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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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P L RITRT DDA (BREER b L AIGE) & X, B a v 7 BTG A. ol BTk
ALTCD, BEEA P LAIGE S LT BAEI Y 30 (RpoH) 338 S 1, 032 43 RNA 2K U A 5
A N LRI (Oxidative stress response), 243 = — P LA LT, mpoH c}naKJ groESL 72 XD
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REEIRREIC 72D & reld BIEFI2X D RelA
MERENT 77— TdH D pppGpp < ppGpp
ZHT 5, AURIREEDR, 77 —F X7 7 —%F
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%O~ M = 7 5% RNA polymerase O RNA &<
R G2 HI L, X o X EAREENME T 5 2
& T, MBI ER L IS A D@,

AMFFE T2 E 2 kE 9 2 Ml B 0D i o A
BT DA ZE5 720, BREER/LE L DO TR
WZAKIZKT T DEEREE D i < (ALBR LI WE T
H5H7 I rr— (AT) DNZEB L=, AT I8
BB EIKG, BIROMLAlE LTl S, i
FIITEE (BEAD) L LTHLHEHSA TV
(1975 S22 = OB T E ~ D B B E 20 5
PRt oenmeonTBO £ nETON
WICE D KBELHLVEXTE CITBRE AR
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E.coli IM109 #& (LLF. B/ LERE) %
Luria-Bertani (LB)55H (0.5% (w/v) yeast extract,
1% (w/v) tryptone, 1% (w/v) NaCl )T 37°C,
OD600nm:0-5 i "Gi%% b% Lf:?(ﬁ\ M9 %/J\i%fﬂ
(1.2% (w/v) Na,HPO,. 0.6% (w/v) KH,PO4. 0.1%
(w/v) NaCl, 0.2% (w/v) NH4Cl, 2mM MgSO,, 22mM
Glucose, 0.002% (w/v) Vitamin B;, 0.2mM CaCl,)
TR L7, ZAUCHKOIREE Soug/ml 2725 K 91
N-AFNN-=FraBN-= IV ITT =T
(MNNG, B -ERANZ AT, 37°C, 1 KfH
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AT Z & Te M9 fi/NEREF B KOV Img/ml AT %
ETe M9 /NI TH# T 5 2 Lok,
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RRan=—%FTInNaERKE L, IBEOFE
BRI L7,
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ggﬂe# LOMMHKEOREMLE X L XIED
EH
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SO KL LTRY T 7 ULT I RS
NVIREEZ . 57 BE 10%., RAEH 3% & Lz, /-
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TRV T 7 VAT I RTVIREA SrBEH 12.5%.
EAEH 3% & L7e, UkEh#& T 1% . Coomasie Brilliant
Blue (CBB) R-250 (2 X ¥ 50°C T 30 /y4fa L., <
D%TNDINY 7 7T RRERIZ/ D E TH
BEAT o T, ERUKEO WG MENT X, Scion image
(Scion Co., http://www.scioncorp.com/)% I\ THT
STz, #3537 T — # % Microsoft Excel |2 L Y %
B LR T T 7L L, FRELORBL X R
B O 21T > 72,

Electroblotting 33 X O'7 X / BREC SR E
SDS-PAGE %~ /\ 2> &5 @ PVDF J& ~ ®
Electroblotting (%, TP @EVITR>7=, £7,
PVDF-PLUS # > 7 L > (MICRON SEPARESION
INC.)% 100% methanol C 5 Fb[#], Bl T 5 43,
transfer buffer (25mM Tris-192mM Glycine, 15%
MeOH, pH 8.3) T 15 pMlENENIEE 5 L=, &
RRAHIH 6. AHE, SDS-PAGE 7 /v, it L
72 PVDF-PLUS A > 7 L v AHOJEICE » kL,
4°C, 35V T 1.5 KM EXKIKEN 21T > 72, £ D%,
ATV rERD ML, B L%, EiAKT
15 7y MPeis %, CBB T 5 a7, Tz
Mk 1 (45% MeOH,7% KEfZ)T 15 iR E 9
L. SHICHATE 2 (90% MeOH,7% FERZ)T 40
BREIEE 5, EFk, A7 Lo eI,
H:E SN~ PVDF A7 L7 Fat (=
A2 ZEFE L, Procise 494 HT (ABDEAHA 7 0 7
A=Y —lZT, ZRXIED N Kb 7T
2 EBRESIRE AT o T, T2 P2 X NI BT,
HIRIE 2mg/ml AT % & e M9 fi/N5HE 1L TR &
BEr 415 O R HE TR % . DEAE-cellulose [&- 4
VR m~ N T T 4 — B X TSK-gel
G3000SW 7 Al v~ w77 7 4 —IZTHAy
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FE#It% . ERLIZHEVY Electroblotting 38 L UV# /X
JEDO N K7 X BESIREEIT- T2, 55
Ni=7 2 /i % % BLAST 3 L O FASTA 12T
FRTFRIPEMENT 24T - 7=,

