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ABARE
1. ¥M82, HAES, WBHL, KRH— HFRE FTHEH
MEEIRREIC S (T S HEERORE
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[1IZLo®I]

BEHBOBBE (I EFICASHOBREEBERIFZL TS WENELSH D &0 DEFHEN
HiExh, HAMBLSEHE> TS, TOE > M(FE 1979 & Wertheimer SA5WEZR
BETEEEDS S 19 BUTO/FECHTHMABOF v XLEBSFEICH U EEFFER
BERELAZEICHEES. LHL, TOBREZRMTZDHICHFPTITONBNF
A -EB TS negative data , positive data EHICRHSN, [E>EY LREHP
HFEMOEBETONTWVIVONRRTHS.

—%, BREEAIRTIEEERE, BRE (VRS DHR) 2RV, ZESILMA
KREFALAE MRI EESMREEH. RETRES—BHRRICERELDDHS. LML,
BHiE BB EORSHNELICERIZNTVZLNSLOHIC, 3 HARBOERIREDRE,
+HEEIEEZETARLEORESHY, EFEEELAO/HERIFAOFRICHAL TS,
S, BIAULAE<TRASIEVRED—DOTHS.

COEok, BREALAEAT, AHRIL. MRI EEOREMHZHRTIEZANLL
7. MRI £BETCHOONIMEEHRBE LU/ ULR S A RMBEALINICHERL, &
EFRHIBEE, BEFEIBIC/OULRS SARSMASN/CRIBSHEICERZELSSHE
BIENTEINEDPERFTALENENTDHS.

26, RBRPICHTERE, /RS PHERRTRITERREZH T 5CFMHETHEER
o3 U TREREADEH NS ATREESEZ SNDT, HHET, TOFEKRICOVWTDH

®mEZTo 1.



[REA %]

WEEBIBEME LU MRI AUE (MEBBIB+/ULRS AR 2L, R
% F CH#I® S Piont mutation, frame shift type mutation, SOS RIGHE U2 DKRE
1ok, UTIKERBAKRICOVWTRENICRT.

1. BiRH L UBEERIRIEER

FARICAVONETRTOBBIBS S UBRIE (VIR DA R) RRITTUUTF
DY ICERESHh, RRICEDNBRIA—FHTHS.

FERAIN/-BBI3/ULRA7—U IZHR NMR EB(BABFE  GX-270 FT-NMR)TH
V. HiBMEL 6.3T (EEHE) THa. MRIZEBETT , BARERDOKRICEDNS /UL
RS RERETAHIC, 90 BE/UVAE 180 E/ULAD pulse  sequence Z{FRK
L. 6.3T DEBBIBICEITEKEDOS—ET7EIER (270MH,) T 90 E/VULR (L 375
uwsec, 180 BE/SULR(Z 750usec D/VUVRS DA BREBICKVARELHICHET 580
T, 90 B/UVRETH, 50msec #%IC 180 BE/SILAMREBEN. TDHE 1950msec
DOEZE T 90 B/ULANBERVYIEXNS pulse sequence MSRE SN 7= (Figurel).

ER L 7= NMR &B(IREED MRl ZE &R YBIBOBERL 6.3T THSH, MRI =R
TREEBUOBIBLS+HICH—ICHIREREIRL<, REREICH L TEERE,
RIVAS SHBERBNE—ICHRIBEERLELOTHD. £/, SERAL pulse
sequence IZRIED AL > T —ED T2 BEAMKOBEE BEIL TERES WD, T2 HE\
SOWEIT TR BMHSE< T BPKEBIHMIY, EEEE, /OLASPHECRE

ShABMAEWNCELYRIRENE, b, RAERHIBERE, THEEIB+/UVASTH



ED1HHMBRBETOKEEREIRHENT, BEICLIELIBRTEILEAONL.

