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Abstract	

About	a	quarter	of	all	Americans	are	obese	and	that	number	is	continuing	to	grow	(28).	

Obesity	proposes	a	multitude	of	health	problems	for	the	people	that	suffer	from	the	disorder.	In	

pregnant	women,	maternal	obesity	poses	its	own	health	problems	to	both	the	mother	and	fetus.	

A	major	fetal	health	complication	is	macrosomia,	which	refers	to	newborns	being	significantly	

larger	than	normal	.	This	will	lead	to	early	onset	diabetes,	hypertension,	and	metabolic	syndrome	

in	infancy	or	early	childhood.	To	combat	these	complications,	a	closer	look	at	the	placenta,	the	

source	 of	 nutrients	 for	 fetal	 formation,	 reveals	 some	 promising	 strategies.	 Limiting	 nutrient	

transfer	 from	 the	 placenta	 to	 the	 fetus	 poses	 an	 innovative	 approach	 in	 preventing	 fetal	

overgrowth	and	its	associated	health	complications.	In	order	to	test	this	concept,	a	thoroughly	

inverted	approach	may	give	some	insight	as	to	the	effects	of	glucose	transport	on	fetal	size	and	

metabolic	capabilities.	A	plasmid	containing	an	extra	copy	of	a	glucose	transporter,	Glut1,	under	

the	control	of	a	placental	specific	promoter,	Cyp	19,	and	a	transposon	system,	PiggyBac,	will	be	

constructed	 in	 this	 project.	 This	plasmid	will	 be	designed	and	 constructed	 to	 create	 a	 line	of	

transgenic	 mouse	 that,	 when	 fed	 a	 normal	 fat	 diet,	 will	 produce	 offspring	 that	 mimic	 the	

phenotypic	characteristics	of	an	infant	with	macrosomia.	The	results	are	expected	to	show	that	

the	transgenic	mouse	line	created	with	this	plasmid	will	give	rise	to	offspring	that	are	larger	than	



	 2	

non-transgenic,	lean	mice.	The	expected	results	will	also	show	elevated	levels	of	glucose	in	the	

transgenic	mouse	offspring	when	compared	to	that	of	the	non-transgenic	mouse	offspring.	The	

results	will	 solidify	 the	conclusion	 that	 the	Glut1	 transporter	 in	 trophoblast	cells	has	a	strong	

relationship	between	fetal	size	and	glucose	levels.	This	would	provide	us	the	implication	that	a	

knockdown	or	down	regulation	of	this	gene	may	be	a	good	approach	at	combating	macrosomia	

and,	indirectly,	metabolic	syndrome	and	other	effects	of	maternal	obesity.	

	

Problem	Statement	

Background	Information	

In	obese	mothers	a	multitude	of	health	complications	can	occur	for	both	the	mother	and	

her	unborn	child.	Many	babies	that	are	born	from	an	obese	mother	suffer	from	a	condition	called	

macrosomia,	 or	 large	 for	 gestational	 age.	 Macrosomia	 can	 cause	 a	 number	 of	 health	

complications	in	the	child,	namely	metabolic	syndrome.	Children	with	metabolic	syndrome	are	

often	overweight	and	have	a	high	probability	of	developing	conditions	such	as	hypertension	or	

diabetes	 (12).	 We	 look	 to	 the	

intrauterine	 environment	 to	 see	

what	molecular	mechanisms	may	

be	 behind	 fetal	 macrosomia	 in	

order	to	treat	the	condition.	

The	 placenta	 is	 the	

interface	 between	 mother	 and	

fetus	 and	 is	 the	 site	 of	 nutrient	 Figure	1:	Schematic	of	a	DNA	plasmid	containing	numerous	
restriction	enzyme	cut/integration	sites.		
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transfer.	Thus,	the	placenta	is	the	first	place	we	look	at.	Glucose	is	one	of	the	main	molecules	

that	are	transferred	from	the	mother	to	the	fetus	 in	the	placenta.	Glucose	from	the	mother’s	

blood	stream	is	transported	through	the	placenta	to	the	fetus	to	aid	in	fetus	development	and	

survival.	 The	 Glut1	 protein	 is	 the	 main	 glucose	 transporter	 in	 trophoblast	 cells,	 the	 most	

prevalent	type	of	cell	in	the	placenta.	It	is	expected	that	there	is	correlation	between	the	rate	of	

glucose	transfer	and	the	amount	of	glucose	transporters	in	trophoblast	cells,	and	consequently	

macrosomia.	This	project	is	focused	on	creating	a	plasmid,	a	small	circular	piece	of	DNA	(Fig.	1),	

capable	of	creating	a	transgenic	line	of	mice	to	perform	an	upregulation	of	Glut1	and	evaluate	its	

role	 in	 glucose	 transport	 and	 fetal	 macrosomia.	 This	 plasmid	 will	 contain	 the	 PiggyBac	

transposase	 gene	 to	 insert	 a	 designed	 cassette	 into	 the	 embryonic	 genome	 via	 pronuclear	

injection.	

