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Abbreviation 
BF: B gh  F e d 

CCCP: Ca b  C a de -Ch Phe  h d a e  

C : Ch a he c  

C 3: C a e 3 

C 5: C a e 5  

D BAC 4-(3):  b -(1,3-d b ba b c ac d)- e h e  

DMSO: D Me h  S fO de  

DNA: De b N c e c Ac d 

EDPI, II: E e g -De e de  Pha e I, II  

FACS: F e ce ce-ac a ed ce  g 

GFP: G ee  F e ce  P e   

LB : L a-Be a  b h  

LPS: L P Saccha de  

MIC: M  I h b  C ce a   

MS cha e : Mecha e e cha e  

M cL: Mecha e e cha e  f a ge c d c a ce 

M cS: Mecha e e cha e  f a  c d c a ce 

Ne -C 5: Ne c -C a e5  

OD: O ca  De   

PCR: P e a e Cha  Reac   

PDMS: P d e h a e  

PI: P d  I d de  

PMF: P  M ce F ce  

RNA: b a  RNA  

STORM: S cha c O ca  Rec c  M c c   

TA: T A   

TIRF: T a  I e a  Ref ec  F e ce ce c c   

TR: Te a  Red  

RNA: a fe  RNA  

VBNC: V ab e b  c ab e 



6 
 

Chapter I  Introduction  

1. Aminogl coside: The ribosome as an antimicrobial target  

 The b e  a h gh  c e  ach e;   a e  a ge  a d  c e  

e e. F c a  e  f b a  RNA ( RNA) a e a a ge  f ab  f f  e ce  f 

a b c , h ch a e ed c ca . The e a b c  b c   a e  he  f e . 

K g he a ce f RNA f  dec d g he e e ge  RNA ( RNA) a d e f g 

e  he ,  a e  e e h   h b  f b e a  f  RNA- ch a   

b h 30S a d 50S b  f b e 1(F g1.1). 

 

Figure 1.1 Antibiotics target the functionall  important regions of ribosome 1.T  b a  b  

a e d a ed: 30S b  ( ef ) a d 50S ( gh ). RNA  (  e  a d g e ) a d b a  e  (  

b e a d b e) a e h . I  each b , he e  f a b c b d g, h ch ha  bee  de e ed b  

b che ca  a d ge e c ech e  a e d ca ed. The  de a  e e b a ed b  X- a  c a g a h . 

 He e,  h  , I  f c   a fa  f a b c  ca ed a g c de , h ch a e 

c ed f a  d f ed ga  h a ge c a  d e . 
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1.1. Discover   

 The a g c de  e e he f  g f ca  he a e c d g , h ch e e d ced  

fe e a  a h a   bac e a. I  1943 e c  a  d c e ed a  Se a  Wa a  

ab a  f  a  bac e : S  2. S e c   he ea e  de  

age  ed aga  M  . The  f he a e ea  ed  he d c e  

f e c   1949 f  a he  ec e  f  bac e a, S   3. Th  d c e  

a  f g a ce a d Se a  Wa a  ece ed he N be  P ce f Med c e  1952.  

 S b e e , a a c  a  d c e ed b  Ha a  U e a a  1957, a d ge a c   

1963 b  Ma  We e  g  a  Sche g-P gh C a e. S ce he  he  

a g c de e a ed c d  ha e bee  a ed h gh fe e a   e he c 

e h d . A h gh   g e ha  he e a b c  a e ed, he   ha e a a  e  he 

ea e  f fec  d ea e  d de. The e bac e c da  c d  a e che ca  ab e 

h a b ad ec  f ac  e ce   a ae b c bac e a 4. 

 F  1940    a g c de  a e  c  ed d de, d e  he  

h gh eff cac  a d  c  5. 

 M  c  de effec  f a g c de  a e e h c  ( a e  f d e  

f c ) a d c  ( a e  f he ga  f hea g a d ba a ce) 6. H e e , he  a e 

 a ge  ed  ea  bac e a  fec  d de. The ece  e e ge ce f fec  d e  

G a - ega e a c b a  e a ce bac e a  a  ha  e c aged h c a   e g he  

age f a g c de . C de g he effec  f a  d age f a g c de   

c  c b ed h he e a ed ac  aga   G a - ega e bac e a  a e  a e 
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h  c a  f a b c   a ab e  da  c ca  ac ce 7. A g c de  a e bab  

he  effec e ea e  f  P.  ch c fec  8. 

1.2. Structure of aminogl cosides 

 A g c de  a e c ed f a  d f ed ga . He e e ca  ee  a  

g  f a g c de  h he  e ec e e e e a e , e c  a d ge a c  

(f g e 1.2). The e  g  d ffe  b  he  age be ee  g  II a d III. 

Figure 1.2 E amples of aminogl coside chemical structures. O  he ef  a e e a g c de  f 

he e c  g  (4 5 g II g I, g II g III age ), h ch ca  be d ec  c a ed  he 

ge a c  c e   he gh  (4 6 g II g I, g II g III age ). R g  a e be ed a d 

he che ca  c e f a ab e  d ca ed. R g II  ade f de e a e, h ch  e  

c e ed 9. 

 The e c  g  c de  a c , e c , b a c  a d ea e. 

R b a c  c a  a  g  e ce  g IV h e ea e ac  b h g  III a d IV. I  h  

d  I f c ed  he e c . The e c  fa  ha e  a c  c e f g  I a d II, 

h ch a e c e ed a g a g c de .  



9 
 

1.3. Sites of attachment in the ribosome   

 

 A g c de a e e f he  cha ac e ed a b c fa , h ch b d b h 

b  f he b e ca g c d g  h b g a ca  a d b e ec c g 10, 

11. The e -cha ac e ed a g c de  f  he e c  fa  ha e bee  h   

acce e a e b h f a d eac  a e  (GTPa e ac a  a d acc da )  RNA e ec  

a d  ed ce he a e f c g a e a d ea -c g a e RNA d c a  f  A e 11, 12.  

 A g c de  a e f d  be a ca  h b  13, 14 a d c ea e bac -

a ca  15, 16, 17. Ma  f a g c de  b d  30S b a  b  a  a  e a  

  he  44 (h44) h ch a  f  he dec d g e 18. Th  e ac  ha  bee  d ed 

b  che ca  b g (b che ca  a ache ) 19, 20 a d b  c e  f a g c de a d a 

a  RNA f ag e  c g h44  b e ( c a  a ache )   9, 21, 22 ,23, 24. 

 Mecha  f dec d g a d he ac  f a g c de   he dec d g ce e  ha e 

bee  he c f d e  b  b a  X- a  c a g a h  25,26,18,27,28. The b d g f 

a g c de  ace  c e de  A1408, A1492, a d A1493  a c f a  ha   d ffe e  

f  ha  b e ed  he ab e ce f he d g (F g e 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. Pa c  (g ee )  b d  he dec d g e  

16S RNA. The RNA  d a ed  ed a d RNA  e . The d ffe e ce  be ee  c e e  

f ed h ea -c g a e RNA  e e ce a d ab e ce f a c  a e h gh gh ed  da  a d 

gh  b e.  

   Be de , he a b c d b  he de ac g f A1492 a d A1493 ( c e de  c ca  f  

A- e RNA b d g 30) f  h44  a  he e he  e ac  h he c d -a c d  

he  (F g e 1.4). A  X- a  d  f he E   b e de a ed ha  e c  

ha  a ec d b d g e  he  69 (H69) f 23S RNA31. 

Figure 1.4 Overview of binding sites of neom cin in ribosome 32. (a) Ne c  (Ne )  da  g ee   

30S b , he 44 (b e) a d e c   H69 ( gh  b e) f he 50S b  (g a ). RNA (g ee ), 

RNA ( ). (b) Ne c  e ac  h he H69. Da hed e  d a  e c  a d RNA 
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c ac  < 3.5 . R g II f e c   ed a  he a  g e, h ch  fac g G1921, G1922 

a d U1923. The g  I, III a d IV a e a   c ac  h he bac b e. 

  

 The   he a  e  ea  e ea ed he a g c de  ac  a  he dec d g ce e  

a d He  69  b e e  he e a  be ee  he e  a  e  e a   32. 

Ba ed  e ece  a d e ec ed e   he 70S c a  c e   c e  h 

RNA a d RNA , a e  de  a  ed f  he ec g  f he c d -a c d  he  

b  he dec d g ce e  h e  gh   he e ac  f a c  29, 33 . I  h  de  

he a b c a a  d ce  a c f a  f RNA a d he dec d g ce e  e ha  

b e ed f  c g a e RNA. 

1.4. Mechanism of uptake 

 

 A g c de eed  be a ed h gh he c a c e b a e  each he  

a ge , b e . A g c de acc a   he c a   de e de    e 

f ce (PMF)  ce  34. I   gge ed ha  acc a  f a g c de  b  bac e a g g 

 ae b c c d  cc   h ee cce e e  5, 34.  

1.4.1. The accumulation theor  (3 successive steps) 

1.4.1.1. Step1: Electrostatic binding  
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F  he d g  d b d  a c e  a ed a  he e  e b a e a  a d  

a e e b e a . I  a  a  ed ha   G a - ega e bac e a accha de (LPS) 

d d ec  e ac  h he ca c a g c de  he eb  he g he  a e 35. 

The ef e, a e f- ed a e echa  f  a g c de  a  fa ed  e  f 

h he  a he  ha  a echa  g  36 beca e d e  h ed ha   a  

h ch a e -def c e , a e  a a  e e a   a g c de  37 (F g e1.5). 

I e e g , a ece  d  h ed ha  he b a  f ce  h e  e e  f e  

e b a e  C ( C) a e e e a   a a c 38. 

Figure 1.5 Gram-negative bacteria cell wall envelope 37. (a) P  a h a  (  e  ed  

a g c de a e) (b) Se f- ed a g c de a e  h ch ca  a d che a  ca  

d ca e d a e  ca  f  LPS.  

 I  h  echa , he a b c e ac  h he e  ce  a  a d h  e ac  

c ea e  he e eab  f h  ce  a   he a b c. Th  e  d be f ed b   

e e b e e e g  de e de  ha e  e ed e e g -de e de  ha e I a d II (EDPI a d EDPII, 

e ec e ). 



13 
 

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

The f  e   f ed b  EDPI ha  a e    d a  a d a e de e d g  he 

a b c c ce a  ed a d he e e g  e e  f bac e a  ce . I  a  a  b e ed a e a  

be ee  he g h a e f bac e a   he add  f he a b c 39. E e a  ha e 

bac e a  ce  e e f d  be e  ce b e  a g c de d e  he h ghe  PMF. O  

he c a , he a a  ha e ce  a  a e e  e e  a g c de . EDPI 

c e d   he e a ce f a g c de  he c a . EDPI ca  be b c ed b  

h b  f e ec  a  ch a  ca b  c a de- -ch he -h d a e (CCCP). 

The echa  f a  f a g c de  ac  he c a c e b a e   

cha ac e ed a d a  e e- ed ed  e e g   he  c e  f he e ec  

a  cha   b h. A g c de  a  a  e e  b  ec f c e b a e cha e  

c ea ed b  - e e  c ead g  e e fec   he c a c e b a e, 

a   he a ea f g h he e he e b a e  be g ade 40. I  fac ,  da e ch e a  

 ab  he ha e EDPI.  

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

The h d ha e f a g c de a e a  e a  c ea . I  e e  e e g  f  

he e ec  a  cha  a d ATP h d  h e e  ha  d ff  e c  41. The ha e 

EDPII e e  a g c de e e b e , a d h b  f e  he  ch a  

ch a he c  ca  ab h EDPII 42.  

I   ed ha  c d g b  a g c de  ha  e e ed he c a  d g EDPI 

d ce  f ded e . M a a ed e  e d  be f ded a d e e 
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h d h b c eg  ha  e ac  h e b a e   b d  he  ce a  c e , h ch 

e d   e b a e a d ead  e b a e e eab a  43. 

Th  e eab a  ha  bee  b e ed b  he ea age f a  ac d , c e de   K+ 

44,45,46. Bac e a b e ed af e  ea e  h e c  47 had a c a ed a ea a ce  

ca g e ec  age . 

 

1.4.2.  Iron sulfur clusters affect aminogl cosides  accumulation 

 

I f  c e  a e  a  b g ca  e , c e  f e ec  a fe  

e   ce a  ce  ch a  ce a  e ab  a d e a . S d e  h  ha  Fe-S 

c e   bac e a  ce  a e eeded f  a g c de bac e c da  ac  48. Fe-S e  

c ea e  a g c de g b  b g he  a e 49. 

Ce   h ch b e ach e  a e fa ed ead f a  Fe-S c e  b he  

ach e , a e  ab e  a e e a  c e e  I a d II  eff c e  a e  a d 

c e e  he  ha e e  PMF. L e e, he ce  bec e a a  e a   

a g c de de   a  c d . I  h e ce  b h e a  c e e  a e 

d - eg a g a d ce  a e g a e a e ach e  48. 

A he  ece  d  h ed he e f he a  eg a  RNA ( RNA), h ch  

ca ed R hB. I  ha  a a  e   h e a   E. . A h  h ed ha    

def c e  c d , R hB d ce  he c e a ce  ge a c . Th  he e  d e  
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he h b  f e a  c e e . I  ha  bee  gge ed ha  R hB a  a  e  a b c 

e  ada a  50. 

1.4.3.  Aminogl coside uptake in presence of Silver  

S e  ca  de ab e he e b a e e he  b  d g c e b a e e  

(d ec )  b   effec   b e  ( d ec ), h ch d ead  f ded e  ha  

d f a  g   he e  e b a e. C e e , e b a e  e eab  c ea e  a d  

a  ead  a g c de a e  h ghe  e e  51 (f g e1.6) . 

Figure 1.6. Model for the role of silver in aminogl coside uptake 51. S e  a g e  a g c de 

a e. S e  ca  d  ce  e b a e b  cha g g e b a e  e . I  ca  a  a ge  b e , 

h ch e   he  f f ded e . 

S e  e a e  a g c de c  b  e ha c g he  a e 52. He e  . 

h ed ha  e  c ea ed c  f a g c de b  a PMF de e de  echa . 

Be de , e  e ha ced a g c de a e b  a  h e  PMF e e  ch a  

a  f  c e  I a d II  Fe-S c e  b he . I  c a , e  effec   

a g c de c  ha  bee  h   be e a g de e de   a a  52.T ea g 



16 
 

ce  h ch a he c  h ch  a bac e a c a b c h gh h b  f a a , 

e e ed e   c ea e a g c de c . I  a  ed ha  e  de ab e  he 

e b a e  a e  a a  de e de , a e  a d  a  a g c de  e e   

c a  e eff c e . Th  fac  e e  h he  f M e   . 53, h ch 

gge ed ha  e  e ac  h b e a d f ded e  d d b e  

e b a e a d de ab e . He ce, ega d e  f ca e  g , b h d e  gge ed ha  

c ea e  f ded e  e e  ead   e b a e e eab .  

O  he c a , he e f ROS  e  c  a  e deba ab e. M e   . 

a ed ha  e   c ea e he c  f ge a c  beca e e  d ce  ROS  ce  

53. H e e ,  h  d  he  d d  h  ha  ROS d c   c ea ed  he e e ce f 

he c b a  f e  h ge a c  51. Re  f  He e  ., d fa  h  h he  

f c ea e f ROS d c . A h  h ed ha  e  e a ed ge a c  c  e e  

 a ae b c c d . I  add , he  e ed a  h a -ROS ac e   c a  

h d- e E.  a . A h  h ed a  e   e  e a g effec  f  

he d ffe e  a  52. 

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

 A g c de  g  h gh he bac e a  e b a e  a d f a e  (f  bac e a) ha e 

aff   b e . A  bac e a had h d ed  f  ea   e e, he  e d  

a b c e e ce  c ea e he  cha ce f a . I   a   de a d he 

c e e ce  f a g c de  he ce   de   be ab e  c b e d ffe e  fac   

dec ea e he cha ce f a b c fa e.  
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1.5.1.  Membrane damage and response  

 O ce  he c a , he bac e c da  effec  f a g c de   h gh   e  f  

ead g f RNA a d f d g f e  a d e ec a  e b a e e  54,43,55. A 

ha a  e e f h  e   he eg a  f hea h c  e , f  a ce he hea  

h c  c  b d  a c a ed e  Ib A a d Ib B, ha  a  he  bac e a  e  e .  

H e e , e f he e f ded e  d g   he e b a e d e  he  

h d h b c cha ac e , a d de ab e f he  he e b a e, a g f  e ha ced e  f 

a g c de 56, 57. 

  I  P. , he  ce  g  h gh a e b a e e   gge  a  ada e e e. 

Th  e e  c ed b  a 2-c e  eg a  (A gRS). I  ha  bee  gge ed ha  h  

e e ca  be ca ed b  a a a  ead g h ch  d ced b  a g c de . Th  

e e a  he  ec  ce  f  a g c de- d ced a a ed e  ha  d 

d  he e b a e 58.  

 I  ha  bee  e ed ha  -c e  e  ac a  b  a g c de gge  

a b c- ed a ed ce  dea h 54. Ac a ed e  h d e a e (C A)  E.  

h h a e  a c a  eg a  e  (C R), h ch c e e  ead   

eg a  f ge e  e  e e e e - e e, ch a  he e a c ea e 

( P).     
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1.5.2.  Chaperonin  

 I  2013, he G e a  ea  e ed a g e d e d   he b e effec  f 

cha e  ac   a g c de ce b e . Cha e  a e e  h ch a  he 

f d g f a ge e  ec e . The  de a ed ha  cha e  G EL/G ES 

e e e  dec ea e  he e e  f f ded c c e , h ch  ca ed b  

a g c de 59 (F g e 1.7) . 

 

Figure 1.7 Model for effect of chaperone on earl  aminogl coside e posure in bacterial killing or 
survival 59. A  a  a e f a g c de ac  e e e a d b d g  b e  e   

c ded e de ( a ge a ). M ead e de  a e b a e  f e e a  cha e e . L ed 

cha e e ca ac  e   e  f d g, ead g  ce  dea h d e  a  c ea e f e b a e 

e eab . O  he c a , h ghe  ca ac  f cha e e ,  a c a  G EL/G ES, c ec  he -

f d g  h e e  a d c ea e  bac e a  a .  
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 D g a g c de ea e , e e e  f cha e  ec ed he bac e a  

e b a e e a , e c ed ce  g h, he ea  h b  f cha e  e e  e ed 

bac e a. I  E  , cha e   bac e a  ha d g ea  e e  

a g c de . Cha e  f gh  a g c de- d ced e  f d g a d e 

h - e  e a ce.  

1.5.3.  Biofilm induction 

 I  ha  bee  e ed ha  a g c de  d ce he f a  f b f . B f  a e 

adhe e  agg ega e  f bac e a  ce  f ed  face . B f  he  bac e a  e  

a b c ea e  a d a  a e  bac e a  e e ce  he ca e f ch c fec .  I  

ha  bee  h  ha  b- h b  c ce a  f a g c de d ce  he b f  

f a   ce a  a  ch a   P.  a d E.  60. 

 A g c de  a e c  ed  ea  fec  ca ed b  he a h ge  P. 

. H e e , c ca  a e  f P.  f e  ac ed e a ce  

a g c de  a d a  a  ha e a  d c b e e a ce e   b a c . Th  a b c 

 d ced b  S  , h ch  a  bac e . Ta g  acc  ha  b h 

bac e a c e    a ed a  e e g h he . The de e e  f e a ce  P. 

  b a c  ca  be a  ada e e e  he e e ce f h  a b c   

a a  e e . P.  a e  a a ge  b f  he  he ce  a e ea ed h 

b a c . H e e , a ge  b f   h  ca e a  d e  h ghe  be  f ce  h  he 

b f  c  a he  ha  a  c ea e  e ace a  a  d c  f b f . Th  

e e ee ed  be eg a ed b  he  ge e (a g c de e e eg a ). The   
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a  e - e b a e h h d e e a e a d  b a e  c c c d -g a e h ha e (c-

d -GMP), h ch  a ec d e e ge   bac e a  f  ce  face adhe e e  

eg a . I  he ab e ce f  ge e, P.  ce  a e  f g b f   e e ce f 

b a c  (f g e1.8). 

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

a g c de  a  d ec  e ac  h A   d ec  h gh cha g g e e  f c-d -GMP.  

 I   ed,  h  de , ha  a b c d ce  he ac  f he A  e . 

H e e , he de a  f  ac  a e e   be de e ed. 

1.5.4.  O idative stress  

 I  a  ed ha  a g c de  e e a  gge  h d  ad ca  f a  h ch 

ead   ce  dea h 54,61,62. I  had bee  gge ed ha  da e e  gge ed b  e b a e 

e  aff c, a a  a d f d g f e b a e e   he a  ea  f  ce  

dea h af e  a g c de ea e . A h  gge ed ha  a -c e  e  f  e -

e e  he ce  e e e  a e  a e   h  ce  a d a ed - e e -

c e  e , a  e , a  h   ha e a c ec ed e 54(F g e1.9). H e e ,  
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h d be e ded ha  a  ( b e a b g  a ) E.  a  ha  ha e g e 

a -ac d a   he b a  e  S4 a d S5, h ch ca e c a ab e e e  f 

ead g a  a g c de , a e ab e 63. I   he ef e c ea  he he  c d g ead   

ce  dea h  da e e   . 

 I  e h h  b e a ,  a  h  ha  Fe-S e  e a g c de  

d ced ce  dea h h  he e e  f he eac e ge  ec e  (ROS) e e 48.  

Ke e   ., a  ed ha  ROS   ed  a b c ed a ed ce  dea h 64. M e 

ece , a d  ha   he ROS e e h e b  a a  a  e ed 65.  

Figure 1.9 Suggested mechanism of h dro l radical formation and cell death54. (A) M f ded 

e b a e e  a e ca ed  e b a e a ca  c e e  (e.g., SecYEG) b  cha e e  

e  (SecB). M f ded e  a e e e   he e b a e  a ca ed  he e a  (B) 

M f ded e  ead  h h a  f C A. (C) Ac a ed C A h h a e  C R, h ch 

eg a e  e e  f e e e e - e e e  (DegP). (D) C A a  ac a e  A cA, h ch 

eg a e  e a  a d e ab c ge e . The e cha ge   ce  a e d ca e f ee ad ca  

f a , h ch ead   ce  dea h. 
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 I  ha  bee  h  ha , e E. ,    SOS e e  gge ed b  

b- a  h b  c ce a  f a g c de .  E.   e  ec ed aga  h  

d f da e e  beca e f  eff c e  da e e  e e h gh he R S 

ge e a  e  e e g a fac . H e e ,  . , he SOS e e  gge ed b  

a g c de ed a ed d ec  DNA da age h gh d ed g a e e d e . 

A g c de ed a ed SOS d c   e e ed a g he  G a - ega e a h ge  

ch a : K   a d P   66. 

 A ea  a e , he a e ea  h gh ge e c c ee g e h d  f d e e a  ge e , h ch 

ca e de ab a  f he RNA e a e c e . The e ge e  a e ed  SOS 

e e  b- h b  c ce a  f a g c de  67. 

1.5.5.  Alarmone 

 M f ded e   he bac e a  e b a e, a  a e  f a g c de e ha  d age 

ea e , gge  d c  f ROS. ROS d ce  - RNA he a e (L U) e e  

a d d c  f d c e de a a e e ab e ca ed d ade e e a h ha e (A 4A).  

I   ed ha  A 4A gh  h b  ace a  e a , h ch ca e e b a e 

d  ead g  ce  dea h (F g e1.10). 