BAKL L OEEKD genomic DNA D 7

By AE Rk ds L OV BLEKR O genomic DNA OFRHLT
Wirzard SV genomic DNA purification system
(Promega)lZ K V1T-o7-, £9', KA LB i
Iml (2 THEAK 55°C THi#E L. W% nuclei lysis
solution (Zf#¥# L7-, 80°C., 5/rfIMEAL . =ii
£ TH A%, RNase T 37°C, 1 WFfELBE 21T -
72, & 51T, protein precipitation solution % S0 L .
AR B N7 B R BRE L=, isopropanol JL %
(&Y DNA Z[EIL L7z, Z# % DNA hydration
solution |Z £ ¥ I&fif S, 4°C TRAELTZ,

K% B H 3& Alkyl hydroperoxide reductase C22
protein (AhpC)Ex F 3 & U zinT (yodA)E n T
DI va—= 7L EE SN

AL U 72 KA B P AR 36 L OVE BAPR D genomic
DNA ## t L T, AhpC B LT zinT (yodA)iE
{5+""% Pyrobest DNA Polymerase (Takara)% /] \
7= PCR(98°C, 10 #—57°C (AhpC)E 7213 61°C
(zinT), 1 73—72°C, 1.5 53 % 30 A 7 W)Z L D #E
g L 7=, AhpC i&f5 7 PCR 7 7 A ~—{X. upper
77 A4 v — »N 5- CGGGGGTACCAATTG
ATGTCCTTGATTAACACCAA -3’ (35mer, E.coli
AhpC @ 5°-FEFHFRGEIL & Metl—Asn5 (ZHHY).,
lower primer 75, 5’- GCCCAAGCTTAGATTT
TACCAACCAGGTCCAGAGA -3° (35mer, E.coli
AhpC @ Vall84-11e187 & 3°-FEFHARAEIIZAHY) %
7=, F7z zinT (yodA)B{& D PCR 77 A ~
—I%. upper 77 A ¥~ —7% 5°>-GGGGGTACCAATT
GATGGCGATTCGTCTTTA-3’ (31mer, E.coli zinT
O 5-FEFFRGEIEL & Metl—LeuS (ZFHY). lower
primer 7% 5’-GCCCAAGCTTCAATGAGACATCA
TTTCCT-3" (29mer, E.coli zinT @ Met213-His216
&P FERER BRI ) ZHEH Lz, SoncE
fo 7 HEWE W R % . pUCLI8 X7 X — T A iA 7
DNA HEBFIRE ZIT -T2, 5 bR
% Genetyx Mac ver.8.0 (Genetyx) % " CTHEHT L
72

3. EBHER

RIGE AT BHHEE REKOER

ARAFZETIL. RIBE DO AT MRS B 54
HH R EERBET D0, EBRFIEICEL
7= FNEIZFREV KRIGE O AT $HTIEZ Bkk D /ERL A
Tirolz, £, BAKEZFE LA MNNG
THLEE L, 1.5mg/ml AT % & Te M9 fr/N5& K E5 Hh
[Z8A L7z, 37 °C, 40 By L= 2 A, 94
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Wild type Mutant

o

Fig.1 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.

Hoae=—nNEoNnlzd, BE 1.5mg/ml AT
e MO/ NEREHIIZA R Y —27 LT 1IRA
7 ) —=v T E{To7 (Figl), BHoN=EFA
BBz ar=— (57 fih%. 2mg/ml AT ZETr M9
Be/NEREHE L O Img/ml AT % & T M9 /MR
REHIC TSR L 2 RAZ ) —= T &7 o1,
M LI AE B RER o o =— (1 #2235 D AL,
IhvE AT IBPIMEZ R E LT,

RKBEEFERBLOERKDO AT FETICEB
T B B AR

WIZ, KIGE B ARR L AT $KHIMEZ Rk o HE 5l
Xt L. AT BN ED X 5 e B% 5 2 5 )% st
T 5720, AT ZHIEE 0, 1, 2mg/ml & T M9 i/
Brlc B 2R MR 2 RET L7z (Fig2), £ D
R KIGHE B AT AT IBE O BRI >N
PLE SV AT P 2mg/ml TIRIE & A ERREN
RBonzemoiz (Fig2 (A), —J AT #KPrrEA R
FECIX AT IBEEN 0, 1, 2mg/ml DWW DO FRMAEIC
BWTH, 37 °C TOEEERMA 15-30 Fff# TE
WHIE TE L7 (Fig2 (A),B)), 2D &5 AT
RPIMEEBEECIX. AT 25T M9 f/hEEXE
BLOMI s/ NERBE O W THAEB N A HE
ThDHIERWBMNE o7 (Fig.1,2).

