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Xanthomonas oryzae pv. oryzae= SE{ aspartate aminotransferase
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The gene encoding a putative aspartate aminotransferase in Xanthomonas oryzae pv. oryzae (Xoo)
was cloned using PCR technique. The gene was ligated with pET-21(a) vector containing Hisé tag
and expressed in E. coli BL21(DE3). Affinity purification of the recombinant aspartate aminotrans-
ferase with Ni-NTA resin resulted in one band by SDS-PAGE analysis. The purified enzyme
showed a molecular weight of 43 kDa, as expected. The enzyme was the most active toward L-
aspartate as an amino donor, indicating that the purified enzyme is one of aspartate aminotrans-
ferases exist in Xoo. Optimal activity of the enzyme was observed at around pH 7.5 and stability
was much higher at alkaline pH rather than acidic pH values. The enzyme was considerably acti-
vated by the presence of manganese ion, showing about 157% of control activity at 1.0 mM.
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Aspartate aminotransferase(EC 2.6.1.1; Asp-AT)+= aspartate
malate shuttle 2 B|FF olu|iel gale)] #Aojdhs £33 &
&% shiolth Asp-ATE 4 89 ZF cofactord
pyridoxal 5-phosphate®] =292 aspartate?} ketoglutarate A}
°]9] transamination 7}¥HO® Zujsle]  glutamate 9}
oxaloacetateS 43P ZAAZH OS2 carbon nitrogen flux®)
- Fa3 #8-g 3

Asp-ATE= prokaryotic & eukaryotic A EA A o8] A
a7)HA SABIAL o™ AR T EFel Asp-AT
7} mammalian 7]%eA BAR D il SRS cytosololl A
& 3= mitochondriald EAE I QITHObaru =, 1986;
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Abbreviations: Asp-AT, aspartate aminotransferase; IPTG, iso-
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Juretic 5, 1990]. 21 &4 <] cytosol#} mitochondria ©]<]
o= plastid, glyoxysome, @ peroxisome S asp-AT 7}
WAE T JAoHGivan &, 1980; Ireland 5, 1985; Stephens 5,
1998; Wilkie 5, 1998]. 28 bacteria, fungi 2 &% 9] 1
AEel|A Asp-AT 7t 71538 A+Ho] $tHBartsch 5, 1996;
Verleur &, 1997; Nobe &, 1998; Birolo &, 2000; 2002;
Kim -, 2003; Hwang 5, 2005].

SHHOF amino acid aminotransferase= AFYZ O E ofu|:
Aikeke 7-elle AMGEY glekERl o g Aikshe
ot o8] AHE z2he 497t 2viHwang 5, 2005].
Aminotransferase & ©|-83%t ofu) =2t AYAE cofactor 7F
som Hg A4ge] %2 enantioselectivity B regioselectivity
EAE Holg 797 B2 ML Holi UtHTaylor 5,
1998]. Tigo] sl8} T4 ARE Hojahe AHIREY &7
AUA o] oy opuigl Aol o]t EhEe] A
o] o]8E ZoF = Y Hwang 5, 2005]. ©lH
A8E u)Fol| aminotransferase E-2 2FIZQ1 SHOM o}
"4k o] ol 71 o]l of|w UFE, ol FF F
9] olm A FEA AT o]&E¥o] 97 UrHPatel F,
2000; Ager 5, 2001; Stewart 5, 2001]. $+H T}E amino-
transferase®} VIRI7IAIZ asp-ATQ] 7S % AdHog wo] &
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|53 o L-phenylalanine asp-AT®} phosphoenolpyruvate
2 carboxykinaseE 351 phenylpyruvate 2 FE AJAkE] 2
UTHChao %, 1999]. L-aspartic acide= o1 2 <& 7u)g
o] UE aspartame A E o] ol%E herbicided] UEN
phosphinothricin 2 gulfosinate®] AJ4HBartsch 5, 199610 %
0|88 4 U2oH D-aspartatecl] 2|3t asp-AT2| 33} 7+
3joll A3} [Kochkina &, 1995] &hA 7are] 2% chaz
o] E FX 3}t WA L-aspartic acid & E3Hsle] Z=E o}
U=t A AJAo] 27138k 9l BE aminotransferasedl] .
o B g Hola it}