 The ac a  f a a e A 4A c ea ed a g c de acc a   he ce  b  

e b a e d . I  ha  bee  gge ed ha  b c g A 4A deg ada   c ea g  

he  ca  be a  a ach  c ea e a g c de e ha .   
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Figure 1.10 Model for Ap4A alarmone action in aminogl coside killing 68. A g c de ca e  he 

d c  f f ded e  a d e b a e d  a d ROS ge e a . ROS d ce  he 

e e  f L U, h ch e   d c  f A 4A. A 4A he  eh  h b  ace a  

e a   ce  ( e a ed  be e ed f he ), h ch ca e e d   ce  e b a e. 

1.6. Phenot pic suppression b  aminogl cosides 

S e c  ca  e e e he a  he e  f a  e e a d e e a  

 E.  a d  bac e hage T4. Th  he e  ha  bee  ca ed he c e , 

ce he a  he e e  af e  e a  f he d g 69. 

A g c de- d ced ead g a  e e c d  70  he he  ha d, acc d g  ece  

d , b a c   a e  f e a e e a  c d . A  e , he ec a  

ba  f a  ge e c d ea e  ch a  c c f b   e a e a a  e a . I  ha  

bee  de a ed ha  b a c  e h b  ead- h gh ab   e a e e a  

c d  71. Th  e    e h he g ba  he a e c a eg , h ch c  f g 

a g c de   e  he e a  f e  he  a d e e f - e g h 

f c a  e .  
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1.7. Resistance mechanisms 

I  bac e a, e a ce  a g c de   f e  d e  e a c ac a  b  

h h a fe a e , ace a fe a e  a d c e d a fe a e  (ade a fe a e ) 72, 73. 

O he  echa  c de b a  a e a  a d c ea e f e b a e e eab . 

A g c de- e a  a  f e  a ea  d e  e g a d-b e ge e  e c d g 

a g c de- d f g e e  74. F he e, a  f he e ge e  a e a c a ed h 

a , h ch he  fa  d ff  f d g e a ce ac  ec e  b da e  75.  

1.7.1.  Adaptive resistance  

Ada e e a ce  a b c   e  d c e ed he e a cha ge  he e e   

ead    d  eg a  f ge e  ha   c fe   he ce  a  ad a age  e.76 I  

h d a  be e ed ha  he ca ac  f a bac e a  a   ada   e e a  

cha ge  d e    e   he e e ce f . I  ca  a  be he e   he he c 

he e ge e  e e   a  38. I  ha e  ha  e ce  ha e, a  he e ac  e  f 

he e , a ec a  c  ha  e    e e  f e a ce  d g . A  ge he , 

he e a eg e  ca  ha e a  c e d g c ca  ea e  e de g e fec  

d ff c   c e. 

I  ha  bee  h  ha  b- h b  a d h b  c ce a  f a g c de   

P   a d he  ae b c G a - ega e bac  d ced ada e e a ce. 

Th  d f e a ce ha  bee  h   be he e  f d - eg a  f a b c a e a  

EDP II ha e 77. 
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2. Persisters 

2.1. Discover  

M e ha  70 ea  ag , H bb  a d B gge  b e ed ha     b e  e e 

bac e a  c e  b  bac e c da  a b c . H bb  b e ed ha  a a  a  f a 

S  a  a   ed  e c  ea e  78. Fe  ea  a e  B gge  

f c ed  fe  bac e a  ce  ha  e e  h gh a b c ea e . He a ed h  

b a  f bac e a e e 79. I  h  ee g , he gge ed ha  he e ce  e e 

a  -d d g. I  add , he d c e ed ha  he e e e  c ea ed ff g, 

h ch e e e e  e c  a  he g a  c e.  

Pe e  ca  be def ed a  he a b c e a  b a  f bac e a  he 

e e a . Pe e ce  e a d a c  h g ca  a e a d a b c e a ce 

 a fa c a g e a e f he e ge e  a  g e ce  e e , h ch   d e  he  ge e c 

bac g d. Th  he e ge c  a  be he ca e f fa e f a b c he a  80. 

I  ha  bee  f d ha  a h ge c a  f E.  (UPEC) a e he a  ca e f 

bac e a  a  ac  fec . The e ce  ca  e af e  a b c ea e  d e  

he c he e ge e . Th  d  h ed he a ce f h  a h ge  e e  

cc e ce f he e ge e   ce  a  81. 

Se e a  ece  d e  h  ha  he e be ee  he a e  f e e ce a d e a ce 

ee   a  c ea  def ed a  e  h gh . Pe e  ff g had a ge  e  

 e h b  ge e c a  g g a b c e a ce 82,83.  
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2.2. Terminolog :  Antibiotic Resistance vs. Tolerance vs. Persisters 

 

Rece , e ea che  g  he f e d f a b c e e ce ga he ed  b h a 

c e  a e e  def g c ea  def  a d g de e  f  e ea ch  h  f e d 80. He e, 

e g e a b ef de c  f he e def . 

Antibiotic resistant cell: a ce  ha  e a e  a b c ea e  b  e g a 

e a ce ge e ( ch a  a  eff  ). Re a  bac e a g   he e e ce f a b c 

c ce a  ha   he g h f e e bac e a.  

Antibiotic tolerant cell: a ce  ha  e  a b c ea e  a d eg  af e  

a b c e a . T e a ce  a e   de c be h ge  a  a d  fac  ca  

be ge e ca   e e a . T e a ce fac  he  he ce  a   e a b c 

ea e , h ch  e ha  f  a b c e e bac e a (F g e 1-2-1). 

Antibiotic persistent cell: a ce  ha   e a   a bac e c da  a b c  a a  

f ce  ha  a e ce b e. Af e  ea e  f a ce b e a , he b ha c g 

c e  b e ed d ca e he e e ce f  b a  A f  e c  f ce  ha  a e 

ed fa  ( he a ) a d a ec d e c e d g  e e  ce  ha  e  a e 

ed a  a ch e  a e (F g e 1-2-1). 
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Figure 1-2-1 Profiles of antibiotic killing kinetics of resistant, tolerant and persister cells 84.The e 

f add  f a bac e c da  a b c  d ca ed h a ed a . A h ge e  a  f e a  

bac e a  h  h b e e. Re a  bac e a a  c e   g h. A h ge e  

e a  bac e a  a  h ed  gh  g e  a e  ge  e  be ed b  a  a b c ha  a 

ce b e a  h   da  g e  e. I  he e ge  a , he e e ce f e e   

h  b  a b ha c  c e ( e ). Af e  a b c ea e , he e  a e d f a d g f 

ce b e ce  f ed b  a e  dec ea e  c  f g  (CFU). 

2.3. Importance and danger  

 A b c e a ce  a e f he a  ca e  f fa e  a b c ea e . 

H e e ,  ca e f fec  h - e a  bac e a, e e  e ca e a b c ea e . 

Af e  g a b c he a  aga  a  fec  ca ed b  ce b e bac e a, e e  

e   f he  d a  a e  a d ca e fec  e a e. U de a d g he e a ce 

echa  ha  a g ea  a ce beca e   ead   f d he  f  c ea g 

eff cac  f he c e  a b c he a .  
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 I  a e a ce e a  d ,  ha  bee  de a ed ha  bac e a  e e ce 

a d  ada   d g ea e  f e e c . A h  b e ed ha  he a e  f e e g  he 

e e  a e ca  be c de ed  he c e  f be -hedg g  he . I  ha  bee  gge ed ha  

e e ce  a a  c e  f he e a  ce  e e  a b c  e  ha   

e e a   be c de ed  b h d ag c e g a d ea e  de g   d e  aga  

a b c e a ce 85. I  h d be e ed ha   h  d  e a ce a ea ed beca e f 

g e  a   ec f c ge e .  

 I  he f g a  I e e ed  a  e a e  f ed ca  c ca  ca ed b  

e e . D g fec  he e e  ha  a e hab ed b  bac e a, ch a  b f  a d 

ac hage , ha e h   be e a ed h he f a  f e e  86. 

2.3.1. Persisters in biofilm 

 The e e ce f e e  ce   he b f    c de ed a  a a  ca e f 

b f  a b c e a ce. Pe e  a e e  ha  e e ce  f a bac e a  a   

a a - ha e c e  a d b f . I  he e e ce f a b c , e e  d   . 

Whe  he a b c    e e ce f e e  a e, e e  ege e a e he g a , 

- e e  a b c e a  a 87. The e a e fac , h ch d ce e e  f a  

ch a  he ac  f e , a a  ha  e e e ce bac e a a ed  he b f 88. We 

ca  a  ha  b f  c e a fa ab e e e  f  e e  ge e a . 

 The ef e, beca e b f  d ce f a  f e e  b- a  h  a e  he 

e ad ca  f e e  e d ff c . 
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2.3.2. Persisters in macrophage 

 Mac hage  a e e b e f  hag c  a  a a  f   e . The e 

b g ea e  e g f a d d ge  a h g ha  d e   ha e he e f e  ec f c  hea h  

b d  ce    e f e g  b a ce  ch a  c be . A  he a e e a h ge  ca  

a a e h  e e e  a d dec ea e he cha ce f a h ge  c ea a ce 89. F  

e a e, a  a h ge , c d g M. , L   a d S  

., a d deg ada  f g hag c  b  h  e ce . I  ha  bee  f d ha  he e 

a h ge c bac e a h b  he a a  f hag e  90. 

I  ha  bee  h  ha  b  f e ce  g e-ce  a a ,   b e  de f  

S  e e   fec ed ac hage. Pe e  a e e ca g ce  f ed a  

af e  bac e a  a e  he ac hage . I  ha  bee  gge ed ha  e a ce a  d ced  

he ce  beca e f f  he ac d c e e  f he ac e  ac hage  a d ac  f 

. The e c d  a  d ce e ce ge e e e   S  86. H e e , 

e e  f ac d  a d ac  f  a  a   d ffe e  ac hage  ce   h  d ffe e  

hag e , h  d c g he f a  f e e  f  e bac e a a d  f  he . The 

e ac  echa  f h  he e e e  d ce he f a  f e e  a e  a a e  

f deba e 89.  

I  ha  bee  h  a  e  ha  he 14 -a  d e  a  a e  he e e  

f a  f S   ac hage  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 

D a c   a a e f a bac e   h ch bac e a d e   g  a d  ha  e   

ac   c a  h g g e e a  ha e  a a  ha e ce . D a  

bac e a a e  e  e a g a  a b c  beca e he  e ab  e e   , a d 

he   g g 87. H e e , e a ce a d e e ce a  be ca ed h  d a c . I  

ha  bee  f d ha  be g  -g g a e  ac e e ab ca  d   a e e e  

f a , beca e  d a  b a  e e  e e . I  h  d  a h  

c a ed ha  d a c    e gh f  e e  f a  91. Acc d g  he d  f 

f a  f e e  f   ac hage , he e -g g ce   he ac hage 

a a  a  ac e a e 92. 

P e e ce f e e   a g e  a  ca  be e ed a  a ec  a eg  93. 

Whe  a a  g e  h gh a e f  c d , e e  a  e a d a  he 

a  f he c . M e e ,  ha  bee  gge ed ha  e e  a  be a a eg  b  

h ch bac e a ca  f ee g a ed ce  dea h h ch c d be d ced b  a b c ea e . 

Whe  a  a b c e ac  h  a ge   ce ,  ead   h b  f ce  g h a d e 

ha  he ce  a d  g a ed ce  dea h 94. 

 I  ha  bee  ed ha  he e a e  e  f e e  ha  e e   d a c  a e 

e he   he a a  ha e ( e I)   d g g h ( e II) 95. 
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2.4.2. To in and anti-to in modules   

 Ge e c ba  f a b c e e ce a  e ed f  he f  e b  M ed a d 

Be a d 96. The  a ed a  f E  , h ch d ce a h ghe  e ce age f 

e e . Yea  a e , Ba aba  a d c eag e  95 ed a a  ca g A7 a e e, h ch a  

e f he e ga - f-f c  a e e   ac  e e   a c f d c de ce. The  h ed ha  

A7 e e  a e he -g g ce . La e , H A a  f d  be a  a d h  

c g a e a  H B a g a a  (TA) d e. 

A g a  he 10 e II TA d e   he de  bac e a E. , H A  e f he 

 d ed  a d  ha  bee  e   be ed  e e  f a .  

I  e e a  g g E.  ce , he de e  f 10 RNA e d c ea e  ( TA10 

a  : a F, ch B, e BE, d J/ afQ, efM/ eB, h BA, F/ haV, afNO, 

RA, h cAB) dec ea ed bac e a  e e ce 97. H e e , 5 ea  a e ,  a  h  ha  

he e  e e  f a   TA10 a  a  d e  he e e ce f he 80 bac e hage 

98. Rec c  f he g a  TA10 a  h ch a   c a a ed b  bac e hage 

80 h ed ha  he e 10 TA d e  d   affec  e e  f a   e - ch 

c d  99. I  a  ed , he 10TA a  ed ce  e a ce f c f ac  b   

ha  f a c . I  ha  a  bee  h  ha  e e  f a   10TA a    affec ed 

b  c e e h b  f e  he  (ch a he c   e ac c e ea e ) 100. H  

RNA e fe a e  a e c ec ed  e e  f a  e a  c ea . 

We  he e f TA d e    c ea e he he e ge e   he a   

e e  d ffe e  ce f e e  101. I  ha  bee  gge ed ha  he ac a  f he e TA 

d e   a f ac  f he a   affec  he ce  g h, h ch  ead g  bac e a  
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e e ce 95. A  TA d e  d eg a  a  ead  g h a e   ha  bee  gge ed ha  

h   he ea  h  a   TA d e  ha e bee  ea  a ed b  ge e c c ee  f  

h gh e e ce he e  102 (F g e1-2-2). 

Figure1-2-2 persister cells frequenc  can increase due to stress responses 101. Pe e  e   a 

he e ge  a  a d af e  ac a  f e  e e  he  f e e c  c ea e . 

A g d ffe e  ce  f e  ch a  c e , H e , NaC  e  a d 

ge  e e  he a  e ed  TA-de e de  e e  f a  100. Th  he e 

 ec f c  f e . N  effec  a  de ec ed  e a ce  a c 100 a d  

e a e  d  ha  d e  a g c de.  

S ge  e e he  a h ge  a   he h  d g h e c d . U de  

a  ac d a a   ca  b  H A , cha ged RNA  he b a  A e 

e  he acc a  f a e e ge  c e de ca ed g a e e a h ha e  

e a h ha e (( ) G ). Th  ec e b d   e e a  e  a g g f  DNA 

e ca , e  a c   a  e ab c a h a  e 103. ( ) G  

a g e a   h  c d   h gh Re A, h ch de ec  cha ged RNA  he b e 
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ead g  c ea e f e e  ce   he a . ( ) G  ac a e  ec f c e I a d II 

TA d e  h ch ead   e e  f a  (f  a ce, e I  H B). S a , he 

SOS e e ca  gge  ac a  f ec f c e I a d e II TA d e  ha  c b e  

c ea e  be  f  e e  ce   ce  a  101 (F g e 1-2-3).  

Figure 1-2-3 TA modules activated b  stress responses lead to bacterial persistence 101. S a a  a d 

e ce  f H A  ead  he e e ce f cha ged RNA  he b a  A e, h ch ead   

acc a  f ( ) G  h gh Re A a d f a  f e e . ( ) G  a d SOS e e ac a e 

ec f c e I a d e II TA d e  ha  ead  e e  f a . 

C de g a c ca  e   e e  f a , he ge  e e a h a  a  be 

c de ed a  a e a  a ge   d c e  a e  c a  f a c b a  age  ac e aga  

e e  103. 
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2.4.3.  ATP level  
 

A  e e  a e -g g ce ,  ha  bee  h he ed ha  he  ha e  e e  f 

a a . A  e e g e h d ha  bee  e ab hed b  Shah a d h  c eag e   2006  

  ce  h  e e  f a a . The  e e ed a  ab e GFP ge e de  c  f 

b a  RNA : B P1. The  ed  d  ce  a d ce  f  GFP e g a . 

The d  ce  e e ch e e a   a b c  a d a  e h b ed a ge e e e  f e 

d ffe e  f  ce   e e a   a a  ha e  104. The  c c ded ha  e e  

e e e  a d c  a e f bac e a  h g , h ch  d ffe e  f  b h e e a  a d 

a a  f .  

A  I e ed bef e  ha  bee  gge ed ha   ce a  c d , - eg a  f 

-a  d e  ead  c ea g he e e  f ( ) G   he ce . A  h gh e e  f 

G     be a  h b  f B P1,  a  a ed ha  a  he ece  f he e a e 

c g ge he . H e e  ece  d  f Shah  .,  2017 h ed ha  B P1 e  ca  

e  e e  a  de e de  f G  100. The  gge ed ha  a a  f  ( ) G  he e 

 a he   effec   b a  RNA  h ch  ATP. Th    ag ee e  h 

he  B P1 ac  h ch  e  c ed b  ATP 105, 106 (f g e 1-2-4). 

O  he he  ha d, a he  d  gge ed ha  he e e  e e  R S  a  a  ATP 

e e . P e  f R S b  C XP  h b ed a  e  ATP e e . I  a ea  ha  B P1, 

a  a e e  e e ,  c eg a ed b  ATP a d G . I  ee  ha  e e   a fa -

g g c e a e ce  ha  g   a a a - e a e. ATP ee  e a dece  ca d da e f  

a ge e a  ca e f e a ce, ce  bac e c da  a b c   b  a ac g e e g -

de e de  a ge  100. 
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Figure 1-2-4 The model suggesting that lacking ATP leads to persister formation 100. A dec ea e  

ATP ed ce  he a b c a ge  ac , h ch ead   a b c e a ce.  

2.5. Aminogl coside persisters 

A   ab f c ed  he ac  echa  f a g c de, he e, I f c ed  he 

d e   he e e  f h  fa  f a b c . O  he he  ha d, e  fe  a b c  ca  

 a a  ha e ce . A g c de  a e   be ab e   b h g g a d 

g g ce , h  fac  a e  he e a b c  g d ca d da e  f  f he  e ga   

f a  f e e   a a  ha e ce  a . 

 I  ha  bee  h  ha  ec f c e ab c c d  ca  ca e he g f b h E.  

a d S.  e e  h a g c de  107. Th  he e   ec f c  

a g c de  e he  ae b c a d a ae b c c d   a c ce  a  e  a  ce   

b f . The e e ab e  c ea e he PMF e e   ce , h ch b  a g c de a e  

c a . Th  d  e e ed a a eg  f  e e  e ad ca  ba ed  e ab  a d 

h ed he a ce f he e ab c e e   eff c e c  f he echa  f ac  f 

a b c  (F g e 1-2-6). 
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Figure 1-2-6 Mechanism of persister eradication ia the action of metabolites 107. E ad ca  f 

e e   h gh ca ab  f ca b  ce , h ch ead   ge e a  f NADH. The d c  f 

NADH  de e de  f  he PPP, EDP  TCA c c e. NADH  d ed  he e ec  a  

cha  f e b a e, h ch c b e   c ea e f PMF. H ghe  PMF  ch ce  fac a e  

a g c de a e. 

 The ge e c ba  f e a ce f E.   a g c de a  d ed b  a  

e e c g (T -Se )  de   de a d dee  he echa  f e a ce  

a g c de 108. The c c ed b a  ce  a  c ee ed b  ea g a a - ha e ce  

c e h a e ha  d e f ge a c . A g he a  b a , he e e e 105 d ed 

ge e   e  eg  f d  ha e e ha  5-f d dec ea e  ge a c  e a ce a d 

37 ge e   h ch he ce  e e e ha  5-f d e a . The e da a h ed ha  echa  

f e e  f a   a g c de a e ed  a  a d ed da  ce a  a h a . 

 F c a  c e  a a   he T - e  b a  gge ed ha  ac    a d 

he  f a  ac d d a ca  ed ced he be  f e e , h ch a e e a   

ge a c . H e e ,  he e a , he a  f e e  a  dec ea ed a d he e a  

 cha ge  MIC a e . 
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 A  ac d a h , f  a ce a h  f  e e, h e e, ha  a d 

g a e ed  e  ge a c  e a ce. Th  he e  ca  be ee ab hed b  add g 

he g a  ac d   he ce  c e. A , g he e a  ac d   d- e E.  

ce  ca ed e b a  f he a a - ha e ce , bab  beca e f h b  f a  

ac d he . The e e b he  d  had he h ghe  effec   ge a c  a . 

I  e A a , ge a c  a e c ea e  e . H e e ,  h  d  he  ed 

ge a c  Te a - ed a  a f e ce  agged a b c  f  FACS a a  a d he  e e  

ab e  a a e ce  h c c e ag g.  

 A   ha  bee  e ed  he f  a  f he d c , ge a c  a e  d ec  

c e a ed  PMF e e . A a e ,  he ab e ce f e e b he , e e g  e e  f ce   

h ghe . A  ac d a d he  a  ec e b he  a e e a ed  ce a  ca b  

e ab , a d   b e ha  a  ac d he  cha ge  he f  f ca b  e ab , 

h ch ca  cha ge c e e  he e e g  a e  he ce .  

 H e e , he  e ec ed f d g  h  c ee  a  ha  he ge e  e a ed   

g  affec ed ge a c  e a ce  E. . The ac a  f  a ed he 

f a  f e e  e a   ge a c . H e e , de e  f f age a  ge e  d d  affec  

ge a c  a e, h ch c ea ed a he  e   e e  d. 

  S e f he ge e  ha  e e de f ed  he c ee  f h  T - e  b a  had e  

bee  h   d b ge a c  e , f  e a e he ge e  h ch a e ed  

e a  a d da e h h a . 
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3. Mechanosensitive channels 

3.1. Introduction 

 

Bac e a  ce  a e e d g  b a , ch, g a   cha ge   a . I  ge e a , 

he  e e he cha ge   b a e  c a c e b a e.  A  he c a d g  e e  

he e b a e a e e e a  f  ce  eg , he ed a e de ec  a d e e  ch e  

 a   ce . The Mecha e e (MS) cha e  ha e bee  ed  ha e a  e   

he ada a   c e . The a  e f he e cha e    ba a ce ce  c 

e e d g h e c h c . Bac e a  MS cha e  a e e a , a d he  a e 

c de ed a  a de  f  h ghe  ga . H e e , bac e a  MS cha e  a e ec e  a d 

 - ec f c  c a   he a a a  e . The e e  a e cha g g he  c f a  

f  a c ed a e  a  e  a e. The e cha ge  a ge f  6  30 A   d a e e  f  

echa e e cha e  f a ge c d c a ce (M cL)109 a d ab  ∼6 A  f  

echa e e cha e  f a  c d c a ce (M cS)110. 

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

 

Bac e a  ce  acc a e he e   he  c a  h ch he  eed f  g he  

e ab . Th gh, he  acc a e he e   he  c a  e  be d he 

c ce a  ha  gh  be e ed f  e ab . M  bac e a acc a e a  a d 

g a a e efe ab  111. The c ce a  f d ffe e  e ab e  ca  each   a  

e e , h ch ca  ead  a  a  f 400 O  he  ce  a e c a ed  a a da d 

ed  h ch ha  a  a  f 240 O . A h gh   ha d  ea e he g  
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e e  ce ,  e  a e  e a ed  be ab  4 a  (F g e1-3-1). Whe  ce  a e 

g g, he g  e e  e ed f  a e  a e a d ce  e a . Bac e a  ce  

c ea e f g  e e  eg a ed b  e a c  f e d g ca  a d echa e e 

cha e  ac  (F g e1-3-1). 

 

Figure 1-3-1 turgor pressure and osmolarit  of E. c i 109. E.  g   a ed , h ch ha  240 

O  (M a  ed   LB c a g 5 g/L NaC ). C a  a e 10 a  g  e e a d 

he c a c e b a e. The ed  e e  f ab  6 a  a d he e  e b a e a d 4 a  

a d  he e  e b a e. MS cha e   ga e f he e  a cha ge f h  e b  e e  b  a 

a  c ea e f 0,1 a  f a d e e. 

