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Abbreviation 
BF: BULghW FLeOd 

CCCP: CaUbRQ\O C\aQLde P-ChORURPheQ\O h\dUa]RQe  

CP: ChORUaPSheQLcRO 

C\3: C\aQLQe 3 

C\5: C\aQLQe 5  

DLBAC 4-(3):  bLV-(1,3-dLbXW\ObaUbLWXULc acLd)-WULPeWhLQe R[RQRO 

DMSO: DLMeWh\O SXOfO[Lde  

DNA: DeR[\ULbRNXcOeLc AcLd 

EDPI, II: EQeUg\-DeSeQdeQW PhaVe I, II  

FACS: FOXRUeVceQce-acWLYaWed ceOO VRUWLQg 

GFP: GUeeQ FOXRUeVceQW PURWeLQ  

LB : LXULa-BeUWaQL bURWh  

LPS: LLSRPRO\SacchaULde  

MIC: MLQLPXP IQhLbLWRU\ CRQceQWUaWLRQ  

MS chaQQeOV: MechaQRVeQVLWLYe chaQQeOV 

MVcL: MechaQRVeQVLWLYe chaQQeOV Rf OaUge cRQdXcWaQce 

MVcS: MechaQRVeQVLWLYe chaQQeOV Rf VPaOO cRQdXcWaQce 

NeR-C\5: NeRP\cLQ-C\aQLQe5  

OD: OSWLcaO DeQVLW\  

PCR: PRO\PeUaVe ChaLQ ReacWLRQ  

PDMS: PRO\dLPeWh\OVLOR[aQe  

PI: PURSLdLXP IRdLde  

PMF: PURWRQ MRWULce FRUce  

URNA: ULbRVRPaO RNA  

STORM: SWRchaVWLc OSWLcaO RecRQVWUXcWLRQ MLcURVcRS\  

TA: TR[LQ±AQWLWR[LQ  

TIRF: TRWaO IQWeUQaO RefOecWLRQ FOXRUeVceQce PLcURVcRS\  

TR: Te[aV Red  

WRNA: WUaQVfeU RNA  

VBNC: VLabOe bXW QRQcXOWXUabOe 
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Chapter I  Introduction  

1. Aminogl\coside: The ribosome as an antimicrobial target  

 The ULbRVRPe LV a hLghO\ cRPSOe[ PachLQe; LW LV QaWXUe¶V OaUgeVW aQd PRVW cRPSOe[ 

eQ]\Pe. FXQcWLRQaO VLWeV Rf ULbRVRPaO RNA (URNA) aUe a WaUgeW Rf abRXW fLfW\ SeUceQW Rf 

aQWLbLRWLcV, ZhLch aUe XVed cOLQLcaOO\. TheVe aQWLbLRWLcV bORcN RU aOWeU V\QWheVLV Rf SURWeLQV. 

KQRZLQg Whe LPSRUWaQce Rf URNA fRU decRdLQg Whe PeVVeQgeU RNA (PRNA) aQd SeUfRUPLQg 

SURWeLQ V\QWheVLV, LW PaNeV VeQVe Zh\ PRVW LQhLbLWRUV Rf ULbRVRPe aLP fRU URNA-ULch SaUWV RQ 

bRWh 30S aQd 50S VXbXQLWV Rf ULbRVRPe 1(FLg1.1). 

 

Figure 1.1 Antibiotics target the functionall\ important regions of ribosome 1.TZR ULbRVRPaO VXbXQLWV 

aUe dLVSOa\ed: 30S VXbXQLW (OefW) aQd 50S (ULghW). URNAV (LQ \eOORZ aQd gUe\) aQd ULbRVRPaO SURWeLQV (LQ 

bURQ]e aQd bOXe) aUe VhRZQ. IQ each VXbXQLW, Whe VLWeV Rf aQWLbLRWLc bLQdLQg, ZhLch haV beeQ deWeUPLQed b\ 

bLRchePLcaO aQd geQeWLc WechQLTXeV aUe LQdLcaWed. TheQ deWaLOV ZeUe RbWaLQed b\ X-Ua\ cU\VWaOORgUaSh\. 

 HeUe, LQ WhLV ZRUN, I ZLOO fRcXV RQ a faPLO\ Rf aQWLbLRWLcV caOOed aPLQRgO\cRVLdeV, ZhLch aUe 

cRPSRVed Rf aPLQR PRdLfLed VXgaUV ZLWh OaUge VWUXcWXUaO dLYeUVLW\. 
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1.1. Discover\  

 The aPLQRgO\cRVLdeV ZeUe Whe fLUVW VLgQLfLcaQW WheUaSeXWLc dUXgV, ZhLch ZeUe SURdXced YLD 

feUPeQWaWLRQ SaWhZa\V LQ bacWeULa. IQ 1943 VWUeSWRP\cLQ ZaV dLVcRYeUed aW SeOPaQ WaNVPaQ¶V 

OabRUaWRU\ fURP a VRLO bacWeULXP: SWUHSWRP\FHV JULVHXV2. SWUeSWRP\cLQ LV Whe eaUOLeVW PRdeUQ 

ageQW XVed agaLQVW M\FREDFWHULXP WXEHUFXORVLV. The ZRUN Rf Whe VaPe WeaP Oed WR Whe dLVcRYeU\ 

Rf QeRP\cLQ LQ 1949 fURP aQRWheU VSecLeV Rf VRLO bacWeULa, SWUHSWRP\FHV IUDGLDH 3. ThLV dLVcRYeU\ 

ZaV Rf VWURQg LPSRUWaQce aQd SeOPaQ WaNVPaQ UeceLYed Whe NRbeO PULce Rf MedLcLQe LQ 1952.  

 SXbVeTXeQWO\, NaQaP\cLQ ZaV dLVcRYeUed b\ HaPaR UPe]aZa LQ 1957, aQd geQWaPLcLQ LQ 

1963 b\ MaUYLQ WeLQVWeLQ¶V gURXS aW ScheULQg-PORXgh CRUSRUaWe. SLQce WheQ RWheU 

aPLQRgO\cRVLde UeOaWed cRPSRXQdV haYe beeQ LVROaWed WhURXgh feUPeQWaWLRQ RU VePLV\QWheWLc 

PeWhRdV. AOWhRXgh LW LV ORQg WLPe WhaW WheVe aQWLbLRWLcV aUe XVed, Whe\ VWLOO haYe a YLWaO UROe LQ Whe 

WUeaWPeQW Rf LQfecWLRXV dLVeaVeV ZRUOdZLde. TheVe bacWeULcLdaO cRPSRXQdV aUe chePLcaOO\ VWabOe 

ZLWh a bURad VSecWUXP Rf acWLRQ e[ceSW RQ aQaeURbLc bacWeULa 4. 

 FURP 1940V WLOO QRZ aPLQRgO\cRVLdeV aUe PRVW cRPPRQO\ XVed ZRUOdZLde, dXe WR WheLU 

hLgh effLcac\ aQd ORZ cRVW 5. 

 MRVW cRPPRQ VLde effecWV Rf aPLQRgO\cRVLdeV aUe QeShURWR[LcLW\ (LPSaLUPeQW Rf NLdQe\ 

fXQcWLRQ) aQd RWRWR[LcLW\ (LPSaLUPeQW Rf Whe RUgaQV Rf heaULQg aQd baOaQce) 6. HRZeYeU, Whe\ aUe 

VWLOO OaUgeO\ XVed WR WUeaW bacWeULaO LQfecWLRQ ZRUOdZLde. The UeceQW ePeUgeQce Rf LQfecWLRQV dXe WR 

GUaP-QegaWLYe aQWLPLcURbLaO UeVLVWaQce bacWeULaO VWUaLQV haV eQcRXUaged Sh\VLcLaQV WR VWUeQgWheQ 

XVage Rf aPLQRgO\cRVLdeV. CRQVLdeULQg Whe effecW Rf YaULRXV dRVage Rf aPLQRgO\cRVLdeV RQ 

WR[LcLW\ cRPbLQed ZLWh Whe UeWaLQed acWLYLW\ agaLQVW PRVW GUaP-QegaWLYe bacWeULaO LVROaWeV PaNe 
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WhLV cOaVV Rf aQWLbLRWLcV VWLOO YaOXabOe LQ WRda\¶V cOLQLcaO SUacWLce 7. APLQRgO\cRVLdeV aUe SURbabO\ 

Whe PRVW effecWLYe WUeaWPeQW fRU P. DHUXJLQRVD chURQLc LQfecWLRQV 8. 

1.2. Structure of aminogl\cosides 

 APLQRgO\cRVLdeV aUe cRPSRVed Rf aPLQR PRdLfLed VXgaU. HeUe Ze caQ Vee WZR PaLQ 

gURXSV Rf aPLQRgO\cRVLdeV ZLWh WheLU UeVSecWLYe UeSUeVeQWaWLYeV, QeRP\cLQ aQd geQWaPLcLQ 

(fLgXUe 1.2). TheVe WZR gURXSV dLffeU b\ WheLU OLQNage beWZeeQ ULQgV II aQd III. 

Figure 1.2 E[amples of aminogl\coside chemical structures. OQ Whe OefW aUe VRPe aPLQRgO\cRVLdeV Rf 

Whe QeRP\cLQ gURXS (4±5 ULQg II±ULQg I, ULQg II±ULQg III OLQNageV), ZhLch caQ be dLUecWO\ cRPSaUed WR Whe 

geQWaPLcLQ cRPSRQeQWV RQ Whe ULghW (4±6 ULQg II±ULQg I, ULQg II±ULQg III OLQNageV). RLQgV aUe QXPbeUed aQd 

Whe chePLcaO VWUXcWXUe Rf YaULabOe SRVLWLRQV LQdLcaWed. RLQg II LV Pade Rf deR[\VWUeSWaPLQe, ZhLch LV YeU\ 

cRQVeUYed 9. 

 The QeRP\cLQ gURXS LQcOXdeV SaURPRP\cLQ, QeRP\cLQ, ULbRVWaP\cLQ aQd QeaPLQe. 

RLbRVWaP\cLQ cRQWaLQV aOO ULQgV e[ceSW ULQg IV ZhLOe QeaPLQe OacNV bRWh ULQgV III aQd IV. IQ WhLV 

VWXd\ I fRcXVed RQ Whe QeRP\cLQ. The QeRP\cLQ faPLO\ VhaUeV a cRPPRQ cRUe Rf ULQgV I aQd II, 

ZhLch aUe cRQVeUYed aPRQg aPLQRgO\cRVLdeV.  
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1.3. Sites of attachment in the ribosome   

 

 APLQRgO\cRVLde aUe RQe Rf Whe PRVW chaUacWeUL]ed aQWLbLRWLc faPLO\, ZhLch bLQd bRWh 

VXbXQLWV Rf Whe ULbRVRPe caXVLQg PLVcRdLQg RU LQhLbLWLQg WUaQVORcaWLRQ aQd ULbRVRPe Uec\cOLQg 10, 

11. The ZeOO-chaUacWeUL]ed aPLQRgO\cRVLdeV fURP Whe QeRP\cLQ faPLO\ haYe beeQ VhRZQ WR 

acceOeUaWe bRWh fRUZaUd UeacWLRQ UaWeV (GTPaVe acWLYaWLRQ aQd accRPPRdaWLRQ) LQ WRNA VeOecWLRQ 

aQd WR UedXce Whe UaWe Rf cRgQaWe aQd QeaU-cRgQaWe WRNA dLVVRcLaWLRQ fURP A VLWe 11, 12.  

 APLQRgO\cRVLdeV aUe fRXQd WR be WUaQVORcaWLRQ LQhLbLWRUV 13, 14 aQd LQcUeaVe bacN-

WUaQVORcaWLRQ 15, 16, 17. MaMRULW\ Rf aPLQRgO\cRVLdeV bLQd WR 30S ULbRVRPaO VXbXQLW aW aQ LQWeUQaO 

ORRS LQ heOL[ 44 (h44) ZhLch PaLQO\ fRUPV Whe decRdLQg VLWe 18. ThLV LQWeUacWLRQ haV beeQ VWXdLed 

b\ chePLcaO SURbLQg (bLRchePLcaO aSSURacheV) 19, 20 aQd b\ cRPSOe[ Rf aPLQRgO\cRVLde aQd a 

VPaOO RNA fUagPeQWV PLPLcNLQg h44 LQ ULbRVRPe (VWUXcWXUaO aSSURacheV)   9, 21, 22 ,23, 24. 

 MechaQLVP Rf decRdLQg aQd Whe acWLRQ Rf aPLQRgO\cRVLdeV RQ Whe decRdLQg ceQWeU haYe 

beeQ Whe WRSLc Rf VWXdLeV b\ ULbRVRPaO X-Ua\ cU\VWaOORgUaSh\ 25,26,18,27,28. The bLQdLQg Rf 

aPLQRgO\cRVLdeV SOaceV QXcOeRWLdeV A1408, A1492, aQd A1493 LQ a cRQfRUPaWLRQ WhaW LV dLffeUeQW 

fURP WhaW RbVeUYed LQ Whe abVeQce Rf Whe dUXg (FLgXUe 1.3). 
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Figure 1.3 Rearrangements of rRNA helices h44 and H69 in the near-cognate state upon binding of 
the aminogl\coside paromom\cin (PAR) 29. PaURPRP\cLQ (gUeeQ) LV bRXQd LQWR Whe decRdLQg VLWe RQ 

16S URNA. The WRNA LV dLVSOa\ed LQ Ued aQd PRNA LQ \eOORZ. The dLffeUeQceV beWZeeQ cRPSOe[eV 

fRUPed ZLWh QeaU-cRgQaWe WRNA LQ SUeVeQce aQd abVeQce Rf SaURPRP\cLQ aUe hLghOLghWed LQ daUN aQd 

OLghW bOXe.  

   BeVLdeV, Whe aQWLbLRWLc dLVWXUbV Whe deVWacNLQg Rf A1492 aQd A1493 (QXcOeRWLdeV cULWLcaO fRU 

A-VLWe WRNA bLQdLQg 30) fURP h44 LQWR a SRVLWLRQ ZheUe Whe\ LQWeUacW ZLWh Whe cRdRQ-aQWLcRdRQ 

heOL[ (FLgXUe 1.4). AQ X-Ua\ VWXd\ Rf Whe EVFKHULFKLD FROL ULbRVRPe dePRQVWUaWed WhaW QeRP\cLQ 

haV a VecRQd bLQdLQg VLWe LQ heOL[ 69 (H69) Rf 23S URNA31. 

Figure 1.4 Overview of binding sites of neom\cin in ribosome 32. (a) NeRP\cLQ (NeR) LQ daUN gUeeQ LQ 

30S VXbXQLW, heOL[44 (bOXe) aQd QeRP\cLQ LQ H69 (OLghW bOXe) Rf Whe 50S VXbXQLW (gUa\). WRNA (gUeeQ), 

PRNA (SLQN). (b) NeRP\cLQ LQWeUacWLRQV ZLWh Whe H69. DaVhed OLQeV dLVSOa\ QeRP\cLQ aQd URNA 
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cRQWacWV < 3.5 c. RLQg II Rf QeRP\cLQ LV SRVLWLRQed aW Whe PaMRU gURRYe, ZhLch LV facLQg G1921, G1922 

aQd U1923. The ULQgV I, III aQd IV aUe PaLQO\ LQ cRQWacW ZLWh Whe bacNbRQe. 

  

 The ZRUN LQ Whe OaVW WeQ \eaUV UeYeaOed Whe aPLQRgO\cRVLdeV¶ acWLRQ aW Whe decRdLQg ceQWeU 

aQd HeOL[ 69 LQ ULbRVRPe \eW Whe LQWeUSOa\ beWZeeQ WheVe WZR SUR[LPaO VLWeV UePaLQV XQNQRZQ 32. 

BaVed RQ VRPe UeceQW aQd XQe[SecWed UeVXOWV RQ Whe 70S cU\VWaO VWUXcWXUeV LQ cRPSOe[ ZLWh 

PRNA aQd WRNAV, a QeZ PRdeO ZaV SURSRVed fRU Whe UecRgQLWLRQ Rf Whe cRdRQ-aQWLcRdRQ heOL[ 

b\ Whe decRdLQg ceQWeU ZLWh QeZ LQVLghWV LQWR Whe LQWeUacWLRQ Rf SaURPRP\cLQ 29, 33 . IQ WhLV PRdeO 

Whe aQWLbLRWLc SaUWLaOO\ LQdXceV a cRQfRUPaWLRQ Rf URNA aURXQd Whe decRdLQg ceQWeU OLNe WhaW 

RbVeUYed fRU cRgQaWe WRNA. 

1.4. Mechanism of uptake 

 

 APLQRgO\cRVLde Qeed WR be WUaQVSRUWed WhURXgh Whe c\WRSOaVPLc PePbUaQe WR Ueach WheLU 

WaUgeW, ULbRVRPeV. APLQRgO\cRVLde accXPXOaWLRQ LQ Whe c\WRSOaVP LV deSeQdeQW RQ SURWRQ PRWLYe 

fRUce (PMF) LQ ceOOV 34. IW LV VXggeVWed WhaW accXPXOaWLRQ Rf aPLQRgO\cRVLdeV b\ bacWeULa gURZLQg 

LQ aeURbLc cRQdLWLRQV RccXUV LQ WhUee VXcceVVLYe VWeSV 5, 34.  

1.4.1. The accumulation theor\ (3 successive steps) 

1.4.1.1. Step1: Electrostatic binding  
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FLUVW Whe dUXgV ZRXOd bLQd WR aQLRQLc VLWeV VLWXaWed aW Whe RXWeU PePbUaQe LQVWaQWO\ aQd LQ 

a UeYeUVLbOe Za\. IW ZaV aOVR SURSRVed WhaW LQ GUaP-QegaWLYe bacWeULa OLSRSRO\VacchaULde (LPS) 

ZRXOd dLUecWO\ LQWeUacW ZLWh Whe SRO\caWLRQLc aPLQRgO\cRVLdeV WheUeb\ heOSLQg WheLU XSWaNe 35. 

TheUefRUe, a VeOf-SURPRWed XSWaNe PechaQLVP fRU aPLQRgO\cRVLdeV ZaV faYRUed LQ WeUPV Rf 

h\SRWheVLV UaWheU WhaQ a PechaQLVP LQYROYLQg SRULQV 36 becaXVe VWXdLeV VhRZed WhaW  PXWaQWV 

ZhLch aUe SRULQ-defLcLeQW, aUe QRW aOZa\V PRUe UeVLVWaQW WR aPLQRgO\cRVLdeV 37 (FLgXUe1.5). 

IQWeUeVWLQgO\, a UeceQW VWXd\ VhRZed WhaW Whe VXbSRSXOaWLRQ Rf ceOOV ZLWh ORZeU e[SUeVVLRQ Rf RXWeU 

PePbUaQe SRULQ C (RPSC) aUe PRUe WROeUaQW WR NaQaP\cLQ38. 

Figure 1.5 Gram-negative bacteria cell wall envelope 37. (a) PRULQ SaWhZa\ (QRW OLNeO\ LQYROYed LQ 

aPLQRgO\cRVLde XSWaNe) (b) SeOf-SURPRWed aPLQRgO\cRVLde XSWaNe LQ ZhLch SRO\caWLRQV aQd cheOaWRUV caQ 

dLVORcaWe dLYaOeQW caWLRQV fURP LPS.  

 IQ WhLV PechaQLVP, Whe aQWLbLRWLc LQWeUacWV ZLWh Whe RXWeU ceOO ZaOO aQd WhLV LQWeUacWLRQ 

LQcUeaVeV Whe SeUPeabLOLW\ Rf WhLV ceOO ZaOO WR Whe aQWLbLRWLc. ThLV VWeS ZRXOd be fROORZed b\ WZR 

LUUeYeUVLbOe eQeUg\ deSeQdeQW ShaVeV WeUPed eQeUg\-deSeQdeQW ShaVe I aQd II (EDPI aQd EDPII, 

UeVSecWLYeO\). 
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1.4.1.2. Step 2: Energ\-dependent phase I (EDPI) 

The fLUVW VWeS LV fROORZed b\ EDPI WhaW YaULeV LQ LWV dXUaWLRQ aQd UaWe deSeQdLQg RQ Whe 

aQWLbLRWLc cRQceQWUaWLRQ XVed aQd Whe eQeUg\ OeYeO Rf bacWeULaO ceOO. IW ZaV aOVR RbVeUYed a UeOaWLRQ 

beWZeeQ Whe gURZWh UaWe Rf bacWeULa SULRU WR Whe addLWLRQ Rf Whe aQWLbLRWLc 39. E[SRQeQWLaO ShaVe 

bacWeULaO ceOOV ZeUe fRXQd WR be YeU\ VXVceSWLbOe WR aPLQRgO\cRVLde dXe WR Whe hLgheU PMF. OQ 

Whe cRQWUaU\, Whe VWaWLRQaU\ ShaVe ceOO SRSXOaWLRQV aUe OeVV VeQVLWLYe WR aPLQRgO\cRVLdeV. EDPI 

cRUUeVSRQdV WR Whe eQWUaQce Rf aPLQRgO\cRVLde LQWR Whe c\WRSOaVP. EDPI caQ be bORcNed b\ 

LQhLbLWRUV Rf eOecWURQ WUaQVSRUW VXch aV caUbRQ\O c\aQLde-P-chORURSheQ\O-h\dUa]RQe (CCCP). 

The PechaQLVP Rf WUaQVSRUW Rf aPLQRgO\cRVLdeV acURVV Whe c\WRSOaVPLc PePbUaQe LV SRRUO\ 

chaUacWeUL]ed aQd Pa\ LQYROYe TXLQRQe-OLQNed UedR[ eQeUg\ RU RWheU cRPSRQeQWV Rf Whe eOecWURQ 

WUaQVSRUW chaLQ RU bRWh. APLQRgO\cRVLdeV Pa\ aOVR eQWeU b\ QRQVSecLfLc PePbUaQe chaQQeOV 

cUeaWed b\ ORZ-OeYeO LQWULQVLc PLVUeadLQg RU VRPe LPSeUfecWLRQV LQ Whe c\WRSOaVPLc PePbUaQe, 

PaLQO\ LQ Whe aUea Rf gURZWh ZheUe Whe PePbUaQe LV beLQg Pade 40. IQ facW, WR daWe PXch UePaLQV 

XQNQRZQ abRXW Whe ShaVe EDPI.  

1.4.1.3. Step 3: Energ\-dependent phase II (EDP II) 

The WhLUd ShaVe Rf aPLQRgO\cRVLde XSWaNe aOVR UePaLQV XQcOeaU. IW UeTXLUeV eQeUg\ fURP 

Whe eOecWURQ WUaQVSRUW chaLQ aQd ATP h\dURO\VLV hRZeYeU haV dLffXVLRQ NLQeWLcV 41. The ShaVe 

EDPII UeTXLUeV aPLQRgO\cRVLde VeQVLWLYe ULbRVRPeV, aQd LQhLbLWRUV Rf SURWeLQ V\QWheVLV VXch aV 

chORUaPSheQLcRO caQ abROLVh EDPII 42.  

IW LV VXSSRVed WhaW PLVcRdLQg b\ aPLQRgO\cRVLdeV WhaW eQWeUed Whe c\WRSOaVP dXULQg EDPI 

SURdXceV PLVfROded SURWeLQV. MLVWUaQVOaWed SURWeLQV WeQd WR be PLVfROded aQd e[SRVe 
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h\dURShRbLc UegLRQV WhaW LQWeUacW ZLWh PePbUaQeV RU bLQd WR RWheU ceOOXOaU cRPSRQeQWV, ZhLch 

eQd XS LQ PePbUaQe aQd Oead WR PePbUaQe SeUPeabLOL]aWLRQ 43. 

ThLV SeUPeabLOL]aWLRQ haV beeQ RbVeUYed b\ Whe OeaNage Rf aPLQR acLdV, QXcOeRWLdeV RU K+ 

44,45,46. BacWeULa RbVeUYed afWeU WUeaWPeQW ZLWh VWUeSWRP\cLQ 47 had a cROOaSVed aSSeaUaQce LQ 

VcaQQLQg eOecWURQ LPageV. 

 

1.4.2.  Iron±sulfur clusters affect aminogl\cosides¶ accumulation 

 

IURQ±VXOfXU cOXVWeUV aUe LQ PaQ\ bLRORgLcaO V\VWePV, cRPSRQeQWV Rf eOecWURQ WUaQVfeU 

SURWeLQV LQ ceOOXOaU SURceVV VXch aV ceQWUaO PeWabROLVP aQd UeVSLUaWLRQ. SWXdLeV VhRZ WhaW Fe-S 

cOXVWeUV LQ bacWeULaO ceOOV aUe Qeeded fRU aPLQRgO\cRVLde bacWeULcLdaO acWLYLW\ 48. Fe-S SURWeLQV 

LQcUeaVe  aPLQRgO\cRVLde NLOOLQg b\ bRRVWLQg WheLU XSWaNe 49. 

CeOOV LQ ZhLch VXbVWLWXWe PachLQeU\ aUe faYRUed LQVWead Rf PaMRU Fe-S cOXVWeU bLRV\QWheVLV 

PachLQeU\, aUe QRW abOe WR PaWXUe UeVSLUaWRU\ cRPSOe[eV I aQd II LQ effLcLeQW PaQQeU aQd 

cRQVeTXeQWO\ Whe\ haYe ORZeU PMF. LLNeZLVe, Whe ceOOV becRPe WUaQVLWLRQaOO\ UeVLVWaQW WR 

aPLQRgO\cRVLde XQdeU LURQ OLPLWaWLRQ cRQdLWLRQ. IQ WhRVe ceOOV bRWh UeVSLUaWRU\ cRPSOe[eV aUe 

dRZQ-UegXOaWLQg aQd ceOOV aUe XVLQg aOWeUQaWLYe PachLQeU\ 48. 

AQRWheU UeceQW VWXd\ VhRZed Whe UROe Rf Whe VPaOO UegXOaWRU\ RNA (VRNA), ZhLch LV 

caOOed R\hB. IW haV a PaMRU UROe LQ LURQ hRPeRVWaVLV LQ E. FROL. AXWhRUV VhRZed WhaW LQ LURQ 

defLcLeQW cRQdLWLRQV, R\hB LQdXceV SheQRW\SLc UeVLVWaQce WR geQWaPLcLQ. ThLV SheQRW\Se LV dXe WR 
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Whe LQhLbLWLRQ Rf UeVSLUaWRU\ cRPSOe[eV. IW haV beeQ VXggeVWed WhaW R\hB SOa\V a  UROe LQ aQWLbLRWLc 

VWUeVV adaSWaWLRQ 50. 

1.4.3.  Aminogl\coside uptake in presence of Silver  

SLOYeU caQ deVWabLOL]e Whe PePbUaQe eLWheU b\ dLVUXSWLQg LQWULQVLc PePbUaQe SURWeLQV 

(dLUecWO\) RU b\ LWV effecW RQ ULbRVRPeV (LQdLUecWO\), ZhLch ZRXOd Oead WR PLVfROded SURWeLQV WhaW 

ZRXOd fLQaOO\ gR WR Whe LQQeU PePbUaQe. CRQVeTXeQWO\, PePbUaQe¶V SeUPeabLOLW\ LQcUeaVeV aQd LW 

Pa\ Oead WR aPLQRgO\cRVLde XSWaNe LQ hLgheU OeYeOV 51 (fLgXUe1.6) . 

Figure 1.6. Model for the role of silver in aminogl\coside uptake 51. SLOYeU aXgPeQWV aPLQRgO\cRVLde 

XSWaNe. SLOYeU caQ dLVUXSW ceOOV¶ PePbUaQe b\ chaQgLQg PePbUaQeV¶ SURWeLQV. IW caQ aOVR WaUgeW ULbRVRPeV, 

ZhLch UeVXOW LQ V\QWheVLV Rf PLVfROded SURWeLQ. 

SLOYeU SRWeQWLaWeV aPLQRgO\cRVLde WR[LcLW\ b\ eQhaQcLQg WheLU XSWaNe 52. HeULVVe HW DO. 

VhRZed WhaW VLOYeU LQcUeaVed WR[LcLW\ Rf aPLQRgO\cRVLde b\ a PMF LQdeSeQdeQW PechaQLVP. 

BeVLdeV, VLOYeU eQhaQced aPLQRgO\cRVLde XSWaNe b\ PXWaQW ZLWh ORZeU PMF OeYeO VXch aV 

PXWaQWV fRU cRPSOe[ I aQd II RU Fe-S cOXVWeU bLRV\QWheVLV. IQ cRQWUaVW, VLOYeU effecW RQ 

aPLQRgO\cRVLde WR[LcLW\ haV beeQ VhRZQ WR be UePaLQLQg deSeQdeQW RQ WUaQVOaWLRQ 52.TUeaWLQg 
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ceOOV ZLWh chORUaPSheQLcRO ZhLch LV a bacWeULRVWaWLc aQWLbLRWLc WhURXgh LQhLbLWLRQ Rf WUaQVOaWLRQ, 

SUeYeQWed VLOYeU WR LQcUeaVe aPLQRgO\cRVLde WR[LcLW\. IW ZaV SURSRVed WhaW VLOYeU deVWabLOL]eV Whe 

PePbUaQe LQ a SURWeLQ WUaQVOaWLRQ deSeQdeQW, PaQQeU aQd LW aOORZV aPLQRgO\cRVLde WR eQWeU WR 

c\WRSOaVP PRUe effLcLeQWO\. ThLV facW VeWWOeV ZLWh Whe SURSRVLWLRQ Rf MRURQeV HW DO. 53, ZhLch 

VXggeVWed WhaW VLOYeU¶V LQWeUacWLRQ ZLWh ULbRVRPe aQd PLVfROded SURWeLQV ZRXOd dLVWXUb LQQeU 

PePbUaQe aQd deVWabLOL]e LW. HeQce, UegaUdOeVV Rf caXVe RU RULgLQ, bRWh VWXdLeV VXggeVWed WhaW 

LQcUeaVe LQ PLVfROded SURWeLQ OeYeOV OeadV WR PePbUaQe SeUPeabLOLW\.  

OQ Whe cRQWUaU\, Whe UROe Rf ROS WR VLOYeU WR[LcLW\ ZaV PRUe debaWabOe. MRURQeV HW DO. 

aVVXPed WhaW VLOYeU LRQV LQcUeaVe Whe WR[LcLW\ Rf geQWaPLcLQ becaXVe VLOYeU SURdXceV ROS LQ ceOOV 

53. HRZeYeU, LQ WhLV VWXd\ Whe\ dLd QRW VhRZ WhaW ROS SURdXcWLRQ LV LQcUeaVed LQ Whe SUeVeQce Rf 

Whe cRPbLQaWLRQ Rf VLOYeU ZLWh geQWaPLcLQ 51. ReVXOWV fURP HeULVVe HW DO., dLVfaYRU WhLV h\SRWheVLV 

Rf LQcUeaVe Rf ROS SURdXcWLRQ. AXWhRUV VhRZed WhaW VLOYeU SRWeQWLaWed geQWaPLcLQ WR[LcLW\ eYeQ 

LQ aQaeURbLc cRQdLWLRQV. IQ addLWLRQ, Whe\ WeVWed PXWaQWV ZLWh aQWL-ROS acWLYLWLeV LQ cRPSaULVRQ 

ZLWh ZLOd-W\Se E. FROL VWUaLQ. AXWhRUV VhRZed VLPLOaU VeQVLWLYLW\ WR VLOYeU SRWeQWLaWLQg effecW fRU 

Whe dLffeUeQW VWUaLQV 52. 

1.5. Consequences of the presence of aminogl\cosides in bacterial cells 

 APLQRgO\cRVLdeV gR WhURXgh Whe bacWeULaO PePbUaQeV aQd XQfRUWXQaWeO\ (fRU bacWeULa) haYe 

affLQLW\ WR ULbRVRPeV. AV bacWeULa had hXQdUedV Rf PLOOLRQ \eaUV WR eYROYe, Whe\ UeVSRQd WR 

aQWLbLRWLc SUeVeQce WR LQcUeaVe WheLU chaQce Rf VXUYLYaO. IW LV LPSRUWaQW WR XQdeUVWaQd Whe 

cRQVeTXeQceV Rf aPLQRgO\cRVLde LQ Whe ceOOV LQ RUdeU WR be abOe WR cRPbLQe dLffeUeQW facWRUV WR 

decUeaVe Whe chaQce Rf aQWLbLRWLc faLOXUe.  
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1.5.1.  Membrane damage and response  

 OQce LQ Whe c\WRSOaVP, Whe bacWeULcLdaO effecW Rf aPLQRgO\cRVLdeV LV WhRXghW WR UeVXOW fURP 

PLVUeadLQg Rf PRNA aQd PLVfROdLQg Rf SURWeLQV aQd eVSecLaOO\ PePbUaQe SURWeLQV 54,43,55. A 

haOOPaUN UeVSRQVe Rf WhLV VWUeVV LV Whe XSUegXOaWLRQ Rf heaWVhRcN SURWeLQV, fRU LQVWaQce Whe heaW 

VhRcN LQcOXVLRQ bRd\ aVVRcLaWed SURWeLQV IbSA aQd IbSB, WhaW Pa\ heOS bacWeULa WR UeVLVW VWUeVV.  

HRZeYeU, VRPe Rf WheVe PLVfROded SURWeLQV ZRXOd gR LQWR Whe PePbUaQe dXe WR WheLU 

h\dURShRbLc chaUacWeUV, aQd deVWabLOL]e fXUWheU Whe PePbUaQe, aOORZLQg fRU eQhaQced eQWU\ Rf 

aPLQRgO\cRVLde 56, 57. 

  IQ P. DHUXJLQRVD, ZheQ ceOOV gR WhURXgh a PePbUaQe VWUeVV LW WULggeUV aQ adaSWLYe UeVSRQVe. 

ThLV UeVSRQVe LV cRQWUROOed b\ a 2-cRPSRQeQW UegXOaWRU (APgRS). IW haV beeQ VXggeVWed WhaW WhLV 

UeVSRQVe caQ be caXVed b\ WUaQVOaWLRQaO PLVUeadLQg ZhLch LV LQdXced b\ aPLQRgO\cRVLdeV. ThLV 

UeVSRQVe Pa\ heOS SURWecW ceOOV fURP aPLQRgO\cRVLde-LQdXced PLVWUaQVOaWed SURWeLQV WhaW ZRXOd 

dLVUXSW Whe PePbUaQe 58.  

 IW haV beeQ UeSRUWed WhaW WZR-cRPSRQeQW V\VWeP acWLYaWLRQ b\ aPLQRgO\cRVLde WULggeU 

aQWLbLRWLc-PedLaWed ceOO deaWh 54. AcWLYaWed VeQVRU hLVWLdLQe NLQaVe (CS[A) LQ E. FROL 

ShRVShRU\OaWeV WUaQVcULSWLRQaO UegXOaWRU\ SURWeLQ (CS[R), ZhLch cRQVeTXeQWO\ OeadV WR 

XSUegXOaWLRQ Rf geQeV LQYROYe LQ eQYeORSe VWUeVV-UeVSRQVe, VXch aV Whe SeULSOaVPLc SURWeaVe 

(GHJP).     
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1.5.2.  Chaperonin  

 IQ 2013, Whe GROWeUPaQQ WeaP WeVWed a ORQg RYeUdXe VWXd\ RQ Whe SRVVLbOe effecWV Rf 

chaSeURQLQ acWLRQ RQ aPLQRgO\cRVLde VXVceSWLbLOLWLeV. ChaSeURQLQV aUe SURWeLQV ZhLch aVVLVW Whe 

fROdLQg Rf OaUge SURWeLQ PROecXOeV. The\ dePRQVWUaWed WhaW chaSeURQLQ GUREL/GURES 

RYeUe[SUeVVLRQ decUeaVeV Whe OeYeO Rf PLVfROded c\WRVROLc SURWeLQV, ZhLch LV caXVed b\ 

aPLQRgO\cRVLdeV59 (FLgXUe 1.7) . 

 

Figure 1.7 Model for effect of chaperone on earl\ aminogl\coside e[posure in bacterial killing or 
survival 59. AQ LQLWLaO XSWaNe Rf aPLQRgO\cRVLde acURVV eQYeORSe aQd bLQdLQg WR ULbRVRPeV UeVXOW LQ 

PLVcRded SeSWLde (RUaQge VWaUV). MLVUead SRO\SeSWLdeV aUe VXbVWUaWeV Rf VeYeUaO chaSeURQeV. LLPLWed 

chaSeURQe caSacLW\ UeVXOWV LQ SURWeLQ PLVfROdLQg, OeadLQg WR ceOO deaWh dXe WR aQ LQcUeaVe Rf PePbUaQe 

SeUPeabLOLW\. OQ Whe cRQWUaU\, hLgheU caSacLW\ Rf chaSeURQeV, LQ SaUWLcXOaU GUREL/GURES, cRUUecW Whe PLV-

fROdLQg LQ WhRVe SURWeLQV aQd LQcUeaVeV bacWeULaO VXUYLYaO.  
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 DXULQg aPLQRgO\cRVLde WUeaWPeQW, RYeUe[SUeVVLRQ Rf chaSeURQLQ SURWecWed Whe bacWeULaO 

PePbUaQe SRWeQWLaO, UeVcXed ceOO gURZWh, ZheUeaV LQhLbLWLRQ Rf chaSeURQLQ e[SUeVVLRQ VeQVLWL]ed 

bacWeULa. IQ EVFKHULFKLD FROL, chaSeURQLQV VXSSRUW bacWeULa LQ haQdOLQg eaUO\ e[SRVXUe WR 

aPLQRgO\cRVLdeV. ChaSeURQLQV fLghW aPLQRgO\cRVLde-LQdXced SURWeLQ PLVfROdLQg aQd SURPRWe 

VhRUW-WeUP WROeUaQce.  

1.5.3.  Biofilm induction 

 IW haV beeQ UeSRUWed WhaW aPLQRgO\cRVLdeV LQdXce Whe fRUPaWLRQ Rf bLRfLOP. BLRfLOPV aUe 

adheUeQW aggUegaWeV Rf bacWeULaO ceOOV fRUPed RQ VXUfaceV. BLRfLOPV heOS bacWeULa WR UeVLVW 

aQWLbLRWLc WUeaWPeQW aQd SOa\ a UROe LQ bacWeULaO SeUVLVWeQce LQ Whe caVe Rf chURQLc LQfecWLRQV.  IW 

haV beeQ VhRZQ WhaW VXb-LQhLbLWRU\ cRQceQWUaWLRQV Rf aPLQRgO\cRVLde LQdXceV Whe bLRfLOP 

fRUPaWLRQ LQ ceUWaLQ VWUaLQV VXch aV  P. DHUXJLQRVD aQd E. FROL 60. 

 APLQRgO\cRVLdeV aUe cRPPRQO\ XVed WR WUeaW LQfecWLRQV caXVed b\ Whe SaWhRgeQ P. 

DHUXJLQRVD. HRZeYeU, cOLQLcaO LVROaWeV Rf P. DHUXJLQRVD RfWeQ acTXLUed UeVLVWaQce WR 

aPLQRgO\cRVLdeV aQd Pa\ aOVR haYe aQ LQdXcLbOe UeVLVWaQce V\VWeP WR WRbUaP\cLQ. ThLV aQWLbLRWLc 

LV SURdXced b\ SWUHSWRP\FHV WHQHEUDULXV, ZhLch LV a VRLO bacWeULXP. TaNLQg LQWR accRXQW WhaW bRWh 

bacWeULa cRe[LVW LQ VRLO UaLVed aQ LQWeUeVWLQg h\SRWheVLV. The deYeORSPeQW Rf UeVLVWaQce LQ P. 

DHUXJLQRVD WR WRbUaP\cLQ caQ be aQ adaSWLYe UeVSRQVe WR Whe SUeVeQce Rf WhLV aQWLbLRWLc LQ LWV 

QaWXUaO eQYLURQPeQW. P. DHUXJLQRVD PaNeV a OaUgeU bLRfLOP ZheQ Whe ceOOV aUe WUeaWed ZLWh 

WRbUaP\cLQ. HRZeYeU, OaUgeU bLRfLOP LQ WhLV caVe ZaV dXe WR hLgheU QXPbeU Rf ceOOV ZLWhLQ Whe 

bLRfLOP cRPPXQLW\ UaWheU WhaQ aQ LQcUeaVe LQ e[WUaceOOXOaU PaWUL[ SURdXcWLRQ Rf bLRfLOP. ThLV 

UeVSRQVe VeePed WR be UegXOaWed b\ Whe DUU geQe (aPLQRgO\cRVLde UeVSRQVe UegXOaWRU). The DUU LV 
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aQ LQQeU-PePbUaQe ShRVShRdLeVWeUaVe aQd LWV VXbVWUaWe LV c\cOLc dL-gXaQRVLQe PRQRShRVShaWe (c-

dL-GMP), ZhLch LV a VecRQd PeVVeQgeU LQ bacWeULa NQRZQ fRU ceOO VXUface adheVLYeQeVV 

UegXOaWLRQ. IQ Whe abVeQce Rf DUU geQe, P. DHUXJLQRVD ceOOV aUe QRW fRUPLQg bLRfLOP LQ SUeVeQce Rf 

WRbUaP\cLQ (fLgXUe1.8). 

Figure1.8 c-di-GMP role in biofilm formation in presence of aminogl\cosides 60. IQ P. DHUXJLQRVD 

aPLQRgO\cRVLdeV Pa\ dLUecWO\ LQWeUacW ZLWh AUU RU LQdLUecWO\ WhURXgh chaQgLQg OeYeO Rf c-dL-GMP.  

 IW LV SURSRVed, LQ WhLV PRdeO, WhaW aQWLbLRWLc LQdXceV Whe acWLYLW\ Rf Whe AUU SURWeLQ. 

HRZeYeU, Whe deWaLOV Rf LWV acWLYLW\ aUe \eW WR be deWeUPLQed. 

1.5.4.  O[idative stress  

 IW ZaV SURSRVed WhaW aPLQRgO\cRVLdeV eYeQWXaOO\ WULggeU h\dUR[\O UadLcaO fRUPaWLRQ ZhLch 

OeadV WR ceOO deaWh 54,61,62. IW had beeQ VXggeVWed WhaW R[LdaWLYe VWUeVV WULggeUed b\ PePbUaQe 

SURWeLQ WUaffLc, PLVWUaQVOaWLRQ aQd PLVfROdLQg Rf PePbUaQe SURWeLQV LV Whe PaLQ UeaVRQ fRU ceOO 

deaWh afWeU aPLQRgO\cRVLde WUeaWPeQW. AXWhRUV VXggeVWed WhaW a WZR-cRPSRQeQW V\VWeP fRU VWUeVV-

UeVSRQVe LQ Whe ceOO eQYeORSe LV a Ne\ SOa\eU LQ WhLV SURceVV aQd a UedR[-UeVSRQVLYe WZR-

cRPSRQeQW V\VWeP, aV ZeOO, ZaV VhRZQ WR haYe a cRQQecWed UROe 54(FLgXUe1.9). HRZeYeU, LW 
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VhRXOd be UePLQded WhaW UaP (ULbRVRPe aPbLgXLW\ PXWaWLRQV) E. FROL VWUaLQV WhaW haYe VLQgOe 

aPLQR-acLd PXWaWLRQV LQ Whe ULbRVRPaO SURWeLQV S4 aQd S5, ZhLch caXVe cRPSaUabOe OeYeOV Rf 

PLVUeadLQg aV aPLQRgO\cRVLdeV, aUe YLabOe 63. IW LV WheUefRUe XQcOeaU ZheWheU PLVcRdLQg OeadV WR 

ceOO deaWh YLD R[LdaWLYe VWUeVV RU QRW. 

 IQ OLQe ZLWh WhLV RbVeUYaWLRQ, LW ZaV VhRZQ WhaW Fe-S SURWeLQV SURPRWe aPLQRgO\cRVLdeV 

LQdXced ceOO deaWh ZLWhRXW Whe LQYROYePeQW Rf Whe UeacWLYe R[\geQ VSecLeV (ROS) UeVSRQVe 48.  

KeUeQ HW DO., aOVR SURSRVed WhaW ROS LV QRW LQYROYed LQ aQWLbLRWLc PedLaWed ceOO deaWh 64. MRUe 

UeceQWO\, a VWXd\ WhaW VXSSRUWV Whe ROS UeVSRQVe ZLWh PRUe URbXVW aVVa\V ZaV UeSRUWed 65.  

Figure 1.9 Suggested mechanism of h\dro[\l radical formation and cell death54. (A) MLVfROded 

PePbUaQe SURWeLQV aUe caUULed WR PePbUaQe WUaQVORcaWLRQ cRPSOe[eV (e.g., SecYEG) b\ chaSeURQeV 

SURWeLQV (SecB). MLVfROded SURWeLQV aUe SUeVeQW LQ Whe PePbUaQe RU WUaQVORcaWed WR Whe SeULSOaVP (B) 

MLVfROded SURWeLQV Oead WR ShRVShRU\OaWLRQ Rf CS[A. (C) AcWLYaWed CS[A ShRVShRU\OaWeV CS[R, ZhLch 

XSUegXOaWeV e[SUeVVLRQ Rf eQYeORSe VWUeVV-UeVSRQVe SURWeLQV (DegP). (D) CS[A aOVR acWLYaWeV AUcA, ZhLch 

UegXOaWeV UeVSLUaWRU\ aQd PeWabROLc geQeV. TheVe chaQgeV LQ ceOO¶V VWaWe ZRXOd caXVe fUee UadLcaO 

fRUPaWLRQ, ZhLch OeadV WR ceOO deaWh. 
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 IW haV beeQ VhRZQ WhaW, XQOLNe E. FROL, LQ 9LEULR FKROHUDH SOS UeVSRQVe LV WULggeUed b\ 

VXb-PLQLPaO LQhLbLWRU\ cRQceQWUaWLRQV Rf aPLQRgO\cRVLdeV.  E. FROL LV ZeOO SURWecWed agaLQVW WhLV 

NLQd Rf R[LdaWLYe VWUeVV becaXVe Rf LWV effLcLeQW R[LdaWLYe VWUeVV UeVSRQVe WhURXgh Whe RSRS 

geQeUaO VWUeVV UeVSRQVe VLgPa facWRU. HRZeYeU, LQ 9. FKROHUD, Whe SOS UeVSRQVe LV WULggeUed b\ 

aPLQRgO\cRVLde PedLaWed LQdLUecW DNA daPage WhURXgh R[LdL]ed gXaQLQe UeVLdXeV. 

APLQRgO\cRVLde PedLaWed SOS LQdXcWLRQ LV SUeVeUYed aPRQg RWheU GUaP-QegaWLYe SaWhRgeQV 

VXch aV: KOHEVLHOOD SQHXPRQLDH aQd PKRWRUKDEGXV OXPLQHVFHQV 66. 

 A \eaU OaWeU, Whe VaPe WeaP WhURXgh geQeWLc VcUeeQLQg PeWhRdV fRXQd VeYeUaO geQeV, ZhLch 

caXVe deVWabLOL]aWLRQ Rf Whe RNA SRO\PeUaVe cRPSOe[. TheVe geQeV aUe LQYROYed LQ SOS 

UeVSRQVe LQ VXb-LQhLbLWRU\ cRQceQWUaWLRQ Rf aPLQRgO\cRVLdeV 67. 

1.5.5.  Alarmone 

 MLVfROded SURWeLQV LQ Whe bacWeULaO PePbUaQe, aV a UeVXOW Rf aPLQRgO\cRVLde OeWhaO dRVage 

WUeaWPeQW, WULggeU SURdXcWLRQ Rf ROS. ROS LQdXceV O\V\O-WRNA V\QWheWaVe (L\VU) e[SUeVVLRQ 

aQd SURdXcWLRQ Rf dLQXcOeRWLde aOaUPRQe PeWabROLWe caOOed dLadeQRVLQe WeWUaShRVShaWe (AS4A).  

IW LV SURSRVed WhaW AS4A PLghW LQhLbLW LQWUaceOOXOaU SURWeRVWaVLV, ZhLch caXVe PePbUaQe 

dLVUXSWLRQ OeadLQg WR ceOO deaWh (FLgXUe1.10). 

 The acWLYaWLRQ Rf aOaUPRQe AS4A LQcUeaVed aPLQRgO\cRVLde accXPXOaWLRQ LQ Whe ceOOV b\ 

PePbUaQe dLVUXSWLRQ. IW haV beeQ VXggeVWed WhaW bORcNLQg AS4A degUadaWLRQ RU LQcUeaVLQg LWV 

V\QWheVLV caQ be aQ aSSURach WR LQcUeaVe aPLQRgO\cRVLde OeWhaOLW\.   
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Figure 1.10 Model for Ap4A alarmone action in aminogl\coside killing 68. APLQRgO\cRVLde caXVeV Whe 

SURdXcWLRQ Rf PLVfROded SURWeLQV aQd PePbUaQe dLVUXSWLRQ aQd ROS geQeUaWLRQ. ROS LQdXceV Whe 

e[SUeVVLRQ Rf L\VU, ZhLch UeVXOWV LQ SURdXcWLRQ Rf AS4A. AS4A WheQ VRPehRZ LQhLbLWV LQWUaceOOXOaU 

SURWeRVWaVLV LQ ceOO (UePaLQed WR be e[SORUed fXUWheU), ZhLch caXVe PRUe dLVUXSWLRQ LQ ceOO PePbUaQe. 

1.6. Phenot\pic suppression b\ aminogl\cosides 

SWUeSWRP\cLQ caQ UeYeUVe Whe PXWaQW SheQRW\SeV Rf PaQ\ QRQVeQVe aQd PLVVeQVe PXWaWLRQV 

LQ E. FROL aQd LQ bacWeULRShage T4. ThLV SheQRPeQRQ haV beeQ caOOed SheQRW\SLc VXSSUeVVLRQ, 

VLQce Whe PXWaQW SheQRW\Se UeWXUQV afWeU UePRYaO Rf Whe dUXg 69. 

