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1. Problem of Antimicrobial Resistance (AMR)

AMR in numbers

Every 45

antibiotic-resistant infection.

An estimated 10 million

deaths a year by 2050.2

seconds 700,000

a person dies from an deaths annually
worldwide.?

2, World Health
¥ Organization

£

LA EES  AMR now
10,000,000 1,270,000

Tetanus

Cancer

10,000,000 w, Road traffic accident

1,200,000

Chnlera/ \M easles

100,000-120,000 130,000
Diabetes e Diarrhoeal disease

1,500,000 1,400,000



1. Problem of Antimicrobial Resistance (AMR)

AMR abroad AMR in ltaly

beneasere
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' subscribe  find ajob

theguardian

news opinion sport arts lifestyle

UK UK politics education media society law scotland wales northern ireland

Drug resistance The Observer

‘Antibiotic apocalypse’: doctors sound alarm
over drug resistance

The terrifying prospect that even routine operations will be impossible to perform has been
raised by experts alarmed by the rise of drug-resistant genes




1. Problem of Antimicrobial Resistance (AMR)

The One Health Approach

Up to 5 degrees
ALLEVAMENTIINTENSVI of magnitude

Milligrammi di antibiotico venduto per unita di bestiame (PCU)

Cipro : 4231
ITALA §)2738 e et sul e em e feca e pla == Average
Spagna 2303 T . y T

Ungheria 191 ! :

Polonia 1652

Portogallo 1348

Bulgaria 1323

Beigh 1313 ITALY
Malta 121 IL MECCANISMO

Media UE 107 Somministrati su larga scala
Grecia 539

Romania 90,1
Germania 89
Croazia 15
Francia 68,6

Rep. Ceca 636 -
Slovacchia 619 suini polli bovini
Estonia 56,7 l | |
Olanda 56,3

Austria 468 sviluppano batteri antibiotico resistenti
Ilanda 46,6

Svizzera 401
Danimarca 394
Slovenia 365
Lussemburgo 35
Lituania 348
Lettonia 333
Regno Unito 325
Finlandia 16,3
Svezia 118
Islanda 46

Norvegia 31
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ARGs abundance (copies/mL(Q))

Pig Chicken ~ Cow Fish  Hospital Municipal

liquami toccando la carne cruda consumo
nellambiente senza lavarsi le mani carne cruda

Fonte: report ESVAC European Medicines Agency



1. Problem of Antimicrobial Resistance (AMR)

The One Health Approach

* {
AMR bacteria

%Uﬁ

/ Food and .
/ Environment

/ Animals




1. Problem of Antimicrobial Resistance (AMR)

CHALLENGES
?
o Complexity of &7 A
Resistance .
Mechanisms

e Mutations and
horizontal gene

transfer ;
\ -

o Off-target Effects
and Safety Risks

%,

'
-

ANTIMICROBIAL
RESISTANCE

/V

CUTTING-EDGE TRENDS

e |dentify novel —
drugs od

material with

Edi .
dit genetic WW — Geeta Ram et al., Nature
CRISPR “\50 Biotechnology, 2018.

Bacteriophages,
that can kill the
bacteria

“Center for Innovative Phage
—— Applications and Therapeutics”, first

phage therapy center in US

Interefere with

Quorum Sensing \"'/ —> P. Piewngam et al., Nature, 2018.
D



1. Problem of Antimicrobial Resistance (AMR)

CHALLENGES CUTTING-EDGE TRENDS
: ? e |dentify novel —
e Complexity of g am
Resistance . \ P 7 drugs -
Mechanisms ([l 2

e Edit genetic NN
U

material with

e Mutations and ‘ ‘:-o
horizontal gene ‘ —>4_ <’ CRISPR X |
transfer I > First Strategy

MW';W A:EISI}ASI-?ARSE:EAL e Bacteriophages,
that can kill the

bacteria

—/
o Off-target Effects
and Safety Risks

. S‘f.irr‘i.fﬁ{%l"r'.ﬁ}ng(w Second Strategy
d & 7/

OUR OBJECTIVE

Exploit Synthetic Biology to restore sensitivity on antibiotics
with a twofold approach



1. Antimicrobial Resistance Mechanisms

I

-

destroy Quorum
Sensing
communication

\_

Engineer bacteria to

J

™ (/ 8
Quorum
Sensing

é

OUTSIDE-CELL
Quorum sensing
inhibition

\

.