90° pulse  180° pulse 90° pulse 180° pulse
/L
//
-
375usec 750usec
50msec
- L
2000msec

Figurel. pulse sequence (6.3T 270MHz)

2. Point mutation , frameshift type mutation , SOS RIED&RHDRE
2-1) Point mutation , frameshift type mutation

Point mutation & frameshift type mutation O#HICER L /~##E(E AMES
ETHWSNS Salmonella  typhimurium ER#%TH 5.

Point mutation (3 Salmonella typhimurium QO EXF I ARAOTEL, HEIE
EAFOUERMEELD. CNOSOBBEROBBRIEIERTF D VRGFOREDERIICED
STLEDBDP>TEYERF N E oGSV RVBIEREEECKD. R
RICRBEZNERERPECNHIE, ERFIEEFHICHIIERL, BE, WEEEZE
BIBIELED.

Frameshift type mutation (3BEFDNAADR Y LAF KDORK, fMMICkY

REESOBEHEYVICIAPECERF P UEHTERLLE>TVWLHERNS—TH



3. t¥PHECHHBEOERRBECLVERERT S LMSHLNTVS.

Point mutation M#&IZ(E Salmonella typhimurium TA7001-7006 B&# (B
&%) , frameshift type mutation ®#&#&IC(E Salmonella typhimurium TA98
¥(TA98) ZERL. EAKR cHOBEIERT OEENTEY. 59—y beiad
X VAFREVWThHRAZ-> TS, BEOHHMIL Table1 ICRL L.

EEED AMES 3B (-(X Xenometrix #% AMAX manual system ZRWVe. O
SATARRERTIEOBAERERS OO TAAL. FLBHICHEZHFVTIA=—
EhY bTROTREL, ERRICBBESN/-EZ 48wells L — MICHEL, TD

well DERT{L TERERBRERS CLPBHMEA-OTNS.

Tablel. Genotypes of Mixed strain and TA98 Salmonella typhimurium.

Strain Mutation Type Target Cell wall ¥ Repair ¥* pKM101*#**

Mixed strain contain

TA7001 hisG1775 point mutation A:T>G:C rfa uvrB yes
TA7002 hisC9138 point mutation T:A>SA:T rfa uvrB yes
TA7003 hisG9074 point mutation T:A>G:C rfa uvrB yes
TA7004 hisG9133 point mutation G:C>A:T rfa uvrB ves
TA7005 hisG9130 point mutation C:G>A:T rfa uvrB ves
TA7006 hisC9070 point mutation C:G>G:C rfa uvrB ves
TA98 hisD3052 frameshift GC rfa uvrB yes

*These mutations affect the lipopolysaccharide component of the cell envelop.
These strains have increased permeability for bulky molecules.

**Strains carrying the uvrB mutation are deficient in excision repair of bulky
lesions as measured by their lack of survival following UV 254 irradiation.

#**A plasmid pKM101 acts to increased the activity of an antibiotic ampicillin.



2-2) SOS Rt

KEBE D DNA [CHEHBCCEMBELLEOERFYHTHRESZ S L, #HRRSHEL,
7O77—o%al) L U EERRE, DNA SEREE, RAZREOFINECS. C
NODIMIE DNA DRBE VS RBFEEICH LT, SRE—RHICHELL, DNA ZE
ETHAIMEREZFERL, VERKBBEBELEFZRDI LV EERIBLEZAOSNT
W3, Tho—BOBRKIT SOS FiEE LTEREN TSN, 5T 5 RETFETER
LT SOS L¥amArEMEhTIVS. SOS L 1A DEREFITER Lex ALTL
yH—(CL U RAHSMEZN TS D, DNABMIKIR T THR SN S HBDNAICEK Y Rec
ASRoDTOATT7 —ERMER{EEN, ChoD LexA LTV y Y —20RT S
HIC SOS REFHIRIRT 5.

