Emergence of robust growth laws from optimal
regulation of ribosome synthesis
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R: Ribosome and
ribosome-affiliated
Q: Fixed
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Proteome partition
constraint

P+ b= 9™
(f"=1- d’q]

P: Metabolic proteins
(including catabolic and anabolic enzymes)

€ The growth rate dependence of the ribosome and
metabolic proteins are constrained by the partitioning

€ Q:a growth rate-independent fraction
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1 :protein translation rate

v :nutritional efficiency



Negative feedback
regulation

» | Keeping the steady state

Controlling protein
A synthesis

Supply-driven
activation

Positive feedback
regulation



Protein synthesis

dM :
ar M

[ A :the growth rate ] [ M:the total protein mass ]
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—r = MM = kNR. ‘
‘NA :number of active
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Amino acid flux
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Growth rate maximization

Rate of amino acid supply
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Amino acid flux balance and growth rate maximization



Control of ribosome synthesis

via) X {a) dMpy, A : in
A | —r = O[N] = e (@) [k(Nr — Ng™)]
a (i)
4 ofe
#, .’l #y -
Mutrient environment * Nﬂlm.a: i * 9
Catabolism & transport Protein synthesis Protein mass
E — : E —— o Gl - o %[ min
Armn;?c:ldumnantr?tmﬂ#ﬂw - .ﬁ.rmt':-l::umd uumamtrlatlﬂﬂ[mh!] - "*"[bﬂ — f:}‘l{ﬂ ][I‘r{(bﬂ — Qg }:I
0.6 T T 0.6 T T T
_ost Losf
< <
. -
g 0.4 E 0.4
&= <
.g . % EY
& G
E 02 f % 0.2 [
! K F - ! Medium v, i "
£ 01 _,lf'! J: T O1E Smally, ¢'H S .I":H. {ﬂ }
n I ‘:‘ M L L L - . n i i = i i i
105 10 02 102 10+ 103 10 o

Amino acid mass frection, o (wg aafug total probein) Amino acid mass fraction, a” (g asfug total protein)



Conclusion

Ribosome synthesizing
Inactive ribosome fraction fraction

Active ribosome

Biomass
growth

Metabolic protein
fraction
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