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A gene encoding an alanine racemase in B. pseudomycoides was cloned and one (Cys316) or both
of two cysteines (Cys316 and Cys365) was (were) substituted with alanine. The cysteine (-) alanine
racemases were expressed in E. coli BL21 (DE3) using a pET-21 vector. The expressed enzymes
were purified through affinity chromatography using 6xHis ligand. The purified enzymes all
showed major one bands by SDS-PAGE analysis, corresponding to 46 kDa. The cysteine (-) alanine
racemases as well as the wild type enzyme showed alanine racemase acfivities, indicating that the
enzyme is an alanine racemase and the cysteines in the enzyme may not be involved in the
catalysis and/or substrate binding. Thermal stabilities of Cys (-) alanine racemases decreased
considerably and half-lives were 26 (wild type), 21 (C316A) and 18 min (C316-365A), respectively

at 60°C pH 8.0, suggesting that cysteine is considerably contributive to the thermal stability of the
alanine racemase.
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SHAAS dol=dHueE o RIA7F A9k Clostridium
symbiosum®]  glutamate  dehydrogenase[Hamza &, 2007]%}
Drosophila®] acetylcholinesterase[Fremaux %5, 2002]9] 73-%-o
free residual cysteineS A7t A3} Tl & QFgAo] F
thE$e™ E coli chorismatelyase[Holden 5, 2002]¢} bovine
serum  albumin®] A $-oM = free residual cysteine©]
aggregations &3 Al7]= AoE dEAHMilitello 5, 2003].
Xenopus laevis®] superoxide dismutase= T dimer Ale]o]
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[Patti 5, 2000]. -4 o]¢} W= Nagano 5[1999}> whifad
9] A BA2 F3le] free residual cysteines hydrophilicgt

fFreAse redox,
nucleophilicity % &4 §h&- 5 A27[x] Agst 5L viEr
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’d4 BT hydrophobic 428 Uehlo] Met, Trp, Tyr 53
EEo] hydrophobic clusterS ©]F= A7) 2oz B3k
o}, o|9} vIdt =22 Aspergillus saitoi®] 12-o-mannosidase
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free residual cysteine2 THE <] ;ksle} HAHE|o] aggregation
2 7e} B E E3AZ = 3 §HE hydrophobic
interactiong -3l @29 sl 71 = 9t} wh
24 free residual cysteineo] THHEL] <3l nXj= g
tietode &9 AF7E Ba s} Cysteineo] THjde] 334
4 329 A Bl mRle 9% T Age g 7
Z ofdle BE wuZe] sl g g vA FE )
< Y 7z AEZ AT 5 o
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#+F 2 g, B dFol A& B pseudomycoides
(KACC 12098y Korean Agricultural Culture Collection
(KACCPIAM Bg wiokth I5 beef extract 1.0 gL, yeast
extract 2.0 g/L, peptone 5.0 /L 2 NaCl 50gLE AZXA B}
A& o]&3td wS3IATt. E colis tryptone 10 g/L, yeast
extract Sg/L 2 NaCl 10gLoE AW HiRld] A3s =
o YA S B3l vl 39Tt E coli DHS&= BacillusZ
58 &8¢k alanine racemase FAAH] cloningel ©-&FH L
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Alanine racemase §-H%+2] cloning. B. pseudomycoidess
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g3t A9} genomic DNAE #2131t} Alanine racemase
FHAH AN E NCBI AR 8(NCBI  accession number,
ZP004151017NC, GI228991111)S ZHE3te] £ 2go] A3}
%t PCRe] W'HO 2 alanine racemase FAAE sl ¢
8] sense primer=A] S-atgagttcgagatatggaaga-3'S 18] 3L

antisense primer=A 5'-ttgtttcttaatataticac aac-3'E ©18-3% .
FEEe e SEUEM 6xHis Y SHEE e
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¥ ¢t annealing, 72°CollAl 14 30 5t amplification®]
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(adaptory& 528171 $13F 23} PCRE AE8Irh oldf sense
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primere 1X} PCROA S} 22 primerE AHS-319.2 PCR &
A% sk} o]gA dojxl PCR AH& £t pGEM-T
Easy vector(Promega, CA, USA) AEAZ th&sl E coli
DHS5o. AZ9)| transformation A|Z T} Transformation® E. coli
+ ampicillin (100 ug/ml), isopropyl B-D-thiogalacto-pyranoside
{dPTG; 0.5mM) % 5-bromo-4-chloro-3-indolyl B-D-galacto-
pyranoside(75 pg/mL) & Ffdhs A wixolA wid sisich
Alanine racemase FHAE Fi3ke HElE 4YE plasmid ¥
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22 l(50mM Tris-HCI pH 7.9, 500mM NaCl, @ 50-
1000 mM imidazole linear gradienty> ©|-83}d 0.5 mL/min
A -9 2 §E3A7Y did B3g 35 st
Alanine racemase® $fdhe Wl BEE 84 $YEE 2

