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Positive feedback systems 

(A) Establishment of polarity in budding yeast. (B) Mammalian calcium signal 
transduction. (C) Xenopus oocyte maturation. (D) Erythroid cell differentiation. 

Kuhn, 1994; Ratushny et al., 2000; Brandman et al., 2005 
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Positive feedback systems 
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In positive feedback systems, input signals trigger a chain of signaling or 
regulatory events, which loop back and amplify the system response. 



Positive vs. negative feedback systems 

Alon, 2007 



Positive feedback system characteristics 

ÅPositive feedback is one of the main causes of instability in dynamical 
systems. 
 

 

ÅPositive feedback amplifies changes in state and is the force behind 
population explosions. 
 

 

ÅPositive feedback can also create unstable breakpoints or thresholds in 

dynamical systems. 

classes.entom.wsu.edu/529/  



Asymmetry in positive feedback systems 

Symmetric feedback loop 

Asymmetric feedback loop 

ASymmetric Self-UpREgulation (ASSURE) network motif 



Symmetric feedback loop Asymmetric feedback loop 

Possible evolution of positive feedback systems 
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Fatty acid response and peroxisome biogenesis in S. cerevisiae  
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Smith et al., 2007 
Ratushny et al., 2008 
Saleem et al., 2010 
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Benayoun et al., 1998 
Hettmer and Wagers, 2010 
Zhang, K., et al. 2010 
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Rosen and MacDougald, 2006 
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Adipocyte differentiation 



Examples of regulatory networks with the ASSURE motif 
System Asymmetric positive feedback 
Fatty-acid-response and peroxisome 
biogenesis in budding yeast 

Fatty-ŀŎƛŘ Ҍ hŀŦмǇ Ҧ hŀŦмǇϝ 
hŀŦмǇϝ Ҍ tƛǇнǇ Ҧ ƘŜǘŜǊƻŘƛƳŜǊ Ҧ upregulation of PIP2 gene 

Adipocyte differentiation Agonist + tt!wʴҦ tt!wʴ* 
tt!wʴϝ Ҍ w·wʰ Ҧ ƘŜǘŜǊƻŘƛƳŜǊ Ҧ upregulation of tt!wʴ gene 

Cholesterol homeostasis in human 
macrophages 

!Ǝƻƴƛǎǘ Ҍ [·wʰ Ҧ [·wʰϝ 
[·wʰϝ Ҍ w·wʰ Ҧ ƘŜǘŜǊƻŘƛƳŜǊ Ҧ upregulation ƻŦ [·wʰ ƎŜƴŜ 

Early development and differentiation 
(human) 

!Ǝƻƴƛǎǘ Ҍ w!wʲ Ҧ w!wʲϝ 
w!wϝ Ҍ w·w Ҧ ƘŜǘŜǊƻŘƛƳŜǊ Ҧ upregulation of RAR gene 

Early development and differentiation (mice) !Ǝƻƴƛǎǘ Ҍ w!w Ҧ w!wϝ 
w!wϝ Ҍ w·w Ҧ ƘŜǘŜǊƻŘƛƳŜǊ Ҧ ǳǇǊŜƎǳƭŀǘƛƻƴ ƻŦ w!w ƎŜƴŜ 

Early development and differentiation 
(zebrafish) 

!Ǝƻƴƛǎǘ Ҍ w!w Ҧ w!wϝ 
w!wϝ Ҍ w·w Ҧ ƘŜǘŜǊƻŘƛƳŜǊ Ҧ ǳǇǊŜƎǳƭŀǘƛƻƴ ƻŦ w!w ƎŜƴŜ 

Cellular antiviral defense {ƛƎƴŀƭκǾƛǊǳǎ Ҍ LwCо Ҧ LwCоϝ 
{ƛƎƴŀƭκǾƛǊǳǎ Ҍ LwCт Ҧ LwCтϝ 
LwCоϝ Ҍ LwCтϝ Ҧ ƘŜǘŜǊƻŘƛƳŜǊ Ҧ upregulation ƻŦ LCbʲ ƎŜƴŜ Ҧ LCbʲ Ҧ {¢!¢мΣ {¢!¢н ŀƴŘ LwCф Ҧ 
upregulation of IRF7 gene 

Myogenesis Signal + MyoD Ҧ MyoD* 
MyoDϝ Ҍ 9мн Ҧ ƘŜǘŜǊƻŘƛƳŜǊ Ҧ upregulation of MyoD gene 

Control of the synaptic plasticity in Drosophila Signal + Fos Ҧ Fos* 
{ƛƎƴŀƭ Ҍ Wǳƴ Ҧ Wǳƴϝ 
Fosϝ Ҍ Wǳƴϝ Ҧ ƘŜǘŜǊƻŘƛƳŜǊ Ҧ upregulation of CREB gene 
/w9. Ҧ upregulation of CREB and Fos genes 