APLQRgO\cRVLde-LQdXced PLVUeadLQg aW VeQVe cRdRQV 70 RQ Whe RWheU haQd, accRUdLQg WR UeceQW 

VWXd\, WRbUaP\cLQ LV a VXSSUeVVRU Rf SUePaWXUe WeUPLQaWLRQ cRdRQV. AV Ze NQRZ, Whe PROecXOaU 

baVLV Rf PaQ\ geQeWLc dLVeaVeV VXch aV c\VWLc fLbURVLV LV SUePaWXUe WUaQVOaWLRQ WeUPLQaWLRQV. IW haV 

beeQ dePRQVWUaWed WhaW WRbUaP\cLQ e[hLbLWV Uead-WhURXgh abLOLW\ RQ SUePaWXUe WeUPLQaWLRQ 

cRdRQV 71. ThLV UeVXOW LV LQ OLQe ZLWh Whe gORbaO WheUaSeXWLc VWUaWeg\, ZhLch cRQVLVWV Rf XVLQg 

aPLQRgO\cRVLdeV WR VXSSUeVV Whe WeUPLQaWLRQ Rf SURWeLQ V\QWheVLV aQd UeVWRUe fXOO-OeQgWh 

fXQcWLRQaO SURWeLQV.  
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1.7. Resistance mechanisms 

IQ bacWeULa, UeVLVWaQce WR aPLQRgO\cRVLdeV LV RfWeQ dXe WR eQ]\PaWLc LQacWLYaWLRQ b\ 

ShRVShRWUaQVfeUaVeV, aceW\OWUaQVfeUaVeV aQd QXcOeRWLd\OWUaQVfeUaVeV (adeQ\O\OWUaQVfeUaVeV) 72, 73. 

OWheU PechaQLVPV LQcOXde ULbRVRPaO aOWeUaWLRQV aQd LQcUeaVe Rf PePbUaQe SeUPeabLOLW\. 

APLQRgO\cRVLde-UeVLVWaQW VWUaLQV RfWeQ aSSeaU dXe WR SRVVeVVLQg SOaVPLd-bRUQe geQeV eQcRdLQg 

aPLQRgO\cRVLde-PRdLf\LQg eQ]\PeV 74. FXUWheUPRUe, PaQ\ Rf WheVe geQeV aUe aVVRcLaWed ZLWh 

WUaQVSRVRQV, ZhLch heOS faVW dLffXVLRQ Rf dUXg UeVLVWaQce acURVV VSecLeV bRXQdaULeV 75.  

1.7.1.  Adaptive resistance  

AdaSWLYe UeVLVWaQce WR aQWLbLRWLcV LV ZeOO dRcXPeQWed ZheUe a chaQge LQ Whe eQYLURQPeQW ZLOO 

Oead WR XS RU dRZQ UegXOaWLRQ Rf geQeV WhaW ZLOO cRQfeU WR Whe ceOO aQ adYaQWage WR VXUYLYe.76 IW 

VhRXOd aOVR be PeQWLRQed WhaW Whe caSacLW\ Rf a bacWeULaO SRSXOaWLRQ WR adaSW WR eQYLURQPeQWaO 

chaQgeV dReV QRW RQO\ UeO\ RQ Whe SUeVeQce Rf VWLPXOL. IW caQ aOVR be LQheUeQW WR Whe SheQRW\SLc 

heWeURgeQeLW\ SUeVeQW LQ SRSXOaWLRQV 38. IW haSSeQV WhaW VRPe ceOOV haYe, aW Whe e[acW PRPeQW Rf 

Whe VWUeVV, a PROecXOaU cRPSRVLWLRQ WhaW UeVXOW LQ ORZ OeYeOV Rf UeVLVWaQce WR dUXgV. AOO WRgeWheU, 

WheVe VWUaWegLeV caQ haYe LPSRUWaQW RXWcRPe dXULQg cOLQLcaO WUeaWPeQW UeQdeULQg VRPe LQfecWLRQV 

dLffLcXOW WR cXUe. 

IW haV beeQ VhRZQ WhaW VXb-LQhLbLWRU\ aQd LQhLbLWRU\ cRQceQWUaWLRQV Rf aPLQRgO\cRVLdeV LQ 

PVHXGRPRQDV DHUXJLQRVD aQd RWheU aeURbLc GUaP-QegaWLYe bacLOOL LQdXced adaSWLYe UeVLVWaQce. 

ThLV NLQd Rf UeVLVWaQce haV beeQ VhRZQ WR be Whe UeVXOW Rf dRZQ-UegXOaWLRQ Rf aQWLbLRWLc XSWaNe aW 

EDP II ShaVe 77. 
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2. Persisters 

2.1. Discover\ 

MRUe WhaQ 70 \eaUV agR, HRbb\ aQd BLggeU RbVeUYed WhaW LW LV QRW SRVVLbOe WR VWeULOL]e 

bacWeULaO cXOWXUeV b\ bacWeULcLdaO aQWLbLRWLcV. HRbb\ RbVeUYed WhaW a VPaOO SaUW Rf a 

SWDSK\ORFRFFXV SRSXOaWLRQ ZaV QRW NLOOed XSRQ SeQLcLOOLQ WUeaWPeQW 78. FeZ \eaUV OaWeU BLggeU 

fRcXVed RQ feZ bacWeULaO ceOOV WhaW VXUYLYe YeU\ hLgh aQWLbLRWLc WUeaWPeQWV. He QaPed WhLV 

VXbSRSXOaWLRQ Rf bacWeULa µSeUVLVWeUV¶79. IQ hLV SLRQeeULQg ZRUN, he VXggeVWed WhaW WheVe ceOOV ZeUe 

SURYLVLRQaOO\ QRQ-dLYLdLQg. IQ addLWLRQ, he dLVcRYeUed WhaW WheVe SeUVLVWeUV cUeaWed RffVSULQg, 

ZhLch ZeUe VeQVLWLYe WR SeQLcLOOLQ aV Whe RULgLQaO cXOWXUe.  

PeUVLVWeUV caQ be defLQed aV Whe aQWLbLRWLc WROeUaQW VXbSRSXOaWLRQ Rf bacWeULa LQ Whe 

VeQVLWLYe SRSXOaWLRQ. PeUVLVWeQce LV OLNe a dRUPaQc\ Sh\VLRORgLcaO VWaWe aQd aQWLbLRWLc SeUVLVWaQce 

LV a faVcLQaWLQg e[aPSOe Rf heWeURgeQeLW\ aW VLQgOe ceOO OeYeO, ZhLch LV QRW dXe WR WheLU geQeWLc 

bacNgURXQd. ThLV heWeURgeQLcLW\ Pa\ be Whe caXVe Rf faLOXUe Rf aQWLbLRWLc WheUaS\ 80. 

IW haV beeQ fRXQd WhaW XURSaWhRgeQLc VWUaLQV Rf E. FROL (UPEC) aUe Whe PaMRU caXVe Rf 

bacWeULaO XULQaU\ WUacW LQfecWLRQV. TheVe ceOOV caQ VXUYLYe afWeU aQWLbLRWLc WUeaWPeQW dXe WR 

SheQRW\SLc heWeURgeQeLW\. ThLV VWXd\ VhRZed Whe LPSRUWaQce Rf hRVW SaWhRgeQ UeVSRQVe LQ 

RccXUUeQce Rf heWeURgeQeLW\ LQ ceOO SRSXOaWLRQ 81. 

SeYeUaO UeceQW VWXdLeV VhRZ WhaW Whe OLQe beWZeeQ Whe VWaWeV Rf SeUVLVWeQce aQd UeVLVWaQce 

VeePV QRW aV cOeaUO\ defLQed aV SUeYLRXVO\ WhRXghW. PeUVLVWeUV¶ RffVSULQg had a VWURQgeU SURSeQVLW\ 

WR e[hLbLW geQeWLc PXWaWLRQV gLYLQg aQWLbLRWLc UeVLVWaQce 82,83.  
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2.2. Terminolog\:  Antibiotic Resistance vs. Tolerance vs. Persisters 

 

ReceQWO\, UeVeaUcheUV ZRUNLQg LQ Whe fLeOd Rf aQWLbLRWLc SeUVLVWeQce gaWheUed WR SXbOLVh a 

³cRQVeQVXV VWaWePeQW´ defLQLQg cOeaU defLQLWLRQV aQd gXLdeOLQeV fRU UeVeaUch LQ WhLV fLeOd 80. HeUe, 

Ze gLYe a bULef deVcULSWLRQ Rf WheVe defLQLWLRQV. 

Antibiotic resistant cell: a ceOO WhaW WROeUaWeV aQWLbLRWLc WUeaWPeQW b\ SRVVeVVLQg a 

UeVLVWaQce geQe (VXch aV aQ effOX[ SXPS). ReVLVWaQW bacWeULa gURZ LQ Whe SUeVeQce Rf aQWLbLRWLc 

cRQceQWUaWLRQV WhaW VWRS Whe gURZWh Rf VeQVLWLYe bacWeULa.  

Antibiotic tolerant cell: a ceOO WhaW VXUYLYeV aQWLbLRWLc WUeaWPeQW aQd UegURZ afWeU 

aQWLbLRWLc eOLPLQaWLRQ. TROeUaQce LV a WeUP WR deVcULbe hRPRgeQRXV SRSXOaWLRQ aQd LWV facWRUV caQ 

be geQeWLcaO RU eQYLURQPeQWaO. TROeUaQce facWRUV heOS Whe ceOO SRSXOaWLRQ WR VXUYLYe aQWLbLRWLc 

WUeaWPeQW, ZhLch LV OeWhaO fRU aQWLbLRWLc VeQVLWLYe bacWeULa (FLgXUe 1-2-1). 

Antibiotic persistent cell: a ceOO WhaW LV WROeUaQW WR a bacWeULcLdaO aQWLbLRWLc LQ a SRSXOaWLRQ 

Rf ceOOV WhaW aUe VXVceSWLbOe. AfWeU WUeaWPeQW Rf a VXVceSWLbOe SRSXOaWLRQ, Whe bLShaVLc NLOOLQg 

cXUYeV RbVeUYed LQdLcaWe Whe SUeVeQce Rf WZR VXbSRSXOaWLRQV A fLUVW RQe cRQVLVWV Rf ceOOV WhaW aUe 

NLOOed faVW (Whe PaMRULW\) aQd a VecRQd RQe cRUUeVSRQdLQg WR SeUVLVWeU ceOOV WhaW VXUYLYe RU aUe 

NLOOed aW a PXch VORZeU UaWe (FLgXUe 1-2-1). 
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Figure 1-2-1 Profiles of antibiotic killing kinetics of resistant, tolerant and persister cells 84.The WLPe 

Rf addLWLRQ Rf a bacWeULcLdaO aQWLbLRWLc LV LQdLcaWed ZLWh a Ued VWaU. A hRPRgeQeRXV SRSXOaWLRQ Rf UeVLVWaQW 

bacWeULa LV VhRZQ ZLWh bOXe OLQe. ReVLVWaQW bacWeULa SRSXOaWLRQ cRQWLQXeV LWV gURZWh. A hRPRgeQeRXVO\ 

WROeUaQW bacWeULaO SRSXOaWLRQ VhRZed LQ OLghW gUe\ WaNeV ORQgeU WLPe WR be NLOOed b\ aQ aQWLbLRWLc WhaQ a 

VXVceSWLbOe SRSXOaWLRQ VhRZQ LQ daUN gUe\ OLQe. IQ heWeURgeQRXV SRSXOaWLRQV, Whe SUeVeQce Rf SeUVLVWeUV LV 

VhRZQ b\ a bLShaVLc NLOO cXUYe (\eOORZ). AfWeU aQWLbLRWLc WUeaWPeQW, WheUe LV a SeULRd Rf UaSLd NLOOLQg Rf 

VXVceSWLbOe ceOOV fROORZed b\ a VORZeU decUeaVe LQ cRORQ\ fRUPLQg XQLWV (CFU). 

2.3. Importance and danger  

 AQWLbLRWLc UeVLVWaQce LV a RQe Rf Whe PaMRU caXVeV Rf faLOXUe LQ aQWLbLRWLc WUeaWPeQW. 

HRZeYeU, LQ caVe Rf LQfecWLRQ ZLWh QRQ-UeVLVWaQW bacWeULa, SeUVLVWeUV eVcaSe aQWLbLRWLc WUeaWPeQW. 

AfWeU VWRSSLQg aQWLbLRWLc WheUaS\ agaLQVW aQ LQfecWLRQ caXVed b\ VXVceSWLbOe bacWeULa, SeUVLVWeUV 

VWeS RXW Rf WheLU dRUPaQW VWaWeV aQd caXVe LQfecWLRQ UeOaSVe. UQdeUVWaQdLQg Whe SeUVLVWaQce 

PechaQLVP haV a gUeaW LPSRUWaQce becaXVe LW ZLOO Oead XV WR fLQd Whe VROXWLRQ fRU LQcUeaVLQg 

effLcac\ Rf Whe cXUUeQW aQWLbLRWLc WheUaS\.  



28 
 

 IQ a UeVLVWaQce eYROXWLRQaU\ VWXd\, LW haV beeQ dePRQVWUaWed WhaW bacWeULaO SeUVLVWeQce 

UaSLdO\ adaSWV WR dUXg WUeaWPeQW fUeTXeQc\. AXWhRUV RbVeUYed WhaW Whe UaWeV Rf eQWeULQg WR Whe 

SeUVLVWeU VWaWe caQ be cRQVLdeUed LQ Whe cRQWe[W Rf µbeW-hedgLQg¶ WheRU\. IW haV beeQ VXggeVWed WhaW 

SeUVLVWeQce LV a PaLQ cRPSRQeQW Rf Whe eYROXWLRQaU\ ceOO UeVSRQVe WR aQWLbLRWLcV VWUeVV WhaW LV 

eVVeQWLaO WR be cRQVLdeUed LQ bRWh dLagQRVWLc WeVWLQg aQd WUeaWPeQW deVLgQ LQ VWXdLeV agaLQVW 

aQWLbLRWLc WROeUaQce 85. IW VhRXOd be PeQWLRQed WhaW LQ WhLV VWXd\ WROeUaQce aSSeaUed becaXVe Rf 

VLQgOe SRLQW PXWaWLRQV LQ VSecLfLc geQeV.  

 IQ Whe fROORZLQg SaUW I SUeVeQWed WZR PaLQ e[aPSOeV Rf PedLcaO cRPSOLcaWLRQV caXVed b\ 

SeUVLVWeUV. DXULQg LQfecWLRQ Whe eQYLURQPeQWV WhaW aUe LQhabLWed b\ bacWeULa, VXch aV bLRfLOPV aQd 

PacURShageV, haYe VhRZQ WR be UeOaWed ZLWh Whe fRUPaWLRQ Rf SeUVLVWeUV 86. 

2.3.1. Persisters in biofilm 

 The SUeVeQce Rf SeUVLVWeU ceOOV LQ Whe bLRfLOP LV QRZ cRQVLdeUed aV a PaMRU caXVe Rf 

bLRfLOP aQWLbLRWLc UeVLVWaQce. PeUVLVWeUV aUe OeVV WhaQ RQe SeUceQW Rf a bacWeULaO SRSXOaWLRQ LQ 

VWaWLRQaU\-ShaVe cXOWXUeV aQd bLRfLOPV. IQ Whe SUeVeQce Rf aQWLbLRWLcV, SeUVLVWeUV dR QRW PXOWLSO\. 

WheQ Whe aQWLbLRWLc LV QRW LQ SUeVeQce Rf SeUVLVWeUV aQ\PRUe, SeUVLVWeUV UegeQeUaWe Whe RULgLQaO, 

QRQ-SeUVLVWeU aQWLbLRWLc WROeUaQW SRSXOaWLRQ87. TheUe aUe facWRUV, ZhLch LQdXce SeUVLVWeU fRUPaWLRQ 

VXch aV Whe OacN Rf QXWULPeQWV, a VLWXaWLRQ WhaW e[SeULeQce bacWeULa WUaSSed LQ Whe bLRfLOP88. We 

caQ Va\ WhaW bLRfLOPV cRQVWLWXWe a faYRUabOe eQYLURQPeQW fRU SeUVLVWeU geQeUaWLRQ. 

 TheUefRUe, becaXVe bLRfLOPV LQdXce fRUPaWLRQ Rf SeUVLVWeU VXb-SRSXOaWLRQV WhLV PaNeV Whe 

eUadLcaWLRQ Rf SeUVLVWeUV PRUe dLffLcXOW. 
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2.3.2. Persisters in macrophage 

 MacURShageV aUe UeVSRQVLbOe fRU ShagRc\WRVLV aV a SaUW Rf RXU LPPXQLW\ V\VWeP. TheVe 

bLg eaWeUV eQgXOf aQd dLgeVW aQ\WhLQg WhaW dReV QRW haYe Whe W\Se Rf SURWeLQV VSecLfLc WR heaOWh\ 

bRd\ ceOOV RU ORRN OLNe fRUeLgQ VXbVWaQceV VXch aV PLcURbeV. AW Whe VaPe WLPe SaWhRgeQV caQ 

PaQLSXOaWe hRVW LPPXQe UeVSRQVeV aQd decUeaVe Whe chaQce Rf SaWhRgeQ cOeaUaQce 89. FRU 

e[aPSOe, PaQ\ SaWhRgeQV, LQcOXdLQg M. WXEHUFXORVLV, LHJLRQHOOD SQHXPRSKLOD aQd SDOPRQHOOD 

VSS., aYRLd degUadaWLRQ fROORZLQg ShagRc\WRVLV b\ hRVW LPPXQe ceOOV. IW haV beeQ fRXQd WhaW WheVe 

SaWhRgeQLc bacWeULa LQhLbLW Whe PaWXUaWLRQ Rf ShagRVRPeV 90. 

IW haV beeQ VhRZQ WhaW b\ fOXRUeVceQW VLQgOe-ceOO aQaO\VLV, LW LV SRVVLbOe WR LdeQWLf\ 

SDOPRQHOOD SeUVLVWeUV LQ LQfecWed PacURShage. PeUVLVWeUV aUe QRQUeSOLcaWLQg ceOOV fRUPed LQVWaQWO\ 

afWeU bacWeULaO XSWaNe LQWR Whe PacURShageV. IW haV beeQ VXggeVWed WhaW SeUVLVWaQce ZaV LQdXced LQ 

Whe ceOOV becaXVe Rf fLUVWO\ Whe acLdLc eQYLURQPeQW Rf Whe YacXROe LQ PacURShageV aQd OacN Rf 

QXWULWLRQ. TheVe cRQdLWLRQV aOVR LQdXce YLUXOeQce geQe e[SUeVVLRQ LQ SDOPRQHOOD 86. HRZeYeU, 

OeYeO Rf acLdLW\ aQd OacN Rf QXWULWLRQ Pa\ YaU\ LQ dLffeUeQW PacURShageV ceOOV RU ZLWhLQ dLffeUeQW 

ShagRVRPeV, WhXV LQdXcLQg Whe fRUPaWLRQ Rf SeUVLVWeUV fRU VRPe bacWeULa aQd QRW fRU RWheUV. The 

e[acW PechaQLVPV Rf hRZ WheVe eQYLURQPeQWV LQdXce Whe fRUPaWLRQ Rf SeUVLVWeUV aUe VWLOO a PaWWeU 

Rf debaWe 89.  

IW haV beeQ VhRZQ aV ZeOO WhaW Whe 14 WR[LQ-aQWLWR[LQ PRdXOeV SOa\ a UROe LQ Whe SeUVLVWeU 

fRUPaWLRQ Rf SDOPRQHOOD LQ PacURShageV 86. 
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2.4. Wh\ do the\ become persister?  

2.4.1.  Dormanc\ and t\pe I vs. t\pe II persister 

DRUPaQc\ LV a VWaWe Rf a bacWeULXP LQ ZhLch bacWeULa dReV QRW gURZ aQd LW haV YeU\ ORZ 

acWLYLW\ LQ cRPSaULVRQ ZLWh gURZLQg e[SRQeQWLaO ShaVe RU VWaWLRQaU\ ShaVe ceOOV. DRUPaQW 

bacWeULa aUe PRVW OLNeO\ WROeUaWLQg PaQ\ aQWLbLRWLcV becaXVe WheLU PeWabROLVP OeYeO LV ORZ, aQd 

Whe\ VWRS gURZLQg 87. HRZeYeU, WROeUaQce aQd SeUVLVWeQce Pa\ be caXVed ZLWhRXW dRUPaQc\. IW 

haV beeQ fRXQd WhaW beLQg LQ QRQ-gURZLQg VWaWe RU LQacWLYe PeWabROLcaOO\ dR QRW aVVXUe SeUVLVWeU 

fRUPaWLRQ, becaXVe PRVW ³dRUPaQW´ VXbSRSXOaWLRQV ZeUe QRW SeUVLVWeUV. IQ WhLV VWXd\ aXWhRUV 

cOaLPed WhaW dRUPaQc\ LV QRW eQRXgh fRU SeUVLVWeU fRUPaWLRQ 91. AccRUdLQg WR Whe VWXd\ Rf 

fRUPaWLRQ Rf SeUVLVWeUV Rf VDOPRQHOOD LQ PacURShageV, WheVe QRQ-gURZLQg ceOOV LQ Whe PacURShage 

PaLQWaLQ aQ acWLYe VWaWe 92. 

PUeVeQce Rf SeUVLVWeUV LQ a gLYeQ SRSXOaWLRQ caQ be YLeZed aV a SURWecWLRQ VWUaWeg\ 93. 

WheQ a SRSXOaWLRQ gReV WhURXgh a VWUeVVfXO cRQdLWLRQ, SeUVLVWeUV Pa\ VXUYLYe aQd aOORZ Whe 

VXUYLYaO Rf Whe cRPPXQLW\. MRUeRYeU, LW haV beeQ VXggeVWed WhaW SeUVLVWeUV Pa\ be a VWUaWeg\ b\ 

ZhLch bacWeULa caQ fOee SURgUaPPed ceOO deaWh ZhLch cRXOd be LQdXced b\ aQWLbLRWLc WUeaWPeQW. 

WheQ aQ aQWLbLRWLc LQWeUacWV ZLWh LWV WaUgeW LQ ceOOV, LW OeadV WR LQhLbLWLRQ Rf ceOO gURZWh aQd OLNe 

WhaW Whe ceOO aYRLdV SURgUaPPed ceOO deaWh 94. 

 IW haV beeQ SURSRVed WhaW WheUe aUe WZR W\SeV Rf SeUVLVWeUV WhaW eQWeU WR dRUPaQc\ VWaWe 

eLWheU LQ Whe VWaWLRQaU\ ShaVe (W\Se I) RU  dXULQg gURZWh (W\Se II) 95. 
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2.4.2. To[in and anti-to[in modules   

 GeQeWLc baVLV Rf aQWLbLRWLc SeUVLVWeQce ZaV e[SORUed fRU Whe fLUVW WLPe b\ MR\ed aQd 

BeUWUaQd 96. The\ LVROaWed PXWaQWV Rf EVFKHULFKLD FROL, ZhLch SURdXce a hLgheU SeUceQWage Rf 

SeUVLVWeUV. YeaUV OaWeU, BaOabaQ aQd cROOeagXeV 95 XVed a VWUaLQ caUU\LQg KLSA7 aOOeOe, ZhLch ZaV 

RQe Rf WheVe gaLQ-Rf-fXQcWLRQ aOOeOeV WR WUacN SeUVLVWeUV LQ a PLcURfOXLdLc deYLce. The\ VhRZed WhaW 

KLSA7 SeUVLVWeUV aUe Whe QRQ-gURZLQg ceOOV. LaWeU, HLSA ZaV fRXQd WR be a WR[LQ aQd ZLWh LWV 

cRgQaWe aQWLWR[LQ HLSB PaNLQg a WR[LQ±aQWLWR[LQ (TA) PRdXOe. 

APRQg aOO Whe 10 W\Se II TA PRdXOeV LQ Whe PRdeO bacWeULa E. FROL, HLSA LV RQe Rf Whe 

PRVW VWXdLed WR[LQV aQd LW haV beeQ SURYeQ WR be LQYROYed LQ SeUVLVWeU fRUPaWLRQ.  

IQ e[SRQeQWLaOO\ gURZLQg E. FROL ceOOV, Whe deOeWLRQ Rf 10 PRNA eQdRQXcOeaVeV (ǻTA10 

VWUaLQ : ǻPa]F, ǻchSB, ǻUeOBE, ǻdLQJ/\afQ, ǻ\efM/\ReB, ǻhLSBA, ǻSUOF/\haV, ǻ\afNO, 

ǻPTVRA, ǻhLcAB) decUeaVed bacWeULaO SeUVLVWeQce 97. HRZeYeU, 5 \eaUV OaWeU, LW ZaV VhRZQ WhaW 

Whe ORZeU SeUVLVWeU fRUPaWLRQ LQ ǻTA10 VWUaLQ ZaV dXe WR Whe SUeVeQce Rf Whe ĳ80 bacWeULRShage 

98. RecRQVWUXcWLRQ Rf Whe RULgLQaO ǻTA10 VWUaLQ ZhLch ZaV QRW cRQWaPLQaWed b\ bacWeULRShage 

ĳ80 VhRZed WhaW WheVe 10 TA PRdXOeV dR QRW affecW SeUVLVWeU fRUPaWLRQ LQ QXWULeQW-ULch 

cRQdLWLRQV 99. IQ PLQLPaO PedLXP, Whe ǻ10TA PXWaWLRQ UedXceV WROeUaQce Rf cLSURfOR[acLQ bXW QRW 

WhaW Rf aPSLcLOOLQ. IW haV aOVR beeQ VhRZQ WhaW SeUVLVWeU fRUPaWLRQ LQ ǻ10TA VWUaLQ LV QRW affecWed 

b\ cRPSOeWe LQhLbLWLRQ Rf SURWeLQ V\QWheVLV (chORUaPSheQLcRO RU WeWUac\cOLQe WUeaWPeQW) 100. HRZ 

PRNA LQWeUfeUaVeV aUe cRQQecWed WR SeUVLVWeU fRUPaWLRQ UePaLQV XQcOeaU. 

We NQRZ Whe UROe Rf TA PRdXOeV LV WR LQcUeaVe Whe heWeURgeQeLW\ LQ Whe SRSXOaWLRQ LQ 

UeVSRQVe WR dLffeUeQW VRXUce Rf VWUeVVeV 101. IW haV beeQ VXggeVWed WhaW Whe acWLYaWLRQ Rf WheVe TA 

PRdXOeV LQ a fUacWLRQ Rf Whe SRSXOaWLRQ ZLOO affecW Whe ceOO gURZWh, ZhLch LV OeadLQg WR bacWeULaO 
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SeUVLVWeQce 95. AV TA PRdXOeV d\VUegXOaWLRQ Pa\ Oead WR gURZWh aUUeVW LW haV beeQ VXggeVWed WhaW 

WhLV LV Whe UeaVRQ Zh\ PXWaWLRQV LQ TA PRdXOeV haYe beeQ eaVLO\ LVROaWed b\ geQeWLc VcUeeQV fRU 

hLgh SeUVLVWeQce SheQRW\SeV 102 (FLgXUe1-2-2). 

Figure1-2-2 persister cells frequenc\ can increase due to stress responses 101. PeUVLVWeUV e[LVW LQ a 

heWeURgeQRXV SRSXOaWLRQ aQd afWeU acWLYaWLRQ Rf VWUeVV UeVSRQVeV WheLU fUeTXeQc\ LQcUeaVeV. 

APRQg dLffeUeQW VRXUceV Rf VWUeVV VXch aV RVPRWLc VWUeVV, SH VWUeVV, NaCO VWUeVV aQd 

VWULQgeQW UeVSRQVe RQO\ Whe OaVW RQe Oed WR TA-deSeQdeQW SeUVLVWeU fRUPaWLRQ 100. ThLV SheQRW\Se 

LV VSecLfLc WR fOXRURTXLQRORQeV. NR effecW ZaV deWecWed RQ WROeUaQce WR aPSLcLOOLQ100 aQd QR 

eTXLYaOeQW VWXd\ haV dRQe RQ aPLQRgO\cRVLde.  

SWULQgeQW UeVSRQVe heOSV SaWhRgeQV VXUYLYaO LQ Whe hRVW dXULQg hRVWLOe cRQdLWLRQV. UQdeU 

aPLQR acLd VWaUYaWLRQ RU LQWR[LcaWLRQ b\ HLSA WR[LQ, XQchaUged WRNA LQ Whe ULbRVRPaO A VLWe 

SURPRWeV Whe accXPXOaWLRQ Rf a PeVVeQgeU QXcOeRWLde caOOed gXaQRVLQe SeQWaShRVShaWe RU 

WeWUaShRVShaWe ((S)SSGSS). ThLV PROecXOe bLQdV WR VeYeUaO SURWeLQV UaQgLQg fURP DNA 

UeSOLcaWLRQ, SURWeLQ WUaQVcULSWLRQ WR YaULRXV PeWabROLc SaWhZa\ SURWeLQV103. (S)SSGSS 

aXgPeQWaWLRQ LQ WhLV cRQdLWLRQ LV WhURXgh ReOA, ZhLch deWecWV XQchaUged WRNA LQ Whe ULbRVRPe 
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OeadLQg WR LQcUeaVe Rf SeUVLVWeU ceOOV LQ Whe SRSXOaWLRQ. (S)SSGSS acWLYaWeV VSecLfLc W\Se I aQd II 

TA PRdXOeV ZhLch OeadV WR SeUVLVWeU fRUPaWLRQ (fRU LQVWaQce, W\Se I WR[LQ HRNB). SLPLOaUO\, Whe 

SOS UeVSRQVe caQ WULggeU acWLYaWLRQ Rf VSecLfLc W\Se I aQd W\Se II TA PRdXOeV WhaW cRQWULbXWe WR 

LQcUeaVe LQ QXPbeU Rf  SeUVLVWeU ceOOV LQ ceOO SRSXOaWLRQ 101 (FLgXUe 1-2-3).  

Figure 1-2-3 TA modules activated b\ stress responses lead to bacterial persistence 101. SWaUYaWLRQ aQd 

e[ceVV Rf HLSA WR[LQ Oead WR Whe SUeVeQce Rf XQchaUged WRNA LQ Whe ULbRVRPaO A VLWe, ZhLch OeadV WR 

accXPXOaWLRQ Rf (S)SSGSS WhURXgh ReOA aQd fRUPaWLRQ Rf SeUVLVWeUV. (S)SSGSS aQd SOS UeVSRQVe acWLYaWe 

VSecLfLc W\Se I aQd W\Se II TA PRdXOeV WhaW Oead WR SeUVLVWeU fRUPaWLRQ. 

CRQVLdeULQg a cULWLcaO VWeS LQ SeUVLVWeU fRUPaWLRQ, Whe VWULQgeQW UeVSRQVe SaWhZa\ Pa\ be 

cRQVLdeUed aV a SRWeQWLaO WaUgeW WR dLVcRYeU a QeZ cOaVV Rf aQWLPLcURbLaO ageQWV acWLYe agaLQVW 

SeUVLVWeUV 103. 
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2.4.3.  ATP level  
 

AV SeUVLVWeUV aUe QRQ-gURZLQg ceOOV, LW haV beeQ h\SRWheVL]ed WhaW Whe\ haYe ORZ OeYeO Rf 

WUaQVOaWLRQ. AQ LQWeUeVWLQg PeWhRd haV beeQ eVWabOLVhed b\ Shah aQd hLV cROOeagXeV LQ 2006 WR 

VRUW RXW ceOOV ZLWh ORZ OeYeO Rf WUaQVOaWLRQ. The\ e[SUeVVed aQ XQVWabOe GFP geQe XQdeU cRQWURO Rf 

ULbRVRPaO RNA SURPRWRU: UUQB P1. The\ VRUWed RXW dLP ceOOV aQd ceOOV fRU GFP SRVLWLYe VLgQaO. 

The dLP ceOOV ZeUe PXch PRUe WROeUaQW WR aQWLbLRWLcV aQd aOVR e[hLbLWed a geQe e[SUeVVLRQ SURfLOe 

dLffeUeQW fURP ceOOV LQ e[SRQeQWLaO RU VWaWLRQaU\ ShaVeV 104. The\ cRQcOXded WhaW SeUVLVWeUV 

UeSUeVeQW a dLVWLQcW VWaWe Rf bacWeULaO Sh\VLRORg\, ZhLch LV dLffeUeQW fURP bRWh e[SRQeQWLaO aQd 

VWaWLRQaU\ fRUPV.  

AV I PeQWLRQed befRUe LW haV beeQ VXggeVWed WhaW LQ ceUWaLQ cRQdLWLRQV, PLV-UegXOaWLRQ Rf 

WR[LQ-aQWLWR[LQ PRdXOeV Oead WR LQcUeaVLQg Whe OeYeO Rf (S)SSGSS LQ Whe ceOOV. AV hLgh OeYeO Rf 

SSGSS LV NQRZQ WR be aQ LQhLbLWRU Rf UUQB P1, LW ZaV aVVXPed WhaW aOO Whe SLeceV Rf Whe SX]]Oe aUe 

cRPLQg WRgeWheU. HRZeYeU UeceQW VWXd\ Rf Shah HW DO., LQ 2017 VhRZed WhaW UUQB P1 SURPRWeU caQ 

UeSRUW SeUVLVWeU VWaWXV LQdeSeQdeQWO\ Rf SSGSS 100. The\ VXggeVWed WhaW aSaUW fURP (S)SSGSS WheUe 

LV aQRWheU NQRZQ effecWRU RQ ULbRVRPaO RNA SURPRWRU ZhLch LV ATP. ThLV LV LQ agUeePeQW ZLWh 

Whe NQRZQ UUQB P1 acWLYLW\ ZhLch LV SRVLWLYeO\ cRQWUROOed b\ ATP 105, 106 (fLgXUe 1-2-4). 

OQ Whe RWheU haQd, aQRWheU VWXd\ VXggeVWed WhaW Whe SeUVLVWeU UeSRUWeU RSRS LV aOVR aQ ATP 

UeSRUWeU. PURWeRO\VLV Rf RSRS b\ COSXP LV LQhLbLWed aW ORZeU ATP OeYeOV. IW aSSeaUV WhaW UUQB P1, 

aV a SeUVLVWeU UeSRUWeU, LV cRUegXOaWed b\ ATP aQd SSGSS. IW VeePV WhaW SeUVLVWeUV LQ a faVW-

gURZLQg cXOWXUe aUe ceOOV WhaW gR LQ a VWaWLRQaU\-OLNe VWaWe. ATP VeePV OLNe a deceQW caQdLdaWe fRU 

a geQeUaO caXVe Rf WROeUaQce, VLQce PRVW bacWeULcLdaO aQWLbLRWLcV NLOO b\ aWWacNLQg eQeUg\-

deSeQdeQW WaUgeWV 100. 
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Figure 1-2-4 The model suggesting that lacking ATP leads to persister formation 100. A decUeaVe LQ 

ATP UedXceV Whe aQWLbLRWLc WaUgeW acWLYLW\, ZhLch OeadV WR aQWLbLRWLc WROeUaQce.  

2.5. Aminogl\coside persisters 

AV RXU Oab fRcXVed RQ Whe acWLRQ PechaQLVP Rf aPLQRgO\cRVLde, heUe, I fRcXVed RQ Whe 

VWXdLeV RQ Whe SeUVLVWeUV Rf WhLV faPLO\ Rf aQWLbLRWLcV. OQ Whe RWheU haQd, YeU\ feZ aQWLbLRWLcV caQ 

NLOO VWaWLRQaU\ ShaVe ceOOV. APLQRgO\cRVLdeV aUe NQRZQ WR be abOe WR NLOO bRWh gURZLQg aQd 

QRQgURZLQg ceOOV, WhLV facW PaNeV WheVe aQWLbLRWLcV gRRd caQdLdaWeV fRU fXUWheU LQYeVWLgaWLRQ RQ 

fRUPaWLRQ Rf SeUVLVWeUV LQ VWaWLRQaU\ ShaVe ceOO SRSXOaWLRQ. 

 IW haV beeQ VhRZQ WhaW VSecLfLc PeWabROLc cRPSRXQdV caQ caXVe Whe NLOOLQg Rf bRWh E. FROL 

aQd S. DXUHXV SeUVLVWeUV ZLWh aPLQRgO\cRVLdeV 107. ThLV SheQRPeQRQ LV VSecLfLc WR 

aPLQRgO\cRVLde LQ eLWheU aeURbLc aQd aQaeURbLc cRQdLWLRQV LQ SOaQNWRQLc ceOOV aV ZeOO aV ceOOV LQ 

bLRfLOP. TheVe PeWabROLWeV LQcUeaVe Whe PMF OeYeO LQ ceOOV, ZhLch bRRVW aPLQRgO\cRVLde XSWaNe LQ 

c\WRSOaVP. ThLV VWXd\ SUeVeQWed a VWUaWeg\ fRU SeUVLVWeU eUadLcaWLRQ baVed RQ PeWabROLVP aQd 

VhRZed Whe LPSRUWaQce Rf Whe PeWabROLc eQYLURQPeQW LQ effLcLeQc\ Rf Whe PechaQLVP Rf acWLRQ Rf 

aQWLbLRWLcV (FLgXUe 1-2-6). 
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Figure 1-2-6 Mechanism of persister eradication Yia the action of metabolites 107. EUadLcaWLRQ Rf 

SeUVLVWeUV LV WhURXgh caWabROLVP Rf caUbRQ VRXUceV, ZhLch OeadV WR geQeUaWLRQ Rf NADH. The SURdXcWLRQ Rf 

NADH LV LQdeSeQdeQW fURP Whe PPP, EDP RU TCA c\cOe. NADH LV R[LdL]ed LQ Whe eOecWURQ WUaQVSRUW 

chaLQ Rf PePbUaQe, ZhLch cRQWULbXWeV WR LQcUeaVe Rf PMF. HLgheU PMF LQ VXch ceOOV facLOLWaWeV 

aPLQRgO\cRVLde XSWaNe. 

 The geQeWLc baVLV Rf WROeUaQce Rf E. FROL WR aPLQRgO\cRVLde ZaV VWXdLed b\ WUaQVSRVRQ 

VeTXeQcLQg (TQ-SeT) LQ RUdeU WR XQdeUVWaQd deeSO\ Whe PechaQLVP Rf WROeUaQce WR 

aPLQRgO\cRVLde 108. The cRQVWUXcWed OLbUaU\ ceOOV ZaV VcUeeQed b\ WUeaWLQg VWaWLRQaU\-ShaVe ceOO 

cXOWXUe ZLWh a OeWhaO dRVe Rf geQWaPLcLQ. APRQg Whe PXWaQW OLbUaU\, WheUe ZeUe 105 dLVUXSWed 

geQeV RU SURPRWeU UegLRQV fRXQd WR haYe PRUe WhaQ 5-fROd decUeaVe LQ geQWaPLcLQ WROeUaQce aQd 

37 geQeV LQ ZhLch Whe ceOOV ZeUe PRUe WhaQ 5-fROd WROeUaQW. TheVe daWa VhRZed WhaW PechaQLVPV 

Rf SeUVLVWeU fRUPaWLRQ WR aPLQRgO\cRVLde aUe OLQNed WR YaULRXV aQd UedXQdaQW ceOOXOaU SaWhZa\V. 

 FXQcWLRQaO cOXVWeU aQaO\VLV LQ Whe TQ-VeT OLbUaU\ VXggeVWed WhaW OacN LQ PRWLOLW\ aQd 

V\QWheVLV Rf aPLQR acLd dUaVWLcaOO\ UedXced Whe QXPbeU Rf SeUVLVWeUV, ZhLch aUe WROeUaQW WR 

geQWaPLcLQ. HRZeYeU, LQ WheVe PXWaQWV, Whe SRSXOaWLRQ Rf SeUVLVWeUV ZaV decUeaVed aQd WheUe ZaV 

QR chaQge LQ MIC YaOXeV. 
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 APLQR acLd aX[RWURShV, fRU LQVWaQce aX[RWURShV fRU VeULQe, WhUeRQLQe, WU\SWRShaQ aQd 

gOXWaPLQe Oed WR ORZeU geQWaPLcLQ WROeUaQce. ThLV SheQRPeQRQ caQQRW be UeeVWabOLVhed b\ addLQg 

Whe PLVVLQg aPLQR acLdV WR Whe ceOO cXOWXUe. AOVR, VXSSO\LQg WheVe aPLQR acLdV WR ZLOd-W\Se E. FROL 

ceOOV caXVed VeQVLbLOL]aWLRQ Rf Whe VWaWLRQaU\-ShaVe ceOOV, SURbabO\ becaXVe Rf LQhLbLWLRQ Rf aPLQR 

acLd V\QWheVLV. The VeULQe bLRV\QWheVLV dLVUXSWLRQ had Whe hLgheVW effecW RQ geQWaPLcLQ VXUYLYaO. 

IQ VeUA PXWaQW, geQWaPLcLQ XSWaNe LQcUeaVeV eQRUPRXVO\. HRZeYeU, LQ WhLV VWXd\ Whe\ XVed 

geQWaPLcLQ Te[aV-Ued aV a fOXRUeVceQWO\ Wagged aQWLbLRWLcV fRU FACS aQaO\VLV aQd Whe\ ZeUe QRW 

abOe WR aQaO\]e ceOOV ZLWh PLcURVcRSe LPagLQg.  

 AV LW haV beeQ PeQWLRQed LQ Whe fLUVW SaUW Rf Whe LQWURdXcWLRQ, geQWaPLcLQ XSWaNe LV dLUecWO\ 

cRUUeOaWed WR PMF OeYeO. ASSaUeQWO\, LQ Whe abVeQce Rf VeULQe bLRV\QWheVLV, eQeUg\ OeYeO Rf ceOOV LV 

hLgheU. APLQR acLd aQd RWheU VPaOO PROecXOe bLRV\QWheVLV aUe UeOaWed WR ceQWUaO caUbRQ 

PeWabROLVP, aQd LW LV SRVVLbOe WhaW aPLQR acLd V\QWheVLV chaQgeV Whe fORZ Rf caUbRQ PeWabROLVP, 

ZhLch caQ chaQge cRQVeTXeQWO\ Whe eQeUg\ VWaWe LQ Whe ceOOV.  

 HRZeYeU, Whe PRVW XQe[SecWed fLQdLQg LQ WhLV VcUeeQ ZaV WhaW Whe geQeV UeOaWed WR PRWLOLW\ 

VWURQgO\ affecWed geQWaPLcLQ WROeUaQce LQ E. FROL. The acWLYaWLRQ Rf PRWLOLW\ VWLPXOaWed Whe 

fRUPaWLRQ Rf SeUVLVWeUV WROeUaQW WR geQWaPLcLQ. HRZeYeU, deOeWLRQ Rf fOageOOaU geQeV dLd QRW affecW 

geQWaPLcLQ XSWaNe, ZhLch cUeaWed aQRWheU P\VWeU\ LQ SeUVLVWeU ZRUOd. 

  SRPe Rf Whe geQeV WhaW ZeUe LdeQWLfLed LQ Whe VcUeeQ Rf WhLV TQ-VeT OLbUaU\ had SUeYLRXVO\ 

beeQ VhRZQ WR dLVWXUb geQWaPLcLQ VeQVLWLYLW\, fRU e[aPSOe Whe geQeV ZhLch aUe LQYROYed LQ 

UeVSLUaWLRQ aQd R[LdaWLYe ShRVShRU\OaWLRQ. 
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3. Mechanosensitive channels 

3.1. Introduction 

 

BacWeULaO ceOOV aUe UeVSRQdLQg WR YLbUaWLRQ, WRXch, gUaYLW\ RU chaQgeV LQ RVPROaULW\. IQ geQeUaO, 

Whe\ VeQVe Whe chaQgeV LQ bLOa\eU c\WRSOaVPLc PePbUaQe.  AV Whe RVPRWLc aQd WXUgRU SUeVVXUe RQ 

Whe PePbUaQe aUe eVVeQWLaO fRU ceOO LQWegULW\, Whe LPPedLaWe deWecWLRQ aQd UeVSRQVe WR VXch VWUeVV 

LV YLWaO WR ceOOV. The MechaQRVeQVLWLYe (MS) chaQQeOV haYe beeQ SURSRVed WR haYe PaMRU UROeV LQ 

Whe adaSWaWLRQ WR RVPRWLc VWUeVV. The PaLQ UROe Rf WheVe chaQQeOV LV WR baOaQce ceOOV¶ RVPRWLc 

SUeVVXUe dXULQg h\SeURVPRWLc VhRcN. BacWeULaO MS chaQQeOV aUe XQLYeUVaO, aQd Whe\ aUe 

cRQVLdeUed aV a PRdeO fRU hLgheU RUgaQLVP. HRZeYeU, bacWeULaO MS chaQQeOV aUe PROecXOeV aQd 

LRQ QRQ-VSecLfLc LQ cRQWUaVW WR Whe PaPPaOLaQ RQeV. TheVe SRUeV aUe chaQgLQg WheLU cRQfRUPaWLRQ 

fURP a cORVed VWaWe WR aQ RSeQ VWaWe. TheVe chaQgeV UaQge fURP 6 WR 30 AÛ LQ dLaPeWeU fRU 

PechaQRVeQVLWLYe chaQQeOV Rf OaUge cRQdXcWaQce (MVcL)109 aQd abRXW ∼6 AÛ fRU 

PechaQRVeQVLWLYe chaQQeOV Rf VPaOO cRQdXcWaQce (MVcS)110. 

3.1.1. Solute concentrations in c\toplasm and osmoregulation in bacterial cells 

 

BacWeULaO ceOOV accXPXOaWe Whe VROXWeV LQ WheLU c\WRSOaVP ZhLch Whe\ Qeed fRU UXQQLQg WheLU 

PeWabROLVP. ThRXgh, Whe\ accXPXOaWe Whe VROXWeV LQ WheLU c\WRSOaVP ZeOO be\RQd Whe 

cRQceQWUaWLRQV WhaW PLghW be UeTXLUed fRU PeWabROLVP. MRVW bacWeULa accXPXOaWe SRWaVVLXP aQd 

gOXWaPaWe SUefeUabO\ 111. The cRQceQWUaWLRQ Rf dLffeUeQW PeWabROLWeV caQ Ueach XS WR PLOOLPROaU 

OeYeOV, ZhLch caQ Oead WR aQ RVPROaULW\ Rf 400 POVP ZheQ ceOOV aUe cXOWLYaWed LQWR a VWaQdaUd 

PedLXP ZhLch haV aQ RVPROaULW\ Rf 240 POVP. AOWhRXgh LW LV haUd WR PeaVXUe Whe WXUgRU 
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SUeVVXUe LQ ceOOV, LWV QeW YaOXe LV eVWLPaWed WR be abRXW 4 aWP (FLgXUe1-3-1). WheQ ceOOV aUe 

gURZLQg, Whe WXUgRU SUeVVXUe LV UeTXLUed fRU ZaWeU LQWaNe aQd ceOO e[SaQVLRQ. BacWeULaO ceOOV 

LQcUeaVe Rf WXUgRU SUeVVXUe LV UegXOaWed b\ eOaVWLcLW\ Rf SeSWLdRgO\caQ aQd PechaQRVeQVLWLYe 

chaQQeO acWLRQV (FLgXUe1-3-1). 

 

Figure 1-3-1 turgor pressure and osmolarit\ of E. cROi 109. E. FROL gURZ LQ a PedLXP, ZhLch haV 240 

POVP (MLQLPaO PedLXP RU LB cRQWaLQLQg 5 g/L NaCO). C\WRSOaVP PaNe 10 aWP WXUgRU SUeVVXUe WRZaUd 

Whe c\WRSOaVPLc PePbUaQe. The PedLXP SUeVVXUe LV Rf abRXW 6 aWP WRZaUd Whe RXWeU PePbUaQe aQd 4 aWP 

WRZaUdV Whe LQQeU PePbUaQe. MS chaQQeOV ZLOO gaWe Lf WheUe LV a chaQge Rf WhLV eTXLOLbULXP eYeQ b\ a 

VPaOO LQcUeaVe Rf 0,1 aWP Rf RXWZaUd SUeVVXUe. 

 

3.1.2. How bacteria adapt to changes and water movements? 

 

BacWeULaO ceOOV aUe caSabOe Rf VXUYLYLQg a UaSLd h\SRWRQLc VhRcN WhaQNV WR Whe SUeVeQce Rf 

MS chaQQeOV aQd Whe QaWXUe Rf Whe ceOO ZaOO. PeSWLdRgO\caQ aUe cRQVLVWLQg Rf ROLgRVacchaULdeV Rf 

dLffeUeQW OeQgWhV, ZhLch aUe OLQNed WRgeWheU b\ VhRUW SeSWLdeV. The OeQgWh dLffeUeQce aQd Whe 
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LQcRPSOeWe SeSWLde bRQd PaNe a PeVh OLNe ceOO ZaOO ZLWh hROeV Rf dLffeUeQW VL]eV. PeSWLdRgO\caQV 

haYe a YeU\ d\QaPLc VWUXcWXUe, ZheQ ceOOV VL]e LQcUeaVeV Whe SeSWLde bRQdV bUeaN aQd QeZ ceOO 

ZaOOV PaWeULaOV LQVeUW LQWR WhLV VWUXcWXUe. 

3.1.3. E[pansion of the cell and activation of MS channels 

WheQ ceOOV Ueach WR Whe Pa[LPXP Rf WXUgRU SUeVVXUe WhaW Whe\ caQ WROeUaWe, MS chaQQeOV aUe 

acWLYaWed. IW haV beeQ fRXQd WhaW Whe MVcL aQd MVcS aUe acWLYaWed 3 WR 5 VecRQdV afWeU ceOOV Ueach 

Whe acWLYaWLRQ WhUeVhROd WeQVLRQ.  

3.2. Discover\ of mechanosensitive channels 

 The dLVcRYeU\ Rf SUeVVXUe acWLYaWed chaQQeOV RQ VSheURSOaVWV Rf E. FROL ZaV UeSRUWeU fRU 

Whe fLUVW WLPe LQ 1987 b\ Whe SaWch-cOaPS eOecWULcaO UecRUdLQg WechQLTXe. TheVe chaQQeOV ZeUe 

SURYeQ WR be acWLYaWed b\ SRVLWLYe RU QegaWLYe SUeVVXUe, Whe\ haYe YROWage deSeQdeQce aQd OaUge 

cRQdXcWaQce  112. 

IQ 1994 Whe PePbUaQe caSabLOLW\ Rf UeSO\LQg WR Whe RVPROaULW\ chaQgeV ZaV VWXdLed b\ 

SaWch-cOaPS RQ E. FROL eQYeORSe. The\ WeVWed Whe caQdLdaWe PechaQRVeQVLWLYe chaQQeOV aQd 

VXggeVWed WhaW WZR chaQQeOV, MVcL aQd MVcS, aUe LPSRUWaQW LQ RVPRUegXOaWLRQ. The\ VROXbLOL]ed 

aQd fUacWLRQaWed Whe PePbUaQe aQd WeVWed Whe MVcL LQ YLWUR. ThLV ZaV Whe fLUVW UeVeaUch ZhLch 

Oead WR SUedLcWLQg Whe cRdLQg geQe fRU MVcL, ZhLch Whe\ deVcULbe aV a YeU\ dLffeUeQW SRULQ ZLWh a 

YeU\ h\dURShRbLc cRUe 113. 

