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Expression, Purification and Properties of Alanine Racemase
from Thermus thermophillus HB8

Masahiko Yanagitani, Satoshi Uemae, Tomoyuki Shiraga,
Takashi Tamura and Kenji Inagaki
(Course of Agrochemical Bioscience)

An alanine racemase (EC 5.1.1.1) from an extreme thermophilic bacterium Thermus thermophilus HBS,
was purified and characterized, and its gene was cloned. The cloned alanine racemase gene (alr) was
expressed in Escherichia coli JM 109. The alr gene is composed of a 1080 bp and encoded a 360 amino
acid, and was predicted to have a molecular weight of 38,596. The enzyme was purified by heat shock at
70°C for 10min and DEAE Toyopearl 650M column chromatography. The purified enzyme had an

optimum pH9.0~10.0 and an optimum temperature of 55°C~60°C. Enzyme activity was retained 100 %
after incubation of the enzyme at 70°C for 10min. Alanine racemase from Thermus thermophilus HBS is
a monomeric enzyme with a molecular mass of 39 kDa.
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Thermus thermophilus HBSIZ75C UL EDIRE CTHETH
WHeZR 7T AEMORETH L., F/ZORDEET S
B N7 BT DS <, WV pH T b IR EE T

il

HoH. TOMWEIMFNRE % 8RR ETIHEEIC
AHTHY, Wi CTHRZHERIELIFEYED .

B, KRBROKF R OEBHEENZE 2 Feic LT (&
T E A S =L a Y 2 7 b DHEEE TV A,
oTaT ey ML, ¥ U BERIED LT LERST
DI EZFIZL T, —oOMBEhoEGHS %,
FF L)L (L ~v) THT A LR EME
LTWwWh, 22TREFOTOTr hOEFIVEYE L
T, BETIRERDIHEL STV LAY O R T d Hil
THEEBETLEWHIEEDNS T, thermophilus HBS 7%84R
N, FEOLOLETOY 87 BN ERT S
LHELTwa.

DIRTURFZEZIZ BT, Seow B2 &L o T T. thermo-
philus HB 675 =t ~—+¥ (EC5.1.1.1) #°H
e, ORI NY, FRICLINUE, FESEET LT T
=7~ —¥d5F=38,000 Dad Him ik L HEwE &
M, EpHAY 8, HBILEDTIC Tho7z. TD L) 7%
BELH Y, UIRED o [BEHSWALT L —Ls

OYxy b IZT759=2rIbv—EPrigiie L
msszkbzoi.
REBRIZOT7O V227 NMIEMT LD THDH. FE
BOHMELT, REICTI=VyIe~v—E2RET 2
72O \ZBER A E ORI & KW 2 0 — Y BRE (ERCS
LIk, FLTCEINLELNIZERERZIZOWTORNE
BaeWatd sl R HIE L7

MR EFTE

ERE%, 77XA3IF
Thermus thermophilus HBS, 1ZWZe= Rk % HH L
7z,

RIEERTIX, Escherichia coli JM109 {recAl, endAl,
grvA96, thi-1, hsdR17(rk~ mk"), el4 (mcrA ),
supE44, relAl, A (lac-proAB)/F [traD36, proAB~,
lacl?, lacZ AMI5)} %fERL7-. 777 A3 Fit pCR*
TOPOR & pUCI8%Z i L 72,
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T. thermophilus HB8 DIk & 5 KA 1213 TM ks
H (0.8% polypepton, 0.4% yeast extract, 0.2% NaCl,
0.35mM CaCl,, 0.40mM Mg Cl,, pH7.5) & F\WCT75C T
B L/z, FEEREICIE TM BEEHR (0.8% poly-
pepton, 0.2% NaCl, 0.35mM CaCl;, 0.40mM Mg Cl,, 3
% gellan gum, pH7.5) %MW T75C TR 72,

