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Genetic Studies on the Actions of Radiation and Anti-cancer
Drugs on E. coli Strain C
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Tsunehiro Nishiki
Department of Radiology, School of Medicine, Iwate Medical University, Morioka, Japan

(Director: Prof. Dr. Sannosuke Tarusawa)

Research Code No.: 406
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To compare the effects of radiation with that of anti-cancer drugs on bacterial cells, experiments
have been carried out, mainly with E. coli strain C-436, especially on the lethal effect of radiation and
anti-cancer drugs, isolation of mutants, and their genetic analysis.

The effects of ultraviolet light, X-rays, and anti-cancer drugs were compared on their lethal effects
and induction of mutation. E. coli strain C-436 was as resistant against ultraviolet light and X-rays
as E. coli strain ¥-12. Mitomycin-C revealed a marked lethal effect, whereas the effect of cyclophos-
phamide was found to be weak. Ultraviolet light and mitomycin-C acted as powerful mutagenic agents,
whereas mutagenic effect of cyclophosphamide was weak. Larger number of arginine prototrophic
mutants were obtained than histidine prototrophic mutants, and tryptophane prototrophic mutant could
not be obtained. Further, the comparative investigation was done on the yellow color forming ability
and the alteration of genetic characters derived from E. coli strain C-436 after ultraviolet light irradiation
or the anti-cancer drug treatment. The results indicated that the arginine prototrophic rutants with
yellow color forming ability amounted to 98.8% (97.6-1009,), and the histidine prototrophic mutants
with the same ability remained at 14.7% (0-33.3%).

With regard to the relation between the arginine requirement and the yellow color formation of E.
coli strain C, the progeny analysis of their recombinants derived from the conjugation experiment between
strain C-167 (Hfr-7) and strain C-9 suggested that the determinant of color formation is related genetically
to the arginine locus rather than the tryptophane locus. That is, the alteration from Arg~ to Arg? is
accompanied with the yellow colony. The yellow color determinant of E. coli strain C, therefore, was
revealed to be linked to the arginine locus.
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Table 11Z773 X 5 ek Cik C9 (F-Try~
Arg=$SmeW), C-132(Hfr-7Ura~Y)*® | C-167(Hir-
7Ura"Sm*Y)?», C-436(F~Try His~Arg~SmrW)2?,
Ehiz, C-132 L CA436 s X, iz bh
T B SRIEAERED B LR REA-37 (Ura*Try*
His"Arg=Sm*Y), Fofh, KIHEBEE, B/r ik,
K-12 8 (DLE=8R & b IR iR R e s

Table 1 List of Bacterial Strains Used

Strain Genetic Structure

Crigin

E. coli strain C-9 F~ Try~ Arg™ Smd W

C-132 | Hir-7 Ura~ Y

C-167 | Hir.7 Ura™ Smr Y

C-436 | F~ Try~ His™ Arg”™ Smr W
E. coli EA-37 Ura* Try* His™ Arg™ Smr Y

E. coli strain B
B/r
K-12

Bertani ane Sex derivated from(C-3
Sasaki and Bertani

Sasaki and Bertani

Sasaki and Bertani derivated from C-3
recombinant from the cross

between C-132 and C-436

obtained from Dr. Kondo, S. and Dr. Kada, T.
obtained from Dr. Koneo, S. and Dr. Kada, T.
obtained from Dr. Kondo, S. and Dr. Kada, T.

Explanation of Symbols

F-, Hfr: fertility types. Try™: requiring tryptophan for growth. His™: requiring histidine for
growth. Arg™: requiring arginine for growth. Ura™: requiring uracil for growth. Smr: resistant
to streptomycin. Sm¥: dependent to streptomycin W: white colony. Y: yellow colony.
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I HEE, REMfOMEEL-X Y e hEhy 5y
Zit) SxHvL.

