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Abstract: Alanine racemase belonging to the isomerase family has great research value. It can be used
as a target for the screening of new antibacterial drugs and is one of the key enzymes in the enzymatic
synthesis of D-amino acids. [Objective] To mine the alanine racemase gene resources from uncultured
microorganisms in the gastrointestinal tract of animals, and clarify the functions and properties of
alanine racemase genes from different microorganisms. [Methods] On the basis of sequence analysis
and gene function annotation, alanine racemase genes were cloned from the metagenome of the fecal
microorganisms of Nomascus concolor and heterologously expressed in Escherichia coli BL21(DE3)
for the identification of enzyme functions and properties. [Results] Two alanine racemase genes, NCalr [
and NCalr 6, were obtained, each of which had a length of 1 170 bp and encoded 389 amino acids. The
deduced proteins of NCalr I and NCalr 6 had the molecular weights of 43.58 kDa and 43.94 kDa,
respectively. The recombinant enzymes had the optimal performance at pH 12.0 and 40 °C/37 °C. The
relative activities of the recombinant enzymes treated at pH 9.0-12.0 for 1 h were above 90%, indicating
good alkali resistance. The recombinant enzymes had good stability at 3045 °C, with the relative activity
above 85% after being treated at 30—45 °C for 1 h. The optimal PLP concentration was 10 pmol/L for the
two enzymes, and the incubation with 10 umol/L PLP increased the relative activity of the enzymes by
about 30% and 7%, respectively. However, the mutation from lysine to alanine at the PLP binding site
reduced the relative activity of the two enzymes to only 1% and 27% of the initial activity, respectively.
The K., values of the recombinant enzymes were (14.81+£1.66) mmol/L and (25.87£1.95) mmol/L,
respectively. The recombinant enzymes were inhibited by 10 mmol/L Hg*", Ag’, Zn*", and SDS while
activated by Fe'", and 10 mmol/L Fe*" increased their activities by 2.6-5.1 times. [Conclusion] The study
obtained two new alanine racemases with good application prospects from the fecal microbial

metagenomics of N. concolor for the first time.

Keywords: alanine racemase; fecal microbial metagenomics; heterologous expression; enzymatic
properties
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PR ZBESERA AT T, UL D-2 L-&
BMRAARIEXFET HRA . D-Ala 4R
JIRERME A M) E B r, BL D-INZRE-D-N
AR IRAIE A S 5 IR AR SCIE, X4
T AETE B e AR RN, SR AR B
TESF ) D-Ala, 5 2558 1 b 27 5 AR Wyl 2 A4
REA A

A= W T 0 M P S R R T e 1 X e )
L-AA JEATAME IR IRTT D-AA 5 128 BER I i
Vit AL B0 S AR 2 PT J Ag Tl TR AL % TR (PLP) K
R PLP R 2 27 Jop i fk L-Ala
I D-Ala 55 AR 1 9 2 IR 1H BE 1 (alanine
racemase, ALR, EC 5.1.1.1)J&@ F PLP i 7 7H
Jié i ALR F2 24 AL T % K o B A
SR SRR ETIAG ., UH5ERY, 2
O W h I AEAE ALR NS5 A% A BURE R
(Mycobacterium tuberculosis) . 75 54 ER 7 7
(Streptococcus mutans) . i "% 38 2F £ 4T 15 ©
(Bacillus pseudofirmus)% . ALR FIGPEDE T
AMEh D-Ala Y5, RI4EH] T 40708 40 i 5E 0 &
B, TS MR 00 T AT, I ALR E B0
TR A 24 40 O 32 ) R B RO

1 3 A R B P A e o, FRATT R B
PR K R (Nomascus  concolor)ZE 8 1AL W) 7
B TR 20 v A7 R B B R 2 1 A 2 B R T
TR Mg HEIN o DR, ASBIESE A P % i TR A 2 F AR
YE B R, NP BRI AR S A Y
FEA P ALR b iEp, A48 5L K P51
BT ALR SN A B, JFFE R &
IR, R EA ALR BRI, L
o0 ALR 040 500 69 0 e 42 57 S bm LA B2 o
D-AA W& et 2R E ML | LIk
1 ALR,
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1.1 EFERFIFEE

