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Advancements in antimicrobial drug research targeting bacterial
cell wall transferase MraY
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Abstract: Bacterial and parasitic infections rank as the second leading cause of death globally. The persistent
rise in antibiotic resistance, particularly against f-lactams, vancomycinand methicillin, poses a significant challenge
to public health. The World Health Organization (WHO) has prioritized the fight against antibiotic resistance,
recognizing the urgent need for new targets and the development of novel antibiotics. Given that many potential
drugs focus on pathogens prioritized by the WHO, which often share characteristics with existing antibiotic classes,
fostering resistance, there is an imperative requirement to identify new targets and develop agents that specifically
address these challenges. Bacterial peptidoglycan, with its specificity for bacteria and essential role in their survival,
has become a focal point of research. Due to the enzymes involved in peptidoglycan biosynthesis being exclusive
to bacteria, they represent ideal targets for the discovery of new antimicrobials. Inhibiting these enzymes offers an
optimal inhibition profile, where the inhibitors are inactive towards eukaryotic cells but effectively combat bacterial
infections. The aim of this review is to introduce the advancements in the synthesis of a series of inhibitors targeting
the bacterial transferase MraY, which catalyzes the first membrane-bound step in peptidoglycan biosynthesis.
Currently, there are no antibiotics in clinical use that target MraY. By inhibiting MraY, the hope is to mitigate the
development of resistance. Natural inhibitors of MraY, based on the aminoarabinosyluridine scaffold, have been
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known for their biological activity. However, due to their limited antibacterial efficacy, several research groups

have embarked on the development of simplified analogues to enhance their therapeutic potential.

Key words: bacterial infection; antibiotic resistance; novel antimicrobial agent; bacterial peptidoglycan;

natural MraY inhibitor backbone
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TS BTN A A B BE ) e A2 8 Mra Y BT 2450 F 7 8k R © 1043 -

1% 5 UDP-MurNAc-pentapeptide, 11 WecA F1 GPT [7) ¥
% 1 1 ) Jy UDP-GleNAc. X Ff 2 Fxf T IF & I 2
[ 3% 381 Mra Y #0177 28 Sc B 2R

MraY FIE AL VR & — AN BEORSF I H 3 AN
fiz (MraY,, N His324His325 fil His326) ZH i 45 F ek .
MraY, , [ 3% PE AL sk AL 5 — N R & &R Aspl17.
Aspl18 Fl Asp265 4 B 1) i A6 = Je 4, A AF o] —
B HE PR B RAR 2 3 BB S 1P ) 2 2k . 7E PNPT
R ) FCAth B A AR R B T I R = B AR
1.2 HEHEIFEZESH

2004 £, Bouhss ZE S Ly M J LRI TR 3R1S T =
TR A H MraY, JERR T R A E. Ee
IRHEHL(K,) [T BT RIS AN 7, RR B He ik
1) e B KT 2R 50% PR FE, IR B AR, R 7R A X i
ISR A 50 . B 7 & B, UDP-MurNAc-pentapeptide
FC, P I K BS54 1 F1160 umol- L, i 7% 1 iy 5 3L
B BRIRY) Z (R ISR A AR LS5 . W T R B,
TR B B B P, T M B T RN 10 40 1 A0
pH1H (7.2~8.0).

H E 2N AR Bk, AMT— B AR 50X F
B2 S ML HLEE . Heydanek Z5°VR1 Lloyd 251" /3 5l #2
T BB HLEE (BRI 2). B R 3IANELAIR
WA S, MK 3 NS F ik 570 5> PNPT # ik
i H S AR . R, Aspl15 F Aspl16 5% % (KB AT
W 5) S5 I Mg (BRI B R ) 4 &,

