


Introduction

* The efficient sequestration of nutrients Is vital
for the growth and survival of microorganisms

 Study the delicate management of ammonium
(NH4+/NH3) sequestration by E. coli cells
using microfluidic chemostats

A delicate control of ammonium sequestration
strategy



Results

« 1.AmtB Is necessary to maintain rapid cell
growth at low ambient ammonium
concentrations

« 2.GS and AmtB expression is upregulated at
low ammonium concentrations

 3.Deducing the internal ammonium
concentration of AamtB strain



Results

 4.Deducing the GS activity

 5.Deducing the AmtB activity

» 6.The activity of AmtB is delicately controlled

 7.The delicate control of AmtB activity Is
coordinated with cellular nitrogen demand



1.AmtB Is necessary to maintain rapid cell growth
at low ambient ammonium concentrations
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2.GS and AmtB expression is upregulated at low
ammonium concentrations

D

GS reported
i using the mCherry
fluorescence protein
P pmig-GFP AmtB promoter

green reported by
green fluorescence
protein (GFP)

The wild- The

type AamtB
strain strain
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Cell growth is
maintained by elevating
the GS expression level

Above N*ext=30uM
(green arrow)
Indistinguishable;
Below this higher
plateau



3.Deducing the internal ammonium concentration
of AamtB strain

o1 A s o R 1}

Jairrusion-the diffusive flux;k.,.and k.. :proportionality
constants given by the NH3 permeability, cell geometry,
and extra- and intra-cellular pH;

Jhiumass - }'um[i- (2)

Jpiomass-NItrogen assimilation,n,:nitrogen content of
biomass ,A: the measured growth rate

‘]diffusion:‘]biomass



4.Deducing the GS activity

PR ., revealing a simple
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GS activity can be altered by glutamine via

adenylylation and by the end products of glutamine
metabolism via allosteric inhibition



Jre = Veex [NH4+Jint 3) ,
B=T6 INHF [ +Kes | ionass = A XMy, (2)

VsV Kgs:Michaelis constant K;g~100 uM for NH4+

The ratio of Vg ([NH4+]int)
and P;s ([NH4+]int) gives the
relative changes in the specific
activity of GS, ks

Relative change ©J

[10 100 1000 GS Is approximately halfadenylylated
INF T M) in nitrogen-replete conditions and
completely unadenylylated In
nitrogen-limited conditions



5.Deducing the AmtB activity

« AmtB expression Is upregulated below ~1mM

of external NH4+, its activity is turned on only
below N*,..

« AmtB activity is inhibited by the regulatory
protein GInK

e Determine the internal NH4+ concentration of
wild type first
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the netammonium uptake flux,
given by the sum of J i cion
andJ ,g, as the crosses.
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6.The activity of AmtB Is delicately
controlled
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Below N™,,,,(30um)wild type
maintained its internal NH4+
concentration at an approximately
constant value (~15 uM), referred to
as the ‘maintenance concentration’
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7.The delicate control of AmtB activity Is
coordinated with cellular nitrogen demand

1.0 -
05 [ee*t B0 LN T
0.0 1l l- FPETT | T |
1.0 ~
.t‘;ﬁ@lﬂ-&aﬁﬂ--
0.5 A
- ﬂ !
© e w2 - -l
1 _m
0.5 - o0
=[] :
0.0 - M : el
10 102 10°
[NH Jaxi(uM)

10 ﬁifﬁﬁ
F WY
10° A
)
1 o A
10 VIN, A
1'}l:| el .'.*...*....l L A
107 100 g
'l'luﬁq;,
e
10 0 m
10 P iN WO
:i:l:#l L1
10"
10’ 107 10°

[NHZ Loy (uM)



1.0+ -
A PmtE [NH:-'I'rlI JAmE D L 20
Glycerol * O | & O ' M-I e 'N ________ 0% 1L
0.5 1 el %
Glucosa FAr. S W Y- é’ L 10
?'Eﬁ?f;ﬁ.f mO|mO|mo|mo Dﬂ' !/. N *I""AmtE-ﬁ
Solid symbols: wild type; open symbols: Aamis — ] "} # -
. 04
= | S P — A f20 =
c —
@ A =
g 05 g . 10 =
-EE___ 100 g 1 'y Jamin =
+,_-_; {_ﬂ D_'} L 1 1 1 M #’I N 0
I
1.0
= 1wd T T e o - e
Eﬁiﬂ . | ooe
10 100 0-5p __
[NH Ty (M) + -
0.0 b

0 20 40 60 500 1000
[NH T (M)

The onset of ammonium transport and the maintenance level
of the internal NH4+ Is not preset to a fixed value, but Is
Instead determined dynamically, such that ammonium
transport by AmtB is only employed as necessary to
maintain cell growth.



Discussion

* Glutamine is unlikely to be a signal
controlling AmtB activity:

(DThe weak dependence of the glutamine pool on
the internal NH4 concentration,

(i)the steady maintenance of the internal NH4
concentration when AmtB activity abruptly increases
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Discussion

« AMtB Is
regulated
by a-
ketogluta
rate via
an
iIntegral
feedback
control

J

difTusion



Discussion
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» The robust |- e
maintenance of / N oy
internal ammonium [NH L
concentration and C 4 nHD, R
the abrupt onset of N A
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transport through INHZ 1,
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Discussion

 Tight coordination of
GS and AmtB activities

* Perspective
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Thanks for your attention!



