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Structure of pumps in procaryotic cells
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(MATE) Multidrug and toxic efflux

(ABC) ATP binding cassette

SNl S sms S et s Ga b 5 ey oS 51
S5 Gl T ol sy op e Js s o bl
(F SO E)LEL o e 55

AL S 5 3 sl MIS S 00l il -l
el (P Ol el s 5t e ST S0
(PYPERREPCHPPUN- I T IPRCENNPITE ) JPS\ PPIK PP

Ol ol (59802 i 1 (oSl ju ogle oSS Liid g u ale alzo >

Mt & lem Pseudomonas aeruginosa
saLevy Jawe 550 ol 6l VAVA Jle s (S e 5l S 5l
23 S A8l 0l i 0 STy s Ll SE col
(S ol Slgatuns dad S 2is s ot ol oLl
Ul S 5 8T i o 1SL A sl g 1 5l 3 Ul 5
AL o Tl 50 gladnl cLae s SL LSS,
oo o DS 30 L OT b oS ol (sl 3 S 3l
Sl 31 @83 J shon bt 5 (s lom Sl g e Lo gl3) oo
S o ¢ sl 022S (6 S (gl 4S o 3l g0 conlis ke
a5 bl bl SUenl 0530 doled o
el 1 555 TS st s 3 S LS5 5
Js & by SO SO (il (oo ooy I o
A e o)l i o slie sl 53 ol e s 45
3MexAB 5/E=Coli ;3ACIAB ¢ pdits s o shls j3BMIr (Sleos
TMIC 2l 531 ol L & Loy oS 518105 555 3T ol s 55 50
3 S oS3 sy (s Sl A0S jlge ke [31U)
Bl gl e s J21 55 5ols clale S L oS
ddllio ol 5338 oo Ly S s S g T s o slie S e
L S s (S (ST w3 ey ot sl 03l 535 5 e
5248 3,153 5 5 Loy S 51 51031 510 L S s el o oo
e s 93 | 5 SN (6 (65 P S gy e
ATP (&5 A3l s ol S ) et Slgpan i s o0
Sl slgzalS L2 ABC (glgray Lo s ool 530S o eslizul
s 05 bal S (65 5151 ans Slgaas 13 3 5 5 ATP
A 5Y UKD (ML 5 oo 5 3 DLl s g Sl (1 2 (pm)

stboot 3l 50 a5 o L S s sl (lgannilSa ) JSCs

1- Minimum Inhibition Concentration
2- ATP Binding Cassette

3- Proton Motive Force

4- Trans Membrane



GSg T @35 (slgaey

< hiclowwl 3913 g gl s L5 Gugs 35S

Loy o5 81 ol (50 3151 s Sl o 5 o gl 5550054 IS

RND

MFS

ABC

12 TMS
:‘?Efi!;;;mt'

e

MDR(1)

i liih !ﬂ

MRP(1)

i;i ii i Pl

@ ,

]
'?.UJHQ_. i
| & o
;‘ », |[ M (4
£ i | A e
: E l ’ M[' D \'I'
c | 4 i v
] : \y . b F el
: »

5 | ' .‘ 5 . 'L Y l&?-?‘i\\

| | ;
i \ {f amphiphilic

N
0
(amphiphiic ) |

rganic, anionic substrates

& Chloramphenicol

aminoglycosides

| | _ ,
' | " amphiphilic | mono-or dicationic ' [sometimes, hydrophobic
| multicationic l charged | ranionic ::I'::ttrr:tt:: for OA ineutral or cationic.  neutral or mildly cationic
! ~ " :" \ substrates
11: substrates i' substrates l L substrates PR ]
. i . | i . i .
i mtetracyclines | & tetracycines & tetracyclines & fetracyclines & fluoroguinolones
| erythromycin fluoroquinolones|  fluoroguinolones fluoroquinolones )
ol sulfadiazine erythromycin | erythromycin macrolides -\ tetracyclines
Q rifapicin lincosamides lincosamides macrolides
4 | rifapicin rifapicin
=<l . pristinamycin
g| & [Hactams | , _ & Chloramphenicol
4 fluoroquinolones | . m chloramphenicol
< fusidicacid | , , aminoglycosides
‘i aminoglycosides




