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Haemophilus influenzae2| Acetohydroxyacid Synthase Catalytic Subunit
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Acetohydroxylacid synthase (E.C. 2.2.1.6., AHAS):= 9} ) 2] o}, &3¢ 0], 4] E- S-o| A F 4= o}u| Al F A] 7}A] o}n)
X AK(Val, Leu, lle)2] A §14d of] 3o 313= H A 5 S} o|w). Haemophilus influenzaed) o} 8t AHASS] 4 BAS
T3 3817] #9138k H. influenzae®] AHAS catalytic subunit -~ AHTIGR access code HI2585) 8 pET28a 18 &
of A4AIFI, AT BL2IDE)A C-ddo] 49| histidined ZE A2 DA SHAH T,
Histidine-tag affinity chromatography ¥ gel filtration chromatography & o]-&3}o] ghl gl Al 2 AA)sigich A
A st 42 AL | 15 mg/mI7tA] 55-0] 715815 AA R A9 EAgk-2 SDS-PAGE A7) 4 F
P& o] 8314 9F 63.9 kDa2] EA-& 3elstgl}. AHAS &4 842 discontinuous colorimetric assay -2
o] §-8}e] &4 814l o). H. influenzae AHAS catalytic subunit®] specific activity:= 3.22 U/mg ©] %1t} =8 AHASS]
#HA Y 29 pHE 747 37°CeH pH 7.50] o} AHAS .4 84 -2 buffer?] FF-¢] w2} o) 7} gl on,

7147} F7hgte] uie} B4 A= Fasig
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Acetohydroxyl acid synthase (AHAS)E RIS, ZTdo], A&
SollAl Z7HA Al obr=2HBCAA)]] Val, Leu, L8] T Tle9]
ATA ZHAo SlolA A HAZ #Hosle= Fholt(, 3).
AHASE 2879] pyruvate®} W35} valined} leucine A}
At 124 pyruvate$} 2-ketobutyrate2} W83t isoleucineS
ATH3). Btelzjol AHASE ©F 63 kDadl 2AHS /A
catalytic subunits®} ©F 17 kDa®] EAI#H-E 7FAl= regulatory
subunits”} heterotetramer®. T+ E o1 JTH3, 4, 7, 8). Catalytic
subunits 1 AT 2 AHASS] A4S YERNT, regulatory
subunitsS EAEA-S &3} A191H, feedback inhibitionol] Tod
3 STk AHAS7F 52 BAE 7R glsted maeldea)
FAD, ThDP (thiamine diphosphate), Mg»*S B8 =2 3ok, 3,
6). AHAST 21Eo|u A& EXlshe Ade 28l 524
© & ok AEo] EA5l AHASE Asiskes A8 7/
o] AzA et A7t Eia] R so] itk SR MY
AHASY gk AsfiA] A= A9 ojfolx=] &3 9t} HIE
AT AHASS &4 A2 HYT HellA BCAA o) A
ol x, SFMEIZRE o|zgt oln|ihs 48 4= vk
Zoll A, AT AHAS A3fAI7Y FAA ] s 448 4 ¢l
oar AZAE Q7] widolth alAe A Aol w2, A
4 BCAA d¥a71olF7t £F5ENA o] Al
dEixlon, g AZAZ LHTA sulfonylurea?} in vitrool Al
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dallg A7 AAE BYoh9). =31 3T AHASA gk AjE
T AEY AiAE FEY 2hgo] Baslolth o2igt AldE
FH, BT AHASE A28 A4 34 Gl g2 A o=y
F Ao} wEkd B G A AT vk gleigl Haemophilus
influenzae=FE] AHASS] catalytic subunits AZF ghld = o
el 2 3 AAsigen, A4 a4 9] tist 49
< TS olEfgt AT Vot IAAl B dAZ A e
A 2 ASA Al o] Fas FRE A Fstaa) )

=1
=

Mz 2 by
AHAS &8 E2la0|= &

Haemophilus influenzae Rd (KW20T55)2] genomic DNAE
FH o2 AMEE}AL, acetohydroxyacid synthase catalytic subunitol
#Fsh= F-HAKTIGR locus HI1585)0) S0}2|¢1 primerE ©]-&
3t PCR WS 73 §32K1.7 kb)E SEZ3IAT. AME-3
primer A8& T3 2ol 5-CAT GCC ATG GGC AAG
AAG TTA TCT GGC GCA GAG-3, 5-CCG CTC GAG GIT
TGT CTC CTC TTG AGG TTT-3. BE&E 2zt Neold} Xhol A
stEa AelE Yehdth S$%5F DNATE pET28a (Novagen,
USA) ¥E12] NeoliXhol AFHEAAFE ol AR AT el g ok
A& cZdol] hexa-histidine tage] Y= 3 B A T}

