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Abstract: The [ -barrel assembly machinery (BAM) complex is an essential apparatus that is
responsible for the assembly of B-barrel outer membrane proteins (OMPs) into the outer membrane
of Gram-negative bacteria. Its functional defects can lead to bacterial death, and thus it is
established as a new target for antibacterial drug development. The subunit composition of the
BAM complex varies across different bacterial species and in Escherichia coli, it is composed of a
core subunit BamA and auxiliary lipoproteins BamB—-E. BamA, as a member of the Omp85 family,
mediates the folding and release of substrate OMPs through the dynamic conformational changes
of its B-barrel structure that are regulated by lipoproteins. In the present review, we summarized
recent progress in distinguishing the minimal functional unit, complete functional unit, and other
functional units of the BAM complex in E. coli. Moreover, by reviewing the drug screening studies
targeting the BAM complex, we provided an overview of new strategies to combat the drug

resistance of Gram-negative bacteria.

Keywords: BAM complex; outer membrane protein; functional forms; BamADE
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Figure 2 Structure of the BAM complex from

Escherichia coli (Protein Data Bank accession 5D00).
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Figure 3 Three hypothetical models of BamA-mediated assembly of OMPs!

iy, T CRBKIE TR, FETH A A
fRsk AL, JLIBIENCHE 5 BamA ) POTRA3 £544
BE of SEE A B K AE 45 A, {2 #F BamA 1)
B-AR AN [ FF 121 4373l 2 R B, BamB
(454 it POTRA 3-4 (BCHE DX RPERRAR, [H]4%
fie ik POTRAS HYALAS, MIMifil A BamA () B-1
ol iy 17 1441

2% 11 45 B T 4R (surface plasmon resonance,
SPR) i 7, BamB ikt 2k i A (4 OmpF fiY 4%
BROE T, BamB 1) WD40 M RE R PELE &
RIPrE OMPs [ B HEMIIAIX, SCHE e HEE
Ak, RSME AR 4S5 s, BamB N
AR SR T OmpA O fH A R By pok
o I Pk 8 i % B8 (fluorescence resonance energy
transfer, FRET) L5 i /v, BamB 17 78 B JIE 4 A
SurA %16 %2 BamA A [E]J# /0, BamB i i [#
ZE OMPs [ N iy al H ] X8 5 C o B AR5 5

Folded outer membrane protein

38]

Yy %% BamD i3k, 4RV GRS, SR
Py

BamC 7t BAM & &9y [a] FE 2 8l B VR
P ¥ - S MR =S RPN E TP A
{EHESME S R4l . BamC & i 2255
MM, AFE N Al C Imah e, HAZ 4y
WAL 2 o BHER BT S, Bl —1FRER
= HELGEM) ;. BamC IS5 ZH BEL & N i o-BRE
ZERIR C S &5 ), B F BamC 1 BamA
Z ok A EAER], R HED BamC 145
F R g5 44, W58 R BamC 23 2 85 724
i AR, R T HE— R

157 8 JE - W 3B (high-speed atomic force
microscope, HS-AFM) Wi %% %] BamC ¥ 7£ i,
BamD 5 A5 A5 (TPR 45438 S 47 ) ) 4
A (TPR Z5M) 3k ET ), BamC i3 [ 22
BamD ) TPR 454 384 = HOIR W 456 26 A1 7

http://journals.im.ac.cn/actamicrocn



5250

WANG Qing et al. | Acta Microbiologica Sinica, 2025, 65(12)

1458 BamD RYZIEE; [FIAS, BamC n GEM AL
A2 BamD )Y C uiff 25, Y
TE BamA i 18 Y i B4 I (], 2 i fo G 40 o ik g
i, BamC WIFFEERBAL PR LY, i o
BamD RIS 2 R 1K OMPs 21417,

BamB Fll BamC H:A7R}, OMPs 412368 K [
U BamADE B 1%, BamB £F %l
SR IR Y 5% ;. BamC VR 45 HEa
SE B R AT 5 MRS il 1% 188 5 52 22 I i A
H, “FHILFEYET BAM B &5 WHRETL R,
it HLAE 22708 20 58 v 2 4 v 2000 A0 5 B T RE
X — ALl A X B B I A B TR 25 B B AL
T HRSARAEC.

