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Útdráttur	

Sjálfsát	 er	 nauðsynlegt	 ferli	 sem	 gegnir	 mikilvægu	 hlutverki	 í	 að	 viðhalda	
samvægi	í	heilkjarna	frumum.	Sjálfsátskornið	er	einstakt	frumulíffæri	og	myndun	
þess	er	lykilskref	í	sjálfsáti.	Sjálfsátskornið	tekur	upp	umfrymishluta	og	flytur	til	
lýsósóma	þar	sem	þeir	eru	brotnir	niður	af	ensímum.	Lykilprótein	sem	kemur	að	
myndun	sjálfsátskornsins	er	ATG7.	Hlutverk	ATG7	er	að	miðla	lípíðeringu	á	LC3,	
sem	 er	 nauðsynleg	 fyrir	 eðlilega	 þroskun	 og	 lokun	 sjálfsátskornshimnunnar.	
Sjaldgæfur	erfðabreytileiki	í	kímlínu	ATG7,	D522E,	hefur	verið	tengdur	við	aukna	
áhættu	 á	 lifrarkrabbameini	 í	 mönnum.	 Fyrri	 tilraunir	 hafa	 leitt	 í	 ljós	 að	
stökkbreytingin,	 sem	 leiðir	 til	 amínósýruskipta	 í	 stöðu	 522	 úr	 aspartiksýru	 í	
glútamínsýru,	veldur	galla	í	ATG7	próteininu	sem	dregur	úr	virkni	þess	í	sjálfsáti	
og	 leiðir	 þannig	 meðal	 annars	 af	 sér	 uppsöfnun	 á	 p62	 í	 umfrymi.	 Þessar	
niðurstöður	 sýndu	 þó	 aðeins	 veigalítinn	mismun	milli	 villgerðarpróteinsins	 og	
stökkbreytta	 próteinsins.	 Verkefnið	 miðaði	 að	 því	 að	 innleiða	 nýja	
stökkbreytingu	 í	 ATG7,	 D522A,	 í	 von	 um	 að	 magna	 upp	 áhrifin	 af	
amínósýruskiptunum.	Stöðugar	frumulínur,	Huh7	og	MEF	Atg7	-/-,	voru	útbúnar	
með	 virkjanlega	 tjáningu	 á	 ATG7	 villigerð,	 D522E	 og	 D522A	 afbrigðum.	
Niðurstöður	 mótefnalitana	 sýndu	 áhugaverðan	 mun	 á	 staðsetningu	 D522A	 í	
Huh7	frumum	samanborið	við	ATG7	villigerð	og	D522E.		

Abstract	

Autophagy	 is	 an	 essential	 process	 which	 plays	 a	 key	 role	 in	 maintaining	
homeostasis	within	eukaryotic	 cells.	The	autophagosome	 is	a	unique	organelle,	
into	which	cytosolic	components	are	 sequestered	and	subsequently	transported	
to	 the	 lysosome	 for	degradation	by	enzymes.	The	 formation	and	maturation	of	
the	autophagosome	is	a	key	step	in	autophagy.	One	of	many	proteins	involved	in	
the	 autophagosomal	 formation	 is	 ATG7,	 essential	 for	 the	 lipidation	 of	 LC3,	 an	
event	 which	 in	 turn	 is	 necessary	 for	 proper	 maturation	 and	 closing	 of	 the	
autophagosomal	membrane.	A	rare	germline	coding	variant	in	ATG7,	D522E,	has	
been	identified	and	linked	with	increased	risk	for	liver	cancer.	Previous	research	
has	 revealed	 that	 the	mutation,	which	 results	 in	 an	 amino	 acid	 substitution	 at	
position	522	 from	aspartic	 acid	 to	 glutamic	 acid,	 renders	ATG7	 less	 active	 and	
thus	 leads	 to	 p62	 accumulation	 in	 the	 cytoplasm.	These	 results	 show	however	
only	 slight	 differences	 between	 wild	 type	 and	 mutant.	 Therefore	 a	 novel	
mutation,	 D522A,	 was	 introduced	 in	 order	 to	 amplify	 the	 effects	 of	 the	
substitution.	The	aim	of	the	project	was	to	generate	stable	Huh7	and	MEF	Atg7-/-
cell	 lines	 with	 inducible	 expression	 of	 wild	 type	 ATG7,	 D522E	 and	 D522A.	
Immunostaining	 results	 showed	 an	 interesting	 difference	 in	 the	 sub-cellular	
localization	of	D522A	compared	to	wt	ATG7	and	D522E	in	the	Huh7	cells.	
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1.	Introduction	

1.1	Autophagy	

Autophagy	is	a	process	present	 in	every	eukaryotic	cell.	 It	 is	 in	fact	one	of	the	main	

factors	regulating	their	survival	and	proliferation.	Autophagy	is	the	pathway	by	which	

cytosolic	 components	 are	 engulfed	 by	 a	 double	 membraned	 structure	 called	 the	

autophagosome	and	subsequently	degraded	by	lysosomal	enzymes	(Figure	1).	By	this	

mechanism	autophagy	provides	the	cell	with	nutrients	during	periods	of	starvation,	

as	well	 as	 acting	 as	 the	 cell’s	 quality	 control,	 providing	 fresh	 building	 blocks	 from	

degraded	material,	 necessary	 for	 the	 cell	 to	 synthesize	 new	macromolecules	which	

are	needed	for	it’s	activities.	Furthermore,	autophagy	is	important	in	the	recycling	of	

damaged	 proteins	 and	 organelles	 and	 in	 the	 protection	 against	 toxic	 or	 pathogenic	

entities.	

The	 role	 of	 autophagy	 is	 tissue-specific,	 tissue-dependent	 and	 context	

dependent,	 meaning	 that	 it’s	 role	 is	 very	 complex	 and	 requires	 strict	 regulation	

(White	 2015).	 Many	 different	 signaling	 pathways	 inhibit	 or	 induce	 autophagy,	 the	

best	characterized	inhibitor	being	mTOR,	the	mechanistic	target	of	rapamycin.	mTOR	

is	 a	 protein	 kinase	which	 serves	 as	 an	 integrator	 of	 signals	 indicating	 the	 nutrient	

state	of	the	cell	(Sabatini	2017).	Starvation	is	the	most	common	trigger	for	autophagy.	

Lack	of	nutrients	results	in	inhibition	of	mTOR	by	another	important	protein	kinase,	

AMP-activated	 protein	 kinase	 (AMPK),	 which	 in	 turn	 leads	 to	 the	 activation	 of	

autophagy.	

Autophagy	 is	divided	 into	 three	distinct	 categories,	namely	macroautophagy,	

microautophagy	 and	 chaperone-mediated	 autophagy.	 Macroautophagy,	 the	 process	

generally	 referred	 to	 as	 autophagy,	 is	 the	 process	 by	 which	 cytosolic	 material	 is	

sequestered	 into	 the	 autophagosome	 and	 transported	 to	 the	 lysosome	 where	 it	 is	

degraded.	 In	 microautophagy,	 on	 the	 other	 hand,	 the	 material	 to	 be	 degraded	 is	

directly	engulfed	into	the	lysosome	by	invagination.	Chaperone-mediated	autophagy	

involves	 the	 recruitment	 of	 a	 Hsc70	 protein	 complex	 which	 mediates	 non-
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autophagosomal	transport	to	the	lysosome	(Mizushima	2011).	Here,	macroautophagy	

is	termed	autophagy	for	simplicity.		

	
Figure	 1:	 Schematic	 representation	 of	 autophagy.	 A	 simplified	 scheme	 illustrating	 the	

process	 from	 the	 formation	 of	 the	 autophagosome	 to	 it’s	 fusion	 with	 the	 lysosome.	 ATG7	 is	

essential	for	the	transformation	from	LC3-I	to	LC3-II	via	lipidation	(Fleming	2011).	