AHAS T =g CHE o Wi
T5%E AHAS ¥ Feene

il

WA % AT
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BL21(DE3)°] BAx3 271 & LB A(0.1 mg/ml kanamycin
FhellA 37°C =2 BBt 0D600 F357} 0.7 =2
3, 04 mM9| isopropyl-B-D-thiogalactopyranoside (IPGT)E
A7kslar, 18°ColA] HF Ft Bkt g daed
@,000x g, 10 minE 53 F, PBS &Aoo Ay,
-80°CllA 19 Bastgict.

AHAS M= crf&o| My

Wy HA3 gAes serzl F EFE4-A (50 mM
sodium phosphate, pH 7.4, 0.5 M NaCloll &7 #g At &
El-g-oflo] | mM2] PMSFE 0.5 mg/ml lysozyme, 0.5%(v/v) Triton
X-100, 20 mM imidazoleS 7}t &, A-2olA 30&37t v st
o AT AETHE L&A vk § 0°CE WAk, &5
i A7) 5 o83l £EH WS HYAZTh o=
B 94128](23,000 X g, 20 min, 4°C)& o83} AEHL&
2)3}5 ). Ni**charged HiTrap chelating HP % (5 ml, Amersham,
USA)S 20 mM9] imidazoleo] E3He H5-8-N-AZ HEP] A
71 & 9ol ZH|g AFEAL columnol EFHAIZATH o]0 40
mM9] imidazole®] E3hE 4FEHA (150 mDOSE columns
AHE B k=R B A imidazole F5 71&71% (40-500 mM,
% 50 mlyg o83l Ao FH AHAS HHAS BEAA
o} 829 gA e 3-8l B (20 mM Tris-HCL, pH 8.0, 0.5
M NaCl, 5 mM PB-mercaptoethanol, 5 mM EDTA)A ¥4 &
At & =43 thil A 488 Amicon Stirred Ultrafiltration
CellsS ©]83ld F=3l%t}. Superdex 200 resin (180 mil,
Amersham, USA)S column (35 cm)ol X931 FPLC (ACTA
Purifier, Amercham, USA)ll 34T Columns $H5-8-4-B
2 BEY3} A3, 55 dNAE columndl] FHEIL, H5E
4 BL | miml £=2 EFo], FEE 280 nm®} 460 nmol
A FAlOl F55he 99 £59S BElEsrh wels @
Ao 2 & 129 SDS-PAGES AHE-3t ERIsH .

M e

Rl Mgt
gl g2 595 nmollA] Bradford reagent (Bio-Rad,
Hercules, USA)S] ¥HH¢] Bradford assayS £3he] A4l Th

Ex~E8EH

H. influenzae®] AHASS] 844 S 9JaiA BAZE AHASS
discontinuous assay H'H-S 53t 84 £ AATQR). 37°C
ol A} 30% &<t 100 mM potassium phosphate buffer (pH 7.4)
9} 37kA] B&AH50 uM FAD, 1 mM ThDP, 10 mM MgCL),
71424 200 mM pyruvateS AHE3FA 04 pge] AHASS) 30%
B WheAlZl F 4N H,80,F FH7HEt 65°C 15 B¢ 4
8-S AlA FUT} 0.5% creatine?} 5% o-naphtolS ARE-31
65°ColA 158 F<9 ¥H8-A1Z] F spectrophotometers ©]-8-31
525 nmol A 2484k 1 Unit (umolminye o)A 71<&3
assay Z3A 1B 1 umol®] acetolactate= Agsh=H &
23 G400 2 Aoldi}
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AHASS #HA 255 ZFA37] H8te] 100 mM potassium
phosphate buffer (pH 7.4), 37FA B.2<%1A}, 200 mM pyruvate S
Hol Eulsicy. oA Ewl 71489} 04 pgo) TAAS E
e+ AL 10°C, 27°C, 37°C, 50°C, 55°CS] &% WajolA] zhz}
3054 B3-S A7l & spectrophotometer® AHASS S4%
5= SAs