obp| At iARAE 712e] ZRE ofF] o]Ljol|m Ak
ol& 7FsdE guish] HsiIM= Asp-ATell tidk X|&39
77} 2831t} aminotransferase 52 BT} A o835 ¢
e o] B4 AP ERE AilEls gavit 7 x4
off thet Sold B Asls 54 5o ARt A 2= oo}
EAHOZ o]8g 4 Urh Wu S(1998) E.colPA &l
aromatic aminotransferase %! phenylalanine aminotransferase®]
712 Bo|4L& site directed miutagenesis HPHOE WA A
71 v} o WHAE Cho $(Q004)S Asp-AT9 718 Eo]4
< o A UE AR g AEE 7)1F Bolge Fasitt
mEbd gl FEk G2 o83k Aol 7|F Solye W
A AQlHen EXsie vle] A-s EAE APAE)
AslAM = Asp-AT 5 E2jd Eaol g 7]1A oy S
e RIF AlS FA = oo} g}

B A7 e AR a4axge s de Feduse o}
£ aminotransferased| HI|A] ATl oz Yr7+ B3 Asp-
AT € 97 e sisltt wekd XooZ FH NCBI 3
2} e3o] ARE uEoZ Agp-AT SHXE Falslal WA
A Fojzl AEer EAJS Hasiaa) g

X oryzae B W]YEA. Xoo(KACC 10331)= Korean
Agricultural Culture Collection(KACC)o A EFg ukglom
sucrose 5g/L, yeast extract 10g/L, peptone 5g/L, ¥ Luria-
Bertani miller(LB)[Sambrook &, 1989] Sg/LoZ ZA4% ujix
oA Bttt E coli DHSai= Xoo & FE £33 Asp-
AT 38 7] 29 ©185]%™ T7 RNA polymerase
FHARE BR8lL Q& E coli BL2I(DE3 )= 2819 §47¢
o] W) o]&EAUL E coli FFEL HGS o A
§ 3= LB wiX|[Sambrook &, 1989] & o]8-5kq wlds}
Act.

Asp-AT 3R] E2Y. Xoo #5 28°CllA 150 rpm)
S22 36AT T A" wjde & AR08 345
o} AA] genomic DNAE ‘4929 §32F £4 kit(Bioneer,
Daejon, Korea)S AR&3le] Eajsigiow —20°Ce]| BEsPHEA
HAE) AR Xoo 2 FEQ] asp-AT FH FHAE
NCBI -#-%2}-2-3(NCBI accession number, NC 006834; gene
ID, 3262455)% Frxste MA3ATE Asp-AT FHARE
polymerase chain reaction(PCR)Z #2371 5t sense

primerZA] S-atg tgt cct agg tca tgg tgg ttt ate-3'E 1AL
antisense primer =A] 5-caa tcg cga caa ccc acg cge aat
ccg-35 o83 £ s e His-6 A
Z% dmAS EY] 93t stop codon & AAINEH
primer € TR &t} PCR W27 94°CollAf 38 59t
denaturation, 55°CollA] 1% &<t annealing, 72°ColA 1% 30
Z =<9 amplification?] #-32 308 wkE3te] it &
ZE FAAE pET21(a) L& AE] AAA717] st N-
terminal®] A1ZF F-9oll Nde 15 FH8l7] 913 22 PCR &
A =515om olufl sense primerZA] S'-cat atg tgt cct agg tca
tgg tgg tt-3'S ©]L-31 3L antisense primer= 132} PCROIAI<};
22 primer & AME-3FH oW PCR 27 23Ut

