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Research progress of antibacterial drug target alanine racemase
and its inhibitors
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Abstract: The abuse of antibiotics and the massive migration of population make pathogenic bacteria
resistant to drugs and co-infect with other pathogens, which have posed a serious threat to human life
safety. Therefore, the development of new antibacterial drugs has become an urgent problem to be solved.
Alanine racemase is a type of isomerases that uses pyridoxal phosphate as the coenzyme to catalyze the
optical structure interchange of L-alanine and D-alanine. Its racemic product D-alanine plays a decisive
role in the formation of bacterial cell wall, which is closely related to bacterial diseases. Inhibition of the
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activity of alanine racemase will affect the survival of bacteria. In recent years, it has become an ideal
target for the design of antibacterial drugs. The development of inhibitors has become a hot topic in the
research and development of antibacterial drugs. This paper systematically elaborated the source, structure,
function, application and inhibitor of alanine racemase, and proposed a new strategy for the research of
alanine racemase, which would provide a theoretical basis for further research on the relationship between
alanine racemase and pathogenic bacteria and the candidate targets of antibacterial drugs.
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PR 2L 3 (B PRI SR ) 2271, 2 BT BT ik PR 2
FEFIK ALR, T2 4B FRmmrk, SRR

S w1 7 18 G ) 2 B DR 2 2
W5, R 2% B R 21 A BRI K sh) 18 Wil e )
KMHEEEGEIR, SIS EHE IR 6-BERR I
BERK AR BB RS AR IR Y 1,2-0
IR 2R RIS, NI TR IR N A
AREJ ALR BFFEHEHEATRE
1.4 ARERHEEMER S

T EAZAEYRIER) ALR F 8K AR A
faE, Bk, HBEXT ALR 25/ 9858 R B 4E b AE

*1 TREAERIRR DR S MF01ER

JRZAY) . DR R, ANFAERTE ALR )24 5
BRIFH . A5t . S 122 Y 8 A
PR S T TRAFTEZE (R 1), XT LUBFSE e 52 1 22
e SOl S P R s, A S BRI R R At T
BB o

ALR f—ZR&5H i1 350-390 Aad FER Tk S
B, R REERIAT B | [RIUE SRR R 3 Rl
B, Z2%0 ALR AU BN [ 244, anfis g A
R A5 B (Thermoanaerobacter tengcongensis) MB4P!
1 S. iniae®P PG ALR, FAT 2 MNEHHL,
B — AR N SeEE S 5 — AR C oRdh
PR N A IR B 8 A o IEE(al—8)
8 A B (P2 BT & M —1> /B8 FiIRES
M, 565 PLP 456 iRk it; C mahity
WEEH B ISR, B — NI S A A

iEjE[Z,M]O

Table 1 Structures and characteristics of alanine racemases from different bacteria

Source B. pseudofirmus OF42*!

C. perfringens[zs] T. tengcongensis

; ; ;Y
S. coelicolor P. aeruginosa . iniae®™

MB4!031 A3Q)H PAO1P122

Native conformation These enzymes are homodimeric

Two active sites

The homodimer is formed by residues from both the N- and C-terminal domains.

Each monomer is composed of two domains, an eight-stranded o/fB-barrel at the N-terminus and a C-terminal

domain essentially composed of B-strands
PLP binding Lys41 Lys38
residues

Conserved Inner Tyr269, Tyr352,

residues in  layer Tyr 288 and Alal73 and Tyr359
substrate
entryway
Middle Arg294, 11e350, Aspl71, Arg292,
layer Arg314 and Aspl74 Arg312 and
1le357
Outer Asnl75, Leu239,
layer Gly270 and Glu345
Kinetic L-Ala K, (mmol/L) 56.17 19.10
parameters g
Vinax (mmol/(L-min)) 24.18
D-Ala Ky, (mmol/L) 20.78 10.50
Vinax (mmol/(L'min)) 8.37
Optimum 40 40
temperature (°C)
Opt pH 10.50 8.00

Tyr267, Tyr286

Lys40 Lys46 Lys34 Lys40
Two Alal63, Tyr254, Alal74,
non-conserved Tyr273 and Tyr 273,
residues Tyr342 Tyr282 and
(Tt Alr:S173, Tyr366
Q360) Aspl64, Arg279 Aspl66,
(Tt Dad X:S171, and Arg299 Arg298,
H359) Arg318 and
Tle364

