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Abstract: As an ancient and huge family of membrane proteins, ATP-binding cassette transporter (ABC transporter) plays
an important physiological role in most organisms. Herein, we introduce the research progress in ABC transporters on the
aspects of structural characteristic, transport mechanism and physiological functions. We also focus on the application of ABC
transporters in the field of synthetic biology in recent years. Finally, we propose future research needs.
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70 AR, FEAHTE X E FRY) B AR SR ROk
BT xkEEAN, B, TN EY
Jo DAy B2 A 3 1 7 U H A0 i o il 7 A ) 22 24
it 27 (Multidrug resistance, MDR) Tii#EE2% T
VA I G TT SR AT T 8 ik — 2 i i
FIRT, OF7E R 3R ABC #iz s H E 4olad 1 100 7,
TR SEAE A A (A= IRRE . AR B 25 55)
Hh 8% o 45 2 T B R

1 ABC #Z%&H

1.1 ABC #zZERMMRIHRE

20 k22 70 440, ABC HizEHH AT
S TR X 5 SR A WO RS R, S R AR
AT ATP Kt HEMEIRY 545 EN
(Substrate-binding protein, SBP) 454, #kifiis %)
sy Bry™, 20 4 80 AL, WFFE A ST
% T I A s O R, s g
i A ZE VD 1R Salmonella typhimurium 2H %4
R 15 7 W A K A Escherichia coli 22 2P B2 %
Tit 110 5 DAL o At T Sk S 2 1 R 2 BE PR 91 ) e B T
A I [FIRE | SR B 2o 8 (1 1 s A BT 2
R T4545 58 55 5 R M2 a1 5 iR,
EHEMREWTED T P-HE A (Permeability-
glycoprotein, P-gp) 7EIGIRIGIT ERYR I, 1E%
T E A A A 2t 1. 1985 4F,
TGN LBy SR T AN [R] R U5 G L 3 28 2 11 A 0
S S PO 1 % MR JUL SR e 1
5N UFI A cDNA 871 T i 3L sh W% iz A
G T 7 i B 1 22 ) A PR ST PR AR B v B R ST A%
R 45 & X 3 (Nucleotide-binding domains ,
NBDs)®!, ixLid 7R T ix 2 ABC #5117 fig H
AALFER PRI (LRI 1 FrR). 1986 4F,
NATTSE T i 2 ATP 455 WAL, FFARFE X e
HE N T X—HEEARSEKEPA, R, B
| 1990 4FixX SEEE 1A B IE A i 244 ABC #ia
80 AT ATP KA A R B 5 A
FA 40 Jo v B M HE LA R DO R IR T T A 2 2

&: 010-64807509

MR 254, DR AE iR I6 7 AR S Al rh 52 1) 1 BF 5
FHIT 2R ER reessk, BiE A ARNAR
Wik, KT ABC ¥z EH KN WIBEHTRA ,
BEEZA TR S 1 5z D ReRk & 2 T
HEREZ R B Tl A 7 A T,
ABC ¥eiz 3 H T 5T BERE I [A] 26 L3R 1.

&1 ABCH#EZEHMMARIHE
Table 1 The research process of ABC transporters

Time Events References

1973 Appeared for the first time in the [1]
research of nutrient uptake in bacteria

1976 The first data report of structure [15]
analysis of related protein

1976 Identification of P-glycoprotein in [6]
MDR cell lines

1982 The first report on sequence of a [5]
related protein

1985 Successful clone of the gene (mdrl) [7]
encoding P-glycoprotein

1986 Analysis of P-glycoprotein by [9]
photoaffinity labelling

1986 Defined this superfamily of transport [10]
proteins by the ATP-binding subunits

1988 Discovered P-glycoprotein-mediated [16]
drug transport in vesicles

1989 Identification of the gene encoding [17]
ABC transporter

1990 Appearance of the term ABC transporter [13]

1996 Clinical use of MDR reversal agents [18]

1997 The first analysis of three-dimensional [19]
structure

1998 E. coli ABC transporter inventory [14]

1998 Review of the structure analysis of [20]
ABC transporters and the subunits

2000 Research of NBD sandwich dimer [21]

2001 Research on transport mechanism [22]

2001 The first inventory of plant ABC [14]
transporters

2004 ATP switch model of ABC transporters [23]

2008 Engineering application of ABC [24]
transporters

2011 Application to improve the [25]
performance of industrial strains

2014  Application of tuning the intracellular [26]
energy system

2015 Researches of ABC transporters on [27-28]
organelles

2016 Negative feedback regulation system [29]

of ABC transporters
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Phylogeny of ABC transporters of different subfamilies from different species. Different species: Gc:

Fig. 1
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Grosmannia clavigera; Yl: Yarrowia lipolytica; Pp: Pan paniscus; Pa: Pongo abelii; NI: Nomascus leucogenys; Gg:
Gorilla gorilla; Mm: Macaca mulatta (ABCA7), Mus musculus (ABCB12); Pt: Pan troglodytes; Cj: Callithrix jacchus;
Mf: Macaca fascicularis; Xl: Xenopus laevis; Oc: Oryctolagus cuniculus; Lv: Lipotes vexillifer; Po: Paralichthys
olivaceus; Tr: Takifugu rubripes; Hs: Homo sapiens; Sm: Selaginella moellendorffii; Sp: Strongylocentrotus purpuratus;
Fa: Ficedula albicollis; Ph: Pseudopodoces humilis; At: Arabidopsis thaliana; Rb: Rhinopithecus bieti; Rr:
Rhinopithecus roxellana; Sbh: Saimiri boliviensis; Mu: Meriones unguiculatus; Oo: Orcinus orca; Ps: Pelodiscus sinensis;
Bt: Bos Taurus; Cf: Canis familiaris; Tg: Taeniopygia guttata; Cg: Cricetulus griseus; Tg: Toxoplasma gondii.

1.2 ABCHzZEBHWMEMSHEREN
IEEEAER, BFY N D1 A K R A A T
—Legfih ABC Fis iR, JFH, FEAEY
K3 F A T EAR B AR Wik 25, JLFh ABC #4iz
B ARG O g AT, . &EE
% BRI Staphylococcus aureus [ Sav1866 %7
] Sh e iz B . N MR AR BRI Archaeoglobus
fulgidus 1 ModBC-A MoO4/WO, [i] %1z & 11 LA
M RKIGFFH B BtuCD Ziflidy By, M INF5is &M
A T00 BT RS AT I AE I RS L BFSR
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HHfiE T ABC ¥z B I L aligh i, AR O 2
MZATIRES B SN A5 IS5 F4 38 (Transmembrane
domains, TMDs). It4h, —%& ABC §hiz & il
H i A HA R B 25 I (B 2). ik Se g
P JFAZAE W v 26 8RB S0 5 - 3 Ao X I S
B — R LRHEER; MELZEAEY T,
BATTN L ik 412 T “full-transporters” (%A
PIAAZ TR ZS A WA A IS 25 4 38) sk %z
F“half-transporters” (H & — AR 45 & UM
— A A H ) BY
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SBP* -

TMDs —

NBDs

El 2 ABCHizEHLZHMEMIRE
Fig. 2 Structure model of ABC transporter. *: not all
ABC transporters have SBP.

W5 R IN, ABC iz 5 111 5 i i iz o B AR
T ST ORI AL B R R 2 & 38 ABC
i AR WEIR TS558, REs (e o i i 4 4
WRBEM. XA T WAL, Hdp—
BRI T RecA WEL5MIE, 55— I#
PR Ry SRV S5 3 o T AR A T BR 45 A 3k P A7 A
) — SRSy 4 5 A Fe e i ohhg, Hh s
BRI T 2% RecA W45 I8 11 P31 (Walker-A
motifs) FI{; FIRE W45 551 LSGGQ /7 (A
KRBT R s, W ZITIRE S
WA A, (X SRy 3y LU AR
KEE. HRMAENHY T XS — ML RS
G P OIAG — AT ER S A B A A
ATP 254 FUK RO AETA ATP 255 1EDL T,
W AT R 25 5 3 0] 9 2 I AFAE R B, KRB iE A
ATP S50 . ATP 456 )G, M, i ATP
B e AERATIRES Bz 0] . WF9E N Gl R o )L
Tl ABC ¥% iz s it R b 2 1 ATP K S
BERB, — s 1 R RE 4> T ATPE®,