2) ¥

P Y BI3FEEK1000m]l iz £V <7 v Gk
M) 102, =+ A (Difco) 108, falE5 2%
G, M 720 BIELLELDTHS,

PY AL PY B1000ml shizysfsex (Difco)
128 %4 AT\ 5.

T B%75847K1000ml ez Bacto-tryptone (Difco)
108, fiE5 8% a4, HE 7.0~ T.2KBIEL
b DTHDH.

T AL T B1000ml dickyksex (Difco) 108
TEHATWD,

/SR & U T U A Davis B2 265
K1000ml Az K HPO, (BYs{ts:) 7 &, KH,
PO, (Bisfb) 2 &, NagCeH;0,+2H,O (B3
e5)  0.58, (NHDSO, (FkiidE) 1 g,
MgSO,- TH,O (/aE{b%) 0.1 £, Bactoagar

(Difco) 148, 7A-25Fv (Difco) 1 g, 7
Kok GUEEE) 5 2REY. X Bic Davis B
HIC LB U C Davis agar 1000ml ioxf LT
DL-+V 7% v0.048, L-7 0¥ = 2 0.02
g, L-e 252 0.028, streptomycin (.028 ,
FeSO,+7H;0 0.028 & %z 7c.

BPEE E L, BIRT 5007 1/
it Thbb, 7AF= VIEBERMAR
PR SIRE L & LTIk, Davis % DL-} v 7
F7 v, LeeaFo RNz, e Ao vk

FERMERIROZHIE E LTk, Davis Huc .

DL-+ V 7+ 75 v, Leva¥=vinigi. ©
V7 b7y v JERSRMEAE R O SEHRES & LT
%, Davis 2ihic L-7 A ¥ = v, L-e A2 vi
zte. ¥ l-FEE R E Ui Davis 354
DL-r YV F 7y, Lee A2y, L7 AF
=y, FeSOTH,0 # N i-.

B SEPELE VRT3 B B oD A 2 5 SR i F
UfcHieiid Davis ¥eg+DL-} ) 7 + 7 7 ¥ (40
pg/ml) +L-v 25 (20pg/ml) A ICEERSHE
E LT, AEfCIL L-7 A& =Y (20pg/ml), B
B TlIL-7 v F = v (20ug/ml) & FeSO,+7H,O

HARE SO e & Mt 328 B0 5

(7 pg/ml), CHFHLTIL L-7 0% = v (20pg/ml)
& FeSO,-THO (28ug/ml), D Hih CiiL-7 12
= (20pg/ml) r Fe30,7H,O (70ug/ml) %
Iz, EFMCIIMZT GEIEEH), FiEhTi
L-7n% = (5pg/ml), GEITIL L-7 3 =
v (40pgfml) Zhnzic.

BT, WP L LT BT IR A K
1000m! iz Na,HPO, 7 &, KH,PO, 3 2, &
W4 ExEATWA.

3)  PuEA

{EH L icfipgilizMitomycin-C (2 mg/Vial, [}
MM C &2, Cyclophosphamide (100mg/Vial,
LLFCPA & B5i), Sarkomycin (1 g/Vial), 8-
Azaguanine (35mg/Ampule) ECh %, 7ok, C
P ARIEME(LT AW 202.C P A100mg% 5ml
ERKICEEML, ¥ —LIRART, BE 180
kVp, R fi20mA, 5 Cu 0. 7m-+Al 0. 5m,
AR 16em, #fEER 475R/min. @ 4T X
Mgz,

4) A

XAk deiE & LT REMKXC - 88, %
SRR G & LTI E R S ~ 7 GL-15, 15
w (2537A) Wi

L. ERFE

1) M OYEREHH

AR O T, ThEnOy v 7 A% @i
BIRL, 20 0.1ml #TAREE, Fhihs
ARETHRYY, ARz Lict:, 37°CT—%hs
Lictk, WEUCESEYN L, »vFr%x lml
2D OPBELICHRE L CHIBE B R 7.