PrimeSTAR Max DNA Polymerase . RI i 4
WY (Nde T F1 Xho 1) H TaKaRa A+l Jik:
PRBUR & L e ezt AkiatR & 3 55 1E Omega
Nl L-AA L 4B R . N-E-N-(2-5%
HE-3-fil P ) -3-FEL PR el 3 (TOOS) . BAR i
A AL A1 D-Z IR A AL I F TR A )
P A B2 H) ; DNA Marker W [ Jb 50 8 05 #54%
a) A Al

SCIENTZ- 11 D %Y 2fi Jfi ] 75 B A3, 7
YR A BR A F 5810 BV ki ok 25
DAL, Eppendorf A H]; ETC811 & PCR 1Y, 7
MR HERE B2 AR A R A F] 5 sub cell GT 7
R HL KA . estain TM B4R FHHLUKAY , 1A SRAE
rEEF T A PR E) ;. Mullikan Sky B4k K
BbRA, RUIAK TR A
1.2 #&. EHRFAEIEK

VY PRI R A S AR A % FE [ 41 DNA
Tk Bk pEASY-E2, RASLIREMM; Kt
BL21(DE3)E&Z A4 iy B Jb st Z Bl A4
W ARA A
1.3 AREREREBERMT ERFISH
1.3.1 mEEHER

FIHA P05 B AR TG Rt R A 2
TAUEE ) 7 B DR 2 S P v s 328 5 58 288 I 40 1) G
iy ALR H9%E[H NCalr 1 1 NCalr 6, HEILIT
B 2 E5 | 9 %F NCalr 1-F,. NCalr 1-R, 1 NCalr
6-F¢. NCalr 6-Rg, LAV BB IRIEE A
2 DNA it , 734 HBYHEH NCalr 1
M NCalr 6., 51 i bR A= 1) TR PR A
G, HAF BT QLR EER Nde T Fl Xho 1
HI I A7) :

NCalr 1-F,: 5-TAAGAAGGAGATATACATA
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TGGAATTGATGGATTCAACATTAAAGCGG-3'
NCalr 1-R;: 5-GTGGTGGTGGTGGTGCTC

GAGCCCCCTTAAAAGAAGCTC-3’
NCalr 6-F¢: 5-TAAGAAGGAGATATACATA

TGGAATTGATGGAGAGTACACTGAAGCGC-3'
NCalr 6-Rg: 5'-GTGGTGGTGGTGGTGCTC

GAGTCCGAGGAGCTGGAGATTG-3'
NCalr 1 £ PCR KW AR ZR(20.0 uL): 7%

[KIZH 3C%E DNA 0.5 pL, PrimeSTAR Max 10 pL,
NCalr 1-F, 0.5 pL, NCalr 1-R; 0.5 uL, ddH,O #b
A& 20.0 L (NCalr 6 3:H A 1), PCR Jz b 44
H: 98°C10s, 55°C15s, 72°C 1 min 30's,
30 MMEER; 72 °C 10 min, 4 °C 10 min,
132 FAaH

A BLAST (http://blast.ncbi.nlm.nih.gov/Blast.
cgh) A TAX TR FN 2 JE IR 74 L X 5 ] SignalP-4.0
(http://www.cbs.dtu.dk/services/SignalP-4.0/) 7 il
F Rk A Bioxm 2.6 FUil .
Fi MEGA 6.0 #1727 5 L X 73 A Rkl 2 R 452
KB WAL, ESPript 3.0 (http://espript.ibep.fr/
ESPript/cgi-bin/ESPript.cgi)JE4T Ho X 25 364k .
14 EEFEL

PRI R IR ) F I8 FURL pEASY-E2,
It Nde 1 1 Xho 1 %F HgE A7 XY, 18] i k1]
JE AR R B, K aifbS 1 ALR B2 NCalr 1,
NCalr 6 5§ 9] a1 15 2] () 26 M 1k 2 35 iR
pEASY-E2 #4714, PCR UM AKZ(10.0 pL):
£k VEAk pEASY-E2 4K 1.0 pL, 4iifb i H i 3L A
2.0 uL, Exnase II 1.0 uL, 5xCE II Buffer 2.0 uL,
ddH,O #h /& 10.0 uL, 37 °C PCR {Ui# & 30 min,
JEH 10.0 pL 3% 477 W) 2 AR A
BL21(DE3)/&Z A 40 e, #4# BL-21(DE3)/
NCalr 1, BL-21(DE3)/NCalr 6 T4 ¥, FHPET
BEL IR PCR)JG, kALt R A9
FARA B2 FIF .