O Juluo o losis @ IFAP Slgs @ | 0 jlouis @ Pg> Jlw

L) 58 555k 5 S a3 5SS pcel s e sLis Ecol
LS sl

=G g5 ABC (slgh3U sl 53l : ABC (slasaian Jlatil - o
oSeda Wl b ostle slit arod s Jeate el e
3 ol (55051 s o3l gl a8 sl o oLie |15
oslanul gale b M g5l Jlas JUil gl o ATP 50 5,0 s
(ot s A o 5l sl gl K00 (sle el 5l il
Yoo ABC >ls0. S eoslinal L 559 o Jols 5:Lie =15
32> ABC gladomain o3 5 Casmoleazstl . Ll J o 3 el yical
o3l gl ol sliael sales 551SGGQ LlKw 3B A Sy o140
TMw@wi?)\ﬁj&ﬁﬁjjmdomainﬁ.ﬁbv;
ol L3l o e s 3 s il JU! J g ye . 5L o
&4 5, translation elongation _J sk e 3 g gl ool S
w9013 aslin 5 b Sl e S U e Do J b oo
o oS (J 5550055 L L 5 g 51 om s b5 05 401
3 GlgondlS )5 ondas Sl L (515 g a3 panils
03 2ls Cwslie jsesl gl GldBU AL S e s
oS sl St LT 2 51 5 Copanl oS it o SgelguiSt
Sermb ol cde i (San o gl Coul Cois
(FOAN) . Lk ghte p S Bl SL o sl

oy s anadS aas b ysas ladaedle s ol i
Ol das o OLS ol Jool o ghls A s 53 slgatns
Lsls (S5 505 SR 53 5 i o3 aS e S Wl 55 s
dp3 g binen Johos glaes ol i 5 ndle Ol i 4 Lo
5y s Janoms 5545 Spandl e 2lis clganilSa 0y
Lgray S shdl Las 5548 ia glie O jn. 35,8 _sm oLzl iyl
Gl 3 5 el 15 S Coale g (St s 53 a3l
2)1s S5

3l pm 53 13 e (S s 0l slgaslie L s )
35 55 Bl 155255 T ol g g2 s el g 5L 551
S 183 Slrag Lo 545 50 53 5558 5% il o 5
&Tégéwwu,v}:ﬁ,;.wuug@lm
o5 Sn 52 S5 32 EIMIC 2l 51 o g S S5 5

ﬁﬁ@?;,ﬁ}@ﬁ)d%&bﬁlﬂé)xéﬁd

Ol il ool (5 59802 i )| Sub jy pole 081> iudg Jy ol od2o >

.uug,L,:s;;l@gjdjgnws,uc,;p}x)mwwifu
Slind gl il o S 4 2 lglansl s d, o, LS 5 5
oS ol lgatomn 51 SONOTAL 33 5 o a8 KI5 5
e 52133 525 e 558l e 55 5SSl j3 4S8 S IMFS
(eS8 55 5 a5 5 oo d3Lo) LS 518 o s sl
55,8 o T Slei 215 5 Sl J5

JUasl - 1S S osl il ol gleins s 2 :SMR & yyyoal sila -0
Sl el Vee s al ol anslid o ls i (glaedias
s haid yon 5 TM aslile b S35 555 0 5100
Y gamsosl Sl Sl o 3 adatie LS 5008 ol L SU
Oeeles 2 Sl Bule ALl 0 S 58 5 S 5
c ks Wi s

rlete a3l kst lh 4y 4 5 Lesl Sl o iRND &y 00l ila -2
o lai . il e LU il 51 8 5 00l 5l ol L3 s
el i 185 Glgatu U 53 o il itep S slg 5SL
NG g elwE-coli adea 3l LganslS 1 31 (g310as 3 OMPIMFP/IRND
63833 303 b el S 358, 151 ST b s, 50 50 5
oMl s gla 055, s 5 Wl e sd 5y 555,50
3 WL el a3l 5515 3 5o 5 LWL slle al e 53 5 5
Lms 4 Lo | 0T | s 5Lt Lty 4 5L 0 g ol 4y
Slael ples Ll (sla o3l ot b BV 1L S o oy 05
Ll s B8 s a8 23 55,5 L3RND o3l 5l
Coslie a5l kb 5o (A3 LU (o 58 Sl 2 5 515)
dol el Q0 0 58,50 53 LTM) WSl WY Ll 5 el
(5,0