INSIDE-CELL
Trunsduction for
Gene silencing

J

- AMR associated

First Strategy

-

\_

~

Engineer bacteriophages for

the delivery of CRISPRI

system to inhibit AMR genes

J




2. Phage-Mediated CRISPRi System
C




2. Phage-Mediated CRISPRi System
¢

) (&9

CRISPRi system

r.r

v v
dCas9 protein _

(catalytically % ! |) guide RNA
inactive mutant)



2. Phage- I\/Iedlated CRISPRI System
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2. Phage-Mediated CRISPRi System

Target DNA

O

" CRISPRi

Transit compartmental model
my, - NR %z—S-F-T—m-T+[A—w]-T

M _ s . ] =

a == O FoMameT+=wl- M @ CONTRIBUTION
= =+ S-F-T—(k-{-Zm)-TRr+[A—w]-TRI_

dTR .
= =+m-TR — (k+m) TR + [A—w] - TR_ Develop a mathematical
G ' ’ model of the phage-
= =+ 8 F-M+ m - TRX - (k + m) - MRI_ + [A —w] MR_r mediated CRISPRI
dMR 0 0.
—=+m-MR_+m TR —k-MR +[A - w] - MR system, with specific
o | | | focus on the mutations
= =t k- TRI —_ (rm + 2m) - TI + A —w]- TI dynamics

dT

= =% s TR}. +m-(T +T )—m -Ty + [A —w] - T),

d

%z%— k - MR + m - (T\_+Trr) -m-M + A — w] M

dM

= =+ k- MR\,+ m -T‘.+ m-M + [A — w] -M"

dT - ' ‘ ‘

o —r o 0T = 2m =T =& A= w]- v AT

dF

L = §-T+M)—w-F

[1] M. Bellato, C. Cimolato, S. Letrari, L. Schenato, BBCC 2024

[2] S. Letrari, C. Cimolato, et al., 2023 International Conference on Microbiome Engineering



3. Antimicrobial Resistance Mechanisms

é

\.

OUTSIDE-CELL
Quorum sensing
inhibition

N [

J

INSIDE-CELL
Trunsduction for
Gene silencing



3. Quoru

m Sensing in Gram Negative bacteria

signal d signal “u
molecules #£ molecules L
/ Receptor P Receptor \
A — Gt )| - pS —» (Synthase)
/ 4 ” AMR-related f!
4 enes
i ! —
\ L
\ \
> \
\\ \\

N .
~.-- ~~---

High cell density

;‘

Bacterial density

Low cell density

~

/QS-reguIated processes:
* Biofilm formation

* Horizontal gene transfer

* Production of extracellular

polysaccharides, enzymes,

\ antibiotics, etc. /




3. A control perspective

+
H@—» Controller —» Actuator —>

Sensor

<

Plant




3. A control perspective

@w& g —

Desired Speed
set point

R P-~

Vehicle System

Actuators on

Electronic _ _
Control Unit Combustion Engine
Bt
Speed ‘ /\
Measurements

Speed Sensor

Cruise control system

>
Actual Speed

90



3. Modelling of the Plant

—»@—» Controller

>

Actuator

Sensor

<

Plant




3. From biology to mathematical models

~

Biology ] ™~

w&g’aj

e
P

L, @

D +@
J

/-[ Kinetic reactions }\

D+R==C
C—m+D+R
m L)' @
Conservation of mass
DT —p4C
R =RLE

-

J

o

/—[ Dynamic model ]—\
dC

dt

dm

dt
dR

dt
dD

dt

aDR — dC — aC
aC —ym
—aDR 4+ dC + aC

—aDR + dC + aC

J

Mechanical derivation (Systems Biology, MS class DEI)



3. Single feedback QS system

active complex

AMR-related
gene

receptor

synthase

|

l autoinducer
Receptor Synthase

@ extracellular
autoinducer




3. Single feedback QS system

active complex

receptor synthase

| |

autoinducer
\ ¢ c — 9
Receptor Synthase

® o extracellular
autoinducer




3. Single feedback QS system




3. Single

/

R}

LTOT

.