AHAS®]l A pH ZAAl, pH 50°14% 2-(N-morpholino)
ethane-sulfonic acid (MES) buffer, pH 6.0-8.07}2]+= N-(2-hydroxy-
ethyl) piperazine-N'-(2-ethanesulfonic acid) (HEPES) buffer 17
I pH 90014 2-(N-cyclohexylamino) ethanesulfonic acid
(CHES) buffer® Z}7} Erlstart. 712845 Z42e] 100 mM
buffers EEIAL 04 pgo] ©fa-g ol 30837 vhE AlA F
T3 HslE SA3Th 13 AHAS 84l buffer} P13
FeFS dotrr] Yste] & pH 7.69 Tris buffer, HEPES
buffer 223 pH 7.62] Sodium phosphate bufferS |83t 7]
Agols Eeske) 2uld 5 Buids 08 5 WA &
A 958 2999k

a#js &8 71880 DMSO, acetone 12|11 ethanolS 2}
7y 0%, 2%, 5%, 10% 2 A7ksted Enlsta o] EgHg-ol &
MAG 308 B WSAIA ST WIS 34t a4 &
’39) Wslks ARttt

AHAS HH|

100 pg/ml kanamycin®] ¥.3E LBu|AA] I3 E FAE
z59 AHATE ste xELNE WEL, °]AS Nikel-
charged HiTrap chelating HP column¥} superdex 200< A}-8-3}
of wuld AR E 3 Th Specific activitys™ 322 uniymg2E
ol E. coil®] AHASII®} vs=3t3ict. 8t 12% SDS-PAGEZ
63.9 kDaol A} AHAS7} H-2] =8-S &1L o]21e] gA13
T 5 Q15 ThFig. 1). B3 o] E4E HU 15 mymZHA] F
it

Y

AHAS gd9| |8 25

H. Influenzae®] AHAS EAo] W]X|& ¥h$-25 2 Yolr 7]
95te] ZHzte] exoA AAE wlAg v AlZ L T = 37
°Coll A HA o] B4 Jepigla, Mg WolvHl w9 329014
99974 il A o] FAo] Zhadhe RE & I UATHFg. 2.

AHAS 4 %X pH

pH7} &40 vlXe J HH pHE Lokrr] $létd pH
5.0-6.0 ¥$= MES, pH 6.0-8.0 ¥$ol= HEPESE pH 8.0-9.0
W)olli= CHES buffers AMS-3ISATE. ThE AHASOIA 9} HIZ=3}
Al H. influenzae®] AHASS) &4do] pH 75004 71 =& &4
< YeRHRAE, pH 7.5-8.04 oA Tz o] EAdo] FA|HE
Ao FAEQ) AT pH7E 1 o]4te] WS HojuA =
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Fig. 1. SDS-PAGE analysis of the stages of the purification of the
AHAS III large subunits on 12% polyacrylamide gels. Lane 1,
Molecular weight markers; Lane 2 and 3, protein before induction
with 0.4 mM IPTG and after induction respectively; Lane 4, AHAS
from the elution fraction of Ni-NTA column; Lane 5, AHAS from the
elution fraction of gel filteration.
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Fig. 2. Activity of AHAS in H. influenzae. The enzyme reaction was
carried out at optimal condition after preincubation of the enzyme
solution at various temperatures for 30 min.

H 2] 98% ol el dAS T4 ZAE HATHFg. 3).

Buffer2| A&k

ZF & Al 714 bufferg ARE-SHES W AHASS] &4WEE
AR, TUE ZAPH 7.5) 8tollAl buffer T579 )8l
A 2ol F2l3lythTable 1). Tris buffer® th= HEPS
buffer} ©] AHASO| )3t FX =7} £9+7, sodium phosphate
buffer”} AHASONA 71 22 S48 B9t

718042 &3t
AHASS] &0 e F718u7t ofudt JIS w|Aex] &
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Fig. 3. Effect of pH on activity of AHAS in H. influenzae.

