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ABSTRACT	28	

The	recent	global	Zika	epidemics	have	revealed	the	significant	threat	that	mosquito-borne	29	

viruses	pose.	There	are	currently	no	effective	vaccines	or	prophylactics	to	prevent	Zika	30	

virus	(ZIKV)	infection.	Limiting	exposure	to	infected	mosquitoes	is	best	way	to	reduce	31	

disease	incidence.	Recent	studies	have	focused	on	targeting	mosquito	reproduction	and	32	

immune	responses	to	reduce	transmission.	In	particular,	previous	work	evaluated	the	33	

effect	of	insulin	signaling	on	antiviral	JAK/STAT	and	RNAi	in	vector	mosquitoes.	In	this	34	

work,	we	demonstrate	that	targeting	insulin	signaling	through	the	repurposing	of	small	35	

molecule	drugs	results	in	the	activation	of	both	of	these	antiviral	pathways.	Activation	of	36	

this	coordinated	response	additively	reduced	ZIKV	levels	in	Aedes	aegypti	mosquitoes.	This	37	

effect	included	a	quantitatively	greater	reduction	in	salivary	gland	ZIKV	levels	relative	to	38	

single	pathway	activation,	indicating	the	potential	for	field	delivery	of	these	small	39	

molecules	to	substantially	reduce	virus	transmission.			40	

	 	41	
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INTRODUCTION	42	

Mosquito-borne	viruses	pose	a	significant	global	health	threat	and	this	threat	is	43	

increased	by	dynamic	ecological	and	human	factors.	Global	warming	and	urbanization	have	44	

permitted	mosquitoes	and	arboviruses	to	spread	into	previously	virus-free	regions	(Alaniz	45	

et	al.,	2018;	Samy	et	al.,	2016).	This	occurred	during	the	2015-17	Zika	virus	(ZIKV)	Western	46	

hemisphere	epidemic	that	originated	in	South	America	and	spread	into	North	America,	47	

resulting	in	538,451	suspected	cases,	223,477	confirmed	cases,	and	3,720	congenital	48	

syndrome	cases	(Pan	American	Health	Organization,	2015,	2016).	Subsequent	outbreaks	49	

have	followed	that	establishes	ZIKV	as	an	active	pathogen	of	concern	that	requires	50	

intervention	(Bhargavi	and	Moa,	2020).	Current	efforts	have	focused	on	strategies	to	51	

reduce	virus	transmission	to	and	from	the	mosquito	vector,	including	the	use	of	52	

insecticides	and	biological/genetic	manipulation	of	primary	vector	species.	The	53	

introduction	of	the	bacterial	symbiont	Wolbachia	to	reduce	flavivirus	infection	in	the	major	54	

arbovirus	vector	species	Aedes	aegypti	(Aliota	et	al.,	2016;	Dutra	et	al.,	2016;	Haqshenas	et	55	

al.,	2019)	and	the	release	of	genetically	modified	individuals	to	reduce	transmission-56	

competent	progeny	of	this	species	(Waltz,	2021)	have	been	included	among	the	latter	57	

strategies.	There	is	evidence	to	suggest	that	Wolbachia,	while	effective	in	reducing	ZIKV	58	

and	dengue	virus	(DENV)	infection	in	targeted	species	may	inadvertently	enhance	59	

replication	of	West	Nile	virus	(WNV)	(Dodson	et	al.,	2014).	It	is	also	not	known	how	60	

effective	or	advantageous	genetically	modified	mosquito	populations	are	compared	to	wild	61	

type	populations	or	to	other	various	viruses	(Evans	et	al.,	2019;	Resnik,	2017).	Because	of	62	

these	challenges,	additional	strategies	to	reduce	vector	transmission	of	these	important	63	

viral	pathogens	are	critically	needed.		64	
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As	an	alternative	strategy,	it	may	be	possible	to	reduce	or	block	arborvirus	65	

transmission	through	mosquito-targeted	delivery	of	bioactive	small	molecules	at	attractive	66	

sugar	bait	stations,	a	modification	of	the	successful	delivery	of	toxic	baits	for	mosquito	67	

control	(Dong	and	Dimopoulos,	2021).		To	this	end,	it	is	necessary	to	identify	druggable	68	

mosquito	antiviral	effectors	and	their	upstream	regulatory	factors.	The	insulin/insulin-like	69	

growth	factor	signaling	(IIS)	cascade	regulates	RNA	interference	(RNAi)	and	JAK/STAT	70	

antiviral	immunity	against	West	Nile	virus	(WNV),	dengue	virus	(DENV),	and	ZIKV	(Ahlers	71	

et	al.,	2019;	Trammell	and	Goodman,	2019).	In	Drosophila	melanogaster,	the	IIS-dependent	72	

transcription	factor	forkhead	box	O	(FOXO)	induces	expression	of	RNAi	transcripts	AGO2	73	

and	Dicer-2	(Spellberg	and	Marr,	2015).	We	demonstrated	that	ingestion	of	exogenous	74	

insulin	reduced	expression	of	these	RNAi	components	in	WNV-infected	Culex	75	

quinquefasciatus	(Ahlers	et	al.,	2019)	and	that	manipulation	of	IIS-dependent	extracellular-76	

signal	regulated	kinases	(ERK)	activation	reduced	WNV	infection	in	this	mosquito	host	77	

(Ahlers	et	al.,	2019).	Further,	insulin	treatment	suppressed	the	activation	of	RNAi,	while	78	

activating	ERK-dependent	JAK/STAT	induction	of	unpaired	(upd)	ligands	to	control	WNV	79	

replication	in	vitro	and	in	vivo	(Ahlers	et	al.,	2019).	Previous	studies	established	that	both	80	

JAK/STAT	and	RNAi	antiviral	pathways	are	independently	involved	in	arthropod	antiviral	81	

immunity	to	ZIKV	(Harsh	et	al.,	2018,	2020;	Xu	et	al.,	2019).	To	date,	however,	no	82	

mechanism(s)	have	been	established	whereby	both	antiviral	pathways	are	induced	83	

simultaneously	in	response	to	arthropod	infection.		84	

In	this	study,	we	repurposed	small	molecules	that	target	IIS	pathway	proteins	to	85	

induce	simultaneous	activation	of	RNAi	and	JAK/STAT	signaling	in	Ae.	aegypti.	Specifically,	86	

we	used	the	potent	insulin	mimetic	demethylasterriquinone	B1	(DMAQ-B1),	an	activating	87	
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ligand	of	the	insulin	receptor	(InR)	(Zhang	et	al.,	1999)	and	Protein	kinase	B	(AKT)	88	

inhibitor	VIII,	which	reduces	AKT	phosphorylation	(Lindsley	et	al.,	2005).	Small	molecule	89	

treatment	induced	activation	of	JAK/STAT	via	ERK	and	blocked	inhibition	of	RNAi	via	the	90	

AKT/FOXO	signaling	axis.	Combined	treatment	with	DMAQ-B1	and	AKT	inhibitor	VIII	91	

significantly	lowered	ZIKV	titers	in	Ae.	aegypti	cells	and	adult	female	mosquitoes	relative	to	92	

single	treatment	and	vehicle	control.	Combined	treatment	also	additively	reduced	salivary	93	

gland	virus	titers,	a	surrogate	measure	of	reduced	transmission	efficacy	(Ferguson	et	al.,	94	