AV Whe QXOO PXWaQW Rf PVFL dLd QRW chaQge Whe ceOO SheQRW\SeV LQ fXUWheU 

eOecWURSh\VLRORgLcaO e[SeULPeQWV LW had beeQ VXggeVWed WhaW SURbabO\ RWheU PePbUaQe SURWeLQV 

VXch aV YggB aUe LQYROYed LQ PechaQRVeQVaWLRQ b\ bacWeULa. IW haV beeQ VhRZQ WhaW YggB aQd 
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MVcL aUe eVVeQWLaO LQ cRQWUROOLQg ceOO SUeVVXUe aQd WheVe chaQQeO RSeQ ZheQ QeceVVaU\ WR SUeYeQW 

a dUaPaWLc VhRcN WhaW ZRXOd RWheUZLVe Oead WR ceOO deaWh 114.  

FRU PaQ\ \eaUV WheUe ZeUe RQO\ WZR PaLQ MS chaQQeOV WR be NQRZQ (MVcL aQd MVcS). 

HRZeYeU, LQ E. FROL WheUe aUe RWheU MVcS-W\Se geQeV VXch aV PVFK (NHIA), \EGG, \ELO, \MHP 

(PVFM) aQd \QDI. The WZR chaQQeOV MVcK aQd YbdG SOa\ PLQRU UROeV LQ SUeVeUYLQg ceOO 

LQWegULW\. IW haV beeQ fRXQd WhaW Whe YbLO chaQQeO e[SUeVVLRQ LV VSecLfLc WR NaCO aQd RSRS-

deSeQdeQW 115. 

 IW haV beeQ VhRZQ WhaW e[SUeVVLRQ Rf PVFL aQd PVFS LV XS-UegXOaWed ZheQ ceOOV aUe 

eQWeULQg LQWR Whe VWaWLRQaU\ ShaVe aV ZeOO aV LQ bacWeULa gURZQ LQ hLgh RVPRWLc PedLa 116. ThLV LV 

gRLQg WR SURWecW Whe bacWeULa agaLQVW h\SR-RVPRWLc VhRcN. The XS-UegXOaWLRQ LV SURYeQ WR be 

WULggeUed b\ Whe VWUeVV VLgPa facWRU RSRS. 

3.3. Structure and gating of mechanosensitive channels 

 

The fLUVW MS chaQQeO WhaW haV beeQ VWXdLed b\ Whe X-Ra\ cU\VWaOORgUaSh\ ZaV MVcL fURP 

M\FREDFWHULXP WXEHUFXORVLV (TbMVcL). TbMVcL cRQVLVWV Rf fLYe LdeQWLcaO VXbXQLWV ZhLch aUe 

SRVLWLRQed V\PPeWULcaOO\ WR cUeaWe a chaQQeO117. Each VXbXQLW cRQWaLQV WZR WUaQVPePbUaQe 

heOLceV caOOed TM1 aQd TM2. The TM1 heOLceV aUe PaNLQg Whe WUaQV-PePbUaQe chaQQeO aQd Whe 

TM2 heOLceV fRUP Whe SeULSheUaO SaUW Rf Whe chaQQeO. TM1 aQd TM2 aUe cRQQecWed b\ a 

SeULSOaVPLc ORRS.  The N-WeUPLQaO (S1) aQd C-WeUPLQaO (CP) Rf Whe SURWeLQ aUe VLWXaWed LQ Whe 

c\WRSOaVP 118 (FLgXUe1-3-2). The E. FROL hRPRORg EcRMVcL 119 aQd VeYeUaO RWheU hRPRORgV 120 aUe 

VXggeVWed WR be a QRQ-VeOecWLYe SRUe Rf ∼30 c LQ dLaPeWeU. TheVe chaQQeOV RSeQ ZheQ Whe WXUgRU 

SUeVVXUe LQ Whe c\WRSOaVP LV O\WLc.  



42 
 

 A fXQcWLRQaO PRdeO ZaV VXggeVWed ZheUe Whe fLYe aPLQR-WeUPLQaO heOLceV (S1) PaNe a 

bXQdOe ZheQ Whe chaQQeO LV cORVed. OSeQ aQd cORVe cRQfRUPaWLRQV LQ WhLV PRdeO haYe beeQ WeVWed 

b\ VXbVWLWXWLQg c\VWeLQeV fRU RWheU UeVLdXeV 121. The S1 VegPeQWV aUe cURVVOLQNLQg beWZeeQ each 

RWheU, NeeSLQg Whe chaQQeO LQ Whe cORVed cRQfLUPaWLRQ. WheQ WheUe LV WeQVLRQ LQ Whe PePbUaQe, Whe 

WUaQVPePbUaQe baUUeO e[SaQdV aQd SXOOV Whe chaQQeO aSaUW WhURXgh Whe S1 aQd TM1 OLQNeU. The 

LQWeUacWLRQ aQd Whe cURVVOLQNLQg beWZeeQ Whe S1 aQd TM2 PaLQWaLQ Whe chaQQeO LQ Whe RSeQ 

cRQfRUPaWLRQ.  

Figure 1-3-2 Structure and gating of MscL 110. (a) MVcL VWUXcWXUe Rf M\FREDFWHULXP WXEHUFXORVLV. ThLV 

chaQQeO cRQVLVWV Rf 5 PRQRPeUV. Each PRQRPeU (OefW) LV cRPSRVed Rf WZR Į-heOLcaO WUaQV-PePbUaQe 

dRPaLQV caOOed TM1 aQd TM2, c\WRSOaVPLc N- WeUPLQaO (S) aQd C-WeUPLQaO UegLRQV aQd a ceQWUaO 

SeULSOaVPLc ORRS dRPaLQ ZhLch OLQNV Whe TM1 WR TM2. The fLYe TM1 dRPaLQV PaNe a WLghWO\ SacNed 

h\dURShRbLc bXQdOe ZhLch PaNeV Whe gaWe Rf Whe SRUe (ULghW). (b) 3D cRQVWUXcWLRQ Rf MVcL fURP E. FROL LQ 

Whe PePbUaQe (WRS) aQd fURP abRYe (PLddOe). The chaQQeO LV VhRZQ LQ LWV cORVed (OefW) aQd RSeQ (ULghW) 

VWaWeV. GUa\ baOOV LQdLcaWe OLSLd ShRVShaWe Rf RXWeU aQd LQQeU PePbUaQe. The PRQRPeU cRQfLgXUaWLRQ LV 

VhRZQ aW Whe bRWWRP.  

 



43 
 

 The cRQfRUPaWLRQ chaQgLQg LQ Whe fLYe VXbXQLWV Rf MVcL chaQQeOV caQ be deVcULbe aV 

fROORZ. The SRUe LV LQ Whe cORVed cRQfRUPaWLRQ UeVWLQg (C). WheQ Whe WXUgRU SUeVVXUe LQcUeaVeV LW 

OeadV WR a CORVed-E[SaQded (CE) cRQfRUPaWLRQ.  ThLV cRQfRUPaWLRQ LV aVVXPed WR RccXU fLUVWO\ aW 

RQe Rf Whe VXbXQLWV¶ S1 dRPaLQ. The UePaLQLQg VXbXQLWV¶ dLVUXSWLRQ haSSeQV YeU\ TXLcNO\ ZhLch 

OeadV WR Whe fXOO\ RSeQ VWaWe (O) 121 (FLgXUe 1-3-3). 

Figure 1-3-3 Iris-like gating of MscL 121 .AW OefW Whe dLffeUeQW VWageV Rf gaWLQg Rf MVcL LV dLVSOa\ed. The 

chaQQeO LV cORVed LQ Whe cRQfRUPaWLRQ (C). WheQ WheUe LV WeQVLRQ LQ Whe PePbUaQe, LW WXUQV LQWR Whe CORVed-

E[WeQVLRQ (CE) fRUP. The SeQWaPeU chaQQeO UeacheV Whe RSeQ cRQfRUPaWLRQ (O) WhURXgh Whe VeULeV Rf 

PRQRPeU cRQfLgXUaWLRQ chaQgeV (S1, S3«) AW Whe ULghW LV a W\SLcaO VLQgOe cXUUeQW WUace Rf MVcL UecRUded 

aW -50 PV.  

 AQRWheU VWXd\ cRQfLUPed Whe gaWLQg PRdeO aQd VXggeVWed WhaW MVcL chaQQeOV aUe RSeQLQg 

LQ aQ LULV-OLNe e[SaQVLRQ aQd fOaWWeQLQg b\ PePbUaQe WeQVLRQ. IQ WhLV VWXd\ Whe\ fLQd WhaW Whe 

bULdgLQg beWZeeQ C\V 20 aQd C\V 36 Rf TM1 heOLceV Oead WR VWabLOL]ed RSeQ chaQQeO 122.   

 IW haV beeQ VhRZQ WhaW MVcL chaQQeOV haYe Whe WeQdeQc\ WR cOXVWeU LQ Whe PePbUaQe. 

TheVe cOXVWeUV caQ be cRQVLVWLQg Rf WeQV WR hXQdUedV Rf chaQQeOV. ThURXgh Whe YaULRXV PeWhRdV 
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VXch aV SaWch-cOaPS eOecWURSh\VLRORg\, PLcURVcRS\ (fOXRUeVceQce aQd aWRPLc fRUce) LQ haQd ZLWh 

PaWhePaWLcaO PRdeOLQg, LW haV beeQ SURSRVed WhaW Whe MVcLV VeOf-aVVePbOed aQd SacNed WLghWO\ 

WRgeWheU ZhLOe Whe\ aUe acWLYe. The chaQQeO acWLYLW\ LV aOWeUed b\ Whe SUeVeQce Rf QeLghbRULQg 

SURWeLQV, VhRZLQg Whe LPSRUWaQce Rf SURWeLQ-SURWeLQ LQWeUacWLRQV LQ Whe PePbUaQe. AXWhRUV 

cOaLPed WhaW cOXVWeULQg Rf Whe MVcLV LV aQ LQWULQVLc SURSeUW\ Rf WhLV chaQQeO aQd LW LV SURbabO\ 

becaXVe Rf OLSLd-PedLaWed SURWeLQ-SURWeLQ LQWeUacWLRQV 123.  

3.4. Visuali]ation of MscL  

 IQ RUdeU WR ORcaOL]e MVcL chaQQeOV XVLQg fOXRUeVceQce PLcURVcRS\, each PRQRPeU haV 

beeQ fXVed ZLWh Whe RQe cRS\ Rf Whe gUeeQ fOXRUeVceQW SURWeLQ (GFP). The fXVed geQe PVFL-JIS 

ZaV WheQ e[SUeVVed LQ OLYe E. FROL ceOOV. IW haV beeQ dePRQVWUaWed WhaW Whe MVcL-GFP ZeUe 

cRUUecWO\ fROded aQd WhaW Whe GFP dLd QRW dLVWXUb Whe LQWacW fROdLQg QRU Whe fXQcWLRQaOLW\ Rf Whe 

chaQQeO. The chaQQeOV ZeUe ORcaWed aW Whe c\WRSOaVPLc PePbUaQe. ThLV PeWhRd LV a QRQ-LQYaVLYe 

WRRO fRU VWXd\LQg Whe ORcaOL]aWLRQ aQd e[SUeVVLRQ UegXOaWLRQ Rf WhLV chaQQeO. AOWhRXgh Whe fXVed 

MVcL-GFP chaQQeO VhaUeV Whe VaPe eOecWURSh\VLRORgLcaO chaUacWeULVWLcV aV Whe ZLOd-W\Se chaQQeO, 

MVcL-GFP UeTXLUeV PRUe SUeVVXUe WR RSeQ 124. 

 ThaQNV WR UeceQW VWXd\ b\ TXaQWLWaWLYe ShRWR-acWLYaWed ORcaOL]aWLRQ PLcURVcRS\ (TPALM) 

PLcURVcRS\ LW haV beeQ VhRZQ WhaW WheUe LV a OLQeaU UeOaWLRQVhLS beWZeeQ Whe QXPbeU Rf Whe MS 

chaQQeOV (MVcL, MVcS aQd MVcK aQd MVcK) aQd ceOO VXUYLYaO fROORZLQg aQ h\SRWRQLc VhRcN. 

ThLV WLPe aXWhRUV Wagged each PRQRPeU b\ fOXRUeVceQW SURWeLQ PERV3.2. TheVe OabeOed chaQQeOV 

ZeUe fXQcWLRQaO, aQd Whe PLcURVcRS\ LPagLQg VhRZV WhaW Whe chaQQeOV aUe dLVWULbXWed eYeQO\ LQ 

Whe PePbUaQe. HRZeYeU aXWhRUV fRXQd WhaW RYeUe[SUeVVLRQ Rf Whe MVcL-PERV2.3 caXVed 

fRUPaWLRQ Rf cOXVWeUV LQ Whe PePbUaQe aQd decUeaVed chaQQeO PRbLOLW\ 125 (fLgXUe1-3-4).  
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Figure 1-3-4 MscL form clusters when all monomers were labeled b\ mEos3.2 in E. cROi 125. (a) WheQ 

SOaVPLd-deULYed MVcL-PERV3.2 e[SUeVVed LQ Whe SUeVeQce Rf QaWLYe chURPRVRPaO MVcL VXbXQLWV, QRW aOO 

Whe VXbXQLWV Rf RQe chaQQeO aUe Wagged. IQ WhLV caVe MVcL chaQQeOV fRUPed OeVV cOXVWeUV.  (b) If aOO Whe 

VXbXQLWV aUe OabeOOed LQ Whe ceOOV, LW caQ UedXce Whe URWaWLRQaO fUeedRP Rf PERV3.2 aQd Oead WR fRUPaWLRQ Rf 

aUWLfLcLaO MVcL cOXVWeU. 

 AW WhLV SRLQW LW UePaLQV XQcOeaU Lf Whe cOXVWeULQg LV aQ LQWULQVLc SURSeUW\ Rf Whe chaQQeOV RU 

Lf LW RULgLQaWeV fURP Whe VLde effecW Rf Whe fOXRUeVceQW SURWeLQ Wag.  

3.5. Number of channels in the cells 

 We NQRZ Whe LPSRUWaQce Rf RVPRSURWecWLRQ LQ bacWeULaO ceOOV. ThLV WaVN LV aVVXUed LQ 

bacWeULaO ceOOV b\ Whe UedXQdaQW MS chaQQeOV. The QXPbeU Rf MS chaQQeO LQ each ceOO haV beeQ 

VWXdLed b\ Whe TXaQWLWaWLYe VWXd\ Rf Whe e[SUeVVLRQ Rf MVcL LQ dLffeUeQW PedLa aQd gURZWh ShaVeV. 

ReVeaUcheUV XVed bRWh TXaQWLWaWLYe fOXRUeVceQce PLcURVcRS\ aQd TXaQWLWaWLYe WeVWeUQ bORWV 

aQaO\VLV WR caOcXOaWe Whe QXPbeU Rf chaQQeOV aW Whe VLQgOe ceOO OeYeO. AXWhRUV cRQfLUPed agaLQ Whe 

fXQcWLRQaOLW\ Rf Whe MVcL-GFP fXVLRQ SURWeLQ aQd LWV QaWLYe e[SUeVVLRQ aV ZeOO. AXWhRUV VhRZed 

WhaW e[SUeVVLRQ Rf MVcL LV LQWeQVLYeO\ deSeQdLQg WR Whe eQYLURQPeQWaO cRQdLWLRQV (PedLa 

ULchQeVV, caUbRQ VRXUceV aQd VWUeVV facWRUV) aQd aOVR LW LV dLffeULQg fURP ceOO WR ceOO. OYeUaOO, 

AXWhRUV eVWLPaWed WhaW Whe QXPbeU Rf chaQQeOV SeU ceOO LV PXch hLgheU WhaQ Whe PRdeOLQg 

eVWLPaWLRQ 126. 
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Figure 1-3-5 Cell level counts of MscL in different conditions with different techniques 126.TZR 

dLffeUeQW VWUaLQV Rf E. FROL ZeUe WeVWed LQ dLffeUeQW PedLa (ULch LB aQd PLQLPXP PedLa ZLWh dLffeUeQW 

caUbRQ VRXUceV) XQdeU dLffeUeQW gURZWh ShaVe. TheVe chaQQeOV ZeUe cRXQWed b\ dLffeUeQW WechQLTXeV, (A) 

WeVWeUQ bORWV ZLWh MVcL aQWLbRd\ aQd (B) WeVWeUQ bORWV ZLWh GFP aQWLbRd\ aQd fOXRUeVceQce PLcURVcRS\ 

LPagLQg.  

 

 A UeceQW VWXd\ VhRZed, b\ PRdLfLcaWLRQV LQ geQe e[SUeVVLRQ, WhaW each ceOO QeedV beWZeeQ 

500 WR 700 chaQQeOV WR haYe XS WR 80% Rf a SRSXOaWLRQ WR VXUYLYe OaUge chaQgeV LQ RVPRWLc 

SUeVVXUe. ThLV QXPbeU agUeeV ZLWh Whe SUeYLRXV WeVWeUQ bORWWLQg cRXQWLQg Rf Whe aYeUage MVcL 

cRS\ QXPbeU LQ ZLOd-W\Se E. FROL ceOOV. AXWhRUV RbVeUYed WhaW ceOOV ZLWh OeVV WhaQ 100 chaQQeOV 

haYe ]eUR chaQce Rf VXUYLYaO afWeU a h\SR-RVPRWLc VhRcN 127.  

3.6. Aminogl\coside interaction with MscL 

 

 IQ eaUO\ VWXdLeV Rf aPLQRgO\cRVLde accXPXOaWLRQ, LW haV beeQ RbVeUYed WhaW VWUeSWRP\cLQ 

LQdXceV Whe SRWaVVLXP effOX[ 128. ThLV OeaNage SUeceded Whe decUeaVe LQ ceOO YLabLOLW\ aQd 

UePaLQed XQe[SOaLQed. PRVVLbOe e[SOaQaWLRQV ZeUe ORcaO dLVWRUWLRQ LQ Whe gURZLQg PePbUaQe RU 

V\QWheVLV Rf abQRUPaO chaQQeOV OeadLQg WR PePbUaQe daPage.  
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 BacWeULaO MS chaQQeOV haYe beeQ VXggeVWed WR be a SeUfecW dUXg WaUgeWV dXe WR WheLU 

ceQWUaO UROe LQ Whe Sh\VLRORg\ Rf bacWeULa aQd aOVR Whe OacN Rf LdeQWLfLed hRPRORgV LQ hLgheU 

RUgaQLVPV 12ϵ. IQ a hLgh-WhURXghSXW VcUeeQLQg fRU QeZ WaUgeW fRU MVcL, aQ aPLQRgO\cRVLde 

dLh\dURVWUeSWRP\cLQ (DHS) ZaV RQe Rf Whe hLWV aPRQg Whe cRPSRXQd OLbUaU\.  

 IW haV beeQ fRXQd WhaW MVcL LV QeceVVaU\ fRU VWUeSWRP\cLQ-LQdXced SRWaVVLXP effOX[ WhaW 

haV beeQ SUeYLRXVO\ deVcULbed. DHS aOVR LQcUeaVeV MVcL acWLYLW\ LQ eOecWURSh\VLRORgLcaO VWXdLeV 

LQ a dLUecW PaQQeU. ThLV UeVXOW VhRZed a QeZ PRde Rf acWLRQ Rf WhLV aQWLbLRWLc. ThLV aQWLbLRWLc 

eQWeUV LQWR Whe c\WRSOaVP WhURXgh MVcL¶V OaUge SRUe. ThLV SheQRPeQRQ haV beeQ WeVWed LQ YLYR LQ 

Whe VWXd\ b\ MVcL e[SUeVVLRQ aQd aQWLbLRWLc accXPXOaWLRQ aQd aOVR b\ LQ YLWUR SaWch cOaPS 

e[SeULPeQWV 130.  

 IQ a SeUVLVWeU VWXd\ LW haV beeQ SURSRVed a UROe Rf MS chaQQeOV LQ SeUVLVWeUV¶ eUadLcaWLRQ. 

IW haV beeQ UeSRUWed WhaW bacWeULaO SeUVLVWeUV aQd aOVR QRUPaO gURZLQg ceOOV caQ be eUadLcaWed 

e[WUePeO\ faVW b\ aPLQRgO\cRVLde WUeaWPeQW XQdeU h\SRLRQLc VhRcN. The eUadLcaWLRQ Rf SeUVLVWeU 

XSRQ Whe h\SRLRQLc VhRcN (e.g. RQO\ ZaWeU) LV RQO\ VSecLfLc WR Whe aPLQRgO\cRVLde faPLO\ Rf 

aQWLbLRWLcV VXch aV VWUeSWRP\cLQ aQd NaQaP\cLQ (QR effecW ZaV RbVeUYed LQ ȕ-OacWaPV RU 

TXLQRORQeV aQWLbLRWLc WUeaWPeQW). 

 ThLV SheQRPeQRQ haV beeQ VhRZQ WR be PMF-LQdeSeQdeQW. CCCP, ULfaPSLcLQ aQd cROd 

WUeaWPeQW ZeUe XVed WR VhRZ WhaW aQWLbLRWLc accXPXOaWLRQ LV XQUeOaWed ZLWh Whe PMF OeYeO LQ Whe 

ceOOV. IW haV beeQ YeULfLed WhaW Whe bacWeULcLdaO acWLYLW\ Rf WhLV aQWLbLRWLc ZaV VWLOO WhURXgh LWV 

acWLYLW\ RQ Whe 30S ULbRVRPaO VXbXQLW. NR SeUVLVWeU eUadLcaWLRQ ZaV RbVeUYed LQ Whe VWUeSWRP\cLQ 

UeVLVWaQW ceOOV afWeU Whe h\SRRVPRWLc VhRcN aQd VWUeSWRP\cLQ WUeaWPeQW 131.  
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 AV Whe MS chaQQeOV acWLYaWed dXULQg VXch VhRcNV LW haV beeQ h\SRWheVL]ed WhaW WheVe 

chaQQeOV aUe UeVSRQVLbOe fRU aQWLbLRWLc accXPXOaWLRQ. The dLaPeWeU Rf aQ acWLYe MS chaQQeO LV aV 

OaUge aV 30 c. IW caQ eaVLO\ aOORZ aPLQRgO\cRVLdeV (a500 DaOWRQ) WR eQWeU LQWR Whe c\WRSOaVP. TR 

SURYe WhLV h\SRWheVLV VLQgOe MS chaQQeO PXWaQWV ZeUe WeVWed aQd XQe[SecWedO\ QR chaQgeV ZeUe 

RbVeUYed LQ Whe VXUYLYaO UaWLR. ThLV ZaV SURbabO\ dXe WR Whe UedXQdaQc\ acWLRQ Rf MS chaQQeOV. 

TZR RU PXOWLSOe chaQQeO PXWaQWV ZeUe QRW WeVWed LQ WhLV VWXd\ becaXVe Whe YLabLOLW\ LQ WheVe 

PXWaQWV LV decUeaVLQg 131.  

A dLUecW LQWeUacWLRQ Rf DHS ZLWh MVcL ZaV VWLOO OacNLQg. IQ a UeceQW geQeWLc VcUeeQLQg 

VWXd\ (c\VWeLQe OLbUaU\), bLRchePLcaO aQd PXWaWLRQaO aSSURacheV aQd PROecXOaU d\QaPLcV 

VLPXOaWLRQ (dUXg dRcNLQg aQd VLQgOe PXWaWLRQ VWXd\) ZeUe XVed WR XQdeUVWaQd hRZ DHS LQWeUacWV 

dLUecWO\ ZLWh MVcL. ThLV VWXd\ dePRQVWUaWed WhaW DHS bLQdV WR MVcL aW a VSecLfLc VLWe aQd WhaW 

chaQgeV Whe cRQfRUPaWLRQ Rf Whe chaQQeO OeW Whe SRWaVVLXP aQd gOXWaPaWe RXW aQd Whe aQWLbLRWLc 

LQWR Whe ceOOV. 

 DHS eQWeUV LQWR Whe ceOOV b\ chaQgLQg Whe MVcL SRUeV SURbabO\ WhURXgh a bLQgLQg SRcNeW 

(L19 aQd I25 cRQWULbXWe WR DHS bLQdLQg), RSeQ Whe chaQQeO aOORZLQg Whe aQWLbLRWLc WR gR WhURXgh 

WheVe chaQQeOV LQWR Whe c\WRSOaVP. The chaQgLQg RQ Whe MVcL PaNeV Whe K+ aQd gOXWaPaWe WR 

OeaN RXW. (FLgXUe 1-3-6) 132 . 
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Figure 1-3-6 Interaction model of streptom\cin to MscL 130.  WheQ VWUeSWRP\cLQ LV LQ Whe PedLa LW 

LQWeUacWV ZLWh MVcL chaQQeO ZhLch OeadV WR acWLYaWLRQ Rf MVcL. ThLV chaQQeO gaWLQg aOORZV K+ OeaNage. 

SWUeSWRP\cLQ NeeSV Whe MVcL RSeQ aQd Whe chaQQeO becRPeV a SaWhZa\ fRU Whe eQWU\ Rf Whe aQWLbLRWLc LQWR 

Whe c\WRSOaVP.   

 

3.7. Voltage-gated channel vs.  mechanosensitive channels 

 

 The MS chaQQeOV aUe deVLgQed WR UeVSRQd ZheQ Whe PePbUaQe XQdeUgR chaQgeV dXe WR aQ 

LQcUeaVe Rf Whe WXUgRU SUeVVXUe hRZeYeU WheUe aUe QRW Whe RQO\ LRQ chaQQeOV WR UeVSRQd WR VXch 

WULggeU. IW haV beeQ VhRZQ WhaW YROWage-gaWed chaQQeOV aUe aOVR VeQVLWLYe WR Whe Sh\VLcaO 

eQYLURQPeQW Rf Whe PePbUaQe aQd WheLU VWUXcWXUe LV LQfOXeQced b\ Whe WUaQVPePbUaQe YROWage aQd 

Whe SUeVVXUe RQ LWV VXUface aV ZeOO 133.  

 IQWeUeVWLQg e[aPSOe Rf Whe acWLYaWLRQ Rf YROWage-gaWed chaQQeOV b\ PechaQRVeQVaWLRQ haV 

beeQ UeSRUWed ZheUe caOcLXP fOX[eV aUe WULggeUed b\ VLPSO\ WRXchLQg Whe bacWeULa 134. (FLgXUe 1-3-

7) 
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 OQ Whe RWheU haQd, RWheU VWXd\ VhRZed WhaW Whe MVcL LV gaWLQg afWeU Whe h\SeUSROaUL]aWLRQ 

Rf Whe PePbUaQe aV ZeOO.  AOWhRXgh Whe MS chaQQeOV dR QRW cRQWaLQ Whe YROWage VeQVRU dRPaLQ 

WhaW PaNeV Whe YROWage gaWed chaQQeOV RSeQ ZLWh YROWage. 

Figure 1-3-7 Calcium gated channels are induced b\ mechanosensation 134. (a) IQ a PLcURfOXLdLc 

chaQQeO ceOOV aUe cRQWLQXRXVO\ LPaged LQ Whe OLTXLd PedLa aQd dXULQg Whe PechaQLcaO VWLPXOaWLRQ b\ 

Sh\VLcaO cRQWacW ZLWh a SLece Rf 1% ORZ-PeOW agaURVe Sad RQ Whe WRS Rf Whe ceOOV. CeOOV LQ gUeeQ aUe 

e[SUeVVLQg a UeSRUWeU geQe (cSGFP-baVed caOcLXP VeQVRUV) ZhLch VhRZV Whe acWLYaWLRQ Rf caOcLXP gaWed 

chaQQeOV. (b) SLQgOe-ceOO caOcLXP UecRUdLQgV befRUe aQd afWeU PechaQLcaO VWLPXOaWLRQ. Each cRORU LV fRU 

WUaceV UecRUded fRU VLQgOe ceOOV befRUe aQd afWeU VWLPXOaWLRQ. 

 

 IW LV LQWeUeVWLQg WhaW Whe chaQQeOV ZLWhRXW Whe YROWage VeQVRU dRPaLQ caQ VeQVe YROWage 

PRdXOaWLRQ aV ZeOO. ThLV SheQRPeQRQ LV dXe WR facW WhaW a gLYeQ W\SLcaO chaQQeO, ZhLch LV VLWXaWed 

LQ Whe SROaUL]ed PePbUaQe ZLOO Vee LWV SURSeUWLeV WR be PRdLfLed b\ Whe ORcaO SaUaPeWeUV VXch aV 

eOecWULc chaUgeV aQd Whe dLeOecWULc SeUPeabLOLW\. SR, chaQgeV LQ Whe YROWage caQ affecW Whe chaQQeO 

cRQfLgXUaWLRQ aV ZeOO. The MVcL chaQQeO haV aOVR beeQ dePRQVWUaWed WR haYe Whe abLOLW\ WR 

UeVSRQd WR chaQgeV LQ Whe YROWage LQVLde Whe PePbUaQe 135. 
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4. Microfluidic s\stems  
 

4.1. Advantages of microfluidic devices for bacterial cell culture  
 

IQ e[SeULPeQWaO VcLeQceV, LQ YLWUR e[SeULeQceV aUe adYaQWageRXV LQ cRPSaULVRQ ZLWh LQ YLYR 

RQeV becaXVe Whe\ aUe VLPSOeU aQd faVWeU WR caUU\ RXW. IQ UeceQW \eaUV WhaQNV WR WechQRORgLcaO 

adYaQcePeQWV, UeVeaUcheUV aQd eQgLQeeUV WULed WR deYeORS WechQLTXeV aQd deYLceV, ZhLch heOS XV 

WR PaNe beWWeU aQd PRUe UeaOLVWLc LQ YLWUR WeVW cRQdLWLRQV. MLcURfOXLdLc deYLceV fRU ceOO cXOWXUe aUe 

RQe Rf WheVe adYaQWageRXV WechQLTXeV. WLWh VXch deYLceV, LW LV SRVVLbOe WR aQaO\]e bLRORgLcaO 

SheQRPeQRQ LQ UeaO WLPe ZLWh hLgheU SUecLVLRQ. SRPe WeVWV aQd aQaO\VLV, ZhLch ZeUe LPSRVVLbOe 

caQ QRZ be SeUfRUPed aQd faU PRUe daWa caQ be dULYeQ ZLWh fRU LQVWaQce UeaO WLPe aQaO\VLV. 

The PaLQ adYaQWage Rf PLcURfOXLdLcV fRU VWXd\LQg UeaO WLPe UeVSRQVe Rf bacWeULaO ceOOV WR a 

chePLcaO RU chaQge LQ Whe PedLa LV Whe SRVVLbLOLW\ WR LQMecW e[WUePeO\ VPaOO YROXPeV Rf a VROXWLRQ 

ZhLOe ceOOV aUe WUaSSed LQ chaQQeOV fLOOed ZLWh PedLa RQ Whe PLcURfOXLdLc deYLce. MRUeRYeU, Whe 

XVed Rf VPaOO YROXPeV caQ be adYaQWageV LQ caVe Rf Whe OLPLWed aPRXQWV Rf chePLcaOV RU PaWeULaOV 

WhaW caQ be aYaLOabOe becaXVe fRU LQVWaQce Rf cRVWV RU dLffLcXOW\ WR SURdXce. MRUeRYeU, LQ 

PLcURfOXLdLc deYLceV LW LV SRVVLbOe WR VWXd\ ceOO-WR-ceOO LQWeUacWLRQ. 

4.2. Microfluidic in persister stud\ 
 

IQ SeUVLVWeUV VWXd\, UeaO WLPe PLcURVcRS\ Rf bacWeULaO ceOOV SOaced LQ PLcURfOXLdLc deYLceV 

LV aQ e[WUaRUdLQaU\ WRRO WR XQdeUVWaQd PRUe abRXW Whe QaWXUe Rf WhLV VXbSRSXOaWLRQ Rf bacWeULa.  
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PeUVLVWeUV e[LVWeQce ZaV NQRZQ fURP Whe fRUWLeV, hRZeYeU, LW WRRN VL[W\ \eaUV WR Vee 

SeUVLVWeU fRUPaWLRQ XVLQg PLcURVcRS\. BaOabaQ HW DO., cRPbLQed PLcURfOXLdLcV aQd PLcURVcRS\ WR 

dR VLQgOe-ceOO OeYeO VWXdLeV Rf E. FROL SeUVLVWeUV 95 (FLgXUe 1-4-1). IQ WhLV VWXd\, aXWhRUV LdeQWLfLed 

QRQ-gURZLQg ceOOV SULRU WR aQWLbLRWLc WUeaWPeQW WhaQNV WR WheLU caSacLW\ WR VXUYLYe a QRUPaOO\ 

OeWhaO aPSLcLOOLQ WUeaWPeQW aQd RbVeUYed WheVe ceOOV WR UegURZ afWeU VXbVeTXeQW UePRYaO Rf Whe 

aQWLbLRWLc. 

Figure 1-4-1: E[ample of a microfluidic device used for stud\ing persister cells 95. CeOOV ZeUe WUaSSed 

aQd gUeZ LQWR QaUURZ chaQQeOV. MLcURfOXLdLcV aOORZed fRU VROXWLRQ e[chaQge aV LQdLcaWed aW Whe bRWWRP Rf 

Whe fOXRUeVceQce PLcURVcRS\ LPageV. AW Whe WLPe Rf addLWLRQ Rf a PedLa cRQWaLQLQg aPSLcLOOLQ (RUaQge 

UecWaQgOe), PRVW Rf Whe ceOOV O\Ved e[ceSW SeUVLVWeUV (Ued aUURZ). AfWeU UePRYLQg Whe aQWLbLRWLc ZLWh aQ 

e[chaQge Rf Whe VROXWLRQ YLD Whe PLcURfOXLdLc V\VWeP, SeUVLVWeUV UeVXPed gURZWh.  

PeUVLVWeUV fRUP W\SLcaOO\ VPaOO VXbSRSXOaWLRQV ZLWhLQ QRUPaO ceOO SRSXOaWLRQV ZLWh 

fUeTXeQcLeV Rf RccXUUeQce UaQgLQg fURP 10-6 WR 10-1. OQ Whe RWheU haQd NQRZLQg heWeURgeQLcLW\ LQ 

a ceOO SRSXOaWLRQ LV RQe Rf Whe PaLQ facWRU fRU SeUVLVWeU fRUPaWLRQ, LW LV eVVeQWLaO WR deYeORS a 

deYLce VXLWabOe fRU VXch VWXd\ 136. IQ UeceQW \eaUV, PLcURfOXLdLcV cRPbLQed ZLWh fOXRUeVceQW 

UeSRUWeUV (fXVed ZLWh TR[LQ-AQWLWR[LQ SURPRWeUV RU PeWabROLc UeSRUWeUV) ZeUe XVed WR 

chaUacWeUL]e SeUVLVWeU fRUPaWLRQ 97, 137. 
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WhLOe PLcURfOXLdLcV gLYeV XV adYaQWageV WR VWXd\ VLQgOe ceOO fRUPaWLRQ Rf SeUVLVWeUV, LQ 

VRPe VWXdLeV, SeUceQWageV Rf SeUVLVWeU fRUPaWLRQ LQ Whe WeVW WXbe aQd cRORQ\ fRUPaWLRQ XQLWV RQ 

SOaWeV dLffeUed fURP Whe QXPbeU Rf SeUVLVWeUV fRUPed LQ PLcURfOXLdLc deYLceV. FRU e[aPSOe, LW haV 

beeQ VhRZQ WhaW LQdROe LQdXced SeUVLVWeU fRUPaWLRQ aQd CFU VXUYLYaO SeUceQWage ZeUe PXch 

VPaOOeU LQ cOaVVLcaO PLcURbLRORgLcaO cRQdLWLRQV WhaQ ZhaW ZaV RbVeUYed LQ PLcURfOXLdLc aQd 

fOXRUeVceQce PLcURVcRS\ cRQdLWLRQV138. ThLV SheQRPeQRQ cRXOd be dXe, fRU LQVWaQce, WR 

dLffeUeQceV LQ ceOO WR ceOO LQWeUacWLRQ, WhaW RccXU LQ Whe eQYLURQPeQW Rf Whe PLcURfOXLdLc deYLceV 

ZhLch dLffeU fURP WeVW WXbe e[SeULPeQWV. HRZeYeU, Whe UeaVRQ fRU VXch dLffeUeQceV UePaLQV WR be 

cOaULfLed. 

NeZ VWXd\ VhRZed WhaW LW LV SRVVLbOe WR cRPbLQe PLcURfOXLdLc deYLce aQd VXSeU UeVROXWLRQ 

PLcURVcRS\ 139. SXSeU-UeVROXWLRQ PLcURVcRS\ LV a WechQLTXe, ZhLch SURYLde VLQgOe-PROecXOe 

SUecLVLRQ aQd LPSRUWaQW daWa abRXW Whe d\QaPLcV Rf fOXRUeVceQW SURWeLQV RU d\eV LQ a ceOO ZLWh fRU 

LQVWaQce VLQgOe-SaUWLcOe WUacNLQg e[SeULPeQWV. AV Ze deYeORSed a fOXRUeVceQWO\ Wagged 

aPLQRgO\cRVLde (NeR-C\5), Ze aUe YeU\ eQWhXVLaVWLc WR be abOe WR WUacN dRZQ Whe aQWLbLRWLc LQ 

LQWeUacWLRQ ZLWh bacWeULa LQWR a PLcURfOXLdLc deYLce XVLQg fRU LQVWaQce VXSeU-UeVROXWLRQ 

PLcURVcRS\. 
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Chapter II: Objective of thesis 

IQ RXU Oab, Ze geQeUaWe fOXRUeVceQWO\ Wagged QeRP\cLQ ZLWh C\aQLQe 5 (NeR-C\5) b\ cOLcN 

chePLVWU\. The PaLQ RbMecWLYe Rf P\ WheVLV SURMecW ZaV fLUVW WR fXOO\ VWXd\ aQd chaUacWeUL]e WhLV 

aQWLbLRWLc cRQMXgaWe aQd VWXd\ LQ PRUe deSWh Whe LQWeUacWLRQ Rf WhLV aQWLbLRWLc ZLWh bacWeULaO ceOOV 

aW VLQgOe-ceOO OeYeO. I aLPed WR VWXd\ aPLQRgO\cRVLde accXPXOaWLRQ LQ VXVceSWLbOe faVW-gURZLQg 

ceOOV aQd OeVV WROeUaQW VWUaLQV, aV ZeOO aV ceOOV WhaW aUe WUaQVLWLRQaOO\ WROeUaQW WR aQWLbLRWLcV: 

bacWeULaO SeUVLVWeUV.  

IQ aPLQRgO\cRVLde LQWeUacWLRQ ZLWh bacWeULa, WheUe LV a ORW ZhLch UePaLQV XQcOeaU. FRU 

LQVWaQce, Ze dR QRW NQRZ hRZ aPLQRgO\cRVLde aQWLbLRWLcV SaVV WhURXgh Whe c\WRSOaVPLc 

PePbUaQe WR Ueach WheLU WaUgeW. PRWeQWLaO WUaQVSRUWeUV Rf aPLQRgO\cRVLde LQ Whe ceOO PePbUaQe 

UePaLQ WR be LdeQWLfLed.   

IQ aPLQRgO\cRVLde VWXdLeV, fRU WUacNLQg dRZQ Whe XSWaNe OeYeOV Rf aPLQRgO\cRVLdeV LQ 

bacWeULaO ceOOV, fOXRUeVceQWO\-Wagged aPLQRgO\cRVLde haYe beeQ ZLdeO\ XVed aV geQWaPLcLQ Wagged 

ZLWh Whe Te[aV Red (TR) d\e. HRZeYeU, Te[aV Red eQWeUV LQWR ceOOV eYeQ ZLWhRXW geQWaPLcLQ 

fXVed WR LW. OQe Rf Whe adYaQWageV Rf NeR-C\5 LV WhaW C\5 LV QRW LQWeUacWLQg ZLWh bacWeULaO ceOOV. IW 

LV WheQ SRVVLbOe WR WUacN dRZQ Whe aQWLbLRWLc b\ fOXRUeVceQce PLcURVcRS\ aQd defLQe Whe aQWLbLRWLc 

accXPXOaWLRQ SaWWeUQV. OWheU adYaQWageV Rf C\5, LV WhaW LW LV VXLWabOe fRU VXSeU-UeVROXWLRQ 

fOXRUeVceQce PLcURVcRS\. 

PUeYLRXV ZRUN LQ Whe OabRUaWRU\ dePRQVWUaWed Whe bacWeULcLdaO acWLYLW\ Rf NeR-C\5. IQ WhLV 

VWXd\, fLUVW aQd fRUePRVW, a fLUVW RbMecWLYe ZaV WR YeULf\ WhaW Whe bacWeULcLdaO acWLYLW\ aQd 

accXPXOaWLRQ SURSeUWLeV Rf NeR-C\5 aUe PMF deSeQdeQW LQ cRPSaULVRQ ZLWh Whe QRQ-Wagged 

QeRP\cLQ. AfWeU WhLV VWeS, Whe RbMecWLYe ZaV WR eVWabOLVh SURWRcROV, ZhLch ZRXOd be VXLWabOe fRU 
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WhLV cRQMXgaWe WR SeUfRUP fOXRUeVceQce PLcURVcRS\ aQd FACS aQaO\VLV. The gRaO ZaV WR haYe a 

URbXVW PeWhRd WhaW ZRXOd cRPbLQe WheVe WZR WRROV LQ RUdeU WR LQWeUSUeW FACS daWa LQ WeUPV Rf 

accXPXOaWLRQ SaWWeUQV. 

AfWeU VWXd\LQg Whe dLffeUeQW VWeSV Rf aQWLbLRWLc accXPXOaWLRQ LQ VXVceSWLbOe ZLOd W\Se ceOOV, 

Whe RbMecWLYe ZaV WR WeVW NeR-C\5 RQ PXWaQW VWUaLQV WhaW aUe OeVV WROeUaQW WR aPLQRgO\cRVLdeV aQd 

Vee Lf Ze cRXOd RbWaLQ LQVLghWV RQ Whe WROeUaQce PechaQLVP.  

A fLQaO VWeS LQ aSSO\LQg RXU PeWhRd ZRXOd be WR LQYeVWLgaWe aPLQRgO\cRVLde XSWaNe b\ 

SeUVLVWeU ceOOV. The gRaO ZaV aOVR WR VWXd\ NeR-C\5 LQWeUacWLRQ ZLWh bacWeULaO ceOOV LQ PRUe 

cOLQLcaOO\ UeOeYaQW WeVW cRQdLWLRQV VXch aV SeUVLVWeUV, ZhLch aUe fRUPed LQ PacURShageV aQd LQ 

bLRfLOP. HRZeYeU, I ZRXOd QRW e[SORUe WhLV fLQaO RbMecWLYe becaXVe Rf VXUSULVLQg UeVXOWV WhaW I gRW 

LQ Whe SURceVV Rf SURWRcRO adMXVWPeQW, ZhLch Oed P\ SURMecW WR a QeZ dLUecWLRQ.  

WhLOe I ZaV SUeSaULQg bacWeULaO ceOOV fRU FACS aQaO\VLV, I QRWLced WhaW Sh\VLcaO 

PaQLSXOaWLRQ Rf bacWeULaO ceOOV VXch aV ceQWULfXgaWLRQ fROORZed b\ SLSeWWLQg RU ceOOV agLWaWLRQ, 

VWLPXOaWe Whe PechaQLVP Rf PechaQRVeQVaWLRQ aQd acWLYaWLRQ Rf PechaQRVeQVLWLYe chaQQeOV. 

SWLPXOaWLRQ Rf WheVe chaQQeOV Oead WR eQRUPRXV c\WRSOaVPLc accXPXOaWLRQ Rf NeR-C\5. ThLV LV 

ZRUWh WR PeQWLRQ WhaW VXch PaQLSXOaWLRQV aUe VR cRPPRQ aQd fUeTXeQWO\ XVed LQ ceOO SUeSaUaWLRQ 

LQ PLcURbLRORg\. I WheUefRUe eVWabOLVhed a PeWhRd WR haQdOe ceOO SUeSaUaWLRQ ZLWhRXW WULggeULQg Whe 

PechaQRVeQVLWLYe chaQQeOV aQd VWXd\ Whe effecW Rf PXWaQWV fRU VXch chaQQeOV RQ NeR-C\5 

accXPXOaWLRQ. 

 WLWh a SRZeUfXO WRRO VXch aV NeR-C\5, I ZaQWed WR gR fXUWheU aQd cRPbLQe PLcURfOXLdLcV 

aQd fOXRUeVceQce PLcURVcRS\ WR caSWXUe aPLQRgO\cRVLde accXPXOaWLRQ LQ faVW-gURZLQg ceOOV aQd 

SeUVLVWeU ceOOV LQ UeaO WLPe LPagLQg. 
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Chapter III Result: Neo-C\5 newl\ tagged aminogl\coside 
 

1. Introduction 

FLUVW eVVeQWLaO e[SeULPeQWV befRUe XVLQg NeR-C\5 aV a Wagged aPLQRgO\cRVLde ZeUe WR 

SURYe Lf addLQg Whe fOXRUeVceQW d\e ZaV QRW chaQgLQg Whe chaUacWeULVWLcV Rf WheVe aQWLbLRWLcV. IQ 

Whe OabRUaWRU\, Ze dLd Whe VeULeV Rf e[SeULPeQWV WR SURYe WhaW NeR-C\5 LV aQ acWLYe 

aPLQRgO\cRVLde.  

FLUVW, Ze PeaVXUed Whe PLQLPaO LQhLbLWRU\ cRQceQWUaWLRQ (MIC) Rf RXU cRQMXgaWe. We 

SURYed WhaW Wagged aQWLbLRWLc LV bacWeULcLdaO LQ VOLghWO\ hLgheU cRQceQWUaWLRQ WhaQ QRQ-Wagged RQe. 

TheQ Ze WeVWed Whe fOXRUeVceQce chaUacWeULVWLcV Rf NeR-C\5 WR checN Lf Whe C\5, ZhLch LV 

cRQMXgaWed WR Whe QeRP\cLQ, haV a dLffeUeQW e[cLWaWLRQ aQd ePLVVLRQ ZaYeOeQgWh. IQ RXU caVe, Whe 

SeaNV Rf NeR-C\5 e[cLWaWLRQ aQd ePLVVLRQ ZeUe QRW chaQged. 

AV I PeQWLRQed LQ Whe LQWURdXcWLRQ, aPLQRgO\cRVLde accXPXOaWLRQ LQ bacWeULaO ceOOV 

LQYROYeV WZR eQeUg\ deSeQdeQW VWeSV: EDPI aQd EDPII. AV LW haV beeQ VWXdLed ZheQ ceOOV haYe 

ORZeU OeYeO Rf eQeUg\, ZhLch PeaQV a ZeaNeU SURWRQ gUadLeQW cURVV WheLU PePbUaQe (ORZeU PMF), 

LW affecWV aPLQRgO\cRVLde accXPXOaWLRQ. IQ RUdeU WR checN Lf NeR-C\5 eQWeUV LQWR ceOOV LQ Whe VaPe 

eQeUg\ deSeQdeQW PaQQeU, I XVed a WUeaWPeQW ZLWh CaUbRQ\O c\aQLde P-chORURSheQ\Oh\dUa]RQe 

(CCCP). CCCP LV a chePLcaO LQhLbLWRU Rf R[LdaWLYe ShRVShRU\OaWLRQ. The UeVXOW VhRZV WhaW CCCP 

LQhLbLWV Whe bacWeULcLdaO acWLYLW\ Rf NeR-C\5 YLD LQhLbLWLRQ Rf aQWLbLRWLc accXPXOaWLRQ.  

AW OaVW, I SeUfRUPed a cRQWURO e[SeULPeQW ZheUe I WeVWed a SRVVLbOe LQWeUacWLRQ Rf Whe d\e 

C\5 ZLWh Whe ceOOV b\ fOXRUeVceQce PLcURVcRS\ LPagLQg cRPbLQed ZLWh FACS. TheVe UeVXOWV 

VhRZed WhaW Whe d\e aORQe dLd QRW accXPXOaWe LQVLde Whe ceOOV QRU LW VWURQgO\ LQWeUacWed ZLWh 
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PePbUaQeV. TheUefRUe, I cRQcOXde WhaW Whe aQWLbLRWLc eQWU\ LQWR Whe ceOOV ZaV RQO\ dXe WR Whe 

QeRP\cLQ SURSeUWLeV aQd C\5 b\ LWVeOf ZaV QRW caSabOe Rf eQWeULQg LQWR Whe ceOOV.  

IQ RXU Oab, LW haV beeQ WeVWed Lf RXU cRQMXgaWe ZaV VWLOO LQWeUacWLQg ZLWh Whe decRdLQg VLWe Rf 

16S URNA LQ 70S ULbRVRPeV. FRRWSULQWLQg aQaO\VLV RQ ULbRVRPaO SaUWLcOeV VhRZed WhaW NeR-C\5 

LQWeUacWV ZLWh Whe decRdLQg VLWe Rf Whe VPaOO ULbRVRPaO VXbXQLW LQ a VLPLOaU Za\ aV QeRP\cLQ RU 

NeR-U aOVR ZLWh a VOLghWO\ decUeaVed affLQLW\ (daWa VhRZQ LQ Whe XQSXbOLVhed PaQXVcULSW LQ 

chaSWeU 10).  

APLQRgO\cRVLdeV caXVe PLVcRdLQg LQ YLWUR. SLQce NeR-C\5 bLQdV Whe ULbRVRPaO decRdLQg 

VLWe RQ Whe VPaOO VXbXQLW, RXU Oab haV aOVR VhRZQ ZLWh a dXaO-OXcLfeUaVe gaLQ-Rf-fXQcWLRQ aVVa\, 

WhaW NeR-C\5 deULYaWLYe LQdXceV PLVUeadLQg LQ a VLPLOaU Za\ aV QeRP\cLQ. TUaQVOaWLRQ acWLYLW\ 

ZaV PRQLWRUed b\ Whe acWLYLW\ OeYeO Rf ZLOd-W\Se UeQLOOa OXcLfeUaVe, ZhLch VeUYed aV LQWeUQaO 

VWaQdaUd. A VecRQd geQe cRdLQg fRU a PXWaQW Rf Whe fLUefO\ OXcLfeUaVe ZaV XVed. IQdeed, PLVcRdLQg 

UeVWRUeV a ZLOd-W\Se aPLQR acLd LQ a SRVLWLRQ cULWLcaO fRU Whe acWLYLW\ Rf Whe eQ]\Pe.  UVLQg WhLV 

V\VWeP LV ZaV fRXQd WhaW NeR-C\5 LQdXced SURWeLQ V\QWheVLV LQhLbLWLRQ LQ a VLPLOaU PaQQeU aV 

QeRP\cLQ aV ZeOO aV PLVcRdLQg (daWa VhRZQ LQ Whe XQSXbOLVhed PaQXVcULSW LQ chaSWeU 10). 