	

Autophagy	can	be	either	non-selective	or	selective.	Non-selective	autophagy	refers	to	

the	random	engulfment	and	degradation	of	a	part	of	the	cytoplasm.	This	occurs	as	a	

result	of	nutrient	depletion.	However	 in	 selective	autophagy	damaged	proteins	and	

organelles	are	sequestered	and	degraded.	This	is	the	process	serving	to	rid	the	cell	of	

defective	 parts.	 In	 the	 case	 of	 mitochondria	 being	 recycled,	 the	 process	 is	 termed	

mitophagy	(Alberts	2015).	

Autophagy	plays	a	key	role	in	maintaining	homeostasis	within	the	cell.	 It	has	

protective	effects	against	degenerative	processes	such	as	malignant	 transformation,	

inflammation	 and	 oxidative	 stress	 and	 is	 therefore	 oncosupressive	 (White	 2015).	

That	said,	it	is	believed	that	autophagy	can	also	promote	tumor	growth	by	providing	

malignant	cells	with	 the	 tools	 they	need	 to	cope	with	stressful	environments	 inside	

the	tumor.	

1.2	Autophagy-related	protein	ATG7	

As	 mentioned	 above,	 autophagy	 is	 a	 tightly	 regulated	 process	 and	 many	 different	

elements	contribute	to	it’s	initiation.	The	process	can	be	divided	into	four	sequential	

steps:	sequestration,	transport	to	lysosomes,	degradation	by	lysosomal	enzymes	and	
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utilization	of	 degraded	material	 for	 synthesizing	new	molecules	 (Mizushima	2007).	

The	 autophagosome	 is	 a	 unique	 organelle	 and	 it’s	 formation	 is	 a	 vital	 step	 in	 the	

process.	 Over	 30	 essential	 autophagy-related	 (Atg)	 genes	 have	 been	 identified	 in	

yeast,	 almost	 all	 of	 which	 have	 correspondants	 in	 mammals.	 These	 proteins	 form	

several	functional	units	including	the	Atg1/ULK	complex	and	the	Atg2-Atg18	complex	

(Mizushima	2011).	As	the	formation	of	the	autophagosome	is	a	very	complex	process	

and	is	not	yet	fully	understood,	explaining	it	in	detail	will	not	be	attempted	here.		

ATG7	is	an	autophagy-related	protein,	found	both	in	yeast	and	in	mammals.	It	

is	 a	 ubiquitin-activating	 enzyme	 (also	 known	 as	 E1-like)	which	 plays	 a	 key	 role	 in	

autophagosomal	formation.	ATG7	is	involved	in	the	conjugation	of	the	ubiquitin-like	

proteins	autophagy-related	protein	12	(Atg12)	and	microtubule-associated	protein	1	

light	 chain	 3	 (LC3,	 an	 orthologue	 of	 Atg8	 in	 yeast).	 Atg12	 is	 then	 conjugated	 to	

autophagy-related	protein	5	(Atg5)	and	forms	a	complex	with	autophagy-related	like	

protein	 16	 (Atg16L1).	 The	 Atg12-5-16L1	 complex	 facilitates	 conjugation	 of	 LC3	 to	

phosphatidylethanolamine	(PE),	a	membrane	lipid	in	the	autophagosomal	membrane.	

This	lipidation	event	is	believed	to	be	necessary	for	the	maturation	and	closing	of	the	

autophagosomal	membrane	 (Mizushima	2011).	Before	 lipidation,	LC3	 is	 referred	 to	

as	 LC3-I,	 but	 once	 lipidated,	 it	 is	 called	 LC3-II	 or	 LC3-PE	 for	 clarity.	 Liver-specific	

deletions	 of	 Atg7	 in	mice	 result	 in	 benign	 adenomas,	 suggesting	 that	 autophagy	 is	

particularly	important	in	maintaining	homeostasis	in	the	liver	(Takamura	2011).	

1.3	Isoforms	of	ATG7	

	
Figure	 2:	 Three	 isoforms	 of	 ATG7	 are	 found	 in	 humans.	 Isoform	 1	 is	 the	 longest	 one,	
consisting	of	703	residues.	Isoform	2	is	lacking	an	exon	near	the	C-terminus	and	is	676	residues	

in	length.	Isoform	3	is	even	shorter,	only	623	residues.	
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Figure	3:	Expression	levels	of	ATG7	isoforms	in	different	cell	types.	Isoform	1	is	the	most	
abundant,	but	isoform	2	is	also	amply	expressed.	Isoform	3	is	much	less	expressed	than	both	

isoform	1	and	2,	and	will	not	be	discussed	here.	(Lin	2014,	Uhlen	2015	and	

https://xena.ucsc.edu/) 

	

The	 gene	 for	 ATG7	 resides	 on	 chromosome	 3	 in	 humans.	 Three	 isoforms	 of	 ATG7	

have	 been	 identified	 in	 humans,	 isoform	 1	 being	 the	 longest	 one	 consisting	 of	 703	

amino	 acids.	 Isoform	 2	 is	 lacking	 an	 exon	 of	 27	 amino	 acids	 near	 the	 C-terminus,	

which	contains	the	binding	site	for	LC3.	Isoform	2	is	676	residues	long.	Isoform	3	is	

lacking	two	exons,	one	near	the	N-terminus	and	the	other	near	the	C-terminus.	Those	

exons	consist	of	39	and	41	amino	acids	respectively	and	this	isoform	is	623	residues	

in	lenght	(The	Uniprot	Consortium).	The	third	isoform	is	much	less	abundant	(Figure	

3)	than	the	other	two	and	will	not	be	discussed	further.	Since	isoform	2	is	lacking	the	

binding	 site	 for	 LC3	 it	 is	 expected	 not	 to	 interact	with	 LC3	 as	 isoform	 1	 does,	 and	

should	therefore	be	unsuccessful	in	promoting	autophagosomal	formation.	

1.4	Autophagy	markers	

Several	molecular	markers	are	useful	to	detect	and	monitor	autophagy	in	cells.	One	of	

these	 is	 LC3,	 mentioned	 above.	 When	 lipidated,	 LC3-II	 is	 bound	 to	 the	

autophagosomal	membrane,	both	on	 the	outside	and	 inside.	As	 the	autophagosome	

fuses	 with	 the	 lysosome,	 LC3-II	 gets	 broken	 down	 by	 hydrolytic	 enzymes.	 Thus,	

increased	turnover	of	LC3-II	in	cells	indicates	induction	of	autophagy	(Tanida	2010).	

Due	 to	 it’s	 pivotal	 role	 in	 the	 autophagosomal	 formation,	 LC3-II	 serves	 as	 a	 good	

marker	for	autophagy.		
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Sequestosome	1/p62	(referred	to	as	p62	hereafter)	is	a	well	characterized	substrate	

for	 autophagy.	 It	 is	 a	 scaffold	 protein	 which	 can	 bind	 ubiquitin	 and	 LC3.	 p62	 is	

degraded	 by	 the	 proteasome	 via	 ubiquitination	 and	 in	 autophagy	 via	 it’s	 LC3-II	

interaction	(Gao	2013).	Put	simply,	 the	role	of	p62	 in	autophagy	 is	 to	bind	cargo	to	

the	 inner	 side	 of	 the	 autophagosomal	 membrane,	 utilizing	 it’s	 ability	 to	

simultaneously	bind	ubiquitinated	proteins	and	LC3-II.	Thus,	as	autophagy	proceeds,	

p62	 is	 broken	 down	 along	with	 the	 cargo	 it	 is	 attached	 to.	When	 autophagy	 is	 not	

functional,	p62	accumulates	and	therefore	monitoring	p62	levels	in	the	cytoplasm	can	

provide	information	on	autophagy	levels	in	cells.		

p53	is	a	tumor	supressor	protein	acting	as	a	pleiotropic	regulator	of	multiple	

processes,	including	the	cell’s	response	to	stress.	It’s	role	in	relation	to	autophagy	is	

ambiguous	 but	 important.	 Nuclear	 p53	 is	 a	 transcription	 factor	 which	 induces	

autophagy	and	cell	cycle	arrest	while	the	cytoplasmic	protein	inhibits	autophagy	and	

promotes	 apoptosis.	 p53	 also	 acts	 as	 an	 activator	 for	 AMPK	which	 in	 turn	 inhibits	

mTOR,	a	known	autophagy	supressor.	(Maiuri	2010).	

