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In	 this	article	we	propose	a	plasmid	 construction	harboring	 two	gene-
encoded	proteins.	Each	protein	is	regulated	by	a	 thermo-inducible	promoting	
system:	the	promoter	of	Cold-Shock	protein	A	(CspA)	and	the	p(L)	promoter	of	
the	heat	protein	associated	with	its	thermo-labile	repressor	cI857.	Colorimetric	
and	kinetic	 tests	allowed	us	 to	characterize	 the	construction	that	responds	to	
low	 and	 high	 temperatures.	 The	 cold	 protein	 expression	 was	 successfully	
repressed	 at	 37°C,	 and	 gradually	 increased	 from	 20°C	 to	 12°C.	 Despite	 the	
satisfactory	 results	 obtained	 for	 this	 part,	 several	 steps	 remains	 in	 order	 to	
characterize	the	construction	that	respond	to	high	temperatures	(above	40°C)	
and	finally	assemble	the	two	constructions	on	the	same	plasmid	in	order	to	get	
a	“2	in	1”	system	expressing	different	proteins	depending	on	the	temperature.	
The	“2	in	1”	system	will	allow	to	switch	the	production	of	one	protein	to	another	
according	to	the	temperature.			

	

Development	of	a	thermo-responsive	plasmid	for	a	
cold	and	hot	temperature	protein	expression.	

G.	CHRISTIEN,	M.	FOLLENFANT,	M.	LHUISSIER,	P.	LUBRANO,	A.	MAGNANON	 	
	

	

	

	

	

	

	

	

	

INTRODUCTION	
	

Development	of	thermo-induced	biological	
systems	have	been	a	subject	of	interest	since	
many	years,	yielding	various	results	for	different	
applications.	

Temperature	 stress	 is	 notably	 responsible	
for	many	losses	of	crops	yield	around	the	world	
(10),	 hence	 designing	 a	 system	 that	 adapts	 to	
temperature	variation	for	plant	protection	offers	
interesting	perspectives.	
Here	 will	 be	 described	 the	 development	 of	 a	
thermo-responsive	 plasmid	 (TRP)	 carrying	 a	 “2	
in	 1”	 response	 interesting	 for	 plant	 protection	
against	temperature	stresses.	The	TRP	will	carry	
two	genes:	one	expressing	a	heat	protector	only	
at	 high	 temperatures	 (above	 30°C),	 and	 one	
expressing	an	anti-freeze	compound	at	only	low	
temperature	(below	15-20°C).		
	
						Cold-response.	The	cold-induced	expression	
is	 inspired	 by	 a	 family	 of	 proteins	 called	 Cold-
Shock	 Proteins	 (CSPs).	 This	 wide	 (8)	 family	 of	
proteins	is	composed	of	nucleic	acid	chaperones	
that	 are	 mostly	 expressed	 in	 response	 to	 cold	
temperature	stress.	
						During	 cold	 stress,	 survival	 and	 growth	 of	
organisms	 such	 as	 E.coli	 can	 be	 significantly	
impaired.	 Cell	 membranes	 lose	 fluidity,	 and	
mRNAs	tend	to	form	secondary	structures	which	
impair	ribosomal	translation,	and	global	enzyme	
activity	 decreases	 (1).	 To	 counter	 the	 effect	 of	
cold	 temperature	 on	 mRNA,	 the	 cell	 expresses	
CSPs.		

						CSPs	 help	 translation	 to	 proceed	 at	 low	
temperatures	 (11).	 Despite	 all	 the	 biological	
processes	 being	 slowed	 or	 stopped	 at	 low	
temperatures,	 CSPs	 are	 still	 being	 expressed	by	
cells.	 This	 has	 been	 explained	 by	 different	
features,	at	both	transcriptional	and	translational	
levels,	 as	 studied	 in	E.coli	Cold	 Shock	Protein	A	
(CspA)	(9).	This	protein	is	referred	to	as	being	the	
major	 Csp	 of	 E.coli	 and	 has	 been	 chosen	 as	 a	
model	for	the	cold	shock	response	of	our	TRP.	
						At	the	transcriptional	level	the	CspA	promoter	
(CspAp)	responds	to	temperature	downshift	and	
has	 been	 shown	 to	 be	 stimulated	 by	 low	
temperatures	up	to	three-fold	as	compared	to	its	
activity	 at	 37°C	 (7).	 The	 promoter	 is	
supplemented	by	an	upstream	element	called	UP	
element	 whose	 implication	 in	 cold	 induction	 is	
still	being	researched	(15,	17).	
						More	 importantly,	 the	 regulation	 of	 CspA	
expression	occurs	at	a	 translational	 level	due	to	
its	 mRNA	 secondary	 structure.	 Indeed,	 at	
temperatures	 close	 to	 37°C,	 the	 CspA	 mRNA	 is	
stable	only	 for	a	 few	seconds,	 therefore	 limiting	
considerably	 its	 translation	 by	 the	 ribosomal	
machinery	(7).		
						However,	 at	 15°C,	 the	 CspA	 mRNA	 is	 much	
more	stable	and	as	a	result	CspA	is	expressed	at	a	
higher	 level	 (5,	 6).	 Indeed,	 analysis	 of	 the	E.coli	
protein	pool	has	shown	that	CspA	can	represent	
around	10%	of	all	 the	protein	expressed	by	 the	
species	 at	 15°C,	 whereas	 being	 very	 poorly	
expressed	at	37°C	(7).	
						The	 master	 regulator	 of	 this	 translational	
regulation	 is	 the	 CspA	 mRNA’s	 long	 5’	
Untranslated	Transcribed	Region	(5’UTR).	It	is	an	
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unusually	long	sequence	that	is	common	to	all	the	
cold-shock	protein	genes	(with	slight	variations).	
The	5’	UTR	contains	a	regulatory	sequence	called	
“Cold	 Box”	 that	 plays	 an	 important	 role	 in	 the	
stabilization	 of	 the	 mRNA	 at	 low	 temperature	
(ATTAAA)	(15).		
						The	 structure	 of	 this	 5’UTR	 is	 extremely	
unstable	at	high	temperature,	as	it	is	degraded	by	
an	RNAse,	 leading	to	a	12	sec	mRNA	stability	at	
37°C	against	20	minutes	at	15°C	(7),	temperature	
at	which	the	RNAse	is	no	longer	active.	
						Additionally,	 there	 is	 a	 regulatory	 sequence	
motif	that	appears	within	the	CSP	coding	region,	
after	the	start	codon,	called	the	DownStream	Box	
(DS	box)	which	also	contributes	to	the	increased	
mRNA	translation	at	low	temperatures	(15).	The	
DS	 box	 is	 a	 cis-acting	 mRNA	 element	 enabling	
assembly	 of	 the	 translation	 pre-initiation	
complex,	 likely	 through	 interaction	 with	
ribosomal	protein	S1	(19).	
						All	these	elements;	the	CspAp,	the	CpsA	5’UTR	
and	 the	 CspA	 DSbox	 act	 synergistically	 to	
promote	 cold-temperature	 specific	 expression	
(Figure	1).	Our	strategy	to	express	any	compound	
of	interest	at	low	temperature	only	will	be	to	use	
the	 three	 regulatory	 elements	 of	 the	 CspA	 gene	
and	 replace	 the	 CspA	 coding	 sequence	 by	 the	
coding	sequence	of	the	gene	of	 interest.	We	will	
also	 insert	 the	DSbox	 in	 the	 coding	 sequence	of	
the	 gene	 of	 the	 compound	 intended	 to	 be	
expressed	at	low	temperatures	(Figure	2).	
	

