
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Sarkar	et	al.	
	

SUPPLEMENTAL	INFORMATION		 	



 2 

	 SUPPLEMENTARY FIGURE 1
a

b

c

WT

Clone 1

Clone 2

110bp ssODN

Cnot3 Exon 10

G2/M

S

G1

W
T-D

MSO

W
T-A

ZD11
52

 24
h

W
T-A

ZD11
52

 48
h

CNOT3-D
M

P
er

ce
nt

 o
f c

el
ls

* **
NS

NS **

NSNS*

**

C
ou

nt
s

C
ou

nt
s

PI PI

WT-DMSO WT-AZD1152 
24h

C
ou

nt
s

PI

WT-AZD1152 
48h

C
ou

nt
s

PI

CNOT3-DM
d e



 3 

Supplementary	Figure	1:	Identification	of	Aurora	B	phosphorylation	sites	in	the	

CNOT3	protein	

a.	MS/MS	fragmentation	spectrum	generated	by	ion	trap	collision-induced	dissociation	

(CID)	of	doubly	charged	precursor	ion	with	m/z	658.27	identifying	CNOT3	tryptic	

peptide	291-302	(STDSEVSQSPAK).	The	spectrum	presented	two	fragments	which	were	

as	follows:	Left	panel:	query	number	2609	with	assigned	b-	and	y-ions;	MASCOT	score:	

54;	expectation	value:	1.8x10-5;	neutral	loss	of	H3PO4	(-97.98	Da)	from	precursor	ion	

detected	at	m/z	609.49;	localisation	probability	for	phosphorylation	of	Ser291:	3.0%,	

Thr292:	3.0%,	Ser294	is	93.9%.	Right	panel:	query	number	2608	with	assigned	b-	and	

y-ions;	MASCOT	score:	53;	expectation	value:	3.6x10-5;	localisation	probability	for	

phosphorylation	of	Ser291:	25.6%,	Thr292:	25.6%,	Ser294:	48.4%.			

b.	Left	panel:	Schematic	representation	showing	use	of	CRISPR/Cas9	targeting	of	Cnot3	

in	exon	10	to	mutate	Threonine	292	and	Serine	294	to	alanine,	using	the	guide	RNA	

described	in	Methods	and	a	110	bp	single-stranded	donor	oligonucleotides	(ssODN)	

carrying	the	mutations.	Right	panel:	Sequence	images	showing	the	wild-type	(WT)	

sequence	and	the	mutated	sequences	obtained	from	two	CRISPR	generated	clones.		

c.	FACS	analysis	of	the	cell	cycle	profiles	of	ESCs	incubated	for	24	and	48	hours	with	the	

Aurora	B	inhibitor	AZD1152	or	with	vehicle	(DMSO)	and	stained	with	propidium	iodide	

(PI). 

d.	FACS	analysis	of	the	cell	cycle	profile	of	Cnot3-DM	ESCs.		

e.	Histograms	showing	the	percentage	of	cells	measured	at	different	phases	of	the	cell	

cycle	in	(c)	and	(d).	Mean	±	SEM;	P	values	(with	respect	to	WT-DMSO)	calculated	by	

unpaired	t-test,	ns	=	non-significant,	n=3.			
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Supplementary	Figure	2:	Differentiation	of	Cnot3-DM	ESCs	into	the	three	germ	

layers	

a.	Representative	confocal	images	of	8-day	embryoid	bodies	(EBs)	derived	from	wild-

type	(WT)	and	Cnot3-DM	ESCs	and	subjected	to	immunostaining	for	the	ectodermal	

marker	OTX2	(green).	Nuclei	were	counterstained	with	DAPI;	scale	bar:	100	µm.		
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b.	Top	panels:	Representative	confocal	images	of	differentiation	of	WT	and	Cnot3-DM	

ESCs	into	ectoderm	(3	days;	immunostained	for	Nestin	(green)),	Activin	A	induced	

mesoderm	(3	days;	immunostained	for	a-SMA	(green))	and	FGF2+retinoic	acid	induced	

endoderm	(3	days;	immunostained	for	FOXA2	(green).	Nuclei	were	counterstained	with	

DAPI;	scale	bar:	12	µm.	(See	Methods).	Bottom	panels:	Graphs	represent	the	ratio	of	

suriving	Cnot3-DM	cells	versus	WT	cells	after	3	days	of	differentiation	into	each	lineage.	