o]¥A dojd PCR 4HEL Euldted pGEM-T Easy
vector(Promega, CA, USAP AFAIZ] vl E coli DH5a
Axol EFAe] W2 AUANHT FEATE Hwe
ampicillin(100 pg/mL), isopropyl -D-thiogalactopyranoside(IPTG;
0.5mM) % 5-bromo-4-chloro-3-indolyl B-D-galactopyranoside
(75 pg/ml) E FH-3R= LB agar HiX|O|A 37°C 272 E 24
AZF 59 viFERATh Asp-AT F32E Shdhes WEl= A
¢ plasmid #2) kit(DyneBio, Daejon, Korea)yS AHE-314
2a)d F PCR WY 2 DNA sequence FAjolelsle] 24 &
Ak ARlE Felstl. Asp-AT 3271 A44® pGEM-T
easy vector= Nde 1 € Sal 192 E3& A1A 4 422
FET F A 2L AREAER FUAR pET21(a0 2%
AFc) olgA TrEo)R AABEE pET-21-asp-AT 2 HH3}
k.

Asp-ATS] &3 9 Zdd F&. pET21-asp-AT+ E. coli
BL21(DE3) Al %o @248 A7 ¥ ampicillin ¥+ LB-agar
i Rlof| A wikslAnt. AEE colonys= 2 HAl wix]olA
Apon’t 0571 2 wi7kA] ujFe § 2T F2] Asp-ATE
271 AAsh 200 mLe] wiA]el HFsITE T AlZke] F71
ok o]F I mM9] IPTG & FH7FskL 25°ColA 50 pme] A
o= 12A7F FRF wikeT

i gAls dadeldd o8l 3as 7 458 AQ0
mM Tris-HCI, pH 7.9, 500 mM NaCl, and 5mM imidazole)
2 Aojrh MEES 722 &Fo07 T F g
o E TRAITIAL AAEEI(10,000xg 103)8] Wl <Js
NS Bt

Asp-AT¢] 33} A=viETe}ly £, 50mLe] €5 Ad)
0] zehlAS Ni(I) o] 2O F charge B3l 72+ SFdlog
Z74A7) HisbBind Resin column(1x10 ecmyl] E3A17ick A3
& 9589 BQ0mM Tris-HCL pH 7.9, 500mM NaCl, 2
80 mM imidazo)E I o]eIX resiond] AFH THAL
558 4F89(G0mM Tris-HCI pH 7.9, 500mM NaCl, 2
50-1000 mM imidazole linear gradient) S ©]-83} 0.5mL/
min®] B4 =¥ £x2 {E2A7|H duld BEE 3]st
Atk Asp-AT & FHidhe @id 28e SA asp-AT 2L
£ A6l FHsIT Asp-AT 2 Hopxl whlld BIE2
g2 gl C20mM TrisHCL pH 7.5, 200mM NaCl, 20%
glycerol, and 2mM EDTAYE o83l 4°CellA 12417 5
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FANZTE olFolA asp-AT w7t 7H8 B B3
st A719F A 2 2 Ass AEe s

Asp-AT] S284 334, Asp-AT E4F 5mM L-aspartate,
4mM oa-ketoglutarate, 150 uM NADH 2 0.4 pM MDH(9.0
UmL, 84 ¥hR-8 FHu)h)E {3k Tris-HCl(pH 8.0,
500 uL) &dollX BHEE =939t a4 wkee FEejd &
AE HA7IgomN AFBIISL 37°CoA 2087 HES o])3-
NADH®] 4tsle] w2 340 nme] 748 233k 1 unitd)
B4 FHEE I mmolmin® &4 ¥REEL WSl &4
o] Fo & Helsiirt.