2) MO

PY B ¥ 73T B C—#hE LI, H50
VYA (R & B A a0 (3000rpm, 20
min.) U, k%30, Whik% O i
L. T 2 [EghE L.

3)  BIRYESLRR ORI

@  SRIRIFEIRMERR DN

K5H C-436FE DB & DElRTE, %« OHHRES
e & (FEE910*E/ml), 37°C T 2 HEHKEE
L, #FLTEIGEELZRY, HOR CHARORS
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W HSH THIRCER L, 37°CT 2 HSHpE
BLUT, FERIER M A D HEL 1.

@ FHEERE DGR

KWGE C-436Fk DWW % VEIERS, ¢ Bl Flly
Wi E & (WERI10%H/mD), 37°C T 2 H sk
L, AU 499D b FIR T Wi ot
L, Thz [ CHRO e & Tz
L, 37°CT 2 HREMIFERE U Tttt R hx
an APy

® IR OMEBEAEL OB

NS BRI {4 1ml OPY Bl
L, 37°CT—#53#E L, ThE By < 100f5c
MRLT, RBOTRUBPLTZrhZEho 7
3 7% P 2 Ofi £ T AR R R —
WFoWTL, —J, %ol L Cirea®k
B AR —i3° oM F L, 37°CT 2 H[HksaE
LT, SRADERY: & #9005 & 2~
4) PEdEm

BEME OB Hir J2 6 F- i~ LfFich
hHDT, MNEIHHMHO—ER D Hir g L @E O
Fo 0 &% WP CRAL, Bavfikbl
B, MR OFEHEE 1000524 b D
RORTIRL, Fhi il ofiEL L.

¥, Hir OO F A~ 0847 O %
B ID O OGN, BEATROWEER A
fifi x DIRFFEICY v 7 AR DL, Bl § 4 —
TS PRE»ETH L TEALY PRI LD, Y4
R L ORI & &, 37°CT 2 HIEHsA% L
T, MRz fhw i

5)  buEAlmEE

© FIERDF D Hietsas

PUERI OBIER SR 2 B lcwic, K C-
LB6PRI TR 2 (E S 5 B4, PY PR
W (BB 10%F/mD) & MMC % 1.1x10™*M,
Sarkomycin % 1.3%10"M, CPA % 6.7 % 10-°M,
8-Azaguanine % 4.6x10°M L7 % L 51,
T (REFI10%E/ml) CER] <@ Bk
MMC7% 1.1x10™M, 1.1x10°M, 1.1x10°°M,
CPA % 6.7x10°M, 6.7x10™*M 6.5x%10"°M,
Sarkomycin % 1.3x10*M L 705 X 5 1I2hns T,
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TALIITCTIER &, FiEDmRC v~
ARRDHL, MYMCHERLTT AlcE %, 37°C
Tl aE U IR & < CHUs Rl 3%
SRR A JElE R L Te.

@  FUEFIIR S DU RZE R0 3R

POsEH o ZERFUMEY Fblodie, KBEE
C-436fR DB (B A f108H/ml Dxjs
THEED  100ml %, MMCIE 1.1x10*M TI5
i, 1.1x107°M T2040H], 1.1x10°M T30
M, 1204000, 1.1x10"M T304, CP A
LT, MmME OCPA, X 10000R %
B LZZCPA, 20000R%MBILECPAFR
Fh 6.7x10™*M T4 WM, FhFh37°0CCam
L, 2[E%HL, 100 L, 0.1ml 4>
HRREE ¥ &, SRR AWML, ZFRFEM:
A,

6) XiriEsg

K C-4361%, K-128kD 2 h OB (&
M 2 F910%@/ml D ¥4 CRRE) 10ml % %
LR 2 DY ¥ — i AR TERTXERBE L
2. @ vy — L O BFEFEO LI v S
ARBED L, MRS 2 RERIHE L, % O
VIR LTT AlCE %, 37°CC—isak L, &
KGR A T<T, XD C436 fk, K-12 f#
W3 B IR A L.