 

3.1.2. How bacteria adapt to changes and water movements? 

 

Bac e a  ce  a e ca ab e f g a a d h c h c  ha   he e e ce f 

MS cha e  a d he a e f he ce  a . Pe d g ca  a e c g f g accha de  f 

d ffe e  e g h , h ch a e ed ge he  b  h  e de . The e g h d ffe e ce a d he 
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c e e e de b d a e a e h e ce  a  h h e  f d ffe e  e . Pe d g ca  

ha e a e  d a c c e, he  ce  e c ea e  he e de b d  b ea  a d e  ce  

a  a e a  e   h  c e. 

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

Whe  ce  each  he a  f g  e e ha  he  ca  e a e, MS cha e  a e 

ac a ed. I  ha  bee  f d ha  he M cL a d M cS a e ac a ed 3  5 ec d  af e  ce  each 

he ac a  h e h d e .  

3.2. Discover  of mechanosensitive channels 

 The d c e  f e e ac a ed cha e   he a  f E.  a  e e  f  

he f  e  1987 b  he a ch-c a  e ec ca  ec d g ech e. The e cha e  e e 

e   be ac a ed b  e  ega e e e, he  ha e age de e de ce a d a ge 

c d c a ce  112. 

I  1994 he e b a e ca ab  f e g  he a  cha ge  a  d ed b  

a ch-c a   E.  e e e. The  e ed he ca d da e echa e e cha e  a d 

gge ed ha   cha e , M cL a d M cS, a e a   eg a . The  b ed 

a d f ac a ed he e b a e a d e ed he M cL  . Th  a  he f  e ea ch h ch 

ead  ed c g he c d g ge e f  M cL, h ch he  de c be a  a e  d ffe e   h a 

e  h d h b c c e 113. 

A  he  a  f L d d  cha ge he ce  he e   f he  

e ec h g ca  e e e   had bee  gge ed ha  bab  he  e b a e e  

ch a  YggB a e ed  echa e a  b  bac e a. I  ha  bee  h  ha  YggB a d 
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M cL a e e e a   c g ce  e e a d he e cha e  e  he  ece a   e e  

a d a a c h c  ha  d he e ead  ce  dea h 114.  

F  a  ea  he e e e   a  MS cha e   be  (M cL a d M cS). 

H e e ,  E.  he e a e he  M cS- e ge e  ch a  K ( A), G, O, P 

( M) a d I. The  cha e  M cK a d YbdG a   e   e e g ce  

eg . I  ha  bee  f d ha  he Yb O cha e  e e   ec f c  NaC  a d R S-

de e de  115. 

 I  ha  bee  h  ha  e e  f L a d S  - eg a ed he  ce  a e 

e e g  he a a  ha e a  e  a   bac e a g   h gh c ed a 116. Th   

g g  ec  he bac e a aga  h - c h c . The - eg a   e   be 

gge ed b  he e  g a fac  R S. 

3.3. Structure and gating of mechanosensitive channels 

 

The f  MS cha e  ha  ha  bee  d ed b  he X-Ra  c a g a h  a  M cL f  

M   (TbM cL). TbM cL c  f f e de ca  b  h ch a e 

ed e ca   c ea e a cha e 117. Each b  c a   a e b a e 

he ce  ca ed TM1 a d TM2. The TM1 he ce  a e a g he a - e b a e cha e  a d he 

TM2 he ce  f  he e he a  a  f he cha e . TM1 a d TM2 a e c ec ed b  a 

e a c .  The N- e a  (S1) a d C- e a  (CP) f he e  a e a ed  he 

c a  118 (F g e1-3-2). The E.  h g Ec M cL 119 a d e e a  he  h g  120 a e 

gge ed  be a - e ec e e f ∼30   d a e e . The e cha e  e  he  he g  

e e  he c a   c.  
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 A f c a  de  a  gge ed he e he f e a - e a  he ce  (S1) a e a 

b d e he  he cha e   c ed. O e  a d c e c f a   h  de  ha e bee  e ed 

b  b g c e e  f  he  e d e  121. The S1 eg e  a e c g be ee  each 

he , ee g he cha e   he c ed c f a . Whe  he e  e   he e b a e, he 

a e b a e ba e  e a d  a d  he cha e  a a  h gh he S1 a d TM1 e . The 

e ac  a d he c g be ee  he S1 a d TM2 a a  he cha e   he e  

c f a .  

Figure 1-3-2 Structure and gating of MscL 110. (a) M cL c e f M  . Th  

cha e  c  f 5 e . Each e  ( ef )  c ed f  -he ca  a - e b a e 

d a  ca ed TM1 a d TM2, c a c N- e a  (S) a d C- e a  eg  a d a ce a  

e a c  d a  h ch  he TM1  TM2. The f e TM1 d a  a e a gh  ac ed 

h d h b c b d e h ch a e  he ga e f he e ( gh ). (b) 3D c c  f M cL f  E.   

he e b a e ( ) a d f  ab e ( dd e). The cha e   h    c ed ( ef ) a d e  ( gh ) 

a e . G a  ba  d ca e d h ha e f e  a d e  e b a e. The e  c f g a   

h  a  he b .  
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 The c f a  cha g g  he f e b  f M cL cha e  ca  be de c be a  

f . The e   he c ed c f a  e g (C). Whe  he g  e e c ea e   

ead   a C ed-E a ded (CE) c f a .  Th  c f a   a ed  cc  f  a  

e f he b  S1 d a . The e a g b  d  ha e  e  c  h ch 

ead   he f  e  a e (O) 121 (F g e 1-3-3). 

Figure 1-3-3 Iris-like gating of MscL 121 .A  ef  he d ffe e  age  f ga g f M cL  d a ed. The 

cha e   c ed  he c f a  (C). Whe  he e  e   he e b a e,    he C ed-

E e  (CE) f . The e a e  cha e  eache  he e  c f a  (O) h gh he e e  f 

e  c f g a  cha ge  (S1, S3 ) A  he gh   a ca  g e c e  ace f M cL ec ded 

a  -50 V.  

 A he  d  c f ed he ga g de  a d gge ed ha  M cL cha e  a e e g 

 a  - e e a  a d f a e g b  e b a e e . I  h  d  he  f d ha  he 

b dg g be ee  C  20 a d C  36 f TM1 he ce  ead  ab ed e  cha e  122.   

 I  ha  bee  h  ha  M cL cha e  ha e he e de c   c e   he e b a e. 

The e c e  ca  be c g f e   h d ed  f cha e . Th gh he a  e h d  
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ch a  a ch-c a  e ec h g , c c  (f e ce ce a d a c f ce)  ha d h 

a he a ca  de g,  ha  bee  ed ha  he M cL  e f-a e b ed a d ac ed gh  

ge he  h e he  a e ac e. The cha e  ac   a e ed b  he e e ce f e ghb g 

e , h g he a ce f e - e  e ac   he e b a e. A h  

c a ed ha  c e g f he M cL   a  c e  f h  cha e  a d   bab  

beca e f d- ed a ed e - e  e ac  123.  

3.4. Visuali ation of MscL  

 I  de   ca e M cL cha e  g f e ce ce c c , each e  ha  

bee  f ed h he e c  f he g ee  f e ce  e  (GFP). The f ed ge e L-  

a  he  e e ed  e E.  ce . I  ha  bee  de a ed ha  he M cL-GFP e e 

c ec  f ded a d ha  he GFP d d  d b he ac  f d g  he f c a  f he 

cha e . The cha e  e e ca ed a  he c a c e b a e. Th  e h d  a - a e 

 f  d g he ca a  a d e e  eg a  f h  cha e . A h gh he f ed 

M cL-GFP cha e  ha e  he a e e ec h g ca  cha ac e c  a  he d- e cha e , 

M cL-GFP e e  e e e  e  124. 

 Tha   ece  d  b  a a e h -ac a ed ca a  c c  ( PALM) 

c c   ha  bee  h  ha  he e  a ea  e a h  be ee  he be  f he MS 

cha e  (M cL, M cS a d M cK a d M cK) a d ce  a  f g a  h c h c . 

Th  e a h  agged each e  b  f e ce  e  E 3.2. The e abe ed cha e  

e e f c a , a d he c c  ag g h  ha  he cha e  a e d b ed e e   

he e b a e. H e e  a h  f d ha  e e e  f he M cL- E 2.3 ca ed 

f a  f c e   he e b a e a d dec ea ed cha e  b  125 (f g e1-3-4).  
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Figure 1-3-4 MscL form clusters when all monomers were labeled b  mEos3.2 in E. c i 125. (a) Whe  

a d-de ed M cL- E 3.2 e e ed  he e e ce f a e ch a  M cL b ,  a  

he b  f e cha e  a e agged. I  h  ca e M cL cha e  f ed e  c e .  (b) If a  he 

b  a e abe ed  he ce ,  ca  ed ce he a a  f eed  f E 3.2 a d ead  f a  f 

a f c a  M cL c e . 

 A  h    e a  c ea  f he c e g  a  c e  f he cha e   

f  g a e  f  he de effec  f he f e ce  e  ag.  

3.5. Number of channels in the cells 

 We  he a ce f ec   bac e a  ce . Th  a   a ed  

bac e a  ce  b  he ed da  MS cha e . The be  f MS cha e   each ce  ha  bee  

d ed b  he a a e d  f he e e  f M cL  d ffe e  ed a a d g h ha e . 

Re ea che  ed b h a a e f e ce ce c c  a d a a e We e  b  

a a   ca c a e he be  f cha e  a  he g e ce  e e . A h  c f ed aga  he 

f c a  f he M cL-GFP f  e  a d  a e e e  a  e . A h  h ed 

ha  e e  f M cL  e e  de e d g  he e e a  c d  ( ed a 

ch e , ca b  ce  a d e  fac ) a d a    d ffe g f  ce   ce . O e a , 

A h  e a ed ha  he be  f cha e  e  ce   ch h ghe  ha  he de g 

e a  126. 
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Figure 1-3-5 Cell level counts of MscL in different conditions with different techniques 126.T  

d ffe e  a  f E.  e e e ed  d ffe e  ed a ( ch LB a d  ed a h d ffe e  

ca b  ce ) de  d ffe e  g h ha e. The e cha e  e e c ed b  d ffe e  ech e , (A) 

We e  b  h M cL a b d  a d (B) We e  b  h GFP a b d  a d f e ce ce c c  

ag g.  

 

 A ece  d  h ed, b  d f ca   ge e e e , ha  each ce  eed  be ee  

500  700 cha e   ha e   80% f a a   e a ge cha ge   c 

e e. Th  be  ag ee  h he e  We e  b g c g f he a e age M cL 

c  be   d- e E.  ce . A h  b e ed ha  ce  h e  ha  100 cha e  

ha e e  cha ce f a  af e  a h - c h c  127.  

3.6. Aminogl coside interaction with MscL 

 

 I  ea  d e  f a g c de acc a ,  ha  bee  b e ed ha  e c  

d ce  he a  eff  128. Th  ea age eceded he dec ea e  ce  ab  a d 

e a ed e a ed. P b e e a a  e e ca  d   he g g e b a e  

he  f ab a  cha e  ead g  e b a e da age.  
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 Bac e a  MS cha e  ha e bee  gge ed  be a e fec  d g a ge  d e  he  

ce a  e  he h g  f bac e a a d a  he ac  f de f ed h g   h ghe  

ga  12 . I  a h gh- h gh  c ee g f  e  a ge  f  M cL, a  a g c de 

d h d e c  (DHS) a  e f he h  a g he c d b a .  

 I  ha  bee  f d ha  M cL  ece a  f  e c - d ced a  eff  ha  

ha  bee  e  de c bed. DHS a  c ea e  M cL ac   e ec h g ca  d e  

 a d ec  a e . Th  e  h ed a e  de f ac  f h  a b c. Th  a b c 

e e   he c a  h gh M cL  a ge e. Th  he e  ha  bee  e ed    

he d  b  M cL e e  a d a b c acc a  a d a  b    a ch c a  

e e e  130.  

 I  a e e  d   ha  bee  ed a e f MS cha e   e e  e ad ca . 

I  ha  bee  e ed ha  bac e a  e e  a d a  a  g g ce  ca  be e ad ca ed 

e e e  fa  b  a g c de ea e  de  h c h c . The e ad ca  f e e  

 he h c h c  (e.g.  a e )   ec f c  he a g c de fa  f 

a b c  ch a  e c  a d a a c  (  effec  a  b e ed  - ac a   

e  a b c ea e ). 

 Th  he e  ha  bee  h   be PMF- de e de . CCCP, fa c  a d c d 

ea e  e e ed  h  ha  a b c acc a   e a ed h he PMF e e   he 

ce . I  ha  bee  e f ed ha  he bac e c da  ac  f h  a b c a   h gh  

ac   he 30S b a  b . N  e e  e ad ca  a  b e ed  he e c  

e a  ce  af e  he h c h c  a d e c  ea e  131.  
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 A  he MS cha e  ac a ed d g ch h c   ha  bee  h he ed ha  he e 

cha e  a e e b e f  a b c acc a . The d a e e  f a  ac e MS cha e   a  

a ge a  30 . I  ca  ea  a  a g c de  ( 500 Da )  e e   he c a . T  

e h  h he  g e MS cha e  a  e e e ed a d e ec ed   cha ge  e e 

b e ed  he a  a . Th  a  bab  d e  he ed da c  ac  f MS cha e . 

T   e cha e  a  e e  e ed  h  d  beca e he ab   he e 

a   dec ea g 131.  

A d ec  e ac  f DHS h M cL a   ac g. I  a ece  ge e c c ee g 

d  (c e e b a ), b che ca  a d a a  a ache  a d ec a  d a c  

a  (d g d c g a d g e a  d ) e e ed  de a d h  DHS e ac  

d ec  h M cL. Th  d  de a ed ha  DHS b d   M cL a  a ec f c e a d ha  

cha ge  he c f a  f he cha e  e  he a  a d g a a e  a d he a b c 

 he ce . 

 DHS e e   he ce  b  cha g g he M cL e  bab  h gh a b g g c e  

(L19 a d I25 c b e  DHS b d g), e  he cha e  a g he a b c  g  h gh 

he e cha e   he c a . The cha g g  he M cL a e  he K+ a d g a a e  

ea  . (F g e 1-3-6) 132 . 
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Figure 1-3-6 Interaction model of streptom cin to MscL 130.  Whe  e c    he ed a  

e ac  h M cL cha e  h ch ead   ac a  f M cL. Th  cha e  ga g a  K+ ea age. 

S e c  ee  he M cL e  a d he cha e  bec e  a a h a  f  he e  f he a b c  

he c a .   

 

3.7. Voltage-gated channel vs.  mechanosensitive channels 

 

 The MS cha e  a e de g ed  e d he  he e b a e de g  cha ge  d e  a  

c ea e f he g  e e h e e  he e a e  he   cha e   e d  ch 

gge . I  ha  bee  h  ha  age-ga ed cha e  a e a  e e  he h ca  

e e  f he e b a e a d he  c e  f e ced b  he a e b a e age a d 

he e e   face a  e  133.  

 I e e g e a e f he ac a  f age-ga ed cha e  b  echa e a  ha  

bee  e ed he e ca c  f e  a e gge ed b   ch g he bac e a 134. (F g e 1-3-

7) 
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 O  he he  ha d, he  d  h ed ha  he M cL  ga g af e  he h e a a  

f he e b a e a  e .  A h gh he MS cha e  d   c a  he age e  d a  

ha  a e  he age ga ed cha e  e  h age. 

Figure 1-3-7 Calcium gated channels are induced b  mechanosensation 134. (a) I  a c f d c 

cha e  ce  a e c  aged  he d ed a a d d g he echa ca  a  b  

h ca  c ac  h a ece f 1% - e  aga e ad  he  f he ce . Ce   g ee  a e 

e e g a e e  ge e (c GFP-ba ed ca c  e ) h ch h  he ac a  f ca c  ga ed 

cha e . (b) S g e-ce  ca c  ec d g  bef e a d af e  echa ca  a . Each c   f  

ace  ec ded f  g e ce  bef e a d af e  a . 

 

 I   e e g ha  he cha e  h  he age e  d a  ca  e e age 

d a  a  e . Th  he e   d e  fac  ha  a g e  ca  cha e , h ch  a ed 

 he a ed e b a e  ee  e e   be d f ed b  he ca  a a e e  ch a  

e ec c cha ge  a d he d e ec c e eab . S , cha ge   he age ca  affec  he cha e  

c f g a  a  e . The M cL cha e  ha  a  bee  de a ed  ha e he ab   

e d  cha ge   he age de he e b a e 135. 
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4. Microfluidic s stems  
 

4.1. Advantages of microfluidic devices for bacterial cell culture  
 

I  e e e a  c e ce ,   e e e ce  a e ad a age   c a  h   

e  beca e he  a e e  a d fa e   ca  . I  ece  ea  ha   ech g ca  

ad a ce e , e ea che  a d e g ee  ed  de e  ech e  a d de ce , h ch he   

 a e be e  a d e ea c   e  c d . M c f d c de ce  f  ce  c e a e 

e f he e ad a age  ech e . W h ch de ce ,   b e  a a e b g ca  

he e   ea  e h h ghe  ec . S e e  a d a a , h ch e e b e 

ca   be e f ed a d fa  e da a ca  be d e  h f  a ce ea  e a a . 

The a  ad a age f c f d c  f  d g ea  e e e f bac e a  ce   a 

che ca   cha ge  he ed a  he b   ec  e e e  a  e  f a  

h e ce  a e a ed  cha e  f ed h ed a  he c f d c de ce. M e e , he 

ed f a  e  ca  be ad a age   ca e f he ed a  f che ca   a e a  

ha  ca  be a a ab e beca e f  a ce f c   d ff c   d ce. M e e ,  

c f d c de ce    b e  d  ce - -ce  e ac . 

4.2. Microfluidic in persister stud  
 

I  e e  d , ea  e c c  f bac e a  ce  aced  c f d c de ce  

 a  e a d a    de a d e ab  he a e f h  b a  f bac e a.  
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Pe e  e e ce a   f  he f e , h e e ,    ea   ee 

e e  f a  g c c . Ba aba   ., c b ed c f d c  a d c c   

d  g e-ce  e e  d e  f E.  e e  95 (F g e 1-4-1). I  h  d , a h  de f ed 

-g g ce    a b c ea e  ha   he  ca ac   e a a  

e ha  a c  ea e  a d b e ed he e ce   eg  af e  b e e  e a  f he 

a b c. 

Figure 1-4-1: E ample of a microfluidic device used for stud ing persister cells 95. Ce  e e a ed 

a d g e   a  cha e . M c f d c  a ed f   e cha ge a  d ca ed a  he b  f 

he f e ce ce c c  age . A  he e f add  f a ed a c a g a c  ( a ge 

ec a g e),  f he ce  ed e ce  e e  ( ed a ). Af e  e g he a b c h a  

e cha ge f he   he c f d c e , e e  e ed g h.  

Pe e  f  ca  a  b a  h  a  ce  a  h 

f e e c e  f cc e ce a g g f  10-6  10-1. O  he he  ha d g he e ge c   

a ce  a   e f he a  fac  f  e e  f a ,   e e a   de e  a 

de ce ab e f  ch d  136. I  ece  ea , c f d c  c b ed h f e ce  

e e  (f ed h T -A  e   e ab c e e ) e e ed  

cha ac e e e e  f a  97, 137. 
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Wh e c f d c  g e   ad a age   d  g e ce  f a  f e e ,  

e d e , e ce age  f e e  f a   he e  be a d c  f a    

a e  d ffe ed f  he be  f e e  f ed  c f d c de ce . F  e a e,  ha  

bee  h  ha  d e d ced e e  f a  a d CFU a  e ce age e e ch 

a e   c a ca  c b g ca  c d  ha  ha  a  b e ed  c f d c a d 

f e ce ce c c  c d 138. Th  he e  c d be d e, f  a ce,  

d ffe e ce   ce   ce  e ac , ha  cc   he e e  f he c f d c de ce  

h ch d ffe  f  e  be e e e . H e e , he ea  f  ch d ffe e ce  e a   be 

c a f ed. 

Ne  d  h ed ha    b e  c b e c f d c de ce a d e  e  

c c  139. S e - e  c c   a ech e, h ch de g e- ec e 

ec  a d a  da a ab  he d a c  f f e ce  e   d e   a ce  h f  

a ce g e- a c e ac g e e e . A  e de e ed a f e ce  agged 

a g c de (Ne -C 5), e a e e  e h a c  be ab e  ac  d  he a b c  

e ac  h bac e a  a c f d c de ce g f  a ce e - e  

c c . 
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Chapter II: Objective of thesis 

I   ab, e ge e a e f e ce  agged e c  h C a e 5 (Ne -C 5) b  c c  

che . The a  b ec e f  he  ec  a  f   f  d  a d cha ac e e h  

a b c c ga e a d d   e de h he e ac  f h  a b c h bac e a  ce  

a  g e-ce  e e . I a ed  d  a g c de acc a   ce b e fa -g g 

ce  a d e  e a  a , a  e  a  ce  ha  a e a a  e a   a b c : 

bac e a  e e .  

I  a g c de e ac  h bac e a, he e  a  h ch e a  c ea . F  

a ce, e d    h  a g c de a b c  a  h gh he c a c 

e b a e  each he  a ge . P e a  a e  f a g c de  he ce  e b a e 

e a   be de f ed.   

I  a g c de d e , f  ac g d  he a e e e  f a g c de   

bac e a  ce , f e ce - agged a g c de ha e bee  de  ed a  ge a c  agged 

h he Te a  Red (TR) d e. H e e , Te a  Red e e   ce  e e  h  ge a c  

f ed  . O e f he ad a age  f Ne -C 5  ha  C 5   e ac g h bac e a  ce . I  

 he  b e  ac  d  he a b c b  f e ce ce c c  a d def e he a b c 

acc a  a e . O he  ad a age  f C 5,  ha    ab e f  e - e  

f e ce ce c c . 

P e    he ab a  de a ed he bac e c da  ac  f Ne -C 5. I  h  

d , f  a d f e , a f  b ec e a   e f  ha  he bac e c da  ac  a d 

acc a  e e  f Ne -C 5 a e PMF de e de   c a  h he - agged 

e c . Af e  h  e , he b ec e a   e ab h c , h ch d be ab e f  
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h  c ga e  e f  f e ce ce c c  a d FACS a a . The g a  a   ha e a 

b  e h d ha  d c b e he e    de   e e  FACS da a  e  f 

acc a  a e . 

Af e  d g he d ffe e  e  f a b c acc a   ce b e d e ce , 

he b ec e a   e  Ne -C 5  a  a  ha  a e e  e a   a g c de  a d 

ee f e c d b a  gh   he e a ce echa .  

A f a  e   a g  e h d d be  e ga e a g c de a e b  

e e  ce . The g a  a  a   d  Ne -C 5 e ac  h bac e a  ce   e 

c ca  e e a  e  c d  ch a  e e , h ch a e f ed  ac hage  a d  

b f . H e e , I d  e e h  f a  b ec e beca e f g e  ha  I g  

 he ce  f c  ad e , h ch ed  ec   a e  d ec .  

Wh e I a  e a g bac e a  ce  f  FACS a a , I ced ha  h ca  

a a  f bac e a  ce  ch a  ce f ga  f ed b  e g  ce  ag a , 

a e he echa  f echa e a  a d ac a  f echa e e cha e . 