549 st 2 PAE) vlAle pHY FF a4 WS
of vl pH &) SleiA pH 4.0-5.5& 50mMe] citrate
phosphateE AME3IT pH 5.5-7.0 2 pH 7.0-9.0& zHzt 7+
< F%59| potassium phosphate ¥ Tris-HCl $F8-98 AR&
B}, oje} o] &4 vk 93t AFgett t2A 3 F
B 92 A9} o] FE gaws 2o w GRS
Z43t}. pH Wshyt &40 gAY miXle JTE A3
37] fste] E2lE &4 EIG0uLye A2 TE g
SReH ol AREH $Fde] pH M= 3.0004 10074
Aot pH 3.0914 S.07HA= citrate phospharteZ pH 6.09114]
TO7HE potassium Ede T2)3L pH 8.094 10.07HKE
Tris-HCl €b2--& ARSI o]8A M2 gE g
= 8o ANRE(F 25°CpA FEE A7k gAI7E Bot
HEST o RS 2A3] sk 30ulE 35E
% Tris-HCI(pH 8.0, 500 uL)ol| thr] o] ol 71&d B
BA S o) 28 Asp-AT BAEE 243819t}

BAWYY HF 2= ¥ A, Asp-AT B4 nxE
25 A5 AP Y8l 2000004 507 AR TE
SO EA WS AR F EFE 34 @4s E2gYoez
o ZAEE

o

ol

il

o= T =
sl BAAG 15mL tbes] W& F 55°C E= 70°Ce] %
o] RESGITE AW FhAL sHo) 7HHoT AP 3

716} 84 . 9l s Bradford[1976]2) o] &
o #FE A Z bovine serum albumin € AMESIITH
#1718 (SDS-PAGE)S Laemmli[1970]¢] #FHe] mebr] 5%9)
stacking gel#} 12.5%2 resolving getS A28} Coomassie
Brilliant Blue R-2502.8 ©Z5-S A3t}

Asp-ATS] E.coli YojA 9] €@ ¥ &
of AUE asp-ATZ FE HU} FES o dulyS shrs)
7] A3t E. coli BL2I(DE3)IA &ubAQ) wjekzziel 2
tpm, 37°ColM wWigetn] IPTGE ol&3le] TS 3 33
AlZTh 2y Asp-ATe| 7 2 o) % 2
o A, A kitg o8 Axd g3 5 o8 /N o

117
76

ol
38
26

18

<~ 43 kDa

Fig. 1. SDS-PAGE analysis of the aspartate aminotransferase
originated from X. orpzae. Lane M, Molecular mass markers; lane 1,
crude extract from E.coli BL21(DE3) harboring pET-21 without insert
gene (i,e., vector control); lane 2, crude extract from E.coli BL21(DE3)
transformed with pET-21-asp-AT; lane 3, the Asp-AT purified by
affinity chromatography using the Ni-charged HisPBind Resin.

Moz ZolAg 353 A7 34 AL} o= AfellA
E4] 0.05 U/mg protein ©|3}2 &A= inclusion body7} A
e Aoz AAnt. webr fAlle 24°Ce] 24004 50
pme] 52 FFE Wisiien ol 27l B
02 dojdith €314 Asp-ATY &5 E2lv e A
Z% ez F3E 09 histidine 3719 ©EO 2 affinity
chromatography= H|2% HA =AU, Z=&3 Aol ¢
et NE oz A 2ehilE (specific activity; 0.13 U/mg
protein)S AH8-3le] 213l AZvlEIEY 2 EEle Asp-AT
(specific activity; 49 U/mg proteinye= < 3708 7132] specific
activity % E3E JERAITH

