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Chapter 1: Introduction 

 

1.1: Development of invasive cancer 
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Figure 1: Schematic diagram of stages in development of malignant cells 
$
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1.2: The nucleus 
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1.3: The nuclear envelope 
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Figure 2: Schematic diagram of the nuclear envelope and nucleoskeleton 
The inner and outer nuclear membranes join intermittently at nuclear pore complexes, while beneath 
the inner nuclear membrane the lamina filamentous network. Peripheral heterochromatin interacts 
with the lamina and the nuclear membrane through intermediary nuclear membrane proteins, with 
lamin B Receptor, nesprin and emerin, shown as examples.  
 

1.4: Nuclear lamina 
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1.5: Chromatin organisation 
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,)6$'#%6#/),-!()1#%'*&!1)3,*'&%!()1#%'*&!'*#1!+10,'*&!1.!#),*&6)'(#'1*,--8!,6#':%!%/6$)10,#'*!

,*+! $'3$-8! 610(,6#%+! #),*&6)'(#'1*,--8! &'-%*#! $%#%)16$)10,#'*G! ! E$%! )%#%*#'1*! 1.!

$%#%)16$)10,#'*!,#!#$%!*/6-%,)!(%)'($%)8!)%*+%)&!#$%!*/6-%/&!-%&&!0,--%,P-%!'*!+'..%)%*#',#%+!

6%--&;! <$%)%,&! ,! 01)%! +'../&%! (,##%)*! 1.! &#%0! 6%--V-'F%! $%#%)16$)10,#'*! '*6)%,&%&! */6-%,)!

(-,&#'6'#8!MW,$-;!b*3-%);!K,R%)1<&F';!`!W'&6$%);!ABBaNG!!!

!

1.6: Heterochromatin 
W10,'*&! 1.! $%#%)16$)10,#'*! ,)%! +%.'*%+! P8! #)'0%#$8-,#'1*! 1.! $'&#1*%! Jg! 1*! -8&'*%! D! ,*+!

J%#%)16$)10,#'*! K)1#%'*! CL! MJKCLN! ,*+! %*)'6$%+! <'#$! -'*F%)! ()1#%'*! $'&#1*%! JC! ,*+!

*1*61+'*3!@>"G!E$%8!,)%!)%3'1*&!1.!-'##-%!#),*&6)'(#'1*,-!,6#':'#8!,*+!,)%!P)1,+-8!6-,&&%+!,&!

%'#$%)! 61*&#'#/#':%! 1.! .,6/-#,#':%! $%#%)16$)10,#'*G! T1*&#'#/#':%! $%#%)16$)10,#'*! )%0,'*&!

#),*&6)'(#'1*,--8! '*,6#':%! #$)1/3$1/#! #$%!6%--! 686-%!,*+! '&!()'0,)'-8!610(1&%+!1.! )%(%,#'*3!

&%2/%*6%&! ,*+! '&! '*:1-:%+! '*! 0,'*#,'*'*3! 6$)10,#'*! &#)/6#/)%&! &/6$! ,&! #$%! #%-10%)%&! ,*+!

6%*#)10%)%&G! H,6/-#,#':%! $%#%)16$)10,#'*! '&! 01)%! +8*,0'6! '*! &$'.#'*3! P%#<%%*!

#),*&6)'(#'1*,--8! ,6#':%! %/6$)10,#'*! #1! $%#%)16$)10,#'*! #$)1/3$1/#! #$%! 6%--! 686-%;! ,&!

#),*&6)'(#'1*,--8! ,6#':%! %-%0%*#&! ,)%! &'-%*6%+! #$)1/3$!+%:%-1(0%*#! ,*+! 6%--! +'..%)%*#',#'1*!

MJ,,.!`!56$0'+;!ABBBNG!

1.7: Heterochromatin Protein 1 
JKC! '&! ,! $'3$-8! 61*&%):%+! ()1#%'*! .,0'-8;! <'#$! 1)#$1-13/%&! ,-&1! ()%&%*#! '*! !"#$#%&'();!

6,-#%7$;!6$'6F%*;!3")8'9#%$'$:*8%,&#;!,*+!0,00,-&G!In mammals, the HP1 family has three 

members HP1!, HP1m!,*+!JKC". HP1! and HPCm!,)%!61*&#'#/#':%-8!%O()%&&%+!#$)1/3$1/#!

#$%!P1+8!,*+!,)%!.1/*+!,&&16',#%+!<'#$!$%#%)16$)10,#'*!,&!()%:'1/&-8!+%&6)'P%+G!!
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E$%!.1)0,#'1*!,*+!,)6$'#%6#/)%!1.!$%#%)16$)10,#'*!'&!-,)3%-8!+')%6#%+!,*+!0,'*#,'*%+!P8!#$%!

J%#%)16$)10,#'*!K)1#%'*!C!MJKCN!.,0'-8;!,-&1!F*1<*!,&!#$%!T$)101P1O!J101-13/%!MT7lNG!

JKC!<,&!.')&#!1P&%):%+!,&!,!*1*V$'&#1*%!()1#%'*!,&&16',#%+!<'#$!$%#%)16$)10,#'*!)%3'1*&!'*!

!"#$#%&'()*+,()-#.)$/,"!M^,0%&!`!b-3'*;!CDecNG!S#&!)1-%!'*!01+/-,#'*3!$%#%)16$)10,#'*!<,&!

%&#,P-'&$%+! <$%*! %O(-1)'*3! (1&'#'1*V%..%6#! :,)'%3,#'1*! MKbhN;! ,*! %..%6#! 1.! 6$'0%)'6! 3%*%!

&'-%*6'*3!'*!&10%!6%--&!,&!,!)%&/-#!1.!)%,)),*3%0%*#!R/O#,(1&'*3!,!3%*%!<'#$'*!$%#%)16$)10,#'*G!

E$'&!)%&/-#%+!'*!($%*1#8(%&!#$,#!$,+!,!:,)'%3,#%+!%O()%&&'1*!1.!,!3%*%;!&/6$!,&!#$%!%8%!61-1/)!

+%#%)0'*'*3!;&'/,!3%*%;!#$,#!<$%*!'*,6#':,#%+!'*!&10%!6%--&!P8!()1O'0'#8!#1!$%#%)16$)10,#'*;!

)%&/-#'*3! '*! ,! 0'O%+! )%+! ,*+! <$'#%! %8%! 61-1/)! '*! .)/'#! .-'%&G! K1'*#! 0/#,#'1*! 1.! #$%!

6$)101+10,'*! 1.! JKC! '*! #$%&%! .-'%&! )%01:%+! #$%! Kbh! ($%*1#8(%;! ,&! $%#%)16$)10,#'*!

.1)0,#'1*!<,&!'*$'P'#%+!,*+!#$%!&'-%*6'*3!1.!R/O#,(1&%+!3%*%&!+'+!*1#!166/)!Mb'&&%*P%)3!%#!,-G;!

CDDBNG!

!

JKC!$,&!,!3%*%),-!#)'(,)#'#%!&#)/6#/)%!61*#,'*'*3!,*!>V#%)0'*,-!6$)101+10,'*;!,!TV#%)0'*,-!