FHETAWEZ SOS L¥a2O0 D—DTHS umu ARXA>O umuC’ BRIEF &
S5HR=—XARAYO—DTHS lacZ’ REFEZAEHAE umuC’ —lacZ’ MGR
GEFEHF DTSRI K pSK1002 % Salmonella  typhimurium TA1535 ICMALZ
B#%EMAE. umuC’ —lacZ’ MAREFE umu ARAOTOE-F TICHEISO
TWBHIC, SOS RIEMELBEBHS Y b5 —HENREFOMBS > /X0 HER
Eh3. #-T, BERDBHS /LY —EEREANETSLICLY SOS RISORH
DEJEUET I ENTES. REOERICIAFTHERRABOLS v+ Y FEA

W e



3. EALEFY FORBEELURE
3-1) Xenomerix AMAX manual sysytem (point mutation, frameshift type
muitation D)

Betk, TAO SHEBERAREIEMHATI 7°C, 1 2HMRPERL—EICREZS (T
ZEMEW 107@ICHABESNE. | BOSRSAERIREICHESINCERAFI V28
LERARGEBAICEIIBIN, ZERTTRERBIBLZSVICHERRIBE+/IVAS 2T
BloBBIhBC&IC/x5. RERMIE 15, 30, 45, 60 4 TH5705, BRERELISHE
FAUREEZRDAHICRETICEMINA. ETOHK, 90 47, 37CTHFERSH, PH
indicator (bromocresol  purple) iM%, 48well  plate [C57EC L. RSN
E&IT 48 BSME, 37CTRHEEEIN, 2A% BHETL (F-W/) SHok wel 271
9 FLERERBEZRE UL

a6, BUNBEE L THARBRENTEL, MIEXEMIL LTI 2-nitrofluorene  (2-
NF:250ng/ml) & 4-nitroquinoline N-oxide (4-NQO:62.5ng/ml) EB&&®D 90 57 &%
ZRWE.

3-2) BFEAGHRA TAL5vS (SOS RIEDOEE)

TA1535/pSK1002 #k% M Aik &g (TGA #5#h) WT 37°C, 3RfMEERL /L.
B&E 100u BICZRTCRESHIBASCICHERBIB+/ VRS O RICRESN
. RBEMIEIE<, 104, 204, 309 THS. TO®K, 9043, 37CTHEERL,
Rk (0.22%X-gal B/&) AWz S5h, BE 60 4, 37CTERINA. 60 FRICKR

IR (SDS/DMSO B&BR) £#MZ, BROREEERL 620nm THRAEZRE



LBHSH Fo¥—HEHERIMLAE. BEMBRHEE L GERBHERTEL, BENREF
& LTIE Furylfuramide (AF-2) 0.033 ug/ml & 10| (B8 AF-2 B 0.00303 u

g/ml) ZRALGHIE.

[ER]

e 47 1T (2 one-way analysis of variance (ANOVA), non-parametric
Kruskal-Wallins test D& % 5 L\ (3 #1& AV /. Point mutation, frameshift
type mutation, SOS RIEOFEIRICDWVTLIT Table 2. Table 3. Table4. TableS.
ICERERLL.

1. BESHIBEMBEC LS point mutation, frameshift type mutation DRIEER.
BAsBOTR well B 48 wells H7=V 15 S8EE 1.0111.48 well, 30 F8E
£ 0.81+£1.02 well, 45 5B BR 0.72+1.04 well, 60 /BB 1.09+0.97 well T
HY, TA98 B+ 15 HREBERE 0.89+1.28 well, 30 7 RERH 0.81+£1.19 well, 457
BB 1.29+1.51 well, 604882 0.82+1.20 well ThHho7. £/, MEEHIBIC
FBRBOBYNBROER well BITEAHI 1.224£1.32 well THY, TA98 £ 1.29
+1.01 well Tho7=. 2-NF, 4NQO EB&&EZ A\ /-BEBIEOER well RITESH
£ 22.21+2.87 well THY, TA98 &L 33.80+6.57 well Tho/-. RESNIRE
BELU TAS IEEICEMERIELCEDI . BEHBREIIVTNHRREOEY

BEHohr=. (P<0.001; ANOVA). #R(3 Table2.ICRL 7.