Affinity chromatography & &3t 84 @47 7P =&
28 #9442 B-mercaptoethanol & |31 7|9 5& Al
Tolem o 43kDa2] @ WM=E Jeh)T SitkFig 1)
B3k 22 band7} Asp-AT F-327F AR 7299k 284 &
2 A koA EHsHA v|aEo] 43kDao] ¥iE=T}
A9l Asp-AT F3d7te] 2 diZels & ¢ JAT) oy
3 B}Ee Asp-AT®] ORFZE HE {33 Exlaka A3
ZHS Aog Hol thi¥ld Fz7} monomerz FAE HL=E
FARHEth A A EA 9 Asp-ATE ojEut E4 & 80-155
kDa A% Asp-AT7}F 797 9Jol[Ryan 5, 1972; Turano
3, 1990; Taniguchi &, 1995] Xoo2| &9} B}y &
ZFolE Holil vk Fungus® UFQ)  Phanerochaete
chrysosporium A B2t T F79 Asp-AT9] 759 110 ¥
160 kDa®] EA}#-& W [Pireaux 5, 1995] & Ao 2
& A48 A E ZolE v vt Bacillusel A E2E
Asp-AT2] %= EAFE 42kDa®Z[Sung 5, 1990] Xoo2
Bao) BARE A9 vliszsht dimer YHIE SAishe ol
tar), A7) BaE o#] Asp-AT 52 U dimer?] &
BE Bole 797t BUth 28y F9el Ghcine max FA}
oA E2|3t Asp-AT:E monomer®] 730 EA1%F 2F 42kDa

ol
el
24



112 BHE - BHT - OPRE
Table 1. Activity of purified asp-AT for different amino acids with 120
a ketoglutarate as an amino acceptor. Asp-AT activity was assayed -
in the presence of different substrates and assayed under standard 2 100
assay condition ;
; — T 80
Amino donor Relative activity (%) E B
)
L-Aspartate 100.0 g 60 3
L-Cysteine 21.8 .g 40
L-Leucine 184 E
L-Methionine 9.7 & 20 (?—-O/Q/Q
L-Threonine 9.5 0 .
L-Glut?mlc acid 10.4 4 5 6 7 8 9 10
L-Proline 49 .
Glycine 3.9 Incubation pH
L-Valine 7.1 Fig. 2. pH effect on the asp-AT activity of X. oryzae. The reaction
L-Phenylalanine <1.0 mixture consisted of Tris-HCI (pH 7.0, 100), 5 mM L-aspartate, 4 mM
L-Tyrosine <1.0 a-ketoglutarate, 150 HM NADH, 0.4 uM MDH 9.0 U/mL of assay
LT h < volume) and appropriate amount of the purified enzyme. Maximum
g ryptol? an L0 activity was considered as 100% activity, equivalent to 45.3 u/mg
L-Isoleucine 45 protein. Each point represents the average of three experiments.
L-Glutamine 29
L-Serine 3.2 . N =
L-Arginine 28 HE AF] A3l pH 4.09014 9.07kK)9] ME T}E pH =
L-Lysine 5.1 ZdolM 54 BYEE SN THEE. 2). H4 4= pH

< YEPNAL o™ [Stephens 5, 1998] Lerishmania mexicana
oAl EZlE Asp-ATe] B9LTE 45kDa®) 21| monomer
TZE o] F3 Joi[Vemal 5, 1998] & AHA £33 Xoo
o] B}t 4T3 visdt A3E HoFy vy 8oz
Asp-AT®] 2% 9 subunit FEI7} AEA 2] S0 wat 2 3}
°ol& JERIZ e Aoz dgdn)

714 5ol 49, EulE 9uEe] 71d Bole AFsE)
flete] Asp-ATE MZE TS LY opn|Abe 71d= sl &
& ¥R A7 3 &4 S4EE vlwste] BYTHTable 1).
Hojo] T4 YAHEE LaspartateE AREI0S o] Vepton

B ol ttRT §4 AT o)7) ZA JeRdaL o]
2 AFAM st 847 Asp-ATYS I 4 Yt L-

leucine B-3= L-cysteinedl] TI3lodA = o= Az FATHL
YeRfo] Tt o) 184 € 14.6%2] &4 BAEE 247 ot

