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Why SynthBio@UNIPD and why now ?
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• Context:
• Synthetic Biology to be one main research driver in 

the future
• Spontaneous and uncoordinaterd activities at 

UNIPD
• UNIPD international excellence in PE, LS, Medicine,
• Research centers on Network Medicine and 

Neuroscience but not Synth Bio …. yet

• Question:
• Can we make UNIPD a leading international HUB in 

Syntetic Biology in next years?
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From single-cell to multi-cell 
information systems analysis

Barbara Di Camillo1, Fabio Vandin1, Luca Schenato1, Simone Del

Favero1, Nicola Elvassore2, Rita Zamarchi3, Elisabetta Rossi4,

Giacomo Baruzzo1, Alessandra Dal Molin1.

1Information Engineering Department

2Department of Industrial Engineering

3Istituto Oncologico Veneto

4Department of Surgery, Oncology and GastroenterologyGoal: modeling and analsys of 
organoids and as multi-agent systems

The Team

Bioinformatics
Bioengineering

Biotechnology Biology and Clinics

Automatic 
Control

Tissues and organs are complex multi-cells systems made of multiple
subpopulation of cells

Multi-cells systems 

Cells exhibit different system state
(expression profiles) Cells accumulate genetic variations over

time

Tim
e 

Cells are spatially and temporally organized
and able to communicate and interact with
each other to orchestrate self-assembly and
response to stimuli as a whole.

Prof. Fabio 
Vandin

Prof. Simone 
Del Favero

Prof. Luca 
Schenato

Prof. Nicola 
Elvassore (DII) Dr. Rita 

Zamarchi (IOV) 

PhD. 
Alessandra 
Dal Molin

PhD. 
Giacomo 
Baruzzo

Elisabetta Rossi 
(DiSCOG)

Prof. Barbara 
Di Camillo

2017-2020: Department of Informarmation Engineering (DEI)
Proactive Seed grant (200KEuro, 3Y): create new sinergies within DEI  



Inception of SynthBio@UNIPD
2021-2025: Progetti di Eccellenza Scientifica CARIPARO
(400K Euro, 3Y)
ReActing: Restoring Antibiotic 
sensitivity in Bacteria: a synthetic 
biology approach 

Goal: create engineered bacteria tackling AMR both 
at single bacterium and at population level

Prof. Luca Schenato (DEI)

Prof. Barbara Di Camillo 
(DEI)

Prof. Simone Del Favero
(DEI)

ENGINEERING

Prof. Ignazio Castagliuolo
(DMM)

Prof. Paola Brun 
(DMM)

Prof. Stefano 
Dall’Acqua (dSF)

MEDICINE

next talk

Dr. Massimo Bellato
(DEI/DMM)
Phd. SynthBio @UNIPV
Visiting scholar at 
SynthBio Lab @MIT



Inception of SynthBio@UNIPD

Prof. Luca Schenato (DEI)

Dr. Massimo Bellato
Phd in Synthetic Biology UNIPV (prof. Lalo Magni)
Visiting scholar MIT (prof. Domitilla Del Vecchio)

ENGINEERING

Prof. Livio Trainotti
(DiBio)

LIFE SCIENCESSystems Biology 
(6CFU-LM Control 
Sys. Engineering)

Synthetic Biology 
(6CFU-LT Biotecnologie, 
5 instructors)

Student association
(Biology, Engineering, Medicine)

International Genetically 
Engineered Machine (iGEM) 
competition
(additional faculties)

Afternoon talk
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Engineering
Physics

Mathematics
Chemistry

Humanities
Philosophy 

Law

Biology
Medicine
Veterinary 

Food Science

morning talks
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Definition by EU: 
Engineering of biologic components and systems that do not exist in nature, 
and the re-engineering of existing biologic systems; it is determined on the intentional 
design of artificial systems, rather than an understanding of natural biology.

What is Synthetic Biology?

Synthetic 
Biology

DNA Protein 1

DNA

Protein 3DNA

Protein 2
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The synthesis of enzymes in bacteria follows a double genetic control. The so-
called structural genes determine the molecular organization of the proteins.
Other, functionally specialized, genetic determinants, called regulator and operator
genes, control the rate of protein synthesis through the intermediacy of cytoplas-
mic components or repressors. The repressors can be either inactivated (induction)
or activated (repression) by certain specific metabolites. This system of regulation
appears to operate directly at the level of the synthesis by the gene of a short-
lived intermediate, or messenger, which becomes associated with the ribosomes
where protein synthesis takes place.

