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Abstract: Peptidoglycan is the most important component of bacterial cell wall, as it is crucial
for the maintenance of cell morphology, cell size and cell survival. Meanwhile, peptidoglycan
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is the target of many commonly used antibiotics. The synthesis and hydrolysis of peptidoglycan

occur simultaneously in bacteria under normal growth conditions. For the sake of cell wall

integrity, the biosynthesis of peptidoglycan needs to be spatiotemporally controlled.

Peptidoglycan biosynthesis and the regulatory mechanism are among the most fundamental

research topics in microbiology. In recent years, researchers around the world have made

remarkable progress in this field. On this basis, this review summarizes the de novo synthesis

of peptidoglycan and peptidoglycan recycling pathway, and emphasizes the research advances in

peptidoglycan synthases (key enzymes involved in peptidoglycan synthesis) and their regulatory

mechanisms. Finally, this review puts forward the questions to be addressed in the future.
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JIK 2R B (peptidoglycan) 2 4l 1 41 it B (Y &
B ER Sy, X TFYFARIES . KA, BE
FERaE LA S AN A7 5 b g i), TR, JBKIR
R 24 K Z BRI FR A 451, RZEZEMT
Az 2 AR B A S P EE 1] R SR ) AR S B R
un - A A A 2450, R Ml N-
LT HURERR (N-acetylmuramic acid, MurNAc)Fl N-
Z. Tk % B % (N-acetylglucosamine, GIcNAc) if i
B-1,4 WH 1T Bl AC B AH 3% W Lo M B RE A B, Horp
MurNAc _FiEdE— AR, AHARE IR Z BT A
SEHK (cross-link), fdf AR ERMHIR LN WARS ) . B
22 BT (AN KBAFF A Escherichia coli)FIHE %K
PR B (UG R ZF AT IR Bacillus subtilis)H R IR
M A 22 5%, HPHT#E N L-Ala-D-Glu-meso-
Dap-D-Ala-D-Ala (meso-Dap NNTHiE- 2 FEpE
2), TiJE&h meso-Dap # L-Lys fiR .

A AIMAE A KA R R T, A
FT A IR R HEZ T AR — A, T2 R 2L
AR AR R B A e A0 o
B e 2 0 L S B A, AR S E IR SR 5 T
(peptidoglycan synthase) I 4F I T R4 FI s Hk 2=
AR B IR RO EE o 2 B T K R K
fif} (peptidoglycan hydrolase)[1Z 5, EATKEA
P RERMEEE DI, DI A R SR B A4 A BRI

cell wall; penicillin-binding protein; peptidoglycan synthases;

20 BeAh, KRB KRB A )i vl L
253 i ¥ (recycling) 1S 2, H S 5K S
BB FEREA R A 5 i R 2 5 g £
RILHR, BRI N 52 30 R I A PR
NI PRI R SR A 1 TR s A e e

B O AR RBE E2:, HAEY A
PHPEHL — B A W~ v o 0 SR Ak i 5 A
HEVEAEE T 1l o - B P 5 B A T 4 i o Hp K
RWERARD A YA Rt R, E ey B0 2 40
it J5e S A A K i 2H 2% 22 A 1Y ik R bEJZ 5T
ATERE , TUAE B N AMIFSY AT BAFE X 2 [A] R
FHUS T R R IR, RS iR is K
TR R B . & B N PR SF I R SR
i A St s 1 IRERME 5 B i R P AL I &, G gk
WSS R K 5 E B HE T RATEEX T
FRERBEAD A BN . BT, ARG
JOR SR A= 6 B S LR A5 AL A B B oY
&, JU R T A5 B IR R 2 KSR 5 g S AR
[ 20 B R EEALE, DA R AT i ISR
A A ) TR I FR s =

1 RREWES SRR
AR B 2 0 L T 248 R
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Z A0, AR R A SO A DL
SRR LAY R 3 AN BL(E 1, & DI

1.1 BAE#ERTIA UDP-MurNAc-pentapeptide
B & B

55— B & A TE 0 B S5 (cytoplasm) H .

