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Expression of acetohydroxyacid synthase isozyme genes ilvBN,
IIVGM, ilviIH and their resistance to AHAS-inhibitor herbicides
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Abstract: Acetohydroxyacid synthase (AHAS) catalyses the first reaction in the pathway for synthesis of the branched-chain amino
acids. AHAS is the target for sulfonylurea, imidazolinone and other AHAS-inhibitor herbicides. Herbicides-resistant AHAS genes
have potential application in plant transgenetic engineering and development of new generation herbicide. The AHAS isozyme genes
ilvBN, ilvGM and i/lvIH were cloned from metsulfuron-methyl resistant strain Klebsiella sp. HR11 and metsulfuron-methyl sensitive
strain Klebsiella pneumoniae MGH 78578. Homologous sequences comparison indicated that the differences in AHAS isozyme
genes at amino acid levels between strain HR11 and strain MGH 78578 were mainly on the large subunits of i/vBN and i{/vGM. The
three AHAS isozyme genes from HR11 and MGH 78578 were ligated into the expression vector pET29a(+) and expressed in
Escherichia coli BL21, respectively. The results of enzyme inhibition assay showed that only i/vBN and i/vGM from strain HR11
showed strong resistance to AHAS-inhibitor herbicides, while i/vIH from strain HR11 and i/vBN, i/lvGM and ilvIH from strain
MGH78578 were sensitive to AHAS-inhibitor herbicides.
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( acetohydroxyacid ~ K256(K251, K159) M570(M582, M460)  F578(F590,
synthase, AHAS) F468)
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1o, 8200 5600 5200 1600 800 pmol/L;
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Table 1  Primers for sequencing and expressing of AHAS genes
Primer Sequence (5'-3")
FilvBN GGTGGACATTTGCAAGCAAGCGCTGA
RilvBN GCGATTTCATCCAGTTTCAC
FilvGM TATAGACGATAGCGAGCGACTA
Sequencing primer RilvGM TAATCAGCTTTTTTCGTCGTCAT
FilvIH AATAAGGGCGATGGTGGTCAT
RilvIH TCGTCGGCAATGCGCCGTAG
FilvBN CTACGTCATATGCGCTTTACCGGCGCGCAG (Nde 1)
RilvBN ACTGCTCGAGCTCGAAGAACACCGCAATTTTGT (Xho 1)
FilvGM1 CTACGTCATATGAATGGCGCGCAGTGGGTG (Nde 1)
RilvGM1 CCTGGAAAGCTTCAGCAATGACCCGC (Hind III)
Expressing primer FilvGM2 TGCTGAAGCTTTCCAGGTGGCAA (Hind I11)
RilvGM2 ACTGCTCGAGGGCGCGGATTTGTTGTGATGTG (Kpn I)
FilvIH AGCTGGTACCATGGAGATGTTGTCAGGAGCC (Kpn 1)
RilvIH AGCTCTCGAGGCGCATGATTTTATCACCGC (Xho 1)
: 95°C 5 min; 95°C 1 min, 55°C 1 min, Vo (
72°C 3 min, 33 ; 72°C 10 min PCR ); 1] ; KPP
pMDI18-T s E. coli DH5a apparent K, , AHAS
, 50%
, OMIGA ,
Ve =0, (1) K B
1.5 ilvBN. ilvGM #1 ilvIH EE i FiE 1.7 SDS-ZR A s Bt B A2 F ik
, ilvGM [15] [16]
Nde 1 R ivGM Nde 1 15%, TaKaRa
, ilvGM Protein Molecular Weight Marker (Low)
4 1 Expressing primer
PCR 2 ER54H
; PET29a(*) ; 2.1 ilvBN. ilVGM #0 ilviH & 95z ER
E. coli BL21(DE3) , 50 mg/L S
LB GenBank Klebsiella
50 mg/L LB pneumoniae MGH 78578 3 ,
,37°C 180 r/min ODg0=0.5, Klebsiella sp. HR11 ~ MGH 78578
IPTG 1 mmol/L, 37°C DNA AHAS 3
250 r/min , 0Oh 1h 3h . iWvBN iWGM  ihIH ( 1
SDS-PAGE Klebsiella sp. HR11 ~ ilvBN, ilvGM  ilvIH GenBank
1.6 ELilvBN, ilvGM FRilviH 3 BREF 3 1458 E FJ688008(ilvBN )
BN 7E FJ688009(i/vBN ) FJ688010(ilvGM ),
) FJ688011(ilvGM ) EU078623(ilvIH )
Bradford [13] AHAS EU086105(i/vIH )
, [14] Klebsiella

Vi= Voo (Vo—vio) /(IH[IVKP)(1), i

sp. HR11

AHAS ilvBN ilvGM
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ilvIH 1950 bp 1901 bp 2219 bp, 2.2 ilvBN. ilvGM #A ilviH EE #IFRIE
AHAST 11 1III : HRIl  MGH 78578  ilvBN
552/96( / ) 548/85  574/163 ilvGM  ilvIH pET29a(+)
Klebsiella , HR11 AHAS
pneumoniae MGH 78578 AHAS pET-BN(R) pET-GM(R) pET-IH(R), MGH
HR11 78578 AHAS pET-BN(S)
MGH 78578 3 AHAS , pET-GM(S)  pET-IH(S), E. coli
2 , ivVBN 8 , BL21(DE3), IPTG SDS-PAGE
; ivGM 11 , 8 , 2 IPTG ,
,3 s ilvIH , BL21(DE3) 66 kD
, , 3
ilvBN  ilvGM ;3

