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Bacterial Mutation in High Magnetic Fields
and Radiofrequency Radiation

Masayuki Mineta", Ryuji Katada",
Tomonori Yamada', Kenichi Nagasawa'’,
Koji Takahashi", Tamio Aburano"
and Itsuroh Yoshida®

Epidemiological studies recently have indicated that mag-
netic fizlds and radiofrequency (RF) radiation have an adverse
influence on the living body. The purpose of this study was
to examine the safety of magnetic resonance imaging (MRI)
by observing whether bacterial mutation occurs in an approxi-
mate MRI environment. We employed a GX-270 FT-NMR
unit (JEOL, Ltd.) with a magnetic field strength of 6.3 Tesla.
The Salmonella typhimurium tester strains used in the AMES
test were exposed, and the incidence of point and frameshift
mutations was evaluated. TA98 and TA7001-7006 mixed
strains were used to detect frameshift and point mutations,
respectively. Tester strains were exposed to the 6.3 Tesla
magnetic field with RF radiation (90 °and 180 °refocusing
pulses were repeated using the hydrogen Lamor frequency
at 2-second intervals) for 15, 30, 45, and 60 minutes. After
each exposure, the rate of revertant mutation was counted.
The rates of revertant mutation in mixed strains and the TA98
strain were not statistically significant. Therefore, it was
concluded that bacterial mutation is not increased by RF
radiation under a 6.3 Tesla magnetic field.
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EREGPCERIE I AERICERZEE RIZL TV LW E
ZREIHEY SN, HANBELIET > TWwE, —74,
WSR2 I RIR TR IS 4 R H L 7-MRIZEE H7FH 56 =
M, HETII—BHEEICERLTWAOFHTIRTH S, L
2L, MRITHFIH S h 2 B ERESRBTEEEE L
TWABMNIZEH L CIZHEICHE T, SN TESLT, 3 7 KD
IR EOR, To2EEILEL STV,

4[], MRUIEUEZREE A ER L EFHSEB L UL 25
U MR T CHIBY (22 R U A OME % in vitroTHT
> DTHET S,

n &

FEEROWZE | fEFIEEZHT OV A 7 — 1) THANMREEE (H
AEF GX-270 FT-NMR) T» V), BHMEIL6.3TTH
B, EHLHMEIZAMESETH WS NS, Salmonella
typhimuriumZE58:HETH 1), Mt LB 8 3y — Y ILEET
RIMTEDHEREEBLIU 7L -4 7 FRIERERT
A, WIHMOMEE % 6.3TDwE R R & RS REICB
\}BKED T — 7 APEE(270MHz, 90FE/ VA L 180/
JVAH 2 FPHIBRICHEE D B SN BV AT YA IR T—E
Wi (1543, 3043, 4597, 6047) 2% L, Rk, HRER
DHEE KT 50N —HDFNTH 5.

PR E D L URESLM - MRIZEE &l Dpulse se-
qutence AHE LOOSE 7SV A L 180FE /S A D& fesg L

[l %45 T390 /L A 1X375usec, 180 /%)L A1
7mma®nw27/%&%ﬁiih RETHIENTE,
QOEE/ IV A& T 1%, SOmsecf& (180 IV AHRE S, £
DT%1950msec D ] & {# A TOOME/ L AHSFEEEME D IR E LB
pulse sequence & PLE L. 72 (Fig. 1), #i¥E SAU/CBIIE155,
3047, 454F, 60%F, WIR T CTRELSNL. 4B, B
L LTIERERERE L, FRETO 1 FlREETIX
Ki EFIERD Lo 7.