¥ PRTF W2 (uridine diphosphate, UDP)I% fkAY
A& UDP-GIcNAc 7£ MurA Fl MurB FfEfL T A=
1 UDP-MurNAc, B L-Ala, D-Glu F1 meso-Dap

G3 ITE R eV 2 L MR i H2M MurC . MurD Fi
MurE HIfEAE T B 545 5] UDP-MurNAc EiE
A%, UDP-MurNAc-L-Ala-D-Glu-meso-Dap., L-Ala
ENRAMRIEIEN Alr fl DadX 4L T IE B
D-Ala, Pi/~ D-Ala £ D-Ala-D-Ala % i DdIA
RIVEF TG A D-Ala-D-Ala, #RJ57E MurF A9
fbF #% # £ UDP-MurNAc-L-Ala-D-Glu-meso-
Dap, JE K BHAITA UDP-MurNAc-pentapeptide .

CM o MurG MraY
MurlJ <+— O — UDP
)
Cytoplasm s
Lipid IT Lipid I
MurA MurC MurE
UDP -mm — — ypp - —» — — DP MurF
MurB MurD g
e —> 0 —> 00
Bl GIcNAc @ L-Ala Alr DdIA
MurNAc @ D-Glu DadX
E= anhMurNAc © meso-Dap
@@ Lipid carrier ® D-Ala
1 RRERENEVEIEE
Figure 1 Pathway for peptidoglycan biosynthesis. OM: Outer membrane; PG: Peptidoglycan; CM:

Cytoplasmic membrane; MurA: UDP-GIcNAc enolpyruvyl transferase; MurB: UDP-MurNAc dehydrogenase;
MurC: UDP-MurNAc-L-Ala ligase; MurD: UDP-MurNAc-L-Ala-D-Glu ligase; MurE: UDP-MurNAc-L-

Ala-D-Glu-meso-Dap ligase; Alr and DadX: Ala racemase;

DdIA: D-Ala-D-Ala ligase A; MurF:

UDP-MurNAc-tripeptide-D-alanyl-D-Ala ligase; MraY: UDP-MurNAc-pentapeptide phosphotransferase;
MurG: UDP-GIcNAc undecaprenoyl-pyrophosphoryl-MurNAc-pentapeptide transferase; Murl: Lipid 1I
fippase; GTase: Glycosyltransferase; TPase: Transpeptidase; meso-Dap: meso-diaminopimelic acid.
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Table 1

Enzymes involved in peptidoglycanbiosynthesis and peptidoglycanrecycling in Escherichia coli

Protein Activity or catagory

Function

Peptidoglycan synthesis
MurA, MurB
respectively
MurC, MurD, MurE, MurF, Amino acid ligases
DdIA

Murl, Alr, DadX Racemases
MraY, MurG GTases
MurJ Lipid II flippase

PBP1A, PBP1B, PBPIC Bifunctional GTase-TPases
(aPBPs)

PBP2, PBP3 TPases (bPBPs)

FtsW, RodA
Peptidoglycan hydrolysis
AmiA, AmiB, AmiC, AmiD N-acetylmuramoyl-L-Ala
amidases

Sit, MItA, MItB, MItC, Lytic transglycosylases

MItD, MItE, MItF, MItG

PBP4, PBP4b, PBPS, Carboxypeptidases
PBP6a, PBP6b, PBP7,

AmpH

MepA, MepM, MepS, Endopeptidases

MepH, MepK, PBP4, PBP7
Peptidoglycan recycling

AmpG GlcNAc-anhMurNAc permease
AmpD anhMurNAc-L-Ala amidase
NagZ B-N-acetylglucosaminidase
LdcA LD-carboxypeptidase

Mpl UDP-MurNAc:
L-Ala-D-Glu-meso-Dap ligase

Transferase and dehydrogenase,

GTases (SEDS family proteins)