E. coli JMI09D R & 9 F5#2121% 2 X TY A5

(1.6% polypepton, 1.0% yeast extract, 0.5% NaCl)
W, FoEERARICE TY B (1.0% poly-
pepton, 0.5% yeast extract, 0.8% NaCl, 1.5% agar
powder) # AW C3TC TR L 72, 79 A 3 FIRFFR O
BIRO 7D, LEIE U CTRIBES0 ug/mli 7 5 &9
T V) YR WRIGREEEEEY L, ok
FMUHGRES BIZ 2D L HI27 ) ku—vEME, —
B0C CHMIRAT L 72,
ERT7Z714v—

Table 1 . 17”3 b D2E L HW7z.

Table 1 Cloning and Sequencing primers

cloning primer
thr U002K
thr LOO1

5-TGAGCGCCCCGAATTCCATGCGCCCGG-3'
5-GAGGCGGACGGCCTGCAGGCCCTAAGCCTA-3'

sequencing primer

5-AGTCACGACGTTGTA-3'
T.th alr seq sence1 5-CGTGGCCACCCTGGAGGA-3'
T.thalr seqsence2 5-TCGGCCCTGCGGGCGGTG-3'
T.th alr seq sence3 5-CCATCCTCCGGATCCTCG-3'
M13R 5'-CAGGAAACAGCTATGAC-3'
T.th alr seq anti1 5-CCAGAAGGCGCCCGTCCG-3
T.th alr seq anti2 5-GCGGAGGAGGCCCAGGGA-3'
T.th alr seq anti3 5'-ACAAGGCCCAGGGCGCGG-3'

alr &fzFyn—=>7

Polymerase Chain Reaction (PCR) %\, kD X
9 5T Thermus thermophilus HBS 7/ 205 aly
s T % B & €72, DNA polymerase &, LATaq

(TAKARA) % flif L7z. PCR FUSHZIC$5% DNA &
LTC%# /&5 DNA %= 1 ug, 77 A ~— thrU002K, thrLool
BENENSOngZ R 72, F—<NVT A 275 —DiRES
g, 96C Tl Mz - L, ZOAT Yy 7%30Y
1 7 VAT - 7z,

BE S 7@ n 1, TOPO 7 u—=r 7% HWwT
TAH77u—=rvr7a3nk. 2 LXVIHASNIzalr
BIET % §IBREE S EcoRl, Pst1 ZHWCUMIL, 740
— AT NVESIKEIZED, ar BIZF 2 5L 2%
EASYTRAP Ver.2 (TaKaRa) % F\v>CRULL 7z, [
SNz alr BIEF %, [FERIZLH L 72 pUCI8IZ DNA
Ligation Kit Ver.2 (TaKaRa) #H\WTH XA, %W
W77 A3 R pUC-alr 5L, E.coli JM1091ZT2 & Hx
Mzttt o72.

TSZootEv—tEDHBERES
BT I A3 N pUC-aly A AATEE. coli ]M109
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Z, TYEV) U Ao 2 X TY #lifksE#1.21, 37C
TIOREMHIEEAE L7, MERL RERB S5 -0/ RE 1
miZ7 % X 9 12 IPTG (isopropyl-B-d-thiogalactoside) %
Mz, E51237CT5BMEEEZIT- 7.

WOHER1E15,000rpm X 1057 T LBE L, WiER %k
BSEDT LR RTIEIZLDITo 7.

FEWS NIRRT REERON S fFE BEAKL gl
L 5me) »0.1M  Tris-HCl (N 1) A - ¥ & #% i i)

(pH9.0), (10M PLP, 0.01% 2- A% T hT% ) —
VEET), (B L2, 150 W X 155 Gl ilmii: L
72, OB #15,000rpm X 1 BRSO EE L, T
WA b < RiE A SR & L7,

KA el S 12 70°C X 1040 O N B VL FR & e L,
15,000rpm X 1 gflsa 0o e L 7214, g% b ik
B & L7,