BAKRBLOZEREBRD AT FETIIBIT 53
B& N7 EORE

LR CHZE L KIGE B AR X OVE BERIC
BWT, AT BEICL Y KIBEOREZ 7 E
MNEDL I L TV AN EHET 50, &
B e EE L, R ERR L, Wi, &
AT JBJE CTHZE L 72 KB E oM H K % |
SDS-PAGE (12.5%% W)Z & 0 5541 24T - 7= (Fig.3
(A)), 77 /L % Scion image |2 & 0 W RN 21T > 7=
fid (Fig3 (B) . ZEKRICBWTATRED I
FAZEW T BLE DB A 75 22.4kDa D &
NRIBENEES, 2hEPL & LT,

ZDOPL ZNIEHICETLHMAERDL DI,
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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 ODggnm = 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.

AT FEAETE T O KW B 2 53 fh H K % | ——F OFER, KIGHEOBER VAR Y EEEHE T
SDS-PAGE (12.5%% L) 4477 - 1~ . PVDF | & 5 Alkyl hydroperoxide reductase C22 protein
HRE L, i34 T 5N RER 2 9)T L. N RKimid (AhpC, UniProtKB/Swiss-Prot database: POAE08)?
BT (8 F) 21T o7, TORER, N KN D N KimDELS(Serl-Lys8, Bith= K2 D Met %k
SLINTKIK DEAIA i S 41u(Table 1), AER Y e —FH LT,
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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

X 5|7 Native-PAGE |7 & 0 . % AT Jfie TRz
U7z KIGE O R OB X > X7 E O3
%47 7=(Fig.4(A)), 7 /v % Scion image (Z X ¥ H
BIRNT 21T > T2 K58 (Fig4(B)) . ARERICEBW
TATEED EFH IO ENAZ NI 5
H X7 B (REE 0.68) LS, vk P2 L
L7,

P2 X LRI EICHOWTIX, BRIKEN VNG
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Wild type
Marker 0 1 AT (@mg/ml)
MwW
(KDa) _ 1
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PDVF [E~DER G 24T 72 5 7223, 7 X BRECHIR
ENCMBEREFEENG LR NoT T, T
TP 2mg/ml AT % & e MO /N5 1L TRERS
EROKRKEGEZRKMAE KL L
DEAE-cellulose f& A 4> XM/~ 7T 7 4 —
B LV TSK-gel G3000SW 7L Aid7 v~ k7'
7 4 =TT R, R L. ORUB O FERTK
1% D7 V% PVDF RICERG LTtk # N7 &
DN KT X/ BBELYIREZIT > To, £ DRER 4
NH— U No1-4)D T I 7 BEELH B H &
(Table I), FET Y —H—F L NTHOES]
KB @ Metal-binding protein T % zinT (yodA)
protein (UniProtKB/Swiss-Prot database: P76344)D
N K % 4T £5 B 51l (No.1: Asp46 — Arg53, No.2:
Ala40—Asp47, No.3: GIn38 —Phe45, No.4: Thr34
—Alad4l) & —F L7z,

KIBEFLEARB LI OERKDO AhpC EETB
gﬁﬁﬂ@wMﬁﬁ%®?D~:Vﬁtﬁ§
£ %1

LEOFER LY . AT IBE O EAIZED AT K
PUME RG22 SR CTlX. AhpC & >R 7 E D38
B & zinT(yodA)Z > 787 B O3B & D 1Y
MR ENT, ZibORBBLEDER ) BARK
EERED AhpC BIZ 7B L O zinT (yodA)iE{s
T OHIEESNOFLEIZH KT 5O E R LT,

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 A% 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 v 2.6 A 3.0
8 R 8.0 D 3.6 F 2.4 A 3.4

*No.l-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.