Synthesis of UDP-MurNAc from UDP-GIcNAc
Synthesis of UDP-MurNAc-pentapeptide

Synthesis of D-Glu or D-Ala from L-Glu or L-Ala,
respectively

Synthesis of Lipid I and Lipid II, respectively
Translocation of Lipid II across the cytoplasmic
membrane

PBP1A and PBP1B are major peptidoglycan synthases.
The role of PBP1C remains unknown

Interact with SEDS proteins and form peptide cross-links

Interact with bPBPs and polymerize the glycan chains

Hydrolyze the amide bond between L-Ala and MurNAc in
the periplasm

Cleave the B-1,4-glycosidic bond between MurNAc and
GlcNAc in the periplasm

Cleave the terminal D-Ala-D-Ala bond of pentapeptide

Hydrolyze cross-links between existing glycan strands

Transports GlcNAc-anhMurNAc into cytoplasm
Cleaves the anhMurNAc-L-Ala bond in the cytoplasm

Cleaves the B-1,4-glycosidic bond between MurNAc and
GlcNAc in the cytoplasm
Cleaves D-Ala from tetrapeptides

Adds L-Ala-D-Glu-meso-Dap to UDP-MurNAc

1.2 BAERPERIRRBERSR

55 AN B B & A 7E 41 MY B IR (cytoplasmic
membrane) [, 7E4H T H Ak R SR R AR T
B ) 20 B 5T P B RS MIN A R A TR — 2P S
B G, BREMERT{A UDP-MurNAc-pentapeptide 7E
BERR e o Il MraY F9VE T 55 200 S5 P A )
T — %t 4B BE MR B BT 2L 1K (undecaprenyl
pyrophosphate)fHi%, JE Lipid I; R)5, ¥
fitf MurG ¥ UDP-GluNAc #{% % Lipid I, &AL
5520 L ST B B E 1Y BK SR OBE B K GleNAc-

MurNAc-pentapeptide, Bl Lipid II; f&/5, 7
B VER T Lipid 11 25 5 80 4 22 40 i o i
Al

Lipid IT (% #0%% e o] Fh il $01 T 00 DOk &
Z4 W, W) &P SEDS (shape elongation
division and sporulation)Z % 2 [ i 5t FtsW 7E
RSS2 h B B S M, WO IR R ER
1 (f13% FtsW ., RodA #l SpoVE) & Lipid IT %%
BES1, 2014 4F, SHAM 287 7 1ERAIIE
Lipid IT B%% 8-S P A 5256751, & B SEDS
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W I BREE BT PE, 1 MOP (multidrug/
oligo-saccharidyl-lipid/polysaccharide) ¥4 iz % [
AWM Mur] A2 HIER) Lipid 11 #1144
BEUO, Murd |14 NSRRI AL, 1EBTT Bl
IR T, @R AT E Rk S Lipid
T f14 5 B U 10 Ry R 2 FRL T 1 R Bk Murd 41,
Amj 55 L HA BB PE , Murd il Amj 2 [5]
s/ e 9 RN A5 A [ A, (H ZFFEDhBe L AT LA
A M,
1.3 BAERPEEMNEESMEHK

55 =B Btk A= TE R 5T %5 (6] (periplasm) H o #
B 2 O M 5T BSE AN A Lipid 10 7E %% 0% 5L iy
(glycosyltransferase, GTase)lI1EF T REG 2
HE BRI EE s S ULRIET, A MR EA N 1
— L SRR BRI A LUREIL, HF ekt iz 2 A s
wH S5 Lipid I WEIY. HE, KNG
(transpeptidase, TPase)ffE fbAH <1 1 K 5 M 6% 4
FRZIE A8 0K, e 28 AR B RR R B . )&
Joz 7 (] BRI A SR 5 R AC K T2 B R 45
4% M (penicillin-binding protein, PBP)41 1
Hdr, A 25 PBPs (aPBPs) NI RERE, [A]AH
A E BRI AN BRI S PR, K DORBOA 2
T KRB A ; 1 B 2 PBPs (bPBPs) N HL
RN, {HA R IKEGTE T, Eopr i 9T R
bPBPs 5 HAT AL EHG ML SEDS ZKIREE M
TERR MR A AL B bl £ AE R GFE I
),