1.5	Autophagy	in	cancer	

Autophagy	has	been	found	to	have	the	ability	both	to	suppress	tumor	formation	and	

promote	 tumor	 growth	 (Figure	 4).	 In	 the	 case	 of	 tumor	 suppression,	 it	 has	 been	

observed	that	autophagy	deficiency	results	in	benign	hepatomas	in	mice	(Takamura	

2011).	This	 suggests	 that	 tumor	 initiation	 is	 facilitated	 in	 the	absence	of	autophagy	

but	 also	 that	 in	 order	 for	 tumors	 to	 become	 malignant,	 autophagic	 processes	 are	

essential	(White	2015).	Indeed,	many	cancers,	especially	RAS-driven	ones,	have	been	

hypothesized	 to	 be	 dependent	 upon	 autophagy	 (White	 2012).	 The	 environment	 in	

tumors	is	generally	stressful	and	tumor	cells	need	to	be	able	to	cope	with	the	stress	

without	evoking	tumor	suppressive	elements.		
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Figure	 4:	 Autophagy	 plays	 a	 dual	 role	 in	 cancer.	 Autophagy	 is	 reported	 to	 have	

oncosuppressive	 effects	 in	 healthy	 cells.	 However	 once	 tumors	 have	 formed,	 autophagy	 is	

believed	to	promote	tumor	progression	by	equipping	cancer	cells	to	cope	with	the	environment	

inside	a	tumor,	which	is	frequently	stressful	(Galluzzi	2015).	

	

Autophagy	is	known	to	suppress	p53	activity	in	RAS-driven	pancreatic	cancer	in	mice	

(White	 2015)	 which	 results	 in	 the	 inhibition	 of	 p53’s	 oncosuppressive	 effects	 and	

promotion	 of	 tumor	 growth.	 Furthermore,	 accumulation	 of	 p62	 as	 a	 result	 of	

defective	autophagy	has	been	shown	to	promote	tumor	growth	in	Atg7	deficient	mice	

(Takamura	 2011).	 p62	 has	 been	 shown	 to	 interact	 with	 both	 LC3-I	 and	 the	 LC3-

I:ATG7	complex	and	 it	 is	hypothezised	 that	 it	 can	negatively	affect	 the	 lipidation	of	

LC3-I	 and	 thus	 inhibit	 autophagy	 (Gao	 2013).	 When	 autophagy	 is	 inhibited,	

degradation	of	p62	halts	and	 it	 can	accumulate	 in	 the	cytoplasm.	p62	accumulation	

results	 in	 increased	 reactive	 oxygen	 species	 levels	 which	 leads	 to	 the	 induction	 of	

genes	required	to	cope	with	oxidative	stress,	as	well	as	activation	of	c-Myc,	mTORC1	

and	metabolic	 reprogramming	 beneficial	 to	 cancer	 cells	 (Umemura	 2016	 and	 Saito	

2016).	

1.6	ATG7	variants	

A	rare	germline	coding	variant,	D522E,	has	been	identified	in	ATG7.	As	the	name	of	

the	 variant	 indicates,	 it	 results	 in	 an	 amino	 acid	 substitution	 at	 position	 522,	 from	

aspartic	acid	(D)	to	glutamic	acid	(E).	The	variant	is	associated	with	increased	risk	for	

hepatocellular	 carcinoma,	 cholangiocarcinoma	 and	 pituitary	 adenoma	 in	 human	

carriers.	 Previous	 analysis	 of	 transient	 transfections	 of	 the	 D522E	 variant	 in	 liver	
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cancer	cells	has	revealed	that	 it	 leads	to	a	defect	 in	the	ATG7	protein	which	 in	turn	

results	 in	defective	 autophagy.	When	 comparing	 cytoplasmic	p62	 in	 tissue	 samples	

from	 human	 carriers	 of	 the	 variant	 and	 non-carriers,	 the	 levels	 were	 found	 to	 be	

significantly	 higher	 in	 the	 variant	 samples.	 This	 suggests	 that	 the	 variant	 leads	 to	

accumulation	 of	 p62	 in	 the	 cytoplasm,	 which	 is	 a	 known	 indicator	 of	 defective	

autophagy.	

	
Figure	5:	ATG7	variant	D522E	affects	autophagy.	The	D522E	variant	has	been	shown	to	

lead	to	defects	in	the	ATG7	protein,	resulting	in	defective	autophagy.	This	happens	through	

autophagy	substrate	p62	accumulation,	leading	to	increased	levels	of	reactive	oxygen	species	

and	triggering	the	cell’s	stress	response,	which	proves	beneficial	to	cancer	cells.	

	

These	findings	do	however	show	only	slight	differences	between	wild	type	ATG7	and	

D522E	mutants,	which	could	be	explained	by	the	similar	nature	of	the	amino	acids	

between	which	the	substitution	occurs.	Both	aspartic	acid	and	glutamic	acid	are	

negatively	charged	at	physiological	pH	and	are	also	structurally	similar.	It	is	possible	

that	an	alternative	substitution	could	result	in	more	drastic	effects	on	ATG7	function	

and	autophagy.	Commonly	used	for	mutational	scanning,	the	aliphatic	amino	acid	

alanine	(A)	would	be	a	good	choice	since	the	residue	retains	no	side	chain	chemistry	

related	to	the	aspartic-	and	glutamic	acid	residues.	
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2.	Aim	of	this	project	

This	project	 is	part	of	ongoing	research	on	the	D522E	coding	variant	and	is	focused	

on	 creating	 Huh7	 and	 MEF	 Atg7-/-	 cell	 lines	 with	 inducible	 expression	 of	 ATG7	

isoforms	1	 and	2	 carrying	 the	wild	 type,	D522E	and	D522A	variants	 along	with	 an	

empty	vector	(EV)	cell	line.	The	goal	was	to	analyze	the	function	of	these	variants	and	

their	effects	on	autophagy	in	the	inducible	cell	lines.	
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3.	Materials	and	methods	

3.1	Cloning	

The	mutated	genes	for	ATG7	were	ligated	into	a	pBac	vector	and	transformed	into	5-

alpha	competent	E.coli	(C2987)	from	New	England	Biolabs.	A	pBac	vector	containing	

the	wild	type	gene,	made	beforehand	by	the	instructor,	was	used	as	a	template	for	the	

mutagenesis.	

3.1.1	PCR	

Complete	pBac	vectors	 containing	 the	ATG7	wt(1),	wt(2),	E(1),	E(2),	A(1)	and	A(2)	

constructs	had	been	previously	prepared	by	the	 instructor	of	 this	project.	However,	

the	E(1),	A(1)	and	A(2)	mutants	turned	out	to	be	 faulty	and	therefore	needed	to	be	

generated	 again.	 In	 order	 to	 introduce	 the	 two	mutations	 of	 interest	 into	 the	wild-

type	 ATG7,	 a	 polymerase	 chain	 reaction	 was	 performed	 in	 which	 a	 pBac	 vector	

containing	 the	 wild	 type	 gene	 was	 amplified	 with	 the	 corresponding	 primers.	 To	

generate	 the	 glutamic	 acid	 mutant,	 primers	 M45	 and	 M46	 were	 used.	 Similarly,	

primers	M39	and	M40	were	applied	to	generate	 the	alanine	mutant.	The	sequences	

and	melting	temperatures	for	each	primer	are	listed	in	Table	1.	