Cell	survival	was	measured	using	WST-1	reagent	(see	Methods).	Mean	±	SEM;	(P	values	

calculated	by	unpaired	t-test,	***P<0.001.	ns	=	non-significant,	n=3).			
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Supplementary	Figure	3:	CNOT3-T292/S294	phosphorylation	promotes	survival	

of	differentiating	mesendodermal	cells.			

a.	Crystal	violet	staining	showing	the	efficiency	of	BMP4+FGF2	induced	mesendoderm	

(ME)	differentiation	of	wild-type	(WT)	ESCs	and	two	additional	clones	of	Cnot3-DM	

ESCs	after	4	days	of	differentiation.		
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b.	Cell	cycle	analysis	of	ME	cells	obtained	by	inducing	differentiation	of	WT	and	Cnot3-

DM	ESCs	with	BMP4	+	FGF2	for	4	days.	Histograms	represent	the	percentage	of	cells	at	

different	phases	of	the	cell	cycle.	Mean	±	SEM;	P	values	calculated	by	unpaired	t-test,	ns	

=	non-significant,	n=3.			

c.	and	d.	Representative	immunofluorescence	analysis	images	of	ME	cells	by	inducing	8	

differentiation	of	WT	and	Cnot3-DM	ESCs	with	BMP4	+	FGF2	for	8	days	(left	panel:	scale	

bar:	100	µm).	Staining	was	for	the	mesodermal	marker	Brachury	(red)	and	endodermal	

marker	FOXA2	(green)	(c)	or	GATA4	(green)	(d)	in	Merged	images	show	dual	staining	

of	the	mesendodermal	cells.	Immunofluorescence	was	also	performed	for	the	

mesodermal	marker	a-SMA	(c:	right	panel;	scale	bar:	60	µm).	Nuclei	were	

counterstained	with	DAPI.		
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Supplementary	Figure	4:	Transcriptome	profiling	by	RNA	sequencing	in	

differentiating	wild-type	and	Cnot3-DM	mesendoderm	cells.		

a.	and	b.	RNA-seq	analysis	was	used	to	compare	gene	expression	patterns	of	ME	cells	

obtained	by	differentiating	wild-type	(WT)	and	Cnot3-DM	ESCs	for	4	days	with	BMP4	+	

FGF2,	we	performed	RNA	sequencing	(RNA-seq)	analysis	on	the	wild-type	and	Cnot3-

DM	cells	after	4	days	of	mesendoderm	differentiation.	a.	Volcano	plot	of	RNA-Seq	

transcriptome	data	showing	differentially	expressed	genes	after	4	days	of	BMP4	+	FGF2	

induced	mesendoderm	differentiation	of	WT	and	Cnot3-DM	ESCs.	Fold	change	ratio	

>1.5;	adjusted	P	value	<0.05.	Three	biological	replicates	for	each	were	analyzed.		

b.	Principal	component	plot	of	the	RNA-seq	data	showing	PC1	and	PC2	and	the	percent	

variance	obtained	for	each.	This	reveals	separate	clustering	of	the	genes	that	are	

differentially	expressed	between	the	WT	and	Cnot3-DM-derived	4-day	differentiated	

mesendodermal	cells.			

c.	and	d.	Selected	gene	ontology	(GO)	profiles	obtained	out	using	the	GOSeq	

Bioconductor	package	and	showing	upregulated	genes	(c)	and	downregulated	genes	

(d),	which	are	involved	in	signalling	pathways	that	have	key	roles	in	developmental	

processes.	Adjusted	P	value	<0.05.		e.	GSEA	analysis	showing	Hallmark	gene	sets	that	

were	significantly	altered	in	the	differentiated	cells.	See	also	Supplementary	Tables	2A	

and	S2B	for	the	differentially	regulated	genes.	The	GO	and	GSEA	analysis	both	showed	

that	expression	of	genes	involved	in	cell	death	and	apoptosis	was	upregulated	(c	and	e).	

The	negative	regulator	of	Wnt	signalling	Axin2,	and	TGFb,	which	is	part	of	the	apoptosis	

program,	were	also	elevated.	Additionally,	the	GO	analysis	revealed	downregulation	of	

gene	expression	programs	that	are	involved	in	cell	adhesion	and	developmental	

processes	(d).	The	changes	included	downregulation	of	signalling	molecules	such	as	
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Wnt6.	Bcl2,	a	key	cell	survival	factor	downstream	of	ERK	signalling	was	also	

downregulated.	
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Supplementary	Figure	5:	The	CNOT3-T292A/S294A	double	mutation	does	not	

affect	ERK	phosphorylation	in	undifferentiated	ESCs.		

