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Abstract

Predicting the fate of a microbial population (i.e., growth, gene expression...) remains a challenge, especially when this
population is exposed to very dynamic environmental conditions, such as those encountered during continuous cultivation.
Indeed, the dynamic nature of continuous cultivation process implies the potential deviation of the microbial population involving
genotypic and phenotypic diversification. This work has been focused on the induction of the arabinose operon in Escherichia
coli as a model system. As a preliminary step, the GFP level triggered by an arabinose-inducible ParaBAD promoter has been
tracked by flow cytometry in chemostat with glucose-arabinose co-feeding. For a large range of glucose-arabinose co-feeding, the
simultaneous occurrence of GFP positive and negative subpopulation was observed. In a second set of experiments, continuous
cultivation was performed by adding either glucose or arabinose, based on the ability of individual cells for switching from
low GFP to high GFP states, according to a technology called segregostat. In segregostat mode of cultivation, on-line flow
cytometry analysis was used for adjusting the arabinose/glucose transitions based on the phenotypic switching capabilities of
the microbial population. This strategy allowed finding an appropriate arabinose pulsing frequency, leading to a prolonged
maintenance of the induction level with limited impact on phenotypic diversity for more than 60 generations. This result
suggests that constraining individual cells into a given phenotypic trajectory is maybe not the best strategy for directing cell
population. Instead, allowing individual cells switching around a predefined threshold seems to be a robust strategy leading to

oscillating, but predictable, cell population behavior.

Hosted file

Reducing_phenotypic_instability.pdf available at https://authorea.com/users/406100/articles/
516899-reducing-phenotypic-instabilities-of-microbial-population-during-continuous-
cultivation-based-on-cell-switching-dynamics


https://authorea.com/users/406100/articles/516899-reducing-phenotypic-instabilities-of-microbial-population-during-continuous-cultivation-based-on-cell-switching-dynamics
https://authorea.com/users/406100/articles/516899-reducing-phenotypic-instabilities-of-microbial-population-during-continuous-cultivation-based-on-cell-switching-dynamics
https://authorea.com/users/406100/articles/516899-reducing-phenotypic-instabilities-of-microbial-population-during-continuous-cultivation-based-on-cell-switching-dynamics

Arabinose/glucose
co-feeding

GFP copies/cells

15000

10000

5000

GFP
copies

— F — Spent medium removal

Pra8ap::GFP reporter

Phenotypic switching variability

Glucose 15:1 5:1 1:1 Arabinose

Glucose and arabinose ratio

100

[-2] -
(=] (=]
1 1

IS
S
1

GFP+ fraction (%)

204

Time

Glucose 15:1 5:1 1:1 Arabinose

Glucose and arabinose ratio



T T / T == T 1
10° 4 3
10° 4 % E
\ « High » state
\
¥ 100 e \
5 B R A SRR o AR I R S
& S
. //
e -
103 4 i ag = e e e = = = = - [ A —
\
s \
e e, Y
ee 8, \‘
L) ': . Bl /'
o5 /
102 T . 4
10° 10° 10°
« Low » state
Mineral base media
feeding =]
If > 50% of the total I ( 9
population -> glucose |
Glucose [
pU|5e pulse OR \
arabinose —
pulse =
« High » state ¥
 Single cell data \ ( |
: oI @
‘ @
Low treshold T l : ﬂ’ g
Escape/entry from/to the L | G’ i -
low state

« Low » state
If >50%
of the total population ->
arabinose pulse



Data may be pre

au.161

22541

10.22

doi.org

https

All rights reserved. No reuse without permission

under

holder is the author

The copyri

2021

Apr

Posted on Authorea 6

If > 50% of the total
population -> glucose

High treshold pulse m

Mineral base media
feeding

1 (

0=

o

(

NS
Y =

Escape/entry from the high = ':l\ ,( « High » state

state 0 e

« Low » state

If > 50%
of the total population ->
arabinose pulse

0 ) 20 3 an 50 60 ]
# 100
5
R
g 60
&
2 a0
Pa =T
a =3 G Negative
g 0
10 20 30 a 50 0 #
Time (h)
_ 25000
£ 20000
£
£ 15000
£ 10000
&
& 5000
H
2 =
0
10 20 30 50 60 7
Time (h)
235000
20000
£
§ 15000
2 10000
“ so00
P
10 20 ) 50 60 K

Time (h)




Segregostat cycle 1 Segregostat cycle 4 Segregostat cycle 7
o 100 100 L

100 - oo >
4 V-4 )
"” o b
50 /o 507
£ o /
L 0 ol
3 0 1 2 3 0 1 2 3 1 2 3
=
=l Segregostat cycle 2 Segregostat cycle 5
< 100 506e0T000 100 GTOTOTO0"
o -
= Y, — Poisson simulation
< el Experimental data
5 s50|d
B |
H /
7] |
0 / i
8 0 0
5 0 1 2 3 0 1 2 3
5 Segregostat cycle 3 Segregostat cycle 6
= 100 Forcacacacad 100 i iaA-achd
5] =% o
& -
£
w /
o
509
0 0
0 1 2 3 0 1 2 3
Time (h)
Segregostat cycle 1 Segregostat cycle 4
100 covermsmmg, 100 joerermmg;
80 lb{% 80 ‘x?ql‘h
<oy,
Q%R. N
60 % 1 60 o Cq
o N °
40 RN 40
Poisson simulation rate 0.3 h™"
20 o Experimental data 20
Poisson simulation rate 0.02 h“
g 0 0
& 0 2 4 8 8 10 0 2 4 6 8 10
@
% Segregostat cycle 2 Segregostat cycle 5
z 100 ey 100 oy ‘
o 80 Sy 80 o
2 o e
£ 60 ?9%\ 1 60 %,
S 40 . 1 40 b
& ~
o . .
5 20 e 20
2 -
% 0 0
g 0 2 4 6 8 10 0 2 4 6 8 10
B
E 100 Segregostat cycle 3 100 Segregostat cycle 6
e, ‘ |t ‘
80 80
60 : 60
40 . 1 40
20 ) 20
0 0
0 2 4 8 8 10 0 2 4 [ 8 10
Time (h)



(£ Glucose Pube
- cabinose Pulse

g

3 or* Posiive
1 GFP egative

a0
Time (h)

B

GFP Positive Population %

ed

viey

een peer

= 25000 -
=1 _ 20000
< £ 15000

2 10000 {"
“ so00
o

10 B b @ S0 EY 7o
Time (h)

>
(g]

%108
5 4
=7 %10
iz o
° % =
e 8asf
(&] I}
= 0 i i e e g
2 [o] 20 40 60 80 100 § 2f
R B o
— [T
= O15F
g
=2 4
= T 3 = 4}
(_") ~
2 c Eﬁ.s E
T a 05F
= o 5
=2y 0 1 2 3 4 5 6
100 Cell density (cells/mL) %108

Time (h)

All




Relavtive gene expression change

15

104

W araC~ cmp ptsG ® acs © araB M pta

25 30 35 70 75 80
Time (h)

15

10