3 H b3 g # T BamABCD.
BamABCE. BamABDE #fro
BamACDE

TETCHZ 03 1 BamA HAT7E 3 #f BAM A
M4 A BB F (BN BamBCD, BamBCE,
BamBDE &}, BamCDE) JL-F- Al ] OmpA #%41
AL SR X LR R T B 1 AU
A fEffi BamD Hil BamA 7= 4 A &89 W R VE A 5
X S A EBE AbamBAbamE RS th 5 14
AT BT KB, AT GZ BamB
1l BamE HI4IAEA 4Rtk OMPs B,

B & 11 BamB il BamC 43 31 in A 3] £ />
g eI (B BamADEB 1 BaimADEC) B
LT U HST R OmpA ISR IR,
& ¥ BamADEC 19 2 % % %5 % T BamADEB,
F W IE 8 1 BamC i XF F BamB Xf i ) & H
OmpA WA A EAF R HEH s RlE, 2t
JEHE 16 BamA (930 J) 22 FZ5 #9734, SRk
BamB 454G - ANHES | BamA {7 g 1428 1k,
ifii BamCDE %5 41 5 T BamA [ 411,
I, BamADEC HJZH3447% 5 T BamADEB., it
&b, BAM & A 1K(BamABCDE)X} OmpA [1)2H %%

P4 actamicro@im.ac.cn, 7 010-64807516

AL T BamADEC!?, FEHA7E BamADE fiz/)
IeE HLoo iy Bl IR & H BamB #l BamC X} JiE
Y 11 OmpA R4 HA TUA IR .

BAM & & W) HoAth 4 Fh 2 (A 4150 44 (H)
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Figure 4 Known functional forms of the Escherichia coli BAM complex. A: BamADE constitutes the minimum

functional form of the E. coli BAM complex required for assembling OMPs; B: Based on the minimal BamADE

form, both BamB and BamC promote the assembly efficiency of OMPs; C: BamB and BamC exhibit redundant

functions in OMP assembly, and both together could cooperate and substitute for the function of BamD or BamE,

respectively; D: The complete BAM complex, composed of the five proteins BamA-E, enables the correct

assembly of OMPs!'?),

5 ¥ BAM £& YA K25
i &

OMPs TEAHTR 5 FR4 . ZhfE . (5515 %
LA 58 3 R 1 45 DG B A P e v 4 o
FAEH, HAEYA R H BAM 2890 S 2N
THME . BAM E AW T4 s, EoAa 4h
S A7 B g W R, TR w2, T L
FCAE AT 5 22 FQ M B b 2 A DR SF R /5
PERO R, BAM & AWMU R
LT (45 52 TR D 2