Filamentous growth regulation in yeast {ƛƎƴŀƭ όƭƻǿ ƴƛǘǊƻƎŜƴΣ ōǳǘŀƴƻƭΣ ŜǘŎΦύ Ҍ ¢ŜŎм Ҧ ¢ŜŎмϝ 
{ƛƎƴŀƭ Ҍ {ǘŜмн Ҧ {ǘŜмнϝ 
¢ŜŎмϝ Ҍ {ǘŜмнϝ Ҧ ǳǇǊŜƎǳƭŀǘƛƻƴ ƻŦ ¢9/м ƎŜƴŜ όŀƴŘ ŦƛƭŀƳŜƴǘƻǳǎ ƎŜƴŜǎύ 

Cell proliferation and growth (Myc system) Myc --| miRNA-22 --μ a¸/.t Ҧ aȅŎҌa!· Ҧ ǳǇǊŜƎǳƭŀǘƛƻƴ ƻŦ ǘŀǊƎŜǘ ƎŜƴŜǎ 

Antioxidant response (HepG2 cells) wh{ Ҧ Y9!tм-bǊŦн Ҧ bǊŦн Ҧ bǊŦн-ǎƳŀƭƭ aŀŦ Ҧ ǳǇǊŜƎǳƭŀǘƛƻƴ ƻŦ Ǉсн ŜȄǇǊŜǎǎƛƻƴ Ҧ Ǉсн ƭŜǾŜƭ Ҧ 
upregulation of Nrf2 expression 

Response to xenobiotics: reduction of arsenic-
induced cytotoxicity (HeLa cells) 

ƛ!ǎLLLҦ bǊŦн ŀŎǘƛǾŀǘƛƻƴ όY9!tм-bǊŦн Ҧ bǊŦнύ Ҧ bǊŦн-ǎƳŀƭƭ aŀŦ Ҧ ¦ǇǊŜƎǳƭŀǘƛƻƴ ƻŦ Ih-1 expression 
Ҧ Ih-м ƭŜǾŜƭ Ҧ ¦ǇǊŜƎǳƭŀǘƛƻƴ ƻŦ bǊŦн ŜȄǇǊŜǎǎƛƻƴ 

White-opaque phenotypic switching in 
Candida albicans 

{ƛƎƴŀƭ όƭƻǎǎ ƻŦ ǘƘŜ ƳŀǘƛƴƎ ǘȅǇŜ ƭƻŎǳǎ ƘŜǘŜǊƻȊȅƎƻǎƛǘȅύ Ҧ ²ƻǊмΤ ²ƻǊм Ҍ aŎƳм Ҧ ǳǇǊŜƎǳƭŀǘƛƻƴ ƻŦ 
WOR1 and other target genes (induction of the white-opaque phenotypic switching) 

Cell cycle (G1 -> S phase transition) and tumor 
suppression control 

9нCм Ҍ 5tм Ҧ 9нCм-DP1 
E2F1-DP1 + pRB Ҧ Ǉw.-E2F1-DP1 
DǊƻǿǘƘ ǎǘƛƳǳƭŀǘƻǊȅ ǎƛƎƴŀƭǎ Ҧ Ǉw.-E2F1-5tм Ҧ 9нCм-DP1 + pRB Ҧ upregulation of E2F1 gene  



What are predominant features that may be responsible 
for evolutionary advantages of the ASSURE network motif 
and its consequent widespread use in biology? 
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Mathematical models 

P1
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P
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where 

Ratushny et al., 2012 



Equivalence condition for the ASSURE I&II responses 

Time (h) 

Signal>>P1 and/or Ksp ­ 0 
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=

Ksp = 1.65×10-8 M for Oaf1/oleate 
 

Ksp = 1.33×10-7 M for tt!wʴ/nitrolinoleic acid 
 

Ksp = 1.33×10-7 M for [·wʰ ŀƴŘ 22(R)-hydroxychol 

typical physiological conditions  

Ratushny et al., 2012 



ASSURE precisely controls the response level 

Time (h) Signal>>P1 and/or Ksp ­ 0 

Signal

P1

P1
* P2

Heterodimer

Targets

ASSURE I

Ksp

Kd

Signal

P

P*

Homodimer

Targets

Symmetric positive

feedback (SPF)

Ksp

Kd

Ratushny et al., 2012 



ASSURE is robust to parameter changes 

Signal>>P1 and/or Ksp ­ 0 
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low Kd =10-5 a.u. and high Kd =1 a.u. 

Ratushny et al., 2012 