S a  f he e cha e  ead  e  c a c acc a  f Ne -C 5. Th   

h  e  ha  ch a a  a e  c  a d f e e  ed  ce  e a a  

 c b g . I he ef e e ab hed a e h d  ha d e ce  e a a  h  gge g he 

echa e e cha e  a d d  he effec  f a  f  ch cha e   Ne -C 5 

acc a . 

 W h a e f   ch a  Ne -C 5, I a ed  g  f he  a d c b e c f d c  

a d f e ce ce c c   ca e a g c de acc a   fa -g g ce  a d 

e e  ce   ea  e ag g. 
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Chapter III Result: Neo-C 5 newl  tagged aminogl coside 
 

1. Introduction 

F  e e a  e e e  bef e g Ne -C 5 a  a agged a g c de e e  

e f add g he f e ce  d e a   cha g g he cha ac e c  f he e a b c . I  

he ab a , e d d he e e  f e e e   e ha  Ne -C 5  a  ac e 

a g c de.  

F , e ea ed he a  h b  c ce a  (MIC) f  c ga e. We 

ed ha  agged a b c  bac e c da   gh  h ghe  c ce a  ha  - agged e. 

The  e e ed he f e ce ce cha ac e c  f Ne -C 5  chec  f he C 5, h ch  

c ga ed  he e c , ha  a d ffe e  e c a  a d e  a e e g h. I   ca e, he 

ea  f Ne -C 5 e c a  a d e  e e  cha ged. 

A  I e ed  he d c , a g c de acc a   bac e a  ce  

e   e e g  de e de  e : EDPI a d EDPII. A   ha  bee  d ed he  ce  ha e 

e  e e  f e e g , h ch ea  a ea e   g ad e  c  he  e b a e ( e  PMF), 

 affec  a g c de acc a . I  de   chec  f Ne -C 5 e e   ce   he a e 

e e g  de e de  a e , I ed a ea e  h Ca b  c a de -ch he h d a e 

(CCCP). CCCP  a che ca  h b  f da e h h a . The e  h  ha  CCCP 

h b  he bac e c da  ac  f Ne -C 5  h b  f a b c acc a .  

A  a , I e f ed a c  e e e  he e I e ed a b e e ac  f he d e 

C 5 h he ce  b  f e ce ce c c  ag g c b ed h FACS. The e e  

h ed ha  he d e a e d d  acc a e de he ce    g  e ac ed h 
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e b a e . The ef e, I c c de ha  he a b c e   he ce  a   d e  he 

e c  e e  a d C 5 b  e f a   ca ab e f e e g  he ce .  

I   ab,  ha  bee  e ed f  c ga e a   e ac g h he dec d g e f 

16S RNA  70S b e . F g a a   b a  a c e  h ed ha  Ne -C 5 

e ac  h he dec d g e f he a  b a  b   a a  a  a  e c   

Ne -U a  h a gh  dec ea ed aff  (da a h   he b hed a c   

cha e  10).  

A g c de  ca e c d g  . S ce Ne -C 5 b d  he b a  dec d g 

e  he a  b ,  ab ha  a  h  h a d a - c fe a e ga - f-f c  a a , 

ha  Ne -C 5 de a e d ce  ead g  a a  a  a  e c . T a a  ac  

a  ed b  he ac  e e  f d- e e a c fe a e, h ch e ed a  e a  

a da d. A ec d ge e c d g f  a a  f he f ef  c fe a e a  ed. I deed, c d g 

e e  a d- e a  ac d  a  c ca  f  he ac  f he e e.  U g h  

e   a  f d ha  Ne -C 5 d ced e  he  h b   a a  a e  a  

e c  a  e  a  c d g (da a h   he b hed a c   cha e  10). 

2. MIC measurement 

He e  de   e f  he bac e c da  ac  f Ne -C 5  Ne -C 3, af e  each 

he , I ha e ea ed he MIC f each c ga ed a b c  c a   he a e a  

d g e c . A h gh    ha  MIC a e ca  be d ffe e  acc d g  he ed a  

h ch he ce  a e g g, I e ed he MIC  he  ed a MOPS-G. The e e  

c e e ed e  da a f   ab he e he MIC a  e ed  ed a M9-G a d LB. We 

b e e ha  MIC  h ghe   M9 ed a. The a  d ffe e ce be ee  he e  ed a  ha  
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M9 c a  h ghe  c ce a  f h ha e. I ha e e ed  e c  c ga e   e h 

C 5 a d he he  e h C 3 ha  ha e d ffe e  ec a  e e  ( ab e 3.1). 

Table 3-1 MIC c a  f e c  a d d ffe e  e c  c ga e   d ffe e  ed a. 

 

3. E citation and emission 

 

A he  e  f e f ca  f Ne -C 5  cha ac e c  a   e  f C 5 ha  cha ged 

 f e ce ce e e  h e c ga ed  e c . I ea ed he e c a  a d e  

f Ne -C 5 a d C 5 h a ec f e e  (f g e 3-1). A  ec ded da a h ed, ca  

e c a  a d e  a e e g h f C 5 d d  cha ged he he    b d  e c   

. 
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Figure 3-1 E citation and emission spectra of C 5 and Neo-C 5.  Da a e e ec ded  a 

ec f e e  f   a  1 M  T -HC  b ffe  ( H 7.6). O ca  e e  a e de ca . 

 

4. Uptake inhibited b  CCCP 

 

A  I e ed  he d c , a g c de acc a   bac e a  ce   

  be de e de   PMF. He e I e ed b  a  a a  he effec  f he h e 

ca b  c a de -ch he  h d a e (CCCP)  Ne -C 5 d ced d g g (F g e 3-

2).  

The e  h ed ha  add  f CCCP ec ed ce  f  he d g- d ced g. 

Th  da a ed ha  e a g c de , he acc a  f Ne -C 5  PMF de e de  a d 

 a  h b ed b  CCCP, h ch  a  c g age  f he  g ad e  f e  

e b a e. 
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Figure 3-2 Activit  of Neo-C 5 is PMF dependent. S a  f E.  MG1655 ce  af e  a 4.5-h 

ea e  h 1.5 M e c   48 M Ne -C 5 h a d h  30 M CCCP (2-h c ba   

 add  f he a b c). P ed a e a e  e a e  ea ed c  c e. E  ba  a e 

a da d e  f he ea  a d e e ca c a ed f  h ee de e de  e e e . S g f ca  

d ffe e ce , ca c a ed b  he Ma Wh e  e , a e d ca ed (****P < 0.0001). 

 

5. C 5 interaction with cells 

 

T  e he ad a age  f Ne -C 5  he c c  a d he FACS e e e , I 

a ed  h  ha  C 5 a e a   e ac g h he ce . He e I ed h ee d ffe e  

e h d   e f  h  c . 
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5.1. MIC measurement for C 5 
 

S e f e ce  d e  ha e bac e c da  ac e  d e  he  h ac a  e e  

a d d c  f g e  ge  d g a . A  I def e he MIC f Ne -C 5 b  

ea g f g h a e (e c a  a  500   400 )  he c a e eade , I a ed  

e  f d g h  e e e  I a   h -ac a g C 5 a d e f  ha  he bac e c da  effec  

f Ne -C 5  e  d e  he b d g f e c   he b e. 

I ea ed he MIC f C 5, a d he e  h ed ha  C 5 d d  h  a  h c  

 he c d  f a  f he e e e  a  ce  e e g g a . 

5.2. FACS 
 

A  a c  e e e , I a a ed he ce  ea ed h C 5 (32 M)  Ne -C 5 a  he 

a e c ce a  f  5  a  37 . Ce  e e he  a hed  he e b a e a d a a ed b  

FACS (F g e 3-3). 

Figure 3-3 C 5 vs Neo-c 5 interaction in FACS anal sis. E.  MG1655 ce  e ed  32 M C 5 

 Ne -C 5 f  5 e  a  37 C. Ce  e e a hed  a 0.45 - e- e HAWP e b a e f e  

( ed ce e e e , Me c  M e). B d g f Ne -C 5 a  c ea  d c  f  e e  f ce a  

a f e ce ce  e d a  b d g f he d e C 5. 

C 5 intensit  
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Th  e  c f  ha  C 5   e ac g  he a e a e  a  Ne -C 5. The e  

a  e ac  f C 5 h he e b a e a    de a ed  f g e 3-3. C 5 g a  f  he 

ce  ea ed h C 5  h ghe  ha  he c  a e f - ea ed ce . I dec ded  d  

c c  e e e   b e e he b e - ec f c e ac .  

5.3. Microscop  

I  h  e e e , I e ed f I ca  b e e he e ac  f C 5  he e b a e b  

f e ce  TIRF c c . The E.  ce  e e ea ed h 32 M C 5 he  a hed b  

f a  a d b e ed b  b gh  f e d a d f e ce ce ag g (f g e 3-4). C d  f 

ac  a e de ca   he c d  ha   be ed af e  f  Ne -C 5 ag g h 

bac e a ( ee a e   he e ). 

Figure 3-4 C 5 does not enter live E. c i cells. Lef : a ed gh  age f a f e d f E.  

MG1655 ce  e ed  32 M C 5 f  1 h  a  37 C. Ce  e e a hed  a 0.45 - e- e 

HAWP e b a e f e  ( ed ce e e e , Me c  M e).  R gh : f e ce ce age f he a e 

f e d f e  b a ed h a  e ec - g ga  f 50 a d a  e e f 50 . 
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Th  e  ed ha  C 5 b      e ac g g  h he e b a e a d 

e e f ed he e ha  g he ac  a a e e  ha   be de c bed a e   he e  f  

g Ne -C 5 e ac  h he ce , e d d  b e e a  g a  h C 5. Th  

e  a da e   ag g c  f Ne -C 5 h E.  ce . 

6. Conclusion 
 

O e a   h  cha e , I h ed he e , h ch e ha  Ne -C 5  a  ac e 

a g c de. I  ha  e   bac e c da  ac . The MIC ea e e  h ed ha  he 

  e c   h ch he C 5  f ed   cha g g he bac e c da  ac .  

The e e  a e  ag ee e  h he f g a a   b a  a c e  a d 

c d g e e  ea e e   , h ch h ed ha  Ne -C 5 b d  b a  A e a d 

ha  c d g ac  (da a h   cha e  10). 

I h ed ha  Ne -C 5 acc a  b  ce   de e d  he PMF e e  f he ce . I 

ed a  e  ha  he d e C 5   c f  bac e a  ce  a d    e ac g g  

h ce  e b a e. 

Af e  he e c  e e e , I ed f a d  b e e a g c de 

acc a  a  g e ce  e e . 

 

 

 



64 
 

Chapter IV Results: Characteri ation of aminogl coside uptake in 
bacterial cells 
 

1. Introduction 
 

I  h  cha e  I e e  he e  ha  I b a ed f  ea e  f E.  ce  h 

Ne -C 5. I ca ed he e c  f acc a  f Ne -C 5  he ce  b  f e ce ce 

c c . T  d  h , I e ab a ed a e h d  a h he e ce  f Ne -C 5 f  ce  h  

a g Ne -C 5 acc a . The a ed a g c de a e  e e ab a ed  

cha e  V. 

I ca ed d ffe e  age  f a b c acc a   ce  a d b  he a a e  

e e e  f a  CFU c g; I f d ha  bac e a  ce  c d e de  a  

c ce a  f a b c e e   he  c a . Th  he e  ha  bee  a ead  d ed 

h ch  ca ed he e e  b   d age f a g c de ea e .  

I a  b e e ha  he ce  c ce a   e  c ca   he g e c . I d d 

c  e e e  a d I e e  he e he eff c e c  f Ne -C 5 acc a  a d g c e 

de  g e  c d . 

The   c f   e   a ch a ge  ce  a , I a a ed he ea ed ce  

b  FACS. I  a c  e  b  he h b  f EDPI a d EDPII, ch a he c . A   ha  

bee  e ed  he d c , EDPII  a e  f a g c de acc a   h ch 

d g a e c ea e  d e  a a ed e   he ce . Ch a he c   h b g 

e  he   he ce , h ch a e  he d c  f a a ed e de . B  

FACS e e e , I a  ab e  d g h he EDPI a d EDPII  he ce  a . 
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 Bef e a g c de  e e a e  he ce , ec e  e ac  h he ce  

e b a e. I f d he a a   f e b a e b  e g d ffe e  c ce a  f Ne -

C 5  a e e ha    e e e a  c d , he e b a e a  a a ed. The 

e  cha ged Ne -C 5 ec e ca  e ac  h he ega e  cha ged e b a e  

ec f c a d - ec f c a e . B  g d ffe e  c  e e e , I e ab hed a 

e h d ha  g a a eed he b e a  f g  e ac g Ne -C 5 ec e  h he 

e b a e.  

 I d ed he acc a  f Ne -C 5  he e b a e  ch e de h b  e  

e  c c  a d f d ha  a ach e  f Ne -C 5  he e b a e   

h ge  a   f  e e a  c e  a -a d f ce . I e e g , I b e ed ha  ce  

e  a d he e  e  e e e ced ge  ca a  f Ne -C 5. 

 T  e ga e e  he d ffe e  age  f Ne -C 5 acc a  I a ed he ce  b  

d  d de (PI)  d ffe e  e  af e  Ne -C 5 ea e . PI ha  bee  e e ed  

b g ca  e  a  a a e  f dead ce . I  dead ce  ha  ha e h e   he e b a e, PI  

e e g  he c a  a d b d   DNA. H e e , acc d g  he FACS a a , he 

dead ce  de ec ed b  he g c e e e e  e e  a ed b  PI.  

 F a , I ea ed he ce , h ch e e ed he ab e GFP de  c  f b a  

RNA e  h Ne -C 5  de   f d a  be ee  he h g ca  a e f bac e a 

a d he e e  f Ne -C 5 acc a . U f a e , I d d  f d a d ec   be ee  he 

Ne -C 5 acc a  e e   he c a  a d he e e  f b a  RNA b  

c c  a a  (da a  h ). 
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2. Neo-C 5 accumulation in bacterial cells 
 

2.1. Microscop  
 

 

Tha   Ne -C 5, h   a f  e ha  e ca    de a  he e ac  f a 

e be  f a g c de fa  a  g e ce  e e  b  f e ce ce c c .  

 

2.1.1. Accumulation kinetics and killing curve 
 

 

He e I h  he e  ha  I b a ed af e  ea g he ce  h 32 M Ne -C 5 a  

37 C a d c ec g ce  a  d ffe e  e  (2 ,5, 10, , 80, 120 ). F  each , I 

a hed he ce   a ce e f e  ( ee a e a  a d e h d ) a d b e ed de  he 

c c e he ce  aced  a  aga  ad (F g e 4-1-A). 

Th  c ce a  f a b c  e ha  3 e  he MIC. I b e ed ha  d g he 

f  30 e  f c ba , Ne -C 5 had a e he a  acc a   he bac e a. Af e  40 

 f c ba , I b e ed ha  Ne -C 5 g a  beca e de ec ab e de he c a   a 

he e ge e  a e ; he e a e ce , h ch a e fa  b gh e  ha  he  a e. I ea ed he Ne -

C 5 acc a   he e ce  a d h  he e ge e   he c a c acc a  

c ed a  a g he e e e ce (F g e 4-1-B). 
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Figure 4-1. Kinetics of Neo-C 5 accumulation in fast growing E. c i cells. A) Fa  g g ce  a  

OD: 0.02 e e c ba ed a  37 C h Ne -C 5 (32 M). A  each e , ce  e e a hed  f e  

a d he  b e ed d ec   aga e ad c a g MOPS-G  he de. Lef  c  a e age   

b gh  f e d. I  he dd e c  a e d a ed he TIRF age  f  C 5 (ga  10, e e e 10 ), 

f  he f  4 e  he c a  a  ad ed f  be e  a  e e e a  (ga  10, e e e 

10 ), gh  c . B) F  each e , he c e d g age  e e a a ed b  c beJ 

(I ageJ g-   a a e bac e a  ce ) f  C 5 g a . A a ed bac e a  ce  be   each e 

  d ca ed. F  4 e   a e h   a e  ca e  he ef . 

 

A  he a e e, f  each e  I a ed he ce   LB  MOPS-G aga  a e  a d 

c ed he CFU  a a  e  (F g e 4-2). Th  e  h ed ha   he f  40  f 

c ba  he  he a b c a   de ec ed  TIRF ag g de he c a , he CFU 

a   dec ea g. H e e , af e  ha  e he  he a b c c a c acc a  

beca e b e, he a  c  dec ea ed.  
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Figure 4-2 Neo-C 5 killing curve. E.  ce  e e ea ed h Ne -C 5 (32 M) a  37 C a d a  each 

e  ce  e e a hed  f e  a d d ded   a , e a  d ed  e e  a d ed 

 LB  MOPS-G a e  f  CFU c g. The ec d a  a  ed f  c c . S  f C 5 

f e ce ce e   each bac e  ea ed b  I ageJ.  

 

2.1.2. Cells with low accumulation sustain the growth   
 

 

 A   ha  bee  e a ed  f g e 4-1-A, a  ce a  e , e e  f acc a  

e e e  he e ge e  a  he g e ce  e e . I a  e e ed  a a e  e de a  he e 

e . The ef e, I e f ed e- a e e e e   be e  cha ac e e g g ce  

af e  40  a d 60  f c ba  h Ne -C 5. The g a  a    he fa h f each 

ce    h he acc a ed e e  f Ne -C 5 (F g e 4-3-A). 

 The e  c f ed ha  he ce  h e  acc a  f Ne -C 5 a e h e h  

g e  he ea  h e h h ghe  acc a  d d . I e e g   e ca e , I b e ed ha  

he ce  a e g g e e  h gh he  ha e c a c acc a  (F g e 4-3-B). 
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Figure 4-3. E. c i bacterial cells survive with a low amount of Neo-C 5 in their c toplasm. A) E.  

ce  a  OD: 0.02 e e ea ed b  32 M Ne -C 5 a  37 C f  40   a e  a d 60  f  b  

a e . Ce  h ed b  g ee  a  c ed  g  acc d g  he e- a e e . B) C 5 

e e  f dead a d e ce  ea ed b  I ageJ f  each e . Sca e ba  5 .  
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L  c ce a  f a g c de  he c a  ca ed  a e  f c d g  

he ce , h ch e e  e ha  a  ce  c ed  d de. Th  e   e a ed  a 

he e  ha  I e ed  he d c  ca ed he c e .  

 

2.1.3. Effect of cell dilution on antibiotic action 
 

 I  he ce  f c ea g a d ad g he c  f ce  ea e  b  Ne -C 5, I 

b e ed a  e e g fac  ab  he ce   a b c a .  

 Whe  I ea ed MIC f Ne -C 5 f  E.   MOPS-G acc d g  he a da d 

c , I ea ed he ce  h Ne -C 5 a  he f a  OD f 0.02. I  e f he c c  

e e e , I ed h  e e e a  ce  a  he OD 0.2  0.3 (F g e 4-4-A). The 

c ce a  f 32 M f Ne -C 5 (3  MIC) a   e ha  f  ce  a  DO: 0.2 e e  af e  120 

 c ba  a  37 C. 

 I ea ed he  he MIC f e c  f  he ce  a  2 d ffe e  OD (0.2 a d 0.02). 

(Tab e 4-1). I c f ed ha  cha g g he a  f a b c ec e e  ce   c ca  f  he 

e ha .   

Table 4-1 MIC measurements at two different optical densit  of cells. MIC c ea e  he  ce  ha e 
h ghe  OD. 
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Figure 4-4 Effect of cell densit  on antibiotic lethalit . A) Ce  a  OD: 0.2 e e ea ed h 32 M 

Ne -C 5 a  37 C. A  each e , ce  e e a hed  f e  a d   aga  ad d ec . B) 

C a g he Ne -C 5 acc a    d ffe e  OD (0.2  0.02) a  d ffe e  e . Ce  

h h ghe  OD ha e e  acc a .  
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 F g he c c  ag g, I ea ed Ne -C 5 acc a  f  he ce  a  

OD  0.2 a d 0.02. I b e ed ha  he c a c acc a  f Ne -C 5  ce  a  OD 0.2 

a  e   he  c a ed  he OD 0.02 ce  (F g e 4-4-B). The g g a  f  ce  a  

a  OD f 0.02 af e  120   he e  f EDPII c a c a e   h he g 

c e F g e 4-2. Th  d ca e  ha  EDPI e e  f Ne -C 5 acc a  e e ea  a d  

ff c e   gge  g EDPII a e. The e e  a e   h he  effec  f he 

c  e a d MIC 140. 

 
2.2. FACS  

 

 FACS  a e  e f  . I  a a e  e  a ge a  f bac e a  ce   fe  

e . O e f he a  f h  d  a   e  f   b e  a a e Ne -C 5 

acc a   bac e a  ce  b  a  eff c e  ech e ch a  FACS. 

2.2.1. Neo-C 5 accumulation in the fast-growing cells 
 

 I a a ed Ne -C 5 (32 M Ne -C 5 a  37 C) acc a   fa  g g ce  b  

FACS. A  I h ed  he e  cha e   f g e 3-3, C 5 a e   e ac g h he 

ce   he a e a  a  Ne -C 5. The ef e, I e ab h a c   ec d he Ne -C 5 

acc a  b  FACS. 

  

2.2.2. Neo-C 5 accumulation in cells treated b  chloramphenicol 
 

 I a a ed he ce  c ba ed h 32 M Ne -C 5 a  37 C a d f  e e a  e , I 

 a  a  f ce , a hed he   e e he e ce  f a b c a d e a e he -
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ec f c e b a e a ach e  f a b c. The  I a a ed he  b  FACS (F g e 4-5). I 

de ec ed ha  he acc a   c ea g he  he ce  a e c ba ed ge  h Ne -C 5. 

 A  I a ed  d g h he e b a e acc a  f  EDPI a d EDPII b  FACS 

a a , I ed ch a he c  (C ). Th  a b c b d  bac e a  b e  a d ha  e  

he   he ce . The bac e a ea ed h ch a he c  a e bec g e e  

e c   Ne -C 5 beca e f -f c a  b e . The ef e,  ce  ea ed h 

ch a he c    he add  f a g c de, EDPI  be ed ced a d EDPII 

ab hed. EDPII cc  af e  c d g e e . Beca e b e  a e a ead  h b ed b  

ch a he c , h  e    de ec ed  h e ce .  

 I ea ed he ce  h ch a he c  bef e add g Ne -C 5 a d I a a e he ce  a  

d ffe e  e . I  c a  h he c  ce  ( ea ed  b  Ne -C 5), I h ed 

ha  e ca  ca e EDPI a d EDPII  h e ce   FACS a a  (F g e 4-5). 



75 
 

Figure 4-5 EDPI and EDPII inhibition b  chloramphenicol treatment. FACS a a  f ce  ea ed 

h Ne -C 5 a  d ffe e  e   b e a d he ce  ea ed h ch a he c    Ne -C 5 

 ed. A  60  a d 150 , EDPII cc ed  he ce  ea ed e  b  Ne -C 5; h e e , he 

acc a  a   c ea g  ce  e- ea ed h ch a he c . 

 

 I  a  c f g f  e h  he ce  a a ed af e  2  had a h ghe  (1.5 e ) Ne -

C 5 g a  c a g  he he  e  a d e ec a  he  a  30 . I h he ed 

ha  a  ce  a e  he fa -g g ha e a  2  c ba , a  f ce  a e d d g a d 

he ce  a e a a ed he  he  e    f  eg ega ed. The c c  age  a  

h ed ha  he e a e e ce  a ached ge he   2  a d 20  e  ha  ge  

e. Ma be h   he ea  f  h ch he g a  e   h ghe  b  a fac  f ab  1.5 

( a  f f e ce ce e  a  2   30 ) a  he beg g. Af e  a , c a g he ce  

h  h  ch a he c  ea e  I c c de ha  FACS ca  be a  eff c e    

a a e EDPI a d EDPII  a g c de d e .   