Hypothesis	

We	hypothesize	that	a	transgenic	mouse	that	contains	an	extra	copy	of	Glut1	under	the	

control	of	a	placental	promoter	that	is	kept	on	a	normal	fat	diet	can	deliver	offspring	that	suffer	

from	a	phenotype	that	resembles	macrosomia.	

Significance	

	 The	major	 significance	of	 this	 research	 is	 that	 it	may	 give	 insight	 as	 to	what	 elevated	

nutrient	transfer	may	be	the	cause	of	fetal	macrosomia.	This	information	can	give	an	idea	of	what	

molecular	 targets	 treatments	must	be	directed	 to	 in	order	 to	prevent	 fetal	macrosomia	 from	

occurring	during	pregnancy	of	an	obese	mother.	Furthermore,	this	project	serves	as	a	“proof	of	

concept”	for	a	Glut1	downregulation	project,	which	will	be	the	mechanism	for	fetal	macrosomia	

prevention.		
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Literature	Review	

Obesity	

Obesity	 is	 defined	as	 the	 condition	of	being	extremely	 fat	or	overweight.	Often	 times	

obesity	 is	 measured	 via	 the	 body	 mass	 index	 (BMI)	 scale,	 where	 a	 BMI	 of	 30	 or	 above	 is	

considered	obese.	In	America,	obesity	is	an	growing	problem	amongst	men	and	women.	Research	

has	shown	that	there	has	been	an	11%	increase	in	the	United	States	national	obesity	average,	

from	12%	in	1990	to	23%	in	2005	(1,	2).	Obesity	is	a	serious	problem	because	it	causes	a	multitude	

of	health	 risks	 to	 those	who	carry	 the	 condition.	 Some	of	 these	health	 complications	 include	

hypertension,	 cardiovascular	 disease,	 coronary	 artery	 disease,	 stroke,	 respiratory	 problems,	

cancers,	osteoarthritis,	and	diabetes	mellitus	(3,	4).	Obesity	in	pregnant	women	not	only	pose	

health	risks	to	the	mother	(5),	but	also	the	child	(26-27).	

Macrosomia	 and	 Metabolic	

Syndrome	

Obese	 women	 have	

higher	proportion	of	obstetric	

complications	 which	 include	

pregnancy-induced	

hypertension	 and	

preclampsia,	 premature	

membrane	 rupture,	 cesarean	 Figure	2:	Normal	sized	child	(left)	and	child	with	macrosomia	
(right).		
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section,	preterm	delivery,	and	the	physical	stress	of	an	overweight	fetus	(8-11).	Increased	fetal	

size,	or	macrosomia,	 is	 the	common	pregnancy	complication.	Macrosomia	occurs	due	to	fetal	

hyperinsulinemia	which	comes	from	increased	maternal	to	fetal	transfer	of	glucose	and	essential	

amino	 acids.	 The	 enlarged	 fetus	 can	 cause	 complications	 during	 delivery	 (8).	 In	 addition	 to	

macrosomia,	there	are	other	health	risks	to	the	child	after	birth.	Children	that	were	exposed	to	

an	 obese	 mother’s	 intrauterine	 environment	 have	 increased	 chances	 to	 have	 childhood	

adiposity,	hypertension,	and	metabolic	syndrome.	These	health	complications	early	on	lead	to	

more	serious	complications	later	in	life	(11-13).	In	order	to	combat	these	complications,	we	look	

to	prevent	fetal	macrosomia	from	occurring	by	looking	at	the	placenta,	site	of	nutrient	transport.		

Placental	Glucose	Transport	

The	placenta	(Fig.	3)	is	the	organ	that	

provide	 oxygen	 and	 nutrients	 to	 fetuses	 as	

they	 develop	 during	 pregnancy.	 All	 of	 the	

nutrients	 that	 the	 fetus	 uptakes	 originate	

from	 the	 mother	 (14).	 In	 obese	 mothers,	

there	is	a	large	surplus	of	glucose.	This	leads	

to	 increased	glucose	 transport	 from	mother	

to	fetus	in	the	placenta.	GLUT	1	in	the	main	

glucose	transporter	located	in	placental	cells.	