1.5 FJHEMHIRIE. GURERE
HUE4H kR BL21(DE3)/NCalr 1 #1BL21(DE3)/

NCalr 6, Dk 0.1% £ w4 2K # Y & 2 LLB
(% 100 mg/L Amp)}FF=i 5 L KB,
37 °C YR 1% 15 97 4—6 h (ODgo=0.8—1.0), JII ALk
JER 0.7 mmol/L K5 N FE-B-D-fi A1 2L
(IPTG)i% S, T 16 °C. 180 r/min L& K5 16 h
At 4°C. 5000 r/min &.0> 10 min, WERE
. FE R pH 7.0 BY Tris-HC1 2% il & 1% #
WG, T oK 451 P 75 I 40 A A (22
FF8 6 950 WHBERF 1A 15 min. 4 IR0 i AE
4°C. 12 000 r/min &.0> 10 min J5 Y& FiE I
Ni-NTA Agarose 4ifk & 6xHis-tag 1) H 4 2 1 BP
NCALRI1 Fl NCALRG6, 7 12%AY%EIR FiEfT
SDS-2R A 4 Ik Jie B st L UK (SDS-PAGE) 73 #7 o
1.6 KRLRAIHE

PFRE pEASY-E2-NCalr 1 F1 pEASY-E2-NCalr 6
AR, BT RAE G, R QuickMutation™
HEPRE m 9 A8 1) G0 A i 22 R Y 4 Hh e
55 PLP 454 15 39 i 2R (Lys) RAEH Ala,
RAGI BN - (2R AUR R AL A
AAG-GCG)

NCalr 1F: 5'-GTAAAATTTCTGGGCGTTG

TAGCGGCGGATGCTTACGGTCACG-3’
NCalr 1R: 5'-CGCCGCTACAACGCCCAG

AAATTTTACATCTGCGCTGAT-3’
NCalr 6F: 5-AGGCGAAGCTCCTCGGCG

TGGTCGCGGCGGATGCCTAC-3'
NCalr 6R: 5'-CGCCGCGACCACGCCGAG

GAGCTTCGCCTTCGGCCCGAC-3'
NCalr 1 FERZZZARZ (25.0 uL): Nuclease-Free

Water 17.0 uL, 10xBeyoFusion Buffer 2.5 uL,
NCalr 1F 1.0 uL, NCalr 1R 1.0 uL, dNTPs mix
2.5 uL, J§tki 0.5 puL, BeyoFusion DNA Polymerase
0.5 uL (NCalr 6 3£ H[F] ) PCR J2 W 451447 :95 °C
3 min; 95°C30s, 60.9°C30s, 68 °C 7 min,
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20 MEFR; 4 °C 10 min, PCR S5 H )G, A
1.0 uL Dpn 1, {R=EJJG 37 °CWFE 3 ho Dpn 11
fh5eEe JG B 10.0 pL 4679 5 K
BL21(DE3)#z SR A, il A A N &R
Prrky LB BAT-HRIHE, PRECRIETE I TR
PCR K, $ 5IE 257 1E A 1 B Ak 26 6 38R B
WAMEARABR AT KEE, difkZF 1.5,
1.7 AREREHEEEF N E

SR T THE S I R AL S0 R A6 1 7 ALR
T

THHE N : 200 pL W AK R H &4 100 uL
40 mmol/L Britton-Robinson Z& !, 80 pL
0.125 mol/L L-Ala, 0-5 pL 4 mmol/L PLP, 37 °C
i 5 min, J0A 20 uL Zifk /5 WIBEE E (A&
I W BERVE 25 L0 BR) RN 10 min, 57 BP0
A 25 puL 2 mol/L HCI £ 1k, Fok i
2 min J5 /A 25 uL 2 mol/L NaOH ¥ ¥ o Flxt
AR, BEEITE 4 °C. 12 000 r/min Z5.0> 10 min,
¥ ERE R R

LR 200 uL BAAARR A 20 mmol/L
Tris-HCI (pH 8.0), 0.1 mg/mL 4-28 32255 bk,
0.1 mg/mL TOOS, 0.1 U D-ZHM A LHE, 2U
BRI S ALY 200 pL B9 TH BER Y =, I
NV F 37 °C EIE N 20 min, Ml %E 550 nm W
A

— BT B (U)E L 1 min NAEAGAE
A 1 umol D-Ala JIr 5 % i) il it
1.8 AREEEHEEERS A
1.8.1 & pH #1 pH 2 EM