	

Table	 1:	 Primers	 used	 for	 generating	 ATG7	 variants.	 The	 mutations	 of	 interest	 were	

introduced	 into	 the	wild	 type	ATG7	gene	using	primers	M39	and	M40	 for	 the	alanine	mutant,	

and	primers	M45	and	M46	for	the	glutamic	acid	mutant.	Tm	of	the	primers	was	calculated	using	

the	online	calculator	tool	provided	by	NEB.	

Primer Type Mutation Sequence Tm	(°C) 

M39 Forward D522A GGAGCTGGGGCCTTGTGTCCA 75 

M40 Reverse D522A TTGCTGCTTTGGTTTCTTCAG 64 

M45 Forward D522E GAGCTGGGGAGTTGTGTCCAA 70 

M46 Reverse D522E CTTGCTGCTTTGGTTTCTTC 62 
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The	 PCR	 reagents	 were	 thawed	 on	 ice	 and	 then	 mixed.	 In	 total,	 7	 reactions	 were	

prepared,	 each	 of	 25	 μL	 volume.	 For	 the	 reaction	 a	 Q5	 Hot	 Start	 High-fidelity	

polymerase	 from	NEB	was	used,	 along	with	5x	Q5	buffer	 (NEB),	10mM	dNTPs	 (0.5	

μL),	 10	 μM	 primers	 (1.25	 μL	 each),	 0.5	 ng	 of	 plasmid	 DNA	 (0.5	 ng/μL)	 and	MilliQ	

water.	The	reactions	were	carried	out	as	follows:	denaturation	at	98°C	for	30	seconds,	

then	 35	 cycles	 of	 the	 following:	 denaturation	 at	 98°C	 for	 10	 s,	 annealing	 at	 a	

temperature	ranging	from	60	to	70°C,	then	extension	at	72°C	for	5	mins	50	s.	Finally,	

the	reaction	was	completed	by	incubating	for	5	mins	at	72°C	before	cooling	down	to	

4°C.		

	

	
Figure	6:	Diagram	of	PCR	reaction.	This	reaction	was	applied	to	generate	the	alanine	mutant	

of	ATG7	isoform	1,	which	turned	out	to	be	the	hardest	one	to	make.	

3.1.2	Digestion	and	ligation	

PCR	 products	 were	 digested	 with	 DpnI	 from	 NEB	 by	 adding	 1	 μL	 of	 restriction	

enzyme	to	each	PCR	tube	and	incubating	for	1hr	at	37°C.	This	was	done	in	order	to	

degrade	 dam-methylated	 parental	 plasmid	 DNA	 before	 running	 the	 DNA	 on	 an	

agarose	 gel	 (for	 description	 see	 section	 3.1.7).	 PCR	 products	 of	 the	 right	 size,	 as	

determined	by	electrophoresis,	were	then	PNK	treated,	to	phosphorylate	the	5‘	end	of	

the	PCR	products,	using	0.5	μL	10x	T4	ligase	buffer	and	0.5	μL	PNK	(10	U/μL)	from	

NEB	in	3	μL	of	MilliQ	water.	The	PNK	treatment	was	carried	out	at	37°C	for	30	mins	

and	 followed	 by	 ligation	 either	 overnight	 at	 16°C	 or	 for	 1hr	 at	 room	 temperature.	

Ligation	mix	was	prepared	with	plasmid	 (1	µL),	T4	 ligase	 (0.5	μL),	T4	 ligase	buffer	

(0.5	μL)	and	MilliQ	water	for	total	volume	of	5	μL	per	reaction.	
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3.1.3	Transformation	

In	 order	 to	 transform	 the	 cloned	 DNA	 into	 competent	 E.	 coli,	 C2987	 5-alpha	

competent	E.	coli	cells	(NEB)	were	thawed	on	ice	and	10	μL	of	cells	mixed	with	1	μL	of	

ligation	product	and	incubated	on	ice	for	30	mins.	The	cells	were	then	heat-shocked	

at	42°C	 for	45s	and	kept	on	 ice	 for	additional	5	mins,	 to	allow	 them	 to	 take	up	 the	

ligated	plasmids.	The	cells	were	cultured	in	190	μL	SOC	outgrowth	medium	(NEB)	at	

37°C,	250	rpm	for	1hr.	Bacteria	were	then	spread	onto	LB	agar	plates.	The	agar	plates	

contained	 ampicillin	 since	 the	 pBac	 vector	 backbone	 includes	 ampicillin	 resistance.	

That	way	it	was	possible	to	prevent	cells	from	growing	if	they	had	not	taken	up	the	

plasmid	 containing	 the	 gene.	 The	 bacteria	were	 then	 allowed	 to	 grow	 overnight	 at	

37°C.	Colonies	were	picked	 the	next	day	and	cultured	separately	overnight	 in	3	mL	

ampicillin	containing	LB	medium	using	10	mL	culture	tubes.	The	culturing	took	place	

at	37°C,	200	rpm	and	the	duration	ranged	from	16	to	22	hours.	

3.1.4	Isolation	of	plasmid	

The	 plasmid	 DNA	was	 isolated	 from	 the	 competent	E.	 coli	 cells	 using	 the	 GeneJET	

Plasmid	 miniprep	 kit	 #K0503	 from	 Thermo	 Scientific.	 First	 the	 suspensions	 were	

moved	 to	1.5	mL	eppendorf	 tubes,	 two	 for	each	 culture	 tube,	 and	centrifuged	 for	2	

mins	at	8,000	rpm.	All	subsequent	centrifugations	were	carried	out	at	12,000	rcf.	The	

corresponding	 pellets	 were	 combined	 and	 resuspended	 in	 250	 μL	 resuspension	

solution	by	pipetting	up	and	down	several	 times.	Next,	250	μL	of	 lysis	solution	was	

added	and	the	tubes	inverted	6	times	to	mix	everything	together.	Then	neutralization	

solution	was	added	and	tubes	inverted	again	6	times	for	mixing	and	then	centrifuged	

for	 5	 mins	 to	 pellet	 cell	 debris	 and	 chromosomal	 DNA.	 The	 supernatant	 was	 then	

transferred	 to	 a	 GeneJET	 spin	 column	 and	 centrifuged	 again	 for	 1	 min.	 The	

flowthrough	was	then	discarded,	500	μL	of	wash	solution	added	and	centrifuged	for	1	

min.	This	washing	 step	was	 repeated	 and	 subsequently	 the	 tubes	were	 centrifuged	

for	an	additional	1	min.	Finally	the	spin	columns	were	transferred	into	fresh	1.5	mL	

eppendorf	tubes	and	50	μL	of	elution	buffer	added.	The	tubes	were	incubated	at	room	

temperature	 for	 2	 mins	 and	 then	 centrifuged	 for	 2	 mins.	 DNA	 concentration	 was	

measured	 using	 the	 NanoDrop	 One	 UV-Vis	 spectrophotometer	 from	 Thermo	

Scientific.	Purified	plasmid	DNA	was	stored	at	-20°C.	
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3.1.5	Sequencing	

Samples	of	plasmid	DNA	were	sent	out	for	sequencing	at	the	Genewiz	sequencing	lab	

in	the	United	Kingdom.	There	the	ATG7	inserts	in	the	pBac	plasmids	were	sequenced	

using	 appropriate	 primers	 (Table	 2).	 Sequencing	 results	 were	 analysed	 using	 the	

Benchling	software.	

	

Table	2:	Primers	used	 for	 sequencing	ATG7	 inserts.	The	BGHrev	primer	was	provided	by	

Genewiz	 but	 the	 M21	 and	 M23	 primers	 were	 designed	 previously	 by	 the	 instructor	 of	 this	

project.	