These	 transporters	 are	 highly	 expressed	 in	

placenta	cells	of	obese	mothers,	40%	higher	

than	in	non-obese	mothers	(15).	This	results	in	a	60%	increase	in	glucose	uptake	in	the	fetus	(15,	

Figure	3:	Schematic	of	the	placenta	in	the	
stomach	of	a	pregnant	woman.	
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16).	There	 is	also	higher	amino	acid	uptake	 in	the	fetus	(17).	Because	of	the	nutrient	transfer	

from	the	mother	to	fetus	via	placental	trophoblast	cells,	the	placenta	would	be	an	ideal	target	to	

study	in	order	to	reduce	fetal	macrosomia	and	its	related	health	risks.		

PiggyBac	Transposon	

Transposons	 are	 mobile	 segments	 of	 DNA	 that	 can	 be	 moved	 to	 other	 parts	 of	 the	

genome.	 Transposons	 can	 be	 used	 to	 integrate	 transgenes	 into	 host	 genomes.	 The	piggyBac	

transposon	 is	 a	 non-viral	 transposon	 used	 for	 gene	 integration.	 Non-viral	 transfection	 is	

important	to	overcome	the	immune	response	associated	with	viral	transfections	(18,	19).	The	

piggyBac	system	is	derived	from	the	cabbage	looper	moth,	Trichoplusia	ni	(29),	but	was	originally	

discovered	 in	baculovirus	 strains.	The	 transposon	 is	2.4	kb	 in	 length	and	has	a	13bp	 inverted	

terminal	repeats	and	asymmetric	19	bp	internal	repeats	(18,	20-23).	The	piggyBac	element	can	

have	 a	 transgene	 inserted	 between	 the	 inverted	 repeats.	 The	 addition	 of	 the	 piggyBac	

transposase	enzyme	allow	the	transgene	to	be	excised	and	then	placed	at	a	TTAA	site	on	the	

genome	 or	 target	 DNA	 (24).	 The	 piggyBac	 transposon	 is	 ideal	 for	 transgenesis	 because	 it	 is	

capable	of	carrying	and	delivering	large	fragments	of	DNA,	anywhere	between	9.1	and	14.3	kb	

(25).	Not	only	can	 it	 carry	and	deliver	 large	 transgenes,	but	 it	does	so	with	 little	 reduction	 in	

efficiency	 (25).	 This	 provides	 an	 advantage	over	 the	widely	 used	 transposon	 system	Sleeping	

Beauty	(18).	
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Methodology	

In	 this	project,	 I	 propose	 to	 construct	a	DNA	plasmid	 capable	of	 creating	a	 transgenic	

mouse.	This	transgenic	mouse	will	contain	an	extra	copy	of	Glut1	under	the	control	of	a	placental	

promoter.		

Fragment	Amplification	

Three	 fragments	 of	

DNA	 will	 be	 amplified	 via	

polymerase	 chain	 reaction	

(PCR);	 IRES,	 Glut1	 and	 BGH	

BB	 (Fig.	 4).	 After	 PCR,	 the	

resulting	 PCR	 products	

fragments	 will	 then	 be	

digested	 via	 a	 restriction	

enzyme.	 The	 products	 will	

then	be	cleaned	and	run	on	

an	 agarose	 gel	 via	

electrophoresis.	 After	 visualization	 of	 the	 gel	 under	UV	 light,	 the	 desired	 portions	 of	 the	 gel	

containing	the	correct	fragments	of	DNA	will	be	cut	out.	The	DNA	from	each	band	will	then	be	

extracted	using	a	gel	extraction	kit.	Finally,	the	resulting	elution	from	each	gel	extraction	will	be	

quantified	with	a	spectrophotometer.		

	

	

Figure	4:	BGH	BB	plasmid	with	ligation	site	located	
approximately	at	location	1500.	Plasmid	contains	luciferase	
selectable	marker	and	placenta	specific	promoter,	CYP19.	
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Cassette	Ligation	

A	 ligation	

reaction	will	be	set	up	

to	ligate	IRES	and	BGH	

BB	 fragments	

together	 (Fig.	 5).	 T4	

ligase	 and	 T4	 buffer	

will	be	added	to	1	part	

BGH	BB	and	3	parts	IRES.	This	reaction	will	be	carried	out	at	room	temperature	for	10	minutes.	