	
FIG	1:	WT	CspA			genetic	structure	

	

	
FIG	2:	iGEM	CspA	genetic	structure	

	
						Heat-response.	 To	 achieve	 protein	
expression	only	at	high	temperature	we	used	the	
pL	 promoter	 and	 the	 λcI	 repressor.	 Originally,	
those	 components	 serve	 as	 a	 genetic	 switch	
between	 the	 lysogenic	 and	 lytic	 phases	 of	 the	
bacteriophage	 λ	 life	 cycle.	 The	 creation	 of	 the	
cI857	 mutant	 conferred	 its	 thermolabile	
property,	 and	 is	 widely	 used	 for	 industrial	
production	 of	 recombinant	 proteins	 in	 E.	 coli	
under	up-shift	in	temperature	(13).	
						Normally,	cI	repressor	activity	determines	the	
phage	life	cycle	pathway	by	selectively	inhibiting	
pL	 promoter	 activity.	 Lysogenic	 growth	 is	
maintained	through	the	binding	of	the	cI	dimer	to	
the	promoter	operator	oL/oR	regions,	preventing	

the	 expression	 of	 lytic	 genes	 and	 thus	 the	 host	
lysis.	 The	 temperature	 sensitive	 cI857	 mutant	
retains	 those	 inhibitory	 properties	 at	 low	
temperatures,	 but	 its	 dimeric	 conformation	
becomes	 highly	 unstable	 when	 temperature	 is	
elevated	above	37°C	(12)	(Figure	3).	
	

	
Fig.	3:	Representation	of	the	pL	promoters	controlled	
by	the	cI857	repressor	(Norma	A	Valdez-Cruz	et	al,	

2010)	
	
						This	 thermo-induced	expression	system	 is	of	
great	 biotechnological	 interest	 as	 it	 allows	 a	
better	 culture	 handling	 and	 optimized	
production	yields.	Its	use	is	based	on	the	creation	
of	recombinant	plasmid	vectors	in	which	the	gene	
of	 interest	 is	 inserted	 downstream	 of	 the	 pL	
promoter	 in	presence	of	 the	 thermolabile	 cI857	
repressor	(16).	
						Our	 strategy	 to	 induce	 the	expression	of	any	
gene	 of	 interest	 at	 high	 temperature	 only	 will	
therefore	 be	 to	 create	 a	 recombinant	 plasmid	
containing	the	sequence	coding	for	our	reporter	
gene	 inserted	 downstream	 the	 pL	 promoter	 in	
presence	of	the	cI857	repressor	(Figure	4).	
	

	
Fig.	4:	iGEM	pL/cI857	genetic	structure		
	
						The	 combination	 of	 both	 cl857/pL	 system	
along	with	 the	Csp	mimicry	on	a	single	plasmid	
with	one	compound	expressed	will	constitute	our	
TRP,	 and	 will	 allow	 us	 to	 have	 a	 polyvalent	
temperature	specific	gene	expression	applicable	
for	various	cases.		
	