1. Introduction

According to its most widely accepted modern connotation, the word "gene" designates
a DNA molecule whose specific self-replicating structure can, through mechanisms
unknown, become translated into the specific structure of a polypeptide chain.
This concept of the "structural gene" accounts for the multiplicity, specificity and

genetic stability of protein structures, and it implies that such structures are not
controlled by environmental conditions or agents. It has been known for a long time,
however, that the synthesis of individual proteins may be provoked or suppressed
within a cell, under the influence of specific external agents, and more generally that
the relative rates at which different proteins are synthesized may be profoundly
altered, depending on external conditions. Moreover, it is evident from the study of
many such effects that their operation is absolutely essential to the survival of the cell.
It has been suggested in the past that these effects might result from, and testify

to, complementary contributions of genes on the one hand, and some chemical factors
on the other in determining the final structure of proteins. This view, which con-
tradicts at least partially the" structural gene" hypothesis, has found as yet no experi-
mental support, and in the present paper we shall have occasion to consider briefly some
of this negative evidence. Taking, at least provisionally, the structural gene hypothesis
in its strictest form, let us assume that the DNA message contained within a gene is
both necessary and sufficient to define the structure of a protein. The elective effects
of agents other than the structural gene itself in promoting or suppressing the syn-
thesis of a protein must then be described as operations which control the rate of
transfer of structural information from gene to protein. Since it seems to be established

t This work has been aided by grants from the National Science Foundation, the Jane Coffin
Childs Moruoria.l Fund for Medical Research and the Commissariat it l'Energie Atomique.
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Mathematical modelling of SigE regulatory 
network reveals new insights into bistability 
of mycobacterial stress response
Irene Zorzan1*, Simone Del Favero1, Alberto Giaretta1, Riccardo Manganelli2, Barbara Di Camillo1,3 and 
Luca Schenato1 

Background
Mycobacterium tuberculosis, like many other bacteria, can survive adverse environmen-
tal conditions thanks to its ability to sense environmental changes and start appropriate 
responses in genes expression and proteins activity. !ese responses allow a fraction of 
a clonal (i.e., genetically identical) bacterial population to survive exposure to stress and 
to persist for much longer periods of time with respect to the remaining (non-persistent) 

Abstract 
Background: The ability to rapidly adapt to adverse environmental conditions repre-
sents the key of success of many pathogens and, in particular, of Mycobacterium tuber-
culosis. Upon exposition to heat shock, antibiotics or other sources of stress, appropri-
ate responses in terms of genes transcription and proteins activity are activated leading 
part of a genetically identical bacterial population to express a different phenotype, 
namely to develop persistence. When the stress response network is mathematically 
described by an ordinary differential equations model, development of persistence 
in the bacterial population is associated with bistability of the model, since different 
emerging phenotypes are represented by different stable steady states.

Results: In this work, we develop a mathematical model of SigE stress response 
network that incorporates interactions not considered in mathematical models cur-
rently available in the literature. We provide, through involved analytical computations, 
accurate approximations of the system’s nullclines, and exploit the obtained expres-
sions to determine, in a reliable though computationally efficient way, the number of 
equilibrium points of the system.

Conclusions: Theoretical analysis and perturbation experiments point out the crucial 
role played by the degradation pathway involving RseA, the anti-sigma factor of SigE, 
for coexistence of two stable equilibria and the emergence of bistability. Our results 
also indicate that a fine control on RseA concentration is a necessary requirement in 
order for the system to exhibit bistability.

Keywords: Bacterial persistence, Mathematical modelling, Bistability
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Summary
sE, one of the best characterized mycobacterial extra-
cytoplasmic function sigma factors, is involved in
virulence, surface stress response and modulation of
the inflammatory response during infection. The
regulation of its activity is very complex and involves
transcriptional, translational and post-translational
control. Post-translational regulation is controlled
by RseA, an anti-s factor belonging to the zinc-
associated anti-s factor family. In this issue of
Molecular Microbiology, Barik et al. demonstrate that
RseA is a redox-sensing protein that is able to bind sE

only in reducing environment. Importantly, they
describe a novel positive feedback loop responsible
for sE release and activation following surface stress,
due to ClpC1P2-dependent proteolytic degradation of
RseA, depending on its phosphorylation by the
eukaryotic-like Ser/Thr protein kinase PknB.