ERHSL lvt #e)E &4 L-phenylalanine, L-tyrosine @ L-
tryptophan & WS op|Atel] tisteiME vlg- ke g
S Jepided ol e A BacillusA] Ea)e
R2[Sung &, 1990]9F v ARE Holw vt IH
Leishmania mexicana®|A 2%+ 4+ PHY3 718 BolA
YERN I phenylalanine 2 tryptophanol] thale Ad3st &
A EE ERH [ Vernal 5, 1998] Xooo] &4} thE Ax}
Ho|al gt} YwtH o uAEA Eeldt aminotransferase
AT B4 B4 Hole At Be Aes AT
S HReview, Hwang 5, 2005] £ Adox B3+ Asp-AT
= A F2 199 71A Bolde Uehix ¢tk s 2
oM el Asp-ATSF PIRZHAIRZ Bacillus®) asp-ATE L-
aspartate ©]2]o= L-cysteinedll= A3t &4 w88 Kol
Jol & A vgt AsE RoiF3 o Sung 5, 1990].

33 pH ¥ pH A, Asp-ATS] Aol WX= pH &

far o b o

7.5 294 eEhtem pH 10098 ZAME 43 A
FAE] 62%E EATH FHEQl pH 6.0014E 47%] F4
s JERNYS pH 4.0004 = v$ W& a4 BYeE
UERHAL Sttt ol¢} 7] AAHoE & of A pH Hrilke
oF AN pH AN 2 B& a4 FHEE Yehig]
o o3t A= YR Bacillus®] Asp-ATSF W|5:3 AFHE
HolZ 9JtHSung 5, 1990]. B3 fingus®] UEQ1 Leptosphaeria
michotii®] Asp-AT= pH 7.5 2AA #HF 4L vepfe
Aoz W% o] [Romestant 5, 1989] & AFol| E&d asp-
AT} 333 UX® 598 veRl Qlt 3R AEA9 F
I £72 ghcine max®] Asp-ATe] 7495 4338 42y =
7191 pH 85-10.5 FxolM HH BP=E Yeplle ZoE B
2% B2}t dvhStephens 5 1998]. THH AF-2] Asp-ATE ©f
¢ AL W99 HA pH HWHE vERfo][Reynold &, 1981;
Griffith 5, 1989; Turano 5, 1990; Yagi &, 1993] H| =24
W W99 A3 pHE VYERE Xoryzae®] asp-AT9} H|alE
3 Yk

Asp-AT2] Al WX pHe &35 o8 pH ‘EHolA
ZAbeE HlaA Sk A7 8AIZE Bk A2 o) F

ET 84 €45 o2 @4EE AR A3} Fig. 3

3} 2t} Asp-ATS] o] G=E kg oz 4 pH Hile
&z pHolA sl =4 el Qluk pH 8.091A Asp-
AT 7} 7K e¥8k Zos vehta 9o pH 100004 % 3
o FAEY 81%7F e itk 2HAT pH 5.002 X
Aol A GA=9] 48% 7HETho] Yepda Qi) o[EA
e 7MY g G4 P Xoo ZHE EEgh
Asp-AT 7} &) 270] Q75+ &4 vhgoA Algs}7|d)
APE Aoz F2HT gt

A &x 2 4 A FElE Asp-ATY) HF a4 A
SEE A Y8l B 84 AR 9 2dM 2=
tE2A &4 BA8E SIS THFig. 4). Asp-ATE 35°C

Lo
i=3
fa
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120
100

Residual activity (%)

3 4 5 6 7 8 9 10
Storage pH

Fig. 3. pH stability of the purified asp-AT. The Asp-AT preparation
was suspended in different buffers having pH ranges from 3.0 to 10.0;
50mM citrate phosphate buffer for pH 3.0-5.0, potassium phosphate
buffer for pH 6.0-7.0, and Tris-HCI buffer for pH 8.0-10.0. After 4 h
standing, an aliquot was withdrawn, and the Asp-AT activity was
measured at pH 8.0 under the standard assay condition. Maximum
activity, at pH 8.0, was considered as 100% activity equivalent to 37.9
units/mg  protein. FEach point represents the average of three
experiments.