2 RRAEWEFREL A

JIRRAEA{LAELL UDP-GIeNAc il 3 Fha 3t
PR R JEURTRLEA T ISR T, 18 BE 28 R SR O Ak
T EE BT AR P o IR SRBEAIG 12 415 SR SR 227K fi ity
VERR IS 77 A2 W IR SR MR K A e B, i0E A A0 ot vp
W5 5 R A U S R0 BRERIK el
B BK S OM It B B8 (N-acetylmuramoyl-L-Ala
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amidase) . ZHEIEFEHEIENE (Iytic transglycosylase,
LT) . & Ak B4 (carboxypeptidase) 1 P Ak i
(endopeptidase)Pd K Fs(F 1), Hip, R
Y L iz T 7K fi: MurNAc Flls K 22 1] 17 T Jig it 5
LTs 7K f# MurNAc 1 GlcNAc Z [[] i) B-1,4 B+
g, 774 GlcNAc-1,6-anhMurNAc-peptides; &
JORCTREE 0 PN JORC T3 551) 70 0 et JOR A i LA B R €08 st ik
Z (BRI PR S, B BT R SR 1 18 B S K AR
JE o 33K S Ji SR K Sk e X T R SR AR B AR
RGHE, TR CA R TIH, K5
AT G RN . @E LT, IRERBEK
ffE T A e R A K T/ 8y, I LAl B
— KRR MEAK e il (0 B B S A, XFPITAR
R BR R T RSB K S i Sh RE 9 F 9, (R
B 5T e WX S I T RETUAR B IR SR
7K it Tt 1T REAEAS [ (1 PR 5% vp R 4 1 2,

TEIE R AR R R, b A Bk SR /K Sk iy
PERIG 7 A2 B KR WK A% 77 1 2L GleNAc-1,6-
anhMurNAc-tetrapeptide & £, 207 T4 fifd Ji i
HP Y38 2 i (permease) AmpG #E A5, 7EJIK
FHEBERLHE AmpD F1 B- £ Pk 2 32 35 0 A 1 il
NagZ AL FVER T A GleNAc, anhMurNAc
A VUK L-Ala-D-Glu-meso-Dap-D-Ala, LD-
FRIKME LdcA ] LK i 25 DU KR 3w 1) D-Ala Y]
o, AR ES = BK L-Ala-D-Glu-meso-Dap %4
HEHENE Mpl FIVEHTEHE 2 UDP-MurNAc, JEK
UDP-MurNAc-L-Ala-D-Glu-meso-Dap , T A
KRB A A BGE AR 2, % )P, GleNAc
Ml anhMurNAc W 7E — 5 %1 i i 52 0 J5 Az B
UDP-GIcNAc 31 2 5 Ik R sUIE 2 Wi &
Mo AN, B = AK L-Ala-D-Glu-meso-Dap it
A A28 Tt fig 1l S5 YIS Ry SRS B TR 4T [ml
R

S TE S0 % A5 b IR SRR PR 0F A 2 4
PRAE I AR Y, (ELE Y 200 BT T e e DR LA 5
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Synthesis /
? MurG

Lipid [ Lipid II

MraY (

T-\\Qﬁ;—umﬁg*“i/

Hydrolysis \

\AmpG

o LdcA
AmpD

(— |
lNagZ
UDP —=3 . mm
1
mm GlcNAc e LAl i
E2 MurNAc @ D-Glu \
E= anhMurNAc © meso-Dap UDP —==
@@ Lipid carrier ® D-Ala
B2 MREBHEEIFIE
Figure 2  Pathway for peptidoglycan recycling. OM: Outer membrane; PG: Peptidoglycan; CM:

Cytoplasmic membrane; AmpG: GlcNAc-anhMurNAc permease; AmpD: AnhMurNAc-L-Ala amidase; LdcA:
LD-carboxypeptidase; NagZ: B-N-acetylglucosaminidase; Mpl: UDP-MurNAc: L-Ala-D-Glu-meso-Dap ligase;

MurF: UDP-MurNAc-tripeptide-D-alanyl-D-Ala

ligase; MraY: UDP-MurNAc-pentapeptide

phosphotransferase; MurG: UDP-GIcNAc undecaprenoyl-pyrophosphoryl-MurNAc-pentapeptide transferase;

meso-DAP: meso-diaminopimelic acid.

AFIFREEIS, IR ERMEAE PR R ™ A i v ] 7 4
A DAPGE A B R WS, B0 D20 TR RE A% 1 & 58 A%
— 5 43 4 AT B 240 T B S AN R R AT S AR
R MIBFIE AT, B 22 P BE R TR v R SR 496 B %
TG KIIAEIE B EED, G,
KB 22 T 28 B IR SROBE A0 245 v 18] 7 ik BE AR
HESHTSH5 2 ERT B IEE, Wi
Wik, TEASHEAS . A5 0 AR AR R A

Jeifs FHuAE R 2 M A2 AT 2 R
P TR B AR 3K A B G TR (Shewanella oneidensis)H

AT d R, OERBEK - I RE AR N5 =
Oy 75T B- A TOE i Tl R A A9 35 DATAT XS B- DAY T
JE 2 = T 25 P,

3 MRRELEE

FEANNL S BTz v, BRERBE R A A ik 32
S PIR IR RS IG5 — 2 M A b
FE B VRN AR S PR aPBPs; R HA
EEOREILEEIG PEAY SEDS FK 8 1 A ELA 1 JIK
TG PE Y bPBPs 2 A A A 1A
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3.1 aPBPs

aPBPs |12 70 A T4 i g 22 PGB M T AR
2R HMERE RBY, fE SEDS FRE M & 2 B
BN R 2 A P e 3 R E IR S . A
[N aPBPs AR, R &
4 3/~ aPBPs (PBP1A, PBP1B £l PBP1C)™*,
MG 2E AP &4 4 4> aPBPs (PBPI.
PBP4 .PBP2c #il PBP2d)"**!, K #F#i ', PBP1A
A1 PBP1B HU R AN 52 0 20 B (1) 1E A2 A7, 3
WA TR s B 2 02 5 | 40 o SR A, R X A
aPBPs 7EZ 5 KRG w72 b a] DM B8
AR5 T PBP1C e KA P (4 75 FH H RiT i
AT, HidZik PBPIC AREXME: PBPIA H
PBPI1B [R] i il 2k 5 e i 3t 2 71

R4 PBP1A #l PBP1B TEAR KFLEE | IRE
04, BB aPBP MR RTINS
FTE . KB AFE T PBPIB Bl (BB B-P9 Bk
JHE i A AR EY | FE R E TS RE
TR R A B i T Ak, AR
i Ab B B 40 TR )i AR BT BR (spheroplasts) B BT &
WK BB T PBPIB, il PBP1APY, 0
KIHFFE S PBPIB 7 K A& H A4 Lo
PBP1A K. HMAMR M, EELINE (Vibrio
cholerae)™ PBP1A MIFEFI T K, HiskK J51ESE
ABEFRI P R AR G I X ARV R AN B- N Ik i
Fehi A MR, fERE N AT S b
HFPIREEAE N ERIE Y m Mo £, Kip
¥ 1 PBP1A Fll PBP 1B 43 51 £E A P F R P 34 5%
ORIEVER, 8 AL RAE e R A A 2 AR 1Y
RS P24 E AR K DL T SE R A i BE

