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Haemophilus influenzae| Acetohydroxyacid Synthase Catalytic Subunit
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T 3}7] 918l H. influenzae] AHAS catalytic subunit -f-3 AH(TIGR access code HI2585)= pET28a ‘13 ¥ g
o AFYAIF R, dAT BL2I(DE3)SIA C-Ede] A= histidines ZE A= SRR L AIZ 1L,
Histidine-tag affinity chromatography 4 gel filtration chromatographyS- ©] -$-3}e] ©d i 2 A )| 3} 5 o} A
Asle] AL il ) 15 mgmI7HA] 55 0] 73 A Al © oA o] Bxl3-2 SDS-PAGE 37] 9%
B & o] 83} ¢F 63.9 kDa2] EA}eFS &<l s}t AHAS £4 342 discontinuous colorimetric assay B S
o] &3} &A 3} T}, H. influenzae AHAS catalytic subunit2] specific activity:= 3.22 U/mg ©] ¢l o). =3 AHASS]
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Acetohydroxyl acid synthase (AHAS)E VA=, &3], A&
SoA 271A A ol AKBCAA)R] Val, Leu, 133l Iled]
AR A oM A HAR Fofste aio|t(, 3).
AHASE 27419 pyruvate®} B33} valine} leucine= 4433}
AW 1329 pyruvate®} 2-ketobutyrate$} HF3-3}] isoleucine
A33th3). vHElElol AHASE oF 63 kDa®] HAES 71A&
catalytic subunits®} ¥ 17 kDa2] FA}H2S 7}X|= regulatory
subunits7} heterotetramer= T+ o] U TH3, 4, 7, 8). Catalytic
subunits> 1 AA|WEO. 2 AHASS] &3-S UERNH, regulatory
subunits> EAAS- A3} A]F1H, feedback inhibitionol] ¥
Skl ltk. AHASYE &4 848 7HA7] I8t B2 A4
FAD, ThDP (thiamine diphosphate), Mg> & B R Z 3Hi(, 3,
6). AHAST 2ol rllEo) EAlee A= g8 T2l
© 25 & glok A2 EAIsks AHASE Aslste o8 &7
o] AzAe tigt A77F EEs] = o] gt AN Bt
AHASO| tigk AsfjA] A= A2 o] Folx|A] &ar QUt). HIE
WA AHASY] B4 A= B oM BCAA F4o] A
FEox, SFANEZRE o]H3l opuiedks F58  Av=
HollA, BT AHAS AAI7}F dAA| 9] s 388 4 ¢l
ok A7 Q7] wfiolnk. AT H ATl wEW, A
o|A] BCAA FF87Ho|F7} SF5EAA A7ge] JAHo]
dHF oM, 250 AZAZ LHA sulfonylurea”} in vitrool Al
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St 38 AAIE BATH9). 3 23T AHASO) tigk A=
Age] AAE Fas] 2-g-o] HarxojFt), o]|g AR R
FH, B AHASE AE2 3484 382 Thild 2 wol5Y
T AT} A £ A7ilxe A BreElolR]l Haemophilus
influenzae2FE] AHASY] catalytic subunits- A2 @@= t
Ztoll A dd B gAleIl e, H2 a4 S g A
< FHEIA o] g AT vt IR 313 T = A9
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Haemophilus influenzae Rd (KW207)2] genomic DNAE
F3 0 F A3}l acetohydroxyacid synthase catalytic subunito]]
HDsl= F-HAAHTIGR locus HI1585)00 E-0]221 primerS- ©]-&-
3l PCR WO a9 F-12K1.7 kb)E SFH3ITh ARSS
primer A 9& T3 2t} 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. 2&L& 217} Neol} Xhol A
Stah A2lE Ueldth SZ%F DNAT pET28a (Novagen,
USA) W1 9] Neol/Xhol Agta A2l AQAATH LEE tha
A2 el hexa-histidine tage] = 3 THAZ FAAT
AHAS M= & cH A o

T=% AHAS 2g ggT 5 AEQ
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BL21(DE3)o] F&AR% A]z1 & LBHIA](0.1 mg/ml kanamycin
EZhellA 37°C =2 w3ttt 0D600 FE=7 0.7 =2
3hH, 0.4 mM2] isopropyl-B-D-thiogalactopyranoside (IPGT)S-
I, 18Co a1 59 el dige A
(4,000 x g, 10 min)2 3|43 & PBS &Ho=z A3},
-80°Col A 12 B3l