A O | TZEZR R X Salmonella typhimurium @ B A
FI AT TEL, Ml AF Y EREE RS,
INLOHIERDERIIE 2 F Y VIBIET OREEDEAIC
HELBIENbhoTBY, CAF I UIHEE b=
N VIR ) ARG I AE U v, ERIFICEE SIWVERE
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90" pulse 180° pulse

AU

90" pulse 180° pulse

Mg En7. 2 B, SwelDEFEL (F—
)R, BOHoTowellfiz o > b
HIELVERERERGI L. 2B, B
% HEBE & L T id2-nitrofluorene (2-NF: 250ng/
ml) & 4-nitroquinoline N-oxide (4-NQO: 62.5ng/

HT

375 usec 750 usec
50 msec

>

2000 msec

ml) RGO REL 7z, RER, Bk
AMEFEORAREILIRETH Y, BMRERZ
18BFTH 5.

KCaT AT | AT IC IZone-way analysis

Fig. 1 Pulse sequence (6.3 Tesla, 270 MHz).

KPE LN, EAFY VIHEFICHEIIEILL, FEL
JHREA MR THZ &L 5.

7L— LAY 7 MIZERERIZBEFDNAND R 7 L I F
FORE, I K D BERESOFAL DIZI AL,
CAF YV VERBTERL Lo TWAERNY -2 Th
5. BREZZBICIVERBERT A EPMBNTVS,

MGERAE R OKEF 121X Salmonella typhimurium TA7001-
7006 IR &M (REHM), 7V —A43 7 MUEREROKEII
{3Salmonella typhimurium TA9SHE (TAO8) #{H [ L /-, {R&
iz e MOWPFERTOHEIATEBY, -7y e’
X7 VLFF RTINS R L > TWA, FHOFEMIITable 1
RL7z.

FEPEDAMESFERIZ (EXenometrix#H HLAMAX manual sys-
temZ AV 7z, TOVATLAIMEAT 2 HEOBEREIRERH
EbDOTHLRL, FERMICEEZEVCaO=—%h 7 ¥
MEBEDTII RS, BRFEICREE SN H Z48wells /L —
MIFBECL, ZOwelDEFAEILTHIRERKE A5 Z LT
Ho Lo T,

RAERE, TAOBIXI2FFMIREEL, RELZT AW EH0ME
ICHHEE L 72, | DS RSRERIRE ICRE SN AFY
Y EFUBAERE B CHEIIER T ICEERRY, VA5
VAW GE T . RHBRERMILIS, 30, 45, 6057 TH A
DGR DA FE DB A RO - D IR T2l w72,
FEFE ST HWENE, 904538 D #PH indicator (bromocresol
purple) 2SIz S, KEEEIZ48wells 7 L — M IZ4HHAE L48HE

of variance (ANOVA) B X U'non-parametric
Kruskal-Wallis test% 27z,

B =R

HERER(BEHBIT 7L —AY 7 MIEHRER
(TA98) D F % Table 212777 . RAMHBEOE Rwell i
48wells24 72 V) 15575 F54£0.44 + 0.53well, 3042 EE.00
+0.71well, 457785 HE1.33 + 1.87well, 60755 H0.78 +
0.97 well TH 1, TAISHEIZ 1550 IERE1.67 + 2.12well, 30
GrARTERELLL £ 1.05well, 454 FEH0.89 + 1.05well, 604
FTETF0.56 £ 0.53well Th o7z, Tz, BEEME L/ VA
TV WAk FE D T\ BT B RE O 2 Bwe N UL IR AHEEE0.89
10.90wellTH 1), TA9SHE0.94 + 1.10well Td - 7. 2-NF,
ANQOTRAEE % 7z Bt BEBE D2 Brwell B, TREHERE
16.67 £ 6.47well TH 1), TAOSEEIL12.51 +4.37well TH -
7. BT INIRA (p = 0.496; ANOVA, 0.7 < p < 0.8;
Kruskal-Wallis) 3 & UFTA98 (p = 0.258; ANOVA, 0.5 <p <
0.7; Kruskal-Wallis) (38 8 RERIIE U do 7o Bk
MBHELIWTRIAEOENSRD 5N (p < 0.001;
ANOVA,0.005 > p > 0.001; Kruskal-Wallis).

zZ B

19794F, Wertheimer & A3 L& AL T O R H 12 975
PAEEIE W EE8EY L TLSE, BRI BRI A
BB DT VP L) FEERESHRATHRE VSR T
Wa, -y, EESWoOMEETEE, ML VAT Utk

Table 1 Genotypes of mixed strains and TA98 Salmonella typhimurium

Strain Mutation Type Target Cell wall® Repair** pKM101***

Mixed ’

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

*These mutations affect the lipopolysaccharide component of the cell envelope. 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 UV254 irradiation.