15, o Oy 116
/ N '
€]
©)=0
o o
! é+
HO
HO ;o
° o
1 AcHN | G

/o. /\Q* NH
‘” \/ 7]/

UDP-Mur-NAc-pentapeptide

Pentapeptide @K

-

o

M 2+
HO o

Ho% S
e} iR
AcHN | 02 o°

//\F_i

Asp267 5k N 2 5 UMP 155 82 BUAR, AT 55 BT A%
AR AR . SR, Co P A — ORI 5 2R
JoR LR B e 1) E AL
XM, Al-Dabbagh 55" i 3T B BIF 78 45 R 153X —fi)
WIEA—FL, AT SCHE— AL, BI C P IR 9 =
F B 3 W i UDP-MurNAc-pentapeptide 1 g-1 2 (&
B2 2). FSE b, DURE FLAT B ) MraY B, i i
JE R RALTTER I T 1% KR AL IR . B
FRHERE, 5 KA R & 2R Asp267 AR R
KRR Asp231 W RAR R R EUE LM 74k, X
55 NAVTIG Ao e 2 48 o) 5 22 (1%) S B i 2 v 1) T B A
o RAZ R Asp98 bk H: 1 b Z 0% IR T A 1 1 rh T =2
A, EREA T AR A A IR C P i,
M F=AE 2 5 UMP B #2840 (1) 2 1% S A4
T Tl AT B MiraY % 4% 18 IO BIF TR S T axX 4

RIMI. 2 MraY 5 {F i — Ji& 4 79 UDP-MurNAc-
pentapeptide — 2 3 7% W 35 72 I, A I 21 UMP B4,

P-MurNAc-pentapeptide fJ 25, 1X 5 ¥ & 1 ¥t — B
G DT P LA AR o AAT TR 3 P i 1 22 S VAT A
TRVt R 7RG E A R it T,
UDP-MurNAc-pentapeptide [ g1 J5i 7 (4Lt 57R) (1)
FHMERRS S 7RI .
1.3 XGPEeEty

2013 4F Chung 2P R I i At 1 R VRS MraY, , [ b
IARG5K) (pdb 4372). W LR, MraY DA — AT 45

Two-step mechanism

(I)_
HO 'O—ﬁ—OUnd
Q O  CuP
AcHN O MraY
'? \
Pentapeptlde

Oﬁ%
o o
j: AcHN o -

o
|
& O\ﬁ/o\ﬁ,OUnd
Pentapeptide o 6
j’”’ / Lipid |

o) O
o\ﬁ,/o\ﬁ/o/\{ij/NH
(o]

o AN J
Pentapeptide (©) O HO &H

o-Und

:O

2_PL
Asp98 Oo)
sp!

|

gﬂvf

MraY

One-step mechanism

Scheme 2 Proposed mechanisms for MraY enzymatic reaction involving either two or one step



- 1044 - 252 %4} Acta Pharmaceutica Sinica 2026, 61(4): 1041-1050

A, R L THEOE I T TR, SPAT TS A e
) — 2k AR (B 1), BRI 0 — AN R E
BEIE (B 1A), 1ZBE 18 3 2l i /K 2 2R R L L, R/
JE CAZE NG T o

Bouhss %5 BT 8 7 1) ¥ Fh S5 H A MraY, , (1) X 5 26
SE BT UE S, B 10 AN 85 5 B (1 4 8 TM1~10) Al
SAYI LR 3R (i % N A~E), N 5 Al C i A3z T 40 i Ji
JA 22 6] . A MraY, , B3 1 A DUE H, TM9b i Bl
—ME U A, — B 3 Asp117 P72 B & PR .
XA P U] RE AT RE 2 B K PR IR A CL P 1 25 A A A (]
1B). MraY,, B8 5 Mn® FH & 73t & &40, Mn® FHES T
Hi%ES Asp265 tHHEAFEH, (AL Aspl17 B Asp118 A
HAEH . SERUEW], AA RAZR Asp265 (KT i
WO Asp267) SiETEA SR EA EER (B 10).

2016 4F Lee HI P\ fi# b T MraY, , 5 H KSR 405
25 5 % D2 (muraymycin D2, MD2) 2 [6] & &Y &
fREK) (B 1D~F). %458 oK, 5 apoMraY,, JE A
b, A MD2 245G VETERL AR5 78 . TMO9b i 53i
B PEA R, EFRE A, AT ISR /K 20 BE SE L TM9b &
55 (B 1D). BtAbh, BEAR Mg B8 -0 i i P 28 00 B 22
AR EEF A LS % 15 MD2 A BLAEH
AR X 26 g 1R 22 H e, o] BL4x i MD2 5 MraY,, 1
FEAEHE (E1E). JREERE ST 5 Lys70. Asp196 il
Asn255 BRI T 3ANESE . A7 T AR ) R
Phe262 J8 i i /K AF F 5 PR e T2 i Ae e fE . a2k
ZWERINZ 5 Aspl193 T2 sl A 8, T R Dy ge il 5
Thr75 J% B A~ S