Primer Type Sequence Tm	(°C) 

BGHrev Reverse TAGAAGGCACAGTCGAGG 64 

M21 Forward AGAACATGGTGCTGGTTTCC 65 

M23 Reverse AGGGTACTGGGCTAAGTTAC 63 

	

3.1.6	Gel	electrophoresis	

Agarose	gels	were	prepared	at	various	points	throughout	the	project,	to	separate	and	

visualize	DNA.	This	was	done	 after	 PCR	 reactions	 to	 analyze	 the	products	 and	 also	

after	cutting	out	the	ATG7	insert	from	the	purified	plasmids,	to	compare	the	sizes	of	

both	 the	 gene	 and	 the	 vector.	 The	 gels	 were	 all	 1%	 agarose,	 their	 volumes	 varied	

depending	on	the	number	of	wells	needed	each	time,	the	smallest	gel	only	30	mL	and	

the	largest	150	mL.	For	a	1%	gel	of	volume	100	mL,	1	gram	of	agarose	was	used	and	

so	 forth.	 The	 gels	 were	 prepared	 by	 combining	 TAE	 buffer	 and	 agarose	 in	 an	

erlenmeyer	flask	and	boiling	in	a	microwave	until	clear.	The	mixture	was	then	cooled	

and	1	μL	ethidium	bromide/20	mL	agarose	gel	was	added.	The	complete	gel	mixture	

was	then	poured	into	a	mold	and	allowed	to	solidify	for	approximately	30	mins.	The	

samples	were	mixed	with	6X	Loading	Dye	(NEB)	and	loaded	in	various	volumes.	The	

GeneRuler	Mix	#SM0333	 from	NEB	was	used	as	a	marker.	The	gels	were	all	 run	at	

90V.	
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3.2	Cell	culture	

Two	 cell	 lines	were	 cultured	 for	 expressing	 the	different	 forms	of	ATG7,	Huh7	 and	

MEFs.	The	Huh7	cells	are	human	liver	cancer	cells	(human	hepatocellular	carcinoma	

cells)	 originally	 taken	 from	 a	 liver	 tumor.	 The	 MEF	 cells	 are	 mouse	 embryonic	

fibroblasts	originating	from	Atg7-/-	mice.	The	cell	lines	were	selected	to	compare	the	

effects	 of	mutations	 in	 ATG7	 on	 Huh7	 cells,	 which	 express	 endogenous	 ATG7,	 and	

MEFs	 which	 don’t.	 All	 cells	 were	 cultured	 in	 DMEM	 (Dulbecco’s	 Modified	 Eagle	

Medium)	medium	from	GIBCO,	with	10%	FCS.	

3.2.1	Taking	up	cells	and	splitting	

Both	cell	lines	were	available	in	the	lab,	kept	in	a	-80°C	freezer.	1	mL	vials	were	taken	

to	the	cell	culture	lab	and	allowed	to	thaw.	The	cells	were	then	transferred	to	a	15	mL	

falcon	tube	and	5	mL	of	medium	added.	After	centrifugation	for	3	mins	at	1,200	rpm	

the	supernatant	was	discarded	and	the	pelleted	cells	resuspended	in	1	mL	of	medium	

and	moved	to	a	25	cm2	culture	flask	(T25)	containing	4	mL	of	medium.	Finally	cells	

and	medium	were	mixed	by	moving	 the	 flask	horizontally	 in	a	 figure-8	 like	motion.	

Cells	were	cultured	in	an	incubator	at	37°C	and	5%	CO2.	When	the	cells	reached	80%	

confluency	 they	 were	 split	 1:5	 according	 to	 the	 following	 procedure:	 First	 the	

medium	was	 removed	 and	 cells	washed	with	 sterile	 PBS.	 Then	 1	mL	 of	 1X	 trypsin	

solution	was	added	and	cells	incubated	for	approximately	5	mins	at	37°C.	The	culture	

flasks	were	then	hit	gently	on	the	side	and	tilted	to	ensure	detatchment	of	the	cells.	

Then	 cells	were	 resuspended	 to	 single-cell	 suspension	 in	 4	mL	medium,	 for	 a	 total	

volume	of	5	mL.	4	mL	of	cell	suspension	was	removed	from	the	flask	and	4	mL	fresh	

medium	was	 added.	 Finally	 the	 split	 cells	 were	mixed	 by	 doing	 the	 8-motion,	 and	

incubated	at	37°C	and	5%	CO2.	

3.2.2	Seeding	and	transfecting	

Cells	were	seeded	onto	plates	 for	both	 transient	and	stable	 transfections.	Transient	

transfection	refers	to	introducing	foreign	DNA	into	a	cell	without	incorporating	it	into	

the	genome	of	the	cell.	This	results	in	only	temporary	effects	of	the	DNA	introduced,	

and	 imposes	 a	 lot	 of	 stress	 on	 the	 cells.	 However,	 stable	 transfections	 involve	 the	

integration	of	the	foreign	DNA	into	the	transfected	cell’s	genome,	in	this	case	by	the	
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use	 of	 a	 transposase,	 an	 enzyme	which	 facilitates	 the	 integration.	 The	 transfection	

protocols	for	transient	and	stable	transfections	were	essentially	the	same,	apart	from	

the	presence	of	 the	 transposase	 in	 the	 stable	 transfection.	Before	 transfecting,	 cells	

were	seeded	onto	plates	in	appropriate	concentrations.	For	a	24	well	plate	50,000	–	

60,000	cells	were	seeded	per	well,	while	250,000	cells	were	seeded	per	well	on	a	6	

well	 plate.	 Seeded	 cells	 were	 allowed	 to	 grow	 for	 approximately	 24	 hrs	 before	

carrying	on	with	the	transfection.	A	transfection	mix	was	prepared	for	each	vector	to	

be	transfected.	The	transfection	mix	contained	the	pBac	vector	with	the	ATG7	gene,	

FuGENE	 transfection	 reagent	 from	 Promega,	 DMEM	 medium	 without	 FCS,	 reverse	

transcriptional	 activator	 (rttA)	 neomycin	 resistance	 vector	 and	 for	 the	 stable	

transfection	 an	 additional	 pBase	 transposase	 vector.	 For	 a	 6	 well	 plate,	 5	 μL	 of	

FuGENE	transfection	reagent	were	added	to	the	transfection	mix	(2.5	μL	for	a	24	well	

plate)	and	the	mix	was	incubated	at	room	temperature	for	5	mins	before	adding	it	to	

the	 cells.	 The	pBac	 containing	ATG7-,	 pBase-	 and	 rttA	neo	vectors	were	mixed	 in	 a	

10:10:1	ratio	respectively,	using	750	ng	of	the	pBac	and	pBase	vectors	and	75	ng	of	

the	rttA	neo	vector.	

3.2.3	Selecting	

After	transfection	was	completed,	cells	were	allowed	to	grow	to	confluency	and	then	

moved	to	T25	cell	culture	 flasks.	Geneticin	G418	from	Thermo	Fisher	Scientific	was	

used	 for	 the	 selection.	 Into	 each	 flask,	 50	 μL	 of	 geneticin	 was	 added,	 for	 a	 final	

concentration	of	0.5	μg/μL.	Cells	were	then	allowed	to	grow	and	divide.	Each	time	the	

medium	was	 changed,	 a	 new	 dose	 of	 geneticin	was	 added.	 Once	 the	 selection	was	

completed	 and	 all	 of	 the	 nontransfected	 cells	 had	 died,	 the	 surviving	 cells	 were	

seeded	onto	10	cm	plates	for	freezing.	