Immunoblotting	analysis	of	the	indicated	proteins	from	cell	extracts	prepared	from	

undifferentiated	wild-type	(WT)	and	Cnot3-DM	ESCs.	a-Tubulin	was	used	as	a	loading	

control.		
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Supplementary	Figure	6:	Phosphorylation	of	CNOT3-T292/S294	alters	interaction	

of	CNOT3	with	ERK	in	mesendodermal	cells.		

a.	PLA	detection	of	endogenous	interaction	between	CNOT3	and	ERK	using	a	second	

pair	of	antibodies	(results	from	the	first	antibody	pair	are	shown	in	Figure	7b).	Wild-

type	(WT)	and	Cnot3-DM	ESCs	were	induced	to	differentiate	into	mesendodermal	cells	

by	incubation	for	4	days	with	BMP4	+	FGF2.	Positive	PLA	signals	are	visible	as	red	dots.	

Nuclei	were	counterstained	with	DAPI	and	staining	for	Tubulin	was	used	to	mark	the	

cell	cytoplasm.	Boxed	areas	represent	an	enlarged	cell	indicated	by	the	arrows;	scale	

bar:	10	µm.	PLA	dots	were	quantified	from	randomly	chosen	fields	from	at	least	50	cells	

for	each	biological	replicate.	Histogram	represents	average	interactions	per	cell	(dots	

per	cell)	as	well	as	the	nuclear	and	cytoplasmic	distribution.	Error	bars	represent	the	

Mean	±	SEM;	n=2.	(P	values	calculated	by	unpaired	t-test,	*P<0.05).			

b.	Negative	control	single	PLAs	conducted	with	anti-Aurora	B	only,	anti-CNOT3	only	or	

anti-ERK	only.	
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Supplementary	Table	1	
	

List	of	primers	used	for	qPCR	
	

	 	

Oct-4	 F-5′-CCAATCAGCTTGGGCTAGAG-3′	
R-5′-CTGGGAAAGGTGTCCCTGTA-3′	

Nanog	 F-5′-TACCTCAGCCTCCAGCAGAT-3′	
R-5′-GCAATGGATGCTGGGATACT-3′	

Sox2	 F-5'-CACAACTCGGAGATCAGCAA-3'	
R-5'-CTCCGGGAAGCGTGTACTTA-3'	

Sox1	 F-5'-CCTCGGATCTCTGGTCAAGT-3'	
R-5'-TACAGAGCCGGCAGTCATAC-3'	

Fgf5	 F-5′-TCTGGATCTCCTTTGCGTTT-3′	
R-5′-GGGCTTCGAAAGCACATTTA-3′	

Cdx2	 F-5′-TGGTGTACACAGACCATCAGC-3′	
R-5′-CCTTGGCTCTGCGGTTCT-3′	

Tead4	 F-5’-ATCCTGACGGAGGAAGGCA-3’	
R-5'-GCTTGATATGGCGTGCGAT-3'	

Brachury	 F-5′-CAGCTGTCGGGGAGCCTGG-3′	
R-5′-TGCTGCCTGTGAGTCATAAC-3′	

Mixl1	 F-5′-AGTTGCTGGAGCTCGTCTTC-3′	
R-5′-TTCTGGAACCACACCTGGAT-3′	

Gata4	 F-5′-TTCCTCTCCCAGGAACATCAA-3′	
R-5′-GCTGCACAACTGGGCTCTACTT-3′	

Gata6	 F-5’-ACAGCCCACTTCTGTGTTCCC-3’	
R-5’-GTGGGTTGGTCACGTGGTACAG-3’	

Sox17	 F-5’-	TTCTGTACACTTTAATGAGGCTGTTC-3’	
R-5’-TTGTGGGAAGTGGGATCAAG-3’	

Pdgfr	 F-5’-CTGGTGCCTGCCTCCTATGAC-3’	
R-5’-CACGATCGTTTCTCCTGCCTTAT-3’	

Cxcr4	 F-5’-GAGGCCAAGGAAACTGCTG-3’	
R-5’-GCGGTCACAGATGTACCTGTC-3’	

Mln51	b	 F-5’-	ATGACGATGAGGATCGGAAAAAC-3’	
R-5’-GTCCCCTTGGGTCGGACTTC-3’	
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Supplementary	Table	2A	

 
RNA	sequencing:	List	of	genes	downregulated	in	4-day	differentiated	mesendoderm	

cells	from	Cnot3-DM	ESCs	compared	with	differentiated	wild-type	ESCs		
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Supplementary	Table	2B	
 

	RNA	sequencing:	List	of	genes	upregulated	in	4-day	differentiated	mesendoderm	cells	
from	Cnot3-DM	ESCs	compared	with	differentiated	wild-type	ESCs		
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