Table2. Number of revertant mutation in Salmonella typhimurium exposed in
magnetic field .

Tester
strains Exposure time Control

15min 30min 45min 60min Negative Positive

Mixed strains 1.01+£1.48 0.81+1.02 0.72£1.04 1.03+£0.97 1.22+1.32 22.21+2.87*

(per 48wells)

(48wells X n) (6) (6) 6) 6) 6) 6)
TA98 0.83+1.28 0.81+1.19 1.29+1.51 0.82+1.20 1.29+1.01 33.8+6.57*
(per 48wells)

(48wells X n) 6) (6) (6) (6) (6) (6)

*P<0.001 ANOVA

2. BEEBHBBELIUNRNAS A BRREMMTICE(FS point mutation, frameshift
type mutation ORISR,

BABHOER well 33 48 wells 7Y, 15 57 RERH 0.44+£0.53 well, 30 7%
84 1.00£0.71 well, 45 47 %ER8% 1.33+£1.87 well, 60 53788 0.781+0.97 well
THY, TA98 BT 15 BEEF 1.67£2.12 well, 30 BB 1.11+1.05 well, 45
SrEERaF 0.89+1.05 well, 60 578 EERf 0.56+0.53 well Tho7=. £/, BEBHE
ENRNVRS A RBRBOBNSEMBHROTR well BIXESHR 0.89+£0.90 well TH
YU, TA98 & 0.94%1.10 well TH-o7. 2-NF, 4NQO REEZRA\/=HBEWERD
ZR well BILTBSHE 16.671+6.47 well ThHY, TA9I8 B#ld 12.51 £4.37 well TH
S BBEN-EE&%(P=0.496; ANOVA, 0.7<P<0.8;Kruskal —Wallins)3 & T, TA98

(P=0.258;ANOVA, 0.5<P<0.7; Kruskal-Wallins)(3BEEICEWMERILECEM > .




BB VT hOAROESRD 5N, (P<0.007; ANOVA, 0.005>P>0.001;

Kruskal-Wallins). #%R(3 Table3.[Z7RL 7.

Table3. Number of revertant mutation in Salmonella typhimurium exposed in
magnetic field and RF radiation.

Tester
strains Exposure time Control

15min 30min 45min 60min Negative Positive

Mixed strains 0.44+0.53 1.00+0.71 1.33+1.87 0.78x0.97 0.89+0.90 16.67+6.47*

(per 48wells)

(48wells X n) 9) 9) (9) 9) (18) 9)
TA98 1.67+2.12 1.11+1.05 0.89+1.05 0.56%+0.53 0.94+£1.10 12.51%+4.37*
(per 48wells)

(48wells X n) 9) (9) (9) 9) (18) (9)

*P<0.001 ANOVA
*0.0056<P<0.001 Kruskal-Wallins

3. BRERBBRYERREICHTS SOS RIEOFHE.

WERRIBEMRRFORILET 10 53R 0.3421£0.025 (n=36) , 20 &
#&#¥ 0.328+0.041(n=36), 30 >&Ee¥ 0.339£0.031(n=36)THo>7=. EMHEME
BTHHIFREEFI 0.3351£0.049(n=18)TH Y, AF2 ZRAL\/BIEXREF(L 0.878
+0.068(n=36)THo/=. MEFHIBIREL LR LOMCRIFNAEERE
WCEahofk. AF2ZEMAL/BHEMRELSE P<0.001 OFBKETHIFZNERE

=R, BER(E Tabled.ITRUIE.




Table4. Absorbance of Salmonella typhimurium solution exposed in magnetic field .