 

3. Interaction of Neo-C 5 with the membrane 
 

 O e f he g- a g e   he d  f a g c de  h  he e ec e  

e e  de he ce . U    a g e cha e , he echa e e cha e  M cL ha  bee  

e ed b  h ch a g c de d g  h gh he c a c e b a e. He e I e e 

he e ac  f Ne -C 5 h he e b a e h g  f d e da a  h  b ec . 
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3.1. Pole accumulation 
 

 I e e g  he  I a a e he age  f fa -g g ce  h ch e e ea ed f  a 

e  h  e h Ne -C 5, I f d ha  a  ce  d  he ce  e  e e a ed b  

Ne -C 5 ch e ha  he  a  f bac e a (F g e 4-6). I ec ded a e- a e  c f  

h  fac  a  he e  f ce  d  he e  beca e ch b gh e , h e e  h  he e  

e  ha e g Ne -C 5 ca a  e a   be e a ed.  

Figure 4-6 Septum accumulation of Neo-C 5. Whe  ce  e e ea ed f  h  a  f e h a 

- e ha  c ce a  f Ne -C 5, bef e ce  d  ce  e  beca e b gh e   C 5 g a . Af e  

ce  d , e  e  e e ch b gh e   C 5 g a  ha  d e .  

3.2. Super resolution microscop   
 

 A  C 5  a d e, h ch  ab e f  e  e  c c , I d d a  e e e   

de   e ga e a  acc a  a e  (F g e 4-7). I c f ed ha  ce  ha e a 

e he a  acc a  a e  af e  fe  e  f c ba  h Ne -C 5 a d I b e ed 

ha  he e he a  b d g   h ge e . I f d ha  he e  f a  f c e  f Ne -

C 5  he e b a e. The e c e  e e ed e beca e a be Ne -C 5 acc a  a  

he e  a  be e a ed  he echa  f e   he c a . The e  a b  

ha  he e c e  a  c e d  agg ega  f Ne -C 5  he e b a e. H e e , I d d 
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 b e e he e c e   he c a  (da a  h ). The ef e,   e  ha  he e 

c e  a  g a e f  Ne -C 5 agg ega . 

 A he  h he  a  ha  he e c e  a e he M cL cha e , h ch bab  ha e 

aff   Ne -C 5. I   e e g  e ha  e da a gge  ha  M cL ha  he e de c   

f  c e    a d   125. We ha e e f ed e e e e  h he E.  a  

ac g he ge e c d g f  M cL. We b e ed ha  c e  e e  e e   he ce a  

e b a e. A e de a  a a  h he c a  f he be  f c e  f  he d-

e a d a  a   e ed  c c de f he e a  a dec ea e f he be  f c e . 

I   deed b e ha  M cL  acc  f  a f ac  f he b e ed c e ; he he  

f ac  c d b  c e d  he  e b a e cha e  ha  d a  b d 

a g c de .  
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Figure 4-7 Super resolution images of E. c i cells treated with tagged aminogl coside. Ce  a  OD 

0.02 e e ea ed b  4 M Ne -C 4 f  2  a  37 C, he  a hed  he f e . Ce  e e aced 

d ec   aga  ad f  ag g. N e ha  ce  he c c e he e a  a de a  f ab  15-20 

e  bef e ac  f he e age . Pe he a  acc a  f a b c   h ge  a d 

he e a e Ne -C 5 c e  de ec ed  he e b a e ( d ca ed b  e  a ). 

3.3. Number of cell washes 
 

I  de   b e e ec f c e ac  f a b c h e b a e, I added he 

add a  e   a h he ce  a d e a e he ec f c Ne -C 5 a ach e   he ce  

e b a e. H e e ,  a e e ha  I a  cce f  e a g he e ce  f Ne -C 5 

f  he e b a e, I d d a c  e . The e  h ed ha  b  h  e h d f a h g he 

ce   he e b a e, h ee a h g e  a e ece a   de   e e he - ec f c 

Ne -C 5 e b a e a ach e  (F g e 4-8). 

Figure 4-8 Removing Neo-C 5 e cess b  filtration. E.  MG1655 ce  (OD600 :0.02) e e c ba ed 

5 e  h 32 M Ne -C 5 a  37 C he  f e ed  a 0.45 - e- e HAWP e b a e f e  

( ed ce e e e , Me c  M e). Ce  e e a hed   h 100 L MOPS-G ed  ( e  

a  37 C), ec e ed f  he f e  a d ed a e  a a ed b  FACS. The a e age f Ne -C 5 g a  

f  each a e a  ea ed. Th ee a h g e  e e e ed  e e he e ce  f Ne -C 5. 
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3.4. FACS e periment Neo-C 5 saturation of membrane 
 

 I e ed he e ac  f ce  h Ne -C 5 a  32 M ( e ha  3 e  he MIC). Th  

c ce a   e ha   he fa -g g ce  d ed  a  OD f 0.02. A  de c bed ab e  

he e , he Ne -C 5  ce  a   e  c ca   de   b e e he ce   c d  f 

d g d ced g. He e, I e f ed a e  b  FACS  ea e a  h ch c ce a  f 

Ne -C 5 ( c ba ed f  a fe  e ) a a  f he e b a e d be eached.  

Figure 4-9 Membrane saturation b  Neo-C 5. A) FACS a a  f ce  a  OD 600 : 0.02 ea ed 

h d ffe e  c ce a  f Ne -C 5 a d he  a hed  he f e ed a d a a ed b  FACS. The 

c a c acc a    he gh  a  f he a e  a  e ce age. B) Pe a c C 5 g a  

ed f  each c ce a . F  32 M a d ab e Ne -C 5 b d g eached a a . 

I e ed a e e  f d ffe e  c ce a  f Ne -C 5  he ce  a d he e  

de a ed ha  he e b a e  a  each g a a  a  32 M f Ne -C 5 (F g e 4-9). 

I e e g  c ea g he c ce a  f Ne -C 5   64 M d d  cha ge he e b a e 
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a ach e  f Ne -C 5  fa  g g ce  b  a ed, a  he h ghe  c ce a , a 

ec d a  f ce  h c a c acc a . Th    ag ee e  h he d e 

de e de  e e f a g c de de c bed  he e a e. 

 He e I a e a e   e a  ha  a  h ghe  c ce a  f Ne -C 5   b e  

dec ea e he e  h ch Ne -C 5  e e   he c a . Ye , I ch e  e  he g 

c e a d he  c c  ag g a  32 M (a d  h ghe ). F  beca e f h gh c  f 

Ne -C 5 a d ec d , h e e f g he e e e  I eeded e gh e  a a e ce  a  

each e  a d fa e  g a e h h ghe  c ce a  f Ne -C 5 d  ha e 

bee  a  ad a age  e    c . 

4. Neo-C 5 accumulation combine with marker for dead cells 
 

 Af e  a g c de  ca e c d g  he ce   ha  bee  gge ed ha  f ded 

e  d ce h e   he e b a e, h ch ead   ce  ea g a d EDPII f ed b  ce  

dea h. 

 He e I ed he d e PI h ch a ce  a e  e g  ce  dea h. PI  gge ed  e e  

 he ce  h gh h e  e e   dead ce  e b a e . Af e  40  f c ba  

acc d g  Ne -C 5 (32 M) g c e e  ha  ce  a e a g  d e a d he dead 

ce  be   he a   c ea g  h  c d . Af e  120 , he c c  da a 

a d he CFU a  e  ha e h  ha  a  f ce  a   dead. H e e , he PI 

c d  e e    f he ce , e e  af e  120  c ba  h Ne -C 5 (F g e 4-10).  
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Figure 4-10 Kinetics anal sis of accumulation of Neo-C 5 and PI b  FACS. E.  ce  (OD 600 : 

0.02) ea ed b  Ne -C 5 a  32 M a  37 C ef  a e   ea ed b  Ne -C 5 a d a  PI a  gh . Ce  

e e a a ed a  d ffe e  e . P e g a  e ce age  f C 5 a d PI a e d ca ed f  each 

e e e . 
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The e a e a  d e , h ch a e c c g PI a  a a e  f  dead ce . K g ha  

PI   he be  a e  f  dead ce , he e I gge ed ha  a be he h e  c ea ed a  a e  

f Ne -C 5 d ced c d g a e  a ge e gh  e  PI e e   he dead ce . O he  

h he  ca  be ha  f a  f h e   he e b a e   he a  ea  h  

a g c de  a e bac e c da .  

 

5. Conclusion  
 

 I  h  cha e , I e ab hed a c   cha ac e e he acc a  f Ne -C 5  

e bac e a b  f e ce ce c c , e - e  ag g a d FACS a a . I 

e f ed g c e  f Ne -C 5 a  Ne -C 5 c ce a  ab e he MIC a d e a a ed he 

effec  f ce  de . Th  e  a  c e e a   he c c  e c ag g, h ch 

h ed ha  a   a  Ne -C 5 e e   he c a   a   bac e c da  ac . 

H e e , I h ed ha   c ce a  f Ne -C 5  he c a    e ha  a d ce  

e e ab e  e a e a d c e  g  acc d g  he e- a e a a . I a  f d ha  

he ce  de   c ca  he  e a e d g he ac  echa  f a  a b c. 

 B  FACS a a , I cha ac e ed he e c  f Ne -C 5 acc a   he ce  a d 

b  g ch a he c  ea e , h ch ed ce  EDPI a d ab he  EDPII; I a  ab e  

h  ha  FACS a a  he  c b ed  TIRF ag g ca  e ea  he ha e  EDPI a d 

EDPII.  

 I d ed he b d g f Ne -C 5  he e b a e. I e ed ha    c , he 

e b a e  a e a a ed b  Ne -C 5. I  add , I ade e ha  he e   - ec f c 
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b d g f Ne -C 5  he ce  e b a e g e e a  a h g e  g a a ee g ha   b h, 

c c  a d FACS a a  he e a e  ec f ca  b d a b c ec e . 

The e - e  d  de a ed ha  Ne -C 5 f  c e   he e b a e 

ha  a  he    f d e ab  he echa  f a g c de e e a   he 

e b a e. 

A  he e d, I cha ac e ed f he  EDPII a d he he  f f a  f he h e   he 

e b a e b  a a e  f  dead ce , PI. The da a d   a   c c de ha  he h e  a e 

f ed a  he e d f EDPI h ch ead   EDPII beca e e e   he ce  a   h ch 

a  f ce  a e dead, PI d d  a  e ha  6% f he ce . I   b e ha  he e f 

he h e   he e b a e da age  ge e a ed b  he ac  f a g c de    c a b e 

h a  e  f he d e PI e a g he ab e ce f a g. I  a  e a  b e he 

e b a e  e a  ac  e e  h gh he ce  a e dead. I c c ded ha  a be he f a  f 

he h e   e b a e   he  a  ca e, h ch ead   ce  dea h  

a g c de ea e . 
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Chapter V results: Role of mechanosensitive channels on 

aminogl coside accumulation 

1. Introduction 
 

I  h  cha e , I e e ed he ed c ed e  ha  I b a ed d g e ab h g he 

c  f  ce  ea e  h Ne -C 5. The c  ha  ha  bee  ed   ab a  f  

f e ce ce c c  f  c ba ed ce  h Ne -C 5, a  f ed b  e e a  a h g 

e  f he ce . The e e e e a h g e , ece a  f  ed c g he bac g d, 

c ed f ce f ga  f he ce  a d cha g g f ce  ed a.  

Whe  I a ed  d  he Ne -C 5 acc a  b  FACS e e e , I e ea ed h  

ce  a h g c  a d I a a ed he ce  e e a  e  b  FACS. The e  c f ed he 

c c  a a  ha  ha  bee  d e bef e. I  h  c  e  h  c ba  f ce  

(2 ) h a b MIC c ce a  f Ne -C 5 (0.4 M) ead   h gh c a c 

acc a   e ce . The c a c b a  f he ce  e e  h ed PI 

acc a  a  e . A  ha   I c c ded ha  he b a  f he ce  h h ghe  

PMF acc a e he Ne -C 5  he  c a  e e   a b-MIC c ce a . P e e ce f 

Ne -C 5  he c a   e ha  a d   he ce  ha   bec e PI e. The e 

e ,  he d ed ce  h ed ha  a  ce  a e d ed, he  ha e h ghe  c a c 

c ce a . I h he ed ha  d  a  c ea e he PMF  he ce . H e e , he 

e b a e e a  e e  d e (D BAC4-(3)) d d  h  a  d ffe e ce  PMF e e  f he 

ce  d ed  d ffe e  ed a h d ffe e  ca b  ce .  

FACS a a  f Ne -C 5  a  ea  e h d  a a e a g c de acc a . I  

a eg a  c   a a e ce  h FACS, a     ece a   e e he e ce  
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f f e ce  d e beca e FACS de ec   ca g  he g a  f  each a c e 

(bac e a), a  gge ed  , b   c eag e f he FACS a f . A  I e a e he a h g 

e    c , I b e ed ha  he e a   c a c acc a   ce  e e  h gh 

he e  c d  a  e  he a e (Ne -C 5 c ce a  a d e f c ba ). I d b ed 

ha  he ce  a h g e  e bed ce  a d gge ed acc a  f Ne -C 5  he ce  

a f c a . The ef e, I  e- e  bac  a d b e ed he Ne -C 5 acc a  f ce  b  

f e ce ce c c  h e e  h  e I d d  a h he ce  b  ce f ga , I  

ead he ce   he aga  ad  a de  a a   c e  a a ge face. U g h  c , I 

had  f bac g d (e ce  f Ne -C 5  he ed a). I d d a e e  f e e e   

c f  ha  deed he a h g e  (ce f ga  a d e e a  e  cha g g f ed a) e e 

gge g Ne -C 5 acc a . The  I cha ged he a h g c , I ed a f e  de ce  

a h he ce   a 0.45  f e . I ec e ed he ce  f  f e   ed a a d a a ed he 

ce   c c   FACS. A  he e  ha  ha e bee  e e ed  cha e  IV a e 

f g h  c , h ch d e   gge  a f c a  acc a  f Ne -C 5. 

I e ed he effec  f ce f ge a d ce  e e  e h d ( he  echa e a  

fac ) b  FACS e e e . I f d ha  ce f ga  f he ce       gge g 

he Ne -C 5 acc a . Af e  ce f ga , he a  ha  ce  a e e e ded  a . 

If he ce  a e e e ded b  ag a ,  gge  c a c acc a   a b a  

f he ce ; h e e , he e  d a g f he be   gge g a  c a c 

acc a .  

A  I e ed  he d c , he echa e e (MS) cha e  ha e bee  

e ed  ha e aff   he a g c de e c . He e  b e a  c ea  

h ed ha  echa e a  fac   gge g Ne -C 5 acc a . T  e ga e h  
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he e , I ed he a  L a d S f  he E.  Ke  K c  C ec . I 

a fe ed he e a   he MG1655 E.  a  b  P1 bac e hage.  

The MIC f he e 2 a  f  e c  a  gh  h ghe . Th  ca  gge  ha  

a g c de  a  a a  g  h gh he e cha e , e e  h gh he e   ce f ga  

 MIC ea e e .  

I a  a e   he L a  b  FACS  c a  h he d e a . The 

e  c f ed ha  MS cha e  (a  ea  M cL) e e ac a ed  ce f ga  a d 

e e . Th  ac a  ead   Ne -C 5 acc a   he c a   a b-

a  f bac e a.  

F a , he  I f  ce f ged d- e a d L ce  a d added Ne -C 5 af e  

g he ce f ga , I b e ed ha  WT ce  ed e  ea ,  c a   he L 

ce , h ch e e e g.  

2. Mechanosensation and Neo-C 5 accumulation   
 

 He e I e e  he e  f Ne -C 5 acc a   he ce  af e  a h g e  h 

ce f ga . A  f , I e e  he Ne -C 5 acc a  a e   E.  b  ce f ga  

ce  a h g c . The  I e e  e e e e   de   de a d he ea  beh d 

he ce  acc a  a e . 

2.1. Cells washing protocol  
 

I  c c  a a  f Ne -C 5 acc a   e bac e a,  de   e e he 

e ce  f Ne -C 5  he ce  c e a d - ec f c Ne -C 5 b d g  ce  e b a e,   

ece a   a h he ce  af e  ea e . I   ab, a c  had bee  e ab hed h ch 
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c ed f ce  ce f ga  a  8000 g f  5  a d he  cha g g he ed a f  a f e h e. 

Th  e  a  e ea ed a  f 3 e   ha e he ea  a  f bac g d  he 

f e ce ce c c  ag g. 

 

2.1.1. Accumulation patterns b  microscop  and FACS 
 

 I e e  he e e , h ch e e b a ed e    ab a . E.  ce  a  

OD 600  f 0.3 e e ea ed b  0.4 M ( b- e ha ) f  2  a  37 C. Af e  a h g ce  b  

ce f ga , ce  e e   aga  ad a d a a ed b  f e ce ce c c  (f g e 5-1). 

Ce  ha e 3 d ffe e  acc a  a e : e he a , c a c a d acc a  a  he ce  

e   he d d g ce . 

 

Figure 5-1 Accumulation of Neo-C 5 in e ponential phase cells. Ce  e e c ba ed  MOPS-G 

ed a f  2  h b-MIC c ce a  f Ne -C 5 a  37 C a d he  ce  e e a hed 3 e  b  

ce f ga  a d cha g g he ed a. The e a e  d c  Ne -C 5 acc a  a e : e he a  

a d c a c. C a c b- a   e  ha  10%. Se  f ce   d  ha e a h ghe  

Ne -C 5 g a . Sca e ba  5 . 

I e ea ed he a e c  a d a a ed he ce  b  FACS (f g e 5-2). The  C 5 

e ea  c e d  he e he a  ( e ) a d c a c (h ghe ) acc a  e e . 

The e ce age f each ea  de e d   he e  c d . 
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2.1.2. Dilution effect  
  

 I  ha  bee  d ed b  f e ce ce c c    ab ha  d  f e e a  

ha e ce  f e ce  he c a c acc a  b a . The e d ed he ce  

a e, he h ghe  he e ce age f ce  h c a c acc a   he  g he 

ce f ga  c . He e, I c f  h  e  b  FACS a a . Ce  a  OD: 0.3 ha e e  

b- a  f c a c acc a  (6%). Whe  ce  a e d ed 10 e , he 

c a c b- a  c ea e   44 % a d he  ce  a e d ed 100 e , he e a e 66 

% f he ce  h c a c Ne -C 5 a e (F g e 5-2). 

Figure 5-2 Anal sis of Neo-C 5 accumulation patterns b  FACS. E e a  ha e ce  a  OD: 0.3 

e e d ed 10 e  a d 100 e . Each ce  c e a  he  ea ed h b-MIC c ce a  f 

Ne -C 5 f  2  a  37 C. Ce  e e he  a hed 3 e  b  ce f ga  f  cha g g he ed a. 

Ce  e e he  a a ed b  FACS f  C 5 g a . The ea  h e  f e ce ce e   h g 

he e he a  b d g f Ne -C 5 a d he ec d h ghe  ea   h g he c a c a e. The 

e ce age f each ea   h   he ab e.   
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 A   ha  bee  e ed  he d c , c ea e f a g c de e ha  b  ce  

d  ha  bee  e ed bef e; h e e , he ea  f ch a  b e a  e a  .  

2.1.3. PMF measurement in diluted cells  
 

 I h he ed ha  he effec  f ce  d   c a c acc a   d e  

c ea e f PMF  he a . Whe  he PMF  h ghe , he e  e acc a  f Ne -

C 5  he c a  a  he a g c de acc a   PMF de e de . Whe  he ce  a e 

d ed he e a e e e , h ch a  ead  a  c ea e f PMF  he ce  a . 

He e, I e ed  ee f he PMF  cha g g h e he ce  a e d ed  ed a (MOPS) h 

d ffe e  ce  f  ca b . I ed he ega e  cha ged d e D BAC4-(3) [b -(1,3-

d b ba b c ac d)- e h e ], h ch ca  e ea  he a a  e e  f he 

e b a e. D BAC4-(3) g a  c ea e  he  he ce  a e de a ed. S g a   ea e  he  

ce  ha e a  e a  a d dec ea e  f he  he  ce  a e h e a ed. The FACS 

a a  f  D BAC4-(3) h ed  cha ge   he ce  a  PMF h e he  a e d ed  

ed a h d ffe e  ca b  ce  (f g e 5-3). Th  d e ha  bee  ed f  ea g he PMF 

 E. , I a  c c de ha  he e   cha g g  he e e  f PMF  he ce  d ed  

d ffe e  ed a  a be D BAC4-(3)   e e e gh  h  a a  PMF a a . 
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Figure 5-3 Measuring membrane potential in the diluted cells in different media and comparing to 
non-diluted cells. E e a  ce  e e d ed  MOPS ed a h  h  d ffe e  ca b  ce  

he  ea ed h D BAC4-(3). A  a c  f  e g a , ce  e e ea ed h e ha  60%  

de   de a e he ce  he  a hed a d ea ed b  D BAC4-(3). G: G c e, CAA: ca a  ac d. 

2.1.4. Different Neo-C 5 concentrations and time of incubation  
 

 He e I e e ed he e  f e g d ffe e  Ne -C 5 c ce a  a d d ffe e  e 

f c ba  h Ne -C 5 b  he ce f ga  a h g c . 

Ce  a  OD 0.3 e e ea ed a  37 C h d ffe e  c ce a  f Ne -C 5 (f g e 5-

4-A). C a c b a  ea   gh  c ea g h e he e he a  acc a   

e  he e ge e   he e  c ce a  a d bec e  e h ge   h ghe  e . 
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 Whe  ce  e e c ba ed ge  h 0.4 M f Ne -C 5, he c a c a  

a   c ea g, I c c de ha  he c a c acc a   de e de  f he e f 

c ba   he ce f ga  a d a h g e . Th  a  gge  ha  he c a c 

a e  a d a d  d e  b  he ce f ga / a h g c  (F g e 5-4-B). 

Figure 5-4. Patterns of Neo-C 5 accumulation in e ponential phase cells. A) E e a  ce  OD: 

0.3 e e ea ed h d ffe e  c ce a  f Ne -C 5 f  2  he  a hed b  he ce f ga  

c .  Ce  e e he  a a ed b  FACS f  C 5 g a . B) E e a  ce  OD: 0.3 e e ea ed 

b  0.4 M f Ne -C 5 f  d ffe e  e f c ba  he  b ec ed  he a e c  f a a . P: 

Pe he a , C: C a c acc a . 
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2.1.5. PI and c toplasmic accumulation of Neo-C 5 
  

 K g ha  Ne -C 5  a  ac e a b c, I a ed ha  ce  h h gh c a c 

acc a  a e dead. I  ha  bee  h    ab b  e- a e c c  ha  ce  h 

c a c acc a  a e -g g.  

 He e I ea ed he ce  h e -C 5 a d PI  e ha  ce  h c a c 

acc a  f Ne -C 5 ffe  e b a e da age a d PI e e   he  c a . FACS 

e  h ed ha  ce  h e he a  acc a  f Ne -C 5 a e PI ega e a d he 

c a c a  f ce  ha e e PI g a  (F g e 5-5). 
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Figure 5-5. Cells with c toplasmic accumulation are PI positive. E e a  ce  e e d ed 10 

e  he  ea ed h 0.4 M f Ne -C 5 a  37 C f  d ca ed d a . Ce  e e he  a hed b  

ce f ga  he  c ba ed h PI (15 ) a d a a ed b  FACS f  C 5 a d PI g a . 

