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Topic 7: Catabolite repression & carbon hierarchy
* glucose effect: ability of glucose to inhibit the synthesis of certain enzymes
» all glucose-sensitive enzymes can convert their substrates to metabolites
which can also be obtained more readily by the metabolism of glucose

=> “catabolites” formed rapidly from glucose would accumulate and repress

the formation of enzymes whose activity would augment the already large
intracellular pools of these compounds [B. Magasanik, 1961]

carbon hierarchy (e.g., glucose-lactose diauxie)
cAMP as a messenger (“inverse” of “catabolites”)
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Catabolite repression & carbon hierarchy

Standard model Problems with the standard model
@ « diauxie does not require cAMP
(mediated by “inducer exclusion”; later
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Catabolite repression

Standard model Problems with the standard model
« diauxie does not require CAMP

(mediated by “inducer exclusion”; later
« effect not specific to glucose
=) Q1: how is CAMP level controlled?
Q2: what are the “catabolites”?
Q3: physiological function?
Q4: what about carbon hierarchy?

[J. Mandelstam, 1962]
B-Galactosidase  Doubling time

Carbon source  (units/mg. dry wt.) (min.)
Lactose 136 45
Glucose 200 48
Gluconate 260 50
Galactose 432 54
Glycerol 499 60
Succinate 600 65
Fructose 613 67
Lactate 816 65

Catabolite repression

Standard model Bottom-up approach:
cAMP @ [Kuhiman et al, PNAS 2007]
| « delete AC (cyaA) and vary ext cAMP

1 * Hill coeff 2

1 incompatibl4w/ biochemistry and

1 ? : thermo &nodel of tsx control
¥ g) ﬁ ing site

aNiva®d by a single cAMP

“MP degraded by PDE (cpdA)
* delete cpdA
« Hill coeff ~ 1, agrees with tsx model

= role of PDE?
= mechanism of cooperativity?
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Catabolite repression

Standard model Problems with the standard model
@ « diauxie does not require CAMP
: (mediated by “inducer exclusion”; later

« effect not specific to glucose

Q1: how is cAMP level controlled?

Q2: what are the “catabolites”?
m) Q3: physiological function?

Q4: what about carbon hierarchy?

ML308 (Lacl-) ® NCM3722 (1mM IPTG)
O MG1655 (1mM IPTG)

-
B-Galactosidase # Doubling time ° 25000 n&)

Carbon source  (units/mg. dry wt. (min.) °
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Gluconate 260 o 15000 8
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growth rate (dbl/hr)

Physiological study of catabolite repression
E. coli K-12 NCM3722

(1mM IPTG)
dbl rate | B-gal
C-source ;
(dbl/h) | (Mier) [You et al, Nature 2013]
glucose6p = 25000
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pyruvate | 0.88 | 15557 § 5000- )
fructose | 0.84 | 17080 = ®

succinate | 0.66 | 20406 0.0 02 04 06 08 1.0 1.2 14 1.6 1.8
growth rate (dbl/hr)

sorbitol 0.65 | 18636
mannose | 0.60 17586
arabinose | 0.57 | 22757

acetate 0.54 | 20834




Physiological study of catabolite repression

E. coli K-12 NCM3722 => Up-regulation in response to reduced C-flux
(1mM IPTG) Q: what about other types of growth limitation?
titratable LacY expression no effect according to known regulation
[You et al, Nature 2013]
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A lactose with titratable LacY expression
A glycerol with titratable GIpFK expression
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Anabolic limitation (without affecting carbon)
two pathways of ammonium assimilation
major pathway;
highly regulated
titratable

GDH (gdhA)

trans-aminases

rans-aminases

o-keto acids @
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titratable

GDH (gahA)

trans-aminases

Anabolic limitation (without affecting carbon)

two pathways of ammonium assimilation

AGOGAT with titratable GDH: Glu limitation
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Physiological study of catabolite repression
E. coli K-12 NCM3722 => Up-regulation in response to reduced C-flux
(1mMIPTG) = Down-regulation of catabolism
upon other nutrient limitations (A-lines)
[You et al, Nature 2013]
2250004 ANC-line: Z~] -4
=]
titratable |
=
GDH (gdhA) S L
§ 10000
N 50004
3

trans-aminases
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growth rate (dbl/hr)

A lactose with titratable LacY expression
A glycerol with titratable GIpFK expression

OOO AgltD; titratable GDH; various C-sources
< S-limited chemostat; glycerol
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titratable

Physiological study of catabolite repression
Dependence on Crp-cAMP?