A K ABC iz AR 028 50, H A W
FEARIE A% ABC #hiz 8 P 45 Fa e d [] v A
EARFHMLR, BHRKEHGH 7 ATW%
(A-G)A (Bt A NN KT LISy R 8 METE (A-H,
H %8 L0250 ABC #4158 )M, IR il

&: 010-64807509

g 3K T IR 4 Sl i 44 R 2 2T 2R R 1Y . 2 1 T
Z5PEFE A (Pleiotropic drug resistance, PDR), £
TR 25 A 6B 11 (Multidrug resistance-associated
protein, MRP). B Mk H s 7= A REH
(Adrenoleukodystrophy protein, ALDp). ZEf#[A ¥ 3
(Elongation factor-3, EF-3) LA RNase L 11l [A]
F (RNase L inhibitor, RLI) 2534381 Hfh 4y )y
VoA dh . RS Re X AN IS AR,
¥ ABC ¥z N — DB RE &
-5 B 25 A 3 A e B9 S IREE R 4 ST
X IIR G 7 — T U 5 B IR BE P R s AR
it A% R 45 5 Sl RN B85 JEE 45 A BB O ],
ABC #1583 1y 26 T ki 5 710, (15
HERE, a7 A 550 ki 7B
7] 5 S5 DR ) — SRR I A R 4 A Y.
1.3 ABC #izEHMHEEHG 5E IR

ABC #%iziE 12 54 b 2 Rl B0 5%
B, HR S Y RE T BT IR A WA 5 2
R IR 25 . ABC %18 8 KT s T fg
Gy gt SR RS E DT K BRI A R BT
MR T ABC izt 4% ot BB P R G G
B LT . AnTEl 3A B, fEm Nk is i i,
H 56, ABC %z & F AL T m N A 4 (Inwardly-
facing conformation) (J“fREUIRAS”, MBS A%
TR 45 5 Sl 7 5 8 245 40 5 %) 7 B T PR B IR R
Ao YHIRWHE AR iz EAR, ATP S HRY S
WAE Ay | s Rt RA) S 2 2l AR DA &5 6 3 1 R
&Y, i ABC ¥4z 722 N 1M 4ME 4 (Outward-
facing conformation). Ffif5, ATP sKfi# ik ADP Fl
BERRILHA (Pi), HZITRRLS G RIKITIF, &Y
BB BN AN R, ABC %3z 8 1 T [ 3“4k
JUIRZE”

Mzt #, WKl 3B Fin, st
WY S ABC ¥z i I Z5 6 T IR, ti ¥4 ia 26
ISR SZ 0 MRG0, (B BR A5 5 U2 T .
b5 ATP 5T RZS A 4 G G, iz
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H L 10 S R AT NEY) 2 55 B 240l ABC Hz S VIR BIWIIA AR o th 58 i 1 1)
Sho B, ATP K%, B BRES G EFHKATIF, FHATP 7Kg 7 Az B BE B2 JE 0 DB F) — 00 i 55 —

A The resting state
Substrates™ °

Membrane
Cytoplasm

/ Inwardly-facing \

Substrates

Membrane
Cytoplasm
D
Substrates ° ‘\) Outward-facing
B Inwardly-facing
Membrane
Cytoplasm
D
.
0q°
Substrafes®
° Su bstrates \ Substrates
o®e /
[ ]
°
0
' ~— ‘
Membrane Membrane
Cytoplasm Cytoplasm
BD BD
ATP
ATP ADP+Pi

Outward-facing

3 ABCHEZERHEHFITE

Fig. 3 Transport mechanism of ABC transporter. (A) Import mechanism. (B) Export mechanism.
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M5 12 3 L % A 410 B A 55 J2 Ty 4
HORAT T ABC #38 & A B AL o AL L A
FEETR RG], TEMANEB IR, R T
PR 7 R 225 4 B A 36 3 S R 8 M B B R g
HhfEFE— BB ZE RSP I o SR, X o 2 HE A%
I — PR A e, RS AT RS B b rh
AP 25 R 1 0 O R U AR AR . 2 ATP
ZEATIE, BT RRZS G 3 1 6P, (a4 e o
TINS5, T S 550 455 4 Sl M 4 1 S0 B L ABC
35 R VR X — B, R A R T i 45
FIANHEAE s % FEAE B0 57— 00, AT 66 JF 9 2 1)
B sl 1 BEAE WAr T 2