6$)101&$,+1<!+10,'*;! -'*F%+!P8!,*!/*&#)/6#/)%+!$'*3%!)%3'1*!,&!&$1<*! '*!H'3/)%!gG!E$%!

6$)101+10,'*! 61*#,'*&! 01#'.&! #$,#! ()101#%! P'*+'*3! '*! )%&(1*&%! #1! */6-%1&10%! Jg_D!

#)'0%#$8-,#'1*;!<$'-%! #$%!6$)101&$,+1<!+10,'*!,--1<&!+'0%)'I,#'1*!1.!JKC!01-%6/-%&! ,&!

<%--! ,&! ,! <'+%! :,)'%#8! 1.! 1#$%)! ()1#%'*! P'*+'*3! (,)#*%)&! #$)1/3$! #$%! KOhOQ! 01#'.G! E$%!

/*&#)/6#/)%+!$'*3%!)%3'1*!P'*+&!*/6-%'6!,6'+!&%2/%*6%&!,*+!$'&#1*%!JC!1*!6$)10,#'*G!

!

HP1! mediates chromatin compaction by P'*+'*3!#1!#)'0%#$8-,#'1*!!1.!-8&'*%!D!!1.!$'&#1*%!Jg!

,*+! -8&'*%! Ac! 1.! $'&#1*%! CGf! M>'&$'P/6$'! `! >,F,8,0,;! ABCfNG! J%#%)1+'0%)'&,#'1*! ,*+!

$101+'0%)'&,#'1*! 1.! 0/-#'(-%! JKC! P'*+'*3! <'#$'*! #$%! 6$)101&$,+1<! +10,'*! +),<&!

*%'3$P1/)'*3!*/6-%1&10%&!#13%#$%);!610(,6#'*3!#$%!W>"!,*+!%O6-/+'*3!#),*&6)'(#'1*!.,6#1)&!

,*+! &'-%*6'*3! 3%*%! %O()%&&'1*! M>1)<11+! %#! ,-G;! ABBcNG! J%#%)16$)10,#'c regions spread as 
HP1! associates with methyltransferases such as SUV39H1 via the chromoshadow domain, 
which lay down further epigenetic markers, such as  trimethylation  of histone 3, lysine 9 
(H3K9) and lysine 26 of histone 1.4 (H1.4K26)  that recruit additional HP1! molecules, 

resulting in an expanding region of compacted chromatin MK%#%)&!%#!,-G;!ABBCN!M>'&$'P/6$'!`!

>,F,8,0,;!ABCfNG!!

!
The unstructured hinge region of the HP1! molecule, binds both DNA and RNA for the 

purpose of targeting HP1! to specific regions of the chromosome M4%%$,*;!_,1;!`!K%**'*3&;!



 H"

ABBgNG!"*!%O,0(-%!1.!#$'&!'&!E%-10%)%V@%(%,#Vb*61+'*3!@>"!MEb@@"N;!<$'6$!'&!*1*V61+'*3!

@>"!#$,#! '&! #),*&6)'P%+!,-1*3!#$%! -%*3#$!1.! #$%! #%-10%)%!)%3'1*&!1.!W>";!'*#%),6#'*3!<'#$!

JKC!!,*+!-16,-'&'*3!'#!#1!#$%!#%-10%)%&!MW%*3;!T,0(P%--;!̀ !Q'%P%)0,*;!ABCB\!W%*3;!>1)&%%*;!

X'%+0%);!@'%#$0,*;!`!Q'%P%)0,*;!ABBDNG!

!

@%6%*#!<1)F!$,&!+%01*&#),#%+!$1<!#$%!0/-#':,-%*#!'*#%),6#'1*&!1.!JKC!!)%&/-#&!'n a shift from 
soluble HP1! to phase separated droplets of protein that nucleate and propagate across 
chromatin regions. This liquid property of HP1!, and the associated chromatin it is bound to, 

provides a model for heterochromatin domain formation, where'*! .)%%!JKC! forms many 
multivalent interactions with histone components and other HP1! molecules forming foci of 
concentrated protein that grow larger following further recruitment of HP1! and a phase shift 

occurs as HP1!!P%610%&!'*&1-/P-%G!J%#%)16$)10,#'n domains mature as large foci of HP1! 

fuse like liquid droplets, bringing distal DNA regions into contact MQ,)&1*!%#!,-G;!ABCUNG!

!
Figure 3: Schematic of HP1 domain structure 
Shown is the chromodomain and the chromoshadow domain linked by the hinge region. Below are 
some binding partners for each domain. 
$
Mechanisms to reverse the condensing effect of HP1! and mediate the decompaction of 
chromatin to allow transcription are at play throughout development and cell life. Such 

agonists of HP1! binding include phosphorylation of histone proteins, such as  H3S10;!<$'6$!

()%:%*#&!Jg_D!0%#$8-,#'1*;!,*+!($1&($1)8-,#%+!5E"E!()1#%'*!M@%,!%#!,-G;!ABBB\!5$'!%#!,-G;!

ABBcNG!

!

1.8: HP1 dysregulation in cancer 
E$%)%!'&!&#)1*3!%:'+%*6%!#$,#!JKC!$,&!,!)1-%!'*!#/01/)!&/(()%&&'1*G!E$%!-1&&!1.!JKC!./*6#'1*!

%*$,*6%&!#$%!1*613%*'6!(1#%*#',-!1.!̂ "_i5E"E!1:%)V%O()%&&'1*!'*!,!!"#$#%&'()!01+%-;!<$'-%!

'#&!)%'*#)1+/6#'1*!)%+/6%&!#$%!*/0P%)!1.!-%&'1*&!M5$'!%#!,-G;!ABBcNG!S*!$/0,*&;!,!6,/&,-!)1-%!'*!

#/01/)!'*:,&'1*!$,&!P%%*!+%01*&#),#%+!P8!#$%!01+/-,#'1*!1.!JKCL!-%:%-&!M>1)<11+!%#!,-G;!



 J"

ABBcNG!_*16FV+1<*!M_WN!1.!JKCL!0@>"!'*!(11)-8!'*:,&':%i*1*V0%#,&#,#'6!6%--&!'*6)%,&%+!

'*:,&'1*;! <'#$1/#! 6$,*3%&! '*! 6%--! 3)1<#$! ),#%! M>1)<11+! %#! ,-G;! ABBcNG! T1*:%)&%-8;! 1:%)V

%O()%&&'1*!1.!JKCL!6,*!&/(()%&&!#$%!0%#,&#,#'6!(1#%*#',-!1.!'*:,&':%!P)%,&#!6,*6%)!6%--!-'*%&;!

&/33%&#'*3!JKC!'&!,!&/(()%&&1)!1.!0%#,&#,&'&!M>1)<11+!%#!,-G;!ABBcNG!E$'&!1P&%):,#'1*!<,&!

&/((1)#%+!P8!'00/*1$'&#16$%0'&#)8!&#/+'%&!&$1<'*3!-1<!-%:%-&!1.!JKCL!()1#%'*!'*!&%:%*!1.!

