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ABSTRACT

It was reported that the E.coli mutant strain exhibited the resistance against amitrole (AT) which had used as a
pesticide and inhibits the bacterial growth. In order to elucidate the mechanism on the AT-resistance in E.coli,
we prepared the E.coli mutant strain by treating with chemical mutagen, MNNG, and then selected the
AT-resistant E. coli strain. The obtained mutant strain was possible for proliferating even in the M9 minimal
medium containing 2 mg/ml AT. Therefore, we examined the expressed proteins in the mutant strain, which was
cultured under various conditions. As a result, it was suggested the expression of 22 kDa protein (P1) was
suppressed as the AT concentration was increased in M9 medium. By the amino acid sequence analysis, it was
proved that P1 must be alkyl hydroperoxide reductase C22 protein (ahpC). On the other hand, the expression of
P2 protein in mutant strain has increased in the M9 medium containing 2mg/ml AT, and partial amino acid
sequence of P2 was consistent with zinT (yodA) protein. From these results, it is likely that the
amitrole-resistance in E.coli might be regulated by soxRS regulon, not oxy R, like adaptation for the oxidative
stress.
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Wild type Mutant

o

Fig.l Cultures of E.coli wild type and mutant
strain on the M9 medium agar plate containing AT
Each strain was streaked on the agar plate of M9
minimum medium containing 1.5mg/ml AT, and
cultured at 37°C for 24h.

HOan == G577, FE 1.5mg/ml AT
ZEte MO/ NEREH-IZA N —27 LT1IRA
7 ) —=v T &> 7 (Figl), BHoN=EFA
R n=— (57 fi)Z. 2mg/ml AT & M9
Be/NEREHE L O Img/ml AT % & T M9 /MR
REEHIC CREE L 2 RAZ ) —= T BT T,
WAL ICAF R 2 =— (1 @) E& 54,
IhE AT PR K E LT,

RKBEEFEARBLIOERKD AT FETICEB
T % B R

W, KRIGEBFARR & AT $RPTIEZ Bk O 5
IZxt L, AT DS ED KL 9 7B % 5.2 2 0% it
THI0 AT ZFKIRE 0, 1, 2mg/ml & T M9 /)N
Brlc B p R M 2 Et L7z (Fig2), €D
R KIGHEE AT AT IBEO BRI >N
DPLE S AT B 2mg/ml TIEIE & A EREEMN
HBoemnolz (Fig2 (A), —J7 AT #RPTrEA 5
FETIZ AT IREED 0, 1, 2mg/ml O WD FAFIT
BUWTH, 37 °C TOEFEERIA 15-30 B CTFE
WHIE CTE L7 (Fig2 (A),B)), ZDZ &5 AT
HPIMEZ BEETIE, AT 2510 M9 B/ EREH
B LM B/ NEEEE O WP T b A B S ATHE
ThHhoHIEDBHLNEZ -7 (Fig.1,2),

BAKBIOLEEKD AT BETRBIF 5%
By o7 EBORE

LR CHE L KRIBE B AR X OVE BRI
BWT, AT REICEI Y KIBHEOREZ X7 E
NEDL I L TV ENERIT 50, &
Begim e EE L, R EZRR L, )iz, &
AT JBJE CTHZE L 72 KIGE O M H IR % |
SDS-PAGE (12.5%% W )IZ & 0 43#7 17 - 7= (Fig.3
(A)), 7" /L % Scion image |Z L Y B EHT 21T > 7=
fa Ak (Fig3 (B) . ZERRICBWTATRED L
FATHE RSB BN (2B 3 5 22.4kDa D &
NTENBEIIL, ZhE Pl & LT,

ZDOPL Z NI EICETLHMAERDL DI,

-
—



Wh Zsm, wE oA R 3, D R HAR A, KRR mHI
1.2
(A) ._.—H- -
1.0 | g
!
5&: 0.8 - . g
~ 0.6 . ~
04
’ P
0.2 » A_.Hr’
N 4 ,‘—1""
o e dgdat .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (h) Time (h)