2015;	Raquin	and	Lambrechts,	2017).	Accordingly,	we	argue	that	activation	of	both	95	

antiviral	pathways	resulted	in	enhanced	defenses	that	lowered	viral	titers	to	non-96	

detectable	levels.	This	work	demonstrates	the	feasibility	of	strategically	targeting	mosquito	97	

immunity	via	IIS	is	a	means	of	reducing	a	clinically	relevant	strain	of	ZIKV	infection	and	98	

transmission	at	the	vector	level.			99	

	 	100	

RESULTS	101	

DMAQ-B1	and	AKT	inhibitor	VIII	activated	Aedes	aegypti	insulin	and	antiviral	signaling	102	

pathways		103	

Since	the	JAK/STAT	and	RNAi	antiviral	pathways	are	linked	to	IIS,	we	sought	to	test	104	

the	activity	of	small	molecules	against	phosphorylation	of	key	IIS	protein	targets	and	105	

activity	of	these	antiviral	pathways.	Given	that	phosphorylation	of	AKT	and	ERK	correlate	106	

with	activation	of	IIS	and	JAK/STAT	signaling	(Ahlers	et	al.,	2019;	Boulton	et	al.,	1991),	107	

respectively,	and	that	FOXO	phosphorylation	is	consistent	with	suppression	of	RNAi	(Biggs	108	

et	al.,	1999;	Brunet	et	al.,	1999;	Spellberg	and	Marr,	2015),	we	used	these	readouts	to	109	

evaluate	the	efficacy	of	DMAQ-B1	and	AKT	inhibitor	VIII	control	of	RNAi	and	JAK/STAT.			110	
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Protein	lysates	from	Ae.	aegypti	Aag2	cells	treated	with	1%	DMSO	vehicle,	1	µM	111	

DMAQ-B1,	10	µM	AKT	inhibitor	VIII,	or	these	combined	drug	treatment	for	24	hours	were	112	

analyzed	by	western	blot	for	phosphorylation	of	AKT,	FOXO,	and	ERK	(Fig.	1A).	Drug	113	

concentrations	were	based	on	prior	toxicity	analysis	(Fig.	S1).	DMAQ-B1	treatment	was	114	

associated	with	the	highest	levels	of	AKT	and	FOXO	phosphorylation;	this	phosphorylation	115	

was	significantly	reduced	when	combined	with	AKT	inhibitor	VIII	(Fig.	1B-C).	Single	drug	116	

and	combined	drug	treatments	were	associated	with	increased	ERK	phosphorylation	117	

relative	to	vehicle	control	(Fig.	1D).	We	validated	these	findings	by	immunofluorescence	118	

microscopy	of	24	h	treated	cells	probed	for	phospho-FOXO	(P-FOXO)	and	P-ERK.	119	

Consistent	with	western	blot	analyses,	we	observed	increased	P-FOXO	only	in	the	DMAQ-120	

B1-treated	cells	and	P-ERK	in	both	individual	and	combined-treated	cells	(Fig.	1E).	121	

Further,	P-FOXO	localization	was	primarily	cytosolic	(Fig.	1F)	in	DMAQ-B1	treated	cells	122	

and	P-ERK	localization	was	primarily	nuclear	(Fig.	1G)	in	AKT	inhibitor	and	combined	123	

treated	cells,	confirming	that	the	transcription	factors	involved	in	RNAi	and	JAK/STAT	124	

induction	are	both	nuclear	and	transcriptionally	active	under	the	expected	treatment	125	

conditions.	We	also	observed	increased	transcript	expression	of	AGO2	and	virus-induced	126	

RNA-1	(vir-1)	which	are	indicative	of	RNAi	and	JAK/STAT	activation,	respectively,	in	cells	127	

treated	with	the	combined	drugs	(Fig.	1H-I).	Collectively,	these	data	indicated	that	DMAQ-128	

B1	and	AKT	inhibitor	VIII	treatment	alter	IIS	phosphorylation	in	Ae.	aegypti	cells	in	a	129	

pattern	consistent	with	the	activation	of	FOXO-	and	ERK-dependent	antiviral	signaling.			130	

Based	on	these	effects	on	RNAi	and	JAK/STAT	signaling	in	the	absence	of	virus,	we	131	

sought	to	determine	the	effects	of	single	and	combined	drugs	on	ZIKV	replication	in	Ae.	132	

aegypti	cells.	Aag2	cells	were	primed	with	individual	and	combined	drugs	for	24	h	prior	to	133	
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infection	with	the	clinically	isolated	PRVABC59	strain	of	ZIKV	(Fig.	1J).	We	observed	134	

significant	reductions	in	ZIKV	titer	in	cells	treated	with	individual	and	combined	drugs	by	3	135	

days	post-infection	(dpi).	Most	notably,	ZIKV	titers	were	undetectable	by	3	dpi	in	cells	136	

treated	with	the	combined	drugs	(Fig.	1J).	Patel	and	Hardy	(2012)	showed	that	AKT	137	

inhibitor	VIII	was	antiviral	in	Sindbis	virus	(SINV)-infected	Aedes	albopictus	C6/36	cells,	138	

but	the	dysfunctional	RNAi	response	in	these	cells	(Brackney	et	al.,	2010)	precluded	the	139	

confirmation	of	mechanism	in	its	entirety.	Accordingly,	we	concluded	that	DMAQ-B1	and	140	

AKT	inhibitor	VIII	treatments	induced	an	antiviral	response	that	was	increased	to	the	point	141	

of	non-detectable	ZIKV	titers	when	these	treatments	were	combined	.		142	

	143	

DMAQ-B1	and	AKT	inhibitor	VIII	treatment	of	ZIKV-infected	Aedes	aegypti	induced	144	

simultaneous	activation	of	RNAi	and	JAK/STAT	signaling	145	

	 Based	on	IIS-dependent	antiviral	activity	of	DMAQ-B1	and	AKT	inhibitor	VIII	in	146	

vitro,	we	sought	to	evaluate	whether	similar	drug	effects	could	be	detected	in	Ae.	aegypti	147	

adult	females.	Aged-matched	6–9-day	old	female	mosquitoes	were	fed	a	ZIKV-containing	148	

bloodmeal	including	vehicle,	individual,	or	combined	10	μM	DMAQ-B1	and	10	μM	AKT	149	

inhibitor	VIII.	Drug	concentrations	were	selected	based	on	mortality	studies	to	measure	150	

drug	lethality	to	mosquitoes	over	a	dose	range	(Fig.	S2).	Mosquitoes	were	collected	at	3,	7,	151	

and	11	dpi,	timepoints	that	corresponded	with	complete	digestion	of	the	blood	meal,	152	

progression	of	viremia	into	distal	tissues,	and	virus	infection	of	the	salivary	glands	(Roundy	153	

et	al.,	2017;	Weger-Lucarelli	et	al.,	2016;	Williams	et	al.,	2020).	Expression	levels	of	RNAi	154	

and	JAK/STAT	signaling	gene	products	were	quantified	by	qRT-PCR	at	7	dpi	(Figs.	2A-D)	155	

and	11	dpi	(Fig.	2E-H).	AGO2	and	p400	were	examined	as	markers	of	RNAi	(Figs.	2A-B,	2E-156	
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F)	(Bernhardt	et	al.,	2012;	McFarlane	et	al.,	2020),	while	Vago2	and	vir-1	were	examined	as	157	

downstream	effectors	of	JAK/STAT	(Figs.	2C-D,	2G-H)	(Asad	et	al.,	2018;	Diop	et	al.,	2019).	158	