® =

o

o i o M

B4 BT P B2 £8E ojsie AUdE B4 ¥
71 Aghet 482 s

Alanine racemase®] EA8AY A, AL TE 4]
{Ie &4 ¥ S0mM Tris-HCI(pH 8.0), 30 mM2] L F=
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Thiol specific reagent®] X &]. N-ethylmaleimide(NEM)=
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Alanine racemase®] E. coli Wolxe] @@ & oid e
Wy wEle ArYE wild 2 cysteine(-) mutant2] alanine
racemase TAAELS SFHERA E coli BL2I(DE3)E ©|%
So] TAES o BN LW £ colid] o)
FzAQl 37CY ZACRE 200 pmeR WiFste] EehiHE
sy FAFALE 243 A3 S3A (inclusion body)7t
e Aoz AAEA. mEbA gl 25°Ce] 204
100 rpme] &2 ¥ad A8 widsislon oj#d 2
A gaid A S AE 4 ek &34 alanine racemase
o] &dele g Axd 2 FAE 6719 histidine
2719 mgoE zisiagvtEd el dste] Hluwd A &
gElc. FelE v REFA ad St P
HEES B-mercaptoethanolZ X3+ o 7|9 5E A3t
Atk Fig. 1914 H& 88} 2] wild type, C316A, H
(3163654 BF T8 @Y =g vy BAFE of
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Fig. 1. SDS-PAGE analysis of wild type or Cysteine(-) mutant
alanine racemases from B. pseudomycoides. Lane M, molecular mass
markers; lane V, crude extract from E. coli BL21(DE3) harbouring
pET-21 vector without insert gene(je., vector control); lane W, crude
extract from E. coli BL21(DE3) transformed with pET-21-alr (ie., wild
type); lane W(p), purified fraction from the sample of lane W; lane 3,
crude extract from the E. coli transformed with pET-21-a/r(C316A);
lane 3(p), purified fraction from the sample of lane 3; lane 4, crude
extract from the £ coli transformed with pET-21-a/H{C316-365A); lane
4(p), purified fraction from the sample of lane 4.
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Table 1. Purification of wild and cysteine(-) mutant alanine
racemases of B. pseudomycoides by affinity chromatography

Table 2. Comparison of substrate specificities between wild and
cysteine(-) mutant alanine racemases from B. pseudomycoides

Specific activity (unit/mg protein) Relative activity (%)
Crude extract Purified fraction Amino acids Wild type C316A C316-365A
Wild type 1.7 15.6 L-alanine 100.0 100.0 100.0
C316A 2.0 162 D-alanine 78.1 69.8 70.2
C316-365A 1.4 13.9 L-serine 35 32 6.7
D-serine 2.6 0.9 2.6

Note: purified fractionS &4 B E7} 713 =& H-8.8 o] &3}t
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Fig. 2. Alanine racemase activities after treatment with NEM or
dithiothreitol. Alanine racemases of wild type (-ll-), C316A (-O-) or
C316-365A (-AA-) were treated with NEM (A) or dithiothreitol (B),
then residual activities were tested. One hundred activity was 14.4 unit/
mg protein.

o] wild type®] EATAEE 15.6 unitfmg proteing YFERAT)
wate] C316A9F C316-365A% ZH2 162 2 13.9 unit/mg
protein®] EATAHEE BT} ole|g EE= oo
H|3le] cysteine(-) mutant E°] Z47F 103.8 2 80.1%%] 848
AEE Yehlle Aolth Wild typeoll B3l EABHTA
£ Ao/t Y= ASZ Hol cysteine®] active sited] HHER]
e AeE F5dr