AT A FL R AR R B, i h
H 34> aPBPs (PBP1A. PBPIB #l PBP1C),
tt PBP1A #l PBP1B An] [AiFEek ™, 5K
FER AR S, A BUIG T o PBP1A 7ERKRBE &
B VE AT L PBP1B K, PBP1A Stk J5 41 B %

<l actamicro@im.ac.cn, & 010-64807516

B I 22 AR B, A T A S (SRR TR
FECREE) . MBI R U . SMEGE EVE R
R LASOOT B-IN IR 2P0 A R 25 k3 o 55 T
PBPIB 4 J5 A 25| i B i Y e R B 1423
B9 & B, PBP1B KT % PBP1A
B A T LLAME T PBPIA kG5 i A 4=
I REBRFAIY, A, PBPIA o i s I L il Al
B JOR O T P o L R OE R G A2 BRI RE A R T
A, AE B AR R AR P R A AT — B E AR
PBP1A #4865 R 41 MR A5 A el 251 ph k] I
Yfarp aPBPs &1k LA K T 14 1 AR L R RE ¢
RS K SR B I B A PRI RE
3.2 SEDS-bPBPs

FEAR B ZEAFF IR, B T E A1 aPBPs
R TR Pk B AR R I8 HATS B A A7 15 O A IE W 1Y
R LA ARG A, R BHIZ R Hh i A7 oA
TR A EL AT e A S TS M 7 B 1 £ TR R R
R RA . 2016 45, 2P ARG %0 H ik
KEMER, BIRTSCTAR SEDS KK&E A MK
51 RodA, RodA [ % IAREME K I H1 aPBPs it
KelEFRREEE"S, WG R AR, &
W0k AN RE % B Lipid 11 /49 SEDS Z 45 115
—ANHLE FtsW L HLA B S 1Y 7R R
J AT 4 A 2= [V T vh , SEDS R 48 11 [l
HA R ETY, SEDS HEARE S
LA 5 RS P £ bPBPs )4 A BE S2 PR
BHRA R, Ho RodA 5 PBP2 JEE &1k,
M FtsW 5 PBP3 JEWUE G, 43 5I7E 24 i 4k
{H (elongation) Fll 53 24 (division)id 2 H & il K 5
%[16-19]0

55 aPBPs ML, SEDS ZJ% AL 5 Al bPBPs 7F
| RO S o = L I (W F 5 1 S P 9
Y11 (Chlamydia) F1 1% 55 1/ | ] (Planctomycetes) 5
Y > aPBPs, HE 155K BB & Al Ik 2R
FEWTO), XY R ER A 20— SEDS K
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R L FI—~ bPBP [, WEREITH KRB
Hi SEDS-bPBPs &5 "4, e i oE 1,

SEDS-bPBPs 7E il F bt e e o & g O E
ifii aPBPs % {1 5t IR AG 18 & Tl >, R
BN, PRGBS B YR LA H
Z MR RE AR5, BRCHZM
ZEIR X I 1) R EA IR A A1

4 FRRAE L6 Bk iy T AL

FELH TR A A R A At AR v, ISR K fif
AWK O A KRB EE DI T, RIGMAN&
BRI RR SR M . PR, KSR & BRI K i A DG 1Y
fit WA 8R 27 2 VI 2 AR, DT R TIE K SR b
A K B Tl sk R e e . B R e TR R B
A=A R T R EE R ERA R —
B TE BH RIS AKOT-38 2 B AR AR P i P
FPVRFE s ORAE S Sk T X e A Y 2R 3K i 47
(3R 2).