TA1535/pSK1002 Exposure time Control

10min 20min 30min Negative Positive

0.342+0.025 0.328*+0.041 0.339*0.031 0.335+0.049 0.878*+0.068*

(36) (36) (36) (18) (36)

P <0.001 ANOVA

4. MEBBIBELW/ARAS OAHBREEMRTICEITS SOS RIEOFHE.
WMEBBIBE LU/ UL S DHRRBRIORIEEL 10 575REE 0.359+0.037
(n=36) , 20 5 &EH 0.338+0.038(n=36), 30 S H|BE 0.352+0.027(n=36)
Tho/-. BHMBRTHSIERBRL 0.35520.021(n=18)THY, AF2 £AL /=
PR RAF 0.859+0.012(n=36)THo/. BEEHMIERBEHLEBHLORIC
FEAFENAEERERTE Ao . BEMREE S (T P<0.001 OF B/ KETHIH M

BEEMBOON. #HRIT Table5.[SRU=.

Table5. Absorbance of Salmonella typhimurium solution exposed in magnetic field
and radiofrequency radiation.

TA1535/pSK1002 Exposure time Control

10min 20min 30min Negative Positive

0.359%+0.037 0.338%+0.038 0.352+0.027 0.355*0.021 0.859*+0.012+*

(36) (36) (36) (18) (36)

P <0.001 ANOVA




5. BROXLD

BESHIBEN, BEEBRBCAIRASOAEEMARIET T, Salmonella
typhimurium TA7001-7006 E& #IC % & IC point mutation (X#EHW TE T,
Salmonella typhimurium TA98 #IC® frameshift type mutation (IHEEICEL
TWeEZ SN, T/, Salmonella typhimurium TA1535/pSK1002 #IC&HIFD

SOS RISHHERICE LAV LR ENL.

GEMN#E&]

1. EEMRERELT > /iEiR.

L EORBREMRTPIC, BUEHBHE L TEALAZEREMEY, SERRRERHD
WEBEERIB+ /RS SHERERAT CRTOERAHERIEANSEBNH S NS ATHENE
NEZSNAEDT, BFHZETo/. A, RHSERRYEOEESIC X SEHIER LR
BOSbBMABEINTINS.

2. Ak

BEERBELU/RAS SAHRRBRSETORTEY THS. RRICEALLER
F#E (X Furylfuramide (AF-2) , 4-nitroquinoline N-oxide (NQO) , Mitomicin-C
(MMC) , Cisplatin (Cis) @ 4 {t¥¥WE TH3. i, EREMMRLFEIATEL A SOS
RIERHBADIAS v o+ y bEERLUL.

HoOMHLH, TRRBRETVRERNBEBELUS AN ARICREZND

TA1535/pSK1002 Bk 100u!| ICMASHIEERRMEREL, AF-2 0.033 4




g/ml, 10wl (BA&REE 0.00303 ug/ml ), NQO 3.125ug/ml ,10 | (B4 ME 0.284
ug/ml ) , MMC 10ug/ml ,10ul (B¥&ME 0.91ug/ml) , Cis 50ug/ml ,10ul

(BRRRE 4.55ug/ml) ICRESZ /.

BhiZ L, JWEiXhA TA1535/pSK1002 ERAICLEREOERFRYMEEZRAL
. ZD®K, B&KE 30 9 37CTHERL, MEFHIBEBELIUREREIE+/VUVRS
CHERRTICE< 104, 204, 30 SMRESh/. BEETHE BEERKE 37C
T 60 SHERL, REEK (0.22%X-gal BR) HMA5h, BE 6045, 37CTHRZ
hi=. 60 FRICRIGEIER (SDS/DMSO BERK) 2MZ, BROTELZHERL 620nm
TRAEZRELBAS Y o y—CiEHERITLA. BUMBHEL THRBRERE
L.