MATERIALS	AND	METHODS	
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						Chassis.	E.coli	was	 used	 as	 a	 chassis	 for	 the	
plasmid	construction	because	its	genome	is	well	
studied,	 and	 has	 several	 strains	 useful	 for	
molecuar	and	cellular	biology	studies.	The	DH5α	
and	 BL21	 strains	 were	 supplied	 by	 NEB	 (New	
England	Biolabs)	 from	 the	partnership	with	 the	
iGEM	Foundation	of	Boston.	The	DH5α	strain	was	
used	 for	 plasmid	 construction	 and	 cloning	
procedures	 because	 of	 its	 high	 transformation	
efficiency.	 The	 BL21	 strain	 was	 used	 for	
expression	 assays	 because	 of	 its	 high	 levels	 of	
protein	 expression.	 All	 our	 designed	 sequences	
have	 been	 optimized	 and	 sequenced	 for	 E.coli	
strain	DH5α.		
						Plasmid	backbones.	Our	designed	sequences	
were	 produced	 on	 the	 pSB1C3	 and	 pSB1A3	
plasmid	backbones.	Our	final	constructions	were	
delivered	 on	 the	 pSB1C3	 per	 iGEM	 standards.	
Plasmid	pSB1A3	was	used	for	the	propagation	of	
BBa_K2282011	 sequence.	 This	 BioBrick	
corresponds	 to	 the	genetic	construct	permitting	
cold-expression	of	AmilCP	(blue	chromoprotein)	
based	 on	 the	 use	 of	 the	 Cold-shock	 protein	
genetic	pattern.	The	pSB1A3	backbone	 includes	
the	 ampicillin	 resistance	 gene	 and	 pSB1C3	
includes	 chloramphenicol	 resistance	 and	 a	 high	
copy	replication	origin,	which	allows	a	high	copy	
number	per	cell,	facilitating	DNA	purification.	
						Primer	Design.	Primers	were	designed	using	
the	 BioBricks	 suffix	 and	 prefix	 of	 the	 backbone	
pSB1C3.	Sequences	containing	the	EcoRI	and	PstI	
restriction	 sites	 in	 a	 reverse	 form	 from	 the	
BioBricks	 were	 extracted	 using	 Geneious.	 The	
sequences	had	a	size	between	20	and	30bp	with	
a	Tm	around	50°C	and	60°C	and	a	GC	ratio	of	50%.	
The	sequences	were	then	converted	into	primers.	
A	 “TATATA”	 sequence	 was	 added	 at	 the	
beginning	of	the	forward	primer	and	at	the	end	of	
the	 reversed	 primer	 for	 the	 DNA	 polymerase	
adhesion.	 All	 our	 sequences	 were	 design	 using	
Geneious	by	adding	single	bricks	of	DNA	to	form	
the	 whole	 DNA	 construct.	 Each	 sequence	 is	
formed	 by	 a	 BioBrick	 prefix	 and	 suffix	 at	 the	
beginning	and	the	end	of	the	sequence	to	which	
the	 primer	 binds.	 Each	 element	 was	 then	
introduced	 (Promoter	 -	 RBS-	 Gene	 of	 interest-	
chromo	protein-	terminator).	Geneious	was	used	
to	detect	the	restriction	sites,	design	our	primers,	
choose	 the	 best	 Tm	 for	 PCR,	 and	 visualize	 our	
system,	while	adhering	to	the	pSB1C3	backbone	
assembly	standard.	
						Design	 and	 construction	 of	 sequences.	
Sequences	 were	 ordered	 and	 synthetised	 by	
Integrated	 DNA	 Technologies	 (IDT)	 from	 the	
partnership	with	the	iGEM	Foundation	of	Boston.	
We	 imported	 the	 sequences	 from	 Geneious	 to	
IDT.	 IDT	 must	 test	 the	 complexity	 of	 the	
sequences	 before	 ordering	 it.	 The	 sequence	
BBa_K2282013	had	to	be	modified	from	its	first	

draft	 due	 to	 its	 repetitive	 sequence	 content	
(arising	 from	 two	 double	 terminators).	 We	
integrated	 the	 last	 part	 of	 the	 sequence	 in	 a	
reverse	 form	and	we	add	a	different	 terminator	
from	 the	 first	 part	 of	 the	 sequence	 to	 avoid	
concatemers.		

Table	1:	ID	and	description	of	the	designed	parts.		
	
						Cloning	 strategy.	 All	 used	 sequences	 were	
digested	with	EcoRI-HF	and	PstI	from	NEB	with	a	
final	 concentration	of	40U/µL	and	 the	digestion	
mix	was	incubated	for	two	hours	at	37°C.	We	used	
the	same	protocol	for	the	pSB1C3	backbone.	Each	
digested	 sequence	 was	 ligated	 with	 digested	
pSB1C3	 using	 T4	 DNA	 ligase	 from	 NEB	 with	 a	
final	 concentration	 of	 40U/µL.	 Competent	E.coli	
DH5α	 were	 transformed	 with	 the	 ligation	
product	into	SOC	medium,	using	the	classic	heat-
shock	 technique,	 and	 then	 spread	 on	 solid	 LB	
medium	with	chloramphenicol	and	incubated	at	
37°C	 for	 24	 hours.	 Constructs	were	 checked	 by	
colony	PCR.		
Constructs	testing		
							Colorimetry:	 Cold	 and	 heat	 response	 were	
characterize	 through	 colorimetry	 to	 study	 the	
color	 intensity	 emitted	 by	 bacteria	 due	 to	 the	
chromo	 proteins	 responsive	 to	 the	 responses.	
The	test	was	run	for	three	days.		
The	first	day,	cold	and	heat	system	bacteria	were	
incubated	 at	 37	 ºC	 overnight	 and	 next	 day	 the	
OD600	was	 taken	 every	 hour	 until	 reaching	 an	
OD600	=	0.5.	After	reaching	an	OD	of	0.5,	cultures	
were	 split	 in	 half	 and	 held	 at	 temperatures	
accordingly	 to	 their	 genetic	 construction	 to	 be	
tested:	
-For	the	Heat-response	system,	one	half	at	37°C	
and	the	other	at	27°C	
-For	 the	 Cold-Response	 system,	 one	 half	 at	
12/15/20/27°C	and	the	other	at	37°C	
Incubation	 at	 37°C	 was	 necessary	 to	 obtain	 a	
control.		
Other	controls	were	used	as	well	for	the	heat	and	
cold-response	 system	 based	 on	 the	 constitutive	
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expression	 of	 AmilCP	 and	 mRFP	 (see	
BBa_K2282005	and	BBa_K2282012).	 Incubation	
temperatures	 were	 chosen	 based	 on	
bibliographic	 studies.	 The	 assay	 protocol	 was	
inspired	 by	 the	 Takara	 pCOLD	 cold-expression	
vector	method	(21).	
Kinetics	
This	test	was	carry	out	to	study	the	light	intensity	
emitted	by	bacteria	for	each	response	at	different	
times.	
Tests	 were	 performed	 on	 96	 well	 plates.	 We	
prepared	different	media	to	test	our	sequences.		
Colonies	 from	 plates	 were	 scraped	 and	
inoculated	in	an	Erlenmeyer	of	250ml	containing	
50ml	of	the	LB	medium	with	antibiotics	for	each	
DNA	 sequence.	 BBa_K2282011	 was	 prepared	
with	 ampicillin,	 BBa_K2282012	 and	
BBa_K2282013	 with	 chloramphenicol	 and	
pCOLD	 (iGEM	 Tokyo	 2016	 and	 2017)	 with	
kanamycin.	 1	 000x	 and	 10	 000x	 dilutions	were	
carried	out	in	each	well	to	reach	OD0,01	at	time	
zero.	The	plates	were	then	incubated	at	37ºC	for	
2-3	hours.	They	were	later	incubated	at	37ºC	and	
15ºC,	then	=measurements	was	carried	out	every	
hour	 over	 24	 hours	 for	 mRFP	 fluorescence	
(BBa_K2282013,	 BBa_K2282012	 OD607	 and	
BBa_	 K1949000)	 	 at	 OD511	 and	 the	 blue	 light	
emitted	 by	 BBa_K2282011	 (amilCP)	 at	 OD589.	
Measurements	were	carried	out	with	the	TECAN	
Infinite	200pro.	
	