 

2.2. Effect of washing steps 
 

O ce I had d ffe e  e  f  - a hed ce  (  c a c g a  h ch 

e ), I a ed ha  he a h g e , h ch c ed f ce f ga  a d ed a 

cha g g, gge ed echa e a   he bac e a  ce . Th  ed  c a c acc a  

Ne -C 5  h gh e e  (e e  he  he ce  e e ea ed h b-MIC c ce a ). 

I d d a e e  f e e e  b  FACS a a   f d h ch e  f  c  ead   

c a c acc a . 

 

2.2.1. Centrifugation and cell resuspension methods  
 

Ce  e e ea ed h b-MIC c ce a  f Ne -C 5 a  37 C. Af e  ce f ga  

a d cha g g he ed a ce  e e e e ded e he  b  a g e  de ca e   he be  

b  e g  a d d  e e a  e . The e  h ed ha  ce , h ch e e e e ded b  

e g c a ed h ghe  b a  f ce  h c a c acc a  (F g e 5-6). 

Whe  he ce  e e g b   a d d  e g  gge ed echa e a  ac a   

ce . I a  b e ed ha  he  he e e e  a  e f ed h d ffe e  ce  c e   

a e da   d ffe e  da , he e he a  a d c a c ea  e e h f g  he d ffe e  

e e e . 
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Figure 5-6. Resuspension methods trigger mechanosensation in cells and change c toplasmic 
accumulation of Neo-C 5. Ce  e e g  a  OD: 0.3 he  d ed 10 e . Ce  e e c ba ed a  

37 C h b-MIC c ce a  f Ne -C 5 f  2 . The  ce  e e ce f ged a  8000g f  5  

a d e e d  he e  ed a e he  b  a g ge   be  ed b  e . Each e e e  a  

d e  e . The c a c e ce age ( d ca ed  he f g e) cha ged gh  a d he ea  f 

e he a  Ne -C 5 b d g a ed a  e . C: c a c, P: e he a . 

 

 

I a  h ed ha  f he ce  a e  ce f ga ed a d  ed b  e  he effec   

 he a e. The e   c a c acc a   he ce  h  ce f ga . 

C a c acc a  cc ed  f  ce  ed b  e g (F g e 5-7). A  I f d 

ha  he e e  e h d  gge  echa e a , f  f he  d , I e e d he ce  

h a e e g h b  he ha e  h a be h de   ee  he ha g e  e a  a  g he 

e e e . 
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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. Ce  e e g  a  OD: 0.3 he  d ed 10 e . Ce  c ba ed a  37 C 

h b MIC c ce a  f Ne -C 5 f  2 . The  ce  e e ce f ged (   a  d ca ed) a  

8000g f  5  a d e e ded  he e  ed a e he  b  a g ge   be  ed b  e . 

The c a c e ce age  a e d ca ed  he f g e. C: c a c, P: e he a . 
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2.2.2. Rifampicin treatment 
 

R fa c   a  a b c, h ch h b  DNA-de e de  RNA e a e. Ce  

ea ed h fa c  ee he  e e  f RNA  a d  d  h he b e e  ha  f 

e  he . He e I e ed  ee f fa c  ea e  ca  h b  he acc a  f Ne -

C 5  he ce  h e  acc a   gge ed b  ce f ga  a d a h g e . 

R fa c  ea e  ed acc a  f Ne -C 5  he c a  (F g e 5-8).  

He e, I ed ha  Ne -C 5 c a c acc a  b  ac a  f 

echa e a   bac e a  d ab ed b  fa c  ea e   ha  fa c  c e e  

h Ne -C 5 f  e . I d    ha  he echa  , h ch ead   ch e . 

Figure 5-8 Rifampicin treatment inhibits accumulation of Neo-C 5 in the c toplasm induced b  
centrifugation washing steps. E e a  ha e ce  (OD: 0.3) e e d ed 10 e . Ce  c ba ed 

h 30 M fa c  f  10  e e he  c ba ed h b-MIC c ce a  f Ne -C 5 f  2  

a d a hed h ce f ga  c  bef e FACS a a . P e he a , C c a c acc a . 
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3. Mechanosensitive channels role in aminogl coside accumulation  
   

I ha e e ed he e he effec  f e f echa e e cha e   E.  MG1655, a  

he e cha e  ha e bee  e ed  ha e aff   e c . 

3.1. Strain construction 
 

I a fe ed he ge e de e  a  f   echa e e cha e : L a d 

S ( h ch e e e aced b  a a c  e a ce ge e) f  he a  f he E.  Ke  

K c  C ec  b  P1 bac e hage a d c   MG1655 . The  I de e e he 

a a c  e a ce ge e  he a  b  d c g he he e e a d c d g f  F  

ec b a e. The a  e e he  e f ed b  PCR (f g e 5-9). 

Figure 5-9. Verification of the construction of the mutants cL and cS b  PCR. S g e-c  

PCR af e  a  c c   c a  h WT a  h he a e a  f ec f c DNA 

e . The ba d  a d he  e  c e d g  he a f ed DNA f ag e  a e d a ed. 
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3.2. MIC of cL and cS  
 

F , I ea ed he MIC f he  a  a  L a d S f  e c  

(e e e  h ca e ). B h a  had a gh  h ghe  MIC ha  he WT a  (MIC 

f  WT a  0.5 M e c  c a g  MIC f L a d S h ch a  1 M). I  he 

c  f ea g MIC, he e   e  f ce f ga , h ch ca  gge  ha  he e 

cha e  a e ed  he e c  acc a   a a a  a .   

3.3. C toplasmic accumulation of Neo-C 5 in cL strain 
 

I c ba ed he WT a d L a  h Ne -C 5 ( b-MIC c ce a ) a d he  

a hed he ce  b  ce f ga  a d ed he be ha e  de ce  e e d he ce   he 

a e a e  a  g he e e e . I b e e ha  he f ac  f ce  h WT c a c 

acc a  f Ne -C 5 a  ch h ghe  ha  ha  f he L a  (f g e 5-10).  

Figure 5-10. cL has smaller percentage of cells with Neo-C 5 c toplasmic accumulation 
comparing to WT. Ce   e e a  ha e f g h e e d ed 10 e  a d c ba ed h b-

MIC c ce a  f Ne -C 5 f  2  a  37 C. Ce  e e ce f ged, a hed h MOPS-G  

MOPS-G h Ne -C 5   a hed. The  ce , a  e  a  e a a  f he ce  a hed h MOPS-
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G, e e a a ed b  FACS. Pe ce age f he ce  h c a c acc a  f Ne -C 5  

d ca ed f  each e e e . P: Pe he a , C: C a c. 

 

I  h  e e e  I a hed he ce  e he  h MOPS-G ed a  h MOPS-G 

c a g b-MIC c ce a  f Ne -C 5. The WT ce  c e  acc a e Ne -C 5  

he  c a   c a  h he L a  he e he e ce age f c a c 

b a  d d  c ea e. I a  a a ed he e a a  f ce  af e  he f  a h  

e f  f ce  e e e a ed  he a a  b  he a h g e  (f g e 5-10). 

W h he e e a  e , I gge  ha  he echa e e cha e  M cL  

ac a ed b  ce f ga  a d ha g d g ce  e e  a d ha   ac a  ead   

a  f c a c a e f Ne -C 5. The e ce age f c a c acc a  f 

Ne -C 5  L a    e , bab  d e  he e e ce f he  MS cha e   

h  a . 

3.4. Neo-C 5 action on cells in which MS channels were alread  triggered 
 

I b e ed ha  ce f ga  a d ha g f ce  ac a e  he MS cha e  M cL  he 

ce , h ch e e c ba ed h Ne -C 5. Ne , I e ed ha  ca  ha e  f I f  ac a e he 

cha e  b  ce f ga  a d h  af e , I add Ne -C 5 ( b-MIC c ce a )  he ce . 

I e ed WT a d L ce . Q e e e g , WT ce  e e ed b  h  c  a d 

L ce  ed (f g e 5-11). Th  e  h ed ha  he e  a c ec  be ee  

echa e a   bac e a ce  a d ce f ga , h ch ac a e  M cL ead g  ce  dea h 

 he e e ce f b-MIC c ce a  f Ne -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 e a  WT a d L ce  e e d ed 10 e  a d ce f ged f  5  a  8000 g. 30 ec d  

af e  ce  e e e e ded  he MOPS-G ed a h Ne -C 5 (0.4 M) b  g ha g. Sh  

af e  ce  e e   aga  ad a d b e ed b  f e ce ce c c  ( ef )  a ed  LB aga  

( gh ).   

4. Conclusion 
 

I  h  cha e  I e e ed he e f he MS cha e  M cL  Ne -C 5 c a c 

acc a   bac e a  ce . Wh e ad g he c  f  FACS a a  I d c e ed ha  

he ac a  f h  MS cha e  b  ce f ga  f ed b  h ca  e e  ce  

e ed  a  f Ne -C 5 a e. The e  h ed ha  Ne -C 5 e e ed  he 

c a  f  a b a  f ce  (de e d g  ce  d ). The c a c b-

a  f ce  a  a ed b  PI, h ch d ca ed ha  he e a e da age   he ce  

e b a e. L ce  h ed e  e ce age f c a c Ne -C 5 acc a  

c a g  he WT ce  af e  ce f ga . O he  e  h ed ha  WT ce  ed 
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( bab  e ded) f he  e e ea ed b  Ne -C 5 h  af e  ce f ga . Mea h e he 

L ce  ed, h ch de a e  he e f he e cha e . 

 I gge  ha  ce f ga  a d ha g ce  ead   e g he ce  MS cha e  

a d c ea e  he acc a  f Ne -C 5  he c a . Th  he e   ha e g f  

a b- a  f ce , h ch c ea e  acc d g  he ce  d . The effec  f d  

 ac a  f MS cha e  e a   be e ed f he .  
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Chapter VI Aminogl coside persistance, tolerance and persister 
recover  
 

1. Introduction 
 

A   ha  bee  e e ed  he d c , e e  f  a  a b c e a  b-

a  h  a  a b c ce b e a . Pe e  a e e g  he e e ce f a 

e ha  d e f a b c. F e ce  agged a b c  a e ed  ea e a b c a e  

e e  d e . H e e ,   , f  a g c de fa , he e e e  ac e agged 

a b c b  h ch   b e  d  g e ce  c c  a a . S ce   ab a  

Ne -C 5 ha  bee  de e ed e e e ab e  b e e he a e  f a b c acc a   

e e  b  f e ce ce c c  f  he f  e. 

I  e e  d e , Ge a c -Te a  Red a  ed a  a f e ce  agged 

a g c de  ac  d  a b c acc a   ce  b  FACS a a  107. H e e ,  

ha  bee  h    ab ha  Ne -C 5 acc a  a e  ca  be e he a   c a c, 

a  f a  ha  ca  be e ac ed f  FACS a a e . I h ed  cha e  4 ha  ce  ca  

ha e d ffe e  e e  f Ne -C 5 c a c acc a . A , I e e   h  cha e  ha  

e he a  Ne -C 5 b d g a e   e a  ha  a e ec ed  ha e h ghe  PMF e e  

108. The e a  a e ed  a g c de e a ce. K g he a ce f a e  

f a g c de acc a   he ce , I h  ha    e e a   a a e e e  ce  b  

c c  a a . I  ha  bee  gge ed ha  e e  ha e e  acc a  f 

a g c de 107, h e e , f  de a d g he echa  f e a ce f a g c de 

e e    c ca    f he  ha e e  c a c  e he a  acc a .  
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He e, f  I e e  e e e  ha  a ed he acc a  f Ne -C 5  e e  

b  f e ce ce c c  ag g. The e e e  e e e ded b  ea e  f e  h gh 

d age f f ac  (f e) a b c. Acc d g   e- a e b e a , 

e e  ha e  e he a  acc a  f Ne -C 5. The e e  d ag ee h he fac  

ha  e e  ha e  e e  f PMF a d a  a g c de, acc a   PMF-de e de   

ca  e e   he c a  f ce  h  PMF e e . 

I  a e ec f c d  f e c  e e , I ed a c  c   d  

e e . I ea ed a a  ce  a  h h gh c ce a  f Ne c   each a 

a ea  f e e . Pe e  ce  h ch e e e ded af e  ch ea e  e e  ab  

0.05% f he a . I ea ed h  a , h ch c a ed  dead ce  a d 

e e , b  Ne -C 5 ( b-MIC) a d a a ed b  FACS. Be de f e ce ce e  g a  f 

ce , FACS ga e  da a  ce  e a d ce  g a a  a  e . I  de   f d  he h ca  

cha ac e c( ) f e c  e e , I a e ed    d ffe e  ce  ca eg e  acc d g 

 he  e a d he  Ne -C 5 e . 

Th  e e e  c a    e  c ca ed, h e e  d e  FACS 

c a a  b  bac e a I c d  f a e  e . He e I e e  he e a  e  

 h ch  c a a  had bee  de ec ed. I f d ha  e e  a e e f e e   he ce  

ca eg  h e  Ne -C 5 acc a  a d a e  ce  e. H e e , he  e e f d, b  

a  e  f e e c ,  d ffe e  ce  ca eg  a  e  f  e a d Ne -C 5 acc a  e e .    

I  ha  bee  e ed ha  he e a e e e e   b- a  f ce  h e  

e e  f b a  RNA 104.  Shah a d h  c eag e  ed a  ab e GFP e  (a ) de  

c  f BP1 b a  RNA e . The fac  ha  he GFP  a  ab e e ;  g e  

 a ea  e a e  f  e e g  e e  a d a e f each bac e a. The ce  h d ffe e  g a  f 
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GFP had bee  ed  a d ea ed b  h gh d age f a b c. M e ece  Sha  a d h  

c eag e  de a ed ha  af e  f ac  a d a c  ea e , he e a e e e e   

he b- a  h  GFP e e  100. 

I c c ed a a  h a ch a  e  f ( ) ge e de  c  f h  

e  f BP1. Th  e I e ed  ee f he b- a  h e  e e  f GFP a  

a  che   he a b c e c .  

I  h  e e e  I a a ed b  FACS he e e  f GFP  he e e a  ha e 

ce . I had aga  ha d e    he ce  d e  c a a  f he FACS ach e. 

H e e , he e ce age f e e  g e c  ea e   e   ( e  ha  10-4 

e ce ) a d  a  ac ca  e  d ff c   d .  

Acc d g  he a a  f a T  b a  f  a g c de e a ce a  ca ed  

b  Shah a d h  c eag e   2015, he e a e h d ed  f ge e  h ch a  a e  c ea g 

a d dec ea g e a ce  a g c de  108.  A h  ch e e  f d a d e ec ed 

a  h  he b he  f f age a a d a  ac d he  f  f he  d . The e 

a  h ed e  e a ce  ge a c . K g he a ce f a g c de 

acc a  a e  a d d ffe e  e e  f Ne -C 5 b d g  e b a e, I dec ded  e  

Ne -C 5 acc a   he a  f  he f age a  a c a  eg a , C a d a 

a  f  a  e e  he e e b he  a h a , A. I ed  de e ed e h d, 

h ch c b e  f e ce ce c c  h FACS a a   d  he a e  f Ne -C 5 

acc a   h e e  e a  a . 

I d d a e e  f FACS a d c c  e e e ce  g d ffe e  c ce a  f Ne -

C 5 a d d ffe e  c ba  e f  each a . I b e ed ha  A acc a  f Ne -
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C 5  h ghe  ha  he e ea e f  C a d WT h e e , h d ffe e ce  he  c a ed 

 he d  b  Sha  e  a ., 2015. A b c acc a  a e   d ffe e  a  acc d g  

he Ne -C 5 c ce a  a d e f c ba . The c c  b e a  ag eed h he 

FACS e  a d c f ed ha  A ha  h ghe  Ne -C 5 b d g  he e b a e  

c a  h C a d he d- e ce  f  a h  c ba  e. 

Pe e  ec e   a b ec , h ch   ch d ed. We d    h ch a e he 

fac  ha  a e e e   ge   f he h be a  a e a d   fa -g g ce . 

He e I e e  effec  f ce  c e d   h e g he a g e f e c  

e e  ce   a  g g ce . I de a ed ha  he  ce  c e  e d ed, 

e e  ec e   fa e . I  ee ed ha  he e  a fac   che ca   he e a a  f dead 

ce  ed h e e  a d he  h  fac   e d ed,  a ed e e   a e  

ea e  a d he    e c ce a ed  ee  he e e   he d a  a e. Bef e 

ea ch g f  a   - e g fac , I e ed he effec  f h  e a a   

a g c de e a  ce   c a  h ce b e ce  a d a  he e e e  effec   

e a  ce . S  e a g e c   he ce  c e ee  e e   d a  a e. Th  

effec  a  g  ec f c f e a a  f e c  a d  he e f f ac . 

2. Oflo acin persister time-lapse  
 

T  b e e e e  Ne -C 5 acc a , I e f ed he e e e   a a  

ha e ce , h ch ha e a h ghe  e ce age f e e  ce  a d ea ed h  a  h a 

h gh d age f f ac . Of ac   a f e a b c, h ch h b  DNA g a e 

a d DNA e ca   bac e a  ce . I  had bee  h  ha  f ac  d ce  e e  

f a   ac a  f T B  141 142. U g he a a  ha e ce  a d f ac  

ea e  ab  1.6% f ce  e e e e . I a hed he ce  h PBS  e e he e ce  
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f a b c he  I c ba ed ce  h Ne -C 5 a  b-MIC c ce a  (0.4 M) a d 

ec ded a e- a e b  f e ce ce c c  (f g e 6-1).  

I  h  c  he e   a e  f  e e  ce . H e e , b  e f g e- a e 

e e e , I a  ab e  ca e he e e  g h de  he c c e a d b e e he Ne -

C 5 acc a   e e  ce . I  h  d  I f d ha  e e  ha e e he a  

acc a  f Ne -C 5. Th  acc a  a  he e ge  a g e e .  

Figure 6-1 Persisters for oflo acin have peripheral accumulation of Neo-C 5. S a a  ha e ce  

e e ea ed h f ac , a hed h PBS a d ea ed h a b-MIC c ce a  f Ne -C 5. A  

e e  f e- a e  he f e d he e  a e f e e  h dead ce . A  e a e  

e e  a   g  a d ha   h  e de f ed he . Pe e  ha e e he a  acc a  

( e  a )   acc a  (g ee  a ). N - e e  ce  d   g  ( ed a ) a d 

c e d  dead ce   VBNC .  

I  h  e e e  I ed a b-MIC c ce a  f Ne -C 5, a    a e  f  

e e  ce  a  ce  g h. H ghe  c ce a  f Ne -C 5 d  ha e e  e e   

e  he d a  a e. 
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3. Neom cin persister  
 

I  he a  decade, he e e e  a  ad a ce   e e  d e . A  ag eed ha    

 b e  ge e a e he a g f e e   a  -g g ce , h ch e a e a  

a b c. Pe e  d   bec g e a d e ec f c  he e g c d  ch a  

e f a b c  ca b  ce  ce  c e. A   e ea ch   a g c de e e , 

I e ab hed a c   a e e e  b  e c  ea e  h e e  he e ce age f 

e c  e e  a  e e e    e e a  ha e a  e  a  a a  ha e ce  

a . I  de   d  e e  f e c  b  c c  I had  f d b- a  

f ce , h ch a e che   e e  ce  a d  he  . The  I d be ab e  ha e a  ea  

fe  e e   he f e d f ag g  he c c e. 

3.1. Sorting out neom cin persister from stationar  phase population 
 

I  de   f d a b- a  ch  e e , I ed  ce  b  he FACS e  

de ce acc d g  ce  e a d Ne -C 5 g a  e . I ea ed a a  ha e ce  h 

h gh c ce a  f e c  f  g e gh   a  - e e  ce . I  h  c d , 

he e ce age f e e  ce  a  0.05%. Af e  e a  f he e ce  f e c  b  

e e a  a h g e , I ea ed he ce  h a b-MIC c ce a  f Ne -C 5. Ne , I 

ed  ce  acc d g  he  e a d he  Ne -C 5 g a  e   d ffe e  ca eg e , 

A  I (f g e 6-2). Af e  g, ce  e e c ec ed  a 96- e  c a e a d e e  

g h a  ea ed  a a e eade  g he ca  de  f  48h.  
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Figure 6-2 Sorting cells with FACS according to their si e and Neo-C 5 signal. E.  a a  

ha e ce  e e ea ed b  500 M e c  f  6 h    a  he - e e  ce . The  ce  

e e a hed  e a e he e ce  f e c . Ce  e e e  ea ed h a b-MIC c ce a  

(0.4 M) f Ne -C 5. Ce  e e b e ed b  f e ce ce c c  ( ). Sa e ce  a a ed h 

FACS a d ed   a 96- e  a e f ed h ch ed a (500 ce   each e ). Ce  e e 

ca eg ed  9 g  acc d g  he  ce  e a d C 5 g a  e  (A  I). Af e  c ec g ce , 

he a e a  c ba ed a  37 C f  48h. G  A a  6 e a d g  D a  3 e  che   e e  

 c a   h e a . 

 

D e  he d ff c e  ha  I had faced beca e f FACS de ce c a a , 

f a e , I c d  f a e he e e . H e e , he e a  e  c f ed ha  

ce  a   h ch he ce  a e a e   e a d e   Ne -C 5 acc a , a  6 

e  che   e e  a . 
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3.2. Sorting out cells with lower ribosomal RNA e pression 
 

I  fa  g g ce  a , he b- a  f ce  h e  e e  f 

RNA had bee  h   a e e e e  ce  af e  ea g h a e ha  c ce a  f 

a b c104,100. I c c ed a a   h ch he ab e g ee  f e ce  e , ( ) 

ge e had bee  e ed  he ch e de  he c  f b a  RNA e  

BP1 (f g e 6-3-A). I ab  f GFP e  g e   h  ad a age  be ab e   he 

ac  f he b a  RNA e . C  h ed ha  he  ce  eached he a a  

ha e, he GFP g a  dec ea ed a  e ec ed (f g e 6-3-B).  

Figure 6-3. Ribosomal RNA e pression as a marker for persister rich sub-population. A) 

ch e e  f ( ) h BP1  acZ ge e  E.  MG1655. B) K e c  ea e e  

f GFP(ASV) e e . C) GFP f e ce ce e e  ea ed b  FACS  WT a d ce  h c d g 

GFP(a )  e e a  ha e f g h.  
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B  FACS a a , I ed  he d  ce  a d GFP e ce  f  a  e e a  

ha e ce  a  (f g e 6-3-C). The  I ea ed he e  b- a  h a e ha  d e 

f e c   e ec  e e . I  e e a  ha e ce , he e ce age f e e  f 

e c  a  ab  10-4 %. Beca e f FACS c a a  a d he  e ce age f 

e e   h  c d , c  I a   ab e  e ha  he d  ce  b- a   

che   e e  ce .  

4. Mutant of less tolerant to aminogl coside 
 

I  T - e  a a  f  a d  f a g c de e a ce b  Sha   ., a h  

a a ed  a g c de e  e a  a : A a d C. The C ge e  c d g f  a 

f age a  a c a  eg a  a d A f  D-3- h h g ce a e deh d ge a e, h ch 

ca a e  he f  e  f he h h a ed L- e e b he  a h a . I  h  d , 

a a  ce  f a  a d WT a  e e ea ed b  a e ha  d e f ge a c -TR 

f ed b  FACS a a . I e e g , he  f d ha    A, ge a c  

acc a  a  c ea ed a d acc a  e e  b  he a  C e e he a e a  WT. 

A  e  he ad a age  f Ne -C 5  ge a c -TR, (TR d e a e acc a e   he 

ce ) a d h Ne -C 5 e ca  def e he acc a  a e  b  f e ce ce c c . 