Bacterial sigma (s) factors are proteins that are able to
bind RNA polymerase (RNAP) holoenzyme, providing
it with specificity for particular consensus promoter
sequences. Bacterial genomes generally encode one
principal sigma factor, an essential protein required for the
transcription of housekeeping genes, and a variable
number of alternative sigma factors that are not essential
under normal physiologic conditions but allow the bacteria
to respond to specific environmental stimuli (Gruber and

Gross, 2003). Most sigma factors are involved in the
regulation of stress responses, nutrient adaptation and
cell differentiation. The number of alternative sigma
factors encoded by mycobacterial chromosomes varies
from 27 in the saprophytic Mycobacterium smegmatis to 3
in the obligate pathogen Mycobacterium leprae (Rodrigue
et al., 2006). The Mycobacterium tuberculosis genome
encodes 13 sigma factors, 10 of which belong to the
extracytoplasmic function (ECF) subclass, a heteroge-
neous group of sigma factors often involved in virulence
and in the response to stress conditions such as iron
limitation and oxidative and surface stress (Manganelli
et al., 2004b; Rodrigue et al., 2006).

The coexistence of several competing sigma factors
within the cell requires extremely complex regulation of
their activity to co-ordinate global gene expression in
response to different environmental stimuli. Indeed, the
activity of each sigma factor can be regulated at transcrip-
tional, translational and/or post-translational levels.

One of the best characterized mycobacterial sigma
factors is sE, which belongs to the ECF subclass and is
essential for growth in macrophages (Manganelli et al.,
2001) and virulence in mice (Ando et al., 2003; Manga-
nelli et al., 2004a). Moreover, a sigE mutant is more
sensitive: (i) to several membrane-disrupting agents,
including the detergent SDS, the protonophore carbonyl
cyanide chlorophenyl-hydrazone (CCCP) and the cationic
peptide polymyxin B; (ii) to vancomycin, a glycopeptide
targeting peptidoglycan biosynthesis; (iii) to heat shock
and (iv) to several oxidative compounds, such as hydro-
gen peroxide, cumene hydroperoxide and plumbagine
(Manganelli et al., 2001; Fontan and Smith, 2009;
Provvedi et al., 2009).

The sE regulon has been determined by DNA microar-
ray technology following SDS-induced surface stress
(Manganelli et al., 2001), and during macrophage infec-
tion (Fontan et al., 2008). Genes in the sE regulon encode
other regulators, such as sB and Rv2745c (ClgR), and
proteins involved in fatty acid detoxification, mycolic acid
biosynthesis and the control of membrane structure and
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Eukaryotic-like STPKs are transmembrane proteins
whose extracellular portion normally consists of one or
more sensor domains. Once bound by specific ligands,
these domains activate the intracellular kinase domain,
thereby inducing a change in the protein conformation
(Yeats et al., 2002). Even if the signal that triggers PknB
activation is still unknown, its involvement in the regula-
tion of the bacterial cell shape (Kang et al., 2005) and in
the response to surface stress mediated by SDS or van-
comycin strongly suggests that this signal could arise
from damaged and/or nascent cell surface components.
The fact that the PknB extracellular domain contains four
Penicillin-binding protein and Serine/Threonine kinase
associated (PASTA) domains, which are suggested to
bind unlinked peptidoglycan, reinforces this hypothesis
(Park et al., 2008).

Finally, Barik et al. postulate that the RseA degradation
pathway represents a positive feedback loop, as the
expression of ClpC1P2 structural genes is positively con-
trolled by ClgR (Mehra and Kaushal, 2009), whose
expression is controlled by sE (Manganelli et al., 2001).

The sE-ClgR-mediated induction of the clp regulon is
active also in response to oxidative stress (Mehra and
Kaushal, 2009); however, Barik et al. demonstrate that

RseA is not degraded under this condition. The stability of
RseA in oxidative environment could be due to the lack of
phosphorylation by PknB, but this is unlikely because it
was previously shown PknB can phosphorylate RshA, the
sH-specific anti-s factor, decreasing its affinity for sH (Park
et al., 2008) under the same conditions.