E. coli K-12 NCM3722

(1mM IPTG)

GDH (gahA)

trans-aminases

= both C- and A- lines require Crp-cAMP

pLacUV5| | Lacl | ';‘ | promoter ” Lacl | |

= 25000
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[You et al, Nature 2013]
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Physiological study of catabolite repression
Strain: NCM3722 Dependence on Crp-cAMP?
(1mM IPTG) => both C- and A- lines require Crp-cAMP
dbl rate | p-gal = same C-line (4) from different promoters
C-source | " ih) | (Miller)
25000+ [You et al, Natugg 2013]
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... Thxed
Model of proteome partition ¢,

[Scott et al, Science (2010)]
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.. fixed translational
Model of proteome partition g, machineries ¢;

[Scott et al, Science (2010)]
[You et al, Nature (2013)]
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Model of proteome partition Quantitative description

[Scott et al, Science (2010)] constraint: @, +¢, +¢, =¢_.
[You et al, Nature (2013)]

0.4+ protein synthesis:
® C-limitation _

03] © Adlimitation A= v ¢,  efficiency
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growth rate (dbl/hr)
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=>» opposing dependence for the A-sector
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Model of proteome partition Quantitative description

[Scott et al, Science (2010)] constraint: ¢, + 0 +¢, =@ ..

[You et al, Nature (2013)] protein synthesis:

A=7v-0,

Electrical circuit analogy:

o
A AV= carbon influx: N

= = . S

_] II max ‘]CZCOA,ZICC' CBD

IT nitrogen influx: é—

I—i }_m_-.—l In=nmA=ky o, &
Q.
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Model of proteome partition Quantitative description

[Scott et al, Science (2010)] constraint: @, +¢, +¢, =¢_.

[You et al, Nature (2013)] protein synthesis:

AZY'q)R

@
carbon influx: R
. <
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nitrogen influx: é—
iv=ni=ky 9,1 7

o
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=> opposing dependence for the A-secter
5001

C-limitation 5 4001 O glucose
A-limitation 5 .. Oglycerol
4@ GOGAT100 5 300, 2
dg\oeAmo Nt
< $ 2001
: &
fixed kc <
S 100
0.0 05 1.0 15 20 Cg.o 05 1.0 15 20
growth rate (dbl/hr) growth rate (dbl/hr)
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Pareto surface Quantitative description
constraint: ¢, +¢ +¢, =0,
5|2 = protein synthesis:
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Proteome-wide survey by quantitative MS
[collaborator: Jamie Williamson lab; the Scripps Research Institute, La Jolla]
N5 labeled reference 100 L y
90 .eavy
g
§Z§
experimental 25
samples & l '
0 1 | L1 l Il
l l l l 869 870 871 872 873 874 875 ?77;2
I I MS/MS
(tripleTOF)
precipitation 3
digestion
21
Quantitative Proteomics [Hui et al, Mol Sys Biol. (2015)]

in collaboration with Jamie Williamson lab (TSEI) i
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C-sector

Fraction of proteome
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Quantitative Proteomics
in collaboration with Jamie Williamson lab (TSRI)
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Quantitative Proteomics
in collaboration with Jamie Williamson lab (TSRI)

0.3 0.6 0.9
Growth rate A (hour™)
U-sector

C,A,R-lim

0.3 0.6 0.9

1.2

Fraction of sector

A-sector
§ 087 small molecule biosynthesis
g0, B glycolysis
@
K
2 0.
S
T 0.
s
0.

Q3: Physiological function of catabolite repression
A: proteome/metabolic coordination
When C-influx is high, trade catabolic proteins for the
ribosomal and anabolic proteins which are necessary

25
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Strategy of proteome-metabolome coordination
constraint: @, +¢, +¢, =@,

C-limitation protein synthesis:
) A-limitation A= 70, o
% carbon influx: S
. . % jC = c())v = kC . é
. y nitrogen influx: é—
] . . | Jn=nA=ky ¢, 3
0.0 05 1.0 15 2.0 o
growth rate (dbl/hr)
Coarse-grained metabolic qux flow
S 16
812 * L
o °
= 8 ) @20
S 4 °
o oo of )
0 0.250.50.75 1 protein
growth rate (1/h) synthesis
d . .
— K =) - jy € integral feedback
dt (/. =jy in steady state)
26
Strategy of proteome metabolic coordination
Simplest scenario: feedback by o-ketoacids (aKA)
All amino acids synthesized from amination of aKAs %pH;QFp::>
fop €= XuSp //
NHs, NAPDH @ @f/\{/m, /
o o AN s >
sugar =R L =Spr L [T
/, /(@Hzchor%—"//l;fp/z /
/ tyr < pphn ( / !
0 o /’ ‘\E( T 4’3mb‘4: I
HON \n)k [ \\\:)/ [ ™\
OH OH V¢ ©
‘ “——> etoh \

o O (@)

oxaloacetate pyruvate \ ) e
\ N

f ?
NOH HOW \
hom SIICC = akg

v [ N\ /
succmate a- ketoglutarate zE&](R /
zi« (R
Test: does the addition of oKA
affect catabolic gene expression? S
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Testing the carbon precursor feedback model

