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Bakterilerde Antibiyotik
Direnci

Hedefte degisiklik

Enzimatik modifikasyon veya inaktivasyon
Aktif Pompa

Gegirgenlikte azalma



Bakterilerde Hiicre Yiizeyi

Gram-negatif

- Sitoplazmik membran
* Peptidoglikan tabaka
* Dis membran

* Biyofilm
Lipooligosakkarit
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Gram-Pozitif Pompa Proteinleri




Gram-Negatif Pompa Proteinleri
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Membran Transportu

* Polar ve apolar gruplar igeren bilesikler membrani
kolay gecer

Kolay difiize xbilen bir bilesik hiicre igin
zaral olabilir



Aktif Pompa Proteinleri

Kolay difiize olan molekiillere karsi dogal korunma
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Aktif Pompa Protein Aileleri:
Enerji

Adenozin trifosfat
1-ATP Binding Casette - ABC

Proton Motivasyon Kuvveti
2-Major Facilitator Superfamily (MFS)

3-Multidrug and Toxic Compound Extrusion
(MATE)

4-Small Multidrug Resistance (SMR)
5-Resistance-Nodulation-CellDivision (RND)



Tet Pompalar:

Gram-negatif bakteriler

Kromozomal
Tet(A), Tet(B), Tet(C), Tet(D)

Gram-pozitif bakteriler

Plazmid
Tet(K) S. aureus
tet(L) Bacillus spp.

Staphylococcus spp.
Streptococcus spp.
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Aktif Pompa: Klinik Onem
Gram Negatif Bakteriler



Gram-Negatif Bakteriler
ABC, MFS, MATE, SMR, RND

Coklu Ila¢ Direncinde
RND ailesi aktif pompa proteinleri

* Kromozomal
* Dogal ve kazanilmis direng

« Membran Fizyon Proteini ve Digs Membran
Proteini ile kompleks



RND Pompa Proteini: Iki biiyiik eksternal ¢ikinti

Periplazmik
bosluk

Sitoplazma
NH,
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RND: Enterobacteriaceae

Escherichia coli Enterobacter aerogenes
« AcrAB-TolC « AcrAB-TolC

« AcrAD-TolC

« AcrkEF-TolC Salmonella enterica

« MdtABC-TolC serovaryant typhimurium

 YhiUV-TolC  AcrAB-TolC



RND: Enterobacteriaceae

Proteus vulgaris
* AcrAB-?

Klebsiella pneumoniae
* AcrAB-?

Serratia marcesecens
AcrAB-?



RND: Diger Gram negatifler

Haemphilus influenzae
« AcrAB-TolC

Neisseria gonorrhoeae
* MtrCDE (N. Meningitidis’te homolog)

Campylobacter jejuni
* CmeABC
« CmeDEF

Vibrio cholerae
« 2?2-TolC



Substratiar

AcrAB-TolC
Lipofilik Beta- * Safra tuzlari
laktamlar * Organik ¢ozicdler
Kloramfenikol » Benzalkonyum
Florokinolon * Meftotreksat
Makrolid » Etidyum bromid
Novobiyosin ngtfl?vm |
Fusidik asit ristal viyole

.  Triklozan
SOdyum dOdCSII . Tr,i.l.on_XlOO

sulfat

Trimetoprim/sulfa.



CmeABC

Florokinolon
Ampisilin
Kloramfenikol
Nalidiksik asit
Sefotaksim
Gentamisin
Rifampisin
Etidyum bromid
Akridin
Protamin

Sodyum dodesil
sulfat

Deoksikolat

MtrCDE

Florokinolon
Azitromisin
Makrolid
Rifampisin
Etidyum bromid
Kristal viyole

Yag asitleri
Triton-X-100
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RND: S. enterica serovar Typhimur'ium

. enterica CIP TRIC
serovar T

CLSI

BSAC 16 272 2 16
WT(SL1344) 4 0.06 4 4

acrB: 1 0.015 2 0.5

acrB +++ 32 0.5 16 16 0.5
acrD:: 4 0.03 4 4 0.06
acrf.. 4 0.06 4 1 0.12

TolC:: 1 0.015 0.5 1 0.015



RND: Campylobacter jejum’

32

CLSI

BSAC 1 16 2 8

wWT 0.25 0.5 4 0.5 1 4

cmeB.: 0.12 0.25 2 025 05 1

cmeB +++ 8 A 32 16 16 32

cmef:: 0.25 0.5 05 0.25 1 1



RND: MNeisseria ganar'rhaeae

CLSI

BSAC 4 4 16
WT (FA19) 0.015 0.25 0.025 0.25
mtrCDE +++ 0.03 1 0.025 0.25

mtrD:: 0.015 0.03 0.025 0.25



RND: Pseudomonas aeruginosa

MexAB-OprM
MexCD-OprJ
Mex-EF-OprN
MexXY-OprM
MexJK-OprM
MexGHI-OpmD



P. aeruginosa: MexAB-OprM

Intrinsik direnc
Tetrasiklin, makrolid, kloramfenikol,
norfloksasin, p-laktam

Yiksek diizey direng

B-laktamlar (inhibitorler dahil), meropenem,
kinolonlar, makrolidler, tetrasiklin,
kloramfenikol, novobiyosin, sulfonamidler,
trimetoprim, boyalar, deterjanlar

Imipeneme etkisiz

N-agil homoserin (elastaz, piyosiyanin)
laktonlarin efluksu



RND: Pseudomonas aeruginosa

Yiiksek diizey ekspresyon
* MexCD-Oprd

Kinolon, tetrasiklin, makrolid, frimetoprim,
kloramfenikol, sefalosporin.