2. MIC measurement 

HeUe LQ RUdeU WR YeULf\ Whe bacWeULcLdaO acWLYLW\ Rf NeR-C\5 RU NeR-C\3, afWeU each 

V\QWheVLV, I haYe PeaVXUed Whe MIC Rf each cRQMXgaWed aQWLbLRWLc LQ cRPSaULVRQ WR Whe SaUeQWaO 

dUXg QeRP\cLQ. AOWhRXgh LW LV NQRZQ WhaW MIC YaOXe caQ be dLffeUeQW accRUdLQg WR Whe PedLa LQ 

ZhLch Whe ceOOV aUe gURZLQg, I WeVWed Whe MIC LQ Whe PLQLPXP PedLa MOPS-G. TheVe UeVXOWV 

cRPSOePeQWed SUeYLRXV daWa fURP RXU Oab ZheUe Whe MIC ZaV WeVWed LQ PedLa M9-G aQd LB. We 

RbVeUYe WhaW MIC LV hLgheU LQ M9 PedLa. The PaLQ dLffeUeQce beWZeeQ WheVe WZR PedLa LV WhaW 
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M9 cRQWaLQV hLgheU cRQceQWUaWLRQ Rf ShRVShaWe. I haYe WeVWed WZR QeRP\cLQ cRQMXgaWeV  RQe ZLWh 

C\5 aQd Whe RWheU RQe ZLWh C\3 WhaW haYe dLffeUeQW VSecWUaO SURSeUWLeV (WabOe 3.1). 

Table 3-1 MIC cRPSaULVRQ Rf QeRP\cLQ aQd dLffeUeQW QeRP\cLQ cRQMXgaWeV LQ dLffeUeQW PedLa. 

 

3. E[citation and emission 

 

AQRWheU VWeS Rf YeULfLcaWLRQ Rf NeR-C\5¶V chaUacWeULVWLcV ZaV WR WeVW Lf C\5 haV chaQged 

LWV fOXRUeVceQce SURSeUWLeV ZhLOe cRQMXgaWed WR QeRP\cLQ. I PeaVXUed Whe e[cLWaWLRQ aQd ePLVVLRQ 

Rf NeR-C\5 aQd C\5 ZLWh a VSecWURfOXRURPeWeU (fLgXUe 3-1). AV UecRUded daWa VhRZed, RSWLcaO 

e[cLWaWLRQ aQd ePLVVLRQ ZaYeOeQgWh Rf C\5 dLd QRW chaQged ZheWheU LW LV bRXQd WR QeRP\cLQ RU 

QRW. 
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Figure 3-1 E[citation and emission spectra of C\5 and Neo-C\5.  DaWa ZeUe UecRUded RQ a 

VSecWURfOXRURPeWeU fRU VROXWLRQV aW 1ȝM LQ TULV-HCO bXffeU (SH 7.6). OSWLcaO SURSeUWLeV aUe LdeQWLcaO. 

 

4. Uptake inhibited b\ CCCP 

 

AV I PeQWLRQed LQ Whe LQWURdXcWLRQ, aPLQRgO\cRVLde accXPXOaWLRQ LQ bacWeULaO ceOOV LV 

NQRZQ WR be deSeQdeQW RQ PMF. HeUe I WeVWed b\ VXUYLYaO aVVa\ Whe effecW Rf Whe SURWRQRShRUe 

caUbRQ\O c\aQLde P-chORURSheQ\O h\dUa]RQe (CCCP) RQ NeR-C\5 LQdXced dUXg NLOOLQg (FLgXUe 3-

2).  

The UeVXOWV VhRZed WhaW addLWLRQ Rf CCCP SURWecWed ceOOV fURP Whe dUXg-LQdXced NLOOLQg. 

ThLV daWa SURYed WhaW OLNe aPLQRgO\cRVLdeV, Whe accXPXOaWLRQ Rf NeR-C\5 LV PMF deSeQdeQW aQd 

LW ZaV LQhLbLWed b\ CCCP, ZhLch LV aQ XQcRXSOLQg ageQW Rf Whe SURWRQ gUadLeQW Rf LQQeU 

PePbUaQe. 
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Figure 3-2 Activit\ of Neo-C\5 is PMF dependent. SXUYLYaO Rf E. FROL MG1655 ceOOV afWeU a 4.5-h 

WUeaWPeQW ZLWh 1.5 ȝM QeRP\cLQ RU 48 ȝM NeR-C\5 ZLWh aQd ZLWhRXW 30 ȝM CCCP (2-h LQcXbaWLRQ SULRU 

WR addLWLRQ Rf Whe aQWLbLRWLc). PORWWed aUe YaOXeV UeOaWLYe WR XQWUeaWed cRQWURO cXOWXUe. EUURU baUV aUe 

VWaQdaUd eUURUV Rf Whe PeaQV aQd ZeUe caOcXOaWed fURP WhUee LQdeSeQdeQW e[SeULPeQWV. SLgQLfLcaQW 

dLffeUeQceV, caOcXOaWed b\ Whe MaQQ±WhLWQe\ WeVW, aUe LQdLcaWed (****P < 0.0001). 

 

5. C\5 interaction with cells 

 

TR SURYe Whe adYaQWageV Rf NeR-C\5 LQ Whe PLcURVcRS\ aQd Whe FACS e[SeULPeQWV, I 

ZaQWed WR VhRZ WhaW C\5 aORQe ZaV QRW LQWeUacWLQg ZLWh Whe ceOOV. HeUe I XVed WhUee dLffeUeQW 

PeWhRdV WR SeUfRUP WhLV cRQWURO. 
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5.1. MIC measurement for C\5 
 

SRPe fOXRUeVceQW d\eV haYe bacWeULcLdaO acWLYLWLeV dXe WR WheLU ShRWRacWLYaWLRQ SURSeUWLeV 

aQd SURdXcWLRQ Rf VLQgOeW R[\geQ dXULQg LOOXPLQaWLRQ. AV I defLQe Whe MIC Rf NeR-C\5 b\ 

PeaVXULQg Rf gURZWh UaWe (e[cLWaWLRQ aW 500QP RU 400QP) LQ Whe PLcURSOaWe UeadeU, I ZaQWed WR 

WeVW Lf dXULQg WhLV e[SeULPeQW I ZaV QRW ShRWR-acWLYaWLQg C\5 aQd YeULf\ WhaW Whe bacWeULcLdaO effecW 

Rf NeR-C\5 LV VROeO\ dXe WR Whe bLQdLQg Rf QeRP\cLQ WR Whe ULbRVRPe. 

I PeaVXUed Whe MIC Rf C\5, aQd Whe UeVXOW VhRZed WhaW C\5 dLd QRW VhRZ aQ\ ShRWRWR[LcLW\ 

LQ Whe cRQdLWLRQV Rf LOOXPLQaWLRQ Rf Whe e[SeULPeQWV aV ceOOV ZeUe gURZLQg QRUPaOO\. 

5.2. FACS 
 

AV a cRQWURO e[SeULPeQW, I aQaO\]ed Whe ceOOV WUeaWed ZLWh C\5 (32 �M) RU NeR-C\5 aW Whe 

VaPe cRQceQWUaWLRQ fRU 5 PLQ aW 37�. CeOOV ZeUe WheQ ZaVhed RQ Whe PePbUaQe aQd aQaO\]ed b\ 

FACS (FLgXUe 3-3). 

Figure 3-3 C\5 vs Neo-c\5 interaction in FACS anal\sis. E. FROL MG1655 ceOOV e[SRVed WR 32 �M C\5 

RU NeR-C\5 fRU 5 PLQXWeV aW 37�C. CeOOV ZeUe ZaVhed RQ a 0.45 �P-SRUe-VL]e HAWP PePbUaQe fLOWeU 

(PL[ed ceOOXORVe eVWeUV, MeUcN MLOOLSRUe). BLQdLQg Rf NeR-C\5 ZaV cOeaUO\ dLVWLQcW fURP OeYeOV Rf ceOOXOaU 

aXWRfOXRUeVceQce RU UeVLdXaO bLQdLQg Rf Whe d\e C\5. 

C\5 intensit\ 
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ThLV UeVXOW cRQfLUPV WhaW C\5 LV QRW LQWeUacWLQg LQ Whe VaPe PaQQeU aV NeR-C\5. TheUe LV 

aQ LQWeUacWLRQ Rf C\5 ZLWh Whe PePbUaQe aV LW LV dePRQVWUaWed LQ fLgXUe 3-3. C\5 VLgQaO fURP Whe 

ceOOV WUeaWed ZLWh C\5 LV hLgheU WhaQ Whe cRQWURO VaPSOe Rf QRQ-WUeaWed ceOOV. I decLded WR dR 

PLcURVcRS\ e[SeULPeQWV WR RbVeUYe Whe SRVVLbOe QRQ-VSecLfLc LQWeUacWLRQ.  

5.3. Microscop\ 

IQ WhLV e[SeULPeQW, I WeVWed Lf I caQ RbVeUYe Whe LQWeUacWLRQ Rf C\5 WR Whe PePbUaQe b\ 

fOXRUeVceQW TIRF PLcURVcRS\. The E. FROL ceOOV ZeUe WUeaWed ZLWh 32 �M C\5 WheQ ZaVhed b\ 

fLOWUaWLRQ aQd RbVeUYed b\ bULghW fLeOd aQd fOXRUeVceQce LPagLQg (fLgXUe 3-4). CRQdLWLRQV Rf 

acTXLVLWLRQ aUe LdeQWLcaO WR Whe cRQdLWLRQV WhaW ZLOO be XVed afWeU fRU NeR-C\5 LPagLQg ZLWh 

bacWeULa (Vee OaWeU LQ Whe We[W). 

Figure 3-4 C\5 does not enter live E. cROi cells. LefW: WUaQVPLWWed OLghW LPage Rf a fLeOd Rf E. FROL 

MG1655 ceOOV e[SRVed WR 32 �M C\5 fRU 1 hRXU aW 37�C. CeOOV ZeUe ZaVhed RQ a 0.45 �P-SRUe-VL]e 

HAWP PePbUaQe fLOWeU (PL[ed ceOOXORVe eVWeUV, MeUcN MLOOLSRUe).  RLghW: fOXRUeVceQce LPage Rf Whe VaPe 

fLeOd Rf YLeZ RbWaLQed ZLWh aQ eOecWURQ-PXOWLSO\LQg gaLQ Rf 50 aQd aQ e[SRVXUe Rf 50 PV. 
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ThLV UeVXOW SURYed WhaW C\5 b\ LWV RZQ LV QRW LQWeUacWLQg VWURQgO\ ZLWh Whe PePbUaQe aQd 

Ze YeULfLed heUe WhaW XVLQg Whe acTXLVLWLRQ SaUaPeWeUV WhaW ZLOO be deVcULbed OaWeU LQ Whe We[W fRU 

PRQLWRULQg NeR-C\5 LQWeUacWLRQ ZLWh Whe ceOOV, Ze dLd QRW RbVeUYe aQ\ VLgQaO ZLWh C\5. ThLV 

UeVXOW YaOLdaWeV RXU LPagLQg SURWRcRO Rf NeR-C\5 ZLWh E. FROL ceOOV. 

6. Conclusion 
 

OYeUaOO LQ WhLV chaSWeU, I VhRZed Whe UeVXOWV, ZhLch SURYe WhaW NeR-C\5 LV aQ acWLYe 

aPLQRgO\cRVLde. IW haV NeSW LWV bacWeULcLdaO acWLYLW\. The MIC PeaVXUePeQWV VhRZed WhaW Whe 

SRVLWLRQ RQ QeRP\cLQ LQ ZhLch Whe C\5 LV fXVed LV QRW chaQgLQg Whe bacWeULcLdaO acWLYLW\.  

TheVe UeVXOWV aUe LQ agUeePeQW ZLWh Whe fRRWSULQWLQg aQaO\VLV RQ ULbRVRPaO SaUWLcOeV aQd 

PLVcRdLQg OeYeO PeaVXUePeQW LQ YLWUR, ZhLch VhRZed WhaW NeR-C\5 bLQdV ULbRVRPaO A VLWe aQd 

haV PLVcRdLQg acWLYLW\ (daWa VhRZ LQ chaSWeU 10). 

I VhRZed WhaW NeR-C\5 accXPXOaWLRQ b\ ceOOV LV deSeQd RQ Whe PMF OeYeO Rf Whe ceOOV. I 

SURYed aV ZeOO WhaW Whe d\e C\5 LV QRW WR[Lc fRU bacWeULaO ceOOV aQd LW LV QRW LQWeUacWLQg VWURQgO\ 

ZLWh ceOO PePbUaQe. 

AfWeU WheVe cRQWURO e[SeULPeQWV, I PRYed fRUZaUd WR RbVeUYe aPLQRgO\cRVLde 

accXPXOaWLRQ aW VLQgOe ceOO OeYeO. 
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Chapter IV Results: Characteri]ation of aminogl\coside uptake in 
bacterial cells 
 

1. Introduction 
 

IQ WhLV chaSWeU I SUeVeQW Whe UeVXOWV WhaW I RbWaLQed fRUP WUeaWPeQW Rf E. FROL ceOOV ZLWh 

NeR-C\5. I caSWXUed Whe NLQeWLcV Rf accXPXOaWLRQ Rf NeR-C\5 LQ Whe ceOOV b\ fOXRUeVceQce 

PLcURVcRS\. TR dR WhLV, I eOabRUaWed a PeWhRd WR ZaVh Whe e[ceVV Rf NeR-C\5 fURP ceOOV ZLWhRXW 

VWLPXOaWLQg NeR-C\5 accXPXOaWLRQ. The VWLPXOaWed aPLQRgO\cRVLde XSWaNe LV PRUe eOabRUaWed LQ 

chaSWeU V. 

I caSWXUed dLffeUeQW VWageV Rf aQWLbLRWLc accXPXOaWLRQ LQ ceOO aQd b\ Whe SaUaOOeO 

e[SeULPeQW Rf VXUYLYaO CFU cRXQWLQg; I fRXQd WhaW bacWeULaO ceOOV cRXOd VXUYLYe XQdeU a ORZ 

cRQceQWUaWLRQ Rf aQWLbLRWLc SUeVeQW LQ WheLU c\WRSOaVP. ThLV SheQRPeQRQ haV beeQ aOUead\ VWXdLed 

ZhLch LV caOOed SheQRW\Se VXSSUeVVLRQ b\ ORZ dRVage Rf aPLQRgO\cRVLde WUeaWPeQW.  

I aOVR RbVeUYe WhaW Whe ceOO cRQceQWUaWLRQ LV YeU\ cULWLcaO WR Whe NLOOLQg NLQeWLcV. I dLd 

cRQWURO e[SeULPeQWV aQd I SUeVeQW heUe Whe effLcLeQc\ Rf NeR-C\5 accXPXOaWLRQ aQd NLOOLQg cXUYe 

XQdeU gLYeQ cRQdLWLRQV. 

TheQ WR cRQfLUP P\ UeVXOWV RQ a PXch OaUgeU ceOO SRSXOaWLRQ, I aQaO\]ed Whe WUeaWed ceOOV 

b\ FACS. I UXQ a cRQWURO WeVW b\ Whe LQhLbLWRU Rf EDPI aQd EDPII, chORUaPSheQLcRO. AV LW haV 

beeQ PeQWLRQed LQ Whe LQWURdXcWLRQ, EDPII LV a VWeS Rf aPLQRgO\cRVLde accXPXOaWLRQ LQ ZhLch 

dUXg XSWaNe LQcUeaVeV dXe WR PLVWUaQVOaWed SURWeLQV LQ Whe ceOOV. ChORUaPSheQLcRO LV LQhLbLWLQg 

SURWeLQ V\QWheVLV LQ Whe ceOOV, ZhLch aUUeVWV Whe SURdXcWLRQ Rf PLVWUaQVOaWed SRO\SeSWLdeV. B\ 

FACS e[SeULPeQWV, I ZaV abOe WR dLVWLQgXLVh Whe EDPI aQd EDPII LQ Whe ceOO SRSXOaWLRQ. 



65 
 

 BefRUe aPLQRgO\cRVLdeV SeQeWUaWe LQWR Whe ceOOV, PROecXOeV LQWeUacW ZLWh Whe ceOOV¶ 

PePbUaQe. I fRXQd Whe VaWXUaWLRQ SRLQW Rf PePbUaQe b\ WeVWLQg dLffeUeQW cRQceQWUaWLRQ Rf NeR-

C\5 WR PaNe VXUe WhaW LQ P\ e[SeULPeQWaO cRQdLWLRQV, Whe PePbUaQe ZaV VaWXUaWed. The 

SRVLWLYeO\ chaUged NeR-C\5 PROecXOe caQ LQWeUacW ZLWh Whe QegaWLYeO\ chaUged PePbUaQe LQ 

VSecLfLc aQd QRQ-VSecLfLc PaQQeUV. B\ UXQQLQg dLffeUeQW cRQWURO e[SeULPeQWV, I eVWabOLVhed a 

PeWhRd WhaW gXaUaQWeed Whe RbVeUYaWLRQ Rf VWURQgO\ LQWeUacWLQg NeR-C\5 PROecXOeV ZLWh Whe 

PePbUaQe.  

 I VWXdLed Whe accXPXOaWLRQ Rf NeR-C\5 RQ Whe PePbUaQe LQ PXch PRUe deSWh b\ VXSeU 

UeVROXWLRQ PLcURVcRS\ aQd fRXQd WhaW aWWachPeQW Rf NeR-C\5 WR Whe PePbUaQe LV QRW 

hRPRgeQRXV aV LW fRUPV VeYeUaO cOXVWeUV aOO-aURXQd Rf ceOO. IQWeUeVWLQgO\, I RbVeUYed WhaW ceOO¶V 

VeSWXP aQd Whe QeZ SROeV e[SeULeQced VWURQgeU ORcaOL]aWLRQ Rf NeR-C\5. 

 TR LQYeVWLgaWe PRUe LQ Whe dLffeUeQW VWageV Rf NeR-C\5 accXPXOaWLRQ I PaUNed Whe ceOOV b\ 

SURSLdLXP LRdLde (PI) LQ dLffeUeQW WLPe SRLQW afWeU NeR-C\5 WUeaWPeQW. PI haV beeQ SUeVeQWed LQ 

bLRORgLcaO WeVWV aV a PaUNeU Rf dead ceOOV. IQ dead ceOOV WhaW haYe hROeV LQ Whe PePbUaQe, PI LV 

eQWeULQg LQWR Whe c\WRSOaVP aQd bLQdV WR DNA. HRZeYeU, accRUdLQg WR Whe FACS aQaO\VLV, Whe 

dead ceOOV deWecWed b\ Whe NLOOLQg cXUYe e[SeULPeQW ZeUe QRW VWaLQed b\ PI.  

 FLQaOO\, I WUeaWed Whe ceOOV, ZhLch e[SUeVVed Whe XQVWabOe GFP XQdeU cRQWURO Rf ULbRVRPaO 

RNA SURPRWeU ZLWh NeR-C\5 LQ RUdeU WR fLQd a OLQN beWZeeQ Whe Sh\VLRORgLcaO VWaWe Rf bacWeULa 

aQd Whe OeYeO Rf NeR-C\5 accXPXOaWLRQ. UQfRUWXQaWeO\, I dLd QRW fLQd a dLUecW OLQN beWZeeQ Whe 

NeR-C\5 accXPXOaWLRQ OeYeO LQ Whe c\WRSOaVP aQd Whe e[SUeVVLRQ Rf ULbRVRPaO RNA b\ 

PLcURVcRS\ aQaO\VLV (daWa QRW VhRZQ). 
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2. Neo-C\5 accumulation in bacterial cells 
 

2.1. Microscop\ 
 

 

ThaQNV WR NeR-C\5, WhLV LV a fLUVW WLPe WhaW Ze caQ PRQLWRU LQ deWaLO Whe LQWeUacWLRQ Rf a 

PePbeU Rf aPLQRgO\cRVLde faPLO\ aW VLQgOe ceOO OeYeO b\ fOXRUeVceQce PLcURVcRS\.  

 

2.1.1. Accumulation kinetics and killing curve 
 

 

HeUe I VhRZ Whe UeVXOWV WhaW I RbWaLQed afWeU WUeaWLQg Whe ceOOV ZLWh 32 �M NeR-C\5 aW 

37�C aQd cROOecWLQg ceOOV aW dLffeUeQW WLPe SRLQWV (2 ,5, 10,«, 80, 120 PLQ). FRU each SRLQW, I 

ZaVhed Whe ceOOV RQ a QLWURceOOXORVe fLOWeU (Vee PaWeULaO aQd PeWhRdV) aQd RbVeUYed XQdeU Whe 

PLcURVcRSe Whe ceOOV SOaced RQ aQ agaU Sad (FLgXUe 4-1-A). 

ThLV cRQceQWUaWLRQ Rf aQWLbLRWLc LV PRUe WhaQ 3 WLPeV Whe MIC. I RbVeUYed WhaW dXULQg Whe 

fLUVW 30 PLQXWeV Rf LQcXbaWLRQ, NeR-C\5 had a SeULSheUaO accXPXOaWLRQ RQ Whe bacWeULa. AfWeU 40 

PLQ Rf LQcXbaWLRQ, I RbVeUYed WhaW NeR-C\5 VLgQaO becaPe deWecWabOe LQVLde Whe c\WRSOaVP LQ a 

heWeURgeQeRXV PaQQeU; WheUe aUe ceOOV, ZhLch aUe faU bULghWeU WhaQ RWheUV aUe. I PeaVXUed Whe NeR-

C\5 accXPXOaWLRQ LQ WheVe ceOOV aQd WhLV heWeURgeQeLW\ LQ Whe c\WRSOaVPLc accXPXOaWLRQ 

cRQWLQXed aOO aORQg Whe e[SeULeQce (FLgXUe 4-1-B). 
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Figure 4-1. Kinetics of Neo-C\5 accumulation in fast growing E. cROi cells. A) FaVW gURZLQg ceOOV aW 

OD: 0.02 ZeUe LQcXbaWed aW 37 �C ZLWh NeR-C\5 (32 �M). AW each WLPe SRLQWV, ceOOV ZeUe ZaVhed RQ fLOWeU 

aQd WheQ RbVeUYed dLUecWO\ RQ agaURVe Sad cRQWaLQLQg MOPS-G RQ Whe VOLde. LefW cROXPQ aUe LPageV LQ 

bULghW fLeOd. IQ Whe PLddOe cROXPQ aUe dLVSOa\ed Whe TIRF LPageV fRU C\5 (gaLQ 10, e[SRVXUe WLPe 10 PV), 

fRU Whe fLUVW 4 WLPe SRLQWV Whe cRQWUaVW ZaV adMXVWed fRU beWWeU YLVXaO UeSUeVeQWaWLRQ (gaLQ 10, e[SRVXUe WLPe 

10 PV), ULghW cROXPQ. B) FRU each WLPe SRLQW, Whe cRUUeVSRQdLQg LPageV ZeUe aQaO\]ed b\ PLcURbeJ 

(IPageJ SOXg-LQ WR aQaO\]e bacWeULaO ceOOV) fRU C\5 VLgQaOV. AQaO\]ed bacWeULaO ceOOV QXPbeU LQ each WLPe 

SRLQW LV LQdLcaWed. FLUVW 4 WLPe SRLQWV¶ SORW aUe VhRZQ LQ VPaOOeU VcaOe RQ Whe OefW. 

 

AW Whe VaPe WLPe, fRU each WLPe SRLQW I SOaWed Whe ceOOV RQ LB RU MOPS-G agaU SOaWeV aQd 

cRXQWed Whe CFU LQ a VXUYLYaO WeVW (FLgXUe 4-2). ThLV UeVXOW VhRZed WhaW LQ Whe fLUVW 40 PLQ Rf 

LQcXbaWLRQ ZheQ Whe aQWLbLRWLc ZaV QRW deWecWed LQ TIRF LPagLQg LQVLde Whe c\WRSOaVP, Whe CFU 

ZaV QRW decUeaVLQg. HRZeYeU, afWeU WhaW WLPe ZheQ Whe aQWLbLRWLc c\WRSOaVPLc accXPXOaWLRQ 

becaPe YLVLbOe, Whe VXUYLYaO cRXQW decUeaVed.  
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Figure 4-2 Neo-C\5 killing curve. E. FROL ceOOV ZeUe WUeaWed ZLWh NeR-C\5 (32�M) aW 37�C aQd aW each 

WLPe SRLQW ceOOV ZeUe ZaVhed RQ fLOWeU aQd dLYLded LQ WZR aOLTXRWV, RQe aOLTXRW dLOXWed LQ VeULeV aQd VSRWWed 

RQ LB RU MOPS-G SOaWeV fRU CFU cRXQWLQg. The VecRQd aOLTXRW ZaV XVed fRU PLcURVcRS\. SXP Rf C\5 

fOXRUeVceQce LQWeQVLW\ LQ each bacWeULXP PeaVXUed b\ IPageJ.  

 

2.1.2. Cells with low accumulation sustain the growth   
 

 

 AV LW haV beeQ e[SOaLQed LQ fLgXUe 4-1-A, aW ceUWaLQ WLPe SRLQWV, OeYeOV Rf accXPXOaWLRQ 

ZeUe YeU\ heWeURgeQeRXV aW Whe VLQgOe ceOO OeYeO. I ZaV LQWeUeVWed WR aQaO\]e LQ PRUe deWaLOV WheVe 

WLPe SRLQWV. TheUefRUe, I SeUfRUPed WLPe-OaSVe e[SeULPeQWV WR beWWeU chaUacWeUL]e gURZLQg ceOOV 

afWeU 40 PLQ aQd 60 PLQ Rf LQcXbaWLRQ ZLWh NeR-C\5. The gRaO ZaV WR PRQLWRU Whe faLWh Rf each 

ceOO LQ OLQN ZLWh Whe accXPXOaWed OeYeOV Rf NeR-C\5 (FLgXUe 4-3-A). 

 The UeVXOWV cRQfLUPed WhaW Whe ceOOV ZLWh ORZeU accXPXOaWLRQ Rf NeR-C\5 aUe WhRVe ZhR 

gUeZ ZheUeaV WhRVe ZLWh hLgheU accXPXOaWLRQ dLd QRW. IQWeUeVWLQgO\ LQ VRPe caVeV, I RbVeUYed WhaW 

Whe ceOOV aUe gURZLQg eYeQ WhRXgh Whe\ haYe c\WRSOaVPLc accXPXOaWLRQ (FLgXUe 4-3-B). 
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Figure 4-3. E. cROi bacterial cells survive with a low amount of Neo-C\5 in their c\toplasm. A) E. FROL 

ceOOV aW OD: 0.02 ZeUe WUeaWed b\ 32�M NeR-C\5 aW 37�C fRU 40 PLQ WRS SaQeO aQd 60 PLQ fRU bRWWRP 

SaQeO. CeOOV VhRZed b\ gUeeQ aUURZV cRQWLQXed WR gURZ accRUdLQg WR Whe WLPe-OaSVe UeVXOWV. B) C\5 

LQWeQVLWLeV Rf dead aQd OLYe ceOOV PeaVXUed b\ IPageJ fRU each WLPe SRLQW. ScaOe baU 5�P.  
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LRZ cRQceQWUaWLRQV Rf aPLQRgO\cRVLde LQ Whe c\WRSOaVP caXVed ORZ UaWeV Rf PLVcRdLQg LQ 

Whe ceOOV, ZhLch ZeUe QRW OeWhaO aV ceOOV cRQWLQXed WR dLYLde. ThLV UeVXOW LV UeOaWed WR a 

SheQRPeQRQ WhaW I PeQWLRQed LQ Whe LQWURdXcWLRQ caOOed SheQRW\SLc VXSSUeVVLRQ.  

 

2.1.3. Effect of cell dilution on antibiotic action 
 

 IQ Whe SURceVV Rf cUeaWLQg aQd adMXVWLQg Whe SURWRcRO Rf ceOO WUeaWPeQW b\ NeR-C\5, I 

RbVeUYed aQ LQWeUeVWLQg facW abRXW Whe ceOO WR aQWLbLRWLc UaWLR.  

 WheQ I PeaVXUed MIC Rf NeR-C\5 fRU E. FROL LQ MOPS-G accRUdLQg WR Whe VWaQdaUd 

SURWRcROV, I WUeaWed Whe ceOOV ZLWh NeR-C\5 aW Whe fLQaO OD Rf 0.02. IQ RQe Rf Whe PLcURVcRS\ 

e[SeULPeQWV, I XVed WhLV WLPe e[SRQeQWLaO ceOOV aW Whe OD a0.2 RU 0.3 (FLgXUe 4-4-A). The 

cRQceQWUaWLRQ Rf 32 �M Rf NeR-C\5 (3[ MIC) ZaV QRW OeWhaO fRU ceOOV aW DO: 0.2 eYeQ afWeU 120 

PLQ LQcXbaWLRQ aW 37�C. 

 I PeaVXUed WheQ Whe MIC Rf QeRP\cLQ fRU Whe ceOOV aW 2 dLffeUeQW OD (0.2 aQd 0.02). 

(TabOe 4-1). I cRQfLUPed WhaW chaQgLQg Whe UaWLR Rf aQWLbLRWLc PROecXOe SeU ceOO LV cULWLcaO fRU Whe 

OeWhaOLW\.   

Table 4-1 MIC measurements at two different optical densit\ of cells. MIC LQcUeaVeV ZheQ ceOO haYe 
hLgheU OD. 
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Figure 4-4 Effect of cell densit\ on antibiotic lethalit\. A) CeOOV aW OD: 0.2 ZeUe WUeaWed ZLWh 32 �M 

NeR-C\5 aW 37�C. AW each WLPe SRLQWV, ceOOV ZeUe ZaVhed RQ fLOWeU aQd SXW RQ agaU Sad dLUecWO\. B) 

CRPSaULQg Whe NeR-C\5 accXPXOaWLRQ LQ WZR dLffeUeQW OD (0.2 RU 0.02) aW dLffeUeQW WLPe SRLQWV. CeOOV 

ZLWh hLgheU OD haYe ORZeU accXPXOaWLRQ.  
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 FROORZLQg Whe PLcURVcRS\ LPagLQg, I PeaVXUed NeR-C\5 accXPXOaWLRQ fRU Whe ceOOV aW 

ODV 0.2 aQd 0.02. I RbVeUYed WhaW Whe c\WRSOaVPLc accXPXOaWLRQ Rf NeR-C\5 LQ ceOOV aW OD 0.2 

ZaV YeU\ ORZ ZheQ cRPSaUed WR Whe OD 0.02 ceOOV (FLgXUe 4-4-B). The VWURQg VLgQaO fRU ceOOV aW 

aQ OD Rf 0.02 afWeU 120 PLQ LV Whe UeVXOW Rf EDPII c\WRSOaVPLc XSWaNe LQ OLQN ZLWh Whe NLOOLQg 

cXUYe FLgXUe 4-2. ThLV LQdLcaWeV WhaW EDPI OeYeOV Rf NeR-C\5 accXPXOaWLRQ ZeUe ZeaN aQd QRW 

VXffLcLeQW WR WULggeU VWURQg EDPII XSWaNe. TheVe UeVXOWV aUe LQ OLQN ZLWh Whe NQRZQ effecW Rf Whe 

LQRcXOXP VL]e aQd MIC 140. 

 
2.2. FACS  

 

 FACS LV a YeU\ SRZeUfXO WRRO. IW aQaO\VeV YeU\ OaUge SRSXOaWLRQ Rf bacWeULaO ceOOV LQ feZ 

PLQXWeV. OQe Rf Whe aLPV Rf WhLV VWXd\ ZaV WR WeVW Lf LW LV SRVVLbOe WR aQaO\]e NeR-C\5 

accXPXOaWLRQ LQ bacWeULaO ceOOV b\ aQ effLcLeQW WechQLTXe VXch aV FACS. 

2.2.1. Neo-C\5 accumulation in the fast-growing cells 
 

 I aQaO\]ed NeR-C\5 (32 �M NeR-C\5 aW 37�C) accXPXOaWLRQ LQ faVW gURZLQg ceOOV b\ 

FACS. AV I VhRZed LQ Whe SUeYLRXV chaSWeU LQ fLgXUe 3-3, C\5 aORQe LV QRW LQWeUacWLQg ZLWh Whe 

ceOOV LQ Whe VaPe Za\ aV NeR-C\5. TheUefRUe, I eVWabOLVh a SURWRcRO WR UecRUd Whe NeR-C\5 

accXPXOaWLRQ b\ FACS. 

  

2.2.2. Neo-C\5 accumulation in cells treated b\ chloramphenicol 
 

 I aQaO\]ed Whe ceOOV LQcXbaWed ZLWh 32 �M NeR-C\5 aW 37 �C aQd fRU VeYeUaO WLPe SRLQWV, I 

WRRN aQ aOLTXRW Rf ceOOV, ZaVhed WheP WR UePRYe Whe e[ceVV Rf aQWLbLRWLc aQd eOLPLQaWe Whe QRQ-
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VSecLfLc PePbUaQe aWWachPeQW Rf aQWLbLRWLc. TheQ I aQaO\]ed WheP b\ FACS (FLgXUe 4-5). I 

deWecWed WhaW Whe accXPXOaWLRQ LV LQcUeaVLQg ZheQ Whe ceOOV aUe LQcXbaWed ORQgeU ZLWh NeR-C\5. 

 AV I ZaQWed WR dLVWLQgXLVh Whe PePbUaQe accXPXOaWLRQ fURP EDPI aQd EDPII b\ FACS 

aQaO\VLV, I XVed chORUaPSheQLcRO (CP). ThLV aQWLbLRWLc bLQdV bacWeULaO ULbRVRPeV aQd haOWV SURWeLQ 

V\QWheVLV LQ Whe ceOOV. The bacWeULa WUeaWed ZLWh chORUaPSheQLcRO aUe becRPLQg LQVeQVLWLYe WR 

QeRP\cLQ RU NeR-C\5 becaXVe Rf QRQ-fXQcWLRQaO ULbRVRPeV. TheUefRUe, LQ ceOOV WUeaWed ZLWh 

chORUaPSheQLcRO SULRU WR Whe addLWLRQ Rf aPLQRgO\cRVLde, EDPI ZLOO be UedXced aQd EDPII 

abROLVhed. EDPII RccXUV afWeU PLVcRdLQg eYeQWV. BecaXVe ULbRVRPeV aUe aOUead\ LQhLbLWed b\ 

chORUaPSheQLcRO, WhLV VWeS LV QRW deWecWed LQ WhRVe ceOOV.  

 I WUeaWed Whe ceOOV ZLWh chORUaPSheQLcRO befRUe addLQg NeR-C\5 aQd I aQaO\]e Whe ceOOV aW 

dLffeUeQW WLPe SRLQWV. IQ cRPSaULVRQ ZLWh Whe cRQWURO ceOOV (WUeaWed RQO\ b\ NeR-C\5), I VhRZed 

WhaW Ze caQ caSWXUe EDPI aQd EDPII LQ WhRVe ceOOV LQ FACS aQaO\VLV (FLgXUe 4-5). 
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Figure 4-5 EDPI and EDPII inhibition b\ chloramphenicol treatment. FACS aQaO\VLV Rf ceOOV WUeaWed 

ZLWh NeR-C\5 aW dLffeUeQW WLPe SRLQWV LQ bOXe aQd Whe ceOOV WUeaWed ZLWh chORUaPSheQLcRO SULRU WR NeR-C\5 

LQ Ued. AW 60 PLQ aQd 150 PLQ, EDPII RccXUUed LQ Whe ceOOV WUeaWed VROeO\ b\ NeR-C\5; hRZeYeU, Whe 

accXPXOaWLRQ ZaV QRW LQcUeaVLQg LQ ceOOV SUe-WUeaWed ZLWh chORUaPSheQLcRO. 

 

 IW ZaV cRQfXVLQg fRU Pe hRZ Whe ceOOV aQaO\]ed afWeU 2 PLQ had a hLgheU (1.5 WLPeV) NeR-

C\5 VLgQaO cRPSaULQg WR Whe RWheU WLPe SRLQWV aQd eVSecLaOO\ Whe SRLQW aW 30 PLQ. I h\SRWheVL]ed 

WhaW aV ceOOV aUe LQ Whe faVW-gURZLQg ShaVe aW 2 PLQ LQcXbaWLRQ, PaMRULW\ Rf ceOOV aUe dLYLdLQg aQd 

Whe ceOOV aUe aQaO\]ed ZheQ WheLU VeSWXP LV QRW fXOO\ VegUegaWed. The PLcURVcRS\ LPageV aOVR 

VhRZed WhaW WheUe aUe PRUe ceOOV aWWached WRgeWheU LQ 2 PLQ aQd 20 PLQ WLPe SRLQWV WhaQ ORQgeU 

WLPe. Ma\be WhLV LV Whe UeaVRQ fRU ZhLch Whe VLgQaO LQWeQVLW\ LV hLgheU b\ a facWRU Rf abRXW 1.5 

(UaWLR Rf fOXRUeVceQce LQWeQVLW\ aW 2 PLQ YV 30 PLQ) aW Whe begLQQLQg. AfWeU aOO, cRPSaULQg Whe ceOOV 

ZLWh RU ZLWhRXW chORUaPSheQLcRO WUeaWPeQW I cRQcOXde WhaW FACS caQ be aQ effLcLeQW WRRO WR 

aQaO\]e EDPI aQd EDPII LQ aPLQRgO\cRVLde VWXdLeV.   

 

3. Interaction of Neo-C\5 with the membrane 
 

 OQe Rf Whe ORQg-OaVWLQg TXeVWLRQV LQ Whe VWXd\ Rf aPLQRgO\cRVLde LV hRZ WheVe PROecXOeV 

eQWeU LQVLde Whe ceOOV. US WR QRZ a VLQgOe chaQQeO, Whe PechaQRVeQVLWLYe chaQQeO MVcL haV beeQ 

UeSRUWed b\ ZhLch aPLQRgO\cRVLde ZRXOd gR WhURXgh Whe c\WRSOaVPLc PePbUaQe. HeUe I e[SORUe 

Whe LQWeUacWLRQ Rf NeR-C\5 ZLWh Whe PePbUaQe hRSSLQg WR fLQd PRUe daWa RQ WhLV VXbMecW. 
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3.1. Pole accumulation 
 

 IQWeUeVWLQgO\ ZheQ I aQaO\]e Whe LPageV Rf faVW-gURZLQg ceOOV ZhLch ZeUe WUeaWed fRU a 

YeU\ VhRUW WLPe ZLWh NeR-C\5, I fRXQd WhaW aW ceOO dLYLVLRQ Whe ceOOV¶ VeSWXP ZeUe PaUNed b\ 

NeR-C\5 PXch PRUe WhaQ RWheU SaUWV Rf bacWeULa (FLgXUe 4-6). I UecRUded a WLPe-OaSVe WR cRQfLUP 

WhLV facW aW Whe PRPeQW Rf ceOO dLYLVLRQ Whe VeSWXP becaPe PXch bULghWeU, hRZeYeU Zh\ Whe QeZ 

SROeV haYe VWURQg NeR-C\5 ORcaOL]aWLRQ UePaLQV WR be e[SOaLQed.  

Figure 4-6 Septum accumulation of Neo-C\5. WheQ ceOOV ZeUe WUeaWed fRU VhRUW aPRXQW Rf WLPe ZLWh a 

QRQ-OeWhaO cRQceQWUaWLRQ Rf NeR-C\5, befRUe ceOO dLYLVLRQ ceOO VeSWXP becaPe bULghWeU LQ C\5 VLgQaO. AfWeU 

ceOO dLYLVLRQ, QeZ SROeV ZeUe PXch bULghWeU LQ C\5 VLgQaO WhaQ ROd SROeV.  

3.2. Super resolution microscop\  
 

 AV C\5 LV a d\e, ZhLch LV VXLWabOe fRU VXSeU UeVROXWLRQ PLcURVcRS\, I dLd aQ e[SeULPeQW LQ 

RUdeU WR LQYeVWLgaWe SROaU accXPXOaWLRQ SaWWeUQV (FLgXUe 4-7). I cRQfLUPed WhaW ceOOV haYe a 

SeULSheUaO accXPXOaWLRQ SaWWeUQ afWeU feZ PLQXWeV Rf LQcXbaWLRQ ZLWh NeR-C\5 aQd I RbVeUYed 

WhaW Whe SeULSheUaO bLQdLQg LV QRW hRPRgeQeRXV. I fRXQd WhaW WheUe LV fRUPaWLRQ Rf cOXVWeUV Rf NeR-

C\5 RQ Whe PePbUaQe. TheVe cOXVWeUV LQWeUeVWed Pe becaXVe Pa\be NeR-C\5 accXPXOaWLRQ aW 

WheVe VSRWV Pa\ be UeOaWed WR Whe PechaQLVP Rf eQWU\ LQWR Whe c\WRSOaVP. TheUe LV a SRVVLbLOLW\ 

WhaW WheVe cOXVWeUV Pa\ cRUUeVSRQd WR aggUegaWLRQ Rf NeR-C\5 RQ Whe PePbUaQe. HRZeYeU, I dLd 
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QRW RbVeUYe WheVe cOXVWeUV LQ Whe c\WRSOaVP (daWa QRW VhRZQ). TheUefRUe, LW LV XQOLNeO\ WhaW WheVe 

cOXVWeUV Pa\ RULgLQaWe fURP NeR-C\5 aggUegaWLRQ. 

 AQRWheU h\SRWheVLV ZaV WhaW WheVe cOXVWeUV aUe Whe MVcL chaQQeOV, ZhLch SURbabO\ haYe 

affLQLW\ WR NeR-C\5. IW LV LQWeUeVWLQg WR QRWe WhaW VRPe daWa VXggeVW WhaW MVcL haV Whe WeQdeQc\ WR 

fRUP cOXVWeUV LQ YLWUR aQd LQ YLYR 125. We haYe SeUfRUPed RQe e[SeULPeQW ZLWh Whe E. FROL VWUaLQ 

OacNLQg Whe geQe cRdLQg fRU MVcL. We RbVeUYed WhaW cOXVWeUV ZeUe VWLOO SUeVeQW RQ Whe ceOOXOaU 

PePbUaQe. A PRUe deWaLO aQaO\VLV ZLWh Whe cRPSaULVRQ Rf Whe QXPbeU Rf cOXVWeUV fRU Whe ZLOd-

W\Se aQd PXWaQW VWUaLQV LV UeTXLUed WR cRQcOXde Lf WheUe ZaV a decUeaVe Rf Whe QXPbeU Rf cOXVWeUV. 

IW LV LQdeed SRVVLbOe WhaW MVcL RQO\ accRXQWV fRU a fUacWLRQ Rf Whe RbVeUYed cOXVWeUV; Whe RWheU 

fUacWLRQ cRXOd SRVVLbO\ cRUUeVSRQd WR RWheU PePbUaQe chaQQeOV WhaW ZRXOd aOVR bLQd 

aPLQRgO\cRVLdeV.  
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Figure 4-7 Super resolution images of E. cROi cells treated with tagged aminogl\coside. CeOOV aW OD 

0.02 ZeUe WUeaWed b\ 4 �M NeR-C\4 fRU 2 PLQ aW 37�C, WheQ ZaVhed RQ Whe fLOWeU. CeOOV ZeUe SOaced 

dLUecWO\ RQ agaU Sad fRU LPagLQg. NRWe WhaW RQce RQ Whe PLcURVcRSe WheUe ZaV a deOa\ Rf abRXW 15-20 

PLQXWeV befRUe acTXLVLWLRQ Rf WheVe LPageV. PeULSheUaO accXPXOaWLRQ Rf aQWLbLRWLc LV QRW hRPRgeQRXV aQd 

WheUe aUe NeR-C\5 cOXVWeUV deWecWed RQ Whe PePbUaQe (LQdLcaWed b\ \eOORZ aUURZV). 

3.3. Number of cell washes 
 

IQ RUdeU WR RbVeUYe VSecLfLc LQWeUacWLRQ Rf aQWLbLRWLc ZLWh PePbUaQe, I added Whe 

addLWLRQaO VWeSV WR ZaVh Whe ceOOV aQd eOLPLQaWe Whe XQVSecLfLc NeR-C\5 aWWachPeQW WR Whe ceOO 

PePbUaQe. HRZeYeU, WR PaNe VXUe WhaW I aP VXcceVVfXOO\ eOLPLQaWLQg Whe e[ceVV Rf NeR-C\5 

fURP Whe PePbUaQe, I dLd a cRQWURO WeVW. The UeVXOWV VhRZed WhaW b\ WhLV PeWhRd Rf ZaVhLQg Whe 

ceOOV RQ Whe PePbUaQe, WhUee ZaVhLQg VWeSV aUe QeceVVaU\ LQ RUdeU WR UePRYe Whe QRQ-VSecLfLc 

NeR-C\5 PePbUaQe aWWachPeQW (FLgXUe 4-8). 

Figure 4-8 Removing Neo-C\5 e[cess b\ filtration. E. FROL MG1655 ceOOV (OD600 :0.02) ZeUe LQcXbaWed 

5 PLQXWeV ZLWh 32 �M NeR-C\5 aW 37�C WheQ fLOWeUed RQ a 0.45 �P-SRUe-VL]e HAWP PePbUaQe fLOWeU 

(PL[ed ceOOXORVe eVWeUV, MeUcN MLOOLSRUe). CeOOV ZeUe ZaVhed RU QRW ZLWh 100 �L MOPS-G PedLXP (NeSW 

aW 37�C), UecRYeUed fURP Whe fLOWeU aQd LPPedLaWeO\ aQaO\]ed b\ FACS. The aYeUage Rf NeR-C\5 VLgQaOV 

fRU each VaPSOe ZaV PeaVXUed. ThUee ZaVhLQg VWeSV ZeUe UeTXLUed WR UePRYe Whe e[ceVV Rf NeR-C\5. 
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3.4. FACS e[periment Neo-C\5 saturation of membrane 
 

 I WeVWed Whe LQWeUacWLRQ Rf ceOOV ZLWh NeR-C\5 aW 32 �M (PRUe WhaQ 3 WLPeV Whe MIC). ThLV 

cRQceQWUaWLRQ LV OeWhaO WR Whe faVW-gURZLQg ceOOV dLOXWed WR aQ OD Rf 0.02. AV deVcULbed abRYe LQ 

Whe We[W, Whe NeR-C\5 WR ceOO UaWLR LV YeU\ cULWLcaO LQ RUdeU WR RbVeUYe Whe ceOOV LQ cRQdLWLRQV Rf 

dUXg LQdXced NLOOLQg. HeUe, I SeUfRUPed a WeVW b\ FACS WR PeaVXUe aW ZhLch cRQceQWUaWLRQ Rf 

NeR-C\5 (LQcXbaWed fRU a feZ PLQXWeV) VaWXUaWLRQ Rf Whe PePbUaQe ZRXOd be Ueached.  

Figure 4-9 Membrane saturation b\ Neo-C\5. A) FACS aQaO\VLV Rf ceOOV aW OD 600QP: 0.02 WUeaWed 

ZLWh dLffeUeQW cRQceQWUaWLRQV Rf NeR-C\5 aQd WheQ ZaVhed RQ Whe fLOWeUed aQd aQaO\]ed b\ FACS. The 

c\WRSOaVPLc accXPXOaWLRQ LV RQ Whe ULghW SaUW Rf Whe SaQeO aV SeUceQWage. B) PeULSOaVPLc C\5 VLgQaOV 

SORWWed fRU each cRQceQWUaWLRQ. FURP 32 �M aQd abRYe NeR-C\5 bLQdLQg Ueached VaWXUaWLRQ. 

I WeVWed a VeULeV Rf dLffeUeQW cRQceQWUaWLRQ Rf NeR-C\5 RQ Whe ceOOV aQd Whe UeVXOWV 

dePRQVWUaWed WhaW Whe PePbUaQe LV aOPRVW UeachLQg VaWXUaWLRQ aW 32 �M Rf NeR-C\5 (FLgXUe 4-9). 

IQWeUeVWLQgO\ LQcUeaVLQg Whe cRQceQWUaWLRQ Rf NeR-C\5 XS WR 64�M dLd QRW chaQge Whe PePbUaQe 
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aWWachPeQW Rf NeR-C\5 LQ faVW gURZLQg ceOOV bXW VWLPXOaWed, aW Whe hLgheVW cRQceQWUaWLRQ, a 

VecRQd SRSXOaWLRQ Rf ceOOV ZLWh c\WRSOaVPLc accXPXOaWLRQ. ThLV LV LQ agUeePeQW ZLWh Whe dRVe 

deSeQdeQW UeVSRQVe Rf aPLQRgO\cRVLde deVcULbed LQ Whe OLWeUaWXUe. 

 HeUe I WaNe a PRPeQW WR e[SOaLQ WhaW aW hLgheU cRQceQWUaWLRQV Rf NeR-C\5 LW LV SRVVLbOe WR 

decUeaVe Whe WLPe LQ ZhLch NeR-C\5 ZLOO eQWeU LQWR Whe c\WRSOaVP. YeW, I chRVe WR WeVW Whe NLOOLQg 

cXUYe aQd RWheU PLcURVcRS\ LPagLQg aW 32 �M (aQd QRW hLgheU). FLUVWO\ becaXVe Rf hLgh cRVW Rf 

NeR-C\5 aQd VecRQdO\, ZhLOe SeUfRUPLQg Whe e[SeULPeQW I Qeeded eQRXgh WLPe WR aQaO\]e ceOOV aW 

each WLPe SRLQW aQd faVWeU NLOOLQg UaWe ZLWh hLgheU cRQceQWUaWLRQV Rf NeR-C\5 ZRXOd QRW haYe 

beeQ aQ adYaQWageRXV VWeS WR P\ SURWRcRO. 

4. Neo-C\5 accumulation combine with marker for dead cells 
 

 AfWeU aPLQRgO\cRVLdeV caXVe PLVcRdLQg LQ Whe ceOOV LW haV beeQ VXggeVWed WhaW PLVfROded 

SURWeLQV LQdXce hROeV LQ Whe PePbUaQe, ZhLch OeadV WR ceOO OeaNLQg aQd EDPII fROORZed b\ ceOO 

deaWh. 