4.1 FERKERIEE

JUR SR 25 W B B AE G I i LA 22 il 525 AR Y
WA R AR, &R A AR LR
TR J KPR 3 57 R SRR A W T U
AP B e MR E A, s
S ST A 20 I P P DA% A O A M R R T, 43l
ST JOR SR AR 5 1 Fh A ) PR Rl A ]
G B ETE
4.1.1 IMRIEFRBX aPBPs AT

LT R IAFF R 9 L B, aPBPs Y
TG R4 52 AP R 3 R . SRR
LpoA Fll LpoB 4r5lfE R H+F 5 PBP1A Fi
PBPIB UM &4, dEMifid ik aPBPs 15 ik
it T 2 SR TG 1 2 AR B RIS IR S
XN ) aPBP ik, I 2 4~ Lpo 1
5 HARXHV Y aPBP 25 A [A)IHBkgk AR 3 3
A AR B A ATE A0 i E 7 L

A wiFE, Hr PBP1A/LpoA 205 i T BE
(lateral wall), Tl PBP1B/LpoB & %% v T P i
(septum)P>* . BRARBFF RSN, BLE & BLESLIR
BR VRN A B EG B P AR L At 2% G B M B
aPBPs WUIREM T LAMEIEE S5, S%R
Y TR (Pseudomonas aeruginosa) ' 8N 5 A
LpoB [AJE&E 1, Hi%5 A5 LpoB A IRE M F1ME
fig 2 (4 LpoP!*",

HPIEE FE 11 B 2 T8 20 T AT i 18 ) Jo s
[] 5 aPBPs H1 AR IL 245 H 5 (PBP1A () ODD
45Ky PBPIB Ay UB2H 4% ¥4 38) A1 H. 1
FRISO R A AR S IR 25 R, PSSR
X aPBPs IAFENLEIAE, H LpoA H
FAC VERL BRI IS E T LpoB B4 1E 4% b L il
TR SR, ORI IE R B LpoA Xt
PBPIA 1) % Al ik il 1 2 JOR I 1% 1 0 A7 49 R A
FAET, A e Al 0L, AR P A SN RS A e i
FARLA 7 2R T aPBPs AOREE 1
412 ZEHEEHPREESRNIBE

TERIGFF R SEAFIRE B b, B2 A Y A
F A5 2 B S A RN S PR S e R, DR R SR b
PR A S A 956 240 L A2 At s VA0 B 1) 5 8 R - 2L s
PR REAL B A L. KERIBFSE R, KRB Y
B WA DG I 20 26 i 2 i 0 G IR R AR,
FE U A AL 5 51K elongasome (HLFR Rod &
AT > R A K divisome (£ 2
[l 3120838889 A 2 A A R o Y R L RAY
£33% SEDS-bPBPs Fl aPBP-Lpo 25 ik M 4 il &5
G, G IR K G . A ME 2R A D
FARR R E 15 . Hrf, elongasome B &
{AE % RodA. PBP2, PBP1A . LpoA. RodZ,
MreB. MreC #l1 MreD ¥ ; T divisome & &
A 3% FtsW. PBP3 (FtsI). PBP1B. LpoB.
FtsA. FtsK, FtsQLB. ZipA F1 FtsZ 4l (& 3
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x2 KEELEVESRIREER
Table 2 Regulators for peptidoglycan biosynthesis

Protein Category Role References
Elongasome complex
RodA SEDS family protein GTase, polymerizes the glycan chains [17]
PBP2 bPBP TPase, forms peptide cross-links [54]
PBP1A aPBP GTase and TPase, peptidoglycan synthase [55]
LpoA Outer membrane-anchored Essential for the PBP1A function [32,34]
lipopotein
MreB Actin-like cytoskeleton protein; Maintains the cylindrical rod shape [56]
cell shape determinant
MreC Cell shape determinant Interacts with MreB, MreD and PBP2 and regulates [57]
peptidoglycan crosslinking activity
MreD Cell shape determinant Balances the activity of PBP2 with MreC [58]
Rodz Morphogenic protein Functions as an adaptor between MreB and [59]
peptidoglycan synthases
Divisome complex
FtsW SEDS family protein GTase, polymerizes the glycan chains [18]
PBP3 (Ftsl) bPBP TPase, forms peptide cross-links [60]
PBP1B aPBP GTase and TPase, peptidoglycan synthase [55]
LpoB Outer membrane-anchored Essential for the PBP1B function [32,34]
lipopotein
LpoP Outer membrane-anchored Essential for PBP1B function in P. aeruginosa [61]
lipopotein
FtsZ Tublin-like cytoskeleton Forms a dynamic cytoplasmic ring at midcell [62]
protein
FtsA Z ring membrane anchor Tethers FtsZ filaments to the membrane [63]
ZipA Z ring membrane anchor Tethers FtsZ filaments to the membrane [64]
FtsK Cell division protein Interacts with numerous divisome components [65]
FtsN Cell division protein Interacts with PBP3, FtsW and PBP1B, and regulates [66]
peptidoglycan activity of PBP1B
FtsEX Cell division proteins Interacts with FtsA to regulate cell division. [67-68]
FtsQLB Cell division proteins Recruits and regulates the peptidoglycan synthases [69]