Discovering a new pathway of anti-s factor proteolytic
degradation that could be conserved in other bacterial
species and for anti-s factors other than RseA, the study
of Barik et al. represents an important contribution to the
understanding of s factors physiology, and surely will
stimulate new research in the field.

Including these new data with existing knowledge of sE

regulation results in an complex overall picture that con-
sists of several of epistatic pathways (Fig. 1). Following
oxidative stress and heat shock, sigE is transcribed from
P3 by sH-RNAP, resulting in the production of two small
isoforms: sE

218 and sE
215. In an oxidative environment,

RseA will release sE by a still unknown mechanism (prob-
ably involving the formation of an intramolecular disulfide
bridge between cysteine residues of its HXXXCXXC
motif), while it will release sE following heat shock, prob-
ably following a temperature-dependent conformational
change (Donà et al., 2008).

Fig. 1. Model of the complex network responsible for sE regulation. In response to surface stress involving a still unknown signal (probably
unlinked peptidoglycan), PknB will phosphorylate RseA, which will be targeted by ClpC1P2 for proteolytic degradation, causing the release of
the active form of sE. The increased amount of free sE will result in the induction of its regulon, including Rv2745c (encoding ClgR) and,
consequently, of the clp regulon (Barik et al. this issue of Molecular Microbiology) and of ppk1 (M. Kundu, pers. comm.). Increased amounts of
ClpC1P2 will lead to more efficient RseA degradation and, consequently, to a higher concentration of free sE (first positive feedback loop).
Increased amounts of PPK1 will raise polyP concentration in the cell, which will stimulate MprA phosphorylation by MprB. P-MprA will occupy
its binding sites upstream of sigE, turning off P1 and activating P2, resulting in the synthesis of a leaderless mRNA, which will be translated in
the major isoform sE

257 (second positive feedback loop). Filled arrows show the effects on transcription; dashed arrows indicate the gene
products.
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3&'-' ! +2 /&' 4"54'5/-)/+"5 ". -'<-'22"- $= " +2 /&' 4"54'5/-)/+"5 ".
-'<-'22"- ;= !$ +2 /&' '..'4/+*' -)/' ". 275/&'2+2 ". -'<-'22"- $= !; +2 /&'
'..'4/+*' -)/' ". 275/&'2+2 ". -'<-'22"- ;= " +2 /&' 4""<'-)/+*+/7 ".
-'<-'22+"5 ". <-"8"/'- ; )56 # +2 /&' 4""<'-)/+*+/7 ". -'<-'22+"5 ".
<-"8"/'- $> %&' )("*'8"6'1 +2 6'-+*'6 .-"8 ) (+"4&'8+4)1 -)/' '?,)/+"5
."-8,1)/+"5 ". 0'5' '#<-'22+"5;@A;B> %&' C5)1 ."-8 ". /&' /"001' '?,)/+"52
<-'2'-*'2 /&' /3"8"2/ .,56)8'5/)1 )2<'4/2 ". /&' 5'/3"-9: 4""<'-)/+*'
-'<-'22+"5 ". 4"52/+/,/+*'17 /-)524-+('6 <-"8"/'-2 D/&' C-2/ /'-8 +5 ')4&
'?,)/+"5E= )56 6'0-)6)/+"5F6+1,/+"5 ". /&' -'<-'22"-2 D/&' 2'4"56 /'-8 +5
')4& '?,)/+"5E>

%&' <)-)8'/'-2 !$ )56 !; )-' 1,8<'6 <)-)8'/'-2 /&)/ 6'24-+(' /&'
5'/ '..'4/ ". GHI <"178'-)2' (+56+50= "<'5J4"8<1'# ."-8)/+"5=
/-)524-+</ '1"50)/+"5= /-)524-+</ /'-8+5)/+"5= -'<-'22"- (+56+50= -+("2"8'
(+56+50 )56 <"17<'</+6' '1"50)/+"5> %&' 4""<'-)/+*+/7 6'24-+('6 (7 "
)56 # 4)5 )-+2' .-"8 /&'8,1/+8'-+K)/+"5 ". /&' -'<-'22"- <-"/'+52 )56 /&'
4""<'-)/+*' (+56+50 ". -'<-'22"- 8,1/+8'-2 /" 8,1/+<1' "<'-)/"- 2+/'2 +5
/&' <-"8"/'-> I5 )66+/+"5)1 8"6+C4)/+"5 /" '?,)/+"5 D$E +2 5''6'6 /"
6'24-+(' +56,4/+"5 ". /&' -'<-'22"-2 DL+0> ME>