XHpBE O bk, HEA 180kVp, 20
mA,JEEHCu 0. 7mm-+ALl 0.5mn, FE4HEEEEIGem,
fidtd 475R/min, TH B, FREAE3000R, 6000
R, 9000R, 12000R, 15000R, 20000R,
30000R , 40000R 35 & 0% 50000R & Lic.

7) SRS

FIEE C-436 f, C-132 £, B#k, B/r 4, K-
2Bk N En OB G E % %9108 /ml
OEIE TR 10mlErhZhilxa D v —-vic
ANT, BT, FCv—LRIER LoD
WIS Tieote (BEREMESOCm ) . T E o HE IS 45
KT ArB O L, Fhbi 2 ISR
HELL, TOBEMICHRLTT AcE &, 37°C
TG L, BHGHEEYHENT, B0
T IE RO 5 FICE R 2 e L,
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Fic, KHEE C-436 BEO MW (REHICHE %
10%F/ml |G THRE L) %~ ¥ — 1ic10ml
FoART, 60, 12003 XU 2405087
NP2 CRIMRIBAT L, & 4 % 2 Rl
CHE L, Zo#, 10fECiEfEL T 0.1ml 42
£BIEHIT ¥ &, 37°CC2 HEEER L, 2B
2 ARSI U, SRIEEREL k% 7
L.

8) HRERLSR

K C-436 BRoBaWE (REMETHIC B A #9108/
ml OE|4& THE LK) 100ml % 10051 AE
L, 0.1ml Fo%@EcE %, 37°CT2 H
PR L, Xbic 2 HEERECHE L, HEIEHE
SRR ZE Rk A i LT

IV. 32BR#%; o UFIC AR

1) HAEEREECk JIET SO

@ Ak LohEk

KT C D AR LY LI At
Micic b MBS hicoT, BfRiEERE LIk
PEABE & A TR BICHTT & DR &M
RS D IcHOERE L.

3 U7 BRI R B C-436 Bk HorHE s i
7 F = vIFBREAERRT, BREABELT
RIETL Bk (My~My), BbOMEL ST A%

HAESRHESESME #3258 Bos

GETe 8 (Ng~Ng), %fli7 & LT C-436 ff, EA-37
P& v,

%% PY BT—REEH Uictk, Pk L R
CHEEL, Thi—ETo&k (A~G)
WFL, 37°CT2 gL, L2 HIEZEN
A LT & H% o BilRHE Lic.

@ Bt

Table 2 13# A RTBIHERC LY,
RERDDEREERSDBRHB L, X LTH
FPEE DRI R L OO, FRegkl 7o
F=vOEERFEETHDI I LERL TS,

A Tih My~Mg fo £EaeEE, Ni~Ng
B 5 b o6 kpViFE, o 2 fkaiEEe, EA-37
P A, C-436 Pkt L.

B3 TIx My~Mg $RD £if2% #h, Ni~Ng
o 5B 5 HRaiEH e, fibo 3 o E, EAS7
L C-436 Prix e DIETE R TR L.

C M Tk My~Mg D 4iiH3 B, Ni~Ng
B 5 B 4 BpViE e, o 4 R0 E, EA-S7
Pk C-436 Pz a D REF AT Uiz,

DTk My~M; kD 2850 #h, Ni~Ng
RO 5 % 5 BAVFEG, o 3 Bk A, EA-37
BR& C436 fRIp oS LR L. s, &
O L TIR e S aiho T,