Coarse-grained metabolic flux flow
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Q2: What are the “catabolites?
A: alpha ketoacids
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mechanism? @

250004

Testing the carbon precursor feedback model

Plac

Coarse-grained metabolic flux flow
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Testing the carbon precursor feedback model

N
(<)
o
o
o

mechanism? PTS not necessary
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Testing the carbon precursor feedback model

mechanism? PTS not necessary 2 in vitro AC assay

a-ketoacids g‘ -WTI Apts A5EII
= 1.54
| g 13l1
Crp AC <1'°‘ II
()
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P N AR

none pyr oaa akg suc glta

Coarse-grained metabqli
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o
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% 4 Y .... 4 R
O
o oo of 'S mmp
0 0.250.50.75 1 amino protein
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Aanide

growth rate (1/h)
Q1: How is cAMP level controlled?

A: direct inhibition of AC activity by alpha ketoacids
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Catabolite repression

=> “catabolites” formed rapidly from glucose would accumulate and repress
the formation of enzymes whose activity would augment the already large
intracellular pools of these compounds [B. Magasanik, 1961]

= qualitative effect of N-, S-, P- limitations known already in the early 60s
[Mandelstam, Magasanik, ...]

200k T T T T T T ]

N-limited Ve

cont. culture / —  Molecular Physiology

B-Galactosidase (units/mg.)

Time (generations)

32

Proc. Natl. Acad. Sci. USA

Vol. 73, No. 10, pp. 3476-3479, October 1976

Biochemistry

Catabolite modulator factor: A possible mediator of catabolite
repression in bacteria

(physiological repression and derepression/g-galact /ad ine 3":5"-cyclic

b hate)

AGNES ULLMANN, FRANCOISE TILLIER, AND JACQUES Monor@ ‘

ABSTRACT  Water soluble extracts of Escherichia coli cells
have been found to exert an extremely strong rgmg;iﬁ effect

n the expression of catabolite sensitive operons. The com-
pound responsible for this activity has been partially purified
and proves to be of low molecular weight and heat stable. The
effect of this compound, hereafter designated as catabolite
modulator factor, is only partially antagonized by adenosine
3’:5’-c{clic monophosphate. The possible role of catabolite
modulator factor in the physiological regulation of catabolite
repression is discussed.

Citing Articles

Author(s): KOLB, A; BUSBY, S; BUC, H; GARGES, S; ADHYA, S

Title: TRANSCRIPTIONAL REGULATION BY CAMP AND ITS RECEPTOR PROTEIN
Source: ANNUAL REVIEW OF BIOCHEMISTRY, 62: 749-795

33

16



B-Galactosidase (units/mg.)

200

Catabolite repression

=> “catabolites” formed rapidly from glucose would accumulate and repress
the formation of enzymes whose activity would augment the already large
intracellular pools of these compounds [B. Magasanik, 1961]

= qualitative effect of N-, S-, P- limitations known already in the early 60s

[Mandelstam, Magasanik, ...]
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cAMP as a messenger
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B-Galactosidase (units/mg.)

Catabolite repression

=> “catabolites” formed rapidly from glucose would accumulate and repress
the formation of enzymes whose activity would augment the already large
intracellular pools of these compounds [B. Magasanik, 1961]

=>» qualitative effect of N-, S-, P- limitations known already in the early 60s

[Mandelstam, Magasanik, ...]
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Catabolite repression

=> “catabolites” formed rapidly from glucose would accumulate and repress
the formation of enzymes whose activity would augment the already large
intracellular pools of these compounds [B. Magasanik, 1961]

= qualitative effect of N-, S-, P- limitations known already in the early 60s
[Mandelstam, Magasanik, ...]
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Catabolite repression

=> “catabolites” formed rapidly from glucose would accumulate and repress
the formation of enzymes whose activity would augment the already large
intracellular pools of these compounds [B. Magasanik, 1961]

=>» qualitative effect of N-, S-, P- limitations known already in the early 60s
[Mandelstam, Magasanik, ...]
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