%&' 0'"8'/-+4 2/-,4/,-' ". '?,)/+"5 D$E= +11,2/-)/'6 +5 L+0> ;) )56 (=
-'*')12 /&' "-+0+5 ". /&' (+2/)(+1+/7: /&' 5,1141+5'2 D6!!6" ! N )56 6#!6" ! N
+5 L+0> ;E +5/'-2'4/ )/ /&-'' <"+5/2= <-"6,4+50 "5' ,52/)(1' )56 /3" 2/)(1'
2/')67 2/)/'2> L-"8 L+0> ;) )56 (= /&-'' 9'7 .')/,-'2 ". /&' 272/'8
('4"8' )<<)-'5/> L+-2/= /&' 5,1141+5'2 +5/'-2'4/ /&-'' /+8'2 ('4),2' ".
/&'+- 2+08"+6)1 2&)<'= 3&+4& )-+2'2 ."- "= # $ $> %&,2= /&' (+2/)(+1+/7 ". /&'
272/'8 6'<'562 "5 /&' 4""<'-)/+*' -'<-'22+"5 ". /-)524-+</+"5> O'4"56=
/&' -)/'2 ". 275/&'2+2 ". /&' /3" -'<-'22"-28,2/ (' ()1)54'6> P. /&' -)/'2
)-' 5"/ ()1)54'6= /&' 5,1141+5'2 3+11 +5/'-2'4/ "517 "54'= <-"6,4+50 )
2+501' 2/)(1' 2/')67 2/)/'> %&+2 2+/,)/+"5 )-+2'2 +5 <1)28+6 <PQR$NM> %&+-6=
/&' 2/-,4/,-' ". /&' /"001' 5'/3"-9 4-')/'2 /3" ()2+52 ". )//-)4/+"5> %&,2=
) /"001' 3+/& )5 +5+/+)1 4"56+/+"5 )573&'-' )("*' /&' 2'<)-)/-+# 3+11
,1/+8)/'17 2'//1' /" 2/)/' $= 3&'-')2 ) /"001' 2/)-/+50 ('1"3 /&' 2'<)-)/-+#
3+11 2'//1' /" 2/)/' ;>

%&' 4"56+/+"52 ."- ) (+2/)(1' /"001' 5'/3"-9 )-' +11,2/-)/'6 +5 L+0> ;4
)56 6> I2 /&' -)/'2 ". -'<-'22"- 275/&'2+2 )-' +54-')2'6= /&' 2+K' ". /&'
(+2/)(1' -'0+"5 +54-')2'2> L,-/&'-8"-'= /&' 21"<'2 ". /&' (+.,-4)/+"5 1+5'2=
."- 1)-0' !$ )56 !;= )-' 6'/'-8+5'6 (7 " )56 #> %&,2= /" "(/)+5 (+2/)(+1+/7=
)/ 1')2/ "5' ". /&' +5&+(+/"-2 8,2/ -'<-'22 '#<-'22+"5 3+/& 4""<'-)/+*+/7
0-')/'- /&)5 "5'> S"-'"*'-= &+0&'- "-6'- 4""<'-)/+*+/7 3+11 +54-')2' /&'
-"(,2/5'22 ". /&' 272/'8= )11"3+50 3')9'- <-"8"/'-2 /" )4&+'*'
(+2/)(+1+/7 )56 <-"6,4+50 ) (-")6'- (+2/)(1' -'0+"5>
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3&'-' ! +2 /&' 4"54'5/-)/+"5 ". -'<-'22"- $= " +2 /&' 4"54'5/-)/+"5 ".
-'<-'22"- ;= !$ +2 /&' '..'4/+*' -)/' ". 275/&'2+2 ". -'<-'22"- $= !; +2 /&'
'..'4/+*' -)/' ". 275/&'2+2 ". -'<-'22"- ;= " +2 /&' 4""<'-)/+*+/7 ".
-'<-'22+"5 ". <-"8"/'- ; )56 # +2 /&' 4""<'-)/+*+/7 ". -'<-'22+"5 ".
<-"8"/'- $> %&' )("*'8"6'1 +2 6'-+*'6 .-"8 ) (+"4&'8+4)1 -)/' '?,)/+"5
."-8,1)/+"5 ". 0'5' '#<-'22+"5;@A;B> %&' C5)1 ."-8 ". /&' /"001' '?,)/+"52
<-'2'-*'2 /&' /3"8"2/ .,56)8'5/)1 )2<'4/2 ". /&' 5'/3"-9: 4""<'-)/+*'
-'<-'22+"5 ". 4"52/+/,/+*'17 /-)524-+('6 <-"8"/'-2 D/&' C-2/ /'-8 +5 ')4&
'?,)/+"5E= )56 6'0-)6)/+"5F6+1,/+"5 ". /&' -'<-'22"-2 D/&' 2'4"56 /'-8 +5
')4& '?,)/+"5E>