DELER ] 43 % 5B AT £ ) 10mM Tris-HCl (pH 9.0),
(10MPLP, 0.01% 2-ANH T bIy ) —LEair),
Ny 7 7 — @ L 721, DEAE- b /85— )L A F 554t
HTh (V=) ZHWTHRERYIT- 72, BEOE
HIZIE 0 ~200 MO EEAL 77 V) w7 A EEA) i % 52 10 mM
Tris-HCl (pH9.0), (10M PLP, 0.01% 2-A V7% 7k
Iy )= Vaagt), xR L) =TIy MEx
HAWTEH S, 79209~ —BiREEF oW
5% [N L, DEAE #isr& L7z,

DEAE 4> % #EHT 12 X ) 10mM KPB (pH7.5), (10M
PLP, 0.01% 2-A)VA 7 L¥ ) —Vad&ts), 23y
Ty —mE L% N FaF o 785 4 715 A (Bio-
Rad) ZHWCHEERREZITo /2. BROBHIZIZI0~
400 M 2 it # KPB (pH 7.5), (10M PLP, 0.01%
2-ANVA T NIY )= VEEL), 23T =TT
VIV MNEEHWCERLE, 7= b —BiEkE
R FEOIG B 43 % L 72,
FIVEBICL DD FEDRE

FVIEEIZ L A5 TRAEICIEE O NS T T 1
—THEEL7zbnk, HPLC A b bwizdbp & 2FHET
Mg L7z,

EAE s < N T T 4 — T, Wi EENIC L D 20mM
Tris-HCl (pH9.0), (10/MPLP, 0.01% 2-X )V 5 7 h T
& =), 0.5M (LT M) T o mEL), [Ny 77—
B L 7-1%, Sephacryl S-200 (7 7V<I7), T4
¢ 28mm X 150cm%x VT TmIMELZTo72. ¥ 27
B oOEHIZ1£20mM Tris-HCI (pH 9.0), (10M PLP, 0.01
%2-ANHT MLy ) —)b, 0.5MEILF M) T A RE
te), A L2500 ul/50 & L CA&RE5T].5med D
L7z, BREIS0mgH S Lz, #TFE~Y— 7 —I1C
VBB AY v — R L7,

HPLC T, W4 % R4 &2 L D 0.IM KPB
(pH7.0), 1228y 7 7 — &3 L 7%, TSK-GEL SW 3000

(WY —) ZHWTHTRHllEE{T> 7. HPLCE#E X
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Waters 600E (Waters) & fH L7z, & /87 HoE
12120.1M KPB (pH7.0) ZfiH L, ##E%E 1 ml/57& L
TATo 7z, BEREII20 gL L7z S TE~Y—F—
WIEF VA Y 7 — FEMH L.
B A M RIE

7= no -7 T2 ~OHEE -7 5 =2
5d-7 7=y ~DOHEE FENENOUEDE T - 722,
TIPS -T2

772 =TI rOERIE, -7 =0T
b oy — ¥ GRER) A E B § 2 NADH
(B-nicotinamide adenine dinucleotide, EICH) Z M
5T ECENITo7. NADH HiEfiz 0 ~0.2mMOD§i
FCER LAV, 1 U1 MIic T I7=0»56 -7
T =% 1 ymollE T A= & L7,
BIEE 1 (WIREBRIER)

0.IMCHES (2-327uAFI VT I/ LT Y ANE
¥ WA ) (pH 9.0), 30mM d-7 5 =3, 2.5mM NAD"

(B-nicotinamide adenine dinucleotide, FEftZE!), 10U

-7 7 =7 Furh—Ex#E7E1L.Imic 2% X9
W2z, 37CCTH oMbl ERR LR, 7TI9=20Ik~
— VIR 100 w0 L, 340 mOWCEE OB % 4
A L T—= AL )BT 2 FECREEREELIE L /2.
BIEE2 (ERYEER)