Table 2 Relationship Between Yellow Color Formation of E. Coli Strain C and the Composition of Media
Fundamental Media: Davis agar media supplemented with try (40gg/ml) and his(20ug/ml)
1 color formation of colony
Media addition of arg and FeSO, y
M,-M, | EA-37 N,-N, C-436
A | arg (20pg/ml) Y(8) y(1) Y'(6), Y(2) w(l)
B arg (20pg/ml) FeSO, ( 7pg/ml) | Y(8) w(l) Y'(5), Y(3) w(1)
C arg (20pg/ml) FeSO, (28ug/ml) | Y(8) w(l1) Y'(4), Y(4) W(1)
D | arg (20pg/ml) FeSO, (704g/ml) | Y (8) w(l1) Y52, Y(3) W(1)
E none Y(8) did not grow | Y(8) did not grow
F arg ( 5pg/ml) Y(7)mY(1) mY(1) Y(7)m¥Y(1)f m¥(1)
G arg (40pg/ml) Y(8) Y(1) Y(8) Y(1)

mY: markedly yellow colony Y: yellow colony Y': yellowish colony
W: white colony ( ): No. of clones tested
The buffer suspension of E. coli strain C (M,-M,: eight isolates stably forming yellow colonies,
N,;-Ng: eight isolates unstably forming yellow colonies, EA-37 and C-436) were spotted on the funda-
mental media supplemented with arginine and FeSO, at 37°C for 2 days, and at a room tempera-

ture for 2 days.

Color formation of colonies was checked.
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E B TlL M~M; §oD £ffns 30, Ny~Ng
b e o %% B L. EA-37L C-
36RRITEE I 7 A F = v R EE R T OT
FE Lithol.

F R TUE My~Mgho 5 & 7 fRsisa, fbo
1k 25 FHTRE A, Ni~Ng Bk 5 b 7 #kp3sita
T, fid 1 BpAEM i, EA-37 fEL C-436
T E R e EO RS LT L.

G HH T My~M; fRo 4, Ni~Ng $ko4:
i, EA-37 ff& C-436 iz r hFhistanieh s
TR Uiz,

® /N

1) B 7 ¥ = voGHRENIVID, B
DEETE D L AM, HADXFID oo,

i) EA-37 g0 ffe T 28 ciiatng
w2 Y, GOl WEHTREGOEE YR
7=

iii) JEo 2 &mb, Zo-—3H 0 ERTIE,
Davis 32+ +V 7} 7 » v (40pg/ml) + e =
Fov (20ug/ml) +7AF= v (20ug/ml) +
FeSO,+7TH,O (28pg/ml) @ Bxiin LD ERD
AT LT3 2 bl

2) AR, X#, PuEFOXEECH T 58
IR E S

@ HEYIE XoHk

SRAMEE, X X OPTEFIO K E C-436fkic
T HEA R RET 5 BT h Eh o MBIc X
HERRERDI.

e, —BICRLAIBRTWAEIC ST A
LER% 77y, £hZho UM X5 KB
C-436fk & h b OBk D A BSR & Hlg L.

{8 F LB RS8R IR ST D 85 A1 C-4368%,
C-132 #, K-12 #k, B#k, B/r fix v, X&R
FHOLEXC-4368k, K-12f% v, HulEFion
B OBATTIL C-4361k% Hv- 7o,

EENT D X 5 fTinotc. HEBRCO\WTRT
FEDREH], AR, Xk LUOPUERIE R EH X
FTHYFAxTEOVHL, EYCHRLTT A
¥ X, STCT—HEEE L, ABREREA~. K
¥, BIRBHEER I X B HERE e
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2 BEEISHEITCHE L1k, 5 THWE T, i
WHIRLTT Ao, inds, Pugsionm
37 CTH I,

@ B

1) SR gto8G

SEHRIBSR X B oK EE o sk g 1L Fig. 1
W3 D T, C-436FRTEIMEITH LT B/r B
izt A ERICRE O R L.

S

50 sec.

h\\ﬁ""‘--.é oli s\ram c-132
\ ‘;\ coh strain C-436

-1 3 ~2

V-CUTI strain B/r
3 \
:: 10‘? . .
] 1 E.coli strain K-12

\ i

E.coli strain B

E. coli was suspended into buffer solution, and
then was treated by UV-irradiation (15-watt
sterilization lamp, FSD: 50 cra) while shaken in
a Petri dish. At various times, the samples were
taken out and spreaded on complete media for
assay of survivals.