37°CF, PhL-Ala MKW, A% pH i
FEl /") Britton-Robinson 2% M AL il pH 3.0-13.0
HZ% ik, I NCALRI1 Hl NCALR6 Ay
pH. HEFRAE 37 °C, pH 3.0-13.0 ZZ iy
PRI 1 h, Rl RN S F T I L AR G T
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DA A Ak 3L 118 il A i 325 S I 25 AT 00 1
& 1 AR, 40 H pH R Pk .
182 mEREMBREREM

FEfeil pH 4514 F I NCALR1 F1 NCALR6
MGG, WEEIXE R 0-70 °C. KR &1
ANERE(30. 37, 40, 45 °C)bFH 0-60 min,
FE FE SN S5 AT I B 2 Y AR R Bl S T
DA AR Kb UL ) il R A o S 2% AT 0 1) il
TG XF R, 4 i S A R PR
1.83 EKHHFE

DL 8 FhZHEEE N 50 mmol/L i L-AA HJiE
Yy, Bl Ala, 2222 (Ser). ¥ B (Cys). Jifi
R (Pro) . &R (Tyr), S &R (Leu). AR
(Glu) . KA ZIR(Asp), TESFE SN SFAF T W&
HF RS T
1.8.4 HEFPLPIREMNEHMFEERE™Y
R ERFN

DLAH S S 50 mmol/L ) L-Ala K Yy,
FE BT S A5 TR I AN TRl BE 9 PLP (0., 10,
20, 50, 100 pmol/L)XtEgEPEp52m, 4] H
B LCMS-8050 A  A30 A €33 - BB
(LC-MS/MS)ll % K5 il PLP K #ifi PLP A9 )%
IR R PR D-Ala B R
1.8.5 Mo FaHFESHNE

DIARFE MR L-Ala (0-50 mmol/L) N JiE
Yy, Timid ROV AN TR R . K IRHE
B (Kn) A1 Bz K R BE (Vinax) B 3R B 28
Lineweaver-Burk 318153,
1.8.6 ®E BTk F 733 8 E M4/ & 0
nE

TERHHE SR Z2 H I AR E A 10 mmol/L
145 Fh 4 Jm B A ik i Al (Ag" . LiT. Na',
Ca?". K. Fe?' . Zn2+\ Mg2+\ Mn2+\ Pb2+\ Ni*.
Co®", cu*, Hg*". Fe'*. AI’". EDTA. SDS.
Tween-80 . PEG20000, PEG4000 . £hHzAK . PN .
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L), FERIE SOV AT I F A FE T, LA
AN N4 B A Ak 2E R S T SR xS
1.8.7 NaCl *E 4R [UBL H nE B 89 §2 g #1 i
%M E

H pH 12.0 MZE Bl 0.5-5.0 mol/L
NaCl % o 753 2H B 1) dpeid W 251 T, A
[F] ¥ B2 1Y NaCl % I AR 4 5 min, F
T T R 2R A A S, DA AR R R B
NaCl NXF IR, lE NaCl X B R0 o 8 2l il
BT 0.5-5.0 mol/L NaCl H1, 37 °C {1 h,
TE f 38 S A5 AT I T A B 1 CRBR L)
PLR 2 NaCl &b B0 il ) S %t Bj I NaCl
i 527
1.8.8 T {RHIEGFMENE

SRAR PR PR T E 2R 1.7

2 BEREAW

2.1 FAERERHEEMEER PCR 18 RFS
ST

FET RS FH) AT, T R A 3
(AR P 7 SE D ZERE i O B R4 2 2% ALR 3
K, #&it519, @i PCR P 144538 2 25 1 170 bp
) DNA F B NCalr 1 ¥l NCalr 6, % 1% (W/V)
TR RO 5 F DK ARG 8 R A5 RN B 4
ER/MEFR(E 1), B R H 5N S ) S
MR pEASY-B2 iz, MIIHE TRk
#HAK pEASY-E2-NCalr 1 fil pEASY-E2-NCalr 6.
NCalr 1 #1 NCalr 6 I EAFS K gt 389 14
BB, E ATk 43.58 kDa f143.94 kDa,
J¥ 4] GenBank % 55 437l MW700274 Fl
MW?700275. BLAST 4558 /~8, NCALRI 5 A
7 18 % N 21 B BR Bl T (Lachnospiraceae
bacterium, MBD8917435.1)3K ) ALR AH{L 1
B9 (86.63%); NCALRG6 5 A il % 3L 4H
JEBETE (Firmicutes bacterium, CCZ45815.1)4 A

1 AREREEEERE PCR B EIKE R

Figure 1 Alanine racemase gene PCR electrophoresis
results. M: DNA marker; 1: NCalr I gene; 2: NCalr 6
gene.