Reactions

R2+LZ-T—'—H—'—"1Q
1

Q+L -\———*_‘";j Q2

f
0 (Q2) I

[ L |
PN
e B iy

e Y

Conservation of mass

Ry +Q+ Q> =RIT(0)

L+0+20>

\

/

feedback QS system

Model
dl g Opx — ﬁlux
E — B[m:—f— 1_1_!(!_” —'}/]I

(0}
dL
S i oyl —y L+dQ— K1diR,L +dyQr — Kydy QL + Kys5(L, — L)

dl.. NV;

— 'R L—-L,)—vy L
7 15V—NV;( e) — YicLe
dR
2 = RD-Edibi
dt
dQ
w KidiRoL —dQ — K4dy QL + d4 Q>
dQ

dt

= Ky4dyQL —dyQn




3. Single feedback QS system ST
RﬁL%Q
Q+L==0
M odel Conservation of mass
RIT = Ry+Q+0,=RET(0)
L LT = L+0+20, )
dl Oy —
d_ s ﬁ!ux lux Kﬁlm_%l
t ] 4+ Slux
(03
dL
= = oyl —yL+diQ—KidiRyL+dyQr — Kydy QL + Ky5(Le — L)
dL. NV,
dt i KISV—NVI(L_LE)_YLELE
dRy
o d1Q - KidiR>L
dQ
m KidiRoL —d1Q — K4dsQL + d4 Q>
dQ»

— = KuydsQL—ds0»




3. Single feedback QS system

Quasi steady state approximation

4 )

d
d_? = Kid\RoL —dQ — KsdsQL +dsQr =0

d
\ L2 KudiOL—dy0r =0 )
§ | 4 Simplified model A
Conservation of mass
dl Oy —
v d_ — ﬁ!u.r : 3 -t KF:’M o yf‘r
| s . l+5r
Ry = gL dL
1+K];(-LITL ........ > = = o —ynL+Kis(L.—L)
3= ——— R dL, NV,
| + KL+ L2 & = Sy (L—Le) — Vi Le
Ki 2 Ki 72
QZ = 4 K2 RgGT Q - TIL RT{}T
| + KL+ —L1? & 5 K2 ., 2

| + KjL+-LL2
K —I_]—|_4 /




3. Equilibria Analysis

intr. autoinducer
synthase
, = receptor

-

ki s KispVi

dl (Sx1) I —0 af(]_pvl, +7Le)

NS ;B!mr - (aa’u.r - Bfu.t’] % K K - TH. = where o— L ocC I

dt (FxD)?+ Ao (1+ F2D)? =~ (X527 |y Yy + K

_ oy p = cell density
.- Cell density p = 2 - 10° cells/mL - Cell density p = 2.8 - 10® cells/mL .- Cell density p = 10° cells/mL
Degradation o
al LuxI synthesis 3l LuxI synthesis 3L
LuxI degradation LuxI degradation

2.5 equilibrium point 2.5 equilibrium point = Synthesis

2 - 2 _ 2| :

Degradation Synthesis Degradation
L5 . 1.5 1.5
Synthesis
LuxI synthesis
1t 1t 1t -
LuxI degradation

0.5 0.5 // 0.5 equilibrium point

0= : : : - - - - - 02 . l = - - - - : : 0 : : : : : : : :

0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

LuxI/cell [AU]

Low cell density p

LuxI/cell [AU]

Threshold cell density p

LuxI/cell [AU]

High cell density p




3. Bifurcation Diagram

AU

| I

LuxI/cell

180
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dl
E = ;Bfmr 4 (ah.rx - ;Bh.'.r)

(ALx1)?

— ul =0 where
(BLal)?+ oo (1+ 5 p0)? ~~

=degy

x:

KispVi
aff(l_—pw +1,) Loc]

(

Ki5pV)

P [cells/mL]

9 v T )t Kis, _ -
9 ooty I-pVi p = cell density )
Small p Range of High p — QS activation
I } Hysteresis
NO QS y / RESULTS
A v' Bistability
/ v' Hysteretic behavior
I Stable eq. low ,
- - History dependent
Unstable eq. . .
I Stable eq. hich - Disturbance rejection
DLable 0d. e - Robustness
- \\\
i\x
2 2 3 3.5 4.5 5



3. Two interlocked Feedbacks

active complex

3 =3 =3

receptor synthase

| |

autoinducer
\ 3¢ =
Receptor Synthase

©  extracellular
autoinducer
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Reactions