Fig. 1. Survival curve after UV-irradiation

i) XS OgE

XA X 5 C-436k & K-12fkD 47
3 Fig, 2iR/+ X 5icie b, C-436fkit XEhiexd
LT K28k i3t AL RURED kL2 RL
7c.

i) PusFIAE O E

bl C-436%kizxi3 A FHix Fig. 3, Fig.
4R D THT

@ /ME

1) HILWERRE LTOKNE C-436k1348
SRR LT B Bk, K-12ffkk izt A ERICHE
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Exposure dose ( 10'Rr)

w0 F

Survival (1og)

B C-436
K-12
102k

Tube voflage : 180kVp
Tube current ; 20mA

Fitter : 0.7mm Cu 4 0.5mmAf
FF.5.0.: 16 cm

[Dose rate : 474% R/ min

E. coli was suspended into buffer solution, and
then was treated by X-ray irradiation in Petri
dish. At various dose, the samples were taken
out and spreaded on complete media for assay
of survivals.

Fig. 2. Survival curve after X-ray irradiation

1 0 60 120 180 min.
a-Azaguanin!
\‘\-___"‘4 6 x 107
T~
Cyclophosphamide
6.7 x 107
0!t
g \
-
T
210
Sarkomycin
1.3 % 107
w03t
Mitomycin-0
1.1 x 107"
10t

Curves show the survivals of E. coli strain C-436
(suspended in PYB) treated by various concentra-
tion of anti-cancer drug
Fig. 3. Survival curve treated
by anti-cancer drug

HARE 2RO M adE He2d Hos

n 60 o 180 200 min
LI ———x
'q“\-—-.-_.. R cyclunnosnllymde
~— T —a 6.7 x107M
e Cyelophosphami de
Cyclophosphamide 6.7 x 107
6.7 x 107N
‘IO_]
g \
=
3
t
21072
1\9'3 Mitomyein- t
\ 1.1 % 1078
Mitomycin- i
BRI
i . Sarkemycin
Hltcln_\fc‘"j 1.3 10
m-ﬂ 1.1 10 M

Curves show the survivals of E. coli strain C-436
(suspended in buffer sclution) treated by various
concentration of anti-cancer drug

Fig. 4. Survival curve treated
by anti-cancer drug

EoEPiEER L, Xkt Ltk K12k sz
EAER UM E R LIz, Xo>T C-436
FRER Bfr fRoK- 128k & [ U O RS E T
HBHZ LWL, ZoZ LxSBoPREETT
B % s DIEBEREORE Lic.

i) R Uiy, AMoRAierhs
A C R HRR LT C-436ifkicfE i s
teh D7D, FEE LcFEN TR, HEEeMM
CIIFIELDIRS Ti<, ¥\ ~T Sarkomycin T,
CPA, 8-Azaguanine OJ[HITHgh>7z. =D k1,
LSBRDOWFROILBERERL & Lic.

3) SRR DOHUBAMEL I X B us AR
D%

@ B L0k

o E LOWUERI O K C-436kkicd 5
PRIRAE BT o\ T L RE Ui,

JEER TG C-436kkx AV, 10ml g
WA R (FEGVI0%E/mL) L, S2/MEe st

(60F5fi], 1208[H]%s X 0% 240BIO=38 1) #*
fTleofe, MRAHHEIEY 105 ¥MFEL, 0.1ml

T FRE T F iz,
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¥7c, KW C-436KkD B (H% #910%FH/ml
DOFIE TRITROCIRE) % PIE O CHiH %
fEMEE, ThZhPTEORMAEE L 100f%ic )
fiil, 2% 0.1ml FOBREHIC F X, 37°C
T2 HMBEEE U TR Y O Ao,