Fig.2 Growth curves of E.coli wild type and mutant strain in the presence of AT

(A) E.coli wild type strain, (B) E.coli AT-resistant mutant strain. Each strain was cultured at 37°C with a
135rpm shaking rate in 100ml of M9 minimum medium containing the indicated final concentration of AT,
after it was pre-cultured in M9 medium up to ODggonm = 0.9. Symbols: W, none; ®, AT Img/ml; A, AT
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Fig.3 SDS-PAGE and image analysis of cell extract for E.coli wild type and mutant strain in the presence of
AT

(A) SDS-PAGE of cell extract for E.coli wild type and mutant strain in the presence of AT; E.coli wild type and
mutant strain were cultured in the presence of the indicated concentration of AT, and their crude extracts were
prepared as described in Materials and Methods. 20ug of each protein was analyzed by SDS-PAGE on 15% gel. (B)
Image analysis for each lane of mutant strain on the SDS-PAGE gel (Panel A). Zero point of migration was set on
the top of gel, and intensity of each band was calculated from the scanned gel image by Scion image software

(Scion. Co.). Lines: ==, None; =, Img/ml AT; =, 2mg/ml AT. In panels (A) and (B), P1 protein was
indicated by the arrow.
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TableI N-terminal amino acid
sequence analysisfor P1 protein

Cycle Amino Yield
acid (pmol)
1 S 14.9
2 L 30.2
3 I 19.0
4 N 31.3
5 T 20.4
6 K 26.9
7 I 19.3
8 K 21.8
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Fig.4 Native-PAGE and image analysis of cell extract for E.coli wild type and mutant strain in the presence of

AT

(A) Native-PAGE of cell extract for E.coli wild type and mutant strain in the presence of AT; E.coli wild type and
mutant strain were cultured in the presence of the indicated concentration of AT, and their crude extracts were
prepared as described in Materials and Methods. 20ug of each protein was analyzed by Native-PAGE on 10% gel.
(B) Image analysis for each lane of mutant strain on the Native-PAGE gel (Panel A). Zero point of migration was set
on the top of gel, and intensity of each band was calculated from the scanned gel image by Scion image software

(Scion. Co.).
by the arrow.

Lines: ==, None; =, Img/ml AT; =, 2mg/ml AT. In panels (A) and (B), P2 protein was indicated
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TableII N-terminal amino acid sequence analysisfor P2 protein

No.1* No.2* No.3* No.4*
Cyde Amino Yield Amino Yield Amino Yield Amino Yield
acid (pmol) acid (pmol) acid (pmol) acid (pmol)
1 D 11.5 A 7.5 Q 2.1 T 1.0
2 D 11.5 A 6.7 K 2.5 E 1.5
3 A 14.1 N 2.8 A 14.1 v 2.4
4 N 10.4 G 3.6 A 4.9 E 2.0
5 A% 13.4 v 13.4 N 2.2 Q 1.6
6 Q 7.6 F 3.2 G 2.4 K 2.1
7 N 8.1 D 3.9 A% 2.6 A 3.0
8 R 8.0 D 3.6 F 2.4 A 3.4

*No.l1-4 sequences were detected by N-terminal sequence analysis of P2 protein. All these sequences are
consistent with those of N-terminal region of E.coli zinT (yodA) protein as follows. No.l: Asp46-Arg53, No.2:
Ala40-Asp47, No.3:GIn38-Phe45, No.4: Thr34-Ala41, respectively.
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B8 XU Dye-ligand IZHEAT DHEDOH D Z
&%) Benzoate TRINC L W EENFEEI NS =
ELHE SN TRV, cd PSS KGHE O A
b L RIREIZKRT 2D zinT (yodA)DBIH- D3 RE S
nLTW5b,