13,5k 3l ge e SIS 5 51 ool il S sl 3B o3l il
Ll Y 5 (Kol 1S, L I 528, Sl 5 il Sl ol
Slepog o b S Bl (glgatimns 0 Ragee 31 (SG AL o0
MeX (Slgros il oo 1 5055 31 ol g0 53 3on s3MeX S 510
e Al 5 (LS s ST 4 e g5l Lo sl
3 2ol o 51) LealS YL 51 (ool salas « L sl 58 55 510
3,5 o eelos sl 5 s sSUS sal ¢ (o o
e VY domain (g1l o3l 53 -l sLael : MATE sal gila -



SS9 T @35 (slgaey

< hiclowl 3913 g gl s L5 Gugss 35S

RV B CCOPN ) PV CO e E Y- e o
355353 235 Ol Gosb 5l S L aS oS s plulis-Y
S e abilis JL sU 2T Lele

St o (S 45 a3 (8 5 oS g ol ¥
S S 1 S sl S 511

LS o 551 ol SU sl Loyl s a8 el jlga _luli0
35 gr Ol (5 7208 L o S8 L

(V) (S 531 s s o sl g U S L 5T Jols s -2
5 S 518168 s S 5 oy 5 1 5L 035 e
S Olsie s laedis Jles ol 5 S o 5len ) LS s
skt a5 2550 L0 (Ea 55 S5 S| e Slikes sla s
e S5 51 3 Sy S pms e 8l e LS
3145l 45 el

L bt (Ko u‘:‘j ooz S 58l ¢« Alkylaminoquinolines-)
S ool

5ol ] 43 Strptomyces vellosus Lo 53, EA371-a EA371D-Y
LS o 5lge |, MexEF,MexAB (glgees

LS o ,lge |y MexEF,MexAB (slg.o. BenstatinA,B -Y
o bS5 LSS gleas oS LeaMilbemyeins -
Ll

..us&,tg,abdwr;d%;sp);mo Sleoe Mc-2.7,11 -0
S 81 5515505 5T s 93 sunias 008 Lga Mo -2, 595-F
Sl o oS L5 )

e e S Sl S S 5 lee sliMo-4,124-
355 (#ACTAB g lcnes 5lgs Ll

Slgros slgs o aS 03 50 pmb o3 551 15 SGMe-51.5.and 51-A
555 aMexAB

Dl o dSSlal s LBy S Hlee K13 - copte-d

.J\..\:LJ. o clie odliS %“ﬂj’lj JALQ Uk - 57562 -\

(&)
oz Dlgr w5303 e 5555l bl 5 kit g o bl sla

(\(Y‘\"\\‘\Y)J}.\: T u»}j)jl u»}SjS}L:ﬁLZM\ BL) NorA

L35 ol S s (gl e VL e sl sl
Jos 12 50 0> S s 51 e LS alS Jus g i
S g S pslie a8l e gls a g Oal 352 5 &0 o
3 S s

23001 o 3l 5e Ol o gy S 1 el 51 S 5k
355 o o 350 5 Lals b3 sl

b o 2k 6 S B s Lnd sl B e oY
PP U N PP P] S PO L PICOCINIT EAIE o
25 g oo el 3 S S

03 agd o il glglasms 3 S5 Sl o -f
05 p Sy dblse 3 (SRS 555 o EsLMtre, 5558 Ll
o @230 e glad sid 0t Il 6 SL O s il
RERY

yMsbA 53.351s A& 6 SU b sl gl sl e 4 530
Slsid o lisw Al lis SIA 0 ) oS > jsE-coli
Tetl . syls 2 g Jabes (g5l gen 5 L shes SNL 5P
Sl 55 05l 55 55 sl 53 Tet 5 i gow o gl
s o JESH ) ety 5 s 25V 5350