The ef e, I c b ed he  ech e  f c c  a d FACS  d  Ne -C 5 

acc a  a e   h e e  e a  a . 
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A  f , I e ea ed he a e c  a d ea ed he a a  ha e ce  h h gh 

c ce a  f Ne -C 5 (128 M) f  3 h  a  37 C a d he  a a ed he ce  b  FACS. O  

he c a   he e a e  e  e f ed h Ge a c -TR, I d d  de ec  a  

e a ab e d ffe e ce be ee  he acc a  e e  f a  C a d A he  

c a g  WT (F g e 6-4).  

Figure 6-4. FACS anal sis of Neo-C 5 accumulation b  less tolerant mutants and WT E. c i 
strains. S a a  ha e ce  e e ea ed h 128 M f Ne -C 5 f  3h a  37 C. The  ce  e e 

a hed a d a a ed b  FACS. 

Ne ,  de   cha ac e e be e  he e ac  f Ne -C 5 h he e a  e 

e ga ed  b d g  ce  e b a e. I  ha  bee  e ed ha  PMF e e   he e a   

h ghe  108. H e a ed e b a e a  a e e he a  b d g a  e  a  c a c 

acc a . I d d a e e  f FACS a d c c  e e e ce  f  d ffe e  Ne -C 5 

c ce a  a d d ffe e  c ba  e  f  each a . T  a a e he e he a  b d g 

b  f e ce ce c c , I ea ed a a  ha e ce  h  (2 ) h Ne -C 5 a  

32 M. I b e ed ha  Ne -C 5 acc a  a   e he a  a d h ghe   A  
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c a  h C a d WT (f g e 6-5). Whe  ce  e e c ba ed ge  e (150 ) 

h Ne -C 5, a  a d WT ha e he a e e he a  acc a  e e . The e e  

e e c f ed b  FACS a a  (f g e 6-5).  

Figure 6-5 Anal sis of membrane accumulation of Neo-C 5 in aminogl coside less tolerant mutants. 
S a a  ha e ce  ea ed h 32 M Ne -C 5, c ba ed a  37 C f  2   150 . Ce  e e 

a hed a d a a ed b  c c  (  a d b  ef )  FACS (b  gh ). F  e c a  

c c  age  a e e e ed f   d ffe e  e g . G: Ga , E  T: E e T e.  
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La e , I e ed he e c  f acc a  f Ne -C 5 c ce a  (128 M). B  

FACS a a  I de a ed ha  a b c acc a  e e   he d ffe e  a  

acc d g  he Ne -C 5 c ce a  a d e f c ba  a d f he  c c  ag g 

a e e ed  f  c c de  he acc a  a e   he e a  (f g e 6-6). 

I e e g  aga  f  A a  a  2  c ba  e e  f c ba  a  h ghe  ha  WT.  

Figure 6-6. Kinetics of accumulation of Neo-C 5 (128 M) in less tolerant cells. S a a  ce  f 

a  a d WT e e ea ed b  128 M Ne -C 5 a  37 C. Af e  2  a d 180 , ce  e e a hed 

a d a a ed b  FACS.  

 

5. Dilution effects on persister recover  time 
 

 

Pe e  e a   d a  a e a  fa  a  he  e e he e  fac , ch a  a b c , 

 he  e e . I  he ab e ce f a b c a d  e e ce f a ca b  ce, e e  

g   a  a b c ce b e a . He e I e e ed he effec  f ce  c e d  
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 h e g he a g e f e c  e e  ce   a  g g ce . Af e  

ea e  f a ce  c e h a h gh d e f a b c  de   e d e e , ce  e e 

a hed e e a  e   de   e a e he e ce  f a b c a d  a e he eg h f 

e e . I b e e ha  he  he ce  c e (c g f dead ce  a d e e ) a  e 

d ed af e  he a h g e , e e  ec e  e a  h e . Th  he e  a  

ec f c  e c  e e  a d  b e ed h f ac  e e  (f g e 6-7). 

 

Figure 6-7. Neom cin persisters e it the dormant state when cells were diluted. S a a  ce  

ea ed h a c ce a  f e c  f 500 e  he MIC ( ef )  f ac  ( gh ) a  37 C f  6 

h . Ce  e e he  a hed a d d ed  f e h MOPS-G ed a. Ce  e e d ed  e e : 2, 4, 8, 

 ,128, 256 e  (C: Ce  c ce a ). The  ce  OD a  ea ed g a a e eade  f  16 

h .  

 

I h ed ha  e e  ec e  a   ed d e  he a  f ca b  ce 

a d he a  f g c e e  ce . Pe e  f  a g e  d  a ed  g  a  he a e e 

a d g c e c ce a  a ed  a e  he e e  f ce  de  a  he a a  ha e 

(F g e 6-8). 
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Figure 6-8. Persisters were not in carbon source (glucose) limitation during their recover . 

Ne c  e e  d ed 16 e   MOPS ed a c a g d ffe e  g c e c ce a . The 

e e  g h ca  de  (OD) a  600  a  ea ed h a a e eade  f  20h.  

I  ee ed ha  he e a  a fac   che ca   he e a a  f dead ce  a d 

e e  ha  a  e e  af e  ea e  h e c . Whe  h  fac  a  e d ed,  

a ed e e   a e  ea e  a d he   a  e c ce a ed  a a ed e e  

 he d a  a e. Whe  e e  e e d ed  h  e a a  he  d d  a e  a  a . 

I ca ed h  ed a: e- c ba ed ed a, h ch  a f e h MOPS-G ed a ha  a   c ac  

h dead ce  a d e e   f  15  (F g e 6-9-A). Ye  aga , h  e  a  ec f c 

 e e  f e c  a d  f ac  (f g e 6-9-B). O  he he  ha d, he e a a  f 

e c  e e  had h  e a   e b g h f - e e  ce  a  e  a  e e  

f f ac  (f g e 6-9-C). 

I e ed he effec  f e- c ba ed ed a f e c  e e   e a  ce   

e c   c a  h ce b e ce . The e a   effec   e c  e a  ce  

(f g e 6-10). I c c de ha  e a g e c   he ce  c e ee  e e   a d a  

a e.  
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Figure 6-9 Pre-incubated media with neom cin persisters perturbed cell growth. I  ef  c , ce  
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d ed  f e h MOPS-G ed a ( d ca ed b  a a a e  bea e ). I  gh  c  ce  e e d ed  

e- c ba ed ed a f e he  e c   f ac  e e  ( d ca ed b  a g e  bea e ) A) Ne c  

e e  e e d ed  f e h ed a or e- c ba ed ed a h e c  e e . B) Of ac  

e e  e e d ed  f e h ed a or e- c ba ed ed a h f ac  e e . C) S a a  ha e 

ce  a d f ac  e e  e e d ed  f e h ed a  e- c ba ed ed a h e c  

e e . 

Figure 6-10 Pre-incubated media with neom cin persisters did not perturb cell growth of neom cin 
resistant cells.  I  ef  c  ce  d ed  f e h MOPS-G ed a ( d ca ed h a a e  bea e ). 
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I  gh  c  ce  e e d ed  e- c ba ed ed a f e c  e e  ( d ca ed h g e  

bea e ). P e- c ba ed ed a h e c  e e  e  e e  f e c   d a  a e ( ) 

a d e bed g h a a  ha e f e c  ce b e ce  ( dd e). H e e ,  had  effec  

 e c  e a  ce  (b ).  

6. Conclusion 
 

I  h  cha e , I e ga ed he acc a  f Ne -C 5  e e  a d a , 

h ch a e e  e a   a g c de . I h ed b  e- a e f e ce ce c c  ha  

e e  ha e e he a  acc a  f a g c de . I d ed acc a  a e  f 

Ne -C 5  he e  e a  a  A a d C b  FACS. C a   he d  b  Sha   

., I d d  f d a d ffe e ce be ee  he acc a  e e  f agged a g c de  he e 

a  he  c a ed  e e  f acc a  b  WT a . I f d ha  A had  

gh  h ghe  e he a  acc a  e e   h  c ba  e.  

I  h  cha e , I de a ed he effec  f he e a a  f a g c de e e  

a d ce  d   he ec e  f e e . Ne c , h ch e a ed  he ed a, bab  

g a ed f  he dead ce  a d c b ed  h b  e e  g h. Th  he e  had 

a  a  effec   he e e  ec e  d . I  ch d , a h g e  a d ce  d  

 be e  c a   de   ha e he a e e ce age f e e  ha  e e g h  

d ffe e  a a . I h ed ha  he e a g ace  f e c   he ce  c e a a ed 

e e   he d a  a e. H e e , h  d a  ce  e e he e e ce f a b c  

he ed a e a  a e .  
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Chapter VII results:  Microfluidic 

1. Introduction 
 

I  de   be ab e  b e e he acc a  f Ne -C 5 a  g e ce  e e  b  

f e ce ce c c , I ed a c f d c de ce. S ch a de ce d a    ca e 

Ne -C 5 e ac  h bac e a  ce   ea  e. I  c f d c cha e , e ca  a h a a  

he acce  f Ne -C 5 b  cha g g he ed a h e bac e a  ce  a  a ed  he cha e . 

O he  ad a age  f c f d c  a e ha  e e e  a  a e  f c  Ne -C 5. 

A he  a ca , h ch  a ed he e,   ee  e e  ce   he d a c  a e 

h a ed a ac g ca b  ce  a d c ba e ce  h Ne -C 5. Ne , he ed a  be 

e cha ged f  a f e h ed a c a g a ca b  ce a g f  e e   e e g h. 

Th  e   be ec ded  ea  e ag g. 

He e I e e ed he de g  f he c f d c e  a d  fab ca  a  e  a  

ec f c e ed face ea e . 

2. Design 
 

I ed a d f a c f d c c c , h ch ha  bee  de e ed  he ab a  f 

B  Le P f e a  ENS Pa -Sac a . U g h  d, I ade a P d e h a e (PDMS) 

c c , h ch e d ce  e ac  he de g  f he d. I b ded he PDMS c c   he 

c e  b  face ac a   a a ea e . Th  c c  ha  2  a d 2  

cha e  (f g e 7-1-A). The e   (  1)  f  ad g he bac e a  ce . The ce  a e 

a ed  he cha e  (F g e 7-1-B, C). The ec d   f  ad g ed a c a g Ne -

C 5. Ne -C 5 e e   he bac e a  cha be  h gh 1- c  de c ec  cha e . 
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Figure 7-1. Design of microfluidic device. A) a  f he c c . I  ha  2  a d 2 . B) 

Bac e a  ce  e e aded  he c c  f  e   1 a d he ed a c a g Ne -C 5 a  added 

f   2. C) Ce  e e a ed  he cha e  a d he  f a b c a ed  c ac  h 

he bac e a  a 1- c  de cha e  c ec . 

 

A g c de  a e   ea  a ach - ec f ca   face ch a  g a . 

The ef e, I a  a  e   h  c c , a d I b e ed ha  deed Ne -C 5 a  a ach g  

he face f he c e  d g TIRF c c ; I a   ab e  b e e he bac e a d e  

he e  h gh bac g d e e  (f g e 7-2).  
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Figure7-2. Neo-C 5 binds to h drophilic surface causing a ver  high background. Lef  a e : B gh  

f e d age  f c f d c cha e . Bac e a a e b e. R gh  a e : f e ce ce c c  age  

f he a e f e d f e . D e  h gh bac g d e e , Ne -c 5 e ac  h bac e a   b e. 

3. Coating 
 

Ne -C 5  a e  cha ged ec e a d I e ec ed ha   d a ach  he 

face f he c f d c c c  e ec a  he g a . H e e , I a  ed b  he h ghe  

ha  e ec ed e e  f bac g d. T  ac e h  b e , I a  a e   de a d  ca e.  
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F  a g a c f d c c c , PDMS eed   be b ded  he g a  c e . B h 

h d h b c face  e e ea ed b  a a. P a a ea e  e a e h d ca b  g  

 b h face  a d ea e beh d OH g  a d a e he face h d h c. Th  e ab e  

d S O S  c a e  b d   f  be ee  he  face  (F g e 7-3-A). H e e , de 

a  f he cha e  a d cha be , he face e a  h d h c. I had he a  ha  

he h d h c face   he c c  d ead  a e  h gh a ach e  f Ne -C 5  he 

face.  

I a  a e   he c e  h a a ea e  ba ed  he c e f c ac  a g e 

ea e e . The ha e f a e  d   a h d h b c  h d h c face  a  

a a ed. (F g e 7-3-B). 

I e ed he h d h b c  f c e , h ch e e ea ed b  a a a d he  e  

he  e he   a e    c ac  h a  a d ade a c a  h - ea ed c e . I 

c c ded ha   a e  60 da  af e  a a ea e  f  a g a  face  bec e h d h b c 

f  a  e   c ac  h a  (F g e 7-3-C). 

I a  a  a e   ee h  ch he a ach e  f Ne -C 5 c ea e  d e  he a a 

ea e  f c e . I ea ed he e  f Ne -C 5  a c e  b  ec h e e  

a d c f ed ha  Ne -C 5 b d e ce e   h d h b c g a  face (F g e 7-4-B).  

T  a e a c e  a d PDMS face ( a  f cha e ) h d h b c af e  a a 

ea e  I ea ed de he c f d c c c  b  PEG-S a e, h ch b d   he -OH f 

b h face . The PEG- a ed face  h d h b c (F g e 7-4-A). I c f ed e  Ne -

C 5 a ach e  e e  f PEG- a ed face he  c a g  - ea ed e h a 

ec h e e  a d f e ce ce c c . Ne -C 5 a ach e   dec ea g 6-f d  a 
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a a ea ed face af e  PEG-S a e ea e  a d I a  ab e  b e e bac e a  

acc a  h e  bac g d (F g e 7-4-C). 

Figure7-3. Plasma treatment makes the surface h drophilic for a long time. A) C e  a d PDMS 

bec e h d h c af e  a a ea e , h ch ead   f ee -OH g . Th  a  f g c a e  

b d  be ee  he PDMS a d he g a . B) P c e f c ac  a g e ea e e . C) E  f he 

h d h c e  f a c e  af e  a a ea e  a  a f c  f e. 

C 
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125 
 

Figure 7-4. m-PEG Silane treatment turns a h drophilic surface into a h drophobic one and 
decreases Neo-C 5 attachment. A) F a  f -PEG- a ed face. B) Mea e e  f C 5 

g a   a ec h e e   a c e  e he  ea ed b  a a a d -PEG-S a e  . The  

c e  e e ea ed h Ne -C 5 (0.4 M) a d a hed e e a  e  bef e ea e e . C) B gh  

f e d ( ef ) a d TIRF ( gh ) c c  age . C a  f Ne -C 5 a ach e   he face, bef e 

-PEG-S a e ea e  ( ) a d af e  (b ). Bac e a ha  acc a ed Ne -C 5 a e b e  he 

de ce h he -PEG- a ed face (b ). 

 

4. Conclusion  
 

He e I e e ed he c f d c c c  de g  ha  I a ed  e f  ea  e Ne -

C 5 acc a  a d e e  ec e  c c  ag g. I ea ed he cha e  a   be 

h d h b c gh  af e  a a ea e . I h ed he f f c e f h   e a e a 

c f d c de ce ab e f  Ne -C 5 acc a  d . 
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H e e , d e  e a  I c d  a  e e   ec d a e- a e f he 

e  f Ne -C 5  he fa -g g ce  a  e  a  Ne -C 5 acc a   e e  a d 

he  ec e . 
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Chapter VIII: Discussion and Perspective  
 

I  h  d , I e e ed he e  ade f e ce - agged a g c de  h 

e e ed bac e c da  e e . I ed he e c ga e   ac  d  he e ac  f 

a g c de  a  g e ce  e e  b  f e ce ce c c . I c b ed f e ce ce 

c c  a d FACS a a   ea e a g c de acc a   he ce  a  d ffe e  

e   ca e he e c  f a b c e e a .  

Th  d  h ed ha  he e a e  acc a  a e  f  Ne -C 5  ce :  he 

f  e  he e  a e he a  acc a , h ch c e d   ec f c b g g  ce  

e b a e. We a  f d ha  e he a  acc a  e e  ca  be d ffe e , h ch aga  

h ed he a ce f def g a g c de acc a  a e  b   e h d g .  

Ne , he e  c a c acc a   h ch he a b c  e e g  he 

c a . Acc d g  c c  e- a e d ,  e e  f c a c acc a  

a e e a ed b  ce  a d d d  ca e ce  dea h. F he  d  eed   e ga e he a e f 

e a ce  e ce  de e he e e ce f a g c de  he c a , h ch ca e  a 

 e e  f c d g a d f ded e   h e ce . 

U g FACS a a , I ed a  h b  f EDPI a d EDPII a d ed ha  h h  

ech e e ca  d g h d ffe e  e  f a g c de acc a . M e e , I f d 

ha   a dead ce  a , af e  a g c de ea e   a a  b- a  f ce  

a  acc a g PI ( a e  f dead ce  d e  e b a e da age). Th  e  ca  g e  

h   he fac  ha  a be he e b a e da age   f a  he a  ea  h  ce  a e 

ed af e  a g c de ea e . 
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D g c  ad e , I f d ha  a g c de  ca  e e   he c a  a  

a e  f echa e a  a d ac a  f echa e e cha e . Th  a  he f  e 

ha  e b e ed ha  echa ca  a a  f ce  ead   e g f echa e e 

cha e  ca g a e c a c acc a  f a  a g c de. Th  ed c ab e 

e  a  ead   a be e  de a d g f he echa  f a g c de e a ce  

he c a . M e e ,  e  h ed ha  he ac a  f MS cha e  cc ed  a 

b- a  f ce . The e e  f h  b- a  a  f d  a  acc d g  ce  

c ce a  a d d . H  ce  c ce a  ca  f e ce he echa e a   he 

bac e a  ce  e a  . 

I  de   e ga e e he e ac  f MS cha e  a d a g c de , e ca  

e e a d ac  d  Ne -C 5 e ac  h he e b a e  ce   h ch MS cha e  

e   be f ed h f e ce  e . B  c b g STORM a d PALM e -

e  c c  e gh  ha e e f a   he e f MS cha e   e a ce f 

a g c de  he c a . I   be a  e e g  d  he effec  f Ne -C 5  

M cL g he a ch-c a  ech e. 

P   h  d ,  a   b e   he e e  f acc a  f 

a g c de  a d  he c e d g a e . I a ed  e h d  e ga e 

a g c de acc a    a  f E. , h ch a e e  e a   a g c de 

a d def ed he  a e  f acc a . The e e  d ffe  f  e  b hed da a 

108. 

Af e  d g a g c de acc a   fa  g g ce , I d ed acc a  

f Ne -C 5 b  e e . B  f e ce ce c c , I h ed ha  e e  ce  ha e 
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e he a  acc a  f Ne -C 5. The eb   he e ce , he e   g c a c 

acc a . 

Wh e d g e e  f e c , I f d ha  b-MIC c ce a  f e c  

ca  be e ed b  e c  e e , h ch e e  he  f  e g he d a  a e. 

H e e ,   ca , h   d a  ce ,  c ce a  f a g c de ha  bee  

e ed. We ca  h  ab  a h he  ha  h  he e  e   e g 

echa  a d a ece   ce  e b a e b  h ch ce  ca  e e a b c e   ce  

e e .   

F a , I de e ed a c a ed c f d c e , h ch  ada ed   a b c  f  

d g  ea  e d g acc a  b  e e  ce . 
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Chapter IX: Material and methods 
 

Medium compositions 
 

LB: 1% ( / ) e, 0.5% ( / ) ea  e ac , 1% ( / ) NaC   

MOPS : 1.32 M K2HPO4, 9.52 M NH4C , 0.523 M MgC 2, 0.276 M K2SO4, 0.01 M 

FeSO4 7H2O, 5 M CaC 2, 50 M NaC , 40 M MOPS, 4 M T c e, 0.003 M 

(NH4)6(MO7)24 4H2O, 0.4 M H3BO3, 0.03 M C C 2(II) 6H2O, 0.01 M C SO4(II) 5H2O, 

0.08 M M C 2 4H2O, 0.01 M Z SO4 7H2O 

MOPS e e ed h 0.4 % ( / ) g c e (G)  h 0.2 % ( / ) g c e a d 0.2 % 

ca a  ac d (CAA). 

Strains used in this stud  
 

E   a   

MG1655: W d e a  

F-, a bda-, G-, fb-50, h-1 

MG1655  : BP- ( ) 

S g e a : 

MG1655 A 

MG1655 C 

MG1655 L 

MG1655 S 
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MIC measurement 
 

 The MIC  e e de e ed g a d c e a a . A  f a  e gh  c e f 

E.  MG1655  a  L a d S e e d ed  ed  c a g 2-f d e a  

d  f a b c  a  OD600  f 0.04. G h a  ea ed b  b d  a  each 

c ce a  f g 16 h f c ba  a  37 C. Mea e e  e e e f ed  200 L 

a e   a 96- e  c e  a e h a a e  d g a  I f eM200  (TECAN). 

F  Ne -C 5, ab ba ce a  ea ed a  400   500  ead f 600   e a  

C 5 e c a . 

Treatment of cells with CCCP 
 

E.  ce  MG1655 f  a  e gh  c e  MOPS e e ed h 0.4 % ( / ) 

g c e (MOPS-G) e e d ed  he a e ed . Ce  e e g  f  2 h a  37 C h 

 h  30 M CCCP bef e he add  f he a b c. The be  f e ce , a  he 

e f CCCP add , a  e a ed a  5 107 c -f g  e  e  (CFU/ L). 

Af e  a 4.5-h c ba  a  37 C h e c   Ne -C 5, ce  a  a  ea ed  

CFU/ L. The c ce a  f Ne -C 5 c   a  e a ed f  he ab ba ce a  

649  ea ed  10 M T -HC , H 7.5. 

Neo-C 5 uptake 
 

F  he d c e, MOPS e e ed h 0.4% g c e (MOPS-G) a  ed. F  

e e e  g g e-de e  a  f ge e  e A a d f hC MOPS c a ed 0.2% 

g c e a d 0.2 % f ca a  ac d . O e gh  c e  e e d ed  a  OD600 f 0.037 h 

f e h ed  a d g   he OD600 eached 0.2. Ce  (d ed   acc d g  he 
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e e e ) a  c ba ed h d ca ed c ce a  f Ne -C 5 (  C 5) d ed  Q 

a e . Ce  e e c ba ed  a hea  b c  a  37 C h  ha g.  

T  e e Ne -C 5  gh  b d  e a ed 2 e h d  e e ed: 

 F  e h d: a h g ce  b  f e g. Ce  e e f e ed  HAWP ed ce e 

e e  (MCE) e b a e  0.45 - e- e (Me c  M e) ed  a c - a e 

f a  M f d II (Sch e che  & Sch e ) a d a hed ( ca  3 e  e   a  

e ed he e) h MOPS-G e a ed a  37 C.  

Sec d e h d  b  ce f ga  f ce  a d he  cha g g he e a a  b  f e h 

ed a. Ce  e   he f e h ed a a  d e b  d ffe e  e h d  ch a  g ce  b  

e g  ha g h a be h de  a  a  a  f  1 . 

 I ed a e  af e , he ec  f he e b a e c a g ce  a  aced  a  

E e d f be c a g MOPS-G a d ce  e e ec e ed b  ge e  a d d  e g. 

Ce  e e ed a e  aced  1% aga e ad f  ag g b  f e ce ce c c , 

e - e  c c   a a ed b  FACS  ed  MOPS-G  LB a e f  CFU 

a  e . 

I  he d ca ed e e e  ce  e e c ba ed h 25 g/ L ch a he c  f  2 

 a  37 C  h fa c  a  30 M f  10  a  37 C   Ne -C 5 add . 

I  he e e e  h PI, ce  e e c ba ed h 30 M PI d ed  DMSO f  10 

 a  37 C bef e a a e .  