R,+L==0Q

di

a4
—|—L: ~
Q+L==0Q,

0 f(Q2) I

LN

0 E'lQEJE R,

AN

R, 2.9
L0

L, =.p

Conservation of mass
R;DT = Rr4+0+0»

L' = L+Q+20,

~

/

3. Double-feedback Model

Opx — P
.Be‘ur lu:_ mm’ _?ﬂ
0y
OR
Br + & — YgR2 +d Q0 — K \d|R2L
|+ 2

oyl —ypL+d0O—K\diR:L+dy0- —K4d4QL+K|5(LE—L}

NVj
K L-L)—m.L
liV—Nﬂ( e) =V, Le

KidiR2L —dQ — Kyds QL+ dy Q7

K1dyOL — dyOr




3. Equilibrium analysis

/ dl Oy — ﬁ:’m‘ \

= = B L
dt B 1 _24K2'm.2x n intr. autoinducer
Kix“I°R; synthase
dR> QR = receptor
- = -+ —vpR> =0 2
dt Pr ] + — KR W2

\_ Kix2I2R, )

Cell density p = 10® cells/mL Cell density p = 2 - 10® cells/mL Cell density p = 3.3 - 10° cells/mL

500 : : 500 : : . 500 :
———dRy/dt =10 ———dRy/dt =10 ———dRy/dt =10
450 + 450 + - 450 +
Ul | ——dI/dt =0 | ——dI/dt =0 Tl |——dI/dt =0

400 | equilibrium point | 400 1 equilibrium point 1 400 1 equilibrium point

350 | 1 350 | . 350 |
= 300t = 300t = 300t
I-—I I-—I I-—I +
— _ — _ - — _
& 250 & 250 5= . & 250
T T T
= = =
2200 ¢ 2200 ¢ 2200 ¢
— — —

150 1 150 t - 150 t

100 1 100 L . 100 L

50 b 50 oz . 50

’/ -'—'—\___._‘______—_-
0 = 0 = : - - - 0 : - - - - - -
0 100 200 300 400 500 600 TOD 800 900 1000 0 100 200 300 400 500 600 TOO 800 900 1000 0 100 200 300 400 500 600 TOO 800 900 1000
Ry /cell [nM] Ry /cell [nM] Ry /cell [nM]

Low cell density Threshold cell density High cell density



3. Bifurcation Diagram

300 . | I I |
L E =
| = U:'J
Second model £5
250 |- 8 ]
' - . — With feedback in LuxR
——— Without feedback in LuxR
—
200 - -

First model

LuxI/cell [AU]

100 -

50 +

1 2 3 4 5 6 7 8 9 10 11
Cell density [cells/mL| x10°

C. Cimolato, G. Selvaggio, L. Marchetti, G. Giordano, L. Schenato, M. Bellato, IEEE TMBMSC (under review).

~

J

dl Orie— B
e ﬁhm: 4 lux 4;(]3“_ X 'M’[ — 1)
dt | lux
K?x2I2R,
dR» OR
T KZx2I2R,
RESULTS

v Robustness increases
due to enhance of the
range of hysteresis

v' Maximum steady state
value increases

v' Early activation of QS



3. From Systems to “Feedback Control”

Feasible region Non feasible region

300 ; .
| Actual
i —— Desired ?
- |
.1: 200 | 3 - 4>@—> Controller ——»| Actuator |—» Plant
ot |
I .
8 : f"_____,.*--“"""""
— :
é 100 [ ==————— > Sensor <
)q [
I
|
[
0 | il
0.5 1 1.5 2

Cell density p [cells/mL]x10”

C. Cimolato, G. Selvaggio, L. Marchetti, G. Giordano, L. Schenato, M. Bellato, IEEE TMBMSC (under review).



4. QS Inhilc_)ition: Actuators

G e Extrace”ular Signal Molecule .............. 5 geT—————————— Receptor Sequestration ............................................. 3
: Degradation * "

L D K D
‘ CRISPRI ?
c)
—I_ 1>
dr
p + luxI
luxI c Pe
e) s e
| =l T
C

- *
Ll *
------------------------------------------------------------------------------------------------------------