As	in	Aag2	cells,	we	observed	that	the	combination	drug	treatment	resulted	in	higher	159	

expression	of	RNAi	and	JAK/STAT	signaling	gene	products	at	7dpi	(Figs.	2A-D).	160	

Interestingly,	at	11	dpi,	only	transcript	levels	for	AGO2	remained	significantly	higher	for	161	

individual	drug-	and	combination	drug-treated	mosquitoes	(Figs.	2E-H).	Based	on	high	162	

transcript	expression	at	3	dpi	in	mosquitoes	treated	with	the	drug	combination	(Fig.	S3),	163	

loss	of	gene	induction	between	7	and	11	dpi	suggests	that	drug	treatment	may	have	a	164	

limited	efficacy	by	11	days-post	bloodmeal.		165	

	166	

DMAQ-B1	and	AKT	inhibitor	treatment	reduced	infection	prevalence	and	ZIKV	titer	in	Aedes	167	

aegypti	168	

	 We	next	sought	to	evaluate	the	effects	of	individual	and	combined	drug	treatments	169	

on	infection	prevalence	and	ZIKV	titers	in	adult	mosquitoes.	Mosquitoes	were	fed	a	ZIKV-170	

containing	bloodmeal	treated	with	vehicle,	DMAQ-B1,	AKT	inhibitor	VIII,	or	combined	drug	171	

treatment	as	described.	We	collected	mosquitoes	at	3,	7,	and	11	dpi	and	analyzed	172	

individual	midguts,	pairs	of	salivary	glands,	and	carcasses	for	ZIKV	titers	(n=30).	There	173	

were	no	differences	in	virus	infection	prevalence	or	viral	titers	at	3	dpi	(Fig	S4).	However,	174	

by	7	dpi	(Figs.	3A-C)	and	11	dpi	(Figs.	3G-I),	infection	prevalence	was	reduced	relative	to	175	

vehicle	control	in	mosquitoes	treated	with	individual	and	combined	drug	treated	176	

mosquitoes.	Viral	titers	in	ZIKV-positive	mosquitoes	were	reduced	relative	to	vehicle	177	

control	less	than	two-fold	at	7	dpi	(Figs.	3D-F),	but	this	reduction	was	greater	than	two-178	

fold	at	11	dpi	(Figs.	3J-L).	Notably,	infection	prevalence	and	salivary	gland	viral	titers	were	179	
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reduced	in	combined	drug-treated	mosquitoes	at	11	dpi,	a	time	consistent	with	virus	180	

transmission	during	feeding	(Armstrong	et	al.,	2020;	Sánchez-Vargas	et	al.,	2018).	181	

Mosquitoes	that	received	combined	drug	treatment	were	not	only	less	likely	to	be	ZIKV-182	

positive,	but	among	those	individuals	that	were	ZIKA-positive,	salivary	gland	viral	load	was	183	

substantially	reduced.	Average	gland	viral	load	at	11	dpi	(1.7log10±1.5	PFU/mL)	was	184	

below	titers	previously	associated	with	successful	virus	transmission	(4.8log10±0.6	185	

PFU/mL)	(Vazeille	et	al.,	2019).	These	observations	suggest	that	combined	drug	treatment	186	

and	coordinated	activation	of	RNAi	and	JAK/STAT	provides	antiviral	immunity	against	187	

ZIKV	that	effectively	reduced	infection	prevalence	and	viral	titers	below	reported	188	

transmissible	levels.	These	effects	of	combined	drug	treatment	would	be	predicted,	189	

therefore,	to	reduce	mosquito	transmission	of	ZIKV.	190	

	191	

Inhibition	of	RNAi	and	JAK/STAT	signaling	resulted	in	loss	of	drug-mediated	antiviral	192	

protection		193	

	 To	confirm	that	DMAQ-B1	and	AKT	inhibitor	VIII	mediate	RNAi-	and	JAK/STAT-194	

dependent	antiviral	responses,	we	transfected	Aag2	cells	with	siRNA	constructs	to	195	

knockdown	expression	of	AGO2	and	vir-1.	Cells	were	transfected	with	siRNAs	that	targeted	196	

either	gene	individually	(siAGO2,	siVir-1)	or	stacked	gene	expression	(siAGO2	+	siVir-1)	197	

(Terradas	et	al.,	2017).	We	observed	significantly	reduced	gene	expression	at	48	h	post	198	

transfection	for	both	individual	and	stacked	siRNA	treatments	compared	to	cells	that	were	199	

treated	with	control,	non-targeting	siRNAs	(Clemons	et	al.,	2011)	Individual	siRNA	treated	200	

cells	exhibited	a	69%	and	68%	reduction	in	vir-1	and	AGO2,	respectively,	compared	to	the	201	

control	siRNA-treated	cells.		Stacked	siRNA	treated	cells	exhibited	a	79%	and	84%	202	
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reduction	in	vir-1	and	AGO2,	respectively,	compared	to	control	siRNA-treated	cells	(Figs.	203	

4A	and	4B).	Next,	we	treated	cells	at	48	h	after	siRNA	transfection	with	vehicle,	individual,	204	

or	combined	drug	treatments	for	24	h	prior	to	ZIKV	infection.	Viral	titers	were	measured	in	205	

supernatants	collected	at	2	dpi	to	determine	if	antiviral	protection	was	impacted	in	the	206	

absence	of	antiviral	RNAi,	JAK/STAT,	or	both.	We	observed	that	both	individual	and	207	

combined	AGO2	and	vir-1	knockdowns	resulted	in	significant	losses	of	drug-mediated	208	

antiviral	protection	relative	to	drug-treated	controls	(Fig.	4C).	Interestingly,	while	we	209	

observed	a	loss	in	antiviral	protection	between	pair-wise	treatment	conditions,	we	did	not	210	

observe	a	significant	difference	in	viral	titers	among	siRNA	transfections.	These	results	211	

suggested	that	IIS-dependent	RNAi	and	JAK/STAT	signaling	are	sufficient	to	significantly	212	

reduce	ZIKV	titers,	but	other	pathways	may	also	contribute	to	this	biology.	For	example,	213	

despite	the	reduction	in	ZIKV	to	undetectable	levels	via	IIS-dependent	antiviral	immunity,	214	