2B i g g3 £ 55 B 40 (S5 g 5 (Slgrag oS SV
s Al en 5 oo L85 5L 55 LT Ol 5 S o luliias
e G P S VP Vo LU VO] e, U
5333 Sedl 9l 85 Sl 2l L (1T 0 V)
ol Ao a8 el 05V 5 S el sl (slgteslie sl
2313 S AL allis gl (g1 o sls e slie SlgannslSe
ot

o pols Ko S I )l sledy

A1 oy S Bl oS A3k S L b ola 1)
e

3L S 50l Y

i oS sle S s o obslis g s Rl Y
Loy S 1l sLa oot

ASNOTA) (oS Shdl J gms 032 5 ong ke 0SSl Ll
(S o gl ) plS 555 5

L5 6l i slgpay 45 oS Slge Sl mems i plulii =Y



O Juluo o jlosis @ IPAP Slgs @ | 0 jlouis @ Pg> Jlw

REFERENCES:

1. T.kohler, et al. Bacterial antibiotic efflux systems
of medical importance, CMLS.cell.Mol.life sci, .(1999)
56:771-778

2. Francoise van Bambex,et al. Antibiotic efflux pumps,
(2...)6.: 457-47.

3. Marc Ouellette, et al.. Microbial multidrug resistance,

Biochemical pharmacology,

International journal of Antimicrobial agents, (1997)
8E: 179-187

4. Paul L. skatrud. The impact of multiple drug
resistance (MDR) proteins on chemotherapy and
drug discovery, progressin Drug Research, (2..2)58:
1.2-127

5. Keith poole, Ramakrishnan. Multidrug efflux in
pseudomonas aeruginosa: components, mechanismd
and clinical significance, Current Topics in Medicinal
chemistry, (2..1) 44: 59-71

6. Paulsen, Tet al,. Comparative genomics of microbial
drug efflux systems, JMOL Microbial. Biotechnol,
(2..1) 3:145-15.

7. Levy SB. Active efflux mechanisms for antimicrobial

Ol gl ool (5 59802 i) Sub jy Pole 081> iudg §y ol od2o >

resistance, Antimicrob Agent chemother, (1992) 36:
694- 7.3

8. BORGES-WALMSLEY MI, WALMSLEY. The
structure and function of drug pumps , Trends
Microbial, (2..1)9: 71-79

9. Putman M, et al,. Molecular properties of bacterial
multidrug transporters, Microbial Mol BioL Rey, (2...)
64: 672- 693

10. Keith poole, Efflux — Mediated Resistance to
fluoroquinolones in Gram negative Bacteria,
Antimicrobial agents and chemotherapy, (2...)44:
2233-2241

11. Thilo Kohler Mehr Michea — Hamzehpour, et al.
Characterization of MexEF- oprN, a positively
regulated multidrug efflux system of pseudomonas
aeruginosa, Molecular Microbiology, (1997)23:345-
354

12. May D.Lee, et al. Microbial fermentation derived
inhibitors of efflux- pump — mediated drug resistance,
IL farmaco, (2..1)56: 81-85



JAUMA e Volme 2 @ Number 5 ® Spring 2004 >

Antibiotic Efflux pumps

*SH. N. Peerayeh1, D. Esmaeili2
Abstract :

Background: Efflux is the process in which bacteria transport compounds outside the cell which are
potentially toxic, such as drug or chemicals or compounds.

Materials and methods: For this review article by using key words: multidrug resistace, microorganisms,
efflux pumps, resistance mechanism we have assessed 12 articles in journals published during 1997-2002

Results: Multidrug efflux systems endow on bacterial cells the ability to limit the access of antimicrobial
agents to their targets. By actively pumping out antibiotic molecules, these systems prevent the intra cellular
accumulation necessary for antibiotics to exert their lethal actively . Drug efflux appears to be one of the most
widespread antibiotic resistance mechanisms among microorganisms, since it has been demonstrated to
ocuur in many Gram positive and Gram- negative bateria including medically important species like staphylococci,
streptococci, enterobacteria and opportunistic pathogens like pseudomonas aeruginosa.
Bacterial antimicrobial efflux transporters have generally been grouped into five superfamily . These include
the major facilitator superfamily (MES), the ATP- binding cassette family, the resistance — nodulation — division
(RND) family, the small multidrug resistance (SMR) and multidrug and toxic compound extrusion (MATE )family.

Conclusion: Efflux pumps can be specific for only one substrate or accommodate a more or less wide
range of noxious products .

Key word :_efflux pumps, microorganisms, multidrug resistace, resistance mechanism.
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