3. %

1) BERBIBELUNNRS A EHSRRICEI3ERRMEYMHICS A SEE
MEFHBE LU/ VRS A ERBHORIEEIINQO TIX JFFRE1.0341+0.137,
10 %% 1.013£0.153 , 20 7% 0.983+0.159, 30 4 &#E 1.004+0.129
ThHo/f. MMC (3FEREE 1.124+0.050 , 10 5742 1.065+0.041, 20 5%, #F& 1.056
+0.048 , 30 7 &, 1.0541+0.050 , AF2 (3} F&E 0.876+0.067, 10 &%
0.782+0.092 , 20 4%#& 0.809+0.085 , 30 7%, 0.787+£0.114 TH Y, CIS (X
JEBE 0.668+0.034 , 10 4&%& 0.595+0.030, 20 +&E,E 0.594+0.028 , 30
SBE 0.610+0.032 Th-o7=. H#l(3 Table6. [CRLAE. BEEHBS LUK/ UL

5SS RESREBMRT T MMC, AF2, Cis ZMMA/=BI3IFBRBBFICLEL T, BXE




(IBFEICET (P<0.001) LTHY, SOS RISRIMOEEHNRSEE L T\ D ATREMARE

Shie.
Tableb.
Absorbance
Mutagen control 10min 20min 30min mutagen(-)
NQO 1.034+0.137 1.013+0.153 0.983+0.159 1.004%+0.129 0.391%0.108
(32) (32) (32) (32) (16)
98.0% 95.1% 97.1%
MMC 1.124+0.050 1.065+0.041 1.056*+0.048 1.054%0.050 0.330%0.015
(32) (32) (32) (32) (16)
94.7% 94.0% 93.8% *
AF2 0.876+0.067 0.782%+0.092 0.809+0.085 0.78710.114 0.3391+0.009
(32) (32) (32) (32) (16)
89.3% 92.4% 89.8% *
CIs 0.6681+0.034 0.595%+0.030 0.594%+0.028 0.610%+0.032 0.301+0.016
(32) (32) (32) (32) (16)
89.2% 88.9% 91.3% kel

* p<0.001

2) BERBAEBBRRCETIERFAEYVHICSASKE
BEEHBELUNRIAS SABRBRHTIE MMC, AF-2, Cis ZMAZ-BRICEILE

DENBOHONID, AF-2, Cis2 FIICDOWTEHERRIBEBR TORBREZRICT L.
AF-2 Tl3 88 0.7621+0.042, 10 5% 0.692+0.041 , 20 9%¥& 0.698

+0.043, 30 SBE 0.728+0.047 THY, Cis [3FF&HE 0.736+£0.037 , 10 7




& 0.649x0.029, 20 &%, 0.658+0.029 , 30 4 H%E& 0.685+0.026 THo 7.
Rl Table7. [CRUE. BMEFBBHBBBRIMT T AF2 & Cis ZMMR=HIZ LD

[CHBBRECLELT, BXEIIEEICET (P<0.001) LTHY, SOS RISRRADEE

WEEBLU TR SREE N, (3 Table7. ITRLUE.

Table 7 .
Absorbance
Mutagen control 10min 20min 30min mutagen(-)
AF2 0.762+0.042 0.692+0.041 0.698+0.043 0.728+0.047 0.376%0.012
(32) (32) (32) (32) (16)
90.8% 91.5% 95.4% *
C1s 0.736x£0.037 0.649%0.029 0.6581+0.029 0.685+0.026 0.423+0.012
(32) (32) (32) (32) (16)
88.2% 89.4% 93.0% »
* p<0.001
3) BROELYD

BEFHBESLUONRNINAS A BEREARET T3 MMC (Mitomicin-C) , AF-2

(Furylfuramide) , Cis (Cisplatin) Z X 7-E# & b [CIREEHET TS M (P<0.001)

ERLE. £/, REBHIBEETH AF-2, Cis [IRXEEMSETLE (P<0.001) . &

EEHBERELU/ RS A RRERBEENHROBRERERZ5D S Z L 0H#R

Shi.
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