Toll	signaling	(Angleró-Rodríguez	et	al.,	2017)	and	autophagy	(Liu	et	al.,	2018)	could	215	

contribute	to	control	of	ZIKV	replication.	Collectively,	our	data	suggest	that	repurposing	216	

small	molecule	drugs	to	target	mosquito	IIS	can	induce	antiviral	responses	that	217	

significantly	reduce	ZIKV	infection	prevalence	and	transmission	potential	in	Ae.	aegypti	218	

through	activation	of	RNAi	and	JAK/STAT	signaling.		219	

	220	

DISCUSSION	221	

	 Global	climate	change	has	enabled	the	expansion	of	mosquito	populations	into	new	222	

ranges	with	concomitant	increases	in	the	variety	and	incidence	of	mosquito-borne	223	

diseases.	Recent	ZIKV	epidemics	have	demonstrated	the	need	for	host-virus	interactions	224	

research	to	identify	novel	drug	targets	and	for	the	development	of	more	effective	means	of	225	
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vector	control.	Current	vector	control	efforts	involving	microbiota	or	genetic	226	

manipulations,	while	promising,	could	be	enhanced	by	the	addition	of	antiviral	drug	227	

strategies	to	ongoing	control	efforts.		228	

In	the	present	work,	we	evaluated	the	therapeutic	potential	of	IIS-targeted	small	229	

molecules	to	reduce	ZIKV	infection	prevalence	and	titers	in	Ae.	aegypti.	We	demonstrated	230	

that	the	potent	insulin	mimetic	DMAQ-B1	and	the	AKT	inhibitor	VIII	synergized	IIS-231	

mediated	antiviral	immunity	in	Ae.	aegypti	to	reduce	ZIKV	infection	prevalence	and	titers	in	232	

infected	mosquitoes	(Fig.	4D).	While	this	study	is	not	the	first	to	identify	IIS	regulation	of	233	

antiviral	immunity,	we	have	advanced	this	field	by	demonstrating	that	readily	available	and	234	

potent	IIS-targeted	small	molecules	induced	substantial	and	significant	antiviral	immunity	235	

in	Ae.	aegypti	against	a	clinically	virulent	strain	of	ZIKV.	By	targeting	IIS	as	a	mediator	of	236	

two	independent	antiviral	pathways,	we	reduced	not	only	infection	prevalence	but	also	237	

virus	titers	below	levels	previously	associated	with	successful	transmission.	Both	of	these	238	

effects	would	be	predicted	to	reduce	ZIKV	transmission	by	the	primary	vector	Ae.	aegypti.		239	

In	demonstrating	these	effects,	we	have	also	provided	a	foundation	for	future	translation	of	240	

our	findings	to	the	field.	Specifically,	we	seek	to	advance	small	molecule	delivery	via	241	

attractive	bait	stations	to	induce	IIS-mediated,	broad	antiviral	immunity	in	mosquitoes	that	242	

ingest	these	compounds.		243	

Of	particular	interest	for	a	potential	field-based	strategy	is	the	broad	impact	that	IIS	244	

appears	to	have	across	species.	Previous	studies	have	confirmed	that	exogenous	treatment	245	

with	or	the	endogenous	effects	of	insulin	in	D.	melanogaster	and	Culex	spp.	reduced	246	

replication	of	both	WNV	and	DENV	(Ahlers	et	al.,	2019;	Xu	et	al.,	2013).	Interestingly,	the	247	

antiviral	effects	of	IIS	during	ZIKV	infection	are	not	limited	to	arthropod	species.	In	248	

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 23, 2021. ; https://doi.org/10.1101/2021.08.23.457417doi: bioRxiv preprint 

https://doi.org/10.1101/2021.08.23.457417
http://creativecommons.org/licenses/by/4.0/


	 12	

mammalian	models,	ZIKV	NS4A/NS4B	activates	PI3K-AKT	signaling	that	is	associated	with	249	

neurogenetic	dysregulation	(Liang	et	al.,	2016).	Further,	the	broadly	antiviral	celecoxib	250	

kinase	inhibitor	AR-12	and	AKT	inhibitor	VIII	have	been	shown	to	reduce	ZIKV	replication	251	

and	pathogenesis	in	mice	by	blocking	PI3K-AKT	activation	(Chan	et	al.,	2018).	It	is	also	252	

established	that	diabetic	individuals	with	dysfunctional	IIS	are	more	susceptible	to	severe	253	

disease	during	WNV	(Kumar	et	al.,	2012,	2014),	DENV	(Lee	et	al.,	2020),	and	ZIKV	infection	254	

(Nielsen	and	Bygbjerg,	2016).	Given	the	variety	of	mosquito	species	that	deploy	IIS-255	

dependent	immunity	against	notable	major	arboviruses,	it	would	be	worth	investigating	256	

whether	similarly	broad	IIS	regulation	of	antiviral	responses	can	be	detected	in	mammalian	257	

hosts.	If	so,	it	may	be	possible	to	develop	IIS-targeted	transmission	blocking	therapeutic	258	

drugs	that	mitigate	Zika	disease	and,	when	delivered	in	blood	from	treated	patients	to	Ae.	259	

aegypti,	reduce	infection	in	and	transmission	by	the	mosquito	vector.		260	

	261	
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	283	

FIGURE	CAPTIONS	284	

Figure	1:	DMAQ-B1	and	AKT	inhibitor	VIII	activated	RNAi	and	JAK/STAT	in	vitro.	285	

Aag2	cells	were	treated	with	vehicle	(DMSO),	1	μM	DMAQ-B1,	10	μM	AKT	inhibitor	VIII,	or	286	

combined	drugs	for	24	h.	(A-D)	Phosphorylation	of	AKT,	FOXO,	and	ERK	were	measured	by	287	

western	blot	and	phosphorylation	was	quantified	for	(B)	P-AKT,	(C)	P-FOXO,	and	(D)	P-ERK	288	

by	densitometry	and	normalized	to	actin	(*p	<	0.05,	One-way	ANOVA	with	Tukey’s	test	289	

correction	for	multiple	comparisons).	(E)	P-FOXO	and	P-ERK	abundance	and	localization	290	

were	visualized	in	DAPI-stained	Aag2	cells	by	immunofluorescence	microscopy.	(F-G)	291	

Protein	localization	of	(F)	P-FOXO	and	(G)	P-ERK	was	quantified	in	microscopy	images	to	292	

evaluate	whether	fluorescent-tagged	proteins	was	cytosolic	or	nuclear	within	individual	293	
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cells	by	manually	counting	cells	in	images	(***p<0.001,	Two-way	ANOVA	with	Tukey’s	294	

correction).	(H-I)	Induction	of	RNAi	and	JAK/STAT	signaling	was	evaluated	as	transcript	295	

levels	of	(H)	AGO2	and	(I)	vir-1	by	qRT-PCR	(*p	<	0.05;	**p<0.01,	Unpaired	t	test	with	296	

Welch’s	correction	for	multiple	comparisons).	(J)	Aag2	cells	that	received	vehicle,	297	

individual,	or	combined	drug	treatment	for	24	h	were	infected	with	ZIKV	(MOI	0.01)	and	298	

supernatant	was	collected	at	1	and	3	dpi.	Supernatant	virus	was	titered	by	standard	plaque	299	

assay	(***p<0.001,	Two-way	ANOVA	with	uncorrected	Fisher’s	LSD).	Closed	circles	300	

represent	individual	replicates.	Horizontal	bars	represent	mean	and	error	bars	represent	301	

SD.	Results	are	representative	of	triplicate	independent	experiments.		302	

	303	

Figure	2:	Combined	drug	treatment	induced	activation	of	RNAi	and	JAK/STAT	in	304	

Aedes	aegypti	at	7	dpi	that	was	reduced	by	11	dpi.	Induction	of	RNAi	and	JAK/STAT	305	

gene	transcripts	at	(A-D)	7	dpi	and	(E-H)	11	dpi	was	measured	in	whole	mosquitoes	306	

infected	with	ZIKV	and	treated	with	vehicle,	10	μM	DMAQ-B1,	10	μM	AKT	inhibitor	VIII,	or	307	

combined	drugs.	Transcripts	were	measured	for	(A,	E)	AGO2,	(B,	F)	p400,	(C,	G)	Vago2,	and	308	