780.20 6.30 4.10 33.11

0.21 24.26
381.22 8.90 5.60 14.36

0.14 9.64
65 40 35
10.38 10.00 9.50
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Z—, X SRR MR RE A, B
TCHERR I RE o FETF AT AT 830 4552 1 ALR
HEAEHLER AL (1) 5 PLP 4541 Lys39 A
L-Ala 1% 3k 2 18] & AE 3 52 A ™ AR 1R s
Ji; (2) Tyr265 (B ¥3EM L-Ala 5 PLP Z 59+
(4 L-Ala _FF 25 o i ERYE, 7= A S RAR 2 1O 28
HEMA; (3) Lys39 DA S T ik 71 5~ H ]
I TR R, 77 D-XFLAR; (4) Lys39 55§
+F PLP EHri%4:, BT D-Ala 5 PLP AO3LA 4,
D-Ala MG 2 28 5 PR AR IR . BASRE,
AL SR SRS L-Ala (9 o 7SR5 E 5 INE
JR, SRS A S A RUAH Y D-Ala, Hip PLP
3 3o T AR PR v [ AR R B v T DT
2 HERIE S IIRE RN
2.1 REBREEENEED
21.1 B5MMEREENENK

FEARSE AR, D-Ala 1 B S A7 %A 40 T 41
JLRE ALy, LA D-TN & BE-D-TN 2R K TE
NEES GBS B Y fEac it f b
D-Ala [ REHH A D-ZIERREU 51 & A P L
Jo AR 4L A Y, DR s A ALR 9
i 1 R ) 200 A LR 1 A5 G, DT A 2 10 BB 1 )
YEF . BF5ERM, AU D-Ala #h R BT,
ALR (S35 [ A A7 176 28 S Y
212 SEFFRERFRIES

ALR 5T EEMEFH K. EFLH
6T W0 % FF R (B, anthracis)™ | IR HE AR B
(C. difficile)*" Fe 4R ZEHIFF I (B. cereus) & oh
ARFHEIT ALR, JAH L-Ala A5
FHiZFE, (A ALR fitfbA 1) D-Ala il 740 FIK
HRORZSI M ™ ZEA T A ALR 38 33 8 55
L-Ala Fl D-Ala i HL G A7 1 28, T REXS 1A &
ARG AA BRI B B4 K R B RE,
e PR A E AN BRI T A A

213 SE5KELEENMEEERIFT

Bl SRR A R, TE R L IR .
IRARC R T A5 v A 1 7K AR TG HE Sl A A 9 oA
I E LA B9 D-Ala™, AT BB 5 K AR JCE HESD
WIE I BB A X . Emiko % Abe 44
X H FE B RS D 2R B S W b4 T e Ak
R, RBAESELE YL T, D-Ala #1 L-Ala
A ZURFERE I, WM ALR 1L L-Ala 25
1) D-Ala J&H e YAl NEB & 1) F 2980
VERIEZ/R
2.2 AWRBERHEMEAMEZAYE S/ A
221 AREHEIEES S %m

28 ¥ S W 85 % o BOFF B (Mycobacterium
tuberculosis)J&4e 5 | 2 & AL Y, A2 1/3
M ANZHSEE . R K, M. tuberculosis RAG—Fh
ALRMT 4 TR 201 % e 4 A 180 35 DR gt e )
SCIGYFSE, ALR & M. tuberculosis & frbhiE{H
MNENASFEAER), Bl BRI 85 %0 1 259 3=
S —4 ALR #PfI5] . B AN GLA LB ALR J&
M. smegmatis HMMIREG TTT D-Ala 58— PRI
fits, DR ALR RIAEAIBYT S5A%0R S AR Rl 4
(LY iOL 7
222 ARBMERBSHRER

T B il R 55 EK TR (Streptococcus pneumoniae)
5|, D-Ala /& S. pneumoniae IKEMHZIE L) &
BT, AR 2 HEEE DU K B A A3, R
MBI ALR % L-Ala J55Emis. ik, Hii
WAL HNE S. pneumoniae IKIMEZHIA MY Mk ik
P HAR
223 ARERIHIEEESIERm

Vil Eh 2 TR B P 1 8 S 5 BK TR (Streptococeus
mutans)51 &, HBUHE S F BRI B
TR | Ao 28 T ARG PR A 1 B r 2 P 2o g >
RIRE S o BFE AP, ALR X} S. mutans UG ME
B, WM S, mutans ALR AR
)20 L RE e R M | A BB AR W it R S 20 G A

BhR, A ALR ZE28 AR 5 RS A D47 i 3 ™
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V7 0k 5 T o™ EE A A5 o LSO PR B e T e R
¥ B. anthracis WAFTEIEZ, 25 H L FIE A7,
BRI B. anthracis KW, A PRS0 ;
LA IR A, T B gl LA 1) 5088 R G0
KXt B. anthracis ALR 3 [H PEF TR 45 58 A8 55 1),
RILALR #6 T HZF Bk, Sl ALR B3 AT
A& B. anthracis WZE25, A B FALIATE K
Ye AR ARAE B. anthracis .