RESULTS	

Cold	response		
A. Influence	 of	 the	 DS	 box	 on	 amilCP	

expression	
						Impact	of	 the	DS	on	amilCP	visual	 aspect.	
The	 first	 test	 was	 performed	 by	 incubating	
BBa_K2282006	 and	 BBa_K2282005	 at	 37ºC	
(Figure	5)	during	3	days	at	37°C.	The	color	was	
visually	 observed	 and	 compared	 to	 the	 native	
amilCP	 reference.	 The	 blue	 coloration	 appears	
similar	 in	 both	 conditions.	 This	 first	 result	
suggests	that	the	presence	of	a	DS	box	inside	the	
amilCP	sequence	does	not	have	any	impact	on	the	
protein	color.		

	

	
Fig.	 5:	 DH5-α	 E.coli	 cultivated	 on	 LB	 agar	 plates	
supplemented	with	chloramphenicol	at	37°C	for	3	days	

with	 and	 transformed	 with	 (a).	 pSB1C3-
BBa_K2282006	 expressing	 amilCP+DSbox,	 (b).	
pSB1C3-BBa_K2282005	expressing	WT	amilCP,		

						Incubated	into	liquid	cultures	at	either	15°C	or	
37°C,	 two	 bacteria	 samples	 were	 collected	 and	
pelleted	by	a	1	min	centrifugation	at	13000	rpm.	
The	resulting	pellets	were	observed	after	18h	and	
42h	 and	 the	 blue	 coloration	 visually	 compared	
(Figure	6).		
						The	results	tend	to	show	a	lighter	blue	color	of	
the	 amilCP	 with	 the	 DS	 box	 compared	 to	 the	
native	 protein,	 irrespective	 of	 the	 incubation	
temperature	 or	 duration.	 This	 color	 difference	
was	not	observable	on	Petri	dishes	and	bacterial	
suspensions.	We	therefore	had	to	further	explore	
the	amilCP	properties	in	both	cases	to	verify	that	
the	same	absorbance	properties	were	conserved	
with	 the	 BBa_K2282006	 part.	 Also,	 the	 lighter	
coloration	at	15°C	compared	to	37°C	in	both	cases	
suggests	that	the	DS	box	alone	does	not	have	any	
enhancing	 activity	 on	 the	 protein	 expression	 at	
cold	temperatures.	

	

	

Fig.	6:	Liquid	culture	(LB	+	chloramphenicol)	pellet	of	
DH5-α	 E.coli	 transformed	 with	 pSB1C3-
BBa_K2282006	 (Seq	 2)	 expressing	 amilCP+DSbox	
and	 	 pSB1C3-BBa_K2282005	 (Seq	 1)	 expressing	WT	
amilCP	at	15°C	and	37°C	

						Impact	 of	 the	 DSbox	 on	 the	 amilCP	
absorbance	 spectrum.	 After	 an	 overnight	
bacterial	culture	at	37°C,	the	protein	content	was	
extracted,	 and	 the	 absorbance	 spectrum	 of	 the	
obtained	 solution	 was	 measured.	We	 corrected	
the	 values	 obtained	 with	 a	 blank	 consisting	 of	
wild-type	culture	extracted	proteins	(Figure	7A).	
						The	 native	 amilCP	 as	 well	 as	 the	 amilCP	
including	 the	 DS	 box	 both	 give	 the	 same	
absorbance	 peak	 at	 588nm.	 This	 is	 consistent	
with	the	existing	data	on	native	amilCP	maximal	
absorbance	(BBa_K592009),	and	shows	that	 the	
DS	 box	 does	 not	 alter	 the	 chromoprotein	
absorption	 profile,	 and	 therefore	 its	 color	
properties	(Figure	7B).		
						This	is	in	accordance	with	the	DS	box	location	
outside	 the	chromophore	domain.	We	 therefore	
made	 the	 hypothesis	 that	 the	 slight	 color	
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difference	observed	between	pellets	might	be	due	
to	a	lower	protein	expression	rather	than	a	color	
variation.	 This	 was	 verified	 through	 a	 kinetics	
measure	of	OD588,	representative	of	the	amilCP	
expression,	at	different	temperatures.	
	

	

	
Figure	7:	A.	Absorption	spectrum	of	the	DS	box-added	
AmilCP	 from	 part	 BBa.	 K2282006.	 B	 Absorption	
spectrum	of	the	WT	AmilCP	from	part	BBa_K2282005.		
	
						Impact	of	the	DS	on	amilCP	expression	rate.	
E.coli	 BL21	 were	 transformed	 with	 either	
BBa_K2282005	 coding	 for	 native	 amilCP	
expression,	 or	 BBa_K2282006	 coding	 for	 the	
amilCP+DSbox.	They	were	 cultivated	 at	 37°C	or	
18°C	 for	 60	 hours	 and	 OD588	 was	 measured	
approximately	every	10	min.	We	took	a	wild-type,	
non-transformed	 bacteria	 batch	 as	 a	 negative	
control.	From	raw	OD588	values	were	withdrawn	
the	 background	 noise	 corresponding	 to	 photon	
deviation	instead	of	photon	absorption.	This	was	
determined	 by	 calculating	 the	 linear	 function	
linking	OD588	as	a	function	of	OD800.	This	latter	
was	taken	as	a	bacterial	growth	indicator,	as	the	
commonly	used	OD600nm	was	 too	 close	 to	our	
wavelength	 of	 interest	 and	 could	 therefore	
interact	in	the	results	(Figure	8).	
						The	increasing	of	the	signal	at	OD588nm	over	
time	 for	 both	 transformed	 bacterial	 batches	
shows	 the	 expression	 of	 functional	 amilCP	
compared	 to	 the	 non-transformed	 ones.	 This	
confirms	that	the	presence	of	the	DS	box	does	not	
impact	 the	 protein	 absorbance	 properties.	 The	
same	protein	expression	pattern	is	observable	at	
both	 temperatures,	 with	 an	 overall	 lower	
expression	 at	 18°C.	 This	 predictable	 result	
suggests	the	absence	of	enhancing	properties	on	
protein	expression	at	18°C	from	the	DS	box	alone.	

