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The	capacity	of	a	virus	to	infect	a	cell	depends	on	its	ability	to	escape	from	inhibition	by	specialized	
cellular	factors.	Consequently,	human	viruses	such	as	HIV-1	that	establish	long-term	infections	have	
adapted	to	the	human	cellular	environment.	In	the	last	15	years,	several	innate	effectors	potentially	
acting	on	HIV-1	and	other	viruses	of	the	same	family	have	been	discovered.	These	proteins	act	early	
(TRIM5alpha,	APOBEC3G)	or	late	(Tetherin)	in	the	infection	process.	However,	HIV-1	is	generally	not	
inhibited	 by	 these	 effectors	 in	 human	 cells,	 either	 because	 it	 escapes	 detection	 (TRIM5alpha)	 or	
because	 it	 encodes	 specialized	 viral	 proteins	 that	 promote	 the	 degradation	 of	 specific	 cellular	
antiviral	 factors	 (APOBEC3G,	 Tetherin).	 Unleashing	 the	 antiviral	 effect	 of	 these	 natural	 antiviral	
effectors	 represents	 an	 exciting	 prospect	 for	 a	 new	 treatment	 approach.	 Dr	 Berthoux’s	 research	
approach	 consists	 in	 using	 CRISPR-based	 genome	 editing	 to	 introduce	 precise	 mutations	 in	 the	
human	 genes	 for	 innate	 effectors.	 During	 my	 internship	 in	 the	 laboratory	 of	 Dr	 Berthoux	 at	
Université	du	Québec	 à	 Trois-Rivières,	 I	will	 focus	on	Tetherin,	which	prevents	 the	 final	 release	of	
infectious	 viruses	 from	 the	producing	 cell.	 The	HIV-1	 protein	Vpu	binds	 Tetherin	 and	promotes	 its	
degradation.	 I	will	 develop	a	protocol	 to	 introduce	a	 specific	 point	mutation	 in	order	 to	make	 the	
human	Tetherin	 resistant	 to	attacks	 from	Vpu.	 I	will	 characterize	 the	antiviral	effect	 resulting	 from	
the	 editing.	 In	 summary,	 with	 this	 project	 I	 will	 contribute	 to	 the	 pre-clinical	 assessment	 of	 the	
potential	and	feasibility	of	Tetherin	gene	editing	as	a	possible	treatment	for	HIV	infection.		
	
2.	 Milestones	and	timelines	
	
The	 proposed	 duration	 for	 this	 internship	 is	 2	 months.	 During	 this	 period,	 I	 will	 accomplish	 the	
following:	
	
-	 Designing	 the	 CRISPR	 components	 for	 the	 gene	 editing	 procedure.	 In	 particular,	 this	 step	
involves	the	design	of	a	“donor”	DNA	that	carries	the	mutations	to	be	introduced,	included	the	T45I	
mutation	that	is	expected	to	confer	resistance	to	HIV-1.	
	
-	 Adapting	 the	gene	editing	protocol	existing	 in	 the	Berthoux	 laboratory	 to	 this	new	genomic	
target.	
	
-	 Transfection	of	nucleoprotein	complexes	comprising	Cas9	protein,	single	guide	RNA	and	donor	
DNA	into	cell	types	relevant	to	HIV-1	(lymphocytes,	monocytes).	
	



-	 Assessing	the	efficiency	of	gene	editing	by	using	mutant-specific	PCR	amplification	and	deep	
sequencing	analysis.	
	
-	 Assessing	 the	 antiviral	 effect	 by	 transfecting	 a	 plasmid	 for	 the	 expression	 of	 HIV-1	 vector	
particles,	which	will	be	monitored	by	Western	blotting	and	reverse	transcriptase	assay.	Note	that	no	
replication-competent	HIV-1	will	be	used.		
	
3.	 Relevance	to	the	applicant’s	research	discourse	
	
I	am	a	lecturer	in	virology	and	immunology.	Therefore,	this	research	project	folds	perfectly	into	my	
scientific	 interests.	 This	 project	 was	 decided	 following	 a	 phone	 conversation	 with	 Dr	 Berthoux.	
Among	the	projects	pursued	in	his	laboratory,	this	one	is	the	one	that	is	the	most	likely	to	result	into	
technology	and	know-how	transfer	from	Quebec	to	Palestine	(see	below).			
	
4.	 Intended	outcomes,	impact	and	added	value	
	
With	this	project,	we	will	make	the	demonstration	that	editing	of	Tetherin	can	protect	human	cells	
against	 HIV-1	 replication.	 This	 project	 will	 be	 pursued	 in	 Dr	 Berthoux’s	 lab,	 and	 Dr.	 Berthoux	
welcomes	the	possibility	for	me	to	keep	working	on	the	project	at	Palestine	Polytechnic	University,	in	
collaboration	with	his	group.	
	
The	most	important	benefit	of	this	project	to	Palestinian	science,	however,	is	the	CRISPR	technology	
transfer.	 Genome	 editing	 is	 currently	 revolutionizing	 the	 whole	 field	 of	 biology.	 However,	 In	 Dr	
Berthoux’s	 laboratory,	 I	 will	 be	 trained	 in	 precise	 gene	 editing,	 the	 process	 by	 which	 specific	
mutations	are	introduced.	This	is	the	most	technically	challenging	type	of	gene	editing.	In	intend	to	
disseminate	this	technology	and	know-how	in	Palestinian	institutes	upon	my	return.	
	
5.	 Long-term	perspective	and	sustainability	
	
As	 explained	 above,	 this	 project	 was	 selected	 so	 as	 to	 maximize	 the	 impact	 for	 Palestine.	 It	 is	
designed	to	have	a	lasting	impact	on	biological	research	in	Palestine,	and	to	contribute	to	its	ascent	
toward	international	competitiveness.	
	
	