*'*%! '*:,&':%! P)%,&#! #/01/)&! MW,<*! "! _')&6$0,**! %#! ,-G;! ABBBNG! S*! ,++'#'1*;! 6W>"!

0'6)1,)),8! &#/+'%&! &$1<! 61))%-,#'1*! 1.! +%6)%,&%+! JKCL! 0@>"! %O()%&&'1*! <'#$! #/01/)!

()13)%&&'1*! '*! ,+:,*6%+! (,('--,)8! #$8)1'+! 6,)6'*10,&! MX,&%*'/&! %#! ,-G;! ABBgN! ,*+!

0%+/--1P-,&#10,&!MK10%)18!%#!,-G;!ABBANG!S*!#$%!-,##%)!6,&%!#$'&!+1<*V)%3/-,#'1*!61))%-,#%+!

<'#$!#)%,#0%*#!.,'-/)%G!

!

X$'-%!3%*%),--8!/P'2/'#1/&!'*!*1)0,-!#'&&/%;!+'..%)%*#',-!%O()%&&'1*!1.!#$%!JKC!(,),-13&!$,&!

P%%*!1P&%):%+!'*!P1#$!$/0,*!#/01/)!+%)':%+!6%--&!,*+!#'&&/%&!M_')&6$0,**;!5%.#1);!>'%:,;!

4,)',*1;!`!J%*+)'O;!CDDD\!@'#1/;!7,';!`!Y%1)3,#1&;!ABBUN!H1)!%O,0(-%;!<$'-%!%O()%&&'1*!1.!

#$%!(,),-13&!:,)'%&!<'#$!#$%!#/01/)!61*#%O#!'*!&1-'+!#'&&/%;!3%*%),--8!'*6)%,&%+!%O()%&&'1*!'&!

1P&%):%+!'*!#/01/)&!<'#$!(11)!1/#610%G!H1)!%O,0(-%;!/()%3/-,#'1*!1.!JKCn!'&!,&&16',#%+!<'#$!

(11)-8! +'..%)%*#',#%+! 61-1)%6#,-! #/01/)&! M4G! Q'/! %#! ,-G;! ABCaN;! /()%3/-,#'1*! 1.! JKCo! '&!

,&&16',#%+!<'#$!'*6)%,&'*3!3),+%!'*!()1&#,#%!6,*6%)&!M5$'1#,!%#!,-G;!ABCBN;!,*+!/()%3/-,#'1*!1.!

JKCL!%O()%&&'1*!$,&!P%%*!1P&%):%+!'*!*1*V0%#,&#,#'6!P)%,&#!6,)6'*10,&!610(,)%+!#1!*1)0,-!

#'&&/%!MW%!_1*'*3!%#!,-G;!ABBDN!,*+!3-'10,!6%--&!MQ,';!W%*3;!Y/1;!?$/;!`!E/;!ABCUNG!!E$'&!

'*6)%,&%! '*!%O()%&&'1*!$,&!P%%*!()1(1&%+!#1!0,'*#,'*!3%*10%!&#,P'-'#8! '*!6%--&!<'#$!,!$'3$!

()1-'.%),#':%! +%0,*+! ,*+! '&! #$%)%.1)%! ,+:,*#,3%1/&! +/)'*3! #$%! %,)-8! &#,3%&! 1.! #/01/)!

+%:%-1(0%*#G!!

!

@%+/6#'1*!1.!#$%!$%#%)16$)10,#'*V%*)'6$%+!(,),-13&!$,&!,-&1!P%%*!1P&%):%+;!<'#$!-1&&!1.!JKCo!

)%(1)#%+!'*!(11)-8!+'..%)%*#',#%+!61-1*!6,*6%)&!ME%--!%#!,-G;!ABCCN;!'*:,&':%!0%-,*10,!-%&'1*&!

M>'&$'0/),;!J')1F,<,;!4'I/#,*';!`!5$'),'&$';!ABBcN;!#$8)1'+!6,)6'*10,&!ME)%#',F1:,!%#!,-G;!

ABCfN! ,*+! ()1&#,#%! 6,*6%)! M5$,(')1! %#! ,-G;! ABBeNG!JKCL! -%:%-&! ,)%! +),0,#'6,--8! )%+/6%+! '*!

P)%,&#!0%#,&#,#'6!-%&'1*&!.)10!+'&#,*#!&'#%&!'*!#$%!P1+8!MW,<*!"!_')&6$0,**!%#!,-G;!ABBBN;!,*+!

'#&!-1&&!'&!61))%-,#%+!<'#$!0%#,&#,#'6!(1#%*#',-!,*+!(11)!1/#610%!'*!,+:,*6%+!(,('--,)8!#$8)1'+!

6,)6'*10,&!ME)%#',F1:,!%#!,-G;!ABCf\!X,&%*'/&!%#!,-G;!ABBgN;!'*!,++'#'1*!JKCL!'&!&/33%&#%+!#1!

)%+/6%!0%#,&#,&'&!'*!61-1)%6#,-!6,*6%)!M@/3'*'&;!E,3-',;!4,#/&',F;!Q%%;!`!7%*8,;!ABBcNG!E$'&!

61))%-,#'1*! 1.! JKCL! +1<*V)%3/-,#'1*! <'#$! ,*! '*:,&':%! #/01/)! ($%*1#8(%! ,*+! #$%!

+%01*&#),#'1*!#$,#!JKCL!6,*!)%3/-,#%!#$%!'*:,&':%!(1#%*#',-!1.!P)%,&#!6,*6%)!6%--!-'*%&!$,&!-%+!
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#1!#$%!()1(1&,-!#$,#!JKCL!'&!,!&/(()%&&1)!1.!P)%,&#!0%#,&#,&'&!MW,<*!"!_')&6$0,**!%#!,-G;!

ABBB\!>1)<11+!%#!,-G;!ABBcNG!

!

S*+%%+;!#$%!1*&%#!1.!'*:,&'1*!61))%-,#%&!<'#$!#$%!-1&&!1.!JKCL!'*!0,*8!&1-'+!#/01/)&!'*6-/+'*3!

#$1&%!1.!#$%!#$8)1'+;!F'+*%8;!61-1*!,*+!P)%,&#!MT1*#)%),&;!Y/#'%))%I;!`!J,-%;!ABCB\!W,<*!"!

_')&6$0,**!%#!,-G;!ABBB\!E)%#',F1:,!%#!,-G;!ABCfNG!56)%%*'*3!1.!,!#'&&/%!0'6)1,)),8!61*#,'*'*3!

ac!'*:,&':%!P)%,&#!6,)6'*10,&!&$1<%+!#$,#!gA!1/#!1.!#$%!ac!P)%,&#!6,)6'*10,&!$,+!+%6)%,&%+!

%O()%&&'1*!1.!JKCLG!E$,#!JKCL!6,*!&/(()%&&!'*:,&'1*!'&!+%01*&#),#%+!P8!'#&!01+/-,#'1*!'*!

0,-'3*,*#!P)%,&#!6%--&!,-#%)'*3!6%--/-,)!,+$%&'1*!,*+!0'3),#'1*!#$)1/3$!,!gVW!0,#)'O!MJ,-%;!

