SEM agar cells revertants M.F. érgzse
medium (pg/ml) /plate /plate

MNU 250 pg/ml, 60! 0 76 627 165

30 77 636 165 0
MNNG 3 pg/ml, 60' 0 109 490 89.9

30 113 502 88.8 1
ENU 200 pg/ml, 60°' 0 291 714 49.1

30 295 508 34.4 30
ENNG 5 pg/ml, 60' 0 150 714 95.2

30 159 474 59.6 37
DES 200 pg/ml, 60! 0 211 652 61.8

30 224 507 45,3 27
EMS 1300 pg/ml, 60°' 0 223 729 65.4

30 217 600 55.3 15
R-PL 30 pg/ml, 60 0 220 666 60.5

30 237 462 39.0 36
Captan 2 pg/ml, 15! 0 180 553 61.4

30 190 195 20.5 67
4-NQO 1.8 pg/ml, 15° 0 260 742 57.1

30 3084 163 10.6 81
AF-2 0.4 pg/ml, 60! 0 191 533 55.8

30 2734 141 10.3 82

Experiments were carried out at several doses giving about 500 to 700 revertants
per plate, and the representative data were shown. All the determinations are
averages of 3 plates. The ranges of spontaneous Trp+ revertants per plate were
from 2 to 8. * Induced mutation frequency (Trp*/ 107 cells).

a, Significant increase in the number of viable cells waé observed on the cinnam-

aldehyde-containing plates compared with that on the cinnamaldehyde-free plates.
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Table 3-4

. . + .
Characterization of Trp +revertant clones using T4 ochre mutant phage

No. of clones Phage growth o
examined / [+] (-] s of
Mutagen Suppressor
Total revertants suppressor trpE gene) .
: : ) —IPE ¢ mutation
induced ( mutation (mutatlon
4-NQO
2 pg/ml 100/ 627 94 6 94
MNNG
100 / 825 82 8 92

2 pg/ml
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Table 3-5

. . . . + - .
Mutation induction in the wmuC and wmil strains.

TK603 (wvrd”, umiC’) TK610 (uvrd”, wmC™) Ratio

Mutagen treatment Survivals Induced M. F * Survivals Induced M.F * M.F. (umuC™)

/ plate His*/ plate e / plate His*/ plate e M.F. (wmuC™h)
MNU 75 pg/ml, 60! 183 1769 96.7 157 1206 76.8 0.79
MNNG 2 pg/ml, 60 150 734 48.9 105 411 39.1 0.80
ENU 75 pg/ml, 60" 120 634 52.8 124 611 49.3 0.93
ENNG 2.5 ug/ml, 60’ 123 429 34.9 123 387 31.5 0.90
DES 200 pg/ml, 60! 135 618 45.8 111 519 46.8 1.02
EMS 1500 pg/ml, 60! 124 1057 85.2 144 1200 83.3 0.98
R-PL 100 pg/ml, 60 113 750 66.4 97 212 21.9 0.33
Captan 2 ng/mi, 15° 100 816 81.6 107 77 7.20 0.088
4-NQO 2 pg/ml, 15°' 89 868 97.5 87 5 0.57 0.0058
AF-2 0.4 pg/ml, 60' 86 362 42.1 96 2 0.21 0.0050

Experiments were carried out at various doses and the representative data were shown.
are averages of 2 plates. : TK603 (6 - 15), TK610 (1-9).

* Induced mutation frequency (ilis* / 107 cells).

The ranges of spontaneous His* revertants per plate

All the determinations

)

( 80T
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Table 3-6 Effect of cinnamaldehyde on cellular viability of WP2s
treated with 4-NQO or AF-2.

Treatment Dilution Cinnamalde- No. of % sur- Increased
hyde in plate colonies vival ratio
(pg/ml) /plate
None 1076 0 284 * 16 100 1
20 276 * 16 97 0.97
30 265 * 11 93 0.93
40 263 + 18 93 0.93
4-NQO £ x 107 0 88 + 5 1.5 1
20 220 * 29 3.9 2.6
30 353 + 24 6.2 4.
40 478 £ 29 8.4 5.6
AF-2 %—x 1074 0 43 + 6 0.76 1
20 170 = 24 3.0 3.9
30 236 * 23 4.2 5.5
40 235 = 11 4.1 5.4