AHAS X =8} CHefE of Fx|

WE Bagh digds slsAzl F 4E58d-A (50 mM
sodium phosphate, pH 7.4, 0.5 M NaCl)ol] £+ dgA1zY. &
8- 1 mM2] PMSF, 0.5 mg/ml lysozyme, 0.5%(v/v) Triton
X-100, 20 mM imidazoleE H7FF §-, A-&oA 30:23T vl s}
of ot MEES AT ¥ - 0°CE WAL, &
1 B 7]E ol&ate] 8EH ks sfAIFT dEf o
B 9A1E-8](23,000 x g, 20 min, 4°C)Z ©]-83la] AE-S
239}, Ni**-charged HiTrap chelating HP A 3(5 ml, Amersham,
USAYS 20 mM2] imidazoleo] ¥3HH =gl Ag B33} A
21 3, flollA] F8lg AF5AS columndll EFAIZTE oo 40
mM€] imidazole®] X3E &FEA-A (150 m)SZE columnS
A & =8N A0 imidazole F% 71271 (40-500 mM,
% 50 mlyS o]-g-3to] Heel| Ate AHAS THAS §EA1H
o} 829 vhilde 9k=8ol B (20 mM Tris-HCIL, pH 8.0, 0.5
M NaCl, 5 mM PB-mercaptoethanol, 5 mM EDTA)A] §A] &
A §, A% ol 8d-8 Amicon Stirred Ultrafiltration
CellsS ©]&3l] FZ3FATE Superdex 200 resin (180 ml,
Amersham, USA)S column (35 cm)oll |3 FPLC (ACTA
Purifier, Amercham, USA) AZ23}4th Columne $H5-8-9-B
2 JFs} A7), 5T dAS columnol] FY3EAL, -8
H-BS 1 miml £E2 F#fF0], FFE 280 nme} 460 nme]l
A B0 Frate gele) 82 BT, B W
WAL = 3 12% SDS-PAGES AH&-31o] 21513t}
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A A2k
ol e 595 nmol A Bradford reagent (Bio-Rad,
Hercules, USA)2] ®H <] Bradford assayS 531 273134t

r
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H influenzae®] AHASS] 84345 $1314 A AHASE
discontinuous assay WHS F3l] &4 48 SFATQR). 37°C
oA 30% B2 100 mM potassium phosphate buffer (pH 7.4)
9} 37}A] HZQ1AH50 uM FAD, 1 mM ThDP, 10 mM MgCl,),
712224 200 mM pyruvateE AF8-31¢] 0.4 pge] AHASS} 308
Bk ¥EEAIZL ¥ 4N H,80,5 7Kt 65°C 154 B3t &
W3-8 AlA FATE 0.5% creatine™} 5% o-naphtolS ARE-5}e]
65°CollA] 153 B3 WH3-A1Z] = spectrophotometerS: ©]-8-3}1]
525 nmo| A A3} 1 Unit (umol/min)= $]ollA 7]&3H
assay =3P 139 1 pmol®] acetolactateS AA3sh=t] =
Q3 grsoz Holsit)
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AHAS®] HZ& -5 ZAA3}7] Y3} 100 mM potassium
phosphate buffer (pH 7.4), 37}x] EZR1A}, 200 mM pyruvateS
o] FHIgt), o]FA FHlg 71AE AT} 04 pgo] THAS &
3 AL 10°C, 27°C, 37°C, 50°C, 55°C2) 5 W3l zb2)
3084 HH-3-8 A1Z] & spectrophotometer® AHASS] S3= W
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AHASS] HZF pH ZHA], pH 5094 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 ~1Z]
3 pH 9.0914% 2-(N-cyclohexylamino) ethanesulfonic acid
(CHES) buffers 2}z} 018199t} 712-8A35} 242ke) 100 mM
bufferS EHSIL 0.4 pgol SHEE Wol 3027t ¥ke- A1 A £
5 FFE HstE SAsIqnh 3 AHAS ZA40) buffer7} ]3]
T FTFS gobny] 9I8te] 2L pH 7.69] Tris buffer, HEPES
buffer 2237 pH 7.62] Sodium phosphate bufferS- ©]-&3}e] 7]
A8y} Egste] FHIgE § did 308 St REAIA F
5 8EE S4sh

ag]a £3F 71848 Ho DMSO, acetone L2]al ethanolS- 2+
Z} 0%, 2%, 5%, 10% & H7}fsle] Fvlslal o] Ekgole)
WAL 308 BU WSAA RS WBE S4sel 5k B
o] wiske ulngic.