%&' <)-)8'/'-2 !$ )56 !; )-' 1,8<'6 <)-)8'/'-2 /&)/ 6'24-+(' /&'
5'/ '..'4/ ". GHI <"178'-)2' (+56+50= "<'5J4"8<1'# ."-8)/+"5=
/-)524-+</ '1"50)/+"5= /-)524-+</ /'-8+5)/+"5= -'<-'22"- (+56+50= -+("2"8'
(+56+50 )56 <"17<'</+6' '1"50)/+"5> %&' 4""<'-)/+*+/7 6'24-+('6 (7 "
)56 # 4)5 )-+2' .-"8 /&'8,1/+8'-+K)/+"5 ". /&' -'<-'22"- <-"/'+52 )56 /&'
4""<'-)/+*' (+56+50 ". -'<-'22"- 8,1/+8'-2 /" 8,1/+<1' "<'-)/"- 2+/'2 +5
/&' <-"8"/'-> I5 )66+/+"5)1 8"6+C4)/+"5 /" '?,)/+"5 D$E +2 5''6'6 /"
6'24-+(' +56,4/+"5 ". /&' -'<-'22"-2 DL+0> ME>

%&' 0'"8'/-+4 2/-,4/,-' ". '?,)/+"5 D$E= +11,2/-)/'6 +5 L+0> ;) )56 (=
-'*')12 /&' "-+0+5 ". /&' (+2/)(+1+/7: /&' 5,1141+5'2 D6!!6" ! N )56 6#!6" ! N
+5 L+0> ;E +5/'-2'4/ )/ /&-'' <"+5/2= <-"6,4+50 "5' ,52/)(1' )56 /3" 2/)(1'
2/')67 2/)/'2> L-"8 L+0> ;) )56 (= /&-'' 9'7 .')/,-'2 ". /&' 272/'8
('4"8' )<<)-'5/> L+-2/= /&' 5,1141+5'2 +5/'-2'4/ /&-'' /+8'2 ('4),2' ".
/&'+- 2+08"+6)1 2&)<'= 3&+4& )-+2'2 ."- "= # $ $> %&,2= /&' (+2/)(+1+/7 ". /&'
272/'8 6'<'562 "5 /&' 4""<'-)/+*' -'<-'22+"5 ". /-)524-+</+"5> O'4"56=
/&' -)/'2 ". 275/&'2+2 ". /&' /3" -'<-'22"-28,2/ (' ()1)54'6> P. /&' -)/'2
)-' 5"/ ()1)54'6= /&' 5,1141+5'2 3+11 +5/'-2'4/ "517 "54'= <-"6,4+50 )
2+501' 2/)(1' 2/')67 2/)/'> %&+2 2+/,)/+"5 )-+2'2 +5 <1)28+6 <PQR$NM> %&+-6=
/&' 2/-,4/,-' ". /&' /"001' 5'/3"-9 4-')/'2 /3" ()2+52 ". )//-)4/+"5> %&,2=
) /"001' 3+/& )5 +5+/+)1 4"56+/+"5 )573&'-' )("*' /&' 2'<)-)/-+# 3+11
,1/+8)/'17 2'//1' /" 2/)/' $= 3&'-')2 ) /"001' 2/)-/+50 ('1"3 /&' 2'<)-)/-+#
3+11 2'//1' /" 2/)/' ;>