2017 4, Hakulinen 25" AT 1 3k H 20 14 5 24 BH %
W RBFR B (Clostridium bolteae) ] MraY (MraY CB)
5 RKEK MraY #1171 % Je B % (tunicamycin, TM) 15

A | Periplasm
1A

28A

13A

E W4 (pdb 5CKR). MraYCB Hl MraY, , 1 ¢ 51 [
— 1R 34%, BATEEARARL. SRS E I E A7 5 MraY,
HMD2 (I E A7 AL (B 2AB)o bR 15 g 12 i A% i
B EAE S 2 BRSSP h. 4R His291 (A
¥ MraY, , ' 1) His325) -5 40 571 2 18] 4775

20194, MraY, , 5 R Hi% &K (capuramycin, CAP,
pdb 60YZ).3'- 2 % 4 % 2 (3'-hydroxymureidomycin
A, MUR, pdb 60Z6), UL K+ il & & 19 & R U
(carbacaprazamycin, CAR, pdb 60YH) 13 NE & W]
SERIPRAT . BRAL CAR (¥ 2 FEAZ B A0 SR 185 0 1) o7
B AT B IR 5 7E MraY, ,-MD2 & &9 (pdb
SCKR) H W %2 2| {17 4 & #H 8L (B 2C D). apoMraY,,
T3 (pdb 4J72) A4 I8 (1) G B 7K A8 W] 25 99k ik CAR
[ HE W 8% - 7 Lys70. Asp196. Asn255 Phe262 Fl % 14
IE % JE 22 8], DA B Thr75 A1 Asp193 7R 5 5 & L p bt 2
W], RBLT 2 A O e O AH EL2 A o 28 2% B0 BRI 1
HL %05 B3 His325 R R BRAR R A T H— 1)
FHEAEFH

X MraY 5 A [ e A4 (1) 52 6 40 1) o A &5 A st
AT LCEE 3 T, AT LIOKE B 1 22 1) B PR A i e
TR 255 P RO BRI A . B TR 4R
AN I E T TA FE A AR X, Hd 6 AN IX 3K
Bl iy 42 9 #4557 (hot-spot, HS1~6, & 2E). {5111, %f
CAR, 7r T 5“ R D487 (40 t8) . 5 HS1 A2 1 IR
(PR 4% f1) JHS4 B /K PE 148 (5 £21) AT HS2 [F TM9b B
FUE PR (58 f8) LRI X 38k) AH B (91 2F). JREERE
BIZRAE PR R T I 45 S E T 5 ol 45 4 v 3 2 A [+
(7, T HLS 1488 11 ok 45 155 50, D0 K1 410 1) 70) 10 225 40 1 S5 46
1, CAR [ B /K b 245 5 B /K 35 HS4 #H HE F, 1 72
BB 3 A IREE U 5 TMOb Al E 36 22 1] () HS2 [X 38 AH .

5'-amino ribosyl
D moietyl

Uridine
molety

Figure 1 Description of the crystal structure of MraY, ,

o om

. A: Crystallographic structure of MraY, ,; B: X-ray structure of MarY, , (electron

densities); C: MraY,, crystallized in the presence of Mn>". Adapted from Ref. 3 with permission. Copyright © 2025 American Association

for the Advancement of Science; D: Electrostatic surface of apoMraYAA; E: Cartography of the MD2 interactions with MraY, ,; F: Structure

of MD2
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carbacaprazamycin; G: Table of HS occupied by the different natural inhibitors of MraY co-crystallized with MraY: CAR, CAP, MUR, MD2
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tion. A light grey square indicates that this part is not resolved in the corresponding crystallographic structure. Adapted from Ref. 15 with

permission. Copyright © 2025 Spriger Nature limited. CAR: Carbacaprazamycin; CAP: Capuramycin; MUR: 3'-Hydroxymureidomycin A;

MD?2: Muraymycin D2; TUN: Tunicamycin
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Figure 6 The related structural formulas of capuramycin. A: Structure and activity of palmitoyl caprazol and its N-C6'-desmethyl analog;

B: Caprazamycin analogs with an amide or a diketopiperzine structure; C: Examples of substrate analogs synthetized in Gravier-Pelletier's
lab
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structure of the diazepanone-containing inhibitors synthetized in the laboratory
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