(D,	H)	vir-1	by	qRT-PCR	(*p	<	0.05;	**p<0.01;	***p<0.001;	****	p<0.0001,	Unpaired	t	test	309	

with	Welch’s	correction	for	multiple	comparisons).	Closed	circles	represent	individual	310	

replicates.	Horizontal	bars	represent	mean	and	error	bars	represent	SD.	Results	represent	311	

duplicate	independent	experiments.		312	

	313	

Figure	3:	Individual	and	combined	drug	treatments	reduced	infection	prevalence	314	

and	ZIKV	titers	in	Aedes	aegypti.	Individual	mosquito	midguts,	pairs	of	salivary	glands,	315	

and	carcasses	(n=30)	were	titered	for	ZIKV	by	standard	plaque	assay	at	(A-F)	7dpi	and	(G-316	
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L)	11	dpi.	(A-C,	G-I)	Infection	prevalence	was	calculated	as	the	ratio	of	ZIKV-positive	317	

samples	to	the	total	sample	size	(*p	<	0.05;	**p<0.01;	***p<0.001,	Two-tailed	Fisher’s	exact	318	

test).	(D-F,	J-L)	Viral	titers	were	determined	in	ZIKV-positive	mosquitoes	(*p<0.05;	319	

**p<0.01;	***p<0.001;	****	p<0.0001,	Unpaired	t	test	with	Welch’s	correction	for	multiple	320	

comparisons).		321	

	322	

Figure	4:	Knockdown	of	RNAi	and	JAK/STAT	signaling	resulted	in	loss	of	drug-323	

mediated	antiviral	protection.	(A-B)	AGO2	and	vir-1	were	knocked	down	in	Aag2	cells	324	

and	transcript	levels	were	determined	for	(A)	AGO2	and	(B)	vir-1	by	qRT-PCR	for	cells	325	

transfected	with	scramble	control	(siControl),	individual	siRNA	construct,	or	stacked	siRNA	326	

(siAGO2+siVir-1)	(**p<0.01;	***p<0.001;	****	p<0.0001,	Unpaired	t	test	with	Welch’s	327	

correction).	(C)	48	h	following	transfection,	cells	were	primed	with	DMAQ-B1	or	AKT	328	

inhibitor	VIII	for	24	h	prior	to	infection	with	ZIKV	(MOI=0.01	PFU/cell).	Supernatant	was	329	

collected	at	2	dpi	and	virus	was	titered	by	standard	plaque	assay	(*p<0.05;	**p<0.01;	330	

***p<0.001	Two-way	ANOVA	with	uncorrected	Fisher’s	LSD	test).	(D)	Schematic	of	331	

proposed	mechanism	of	action	mediated	by	DMAQ-B1	and	AKT	inhibitor	VIII	during	ZIKV	332	

infection	through	simultaneous	induction	of	antiviral	RNAi	and	JAK/STAT	signaling.	333	

	 	334	
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MATERIALS	AND	METHODS	335	

CONTACT	FOR	REAGENT	AND	RESOURCE	SHARING	336	

Further	information	and	requests	for	resources	and	reagents	should	be	directed	to	and	will	337	

be	fulfilled	by	the	Lead	Contact,	Alan	Goodman	(alan.goodman@wsu.edu).	338	

	339	

EXPERIMENTAL	MODEL	AND	SUBJECT	DETAILS	340	

Mosquito	rearing		341	

Aedes	aegypti	strain	Poza	Rica	,	from	the	state	of		Veracruz,	Mexico		were	originally	342	

collected	in	2012,	and	maintained	as	described	(Weger-Lucarelli	et	al.,	2016).	Adult	343	

mosquitoes	were	provided	continuous	access	to	water	and	10%	sucrose	ad	libitum,	and	the	344	

females	were	allowed	to	feed	on	defibrinated	sheep	blood	(Colorado	Serum	Company)	345	

supplemented	with	1mM	ATP	using	an	artificial	feeding	system	to	stimulate	oogenesis.	.	346	

Larvae	were	reared	and	maintained	under	constant	28	°C,	70%	humidity,	and	12-hour	347	

light,	12	hour	dark	diurnal	cycle.	6-9	day	old	adult	female	mosquitoes	were	deprived	of	348	

sucrose	24	hours	prior	to	experimental	feedings	as	described	(Weger-Lucarelli	et	al.,	349	

2016).	Mosquito	infections,	maintenance,	and	plaque	assays	were	performed	under	BSL3	350	

and	ACL3	facilities,	approved	by	Colorado	State	University’s	Institutional	Biosafety	351	

Committee	16-074B.		352	

	353	

Cells	and	virus	354	

Vero	cells	(ATCC,	CRL-81)	were	provided	by	A.	Nicola	and	cultured	at	37	°C/5%	CO2	in	355	

DMEM	(ThermoFisher	11965)	supplemented	with	10%	FBS	(Atlas	BiologicalsFS-0500-A)	356	

and	1x	antibiotic-antimycotic	(ThermoFisher	15240062).	Ae.	aegypti	Aag2	cells	357	
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(Wolbachia-free)	(Terradas	et	al.,	2017)	were	gifted	by	S.	O’Neill	and	cultured	as	described	358	

(Terradas	et	al.,	2017).	For	drug	treatment,	culture	media	with	2%	FBS	were	supplemented	359	

with	1%	DMSO,	1	μM	DMAQ-B1,	10	μM	AKT	inhibitor	VIII,	or	combined	drugs.	360	

Concentrations	of	DMAQ-B1	and	AKT	inhibitor	VIII	were	selected	at	non-cytotoxic	levels	361	

for	both	cell	culture	(Figure	S1)	and	adult	mosquitoes	(Figure	S2).	ZIKV	strain	PRVABC59	362	

(Accession	#	KU501215)	was	obtained	from	the	CDC	and	was	isolated	in	2015	from	a	363	

clinical	case	in	Puerto	Rico	and	prepared	as	described	(Weger-Lucarelli	et	al.,	2016).		364	

	365	

METHOD	DETAILS	366	

In	vitro	replication		367	

Aag2	cells	were	seeded	into	a	24-well	plate	at	a	confluency	of	5´105	cells/well	with	6	368	

independent	wells	for	each	experimental	condition.	The	following	day,	cells	were	treated	369	

with	1%	DMSO,	1	μM	DMAQ-B1,	10	μM	AKT	inhibitor	VIII,	or	combined	drugs	in	2%	FBS	370	

media	as	described	(Ahlers	et	al.,	2019)	for	24	h	prior	to	infection.	Cells	were	then	infected	371	

with	ZIKV	at	MOI	of	0.01	PFU/cell	for	1	h.	Virus	inoculum	was	removed,	and	fresh	372	

experimental	media	was	added.	Supernatant	samples	were	collected	at	1	and	3	dpi	for	later	373	

titration.	ZIKV	titers	were	determined	by	standard	plaque	assay	on	Vero	cells	(Baer	and	374	