s Tl X 51T, KIBE~DRERH LA K
VATHLEBEEA NV ADEE, KIBEIZIZ2 2
DIELEI A b L A REOHIEBERE S H Y . H0,
WZE DL A LA E O I X DAY A B
L2ZZXBILTWAY, 2D 9 b H0, IT LD
EHI A N L RIZRIESISE T DS 6 E 11X
OxyR THDHLZENHMOLNTEY | katG (147
—B) | gord (VNVEF AL VE T HZ—F) | grxA
(ZINVZ L RFLy) 7L EHIT, RIFFETHR
ﬁéhkAmC%OvRV¥1UV®ﬂ@TK&
5 EmEShTVnHO,

— ., O, [ L DL A b L RIZXT HHERE
HHEN A 1% Sox RS T, sodA (Mn-A—/N—F F
RO ALK =), zwf (Vv a—R-6-1) VBT b
K 7 —8)72 2% SoxRS VX = v Ol T
2B EEZLNTVWDEY, KIFFET AT f77E T
SEHEOH M L7z zinT (yodA)iX, Cd A kL A%
HETFIZBIT D zinT (yodA)DELRE L ~)L & st L
T2 X 0@ OxyR ITIFESFE T SoxS & Fur |Z
KfF L, FEBMHISEORBRGITKRWE STV,
INEYVKRBEOD K U LNEX, LR TR~
T A R L ASEIZEHEU LT, 2095
0, IZX Db A b L A IRE ORRBITHLLL T
LHEHEESNTND®),

— 7. AWFFEORER T, BRKE~D AT IS0
12XV AhpC OFELE D L, zinT (yodA)D 3
RENE K LT (Fig.3.4). LitOKiGE TORRL
AN U RIGEBE R E 2 RSB D K
RO AT P OIS G 1T, AT 13 Hy0,
R TIER L 0y FOMILIIA NV A& KGHEIC
bz, Fibo Cd iz LD KBEOEE{EA N L Rk
B L5 ICEEGHIEA T Sox RS 12XV zinT
(yodA) X X7 EDRBENHERK L= O L
EIND, IR 7= X 912, zinT (yodA)# > %
JEOERKBEEIESGBEEALE S —L LT
EZ BN TWEN P Z D zinT (yodA)D — ki
EBXOSIERE Lo kNS calycin
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superfamily @ 9 & BUKMHK S FITHEET 5
lipocalin/calicin family <> ABC transporter 04 J&fif
Al L b HEENAONDTZ O,
lipocalin & FHL L 72 BERE A FF D L HEE S LT 5,
ZORIZBWT, AT f#(E F CREFEEL S
zinT (yodA)723(Fig.4). AT OHIEAN~DHEA % I
HEE, AT IZE DA ML ABELZIK TS
TWDA[REMEDN B 2 H LA 23, zinT (yodA) D4 &
FEE LS OEEICRET 2 M LIESE N TE 5T,
AT & zinT (yod A) DN EFAHBAEM T 2028 5 i
BB CIEAITH D, E72., zinT (yodA)T KNI
HARY 7T AN E SN DRI 7T
F ROOMr &= 505, RWFEIZERIT 5 P2 #
SNTBOT X BRSNS HT CHEB ORI RS
N7z Z &b (Table ), £ DY 7 FR_TF R
DU BRFENEL TWDLZ ERNEZLN, 2D
EDY zinT (yodA)DHEREIZ % B 2 TUW 5 AlHE
bbb, ZORbED, BIE, zinT (yodA)¥ >
XD lipocalin FEREIZ DWW CREM ARG 21T
STHEYD, TS LY KRIBEO AT HRHUHE#REIC
%9 % zinT (yodA)DEEINRH SN2 5 Z &8
Mrrsh s,

o

ABIFGE I, 18 55 KA e e & (B 5E)
B L OEE KR A B 25 78 B il 2 o 382
Wk FEhEE T,
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