C. Cimolato, G. Selvaggio, L. Marchetti, G. Giordano, L. Schenato, M. Bellato, IEEE TMBMSC (under review).



4. QS Inhibition

1. Extracellular Signal Molecule Degradation

I - I - DO s >

Receptor l

' 8|
' u-:/ '

autoinducer

~~~~~~~~ ° © @ extracellular

o) autoinducer : ’

dl
dt

dR-
dt

dL

dt
dl,

dt
dQ
dt
dQ-
dt

Increase of degradation rate of
extracellular autoinducer

Cllyx _Kﬁfw: . ’}j’f
4 Rl
2

— YrR2 +d 10— K d|R2L

- ﬁ!ur +

CR
Kg
]—I—Q2

= oyl —ynl+dQ—-K\dRL+dyQ> —K4d4QL+K|5(LE —L)

= K e
15V_m( ) e

= KidiRL—d1Q—K4dsyQL+ds10>

= Pr+t

= K4diQL—ds Q7



4. QS Inhibition

2. Receptor Sequestration

’“

-X-> w -===> W synthase >

|

bl
-~
-~
-
-~
-~
-
L -
-
-
-

© © extracellular

O

autoinducer

Decrease the association rate among

dl
dt

dR-
dt

dL

dt
dl,

dt
dQ
dt
dQ-
dt

the receptor and the autoinducer

Cllyx — ﬁf!ﬂ'

Kiux
1+ 05

— YrR2 +d 10— K d|R2L

- ﬁ!ur + — ??I

CR
I+
— gl — LGB0 — K R +-dy0s — KL - Kos{Ls L)

NV
V—NV;
. @I'lﬂzﬁ — 10— KsdsOL+ds0;

= K4diQL—ds Q7

= Pr+t

= Klﬁ

(L_L-‘-’} _I}EELE



4. QS Inhibition

3. Synthase synthesis reduction - CRISPRI

x -——p m -—— W synthase>

Receptor

S
g
=
-
-
-
-
-
- -

autoinducer
@)

@)
® o
O

I

extracellular
autoinducer

dl
dt

dR-
dt

dL
dt
dL,
dt
dQ
dt
dQ»
dt

1 &
CR
Pr+ —F%> — 1rR2 +d1Q — K d 1R L
1+ %
oyl —yL+d Q—K\d\R;L+dsQr — Kads QL+ Ky 5(Le — L)
NV
K L— — v L
151,_%{ Le)—1Le

Kid\R2L —dQ — Kyds QL+ dyOr

KydyQL — dy QO



4. QS Inhibition

4. Post-transcriptional interference - RNAI

Reduce the synthesis rate of

synthase
d (@)~ Prus
— - — —_ I
x Tt x o W synthase g [+ g

Receptor dR o
P /\ d_? e BR‘l‘ RK —YrR2 +d )0 — K 1d R L
L [ 148
dL
% g = oyl =y L+d\Q—K\d\R2L+dsQr — KydsOL +Ky5(L, — L)
. L, NV,
autoinducer =z = Ksyppl—lod)—nle
O dQ

= = K\d\R>L —d\Q — K4dsQL+dy Q5

dQ»

—= = Kyd4OL—d
5 4dsQ ey

_________ o © @ extracellular
® autoinducer



4. Sensitivity analysis - Single Feedback

' Local Sensitivity - Single feedback

[ [ [
Ilswitch ON density (Son)
llswitch OFF density (Sorr)

—
1 U — [ Jmax value (S4z)
200 . —
Range of
Amax| . a _XS_E?I?_SJ_S_________________________ ______ 0.5l
= 150 | ' :
= =
— 2
< 100 = 0
= z
s B
= 501 : ——Stable eq. low | e8!
i —— Unstable eq. -0.5
0 i Stable eq. high
2 Aorr 3 Aon 4 5
Cell density p = 3 [cells/mL]x 108 ol -
_15 | | | | | | | | | |
g 7 YL VI 07 Aluz bluw K 1 K 15 K lux RgOT

Extracellular AHL RNAi AHL binding CRISPRI
degradation Y inhibition



4. Sensitivity analysis - Double Feedback

Local Sensitivity - Double feedback

]-5 I I [ I | | I [ [ [ I
Blswitch ON density (Sow)
—— —— — Blswitch OFF density (Sorr)
1L _ [max value (Spaz)
200 :
Range of
Amax| ] izl I
150 | | 0.5

LuxI/cell [AU]
=
o
Sensitivity
o
|

50 t : ——Stable eq. low |
i —— Unstable eq. 05
0 | Stable eq. high '
2 Aorr 3 Aon 4 5
Cell density p = 3 [cells/mL]x 108 11 L
1.5 | | | ! | | ! ! | ! ! ! |
YL, | L VI aj | Quz | bz | K1 | Kis5 |Kwe | KR ar Br R
Extracellular AHL RNAI AHL binding CRISPRI

degradation inhibition



Single-feedback

4. QS Inh_ibition

a) Extracellular AHL degradation b) 300 : .