* MexEF-OprN

Kinolon, kloramfenikol, trimetoprim,
imipenem (OprD azalmast)

* MexXY-OprM
Aminoglikozid direnci
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CLSI

BSAC 256
WT (PAO1) 64
mexAB-M:: 0.5

MexAB-M +++ 256

MexAB-M +++ 128
AmexCD-OpRJT
AmexXY-OpRM
mexXY-OprMm

+++

8
0.12
0.03
0.25

0.002
0.25
0.5

8
64
2
256

256
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64
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RND: Acinetobacter baumannir

« AdeABC

Aminoglikozid, p-laktam, florokinolonlar,
tetrasiklin, tigesiklin, eritromisin,
kloramfenikol, trimetoprim

 AdeIJK

. AdeFGH

30



RND: Acinetobacter baumannii

A. baumannii NET | OFX | CTX TET
_W---W-

CLSI

BSAC 2 4 16 4 2
BM4454 8 64 16 64
BM adeB:: <0.25 A 4 8
U10247 2 8 0.5 2

Uiil1l77 16 64 2 32



RND Pompalar
« Stenotrophomonas maltophilia

SmeAB-C

SmeDE-F

 Burkholderia cepacia
CeoAB-OprM

Florokinolon
Beta-laktam

AgM

Florokinolon
Eritromisin
Tetrasiklin
Organik ¢oziiciler

Kloramfenikol
Florokinolon
Trimetoprim

32



Diger Coklu Direng Pompalar:

E. coli ABC MacAB-TolC ML
MFS EmrAB-TolC NA, CCCP, EB,TL
MFS MdfA/Cmr/CmIA  C, PU, RF, T, EB,
RD, TPP, IPTG
MFS Tet TS
MATE YdhE FK, AK, TTP
SMR EmrE AK, EB, DAB, MV
V. chole.. MFS VceAB NA, DK, PKP, CCCP,
PMA
MATE VcmA FK, C, S, AK, DA, DO,
EB
V. phaemo.. MATE NorM FK, C, S, EB
P.aerugin.. SMR EmrE AG, AK, EB
B.cepa... MFS BcrA T, NA
B. theta.. MATE BexA FK, EB
B. fragilis MFS NorA NOR, EB, PM




Aktif Pompa: Klinik Onem
Gram Pozitif Bakteriler



Gram Pozitif: Aktif Pompa

S. aureus

S. pneumoniae

S. pyogenes
S. agalactiae
E. faecalis

ABC

MFS

MsrA Makrolid,
Streptogramin B
NorA Florokinolon

MFS QacA C, AK, KV, EB, DD,

DAB

MATE MepA FK, biyosit

MFS
MFS
MFS
MFS
MFS

PmrA Florokinolon
MefE Makrolid

MefA Makrolid

MreA C, Makrolid
EmeA EB, Norfloksasin




Staphylococcus aureus NorA

CLSI

BSAC 2 8
SA1199 0.5 0.5 0.5 0.5
SA11998 64 16 0.5 0.5

SA1199-3 16 4 0.5 0.5



Gram Pozitif: Aktif Pompa

B. subtilis

E. faecalis

L. lactis

L. monocytogenes

MFS

ABC
ABC
ABC
ABC
ABC
MFS

ABC

MFS

Bmr

ABC7
ABC11
ABC16
ABC23
Lsa
EmeA

LmrA

MdrL

FK, DO, AKr, EB, RD,
SD, TTP

OFX, DO, DA, EB
PT, KH

E,AZ, CLA

QD, VM

CL, QD

C, E, FK, CL, NO, AK,
EB

DA, DO, EB, OL, RD,
VB, VK

S, ML, EB




S. pneumoniae / Makrolid direnci: mefE

Merkezimize ait sonuclar
erm(B) tek basina 39 %

mef{E) tek basina 22.1 %
(Dustk diizey direng)

erm(B) + mef(E) 39 %






Mycobacterium spp.