Kehn-Hall,	2014;	Sanchez-Vargas	et	al.,	2021).		375	

	376	

Cytotoxicity	of	DMAQ-B1	and	AKT	inhibitor	VIII			377	

Cytotoxicity	of	DMAQ-B1	and	AKT	inhibitor	VIII	was	evaluated	in	both	cell	culture	and	in	378	

adult	female	Ae.	aegypti.	DMAQ-B1	and	AKT	inhibitor	VIII	was	added	to	a	monolayer	of	379	

2.5´105	cells/well	in	48-well	plates	at	various	concentrations	(100	μM,	10	μM,	1	μM,	0.1	380	
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μM).	Cells	were	collected	at	1,	2,	and	3	d	post-treatment,	stained	with	trypan	blue	381	

(ThermoFisher	15250-061)	and	scored	as	live	or	dead	as	described	(Ahlers	et	al.,	2016).	382	

Combined	DMAQ-B1	and	AKT	inhibitor	VIII	cytotoxicity	was	evaluated	using	the	maximum	383	

individual	concentrations	that	corresponded	to	minimal	cytotoxicity.	A	total	of	eight	384	

technical	replicates	were	averaged	for	each	biological	replicate.	1%	DMSO	treated	and	1%	385	

Triton	X-100	treated	cells	were	also	scored	as	negative	and	positive	controls,	respectively.	386	

Cytotoxicity	was	evaluated	similarly	in	6-9	day	old	female	mosquitoes	exposed	to	a	387	

bloodmeal	containing	small	molecule	drugs	(100	μM,	10	μM,	1	μM),	1%	DMSO	vehicle	388	

control,	or	blood	only.	Following	1	h	of	feeding,	engorged	females	were	kept	and	389	

maintained	on	sucrose	for	14	d	to	monitor	mortality.	Combined	small	molecule	drug	390	

treatment	was	evaluated	using	observed	lethal	and	nonlethal	individual	concentrations.	391	

Each	experimental	group	contained	approximately	70-100	mosquitoes.	 392	

	393	

Immunoblotting		394	

Protein	extracts	were	prepared	by	lysing	cells	with	RIPA	buffer	(25	mM	Tris-HCl	pH	7.6,	395	

150	mM	NaCl,	1	mM	EDTA,	1%	NP-40,	1%	sodium	deoxycholate,	0.1%	SDS,	1mM	Na3VO4,	1	396	

mM	NaF,	0.1	mM	PMSF,	10	μM	aprotinin,	5	μg/mL	leupeptin,	1	μg/mL	pepstatin	A).	Protein	397	

samples	were	diluted	using	2x	Laemmli	loading	buffer,	mixed,	and	boiled	for	5	minutes	at	398	

95	°C.	Samples	were	analyzed	by	SDS/PAGE	using	a	10%	acrylamide	gel,	followed	by	399	

transfer	onto	PVDF	membranes	(Millipore	IPVH00010).	Membranes	were	blocked	with	5%	400	

BSA	(ThermoFisher	BP9706)	in	Tris-buffered	saline	(50	mM	Tris-HCl	pH	7.5,	150	mM	401	

NaCl)	and	0.1%	Tween-20	for	1	h	at	room	temperature.		402	

	403	
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Primary	antibody	labeling	was	completed	with	anti-P-Akt	(1:1,000;	Cell	Signaling	4060),	404	

anti-P-ERK	(1:1000;	Sigma	M8159),	anti-P-FOXO	(1:1000;	Millipore	07-695),	or	anti-actin	405	

(1:10,000;	Sigma	A2066)	overnight	at	4	°C.	Secondary	antibody	labeling	was	completed	406	

using	anti-rabbit	IgG-HRP	conjugate	(1:10,000;	Promega	W401B)	or	anti-mouse	IgG-HRP	407	

conjugate	(1:10,000;	Promega	W402B)	by	incubating	membranes	for	2	h	at	room	408	

temperature.	Blots	were	imaged	onto	film	using	luminol	enhancer	(ThermoFisher	409	

1862124).	Densitometry	analysis	was	completed	using	three	independent	blots	using	410	

BioRad	Image	Lab	with	bands	normalized	to	actin.		411	

	412	

RNA	interference	in	vitro	413	

Long	dsRNA	targeting	Ae.	aegypti	AGO2,	vir-1,	and	non-targeting	control	dsRNA	was	414	

synthesized	as	described	(Terradas	et	al.,	2017).	Targeted	sequences	and	primers	are	listed	415	

in	Table	S1.	dsRNA	was	transfected	into	Aag2	cells	as	described	(Terradas	et	al.,	2017)	for	416	

48	h	prior	to	small	molecule	treatment	and	infection.	RNA	was	extracted	and	purified	to	417	

confirm	reduced	expression	by	qRT-PCR	and	viral	concentration	was	confirmed	by	418	

standard	plaque	assay.		419	

	420	

Quantitative	reverse	transcriptase	PCR	421	

qRT-PCR	was	used	to	measure	mRNA	levels	in	Ae.	aegypti	Aag2	cells	and	adult	females.	422	

Cells	or	mosquitoes	were	lysed	with	Trizol	Reagent	(ThermoFisher	15596).	RNA	was	423	

isolated	by	column	purification	(ZymoResearch	R2050),	DNA	was	removed	(ThermoFisher	424	

18068),	and	cDNA	was	prepared	(BioRad	170–8891).	Expression	of	Ae.	aegypti	AGO2,	p400,	425	

Vago2,	and	vir-1	were	measured	using	SYBR	Green	reagents	(ThermoFisher	K0222)	and	426	
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normalized	to	actin.	The	reaction	for	samples	included	one	cycle	of	denaturation	at	95	°C	427	

for	10	minutes,	followed	by	45	cycles	of	denaturation	at	95	°C	for	15	seconds	and	extension	428	

at	60	°C	for	1	minute,	using	an	Applied	Biosystems	7500	Fast	Real	Time	PCR	System.	ROX	429	

was	used	as	an	internal	control.	qRT-PCR	primer	sequences	are	listed	in	Table	S1.		430	

	431	

Immunofluorescence	microscopy	432	

Ae.	aegypti	Aag2	cells	were	seeded	onto	coverslips	in	12-well	plates	at	a	confluency	of	433	

approximately	1x106	cells/well.	Cells	were	then	treated	for	24	hours	with	1%	DMSO,	1	μM	434	

DMAQ-B1,	10	μM	AKT	inhibitor	VIII,	or	combined	small	molecule	treatment	supplemented	435	

in	2%	FBS	media	as	described	(Ahlers	et	al.,	2019).	Coverslips	were	fixed	in	4%	436	

paraformaldehyde	for	10	minutes	at	room	temperature,	permeabilized	in	0.1%	Triton-X-437	

100	for	30	minutes	at	room	temperature	and	blocked	in	1%	BSA	in	TBS	for	30	min	at	37	°C.	438	

Primary	antibody	labeling	was	completed	with	anti-P-FOXO	(1:100)	and	anti-P-ERK	439	

(1:100)	for	2	h	at	humified	room	temperature.	Secondary	antibody	labeling	was	completed	440	

using	anti-rabbit	(Life	Technologies	A11034)	or	anti-mouse	(Life	Technologies	A11029)	441	

Alexafluor	488	(1:300)	by	incubating	membranes	for	1	h	at	room	temperature	in	the	dark.	442	