AHAS M|

100 pg/ml kanamycin®] 3% LBuJX|AA THE T4 S
&9 A YE st 2ELALS WEL, o] AL Nikel-
charged HiTrap chelating HP column¥} superdex 2002 A}-&-3}
o @A HAE 3T} Specific activity™ 3.22 unit/mgO. 2
O]3= E. coil®] AHASII®} RIS=EIAT) B3 12% SDS-PAGER
63.9 kDaollX] AHAS7} 2] a5 ERIsHAL o] 3o AAA
EE RIS tHFig. 1). T3 o] &4F H 15 mgm7A] 5
=3kt

AHAS M9| 2| X 25

H. Influenzae® AHAS Ao H]3= WL S golH v
98t zHzte] emollx] FAlE Tl AS WA 1 F 37
°CollA] 2 9] S YEPRIAL, SIS BlofuAl ¥1 32%°1
99%7HA] Tl o] ZAo] ZHadh= AL B 4 AITHFig. 2).

AHAS 4 =X pH

pH7} BA4oll A= F&F HF pHE goli”] 91t pH
5.0-6.0 M= MES, pH 6.0-8.0 H$]ol= HEPESE pH 8.0-9.0
2o = CHES buffers AH8-3151T} T2 AHASOA9} HIS=38}
A H influenzae®] AHASS] o] pH 7.5904 713 =& 24
< YEMIRIAL, pH 7.5-8.0/ 0ol A= Tl o] /o] A==
Ao 2 SIS AR pHYF L ode] HM9E BlouA &



Vol. 43, No. 1

5

Fig. 1. SDS-PAGE analysis of the stages of the purification of the
AHAS TIT 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.
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Buffer2| &f

Zt o Al 71A buffers AHESIAS Wl AHASS] SWsE
AH R FAS ZAPH 7.5) dlollA buffer E57ol thale]
g Aol 21 tH(Table 1). Tris buffer® Th= HEPS
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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 (Lmol/min)
Tris-HCI 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 75.7 844 100
DMSO 554 74.6 88.6 100
Acetone 58.0 69.4 82.5 100

3t shows the activity which it follows in the ratio where the solvent is
included. When the solvent does not exist, the activity is 100%.

o}1 7] 3} ethanol, DMSO 1] 3L acetoneS H7}ate] &L
stk 1 A= 0] FRells Adaglol £ui7t Xrkd wlg
o] FoAFE EAo] AAlEE RS RIS 10% o)/del
234 A9 50% J=2 A4S YERN AT Table 2).
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B AN H influenzae|*] AHAS catalytic subunits<- E.
colid| X WEAZIL o] & AT Az dde b |
Hlglol2e] AHAS catalytic subunit®} B]S3 27191 63.9 kDa2
A 7o A 9de Hd 15 mgmbA] $58
I AL Axe &=L 7HH Y. AHASS| specific activity=
322 unit/mg® & TFE AHAS M9} B3 23S Ho). A
g AHASE o]&ste Hdl 84S 7H &+ e o2 2108s
15 37°ColA 7HE =& A4S YERILAL, 10°Co]3lell

M Bude) B4 UerlA 2308 sscoldelis g
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L= QS| U] 3448 ol o) Tl E e H3F
9] pHE &818}7) 9J8te] MES, HEPESS} CHES bufferS AM&
BIATE pH 75904 7F8 £& A4S B o= THE AHAS
o] HA pHe} HIszg AES UERISITE A pHESIE Blo]
Al A F43%] thilde] o] Eolte AS SIS
813 pH=Z 3ol A sodium phosphate, HEPES L]l Tris
buffers 22t ARE-3FA-S W DA 9] E-d-2 sodium phosphate
bufferoll Al o 2435 VEISlth =8k Hd S-S 7 =
A 3lol|A Tk 8] =, ethanol, DMSO¥} acetone®] 7} &3
< wo] st AEE RIsd =T AHASY &< Hu)
55%] &9 S Bol f718v7t H7h 2 AS SRl 4
Slo] &4 A4S B

B AFNMNE= H influenzae®] AHAS catalytic subunit®] 27}
A 84 BEAES ARG olggh B4 tig d7e o=
AHAS 503 AaljA| 7ol 9lo] 71224 ARE AT
Johar Bo} 3 A influenzae AHAS TR ES 312 o3k
AAE 4 Q7] W7o YO E AHAS inhibitor screening 2
inhibitor-protein T+ <17] &-8-2 4= lrjar B}

IR

£ A7 2006 St AT 712 A7 AR Lol <]
3] o107 2 (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, '"NANO 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.