Cells were treated with 4-NQO at 10 pg/ml or AF-2 at 2 pg/ml for 15 min
and then mutagen was removed by centrifugation. After appropriate dilu-
tion, 0.1 ml aliquots were spread on SEM agar plate with and without

cinnamaldehyde (5 plates per each point).
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Fig., 3-2 Effect of cinnamaldehyde on cellular viability of WP2s after
treatment with mutagens. Cells were treated with mutagens at indicated
doses for 15 min (4-NQO and AF-2) or 60 min (MNNG and ENNG). Treated
cells were washed, diluted and then spread on tryptone plates (e) and

those containing 80 upg/ml cinnamaldehyde (o).
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Table 3-7 Effect of cinnamaldehyde on cellular viability of DNA repair mutants of

E. coli B/r after treatment with 4-NQO.

4-NQO Cinnam- . of o Increased
Strain treatment aldehyde colonies survival ratio at
(min) in plate / plate 1% survival
WP2s uvrAlSS None - 160 100
- + 172 103
10 pg/ml (15) - 96 3.0
+ 466 15 8.5
CM561 lexAl02 None - 199 100
+ 207 104
100 pg/ml (60) = 74 3.7
142 7.1 2.6
CM571 recAS56 None - 132 100
122 92
10 pg/ml (15) - 77 5.8
79 5.9 1.0
WP67 uvrAlSS None - 106 100
polAl + 103 57
10 pg/ml (15) - 181 8.5
-+ 621 29 6.8
CM611 uvrAlSS None 144 100
]
1exAl02 141 o8
2 pg/ml (15) - 177 1.2
+ 439 3.0 2.5
ZA159 AuvrB None 182 100
‘ 196 108
20 pg/ml (15) - 151 2.5
+ 880 15 .0
ZA545 ssb-113  None - 146 4 100
: 1414 97
20 pg/ml (15) - 922 1.9
31 0.64 0.30
ZA516 AuvrB None 942 100
Ssb-113 8’a 93
1 pg/ml (15) - 133 1.4
134 1.4 1.0

Treated and untreated cells were diluted and spread on tryptone agar plates with

and without 80 pg/ml cinnamaldehyde.

incubated at 30°C for 3 days.
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Table 3-8 Effect of cinnamaldehyde on cellular viability of DNA repair mutants of

E. coli K-12 after treatment with 4-NQO.

4-NQO Cinnam- No. of o Increased
Strain treatment aldehyde colonies 0. ratio at
. . survival o .
(min) in plate / plate 1% survival
TK603 uvrAb None - 204 100
+ 215 104
10 pg/ml (15) - 253 2.5
+ 82 5.7 2.7
AB2463 recAl3 None - 103 100
+ - 105 102
30 pg/ml (15) - 318 3.1
+ 299 2.9 0.95
JM12123 recAl23 None - 139 100
+ 135 97
20 pg/ml (15) - 787 5.7
+ 518 3.8 0.55
AB2480 uvrAb None - 91 100
TecAl3 * 62 68
0.2 pg/ml (15) - 198 2.2
+ 75 0.83 0.28
MO1594 uvrAb None - 100 100
Q
E‘ﬁzbl + 91 ./l
2 pg/ml (15) 213 2.1
315 3.1 1.5
JC3914 uvrAb None - €9 100
TecB21 : " 66 26
2 pg/ml (15) - 144 4.2
recC22 . 183 5.3 1.4
JC3913 uvrA6 None - 113 100
TecF143 * 122 108
2 pg/ml (15) - 214 1.9
517 4.6 3.2
JC3881 recB21 None - 102 100
recCa? + 105 103
z 40 pg/ml (15) - 112 3.3
Fl4
recr-oo - 184 5.4 1.8
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TK610 uvrAb None

umuC36
10 pg/ml (15)

GC714 uvrA None
tif-1

20 pg/ml (15)

+

177
181

183
696

1434
134 9
1482
141

361 ¢
794 ¢

269?

14137

100
102

100
94

100

O

"t oo T,

3.8

2.6

6.8

Treated and untreated cells were diluted and spread on tryptone agar plates with

and without 80 ng/ml cinnamaldehyde.

9 incubated at 30°C for 3 days.

incubated at 40°C for 2 days.
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uvrA,B,C polA lig

UV, AF-2 or "ﬂ Excision repair

uvrA,B,C
4-NQO- sulA
provoked |—— ’eCAI"te,XA
DNA damage PR ] wmuc jm— SOS repair '_—"

Recombinational repair

\ 4

recA,B,C,F ssb

Fig, 3-3 DNA repair pathways for DNA damages provoked by UV, AF-2 or 4-NQO.