@ B

1) SRS OB

Fig. 5RART & 5 AREEI10YH4 D, 71
F = VIEBLRIEZ BRI 60 MRS TIX 5.5% 10
ATH B0, 1200HIEHTIX 1.0 x 10%F4: L,
ARZERD 1.6 x10fl & b EHC oot %

L5X10fHTH B, 1208 EIRH I 3.2%10*
LT, HRZRO 6.1x10H g LTHE
DEZR LI

e, 240WHIMBE TIXZERBITE S hisho
. Eile, EORHHETLIY S 7 > vIEHE
REERKRE R hot. oz 2k, KB
B C-436fkd 1 ) 7 7 » vEERMII KA
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i) PUEFIAmEOSE

WITROBED MY 7 b 7 vIERE R
BRIt

@ MMC B OBA

1.1x10*M T304 [, 1.1x10°M T30

M ELE J OV 1.1 107°M C 1204 e kT
TAF = VIRERMWEZERML Fig. 5kRT X5
WA FRREI0EY b 2 hEh 4.5 % 10%H, 4.5
X 1018, 4.3x10°f T HARLR O 1.6 x10fH X
DRI {ONL. e AF U U IR E R ML R
%, 1.1x10°M T304 LI 35\~ C D Z 5 &
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4. . . r
2
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Buffer solution of E. coli C-436 was treated by UV-irradiation or

anti-cancer drug, and spreaded on selective media.

The number

of mutants was noted in 10" of survivals.

Fig. 5. Comparison of the number of mutants treated by UV-irradiation

and anti-cancer drugs
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U¥-irradiation

E. coli C-436 was suspended into buffer solution,

and then treated by either UV-irradiation or anti-

cancer drugs. The suspension was spreaded on

selective media, and mutants were counted.

Fig. €. Corralation between lethal effect of anti-
cancer drug or UV-irradiation and the number
of mutants obtained
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Table 3 Number of mutants obtained by UV-irradiation, and their genetic characters

UV-irradiation Control 60 sec. 120 sec. 240 sec.
selective | .  mutants| 40 1 57 0%
marker 5‘_’?_’:'315 4.8%10% 6.6x10° 1.8x10" 1.3x10*
Arg® Y 2 1 0% 0*
. w 1 0* 0* 0*
‘ Arg- Y 3 0% 6 0*
w 20 0* 12 0*
selective | . _mutants 180 7 390 0*
marker - survivals 79 5% 107 1.3x10° 3.6%x107 2.7X10°
s Y 0* 0¥ 6 0*
Arg* W 0* 0¥ 0* 0*
- Y 38 7 117 0%
W 0* 0* 3 0*

Y: yellow colony W: white colony
Histidine prototrophic mutants and arginine protorophic mutants isolated from E. coli C-436 after
UV-irradiation were spotted on selective media, and their genetic characters were checked on un-
selective markers and color formation. The integers show the number of mutants checked., 0%
could not be obtained

Table 4 Number of mutants obtained by Mitomycin-C treatment, and their genetic characters

. : 1.1x10"M | 1.1x10°M | 1.1x10"°M | 1.1x10"°M | 1.1x10""M
Mitomycin-C Control 15 min. 30 min. 20 min, 120 min. 30 min.
selective N 0* 0* 1 . 0*
marker - survivals 48107 | T10%10° | 13.2X10° 1.§X10°
Arg+ Y 0* 0* 0* n*
His* w 0 # 0 #* 0 # 0 #
- Y 0% 0* 0* 0*
¢ w 0* 0* 1 0*
selective \ Joutants | g5 0* 5 13 2 0*
marker - survivaly 19 Tx10° | T20x10° | 10.9X10° | 28.8x10° | 46.1x10° | 15.2x10°
His® Y 1 0* 0* 0* 0* 0*
o w 0* 0* 0* 0* 0* 0*
- Y 4 0* 5 13 2 0*
w 0* 0* 0* 0* | 0* 0*

Y: yellow colony W: white colony
Histidine prototrophic mutants and arginine prototrophic mutants isolated from E. coli C-436 with
Mitomycin-C treatment were spotted on selective media, and their genetic characters were checked

on unselective markers and color formation.