3.2.4	Freezing	

Transfected	and	 selected	 cells	were	 trypsinized	and	 centrifuged	at	1,200	 rpm	 for	5	

mins.	Pelleted	cells	were	then	resuspended	in	8	mL	of	medium	and	421	μL	of	DMSO	

added,	 resulting	 in	 a	 5%	 solution,	 and	 the	 cell	 suspension	 divided	 into	 8	 vials	 and	

frozen	at	-80°C.	
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3.2.5	Lysing	

Cells	 were	 lysed	 for	 analysis	 using	 1x	 Laemmli	 buffer.	 First	 the	 medium	 was	

discarded	 and	 the	 cells	 washed	 with	 PBS.	 Then	 lysis	 buffer	 was	 added	 and	 the	

contents	of	the	well	mixed	using	a	pipet	tip.	Then	200	μL	of	lysis	buffer	were	used	for	

each	well	on	a	6	well	plate,	75	μL	for	a	24	well	plate.	The	cells	were	transferred	into	

1.5	mL	eppendorf	 tubes	and	heated	at	95°C	 for	10	mins	using	a	heat	block.	Lysates	

were	stored	at	-20°C.	

3.3	Western	blots	

3.3.1	Making	buffers	

Two	 kinds	 of	 buffers	 had	 to	 be	 made	 before	 preparing	 the	 gels	 for	 the	 Western	

blotting.	LTB	(lower	transfer	buffer)	was	prepared	using	1.5	M	Tris	buffer	and	MilliQ	

water	and	the	pH	set	to	8.8.	UTB	(upper	transfer	buffer)	was	made	from	0.5	M	Tris	

buffer	and	MilliQ	water,	with	pH	set	to	6.8.	In	both	cases	12	M	HCl	was	used	to	adjust	

the	pH	for	the	buffers.	

3.3.2	Making	gels	

The	recipes	for	the	gels	can	be	seen	in	Table	3.	The	liquid	gel	mixtures	were	poured	

into	molds	and	a	layer	of	96%	ethanol	was	added	on	top	to	prevent	drying.	The	gels	

were	allowed	to	solidify	for	approximately	30	mins.	

	

Table	 3:	 Composition	 of	 gels	 for	Western	 blots.	Ingredients	of	both	the	stacking-	and	the	

resolving	gels.	For	composition	of	UTB	and	LTB	buffers	see	section	3.3.1.		

Stacking	gel	–	5% Resolving	gel	–	8% 

Component Volume Component Volume 

milliQ	H2O 5.3	mL milliQ	H2O 2.17	mL 

UTB 2.5	mL LTB 750	μL 

40%	acrylamide 2.1	mL 40%	acrylamide 375	μL 

10%	APS	 100	μL 10%	APS	 30	μL 

TEMED 8	μL TEMED 3	μL 
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3.3.3	Gel	running	and	transfer	

15	 μL	 of	 lysate	 was	 loaded	 into	 each	 well	 and	 4	 μL	 of	 the	 marker	 (PageRuler	

Prestained,	Thermo	Fisher	Scientific)	loaded	on	an	adjacent	well.	The	gels	were	run	in	

1x	electrophoresis	buffer	 (25	mM	Tris,	0.19	M	Glycine,	0.1%	SDS)	at	90	V	 for	2hrs.	

The	 transfer	 was	 performed	 in	 transfer	 buffer	 (25	 mM	 Tris,	 0.19	 M	 Glycine,	 20%	

methanol),	either	overnight	at	4°C	and	25	V	or	at	 room	temperature	at	90	V	 for	90	

mins.		

3.3.4	Blocking,	staining	and	washing	

When	transfer	was	completed,	membranes	were	blocked	in	5%	BSA	for	1	hr.	Primary	

antibodies	were	added	and	membranes	incubated	for	2	hrs	at	room	temperature.	For	

details	on	antibodies	see	Table	4.	Then	the	primary	antibodies	were	washed	off	using	

PBST.	The	washing	was	repeated	three	times	and	lasted	10	mins	each	time.	Next	the	

membranes	 were	 incubated	 with	 the	 secondary	 antibodies	 for	 45	 mins	 at	 room	

temperature.	 The	 same	 washing	 procedure	 was	 used	 to	 wash	 off	 the	 secondary	

antibodies.	Finally	membranes	were	put	 in	PBS	and	 imaged	using	an	ODYSSEY	CLx	

imaging	system	from	LI-COR.		

	

Table	4:	Details	on	antibodies	in	Western	blotting.	Primary	and	secondary	antibodies	used	

to	stain	membranes	 from	Western	blotting.	The	FLAG	antibody	 is	 from	Sigma	Aldrich	and	the	

actin	antibody	came	from	Cell	Signaling.	

Primary	antibodies Secondary	antibodies 

Ab	ID Concentration Organism Ab	ID Concentration 

anti-FLAG 1:5,000 Mouse anti-mouse 1:15,000 

anti-β-	actin 1:4,000 Rabbit anti-rabbit 1:15,000 

	

3.4	Immunohistochemistry	

3.4.1	Fixation	

Cells	were	seeded	at	10,000	cells	per	well	and	0.1μg/mL	of	doxycycline	was	added	to	

induce	 the	 expression	 of	 ATG7.	 Cells	 were	 allowed	 to	 grow	 for	 24hrs	 before	 they	

were	fixed.	Medium	was	removed	from	cells	and	they	were	washed	twice	with	PBS.	
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The	cells	were	then	fixed	in	2%	formaldehyde	for	15	mins	at	room	temperature.	Then	

the	fixation	liquid	was	removed	and	the	cells	rinsed	two	more	times	with	PBS.		

3.4.2	Immunostaining	

Fixed	cells	were	incubated	with	blocking	buffer	(PBS,	5%	goat	serum,	0.3%	TritonTM	

X-100)	 for	60	mins	at	room	temperature	to	block	nonspecific	binding.	The	blocking	

buffer	 was	 decanted	 and	 cells	 incubated	 with	 primary	 antibodies	 (Table	 5)	 at	 4°C	

overnight.	Primary	antibodies	were	then	removed	and	cells	washed	three	times	with	

PBS,	 for	 5	 mins	 each	 time.	 Cells	 were	 then	 incubated	 with	 secondary	 antibodies	

(Table	 6)	 and	 the	 DAPI	 nuclear	 stain	 (1:800)	 for	 1hr	 and	 50	 mins	 at	 room	

temperature.	Washing	with	PBS	was	 repeated,	 three	 times,	 5	mins	 each	 time.	After	

removing	 the	 last	dose	of	PBS,	 four	drops	of	Fluoroshield,	were	added	 to	 the	slides	

and	a	coverslip	glued	on	top	of	each	one.	The	slides	were	allowed	to	cure	for	4hrs	in	

the	dark	before	imaging.	

	

Table	5:	Primary	antibodies	used	 to	stain	samples	 for	confocal	 imaging.	Details	on	the	

primary	antibodies	used	to	stain	Huh7	and	MEF	cells	for	imaging.	The	antibodies	were	diluted	

in	1X	PBS,	1%	BSA,	0.3%	TritonTM	X-100.	

Primary	antibodies	 Supplier	 Concentration	

p62,	anti-mouse	#88588	 Cell	Signaling	 1:800	

FLAG,	anti-rabbit	#14793	 Cell	signaling	 1:800	

	

	

Table	6:	Secondary	antibodies	used	to	stain	samples	for	confocal	imaging.	Details	on	the	

primary	antibodies	used	to	stain	Huh7	and	MEF	cells	for	imaging.	The	antibodies	were	diluted	

in	1X	PBS,	1%	BSA,	0.3%	TritonTM	X-100.	

Secondary	antibodies	 Supplier	 Concentration	

AlexaFluor	488	goat	anti-rabbit,	A11070	 Life	Technologies	 1:800	

AlexaFluor	546	goat	anti-mouse,	A11003	 Invitrogen	 1:800	
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4.	Results	

4.1	Transient	transfections	

Initially,	transient	transfections	on	Huh7	cells	were	carried	out	with	the	FLAG-tagged	

wild	 type	 ATG7	 isoform	 1	 construct	 provided	 by	 the	 instructor,	 along	 with	 an	

untagged	wt(1)	and	a	vector	containing	MITF	with	three	FLAG	tags.	This	was	done	to	

assess	whether	one	FLAG	tag	would	be	sufficient	for	pulling	down	ATG7.	Cells	were	

lysed	and	lysates	loaded	onto	gels	for	Western	blotting.	