Despite	the	presence	of	the	protein	in	both	cases,	
these	 curves	 also	 show	 a	 slightly	 better	
expression	 without	 the	 DS	 box,	 the	 difference	
being	more	pronounced	at	37°C.	This	result	is	in	
accordance	with	our	hypothesis	that	the	presence	
of	 the	 DS	 box	 influences	 the	 amilCP	 expression	
rate,	and	may	be	explained	by	a	perturbation	of	
amilCP	 mRNA	 folding,	 but	 this	 statement	 still	
requires	a	mathematical	analysis.	Originally,	 the	
DS	box	is	suggested	to	enhance	mRNA	translation	
during	 cold	 shocks	 (4).	 However,	 those	 results	
tend	 to	 show	 that	 without	 the	 whole	 cold-
inducing	machinery,	the	DS	box	does	not	seem	to	
operate	 its	 enhancing	 action.	 Further	
characterization	 of	 our	 complete	 cold-shock	
plasmid	 showed	 its	 efficiency	 through	 a	 good	
protein	 expression	 at	 15°C	 and	 not	 37°C.	 This	
proves	 that	 a	 lower	 expression	 rate	 possibly	
induced	 by	 the	 presence	 of	 the	 DS	 box	 is	 not	
problematic	 when	 combined	 with	 the	 CspA	
promoter	 and	 5’UTR	 sequence,	 allowing	 its	
activation.	Finally,	we	attempted	to	sequence	this	
part	but	did	not	obtain	any	satisfying	result	as	the	
sequencing	failed.	
	

	

	

	

Fig.	8:	Expression	levels	of	AmilCP	in	E.coli	BL21	over	
time	 at	 A.	 37ºC.	 B.	 18ºC.	 Difference	 of	 expression	
between	amilCP	and	amilCP	with	DSbox	is	stronger	at	
37°C,	 displaying	 the	 influence	 of	 the	 DSbox	 at	 this	
temperature.	
	
B. Efficiency	of	the	complete	cold-responsive	

system	
					Absence	 of	 amilCP	 expression	 at	 high	
temperatures.	Transformed	bacteria	were	pre-
incubated	 at	 37°C	 until	 the	 OD600nm	 reached	
0.5.	 Then	 they	 were	 cultured	 at	 different	
temperatures	 (12°C,	 15°C,	 20°C,	 27°C)	 with	 a	
control	 at	 37°C	 for	 different	 incubation	 times	

A	

B	

A	

B	
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(18h,	20h,	42h).	The	results	show	a	blue	color	at	
15ºC	but	not	at	37ºC,	which	mean	that	the	system	
worked	 (Figure	 9A).	 The	 minimal	 temperature	
for	which	a	blue	color	has	been	obtained	is	12°C	
(Figure	9.B).	

	
Fig.	 9:	 Pellets	 of	 bacteria	 transformed	 with	 BBa	
K2282011,	after:	A.	incubation	18h	at	37°C	(on	the	left)	
and	 18h	 at	 15°C	 (on	 the	 right).	B:	 incubation	 20h	 at	
12°C	(on	the	left)	and	20h	at	37°C	(on	the	right)	
	
As	 most	 of	 the	 experiments	 on	 Cold-shock	
proteins=	were	carried	out	only	at	15ºC	and	37ºC,	
we	wanted	 to	get	 a	better	 insight	 into	 the	 cold-
shock	 expression	 pattern	 by	 using	 other	
temperatures	 such	 as	 20ºC	 and	 27ºC.	 At	 20ºC	
incubation	 time	 bacteria	 transformed	with	 BBa	
K2282011	were	also	blue	compared	to	 the	wild	
type	bacteria.	This	result	shows	the	cold	response	
system	doesn’t	react	at	a	precise	temperature.	Its	
efficiency	 likely	 increases	 as	 much	 as	
temperature	 decreases	 (Figure	 10).	 At	 27°C	
incubation	 time	 bacteria	were	 slightly	 blue	 and	
almost	uncolored	at	37°C.	Despite	the	presence	of	
a	 light	 coloration,	 this	 results	 shows	 the	
significant	 expression	 reduction	 at	 27°C	
compared	to	20°C	(Figure	11).		

	

	
Fig.	 10:	 Pellets	 of	 bacteria	 transformed	 with	 BBa	
K2282011,	 after	 incubation	20h	at	20ºC	 (on	 the	 left)	
and	20h	at	37ºC	(on	the	right).	
	

	

	

	

	

Fig.	 11:	 Pellets	 of	 DH5α	 transformed	 with	
BBaK2282011,	 after	 incubation	 20h	 at	 respectively	
12°C,	15°C,	20°C,	27°C	and	37°C	(on	the	left),	pellets	of	
DH5α	 transformed	 with	 BBaK2282005	 after	
incubation	20h	at	respectively	15°C	and	37°C	(middle),	
and	pellets	of	wild	type	DH5α	(on	the	right).	
	