0.1M CHES (pH9.0), 30uM d-7 7 = > % #{£7#%0.85
mlZ7 b L)1z, 3TCTOHHULERRLARE, T
VI —E¥RERER 0 mML, 37C T1045 MK
o &4, 50% TCA (trichloroacetic acid) 100 wishng 4
CETHERS R EIRESE, U TIVIERE Lz, v
TUEw R, 1M Tris-HCl (pH9.0), 2.5mM
NAD', 10U 1-79 =7k Fa¥r+—¥z#EFEL.9
mel7 % X)Wz, 37ICTH U EBRR L2, T
TR 2100 07 L37C T 1 BRI L 72, A L
72NADH % 340nmOWICEZ LA Z & 12 & Yl L 7.
I-7Z2=Zh5d772

I-79=vnbd-T7I=r04EE, d-73 /B
FTF—€ (TCI) PEKTLENVE VBEIABT L N
07—t (TCD »&7CYT 5K, H#ET % NADH O=
T A5 LI L VT 7. NADH #Effa 0 ~0.2
MO CIER L W2, 1 U 14/ 1-79 =2
5d-7I=r% 1 ymolE T AEEFEE L L.
BIEE 1 (WIRERER)

0.1M CHES (pH9.0), 30mM 1-7F =2, 0.16mM
NADH, 1.5U &7 3 /A ¥ ¥ —+, 27.5UAET
v N7 —XEEAEEL.ImZ 25 X912z, 37C
THHMD LR L2, 7I=r 9~ —YERAER
2100 w0 L, 340mmDOWICED WA % 5 A 53— A
X DB B FHCRERE A E L7,
BIEE2 (ERYEER)

0.1M CHES(pH9.0), 30mM 1-7 T = > % #4£540.85

TSI IV —EOXBETORE, BRRUHEMEEORY 3

mlZ7% % & H 2z, 37TCTHAUERR LR, T35
=V TV —VEERER 50 ldsim L, 37C T104 X
J6 &4, 50% TCA 100 wishns % Z & THER U & 4511
S, U IERE Lz, Yy IVviEiE s N, 0.1
M CHES (pH9.0), 0.16mM NADH, 1.5U d-7 3 / ik
T ¥ LT =X, 21 5UAM T Fu s+ — % #EF7H1.9
melZ7e b X9, 3TCTHHM EMRL 728, V>
TVER %100 i L, 37C T 1R BRI L 72, A
L 72 NADH %340 mDOWOBEEZ LA Z & 12 X il L
7-.

BREEE

Thermus thermophilus HB8 3R alr E{zF N/ O—=
g

Thermus thermophilus HB8 77 = Jt~—¥ % 1
— FLTCWABIET alr OEEERINE I N T TICPE
ENTWS, TOEMRTHEREIECKNERE Y 0— k%
i+ 52291707

aly 157131080 bp, 3607 I VI E b L, 22 Hh
538,596 Dad i FEZF2 2 LRIz, ZOR
I (G+C) &&II72% TH D, TmEIZI8.8CTH -
7z. Alr & PEEEFEEMTE Geobacillus (IH Bacillus)
stearothermophilus HEDKRES A -7 5= 5
v — UYL GRRHE Shigella sonnei HEDE )~ —Hl
DT FT=rIkw—BWERBLIEZA, G. stearo-
thermophilus DD D & 33% DFE—MHH, S.
kDD D L28%OMENETH 72 (Fig. 1). alr Eix
FIETAZu—=rr7oFErHnwcy7ru—= >
7EN, pTA-alr b L7727 T A3 Refsl.
KBEEICH T EIRERFARDEE - BROBR

pTA-alr Z1EEL7-BICHW20—=2 7754
~ — thr U002K, thr LO0LIZIZZ N EcoRI, Pst1 &2
PR 2 AR A TW2DT, Z ORI REEHRTRA 2 v
CTalyr BT %258H 79 A3 FpUC-18~TF A 7F— =3
YERL ZOXHICLTERLI AP EBT I A
% pUC-alr L én%a L7z (Fig. 2).