Samples	were	stained	with	DAPI	(1:100;	Cell	Signaling	4083),	mounted	onto	coverslips	443	

using	ProLong	Diamond	Antifade	Mountant	(Invitrogen	P36961),	and	imaged	using	a	Leica	444	

Sp8X	confocal	microscope.	Localization	percentages	were	determined	by	counting	the	total	445	

number	of	cells	and	evaluating	if	green-fluorescent	signal	was	cytosolic,	nuclear,	or	no	446	

signal	in	relation	to	DAPI-stained	nuclei.			447	

	448	

Mosquito	infections	449	
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Fresh	ZIKV	virus	stock	was	made	from	Vero	cells	infected	at	MOI	of	0.1	PFU/cell	at	72	450	

hours	prior	to	bloodmeal	feed	of	6-9	day	old	female	mosquitoes	as	described	(Weger-451	

Lucarelli	et	al.,	2016;	Williams	et	al.,	2020).	Mosquitoes	were	fed	a	bloodmeal	452	

supplemented	with	1	mM	ATP	and	infected	with	the	fresh	virus	inoculum	that	was	back-453	

titrated	to	2.4´106	PFU/mL.	Bloodmeals	included	1%	DMSO	vehicle	control,	10	μM	DMAQ-454	

B1,	10	μM	AKT	inhibitor	VIII,	or	combined	drugs.	Following	1	h	of	feeding,	mosquitoes	455	

were	anesthetized	on	ice	and	engorged	mosquitoes	were	moved	into	new	cartons	and	456	

maintained	on	sucrose.	Mosquitoes	were	collected	at	3,	7,	and	11	dpi	in	which	the	midgut,	457	

salivary	glands,	and	carcass	were	separated,	homogenized,	and	filtered	for	infection	458	

determination	and	viral	titering.	Whole	mosquitoes	were	collected	at	the	same	timepoints	459	

for	qRT-PCR	analysis.	460	

	461	

QUANTIFICATION	AND	STATISTICAL	ANALYSIS	462	

Results	presented	as	dot	plots	show	data	from	individual	biological	replicates	(n=3-10)	and	463	

the	arithmetic	mean	of	the	data,	shown	as	a	black	horizontal	line.	Biological	replicates	of	464	

adult	mosquitoes	(n=2-24)	consisted	of	two	pooled	mosquitoes.	Results	shown	are	465	

representative	of	at	least	duplicate	independent	experiments,	as	indicated	in	the	figure	466	

legends.	All	statistical	analyses	of	biological	replicates	were	completed	using	GraphPad	467	

Prism	9	and	significance	was	defined	as	p<0.05.	One-way	ANOVA	with	Tukey’s	correction	468	

for	multiple	comparisons	was	used	for	densitometry	analysis.	Two-way	ANOVA	with	469	

Tukey’s	correction	for	multiple	comparisons	was	used	for	microscopy	localization	analysis.	470	

Unpaired	t	test	with	Welch’s	correction	was	used	for	qRT-PCR	and	in	vivo	viral	titer	471	

analysis.	Two-way	ANOVA	with	uncorrected	Fisher’s	LSD	test	was	used	for	analysis	of	472	
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multiday	in	vitro	viral	titer.	Two-tailed	Fisher’s	exact	test	was	used	to	compare	infection	473	

prevalences.	Two-way	ANOVA	with	Tukey’s	correction	for	multiple	comparisons	was	used	474	

for	analysis	of	small	molecule	cytotoxicity	in	vitro	and	in	vivo.	All	error	bars	represent	475	

standard	deviation	(SD)	of	the	mean.	Outliers	were	identified	using	a	ROUT	test	(Q=5%)	476	

and	removed.		477	

	478	

SUPPLEMENTAL	INFORMATION	479	

	480	

Table	S1:	qRT-PCR	Primers	481	

	482	

Figure	S1:	DMAQ-B1	and	AKT	inhibitor	VIII	exhibited	dose-dependent	cytotoxicity	in	483	

Aag2	cells.	Aag2	cells	were	treated	with	various	concentrations	of	(A)	DMAQ-B1,	(B)	AKT	484	

inhibitor	VIII,	(C)	combined	drugs,	or	DMSO	vehicle	control	and	cell	viability	was	measured	485	

by	trypan	blue	exclusion.	Cells	that	received	1%	Trixton-X-100	treatment	were	used	as	a	486	

positive,	100%	lethality	control.	Closed	circles	represent	biological	replicates	measured	in	487	

technical	triplicate.	Horizontal	black	bars	represent	the	mean.	Error	bars	represent	SD.	488	

Significance	was	measured	by	Two-Way	ANOVA	with	1%	DMSO	vehicle	control	(*p<0.01).	489	

Data	are	representative	of	triplicate	independent	experiments.	490	

	491	

Figure	S2:	DMAQ-B1	and	AKT	inhibitor	VIII	exhibited	minimal,	dose-dependent	492	

toxicity	to	Ae.	aegypti.	Adult	female	Ae.	aegypti	were	treated	with	various	concentrations	493	

of	(A)	DMAQ-B1,	(B)	AKT	inhibitor	VIII,	(C)	combined	drugs	and	toxicity	was	measured	by	494	

survival	over	14	days.	Closed	circles	represent	percent	survival	of	mosquitos	(n=60-100)	495	
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measured	in	triplicate.	Horizontal	black	bars	represent	the	mean.	Error	bars	represent	SD.	496	

Significance	was	measured	by	Two-Way	ANOVA	with	1%	DMSO	vehicle	control	(*p<0.05).	497	

Data	are	representative	of	duplicate	independent	experiments.	498	

	499	

Figure	S3:	RNAi	and	JAK/STAT	signaling	was	induced	in	small	molecule	treated	500	

mosquitoes	at	3	dpi.	Induction	of	(A)	AGO2,	(B)	p400,	(C)	Vago2,	and	(D)	vir-1	in	adult	501	

female	Ae.	aegypti	was	measured	by	qRT-PCR	3	dpi	of	ZIKV-	and	drug-containing	502	

bloodmeal.	(*p<0.05;	**p	<	0.01;	***p	<	0.001).	Open	circles	represent	individual	biological	503	

replicates.	Horizontal	black	bars	represent	the	mean.	Error	bars	represent	SDs.	Data	are	504	

representative	of	duplicate	independent	experiments.	505	

	506	

Figure	S4:	Infection	prevalence	and	ZIKV	titers	at	3	dpi	were	not	different	among	507	

small	molecule-treated	and	control	Ae	aegypti	at	3	dpi.	Ae.	aegypti	were	primed	with	508	

1%	DMSO,	10	μM	DMAQ-B1,	10	μM	AKT	inhibitor	VIII,	or	combined	drugs	and	infected	with	509	

ZIKV	by	bloodmeal.	Mosquitoes	(n=30)	were	collected	at	3	dpi	and	individual	midguts,	510	

pairs	of	salivary	glands,	and	carcasses	were	prepared	and	titered	by	standard	plaque	assay.	511	

Infection	prevalence	was	determined	by	comparing	the	number	of	mosquitoes	with	512	

detectable	virus	to	the	total	mosquitoes	in	the	sample.	Viral	titer	was	measured	in	513	

mosquitoes	that	were	positive	for	ZIKV.	There	were	no	differences	in	infection	prevalence	514	

or	viral	titers	among	conditions.	Open	circles	represent	biological	replicates.	Bars	515	

represent	the	mean.	Error	bars	represent	SDs.	Data	are	representative	of	duplicate	516	

independent	experiments.		517	

	 	518	
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KEY RESOURCES TABLE 

REAGENT or RESOURCE SOURCE IDENTIFIER 
Antibodies 
Rabbit monoclonal anti-phospho-Akt (Ser473) Cell Signaling Cat#4060 