M. tuberculosis

M. smegmatis

M. fortiutum

ABC DrrAB
MFS EfpA
MFS P55
MFS  Tap
SMR  NMmr
MFS LfrA
MFS  Tap

DA, DO, EB
Izoniyazid
AgM, T

T

E, AK, EB, TPP

FK, EB

AgM, T




Aktif Ilag Atim Pompa
Proteinlerinin Ekspresyonunun
Transkripsiyonel Kontrolii



Negatif kontrol

fefR | Promoter | Operaton fetA fetR | Promoter | Ope. | tetA
TetR TetA TetR Ly TetA sentezi

Tetra
siklin

sentezi TetR sentezi sentezi




ILAC ATIM POMPALARININ TRANSKRIPSIYONEL KONTROLU

Negatif kontrol

AcrR| Promoter | Ope. | acrA | acrB|| |acrR | Promoter Ope. | acrA | acrB

AcrR S

AcrAB sentezi AcrR ";Cf‘fr\, ACPB
sentezi entezi
Indiikleyici

(Mar A, Sox S, Rob)
4 (+)

"

marO ' marR | marA mar8| | marc | mar ' Wb marR| marA | marB

=2
MarA sentezi

Salisilat, T, C
MarA sentezi —
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Aktif Pompa Denetimindeki
Diren¢ Nasil Onlenebilir

» Aktif Pompa Inhibitorleri (EPIs)

« Atim pompalarindan etkilenmeyen
antimikrobiyallerin gelistirimesi



Ilaca Ozgii Atim Pompasi
Inhibitorleri

Tet atim pompasi inhibisyonu

* 4 (yeli naftalin yapisi gerekli

» 13-cyclopentylthio-5-OH tetracycline
* Ginsenosides

» Indol deriveleri



Coklu Tlag Atim Pompast
Inhibitorleri

Verapamil:
Kalsiyum kanal antagonisti

Memeli hiicrelerinde, . falciparumda
ilag atim inhibitord

Rezerpin
Bir bitki indol alkaloidi

Memeli hicrelerinde ve bakterilerde
(NorA, bmr) ilac atim inhibitéri



RND Atim Pompasi Inhibitérleri
* Phenylalanyl-arginyl-B-naphtylamide
* 1-(1-naphthylmethyl)-piperazine

* Peptidomimetikler

* Benastatin



0,93

1,08

1,06

0,75

1,1

PABN
NMP

16

32

16
32

16
32

16

(@®) AN AN
N ONGoOAGSAND

16
32

32

16
512
128
256
64
32
32

64
32
32

256
64
128

16

512

128

512
16

16

16
16

16

128
32
64



I. Yalcin, I. Yildiz, E. Aki, G. Altinkanat, D. Sener, Ufuk Hasdemir
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SBMox2
BC-15
BC-16
BC-17
BC-22
BC-23
BC-26
BC-27
BC-28
BC29

AN1
AN4
AN28
XT5B
XT5BR
XT2B

MIC (ug/mL

CIP CHL
128 256
2 128
2 128
16 256
2 128
2 128
2 128
/ 256
1 32
64 16
16
64
0,5 32
/l 16
0,5 128
4 64

SBMox2
SY3
SY4
SY6

SY16
SY17
SY18
SY21
TD5
TD2B
TD3B
TD10B
MHA-PIP
MHA-MEP

128
0,5
<0,5
128

32
16
32
128

MIC (ug/mL)
CIP

CHL

256
8
<0,5
256
2
128

128
256

128
256
256



AG102
BC-15
BC-16
BC-17
BC-22
BC-23
BC-26
BC-27
BC-28
BC29

AN1
AN4
AN28
XT5B

XTSBR
XT2B

MIC (ug/mL)

CIP

0.125
<0.5
0.125
0.125
<0.5
<0.5
<0.5
<0.5

0.125
<0.5
0.03

0.125

0.125

0.125

0.125

CHL

64
64
64
32
64
64
64
64

<0.5
32
16
32

<0.5

<0.5
32
32

MIC (ug/mL)

CIP CHL
AG102 0.125 64
SY3 0.125 16
SY4 0.125 8
SY6 <0.5 64
SY16 0.125 8
SY17 <0.5 64
SY18 0.125
SY21 <0.5 64
TDS <0.5 64
TD2B <0.5
TD3B 0.125 32
TD10B 64
MHA-PIP 0.125 128
MHA-MEP  0.125 64



DIS MEMBRAN
OAj Kor polisakkarit
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Az Gegirgenlik

*Anyonik lipopolisakkaritler
LPS meolekiiller arasindaki kuvvetli yan baglar
‘Doymamis yag asiti eksikligi

Porin Kaybi veya mutasyonu



Porin kayb:i ve Direng

« OprD porin kaybi

P. aeruginosa 'da IMIPENEM direnci
* CarO kayb:

A. baumanii KARBAPENEM direnci




I MIC yg/m

Antibiotic Isolate 2 Isolate 9 Isolate 13 Isolate 14
Imipenem 8 8 64 32
Meropenem 4 4 8 8
Cloxacillin >H12 >H12 >512 >512
w0
)

A. baumannii
CarO kaybi veya

mutasyonu
Isolate 2 Isolate 9
Oxa-23 N P N N
Oxa-24 N N P P
Oxa-58 N N P P
Imp-1 N N N N
Vim-2 N N N N