pUC-alr 5> E. coli IM109KIG#H 7 0 — ¥k, 5
ml? 2 X TY R TR S U IPTG fF S 7ok, A
Ja CD-7 7= 13567 7= 7~ — i
PERELE S, pUC-alr #¥i7z72\ E. coli JM109
I B IEE E D o 7o, F 72 R R R 60T
T205r MBI L 7212, LW 2 Brv7z BiEICBWTh
7T =T~ —YEENEA L Tz, pUC-alr & FF
7272\ B coli JM109Tld 4 it S e o 7o,
ZOZLENT Iy IR —ENE. coli ]M109NT
FHLTWwWAHEL, KEIZT 7=V I ~v—EZ i
%7202 pUC-alr 255D E. coli JM109D KEHi# %17
o7z,

WR 2B i L 72 1%, 70T T10%5 ] 0 ZA AL,

sonnei
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T.th_ALA
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Fig.

Fig. 2 Restriction map of expression plasmid pUC-alr.
pUC-alr was constructed by inserting the alanine race-

FILKFEFERE

VRPGGY PKGVQARAWVE VDLAALWANYRLLAGRAGG--EVIPVLKADAYGHGALPLARF L
—————-MNDFHRDTWAEVDLDAIYDNVENLRRLLPDDTHIMAVVKANAY GHGDVQVARTA

—————————— MQAATWINRRALRHNLQRLRE LAPAS-KMVAVVKANAYGHGLLETARTL
T L EiEKLRRERAR L KK

EGKGVGRFAVATLEEGRRLREGGIKGEVLLLGSLHPLEAEEALRLGLYPTLSNLEAAEAL
LEAGASRLAVAFLDEALALREKGIEAPTLVLGASRPADAALAAQORTIALTVEFRSDWLEEA

P--DADAF GVARLEEALRLRAGGITKPVLLLEGEFDARDLPTI SAQHE‘HTAVHNEEQLAA
AR Kk KK Ak LAk

SORARALGLVPRAHLKVDTGMNRVGF PSEEAVSALRAVEALG--VRVEGVYTHLATAGED
SALYSGP-FPIHFHLEMDIGMGRLGYVRDEEETKRRIVALIERHPHF VLEGLY THFATADEY

LEEASLD-EPVIVWMELDTGMHRLGVRPEQAEAFYHRLT QCKNVRQPVNIVSHEF ARADE P
LKL EAREE K.k, K. : EEEETE R

—AAFVETQRRRF QEVRRALGEG-YFYHLENS LGLLRHGATAG--VRVGLALYGLYVPGFGL
NTDYF SYQYTRFLHMLEWLPSRPPLVHCANSAASLRE PDRTFNMVRE GTAMYGLAPS PGI

KCGATERQLATFNTFCEGKPGQ-——RSTAASGGILLWPQSHEF DWWRPGIILYGYVSPLEDR
* * L, ) S

RPILR-——————— ILARPTLVERLKAGDRVGY GGVYVARGGEWLATL PVGY ADGLPWGAY
KPLLPY PLEKEAFSLHSRLVHVEKLOPGERVSYGATYTAQTEEWIGTI PIGYADGWLRRLQ

STGADE‘GCQPVMSLTSSLIAVREHKAGEPVGYGGTWVSERDTRLGWAMGYGDGYPRAAP
*. LLED KL KA, .o L iEE EE

R-FVKGPDGRLLEVAGRISMDOT TVLLPGEVGLEAVEF EVLSADFG-PTGLLAWAEARGT L
H-FHVLVDGQRKAPTVGRICMDQCMIRLPGPLPVGTKVTLIGRQGDEVI SIDDVARHLET T
SGT PVLVNGREVPIVGRVAMDMI CVDLGPQAQDKAGD PVILWGEG-——LEVERTIAEMTEYS

HiaH HE HE : HH . : *.
PYEVAVHLSRRLPRRYLE——————————————————
NYEVPCTISYRVPRIFFRHKRIMEVRNAIGAGESSA
AYELITRLT SRVAMKY VD —————————————————

** HEHER

Sequence alignment of alanine racemase.