3 HEERH EmEH H 5

U 2454 1 = B0 e R i 25 MR 0, Pk
R AR AN, 451G ARG 7 R IR 7% 1 o R I
FRBTBCRH AP T R R A, ALR 2
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TR E RO B EE A o AR A R AL AR ],
ALR I AT 53 R 2R . AR Gl
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3.1 RPN 5
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SR E], RRe e R Ss AA0m, NITSY
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FRCNFN R N &R ). 2 0 A7 AE W T AS AL
(1) #HIF SRR AR 7 PLP AH AR R I+ T4
PTEPE s (2) Stz BARRe Sk, S KEHAAH
() PLP WKHTERE, SEEmMaEEECY, Rik—B
VE S 25l o &% DL B I 0 2 A A il 590 A
KA FRZ | O-Carbamyl-D-Serine . P24 2R
FeCT . EHOE R R EE R B AN EREY . &
iT, Kondacs 257 NG R (I 1-4 5k 2, 56 pu g
Ry A a5 A L [ AH AR IR AR G B T B RS AR
1) C g 1-2438 L IEPAMESCRE , FEXTE e &4
PURAIEPEREA T TS, BT LRI IR w1 ik

BEERNGI R AN, XSS AR IR R A
53R 2 R . DKk, WFA AT ASENRk PLP AHSCHYAESE
RO F— s AR R A R A A I A
3.2 FEERYSE A HNFIF

AN A 550 SRR AR, HRE S
T 2 11 405 e v DLAD B e — A2 CRIA 37 150)
Feahi G, T R 1 A58 b T 3OS
FERH)—2/ N TG . AT I safik PLP A
KRR, Je—JERTSAF ) ALR #0151
BT, AR imsi e s 2 e
(1) ik, A& @R 5, Anthony
A8 JR A0S 5 T 53 000 A1 70 000 Ff /N
LG R SR, HERAE 23 Rk
MRS ALR $0150], Horb 7 R i 3L 3h P 40 i
(I FEMEVE /N . Ciustea 2510t i 7 1 3515
— BT ALR 1 550 M el 41, I AR
Jr L A s S T TR, (2) L
FHANUIREARSS G ik @R 2 100 4~/)
ST ARG T 10 RGBT ALR #7050
LRI HI R EAR R T PLP A GRS
RONE , (ELBIFE e B A ) 0 % i 2L 5 0 240 B A7 7
—ErEtE, At RS Y
] T3 Pk OS5 G 7 ) AR T B ELA UL g AR R
P2 m e, M T ARBR A, ALR
SV AU 550 D0 S22 30 0 A 2 S5 A Y 2 R TR SR
T A, A DRI 24 20 TR 0 TR 25 W) i A it T
IR T 5
3.3 REHAFIF

e E R EAA L TAER I s, ZE B R
2 1) 4 R P SR e i Oy TH R T BRARAE T . Ry
VERHUR 259 LA RN /N o A7 T 25 PE )
FRVE I 46 32 6T o FAC2SEIL ALR AR, M
89 R B ) i AR 6 Fhx) ALR HATH]
EANHRAEFENHPR K F 35%)H 52, Kumari
A1V PSR €833 i 1% (Gas - Chromatography Mass
Spectrometry, GCMS)F143F X &0 T /N2 7E
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I 85 R ALY MLy, 453 3 Fh(1,8-4% B fiki |
BEBR A1 05 1 ) 5 2E W BK B (Enterococcus  faecalis)
ALR #5451 THIRY AL 8. Bl
M EZ R T 52 ALR M), (HiFrs
LGB b 1 T B B A  AFTEVEZ ERIFIR A
BT, FETE MR BT T RSP RIIR, U SOER
FEAERERIER] A T T2k — X h 25 32 L) b i
JCo3 AT 53 B I P s SR PR B 7, DR LG A 241
il I 93 34 Ak T S 0 = B
4 HFES5RE