0%: could not be obtained

The integers show the nurber of mutants checked.

3 e R0 L EEIZE L Table 5 1275% 19.2%CH ot

THEOTHBH., 7ro¥= vIEERIIE R CHEG @ /E
(LRIEEREDOH B L DITIT.6%H D, L RAF UV TNF = YRR R T E A EEAED

FEERMEA R T HOAKELEOLB LD 12 HHHDIRB.8% (97.6~ 100%) T, e AF
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Table 5 Number of mutants obtained by Cyclophosphamide treatment, and their genetic characters

: . i . Non- I x10‘'R 2x 10°R
Cyclophosphamide Control iradiated CPA | irradiated CPA | irradiated CPA
selective ™~ . pmufanis) 23 - 3 23 | 2
marker Ssuvivald TS0 5.0%10° 1.2%10° 3.2%10°
. - Y 0* 1 1 E
His* | W 0* 0#* 0* 0 *
Arg- Y 0* 0% 5 0*
w 23 2 17 2
selective \\ pmutans 17 24 3 28
marker ~survivals 5578 0P 20.0%10° 18.4%10° 14.8%10°
- Y 0* 0* E 0F
Arg® w 0* 0* 0* 0*
| e % 17 23 3l 27
f w 0* 1 0* 1

¥: yellow colony W: white colony

Histidine prototrophic mutants and arginine prototrophic mutants isolated from E. coli C-436 with
Cyclophosphamide treatment were spotted on selective media, and their genetic characters were che-

cked on unselective markers and color formation.

0% could not be obtained

VIFERMERETHAORKELEOH B b O
14.7% (0~33.3%) 2ot Zhhb7r¥s=
VARRE & A EIREEARE & OB B B
IhrifErha.
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The integers show the number of mutants checked.

Recombinanis observed
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Time for sampling

Hifr cells and F~ cells were mixed into a crossing
buffer for conjugation in the proportion of 1: 5.
At various times, samples was stirred for 5 sec.
by high speed mixer, and then the conjugation
was interrupted. After diluted, the samples were
spreaded on selective media.

Fig. 7. Genetic recombination experirment
with C-167 (Hfr-7Ura"SmrY) and C-9
(F~Try-Arg=SmiW)
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Sasaki & Bertani | L % KIFHE C o Hu (ot
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thr
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Hir-12
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Hir-8
Hfr-%
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\\ Hi Hir-10
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H’Fri)__?#{ ]

*an his

Preliminary genetic map of Escherichia coli strain
¢ constructed from results of interrupted conjuga-
tion experiments following the criteria of Jacob
& Wollman (1961). The arrows indicate the
approximate locations of the points of origin of the
corresponding Hfr strains and their directions of
transfer. The total length of the map is approxi-
mately 110 min. Symbols are explained in the
legend to Table 1.

Refered to Sasaki et al., J. Gen. Microbiol., 40,
365-376, 1965. and Wiman et al., Molec. Gen.
Genetics,, 107, 1-31, 1970.

Fig. 8. Genetic map of E. coli Strain C
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Table 6 Analysis of Recombinants

B} Unselected Markers No. of
L ype T Ar color Colonies
R 8 formation
, - 86
A - W (65.6%)
B - - w 34
(26.0%)
c | + ¥ 12,
(7.6%)
- . 1
Pl - X (0.8%)
131
( 100.0%

+ ¢ prototroph Y : yellow colony
— : auxotroph. ‘W : white colony
The recombinants selected by (Ura*Srar) from
the cross between E. coli strainC-167 and C-9 were
spreaded on selective media, and the recombinants
were analysed on the relationship between unselect-
ed markers and color formation.
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