						Visual	 observations	 confirmed	 that	 our	 part	
BBa_K2282011	 works	 as	 expected	 and	 allows	
efficient	proteins	production	only	at	temperature	
starting	from	about	20°C,	until	 low	temperature	
as	 12°C.	 Moreover,	 the	 cold	 response	 system	
blocks	 greatly	 but	 not	 completely	 the	 protein	
expression	at	higher	temperature	above	27°C.	
						According	to	our	characterization	results,	the	
mRNA	 stability	 seems	 to	 increase	 progressively	
as	the	temperature	decreases.	This	observation	is	
in	 line	 with	 a	 degressive	 pattern	more	 than	 an	
absolute	 expression	 switch-off	 system	 under	 a	
certain	threshold.	This	is	in	accordance	with	the	
existing	 data	 on	 the	 CspA	 cold-shock	 system,	
which	 suggests	 a	 very	 short	 mRNA	 stability	 at	
high	temperatures.	It	 is	then	possible	that	a	low	
translation	still	occurs	during	this	time-lapse	(1).	
Additionally,	 those	 multiple	 results	 were	
interesting	in	the	sense	that	we	did	not	find	any	
previous	 data	 on	 amilCP	 expression	 between	
15°C	and	37°C.	
						As	 we	 didn’t	 have	 any	 fluorimeter	 in	 our	
laboratory,	amilCP	was	a	useful	reporter	gene	for	
observing	 the	 results	with	 the	naked	eye.	But	 it	
was	 difficult	 to	 perform	 OD	 measurements	
without	 extracting	proteins	 because	 amilCP	has	
its	 maximum	 of	 absorbance	 at	 588nm	 near	 to	
600nm,	 the	 wavelength	 used	 to	 measure	 the	
concentration	of	bacteria.	This	proximity	is	prone	
to	 alter	 the	 actual	 signal	 corresponding	 to	 the	
amilCP	protein.	
	
						Kinetics	 of	 amilCP	 expression	 with	
BB&_K2282011.	E.coli	 BL21	were	 transformed	
with	 either	 BBa_K2282011	 coding	 for	 the	 cold-
dependent	amilCP	expression,	or	BBa_K2282005	
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coding	 for	 constitutive	 amilCP	 expression.	 They	
were	cultivated	at	37°C	for	60	hours	and	OD588	
was	measured	every	10	min	approximately	with	
a	 Spark	 10M	 Tecan.	 The	 improvement	 of	 our	
characterizations	would	require	another	kinetics	
experiment	with	an	incubation	at	18°C.	From	raw	
OD588	 values	were	withdrawn	 the	 background	
noise	corresponding	to	photon	deviation	instead	
of	 photon	 absorption.	 This	 was	 determined	 by	
calculating	the	linear	function	linking	OD588	as	a	
function	 of	 OD800.	 This	 latter	 was	 taken	 as	 a	
bacterial	growth	indicator,	as	the	commonly	used	
OD600nm	 was	 too	 close	 to	 our	 wavelength	 of	
interest	 and	 could	 therefore	 interact	 in	 the	
results.	

The	 results	 show	 that	 the	 cold	 shock	
plasmid	 (BL21	 seq7	 abs588/OD800)	 induces	
lower	 expression	 at	 37°C	 compared	 to	 the	
constitutive	 one	 (BL21	 seq1	 abs588/OD800)	
(Figure	 12).	 It	 is	 in	 accordance	 with	 the	 CspA	
construction	and	the	previous	picture.	

	

	
Fig.	12:	OD800	and	corrected	absorbance	at	588nm	of	
E.coli	 BL21	 cultures	 expressing	 amilCP	 over	 time	 at	
37°C.		
	
Heat	response		
						After	bacterial	transformation	of	DH5-α	E.coli	
cells	with	the	heat-shock	and	the	positive	control	
plasmids,	 we	 incubated	 them	 into	 Petri	 dishes	
added	with	 solid	medium	 at	 30°C	 and	 37°C.	 At	
37°C,	 both	 bacterial	 populations	 appeared	
strongly	 red.	 Surprisingly,	 at	 30°C,	 the	
populations	 also	 displayed	 a	 slight	 red	 color.	
Because	of	this	non-optimal	growth	temperature,	
the	results	were	not	conclusive.	 	To	get	a	better	
insight	into	the	mRFP	expression	level	at	low	and	
high	temperature,	we	incubated	our	transformed	
bacteria	in	liquid	culture	and	did	a	kinetics	study	
to	 monitor	 the	 mRFP	 expression	 over	 time	 at	
37°C	(Figure	13)	and	18°C	(Figure	14).		

	
Fig.	 13:	 Expression	 of	 mRFP	 induced	 by	 the	 heat-
responsive	 plasmid	 compared	 to	 the	 positive	 control	
over	time	at	37°C.	
		

	
Fig.	 14:	 Expression	 of	 mRFP	 induced	 by	 the	 heat-
responsive	 plasmid	 compared	 to	 the	 positive	 control	
over	time	at	18°C.	
		
					As	expected,	the	graph	obtained	at	37°C	shows	
that	mRFP	was	expressed	at	a	similar	level	under	
the	expression	of	both	genetic	constructions.	The	
results	 at	 18°C	 globally	 show	 a	 lower	 protein	
expression,	 explained	 by	 a	 non-optimal	 growth	
temperature.	 Surprisingly,	 both	 curved	 do	 not	
differ	 and	 suggest	 a	 same	 expression	 level	 in	
presence	and	absence	of	the	cI857	repressor.The	
considerable	 standard	 deviations	 and	 the	
apparent	lowering	of	the	wild-type	DH5-α	curve	
was	 probably	 due	 to	 little	 evaporation	 of	 the	
culture	medium.		
	

DISCUSSION	
	
						Cold-response	 results.	 In	 this	 article	 we	
demonstrated	a	proof	of	concept	using	the	color	
reporter	 AmilCP	 that	 our	 cold-inducible	 system	
works	 as	 expected.	 Even	 though	 the	 results	we	
got	 are	 limited	 because	 we	 relied	 on	 a	
colorimetric	assay,	this	shows	the	potential	of	the	
mechanism	 for	 many	 applications.	 The	
temperature	starting	point	of	the	high	expression	
activation	 seems	 to	 be	 around	 20°C.	 This	 is	
interesting	 regarding	 scientific	 literature	 since	
most	of	the	articles	we	reviewed	about	Csps	relies	
on	 the	15°C	 threshold	 rather	 than	 the	20°C	one	
(1).	 The	 appearance	 of	 the	 gradient	 indicates	
clearly	that	the	mechanism	is	not	a	strict	switch	
mechanism	but	a	progressive	one.	The	modified	
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mRNA	 of	 AmilCP	 shows	 high	 stability	 at	 low	
temperature,	 low	 stability	 at	 high	 temperature,	
and	an	intermediate	stability	between	both.	What	
we	wanted	to	achieve	with	the	Csps	mechanism	is	
the	deletion	of	 the	protein	 expression	under	 its	
regulation	at	a	temperature	close	to	the	activating	
temperature	of	our	heat	response	(30°C).	At	27°C,	
the	 grey	 color	 shows	 low	 expression	 of	 AmilCP	
and	gives	us	promises	about	the	validation	of	our	
strategy.		
	