120

100
80 1
60

4-0E

Relative activity (%)

20

0

20 25 30 35 40 45 50
Incubation temperature (°C)

Fig. 4. Effect of temperature on the asp-AT activity of X. oryzae.
The Asp-AT activity was measured at different temperatures under the
standard assay condition. The maximum activity was observed at 35°C,
thus this activity was considered as 100% activity, which was
equivalent to 36.4 U/mg protein. Each point represents the average of
three experiments.

i}

Hz BAEE eI v B e 2uoA A
5 28 34 BAEE Vel FF 2xRt 3R =
50°Ce] &% 2N = Hu) BAx] oF 75%2 FA &
EE Yepilon 250ce] 2% &zﬂoﬂ i% oF 65%°] &4
=S %EM%%E} welE LA e
= 70°Ce] 2
= WRle=m é—iﬁéﬁ}?ﬁu}@ig 5). 2% T FAY o) F
55°C 2 70°Ce] 2% Aol st o AT % 474 78%
2 64%2] BAEE JeRUTh 28y 308 F
olFoll= Ztzt 55 E 34%2] o] YHEE UrEM;’iE}.
Asp-ATS] A=Y n)xXe Fo|& A3} Asp-ATo)| D&t
o7 7 2} %0102 E 1.0mM) EAIEIN 4 84
£ 34 3= Table 29F 2t} oj7] 27} Yol 011*1
Mn*& 4L A3 mol= 3= Jehidsr iz
o ¥3led 125 2 157%Z2F 02 2 1.0mM)S] & w*t

o}t‘ fo oft 2

b ey
rlo
[
il
o°

ol

120
g 1000
2 80
3
S 60
]
>
g 4 5
¢ 20
0

0 5 10 15 20 25 30

Time of heat treatment (min)

Fig. 5. Heat stability of the asp-AT from X. oryzae. The enzyme
preparations were heat-treated at 55 (-(O-) or 70°C (-A-), and each
aliquot was withdrawn at an interval of 5 min. The residual activity
was then assayed under the standard assay condition. The initial
activity (the activity without heat treatment) was considered as 100%
activity, which was equivalent to 35.0 U/mg protein. Each point
represents the average of three experiments.

Table 2. Effect of divalent cations on the activity of the purified
asp-AT. The enzyme reaction mixtures were added with divalent
cations and assay was performed under standard assay condition

Relative activity (%)

0.2 mM 0.2 mM 1.0 mM
Control 100 100 100
Ca* 105 114
Co* 78 67
Mg* 124 132
Mn* 125 157
In* 97 78
Cu* 84 74
£ Yehiolt. Mg” ol o= el A2 34 4 A
&8 UERSle™ Co*, Zn™ B Cu?' ol 238 i
=
=

d4E dAlske e eI Mool 93 B &4
2 Hyalomma dromedariiiMohamed 5, 20011 2 Lupinus
albus[Martins 5, 2002]°14 E2]gt asp-ATS} 22 A5

(R

e Utt. T Ruditapes philippinarum®] E45 Cu®t o)
2o 93l A3l WA koM [Blasco 5, 1999] £ AP AL
H Xoo9] Asp-AT} "t A3E vepiar Sl
= =
XooZ K| aspartate aminotransferase2 4% RS

Egh o SEAA e A48 AT BElE #

2= His6 pET21(a) <ubAlol AUAALH E  coli
BL2I(DE3) A @At AZEE  Asp-ATE  affinity
chromatographyZ- ©]8-5l] E2I3195.2™ SDS-PAGE H-2{ol]A]
43kDa2] 9 W=F e £2]¥ E4% amino donor
2] L-aspartatedl] théle] EABHT7F 7P =337, L-leucine
2 Lecysteine®] thsliM = et S Vepiloh g4
o] HA pHe oF 7.5 ZAM Yl 4] gL At

A& Brhe @ 240 "4 23T #HE 2nwE o
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35-40°CE YERL. 55°ColA 2087 E2)2|5h o159] o] &
A= oF 78%2 UERITE o8] S5 FoA w4k o)L
o3l EaFAdo] &=

Key words: aspartate aminotransferase, Xanthomonas oryzae
pv. oryzae
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