B ALR A 5% 55 (98.71%),  F IR [a] I8 ¢ 41 1
KA B AN, i JCAH s HE, KW
oK A P SR R 2 A M) 4 i Y NCALRI
FI NCALRG6 J& THi % ALR,

¥ NCALRI1 F NCALR6 5 HAth>E 5 ALR
LR P 5 i1 T 2 78 91 Fext R BL(E 2), ANfA]
KR ALR M2 SE TR 7 HIAEAE Z AR X3k, n
¥4 N S5 —&E Lys(K) PLP 454G 5 A%
SFIXIE, G-V-[IV]-K-A-D-A-Y-G-H-G; ¥4 C-3i
2 54k L-Ala ly D-Ala IS HEVE Tyr (Y)Y
KA IXIH[AG]-[VT]-x-P-[IY ]-G-Y-A-D-G-[FL]!"*!,
HM K F ] & H NCALR1 Al NCALRG6 7E C i
PRSP I NS 44 2 ER R EA M, 78
N i PRSF XN 55 285, 287, 289 F1 295 iX 4 4~
A7 S A LR IR AR R, X A AR5
R B 22 5 .

EH GenBank $#i 2 A RIR A ALR
J£%15 NCALRI1 Hl NCALRG6 HJ#E R 4 % &
(1K 3), 4592 NCALR1 F1 NCALR6 5 A\ H
i ZEE R Y TR ALR AR ER . R
NCALRI FI NCALRG6 M2 SEMR 7914 AL, S8
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CDF06762.1 SRR T WAE I)s
HCH98139.1 BITWAE I)s
Mbd8917435.1 BTWAEI|S
NCALRI ] BITWAE I)e
NCALR6 : ATWAE IR
CCZ45815.1 I EITWAE IH
pdb[4LUT|A PRSI T WAE IR

CDF06762.1
HCH98139.1

NCALRI
NCALR6

CCZ45815.1
pdb[4LUT|A

CDF06762.1
HCH98139.1
Mbd8917435.1
NCALRI
NCALR6
CCZ45815.1
pdb4LUT|A

F» O 00

It

CDF06762.1
HCHO8139.1 |-
Mbd8917435.1 ©
NCALRI
NCALRG6
CCZ45815.1
pdbl4LUT|A

CDF06762.1
HCHO8139.1 . .
Mbd8917435.1 .
NCALRI
NCALR6
CCZ45815.1 .. .-
pdb4LUT|A P =D Ok

CDF06762.1
HCHY98139.1
Mbd8917435.1
NCALRI
NCALR6
CCZ45815.1
pdbl4LUT|A

mEmE»RR

CDF06762.1
HCH98139.1 [
Mbd8917435.1 |
NCALRI1

NCALR6

CCZ45815.1
pdb[4LUT|A

B2 FHBIAERFISHMAERIFEL ALR SUE8F 5 L3 25

Figure 2 Alignment analysis of the amino acid sequence of the recombinase with other ALR amino acid
sequences from different sources. The green box represents the conserved residues of the C-terminal catalytic
site, the green five-pointed star represents the PLP binding site, the blue box represents the conserved
residues of the N-terminal catalytic site, and the blue five-pointed star represents the site that catalyzes the
racemization reaction, the red arrow indicates that there are differences in some amino acids in the conserved
regions of the two recombinant alanine racemase enzymes.
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70
100

85

100  Eubacterium sp. (HAJ48958.1)

unclassified Eubacterium (WP_117914631.1)
Lachnospira eligens (OLA20381.1)
NCALR 1 (MW7002774)
Lachnospiraceae bacterium (MBD8917435.1))
Roseburia hominis (CUN86388.1)

100 [ Pseudobutyrivibrio ruminis (MBE5915650.1)

100 “—— peudobutyrivibrio sp. (WP_028235432.1)

Lachnospiraceae bacterium (MBE6003700.1)

100 — NCALR 6 (MW700275)

84

| Firmicutes bacterium (CZ45815.1)

Ruminococcaceae bacterium (MBE6908469.1)
Firmicutes bacterium (OLAA26877.1)
100

f——
0.05

Oscillibacter sp. (WP_0333119455.1)
%& Ruminococcaceae bacterium (RHU69673.1)