 HeUe I XVed Whe d\e PI ZhLch a ceOO PaUNeU UeSRUWLQg RQ ceOO deaWh. PI LV VXggeVWed WR eQWeU 

LQWR Whe ceOOV WhURXgh hROeV SUeVeQW LQ dead ceOO¶V PePbUaQeV. AfWeU 40 PLQ Rf LQcXbaWLRQ 

accRUdLQg WR NeR-C\5 (32�M) NLOOLQg cXUYe Ze NQRZ WhaW ceOOV aUe VWaUWLQg WR dLe aQd Whe dead 

ceOO QXPbeU LQ Whe SRSXOaWLRQ LV LQcUeaVLQg LQ WhLV cRQdLWLRQ. AfWeU 120 PLQ, Whe PLcURVcRS\ daWa 

aQd Whe CFU VXUYLYaO WeVW haYe VhRZQ WhaW PaMRULW\ Rf ceOO SRSXOaWLRQ LV dead. HRZeYeU, Whe PI 

cRXOd QRW eQWeU LQWR PRVW Rf Whe ceOOV, eYeQ afWeU 120 PLQ LQcXbaWLRQ ZLWh NeR-C\5 (FLgXUe 4-10).  
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Figure 4-10 Kinetics anal\sis of accumulation of Neo-C\5 and PI b\ FACS. E. FROL ceOOV (OD 600QP: 

0.02) WUeaWed b\ NeR-C\5 aW 32�M aW 37�C OefW SaQeO RU WUeaWed b\ NeR-C\5 aQd aOVR PI aW ULghW. CeOOV 

ZeUe aQaO\]ed aW dLffeUeQW WLPe SRLQWV. PRVLWLYe VLgQaO SeUceQWageV Rf C\5 aQd PI aUe LQdLcaWed fRU each 

e[SeULPeQW. 
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TheUe aUe PaQ\ VWXdLeV, ZhLch aUe cULWLcL]LQg PI aV a PaUNeU fRU dead ceOOV. KQRZLQg WhaW 

PI LV QRW Whe beVW PaUNeU fRU dead ceOOV, heUe I VXggeVWed WhaW Pa\be Whe hROeV cUeaWed aV a UeVXOW 

Rf NeR-C\5 LQdXced PLVcRdLQg aUe QRW OaUge eQRXgh WR OeW PI eQWeU LQWR Whe dead ceOOV. OWheU 

h\SRWheVLV caQ be WhaW fRUPaWLRQ Rf hROeV RQ Whe PePbUaQe LV QRW Whe PaLQ UeaVRQ Zh\ 

aPLQRgO\cRVLdeV aUe bacWeULcLdaO.  

 

5. Conclusion  
 

 IQ WhLV chaSWeU, I eVWabOLVhed a SURWRcRO WR chaUacWeUL]e Whe accXPXOaWLRQ Rf NeR-C\5 LQ 

OLYe bacWeULa b\ fOXRUeVceQce PLcURVcRS\, VXSeU-UeVROXWLRQ LPagLQg aQd FACS aQaO\VLV. I 

SeUfRUPed NLOOLQg cXUYeV Rf NeR-C\5 aW NeR-C\5 cRQceQWUaWLRQ abRYe Whe MIC aQd eYaOXaWed Whe 

effecW Rf ceOO deQVLW\. ThLV UeVXOW ZaV cRPSOePeQWaU\ WR Whe PLcURVcRS\ NLQeWLc LPagLQg, ZhLch 

VhRZed WhaW aV VRRQ aV NeR-C\5 eQWeUV LQWR Whe c\WRSOaVP LW VWaUWV LWV bacWeULcLdaO acWLRQV. 

HRZeYeU, I VhRZed WhaW ORZ cRQceQWUaWLRQ Rf NeR-C\5 LQWR Whe c\WRSOaVP LV QRW OeWhaO aQd ceOOV 

ZeUe abOe WR WROeUaWe aQd cRQWLQXe WR gURZ accRUdLQg WR Whe WLPe-OaSVe aQaO\VLV. I aOVR fRXQd WhaW 

Whe ceOO deQVLW\ LV cULWLcaO ZheQ Ze aUe VWXd\LQg Whe acWLRQ PechaQLVP Rf aQ aQWLbLRWLc. 

 B\ FACS aQaO\VLV, I chaUacWeUL]ed Whe NLQeWLcV Rf NeR-C\5 accXPXOaWLRQ LQ Whe ceOOV aQd 

b\ XVLQg chORUaPSheQLcRO WUeaWPeQW, ZhLch UedXceV EDPI aQd abROLVheV EDPII; I ZaV abOe WR 

VhRZ WhaW FACS aQaO\VLV ZheQ cRPbLQed WR TIRF LPagLQg caQ UeYeaO Whe ShaVeV EDPI aQd 

EDPII.  

 I VWXdLed Whe bLQdLQg Rf NeR-C\5 WR Whe PePbUaQe. I eQVXUed WhaW LQ P\ SURWRcRO, Whe 

PePbUaQeV aUe VaWXUaWed b\ NeR-C\5. IQ addLWLRQ, I Pade VXUe WhaW WheUe LV QRW QRQ-VSecLfLc 
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bLQdLQg Rf NeR-C\5 WR Whe ceOO PePbUaQe XVLQg VeYeUaO ZaVhLQg VWeSV gXaUaQWeeLQg WhaW LQ bRWh, 

PLcURVcRS\ aQd FACS aQaO\VLV WheUe aUe RQO\ VSecLfLcaOO\ bRXQd aQWLbLRWLc PROecXOeV. 

The VXSeU-UeVROXWLRQ VWXd\ dePRQVWUaWed WhaW NeR-C\5 fRUPV cOXVWeUV RQ Whe PePbUaQe 

WhaW Pa\ heOS XV WR fLQd PRUe abRXW Whe PechaQLVP Rf aPLQRgO\cRVLde SeQeWUaWLRQ LQWR Whe 

PePbUaQe. 

AW Whe eQd, I chaUacWeUL]ed fXUWheU EDPII aQd Whe WheRU\ Rf fRUPaWLRQ Rf Whe hROeV RQ Whe 

PePbUaQe b\ a PaUNeU fRU dead ceOOV, PI. The daWa dR QRW aOORZ WR cRQcOXde WhaW Whe hROeV aUe 

fRUPed aW Whe eQd Rf EDPI ZhLch OeadV WR EDPII becaXVe eYeQ LQ Whe ceOO SRSXOaWLRQ LQ ZhLch 

PaMRULW\ Rf ceOOV aUe dead, PI dLd QRW VWaLQ PRUe WhaQ 6% Rf Whe ceOOV. IW LV SRVVLbOe WhaW Whe VL]e Rf 

Whe hROeV RU Whe PePbUaQe daPageV geQeUaWed b\ Whe acWLRQ Rf aPLQRgO\cRVLdeV LV QRW cRPSaWLbOe 

ZLWh aQ eQWU\ Rf Whe d\e PI e[SOaLQLQg Whe abVeQce Rf VWaLQLQg. IW aOVR UePaLQV SRVVLbOe Whe 

PePbUaQeV UePaLQ LQWacW eYeQ WhRXgh Whe ceOOV aUe dead. I cRQcOXded WhaW Pa\be Whe fRUPaWLRQ Rf 

Whe hROeV LQ PePbUaQe LV QRW Whe PRVW LPSRUWaQW caXVe, ZhLch OeadV WR ceOO deaWh LQ 

aPLQRgO\cRVLde WUeaWPeQWV. 
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Chapter V results: Role of mechanosensitive channels on 

aminogl\coside accumulation 

1. Introduction 
 

IQ WhLV chaSWeU, I SUeVeQWed Whe XQSUedLcWed UeVXOWV WhaW I RbWaLQed dXULQg eVWabOLVhLQg Whe 

SURWRcRO fRU ceOO WUeaWPeQW ZLWh NeR-C\5. The SURWRcRO WhaW haV beeQ XVed LQ RXU OabRUaWRU\ fRU 

fOXRUeVceQce PLcURVcRS\ fRU LQcXbaWed ceOOV ZLWh NeR-C\5, ZaV fROORZed b\ VeYeUaO ZaVhLQg 

VWeSV Rf Whe ceOOV. TheVe UeSeWLWLYe ZaVhLQg VWeSV, QeceVVaU\ fRU UedXcLQg Whe bacNgURXQd, 

cRQVLVWed Rf ceQWULfXgaWLRQ Rf Whe ceOOV aQd chaQgLQg Rf ceOO PedLa.  

WheQ I ZaQWed WR VWXd\ Whe NeR-C\5 accXPXOaWLRQ b\ FACS e[SeULPeQW, I UeSeaWed WhLV 

ceOO ZaVhLQg SURWRcRO aQd I aQaO\Ved Whe ceOOV VeYeUaO WLPeV b\ FACS. The UeVXOWV cRQfLUPed Whe 

PLcURVcRS\ aQaO\VLV WhaW haV beeQ dRQe befRUe. IQ WhLV SURWRcRO YeU\ VhRUW LQcXbaWLRQ Rf ceOOV 

(2PLQ) ZLWh a VXb MIC cRQceQWUaWLRQ Rf NeR-C\5 (0.4 �M) OeadV WR hLgh c\WRSOaVPLc 

accXPXOaWLRQ LQ VRPe ceOOV. The c\WRSOaVPLc VXbSRSXOaWLRQ Rf Whe ceOOV eQWLUeO\ VhRZed PI 

accXPXOaWLRQ aV ZeOO. AW WhaW SRLQW I cRQcOXded WhaW Whe VXbSRSXOaWLRQ Rf Whe ceOOV ZLWh hLgheU 

PMF accXPXOaWe Whe NeR-C\5 LQ WheLU c\WRSOaVP eYeQ LQ a VXb-MIC cRQceQWUaWLRQ. PUeVeQce Rf 

NeR-C\5 LQ Whe c\WRSOaVP LV OeWhaO aQd ZLOO NLOO Whe ceOOV WhaW ZLOO becRPe PI SRVLWLYe. TheVe 

UeVXOWV, RQ Whe dLOXWed ceOOV VhRZed WhaW aV ceOOV aUe dLOXWed, Whe\ haYe hLgheU c\WRSOaVPLc 

cRQceQWUaWLRQ. I h\SRWheVL]ed WhaW dLOXWLRQ Pa\ LQcUeaVe Whe PMF LQ Whe ceOOV. HRZeYeU, Whe 

PePbUaQe SRWeQWLaO UeSRUWeU d\e (DLBAC4-(3)) dLd QRW VhRZ aQ\ dLffeUeQce LQ PMF OeYeO Rf Whe 

ceOOV dLOXWed LQ dLffeUeQW PedLa ZLWh dLffeUeQW caUbRQ VRXUceV.  

FACS aQaO\VLV Rf NeR-C\5 LV aQ eaV\ PeWhRd WR aQaO\Ve aPLQRgO\cRVLde accXPXOaWLRQ. IQ 

a UegXOaU SURWRcRO WR aQaO\Ve ceOOV ZLWh FACS, QRUPaOO\ LW LV QRW QeceVVaU\ WR UePRYe Whe e[ceVV 
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Rf fOXRUeVceQW d\e becaXVe FACS deWecWRU LV caSWXULQg RQO\ Whe VLgQaOV fURP each SaUWLcOe 

(bacWeULa), aV VXggeVWed WR XV, b\ RXU cROOeagXe Rf Whe FACS SOaWfRUP. AV I eOLPLQaWe Whe ZaVhLQg 

VWeSV LQ P\ SURWRcRO, I RbVeUYed WhaW WheUe ZaV QR c\WRSOaVPLc accXPXOaWLRQ LQ ceOOV eYeQ WhRXgh 

Whe WeVW cRQdLWLRQ ZaV NeSW Whe VaPe (NeR-C\5 cRQceQWUaWLRQ aQd WLPe Rf LQcXbaWLRQ). I dRXbWed 

WhaW Whe ceOO ZaVhLQg VWeSV SeUWXUbed ceOOV aQd WULggeUed accXPXOaWLRQ Rf NeR-C\5 LQ Whe ceOOV 

aUWLfLcLaOO\. TheUefRUe, I WRRN RQe-VWeS bacN aQd RbVeUYed Whe NeR-C\5 accXPXOaWLRQ Rf ceOOV b\ 

fOXRUeVceQce PLcURVcRS\ hRZeYeU WhLV WLPe I dLd QRW ZaVh Whe ceOOV b\ ceQWULfXgaWLRQ, I RQO\ 

VSUead Whe ceOOV RQ Whe agaU Sad RQ a VOLde LQ a Za\ WR cRYeU a OaUge VXUface. UVLQg WhLV SURWRcRO, I 

had PLQLPXP Rf bacNgURXQd (e[ceVV Rf NeR-C\5 LQ Whe PedLa). I dLd a VeULeV Rf e[SeULPeQWV WR 

cRQfLUP WhaW LQdeed Whe ZaVhLQg VWeSV (ceQWULfXgaWLRQ aQd VeYeUaO WLPeV chaQgLQg Rf PedLa) ZeUe 

WULggeULQg NeR-C\5 accXPXOaWLRQ. TheQ I chaQged Whe ZaVhLQg SURWRcRO, I XVed a fLOWeU deYLce WR 

ZaVh Whe ceOOV RQ a 0.45 �P fLOWeU. I UecRYeUed Whe ceOOV fURP fLOWeU LQWR PedLa aQd aQaO\Ved Whe 

ceOOV YLD PLcURVcRS\ RU FACS. AOO Whe UeVXOWV WhaW haYe beeQ SUeVeQWed LQ chaSWeU IV aUe 

fROORZLQg WhLV SURWRcRO, ZhLch dReV QRW WULggeU aUWLfLcLaO accXPXOaWLRQ Rf NeR-C\5. 

I WeVWed Whe effecW Rf ceQWULfXge aQd ceOO UeVXVSeQVLRQ PeWhRd (RWheU PechaQRVeQVaWLRQ 

facWRU) b\ FACS e[SeULPeQWV. I fRXQd WhaW ceQWULfXgaWLRQ Rf Whe ceOOV RQ LWV RZQ LV QRW WULggeULQg 

Whe NeR-C\5 accXPXOaWLRQ. AfWeU ceQWULfXgaWLRQ, Whe Za\ WhaW ceOOV aUe UeVXVSeQded LV LPSRUWaQW. 

If Whe ceOOV aUe UeVXVSeQded b\ agLWaWLRQ, LW WULggeUV c\WRSOaVPLc accXPXOaWLRQ LQ a VXbSRSXOaWLRQ 

Rf Whe ceOOV; hRZeYeU, Whe YeU\ PLOd WaSSLQg Rf Whe WXbe LV QRW WULggeULQg aQ\ c\WRSOaVPLc 

accXPXOaWLRQ.  

AV I PeQWLRQed LQ Whe LQWURdXcWLRQ, Whe PechaQRVeQVLWLYe (MS) chaQQeOV haYe beeQ 

UeSRUWed WR haYe affLQLW\ WR Whe aPLQRgO\cRVLde VWUeSWRP\cLQ. HeUe P\ RbVeUYaWLRQV cOeaUO\ 

VhRZed WhaW PechaQRVeQVaWLRQ facWRU LV WULggeULQg NeR-C\5 accXPXOaWLRQ. TR LQYeVWLgaWe WhLV 
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SheQRPeQRQ, I XVed Whe VWUaLQV ǻPVFL aQd ǻPVFS fURP Whe E. FROL KeLR KQRcNRXW CROOecWLRQ. I 

WUaQVfeUUed WheVe PXWaWLRQV LQWR Whe MG1655 E. FROL VWUaLQ b\ P1 bacWeULRShage.  

The MIC Rf WheVe 2 VWUaLQV fRU QeRP\cLQ ZaV VOLghWO\ hLgheU. ThLV caQ VXggeVW WhaW 

aPLQRgO\cRVLdeV Pa\ QaWXUaOO\ gR WhURXgh WheVe chaQQeOV, eYeQ WhRXgh WheUe LV QR ceQWULfXgaWLRQ 

LQ MIC PeaVXUePeQW.  

I UaQ a WeVW RQ Whe ǻPVFL VWUaLQ b\ FACS LQ cRPSaULVRQ ZLWh Whe ZLOd W\Se VWUaLQ. The 

UeVXOWV cRQfLUPed WhaW MS chaQQeOV (aW OeaVW MVcL) ZeUe acWLYaWed YLD ceQWULfXgaWLRQ aQd 

UeVXVSeQVLRQ. ThLV acWLYaWLRQ OeadV WR NeR-C\5 accXPXOaWLRQ LQ Whe c\WRSOaVP LQ a VXb-

SRSXOaWLRQ Rf bacWeULa.  

FLQaOO\, ZheQ I fLUVW ceQWULfXged ZLOd-W\Se aQd ǻPVFL ceOOV aQd added NeR-C\5 afWeU 

VWRSSLQg Whe ceQWULfXgaWLRQ, I RbVeUYed WhaW WT ceOOV O\Ved YeU\ eaVLO\, LQ cRQWUaVW WR Whe ǻPVFL 

ceOOV, ZhLch ZeUe UeVLVWLQg.  

2. Mechanosensation and Neo-C\5 accumulation   
 

 HeUe I SUeVeQW Whe UeVXOWV Rf NeR-C\5 accXPXOaWLRQ LQ Whe ceOOV afWeU ZaVhLQg VWeSV ZLWh 

ceQWULfXgaWLRQ. AW fLUVW, I SUeVeQW Whe NeR-C\5 accXPXOaWLRQ SaWWeUQV LQ E. FROL b\ ceQWULfXgaWLRQ 

ceOO ZaVhLQg SURWRcRO. TheQ I SUeVeQW PRUe e[SeULPeQWV LQ RUdeU WR XQdeUVWaQd Whe UeaVRQ behLQd 

Whe ceOO¶V accXPXOaWLRQ SaWWeUQV. 

2.1. Cells washing protocol  
 

IQ PLcURVcRS\ aQaO\VLV Rf NeR-C\5 accXPXOaWLRQ LQ OLYe bacWeULa, LQ RUdeU WR UePRYe Whe 

e[ceVV Rf NeR-C\5 LQ Whe ceOO cXOWXUe aQd QRQ-VSecLfLc NeR-C\5 bLQdLQg WR ceOO PePbUaQe, LW LV 

QeceVVaU\ WR ZaVh Whe ceOOV afWeU WUeaWPeQW. IQ RXU Oab, a SURWRcRO had beeQ eVWabOLVhed ZhLch 
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cRQVLVWed Rf ceOO ceQWULfXgaWLRQ aW 8000 g fRU 5 PLQ aQd WheQ chaQgLQg Whe PedLa fRU a fUeVh RQe. 

ThLV VWeS ZaV UeSeaWed a PLQLPXP Rf 3 WLPeV WR haYe Whe OeaVW aPRXQW Rf bacNgURXQd LQ Whe 

fOXRUeVceQce PLcURVcRS\ LPagLQg. 

 

2.1.1. Accumulation patterns b\ microscop\ and FACS 
 

 I SUeVeQW heUe UeVXOWV, ZhLch ZeUe RbWaLQed SUeYLRXVO\ LQ RXU OabRUaWRU\. E. FROL ceOOV aW 

OD 600QP Rf 0.3 ZeUe WUeaWed b\ 0.4 �M (VXb-OeWhaO) fRU 2 PLQ aW 37�C. AfWeU ZaVhLQg ceOOV b\ 

ceQWULfXgaWLRQ, ceOOV ZeUe SXW RQ agaU Sad aQd aQaO\Ved b\ fOXRUeVceQce PLcURVcRS\ (fLgXUe 5-1). 

CeOOV haYe 3 dLffeUeQW accXPXOaWLRQ SaWWeUQV: SeULSheUaO, c\WRSOaVPLc aQd accXPXOaWLRQ aW Whe ceOO 

VeSWXP LQ Whe dLYLdLQg ceOOV. 

 

Figure 5-1 Accumulation of Neo-C\5 in e[ponential phase cells. CeOOV ZeUe LQcXbaWed LQ MOPS-G 

PedLa fRU 2 PLQ ZLWh VXb-MIC cRQceQWUaWLRQ Rf NeR-C\5 aW 37�C aQd WheQ ceOOV ZeUe ZaVhed 3 WLPeV b\ 

ceQWULfXgaWLRQ aQd chaQgLQg Whe PedLa. TheUe aUe WZR dLVWLQcW NeR-C\5 accXPXOaWLRQ SaWWeUQV: SeULSheUaO 

aQd c\WRSOaVPLc. C\WRSOaVPLc VXb-SRSXOaWLRQ LV OeVV WhaQ 10%. SeSWXP Rf ceOOV LQ dLYLVLRQ haYe a hLgheU 

NeR-C\5 VLgQaO. ScaOe baU 5 �P. 

I UeSeaWed Whe VaPe SURWRcRO aQd aQaO\Ved Whe ceOOV b\ FACS (fLgXUe 5-2). The WZR C\5 

SRVLWLYe SeaNV cRUUeVSRQd WR Whe SeULSheUaO (ORZeU) aQd c\WRSOaVPLc (hLgheU) accXPXOaWLRQ OeYeOV. 

The SeUceQWage Rf each SeaN deSeQdV RQ Whe WeVW cRQdLWLRQV. 
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2.1.2. Dilution effect  
  

 IW haV beeQ VWXdLed b\ fOXRUeVceQce PLcURVcRS\ LQ RXU Oab WhaW dLOXWLRQ Rf e[SRQeQWLaO 

ShaVe ceOOV LQfOXeQceV Whe c\WRSOaVPLc accXPXOaWLRQ VXbSRSXOaWLRQ. The PRUe dLOXWed Whe ceOOV 

aUe, Whe hLgheU Whe SeUceQWage Rf ceOOV ZLWh c\WRSOaVPLc accXPXOaWLRQ LV ZheQ XVLQg Whe 

ceQWULfXgaWLRQ SURWRcRO. HeUe, I cRQfLUP WhLV UeVXOW b\ FACS aQaO\VLV. CeOOV aW OD: 0.3 haYe ORZeU 

VXb-SRSXOaWLRQ Rf c\WRSOaVPLc accXPXOaWLRQ (6%). WheQ ceOOV aUe dLOXWed 10 WLPeV, Whe 

c\WRSOaVPLc VXb-SRSXOaWLRQ LQcUeaVeV WR 44 % aQd ZheQ ceOOV aUe dLOXWed 100 WLPeV, WheUe aUe 66 

% Rf Whe ceOOV ZLWh c\WRSOaVPLc NeR-C\5 XSWaNe (FLgXUe 5-2). 

Figure 5-2 Anal\sis of Neo-C\5 accumulation patterns b\ FACS. E[SRQeQWLaOO\ ShaVe ceOOV aW OD: 0.3 

ZeUe dLOXWed 10 WLPeV aQd 100 WLPeV. Each ceOO cXOWXUe ZaV WheQ WUeaWed ZLWh VXb-MIC cRQceQWUaWLRQ Rf 

NeR-C\5 fRU 2 PLQ aW 37�C. CeOOV ZeUe WheQ ZaVhed 3 WLPeV b\ ceQWULfXgaWLRQ fRU chaQgLQg Whe PedLa. 

CeOOV ZeUe WheQ aQaO\Ved b\ FACS fRU C\5 VLgQaO. The SeaN ZLWh ORZeU fOXRUeVceQce LQWeQVLW\ LV VhRZLQg 

Whe SeULSheUaO bLQdLQg Rf NeR-C\5 aQd Whe VecRQd hLgheU SeaN LV VhRZLQg Whe c\WRSOaVPLc XSWaNe. The 

SeUceQWage Rf each SeaN LV VhRZQ LQ Whe WabOe.   
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 AV LW haV beeQ PeQWLRQed LQ Whe LQWURdXcWLRQ, LQcUeaVe Rf aPLQRgO\cRVLde OeWhaOLW\ b\ ceOO 

dLOXWLRQ haV beeQ UeSRUWed befRUe; hRZeYeU, Whe UeaVRQ Rf VXch aQ RbVeUYaWLRQ UePaLQV XQNQRZQ.  

2.1.3. PMF measurement in diluted cells  
 

 I h\SRWheVL]ed WhaW Whe effecW Rf ceOO dLOXWLRQ RQ c\WRSOaVPLc accXPXOaWLRQ LV dXe WR 

LQcUeaVe Rf PMF LQ Whe SRSXOaWLRQ. WheQ Whe PMF LV hLgheU, WheUe LV PRUe accXPXOaWLRQ Rf NeR-

C\5 LQ Whe c\WRSOaVP aV Whe aPLQRgO\cRVLde accXPXOaWLRQ LV PMF deSeQdeQW. WheQ Whe ceOOV aUe 

dLOXWed WheUe aUe PRUe QXWULPeQWV, ZhLch Pa\ Oead WR aQ LQcUeaVe Rf PMF LQ Whe ceOO SRSXOaWLRQ. 

HeUe, I WeVWed WR Vee Lf Whe PMF LV chaQgLQg ZhLOe Whe ceOOV aUe dLOXWed LQ PedLa (MOPS) ZLWh 

dLffeUeQW VRXUceV fRU caUbRQ. I XVed Whe QegaWLYeO\ chaUged d\e DLBAC4-(3) [bLV-(1,3-

dLbXW\ObaUbLWXULc acLd)-WULPeWhLQe R[RQRO], ZhLch caQ UeYeaO Whe SROaUL]aWLRQ OeYeO Rf Whe 

PePbUaQe. DLBAC4-(3) VLgQaO LQcUeaVeV ZheQ Whe ceOOV aUe deSROaUL]ed. SLgQaO LV ZeaNeU ZheQ 

ceOOV haYe QRUPaO SRWeQWLaO aQd decUeaVeV fXUWheU ZheQ ceOOV aUe h\SeUSROaUL]ed. The FACS 

aQaO\VLV fRU DLBAC4-(3) VhRZed QR chaQgeV LQ Whe ceOO SRSXOaWLRQ PMF ZhLOe Whe\ aUe dLOXWed LQ 

PedLa ZLWh dLffeUeQW caUbRQ VRXUceV (fLgXUe 5-3). ThLV d\e haV beeQ XVed fRU PeaVXULQg Whe PMF 

LQ E. FROL, I Pa\ cRQcOXde WhaW WheUe LV QR chaQgLQg LQ Whe OeYeO Rf PMF LQ Whe ceOOV dLOXWed LQ 

dLffeUeQW PedLa RU Pa\be DLBAC4-(3) LV QRW VeQVLWLYe eQRXgh WR VhRZ a VPaOO PMF YaULaWLRQ. 
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Figure 5-3 Measuring membrane potential in the diluted cells in different media and comparing to 
non-diluted cells. E[SRQeQWLaO ceOOV ZeUe dLOXWed LQ MOPS PedLa ZLWh RU ZLWhRXW dLffeUeQW caUbRQ VRXUceV 

WheQ WUeaWed ZLWh DLBAC4-(3). AV a cRQWURO fRU SRVLWLYe VLgQaOV, ceOOV ZeUe WUeaWed ZLWh eWhaQRO 60% LQ 

RUdeU WR deSROaUL]e Whe ceOO WheQ ZaVhed aQd WUeaWed b\ DLBAC4-(3). G: GOXcRVe, CAA: caVaPLQR acLd. 

2.1.4. Different Neo-C\5 concentrations and time of incubation  
 

 HeUe I SUeVeQWed Whe UeVXOWV Rf WeVWLQg dLffeUeQW NeR-C\5 cRQceQWUaWLRQV aQd dLffeUeQW WLPe 

Rf LQcXbaWLRQ ZLWh NeR-C\5 b\ Whe ceQWULfXgaWLRQ ZaVhLQg SURWRcRO. 

CeOOV aW OD 0.3 ZeUe WUeaWed aW 37�C ZLWh dLffeUeQW cRQceQWUaWLRQV Rf NeR-C\5 (fLgXUe 5-

4-A). C\WRSOaVPLc VXbSRSXOaWLRQ SeaN LV VOLghWO\ LQcUeaVLQg ZhLOe Whe SeULSheUaO accXPXOaWLRQ LV 

YeU\ heWeURgeQeRXV LQ Whe ORZeU cRQceQWUaWLRQ aQd becRPeV PRUe hRPRgeQRXV LQ hLgheU RQeV. 
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 WheQ ceOOV ZeUe LQcXbaWed ORQgeU ZLWh 0.4 �M Rf NeR-C\5, Whe c\WRSOaVPLc SRSXOaWLRQ 

ZaV QRW LQcUeaVLQg, I cRQcOXde WhaW Whe c\WRSOaVPLc accXPXOaWLRQ LV LQdeSeQdeQW Rf Whe WLPe Rf 

LQcXbaWLRQ SULRU Whe ceQWULfXgaWLRQ aQd ZaVhLQg VWeSV. ThLV aOVR VXggeVWV WhaW Whe c\WRSOaVPLc 

XSWaNe LV UaSLd aQd RQO\ dULYeQ b\ Whe ceQWULfXgaWLRQ/ZaVhLQg SURWRcRO (FLgXUe 5-4-B). 

Figure 5-4. Patterns of Neo-C\5 accumulation in e[ponential phase cells. A) E[SRQeQWLaO ceOOV OD: 

0.3 ZeUe WUeaWed ZLWh dLffeUeQW cRQceQWUaWLRQV Rf NeR-C\5 fRU 2 PLQ WheQ ZaVhed b\ Whe ceQWULfXgaWLRQ 

SURWRcRO.  CeOOV ZeUe WheQ aQaO\Ved b\ FACS fRU C\5 VLgQaOV. B) E[SRQeQWLaO ceOOV OD: 0.3 ZeUe WUeaWed 

b\ 0.4 �M Rf NeR-C\5 fRU dLffeUeQW WLPe Rf LQcXbaWLRQ WheQ VXbMecWed WR Whe VaPe SURWRcRO Rf aQaO\VLV. P: 

PeULSheUaO, C: C\WRSOaVPLc accXPXOaWLRQ. 
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2.1.5. PI and c\toplasmic accumulation of Neo-C\5 
  

 KQRZLQg WhaW NeR-C\5 LV aQ acWLYe aQWLbLRWLc, I aVVXPed WhaW ceOOV ZLWh hLgh c\WRSOaVPLc 

accXPXOaWLRQ aUe dead. IW haV beeQ VhRZQ LQ RXU Oab b\ WLPe-OaSVe PLcURVcRS\ WhaW ceOOV ZLWh 

c\WRSOaVPLc accXPXOaWLRQ aUe QRQ-gURZLQg.  

 HeUe I WUeaWed Whe ceOOV ZLWh QeR-C\5 aQd PI WR SURYe WhaW ceOOV ZLWh c\WRSOaVPLc 

accXPXOaWLRQ Rf NeR-C\5 VXffeU PePbUaQe daPage aQd PI eQWeUV LQWR WheLU c\WRSOaVP. FACS 

UeVXOWV VhRZed WhaW ceOOV ZLWh SeULSheUaO accXPXOaWLRQ Rf NeR-C\5 aUe PI QegaWLYe aQd Whe 

c\WRSOaVPLc SRSXOaWLRQ Rf ceOOV haYe SRVLWLYe PI VLgQaOV (FLgXUe 5-5). 
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Figure 5-5. Cells with c\toplasmic accumulation are PI positive. E[SRQeQWLaO ceOOV ZeUe dLOXWed 10 

WLPeV WheQ WUeaWed ZLWh 0.4 �M Rf NeR-C\5 aW 37 �C fRU LQdLcaWed dXUaWLRQV. CeOOV ZeUe WheQ ZaVhed b\ 

ceQWULfXgaWLRQ WheQ LQcXbaWed ZLWh PI (15 PLQ) aQd aQaO\Ved b\ FACS fRU C\5 aQd PI VLgQaOV. 

 

2.2. Effect of washing steps 
 

OQce I had dLffeUeQW UeVXOW fURP QRQ-ZaVhed ceOOV (QR c\WRSOaVPLc VLgQaOV ZLWh VXch 

LQWeQVLW\), I aVVXPed WhaW Whe ZaVhLQg VWeSV, ZhLch cRQVLVWed Rf ceQWULfXgaWLRQ aQd PedLa 

chaQgLQg, WULggeUed PechaQRVeQVaWLRQ LQ Whe bacWeULaO ceOOV. ThLV Oed WR c\WRSOaVPLc accXPXOaWLRQ 

NeR-C\5 LQ hLgh OeYeOV (eYeQ ZheQ Whe ceOOV ZeUe WUeaWed ZLWh VXb-MIC cRQceQWUaWLRQ). 

I dLd a VeULeV Rf e[SeULPeQWV b\ FACS aQaO\VLV WR fLQd ZhLch VWeS Rf P\ SURWRcRO OeadV WR 

c\WRSOaVPLc accXPXOaWLRQ. 

 

2.2.1. Centrifugation and cell resuspension methods  
 

CeOOV ZeUe WUeaWed ZLWh VXb-MIC cRQceQWUaWLRQ Rf NeR-C\5 aW 37�C. AfWeU ceQWULfXgaWLRQ 

aQd chaQgLQg Whe PedLa ceOOV ZeUe UeVXVSeQded eLWheU b\ WaSSLQg YeU\ deOLcaWeO\ RQ Whe WXbe RU 

b\ SLSeWWLQg XS aQd dRZQ VeYeUaO WLPeV. The UeVXOW VhRZed WhaW ceOOV, ZhLch ZeUe UeVXVSeQded b\ 

SLSeWWLQg cRQWaLQed hLgheU VXbSRSXOaWLRQ Rf ceOOV ZLWh c\WRSOaVPLc accXPXOaWLRQ (FLgXUe 5-6). 

WheQ Whe ceOOV ZeUe PL[LQg b\ XS aQd dRZQ SLSeWWLQg LW WULggeUed PechaQRVeQVaWLRQ acWLYaWLRQ LQ 

ceOOV. I aOVR RbVeUYed WhaW ZheQ Whe e[SeULPeQW ZaV SeUfRUPed ZLWh dLffeUeQW ceOOV cXOWXUeV LQ 

VaPe da\ RU dLffeUeQW da\V, Whe SeULSheUaO aQd c\WRSOaVPLc SeaNV ZeUe VhLfWLQg LQ Whe dLffeUeQW 

e[SeULPeQWV. 
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Figure 5-6. Resuspension methods trigger mechanosensation in cells and change c\toplasmic 
accumulation of Neo-C\5. CeOOV ZeUe gURZQ aW OD: 0.3 WheQ dLOXWed 10 WLPeV. CeOOV ZeUe LQcXbaWed aW 

37�C ZLWh VXb-MIC cRQceQWUaWLRQ Rf NeR-C\5 fRU 2 PLQ. TheQ ceOOV ZeUe ceQWULfXged aW 8000g fRU 5 PLQ 

aQd UeVXVSeQd LQ Whe QeZ PedLa eLWheU b\ WaSSLQg geQWO\ RQ WXbe RU PL[ed b\ SLSeW. Each e[SeULPeQW ZaV 

dRQe WZR WLPeV. The c\WRSOaVPLc SeUceQWage (LQdLcaWed LQ Whe fLgXUe) chaQged VOLghWO\ aQd Whe SeaN Rf 

SeULSheUaO NeR-C\5 bLQdLQg YaULed aV ZeOO. C: c\WRSOaVPLc, P: SeULSheUaO. 

 

 

I aOVR VhRZed WhaW Lf Whe ceOOV aUe QRW ceQWULfXgaWed aQd RQO\ PL[ed b\ SLSeW Whe effecW LV 

QRW Whe VaPe. TheUe LV QR c\WRSOaVPLc accXPXOaWLRQ LQ Whe ceOOV ZLWhRXW ceQWULfXgaWLRQ. 

C\WRSOaVPLc accXPXOaWLRQ RccXUUed RQO\ fRU ceOOV PL[ed b\ SLSeWWLQg (FLgXUe 5-7). AV I fRXQd 

WhaW Whe UeVXVSeQVLRQ PeWhRdV WULggeU PechaQRVeQVaWLRQ, fRU fXUWheU VWXd\, I UeVXVSeQd Whe ceOOV 

ZLWh VaPe VWUeQgWh b\ Whe VhaNeU ZLWh a WXbe hROdeU WR NeeS Whe VhaNLQg VWeS eTXaO aOO ORQg Whe 

e[SeULPeQWV. 
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Figure 5-7. Centrifugation should be followed b\ pipet mi[ing the cells to trigger accumulation of 
Neo-C\5 in the c\toplasm. CeOOV ZeUe gURZQ aW OD: 0.3 WheQ dLOXWed 10 WLPeV. CeOOV LQcXbaWed aW 37�C 

ZLWh VXb MIC cRQceQWUaWLRQ Rf NeR-C\5 fRU 2 PLQ. TheQ ceOOV ZeUe ceQWULfXged (RU QRW aV LQdLcaWed) aW 

8000g fRU 5 PLQ aQd UeVXVSeQded LQ Whe QeZ PedLa eLWheU b\ WaSSLQg geQWO\ RQ WXbe RU PL[ed b\ SLSeW. 

The c\WRSOaVPLc SeUceQWageV aUe LQdLcaWed LQ Whe fLgXUe. C: c\WRSOaVPLc, P: SeULSheUaO. 
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2.2.2. Rifampicin treatment 
 

RLfaPSLcLQ LV aQ aQWLbLRWLc, ZhLch LQhLbLWV DNA-deSeQdeQW RNA SRO\PeUaVe. CeOOV 

WUeaWed ZLWh ULfaPSLcLQ Vee WheLU OeYeOV Rf PRNA WR UaSLdO\ dURS ZLWh Whe VXbVeTXeQW haOW Rf 

SURWeLQ V\QWheVLV. HeUe I WeVWed WR Vee Lf ULfaPSLcLQ WUeaWPeQW caQ LQhLbLW Whe accXPXOaWLRQ Rf NeR-

C\5 LQ Whe ceOOV ZhLOe LWV accXPXOaWLRQ LV WULggeUed b\ ceQWULfXgaWLRQ aQd ZaVhLQg VWeSV. 

RLfaPSLcLQ WUeaWPeQW VWRSSed accXPXOaWLRQ Rf NeR-C\5 LQ Whe c\WRSOaVP (FLgXUe 5-8).  

HeUe, I VXSSRVed WhaW NeR-C\5 c\WRSOaVPLc accXPXOaWLRQ b\ acWLYaWLRQ Rf 

PechaQRVeQVaWLRQ LQ bacWeULa LV dLVabOed b\ ULfaPSLcLQ WUeaWPeQW RU WhaW ULfaPSLcLQ cRPSeWeV 

ZLWh NeR-C\5 fRU eQWU\. I dR QRW NQRZ ZhaW Whe PechaQLVP LV, ZhLch OeadV WR VXch UeVXOW. 

Figure 5-8 Rifampicin treatment inhibits accumulation of Neo-C\5 in the c\toplasm induced b\ 
centrifugation washing steps. E[SRQeQWLaO ShaVe ceOOV (OD: 0.3) ZeUe dLOXWed 10 WLPeV. CeOOV LQcXbaWed 

ZLWh 30 �M ULfaPSLcLQ fRU 10 PLQ ZeUe WheQ LQcXbaWed ZLWh VXb-MIC cRQceQWUaWLRQ Rf NeR-C\5 fRU 2 PLQ 

aQd ZaVhed ZLWh ceQWULfXgaWLRQ SURWRcRO befRUe FACS aQaO\VLV. P SeULSheUaO, C c\WRSOaVPLc accXPXOaWLRQ. 



97 
 

3. Mechanosensitive channels role in aminogl\coside accumulation  
   

I haYe WeVWed heUe Whe effecW Rf RQe Rf PechaQRVeQVLWLYe chaQQeOV LQ E. FROL MG1655, aV 

WheVe chaQQeOV haYe beeQ UeSRUWed WR haYe affLQLW\ WR VWUeSWRP\cLQ. 

3.1. Strain construction 
 

I WUaQVfeUUed Whe geQe deOeWLRQ PXWaWLRQ fRU WZR PechaQRVeQVLWLYe chaQQeOV: PVFL aQd 

PVFS (ZhLch ZeUe UeSOaced b\ NaQaP\cLQ UeVLVWaQce geQe) fURP Whe VWUaLQV Rf Whe E. FROL KeLR 

KQRcNRXW CROOecWLRQ b\ P1 bacWeULRShage WUaQVdXcWLRQ LQWR MG1655 VWUDLQ. TheQ I deOeWe Whe 

NaQaP\cLQ UeVLVWaQce geQe LQ Whe VWUaLQ b\ LQdXcLQg Whe WheUPRVeQVLWLYe SOaVPLd cRdLQg fRU FOS 

UecRPbLQaVe. The VWUaLQV ZeUe WheQ YeULfLed b\ PCR (fLgXUe 5-9). 

Figure 5-9. Verification of the construction of the mutants PVcL and PVcS b\ PCR. SLQgOe-cRORQ\ 

PCR afWeU PXWaQW cRQVWUXcWLRQ LQ cRPSaULVRQ ZLWh WT VWUaLQ ZLWh Whe VaPe SaLUV Rf VSecLfLc DNA 

SULPeUV. The baQdV aQd WheLU VL]eV cRUUeVSRQdLQg WR Whe aPSOLfLed DNA fUagPeQWV aUe dLVSOa\ed. 
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3.2. MIC of ǻPVcL and ǻPVcS  
 

FLUVW, I PeaVXUed Whe MIC Rf Whe WZR PXWaQW VWUaLQV ǻPVFL aQd ǻPVFS fRU QeRP\cLQ 

(e[SeULPeQWV ZLWh WULSOLcaWeV). BRWh VWUaLQV had a VOLghWO\ hLgheU MIC WhaQ Whe WT VWUaLQ (MIC 

fRU WT ZaV 0.5 �M QeRP\cLQ cRPSaULQg WR MIC Rf ǻPVFL aQd ǻPVFS ZhLch ZaV 1�M). IQ Whe 

SURWRcRO Rf PeaVXULQg MIC, WheUe LV QR VWeS Rf ceQWULfXgaWLRQ, ZhLch caQ VXggeVW WhaW WheVe 

chaQQeOV aUe LQYROYed LQ Whe QeRP\cLQ accXPXOaWLRQ LQ a QaWXUaO Za\.   

3.3. C\toplasmic accumulation of Neo-C\5 in ǻPVcL strain 
 

I LQcXbaWed Whe WT aQd ǻPVFL VWUaLQV ZLWh NeR-C\5 (VXb-MIC cRQceQWUaWLRQ) aQd WheQ 

ZaVhed Whe ceOOV b\ ceQWULfXgaWLRQ aQd XVed Whe WXbe VhaNeU deYLce WR UeVXVSeQd Whe ceOOV LQ Whe 

VaPe PaQQeU aOO ORQg Whe e[SeULPeQW. I RbVeUYe WhaW Whe fUacWLRQ Rf ceOOV ZLWh WT c\WRSOaVPLc 

accXPXOaWLRQ Rf NeR-C\5 ZaV PXch hLgheU WhaQ WhaW Rf Whe ǻPVFL VWUaLQ (fLgXUe 5-10).  

Figure 5-10. ǻPVcL has smaller percentage of cells with Neo-C\5 c\toplasmic accumulation 
comparing to WT. CeOOV LQ e[SRQeQWLaO ShaVe Rf gURZWh ZeUe dLOXWed 10 WLPeV aQd LQcXbaWed ZLWh VXb-

MIC cRQceQWUaWLRQ Rf NeR-C\5 fRU 2 PLQ aW 37�C. CeOOV ZeUe ceQWULfXged, ZaVhed ZLWh MOPS-G RU 

MOPS-G ZLWh NeR-C\5 RU QRW ZaVhed. TheQ ceOOV, aV ZeOO aV VXSeUQaWaQW Rf Whe ceOOV ZaVhed ZLWh MOPS-
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G, ZeUe aQaO\Ved b\ FACS. PeUceQWage Rf Whe ceOOV ZLWh c\WRSOaVPLc accXPXOaWLRQ Rf NeR-C\5 LV 

LQdLcaWed fRU each e[SeULPeQW. P: PeULSheUaO, C: C\WRSOaVPLc. 

 

IQ WhLV e[SeULPeQW I ZaVhed Whe ceOOV eLWheU ZLWh MOPS-G PedLa RU ZLWh MOPS-G 

cRQWaLQLQg VXb-MIC cRQceQWUaWLRQ Rf NeR-C\5. The WT ceOOV cRQWLQXe WR accXPXOaWe NeR-C\5 LQ 

WheLU c\WRSOaVP LQ cRQWUaVW ZLWh Whe ǻPVFL VWUaLQ ZheUe Whe SeUceQWage Rf c\WRSOaVPLc 

VXbSRSXOaWLRQ dLd QRW LQcUeaVe. I aOVR aQaO\Ved Whe VXSeUQaWaQW Rf ceOOV afWeU Whe fLUVW ZaVh WR 

YeULf\ Lf ceOOV ZeUe eOLPLQaWed LQ Whe aQaO\VLV b\ Whe ZaVhLQg VWeSV (fLgXUe 5-10). 

WLWh WheVe SUeOLPLQaU\ UeVXOWV, I VXggeVW WhaW Whe PechaQRVeQVLWLYe chaQQeO MVcL LV 

acWLYaWed b\ ceQWULfXgaWLRQ aQd VhaNLQg dXULQg ceOO UeVXVSeQVLRQ aQd WhaW LWV acWLYaWLRQ OeadV WR 

VWLPXOaWLRQ Rf c\WRSOaVPLc XSWaNe Rf NeR-C\5. The SeUceQWage Rf c\WRSOaVPLc accXPXOaWLRQ Rf 

NeR-C\5 LQ ǻPVFL SRSXOaWLRQ LV QRW ]eUR, SURbabO\ dXe WR Whe SUeVeQce Rf RWheU MS chaQQeOV LQ 

WhLV PXWaQW. 

3.4. Neo-C\5 action on cells in which MS channels were alread\ triggered 
 

I RbVeUYed WhaW ceQWULfXgaWLRQ aQd VhaNLQg Rf ceOOV acWLYaWeV Whe MS chaQQeO MVcL LQ Whe 

ceOOV, ZhLch ZeUe LQcXbaWed ZLWh NeR-C\5. Ne[W, I WeVWed ZhaW caQ haSSeQ Lf I fLUVW acWLYaWe Whe 

chaQQeOV b\ ceQWULfXgaWLRQ aQd VhRUWO\ afWeU, I add NeR-C\5 (VXb-MIC cRQceQWUaWLRQ) WR Whe ceOOV. 

I WeVWed WT aQd ǻPVFL ceOOV. QXLWe LQWeUeVWLQgO\, WT ceOOV ZeUe O\Ved b\ WhLV SURWRcRO aQd 

ǻPVFL ceOOV VXUYLYed (fLgXUe 5-11). ThLV UeVXOW VhRZed WhaW WheUe LV a cRQQecWLRQ beWZeeQ 

PechaQRVeQVaWLRQ LQ bacWeULa ceOOV aQd ceQWULfXgaWLRQ, ZhLch acWLYaWeV MVcL OeadLQg WR ceOO deaWh 

LQ Whe SUeVeQce Rf VXb-MIC cRQceQWUaWLRQ Rf NeR-C\5 (0.4 �M).  
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Figure 5-11. Cells with MscL are l\sed due to Neo-C\5 sub-MIC treatment after centrifugation. 
E[SRQeQWLaO WT aQd ǻPVFL ceOOV ZeUe dLOXWed 10 WLPeV aQd ceQWULfXged fRU 5 PLQ aW 8000 g. 30 VecRQdV 

afWeU ceOOV ZeUe UeVXVSeQded LQ Whe MOPS-G PedLa ZLWh NeR-C\5 (0.4 �M) b\ VWURQg VhaNLQg. ShRUWO\ 

afWeU ceOOV ZeUe SXW RQ agaU Sad aQd RbVeUYed b\ fOXRUeVceQce PLcURVcRS\ (OefW) RU SOaWed RQ LB agaU 

(ULghW).   

4. Conclusion 
 

IQ WhLV chaSWeU I SUeVeQWed Whe UROe Rf Whe MS chaQQeO MVcL LQ NeR-C\5 c\WRSOaVPLc 

accXPXOaWLRQ LQ bacWeULaO ceOOV. WhLOe adMXVWLQg Whe SURWRcRO fRU FACS aQaO\VLV I dLVcRYeUed WhaW 

Whe acWLYaWLRQ Rf WhLV MS chaQQeO b\ ceQWULfXgaWLRQ fROORZed b\ Sh\VLcaO SUeVVXUe RQ ceOOV 

UeVXOWed LQ VWLPXOaWLRQ Rf NeR-C\5 XSWaNe. The UeVXOWV VhRZed WhaW NeR-C\5 eQWeUed LQWR Whe 

c\WRSOaVP fRU a VXbSRSXOaWLRQ Rf ceOOV (deSeQdLQg RQ ceOO dLOXWLRQ). The c\WRSOaVPLc VXb-

SRSXOaWLRQ Rf ceOOV ZaV PaUNed b\ PI, ZhLch LQdLcaWed WhaW WheUe aUe daPageV LQ Whe ceOO 

PePbUaQe. ǻPVFL ceOOV VhRZed ORZeU SeUceQWage Rf c\WRSOaVPLc NeR-C\5 accXPXOaWLRQ 

cRPSaULQg WR Whe WT ceOOV afWeU ceQWULfXgaWLRQ. OWheU UeVXOW VhRZed WhaW WT ceOOV O\Ved 
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(SURbabO\ e[SORded) Lf Whe\ ZeUe WUeaWed b\ NeR-C\5 VhRUWO\ afWeU ceQWULfXgaWLRQ. MeaQZhLOe Whe 

ǻPVFL ceOOV VXUYLYed, ZhLch dePRQVWUaWeV Whe UROe Rf WheVe chaQQeOV. 