ALR [ ZAAAE T IR SR B e, 2
{4k L-Ala F1 D-Ala MIH F A 10— 20, JLEGE
J15 M. tubercis®™ . S. mutans . B. anthracis™%
R 2B R A B DA DG i D-Ala 96 i2s
0ot 0 TR A R RE T B, R TS e 2 PR AT, PRk
ALR AN RBHH PR G i) — MRS bR . A
SCMCALR BSRIE . 45H . DhRe Kbl R AL 45 )y
W TERd, RBIXTF ALR MIFSRA5 A 1R £ [n) it
7 BRI
4.1 BEERYREMRIEGIR

FRT, ASFA Y U ILE R IR AY ALR B
AP, T H YRR F T R BRI Y, (S
PEBTIE R A ALR R EER T & 32 B RR . 2% Bk I
20 2 T DAPRIGERE i P A A e A L R 2 Ry
FERTG >R FH e 38 5 P RN A 45 B 20 40 B T Bext
FEE FREERE TP TR W) AR | PSSR | kL
KA HReiE e ACHhE P . A EPMEC R K SR
BiZ AR R AT 0 A bIE T, T 1 00 B G
FRAIE) L, 5175 AFREE rh AR A5 R R IE SR E Y )
FE DRGE IR R RS, W R b R T (A Wit S S A
TRIRMA ], ) B T R A
W PR R B S B S 2 R IR A )
AREgE R, SR SRR 2455 A= W5 B4
ST, AT A AN [ PR EEAE o A2 4 A
W2, P E ALR BRI, AH
70 FR) B S B B R AT

4.2 EgHME (LA IR AS R MR

HAR ALR & H IS 2 1Y 2 B8 T e =2
—  F AR A AL B K LA E A1 P 200 B R A ) TR A
£ T B HARAE AL AN I . 322 s R AT g
457 ALR ZRIETEUNE, REBIF RIS
TEFEARR. HAh, BRTRIH X SR IARAT ST
BRSBTS A0 TE ALR = 4E5HAAT 39 4, &
PR GE g (0 s il R ) T 6 AR AR LT A TR A2 408
AN AR BT AN LA 3 A5 Hi
J'&: (1) SRR 2R 20 22 S5 FOR B A T 2 AN [ R i
() ALR, it X e miins) . Bmgdbiralrd
R LB S HR X ALR 1725 (B Z5 A A T AT 5 (2)
P FRPEE T, A0 a5 (PRI 2 AR A5 B AR B A R )
HoAp ARG Ve S SRR A s (3) FIHITEAL
LR o a7 15 e PO E P/ R e e ke Y wm A K
(Quantum Mechanics/Molecular Mechanics, QM/MM)
FHEE G 7 BRI ARSE ALR 4TI
43 EHMFEIFIZEEH

HATEE &I 60 ZF0 ALR #5571, (H i FH:
BEPEAEHIm AR 52 BIRR . B, % ALR #7]
RO FE T E MR TP TE - (1) X E B 3178
1o AR LA PLP ARHSPEACHY ALR Ay I 4290
5] AT ALR —RALRIE L 7RI EIE
A AR E AR, BHAE IR S il T
ORISR IEIRAR L, MBI R %), ) Xt
TGRS P . S8 R R R B A5G T
XPHERR X/ NGy W) Bk A T, BT 2 ay
WAL, oAl 2 R b B2 HEA T PRI b S AR
A, RS TS S R, UG 2
Xf N BEHEARB T EE IR, B 1R YT
i RAR T
44 BERYMELEERIR

H R E RS i 4 9 ALR AR TEPEAG . RaE
PE2E, AFITRERINH, 10 HICT ALR B2
WU 7 T SR 850 DRI AT S o AT S o) i
Tk (1) il b ABEPLIE A, tEm
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R g S ) AR A S M) vt R F AR
ARA MR PR 5 R D A SO ()™ JE T )
(P R Ao W o 5 2% N it 5 B PCR 4275
BUPFEVDT TR ALR fiEALTN I, S5 T 3 41
AT PRI S RO R AL IR . (2) RN |
4o A AU AR TR S A
(B IR PRI , O 1 o o 1 S B4 I 1
(3) A5l WS P N 5 A Al s oo F s
SR AT Kb TR T ARG A G MBS
b, FRAFERUH ALR SE TR B o
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