75! Oscillibacter sp. (HCR51270.1)

B3 NCALRI #1 NCALR6 5H A ¥RIFM ALR 2B FIWENRR L BN

Figure 3 Phylogenetic analysis of the amino acid sequences of NCALR1 and NCALR6 and ALR from
different sources. The phylogenetic tree analysis was constructed using the neighbor-joining (NJ) method
using MEGA 6.0. The numbers in parentheses are GenBank accession numbers; The number near the branch
line indicates the percentage of reliability of the branch in the test, the scale bar indicates 0.05 substitutions
per nucleotide position. All sequences are from GenBank.

M H I ARRIE— K4 . NCALRI H5EIZ
B (Lachnospiraceae bacterium, MBD8917435.1)
ALR ZEF|—14~4r 3%, NCALR6 W 5= RE T
(Firmicutes bacterium, CCZ45815.1) ALR 1
—ANr3, W] NCALRI1 Fll NCALR6 A fig 4y
SR F JEERE B T PO AN A
2.2 EHFRSEREIEE NCALR1 FANCALRG6
MRERE. GUREE

B B TR 3 1 Rk 3R AR pEASY-E2-NCalr 1
Ml pEASY-E2-NCalr 6 % A KT 7# BL21(DE3)
JRAZ AR, 2 I A 1 A R R
BL21(DE3)/NCalrl #1 BL21(DE3)/NCalr6 47
PR SR, 4 0.7 mmol/L IPTG 15 33655 B BE |
B0 A 3RS NCALRI fil NCALR6 Hlf§w .
Ni-NTA Agarose X| # 4 Mg of 17 4ifb , 7E
SDS-PAGE 143 I3 8] 4 F 5 204 44 kDa [ B
— A (E 4, H5EISS TR

kDa M 1 2 3 4 5

97.2
66.4

443

29.0

20.1

143

4 EHFEBIAEE NCALR1 1 NCALR6
) SDS-PAGE 4> #ft

Figure 4 SDS-PAGE analysis of recombinant
NCALR1 and NCALR6. M: protein molecular
weight marker; 1: extracts of IPTG-induced E. coli
BL21(DE3) containing the empty pEASY-E2; 2:
unpurified NCALRI; 3: purified NCALRI1; 4:
unpurified NCALRG6; 5: purified NCALRG.
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Figure 5 Optimal pH (A) and pH stability (B) of recombinant alanine racemase.
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Figure 6 Optimum temperature (A) and thermal stability (B) of recombinant alanine racemase.
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Figure 9 LC-MS/MS analysis of racemization products of recombinant alanine racemase. A: the amount of
D-Ala produced in the NCALRI reaction solution without PLP; B: the amount of D-Ala produced in the
NCALRI1 reaction solution with 10 pmol/L PLP; C: the amount of D-Ala produced in the NCALRG6 reaction
solution without PLP; D: the amount of D-Ala produced in the NCALRG6 reaction solution with 10 umol/L

PLP.
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Figure 10 Lineweaver-Burk plot of recombinase NCALR1 (A) and NCALRG6 (B).
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Table 1 Effects of metal ions and chemical agents
on enzyme NCALR1 and NCALRG6 activity
Metal ions and chemical NCALRI NCALR6
agents (10 mmol/L) relative relative
activity/% activity/%
None 100.00£0.68  100.00+0.50
Ag’ —0.43+0.23 1.53+0.28
Zn* 8.15+1.21 15.97+1.28
Ni?* 4.89+0.33 19.24+0.41
Fe?* 16.4+0.85 13.81+1.98
Fe'** 366.15+3.12  617.01+8.24
Ca* 41.99+1.51 44.05+0.67
Cu? 157.51£3.22  92.76+0.84
Hg** 0.31£0.26 1.47+0.42
Lit 78.59+1.99 69.65+1.45
Mg* 28.03+0.52 83.99+2.25
Pb** 6.09+0.16 21.96+0.34
K" 95.86+2.29 101.32+1.33
AP 6.10+0.54 8.59+0.74
Mn?* 27.16+1.89 37.63+0.57
Na' 91.99+2.39 100.12+3.17
Co* 37.25+1.32 75.06%1.80
Guanidine hydrochloride 81.31+1.51 87.27+1.42
PEG20000 64.08+0.42 101.63+1.90
SDS ~0.10+0.15 ~0.93+0.21
Tween-80 59.40+1.91 93.88+1.89
PEG40000 53.50+0.27 88.59+0.82
EDTA 36.33+0.66 59.88+0.14
Acetone 41.47+£1.03 119.73+1.62
Ethanol 27.24+0.09 150.26+2.72
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AR NaCl ¥ (0-5.0 mol/L)X+ 5 £H i 4
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Figure 11 The effect of NaCl on recombinant
NCALR1 and NCALRG (A) and its stability (B).
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% 2 = NCALRI 1 NCALR6 5HRT{K
FE % Bl X b