The	ligated	plasmid	will	then	be	electroporated	into	DH10	cells	and	plated.	The	remaining	ligation	

mix	will	be	placed	in	a	16˚C	water	bath	overnight.	The	electroporated	cells	will	be	shaken	in	no	

antibiotic	LB	media	for	45	minutes	to	3	hours.	The	resulting	culture	will	then	be	plated	on	two	

kanamycin	plates,	one	with	400 µL	and	 the	other	with	50	µL.	 These	plates	will	 be	 incubated	

overnight.	The	resulting	colonies	will	be	inoculated	into	2-3mL	mini	preps	to	isolate	the	plasmid.	

The	left	over	culture	will	be	saved	and	labeled	to	return	to	after	confirming	the	plasmid	via	mini	

prep.		

Mini	Prep	

	 2	 mL	 of	 each	 culture	 will	 be	 spun	 down	 for	 8	 minutes.	 The	 supernatant	 should	 be	

decanted	and	520	µL	of	nuclease	 free	 (autoclaved)	water	will	 be	added	 to	each	 sample.	 The	

samples	will	then	be	vortexed.	The	lysis	buffer	will	be	added,	allowed	proper	reaction	time,	and	

then	neutralized.	Each	sample	will	be	washed	with	the	appropriate	wash	and	elution	buffers	to	

isolate	the	plasmid.		

Figure	5:	Example	of	DNA	ligation	that	occurs	when	DNA	fragments	
with	complimentary	ends	are	mixed	with	T4	ligase	and	buffer.		



	 9	

Restriction	Enzyme	Digest	

Each	mini	prep	will	be	added	to	

buffer,	water,	and	restriction	enzyme	to	

digested	the	plasmid	in	order	to	check	

for	 correct	 bands	 signifying	 the	

correct	 plasmid.	 The	 digests	 will	 be	

run	on	a	0.8-1%	agarose	gel	and	then	

visualized	 (Fig.	 6)	 via	 UV	 light	 and	

image	capture	 technology	 (LAS).	The	

expected	 results	 will	 be	 bands	

containing	 fragments	 of	 DNA	 that	 are	

239,	 2155,	 and	 4477	 base	 pairs	 in	

length.		

	

	

Cassette	Ligation,	Mini	Prep,	and	Restriction	Enzyme	Digest		

Once	 a	 correct	 mini	 prep	 is	 identified,	 we	 will	 digest	 that	 mini	 prep	 with	 restriction	

enzymes	pmeI	and	EcoRI	to	prep	the	plasmid	for	another	ligation.	The	digest	will	be	cleaned	and	

then	set	up	for	another	ligation,	this	time	with	Glut1.	1	part	BGH	BB-IRES	plasmid	will	be	put	with	

3	parts	Glut1.	The	ligated	DNA	will	be	electroporated	into	DH10	cells	and	cultured.	The	remaining	

ligation	mix	will	be	put	in	a	water	bath	overnight.	Mini	preps	should	then	innoculated	into	culture	

tubes.	Finally,	to	confirm	the	plasmid,	Restriction	enzyme	digest	will	be	conducted.		

Figure	6:	Gel	containing	two	samples	of	DNA	
isolated	via	mini	prep.	Lane	1	containes	a	DNA	
ladder.	Lanes	2	and	4	contain	undigested	DNA	and	
lanes	3	and	5	contain	digested	DNA.	Gel	was	run	
on	110V	on	a	0.8%	agarose	gel.	

10	kb	
8			kb	
6			kb	
5			kb	
4			kb	
3			kb	
2.5kb	
2			kb	
1.5kb	
1			kb	
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DNA	Sequencing	

	 DNA	 sequencing	 needs	 to	 be	

done	 because	 the	 Glut1	 gene	 could	

have	been	 inserted	 in	either	direction.	

DNA	 sequencing	 will	 allow	 the	

deduction	of	what	orientation	the	Glut1	

gene	was	inserted.	This	should	show	the	

sequence	 of	 a	 BGH	 BB-IRES-Glut1	

plasmid	(Fig.	7)	that	is	to	be	ligated	to	a	

GIN	 BB	 (GFP-IRES-Neomycin	

Backbone)	plasmid.		