X$%%-%);! 5#'0(&1*;! E)%#',F1:,;! `! T1*#)%),&;! ABCc\! >1)<11+! %#! ,-G;! ABBcNG! S*! #$%! (11)-8!

'*:,&':%!P)%,&#!4THU!6%--! -'*%! 61*&#'#/#':%!_W!1.!JKCL!<,&! &$1<*! #1! '*6)%,&%! #$%! 6%--&p!

,P'-'#8!#1!'*:,+%!#$)1/3$!,*!%O#),6%--/-,)!0,#)'O!P8!ffjG!T1*:%)&%-8;!'*#)1+/6#'1*!1.!JKC!L!

'*!#$%!$'3$-8!'*:,&':%!4W"V47VAgC!P)%,&#!6,*6%)!6%--!-'*%!M<'#$!-1<!%*+13%*1/&!-%:%-&!1.!

JKCLN!+%6)%,&%+!#$%')!,P'-'#8!#1!'*:,+%!P8!fBjG!

!

1.9: Object of this work is to establish whether HP1! plays causative role 
in increasing nuclear malleability 
E$%!JKCL!()1#%'*!(-,8&!,!:'#,-!)1-%!'*!#$%!.1)0,#'1*!,*+!0,'*#%*,*6%!1.!#$%!$%#%)16$)10,#'*;!

,*+!'#&!-1&&!'*!P1#$!6%--!-'*%&!,*+!'-*<'<#*'&!,&&16',#%+!<'#$!'*6)%,&%+!'*:,&':%!(1#%*#',-G!S*!

61*R/*6#'1*!<'#$!#$%!'*:,&':%!01+%-!'*!!"#$#%&'():*'*:%&#'3,#'1*&!'*#1!#$%!)1-%!#$,#!'&!(-,8%+!

P8!#$%!*/6-%,)!0%0P),*%!'#&%-.!'*!.,6'-'#,#'*3!'*:,&':%!6$,),6#%)'&#'6&;!01+/-,#%+!P8!JKCL!,*+!

*/6-%,)!%*:%-1(%!,&&16',#%+!()1#%'*&!&/6$!,&!-,0'*!";!T;!7A!,*+!7C;!,&!<%--!,&!1#$%)!6,*+'+,#%!

()1#%'*&;!<'--!()1:'+%!:,-/,P-%!'*&'3$#!'*#1!#$%!P'1($8&'6,-!P%$,:'1/)!1.!'*:,&':%!6,*6%)&G!Q1&&!

1.! */6-%,)!0%0P),*%! '*#%3)'#8! '&! ,! $,--0,)F! 1.!0,*8! 6,*6%)&! ,*+! '&! 6-1&%-8! -'*F%+! #1! #$%!

+'&)/(#'1*! 1.! #$%! */6-%,)! -,0'*,G! Q1&&! 1.! (%)'($%),-! $%#%)16$)10,#'*! $,&! P%%*! &$1<*! #1!

+%&#,P'-'&%!#$%!-,0'*,!-,8%);!,*+!&1!#$'&!&#/+8!<'--!%O(-1)%!'.!JKCL!_W!6,*!+')%6#!,!&'0'-,)!

-1&&! 1.! */6-%,)! 0%0P),*%! '*#%3)'#8;! &/33%&#'*3! ,! &#)/6#/),-! 0%6$,*'&0! P8! <$'6$! JKCL!

01+/-,#%&!'*:,&':%!+%:%-1(0%*#;!P%81*+!'#&!)1-%!'*!3%*%!)%3/-,#'1*G!E$'&!$,&!#$%!(1#%*#',-!#1!

6$,),6#%)'&%!#,)3%#&!.1)!./#/)%!6,*6%)!0,)F%)&;!()%+'6#1)&!,*+!#$%),('%&G!!
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Chapter 2: Materials and Methods 

2.1: Generation and maintenance of Drosophila melanogaster lines 
/Generation of ptc-driven GFP and RNAi KD Drosophila melanogaster 
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Figure 4: Genotype crossing to produce stable Ptc-Gal4/UAS-GFP Drosophila line 
Schematic of chromosome two genotypes of parental fly lines, and the genotypes and key phenotypes 
of their potential progeny. Phenotypes are identified as eye colours ranging from white to yellow to 
red depending on white gene dosage, imaginal disc fluorescence in response to Gal4 activation of UAS-
GFP, and either straight or curly wing shape. A) Cross of homozygous Ptc-Gal4 with homozygous 
UAS-GFP to produce heterozygous offspring. B) Female heterozygous Ptc-Gal4/UAS-GFP crossed 
with white eyed males (+/+). * indicates a homologous recombination event has occurred, combining 
both Ptc-Gal4 and UAS-GFP on a single chromosome, leaving no transgenes on one of the chromosome 
pair. C) Cross of heterozygous recombined progeny from B, with Ptc-Gal4, UAS-GFP on a single 
chromosome, crossed with a curly balancer to prevent further recombination. D) Cross of 
heterozygous (Ptc-Gal4, UAS-GFP/CyO) to produce homozygous (Ptc-Gal4, UAS-GFP/ Ptc-Gal4, 
UAS-GFP). 
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2.2: Dissection of third instar Drosophila melanogaster wing imaginal discs  
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2.3: Immunohistochemistry Drosophila melanogaster wing imaginal discs 
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2.4: Table of Drosophila melanogaster genotypes 
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Table 2.1: Table of !"#$#%&'()*+,()-#.)$/," genotypes 

2.5: Confocal microscopy 
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2.6: Quantification of cellular invasive potential in imaginal discs 
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2.7: Cloning the Human HP1! cDNA into the pUASTattB Plasmid 
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2.8: Maintenance of MCF7 Cell lines 
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2.9: Applying mechanical shear force to MCF7 Cells 
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Figure 5: Representative image of MCF7 control cells before and after exposure to 
mechanical shear force, showing release of nuclei from whole cells.  
1) Whole intact cell. 2) Released whole nuclei. 3) Cellular debris. Grid square corresponds to 
250x250µm. 
!

W/)'*3!#$%!1(#'0'&,#'1*!1.!#$'&!,&&,8;!#$%!%O(%)'0%*#!<,&!'*'#',--8!(%).1)0%+!P8!#<1!(%1(-%;!

&1!#$,#!#$%!*/6-%'!61/-+!P%!61/*#%+!'*!)%,-!#'0%!,&!$,%0168#10%#%)&!<%)%!-1,+%+!<'#$!.)%&$!

,-'2/1#&!.1--1<'*3!,!(,&&,3%!&%#G!J1<%:%);!#$'&!0%#$1+!()1:%+!'0(),6#'6,-!+/%!#1!#$%!-,)3%!

*/0P%)!1.!&,0(-%&!'*:1-:%+G!S0,3'*3!,--!#$%!()%(,)%+!$,%0168#10%#%)&!,.#%)!#$%!&8)'*3'*3!