						The	promises	given	by	our	results	to	validate	
the	CSPs	mimicry	as	being	a	reliable	mechanism	
for	 cold-inducible	 protein	 expression	 are	
interesting.	 Perspectives	 of	 characterization	 for	
the	 future	 are	 numerous.	 We	 designed	 several	
parts	 for	 improving	 the	 characterization	 of	 our	
cold-response	system.	Although	we	did	not	have	
the	 time	 to	 use	 them	 in	 the	 iGEM	 competition,	
they	can	potentially	be	used	by	other	teams:	
	
BBa_K2282007:	to	check	the	influence	of	5'-UTR	
(5’	 UnTranslated	 Region)	 on	 the	 amilCP	
expression.	

Fig.	 15:	 Anderson	 Constitutive	 promoter	
(BBa_J23100)	 -	 5'UTR	 (BBa_K2282002)	 -	 AmilCP	
(BBa_K592009)	-	Double	terminator	(BBa_B0015)	
	
	
BBa_K2282008:	 to	check	 if	both	DSBox	and	5'-
UTR	have	an	influence	on	the	amilCP	expression	
at	different	temperatures.	

Fig.	16:	Anderson	constitutive	promoter	(BBa_J23100)	
-	 5'UTR	 (BBa_K2282002)	 -	 AmilCP	 &	 DSBox	
(BBa_K2282001)	-	Double	Terminator	(BBa_B0015)	
	
	
BBa_K2282009:	to	check	the	influence	of	the	UP	
element	 and	 CspA	 promoter	 on	 the	 amilCP	
expression	(at	a	transcriptional	level)	

Fig.	 17:	 UPelmt	 +	 CspA	promoter	 (BBa_K2282003)	 -	
RBS	 (BBa_B0034)	 -	 AmilCP	 (BBa_K592009)	 -	 Double	
terminator	(BBa_B0015)	
	
	
BBa_K2282010:	 Checking	 the	 influence	 of	 the	

UP	element,	the	CspA	promoter	and	the	DSBox	on	
the	amilCP	expression	

Fig.	 18:	 UPelmt	 +	 CspA	promoter	 (BBa_K2282003)	 -	
RBS	(BBa_B0034)	-	AmilCP	&	DSBox	(BBa_K2282001)	
-	Double	terminator	(BBa_B0015)	
	
					Heat-response	 results.	 The	 results	 obtained	
at	37°C	shows	that	mRFP	under	the	expression	of	
the	pL	promoter	was	expressed	at	a	similar	level	
with	 or	 without	 its	 thermo-labile	 cI857	
repressor.	 This	 is	 consistent	 with	 what	 we	
expected,	 as	 the	 pL	 promoter	 is	 constitutively	
activated	 in	 both	 cases	 at	 this	 temperature.	
Indeed,	 at	 this	 temperature,	 cI857	 is	 denatured	
and	cannot	dimerize.	It	can	no	longer	bind	the	pL	
promoter,	 allowing	 a	 regular	 mRFP	 expression	
(12).			
						The	results	at	18°C	are	not	consistent	with	our	
theoretical	 expectations,	 and	 confirm	 the	 visual	
results	 previously	 obtained.	 Indeed,	 the	 heat-
shock	 plasmid	 induced	 a	 similar	 mRFP	
expression	 compared	 to	 the	 positive	 control,	
whereas	this	genetic	construction	was	supposed	
to	trigger	gene	expression	above	37°C	only.	This	
lack	 of	 cI857	 inhibition	 could	 have	 several	
explanations.	 First,	 the	 BioBrick	 construction	
itself	 could	be	questioned.	 	The	 transcription	of	
mRFP	may	have	induced	a	conformational	change	
in	the	double	terminator	we	used,	preventing	the	
transcription	of	cI857	or	considerably	lowering	it	
to	a	point	where	the	repressor	cannot	perform	its	
inhibitory	action	anymore.		
						As	 the	 two	RBS	used	are	 the	same,	we	could	
also	 question	 the	 relative	 strength	 of	 both	
promoters	 used.	 The	 promoter	 used	 for	 cI857	
expression	 comes	 from	 a	 small	 combinatorial	
library	of	constitutive	promoters	derived	from	a	
consensus	 sequence	 by	 Chris	 Anderson.	 Among	
the	different	promoters	existing	in	the	collection,	
displaying	 variable	 strengths,	 we	 chose	 J23100	
which	 induces	 the	 highest	 relative	 expression	
after	 the	consensus	promoter	(iGEM	Registry	of	
Standard	Biological	Parts).	The	challenge	is	then	
to	 compare	 its	 relative	 strength	 with	 the	 pL	
promoter,	derived	from	a	phage,	in	standardized	
units.	To	test	this	hypothesis,	we	could	design	a	
new	 sequence	 coding	 for	 the	 mRFP	 expression	
under	 the	 Anderson	 promoter	 used.	 Measuring	
the	relative	expression	of	the	same	reporter	gene	
under	both	promoters	will	allow	us	to	assess	if	a	
significant	difference	can	be	observed.		
						Finally,	 this	 result	 could	 come	 from	 a	 lower	
affinity	 of	 the	 Anderson	 promoter	 for	 the	 RNA	
polymerase.	 Its	 systematic	 binding	 to	 the	 pL	
promoter	would	explain	the	absence	of	difference	
between	 our	 constitutive	 control	 and	 the	
sequence	in	which	the	repressor	has	been	added.	
Several	axes	of	research	are	then	opened	to	test	
our	 hypothesis:	 we	 could	 first	 use	 another	
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promoter	 for	 the	expression	of	cI857,	known	to	
have	a	similar	affinity	for	the	RNA	polymerase	as	
the	 pL	 promoter.	 To	 assess	 if	 the	 promoter	
affinity	is	involved,	another	solution	would	be	to	
prevent	 the	 “competition”	 for	 the	 RNA	
polymerase	binding	between	both	promoters	by	
designing	two	separate	plasmids	 instead	of	one,	
respectively	 coding	 for	 the	 cI857	 constitutive	
expression	 and	 for	 the	mRFP	 expression	 under	
the	 pL	 promoter.	 Finally,	 an	 alternative	 would	
consist	in	constructing	another	BioBrick	by	using	
standard	 iGEM	 parts	 and	 test	 the	 same	
construction	with	 the	 pR	 promoter.	 Indeed,	 the	
system	 based	 on	 pR	 promoter	 regulated	 by	 cI	
repressor	under	the	Anderson	J23114	promoter	
has	already	been	successfully	tested	by	previous	
teams	(Part	BBa_K608351).		
	