LR	Clonase	Reaction	

	After	 verifying	

the	 correct	 mini,	 the	

correct	plasmid	will	be	

recombined	 with	 the	

G3	 GIN	 BB	 plasmid	

(containing	 the	

PiggyBac	machinery)	via	an	LR	clonase	reaction	(Fig.	8).	This	plasmid	will	then		be	electroporated	

into	DH10	cells	and	cultured.	The	 left	over	mix	will	be	allowed	to	sit	at	 room	temperature	to	

electroporate	more	DH10	cells.	The	DNA	will	then	be	extracted	from	the	different	cultures.	Mini	

preps	will	be	inoculated	and	digested	with	BsrGI	to	screen	the	DNA.	The	DNA	that	appears	to	be	

Figure	7:	Schematic	of	the	plasmid	produced	from	the	two	
ligation	rounds	performed.		

Figure	8:	Schematic	of	the	LR	clonase	reaction.	The	DNA	cassette	
that	contains	the	BGH	BB-IRES-Glut1	is	the	Entry	Clone.	The	G3	GIN	
BB	is	the	Destination	Vector.	The	expression	vector	is	the	goal.		



	 11	

correct	will	be	further	digested	to	confirm	and	then	sent	for	sequencing.	After	sequencing	and	

confirming	the	correct	plasmid,	glycerol	stocks	will	be	created	from	the	correct	culture	tubes.	

This	plasmid	will	then	be	injected	via	pronuclear	injection	to	create	transgenic	mice.		

	

	

	

Materials	and	Resources	

Glut1	and	IRES	cDNA	were	purchased.	The	BGH	BB	plasmid	was	made	previously	in	our	

laboratory.	All	buffers,	reagents,	enzymes,	and	laboratory	tools	are	provided	in	the	Institute	of	

Biogenesis	 Research	 (IBR).	 All	 laboratory	 training	manuals	 serve	 as	 resources	 to	 refer	 to	 for	

proper	techniques.	My	P.I.,	Dr.	Johann	Urschitz,	a	Ph.D.	student,	Marlee	Elston,	and	a	full	time	

laboratory	technician,	Haide	Razavy,	are	present	in	the	lab	and	are	able	to	answer	any	specific	

questions	I	may	have	in	regards	to	protocols,	procedures,	or	techniques.		

Role	of	Researcher	

I	started	volunteering	in	Dr.	Johann	Urschitz’	laboratory	in	late	February	of	2017.	I	began	

by	helping	culture	bacteria,	isolating	plasmid,	restriction	digest,	and	gel	electrophoresis.	In	this	

project,	I	will	be	conducting	the	PCR,	ligation,	bacterial	culture,	plasmid	purification,	restriction	

digest,	 and	 gel	 electrophoresis.	 I	 will	 also	 be	 cleaning	 up	 the	 plasmid	 samples	 to	 send	 for	

sequencing.		

Research	Ethics	Statement	

I	have	already	completed	general	lab	safety,	biosafety,	and	blood	borne	pathogen	training	

in	preparation	for	working	in	the	laboratory.	The	plasmid	constructed	as	a	result	of	this	project	
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will	be	used	to	create	a	transgenic	mouse	line.	I	will	complete	the	necessary	training	sessions	in	

order	to	work	with	and	handle	mice.	This	will	be	necessary	to	ensure	humane	methods	are	being	

used	any	time	work	with	mice	is	conducted.		

	

	

	

Timetable	

Time	Period	 Task	Description	

June	2017	 Receive	 lab	 training.	 Practice	 techniques	 on	

ongoing	projects.	

August	2017	 Receive	 last	 of	 training.	 Begin	 fragment	

amplification	via	PCR.		

September	2017	 Begin	 plasmid	 construction	 via	 ligation.	

Restriction	 digest	 products.	 Gel	

Electrophoresis	to	confirm	products.		

October	2017	 Continue	 plasmid	 construction.	 Confirm	

products.		

November	2017	 Finish	plasmid	construction.	Final	sequencing	

of	product.		
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December	2017	 Buffer	 time	 in	 case	 plasmid	 construction	

needs	 extra	 time.	 Begin	 working	 on	 data	

section/data	analysis	

January	2017	 Begin	working	on	thesis.	

February	2017	 Finish	thesis	by	end	of	month.	

March	2017	 Work	on	poster	board	for	symposium.	Sign	up	

for	symposium.		

April	2017	 April	 15,	 2017	 will	 be	 my	 final	 deadline	 to	

complete	 all	 aspects	 of	 project	 and	

presentations	associated.	
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