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• Ubiquitous bacterial signalling mechanism required for survival 
under  nutrient -limiting  cond it ions

What is the stringent response?

• Cont ro lle d  b y e nzym e s  o f t he  RelA/ SpoT homolog (RSH) 
superfamily

• Charac t e rise d  b y rapid synthesis  o f t he  a la rm one s  (p p )p Gp p
⚬ p Gp p , p p Gp p , and  p p p Gp p



Why care about the stringent 
response and AMR?

• Big picture:
⚬ Clin ica l resistance  t o  an t ib io t ics  is  e m e rging
⚬ Characterisation  o f t he  p a t hway m ay he lp  wit h  e ve n t ua l 

t re a t m e n t

• More  im p ort an t ly:
⚬ Huge  gap  in  knowle d ge !
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All essential 
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Likely not possible

∆relC ∆relQ

∆relA

∆relCQ

∆relCQA

∆relCA ∆relQA
Not  p oss ib le  if  RelC is  
a  funct iona l (p p )p Gp p  
syn t he t ase

is  SR null∆relCQA
• Has  no  (p p )p Gp p
• Has  no  s t ringe n t  re sp onse



Amino acid starvation activates RelA

Nutrient replete conditions 
• Charged tRNA 

• RelA in ‘closed’ conformation, synthesis OFF
• Amino acid transferred to peptide chain

Ribosome



Amino acid starvation
• Uncharged tRNA 
• RelA CTD interacts with 

tRNA and ribosome
• RelA ‘Open’ conformation, 

(pp)pGpp synthesis ON

Amino acid starvation activates RelA

Nutrient replete conditions 
• Charged tRNA 

• RelA in ‘closed’ conformation, synthesis OFF
• Amino acid transferred to peptide chain

Ribosome



WT complete  

WT minimal

∆relCQA complete

∆relCQA minimal

Growth

• Minimal media:  11 essential amino acids at lowest concentration 
for growth

• ∆relCQA m ut an t s  d isp lay a  
~15hr lag in  complete media 
com p are d  t o  WT in  
complete media

• Minimal media  cause s  a  
survivab le  growt h  d e fe c t  
in  WT

• ∆relCQA m ut an t s  canno t  
grow in  minimal media

Karasawa et al.,  19 9 5, Microb io logy

5 10 15 200

0

0 .2

0 .4

0 .6

0 .8

Elapsed Hours

O
D

60
0

All m y e xp e rim e n t s  a re  p e rfo rm e d  in  t he   
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• ∆relCQA  displays  delayed  and overall 
lower  sporulation

Sporulation

• Stringent response activation causes 
rapid decrease  of cellular GTP pool
⚬ Cod Y d e re p re ss ion  → sp oru la t ion  
⚬ Shown  in  B. subtilis  



(UK Health Security 
Age ncy)

• Case s  a re  ris ing rap id ly in  t he  UK
⚬ 33% increase  from  20 20  t o  20 24

• Vancomycin  is  firs t  line  an t ib io t ic
⚬ 20 -30 % of case s  re cur 

• Ant ib io t ic  p e rs is t ance
⚬ Ab ilit y fo r a  subpopulation  o f b ac t e ria  t o  survive  t h rough  

an t ib io t ic  t re a t m e n t , wit h  no change  in  MIC

Antibiotic persistance



• CQA takes slightly longer to halt growth
⚬ But  ove ra ll q u it e  similar

• St ra in s  grow norm ally fo r ~1hr p os t  vancom ycin  t re a t m e n t , t he n  lyse

∆relCQA No Vanc

∆relCQA 8ug/ml  Vanc

∆relCQA 64ug/ml  Vanc

WT No Vanc 

WT 8ug/ml  Vanc

WT 64ug/ml  Vanc
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Response to vancomycin
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