Table 2  Comparison of the relative enzyme
activities of recombinases NCALR1 and NCALR6
and their mutants

Enzymes Relative activity/%
WT/(NCALRI) 100.00+1.04
NCALRI1-7 1.4140.39
WT/(NCALRG6) 100.00+0.21
NCALRG6-2 27.55+0.11

)RR XoF T R X B (100%), 28748 SRR 7245 4
M5 39 A2 B R e , 28728 1A NCALR1-7 AHXT i
WL NE MZRAE R NCALR6-2 {UF 27%[1)
AEXT Y , #F— 2 UESCEE 4] ALR SR PLP K61 7Y
T TE 1t

3 WwE5E®

A5 DA TG B el T A S A 4 7 R T
Hrh ks 2 NEE ALR, ZJF LW
NCALRI #l NCALRG6 #5 & A 5 B 4L D e 2 V)
G PRSFIX I, 35751 N 3% Lys i PLP
A0S C S 54i#4E L-Ala 3] D-Ala i Tyr
BRILMAC IR S X, [FIRS 38 7E C ufRsF X
BN 44 AL, 75 N ImfRay XN
%5 285, 287. 289 Fl 295 3% 4 M7 5 (Y LR
FRILAATE 225 (K 2). K ELAMS PDB & A5
P BRI T LU R R B 2 AT 5 A e
ftl ALR AHRIEAR T 40% , TGk 7 [R] I 2 A5 4y
MrHA AL, 15 B A Sl 4 2 A i A 0 2 S PR 4
i aRAS ) 2 N E 4] ALR J& T8 8 ALR,

figf R FORE S R B, 2 A 2 R pH Y
120, HEHTRON, FEIERASRER 2 1
ALR [fis pH ¥ T B 4E iy H b ik 9ok
PRI ALR (% 3), HAE pH 9.0-12.0 F4FE 1 h
) T O v T A TR W OR VR ) ALR
NCALRI fiG il 40 °C, 5 T B a1
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P fifl B (Pseudomonas aeruginosa) PAO1MT
P. aeruginosa 6-31°1 PR JEREAR T (Clostridium
perfringens)"' H Bacillus pseudofirmus OF /' 74%
KU ALR #[A] s NCALRG H53 & 4 37 °C,
5B A9 R A T (P. putida) YZ-26!"Y
KRR ALR AHIF] 5 7% R DS 4R U5 F) B 20 Pl 1 e
T IRLE 5 K BEER T (Streptococcus iniae)!'™™ T
WA H (Lactobacillus salivarius) UCC 11812"
T HGE A AR IR ALR AHML. NCALR6 7
0-70 °C JEF NATBEG , HTE 0 °C BHEA 20%
Fr A B AR il L ELAT A R R BRI, X
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JLFEAZE, 5 P. aeruginosa PAOL AL, H
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Table 3 Comparison of the enzymatic properties of recombinant NCALR1 and NCALR6 with alanine

racemase derived from other microorganisms

Opt Opt
pH Temp./°C

Origin Names

pH stability

Temperature stability PLP-dependent References

Fecal microbial NCALRI 12.0 40
metagenomics of
Nomascus concolor activities

NCALR6 12.0 37

pH9.0-12.0 for L h 30 °C, 37 °C, 40 °C,

pH9.0-12.0 for 1 h 30°C, 37 °C,40°C, Without PLPit This study
has more than 90% 45 °C for 1 h has more has 77%

activities
Without PLP it

than 90% activities

has more than 84% 45 °C for 1 h has more has 93%

activities
P. putida YZ-26 Alr 8.0 37

pH 7.0-11.0 for

than 85% activities activities
4-40 °C for 0.5 hhas 10 pmol/L PLP [18]