<,&!.'*'&$%+!()1:%+!.,)!01)%!61*&'&#%*#!,*+!,66/),#%G!E1!%*&/)%!)%&/-#&!<1/-+!*1#!P%!'0(,6#%+!

P8!+%3),+,#'1*!1)!+)8'*3!1.!6%--&;!#%&#!&,0(-%&!<%)%!'0,3%+!,*+!610(,)%+!1:%)!,!fBV0'*/#%!

#'0%.),0%V!<%--!'*!%O6%&&!1.!#$%!#'0%!)%2/')%+!.1)!&,0(-%!()%(,),#'1*V!,*+!*1!6$,*3%&!<%)%!

1P&%):%+G!

!

2.10: MCF7 cell fractionation 
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2.11: Nuclear envelope isolation 
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2.12: Immunoblotting 
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2.13: Isolation of whole nuclei from MCF7 Control and HP1! KD cells 
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2.14: Immunostaining of whole of MCF7 cells 
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2.15: Protein solubility assay from whole nuclei 
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2.16: Preparation of MCF7 cells for electron microscopy 
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<'#$!aBj!%#$,*1-!,*+!4'--'[!<,#%)!,*+!#$%*!&#,'*%+!'*!Q%,+!T'#),#%!Mh%*,P-%!,*+!T133%&$,--;!

CDcaN!.1)!,!./)#$%)!.1/)!0'*/#%&G!E$'&!<,&!.1--1<%+!P8!,!<,&$!'*!4'--'[!<,#%)!

5,0(-%&!<%)%!:'%<%+!/&'*3!,!,*!HbS!E%6*,'!YA!5(')'#!7'1EXS>!MTI%6$!@%(/P-'6NG!

!

2.17: Sample preparation for mass spectroscopy 
H1)!'+%*#'.'6,#'1*!1.!+'&6)%#%!()1#%'*!P,*+&!P8!0,&&!&(%6#)10%#)8;!#$%!()1#%'*!&,0(-%&!<%)%!

.')&#!)%&1-:%+!P8!5W5!K"YbG!E$%!,6)8-,0'+%!3%-!<,&!'*6/P,#%+!.1)!gB!0'*/#%&! '*!.'O,#':%!

MfBj!4%]J;!CBj!,6%#'6!,6'+;!'*!+%'1*'&%+!<,#%)N;!,*+!<,&$%+!#<'6%!'*!+%'1*'&%+!<,#%)!.1)!

CB! 0'*/#%&G! E$%! 3%-! <,&! &#,'*%+! <'#$! 61--1'+,-! T110,&&'%! P-/%! YVAaB! ME$%)01.'&$%)N!

1:%)*'3$#;!,*+!+%V&#,'*%+!'*!+%'1*'&%+!<,#%)G!

!

K)1#%'*!P,*+&!1.!'*#%)%&#!<%)%!%O6'&%+!.)10!#$%!3%-!'*&'+%!,!JbK"!.'-#%)%+!-,0'*,)!.-1<!$11+;!

+'6%+!:%)8!.'*%;!,*+!#),*&.%))%+!#1!CGa0Q!b((%*+1).!Q17'*+!#/P%&G!E$%!3%-!.),30%*#&!<%)%!

+%V&#,'*%+!'*!,001*'/0!P'6,)P1*,#%!&1-/#'1*!MaB04!,001*'/0!P'6,)P1*,#%!(J!UGDN!M"7TN;!

,*+!#$%!&1-/#'1*!<,&!)%.)%&$%+!)%3/-,)-8!1:%)!#<1!$1/)&!/*#'-!61-1/)-%&&G!E$%!3%-!.),30%*#&!

<%)%! #$%*! +%$8+),#%+! '*! eBj! ,6%#1*'#)'-%! .1)! 1*%! 0'*/#%! ,*+! +)'%+! 610(-%#%-8! /&'*3! ,!

6%*#)'./3,-!%:,(1),#1)G!

!

E$%!.),30%*#&!<%)%!#$%*!'*6/P,#%+!'*!,!)%+/6'*3!P/..%)!MCB04!WEE!'*!"7TN!.1)!1*%!$1/)!,#!

gUxT!,*+!<,&$%+!'*!"7T!P%.1)%!+%$8+),#'1*!'*!eBj!,6%#1*'#)'-%G! S*! #$%!+,)F;! #$%!&,0(-%&!

<%)%! '*6/P,#%+! ,#! )110! #%0(%),#/)%! .1)! gB! 0'*/#%&! '*! ,*! ,-F8-,#'1*! P/..%)! MAB04!

'1+1,6%#,0'+%!'*!"7TN;!P%.1)%!#$%8!<%)%!<,&$%+!,*+!+%$8+),#%+!#<'6%!<'#$!"7T!,*+!eBj!

,6%#1*'#)'-%;!#$%*!+)'%+!<'#$!6%*#)'./3,-!%:,(1),#'1*G!E$%!3%-!('%6%&!<%)%!#$%*!'*6/P,#%+!'*!,!

+'3%&#'1*! &1-/#'1*! MAB*3iy-! #)8(&'*! '*! "7TN! 1:%)*'3$#! ,#! gUxT;! P%.1)%! &1*'6,#'*3! .1)! #<1!
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0'*/#%&! '*! ,*! /-#),&1*'6! P,#$;! ,*+! #$%! &/(%)*,#,*#! <,&! 61--%6#%+G! H1)! %,6$! &,0(-%;! #$%!

&/(%)*,#,*#!<,&!(11-%+!<'#$!&/P&%2/%*#!<,&$%&!,*+!&1*'6,#'1*!1.!#$%!3%-!.),30%*#&;!.')&#-8!

<'#$!aj!.1)0'6!,6'+!'*!aBj!,6%#1*'#)'-%;!#$%*!BGCj!.1)0'6!,6'+!'*!eBj!,6%#1*'#)'-%G!E$%!#1#,-!

:1-/0%! 1.! #$%! %O#),6#%+! ()1#%'*! .1)! %,6$! 1.! #$%! P,*+! &,0(-%&! <,&! )%+/6%+! #1! �gBy-! P8!

6%*#)'./3,-! %:,(1),#'1*;! ,*+!0,&&! &(%6#)1&61(8!<,&! 6,))'%+! 1/#! P8!E)%:1)!Q11;!56$11-! 1.!

H/*+,0%*#,-!56'%*6%&;!4,&&%8!9*':%)&'#8G!

 

2.18: Table of antibodies 

C*6-$ >*.3-,$ &"#,$
B"/"D$

'"+41+"/*+$
?"65*/4$

?*,*+"30-$

E$

F2+0,2"/$

0#-:$

'.26*.4$=/,2G":2-#$ $ $ $ $ $

"*#'V!+0JKC!
!"#$#%&'()*

5/M:,)NABa!
41/&%! 41*16-1*,-!

W%:%-1(0%*#,-! 5#/+'%&!

J8P)'+10,!7,*F!
TC"D! CwaB!

"*#'VHQ"Y! HQ"Y! @,PP'#! 41*16-1*,-! 5'30,V"-+)'6$! HUfAa! CwaB!

"*#'VQ,0'*!"!r!T! J/0,*! @,PP'#! 41*16-1*,-! "P6,0! ,PCBeaDa! CwaBB!