4
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Table

DNA repair genes and their products

Gene Gene product SOS regulation
lexA LexA repressor protein +
lig DNA ligase -
polA DNA polymerase I -
recA RecA protein (protease) +
recB Exonuclease V subunit -
recC Exonuclease V subunit -
reckF ? -
ssb Single-strand DNA-binding protein +
umuC UmuC protein (function unknown) +
uvrd UvrABC endonuclease subunit +
uvrB UvrABC endonuclease subunit +
uvrl UvrABC endonuclease subunit +

(123 )
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Fig. 4-1 Purification of RF I DNA from fd phage.
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ssDNA

TN NTDION dsDNA

ATP
RecA

ADP

D-loop

Fig., 4-2 Model for the formation of displacement
loop (D-loop) by double-stranded DNA (dsDNA) and

homologous single-stranded DNA (ssDNA).
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ADP (n mol)

0 1 2 3
Cinnamaldehyde (mM)

Fig. 4-3 Effect of cinnamaldehyde on ssDNA-dependent ATPase activity.
Reaction mixture contained 0.9 pM RecA, 6 mM MgCl,.and 1.3 mM 14C—ATP.
ATPase activity was assayed after 30 min incubation at 37°C in the presence

of 6 uM fd ssDNA fragments (O) and the absence of ssDNA (e).



ADP (n mol)

0 5 10
ssDNA fragment (pM)

Fig. 4-4 Effect of cinnamaldehyde on ssDNA-dependent ATPase activity
at low MgCl2 concentration, Reaction mixture contained 0.5 uM RecA,
1 mM MgCl,, 1.3 mM 14C—ATP and fd ssDNA fragments. O, without cinnam-

aldehyde; e, 2.5 mM cinnamaldehyde; A , without RecA.
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Fig. 4-5 Effect of cinnamaldehyde on RF I DNA-dependent ATPase activity.
Reaction mixture contained 1 uM RecA, 1 mM MgCl, and 1.3 mM 14C--ATP.

O, 20 M fd RF I DNA; @, without RF I DNA,
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Fig., 4-6  Effect of cinnamaldehyde on D-loop formation., Reaction mixture contained 0.8 uM RecA,

0.05 pM fd ssDNA fragments, 3.7 uM 3H—fd RE. I DNA, 12 mM MgCl2 and 1,3 mM ATP., O , without cinnam-

aldehyde; e, 2.5 mM cinnamaldehyde; A , ¢$X174 ssDNA fragments instead of fd ssDNA fragments,

( 9T )



50

40

D-loop (%)

I 1 1 1 ! 1

o 2 4 6 8 10 12

MgCl, (mM)

Fig. 4-7 Effect of cinnamaldehyde on Mg2+—optimum in D-loop formation.
Reaction mixture contained 1 uM RecA, 0.4 uM fd ssDNA fragments, 3.7 M

3H-fd RF I DNA and 1.3 mM ATP, O, without cinnamaldehyde; e, 2.5 mM
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cinnamaldehyde; A , ¢X174 ssDNA fragments instead of fd ssDNA fragments.



(

SO0F 6 mM MgCl, - 8 mM MgCl,
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Fig. 4-8 Effect of cinnamaldehyde on D-loop formation at different MgCl,
concentrations.

Reaction mixture contained 1 pM RecA, 0.4 uM fd ssDNA frag-

~

ments, 3.7 pM “H-fd RE I DNA, 6 or 8 mM MgCl, and 1.3 mM ATP. o, without

cinnamaldehyde; e , 2.5 mM cinnamaldehyde.

167

)



( 168 )

30

20+
5
o
o)
o
T
o)

10+

0 10 20 30
Incubation time (min)
Fig. 4-9

Effect of cinnamaldehyde on D-loop formation in the presence

of KC1. Reaction mixture contained 0.2 pM RecA, 0.4 pM fd ssDNA frag-

ments, 3.7 uM 3H—fd RFIDNA, 12 mM MgCl2 and 1.3 mM ATP., O, without

KCl; A, 24 mM KC1; A, 24 mM KC1 and 1.7 mM cinnamaldehyde.
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Fig. 4-10

Effect of cinnamaldehyde on the formation of joint molecule.
Reaction mixture contained 3 uM RecA, 8 pM fd ssDNA, 2 uM 3H—fd RF T DNA,

13 mM MgClz, 1.3 mM ATP, 1.5 mM creatine phosphate and 100 u/ml creatine

kinase. o , without cinnamaldehyde; e , 2 mM cinnamaldehyde.
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