FT. KGEBAKRB I OZEKE LY genomic
DNA Zi#l L. Zha@i L L TERTEIR
L7z PCR primer % T, AhpC BB LW
zinT (yodA)iEfs 1% PCRICK VHEIE L7=, &= D
%, HIREESRE Kpn 1 B X O Hind 11 TH{E L., &
DIV B AR 7B i & RER O Hi| REE SR Tl L7
pUCILI8 X ¥ —THfiA LT, 7 m—=027 3
2B AR L OVERER D AhpC 8 fs1-(564bp) &
zinT(yodA)i& 15 1 (651bp)IZ DV T, M13 Reverse
¥ X OV M13 Foward sequence primer (2 & V) &8 /x
T OIERY| 2 RE LTz, TOFRER, AhpC #Eix
. zinT(yodA) & & BFARE & 28 BLAK OO [ IS M JE A
SO EIXR &7 0o 72 (AhpC B s 1
Yamaguchi, Y. et al. (2008) DDBJ/EMBL/GenBank
accesion number.AB428377 , zinT (yodA)iE{s 7
Yamaguchi, Y. et al. (2008) DDBJ/EMBL/GenBank
accesion number AB428376), T HDFEF LV |
DB AERR & ERIRICIS T D AhpC Z X7 H &
zinT(yodA)Z > X7 B ORBED AT, K8 /x
TOERITERT 26O TIERNI &E03RE X
iz,

4, BB

ARBFZE TITAE O AT HRBUIERAE O ifBH % f #&
HIEEL L. Z0O—EBE L CKRIEGE IM109 ® AT &
PitEz & OE R A ER L, AT HHERBHEIC
BIFARBEZ R EORHNERTEEIT- T2,

£ AR RA(MNNG)IZ kv L % L 7=
KIFHEIMI109Z Bk 2 ERL L = OATIGTEIC D
W E R & FBIE & L THRET 21T - 7= (Fig.1,
2)e T OREF, KIGHE B AKITATFEE FIZB W T
EEFENHEINTZN, BERETIIATZZNZE 1
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BLU2mgmlz & micBWTCHLERH £ T
BRI THY . ATICR LIRSt Z RT 2 &0
S E 7572 (Fig2), 2LV, BRETIE
AERRIZ LR TATISXE T D0 & 7> O 36 i A 23 7F
FALTEBY, ZORK L7225 % R EREBT
WNIFET DAREMENE X bz, £ 2T, Dl
AR X OE R ZATHE FB L OIEGFET T
EH M E TR #% . SDS-PAGE, Native-PAGE %
HWERBLY N HEOEEOKRG 21T > 72
(Fig.3,4), %X UKE) DOfE 5 (Fig.3(A),Fig.4(A)$
T O AENT O f& F(Fig.3(B), Fig.4(B)) & ¥ | ¥l
BHEICERDORONTZ 2505 T REIZHE
HL.ZNOLDOZ R EZPIBLUP2E LTH
VORI DRIEEFT> T2, K BLRIKEND 7 VNG
electroblotting|Z J: W PVDFEEIZ#RE L, 7 2 /g
B E 21T > 7oA (Table BB X OMD | P14
VORI EIZAhCH LRI TH Y | P2 LR
B 3zinT (yodA)Z VNI ETHDH I ENHL N
Llpolo, MBI, BAKEERKIZEBWT,
AhpCE X UzinT (yodA)B{x 1 DM FEELACHE &
INDT I BEINCERNPELTWD AR
BT A0, BAKBLIOELRKELD, AbpCE
L OzinT (yodA) #Ef& - DPCRZ v—=" 7 L&
BT RNT 24T o T, ZOREFR, KBEBETIZBWT
Bp A BR & 8 BLR OISR A O FHE TR O B
fcﬁ i)) D f:o
AHFFEIZIBN T, AT FE FERBK THRBELOM
L7 Pl &% /N 7 & (Alkyl hydroperoxide
reductase C22 protein; AhpC)id Peroxiredoxin (Prx)
family ®—FE T, E.coli X° Salmonella typhimurium
RET T AREME O LR L L TlE S
NTEBY, LA R LAREICIDELET IV
F LAV A XU R AT T D EEHE T 5P,
—J7, ARET AT FE TRBELEOIM LT P2
% X7 E(zinT(yodA)) T 216 LD H K Z
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NI E T, T F T F F(No.1-23) 038 &
KBV 75 2 L CRET 5, zinT (yodA)I% 4
MRIBEDOH RI U AR N ATRENFHLE S
NbHE 7B (yodA) & LTRWE S 7= mn,
Z OHSREII R T > 7. + D%, Cd,ZnNi &b
Abtwmm*ﬁﬁj%%ﬁm%Man}@

WCHREBTHHX R IETHDLZ ERRESNT-
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