%&' 4"56+/+"52 ."- ) (+2/)(1' /"001' 5'/3"-9 )-' +11,2/-)/'6 +5 L+0> ;4
)56 6> I2 /&' -)/'2 ". -'<-'22"- 275/&'2+2 )-' +54-')2'6= /&' 2+K' ". /&'
(+2/)(1' -'0+"5 +54-')2'2> L,-/&'-8"-'= /&' 21"<'2 ". /&' (+.,-4)/+"5 1+5'2=
."- 1)-0' !$ )56 !;= )-' 6'/'-8+5'6 (7 " )56 #> %&,2= /" "(/)+5 (+2/)(+1+/7=
)/ 1')2/ "5' ". /&' +5&+(+/"-2 8,2/ -'<-'22 '#<-'22+"5 3+/& 4""<'-)/+*+/7
0-')/'- /&)5 "5'> S"-'"*'-= &+0&'- "-6'- 4""<'-)/+*+/7 3+11 +54-')2' /&'
-"(,2/5'22 ". /&' 272/'8= )11"3+50 3')9'- <-"8"/'-2 /" )4&+'*'
(+2/)(+1+/7 )56 <-"6,4+50 ) (-")6'- (+2/)(1' -'0+"5>
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which are asymptotically stable (while the third one is necessarily unstable). Remark-
ably, when the level of RseA is kept constant and the same values (borrowed, when 
applicable, from [11]) for the remaining model parameters are assumed, the system 
exhibits a unique equilibrium point2, as reported in Fig. 5.

It is worth mentioning that high non-linearity of the mathematical model makes 
exact analytical derivation of the system’s nullclines impracticable. As a consequence, 
the curves of Figs. 4 and 5 have been obtained under biologically reasonable approxi-
mations (see “Methods” section and Additional file 1 - Supplentary Material for further 
details on the derivations). Validity and accuracy of the approximated nullclines is how-
ever testified by the exact equilibrium points reported with black circles in the figures 
and obtained by numerical simulations of the model with random initial conditions 
(indicated with black crosses in the figures). In fact, the equilibrium point obtained via 
numerical simulation lay at the intersection of the two approximated nullclines.

Figures 4 and 5 together point out the importance of taking into account RseA dynam-
ics and, in particular, its degradation pathway implementing a positive feedback loop 
on SigE regulation. Looking at the curves3 we realize that, in order for the equilibrium 
point corresponding to higher SigE levels to appear, the blue nullcline needs to undergo 
a slowdown so as to form, in logarithmic scale, a sort of “plateau”. "is is exactly the 
role of RseA degradation pathway. On the other hand, in order for the equilibrium point 
corresponding to lower SigE levels to appear, the total amount of SigE (on the vertical 
axis) needs to be highly sensitive to small variations in free SigE concentrations (on the 

Fig. 4 Nullclines plot under the assumption of non-constant RseA concentration. When RseA 
concentration is subject to proteolitic degradation by ClpC1P2, the number of intersection points between 
the input–output relationships from Module 1 and from Module 2 shows that the closed-loop system is 
bistable. For the ease of readability, the logarithmic scale has been adopted for x- and y-axis. E stands for SigE

3 Note that the plots of Figs. 4 and 5 do not report temporal dynamics but static relationships between total amount of 
SigE and amount of free SigE.

2 Both this last simplified model and the model in [11] share the assumption of constant RseA, but SigE–RseA interac-
tion is described in a very different way. #erefore it is not surprising that the first predicts bistability while the latter 
predicts a unique equilibrium point.

Bistability

Bistability
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1 Synthetic biology overall investment trends 
The year 2021 concluded as the best ever for synthetic biology startups, which raised a total of nearly 
$18 billion – nearly as much as the entire amount in all prior years since the emergence of the field in 
2009. The fourth quarter's $2.8 billion was slim compared to the three prior ones of $4.6 billion, $4.3 
billion, and $6.1 billion, but still the fifth-best on record by a large margin. 

 

It would have been hard to top Q3's spectacular deal count of 73 transactions and average amount of 
$83.6 million, but Q4's count of 44 deals averaging $63.3 each was still healthy by historical standards, 
and in line with the typical quarters the last two years running. 
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Several other scattered groups 
(Catania, Bologna, Pisa, ….)
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Synthetic Biology: the UNIPD context
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Synthetic Biology @UNIPD: what’s next?
• How  do we make UNIPD a leading international HUB in next years?

1. Research Center on SynthBio@UNIPD: aggregator and showcase?
2. Create/modify courses accessible to students across departments?
3. Hiring of new faculty (interdipartimental projects, …)?
4. How to attract interest and funding from industry?
5. …… 
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