	
Figure	 7:	 Western	 blots	 from	 transient	 transfections.	 Cells	were	 transfected	with	ATG7	

wt(1)	 untagged,	 FLAG-tagged,	 and	 MITF,	 triple	 FLAG-tagged	 respectively.	 Membranes	 were	

stained	with	 anti-flag	 (left)	 and	 anti-ATG7	 (right).	 A	 clearly	 visible	 band	 can	 be	 seen	 for	 the	

tagged	 wt(1)	 indicating	 that	 one	 FLAG	 tag	 is	 sufficient	 for	 pulling	 down	 ATG7.	 On	 the	 right	

many	unspecific	bands	can	be	seen,	probably	owing	to	the	fault	of	loading	too	much	protein	on	

the	blot.	

	

As	 expected,	 no	 band	was	 seen	 for	 untagged	wt(1)	when	 stained	 for	 FLAG.	A	 clear	

band	could	however	be	 seen	 for	both	 the	 single-tagged	wt(1)	and	 the	 triple-tagged	

MITF.	These	results	show	that	one	FLAG	tag	is	satisfactory	for	the	purposes	of	pulling	

down	ATG7	in	further	experiments.	
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4.2	Stable	transfections	

Preparation	 of	 the	 two	 cell	 lines	 with	 inducible	 expression	 of	 the	 different	 ATG7	

variants	was	then	commenced,	starting	with	stable	transfection	followed	by	selection.	

After	 selection	 was	 complete,	 cells	 were	 lysed	 and	 lysates	 loaded	 onto	 gels	 for	

Western	blotting.	

	
	

Figure	8:	Western	blots	from	stable	transfections	with	original	constructs.	Membranes	

were	stained	with	anti-FLAG	and	anti-β-	actin	and	imaged	using	ODYSSEY	CLx.	A.	Huh7	

ATG7(1)	B.	Huh7	ATG7(2)	C.	MEF	ATG7(1)	D.	MEF	ATG7(2).	The	bands	inside	red	frames	are	of	

the	correct	size	(~8,000	bp).		

When	the	membranes	were	imaged,	it	became	apparent	that	some	of	the	constructs	

were	 faulty.	 In	 fact,	 only	 the	wt(1)	and	wt(2)	along	with	E(2)	 showed	bands	 in	 the	

correct	size	range	for	ATG7.	The	other	ones,	A(1),	A(2)	and	E(1),	showed	no	bands	in	

that	area.	Many	unspecific	bands	were	observed	as	well.		
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4.3	Digestion	

To	 further	 inquire	 into	 this,	 all	 constructs	 were	 digested	with	 restriction	 enzymes	

EcoRI	 and	 NotI	 to	 cut	 out	 the	 ATG7	 insert.	 The	 digested	 samples	 were	 run	 on	 an	

agarose	gel	(Figure	9).	From	that	gel	it	could	be	seen	that	only	wt(1),	wt(2)	and	E(2)	

had	bands	of	the	correct	size	for	ATG7	and	the	pBac	vector.	Both	E(1)	and	A(1)	had	a	

slightly	 lower	band	 for	 the	 vector,	 indicating	 that	 it	was	 a	 bit	 shorter	 than	normal.	

A(2)	had	a	higher	band	 corresponding	 to	ATG7,	 indicating	 that	 it	was	much	 longer	

than	wild-type.	

	

	
	

Figure	 9:	 Gel	 electrophoresis	 of	 digested	 original	 constructs.	 Constructs	were	digested	

with	EcoRI	and	NotI.	In	the	first	and	last	lanes	is	a	ladder,	GeneRuler	Mix	#SM0333	from	NEB.	

Only	the	wt(1),	wt(2)	and	E(1)	constructs	are	usable	since	the	others	have	bands	of	wrong	sizes,	

indicating	that	they	are	faulty	constructs.	

	

In	 light	of	 these	discoveries,	actions	were	 taken	 to	generate	 the	missing	constructs,	

E(2),	A(1)	and	A(2).	
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4.4	Generating	the	missing	variants		

Some	 difficulties	 were	 encountered	 when	 attempting	 to	 generate	 the	 desired	

mutations	into	the	ATG7	gene.	As	is	evident	from	viewing	Table	1,	the	melting	points	

of	the	primers	are	quite	different.	This	turned	out	to	be	a	problem.	NEB’s	online	Tm	

calculator	 tool	 recommends	 using	 primers	 with	 no	 more	 than	 a	 5°C	 difference	

between	them.	However,	 the	primers	 for	generating	the	glutamic	acid	mutant	differ	

by	8°C	and	in	the	case	of	the	alanine	mutant	the	difference	is	an	even	greater	11°C.	In	

the	first	attempt	at	generating	the	mutations	the	reaction	was	set	up	according	to	the	

NEB	protocol	available	at	online	(Table	7).	

	

Table	7:	Composition	of	a	PCR	reaction	with	Q5	Hot	Start	polymerase	as	proposed	by	

NEB.	 Reactions	 were	 each	 made	 to	 have	 a	 total	 volume	 of	 25	 μL.	 In	 the	 first	 attempt	 at	

generating	the	mutations,	0.5	ng	of	plasmid	DNA	template	was	used	as	recommended	by	NEB	

(New	England	Biolabs	2017).		

	
	

The	annealing	temperature	for	the	glutamic	acid	(E)	reaction	was	set	to	63°C	and	for	

the	 alanine	 (A)	 mutant,	 annealing	 was	 attempted	 at	 65°C.	 From	 the	 gel	

electrophoresis	 of	 the	 digested	 PCR	 products,	 it	 was	 evident	 that	 something	 was	

wrong	with	 this	protocol	since	no	bands	showed	up	on	 the	gel	 in	 the	expected	size	

range.	 To	 fix	 this	 problem,	 a	 gradient	 PCR	 was	 prepared	 where	 annealing	

temperatures	 from	 52°C	 to	 62°C	 were	 attempted	 for	 the	 E	 mutant	 and	 for	 the	 A	

mutant	 a	 range	 from	54°C	 to	 64°C.	Unfortunately	 no	PCR	product	was	 seen	 on	 the	

corresponding	 electrophoresis	 gel	 either.	 When	 the	 amount	 of	 template	 DNA	 was	

increased	20	 fold,	very	 faint	bands	appeared	on	 the	gels.	Both	 the	E(1)	mutant	and	
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the	A(2)	mutant	were	aquired	this	way.	However,	obtaining	the	A(1)	mutant	proved	

to	 be	 more	 difficult.	 Further	 optimizations	 on	 the	 PCR	 reaction	 protocol	 were	

attempted.	According	to	recommendations	from	NEB	the	amount	of	polymerase	was	

doubled	and	 the	elongation	 time	was	prolonged	 to	5	minutes	and	50	 seconds.	This	

was	based	on	the	note	that	the	duration	for	elongation	of	should	be	50	seconds	per	

1,000	 basepairs	 (kbp)	 of	 template	 (New	 England	 Biolabs	 2017).	 Previously,	 GC	

enhancer	buffer	had	been	used	along	with	5x	Q5	buffer.	The	use	of	the	GC	enhancer	

was	discontinued	 in	 the	optimized	version	of	 the	reaction	as	 it	was	discovered	 that	

the	GC	content	of	the	pBac	vector	containing	the	ATG7	gene	is	only	roughly	47%,	but	

the	 use	 of	 the	 enhancer	 is	 only	 recommended	 for	 templates	with	 high	 (>65%)	 GC	

content.	Furthermore,	the	number	of	cycles	was	increased	from	27	to	35.	The	amount	

of	template	was	also	decreased	again	to	0.5	ng	according	to	NEB’s	recommendations.	