8 Smyth S(1964) <13 NEMe] T2 2] cysteineol]
EolsiAl stk Aol BEXl F cysteineo] QTR
A2 AgsteAd A 4¥S T W) NEMES AMESE WY
o] @o] o]&EAt}. WA alanine racemase®] NEM HFE=
NEMI= BHAZ thiols $A171= dithiothreitols ZH2} #]2]
3 U 24 AEE SSKATHEIg 2). 24 B )
9} ZFo] NEME 2.0mM7HA] &g 3¢ &4 B45= wild
2 mutant type =7 & WP} glom Fxg] diBv] 47t 95,
84, I 89%°] EAZHEE HERAIIT. Z2Y NEMO| F=
7} 20mM o3 7S 54 BAZF 4TS Eolxa giok

Note: Other amino acids (L or D form), Lys, Arg, Leu, Asn, Met, Gln,
Cys, Val, Glu, Pro, Tyr, Trp, Phe, His, and Ile, showed no detectable
activity of racemase. One hundred percent activity was equivalent to
13.6, 14.2 and 11.4 unit/mg protein, respectively.

YukH o2 NEME cysteine?}2] AFo]|2el= amineo] ¥H3-E
471 9tHSmyth 5, 1960]. w2t NEMo| »sEg EAE
W EABAETF HolRle AL 0|8 side-effectd} AT =
Aoz AQzFAr), 39 dithiothreitol A2)&t9S o wild type
9] 7% Hol A7 2.0mM APl tiE&T o] 1%
L2zke Holr}. wlelA dithiothreitol ol 2JsiA EABAH=7}
AHo g A5 Roze AAHA ¥erh 3 fungusd
22 Tolypocladium niveum)|X £2]€ alanine racemase2]
4% thiol A glutathione, mercaptoethanol
dithiothreitol 5ol &]3te] EABYEI} Aeshe Aos By
H 5L [Hoffmann 5, 1994] Lactobacillus fermentill < E-2]€
EAE B-mercaptoethanole] i E &4 BRI} A5sA
gt dithiothreitolol] 9JaiX e ZHaEHE ZHozZ By HYY
[Johnston &, 1969]. Z#u}t ©o]5 TZS] cysteine®] active
site]] F&A R = o]E] AFATNA WA X
ot Ak 02 protein®] surfaced] EANSHE cysteineol] <]3]
Mg gaido] ulwA 437 aggregation E 4 0.2™ cysteine
9] thiol QA1 dithiothreitol T+ B-mercaptoethanol -1
o) chlde] g3yt e F UTHReview; Wang T,
2005; Visschers &, 2005]. mep] £ Agelxe] aagidze
7|3t Zoie o|2gh thiol specific agent®] &3te} FHT=
Zo 2 Azt

2] bacteria®] alanine racemase= ME 473E 93 A
£Hoz Wdo| He Zoez 4wA gtHSato 5, 2007;
Zhang 5, 2007]. ¥F= ©] &4} peptidoglycan©] MZH T4
of a3 DP9 opr|ihe A st 2oF Aol At
3} bacteria®] AwtAl AZE A% AAAA BF dHER
A= it} wEpA olgh A HAOE AR 93
AMe G40 SRS BES Folets Ao] FolEtE &
83t} A8Fo2 2 Ay 4FAE SUSP alanine racemase
o)A cysteineo] &9 71F A¥ Ee EAFH FAHA
%= o=z gk

714 Bol4 A9, £E THids AR TE ofxiks 7]
A= 3l 54 ¥gE AR A EAEE vl Het
Th(Table 2). Ao &4 FAEE L-alanineS AHE-319E o)
vegton gF Z4A8AT 49 WA 13.6 unit/mg
protein® YERAACE o]EF 4 ATE GO oAt
o} zpol7b ZA vERtaL Sl B ARA E2d gt
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Fig. 3. Thermal stability of the wild type and Cysteine(-) alanine
racemases from B. pseudomycoides. The alanine racemases of wild
type (-Ml-), C316A (-0-), and C316-365A (-A>-) were heat-treated at
60°C under different pHs. Residual activities were measured under
standard assay condition. Maximum activities of wild type at each pH
were considered as 100% equivalent to 14.5, 16.3, and 12.4 unit/mg
protein, respectively.