T. th, Thermus thermophilus HBS ; G. st, G. stearothermophilus .
S. so0, Shigella sonni. * , conserved amino acid with all species ;
., conserved amino acid with two species.

RS Vol. 98

DEAE-F /28— VEA F 58 S, N4 Faxs 7
NRIA N EHWTT Iy I~ —YoEEsITo 72

(RS . RIS ARER (3924151

2) ThHoi.
EREBROEME D%ET

LIRS NIz,

A&7 -7 92 UADORILT

pH 8.0% 512 L TR T I3 AR Ui

RS, d

77 =AY B HIEMETIE65.7U/mg (Fig. 3, Table

N2 T 520 Ty —BORBHEE EPE L.
FTAATATORETOFFEERET H72OLT 7
7 )V S-200% W=7 Vil s a~< b7 7 4 — %47
o7, BTENY— - LDBREREERL, 22915659
FaEROIZEZABkDaTH -7 (Fig.4). 2D
EXOWARIERE s u— bR EANT I Tk
— VY H—Y T 1=y NP LRLE/ Y—HEETHL

7= —YOREmE, &#EpHIZOWTE
NENHH DTt IALBIZOWTHR. EEET

i, 55C, I-

TIZrypbd-T 7= TIE60CTHY, i pH Tl
mEsE D pHI.0~10.0TH -7 (Fig. 5, Fig. 6).
2T+ IR

mase gene into multi-cloning site of pUC18. fHEX N, F/ET T30 alOKREXT] XX I
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Table 2 Purification of alanine racemase from T. thermophilus HB8 WD T I BEESE BBV TRE
My~ 3 - s = .
Total  Total Specific .. Purification CHEOCEZLRETHIEL, Bl pH 12
activity ~ protein  activity ( ;) index BOWTEPELDL EEZ D, #ERELTK

(U) (mg)  (U/mg) ’ (fold) B DL DT o7
Cell free extract 1830 680 2.69 100 1.0 7 7=y 7= X0 5 LENE
Heat treatment 2020 440 4.62 100 1.7 W&, BRI 1045 R & 3045 F O 41 T TRAE
DEAE-Toyoperl 1060 158 674 58 MR IE LA, AR ATLOSM & 30571
Siydroxyapatite 810 123 657 “ 2 OBHCT0C ¥ CRIEEEEANIIZI00% Th

Enzyme activity was assayed in d-to l-alanine direction.

— wew — phosphorylase b (94,000Da)
— = albumin (67,000Da)
- — ovalbumin (43,000Da)
o alanine racemase (38,000 Da)
— = carbonic anhydrase (30,000Da)

Fig. 3 SDS-Polyacrylamide gel electrophoresis of alanine
racemase from Thermus thermophilus HBS.

1000

bovine gamma globulin

8

100 thyroglobulin

chicken ovalbumin

equine myoglobin|

38kDa

10 alanine racemase

Molecular mass (KDa)

1
1 12 23 34 45 56 67 78 89 100 111 122 133 144 155 166 177
Fraction No.

Fig. 4 Determination of the relative molecular mass of alanine
racemase by gel filtration through a Superdex 200 col-
umn.

120
100
80
60
40 |
20

O 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100

Temperature (C)

Relative activity (%)

Fig. 5 Optimum temperature of alanine racemase from T.
thermophilus HB8
—O—, Enzyme activity was assayed in d-to l-alanine
direction ; —@—, Enzyme activity was assayed in l-to
d-alanine direction.