"*#'VJ'&#1*%!Jg!

Å($1&5%)CBÇ!
Jg!(5CB! @,PP'#! K1-86-1*,-! @]T_Q">W!

cBBVfBCV

SUf!
CwaBB!

"*#'VQ,0'*!7!@%6%(#1)! J/0,*!
@,PP'#!

!
K1-86-1*,-! E$%)01!H'&$%)!

K"aVccfUg!

!
CwCBBB!

"*#'VQ,0'*!7A! 41/&%;!@,#;!J/0,*! @,PP'#! 41*16-1*,-! "P6,0!
,PCaCUga!

!
CwCBBB!

"*#'VQ,0'*!7C! 41/&%;!@,#;!J/0,*! @,PP'#! 41*16-1*,-! "P6,0! ,PCggUfC! Cy3i0Q!

"*#'Vb0%)'*! 41/&%;!@,#;!J/0,*! @,PP'#! 41*16-1*,-! "P6,0! "PCaceUC! CwAaB!

"*#'VJKCL!
J/0,*;! 41/&%;! @,#;!

41*F%8!
@,PP'#! K1-86-1*,-! T%--!5'3*,-! AcCc5! CwCBBB!

"*#'VK@@Cf! 41/&%;!@,#;!J/0,*! @,PP'#! K1-86-1*,-! "P6,0! ,PPCUfagA! CwABB!

"*#'V7"H! 41/&%;!@,#;!J/0,*! @,PP'#! 41*16-1*,-! "P6,0! ,PCADCef! CwABB!

H-1"/:*.4$=/,2G":2-#! ! ! ! !

"-%O,!aaa! "--!@,PP'#!S3p&! Y1,#! K1-86-1*,-! S*:'#)13%*! "VACfAe! CwaBB!

"-%O,!cfU! "--!@,PP'#!S3p&! Y1,#! K1-86-1*,-! S*:'#)13%*! "VACAgc! CwaBB!

"*#'V@,PP'#! S3YVCB*0!

Y1-+!P%,+!
"--!@,PP'#!S3p&! Y1,#! K1-86-1*,-! 4%)6Fi5'30,!"-+)'6$! YUfBA! CwCBB!

Table 2.2: Table of antibodies for western blotting and immunofluorescence of cultured 
mammalian cells. 
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Chapter 3: Heterochromatin Protein 1 supresses 
malignant cell invasion in vivo 

3.1: Introduction 

3.1.1: Drosophila melanogaster model of epithelial cell invasion 
K)'1)!)%&%,)6$!'*!#$%!-,P1),#1)8!'*+'6,#%&!#$,#!-1&&!1.!$/0,*!JKCL!'&!61))%-,#%+!<'#$!'*6)%,&%+!

'*:,&':%!(1#%*#',-!'*!6/-#/)%+!6%--&!<'#$!%O'&#'*3!0,-'3*,*#!(,#$<,8&!,6#':,#%+G!J1<%:%);!'*!

#/01/)&;!0,-'3*,*#!6%--! '*:,&'1*! #,F%&!(-,6%! '*!,!610(-%O! #'&&/%!0'6)1%*:')1*0%*#!<$%)%!

6,*6%)1/&!6%--&!,P/#!,*+!'*.'-#),#%!*%'3$P1/)'*3!6%--&!'*!,--!+')%6#'1*&!'*!,!0,**%)!#$,#!6,**1#!

P%!)%(-'6,#%+!'*!,!6%--!6/-#/)%!%*:')1*0%*#G!!

S*!1)+%)! #1!:'&/,-'&%!,*+!2/,*#'.8! '*:,&':%!P%$,:'1/)! '*!)%&(1*&%! #1!JKCL!01+/-,#'1*! '*!,!

01)%!,((-'6,P-%!%*:')1*0%*#;!,!!"#$#%&'()*+,()-#.)$/,"!01+%-!<,&!%&#,P-'&$%+!()%:'1/&-8!

'*!#$%!-,P1),#1)8!M51-101*;!ABCcN;!P,&%+!1*!#$%!<1)F!P8!h'+,-;!Q,)&1*;!,*+!T,3,*!MABBcNG!

E$'&!,&&,8!0%,&/)%&! #$%!+%3)%%!1.!%('#$%-',-!6%--! '*:,&'1*! '*! #$%!.)/'#! .-8! -,):,%!61*#,'*'*3!

F*16F%+V+1<*! %O()%&&'1*!1.! #$%! .-8!JKCL!$101-13/%G!E$%!3%*10'6! &#)/6#/)%! 1.! #$%!JKC!

.,0'-8!'&!61*&%):%+!P%#<%%*!!"#$#%&'()*,*+!$/0,*&G!!"#$#%&'()!61*#,'*!#$%!5/M:,)NABa!3%*%!

#$,#! '&!$101-131/&! #1! #$%!$/0,*!T7la!3%*%! #$,#!%*61+%&! #$%!JKCL!()1#%'*G!E$%&%!3%*%&!

&$,)%! #$%!&,0%!.':%!%O1*&!,*+! .1/)! '*#)1*!&#)/6#/)%;!,*+! #$%!5/M:,)NABa! #),*&-,#%+!()1#%'*;!

)%.%))%+!$%*6%.1)#$!,&!+0JKC;!$,&!P%%*!&$1<*!#1!$,:%!./*6#'1*,-!&'0'-,)'#8!<'#$!#$%!$/0,*!

$101-13/%G! J/0,*! JKCL! '&! ,P-%! #1! )%&6/%! -%#$,-'#8! 1.! $101I831/&! 0/#,*#&! 1.! +0JKC!

M>1)<11+!%#!,-G;!ABBfN!()1:'+'*3!%:'+%*6%!1.!,!$'3$!+%3)%%!1.!P'1-13'6,-!&'0'-,)'#8!P%#<%%*!

.-8! ,*+! $/0,*! JKCL! ! ()1#%'*&;! ,*+! #$,#! #$'&! 01+%-! '&! 1.! )%-%:,*6%! #1! %O(-1)'*3! $/0,*!

P'16$%0'&#)8G!

!

E$'&!6%--/-,)!'*:,&'1*!,&&,8!<,&!.')&#!+%:%-1(%+!P8!h'+,-!%#!,-G!MABBcN!#1!0%,&/)%!#$%!%..%6#!1.!

&%-%6#':%-8!%O()%&&%+!,*+!F*16F%+V+1<*!3%*%&!1.!'*#%)%&#!<'#$'*!,!&#)'(%!1.!%('#$%-',-!6%--&!

<'#$'*!#$%!"*#%)'1)iK1&#%)'1)!P1/*+,)8!610(,)#0%*#!1.!#$%!<'*3!'0,3'*,-!+'&6!1.!#$')+!'*&#,)!

-,):,%G! E$'&! %*,P-%&! .-/1)%&6%*#! :'&/,-'&,#'1*! 1.! ,! +'&6)%#%! )%3'1*! 1.! %('#$%-',-! 6%--&! <'#$!

