Growth-rate dependence of gene expression
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=> follow the growth dependence of each parameter
=> unravel the ‘conspiracy’ of global control to ensure Y ;[P;] = const.
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mRNA turnover (5;)
d
7z [MRi] = ailgi] = &i[mRy]
d
7 [Pl = milmRi] — A [Pi]
+ stop initiation of transcription at ‘t = 0’ (rifampicin)
* measure mMRNA abundance for t > 0 (RNA-seq)
 fit to delayed exponential decay:
[mR;1(t) = [mR;](0) - e~0r(t=tod)
* note that only relative abundance required
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mRNA turnover (§;) weakly dependent on gene and condition

> 5, ~8=Y,6; ~0.5/min
= GR-dependence of total MRNA abundance
d .
- [P;] = n;[mR;] — 2 [P;] must come from mRNA synthesis («;)
» stop initiation of transcription at ‘t = 0’ (rifampicin)
» measure mMRNA abundance for t > 0 (RNA-seq)
« fit to exponential decay:
[mR;](t) = [mR;](0) - e~
* note that only relative abundance required

d
E[mRi] = a;[gi] — 6i[mR;]
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MRNA turnover (6;) 2 B
Z
d Z o1l
7z [MRi] = ailgi] = &i[mRy] E
d o
7 [Pil = milmRi] = A [P] 005
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detour: 0
+ huge burstiness typical: 7;/5; ~ 20 10" 10 10" 10?2 10°

+ post-tsx regulation burstiness 7;/6;

(change in mMRNA turnover: signature of sSRNA and protein regulation)
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mRNA turnover (§;) Weakly dependent on gene and condition

-> Si = (ST = Zi 61'1!)1' = 05/mlTl
= GR-dependence of total mMRNA abundance
di[pi] = n;[mR;] — A [P] must come from mRNA synthesis («a;)

t

d
a[mRi] = a;[gi] — 6i[mR;]

» stop initiation of transcription at ‘t = 0’ (rifampicin)
* measure mMRNA abundance for t > 0 (RNA-seq)
« fit to exponential decay:
[mR;](t) = [mR;](0) - e~
* note that only relative abundance required
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focus on mMRNA synthesis («;):

d steady-state: a;[g;] = 8;[mR;]

7 [mRil = ailgi] = &i[mRy]
d

E[Pi] = mlmRil = 2[R Jmr = Ziailgd = & [mR]

total MRNA synthesis flux:

constancy of §: change in [mR] from J,,.»
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=> total MRNA synthesis flux tuned to match the translational capacity
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focus on MRNA synthesis («;):

d

o —[mR;] = a;[gi] — 8;[mR;]
d

TS [P] = ni[mR;] — A [P{]

model of transcriptional regulation:
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r = X; a;lgi] = [RNAP"] ¥;lg:] R;

steady-state: «;[g;] = 6;[mR;]
total mMRNA synthesis flux:
Jmr = Xiai[g:] = 8 - [mR]
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to match tsx output with tsl capacity
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=>» Rsd expression significantly affects
the rate of total mMRNA synthesis
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=>» Rsd titrates the pool of available RNAP

=> Arsd strain exhibits growth defect
in proportion to its expression level in WT
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focus on mMRNA synthesis («;):

d
E[mRi] = a;[gi] — 6i[mR;]
d

dt

[P] = ni[mR;] — A [P{]

steady-state: «;[g;] = &;[mR;]

Summary

cilgi] = RYAP 1[giI %, = S pilipkT
> Y < gi] - R
> ¢~ gl R
2> [P] e« [gi] - R
i.e., protein conc set “directly”
by transcriptional regulation

(weighted by gene copy #)
independent of growth changes

constitutive expression (®;=const)
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focus on mMRNA synthesis («;):
d
7 [mRil = ailgi] = &i[mRy]

d
TS [P] = ni[mR;] — A [P{]

steady-state: «;[g;] = 6;[mR;]
Summary
cilgil = [RYAP1[gdR: = & il
2> Y« [g]- R
> =P x[g]- R
2> [P] « [gi] - R
i.e., protein conc set “directly”
by transcriptional regulation

(weighted by gene copy #)
independent of growth changes
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focus on MRNA synthesis («;): In general,

d
Ed[mRi] = ai[gi] — 8;[mRy] bi =~ [g;] - R;
Z[PI=mimR] - 2P T Milgd s
steady-state: a;[g:] = 6;[mR;] “quantitative central dogma”
Summary . > [P;] < [g;] - R; requires fixed }.;[g;]R;
ailgi] = [@"HP/*] [gilR: =6 l/)i[ym/ = approximately obtained for WT cells
> Y, «[g;]- R = not always true for mutants
> =P x[g]- R A Ii::i:::i’:n
> [P] o« [gi] - R e —> 66 == 30°
i.e., protein conc set “directly” cAMPR  ppGpp At
by transcriptional regulation y |
(weighted by gene copy #) %jr oo
independent of growth changes otmergenes - cabole Mo
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