BamA #l BamD /& BAM & &Y K 1EH I
REPT AT IR AL 5, BRIPFSE AL ) BAM &

BV S EZE P AE BamA Fl BamD,
IR B — 40 5 & BamB ., BamE B/Nr+-,
RZIHLI] BamC (W25, #n BAM B4
VIR 2R Z K. /NPT
A RN Z IR darobactin A, JB-95
DI Z PB4 AR SE . Darobactin A DA 2R H LA A
ROCFF A VR 40 EIE W rh AR GRS, X at
2 60 Ak U R B — P RELE S =2 R PR
RAEVE BB PUA 2R, X 245 K AT 71 Rt 48
e R 1 ES T A9 B /N % (minimal inhibitory
concentration, MIC) & 2 pg/mL, H 5 OMPs 3
G455 BamA, MIMBHIEHT A OMPs A4, 51
A AET P J54: % T darobactin A 1147
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RS dynobactin A, [RIFELL BamA A #E 5 HE
P R BB IR ERT . TB-95 E—Fh p &k
RIPRK, XHRiERIBAT Y MIC 24 0.15 pg/mL,
HAME LR T 2 — 20y, EEEd S
BamA Fil LptD & A= A B AE H K K #3016 3%
B8 HFSE A mRNA R A 57 2 L fE 5
BamA [REM IS5 G PR, HnTBHET OMPs
M4 %<, 06 BAM SREE R E. coli TA FR 1 2k
KB I o 8 2 1 T4 255 vk BRI
W A PN 3 2 1 22 LT TR IR Maganin-2 5 BamA
e EE S, HMEEAEEMT, &
Maganin-2 Zb 5 OMPs & i Bl s [a] RS & 25
RO ST, AR T — Rl AN K IRE
G-, 8 A ) AR L R A
i1k H REKE BAM & & i sk Ao A GRS 1Y
ZEMKPTBIHIPTB2, PTBIF: BamA #iiE T H&
Ml 1495, PTB2EE a4 FE NS & 5 fff BamA
WA ATFR ) ¥ %: . PTB1 XFEFAERY E. coli 11
MIC K 25 pmol/L, XJ 87 A= 7Y fili 4 v B 111 FC i A
FH 720 i AT 8 B9 MIC A~ F 25-100 umol/L, PTBI
ST B E. coli 1 MIC i 2 pmol/LY,

REAN T BAM &S WIIRen)/Nr+ FEA M
W% JE Fi(nitazoxanide, NTZ), MRL-494 F1 IMB-H4
A NTZ &4 Ul S e koK o BERE Ak A4, il
it 5 BamB. BamD. BamE HH 5./ F M 1fij 1
BAM E &% iz FimD Fl PapC 2 # usher 2 1,
5 £ B A O f 28T H0 40 TR 280 B S 20 A A
77 3K 30 B RR Y MRL-494 1] DLl £ Fh 2
EE, X} E. coli f)) MIC 4 25 pmol/L, MRL-494
L BamA s GEME I 6] OMPs AYZH %S, MM
T AT S WY A PR R s I HERR, 51 &
sigmaE N e N, # B8 1% & T RE A OMPs
TrEREAL, SMETEEE PR IR, DT ) B A
PAAER ; IMB-H4 & S-f3Emkmafin A=, *FF
E. coli ATCC25922 . fifd [ AN BJ) #F ] F14H 2 fi o
HL 4 MIC A 4 pg/mL, X 48 o2 55 10 G T 1
MIC ¥ 32 pg/mL?, IMB-H4 fE @45 I BamA
5 BamD WAHEAER, M50 BamA B &

P4 actamicro@im.ac.cn, 7 010-64807516

DISc PR AT M. IMB-H4 2385 AL 2.5
R % PR i PR3 0, R RS A g SR
Wei SR (i FH 2 AR IR IG5 v TR €6 13
L) BamA F1 BamD MR 19 /N F46 & Wy Bt
K, HHELI/RKE] A X BamA 1 BamD HA B
WHERTT, AT SE BAM & & 9iRSxT
OmpA W IEAE J1, M H WA /KE A W& Ny
128 pg/mL B HAN KRR AT Lk F] 80%. 5th&k iy
B, JESERIPTAR FR U S0 R R I A P A
KB IHIE R . BARH R R A TG 04
BAE P, (H AT LR R 40 it 5 S 3 — R A
Sk 5 AT A R B G S e Y 1 A i By
W25 R FEVE R T — e Seath, T 5T e sr
F14) 23 11 108 TR 5 i 2058 A T 228 T BB B A 3
PAESS AT