ABC %1% 75 1 Rg % 52 I8 2 Fh ) I3 11 5 i iz
Wy, PRI TCIRTE IS0 A W3 S8 B A W v 8 2
HEGM LIRS 15 B 1 AT DL
TR . BIRGE IR R M AN R rp 538 HE A
PSR, MR BRI AE K . SRR R T AR
ST AN T X SR S i W b BT 1) P
BEAM, IEEAERFR K BN, A%
N 1 N 5 A R E TR . L E
2003 4, YT ABC [ A HEE R 11 R I A 14
AT — W M B, IS R R
TIER A P A T B A b T N S
& Al NS E ke, SRR TR
MEREY R, ENTEAHS"IheE, T
A2 R TR AN ) T A0 A K 1 T A
A7 BT A0 L P 7 £ A1 5 s v A
PR B AR A e BE Y B, R TTR T AN
KR ST, 48y T E AR, OB
TG R ABC §5ia K A At i A PR Ak
WA B HEREYhNESES . EARWN
Sy R A AR TR s e, B
LA E T K, #1158 ABC #38 E 175440
SRR T Z RN

2 ABCHEEHEAKENT HH A A
WU pH H . R BIEIE . AR
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SR 7 2% A 2 K A e A A 7 A R RS i S BRI
W= A . L, FEANSE R 1 4 T AR
JLE B AR K AN R bR s R Tl A
FEr e T H AR T A0 RS R 4 5 5 4
GLER 553 B T B 20 I A e B 400, HLAE TR 4%
PEF AR PR RE 5T 5 RS A 11 A AH B AR AR R
HoFZI T Ul B AR B REI TR AR T
PRACI 952 2, 0 IS R DA 4 vy LIS T A2
PEFEAR 2208k FEH AR g3,
A — e R W) 5 ) BE 2 (B AE AR R R A o6
ZRUSAOT B A 7 S A g R G M T R 1
Wit m BARr= =i, Bk, AT
LIy RE LA AERR 5 N o A T RE S — R R S A W e 1
b A A PR RCR A RO . BEsE RN, AT
DA 3 348 o ) e A L 9 A 3 st AR
11 30 35 R AR R AR S . IREE S UE D241
WES R A, FHEs G 3N TR T/&, R
FATFE R T Bk 1 s LUk X — H 1 .
Forp, VA B A R R B B
W) J5RIIA 35 400 o P 185 R 32z i A 801 A4 R S X 47
R Bt HATEEA 3 RhE Y B S
s (1) PR PR BLE BN )k
B I REVSN S (3) P AN I Y fE R R 4
(52531 i ABC 5538 R 11, #:h— i 1] FH 41 5 v
ATP K 7 A= 1Y BE f 1 1T 9] 425 40 Joie 18 JE/ A )
LT T8 B 1T, R A A S 11 ) R R 4 S PN R o
RGO AR, DR ] DA R A T 8 i
PR A . IEIE R MINT, x sk B AT
DA I B o e TR R AR G L 4 v RS R S R iR A
ALk P
21 ABCHEZEHMATHEI U EKERE
20 PR R S M R A B . B AR
FIAG BE ) 00 30 o AL S 1 A B8 4
oA MBS A A v g e T DL
A 5 2 P R R IR I N T R
1 ABC #%ia 2 1 7] MR —HE, FY IR A"
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B AN, R S — SR AL A X £
TAAER) ABC His 8 AT FE U9 1ol 2B 7
FHFUGE T PR AR RE 155 PR PR I 32 1 -3
= HbR = #r it .