Fluorescence microscop  
 

F e ce ce age  e e a e  h a  EMCCD ca e a (Ph e c ) h gh a 63X 

TIRF b ec e (Ze , NA 1.43) ed  a  e ed Ze  A  Ob e e  Z1 c c e. 
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I age ac  a  d e h he Me a h f a e ac age (M ec a  De ce ). C 5 

a  a  e f ed g a 642-  a e  (0.002 W/c 2, R e  Sc e f c) a d a f e  

e  a  ed f  f e ce ce e c a  a d e  (Ch a Tech g ; ET 532/640  

La e  D a  Ba d; e c a  f e  530/20  a d 638/25 , d ch c  585/70  a d 650 

 ( g a ), a d e  f e  580/70  a d 700/100 ). Ne -C 5 a e a  ca  

b e ed h a  e ec - g ga  f 1  50 a d a  e e f 10  100 . I age 

a a e  e e e f ed g I ageJ. 

FACS anal sis 
 

T  ea e C 5 f e ce ce, ce  e e a a ed h a BD Acc TM C6 f  

c e e  (BD B c e ce ). E c a  a  e f ed h a 640-  d de a e  (14.7 W), 

a d e  a  de ec ed h gh a 675/25  ba d a  f e .  

PMF measurement   
 

Ce   d ffe e  ce  c e a d d ffe e  c ce a  e e c ba ed h 10 g/ L 

D BAC4-(3) d ed  a e   DMSO a  37 C f  2   da . The  ce  e e a a ed b  

FACS d ec . 

Strain construction  
 

  ( ) ge e de  c  f BP1 h   ( d  ded b  Ch he 

Be  ab) e ed  acZ ge e   E.  MG1655 b  c ga  f a d 

c a g BP- ( ) ge e ded b  ea  a d d ea  h g  eg  f  

acZ ge e. Af e  d c  f d b e h g  ec b a , c c ed c e  e e 

e ec ed a d e f ed b  PCR.    
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Single-deletion MG1655 strains 
 

E.  g e-de e  a  f  he Ke  c ec  143 e e a fe ed  he MG1655 

bac g d b  P1 a d c  a d a da ed b  PCR. Ka a c  e a ce a  he  e a ed 

b  he e e a d c d g f  F  ec b a e. 

Persister formation 
 

S a a  ha e ce   MOPS-G-CAA ed a e e c ba ed f  16h a  37 C  a 

ha e  c ba  he  ea ed b  e he  500 M f e c   5 g/ L f ac  f  6h a  37 C 

h ag a  a  220 . The  ce  e e ce f ga ed a d a hed  e  h MOPS 

h  a  ca b  ce  PBS. The  ce  e e a ed f  CFU a  e   c ba ed h 

Ne -C 5 a  0.4 M f  2  a d a hed b  ce f ga  f  e a  f he e ce  f Ne -

C 5 a d he  a a ed b  c c   FACS.  

Persister recover  assa  (persister pre-incubated media preparation) 
 

S a a  ha e ce   MOPS-G-CAA ed a e e g  f  16h a  37 C  a ha e  

c ba  he  ea ed b  e he  500 M f e c   5 g/ L f ac  f  6h a  37 C h 

ag a  a  220 . The  ce  e e ce f ga ed a d a hed ce h MOPS h  a  

ca b  ce.  

Ce  e e c ba ed  f e h MOPS ed a f  15  he  ce  e a a  e a a ed 

b  ce f ga  a d ca ed e e  e- c ba ed ed a. Ce   d ed e he  h he 

e e  e- c ba ed ed a  h f e h ed a a d e e  g h a  ea ed  a 96-

e  c e  a e h a a e  d g a  I f eM200  (TECAN) a  600 . 
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Microfluidic circuit coating 
 

Af e  b d g he PDMS a d c e  ge he   c e  a e af e  a a 

ea e  e e ea ed 2h h a  f PEG a e (600 MW) 2 M  e ha /H2O/ace c 

ac d 94.8/5/0.2 / / . The   a  a hed b  e ha  f ed b  Q a e  e e e .  
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Chapter XII Resum  en Fran ais  
 

Le  a g c de  f e  e fa e d'a b e  c  de c e  d f  a  

de  a e   c b e  e  b e  bac e . Q e e  e e e  de ce e fa e  a 

c e, a ge a c e e  a e c e. Le  a g c de    e  e e  

d ca e  h a e e  a ,    d  a  de  e  de fe e a  da  

e  bac e . E  1943, a e c e a  d c e e da  e ab a e de Se a  Wa a  

 a  d' e bac e d   : S   1. La e c e e  e  a c e  age  

de e  c e M  . De  e  a e  1940 '  a d'h , 

e  a g c de    da  e de e e , e  a  de e  g a de eff cac  e  de 

e  fa b e c  2. 

 L e e  a g c de  e e  a  b e ,  e be  a ec e d  c de 

g e  h be  a h e de  e , ce  e a e a  de  ce e . Le  

a g c de  'a e  e de  h b e  de a ca  3, 4 e  a g e e  a -

a ca  5, 6, . La a  de  a g c de  e e   a -  b a e 30S a  

ea  d' e b c e e e de 'h ce 44 (h44)  f e c a e e  e e de d c dage .  

 B e  e a d c e e de ce  a b e  e e   d'  de - c e,  e e de 

b e  fa   e ca e d'ac  de  a g c de   e e  c . Le  

a g c de  d e  e a   a e  a e b a e c a e  a e d e e  

c b e, e  b e . 

 L'acc a  d'a g c de  da  e c a e d e d de a f ce ce de  

 (PMF) da  e  ce e . I  e  gg  e 'acc a  d'a g c de  a  e  
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bac e  e d e a  da  de  c d  a b e  e d  e   a e  cce e   

(f g e 1). 

  Da   e e  e , e  d ca e  e e a e  a  e  a e    a 

e b a e e e e de a e a a e e  e b e. I  a ga e e    e da  e  

bac e  G a - ga e , e  accha de  (LPS) e ag e  d ec e e  a ec e  

a g c de  ca e , ce  fa e a  e  ab  10. A a a a ,  

ca e d'ab  a -   e  a g c de  a  fa  e  e e  

d'h h e  '  ca e a  e  e  11, 12, ce e da , e de ce e a 

 e a - a  de ce e  a a  e e e   fa b e de a e C de a 

e b a e e e e ( C)   a e   a a a c e 13. Da  ce ca e, 

'a b e e ag  a ec a a  ce a e e e e e  ce e e ac  a g e e a 

e ab  de ce e a  ce a e  'a b e. Ce e a e e a  e de de  ha e  

e b e  d e da e  d' e g e, a e e  ha e  d e da e  d' e g e I e  II (EDPI e  

EDPII, e ec e e ). 

 Da  'EDPI, 'a b e e da  e c a e e  a e  e  b e , ce  

e a e  a a  d c dage d  c de g e e  a d c  de e  a  e e . 

L'EDPI d e d d  ea  d' e g e ce a e. O  a ga e e  b e  e e a  e e e a  

de c a ce de  bac e  a a  'a  de 'a b e e  e ea  d acc a  14. Le  

ce e  bac e e  e  ha e e e e e e  a e   e b e   'a g c de e  

a  d  ea  de PMF  e . A  c a e, e  a  de ce e  e  ha e 

a a e   e b e  a  a g c de . L'EDPI c e d  'e e de 

'a g c de da  e c a e. L'EDPI e  e b e a  de  h b e  d  a  

d' ec  e  e e c a e de ca b e -ch h h d a e (CCCP). Ce e da , e 
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ca e a  e e  e  a g c de  a e e  e  e b a e  e  e e  da  e 

c a e e  c   ce  (F g e 1). 

 La e a e e  a ha e II d e da e de ' e g e (EDPII), a  c  de a e e 

'a b e e da  e c a e e   g a de a  e  a  de  d age  ca  

 a e b a e a  'EDPI.  Ce e a e d'ab  de  a g c de  e e ga e e  f e. 

E e ce e e h e de  e  d c de ' e g e e  de e c e de d ff  

15. La ha e EDPII ce e de  b e  e b e  a  a g c de , e  e  h b e  de a 

h e de  e  e  e e ch a h c  e e  ab  EDPII 16.  

O  e '  d c dage d  c de g e e b  a  e  a g c de    

e  da  e c a e e da  'EDPI d  de  e  a  e e . Le  e  a  

ad e   e da ce  e a  e e  e   e e  de  g  h d h be   e ag e  

a ec e  e b a e   e e   d'a e  c a  ce a e , ce  ab   e 

e ab a  de a e b a e 1  (F g e 1). 
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Figure 1. M canisme propos  d'absorption et d'action des aminogl cosides che  les bact ries Gram-

n gatives. Da   e e  e , 'a g c de ( e e  a  de  a g e  e ) e da  

'e ace a e a  a e de  e  e  a  e e a  e e  e f a   de  che  

a e  e  a  d ab a  d  LPS. La de e a e de 'ab  e  'EDPI, a  c  de 

a e e 'a b e e da  e c a e a  e e c e. Ce e a e d e d d  ea  

d' e g e bac e e (PMF)  e  d  a  a cha e d' ec  e da  a e b a e e e. U e 

f  e 'a b e e da  e c a e,  e e a  b e, ce  e a e a h e de 

e  a  c d e . I  e  gg  e ce  e  a  c d e  e  a  e e  e be  ' g  de a 

e b a e, ce  c d   a de e a e de 'acc a  d'a b e  (EDPII),  a  a 

d ff  d'a b e  e   g a de c ce a  da  e c a e, ce  e a e a  

ce a e. 

E  ce  c ce e ' e ac  de  a g c de  a ec e  bac e , bea c  de 

ch e  e e  f e . Pa  e e e,  e a  a  c e  e  a b e  

a g c de  a e e  a e b a e c a e  a e d e e  c b e. Le  

a e  e e  de  a g c de  da  a e b a e ce a e e e   de f e . 

L' chec de 'a b h a e e  '  de  c a  b e   e ace  e de 

e e  e  a c he  d  ca e d'ac  e ac  de  a b e  e   a e e   

 a a e   ce b e. O e e b e de  ca  a  a a ce a  a b e , 

e  ca  d' fec  a  de  bac e   a e , e  bac e  e a e  e  a e  e e  

ga e e  cha e  a  a e e  a b e, ce  d e 'eff cac  de a h a e 

a b e.  

P   de c a , 'a  e  c  e b e de c  de  ce e  bac e e  

a e , a e  e  e a e  a  a b e . 

Cellule r sistante au  antibiotiques : ce e  e e a e e  a b e e  

da   g e de a ce (c e e e d'eff ). Le  bac e  a e  e 



155 
 

d e e  e  e ce de c ce a  d'a b e   a e  a c a ce de  bac e  

e b e . (F g e 2) 

Cellule tol rante au  antibiotiques : ce e   a  a e e  a b e e   

e e a  ' a  de 'a b e. La a ce e   e e  d c  e a  

h g e e  e  fac e  e e  e g e   e e e a . Le  fac e  de a ce 

a de  a a  ce a e  e a  a e e  a b e,  e  e   e  

bac e  e b e  a  a b e  (f g e 2). 

Cellule persistante au  antibiotiques : ce e  e  a b e bac c de da  

e a  de ce e  e b e . A  a e e  d' e a  e b e, e  c be  de 

a  b ha e b e e  d e  a e ce de de  - a  : e e e 

c e de ce e    e  a de e  ( a a ) e  e ec de c e da  a  

ce e  e a e   e    e    h e bea c   e  (f g e 2). 

 A  a  a  'a b h a e c e e fec  ca e a  e bac e e b e, 

e  ce e  e a e  e  de e  a  de d a ce e  e  e ech e de ' fec . 

La c he  d  ca e de a e a ce e  e g a de a ce ca  e e  

e e a de e  a   acc e 'eff cac  de 'ac e e a b h a e. 
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Figure 2. Comparaison de la r sistance, de la tol rance et de la persistance au  antibiotiques et de la 
r ponse des populations de cellules bact riennes au  antibiotiques bact ricides. Da  a a  

bac e e a  a ce (e  ha ), e  bac e  e b e  (e  g )  a de e  e  a  e 

a e e  a b e. Da  a - a   e a ce (e  e ), e e  e  a  a e e  

a b e e  e e  g e  e a  e b e a  a b e . Le  bac e  a e  (e  

a ge)  e   e e e  a  e a e e  a b e e  e  bac e  a e  (b e ) e   

'a b e. 

L' b ec f de ce e  de d c a  e  de c e  de ea    d e  ' e ac  

de  a g c de  a ec e  bac e . Da  e ab a e,  g  de a c e 

a e a   f h e, a c a e 5 (Ne -C 5). L' b ec f c a  de  e  de h e 

a  d'ab d d' d e  e  de ca ac e  c e e  ce c g  a b e e  d' d e   

e  f de  ' e ac  de ce  a b e a ec e  ce e  bac e e  a  ea  de a 

ce e e. Je a  a e  ce e h d g e  d e  'acc a  

d'a g c de  da  e  ce e  e b e   c a ce a de  da  de  bac e  
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a e , a  e da  e  ce e    a e e  a e  a  a b e  : e  

bac e  e a e . 

Da  de c de e  de   e  a g c de ,  e e  ea  d'ab  

de  a g c de  da  e  ce e  bac e e , 'a g c de a  a  a ec e 

c a  Te a  Red. Ce e da , e Te a  Red e da  e  ce e  e a  e 

a g c de   f . L'  de  a a age  de a Ne -C 5 e  e e C 5 ' e ag  a  

a ec e  ce e  bac e e . I  e  a  b e de e 'a b e a  c c e de 

f e ce ce e  de d f  e  ch a  d'acc a  de 'a b e. U  a e a a age d  C 5 

e  '  c e   a c c e de f e ce ce e  e - . 

N  a  d'ab d f   e Ne -C 5 c e a  e   bac c de . N  

a  e  a c ce a  a e h b ce (CMI) de e c g . J'a   e 

'a b e a  e  bac c de  e c ce a  g e e  e e  ce e de 

'a b e  a . (Tab ea  1) 

Tableau 1 : Comparaison de la CMI de la n om cine et de conjugu s de la n om cine dans 

diff rents milieu . 

N  a   ce  c g   e ' e ac  de 'a g c de a  ea  

de a ce e e a  c c e  f e ce ce. N  a  c b  a c c e  

f e ce ce e  'a a e a   ce a e ac  a  f e ce ce (FACS)  e e  
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'acc a  de  a g c de  da  e  ce e   d ff e  e  af  de a  a 

c e de a a  de  a b e . 

Af  de f e   a Ne -C 5 e da  e  ce e  de a e a e de fa  

d e da e de ' e g e c e a c e, 'a    a e e  a  c a e de ca b e 

-ch h h d a e (CCCP). Le CCCP e   h b e  ch e de a h h a  

da e. Le a  e e e CCCP h be 'ac  bac c de de a Ne -C 5 a  

h b  de 'acc a  de a b e (f g e 3).  

Figure 3 L'activit  de Neo-C 5 est d pendante de la PMF. S e de  ce e  E.  MG1655 a   

a e e  de 4,5 he e  a ec 1 M de c e  48 M de Ne -C 5 a ec e  a  30 M CCCP 

( c ba  de 2 he e  a a  'a  de 'a b e). Le  a e  d e   de  a e  e a e   a 

c e   a e. Le  ba e  d'e e  (e e  a da d de a e e) e    ca c e   a  

de  e e ce  d e da e . De  d ff e ce  g f ca e , ca c e  a  e e  de Ma -Wh e , 

 d e  (****P < 0,0001). 

E e,  a  b e  'acc a  d'a b e  a  da  de  bac e   

c a ce a de a  c c e  f e ce ce e  a a e FACS. Se   e e ce  e  

c c e  f e ce ce a ec d ff e  e  d' c ba  a ec 'a b e,   a de  

ha e  d'acc a  d  d ca e  da  e  ce e . Da  a e e a e,   a e 
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acc a  h e,  c e d  e f a  c f e  a e b a e ce a e. 

E e, a  20 e  d' c ba  a ec a Ne -C 5,   a e acc a  c a e 

da  a e e 'a b e e e da  e c a e. Se  ' de de  e  de a age a  

c c e, de fa b e  ea  d'acc a  c a e   a  e  ce e  e  '  

a  ca  a  ce a e. (F g e 5) 

 

 

 

 

 

 

 

Figure 4. Cin tique de l'accumulation de la Neo-C 5 dans les cellules d'E. c i  croissance rapide. 

Le  ce e   c a ce a de (DO : 0,02)   c b e   37 C a ec de a Ne -C 5 (32 M).  

cha e  de a c e, e  ce e    a e    f e  b e e  d ec e e    b c 

d'aga e c e a  d  MOPS-G  a a e. La c e d  ha  c e  de  age  e  cha  c a . 

Da  a c e d  e   aff ch e  e  age  TIRF  e C 5 (ga  10, e  d'e  10 

),  e  4 e e   e e  e c a e a  a   e e e e e e a  

e e (ga  10, e  d'e  10 ), c e d  ba . 
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Da  ce e e e e ce (e  e e ),  cha e  de e , 'a  ac  e  

ce e   de  g e  LB  MOPS-G e  'a  c  e  CFU da   e  de e (f g e 5). 

Ce a  a  e da  e  40 e e  e  d' c ba , e 'a b e ' a  

a  d ec  da  ' age e TIRF  ' e  d  c a e, a CFU e d a  a . 

Ce e da , a  ce e de, e 'acc a  c a e de 'a b e e  

de e e b e, e b e de ce e  a e  a d . De , e  'a a e FACS a ec 

 h b e  de 'EDPI e  de 'EDPII,  b e  e ce a c e d a  ch a 

d'acc a  e  a  b e  a  c c e  f e ce ce e  c age de a CFU. 

N  a  ga e e   'a ec ce e ech e,   d g e  d ff e e  a e  

d'acc a  de  a g c de . 

Figure 5 Courbe de mortalit  de la Neo-C 5. Le  ce e  de E.    a e  a ec a Ne -C 5 

(32 M)  37 C e   cha e  e  ce e    a e    f e e  d e  e  de  a e , e 

a e d e e  e e  a e  de  b e  LB  MOPS-G  e c age de  CFU. La ec de 

a e a  e  a c c e. S e de ' e  de a f e ce ce C 5 da  cha e 

bac e e e a  e g c e  I ageJ. 

A  a  d  e  d ff e e  a e  de 'acc a  de  a b e  da  e  

ce e  a age  e b e   c a ce a de, ' b ec f a  de e e  a Ne -C 5  de  
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che  a e   a e  a  a g c de  e  de     b e  de  

f a   e ca e de a ce. J'a  d  e  d e  d'acc a  de a Ne -

C 5 che  e  a  e   a  A e  C a  e FACS e  c c e  

f e ce ce. C a e e  a  de  c de e , e 'a  a   de d ff e ce e e e  

ea  d'acc a  d'a g c de a  che  ce  a  e   a   ce e 

c c  e che  ce  a , e a   e e 'e  a  d e  e acc a   

a e d'a b e. 

J'a  ga e e  d  'acc a  de a Ne -C 5 che  e  bac e  e a e . Pa  

c c e  f e ce ce,  a   e e  ce e  e a e   e acc a  

h e d'a g c de. U e de e a e da  'a ca  de e h de 

c e a   d e  'ab  de  a g c de  a  e  ce e  e a e . L' b ec f a  

ga e e  d' d e  ' e ac  de a Ne -C 5 a ec e  ce e  bac e e  da  de  c d  

de e   e e e   e a  c e, c e e  bac e  e a e ,  e f e  da  

e  ac hage  e  da  e  b f . Ce e da , e 'a  a   e e  ce  b ec f f a  e  

a  de  a  e a  e 'a  b e   d  ce  d'a e e  d  c e,  a 

c d   e  da  e e e d ec .  

 A  c  de  a e  d'a e e  d  c e,  a  d c e  e e  

a g c de  e e  e e  da  e c a e a  e de a ca e a  e  de 

'ac a  de  ca a  ca e b e  (MS). A  e e a a  de  ce e  bac e e  

 'a a e FACS, 'a  e a  e a a a  h e de  ce e  bac e e , e e 

e a ce f ga  e d'  e age  'ag a  de  ce e , e  e ca e de 

ca e a  e  d'ac a  de  ca a  ca e b e . 
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I  a   e e  ca a  ca e b e  e   e a e  da  'ada a  a  

e  e. Le e c a  de ce  ca a  e  d' b e  a e  e de  

ce e   d'  ch c h - e. Ce  e  d f e  e  c f a , a a  d'  a  

fe    a  e . Ce  cha ge e   de 6  30 A  de d a e  e  ca a  

ca e b e  de g a de c d c a ce (M cL) 1  e  e  ∼6 A   e  ca a  

ca e b e  de e e c d c a ce (M cS) 1 . (F g e 6) 

Figure 6. Structure et changement de conformation du canal MscL 1 . S c e de M cL de 

M  . Ce ca a  e  c  de 5 e . Cha e e (  ga che) e  

c  de de  d a e  a - e b a a e  h c da   a e  TM1 e  TM2, de g  

c a e  N- e a e  (S) e  C- e a e  e  d'  d a e ce a  e  b c e a e  

e e TM1  TM2. Le  c  d a e  TM1 f e   fa cea  h d h be  e   c e a 

e d  e (  d e).  

I  a d   d  e ce  ca a   e aff  a ec  a g c de, a 

e c e, e  c'e  c  a e e f  e  a  b e  e a a a  

ca e de  ce e  c d   ' e e d  ca a  ca e b e a  e 

acc a  c a e a e. Ce a  b e a   a e e   e  

c e d e e ca e d'e e de  a g c de  da  e c a e. P  e  ce fa , 

 a  e  e a   e g e L e  ab e  e   a  b e  e 'a b e 
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e e da  e c a e de bea c   de ce e   e a  e  e  ce e  de 

e a age (F g e 7). 

Figure 7. cL pr sente un pourcentage plus faible de cellules avec accumulation c toplasmique 
de Neo-C 5 par rapport au  cellules de t pe sauvage (WT). Le  ce e  e  ha e de c a ce 

e e e e   d e  10 f  e  c b e  a ec e c ce a  -CMI de Ne -C 5 e da  2 

e   37 C. Le  ce e    ce f g e , a e  a ec d  MOPS-G  d  MOPS-G a ec de a 

Ne -C 5   a e . E e, e  ce e , a  e e agea  de  ce e  a e  a ec MOPS-G, 

  a a e  a  FACS.  

La a  de ce  ca a  c d   e e acc a  c a e de Ne -

C 5. I  c e  de e e  e ce  a a    c a e  e  f e e  e  

da  a a a  de  ce e  e  c b g e. J'a  d c ab  e h de  a e  a 

a a  de  ce e  a  d c e che  e  ca a  ca e b e  e  d e  'effe  de  a  

 ce  ca a   'acc a  de Ne -C 5. (F g e 6) 

 G ce  e h d g e,  d  d'   a    e e  de 

d e e  e  ch a  d'acc a  de  a g c de . A a  ce e de,  a  e e e  

b e de c a e e  ea  d'acc a  e   e  " a e " c e da . N  

a  a  a h de  d e  'acc a  d'a g c de  che  de  a  d'E. 

,    a  a  a g c de , e  a  d f  e  d e d'acc a . 



164 
 

 A ec   a  e  e a Ne -C 5, e a  a e    e  c b e  a 

c f d e e  a c c e  f e ce ce  ca e  'acc a  d'a g c de  

da  e  ce e   c a ce a de e  e  ce e  e a e  e  age e e  e  e . J a  

 a e a    e c f d e  e  face    a e  af  d e che  

a f a   c f e de a b e f e ce . Ce e ada    a b e , 

e e a d d e  e  e  e  'acc a  de d ca e  a  e  ce e  e a e . 
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