i, = 2-107 (no QQ)
250 ity =810
1. Ext lul Increase i
. X ':ace uiar mxepw""’ x U YL, 520()- = =
autoinducer : % w0l
deg rad atl O n auloigducer 5 100 F
! Degrading o
-“- R DTSN © © extracellular | —___ AR 0 ‘ 1
= P autoinducer ’ 1.5 2

%107

300
w d) AHL binding inhibition e) — K;=0.0055 (no QQ)
QJ _— —— K,=0.003
o — - - - K,=0.002
z ,’ 2. AHL blndln G K€ —— K1=0.00132
Q . aSENaPT . g 2 = I Decrease 5200‘ - e
et inhibition via I K, =
L] - e ¥ ﬁ é 150 +
1) antagonistic antagonistic 2
L compounds autoinducer = 1007
0 compounds .
o W 0 - :
- ® 9 extracellular 0.5 1 1.5 2
o ® autoinducer 10"
o g) Synthase synthesis reduction - CRISPRIi h) =0 — Kius — 191 (20 OQ)
u — 95 Kpz = 4-10?
%07 K = 8- 107
CRISPRIi K =13-10°
= 3. Synthase - Inorease 5 200 T
 JYIitlilasece  [f/ & 7T O S < ‘
: y Receptor l Klux % _— :
- ] 20 } |
C synthesis reduction — = ;
| " !
CRISPRI =10 ‘
autoinducer !
t iO 3
» 50 ;
® A J [) L
T @ extracellular 0.5 1 1.5 2
=8 ® ¥ a:'toindllxcler % 10°
j)  Post-transcriptional interference - RNAi k) —
27’[) — X » _)rJ-
Az = 1.45
3. Post- W  \\OoU 5| -
n I VS22 Y e " o " e X[ '\ i = 1
= = A l lux = ., !
transcriptional .y ; — T |
= = o] i
interference - RNAI S 1007 =
o — |
t 50 |
v Sy J =
R ® o exirgl:ellulal ' 0.5 1 1.5 2
o Cell density p = 7 [cells/mL] x10°

C. Cimolato, G. Selvaggio, L. Marchetti, G. Giordano, L. Schenato, M. Bellato, IEEE TMBMSC (under review).

c)

LuxI/cell [AU]

f)

LuxI/cell [AU]

LuxI/cell [AU]

300

250 ¢

200

300

250 ¢

200

150

Double-feedback

=2-10"* (no QQ)
- 5.3-1074
e, = 7-107
- 8.5-1074
1.5 2
x10°
K;=0.0055 (no QQ)
K;=0.003
K1=0.002
K,=0.00132
1.5 2
x10°
uwz = 194 (no QQ)
Kuyr = 4-10%
Kiur = 8- 102
Kz = 1.3 10°
0.5 1.5 2
x10?
= 4.99 (no QQ)
=25
= 1.45
=1.2
0.5 1.5 2
Cell density p = § [cells/mL] x10"
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Comprehensive,

model-driven evaluation

of QS inhibition
strategies to identify

optimal QQ approaches
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5. Engineering QS bacterial strains: Sensor
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5. Engineering QS bacterial strains

a) Single-feedback QS system b) Double-feedback QS system

Plac PlUX | I:‘UX PlUX

I i

(: luxR RFP luxI GFP (: luxR RFP luxl GFP

/ RFP —» LuxR

N GFP — Luxl

Laser



5. Future Perspectives

| Buid |

[ Design ] Test

At Khammash Lab

[ Learn ]

Synthetic biology

Systems biology



6. Future Perspectives

d  Feedback control on the QS communication system
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density

Engineering Biology

Synthetic
o O Biology @



Conference and Journal papers

1. C. Cimolato, G. Selvaggio, L. Marchetti, G. Giordano, L. Schenato, M. Bellato. “Quorum Sensing Model Structures Inspire
the Design of Quorum Quenching Strategies”, IEEE Transactions on Molecular, Biological, and Multi-Scale
Communications (under review).

2. M. Bellato, C. Cimolato, S. Letrari, L. Schenato, “Mathematical Modeling of Phage-Mediated CRISPRIi System for Inhibiting
Antibiotic Resistance”, BBCC 2024, Napoli, Italy.