#m BAM Z A Y0Pk A E BamA
B, WSS ETE 1500 ZF0ENXT BamA HIHTIAE
e 1T 7 FPREE I AwaaD KIAFT A K
AIBTRY, PR FEBL 1A MABI B2 5 BamA 1
MLANER L4 254, 1755 sigmaE N, T
OMPs Y21k 7K . MABI RN EROR 5 5 3h
PEA BRI A M, B sl 3 220 MABI 11
PrA RGPS B AL, O T E AR R K
WA B &P G E, o5 H A bR ZEA Al
R, BRETEBEBTIRSN, 9K BLIR Nano E6 Ail
Nano E7 0 A HL W G . Nano E6 REWE 45 &
BamA Y L4, Nano E7 454 BamA ) L3 F1 L6
fif BamA {RFFI NFTIF ORI G, AT R K H 55
BAM Z 5 WM TIRE, IR AN R 19 7R 45 ke DA T
ST,

Pl BamA Ay 8 114795 1 A AF & A A I
XA R WA ENL —Fpigte, MIREF AT
£ BamA . FimD I Rhs iX 3 PMIKFEA RS
B RETT, RENE TR i in 24 25 110 6 [ AS 3
FE B G R 00L b o, i A 1 i FQ S B AT
(1) BamA A& 713 55 7 /N BRUA P BB A5 il 5 20 1)
GoRE N, BamA Gfe i)/ BUALTE RIS RSP FE
2 H i 25 (B FCOR ST BT, K BamA #iftR 45
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M aiAb 5 S /IR, & BH/IN B rb P 24 i X6
KIGFF R B340 1380, BamA /N RAEFEZ
I 1 K AT TR e ) A T R BB A B 80%,
M BN 20%; 9T £ W], F4] BamA
EVE TS SO K AT R SR s R AR OS]

6 SEHRE

HHIX BAM 6o E2E D TR
¥R, I WA 9 3 (L BamADE R A] 52 B
OMPs {4l OmpA Fl BamA B4 3 IhRE, E. coli
e /NYIREFRTT Y Kk IR AR T R BT A R
SRR R T R AR LK . SR, X T AR B
P BamB Hl BamC & W] 3 B e /N Dy BB R T
BamADE 52 it OMPs )31 & 5 B384 H Al i Bk
Z eI HE sh AR . R SR A AIESE AT 3 )
X} BAM AR A 1 D BE ST i 25 A R4 T AT
DLt — PR ST X S SR IR e . B AR
EVELL N OMPs i g ZhEE, A B 4 B I
FERR NG AR R B LS R

TS A= LGB AT ) BAM &2 & 40 3
HAERZEZS, WK EA 5 i8R
OMPs Y4 % 5 A AU &5z 38 F T HAth 5
= [CBAYETR IS OMPs i R 1GH1 . 5| A& S U 1Y
HURTERTEIR B. burgdorferi, H: BAM 2 &1
i BamA . BamB #1 BamD W 3E4H i%, [6]ET, 1%
P I8 A7 AE By AL RN 20 25é A5 B (translocation and
assembly module, TAM), TAM £J & BamA [1[A]
IR A TamA U N BEE H TamB; #F 58 % 3
B. burgdorferi 1) BamA 5 TamB 2 0] £7 7 AH .
YEHT, X6k B N T X2 B4 1 OMPs 21
BEHLHI A 20, I, RS0 AN R 41
' BAM & & W% 0 D RE BT 5 5 Bh WL R
A B T4 s A R sy v 5 R R 4k
RFF R ZETEYURA 25 Y K

1E# STk = A

EIE: BEIRSC, RS, RN
HOCT RIS, REIRS, H—- PN IE

s ZHER . MIESCRGIRAUEE; &UIRA
PR Skl s sKiRG - WOEEEE, BEA S0k 56
Wy . AL (E B ASCR N s BA A &
WEsC, JFRMMBEOEN; REE. Bt
M, I JURE . X SR E St T
R KA, IEXHESUB AR AL TG 5]
e XSGR E SR TR AR S, IR

1B A 25 v RATE#

VR P DA TEAEAT AR T BE 23 52 MR AR SCHI 4
AR E AT sl AR R
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