###Plasmid pKM101 acts to increase the activity of the antibiotic ampicillin.
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Table 2 Number of revertant mutations in Salmonella typhimurium exposed to high magnetic field and RF radiation

Tester strains Exposure time Control

15 min 30 min 45 min 60 min Negative Positive

Mixed strains 0.44 £0.53 1.00£0.71 1.33+1.87 0.78 £ 0.97 0.69 +0.90 16.67 £ 6.47"

(per 48 wells)

(48 wells x n) (9) (9 (9) (9 (18) (9)

TA98 1.67+2.12 1.11+£1.05 0.89+1.05 0.56 £ 0.53 094+£1.10 12.51 £4.37"

(per 48 wells)

(48 wells x n) (9) (9) (9) (9) (18) (9)

#p < 0.001 ANOVA, #0.005 > p > 0.001 Kruskal-Wallis.

¥ AR DELMREEBE DK TEV—F LS THW
LTV AP, teratogenic potential b & 2 D TiE RV b
LEEY H O 5N S, FDAYNRPBY Tid, Rz
DD REIE R IR IR A 5 I 455 7 1T & iRk
LTHBY, RECELSEIERICEESNL TV RV,

D kD RO FThbIEMRIEMD S % NMR
EBEHCTHIEL, AMESIETHWOHILAMIEIZE ) ET
L7-25, BIS D% mZERER, 7L —L4 37 MRIZERER
BAED W E W ERICR o7, 1 L/ NMREE (2R
DOMRIZE & F7: Y) Je D58 IX6.3TTH A%, MRIZE
TIRBREHAN O IIE —1 % B G T8 L
{, WA LTERSE, VAT U ERENE—IC
HBIEREELLOTHS, T2, 4E#EApulse
sequence | FEIED A ¥ T 3 —EOTISRFIHRIG OB & E L
TR S N725S, THARIREOWGIITREFH AR < T #iR%
¥ELEMEY, EERYE, VAT IVAEICRBEINS
AR WEEZR D TH 5.

T % V5 AMESHE: S, B O FsHE SRS o & BRI
HRERE OHBESRLIE VNI E L) LIZLIEAVWSLh AR
HETHAH. AMESIER FIGICRE, R OZEFRE ARG
O L LTI L3TOBS O MMIRE L72FEEKE?, 0.3mT

T HA, 60, 600, 6000HZTEREMEHAE, [FSMFOMESIC
BRI INZ TORBEROIHE SN TVEY, Wb
EREMEIRETE TR, —JF, 02TE, 60Hz B
W D48EF R FTE TIX, azide-induced TAI00IZ B TEICE R %
H U7z & OV R, 27MHz &2.45GHz D EREM 5% 12T
HIZEEIHImL - o8EE98 55, LAL, wTho
# D MRIZEE Dpulse sequence® ¥ — 7' b & LZb DT
,

HIHEICERAE L SR ol b A FEROARTARIZ
i L CHEA TN, BEMESZWERKRTE 2V, 400
EERTIZH S M RIE IR C &2 ¥, MRLEDAGMHN
THIEOZERIZE U EARER E N,

S
af

=

6.3TOEEH RIS T TR/ UV A, 180/ SIVA T Y
FHAMEZ 6N TS, MFEOLRITAEIZEML ko7,

s
FRBBIE SRR B 2207, IR KR
vy —, EPFRESEE, HTEHERAEICRHI LT,
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