3. C. Cimolato, M. Bellato, G. Selvaggio, L. Marchetti, G. Giordano, L. Schenato “Model Driven Design of Bacterial
Communication Inhibition: from Quorum Sensing to Quorum Quenching”, Automatica.it 2024, Bolzano.

4. Sara Letrari, Chiara Cimolato, Mahmoud Elsayed Mossad Shalata, Claudia Del Vecchio, Veronica Zatta, Giulia Bernabeg,
Paola Brun, Luca Schenato, Ignazio Castagliuolo and Massimo Bellato, "Exploiting Synthetic Biology and Phage Delivery
Technologies to Tackle Antimicrobial Resistance". 2023 International Conference on Microbiome Engineering (ICME23)

5. C. Cimolato, M. Bellato, G. Selvaggio, L. Marchetti, L. Schenato. “Controlling bacterial communication: uncovering quorum
sensing and quenching structural properties via a systems biology approach”, Automatica.it 2023, Catania.

6. C. Cimolato, G. Selvaggio, M. Bellato, L. Marchetti, L. Schenato. “Uncovering quorum sensing and quenching structural
properties: a systems biology approach”, VIl Congress of the National Group of Bioengineering (GNB), 2023.

7. E. Gaetan, C. Cimolato, L. Schenato, M. Bellato. “Modeling metabolic overload effects in bacterial growth rate in synthetic
biology”, VIl Congress of the National Group of Bioengineering (GNB), 2023.



COSBI

—) DIPARTIMENTO
—  DIINGEGNERIA ETH:zurich C OOOOO [ - S B
— DELLINFORMAZIONE Prof. Mustafa Khammash

Thank you for your
attention

Fondazione
Cassa di Risparmio
di Padova e Rovigo



	A Control Perspective on Antimicrobial Resistance Inhibition:
	People
	1. Problem of Antimicrobial Resistance (AMR)
	1. Problem of Antimicrobial Resistance (AMR) (2)
	1. Problem of Antimicrobial Resistance (AMR) (3)
	1. Problem of Antimicrobial Resistance (AMR) (4)
	1. Problem of Antimicrobial Resistance (AMR) (5)
	1. Problem of Antimicrobial Resistance (AMR) (6)
	1. Antimicrobial Resistance Mechanisms
	2. Phage-Mediated CRISPRi System
	2. Phage-Mediated CRISPRi System (2)
	2. Phage-Mediated CRISPRi System (3)
	2. Phage-Mediated CRISPRi System (4)
	3. Antimicrobial Resistance Mechanisms
	3. Quorum Sensing in Gram Negative bacteria
	3. A control perspective
	3. A control perspective (2)
	3. Modelling of the Plant
	3. From biology to mathematical models
	3. Single feedback QS system
	3. Single feedback QS system (2)
	3. Single feedback QS system (3)
	3. Single feedback QS system (4)
	3. Single feedback QS system (5)
	3. Single feedback QS system (6)
	3. Equilibria Analysis
	3. Bifurcation Diagram
	3. Two interlocked Feedbacks
	3. Double-feedback Model
	3. Equilibrium analysis
	3. Bifurcation Diagram (2)
	3. From Systems to “Feedback Control”
	4. QS Inhibition: Actuators
	4. QS Inhibition
	4. QS Inhibition
	4. QS Inhibition (2)
	4. QS Inhibition (3)
	4. Sensitivity analysis – Single Feedback
	4. Sensitivity analysis – Double Feedback
	4. QS Inhibition (4)
	5. From simulation to experiments
	5. Engineering QS bacterial strains: Sensor
	5. Engineering QS bacterial strains
	5. Future Perspectives
	6. Future Perspectives
	6. Summarizing
	Conference and Journal papers
	Slide 48