&(%6'.'6!3%*%!01+/-,#'1*;!<'#$'*!,!.'%-+!1.!<'-+V#8(%!6%--&G!"*8!'*:,&':%!6$,),6#%)'&#'6&!#$%&%!

6%--&!%O$'P'#!+/)'*3!-,):,-!3)1<#$;!/(!#1!#$%!(1'*#!1.!+'&&%6#'1*;!6,*!P%!1P&%):%+!MH'3/)%!cNG!

E$'&! #%6$*'2/%! /#'-'&%&! #$%! Y"Qfi9"5! 3%*%! %O()%&&'1*! &8&#%0! +%:%-1(%+! P8! ])*'#I;!

41)%,+'#$;!,*+!Q%+%)!MCDDCN;!<$'6$!./&%&!#$%!8%,&#!#),*&6)'(#'1*,-!.,6#1)!Y"Qf!+1<*&#)%,0!

1.!,!#'&&/%V&(%6'.'6!()101#%);!'*!#$'&!6,&%!?)/@&,9*A?/@NG!?/@!'&!,!+%:%-1(0%*#,-!3%*%!#$,#!$,&!
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$'3$-8!&(%6'.'6!%O()%&&'1*!,-1*3!#$%!"iK!P1/*+,)8!'*!!"#$#%&'()*-,):,%G!S*!1)+%)!#1!)%3/-,#%!

3%*%!%O()%&&'1*!:',!?/@!()101#%)!,6#':,#'1*;!#$%!3%*%!1)!@>"'!1.!'*#%)%&#!'&!./&%+!+1<*&#)%,0!

1.! #$%! Y"Qf! 9(&#)%,0! "6#':,#'*3! 5%2/%*6%! M9"5N;! <$'6$! /(1*! P'*+'*3! Y"Qf! '*+/6%&!

#),*&6)'(#'1*G!S*!#$'&!0,**%);!'*!#'&&/%&!<$%)%!#$%!K#6!()101#%)!'&!,6#':%;!Y"Qf!'&!%O()%&&%+;!

<$'6$!'*!#/)*!P'*+&!9"5!,*+!'*+/6%&!#),*&6)'(#'1*!1.!#$%!-'*F%+!3%*%!'*!#$%!&,0%!6%--!MH'3/)%!

UNG!

!
!
Figure 6: Illustration of third-instar larvae imaginal discs, visualising invasion of 
epithelial cells away from the A/P boundary during an invasion assay.  
!

!
Figure 7: Diagram of GAL4/UAS controlled tissue-specific gene expression. 
Activation of a tissue specific promoter allows transcription and translation of the downstream GAL4 
gene, which as a protein can transcriptionally activate an Upstream Activating Sequence (UAS) not 
found natively in Drosophila. Activation of this region allows transcription of the downstream gene 
and enables co-localisation with the tissue specific promoter.  
!

h'+,-!%#!,-G!MABBcN!/&%+!,!_W!1.!#$%!TV#%)0'*,-!5)6!_'*,&%!MT&FN!()1#%'*;!,*!'*$'P'#1)!1.!#$%!

5)6! &'3*,--'*3! (,#$<,8;! #1! ()101#%! '*:,&'1*G! 5)6! '&! ,! ()1#1V1*61()1#%'*! #$,#! ,6#':,#%&! ,!

6,&6,+%!1.!()1V3)1<#$!.,6#1)&!,*+!'&!'*,6#':,#%+!P8!($1&($1)8-,#'1*!P8!T&F!MH'3/)%!eNG!!

!
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!
Figure 8: Activation of the Src malignant pathway following KD of the Csk protein 
The Csk protein phosphorylates the Src oncoprotein, inhibiting its activity and promotion malignant 
pathways. When Csk interfering, RNA is expressed it binds to Csk mRNA, preventing translation and 
reducing Csk expression. This KD of Csk effectively activates the Src protein, as the inhibitory 
phosphorylation is not maintained, and malignant pathways are activated. 
 

3.1.2: dmHP1 over-expression supresses Src pathway driven cell invasion  
K)%:'1/&!<1)F!'*!#$%!-,P1),#1)8!M/*(/P-'&$%+N!%&#,P-'&$%+!,!&8*%)3'&#'6!)%-,#'1*&$'(!P%#<%%*!

+0JKC!_W!,*+!5)6!,6#':,#'1*!+)':'*3!6%--/-,)!'*:,&'1*;!P8!61/(-'*3!,!T&FV_W!3%*1#8(%!<'#$!

,!+0JKC!_W;!,*+!&$1<'*3!,!&'3*'.'6,*#!'*6)%,&%!'*!#$%!+%3)%%!1.!%('#$%-',-!'*:,&'1*!P%81*+!

#$%! ,*#%)'1)i(1&#%)'1)! P1/*+,)8! 1.! #$%! YHK! +%0,)6,#%+! '0,3'*,-! +'&F;! 610(,)%+! #1! 5)6!

(,#$<,8!,6#':,#'1*!,-1*%!MH'3/)%!DNG!!

S*:,&':%*%&&!<,&!610(,)%+!P%#<%%*!#$%!61*#)1-!-'*%!61*#,'*'*3!1*-8!K#6VY"Qf!+)':%*!YHK!

.-/1)%&6%*6%;!#$%!T&F!_W!-'*%!,&!6%--&!61*#,'*'*3!,!0,-'3*,*#!(,#$<,8;!+0JKC!_W!-'*%!,&!

*1*V0,-'3*,*#!6%--&!<'#$!)%+/6%+!+0JKC!%O()%&&'1*;!,*+!,!+1/P-%!_W!1.!+0JKC!,*+!T&F!,&!

,!01+%-!1.!+0JKC!-1&&!'*!6%--&!<'#$!%O'&#'*3!0,-'3*,*68!,6#':,#'1*G!

!

!
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!
Figure 9: Representative confocal Z-projections imaginal disks demonstrating activation 
of Src synergistically enhances cell invasion of A/P epithelial cells. 
Dotted line represents posterior edge of A/P boundary, and arrows indicate regions of cellular 
invasion. Images taken at 630x magnification with 0.67µm increments, with 8-15 samples per construct. 
Scale bar = 50µm. Figure adapted from my Honours Research Report (Solomon, 2016).  

$

$
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3.2: Results 

3.2.1: DmHP1 overexpression rescues Src activated invasive phenotypes in 
vivo 
E1!61*.')0!#$,#!'#!'&!+0JKC!_W!#$,#!()101#%&!'*:,&'1*!),#$%)!#$,*!,*!1..V#,)3%#!%..%6#;!+0JKC!

<,&! )%'*#)1+/6%+! #1! +%#%)0'*%! <$%#$%)! '#! 61/-+! )%&6/%! #$%! '*:,&':%! ($%*1#8(%G! W)! J%-%*!

H'#I&'01*&!M56$11-!1.!H/*+,0%*#,-!56'%*6%&;!4,&&%8!9*':%)&'#8;!>%<!?%,-,*+N!()1:'+%+!,!

!"#$#%&'()* -'*%! MW0JKC!]bN!<'#$!,!9"5V-'*F%+!!"#$#%&'()*HQ"YV#,33%+!+0JKC!3%*%G!