FI AR P65 B 125 1) g 1 T fef A5 ] P
BEG AL AT B A 5 R A N R R =t SR,
KIGFFBRAE X — AR 0 205 F, W IR
14777 Az 2 %k LA e R 1 5 R 40 i A A A R

S, TERIFPuA: RS A K B = ) 5544
T, AR B R R 0 R AT I S AR AR R
VIR, DAk HE BTN NG I R 1S A X 4 T
SR, XA SR T A R AL R R PR
I KB 1 IR B ABC 32 5 11 AcrB 5 ] 5 gl
A AcrA FIEGE B & 1 TolC PrF TAE, B
— A A AcrAB-TolC (Bl 4), EAYHs
2 R B2 ) O BT L AT BT R D TR 1
HhHERA,

Dunlop 25PWE KB FF i b 4> Bk T 43 4
S5 ABC i 851, IR — R 3 T 52 0L

A
IAWAWARA NANANNAA
OM NANNAN
JVY YV \IRTAYRYRYRY VY VYV
TolC
AcrA
A—)
(—‘(—_
Perlplasm AcrB
NANNA N }\ N
M 440 4) \ Ay,
Cytoplasm

S S 5 ¥ S
N NANNKNAA OM K
\) Yyvvvvy o R
TolC by X
TolC g2 ¥

| e

\/

e HEms, FEA AN 7 R R A E T BEA T S
o BT WFEEY (E T EEMSRRE) WA i
VEF AT LA R 52 5L E A A, HiAy 5 Ry
VEF] T X IR e . S, AT SRR
T A 7 B R s T I — R R R 130 R
28k i Alcanivorax borkumensis i U5 (15515 8
M GX— 5538 55 U7 YR WA R AE, 5ok bl
WESZly ABC 55358 11 AcrB), e iy i 4 1 it
ZHERE T 8%, AR T 60%. X —45%
FW, ABC B2 85 1] LUAE 8 38 A= 7 T ik i 2 v
[T s 45 5 b 47 . Chien 26050y 3 3o 76
Wil b 3Rk R ABC iz B (RIEERIK
£k Yarrowia lipolytica SiJ5) & ¥, ok H0.40 i
PR 5% Bt T — ot 14 R 38 A - A A (IR K S 16 T 5
ABC #5325 [ W B v T TR R B X 28 e
T —bE BT A2

BT Al Ll 5] AR IR ABC 528 8 1ok
= TR AR, R IX IR ABC iz
WAl LR — H 1. AR, FEmw Rk

AcrA

AcrA

AcrB

NNNNIAA
VVYVVYY

G Free fatty acid i Access process : kBmdmg process &Extrusmn process

4 AcrAB-TolC BEEESW
Fig. 4

Intermembrane AcrAB-TolC complex. (A) The resting state. (B) The transport-state. (A+B) Schematic of

transport mechanism. (C) Structure of AcrAB-TolC**. OM: outer membrane; IM: inner membrane.
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o, pdrl8 L i i ABC %3z 8 11 A LLE 5 20
o JE ) A M, S B N B SRR . A
RAFHRE 7 B T pdrl8 Bk, i Zmr™
BT 6%, AR T 17% . Wi, @it
TE T Tt H 438 50 R G P 1) 2 T 52 2 R 4 o1
JRIERBIBRE S, pdri8 L[N it FikREMS A &L
U0 Tl R AR 9 2 TRk RE o Nishida 28 #4 T — K
pdrl S 75 [ R E B B KIK-211, 122 PR 18 1 B vy IR
() 4 4~ ABC iz 1 (Sng2.Yorl,Pdr10,Pdr15)
I EACERE B . XX 4 A F S RESEAT A
5, & W] Pdr10 1 Snq2 17 53 I 42 i K P A LT
BB e RN IE -+ —Re T 320, 1 Sng2 F1 Yord W4
T VA PR T B S K A WL A B g 32 BT
Je £ B PRI FE 45 S R, M EL B A TR i
B, i RIKNIE ABC fria 1 Snq2 B4R T
T MR AN B T 324 e 1k T B bk K B
1 RIBWNE ABC ¥z F 1 Yorl A4 Bl T BRI BEEE
HLA 2 Rl &P

22 ETF ABCHEZEBMARIGRIBAZERS

AT 5, 11 114 2o 2k 3 s 0 o A 1 1
WK, ABCHisEAWARIS . Hik, A TF
ik Feik ABC ¥z 8 12 dF 4 M 58 A HERY )
BE SCHE I T 48 M B A BT T AR Y OE B S e,
Boyarskiy %PE Kk TR T —Fl A 1R
PR RS, AEVHELE 5. ZARGEFA T K
J T TR AN T 18 7 3850 80T Pgnuc R 7 S I3 R 1 i
EAMRRAKF KX — R BiAE RS FAK
W AF T DH10B H a2 R4 nl B EA#EIE T #E ABC
TR 7R IA AcrBv2 FUZRIAKE, MM T
T ABC izt Fikpris s 4 i 4, [\
B HE T IE TEEMAME. 52, FIRX— R
VA 755, Boyarskiy SR KA HFF B IE T BN 32 14
PR T 40%, FEEERE T 35%. Mk, AShRE
¥ ARG K ABC s B (AR dEAE A 0% [R] B 3Lk
o 1 T H SRR T S B AEE, cE vk
AR A PRI T —Fh R e SE ) T B .
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Membrane ll;i;%%%;i%i;isi
°