 I VXggeVW WhaW ceQWULfXgaWLRQ aQd VhaNLQg ceOOV OeadV WR RSeQLQg Whe ceOOV¶ MS chaQQeOV 

aQd LQcUeaVeV Whe accXPXOaWLRQ Rf NeR-C\5 LQ Whe c\WRSOaVP. ThLV SheQRPeQRQ LV haSSeQLQg fRU 

a VXb-SRSXOaWLRQ Rf ceOOV, ZhLch LQcUeaVeV accRUdLQg WR Whe ceOOV¶ dLOXWLRQ. The effecW Rf dLOXWLRQ 

RQ acWLYaWLRQ Rf MS chaQQeOV UePaLQV WR be e[SORUed fXUWheU.  
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Chapter VI Aminogl\coside persistance, tolerance and persister 
recover\ 
 

1. Introduction 
 

AV LW haV beeQ SUeVeQWed LQ Whe LQWURdXcWLRQ, SeUVLVWeUV fRUP aQ aQWLbLRWLc WROeUaQW VXb-

SRSXOaWLRQ ZLWhLQ aQ aQWLbLRWLc VXVceSWLbOe SRSXOaWLRQ. PeUVLVWeUV aUe UeVLVWLQg WR Whe SUeVeQce Rf a 

OeWhaO dRVe Rf aQWLbLRWLc. FOXRUeVceQWO\ Wagged aQWLbLRWLcV aUe XVed WR PeaVXUe aQWLbLRWLc XSWaNe LQ 

SeUVLVWeU VWXdLeV. HRZeYeU, XS WR QRZ, fRU aPLQRgO\cRVLde faPLO\, WheUe ZeUe QR acWLYe Wagged 

aQWLbLRWLc b\ ZhLch LW LV SRVVLbOe WR dR VLQgOe ceOO PLcURVcRS\ aQaO\VLV. SLQce LQ RXU OabRUaWRU\ 

NeR-C\5 haV beeQ deYeORSed Ze ZeUe abOe WR RbVeUYe Whe SaWWeUQV Rf aQWLbLRWLc accXPXOaWLRQ LQ 

SeUVLVWeUV b\ fOXRUeVceQce PLcURVcRS\ fRU Whe fLUVW WLPe. 

IQ SeUVLVWeU VWXdLeV, GeQWaPLcLQ-Te[aV Red ZaV XVed aV a fOXRUeVceQWO\ Wagged 

aPLQRgO\cRVLde WR WUacN dRZQ aQWLbLRWLc accXPXOaWLRQ LQ ceOOV b\ FACS aQaO\VLV 107. HRZeYeU, LW 

haV beeQ VhRZQ LQ RXU Oab WhaW NeR-C\5 accXPXOaWLRQ SaWWeUQV caQ be SeULSheUaO RU c\WRSOaVPLc, 

aQ LQfRUPaWLRQ WhaW caQQRW be e[WUacWed fURP FACS aQaO\VeV. I VhRZed LQ chaSWeU 4 WhaW ceOOV caQ 

haYe dLffeUeQW OeYeO Rf NeR-C\5 c\WRSOaVPLc accXPXOaWLRQ. AOVR, I SUeVeQW LQ WhLV chaSWeU WhaW 

SeULSheUaO NeR-C\5 bLQdLQg YaULeV LQ VRPe PXWaQWV WhaW aUe VXVSecWed WR haYe hLgheU PMF OeYeO 

108. TheVe PXWaQWV aUe LQYROYed LQ aPLQRgO\cRVLde WROeUaQce. KQRZLQg Whe LPSRUWaQce Rf SaWWeUQV 

Rf aPLQRgO\cRVLde accXPXOaWLRQ LQ Whe ceOOV, I WhLQN WhaW LW LV eVVeQWLaO WR aQaO\Ve SeUVLVWeU ceOOV b\ 

PLcURVcRS\ aQaO\VLV. IW haV beeQ VXggeVWed WhaW SeUVLVWeUV haYe ORZeU accXPXOaWLRQ Rf 

aPLQRgO\cRVLde 107, hRZeYeU, fRU XQdeUVWaQdLQg Whe PechaQLVP Rf WROeUaQce Rf aPLQRgO\cRVLde 

SeUVLVWeUV LW LV cULWLcaO WR NQRZ Lf Whe\ haYe ORZeU c\WRSOaVPLc RU SeULSheUaO accXPXOaWLRQ.  
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HeUe, fLUVW I SUeVeQW e[SeULPeQWV WhaW YLVXaOL]ed Whe accXPXOaWLRQ Rf NeR-C\5 LQ SeUVLVWeUV 

b\ fOXRUeVceQce PLcURVcRS\ LPagLQg. TheVe SeUVLVWeUV ZeUe \LeOded b\ WUeaWPeQW Rf YeU\ hLgh 

dRVage Rf RfOR[acLQ (fOXURTXLQRORQe) aQWLbLRWLc. AccRUdLQg WR P\ WLPe-OaSVe RbVeUYaWLRQ, 

SeUVLVWeUV haYe RQO\ SeULSheUaO accXPXOaWLRQ Rf NeR-C\5. TheVe UeVXOWV ZRXOd agUee ZLWh Whe facW 

WhaW SeUVLVWeUV haYe ORZ OeYeO Rf PMF aQd aV aPLQRgO\cRVLde, accXPXOaWLRQ LV PMF-deSeQdeQW LW 

caQQRW eQWeU LQWR Whe c\WRSOaVP Rf ceOOV ZLWh ORZ PMF OeYeO. 

IQ a PRUe VSecLfLc VWXd\ Rf QeRP\cLQ SeUVLVWeUV, I XVed a cRPPRQ SURWRcRO WR VWXd\ 

SeUVLVWeUV. I WUeaWed VWaWLRQaU\ ceOO SRSXOaWLRQ ZLWh hLgh cRQceQWUaWLRQ Rf NeRP\cLQ WR Ueach a 

SOaWeaX Rf SeUVLVWeUV. PeUVLVWeUV ceOOV ZhLch ZeUe \LeOded afWeU VXch WUeaWPeQW ZeUe RQO\ abRXW 

0.05% Rf Whe SRSXOaWLRQ. I WUeaWed WhLV SRSXOaWLRQ, ZhLch cRQWaLQed PRVWO\ dead ceOOV aQd 

SeUVLVWeU, b\ NeR-C\5 (VXb-MIC) aQd aQaO\Ved b\ FACS. BeVLde fOXRUeVceQce LQWeQVLW\ VLgQaOV Rf 

ceOOV, FACS gaYe XV daWa RQ ceOO VL]e aQd ceOO gUaQXOaULW\ aV ZeOO. IQ RUdeU WR fLQd RXW Whe Sh\VLcaO 

chaUacWeULVWLc(V) Rf QeRP\cLQ SeUVLVWeUV, I aWWePSWed WR VRUW RXW dLffeUeQW ceOO caWegRULeV accRUdLQg 

WR WheLU VL]e aQd WheLU NeR-C\5 LQWeQVLW\. 

ThLV e[SeULPeQW SULQcLSaOO\ LV QRW YeU\ cRPSOLcaWed, hRZeYeU dXe WR FACS 

cRQWaPLQaWLRQV b\ bacWeULa I cRXOd QRW fLQaOLVe P\ UeVXOWV. HeUe I SUeVeQW Whe SUeOLPLQaU\ UeVXOWV 

LQ ZhLch QR cRQWaPLQaWLRQ had beeQ deWecWed. I fRXQd WhaW SeUVLVWeUV aUe PRUe fUeTXeQW LQ Whe ceOO 

caWegRU\ ZLWh ORZeU NeR-C\5 accXPXOaWLRQ aQd VPaOOeU ceOO VL]e. HRZeYeU, Whe\ ZeUe fRXQd, bXW 

aW ORZeU fUeTXeQc\, LQ dLffeUeQW ceOO caWegRU\ aV ZeOO fRU VL]e aQd NeR-C\5 accXPXOaWLRQ OeYeOV.    

IW haV beeQ UeSRUWed WhaW WheUe aUe PRUe SeUVLVWeUV LQ VXb-SRSXOaWLRQ Rf ceOOV ZLWh ORZeU 

OeYeO Rf ULbRVRPaO RNA 104.  Shah aQd hLV cROOeagXeV XVed aQ XQVWabOe GFP SURWeLQ (aVY) XQdeU 

cRQWURO Rf UUQBP1 ULbRVRPaO RNA SURPRWeU. The facW WhaW Whe GFP LV aQ XQVWabOe SURWeLQ; LW gLYeV 

XV a UeaO WLPe PaUNeU fRU eQeUg\ OeYeO aQd VWaWe Rf each bacWeULa. The ceOOV ZLWh dLffeUeQW VLgQaO Rf 
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GFP had beeQ VRUWed RXW aQd WUeaWed b\ hLgh dRVage Rf aQWLbLRWLc. MRUe UeceQWO\ ShaQ aQd hLV 

cROOeagXeV dePRQVWUaWed WhaW afWeU RfOR[acLQ aQd aPSLcLOOLQ WUeaWPeQW, WheUe aUe PRUe SeUVLVWeUV LQ 

Whe VXb-SRSXOaWLRQ ZLWh ORZ GFP OeYeO 100. 

I cRQVWUXcWed a VWUaLQ ZLWh a chURPRVRPaO LQVeUWLRQ Rf JIS(DVY) geQe XQdeU cRQWURO Rf VhRUW 

SURPRWeU Rf UUQBP1. ThLV WLPe I WeVWed WR Vee Lf Whe VXb-SRSXOaWLRQ ZLWh ORZeU OeYeO Rf GFP ZaV 

aOVR ULcheU LQ Whe aQWLbLRWLc QeRP\cLQ.  

IQ WhLV e[SeULPeQW I aQaO\Ved b\ FACS Whe e[SUeVVLRQ Rf GFP LQ Whe e[SRQeQWLaOO\ ShaVe 

ceOOV. I had agaLQ haUd WLPe WR VRUW RXW Whe ceOOV dXe WR cRQWaPLQaWLRQ Rf Whe FACS PachLQe. 

HRZeYeU, Whe SeUceQWage Rf SeUVLVWeUV VXUYLYLQg QeRP\cLQ WUeaWPeQW LV YeU\ ORZ (OeVV WhaQ 10-4 

SeUceQW) aQd LW ZaV SUacWLcaOO\ YeU\ dLffLcXOW WR VWXd\.  

AccRUdLQg WR Whe aQaO\VLV Rf a TQ OLbUaU\ fRU aPLQRgO\cRVLde WROeUaQce PXWaQWV caUULed RXW 

b\ Shah aQd hLV cROOeagXeV LQ 2015, WheUe aUe hXQdUedV Rf geQeV ZhLch SOa\ a UROe LQ LQcUeaVLQg 

aQd decUeaVLQg WROeUaQce WR aPLQRgO\cRVLdeV 108.  AXWhRUV chRVe QeZO\ fRXQd aQd XQe[SecWed 

PXWaQWV ZLWhLQ Whe bLRV\QWheVLV Rf fOageOOa aQd aPLQR acLd V\QWheVLV fRU fXUWheU VWXd\. TheVe 

PXWaQWV VhRZed OeVV WROeUaQce WR geQWaPLcLQ. KQRZLQg Whe LPSRUWaQce Rf aPLQRgO\cRVLde 

accXPXOaWLRQ SaWWeUQV aQd dLffeUeQW OeYeO Rf NeR-C\5 bLQdLQg WR PePbUaQe, I decLded WR WeVW 

NeR-C\5 accXPXOaWLRQ LQ Whe PXWaQW fRU Whe fOageOOaU WUaQVcULSWLRQaO UegXOaWRU, ǻIOKC aQd a 

PXWaQW fRU aQ eQ]\Pe LQ Whe VeULQe bLRV\QWheVLV SaWhZa\, ǻVHUA. I XVed RXU deYeORSed PeWhRd, 

ZhLch cRPbLQeV fOXRUeVceQce PLcURVcRS\ ZLWh FACS aQaO\VLV WR VWXd\ Whe SaWWeUQV Rf NeR-C\5 

accXPXOaWLRQ LQ WhRVe OeVV WROeUaQW PXWaQWV. 

I dLd a VeULeV Rf FACS aQd PLcURVcRS\ e[SeULeQceV XVLQg dLffeUeQW cRQceQWUaWLRQV Rf NeR-

C\5 aQd dLffeUeQW LQcXbaWLRQ WLPe fRU each PXWaQW. I RbVeUYed WhaW ǻVHUA accXPXOaWLRQ Rf NeR-
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C\5 LV hLgheU WhaQ Whe RQe PeaVXUe fRU ǻIOKC aQd WT hRZeYeU, ZLWh dLffeUeQceV ZheQ cRPSaUed 

WR Whe VWXd\ b\ ShaQ eW aO., 2015. AQWLbLRWLc accXPXOaWLRQ YaULeV LQ dLffeUeQW PXWaQWV accRUdLQg WR 

Whe NeR-C\5 cRQceQWUaWLRQ aQd WLPe Rf LQcXbaWLRQ. The PLcURVcRS\ RbVeUYaWLRQ agUeed ZLWh Whe 

FACS UeVXOWV aQd cRQfLUPed WhaW ǻVHUA haV hLgheU NeR-C\5 bLQdLQg WR Whe PePbUaQe LQ 

cRPSaULVRQ ZLWh ǻIOKC aQd Whe ZLOd-W\Se ceOOV fRU a VhRUW LQcXbaWLRQ WLPe. 

PeUVLVWeU UecRYeU\ LV a VXbMecW, ZhLch LV QRW PXch VWXdLed. We dR QRW NQRZ ZhLch aUe Whe 

facWRUV WhaW PaNe SeUVLVWeUV WR geW RXW Rf Whe hLbeUQaWLRQ VWaWe aQd WXUQ LQWR faVW-gURZLQg ceOOV. 

HeUe I SUeVeQW effecWV Rf ceOO cXOWXUe dLOXWLRQ LQ VhRUWeQLQg Whe WUaQVLWLRQLQg WLPe Rf QeRP\cLQ 

SeUVLVWeU ceOOV WR QRUPaO gURZLQg ceOOV. I dePRQVWUaWed WhaW ZheQ ceOO cXOWXUe LV PRUe dLOXWed, 

SeUVLVWeU UecRYeU\ LV faVWeU. IW VeePed WhaW WheUe LV a facWRU RU chePLcaO LQ Whe VXSeUQaWaQW Rf dead 

ceOOV PL[ed ZLWh SeUVLVWeU aQd ZheQ WhLV facWRU LV PRUe dLOXWed, LW aOORZed SeUVLVWeUV WR ZaNe XS 

eaUOLeU aQd ZheQ LW LV PRUe cRQceQWUaWed LW NeeSV Whe SeUVLVWeUV LQ Whe dRUPaQW VWaWe. BefRUe 

VeaUchLQg fRU aQ XQNQRZQ TXRUXP-VeQVLQg facWRU, I WeVWed Whe effecW Rf WhLV VXSeUQaWaQW RQ 

aPLQRgO\cRVLde UeVLVWaQW ceOOV LQ cRPSaULVRQ ZLWh VXVceSWLbOe ceOOV aQd aV WheUe ZeUe QR effecW RQ 

UeVLVWaQW ceOOV. SR UePaLQLQg QeRP\cLQ LQ Whe ceOO cXOWXUe NeeSV SeUVLVWeU LQ dRUPaQW VWaWe. ThLV 

effecW ZaV VXUSULVLQgO\ VSecLfLc Rf VXSeUQaWaQW Rf QeRP\cLQ aQd QRW Whe RQe Rf RfOR[acLQ. 

2. Oflo[acin persister time-lapse  
 

TR RbVeUYe SeUVLVWeUV¶ NeR-C\5 accXPXOaWLRQ, I SeUfRUPed Whe e[SeULPeQW RQ VWaWLRQaU\ 

ShaVe ceOOV, ZhLch haYe a hLgheU SeUceQWage Rf SeUVLVWeU ceOOV aQd WUeaWed WhLV SRSXOaWLRQ ZLWh a 

hLgh dRVage Rf RfOR[acLQ. OfOR[acLQ LV a fOXURTXLQRORQe aQWLbLRWLc, ZhLch LQhLbLWV DNA g\UaVe 

aQd DNA UeSOLcaWLRQ LQ bacWeULaO ceOOV. IW had beeQ VhRZQ WhaW RfOR[acLQ LQdXceV SeUVLVWeU 

fRUPaWLRQ YLD acWLYaWLRQ Rf TLVB WR[LQ 141 142. UVLQg Whe VWaWLRQaU\ ShaVe ceOOV aQd RfOR[acLQ 

WUeaWPeQW abRXW 1.6% Rf ceOOV ZeUe SeUVLVWeUV. I ZaVhed Whe ceOOV ZLWh PBS WR UePRYe Whe e[ceVV 
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Rf aQWLbLRWLc WheQ I LQcXbaWed ceOOV ZLWh NeR-C\5 aW VXb-MIC cRQceQWUaWLRQ (0.4 �M) aQd 

UecRUded a WLPe-OaSVe b\ fOXRUeVceQce PLcURVcRS\ (fLgXUe 6-1).  

IQ WhLV SURWRcRO WheUe LV QR PaUNeU fRU SeUVLVWeU ceOOV. HRZeYeU, b\ SeUfRUPLQg WLPe-OaSVe 

e[SeULPeQW, I ZaV abOe WR caSWXUe Whe SeUVLVWeU gURZWh XQdeU Whe PLcURVcRSe aQd RbVeUYe Whe NeR-

C\5 accXPXOaWLRQ LQ SeUVLVWeU ceOOV. IQ WhLV VWXd\ I fRXQd WhaW SeUVLVWeU haYe SeULSheUaO 

accXPXOaWLRQ Rf NeR-C\5. ThLV accXPXOaWLRQ ZaV heWeURgeQRXV aPRQg SeUVLVWeUV.  

Figure 6-1 Persisters for oflo[acin have peripheral accumulation of Neo-C\5. SWaWLRQaU\ ShaVe ceOOV 

ZeUe WUeaWed ZLWh RfOR[acLQ, ZaVhed ZLWh PBS aQd WUeaWed ZLWh a VXb-MIC cRQceQWUaWLRQ Rf NeR-C\5. AW 

WLPe ]eUR Rf WLPe-OaSVe LQ Whe fLeOd WheUe LV a PL[WXUe Rf SeUVLVWeUV ZLWh dead ceOOV. AV WLPe SaVVeV 

SeUVLVWeUV VWaUW WR gURZ aQd WhaW LV hRZ Ze LdeQWLfLed WheP. PeUVLVWeUV haYe SeULSheUaO accXPXOaWLRQ 

(\eOORZ aUURZ) RU QR accXPXOaWLRQ (gUeeQ aUURZ). NRQ-SeUVLVWeU ceOOV dR QRW gURZ (Ued aUURZ) aQd 

cRUUeVSRQd WR dead ceOOV RU VBNCV.  

IQ WhLV e[SeULPeQW I XVed a VXb-MIC cRQceQWUaWLRQ Rf NeR-C\5, aV P\ RQO\ PaUNeU fRU 

SeUVLVWeU ceOOV ZaV ceOO gURZWh. HLgheU cRQceQWUaWLRQ Rf NeR-C\5 ZRXOd QRW haYe OeW SeUVLVWeUV WR 

e[LW Whe dRUPaQW VWaWe. 
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3. Neom\cin persister  
 

IQ Whe OaVW decade, WheUe ZeUe VR PaQ\ adYaQceV LQ SeUVLVWeU VWXdLeV. AOO agUeed WhaW LW LV 

QRW SRVVLbOe WR geQeUaOL]e Whe QaPLQg Rf SeUVLVWeU WR aOO QRQ-gURZLQg ceOOV, ZhLch WROeUaWe aQ\ 

aQWLbLRWLc. PeUVLVWeU VWXd\ LV becRPLQg PRUe aQd PRUe VSecLfLc WR Whe WeVWLQg cRQdLWLRQV VXch aV 

W\Se Rf aQWLbLRWLc RU caUbRQ VRXUce LQ ceOO cXOWXUe. AV P\ UeVeaUch LV RQ aPLQRgO\cRVLde SeUVLVWeU, 

I eVWabOLVhed a SURWRcRO WR PaNe SeUVLVWeUV b\ QeRP\cLQ WUeaWPeQW hRZeYeU Whe SeUceQWage Rf 

QeRP\cLQ SeUVLVWeU ZaV e[WUePeO\ ORZ LQ e[SRQeQWLaO ShaVe aV ZeOO aV VWaWLRQaU\ ShaVe ceOO 

SRSXOaWLRQ. IQ RUdeU WR VWXd\ SeUVLVWeU Rf QeRP\cLQ b\ PLcURVcRS\ I had WR fLQd VXb-SRSXOaWLRQV 

Rf ceOOV, ZhLch aUe ULcheU LQ SeUVLVWeU ceOOV aQd VRUW WheP RXW. TheQ I ZRXOd be abOe WR haYe aW OeaVW 

feZ SeUVLVWeU LQ Whe fLeOd Rf LPagLQg RQ Whe PLcURVcRSe. 

3.1. Sorting out neom\cin persister from stationar\ phase population 
 

IQ RUdeU WR fLQd a VXb-SRSXOaWLRQ ULch LQ SeUVLVWeUV, I VRUWed RXW ceOOV b\ Whe FACS VRUWeU 

deYLce accRUdLQg WR ceOO VL]e aQd NeR-C\5 VLgQaO LQWeQVLW\. I WUeaWed VWaWLRQaU\ ShaVe ceOOV ZLWh 

hLgh cRQceQWUaWLRQ Rf QeRP\cLQ fRU ORQg eQRXgh WR NLOO aOO QRQ-SeUVLVWeU ceOOV. IQ WhLV cRQdLWLRQ, 

Whe SeUceQWage Rf SeUVLVWeU ceOOV ZaV 0.05%. AfWeU eOLPLQaWLRQ Rf Whe e[ceVV Rf QeRP\cLQ b\ 

VeYeUaO ZaVhLQg VWeSV, I WUeaWed Whe ceOOV ZLWh a VXb-MIC cRQceQWUaWLRQ Rf NeR-C\5. Ne[W, I 

VRUWed RXW ceOOV accRUdLQg WR WheLU VL]e aQd WheLU NeR-C\5 VLgQaO LQWeQVLW\ LQ dLffeUeQW caWegRULeV, 

A WR I (fLgXUe 6-2). AfWeU VRUWLQg, ceOOV ZeUe cROOecWed LQ a 96-ZeOO PLcURSOaWe aQd SeUVLVWeU 

gURZWh ZaV PeaVXUed RQ a SOaWe UeadeU PRQLWRULQg Whe RSWLcaO deQVLW\ fRU 48h.  
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Figure 6-2 Sorting cells with FACS according to their si]e and Neo-C\5 signal. E. FROL VWaWLRQaU\ 

ShaVe ceOOV ZeUe WUeaWed b\ 500 �M QeRP\cLQ fRU 6 hRXUV WR NLOO aOO Whe QRQ-SeUVLVWeU ceOOV. TheQ ceOOV 

ZeUe ZaVhed WR eOLPLQaWe Whe e[ceVV Rf QeRP\cLQ. CeOOV ZeUe Qe[W WUeaWed ZLWh a VXb-MIC cRQceQWUaWLRQ 

(0.4 �M) Rf NeR-C\5. CeOOV ZeUe RbVeUYed b\ fOXRUeVceQce PLcURVcRS\ (WRS). SaPe ceOOV aQaO\Ved ZLWh 

FACS aQd VRUWed RXW LQWR a 96-ZeOO SOaWe fLOOed ZLWh ULch PedLa (500 ceOOV LQ each ZeOO). CeOOV ZeUe 

caWegRUL]ed LQ 9 gURXSV accRUdLQg WR WheLU ceOO VL]e aQd C\5 VLgQaO LQWeQVLW\ (A WR I). AfWeU cROOecWLQg ceOOV, 

Whe SOaWe ZaV LQcXbaWed aW 37�C fRU 48h. GURXS A ZaV 6 WLPe aQd gURXS D ZaV 3 WLPeV ULcheU LQ SeUVLVWeUV 

LQ cRPSaULVRQ WR ZhROe SRSXOaWLRQ. 

 

DXe WR Whe dLffLcXOWLeV WhaW I had faced becaXVe Rf FACS deYLce cRQWaPLQaWLRQV, 

XQfRUWXQaWeO\, I cRXOd QRW fLQaOLVe WheVe UeVXOWV. HRZeYeU, Whe SUeOLPLQaU\ UeVXOWV cRQfLUPed WhaW 

ceOO SRSXOaWLRQ LQ ZhLch Whe ceOOV aUe VPaOOeU LQ VL]e aQd ORZeU LQ NeR-C\5 accXPXOaWLRQ, ZaV 6 

WLPeV ULcheU LQ SeUVLVWeU SRSXOaWLRQ. 
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3.2. Sorting out cells with lower ribosomal RNA e[pression 
 

IQ faVW gURZLQg ceOO SRSXOaWLRQ, Whe VXb-SRSXOaWLRQ Rf ceOOV ZLWh ORZeU e[SUeVVLRQ Rf 

URNA had beeQ VhRZQ WR PaNe PRUe SeUVLVWeU ceOOV afWeU WUeaWLQg ZLWh a OeWhaO cRQceQWUaWLRQ Rf 

aQWLbLRWLc104,100. I cRQVWUXcWed a VWUaLQ LQ ZhLch Whe XQVWabOe gUeeQ fOXRUeVceQW SURWeLQ, JIS(DVY) 

geQe had beeQ LQVeUWed LQWR Whe chURPRVRPe XQdeU Whe cRQWURO Rf ULbRVRPaO RNA SURPRWeU 

UUQBP1 (fLgXUe 6-3-A). IQVWabLOLW\ Rf GFP SURWeLQ gLYeV XV WhLV adYaQWage WR be abOe WR PRQLWRU Whe 

acWLYLW\ Rf Whe ULbRVRPaO RNA SURPRWeU. CRQWUROV VhRZed WhaW ZheQ ceOOV Ueached Whe VWaWLRQaU\ 

ShaVe, Whe GFP VLgQaOV decUeaVed aV e[SecWed (fLgXUe 6-3-B).  

Figure 6-3. Ribosomal RNA e[pression as a marker for persister rich sub-population. A) 

chURPRVRPe LQVeUWLRQ Rf JIS(DVY) ZLWh UUQBP1 LQ OacZ geQe LQ E. FROL MG1655. B) KLQeWLcV PeaVXUePeQW 

Rf GFP(ASV) e[SUeVVLRQ. C) GFP fOXRUeVceQce OeYeOV PeaVXUed b\ FACS LQ WT aQd ceOOV ZLWh cRdLQg 

GFP(aVY) LQ e[SRQeQWLaO ShaVe Rf gURZWh.  
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B\ FACS aQaO\VLV, I VRUWed RXW Whe dLP ceOOV aQd GFP SRVLWLYe ceOOV fURP aQ e[SRQeQWLaO 

ShaVe ceOO SRSXOaWLRQ (fLgXUe 6-3-C). TheQ I WUeaWed WheVe WZR VXb-SRSXOaWLRQV ZLWh a OeWhaO dRVe 

Rf QeRP\cLQ WR VeOecW SeUVLVWeUV. IQ e[SRQeQWLaO ShaVe ceOOV, Whe SeUceQWage Rf SeUVLVWeUV Rf 

QeRP\cLQ ZaV abRXW 10-4 %. BecaXVe Rf FACS cRQWaPLQaWLRQ aQd Whe ORZ SeUceQWage Rf 

SeUVLVWeUV LQ WhLV cRQdLWLRQ, XQOXcNLO\ I ZaV QRW abOe WR SURYe WhaW Whe dLP ceOO VXb-SRSXOaWLRQ LV 

ULcheU LQ SeUVLVWeU ceOOV.  

4. Mutant of less tolerant to aminogl\coside 
 

IQ TQ-VeT aQaO\VLV fRU a VWXd\ Rf aPLQRgO\cRVLde WROeUaQce b\ ShaQ HW DO., aXWhRUV 

aQaO\Ved WZR aPLQRgO\cRVLde OeVV WROeUaQW VWUaLQV: ǻVHUA aQd ǻIOKC. The IOKC geQe LV cRdLQg fRU a 

fOageOOaU WUaQVcULSWLRQaO UegXOaWRU aQd VHUA fRU D-3-ShRVShRgO\ceUaWe deh\dURgeQaVe, ZhLch 

caWaO\VeV Whe fLUVW VWeS Rf Whe ShRVShRU\OaWed L-VeULQe bLRV\QWheVLV SaWhZa\. IQ WhLV VWXd\, 

VWaWLRQaU\ ceOOV Rf PXWaQW aQd WT VWUaLQV ZeUe WUeaWed b\ a OeWhaO dRVe Rf geQWaPLcLQ-TR 

fROORZed b\ FACS aQaO\VLV. IQWeUeVWLQgO\, Whe\ fRXQd WhaW RQO\ LQ ǻVHUA, geQWaPLcLQ 

accXPXOaWLRQ ZaV LQcUeaVed aQd accXPXOaWLRQ OeYeOV b\ Whe VWUaLQ ǻIOKC ZeUe Whe VaPe aV WT. 

AV Ze NQRZ Whe adYaQWageV Rf NeR-C\5 WR geQWaPLcLQ-TR, (TR d\e aORQe accXPXOaWeV LQ Whe 

ceOOV) aQd ZLWh NeR-C\5 Ze caQ defLQe Whe accXPXOaWLRQ SaWWeUQV b\ fOXRUeVceQce PLcURVcRS\. 

TheUefRUe, I cRPbLQed Whe WZR WechQLTXeV Rf PLcURVcRS\ aQd FACS WR VWXd\ NeR-C\5 

accXPXOaWLRQ SaWWeUQV LQ WhRVe OeVV WROeUaQW PXWaQWV. 
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AW fLUVW, I UeSeaWed Whe VaPe SURWRcRO aQd WUeaWed Whe VWaWLRQaU\ ShaVe ceOOV ZLWh hLgh 

cRQceQWUaWLRQ Rf NeR-C\5 (128 �M) fRU 3 hRXUV aW 37�C aQd WheQ aQaO\Ved Whe ceOOV b\ FACS. OQ 

Whe cRQWUaU\ WR Whe eTXLYaOeQW WeVW SeUfRUPed ZLWh GeQWaPLcLQ-TR, I dLd QRW deWecW aQ\ 

UePaUNabOe dLffeUeQce beWZeeQ Whe accXPXOaWLRQ OeYeO Rf PXWaQWV ǻIOKC aQd ǻVHUA ZheQ 

cRPSaULQg WR WT (FLgXUe 6-4).  

Figure 6-4. FACS anal\sis of Neo-C\5 accumulation b\ less tolerant mutants and WT E. cROi 
strains. SWaWLRQaU\ ShaVe ceOOV ZeUe WUeaWed ZLWh 128 �M Rf NeR-C\5 fRU 3h aW 37 �C. TheQ ceOOV ZeUe 

ZaVhed aQd aQaO\Ved b\ FACS. 

Ne[W, LQ RUdeU WR chaUacWeUL]e beWWeU Whe LQWeUacWLRQ Rf NeR-C\5 ZLWh WheVe PXWaQWV Ze 

LQYeVWLgaWed LWV bLQdLQg WR ceOO PePbUaQe. IW haV beeQ UeSRUWed WhaW PMF OeYeO LQ WheVe PXWaQWV LV 

hLgheU 108. H\SeUSROaUL]ed PePbUaQe Pa\ VWLPXOaWe SeULSheUaO bLQdLQg aV ZeOO aV c\WRSOaVPLc 

accXPXOaWLRQ. I dLd a VeULeV Rf FACS aQd PLcURVcRS\ e[SeULeQceV fRU dLffeUeQW NeR-C\5 

cRQceQWUaWLRQV aQd dLffeUeQW LQcXbaWLRQ WLPeV fRU each PXWaQW. TR aQaO\Ve Whe SeULSheUaO bLQdLQg 

b\ fOXRUeVceQce PLcURVcRS\, I WUeaWed VWaWLRQaU\ ShaVe ceOOV VhRUWO\ (2 PLQ) ZLWh NeR-C\5 aW 

32�M. I RbVeUYed WhaW NeR-C\5 accXPXOaWLRQ ZaV RQO\ SeULSheUaO aQd hLgheU LQ ǻVHUA LQ 
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cRPSaULVRQ ZLWh ǻIOKC aQd WT (fLgXUe 6-5). WheQ ceOOV ZeUe LQcXbaWed ORQgeU WLPe (150 PLQ) 

ZLWh NeR-C\5, PXWaQWV aQd WT haYe Whe VaPe SeULSheUaO accXPXOaWLRQ OeYeOV. TheVe UeVXOWV 

ZeUe cRQfLUPed b\ FACS aQaO\VLV (fLgXUe 6-5).  

Figure 6-5 Anal\sis of membrane accumulation of Neo-C\5 in aminogl\coside less tolerant mutants. 
SWaWLRQaU\ ShaVe ceOOV WUeaWed ZLWh 32 �M NeR-C\5, LQcXbaWed aW 37�C fRU 2 PLQ RU 150 PLQ. CeOOV ZeUe 

ZaVhed aQd aQaO\Ved b\ PLcURVcRS\ (WRS aQd bRWWRP OefW) RU FACS (bRWWRP ULghW). FRU PRUe cOaULW\ 

PLcURVcRS\ LPageV aUe SUeVeQWed fRU WZR dLffeUeQW VeWWLQgV. G: GaLQ, E[SR T: E[SRVXUe TLPe.  
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LaWeU, I WeVWed Whe NLQeWLcV Rf accXPXOaWLRQ Rf NeR-C\5 cRQceQWUaWLRQ (128 �M). B\ 

FACS aQaO\VLV I dePRQVWUaWed WhaW aQWLbLRWLc accXPXOaWLRQ eYROYeV LQ Whe dLffeUeQW VWUaLQV 

accRUdLQg WR Whe NeR-C\5 cRQceQWUaWLRQ aQd WLPe Rf LQcXbaWLRQ aQd fXUWheU PLcURVcRS\ LPagLQg 

aUe UeTXLUed WR fXOO\ cRQcOXde RQ Whe accXPXOaWLRQ SaWWeUQ LQ WheVe PXWaQWV (fLgXUe 6-6). 

IQWeUeVWLQgO\ agaLQ fRU ǻVHUA VWUaLQ aW 2 PLQ LQcXbaWLRQ OeYeO Rf LQcXbaWLRQ ZaV hLgheU WhaQ WT.  

Figure 6-6. Kinetics of accumulation of Neo-C\5 (128 �M) in less tolerant cells. SWaWLRQaU\ ceOOV Rf 

PXWaQW aQd WT ZeUe WUeaWed b\ 128 �M NeR-C\5 aW 37�C. AfWeU 2 PLQ aQd 180 PLQ, ceOOV ZeUe ZaVhed 

aQd aQaO\Ved b\ FACS.  

 

5. Dilution effects on persister recover\ time 
 

 

PeUVLVWeUV UePaLQ LQ dRUPaQW VWaWe aV faU aV Whe\ VeQVe Whe VWUeVV facWRU, VXch aV aQWLbLRWLcV, 

LQ WheLU eQYLURQPeQW. IQ Whe abVeQce Rf aQWLbLRWLc aQd LQ SUeVeQce Rf a caUbRQ VRXUce, SeUVLVWeUV 

gURZ LQWR aQ aQWLbLRWLc VXVceSWLbOe SRSXOaWLRQ. HeUe I SUeVeQWed Whe effecW Rf ceOO cXOWXUe dLOXWLRQ 
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LQ VhRUWeQLQg Whe WUaQVLWLRQLQg WLPe Rf QeRP\cLQ SeUVLVWeU ceOOV WR QRUPaO gURZLQg ceOOV. AfWeU 

WUeaWPeQW Rf a ceOO cXOWXUe ZLWh a hLgh dRVe Rf aQWLbLRWLc LQ RUdeU WR \LeOd SeUVLVWeUV, ceOOV ZeUe 

ZaVhed VeYeUaO WLPeV LQ RUdeU WR eOLPLQaWe Whe e[ceVV Rf aQWLbLRWLc aQd WR LQLWLaWe Whe UegURZWh Rf 

SeUVLVWeUV. I RbVeUYe WhaW ZheQ Whe ceOO cXOWXUe (cRQVLVWLQg Rf dead ceOOV aQd SeUVLVWeUV) ZaV PRUe 

dLOXWed afWeU Whe ZaVhLQg VWeSV, SeUVLVWeUV UecRYeU\ WLPe ZaV VhRUWeU. ThLV SheQRPeQRQ ZaV 

VSecLfLc WR QeRP\cLQ SeUVLVWeUV aQd QRW RbVeUYed ZLWh RfOR[acLQ SeUVLVWeUV (fLgXUe 6-7). 

 

Figure 6-7. Neom\cin persisters e[it the dormant state when cells were diluted. SWaWLRQaU\ ceOOV 

WUeaWed ZLWh a cRQceQWUaWLRQ Rf QeRP\cLQ Rf 500 WLPeV Whe MIC (OefW) RU RfOR[acLQ (ULghW) aW 37�C fRU 6 

hRXUV. CeOOV ZeUe WheQ ZaVhed aQd dLOXWed LQ fUeVh MOPS-G PedLa. CeOOV ZeUe dLOXWed LQ VeULeV: 2, 4, 8, 

« ,128, 256 WLPeV (C: CeOO cRQceQWUaWLRQ). TheQ ceOOV¶ OD ZaV PeaVXUed XVLQg a SOaWe UeadeU fRU 16 

hRXUV.  

 

I VhRZed WhaW SeUVLVWeUV UecRYeU\ ZaV QRW OLPLWed dXe WR Whe OLPLWaWLRQ Rf caUbRQ VRXUce 

aQd Whe UaWLR Rf gOXcRVe SeU ceOOV. PeUVLVWeUV fRU a gLYeQ dLOXWLRQ VWaUWed WR gURZ aW Whe VaPe WLPe 

aQd gOXcRVe cRQceQWUaWLRQ SOa\ed RQO\ a UROe LQ Whe OeYeO Rf ceOO deQVLW\ aW Whe VWaWLRQaU\ ShaVe 

(FLgXUe 6-8). 



115 
 

Figure 6-8. Persisters were not in carbon source (glucose) limitation during their recover\. 

NeRP\cLQ SeUVLVWeUV dLOXWed 16 WLPeV LQ MOPS PedLa cRQWaLQLQg dLffeUeQW gOXcRVe cRQceQWUaWLRQV. The 

SeUVLVWeU gURZWh RSWLcaO deQVLW\ (OD) aW 600 QP ZaV PeaVXUed ZLWh a SOaWe UeadeU fRU 20h.  

IW VeePed WhaW WheUe ZaV a facWRU RU chePLcaO LQ Whe VXSeUQaWaQW Rf dead ceOOV aQd 

SeUVLVWeUV WhaW ZaV SUeVeQW afWeU WUeaWPeQW ZLWh QeRP\cLQ. WheQ WhLV facWRU ZaV PRUe dLOXWed, LW 

aOORZed SeUVLVWeUV WR ZaNe XS eaUOLeU aQd ZheQ LW ZaV PRUe cRQceQWUaWed LW PaLQWaLQed SeUVLVWeUV 

LQ Whe dRUPaQW VWaWe. WheQ SeUVLVWeUV ZeUe dLOXWed LQ WhLV VXSeUQaWaQW Whe\ dLd QRW ZaNe XS aW aOO. 

I caOOed WhLV PedLa: SUe-LQcXbaWed PedLa, ZhLch LV a fUeVh MOPS-G PedLa WhaW ZaV LQ cRQWacW 

ZLWh dead ceOOV aQd SeUVLVWeUV RQO\ fRU 15 PLQ (FLgXUe 6-9-A). YeW agaLQ, WhLV UeVXOW ZaV VSecLfLc 

WR SeUVLVWeUV Rf QeRP\cLQ aQd QRW RfOR[acLQ (fLgXUe 6-9-B). OQ Whe RWheU haQd, Whe VXSeUQaWaQW Rf 

QeRP\cLQ SeUVLVWeUV had WhLV SRWeQWLaO WR SeUWXUb gURZWh Rf QRQ-SeUVLVWeU ceOOV aV ZeOO aV SeUVLVWeUV 

Rf RfOR[acLQ (fLgXUe 6-9-C). 

I WeVWed Whe effecW Rf SUe-LQcXbaWed PedLa Rf QeRP\cLQ SeUVLVWeU RQ UeVLVWaQW ceOOV WR 

QeRP\cLQ LQ cRPSaULVRQ ZLWh VXVceSWLbOe ceOOV. TheUe ZaV QR effecW RQ QeRP\cLQ UeVLVWaQW ceOOV 

(fLgXUe 6-10). I cRQcOXde WhaW UePaLQLQg QeRP\cLQ LQ Whe ceOO cXOWXUe NeeSV SeUVLVWeUV LQ a dRUPaQW 

VWaWe.  
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Figure 6-9 Pre-incubated media with neom\cin persisters perturbed cell growth. IQ OefW cROXPQ, ceOOV 
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dLOXWed LQ fUeVh MOPS-G PedLa (LQdLcaWed b\ a WUaQVSaUeQW beaNeU). IQ ULghW cROXPQ ceOOV ZeUe dLOXWed LQ 

SUe-LQcXbaWed PedLa Rf eLWheU QeRP\cLQ RU RfOR[acLQ SeUVLVWeU (LQdLcaWed b\ a gUe\ beaNeU) A) NeRP\cLQ 

SeUVLVWeUV ZeUe dLOXWed LQ fUeVh PedLa or SUe-LQcXbaWed PedLa ZLWh QeRP\cLQ SeUVLVWeU. B) OfOR[acLQ 

SeUVLVWeUV ZeUe dLOXWed LQ fUeVh PedLa or SUe-LQcXbaWed PedLa ZLWh RfOR[acLQ SeUVLVWeU. C) SWaWLRQaU\ ShaVe 

ceOOV aQd RfOR[acLQ SeUVLVWeUV ZeUe dLOXWed LQ fUeVh PedLa RU SUe-LQcXbaWed PedLa ZLWh QeRP\cLQ 

SeUVLVWeUV. 

Figure 6-10 Pre-incubated media with neom\cin persisters did not perturb cell growth of neom\cin 
resistant cells.  IQ OefW cROXPQ ceOOV dLOXWed LQ fUeVh MOPS-G PedLa (LQdLcaWed ZLWh WUaQVSaUeQW beaNeU). 
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IQ ULghW cROXPQ ceOOV ZeUe dLOXWed LQ SUe-LQcXbaWed PedLa Rf QeRP\cLQ SeUVLVWeU (LQdLcaWed ZLWh gUe\ 

beaNeU). PUe-LQcXbaWed PedLa ZLWh QeRP\cLQ SeUVLVWeU NeSW SeUVLVWeUV Rf QeRP\cLQ LQ dRUPaQW VWaWe (WRS) 

aQd SeUWXUbed gURZWh VWaWLRQaU\ ShaVe Rf QeRP\cLQ VXVceSWLbOe ceOOV (PLddOe). HRZeYeU, LW had QR effecW 

RQ QeRP\cLQ UeVLVWaQW ceOOV (bRWWRP).  

6. Conclusion 
 

IQ WhLV chaSWeU, I LQYeVWLgaWed Whe accXPXOaWLRQ Rf NeR-C\5 LQ SeUVLVWeUV aQd PXWaQWV, 

ZhLch aUe OeVV WROeUaQW WR aPLQRgO\cRVLdeV. I VhRZed b\ WLPe-OaSVe fOXRUeVceQce PLcURVcRS\ WhaW 

SeUVLVWeUV haYe SeULSheUaO accXPXOaWLRQ Rf aPLQRgO\cRVLdeV. I VWXdLed accXPXOaWLRQ SaWWeUQV Rf 

NeR-C\5 LQ Whe OeVV WROeUaQW PXWaQWV ǻVHUA aQd ǻIOKC b\ FACS. CRQWUaU\ WR Whe VWXd\ b\ ShaQ HW 

DO., I dLd QRW fLQd a dLffeUeQce beWZeeQ Whe accXPXOaWLRQ OeYeOV Rf Wagged aPLQRgO\cRVLde LQ WheVe 

PXWaQWV ZheQ cRPSaUed WR OeYeOV Rf accXPXOaWLRQ b\ WT VWUaLQV. I fRXQd WhaW ǻVHUA had RQO\ 

VOLghWO\ hLgheU SeULSheUaO accXPXOaWLRQ OeYeOV LQ VhRUW LQcXbaWLRQ WLPe.  

IQ WhLV chaSWeU, I dePRQVWUaWed Whe effecW Rf Whe VXSeUQaWaQW Rf aPLQRgO\cRVLde SeUVLVWeUV 

aQd ceOO dLOXWLRQ LQ Whe UecRYeU\ Rf SeUVLVWeUV. NeRP\cLQ, ZhLch UePaLQed LQ Whe PedLa, SURbabO\ 

RULgLQaWed fURP Whe dead ceOOV aQd cRQWULbXWed WR LQhLbLW SeUVLVWeUV¶ gURZWh. ThLV SheQRPeQRQ had 

aQ LPSRUWaQW effecW RQ Whe SeUVLVWeU UecRYeU\ VWXd\. IQ VXch VWXd\, ZaVhLQg VWeSV aQd ceOO dLOXWLRQ 

PXVW be NeSW cRQVWaQW LQ RUdeU WR haYe Whe VaPe SeUceQWage Rf SeUVLVWeUV WhaW UeVXPe gURZWh LQ 

dLffeUeQW aQaO\VLV. I VhRZed WhaW Whe UePaLQLQg WUaceV Rf QeRP\cLQ LQ Whe ceOO cXOWXUe PaLQWaLQed 

SeUVLVWeUV LQ Whe dRUPaQW VWaWe. HRZeYeU, hRZ dRUPaQW ceOOV VeQVe Whe SUeVeQce Rf aQWLbLRWLc LQ 

Whe PedLa UePaLQV a P\VWeU\.  
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Chapter VII results:  Microfluidic 

1. Introduction 
 

IQ RUdeU WR be abOe WR RbVeUYe Whe accXPXOaWLRQ Rf NeR-C\5 aW VLQgOe ceOO OeYeO b\ 

fOXRUeVceQce PLcURVcRS\, I XVed a PLcURfOXLdLc deYLce. SXch a deYLce ZRXOd aOORZ XV WR caSWXUe 

NeR-C\5 LQWeUacWLRQ ZLWh bacWeULaO ceOOV LQ UeaO WLPe. IQ PLcURfOXLdLc chaQQeOV, Ze caQ ZaVh aZa\ 

Whe acceVV Rf NeR-C\5 b\ chaQgLQg Whe PedLa ZhLOe bacWeULaO ceOOV VWa\ WUaSSed LQ Whe chaQQeOV. 

OWheU adYaQWageV Rf PLcURfOXLdLcV aUe WhaW Ze XVe YeU\ VPaOO TXaQWLWLeV Rf SULc\ NeR-C\5. 

AQRWheU aSSOLcaWLRQ, ZhLch LV SOaQQed heUe, LV WR NeeS SeUVLVWeU ceOOV LQ Whe dRUPaQc\ VWaWe 

ZLWh a PedLa OacNLQg caUbRQ VRXUceV aQd LQcXbaWe ceOOV ZLWh NeR-C\5. Ne[W, Whe PedLa ZLOO be 

e[chaQged fRU a fUeVh PedLa cRQWaLQLQg a caUbRQ VRXUce aOORZLQg fRU SeUVLVWeUV WR UeVXPe gURZWh. 

ThLV VWeS ZLOO be UecRUded LQ UeaO WLPe LPagLQg. 

HeUe I SUeVeQWed Whe deVLgQ Rf Whe PLcURfOXLdLc V\VWeP aQd LWV fabULcaWLRQ aV ZeOO aV 

VSecLfLc UeTXLUed VXUface WUeaWPeQW. 

2. Design 
 

I XVed a PROd Rf a PLcURfOXLdLc cLUcXLW, ZhLch haV beeQ deYeORSed LQ Whe OabRUaWRU\ Rf 

BUXQR Le PLRXfOe aW ENS PaULV-SacOa\. UVLQg WhLV PROd, I Pade a PRO\dLPeWh\OVLOR[aQe (PDMS) 

cLUcXLW, ZhLch UeSURdXceV e[acWO\ Whe deVLgQ Rf Whe PROd. I bRQded Whe PDMS cLUcXLW RQ Whe 

cRYeUVOLS b\ VXUface acWLYaWLRQ YLD SOaVPa WUeaWPeQW. ThLV cLUcXLW haV 2 LQSXW aQd 2 RXWSXW 

chaQQeOV (fLgXUe 7-1-A). The RXWeU LQSXW (LQSXW 1) LV fRU ORadLQg Whe bacWeULaO ceOOV. The ceOOV aUe 

WUaSSed LQ Whe chaQQeOV (FLgXUe 7-1-B, C). The VecRQd LQSXW LV fRU ORadLQg PedLa cRQWaLQLQg NeR-

C\5. NeR-C\5 eQWeUV WR Whe bacWeULaO chaPbeUV WhURXgh 1-PLcURQ ZLde cRQQecWRU chaQQeOV. 
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Figure 7-1. Design of microfluidic device. A) SOaQ Rf Whe cLUcXLW. IW haV 2 LQSXWV aQd 2 RXWSXWV. B) 

BacWeULaO ceOOV ZeUe ORaded LQ Whe cLUcXLW fURP RXWeU LQSXW 1 aQd Whe PedLa cRQWaLQLQg NeR-C\5 ZaV added 

fURP LQSXW 2. C) CeOOV ZeUe WUaSSed LQ Whe chaQQeOV aQd Whe VROXWLRQ Rf aQWLbLRWLc aUULYed LQWR cRQWacWV ZLWh 

Whe bacWeULa YLD a 1-PLcURQ ZLde chaQQeO cRQQecWRU. 

 

APLQRgO\cRVLdeV aUe NQRZQ WR eaVLO\ aWWach QRQ-VSecLfLcaOO\ WR VXUface VXch aV gOaVV. 

TheUefRUe, I UaQ a SLORW WeVW RQ WhLV cLUcXLW, aQd I RbVeUYed WhaW LQdeed NeR-C\5 ZaV aWWachLQg WR 

Whe VXUface Rf Whe cRYeUVOLS dXULQg TIRF PLcURVcRS\; I ZaV QRW abOe WR RbVeUYe Whe bacWeULa dXe WR 

Whe YeU\ hLgh bacNgURXQd OeYeO (fLgXUe 7-2).  
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Figure7-2. Neo-C\5 binds to h\drophilic surface causing a ver\ high background. LefW SaQeO: BULghW 

fLeOd LPageV Rf PLcURfOXLdLc chaQQeOV. BacWeULa aUe YLVLbOe. RLghW SaQeO: fOXRUeVceQce PLcURVcRS\ LPageV 

Rf Whe VaPe fLeOd Rf YLeZ. DXe WR hLgh bacNgURXQd OeYeO, NeR-c\5 LQWeUacWLRQ ZLWh bacWeULa LV QRW YLVLbOe. 