0.5 h has more than more than 80%

50% activities
pH 8.0-10.0 for L h 30 °C, 40 °C for 1 h

P. aeruginosa PAO1 PaAlr 10.0 40

activities
10 mmol/L PLP [14]

has more than 100% has more than 90%

activities

P. aeruginosa 6-3 PaAlr 10.0 40

pH 8.0-10.0 for 3h 30 °C for 20 h has

activities
10 umol/L PLP [15]

has more than 100% more than 100%

activities

C. perfringens CPAIr 8.0 40

pH 7.0-9.0 for2 h

has few activities

activities; 40 °C for

3 h has more than 50%
activities

30 °C, 40 °C, 50 °C
for 1 h has few

10 pmol/L PLP  [16]

activities
B. pseudofirmus OF, dadXOF4 10.5 40 - It doesn’t require [17]
exogenous PLP
Lactobacillus UCC 118 ALR 8.0 35 - 50 umol/L PLP  [20]
salivarius A131  ALRA®™ 90 45 -
S. iniae SiAlr 9.5 35 pH85-9.5for2h 30°C,35°Cfor2h  More than [19]

has more than 50% has more than 50%

activities

10 pmol/L PLP

activities

W AT C S5 A T A W A b PR Y
PLP. A5 — ¥ E 4] ALR ¥ PLP 454
75, BIES 39 /i Lys 287450 Ala Ji, RANK
NCALR1-7 #l NCALRG6-2 iy ¥ i B A%, 12
KRN IEEETE ) 1%F0 27%, 45 RAFESCE4H ALR
T 52k PLP A5 78 14 JE i

4 JE B T Ak A R0 6T i T 1 ) A AT Y
LW, KR &8 B T b 2E R 2 ANE
B LA PRIVE (3 1o (B2 Fed X EALA
WEVER, PRE TSRS & 2.6-5.1 %, i Fe

Al A AL h R S A E AR, A
R RAEE G T HIRDE G S5k, i
KR mEE. mHHA XL RS TR
2R ALR (M2 A se 300, ARSI R
T 16 PP 428 B 10 8 Rl Ak~ 57 X B 41 ALR
TEE R RZ I, A A PR IR ALR & M
PRI BE TS H A

WHoR M, sh¥) E A 3E EE (0.3 mol/L NaCl)
J&F— M E B ST, HE AT s E
NS ) 26 A5 7 5 DXL A v 425 4 3] — SE i SIS A
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FEHEPY pEAh ALR AL A 8 D-Ala 5
K TCHHE S W38 N B O g e
i, FRATHRIE T NaCl X E 20 ALR B PR/
s, 25 R 2 NEABAE 0.5 mol/L NaCl
P45 1 N AR G R e 70% DL B, FE
0.5 mol/L NaCl £5 4 F b3 1 h ffR 8 50%L) |
WPEE 1), (HE T H I 2 M NaCl
(1.5-5.0 mol/L),

ALR & VE 528 5 X0 A Wy & L D-Ala 2
KEZ, Fh D-Ala 2T AR A BIERT
M —Z AR DGR R IR, FEREm P
LS P P T 4 D-Ala, HLBE
HE WA, BHF A B2 40 1 D-AA 7ER 2 |
EN TN [T 1P| e 16 R W A S K = I8
I, D-AA M4 LAt sl ATTRIFSE 34
HETEZA 5 FEEEE T D-AA &P,
ALR J&JCHf 2 —, Galkin 25 3% A 1 H B2 A
Witf . L-TN 2 R EU . ALR I D-2 JL R 42 i
SALRVE R A D-AA PPl AR 5T R
FIH ALR 2 5 4 Yyl 5 i D-Ala BA [
AR RIS Y AR A S, (HE ETH
F A Wyl 4 D-AA B ALR f7 75 Pua 2 v d
25 . MEARTE TR DA AR BORAR S S, 2 A
YT A R D-AA TG Y B ZEEET, T HH AT
T AL A L D-AA T8 e B4 0 ml
B30T AR AT AR AF A EE 2 ALR A Tiid i 1k
AR REE, AR T T AR S
B D-AA, ARHEEBHET D-AA B .
B, A AR A R AR B NCALRT A
NCALR6 7E& . By, bl F oA AR
KB AEME

g5 TR, AHIE ST B OO 2 A A R A
PR IR 2 AN 2R T BERGIEAT T SR ik
I RE %0 o T 20 [l e A Tf B 70 v Ik 6 P
PE, BB NIEEREE T, FT DFEAN TR
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