Substrates

ABC transporter

B 5 faRimiEiEREHE
Fig. 5 Mechanism of negative-feedback system.

23 ABC #IzERAEFATHAERERARTE
B4 1z FA

ATP 1E R4 b i B e R VR, mlaad
S0 LA 240 v A 5 A VR T R A 0 A L ) R
HREG . AMERREY, ABC #i5% AR R ] ATP
IK A 77 HE 1) RE ek I ST DA ST (AR % 1) P J5 I
A Bl T A 40 I B R 5 5 s i R . O FLd Rt
Z: 5 4 P RN ALY B Bt 4% , ABC Bz M
A AR5 BEEAR 5 A AN X B, T A A
WL, HeAh, YR LIS ABC BB M
W AR IG5 ATP K S RBIBE, DA 58 Jast vk Ji
B W is (N SE6I LR 6). Rk, @ at ABC
S Ia B RS ATP ZE N 9 B A S 2 —Fh
R A ML BT 4 3 2o M P RO W

22 G R M P A A R T S A e 2 hE . R 2
S ZA IR I BE i KA R 28 I
F 2 M RS A M A B K X, 1E S T B B Al
YRR AT LAAE R B, BH R SRR AP AE Rk A
Brf. Sherman 4120 o fdi 75 g 20 M0 i A v
TS A2 1) ABC B35 8 (1 R0 , FHRI A1k
SR ABC iz HTE ATP KRG 095 53
PR IR AT RAE, AR T 1 KT
HiHE ABC #5128 B 1 R 16 U0 E ATP K ff

1+

Stress promoter
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ATP ATP+Pi

El6 ABCHIZZEBIFETHAEEARAFHEA (UE=RIAMEMABEREAES BEHEEAH)

Fig. 6 Application of ABC transporter in tuning intracellular energy system (The transport of lipopolysaccharides on
the cell surface of Gram-negative bacteria as an example). (A) Schematic of transport mechanism. (B) Structural overlay
of LptB shows conformational changes upon ATP hydrolysis®?®. (C) Structural observation of LptB implicates a key
binding site®). OM: outer membrane; IM: inner membrane; LPS: lipopolysaccharides; A: LptA; B: LptB; C: LptC; D:

LptD; E: LptE; F: LptF; G: LptG.

PN 2 EE2 YN S B AN NR = g & S
240 B X A 2R AP P 5 AL, May
a2 g Fl— R0 T 9742252 (Novobiocin) s
P18 2 J6 S Sk 5P 5 K g T 7 32 81— ok o A B R
PO 3 5 1) AR WX — AR T AT R I
PUERG s 2 T AN 0 SR s 2R 2 1 ATP
fif, B ABC HizEAKRA TS, IR .
AR B R, B E R R & 5 X R ATP i
HESS, HEHARSGEEETTRES AR,
S B B AR AL BR 45 G 1 R R 2 ) Y
Mo BXFPAH B AR R3S % T 17 57 s g Z ) ABC
s RIS YE, R AR T A0 i A A A B
X— & BUA BT AT B ATP K -5 0% 2 WGz
ZAIEZR . ILAh, Causey ZEU%E I, 78 KT
i P A I B2k U dh ABC 5515 7R 7R N g —2E 5
ATP 77 A 6 1 s 2 1 R H At 5 D i 1R 8 AL A
PR T, 53507 40 MRS XT 7 A H 1 3 2o PR 14
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Bk RE BT 5
24 Hitr

B BRI FIAN , ABC #1225 11348 PR H: Al e i
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2R 24 P40 S e PR e DR 36 7 v 1
TERTREVETIT & )5 T, T AL ABC #% 12 25 14 7l 3%
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