3. Coating 
 

NeR-C\5 LV a SRVLWLYeO\ chaUged PROecXOe aQd I e[SecWed WhaW LW ZRXOd aWWach WR Whe 

VXUface Rf Whe PLcURfOXLdLc cLUcXLW eVSecLaOO\ Whe gOaVV. HRZeYeU, I ZaV VXUSULVed b\ Whe hLgheU 

WhaQ e[SecWed OeYeO Rf bacNgURXQd. TR WacNOe WhLV SURbOeP, I UaQ a WeVW WR XQdeUVWaQd LWV caXVe.  
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FRU PaNLQg a PLcURfOXLdLc cLUcXLW, PDMS QeedV WR be bRQded WR Whe gOaVV cRYeUVOLS. BRWh 

h\dURShRbLc VXUfaceV ZeUe WUeaWed b\ SOaVPa. POaVPa WUeaWPeQWV eOLPLQaWe h\dURcaUbRQ gURXSV 

RQ bRWh VXUfaceV aQd OeaYe behLQd OH gURXSV aQd PaNe Whe VXUface h\dURShLOLc. ThLV eQabOeV 

VROLd SL±O±SL cRYaOeQW bRQdV WR fRUP beWZeeQ Whe WZR VXUfaceV (FLgXUe 7-3-A). HRZeYeU, LQVLde 

ZaOOV Rf Whe chaQQeOV aQd chaPbeUV, Whe VXUface UePaLQV h\dURShLOLc. I had Whe aVVXPSWLRQ WhaW 

Whe h\dURShLOLc VXUfaceV LQ Whe cLUcXLW ZRXOd Oead WR a YeU\ hLgh aWWachPeQW Rf NeR-C\5 WR Whe 

VXUface.  

I UaQ a WeVW RQ Whe cRYeUVOLS ZLWh SOaVPa WUeaWPeQW baVed RQ Whe SULQcLSOe Rf cRQWacW aQgOe 

PeaVXUePeQW. The VhaSe Rf ZaWeU dURSV RQ a h\dURShRbLc RU h\dURShLOLc VXUface LV YLVXaOO\ 

aQaO\]ed. (FLgXUe 7-3-B). 

I WeVWed Whe h\dURShRbLcLW\ Rf cRYeUVOLSV, ZhLch ZeUe WUeaWed b\ SOaVPa aQd WheQ NeSW 

WheP eLWheU LQ ZaWeU RU LQ cRQWacW ZLWh aLU aQd Pade a cRPSaULVRQ ZLWh QRQ-WUeaWed cRYeUVOLSV. I 

cRQcOXded WhaW LW WaNeV 60 da\V afWeU SOaVPa WUeaWPeQW fRU a gOaVV VXUface WR becRPe h\dURShRbLc 

Lf LW ZaV NeSW LQ cRQWacW ZLWh aLU (FLgXUe 7-3-C). 

I aOVR UaQ a WeVW WR Vee hRZ PXch Whe aWWachPeQW Rf NeR-C\5 LQcUeaVeV dXe WR Whe SOaVPa 

WUeaWPeQW Rf cRYeUVOLS. I PeaVXUed Whe LQWeQVLW\ Rf NeR-C\5 LQ a cRYeUVOLS b\ VSecWURShRWRPeWeU 

aQd cRQfLUPed WhaW NeR-C\5 bLQd e[ceVVLYeO\ WR h\dURShRbLc gOaVV VXUface (FLgXUe 7-4-B).  

TR PaNe a cRYeUVOLS aQd PDMS VXUface (ZaOOV Rf chaQQeO) h\dURShRbLc afWeU SOaVPa 

WUeaWPeQW I WUeaWed LQVLde Whe PLcURfOXLdLc cLUcXLW b\ PPEG-SLOaQe, ZhLch bLQdV WR Whe -OH Rf 

bRWh VXUfaceV. The PEG-VLOaQL]ed VXUface LV h\dURShRbLc (FLgXUe 7-4-A). I cRQfLUPed ORZeU NeR-

C\5 aWWachPeQW OeYeO Rf PEG-VLOaQL]ed VXUface ZheQ cRPSaULQg WR QRQ-WUeaWed RQe ZLWh a 

VSecWURShRWRPeWeU aQd fOXRUeVceQce PLcURVcRS\. NeR-C\5 aWWachPeQW LV decUeaVLQg 6-fROd RQ a 
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SOaVPa WUeaWed VXUface afWeU PPEG-SLOaQe WUeaWPeQW aQd I ZaV abOe WR RbVeUYe bacWeULaO 

accXPXOaWLRQ ZLWh ORZeU bacNgURXQd (FLgXUe 7-4-C). 

Figure7-3. Plasma treatment makes the surface h\drophilic for a long time. A) CRYeUVOLS aQd PDMS 

becRPe h\dURShLOLc afWeU SOaVPa WUeaWPeQW, ZhLch OeadV WR fUee -OH gURXSV. ThLV aOORZV fRUPLQg cRYaOeQW 

bRQdV beWZeeQ Whe PDMS aQd Whe gOaVV. B) PULQcLSOe Rf cRQWacW aQgOe PeaVXUePeQW. C) EYROXWLRQ Rf Whe 

h\dURShLOLc SURSeUW\ Rf a cRYeUVOLS afWeU SOaVPa WUeaWPeQW aV a fXQcWLRQ Rf WLPe. 

C 
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Figure 7-4. m-PEG Silane treatment turns a h\drophilic surface into a h\drophobic one and 
decreases Neo-C\5 attachment. A) FRUPaWLRQ Rf P-PEG-VLOaQL]ed VXUface. B) MeaVXUePeQW Rf C\5 

VLgQaOV RQ a VSecWURShRWRPeWeU RQ a cRYeUVOLS eLWheU WUeaWed b\ SOaVPa aQd P-PEG-SLOaQe RU QRW. TheQ 

cRYeUVOLSV ZeUe WUeaWed ZLWh NeR-C\5 (0.4 �M) aQd ZaVhed VeYeUaO WLPeV befRUe PeaVXUePeQW. C) BULghW 

fLeOd (OefW) aQd TIRF (ULghW) PLcURVcRS\ LPageV. CRPSaULVRQ Rf NeR-C\5 aWWachPeQW WR Whe VXUface, befRUe 

P-PEG-SLOaQe WUeaWPeQW (WRS) aQd afWeU (bRWWRP). BacWeULa WhaW accXPXOaWed NeR-C\5 aUe YLVLbOe RQ Whe 

deYLce ZLWh Whe P-PEG-VLOaQL]ed VXUface (bRWWRP). 

 

4. Conclusion  
 

HeUe I SUeVeQWed Whe PLcURfOXLdLc cLUcXLW deVLgQ WhaW I SOaQQed WR XVe fRU UeaO WLPe NeR-

C\5 accXPXOaWLRQ aQd SeUVLVWeU UecRYeU\ PLcURVcRS\ LPagLQg. I WUeaWed Whe chaQQeOV¶ ZaOO WR be 

h\dURShRbLc ULghW afWeU SOaVPa WUeaWPeQW. I VhRZed Whe SURRf Rf SULQcLSOe Rf hRZ WR SUeSaUe a 

PLcURfOXLdLc deYLce VXLWabOe fRU NeR-C\5 accXPXOaWLRQ VWXd\. 
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HRZeYeU, dXe WR WLPe OLPLWaWLRQ I cRXOd QRW UaQ PRUe WeVW WR UecRUd a WLPe-OaSVe Rf Whe 

eQWU\ Rf NeR-C\5 LQ Whe faVW-gURZLQg ceOOV aV ZeOO aV NeR-C\5 accXPXOaWLRQ LQ SeUVLVWeUV aQd 

WheLU UecRYeU\. 
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Chapter VIII: Discussion and Perspective  
 

IQ WhLV VWXd\, I SUeVeQWed Whe QeZO\ Pade fOXRUeVceQWO\-Wagged aPLQRgO\cRVLdeV ZLWh 

SUeVeUYed bacWeULcLdaO SURSeUWLeV. I XVed WheVe cRQMXgaWeV WR WUacN dRZQ Whe LQWeUacWLRQ Rf 

aPLQRgO\cRVLdeV aW VLQgOe ceOO OeYeO b\ fOXRUeVceQce PLcURVcRS\. I cRPbLQed fOXRUeVceQce 

PLcURVcRS\ aQd FACS aQaO\VLV WR PeaVXUe aPLQRgO\cRVLde accXPXOaWLRQ LQ Whe ceOOV aW dLffeUeQW 

WLPe SRLQWV WR caSWXUe Whe NLQeWLcV Rf aQWLbLRWLc SeQeWUaWLRQ.  

ThLV VWXd\ VhRZed WhaW WheUe aUe WZR accXPXOaWLRQ SaWWeUQV fRU NeR-C\5 LQ ceOOV: LQ Whe 

fLUVW VWeS WheUe LV a SeULSheUaO accXPXOaWLRQ, ZhLch cRUUeVSRQdV WR VSecLfLc bLQgLQg WR ceOO 

PePbUaQe. We aOVR fLQd WhaW SeULSheUaO accXPXOaWLRQ OeYeOV caQ be dLffeUeQW, ZhLch agaLQ 

VhRZed Whe LPSRUWaQce Rf defLQLQg aPLQRgO\cRVLde accXPXOaWLRQ SaWWeUQV b\ RXU PeWhRdRORg\.  

Ne[W, WheUe LV c\WRSOaVPLc accXPXOaWLRQ LQ ZhLch Whe aQWLbLRWLc LV eQWeULQg LQWR Whe 

c\WRSOaVP. AccRUdLQg WR PLcURVcRS\ WLPe-OaSVe VWXd\, ORZ OeYeOV Rf c\WRSOaVPLc accXPXOaWLRQ 

aUe WROeUaWed b\ ceOOV aQd dLd QRW caXVe ceOO deaWh. FXUWheU VWXd\ QeedV WR LQYeVWLgaWe Whe QaWXUe Rf 

WROeUaQce LQ VRPe ceOOV deVSLWe Whe SUeVeQce Rf aPLQRgO\cRVLde LQ Whe c\WRSOaVP, ZhLch caXVeV a 

ORZ OeYeO Rf PLVcRdLQg aQd PLVfROded SURWeLQV LQ WhRVe ceOOV. 

UVLQg FACS aQaO\VLV, I XVed aQ LQhLbLWRU Rf EDPI aQd EDPII aQd SURYed WhaW ZLWh WhLV 

WechQLTXe Ze caQ dLVWLQgXLVh dLffeUeQW VWeSV Rf aPLQRgO\cRVLde accXPXOaWLRQ. MRUeRYeU, I fRXQd 

WhaW LQ a dead ceOO SRSXOaWLRQ, afWeU aPLQRgO\cRVLde WUeaWPeQW RQO\ a VPaOO VXb-SRSXOaWLRQ Rf ceOOV 

ZaV accXPXOaWLQg PI (PaUNeU Rf dead ceOOV dXe WR PePbUaQe daPage). ThLV UeVXOW caQ gLYe XV 

hLQWV RQ Whe facW WhaW Pa\be Whe PePbUaQe daPage LV QRW fLQaOO\ Whe PaMRU UeaVRQ Zh\ ceOOV aUe 

NLOOed afWeU aPLQRgO\cRVLde WUeaWPeQW. 
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DXULQg SURWRcRO adMXVWPeQW, I fRXQd WhaW aPLQRgO\cRVLdeV caQ eQWeU LQWR Whe c\WRSOaVP aV 

a UeVXOW Rf PechaQRVeQVaWLRQ aQd acWLYaWLRQ Rf PechaQRVeQVLWLYe chaQQeOV. ThLV ZaV Whe fLUVW WLPe 

WhaW Ze RbVeUYed WhaW PechaQLcaO PaQLSXOaWLRQ Rf ceOOV OeadV WR RSeQLQg Rf PechaQRVeQVLWLYe 

chaQQeOV caXVLQg PaVVLYe c\WRSOaVPLc accXPXOaWLRQ Rf aQ aPLQRgO\cRVLde. ThLV XQSUedLcWabOe 

UeVXOW Pa\ Oead XV WR a beWWeU XQdeUVWaQdLQg Rf Whe PechaQLVP Rf aPLQRgO\cRVLde eQWUaQce LQWR 

Whe c\WRSOaVP. MRUeRYeU, P\ UeVXOWV VhRZed WhaW Whe acWLYaWLRQ Rf MS chaQQeOV RccXUUed LQ a 

VXb-SRSXOaWLRQ Rf ceOOV. The e[WeQW Rf WhLV VXb-SRSXOaWLRQ ZaV fRXQd WR YaU\ accRUdLQg WR ceOO 

cRQceQWUaWLRQ aQd dLOXWLRQV. HRZ ceOO cRQceQWUaWLRQ caQ LQfOXeQce Whe PechaQRVeQVaWLRQ LQ Whe 

bacWeULaO ceOOV UePaLQV XQNQRZQ. 

IQ RUdeU WR LQYeVWLgaWe PRUe Whe LQWeUacWLRQ Rf MS chaQQeOV aQd aPLQRgO\cRVLdeV, Ze caQ 

e[SORUe aQd WUacN dRZQ NeR-C\5 LQWeUacWLRQ ZLWh Whe PePbUaQe LQ ceOO LQ ZhLch MS chaQQeO 

PRQRPeUV ZLOO be fXVed ZLWh fOXRUeVceQW SURWeLQV. B\ cRPbLQLQg STORM aQd PALM VXSeU-

UeVROXWLRQ PLcURVcRS\ Ze PLghW haYe PRUe LQfRUPaWLRQ LQ Whe UROe Rf MS chaQQeOV LQ eQWUaQce Rf 

aPLQRgO\cRVLde LQWR Whe c\WRSOaVP. IW ZLOO be aOVR LQWeUeVWLQg WR VWXd\ Whe effecW Rf NeR-C\5 RQ 

MVcL XVLQg Whe SaWch-cOaPS WechQLTXe. 

PULRU WR WhLV VWXd\, LW ZaV RQO\ SRVVLbOe WR NQRZ Whe OeYeOV Rf accXPXOaWLRQ Rf 

aPLQRgO\cRVLdeV aQd QRW Whe cRUUeVSRQdLQg SaWWeUQV. I aSSOLed RXU PeWhRd WR LQYeVWLgaWe 

aPLQRgO\cRVLde accXPXOaWLRQ LQ WZR PXWaQWV Rf E. FROL, ZhLch aUe OeVV WROeUaQW WR aPLQRgO\cRVLde 

aQd defLQed WheLU SaWWeUQV Rf accXPXOaWLRQ. TheVe UeVXOWV dLffeU fURP SUeYLRXVO\ SXbOLVhed daWa 

108. 

AfWeU VWXd\LQg aPLQRgO\cRVLde accXPXOaWLRQ LQ faVW gURZLQg ceOOV, I VWXdLed accXPXOaWLRQ 

Rf NeR-C\5 b\ SeUVLVWeUV. B\ fOXRUeVceQce PLcURVcRS\, I VhRZed WhaW SeUVLVWeU ceOOV haYe 
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SeULSheUaO accXPXOaWLRQ Rf NeR-C\5. TheUeb\ LQ WheVe ceOOV, WheUe LV QR VWURQg c\WRSOaVPLc 

accXPXOaWLRQ. 

WhLOe VWXd\LQg SeUVLVWeUV Rf QeRP\cLQ, I fRXQd WhaW VXb-MIC cRQceQWUaWLRQV Rf QeRP\cLQ 

caQ be VeQVed b\ QeRP\cLQ SeUVLVWeUV, ZhLch SUeYeQWV WheP fURP e[LWLQg Whe dRUPaQW VWaWe. 

HRZeYeU, LW LV XQcaQQ\, hRZ LQ dRUPaQW ceOOV, ORZ cRQceQWUaWLRQ Rf aPLQRgO\cRVLde haV beeQ 

VeQVed. We caQ WhLQN abRXW a h\SRWheVLV WhaW WhLV SheQRPeQRQ LQYROYeV TXRUXP VeQVLQg 

PechaQLVP aQd a UeceSWRU RQ ceOO PePbUaQe b\ ZhLch ceOOV caQ VeQVe aQWLbLRWLc VWUeVV LQ ceOOV¶ 

eQYLURQPeQW.   

FLQaOO\, I deYeORSed a cRaWed PLcURfOXLdLc V\VWeP, ZhLch LV adaSWed WR RXU aQWLbLRWLcV fRU 

VWXd\LQg LQ UeaO WLPe dUXg accXPXOaWLRQ b\ SeUVLVWeU ceOOV. 
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Chapter IX: Material and methods 
 

Medium compositions 
 

LB: 1% (Z/Y) WU\SWRQe, 0.5% (Z/Y) \eaVW e[WUacW, 1% (Z/Y) NaCO  

MOPS : 1.32 PM K2HPO4, 9.52 PM NH4CO, 0.523 PM MgCO2, 0.276 PM K2SO4, 0.01 PM 

FeSO4�7H2O, 5 �M CaCO2, 50 PM NaCO, 40 PM MOPS, 4 PM TULcLQe, 0.003 �M 

(NH4)6(MO7)24�4H2O, 0.4 �M H3BO3, 0.03 �M CRCO2(II)�6H2O, 0.01 �M CXSO4(II)�5H2O, 

0.08 �M MQCO2�4H2O, 0.01 �M ZQSO4�7H2O 

MOPS VXSSOePeQWed ZLWh 0.4 % (Z/Y) gOXcRVe (G) RU ZLWh 0.2 % (Z/Y) gOXcRVe aQd 0.2 % 

caVaPLQR acLd (CAA). 

Strains used in this stud\ 
 

EVFKHULFKLD FROL VWUaLQV  

MG1655: WLOd W\Se VWUaLQ 

F-, OaPbda-, LOYG-, Ufb-50, USh-1 

MG1655 ǻODF= :UUQBP- JIS(DVY) 

SLQgOe PXWaQWV: 

MG1655 ǻVHUA 

MG1655 ǻIOKC 

MG1655 ǻPVFL 

MG1655 ǻPVFS 
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MIC measurement 
 

 The MICV ZeUe deWeUPLQed XVLQg a OLTXLd cXOWXUe aVVa\. AOLTXRWV Rf aQ RYeUQLghW cXOWXUe Rf 

E. FROL MG1655 RU PXWaQW ǻPVFL aQd ǻPVFS ZeUe dLOXWed LQWR PedLXP cRQWaLQLQg 2-fROd VeULaO 

dLOXWLRQV Rf aQWLbLRWLc WR aQ OD600QP Rf 0.04. GURZWh ZaV PeaVXUed b\ WXUbLdLW\ aW each 

cRQceQWUaWLRQ fROORZLQg 16 h Rf LQcXbaWLRQ aW 37 �C. MeaVXUePeQWV ZeUe SeUfRUPed RQ 200 �L 

VaPSOeV LQ a 96-ZeOO PLcURWLWeU SOaWe ZLWh WUaQVSaUeQW OLd XVLQg aQ IQfLQLWeM200SUR (TECAN). 

FRU NeR-C\5, abVRUbaQce ZaV PeaVXUed aW 400 QP RU 500 QP LQVWead Rf 600 QP WR PLQLPL]e aQ\ 

C\5 e[cLWaWLRQ. 

Treatment of cells with CCCP 
 

E. FROL ceOOV MG1655 fURP aQ RYeUQLghW cXOWXUe LQ MOPS VXSSOePeQWed ZLWh 0.4 % (Z/Y) 

gOXcRVe (MOPS-G) ZeUe dLOXWed LQWR Whe VaPe PedLXP. CeOOV ZeUe gURZQ fRU 2 h aW 37 �C ZLWh 

RU ZLWhRXW 30 �M CCCP befRUe Whe addLWLRQ Rf Whe aQWLbLRWLc. The QXPbeU Rf OLYe ceOOV, aW Whe 

WLPe Rf CCCP addLWLRQ, ZaV eVWLPaWed aV 5[107 cRORQ\-fRUPLQg XQLWV SeU PLOOLOLWeU (CFU/PL). 

AfWeU a 4.5-h LQcXbaWLRQ aW 37 �C ZLWh QeRP\cLQ RU NeR-C\5, ceOO VXUYLYaO ZaV PeaVXUed LQ 

CFU/PL. The cRQceQWUaWLRQ Rf NeR-C\5 VWRcN VROXWLRQ ZaV eVWLPaWed fURP Whe abVRUbaQce aW 

649 QP PeaVXUed LQ 10 PM TULV-HCO, SH 7.5. 

Neo-C\5 uptake 
 

FRU Whe OLTXLd cXOWXUe, MOPS VXSSOePeQWed ZLWh 0.4% gOXcRVe (MOPS-G) ZaV XVed. FRU 

e[SeULPeQWV LQYROYLQg VLQgOe-deOeWLRQ PXWaQW Rf geQeV VeUA aQd fOhC MOPS cRQWaLQed 0.2% 

gOXcRVe aQd 0.2 % Rf caVaPLQR acLdV. OYeUQLghW cXOWXUeV ZeUe dLOXWed WR aQ OD600 Rf 0.037 ZLWh 

fUeVh PedLXP aQd gURZQ XQWLO Whe OD600 Ueached 0.2. CeOO (dLOXWed RU QRW accRUdLQg WR Whe 
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e[SeULPeQW) ZaV LQcXbaWed ZLWh LQdLcaWed cRQceQWUaWLRQ Rf NeR-C\5 (RU C\5) dLVVROYed LQ PLOOLQ 

ZaWeU. CeOOV ZeUe LQcXbaWed LQ a heaW bORcN aW 37 �C ZLWhRXW VhaNLQg.  

TR UePRYe NeR-C\5 QRW WLghWO\ bRXQd RU LQWeUQaOL]ed 2 PeWhRdV ZeUe XVed: 

 FLUVW PeWhRd: ZaVhLQg ceOOV b\ fLOWeULQg. CeOOV ZeUe fLOWeUed RQ HAWP PL[ed ceOOXORVe 

eVWeUV (MCE) PePbUaQeV 0.45 �P-SRUe-VL]e (MeUcN MLOOLSRUe) PRXQWed RQ a PLcUR-VaPSOe 

fLOWUaWLRQ MLQLfROd II (SchOeLcheU & SchXeOO) aQd ZaVhed (W\SLcaOO\ 3 WLPeV XQOeVV LW ZaV 

PeQWLRQed RWheUZLVe) ZLWh MOPS-G SUeZaUPed aW 37�C.  

SecRQd PeWhRd LV b\ ceQWULfXgaWLRQ Rf ceOOV aQd WheQ chaQgLQg Whe VXSeUQaWaQW b\ fUeVh 

PedLa. CeOO VXVSeQVLRQ LQ Whe fUeVh PedLa ZaV dRQe b\ dLffeUeQW PeWhRdV VXch aV PL[LQg ceOOV b\ 

SLSeWWLQg RU VhaNLQg ZLWh a WXbe hROdeU WUa\ aW Pa[LPXP fRU 1 PLQ. 

 IPPedLaWeO\ afWeU, Whe VecWLRQ Rf Whe PePbUaQe cRQWaLQLQg ceOOV ZaV SOaced LQWR aQ 

ESSeQdRUf WXbe cRQWaLQLQg MOPS-G aQd ceOOV ZeUe UecRYeUed b\ geQWOe XS aQd dRZQ SLSeWWLQg. 

CeOOV ZeUe LPPedLaWeO\ SOaced RQ 1% agaURVe Sad fRU LPagLQg b\ fOXRUeVceQce PLcURVcRS\, 

VXSeU-UeVROXWLRQ PLcURVcRS\ RU aQaO\]ed b\ FACS RU VSRWWed RQ MOPS-G RU LB SOaWe fRU CFU 

VXUYLYaO WeVW. 

IQ Whe LQdLcaWed e[SeULPeQWV ceOOV ZeUe LQcXbaWed ZLWh 25 �g/PL chORUaPSheQLcRO fRU 2 

PLQ aW 37�C RU ZLWh ULfaPSLcLQ aW 30�M fRU 10 PLQ aW 37�C SULRU WR NeR-C\5 addLWLRQ. 

IQ Whe e[SeULPeQW ZLWh PI, ceOOV ZeUe LQcXbaWed ZLWh 30 �M PI dLVVROYed LQ DMSO fRU 10 

PLQ aW 37 �C befRUe aQaO\VeV.  

Fluorescence microscop\ 
 

FOXRUeVceQce LPageV ZeUe WaNeQ ZLWh aQ EMCCD caPeUa (PhRWRPeWULcV) WhURXgh a 63X 

TIRF RbMecWLYe (ZeLVV, NA 1.43) PRXQWed RQ aQ LQYeUWed ZeLVV A[LR ObVeUYeU Z1 PLcURVcRSe. 
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IPage acTXLVLWLRQ ZaV dRQe ZLWh Whe MeWaPRUSh VRfWZaUe SacNage (MROecXOaU DeYLceV). C\5 

LOOXPLQaWLRQ ZaV SeUfRUPed XVLQg a 642-QP OaVeU (0.002 NW/cP2, RRSeU ScLeQWLfLc) aQd a fLOWeU 

VeW ZaV XVed fRU fOXRUeVceQce e[cLWaWLRQ aQd ePLVVLRQ (ChURPa TechQRORg\; ET 532/640 QP 

LaVeU DXaO BaQd; e[cLWaWLRQ fLOWeU 530/20 QP aQd 638/25 QP, dLchURLc PLUURU 585/70 QP aQd 650 

QP (ORQg SaVV), aQd ePLVVLRQ fLOWeU 580/70 QP aQd 700/100 QP). NeR-C\5 XSWaNe ZaV W\SLcaOO\ 

RbVeUYed ZLWh aQ eOecWURQ-PXOWLSO\LQg gaLQ Rf 1 RU 50 aQd aQ e[SRVXUe Rf 10 WR 100 PV. IPage 

aQaO\VeV ZeUe SeUfRUPed XVLQg IPageJ. 

FACS anal\sis 
 

TR PeaVXUe C\5 fOXRUeVceQce, ceOOV ZeUe aQaO\]ed ZLWh a BD AccXULTM C6 fORZ 

c\WRPeWeU (BD BLRVcLeQceV). E[cLWaWLRQ ZaV SeUfRUPed ZLWh a 640-QP dLRde OaVeU (14.7 PW), 

aQd ePLVVLRQ ZaV deWecWed WhURXgh a 675/25 QP baQd SaVV fLOWeU.  

PMF measurement   
 

CeOOV LQ dLffeUeQW ceOO cXOWXUe aQd dLffeUeQW cRQceQWUaWLRQ ZeUe LQcXbaWed ZLWh 10 �g/PL 

DLBAC4-(3) dLVVROYed LQ ZaWeU RU DMSO aW 37�C fRU 2 PLQ LQ daUN. TheQ ceOOV ZeUe aQaO\]ed b\ 

FACS dLUecWO\. 

Strain construction  
 

  JIS(DVY) geQe XQdeU cRQWURO Rf UUQBP1 VhRUW SURPRWRU (NLQdO\ SURYLded b\ ChULVWRShe 

BeORLQ Oab) LQVeUWed LQ OacZ geQe SRVLWLRQ LQ E. FROL MG1655 b\ cRQMXgaWLRQ Rf SOaVPLd 

cRQWaLQLQg UUQBP- JIS(DVY) geQe VXUURXQded b\ XSVWUeaP aQd dRZQVWUeaP hRPRORgRXV UegLRQ fRU 

OacZ geQe. AfWeU LQdXcWLRQ Rf dRXbOe hRPRORgRXV UecRPbLQaWLRQ, cRQVWUXcWed cRORQLeV ZeUe 

VeOecWed aQd YeULfLed b\ PCR.    
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Single-deletion MG1655 strains 
 

E. FROL VLQgOe-deOeWLRQ VWUaLQV fURP Whe KeLR cROOecWLRQ 143 ZeUe WUaQVfeUUed LQ Whe MG1655 

bacNgURXQd b\ P1 WUaQVdXcWLRQ aQd YaOLdaWed b\ PCR. KaQaP\cLQ UeVLVWaQce ZaV WheQ eOLPLQaWed 

b\ WheUPRVeQVLWLYe SOaVPLd cRdLQg fRU FOS UecRPbLQaVe. 

Persister formation 
 

SWaWLRQaU\ ShaVe ceOOV LQ MOPS-G-CAA PedLa ZeUe LQcXbaWed fRU 16h aW 37�C LQ a 

VhaNeU LQcXbaWRU WheQ WUeaWed b\ eLWheU 500�M Rf QeRP\cLQ RU 5�g/PL RfOR[acLQ fRU 6h aW 37�C 

ZLWh agLWaWLRQ aW 220 USP. TheQ ceOOV ZeUe ceQWULfXgaWed aQd ZaVhed WZR WLPeV ZLWh MOPS 

ZLWhRXW aQ\ caUbRQ VRXUce RU PBS. TheQ ceOOV ZeUe SOaWed fRU CFU VXUYLYaO WeVW RU LQcXbaWed ZLWh 

NeR-C\5 aW 0.4 �M fRU 2 PLQ aQd ZaVhed b\ ceQWULfXgaWLRQ fRU eOLPLQaWLRQ Rf Whe e[ceVV Rf NeR-

C\5 aQd WheQ aQaO\]ed b\ PLcURVcRS\ RU FACS.  

Persister recover\ assa\ (persister pre-incubated media preparation) 
 

SWaWLRQaU\ ShaVe ceOOV LQ MOPS-G-CAA PedLa ZeUe gURZQ fRU 16h aW 37�C LQ a VhaNeU 

LQcXbaWRU WheQ WUeaWed b\ eLWheU 500�M Rf QeRP\cLQ RU 5�g/PL RfOR[acLQ fRU 6h aW 37�C ZLWh 

agLWaWLRQ aW 220 USP. TheQ ceOOV ZeUe ceQWULfXgaWed aQd ZaVhed WZLce ZLWh MOPS ZLWhRXW aQ\ 

caUbRQ VRXUce.  

CeOOV ZeUe LQcXbaWed LQ fUeVh MOPS PedLa fRU 15 PLQ WheQ ceOOV¶ VXSeUQaWaQW VeSaUaWed 

b\ ceQWULfXgaWLRQ aQd caOOed SeUVLVWeU SUe-LQcXbaWed PedLa. CeOOV QRZ dLOXWed eLWheU ZLWh Whe 

SeUVLVWeU SUe-LQcXbaWed PedLa RU ZLWh fUeVh PedLa aQd SeUVLVWeU gURZWh ZaV PeaVXUed LQ a 96-

ZeOO PLcURWLWeU SOaWe ZLWh WUaQVSaUeQW OLd XVLQg aQ IQfLQLWeM200SUR (TECAN) aW 600QP. 
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Microfluidic circuit coating 
 

AfWeU bRQdLQg Whe PDMS aQd cRYeUVOLS WRgeWheU RU cRYeUVOLSV aORQe afWeU SOaVPa 

WUeaWPeQW ZeUe WUeaWed 2h ZLWh a VROXWLRQ Rf PPEGVLOaQe (600 MW) 2PM LQ eWhaQRO/H2O/aceWLc 

acLd 94.8/5/0.2 Y/Y/Y. TheQ LW ZaV ZaVhed b\ eWhaQRO fROORZed b\ PLOOLQ ZaWeU e[WeQVLYeO\.  
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Chapter X Manuscript of submitted paper  
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Chapter XII Resump en Franoais  
 

LeV aPLQRgO\cRVLdeV fRUPeQW XQe faPLOOe d'aQWLbLRWLTXeV cRPSRVpV de VXcUeV PRdLfLpV SaU 

deV aPLQeV TXL cLbOeQW OeV ULbRVRPeV bacWpULeQV. QXeOTXeV e[ePSOeV de ceWWe faPLOOe VRQW Oa 

QpRP\cLQe, Oa geQWaPLcLQe eW Oa VWUeSWRP\cLQe. LeV aPLQRgO\cRVLdeV RQW pWp OeV SUePLeUV 

PpdLcaPeQWV WhpUaSeXWLTXeV LPSRUWaQWV, TXL RQW pWp SURdXLWV SaU deV YRLeV de feUPeQWaWLRQ daQV 

OeV bacWpULeV. EQ 1943, Oa VWUeSWRP\cLQe a pWp dpcRXYeUWe daQV Oe OabRUaWRLUe de SeOPaQ WaNVPaQ 

j SaUWLU d'XQe bacWpULe dX VRO : SWUHSWRP\FHV JULVHXV 1. La VWUeSWRP\cLQe eVW Oe SOXV aQcLeQ ageQW 

PRdeUQe XWLOLVp cRQWUe M\FREDFWHULXP WXEHUFXORVLV. DeSXLV OeV aQQpeV 1940 MXVTX'j aXMRXUd'hXL, 

OeV aPLQRgO\cRVLdeV VRQW XWLOLVpV daQV Oe PRQde eQWLeU, eQ UaLVRQ de OeXU gUaQde effLcacLWp eW de 

OeXU faLbOe cR�W 2. 

 LRUVTXe OeV aPLQRgO\cRVLdeV Ve OLeQW aX[ ULbRVRPeV, LOV SeUWXUbeQW Oa OecWXUe dX cRde 

gpQpWLTXe RX LQhLbeQW Oa V\QWhqVe deV SURWpLQeV, ce TXL eQWUavQe Oa PRUW deV ceOOXOeV. LeV 

aPLQRgO\cRVLdeV V'aYqUeQW rWUe deV LQhLbLWeXUV de WUaQVORcaWLRQ 3, 4 eW aXgPeQWeQW Oa UpWUR-

WUaQVORcaWLRQ 5, 6, ϳ. La PaMRULWp deV aPLQRgO\cRVLdeV Ve OLeQW j Oa VRXV-XQLWp ULbRVRPaOe 30S aX 

QLYeaX d'XQe bRXcOe LQWeUQe de O'hpOLce 44 (h44) TXL fRUPe SULQcLSaOePeQW Oe VLWe de dpcRdage ϴ.  

 BLeQ TXe Oa dpcRXYeUWe de ceV aQWLbLRWLTXeV UePRQWe j SOXV d'XQ dePL-VLqcOe, LO e[LVWe de 

QRPbUeX[ faLWV VXU Oe PpcaQLVPe d'acWLRQ deV aPLQRgO\cRVLdeV TXL UeVWeQW LQcRQQXV. LeV 

aPLQRgO\cRVLdeV dRLYeQW rWUe WUaQVSRUWpV j WUaYeUV Oa PePbUaQe c\WRSOaVPLTXe SRXU aWWeLQdUe OeXU 

cLbOe, OeV ULbRVRPeV. 

 L'accXPXOaWLRQ d'aPLQRgO\cRVLdeV daQV Oe c\WRSOaVPe dpSeQd de Oa fRUce PRWULce deV 

SURWRQV (PMF) daQV OeV ceOOXOeV. IO eVW VXggpUp TXe O'accXPXOaWLRQ d'aPLQRgO\cRVLdeV SaU OeV 
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bacWpULeV Ve dpYeORSSaQW daQV deV cRQdLWLRQV apURbLeV Ve SURdXLW eQ WURLV pWaSeV VXcceVVLYeV ϵ 

(fLgXUe 1). 

  DaQV XQ SUePLeU WePSV, OeV PpdLcaPeQWV Ve OLeUaLeQW aX[ VLWeV aQLRQLTXeV VLWXpV VXU Oa 

PePbUaQe e[WpULeXUe de PaQLqUe LQVWaQWaQpe eW UpYeUVLbOe. IO a pgaOePeQW pWp SURSRVp TXe daQV OeV 

bacWpULeV GUaP-QpgaWLYeV, OeV OLSRSRO\VacchaULdeV (LPS) LQWeUagLVVeQW dLUecWePeQW aYec OeV 

aPLQRgO\cRVLdeV SRO\caWLRQLTXeV, ce TXL faYRULVeUaLW OeXU abVRUSWLRQ 10. AXSaUaYaQW, XQ 

PpcaQLVPe d'abVRUSWLRQ aXWR-SURPX SRXU OeV aPLQRgO\cRVLdeV pWaLW faYRULVp eQ WeUPeV 

d'h\SRWhqVe SOXW{W TX'XQ PpcaQLVPe LPSOLTXaQW OeV SRULQeV 11, 12, ceSeQdaQW, XQe pWXde UpceQWe a 

PRQWUp TXe Oa VRXV-SRSXOaWLRQ de ceOOXOeV a\aQW XQe e[SUeVVLRQ SOXV faLbOe de Oa SRULQe C de Oa 

PePbUaQe e[WeUQe (RPSC) VRQW SOXV WROpUaQWeV j Oa NaQaP\cLQe 13. DaQV ce PpcaQLVPe, 

O'aQWLbLRWLTXe LQWeUagLW aYec Oa SaURL ceOOXOaLUe e[WeUQe eW ceWWe LQWeUacWLRQ aXgPeQWe Oa 

SeUPpabLOLWp de ceWWe SaURL ceOOXOaLUe j O'aQWLbLRWLTXe. CeWWe pWaSe VeUaLW VXLYLe de deX[ ShaVeV 

LUUpYeUVLbOeV dpSeQdaQWeV d'pQeUgLe, aSSeOpeV ShaVeV dpSeQdaQWeV d'pQeUgLe I eW II (EDPI eW 

EDPII, UeVSecWLYePeQW). 

 DaQV O'EDPI, O'aQWLbLRWLTXe SpQqWUe daQV Oe c\WRSOaVPe eW aWWeLQW OeV ULbRVRPeV, ce TXL 

eQWUavQe XQ PaXYaLV dpcRdage dX cRde gpQpWLTXe eW Oa SURdXcWLRQ de SURWpLQeV PaO UeSOLpeV. 

L'EDPI dpSeQd dX QLYeaX d'pQeUgLe ceOOXOaLUe. OQ a pgaOePeQW RbVeUYp XQe UeOaWLRQ eQWUe Oe WaX[ 

de cURLVVaQce deV bacWpULeV aYaQW O'aMRXW de O'aQWLbLRWLTXe eW Oe QLYeaX d¶accXPXOaWLRQ 14. LeV 

ceOOXOeV bacWpULeQQeV eQ ShaVe e[SRQeQWLeOOe Ve VRQW aYpUpeV WUqV VeQVLbOeV j O'aPLQRgO\cRVLde eQ 

UaLVRQ d¶XQ QLYeaX de PMF SOXV pOeYp. AX cRQWUaLUe, OeV SRSXOaWLRQV de ceOOXOeV eQ ShaVe 

VWaWLRQQaLUe VRQW PRLQV VeQVLbOeV aX[ aPLQRgO\cRVLdeV. L'EDPI cRUUeVSRQd j O'eQWUpe de 

O'aPLQRgO\cRVLde daQV Oe c\WRSOaVPe. L'EDPI SeXW rWUe bORTXpe SaU deV LQhLbLWeXUV dX WUaQVSRUW 

d'pOecWURQV WeOV TXe Oe c\aQXUe de caUbRQ\Oe P-chORURShpQ\Oh\dUa]RQe (CCCP). CeSeQdaQW, Oe 
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PpcaQLVPe SaU OeTXeO OeV aPLQRgO\cRVLdeV WUaYeUVeQW OeV PePbUaQeV eW eQWUeQW daQV Oe 

c\WRSOaVPe eVW LQcRQQX j ce MRXU (FLgXUe 1). 

 La WURLVLqPe pWaSe eVW Oa ShaVe II dpSeQdaQWe de O'pQeUgLe (EDPII), aX cRXUV de OaTXeOOe 

O'aQWLbLRWLTXe SpQqWUe daQV Oe c\WRSOaVPe eQ SOXV gUaQde TXaQWLWp eQ UaLVRQ deV dRPPageV caXVpV 

j Oa PePbUaQe SaU O'EDPI.  CeWWe pWaSe d'abVRUSWLRQ deV aPLQRgO\cRVLdeV UeVWe pgaOePeQW fORXe. 

EOOe QpceVVLWe XQe V\QWhqVe deV SURWpLQeV dRQc de O'pQeUgLe eW SRVVqde XQe cLQpWLTXe de dLffXVLRQ 

15. La ShaVe EDPII QpceVVLWe deV ULbRVRPeV VeQVLbOeV aX[ aPLQRgO\cRVLdeV, eW OeV LQhLbLWeXUV de Oa 

V\QWhqVe deV SURWpLQeV WeOV TXe Oe chORUaPShpQLcRO SeXYeQW abROLU EDPII 16.  

OQ VXSSRVe TX'XQ dpcRdage dX cRde gpQpWLTXe SeUWXUbp SaU OeV aPLQRgO\cRVLdeV TXL VRQW 

eQWUpV daQV Oe c\WRSOaVPe SeQdaQW O'EDPI SURdXLW deV SURWpLQeV PaO UeSOLpeV. LeV SURWpLQeV PaO 

WUadXLWeV RQW WeQdaQce j rWUe PaO UeSOLpeV eW j e[SRVeU deV UpgLRQV h\dURShRbeV TXL LQWeUagLVVeQW 

aYec OeV PePbUaQeV RX Ve OLeQW j d'aXWUeV cRPSRVaQWV ceOOXOaLUeV, ce TXL abRXWLW j XQe 

SeUPpabLOLVaWLRQ de Oa PePbUaQe 1ϳ (FLgXUe 1). 
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Figure 1. Mpcanisme proposp d'absorption et d'action des aminogl\cosides che] les bactpries Gram-

npgatives. DaQV XQ SUePLeU WePSV, O'aPLQRgO\cRVLde (UeSUpVeQWp SaU deV WULaQgOeV YeUWV) SpQqWUe daQV 

O'eVSace SpULSOaVPLTXe SaU Oa YRLe deV SRUeV eW SaU XQe YRLe aXWR SURPXe eQ Ve fL[aQW j deV SRcheV 

aQLRQLTXeV eW SaU dpVWabLOLVaWLRQ dX LPS. La deX[LqPe pWaSe de O'abVRUSWLRQ eVW O'EDPI, aX cRXUV de 

OaTXeOOe O'aQWLbLRWLTXe SpQqWUe daQV Oe c\WRSOaVPe SaU XQe YRLe LQcRQQXe. CeWWe pWaSe dpSeQd dX QLYeaX 

d'pQeUgLe bacWpULeQQe (PMF) TXL eVW SURdXLW SaU Oa chavQe d'pOecWURQV VLWXpe daQV Oa PePbUaQe LQWeUQe. UQe 

fRLV TXe O'aQWLbLRWLTXe SpQqWUe daQV Oe c\WRSOaVPe, LO Ve OLe aX ULbRVRPe, ce TXL eQWUavQe Oa V\QWhqVe de 

SURWpLQeV PaO cRdpeV. IO eVW VXggpUp TXe ceV SURWpLQeV PaO cRdpeV eW PaO UeSOLpeV SeUWXUbeQW O'LQWpgULWp de Oa 

PePbUaQe, ce TXL cRQdXLW j Oa deUQLqUe pWaSe de O'accXPXOaWLRQ d'aQWLbLRWLTXeV (EDPII), j VaYRLU Oa 

dLffXVLRQ d'aQWLbLRWLTXeV eQ SOXV gUaQde cRQceQWUaWLRQ daQV Oe c\WRSOaVPe, ce TXL eQWUavQe Oa PRUW 

ceOOXOaLUe. 

EQ ce TXL cRQceUQe O'LQWeUacWLRQ deV aPLQRgO\cRVLdeV aYec OeV bacWpULeV, beaXcRXS de 

chRVeV UeVWeQW fORXeV. PaU e[ePSOe, QRXV Qe VaYRQV SaV cRPPeQW OeV aQWLbLRWLTXeV 

aPLQRgO\cRVLdeV WUaYeUVeQW Oa PePbUaQe c\WRSOaVPLTXe SRXU aWWeLQdUe OeXU cLbOe. LeV 

WUaQVSRUWeXUV SRWeQWLeOV deV aPLQRgO\cRVLdeV daQV Oa PePbUaQe ceOOXOaLUe UeVWeQW j LdeQWLfLeU. 

L'pchec de O'aQWLbLRWhpUaSLe eVW O'XQ deV SULQcLSaX[ SURbOqPeV TXL PeQaceQW Oe PRQde 

eQWLeU eW Oa cRPSUpheQVLRQ dX PpcaQLVPe d'acWLRQ e[acW deV aQWLbLRWLTXeV SeXW QRXV aPeQeU j 

QRXV aWWaTXeU j ce SURbOqPe. OXWUe Oe SURbOqPe pYLdeQW caXVp SaU Oa UpVLVWaQce aX[ aQWLbLRWLTXeV, 

eQ caV d'LQfecWLRQ SaU deV bacWpULeV QRQ UpVLVWaQWeV, OeV bacWpULeV SeUVLVWaQWeV eW WROpUaQWeV SeXYeQW 

pgaOePeQW pchaSSeU aX WUaLWePeQW aQWLbLRWLTXe, ce TXL dLPLQXe O'effLcacLWp de Oa WhpUaSLe 

aQWLbLRWLTXe.  

PRXU SOXV de cOaUWp, M'aL SUpVeQWp LcL XQe bUqYe deVcULSWLRQ deV ceOOXOeV bacWpULeQQeV 

UpVLVWaQWeV, WROpUaQWeV eW SeUVLVWaQWeV aX[ aQWLbLRWLTXeV. 

Cellule rpsistante au[ antibiotiques : ceOOXOe TXL WROqUe Oe WUaLWePeQW aQWLbLRWLTXe eQ 

SRVVpdaQW XQ gqQe de UpVLVWaQce (cRPPe XQe SRPSe d'effOX[). LeV bacWpULeV UpVLVWaQWeV Ve 
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dpYeORSSeQW eQ SUpVeQce de cRQceQWUaWLRQV d'aQWLbLRWLTXeV TXL aUUrWeQW Oa cURLVVaQce deV bacWpULeV 

VeQVLbOeV. (FLgXUe 2) 

Cellule tolprante au[ antibiotiques : ceOOXOe TXL VXUYLW aX WUaLWePeQW aQWLbLRWLTXe eW TXL 

UeSRXVVe aSUqV O'pOLPLQaWLRQ de O'aQWLbLRWLTXe. La WROpUaQce eVW XQ WeUPe TXL dpcULW XQe SRSXOaWLRQ 

hRPRgqQe eW VeV facWeXUV SeXYeQW rWUe gpQpWLTXeV RX eQYLURQQePeQWaX[. LeV facWeXUV de WROpUaQce 

aLdeQW Oa SRSXOaWLRQ ceOOXOaLUe j VXUYLYUe aX WUaLWePeQW aQWLbLRWLTXe, TXL eVW PRUWeO SRXU OeV 

bacWpULeV VeQVLbOeV aX[ aQWLbLRWLTXeV (fLgXUe 2). 

Cellule persistante au[ antibiotiques : ceOOXOe TXL WROqUe XQ aQWLbLRWLTXe bacWpULcLde daQV 

XQe SRSXOaWLRQ de ceOOXOeV VeQVLbOeV. ASUqV WUaLWePeQW d'XQe SRSXOaWLRQ VeQVLbOe, OeV cRXUbeV de 

PRUWaOLWp bLShaVLTXe RbVeUYpeV LQdLTXeQW Oa SUpVeQce de deX[ VRXV-SRSXOaWLRQV : XQe SUePLqUe 

cRPSRVpe de ceOOXOeV TXL VRQW WXpeV UaSLdePeQW (Oa PaMRULWp) eW XQe VecRQde cRUUeVSRQdaQW aX[ 

ceOOXOeV SeUVLVWaQWeV TXL VXUYLYeQW RX VRQW WXpeV j XQ U\WhPe beaXcRXS SOXV OeQW (fLgXUe 2). 

 ASUqV aYRLU aUUrWp O'aQWLbLRWhpUaSLe cRQWUe XQe LQfecWLRQ caXVpe SaU XQe bacWpULe VeQVLbOe, 

OeV ceOOXOeV SeUVLVWaQWeV VRUWeQW de OeXU pWaW de dRUPaQce eW SURYRTXeQW XQe UechXWe de O'LQfecWLRQ. 

La cRPSUpheQVLRQ dX PpcaQLVPe de Oa SeUVLVWaQce UeYrW XQe gUaQde LPSRUWaQce caU eOOe QRXV 

SeUPeWWUa de WURXYeU Oa VROXWLRQ SRXU accURvWUe O'effLcacLWp de O'acWXeOOe aQWLbLRWhpUaSLe. 
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Figure 2. Comparaison de la rpsistance, de la tolprance et de la persistance au[ antibiotiques et de la 
rpponse des populations de cellules bactpriennes au[ antibiotiques bactpricides. DaQV Oa SRSXOaWLRQ 

bacWpULeQQe VaQV UpVLVWaQce (eQ haXW), OeV bacWpULeV VeQVLbOeV (eQ gULV) VRQW UaSLdePeQW WXpeV SaU Oe 

WUaLWePeQW aQWLbLRWLTXe. DaQV Oa VRXV-SRSXOaWLRQ j SeUVLVWaQce (eQ YeUW), eOOeV UpVLVWeQW aX WUaLWePeQW 

aQWLbLRWLTXe eW SeXYeQW UpgpQpUeU XQe SRSXOaWLRQ VeQVLbOe aX[ aQWLbLRWLTXeV. LeV bacWpULeV WROpUaQWeV (eQ 

RUaQge) VRQW WXpeV SOXV OeQWePeQW SaU Oe WUaLWePeQW aQWLbLRWLTXe eW OeV bacWpULeV UpVLVWaQWeV (bOeX) UpVLVWeQW j 

O'aQWLbLRWLTXe. 

L'RbMecWLf de ce SURMeW de dRcWRUaW eVW de cUpeU de QRXYeaX[ RXWLOV SRXU pWXdLeU O'LQWeUacWLRQ 

deV aPLQRgO\cRVLdeV aYec OeV bacWpULeV. DaQV QRWUe OabRUaWRLUe, QRXV gpQpURQV de Oa QpRP\cLQe 

PaUTXpe SaU XQ fOXRURShRUe, Oa c\aQLQe 5 (NeR-C\5). L'RbMecWLf SULQcLSaO de PRQ SURMeW de WhqVe 

pWaLW d'abRUd d'pWXdLeU eW de caUacWpULVeU cRPSOqWePeQW ce cRQMXgXp aQWLbLRWLTXe eW d'pWXdLeU SOXV 

eQ SURfRQdeXU O'LQWeUacWLRQ de ceW aQWLbLRWLTXe aYec OeV ceOOXOeV bacWpULeQQeV aX QLYeaX de Oa 

ceOOXOe XQLTXe. Je YRXOaLV aSSOLTXeU ceWWe PpWhRdRORgLe SRXU pWXdLeU O'accXPXOaWLRQ 

d'aPLQRgO\cRVLdeV daQV OeV ceOOXOeV VeQVLbOeV j cURLVVaQce UaSLde SXLV daQV deV bacWpULeV 
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WROpUaQWeV, aLQVL TXe daQV OeV ceOOXOeV TXL VRQW WUaQVLWRLUePeQW WROpUaQWeV aX[ aQWLbLRWLTXeV : OeV 

bacWpULeV SeUVLVWaQWeV. 