alanine racemase 92 RIS 4 Uk A L-serine] i3k
& L-alanine ™¥] 3.5% 7teke] 34 S4=E Veplch
2 opu|Akl L-lysine, L-arginine, L-leucine, L-asparagine,
L-methionine, L-glutamine , L-serine, L-cysteine, L-valine, L-
glutamic acid, L-proline, L-tyrosine, L-tryptophan, L-phenylalanine,
L-histidine, L-isoleucine 591 thalede 24 718 84 84
=7 eRER Qskth wEA cysteine?] X|3e] 7)Ee] Bo)
2 ¥l YL MR Feths AME € F A%k
Cysteine(-) alanine racemase®] ¥ UAA. Cyseine | FH
A7} alanine racemase®] H¢PEAel wlX= EikE 9T
SEE A A7F 5 AE sl Y EFig 35t ME T8 2
TE dAAT Bt Mlshe W (Fig 49 T Waem
Askdch Al Wgol oA wild type™ Cysteine(-)
mutant B0l dlEke] Zkzb pH 7.0, 8.0 2 9.0¢] HE &
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Fig. 4. Thermal stability of the wild type and cysteine(-) alanine
racemase from B. pseudomycoides. The alanine racemase of wild
type (-Wl-), C316A (-O-), and C316-365A (-A-) were suspended in
Tris-Cl (pH 8.0) comprising 5% glycerol. After heat treatment at
different temperature for 20 min, residual activities were measured
under standard assay condition. Maximum activity of wild type was
considered as 100% equivalent to13.8 unit/mg protein.

Table 3. Half lives of wild and Cys(-) mutant alanine racemases at
60°C, which were suspended in different buffers. These data were
caleulated from the results of Fig. 3.

Half-lives (min}

pH Wild type C316A C316-365A
pH 7.0 2 14 13
pH 8.0 26 21 18
pH 9.0 23 18 16

Z70)4 At A2 o pH 252 Z00A cysteine(-)
mutant?] alanine tacemase= wild type Hrl € StgAdol 25
Wolr), B 4% }_ﬂoﬂzﬁ 27] S5 ulsle] AT
7} Huko 2 "ojx|E AZRS halflife(min)® 2 428t Fig,
39] ATHE Al AN 7%,}7} Table 33 2T} Wild type
alanine racemase®] 73-9%- & ¢FYA4-L pH 8.09] Z4A 4
T oA zie] 26802 7P ATk zeiv o] 27A
C316A 2 (316-365A mutant B9 735 AL SAIHo]
ZYz} 21 2 18 B F wild type o} ¥)&d Z4zt 19% 2
31% 7V o Zobdrh wbA cysteine®] X[ El ol G4
of drgAle] As] Holfivke AMdE & 4 SISlYh

[l _,—19_94 ST E AN AL Ay dhd deae
aggregation & k’ﬂ 9}'}01 B4 845 wskd e ok
24 Fig. 49 4y T20A B $n e dalazle]
LAEANL d } 1 913k glycerol 5%% samplee] 37}
U ME e 2EE AHEEle 2A 8RS S5
t}. Glycerole] £48lE M % cysteine(-)2] alanine
racemase=2] B4 BAEY} wild type B} ] x| g}
e ARS & 5 Rtk B AN B4 At
o8 "olAle 257} wild type2) 735 57°C1 WAl C316-
365A9] B9 51°CE WERIeH 60°Ce] A 27lelx] &
AP 27 35 9 9%E UERNSITh ol Y 27|
A% cysteine(-) alanine racemase®] FPAAJo] Hr} v "ol
ks AME & F UATh

E. coli®] tryptophan synthase[Hiraga &, 1996] ¥ aspartate
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Fig. 5. pH stability of the wild type and cysteine(-) mutant alanine
racemases of B. pseudomycoides. The wild type (-M-), C316A (-O-),
and C316-365A (-A-) alanine racemase preparations were suspended
in different buffers for 4 h and residual activities were measured under
the standard assay condition. The enzyme activity of wild type stored
at pH 8.0 was considered as 100% activity which was equivalent to
12.1unitmg protein. Each point represents the average of three
experiments.

aminotransferase  [Gloss 5, 1992], bovine betalactoglobulin
[Burova, 5, 1998]2] THHANAME free residual cysteine®] T+
Aol d kg3l Fdgitie B E 3 upt Qloh 2y
Xenopus laevis®] superoxide dismutase[Bonaccorsi 5, 2000]
9 bovine superoxide dismutase[McRee 5, 1990152 ©hz
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