RRID:AB_2315049 
Rabbit polyclonal anti-phospho-FOXO1 (Thr24)/ 
FOXO3a (Thr32) 

Cell Signaling Cat#9464 
RRID:AB_329842 

Mouse monoclonal anti-MAP Kinase, Activated 
(Diphosphorylated ERK1/2) (Erk1/2) (137F5) 

Sigma Aldrich  Cat#M8159 
RRID:AB_477245 

Rabbit polyclonal anti-actin Sigma Cat#A2066 
RRID:AB_476693 

Anti-rabbit IgG (H+L) HRP conjugate Promega Cat#4011 
RRID:AB_430833 

Anti-mouse IgG (H+L) HRP conjugate Promega Cat#4021 
RRID:AB_430834 

Virus Strains  
Zika virus Laboratory of Greg 

Ebel/ CDC 
PRVABC59 strain 

Biological Samples   
Sheep Blood Colorado Serum 

Company 
Cat#31123 

Hog sausage casing Beaver’s Market 
(Local market) 

N/A 

Aedes aegypti eggs (Strain Poza Rica)  Vera-Maloof et al., 
PLOS Neg Trop Dis 
2015  

Laboratory of Ken 
Olson   

Chemicals, Peptides, and Recombinant Proteins 
Demethylasterriquinone B1 (DMAQ-B1) R&D Systems Cat#1819/5 
AKT inhibitor VIII Sigma Aldrich CaT#124018 
Experimental Models: Cell Lines 
Cercopithecus aethiops: Cell line Vero ATCC CCL-81 
Aedes aegypti: Cell line Aag2wMel.tet Terradas et al., Sci 

Rep 2017 
Laboratory of Scott 
O’Neill 

Oligonucleotides   
AeActin qRT-PCR: 
Forward: GAACACCCAGTCCTGCTGACA 
Reverse: TGCGTCATCTTCTCACGGTTAG 

Integrated DNA 
Technologies Diop et al., Viruses 

2019 

AeAGO2 qRT-PCR: 
Forward: CAACTTCGGTATCCTTCT 
Reverse: TTCCCGTCTTGTAATCTCC 

Integrated DNA 
Technologies Bernhardt et al., 

PLOS One 2012 

AeVir-1 qRT-PCR: 
Forward: GCCAAAGTCCGGTATTCTTC 
Reverse: TTCACGAGATCGTCAAGGTAA 

Integrated DNA 
Technologies Diop et al., Viruses 

2019 

AeP400 qRT-PCR: 
Forward: GGAACCAGTCCAGCCATGAA 
Reverse: CGATCGCTCCTGCATTTGTG 

Integrated DNA 
Technologies McFarlane et al., 

mSphere 2020 

AeVago2 qRT-PCR: 
Forward: CGACCCGGAATGTGTGAAGA 
Reverse: GCAGCATTGTGGGTAGTCCT 

Integrated DNA 
Technologies 

Asad, Parry, and 
Asgari, Insect 
Biochem and Mol 
Bio 2018 
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AeAGO2 siRNA qRT-PCR: 
Forward: ACAACAGCAACAATCCCAGA 
Reverse: GTGGACGTTGATCTTGTTGG 

Integrated DNA 
Technologies 

Terradas, Joubert, 
and McGraw, Sci 
Rep 2017 

AeVir-1 qRT-PCR: 
Forward: GCCAAAGTCCGGTATTCTTC 
Reverse: TTCACGAGATCGTCAAGGTAA 

Integrated DNA 
Technologies 

Terradas, Joubert, 
and McGraw, Sci 
Rep 2017 

AeAGO2 siRNA: 
Sense: CCTAAAGCAGGGTGTCCAAdTdT 
Antisense: TTGGACACCCTGCTTTAGGdTdT 

Sigma Terradas, Joubert, 
and McGraw, Sci 
Rep 2017 

AeVir-1 siRNA: 
Sense: CGGAAGATACCCAGACCAAdTdT 
Antisense: TTGGTCTGGGTATCTTCCGdTdT 

Sigma Terradas, Joubert, 
and McGraw, Sci 
Rep 2017 

AeScramble siRNA: 
Sense: GATTAGACGAATACCACTA 
Antisense: CTAATCTGCTTATGGTGAT 

Sigma Clemons et al., 
PLOS One 2011 

Software and Algorithms   
Prism  GraphPad Version 9 
Leica Application Suite X (LAS X) Leica Microsystems Version 3 
Image Lab  Bio-Rad Version 6.1  
Adobe Illustrator 2021 Adobe  Version 25.2.3 
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Table S1. Primers for qRT-PCR and siRNA synthesis 
 

Gene Forward qRT-PCR primer Reverse qRT-PCR primer Citation 
AeActin GAACACCCAGTCCTGCTGACA TGCGTCATCTTCTCACGGTTAG Diop et al., Viruses 2019 
AeAGO2 CAACTTCGGTATCCTTCT TTCCCGTCTTGTAATCTCC Bernhardt et al., PLOS One 2012 
AeVir-1 GCCAAAGTCCGGTATTCTTC TTCACGAGATCGTCAAGGTAA Diop et al., Viruses 2019 
AeP400 GGAACCAGTCCAGCCATGAA CGATCGCTCCTGCATTTGTG McFarlane et al., mSphere 2020 

AeVago2 CGACCCGGAATGTGTGAAGA GCAGCATTGTGGGTAGTCCT Asad, Parry, and Asgari, Insect Biochem 
and Mol Bio 2018 

AeAGO2 siRNA ACAACAGCAACAATCCCAGA   	
 

GTGGACGTTGATCTTGTTGG  
 

Terradas, Joubert, and McGraw, Sci Rep 
2017 

AeVir-1 siRNA GCCAAAGTCCGGTATTCTTC TTCACGAGATCGTCAAGGTAA Terradas, Joubert, and McGraw, Sci Rep 
2017 

	
Gene Sense/ 

Antisense Reverse dsRNA primer Start Target Sequence Citation 

AeAGO2 sense CCUAAAGCAGGGUGUCCAAdTdT 1836 CCTAAAGCAGGGTGTCCAA Terradas, Joubert, and McGraw, Sci Rep 
2017 

 antisense UUGGACACCCUGCUUUAGGdTdT 1836 TTGGACACCCTGCTTTAGG Terradas, Joubert, and McGraw, Sci Rep 
2017 

AeVir-1 sense CGGAAGAUACCCAGACCAAdTdT 404 CGGAAGATACCCAGACCAA Terradas, Joubert, and McGraw, Sci Rep 
2017 

 antisense UUGGUCUGGGUAUCUUCCGdTdT 404 TTGGTCTGGGTATCTTCCG Terradas, Joubert, and McGraw, Sci Rep 
2017 

AeScramble sense GATTAGACGAATACCACTA   Clemons et al., PLOS One 2011 
 antisense CTAATCTGCTTATGGTGAT   Clemons et al., PLOS One 2011 
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