Transcriptional regulators

FtsW-PBP3

c Alternative sigma factor Upregulates the core biosynthesis pathways for assembly of [70-71]
cell wall

o' Alternative sigma factor Upregulates the expression of MreBH and LytE autolysin ~ [72]

oP Alternative sigma factor Modulates the expression of L, D-transpeptidase in [73]
Corynebacterium glutamicum

SspA RNAP-associated regulatory Modulates the expression of both aPBPs and SDES-bPBPs  [74]

protein

WalKR Two-component system Controls cell wall metabolism [75]

VrxAB Two-component system Activates multiple steps of the peptidoglycan synthesis [76]

(WigKR)

CpxAB Two-component system Modifies peptidoglycan cross-linking via the L, [77-78]
D-transpeptidase LdtD

BolA Transcriptional regulator Regulates the transcription of mreBCD and several [79-80]
peptidoglycan hydrolases

DdIR GntR-family transcription Activates transcription of D-Ala-D-Ala ligase gene [81-82]

regulator
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Divisome

& 3

Lipid 11

Elongasome

MR RO NI IETFHIRRREEAZHE S

Figure 3 Multienzyme peptidoglycan-synthesizing complexes during cell elongation and division. A great
number of enzymes involved in peptidoglycan biosynthesis are organized into the two multienzyme
complexes, divisome (left) and elongasome (right), which are responsible for the assembly of peptidoglycan
during cell division and elongation, respectively. For simplicity, peptidoglycan hydrolases associated with
both complexes are not shown. The activity and role of these proteins are listed in the Table 2.
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KR BERTIR A (DA, MurB Fil MurF)., JiKZE
B FE A1 (PBP1 1 PbpX) LA K AR R M4 i
A RS54 43 (MreBCD , RodA |, DivIB , DivIC
A MinCD)!' " RIS, oM IBRETEES Lipid
11 FE A Amj 9ET . el L, oM AEHE %
F B TR7 JOR SR 2B 5 b aok A Hh R A O R 4
Mo o J—Fh eSS SRR RAEER R
WEFNE o T, BP9 LB o B2k it T Bk 40 L T
BHFPRAS FETE , ATREAY IR P o B B
2% T elongasome & 51K 1 MreBH FlikE
WK @l LytE (351, 18 aPBPs G HT,
o' Al A F 7R elongasome & & 1A i 1 1 52 9K
Xf oM AL REAMET, eAh, HAbBEREE o NP
(I o®. oV, Al o) RE D BUK RIS
il 7K figp Bl R g 2 s 77

e 2 R T, HEM IR T o HF
KRB G R s . IRk, &2
HHAIA LR I F Rt 42, ZBYS RNAP
25 R MEYLR EE  SspA (stringent starvation
protein A)RE 1 [F] B I 45 PR 2 K SRME -5 il 22 K] 1)
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TE YR EAFRE A DL B ROV 3Rk,
it o -RNAP & A WAl HAE A 5L
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SEDS-bPBPs ¢ Ji £ [ 3L [ Y 28 35 B, DA
i #Mz T PBP1A (2% 5| i) ik A 4574 iF
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IR N AN R R A e N A TS
R4, — % 4R BRI (histidine kinase) 1)
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