DaQV de SUpcpdeQWeV pWXdeV VXU OeV aPLQRgO\cRVLdeV, SRXU VXLYUe OeV QLYeaX[ d'abVRUSWLRQ 

deV aPLQRgO\cRVLdeV daQV OeV ceOOXOeV bacWpULeQQeV, O'aPLQRgO\cRVLde pWaLW PaUTXp aYec Oe 

cRORUaQW Te[aV Red. CeSeQdaQW, Oe Te[aV Red SpQqWUe daQV OeV ceOOXOeV PrPe VaQV TXe 

O¶aPLQRgO\cRVLde \ VRLW fXVLRQQp. L'XQ deV aYaQWageV de Oa NeR-C\5 eVW TXe Oe C\5 Q'LQWeUagLW SaV 

aYec OeV ceOOXOeV bacWpULeQQeV. IO eVW aORUV SRVVLbOe de VXLYUe O'aQWLbLRWLTXe SaU PLcURVcRSLe de 

fOXRUeVceQce eW de dpfLQLU OeV VchpPaV d'accXPXOaWLRQ de O'aQWLbLRWLTXe. UQ aXWUe aYaQWage dX C\5 

eVW TX'LO cRQYLeQW j Oa PLcURVcRSLe de fOXRUeVceQce eQ VXSeU-UpVROXWLRQ. 

NRXV aYRQV d'abRUd YpULfLp VL Oe NeR-C\5 cRQVeUYaLW VeV SURSULpWpV bacWpULcLdeV. NRXV 

aYRQV PeVXUp Oa cRQceQWUaWLRQ PLQLPaOe LQhLbLWULce (CMI) de QRWUe cRQMXgXp. J'aL SURXYp TXe 

O'aQWLbLRWLTXe PaUTXp eVW bacWpULcLde j XQe cRQceQWUaWLRQ OpgqUePeQW VXSpULeXUe j ceOOe de 

O'aQWLbLRWLTXe QRQ PaUTXp. (TabOeaX 1) 

Tableau 1 : Comparaison de la CMI de la npom\cine et de conjugups de la npom\cine dans 

diffprents milieu[. 

NRXV aYRQV XWLOLVp ceV cRQMXgXpV SRXU VXLYUe O'LQWeUacWLRQ de O'aPLQRgO\cRVLde aX QLYeaX 

de Oa ceOOXOe XQLTXe SaU PLcURVcRSLe j fOXRUeVceQce. NRXV aYRQV cRPbLQp Oa PLcURVcRSLe j 

fOXRUeVceQce eW O'aQaO\Ve SaU WUL ceOOXOaLUe acWLYp SaU fOXRUeVceQce (FACS) SRXU PeVXUeU 
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O'accXPXOaWLRQ deV aPLQRgO\cRVLdeV daQV OeV ceOOXOeV j dLffpUeQWV PRPeQWV afLQ de VaLVLU Oa 

cLQpWLTXe de Oa SpQpWUaWLRQ deV aQWLbLRWLTXeV. 

AfLQ de YpULfLeU VL Oa NeR-C\5 SpQqWUe daQV OeV ceOOXOeV de Oa PrPe PaQLqUe de faoRQ 

dpSeQdaQWe de O'pQeUgLe cRPPe Oa QpRP\cLQe, M'aL XWLOLVp XQ WUaLWePeQW aX c\aQXUe de caUbRQ\Oe 

P-chORURShpQ\Oh\dUa]RQe (CCCP). Le CCCP eVW XQ LQhLbLWeXU chLPLTXe de Oa ShRVShRU\OaWLRQ 

R[\daWLYe. Le UpVXOWaW PRQWUe TXe Oe CCCP LQhLbe O'acWLYLWp bacWpULcLde de Oa NeR-C\5 SaU 

LQhLbLWLRQ de O'accXPXOaWLRQ de O¶aQWLbLRWLTXe (fLgXUe 3).  

Figure 3 L'activitp de Neo-C\5 est dppendante de la PMF. SXUYLe deV ceOOXOeV E. FROL MG1655 aSUqV XQ 

WUaLWePeQW de 4,5 heXUeV aYec 1 ȝM de QpRP\cLQe RX 48 ȝM de NeR-C\5 aYec eW VaQV 30 ȝM CCCP 

(LQcXbaWLRQ de 2 heXUeV aYaQW O'aMRXW de O'aQWLbLRWLTXe). LeV YaOeXUV LQdLTXpeV VRQW deV YaOeXUV UeOaWLYeV j Oa 

cXOWXUe WpPRLQ QRQ WUaLWpe. LeV baUUeV d'eUUeXU (eUUeXU VWaQdaUd de Oa PR\eQQe) eW RQW pWp caOcXOpeV j SaUWLU 

de WURLV e[SpULeQceV LQdpSeQdaQWeV. DeV dLffpUeQceV VLgQLfLcaWLYeV, caOcXOpeV SaU Oe WeVW de MaQQ-WhLWQe\, 

VRQW LQdLTXpeV (****P < 0,0001). 

EQVXLWe, QRXV aYRQV RbVeUYp O'accXPXOaWLRQ d'aQWLbLRWLTXeV PaUTXpV daQV deV bacWpULeV j 

cURLVVaQce UaSLde SaU PLcURVcRSLe j fOXRUeVceQce eW aQaO\Ve FACS. SeORQ QRV e[SpULeQceV eQ 

PLcURVcRSLe j fOXRUeVceQce aYec dLffpUeQWV WePSV d'LQcXbaWLRQ aYec O'aQWLbLRWLTXe, LO \ a deX[ 

ShaVeV d'accXPXOaWLRQ dX PpdLcaPeQW daQV OeV ceOOXOeV. DaQV Oa SUePLqUe pWaSe, LO \ a XQe 
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accXPXOaWLRQ SpULShpULTXe, TXL cRUUeVSRQd j XQe fL[aWLRQ VSpcLfLTXe VXU Oa PePbUaQe ceOOXOaLUe. 

EQVXLWe, aSUqV 20 PLQXWeV d'LQcXbaWLRQ aYec Oa NeR-C\5, LO \ a XQe accXPXOaWLRQ c\WRSOaVPLTXe 

daQV OaTXeOOe O'aQWLbLRWLTXe eQWUe daQV Oe c\WRSOaVPe. SeORQ O'pWXde deV WePSV de SaVVage aX 

PLcURVcRSe, de faLbOeV QLYeaX[ d'accXPXOaWLRQ c\WRSOaVPLTXe VRQW WROpUpV SaU OeV ceOOXOeV eW Q'RQW 

SaV caXVp Oa PRUW ceOOXOaLUe. (FLgXUe 5) 

 

 

 

 

 

 

 

Figure 4. Cinptique de l'accumulation de la Neo-C\5 dans les cellules d'E. cROi j croissance rapide. 

LeV ceOOXOeV j cURLVVaQce UaSLde (DO : 0,02) RQW pWp LQcXbpeV j 37 �C aYec de Oa NeR-C\5 (32 �M). ¬ 

chaTXe SRLQW de Oa cLQpWLTXe, OeV ceOOXOeV RQW pWp OaYpeV VXU XQ fLOWUe SXLV RbVeUYpeV dLUecWePeQW VXU XQ bORc 

d'agaURVe cRQWeQaQW dX MOPS-G VXU Oa OaPe. La cRORQQe dX haXW cRQWLeQW deV LPageV eQ chaPS cOaLU. 

DaQV Oa cRORQQe dX PLOLeX VRQW affLchpeV OeV LPageV TIRF SRXU Oe C\5 (gaLQ 10, WePSV d'e[SRVLWLRQ 10 

PV), SRXU OeV 4 SUePLeUV SRLQWV WePSRUeOV Oe cRQWUaVWe a pWp aMXVWp SRXU XQe PeLOOeXUe UeSUpVeQWaWLRQ 

YLVXeOOe (gaLQ 10, WePSV d'e[SRVLWLRQ 10 PV), cRORQQe dX baV. 
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DaQV ceWWe PrPe e[SpULeQce (eQ PrPe WePSV), SRXU chaTXe SRLQW de WePSV, M'aL SOacp OeV 

ceOOXOeV VXU deV gpORVeV LB RX MOPS-G eW M'aL cRPSWp OeV CFU daQV XQ WeVW de VXUYLe (fLgXUe 5). 

Ce UpVXOWaW a PRQWUp TXe daQV OeV 40 SUePLqUeV PLQXWeV d'LQcXbaWLRQ, ORUVTXe O'aQWLbLRWLTXe Q'pWaLW 

SaV dpWecWp daQV O'LPageULe TIRF j O'LQWpULeXU dX c\WRSOaVPe, Oa CFU Qe dLPLQXaLW SaV. 

CeSeQdaQW, aSUqV ceWWe SpULRde, ORUVTXe O'accXPXOaWLRQ c\WRSOaVPLTXe de O'aQWLbLRWLTXe eVW 

deYeQXe YLVLbOe, Oe QRPbUe de ceOOXOeV VXUYLYaQWeV a dLPLQXp. De SOXV, VeORQ O'aQaO\Ve FACS aYec 

XQ LQhLbLWeXU de O'EDPI eW de O'EDPII, QRXV RbVeUYRQV TXe ceOa cRUUeVSRQd aX VchpPa 

d'accXPXOaWLRQ TXe QRXV aYLRQV RbVeUYp SaU PLcURVcRSLe j fOXRUeVceQce eW cRPSWage de Oa CFU. 

NRXV aYRQV pgaOePeQW SURXYp TX'aYec ceWWe WechQLTXe, QRXV SRXYRQV dLVWLQgXeU dLffpUeQWeV pWaSeV 

d'accXPXOaWLRQ deV aPLQRgO\cRVLdeV. 

Figure 5 Courbe de mortalitp de la Neo-C\5. LeV ceOOXOeV de E. FROL RQW pWp WUaLWpeV aYec Oa NeR-C\5 

(32�M) j 37�C eW j chaTXe SRLQW OeV ceOOXOeV RQW pWp OaYpeV VXU XQ fLOWUe eW dLYLVpeV eQ deX[ aOLTXRWeV, XQe 

aOLTXRWe dLOXpe eQ VpULe eW pWaOpe VXU deV bRvWeV LB RX MOPS-G SRXU Oe cRPSWage deV CFU. La VecRQde 

aOLTXRWe a pWp XWLOLVpe SRXU Oa PLcURVcRSLe. SRPPe de O'LQWeQVLWp de Oa fOXRUeVceQce C\5 daQV chaTXe 

bacWpULe PeVXUpe SaU Oe ORgLcLeO IPageJ. 

ASUqV aYRLU pWXdLp OeV dLffpUeQWeV pWaSeV de O'accXPXOaWLRQ deV aQWLbLRWLTXeV daQV OeV 

ceOOXOeV VaXYageV VeQVLbOeV j cURLVVaQce UaSLde, O'RbMecWLf pWaLW de WeVWeU Oa NeR-C\5 VXU deV 
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VRXcheV PXWaQWeV PRLQV WROpUaQWeV aX[ aPLQRgO\cRVLdeV eW de YRLU VL QRXV SRXYLRQV RbWeQLU deV 

LQfRUPaWLRQV VXU Oe PpcaQLVPe de WROpUaQce. J'aL pWXdLp OeV PRdqOeV d'accXPXOaWLRQ de Oa NeR-

C\5 che] OeV PXWaQWV OeV PRLQV WROpUaQWV ǻVHUA eW ǻIOKC SaU Oe FACS eW PLcURVcRSLe j 

fOXRUeVceQce. CRQWUaLUePeQW aX[ pWXdeV SUpcpdeQWeV, Me Q'aL SaV WURXYp de dLffpUeQce eQWUe OeV 

QLYeaX[ d'accXPXOaWLRQ d'aPLQRgO\cRVLde PaUTXp che] ceV PXWaQWV eW QRXV aUULYRQV j ceWWe 

cRQcOXVLRQ TXe che] ceV PXWaQWV, XQe OpWaOLWp SOXV pOeYpe Q'eVW SaV dXe j XQe accXPXOaWLRQ SOXV 

LPSRUWaQWe d'aQWLbLRWLTXe. 

J'aL pgaOePeQW pWXdLp O'accXPXOaWLRQ de Oa NeR-C\5 che] OeV bacWpULeV SeUVLVWaQWeV. PaU 

PLcURVcRSLe j fOXRUeVceQce, QRXV aYRQV PRQWUp TXe OeV ceOOXOeV SeUVLVWaQWeV RQW XQe accXPXOaWLRQ 

SpULShpULTXe d'aPLQRgO\cRVLde. UQe deUQLqUe pWaSe daQV O'aSSOLcaWLRQ de QRWUe PpWhRde 

cRQVLVWeUaLW j pWXdLeU O'abVRUSWLRQ deV aPLQRgO\cRVLdeV SaU OeV ceOOXOeV SeUVLVWaQWeV. L'RbMecWLf pWaLW 

pgaOePeQW d'pWXdLeU O'LQWeUacWLRQ de Oa NeR-C\5 aYec OeV ceOOXOeV bacWpULeQQeV daQV deV cRQdLWLRQV 

de WeVW SOXV SeUWLQeQWeV VXU Oe SOaQ cOLQLTXe, cRPPe OeV bacWpULeV SeUVLVWaQWeV, TXL Ve fRUPeQW daQV 

OeV PacURShageV eW daQV OeV bLRfLOPV. CeSeQdaQW, Me Q'aL SaV YRXOX e[SORUeU ceW RbMecWLf fLQaO eQ 

UaLVRQ deV UpVXOWaWV VXUSUeQaQWV TXe M'aL RbWeQXV ORUV dX SURceVVXV d'aMXVWePeQW dX SURWRcROe, TXL a 

cRQdXLW PRQ SURMeW daQV XQe QRXYeOOe dLUecWLRQ.  

 AX cRXUV deV pWaSeV d'aMXVWePeQW dX SURWRcROe, QRXV aYRQV dpcRXYeUW TXe OeV 

aPLQRgO\cRVLdeV SeXYeQW eQWUeU daQV Oe c\WRSOaVPe SaU VXLWe de Oa PpcaQRVeQVaWLRQ eW de 

O'acWLYaWLRQ deV caQaX[ PpcaQRVeQVLbOeV (MS). AORUV TXe Me SUpSaUaLV deV ceOOXOeV bacWpULeQQeV 

SRXU O'aQaO\Ve FACS, M'aL UePaUTXp TXe Oa PaQLSXOaWLRQ Sh\VLTXe deV ceOOXOeV bacWpULeQQeV, WeOOe 

TXe Oa ceQWULfXgaWLRQ VXLYLe d'XQ SLSeWage RX O'agLWaWLRQ deV ceOOXOeV, VWLPXOeQW Oe PpcaQLVPe de 

PpcaQRVeQVaWLRQ eW d'acWLYaWLRQ deV caQaX[ PpcaQRVeQVLbOeV. 
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IO a pWp SURSRVp TXe OeV caQaX[ PpcaQRVeQVLbOeV MRXeQW XQ U{Oe PaMeXU daQV O'adaSWaWLRQ aX 

VWUeVV RVPRWLTXe. Le U{Oe SULQcLSaO de ceV caQaX[ eVW d'pTXLOLbUeU Oa SUeVVLRQ RVPRWLTXe deV 

ceOOXOeV ORUV d'XQ chRc h\SR-RVPRWLTXe. CeV SRUeV PRdLfLeQW OeXU cRQfRUPaWLRQ, SaVVaQW d'XQ pWaW 

feUPp j XQ pWaW RXYeUW. CeV chaQgePeQWV YRQW de 6 j 30 AÛ de dLaPqWUe SRXU OeV caQaX[ 

PpcaQRVeQVLbOeV de gUaQde cRQdXcWaQce (MVcL) 1ϴ eW eQYLURQ ∼6 AÛ SRXU OeV caQaX[ 

PpcaQRVeQVLbOeV de SeWLWe cRQdXcWaQce (MVcS) 1ϵ. (FLgXUe 6) 

Figure 6. Structure et changement de conformation du canal MscL 1ϵ. SWUXcWXUe de MVcL de 

M\FREDFWHULXP WXEHUFXORVLV. Ce caQaO eVW cRQVWLWXp de 5 PRQRPqUeV. ChaTXe PRQRPqUe (j gaXche) eVW 

cRPSRVp de deX[ dRPaLQeV WUaQV-PePbUaQaLUeV hpOLcRwdaX[ Į aSSeOpV TM1 eW TM2, de UpgLRQV 

c\WRSOaVPLTXeV N- WeUPLQaOeV (S) eW C-WeUPLQaOeV eW d'XQ dRPaLQe ceQWUaO eQ bRXcOe SpULSOaVPLTXe TXL 

UeOLe TM1 j TM2. LeV cLQT dRPaLQeV TM1 fRUPeQW XQ faLVceaX h\dURShRbe WUqV VeUUp TXL cRQVWLWXe Oa 

SRUWe dX SRUe (j dURLWe).  

IO a dpMj pWp dpPRQWUp TXe ceV caQaX[ RQW XQe affLQLWp aYec XQ aPLQRgO\cRVLde, Oa 

VWUeSWRP\cLQe, eW c'eVW LcL Oa SUePLqUe fRLV TXe QRXV aYRQV RbVeUYp TXe Oa PaQLSXOaWLRQ 

PpcaQLTXe deV ceOOXOeV cRQdXLW j O'RXYeUWXUe dX caQaO PpcaQRVeQVLbOe SURYRTXaQW XQe 

accXPXOaWLRQ c\WRSOaVPLTXe PaVVLYe. Ce UpVXOWaW LPSUpYLVLbOe SRXUUaLW QRXV aPeQeU j PLeX[ 

cRPSUeQdUe Oe PpcaQLVPe d'eQWUpe deV aPLQRgO\cRVLdeV daQV Oe c\WRSOaVPe. PRXU SURXYeU ce faLW, 

QRXV aYRQV WeVWp Oe PXWaQW R� Oe gqQe PVFL eVW abVeQW eW QRXV aYRQV RbVeUYp TXe O'aQWLbLRWLTXe 
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eQWUe daQV Oe c\WRSOaVPe de beaXcRXS PRLQV de ceOOXOeV SRXU Oe PXWaQW TXe SRXU OeV ceOOXOeV de 

W\Se VaXYage (FLgXUe 7). 

Figure 7. ǻPVcL prpsente un pourcentage plus faible de cellules avec accumulation c\toplasmique 
de Neo-C\5 par rapport au[ cellules de t\pe sauvage (WT). LeV ceOOXOeV eQ ShaVe de cURLVVaQce 

e[SRQeQWLeOOe RQW pWp dLOXpeV 10 fRLV eW LQcXbpeV aYec XQe cRQceQWUaWLRQ VRXV-CMI de NeR-C\5 SeQdaQW 2 

PLQXWeV j 37�C. LeV ceOOXOeV RQW pWp ceQWULfXgpeV, OaYpeV aYec dX MOPS-G RX dX MOPS-G aYec de Oa 

NeR-C\5 RX QRQ OaYpeV. EQVXLWe, OeV ceOOXOeV, aLQVL TXe Oe VXUQageaQW deV ceOOXOeV OaYpeV aYec MOPS-G, 

RQW pWp aQaO\VpeV SaU FACS.  

La VWLPXOaWLRQ de ceV caQaX[ cRQdXLW j XQe pQRUPe accXPXOaWLRQ c\WRSOaVPLTXe de NeR-

C\5. IO cRQYLeQW de PeQWLRQQeU TXe ceV PaQLSXOaWLRQV VRQW VL cRXUaQWeV eW fUpTXePPeQW XWLOLVpeV 

daQV Oa SUpSaUaWLRQ deV ceOOXOeV eQ PLcURbLRORgLe. J'aL dRQc pWabOL XQe PpWhRde SRXU PaQLSXOeU Oa 

SUpSaUaWLRQ deV ceOOXOeV VaQV dpcOeQcheU OeV caQaX[ PpcaQRVeQVLbOeV eW pWXdLeU O'effeW deV PXWaQWV 

SRXU ceV caQaX[ VXU O'accXPXOaWLRQ de NeR-C\5. (FLgXUe 6) 

 GUkce j QRWUe PpWhRdRORgLe, QRXV dLVSRVRQV d'XQ RXWLO SXLVVaQW TXL QRXV SeUPeW de 

dpWeUPLQeU OeV VchpPaV d'accXPXOaWLRQ deV aPLQRgO\cRVLdeV. AYaQW ceWWe pWXde, LO pWaLW VeXOePeQW 

SRVVLbOe de cRQQavWUe OeV QLYeaX[ d'accXPXOaWLRQ eW QRQ OeV "SaWWeUQV" cRUUeVSRQdaQWV. NRXV 

aYRQV aSSOLTXp Oa PpWhRde SRXU pWXdLeU O'accXPXOaWLRQ d'aPLQRgO\cRVLdeV che] deX[ PXWaQWV d'E. 

FROL, TXL VRQW PRLQV WROpUaQWV aX[ aPLQRgO\cRVLdeV, eW aYRQV dpfLQL OeXU PRdqOe d'accXPXOaWLRQ. 
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 AYec XQ RXWLO SXLVVaQW WeO TXe Oa NeR-C\5, Me YRXOaLV aOOeU SOXV ORLQ eW cRPbLQeU Oa 

PLcURfOXLdLTXe eW Oa PLcURVcRSLe j fOXRUeVceQce SRXU caSWXUeU O'accXPXOaWLRQ d'aPLQRgO\cRVLdeV 

daQV OeV ceOOXOeV j cURLVVaQce UaSLde eW OeV ceOOXOeV SeUVLVWaQWeV eQ LPageULe eQ WePSV UpeO. J¶aL 

LQLWLp Oa PLVe aX SRLQW XQ V\VWqPe PLcURfOXLdLTXe R� OeV VXUfaceV RQW pWp WUaLWpeV afLQ d¶ePSrcheU 

Oa fL[aWLRQ QRQ VSpcLfLTXe de O¶aQWLbLRWLTXe fOXRUeVceQW. Ce V\VWqPe adaSWp j QRV aQWLbLRWLTXeV, 

SeUPeWWUa d¶pWXdLeU eQ WePSV UpeO O'accXPXOaWLRQ de PpdLcaPeQWV SaU OeV ceOOXOeV SeUVLVWaQWeV. 
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TLWOe: AccƵŵƵůaƚŝŽŶ Žf a bacƚeƌŝcŝdaů aŶƚŝbŝŽƚŝc bǇ ƚŽůeƌaŶƚ bacƚeƌŝa aŶd ŝŶƐŝghƚƐ ŝŶƚŽ bacƚeƌŝaů 
ƉeƌƐŝƐƚeŶce͘ 
Ke\ZRUdV: bacƚeƌŝaů ƉeƌƐŝƐƚeŶce͕ aŵŝŶŽgůǇcŽƐŝdeƐ͕ ŵŝcƌŽƐcŽƉǇ͕ ŵŝcƌŽfůƵŝdŝcƐ͕ fůŽǁ cǇƚŽŵeƚƌǇ 
AbVWUacW:  
AŵŝŶŽgůǇcŽƐŝde ;AGͿ ŝƐ a faŵŝůǇ Žf aŶƚŝbŝŽƚŝc 
ǁhŝch ƚaƌgeƚ bacƚeƌŝaů ƌŝbŽƐŽŵe͘ Feǁ 
eǆaŵƉůeƐ Žf ƚhŝƐ faŵŝůǇ aƌe ŶeŽŵǇcŝŶ͕ 
geŶƚaŵŝcŝŶ aŶd ƐƚƌeƉƚŽŵǇcŝŶ͘ WheŶ ƚheƐe 
aŶƚŝbŝŽƚŝcƐ bŝŶd ƚŽ ƌŝbŽƐŽŵeƐ͕ ƚheǇ caƵƐe 
ŵŝƐcŽdŝŶg Žƌ ŝŶhŝbŝƚ ƉƌŽƚeŝŶ ƐǇŶƚheƐŝƐ ǁhŝch 
cŽŶƐeƋƵeŶƚůǇ ůeadƐ ƚŽ ceůů deaƚh͘ AůƚhŽƵgh 
dŝƐcŽǀeƌǇ Žf ƚheƐe aŶƚŝbŝŽƚŝcƐ ǁaƐ ŵŽƌe ƚhaŶ 
haůf a ceŶƚƵƌǇ agŽ͕ ƚheƌe aƌe ŵaŶǇ facƚƐ abŽƵƚ 
AGƐ͛ acƚŝŽŶ ŵechaŶŝƐŵ ǁhŝch ƌeŵaŝŶ 
ƵŶŬŶŽǁŶ͘ AG accƵŵƵůaƚŝŽŶ ŝŶ ƚhe bacƚeƌŝaů 
ceůůƐ haƉƉeŶƐ ŝŶ ƚhƌee ƐƚeƉƐ͘ FŝƌƐƚ ƐƚeƉ ŝƐ ceůů 
ŵeŵbƌaŶe aƚƚachŵeŶƚ͘ ThŝƐ ƐƚeƉ ŝƐ dƌŝǀeŶ bǇ 
aŶ eůecƚƌŽƐƚaƚŝc ŝŶƚeƌacƚŝŽŶ ǁŝƚh ƚhe caƚŝŽŶŝc 
AGƐ͘ SecŽŶd ƐƚeƉ ŝƐ aŶ eŶeƌgǇ deƉeŶdeŶƚ 
ƉhaƐe I ;EDPIͿ͘ IŶ EDPI͕ ƚhe aŶƚŝbŝŽƚŝc eŶƚeƌƐ 
ŝŶƚŽ ƚhe cǇƚŽƉůaƐŵ aŶd ƌeacheƐ ƌŝbŽƐŽŵeƐ͕ 
caƵƐŝŶg ŵŝƐcŽdŝŶg aŶd ƉƌŽdƵcƚŝŽŶ Žf 
ŵŝƐfŽůded ƉƌŽƚeŝŶƐ͘ EDPI deƉeŶdƐ ŽŶ ceůůƵůaƌ 
eŶeƌgǇ ůeǀeů͕ hŽǁeǀeƌ͕ ƚŽ daƚe ƚhe ŵechaŶŝƐŵ 
bǇ ǁhŝch AGƐ ƉaƐƐ ƚhƌŽƵgh ŵeŵbƌaŶeƐ aŶd 
eŶƚeƌ cǇƚŽƉůaƐŵ ŝƐ ƵŶŬŶŽǁŶ͘ The ƚhŝƌd ƐƚeƉ ŝƐ 
eŶeƌgǇ deƉeŶdeŶƚ ƉhaƐe II ;EDPIIͿ ŝŶ ǁhŝch ƚhe 
aŶƚŝbŝŽƚŝc eŶƚeƌƐ ŝŶƚŽ ƚhe cǇƚŽƉůaƐŵ ŝŶ ůaƌgeƌ 
aŵŽƵŶƚ dƵe ƚŽ daŵageƐ ŝŶ ƚhe ŵeŵbƌaŶe ƚhaƚ 
ƌeƐƵůƚed fƌŽŵ EDPI͘ The aŝŵ Žf ƚhŝƐ PhD ǁaƐ ƚŽ 
cƌeaƚe Ŷeǁ ƚŽŽůƐ ƚŽ ƐƚƵdǇ ƚhe ŝŶƚeƌacƚŝŽŶ Žf 
AGƐ ǁŝƚh bacƚeƌŝa aŶd aƉƉůǇ ƚhe ŵeƚhŽdŽůŽgǇ 
ƚŽ ƐƚƵdǇ faƐƚ gƌŽǁŝŶg bacƚeƌŝa aƐ ǁeůů aƐ 
ƉeƌƐŝƐƚeƌ ceůůƐ͘ We haǀe ŵade fůƵŽƌeƐceŶƚůǇͲ
ƚagged AGƐ ǁŝƚh ƉƌeƐeƌǀed bacƚeƌŝcŝdaů 
ƉƌŽƉeƌƚŝeƐ͘ We ƵƐed ƚheƐe cŽŶũƵgaƚeƐ ƚŽ ƚƌacŬ 
dŽǁŶ ƚhe ŝŶƚeƌacƚŝŽŶ Žf AG aƚ ƐŝŶgůe ceůů ůeǀeů 
bǇ fůƵŽƌeƐceŶce ŵŝcƌŽƐcŽƉǇ͘ We cŽŵbŝŶed 
fůƵŽƌeƐceŶce ŵŝcƌŽƐcŽƉǇ aŶd fůƵŽƌeƐceŶceͲ
acƚŝǀaƚed ceůů ƐŽƌƚŝŶg ;FACSͿ aŶaůǇƐŝƐ ƚŽ 
ŵeaƐƵƌe AGƐ accƵŵƵůaƚŝŽŶ ŝŶ ƚhe ceůůƐ aƚ 
dŝffeƌeŶƚ ƚŝŵe ƉŽŝŶƚƐ ƚŽ caƉƚƵƌe ƚhe ŬŝŶeƚŝcƐ Žf 
aŶƚŝbŝŽƚŝc ƉeŶeƚƌaƚŝŽŶ͘ ThŝƐ ƐƚƵdǇ ƐhŽǁed ƚhaƚ 
ƚheƌe aƌe ƚǁŽ accƵŵƵůaƚŝŽŶƐ ƉaƚƚeƌŶƐ fŽƌ ƚhe 
dƌƵg ŝŶ ceůůƐ͗ ŝŶ ƚhe fŝƌƐƚ ƐƚeƉ ƚheƌe ŝƐ a 
ƉeƌŝƉheƌaů accƵŵƵůaƚŝŽŶ͕ ǁhŝch cŽƌƌeƐƉŽŶdƐ 
ƚŽ͘ 

 
ƐƉecŝfŝc bŝŶgŝŶg ƚŽ ceůů ŵeŵbƌaŶe͘ Neǆƚ ƚheƌe 
ŝƐ a cǇƚŽƉůaƐŵŝc accƵŵƵůaƚŝŽŶ ŝŶ ǁhŝch ƚhe 
aŶƚŝbŝŽƚŝc ŝŶ eŶƚeƌŝŶg ŝŶƚŽ ƚhe cǇƚŽƉůaƐŵ͘ 
AccŽƌdŝŶg ƚŽ ŵŝcƌŽƐcŽƉǇ ƚŝŵe ůaƉƐ ƐƚƵdǇ͕ ůŽǁ 
ůeǀeůƐ Žf cǇƚŽƉůaƐŵŝc accƵŵƵůaƚŝŽŶ ŝƐ ƚŽůeƌaƚed 
bǇ ceůůƐ aŶd dŝd ŶŽƚ caƵƐe ceůů deaƚh͘ UƐŝŶg 
FACS aŶaůǇƐŝƐ͕ ǁe ƵƐed aŶ ŝŶhŝbŝƚŽƌ Žf EDPI aŶd 
EDPII aŶd ƉƌŽǀed ƚhaƚ ǁŝƚh ƚhŝƐ ƚechŶŝƋƵe ǁe 
caŶ dŝƐƚŝŶgƵŝƐh dŝffeƌeŶƚ ƐƚeƉƐ Žf AGƐ 
accƵŵƵůaƚŝŽŶ͘ DƵƌŝŶg ƉƌŽƚŽcŽů adũƵƐƚŵeŶƚ 
ƐƚeƉƐ ǁe fŽƵŶd ƚhaƚ AGƐ caŶ eŶƚeƌ ŝŶƚŽ ƚhe 
cǇƚŽƉůaƐŵ aƐ a ƌeƐƵůƚ Žf ŵechaŶŽƐeŶƐaƚŝŽŶ 
aŶd acƚŝǀaƚŝŽŶ Žf ŵechaŶŽƐeŶƐŝƚŝǀe ;MSͿ 
chaŶŶeůƐ͘ TheƐe chaŶŶeůƐ haǀe aůƌeadǇ beeŶ 
ƐhŽǁŶ ƚŽ haǀe affŝŶŝƚǇ ƚŽ AG aŶd heƌe ƚhŝƐ ŝƐ a 
fŝƌƐƚ ƚŝŵe ƚhaƚ ǁe ŽbƐeƌǀed ƚhaƚ ŵechaŶŝcaů 
ŵaŶŝƉƵůaƚŝŽŶ Žf ceůůƐ ůead ƚŽ ŽƉeŶŝŶg Žf MS 
chaŶŶeů caƵƐŝŶg ŵaƐƐŝǀe cǇƚŽƉůaƐŵŝc 
accƵŵƵůaƚŝŽŶ͘ ThŝƐ ƵŶƉƌedŝcƚabůe ƌeƐƵůƚ ŵaǇ 
ůead ƵƐ ƚŽ a beƚƚeƌ ƵŶdeƌƐƚaŶdŝŶg Žf ƚhe 
ŵechaŶŝƐŵ Žf AG eŶƚƌaŶce ŝŶƚŽ ƚhe cǇƚŽƉůaƐŵ͘ 
Afƚeƌ ƐƚƵdǇŝŶg AG accƵŵƵůaƚŝŽŶ ŝŶ faƐƚ gƌŽǁŝŶg 
ceůůƐ͕ ǁe ƐƚƵdŝed AG ƚŽůeƌaŶce fŽƌ ŶŽŶͲgƌŽǁŝŶg 
ceůůƐ͕ ǁhŝch aƌe caůůed ƉeƌƐŝƐƚeƌƐ͘ PeƌƐŝƐƚeƌƐ aƌe 
aŶƚŝbŝŽƚŝc ƚŽůeƌaŶƚ ƐƵbͲƉŽƉƵůaƚŝŽŶ aŵŽŶg 
ƐƵƐceƉƚŝbůe bacƚeƌŝaů ceůů ƉŽƉƵůaƚŝŽŶ͘ PeƌƐŝƐƚeƌƐ 
aƌe ŶŽŶͲgƌŽǁŝŶg͕ dŽƌŵaŶƚ ceůůƐ ǁhŝch ƚŽůeƌaƚe 
hŝgh cŽŶceŶƚƌaƚŝŽŶƐ Žf aŶƚŝbŝŽƚŝc͘ IŶ ƚhe 
abƐeŶce Žf aŶƚŝbŝŽƚŝc͕ ƚheǇ eǆŝƚ ƚhŝƐ dŽƌŵaŶƚ 
Ɛƚaƚe aŶd gƌŽǁ ŝŶƚŽ aŶ aŶƚŝbŝŽƚŝc ƐƵƐceƉƚŝbůe 
ƉŽƉƵůaƚŝŽŶ͘ BǇ fůƵŽƌeƐceŶce ŵŝcƌŽƐcŽƉǇ ǁe 
ƐhŽǁed ƚhaƚ ƉeƌƐŝƐƚeƌ ceůůƐ haǀe ƉeƌŝƉheƌaů 
accƵŵƵůaƚŝŽŶ Žf AG͘ ThaŶŬƐ ƚŽ ŽƵƌ 
ŵeƚhŽdŽůŽgǇ͕ ǁe haǀe a ƉŽǁeƌfƵů ƚŽŽů bǇ 
ǁhŝch ǁe caŶ deƚeƌŵŝŶe ƚhe ƉaƚƚeƌŶƐ Žf AG 
accƵŵƵůaƚŝŽŶ͘ PƌŝŽƌ ƚŽ ƚhŝƐ ƐƚƵdǇ͕ ŝƚ ǁaƐ ŽŶůǇ 
ƉŽƐƐŝbůe ƚŽ ŬŶŽǁ ƚhe ůeǀeůƐ Žf accƵŵƵůaƚŝŽŶ 
aŶd ŶŽƚ ƚhe cŽƌƌeƐƉŽŶdŝŶg ƉaƚƚeƌŶƐ͘ We 
aƉƉůŝed ƚhe ŵeƚhŽd ƚŽ ŝŶǀeƐƚŝgaƚe AG 
accƵŵƵůaƚŝŽŶ ŝŶ ƚǁŽ ŵƵƚaŶƚƐ Žf E͘ cŽůi͕ ǁhŝch 
aƌe ůeƐƐ ƚŽůeƌaŶƚ ƚŽ AG aŶd defŝŶed ƚheŝƌ 
ƉaƚƚeƌŶ Žf accƵŵƵůaƚŝŽŶ͘ FŝŶaůůǇ͕ ǁe deǀeůŽƉed 
a cŽaƚed ŵŝcƌŽfůƵŝdŝc ƐǇƐƚeŵ͕ ǁhŝch ŝƐ adaƉƚed 
ƚŽ ŽƵƌ aŶƚŝbŝŽƚŝcƐ fŽƌ ƐƚƵdǇŝŶg ŝŶ ƌeaů ƚŝŵe dƌƵg 
accƵŵƵůaƚŝŽŶ bǇ ƉeƌƐŝƐƚeƌ ceůůƐ͘ 
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TLWUe : EƚƵde de ů͛accƵŵƵůaƚŝŽŶ d͛ƵŶ aŶƚŝbŝŽƚŝƋƵe bacƚéƌŝcŝde Ɖaƌ deƐ bacƚéƌŝeƐ ƚŽůéƌaŶƚeƐ eŶ ůŝeŶ 
aǀec ůa ƉeƌƐŝƐƚaŶce bacƚéƌŝeŶŶe͘ 

MRWV cOpV : ƉeƌƐŝƐƚaŶce bacƚéƌŝeŶŶe͕ aŵŝŶŽgůǇcŽƐŝdeƐ͕ ŵŝcƌŽƐcŽƉŝe͕ ŵŝcƌŽfůƵŝdŝƋƵe͕ cǇƚŽŵéƚƌŝe eŶ 
fůƵǆ 

RpVXPp:  
LeƐ aŵŝŶŽgůǇcŽƐŝdeƐ ;AGͿ ƐŽŶƚ ƵŶe faŵŝůůe 
d͛aŶƚŝbŝŽƚŝƋƵeƐ ƋƵŝ cŝbůeŶƚ ůe ƌŝbŽƐŽŵe 
bacƚéƌŝeŶ͘ À ƚŝƚƌe d͛eǆeŵƉůe ŝů Ɛ͛agŝƚ de ůa 
ŶéŽŵǇcŝŶe͕ ůa geŶƚaŵŝcŝŶe eƚ ůa 
ƐƚƌeƉƚŽŵǇcŝŶe͘ QƵaŶd ceƐ aŶƚŝbŝŽƚŝƋƵeƐ Ɛe 
fŝǆeŶƚ aƵ ƌŝbŽƐŽŵe͕ ŝůƐ ƉƌŽǀŽƋƵeŶƚ deƐ eƌƌeƵƌƐ 
de ůecƚƵƌeƐ ŽƵ ŝŶhŝbeŶƚ ůa ƐǇŶƚhèƐe deƐ 
ƉƌŽƚéŝŶeƐ͕ ce ƋƵŝ cŽŶdƵŝƚ à ůa ŵŽƌƚ ceůůƵůaŝƌe͘ 
Mêŵe Ɛ͛ŝůƐ ŽŶƚ éƚé décŽƵǀeƌƚƐ ŝů Ǉ a ƉůƵƐ d͛ƵŶ 
deŵŝͲƐŝècůe͕ de ŶŽŵbƌeƵǆ aƐƉecƚƐ de ůeƵƌ 
ŵŽde d͛acƚŝŽŶ ƌeƐƚeŶƚ ŝŶcŽŶŶƵƐ͘ 
L͛accƵŵƵůaƚŝŽŶ deƐ AG daŶƐ ůeƐ bacƚéƌŝeƐ Ɛe 
ƉaƐƐe eŶ ƚƌŽŝƐ éƚaƉeƐ͘ La Ɖƌeŵŝèƌe cŽŶƐŝƐƚe eŶ 
ƵŶe ŝŶƚeƌacƚŝŽŶ éůecƚƌŽƐƚaƚŝƋƵe aǀec ůa 
ŵeŵbƌaŶe͘ La deƵǆŝèŵe eƐƚ ƵŶe ƉhaƐe I 
éŶeƌgŝeͲdéƉeŶdaŶƚe ;EDPIͿ͘ LeƐ aŶƚŝbŝŽƚŝƋƵeƐ 
ƌeŶƚƌeŶƚ daŶƐ ůe cǇƚŽƉůaƐŵe͕ aƚƚeŝgŶeŶƚ ůeƐ 
ƌŝbŽƐŽŵeƐ͕ ce ƋƵŝ caƵƐe deƐ eƌƌeƵƌƐ de ůecƚƵƌe 
eƚ dŽŶc ůa ƉƌŽdƵcƚŝŽŶ de ƉƌŽƚéŝŶeƐ ŵaů 
ƌeƉůŝéeƐ͘ EDPI déƉeŶd dƵ ŶŝǀeaƵ éŶeƌgéƚŝƋƵe 
de ůa ceůůƵůe eƚ ůe ŵécaŶŝƐŵe d͛eŶƚƌée à 
ƚƌaǀeƌƐ ůeƐ ŵeŵbƌaŶeƐ ƌeƐƚe ŝŶcŽŶŶƵ͘ La 
ƚƌŽŝƐŝèŵe éƚaƉe eƐƚ ůa deƵǆŝèŵe ƉhaƐe 
éŶeƌgŝeͲdéƉeŶdaŶƚe ;EDPIIͿ͕ Žƶ ů͛aŶƚŝbŝŽƚŝƋƵe 
ƉéŶèƚƌe daŶƐ ůe cǇƚŽƉůaƐŵe eŶ gƌaŶde 
ƋƵaŶƚŝƚé Ɖaƌ deƐ ŵeŵbƌaŶeƐ eŶdŽŵŵagéeƐ 
ůŽƌƐ de ůa ƉhaƐe I͘ Le bƵƚ de ceƚƚe ƚhèƐe éƚaŝƚ 
de cƌéeƌ de ŶŽƵǀeaƵǆ ŽƵƚŝůƐ afŝŶ d͛éƚƵdŝeƌ 
ů͛ŝŶƚeƌacƚŝŽŶ deƐ AG aǀec ůeƐ bacƚéƌŝeƐ eƚ 
d͛aƉƉůŝƋƵeƌ ůa ŵéƚhŽdŽůŽgŝe à deƐ bacƚéƌŝeƐ eŶ 
ƉhaƐe ƌaƉŝde de cƌŽŝƐƐaŶce ŽƵ bŝeŶ eŶ éƚaƚ de 
ƉeƌƐŝƐƚaŶce͘ NŽƵƐ aǀŽŶƐ ƐǇŶƚhéƚŝƐé deƐ 
cŽŶũƵgƵéƐ fůƵŽƌeƐceŶƚƐ deƐ AG aƵǆ ƉƌŽƉƌŝéƚéƐ 
bacƚéƌŝcŝdeƐ͘ Aǀec ceƐ cŽŶũƵgƵéƐ ŶŽƵƐ aǀŽŶƐ 
aŶaůǇƐé ů͛ŝŶƚeƌacƚŝŽŶ deƐ AG aǀec ůeƐ bacƚéƌŝeƐ 
à ů͛écheůůe de ůa ceůůƵůe ƵŶŝƋƵe Ɖaƌ ŵŝcƌŽƐcŽƉŝe 
de fůƵŽƌeƐceŶce͘ NŽƵƐ aǀŽŶƐ cŽŵbŝŶé ceƚƚe 
ƚechŶŝƋƵe aǀec ůa cǇƚŽŵéƚƌŝe de fůƵǆ ;FACSͿ 
ƉŽƵƌ éǀaůƵeƌ ůa cŝŶéƚŝƋƵe d͛accƵŵƵůaƚŝŽŶ͘ 
Ceƚƚe éƚƵde déŵŽŶƚƌe ƋƵ͛ŝů Ǉ a deƵǆ ƚǇƉeƐ 
d͛accƵŵƵůaƚŝŽŶ ͗ ƵŶe à ůa ƉéƌŝƉhéƌŝe aǀec 
ŝŶƚeƌacƚŝŽŶ à ůa ŵeŵbƌaŶe eƚ ƵŶe deƵǆŝèŵe Žƶ 
ů͛aŶƚŝbŝŽƚŝƋƵe eƐƚ ůŽcaůŝƐé daŶƐ ůe cǇƚŽƉůaƐŵe͘ 
NŽƚƌe aŶaůǇƐe déŵŽŶƚƌe aƵƐƐŝ ƋƵe de faŝbůeƐ  

ŶŝǀeaƵǆ d͛aŶƚŝbŝŽƚŝƋƵeƐ daŶƐ ůe cǇƚŽƉůaƐŵe 
ƐŽŶƚ ƚŽůéƌéƐ eƚ Ŷ͛ŝŶhŝbeŶƚ ƉaƐ ůa cƌŽŝƐƐaŶce 
ceůůƵůaŝƌe͘ EŶ ƵƚŝůŝƐaŶƚ ƵŶ ŝŶhŝbŝƚeƵƌ deƐ ƉhaƐeƐ 
EDPI eƚ EDPII ŶŽƵƐ déŵŽŶƚƌŽŶƐ ƋƵe ceƚƚe 
ƚechŶŝƋƵe Ɖeƌŵeƚ de dŝƐƚŝŶgƵeƌ ůeƐ dŝfféƌeŶƚeƐ 
éƚaƉeƐ de ů͛accƵŵƵůaƚŝŽŶ͘ AƵ cŽƵƌƐ 
d͛aũƵƐƚeŵeŶƚƐ dƵ ƉƌŽƚŽcŽůe͕ ŶŽƵƐ aǀŽŶƐ 
décŽƵǀeƌƚ ƋƵe ůeƐ AG ƉeƵǀeŶƚ eŶƚƌeƌ daŶƐ ůe 
cǇƚŽƉůaƐŵe Ɖaƌ ŵechaŶŽͲƐeŶƐaƚŝŽŶ eƚ 
acƚŝǀaƚŝŽŶ de caŶaƵǆ ŵécaŶŽƐeŶƐŝbůeƐ ;MSͿ͘ 
CeƐ caŶaƵǆ ƐŽŶƚ cŽŶŶƵƐ ƉŽƵƌ aǀŽŝƌ ƵŶe affŝŶŝƚé 
ƉŽƵƌ ůeƐ AG͘ Icŝ ƉŽƵƌ ůa Ɖƌeŵŝèƌe fŽŝƐ ŶŽƵƐ 
ŵŽŶƚƌŽŶƐ ƋƵ͛ƵŶe ŵaŶŝƉƵůaƚŝŽŶ ŵécaŶŝƋƵe 
ŽƵǀƌe ůeƐ caŶaƵǆ eƚ ƐƚŝŵƵůe ƵŶe eŶƚƌée 
ŵaƐƐŝǀe d͛aŶƚŝbŝŽƚŝƋƵeƐ͘ Ce ƌéƐƵůƚaƚ ŝŶaƚƚeŶdƵ 
ƉŽƵƌƌaŝƚ Ɖeƌŵeƚƚƌe de ŵŝeƵǆ cŽŵƉƌeŶdƌe ůe 
ŵécaŶŝƐŵe d͛eŶƚƌée deƐ AG daŶƐ ůe 
cǇƚŽƉůaƐŵe͘ AƉƌèƐ aǀŽŝƌ éƚƵdŝé ů͛accƵŵƵůaƚŝŽŶ 
deƐ AG daŶƐ ůeƐ ceůůƵůeƐ eŶ cƌŽŝƐƐaŶce ŶŽƵƐ 
aǀŽŶƐ éƚƵdŝé ůa ƚŽůéƌaŶce aƵǆ AG ƉŽƵƌ ůeƐ 
bacƚéƌŝeƐ eŶ ƉhaƐe de dŽƌŵaŶce ͗ ůeƐ ceůůƵůeƐ 
ƉeƌƐŝƐƚaŶƚeƐ͘ EůůeƐ fŽƌŵeŶƚ ƵŶe ƐŽƵƐͲ
ƉŽƉƵůaƚŝŽŶ Ɖaƌŵŝ ƵŶe ƉŽƉƵůaƚŝŽŶ ƐeŶƐŝbůe͘ 
EůůeƐ ƐŽŶƚ eŶ dŽƌŵaŶce eƚ ƚŽůèƌeŶƚ de fŽƌƚeƐ 
dŽƐeƐ d͛aŶƚŝbŝŽƚŝƋƵeƐ͘ EŶ abƐeŶce 
d͛aŶƚŝbŝŽƚŝƋƵe eůůeƐ ƐŽƌƚeŶƚ de ů͛éƚaƚ de 
dŽƌŵaŶce ƉŽƵƌ ƌefŽƌŵeƌ ƵŶe ƉŽƉƵůaƚŝŽŶ 
ƐeŶƐŝbůe à ů͛aŶƚŝbŝŽƚŝƋƵe͘ Paƌ ŵŝcƌŽƐcŽƉŝe de 
fůƵŽƌeƐceŶce͕ ŶŽƵƐ ŵŽŶƚƌŽŶƐ ƋƵe ůeƐ ceůůƵůeƐ 
ƉeƌƐŝƐƚaŶƚeƐ ŽŶƚ ƵŶe accƵŵƵůaƚŝŽŶ 
ƉéƌŝƉhéƌŝƋƵe d͛AG͘ Gƌâce à ŶŽƚƌe 
ŵéƚhŽdŽůŽgŝe͕ ŶŽƵƐ aǀŽŶƐ ƵŶ ŽƵƚŝů ƉeƌfŽƌŵaŶƚ 
ƉŽƵƌ ŝdeŶƚŝfŝeƌ ůeƐ dŝfféƌeŶƚƐ éƚaƚƐ 
d͛accƵŵƵůaƚŝŽŶ deƐ AG͘ AǀaŶƚ ceƚƚe éƚƵde ŝů 
éƚaŝƚ ƐeƵůeŵeŶƚ ƉŽƐƐŝbůe de cŽŶŶaŠƚƌe ůeƐ 
ŶŝǀeaƵǆ d͛accƵŵƵůaƚŝŽŶ ŵaŝƐ ůa ůŽcaůŝƐaƚŝŽŶ de 
ů͛aŶƚŝbŝŽƚŝƋƵe deŵeƵƌaŝƚ ŝŶacceƐƐŝbůe͘ NŽƵƐ 
aǀŽŶƐ aǀec ceƚƚe ŵéƚhŽde éƚƵdŝé deƵǆ 
ŵƵƚaŶƚƐ d͛E͘ cŽůi͕ ƋƵŝ ƐŽŶƚ ŵŽŝŶƐ ƚŽůéƌaŶƚƐ aƵǆ 
AG eƚ ŝdeŶƚŝfŝé ůeƵƌƐ caƌacƚéƌŝƐƚŝƋƵeƐ 
d͛accƵŵƵůaƚŝŽŶ͘ EŶfŝŶ͕ ŶŽƵƐ aǀŽŶƐ déǀeůŽƉƉé 
ƵŶ ƐǇƐƚèŵe de ŵŝcƌŽfůƵŝdŝƋƵe adaƉƚé à ů͛éƚƵde 
de ŶŽƐ cŽŶũƵgƵéƐ fůƵŽƌeƐceŶƚƐ ƉŽƵƌ éƚƵdŝeƌ eŶ 
ƚeŵƉƐ ƌéeů ů͛accƵŵƵůaƚŝŽŶ Ɖaƌ ůeƐ ceůůƵůeƐ 
ƉeƌƐŝƐƚaŶƚeƐ͘ 

 

 