2.3 MERINEUREYREY AHAS [F TEsELIE A
bp k&

AHAS (
2000
3), AHAS
AHAS (
1000
) E. coli BL21) n 46
750
500 ( )’
HR11
1 ¥ HR11 70 MGH 78578 By AHAS = [F TEs & YBN ivGM MGH 78578
Fi ik L i HVBR
Fig. 1 Electrophoresis of three AHAS isozyme genes from , ilvIH ,
strain HR11 and strain MGH 78578. M: DNA marker; 1, 2, 3:
ilvIH, ilvBN, ilvGM from strain HR11; 4, 5, 6: ilvIH, ilvBN, ’
ilvGM from strain MGH 78578. s

F 2 B HR11#0 MGH 78578 B AHAS Bl T E RS EBRERM S
Table 2 Difference in AHAS isozyme genes at amino acid levels between strain HR11 and strain MGH 78578

Strain Large subunit of i/lvBN Srr;a;lﬂsvlgasnit Lar;gfe l;‘l}llbl_]; nit Smj?;:ﬁ:ll it
166 173 187 218 221 301 325 508 / 252 /
HR11 A T T P D S I A / P /
MGH 78578 S A A A E A N \% / S /
Strain Large subunit of ilvGM Small subunit of i/vGM
176 198 238 316 334 339 419 541 2 30 40
HR11 D K A R N T D A K Q
MGH 78578 A Q D C S A N S M H P

166 means the 166™ amino acid of large subunit of i/vBN from HR11 is A, while from MGH 78578 is S. / means no difference.

# 3 Bk HR11 1 MGH 78578 ilvBN. ilvGM F1 ilvIH Lk 77 bbES
Table 3 Specific activities of ilvBN, ilvGM and ilvIH from strain HR11 and strain MGH 78578

Strai Klebsiella sp. HR11 Klebsiella pneumoniae MGH 78578
train

ilvBN ilvGM ilvIH ilvBN ilvGM ilvIH CK
Specific activity [pmol/(mg-min)] 13.84 12.05 15.13 1528 16.11 15.30 0.35
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Ik EE

Fig. 2 SDS-PAGE of AHAS isozymes expressed from
pET29a(+) in E. coli BL21(DE3) cells. M: protein marker; 1, 2,
3: ilvBN, ilvGM and ilvIH from strain HR11 respectively; 4, 5,
6: ilvBN, ilvGM  ilvIH from strain MGH78578 respectively.

The expressed products were indicated by arrowheads.
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HR11 ilvBN, ilvGM

AHAS ,

AHAS
100 pmol/L
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KPP MGH 78578 AHAS
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KPP 20
HR11 AHASII

I K@i 15 16
AHAS
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3 AHAS

ilvIH
[3]

18 10 9

R ilvGM

Klebsiella pneumoniae MGH 78578 s

ilvGM

ilvBN

ilvIH
ilvBN
ilvIH

R4 AHAS HIFIFI 2 B FI % Bk HR11 F1 MGH 78578 AHAS [5] T B B il = 41

Table 4

. ilvBN
5 ilvIH

9 2-

, ilvBN  ilvGM
, ilvIH

( )
ilvGM

ilvGM
ilvIH

>

Inhibition effects of different AHAS-inhabitors to AHAS isoenzymes from strain HR11 and strain MGH 78578

Inhibition constant K** (umol/L)

E. coli BL21(DE3)
Metsulfuron-methyl

Chlorsulfuron

Imazethapyr

Flumetsulam

Pyribenzoxim

ilvBN (2.02+0.13)><10° (1.4840.07)><10*

gff{slielli“ iIVGM (1.742£0.18)><107  (1.34£0.01)>< 107
ilvIH (8.03£0.09)>< 107 (6.51£0.07)=<107°

Klebsiella ilvBN (9.4440.12)><10° (7.53£0.04)><10"°
pneumoniae  ilvGM (1.09+0.17)><107* (7.69£0.05)>=<107°
MGHT8ST8  m (8.4120.05)<10°  (6.76£0.02)=<10°
CK (8.93+0.03)><107° (4.37£0.08)><10"°

(2.53£0.11)>=< 107
(1.88+0.29)=<107°
(1.43£0.09)=<107*
(8.3240.13)><10"°
(9.72£0.08)>=<107°
(8.98+0.06)><10°
(1.12+0.08)><10°

(1.18£0.05)>=< 107
(7.37+0.03)>=<107*
(7.39£0.10)><10°
(4.97£0.12)><107°
(6.82+0.03)><107°
(6.34£0.01)><10°
(3.82+0.05)><10"°

(6.35+0.12)><107*
(5.53£0.02)=<107*
(5.92+0.02)><107°
(3.3120.02)><107°
(5.54+0.02)>=<107°
(6.05£0.07)><10°
(3.30£0.11)><107°
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Duggleby X-
AHAS #,
AHAS AN
ThDP Mg*"
wy» ,
, ,  ThDP
AHAS
ThDP , AHAS
[17-19] ,
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10~40
ilvGM \
20
S ilvBN  ilvIH
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ilvBN ilvGM,
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ilvBN ilvGM s 8
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173 187 218 301
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