PERSPECTIVES	
	
						These	 parts	 can	 provide	 a	 solid	 background	
concerning	the	behavior	of	each	elements	of	the	
CSP	 system	 when	 characterized	 separately	 and	
together	 with	 the	 DS	 box.	 What	 could	 also	 be	
interesting	is	to	use	a	GFP	rather	than	AmilCP	for	
protein	 quantification.	We	 chose	 AmilCP	 in	 our	
lab	due	to	the	lack	of	a	fluorimeter.	
						Once	the	system	is	completely	characterized,	
the	 next	 step	 would	 be	 to	 replace	 the	 reporter	
gene	in	the	construction	by	a	protein	of	interest	
to	be	expressed	at	low	temperature	only.	This	will	
require	 further	modeling	as	 for	 the	effect	of	 the	
DS	 box	 insertion	 in	 the	 new	 protein	 and	 its	
expression	at	low	temperature	as	well.	Based	on	
the	 protein	 of	 interest,	 a	 Type	 III	 expression	
system	might	also	be	needed	to	enable	secretion	
of	 the	 protein.	 This	 will	 also	 need	
characterization	because	secretion	system	at	low	
temperature	might	be	difficult	to	implement	for	a	
given	protein.	
						The	negative	results	obtained	from	our	heat-
inducible	system	are	not	a	significant	drawback	
for	 TRP	 development.	 The	 system	 using	 the	
pL/pR	 promoters	 with	 the	 cl857	 repressor	 has	
already	been	widely	characterized	and	there	are	
several	 possible	 reasons	 for	 its	 failure	 in	 our	
experiments:	 Our	 genetic	 construction	 might	
have	simply	been	wrong:	the	reverse	orientations	
of	 both	 cl857	 and	 mRFP	 genes	 might	 have	
accounted	 for	 the	 negative	 results.	 What	 is	
possible	 is	 to	 test	 the	 system	 with	 a	 clean	
BioBrick	standard	assembly	R10,	using	cl857	and	
an	mRFP	gene	regulated	by	either	pL	or	pR.	If	the	
mechanism	persists	 in	being	non-functional,	we	
could	 test	 on	 other	 high	 temperature	 induced	
mechanisms.	 For	 example,	 the	 5'UTR	 of	 P.	
aeruginosa	virulence	 factors	has	been	 shown	 to	
regulate	its	mRNA	stability,	much	like	the	5’UTR	
of	CspA	but	at	high	temperature.	

	
						In	 summary,	 one	 of	 the	 two	 mechanisms	
tested	 worked	 as	 expected	 and	 we	 provided	 a	
great	 basis	 for	 other	 projects	 to	 rely	 on	 for	 the	
future.	Many	things	need	to	be	done	but	we	are	
confident	 that	 the	 TRP	 development	 can	 be	
achieved	 and	 used	 for	 many	 different	
applications.		
						Each	year	plants	are	subjected	to	temperature	
stresses	 such	 as	 ice	 crystal	 formation	 at	 low	
temperatures	 and	 desiccation	 at	 high	
temperature,	leading	to	yield	and	economic	loss.	
Transforming	a	microorganism	with	 the	TRP	 to	
make	it	express	a	specific	protectant	at	the	plant	
surface	 depending	 on	 the	 outside	 temperatures	
could	be	of	great	value.	
						Below	15°C,	ice-binding	proteins	will	interact	
with	 ice	 crystals	 to	 either	 inhibit	 their	 growth	
(antifreeze	 proteins)	 or	 favoring	 the	 nucleation	
process	 (ice-nucleation	 proteins).	 Despite	 their	
opposite	 functions,	 both	 strategies	 could	 be	 of	
great	help	to	prevent	 frost	damage	in	their	own	
way	and	small-scale	tests	are	required	to	make	a	
final	 choice.	 Above	 37°C,	 light-reflecting	
compounds	 will	 limit	 evapotranspiration	 by	
creating	a	reflective	layer.	Once	applied	on	crops,	
the	 solution	 will	 possess	 a	 double	 protection:	
anti-drought	and	anti-frost	(Figure	19).	
	

Fig.	19:	TRP	plant	application	graphic	
	
						Plants	“record”	the	daily	average	temperature	
and	 store	 it	 in	 a	 total	 accumulated	 sum	 called	
“thermal	 time”.	 As	 soon	 as	 the	 needed	 thermal	
time	is	reached,	the	plant	can	go	to	the	next	stage	
of	 development.	 An	 organism	 could	 be	
transformed	 with	 TRP	 to	 accumulate	 a	 red	
pigment	 above	 a	 certain	 temperature.	 A	 red	
progression	would	then	be	visible	as	a	function	of	
the	 heat	 recorded	 over	 time.	 Alternatively,	 we	
could	use	a	TRP-transformed	organism	to	record	
the	 average	 temperature	 every	 day,	 by	
comparing	the	color	obtained	to	a	reference	scale	
of	colors	(like	pH	paper).	Being	able	to	visualize	
thermal	 time	 could	 be	 useful	 to	 predict	 crop	
development	 in	 a	 particular	 location	 or	 retro-
calculate	the	best	sowing	date.	
						Thermoregulation	 solutions	 can	 be	 costly	 to	
implement	 for	 industrial	 or	 research	
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applications.	What	could	be	interesting	is	to	make	
a	 thermo-responsive	 organism	 induce	 an	
exothermic	 reaction	 as	 the	 temperatures	
decrease,	 to	 reheat	 the	 medium,	 and	 an	
endothermic	 reaction	 as	 the	 temperatures	
increase	in	order	to	cool	it	down.	
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