Table 1. Effect of buffer on activity of AHAS in H. influenzae

Buffer Activity (Wmol/min)
Tris-HCl 1.02x10*
HEPES 2.57x10%
Sodium phosphate 3.78x10*

Table 2. Effect of solvent on activity of AHAS in H. influenzae

Activity (%)*
Solvent
10% 5% 2% 0%
Ethanol 31.6 75.7 84.4 100
DMSO 554 74.6 88.6 100
Acetone 58.0 694 82.5 100

91t shows the activity which it follows in the ratio where the solvent is
included. When the solvent does not exist, the activity is 100%.

olH 7] ¥&ll ethanol, DMSO 1&]1 acetoned H7}8le] AL
SIATE 1 F3 8ule) FFolle AHEglol Enlirt FrkdE vle
o] FoHdFE Aol AAlEE e FISAL 10% 1ol
Z3HE 79 50% HE=S] EAE ERATK Table 2).

[

il

E A3 H influenzae’| ] AHAS catalytic subunits2 E.
coli| X DRAAH T o)5 At Axg vde o o
Bl2]o}2] AHAS catalytic subunit®} B]<€=8F =711 63.9 kDa2)
S T A SNEL A 15 mgmZtA 55
I Ae Hxe BIE ST AHASY specific activitys
3.22 unitymg .2 T2 AHAS M9+ vl=3t 43S BT A A
g AHASE o83l Ho 84 718 & Jde 98 28S
Rttt 37°Cel A 718 =& 2498 YERNE, 10°Co) 3ol
M diide] 2498 U] Z3lom sscoldellMe we
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25 = Qlele gl Aol BAS eloH R Tl Zajo] 4
2} pHS ¢13}7] 9)5le] MES, HEPESS} CHES buffers A&
3Tt pH 7.5904 718 & S48 Rl o] o2 AHAS
o] A pHS} HI=3 AEFS UYEMIITE HF pHESE Blo
A =R 543) daide] #do] Foles AL g1t
&Q1st pHEZ 3ol A sodium phosphate, HEPES 28]l Tris
bufferg Z12} ARE-SIS o @ F 9] &4 sodium phosphate
bufferoll A Hoff &35 VEhiIch 8 Hof 849& 7RE =
7 3lollA ThE &) &, ethanol, DMSOZ} acetone®] 7} HU
< o] B4 AxE EIStHeY] AHASS E4o] Hul
55%2 B4 445 Bo f71807 37 2 A SR 4
glo) &4 Z4AE By

B AFAA= H. influenzae®] AHAS catalytic subunit®] 27}
A B4 B4E 2ABKATE o3t a4 gt AFE doF
AHAS 5o} A4 ] glo] 712AQ] ARG AT F
Aokar 2o} =3 H, influenzae AHAS D EE 1w 7 3
BAE 4 317] wiEo] o= AHAS inhibitor screening =
inhibitor-protein T-3 7ol E-8-€ 4= Qltiw B}

HArel &

E Ay 20003 S8t T AT 72 A A 2ol o
Fo)7 AY(KRF-2006-311-C00402).
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ABSTRACT : Purification and Characterization of Recombinant Acetohydroxyacid Synthase Catalytic

Subunit in Haemophilus influenzae

Kyoung Mi Noh, Kyoung-Jae Choi, Joon-Shik Park’, and Moon-Young Yoon*
(Department of Chemistry, College of Natural Science, Hanyang University, Seoul 133-791,
Korea, 'INANO Mechatronics Research Center, Korea Electronics Technology Institute, Gyeo-

nggi-do 463-816, Korea)

Acetohydroxyacid synthase (E.C. 2.2.1.6., AHAS) is the enzyme that catalyses the first step in the synthesis of
the branched-chain amino acids valine, leucine and isoleucine. The AHAS gene (TIGR access code HI2585)
from Heamophilus influenzae was cloned into the bacterial expression vector pET-28a and expressed in the
Escherichia coli strain BL21(DE3). The expressed enzyme was purified by Ni**-charged HiTrap chelating HP
column. The purified enzyme appears as a single band on SDS-PAGE with a molecular mass of about 63.9 kDa.
The enzyme exhibits absolute dependence on the three cofactors FAD, MgCl, and thiamine diphosphate for
activity. Specific activity of purified enzyme has 3.22 unit/mg and optimum activity in the pH 7.5 at 37°C. This
enzyme activity has an effect on the buffer. When comparing the enzyme activity against the organic solvent, it
followed in type and the difference it is but even from the aqueous solution where the organic solvent is included

with the fact that the enzyme activity is maintained.