> 72 HE ML L DR TR BRI AN R
AR S 7z (Fig. 7).
TSIk —YOpHIIK T AREML &
pH 3.0~12.012 B\ TR 105518, 30451, 60451
EEEODITCHE L7 (Fig. 8). pH 6 LUF o FEM:fHE
BV CRERIGE R ICHER S N, Lo Lls
WO OEENETH L pHI 0THEHENIIET L &iE
%<, 60 FIALELD & DT b 10% A2 OBEZIG D TEAT

120

§§ 100 |

2 80t

=

S 60

£ 40+

=

= 20 +
O 1 1
2 7 12

pH

Fig. 6 Optimum pH of alanine racemase from T. thermophilus
HB8
—(O—, Enzyme activity was assayed in d-to l-alanine
direction ; —@—, Enzyme activity was assayed in l-to
d-alanine direction.

120 -
£ 100,
N
o 80
(37
s 60
Net
@ 40
a2
20
O 1 1 1
20 40 60 80 100

Temperature (C)

Fig. 7 Thermal stability of alanine racemase from T. thermo-
philus HB8
—(O—, Enzyme activity was measured after incubation of
the enzyme at various temperatures for 10min .
—@—, Enzyme activity was measured after incubation of
the enzyme at various temperatures for 30 min.
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T T —BOEERERMIE, &7 I JRAF
28— EDIN WIS REIKSE L HEECHlE L

(Table. 3).

WLAE D T Shigella BMEOE /) ~ =T 7=~
T —HIIBWT, HETH D |-7 7 =V FIEETTH
FESBWRL, YA ~—MUOBEEZ/RT Z LamEEnh
72, KEEF TS S N7z Shigella BIE O o, S.
sonnei & 28% D[ —VE% 7~ L N A b il 0 3 14 70 % 4
Wt HEFHENDEEF— 709N L BEHEENTVD
Z Do, FRROZER 2R SRR S S EE 2 b,
TSK-GEL SW300% 7 & & Fiv:7z HPLC 7 Vil 54T 12
Iz eER L7z (Fig. 9). ¥4 ~—MHiZahd
STEISEKL, 195216550 — 7 OMIZE — 27 H R
LNBIETTHo72AERE L TE=2 A6 N7z01
2pdH o7z, ZOMBRPOIRBERENE/ v—ThHbHZ
EATRIZE T,

120
100 -

P (o] 0
(=) (=) S
T T T

Residual activity

Do
(=)
T

1

(e}

10 12

[\
kS
(o]
o

pH
Fig. 8 pH stability of alanine racemase from T. thermophilus
HB8
—(O—, Enzyme activity was measured after incubation of
the enzyme at various pH for 10min ; —@—, Enzyme
activity was measured after incubation of the enzyme at
various pH for 30min ; —Jll-, Enzyme activity was
measured after incubation of the enzyme at various pH
for 60 min.

Table 3 Substrate specificity of alanine racemase from T.

thermophilus HB8

Relative Racemase Activity
Activity (%) (U/mg)

1-Ala 100 604.1

1-Val 0 0

1-Met 0 0

1-lle 0 0

1-Ser 0 0

1-Arg 0 0

1-His 0 0

1-Thr 0 0

FILKZRZEFME®RE  Vol. 98

SHICZOMPEEEMNTF LD, RYT1 73 b
— )& LT Shigella dysenteriae HET 5= It~ —
Y OFFEPER L 72FEERO ST TAREEE % 16/60
Superdex 200 pg 71 7 & % H\v 72 FPLC 7 Vg 54T %
1o 7 (Fig.10).

CORRPO L, KEERIIEEMFET, FEFIEILICHE
bOTE) v —THEL TV L IHEEARE S 7z, B
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Fig. 9 Gel filtration chromatography of Alanine racemase using
HPLC

1, Molecular weight marker ; 2, Alanine racemase ;
3, Alanine racemase with 0.1M l-alanine ; 4, Alanine
racemase with 0.1M d-alanine

Content of enzyme is 20 xg, flow rate is 1 ml/min

Number by each peak indicates retention time (min)
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Fig. 10 Gel filtration chromatography of alanine racemase using FPLC. Flow rate is 1 ml/min.
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