The	new,	optimized	PCR	was	run	to	generate	the	last	mutant,	A(2),	with	gradient	of	

annealing	temperatures,	ranging	from	60°C	to	70°C.	The	best	product	was	aquired	(a	

clear	band	with	no	unspecific	bands)	when	the	annealing	was	carried	out	at	70.8°C.	

This	revised	version	of	the	PCR	protocol	turned	out	to	be	very	effective	and	the	A(1)	

mutant	was	successfully	aquired	this	way.	A	schematic	representation	of	the	reaction	

can	be	seen	in	Figure	6.	

4.5	Confocal	imaging	

Stable	Huh7	and	MEF	cell	lines	transfected	with	the	newly	generated	constructs	were	

prepared.	When	ATG7	expression	was	induced	with	doxycycline	and	cell	lysates	run	

on	Western	blots,	it	was	confirmed	that	the	produced	proteins	were	of	the	right	size	

(Figures	 S1	 and	 S2).	 Cells	 were	 seeded,	 fixed	 and	 stained	 for	 confocal	 imaging.	

Doxycycline	concentration	was	0.1	μg/mL	and	the	duration	of	induction	was	24	hrs.	

Both	ATG7	and	p62	were	observed	to	be	mostly	cytoplasmic	in	all	samples	(Figures	

10	and	11)	and	no	differences	could	be	discerned	in	their	colocalization.	Interestingly	

however,	ATG7	showed	different	localization	in	the	D522A	mutants	of	both	isoforms.	

This	was	true	for	both	Huh7	and	MEF	cells.	The	stainings	reveal	a	mesh-like	pattern	

of	 ATG7	 in	 the	 D522A	 mutants,	 which	 is	 not	 seen	 neither	 in	 wild	 type	 or	 D522E	

mutants.	
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No	 significant	 differences	 could	 be	 detected	 in	 p62	 levels	 between	 cells	 expressing	

different	 variants.	 In	 isoform	 2,	 a	 slight	 difference	 could	 be	 observed	 as	 D522A	

mutants	 seemed	 to	 have	 less	 p62	 in	 general.	 These	 were	 however	 very	 vague	

differences	and	no	conclusions	will	be	drawn	on	their	basis.	No	p62	dots	(red)	could	

be	 seen	 in	 any	 of	 the	 MEF	 cells	 which	 indicates	 that	 there	 are	 no	 mature	

autophagosomes	in	those	cells.	Small	ATG7	(green)	clusters	could	be	seen	in	some	of	

the	 samples,	which	might	 correspond	 to	 pre-autophagosomal	 structures.	 There	 did	

not,	however,	appear	to	be	any	pattern	in	their	presence	throughout	the	samples	as	

they	could	be	seen	in	both	Huh7	and	MEF	cells,	and	with	both	isoforms	of	ATG7.	

	

	
Figure	10:	Induced	ATG7	expression	in	Huh7	cells.	Staining	of	FLAG-tagged	ATG7	(green)	

and	p62	(red)	shown	in	Huh7	cells.	Cells	were	also	stained	with	nuclear	stain	DAPI	(blue).	Cells	

were	imaged	using	a	confocal	microscope.	
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Figure	11:	 Induced	ATG7	expression	 in	MEF	 cells.	Staining	of	FLAG-tagged	ATG7	(green)	

and	p62	(red)	shown	in	MEFs.	Cells	were	also	stained	with	nuclear	stain	DAPI	(blue).	Cells	were	

imaged	using	a	confocal	microscope.	
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5.	Conclusions	

The	role	of	ATG7	and	autophagy	in	cancer	is	complex	and	has	a	dual	nature	since	it	

has	been	observed	that	autophagy	can	suppress	tumor	formation	in	some	cases	and	

promote	tumor	growth	in	others.	Since	ATG7	is	an	essential	protein	in	the	maturation	

of	the	autophagosome,	which	is	a	key	step	in	autophagy,	defects	in	the	protein	lead	to	

defective	autophagy.	Previous	results	have	shown	that	defects	in	ATG7	in	mice	lead	to	

the	formation	of	benign	liver	tumors.	The	D522E	variant,	 found	in	humans,	has	also	

been	linked	to	liver	cancer,	further	supporting	the	idea	that	autophagy	is	particularly	

important	 in	 suppressing	 tumor	 formation	 in	 the	 liver.	 Analysis	 of	 the	 stable	 cell	

lines,	successfully	generated	as	a	part	of	this	project,	does	however	yield	results	that	

are	not	consistent	with	previous	results.		

Higher	 levels	 of	 cytoplasmic	 p62	 in	 D522E	 mutants	 of	 isoform	 1	 were	

expected.	Furthermore,	it	was	hypothesized	that	we	would	see	even	higher	levels	of	

p62	 in	 the	 cytoplasm	 of	 the	 D522A	 mutant.	 Huh7	 cells	 do	 however	 express	

endogenous	 ATG7	 and	 therefore	 they	 still	 have	 functional	 autophagy	 even	 though	

transfected	with	a	mutant.	This	could	explain	why	no	p62	accumulation	was	observed	

in	isoform	1	mutants.	p62	dots	(red)	representing	mature	autophagosomes	could	be	

seen	 in	 all	 of	 the	 Huh7	 samples,	 consistent	 with	 other	 results	 indicating	 active	

autophagy.	 These	 results	 need	 to	 be	 repeated	 and	 western	 analysis	 performed	 to	

quantitate	 bands	 in	 order	 to	 determine	 if	 there	 are	 differences	 between	 the	 ATG7	

mutants	or	not.	

The	 absence	 of	 (red)	 p62	 dots	 representing	mature	 autophagosomes	 in	 the	

MEFs	is	consistent	with	the	fact	that	the	MEFs	are	Atg7	deficient	and	thus	don’t	have	

active	 autophagy.	 In	 the	 cells	 transfected	with	wild	 type	ATG7	however,	 autophagy	

should	 have	 been	 induced	 and	 active.	 The	 absence	 of	 mature	 autophagosomes	 in	

these	cells	indicates	that	the	induction	was	unsuccessful.	Further	optimization	of	the	

induction	 is	 therefore	 needed,	 perhaps	 by	 elongating	 the	 duration	 of	 doxycycline	

incubation	or	by	inducing	autophagy	with	starvation.		
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In	D522A	mutant	cells	of	both	isoforms	a	mesh-like	pattern	was	observed,	which	did	

not	 appear	 in	wild	 type	 or	D522E	mutant	 cells.	Whether	 this	 pattern	 is	 a	 result	 of	

interactions	 between	 ATG7	 and	 the	 proteins	 of	 the	 cytoskeleton	 is	 not	 known	 and	

would	be	interesting	to	explore	in	further	research.	
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Supplementary	figures	

	

	
	

Figure	S1:	Western	blots	from	stable	transfections	of	Huh7	cells	with	new	constructs.	
ATG7	expression	was	induced	with	0.1	μg/mL	and	0.5	μg/mL	respectively	for	each	cell	line.	The	
upper	 row	 of	 bands	 represents	 ATG7	 and	 the	 lower	 row	 represents	 actin.	 Membranes	 were	
stained	with	anti-FLAG	and	anti-β-	actin	and	imaged	using	ODYSSEY	CLx.		
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Figure	 S2:	Western	blots	 from	 stable	 transfections	of	MEF	 cells	with	new	 constructs.	
ATG7	expression	was	induced	with	0.1	μg/mL	and	0.5	μg/mL	respectively	for	each	cell	line.	The	
upper	 row	 of	 bands	 represents	 ATG7	 and	 the	 lower	 row	 represents	 actin.	 Membranes	 were	
stained	with	anti-FLAG	and	anti-β-	actin	and	imaged	using	ODYSSEY	CLx.		
	