H')&#-8;!#$'&!-'*%!<,&!6)1&&%+!<'#$!#$%!?/@VY"Qfi9"5VYHK!.-'%&!#1!61*.')0!#$,#!W0JKC!<,&!

%O()%&&%+G!E$')+!'*&#,)!-,):,%!1.!#$%!()13%*8!<%)%!+'&&%6#%+!#1!61--%6#!#$%!'0,3'*,-!+'&6&;!,*+!

'00/*1$'&#16$%0'&#)8!M5%6#'1*!AGgN!<,&!(%).1)0%+!/&'*3!HQ"Y!,*#'P1+8!#1!+%#%6#!HQ"YV

JKC! %O()%&&'1*G! >1! HQ"Y! ()1#%'*! <,&! +%#%6#%+! '*! *%3,#':%! 61*#)1-! +'&6&! MH'3/)%! CB"N!

61*#,'*'*3! 1*-8! #$%! ?/@VY"Qfi9"5VYHK! 3%*%;! ,*+! &/66%&&./-! %O()%&&'1*! 1.! #$%! +0JKCV

HQ"Y!()1#%'*!<,&!+%#%6#%+!,-1*3!#$%!"iK!P1/*+,)8!-'*%!MH'3/)%!CB7NG!E$%)%!<,&!,!(/*6#,#%!

&/PV6%--/-,)! +'&#)'P/#'1*! 1.! +0JKCVHQ"Y! '*! #$%! */6-%/&! ,&! %O(%6#%+G! "&! #$%! &#,'*'*3!

()16%+/)%!.1)!#$%!'0,3'*,-!+'&F&!)%2/')%&!)1#,#'*3!#$%!#'&&/%!'*!,*!,*#'P1+8!&1-/#'1*!1:%)*'3$#;!

#$%!+%-'6,#%!'0,3'*,-!+'&6!1)3,*%--%&!,)%!%,&'-8!+,0,3%+!,*+!#1)*G!E$'&!0%,*&!#$,#!&,0(-%&!

.1--1<'*3!#$%!&#,'*'*3!()16%+/)%!,)%!1.#%*!&#)%#6$%+!1)!+'&.'3/)%+!,*+!,)%!*1#!)%()%&%*#,#':%!

1.!#$%!-,):,%!/&%+!.1)!#$%!,&&%&&0%*#!1.!'*:,&'1*!MH'3/)%!CBNG!

!

E1! ,&&%&&! <$%#$%)! %O()%&&'1*! 1.! +0JKC! )%&6/%+! #$%! +0JKC! _W! ($%*1#8(%G! E$%! 9"5V

+0JKCVHQ"Y!-'*%!<,&!6)1&&%+!<'#$!.-8!-'*%&!61*#,'*'*3!%'#$%)!#$%!T5_!_W!@>"'!-'*%!#1!

()1:'+%!,*!,6#':%!5)6!(,#$<,8;!+0JKC!_W!@>"';!1)!P1#$!+0JKC!_W!,*+!#$%!T5_!@>"'G!!

E$%!'0,3'*,-!+'&6&!<%)%!+'&&%6#%+!.)10!()13%*8!1.!#$%&%!6)1&&%&!,#!#$%!#$')+!'*&#,)!-,):,-!&#,3%!

,*+! '00/*1$'&#16$%0'&#)8! (%).1)0%+! <'#$! ,! HQ"Y! ,*#'P1+8! #1! :'&/,-'&%! +0JKCVHQ"Y!

%O()%&&'1*! ,*+! -16,-'&,#'1*! MH'3/)%! CBTVbNG! ! S0,3'*,-! +'&6&! 1.! -,):,%! <'#$! #$%! +0JKC!
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Figure 10: Immunohistochemistry staining for the presence of FLAG-tagged HP1 over-
expression along the A/P boundary.  
Maximum intensity z-stack projections of third instar Drosophila larvae that were processed for 
immunohistochemistry, using Rabbit anti-FLAG (Sigma F7425) primary antibody to detect FLAG-
tagged dHP1. Alexa Fluor® 647-conjugated goat anti-rabbit IgG was used as the secondary antibody 
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at 1/500 dilution. Confocal z-stack was collected over the height of the disc at 630x magnification. Scale 
bar = 50µm. 
!
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Figure 11: Representative images of the imaginal disc invasion assay 
Representative confocal Z-projections of Ptc-driven GFP fluorescence along the A/P boundary of 
imaginal discs dissected from third instar larvae. Activated cancerous pathway indicates the presence 
of the Csk KD, which activates the Src onco-pathway. Larvae genotypes have either endogenous 
Drosophila HP1 (dHP1) or human HP1!  (hHP1! ), knocked down or over-expressed. The dotted line 
represents the posterior edge of A/P boundary, and arrows indicate regions of cellular invasion.  
Images taken at 630x magnification with 0.67µm z-height increments. Scale bar = 50µm. Samples A, B, 
G and H are sourced from data initially published  as part of an honours report (Solomon, 2016). 
!

!



 BC"

!
Figure 12:  Graph of HP1 modulating of cellular invasiveness in Drosophila larval 
imaginal disks in conjunction with cancer pathway activation 
Quantified levels of invasive phenotypes calculated by average area of invasion beyond the posterior 
edge of the imaginal disk A/P boundary. All lines contain the Ptc-GAL4/UAS-GFP genes to drive 
GFP fluorescence along the A/P boundary, in addition to labelled genotypes A) n= 11. B)  n= 8. C)  n= 
11. D) n= 8. E) n= 11. F) n= 8. G) n= 14. H) n= 18. I) n= 16. J) n= 14. K) n= 14. L) n= 13. Samples A, B, G 
and H are sourced from data initially published in (Solomon, 2016). !  
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3.2.2: Preventing invasion with expression of hHP1! 
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Figure 13: Cloning of human HP1! gene into pUASTattB plasmid.  
A) 1% Agarose gel showing digestion of pUASTattB-DmHP1FLAG plasmid. Single digest (SD) of both 
XhoI and EcoRI cut once within the plasmid. Double digest (DD) of both EcoRI and XhoI cuts out the 
Flag-tagged dmHP1 insert at 660bp. Double digest of the gel-purified pUASTattB vector show removal 
of dmHP1-FLAG, and the PCR-amplified hHP1!  insert show single band at 620bp B) Agarose gel 
showing double digest of DNA purified from DH5!  colonies transformed with pUASTattb-
hHP1FLAG plasmid. Colonies one and two show successful plasmid transformation.!
 

E$%!&%#!1.!$JKCL!%O()%&&'*3!.-8!-'*%&w!$JKCL!]b;!$JKCL!]bi+0JKC!_W;!$JKCL!]biT&F!

_W!,*+!$JKCL!]biT&F!_Wi+0JKC!]b;!<%)%!()16%&&%+!.1)!'00/*1$'&#16$%0'&#)8!/&'*3!,!

HQ"Y!,*#'P1+8!MH'3/)%!CfNG!E$%!$/0,*!JKCL!#),*&3%*%!-'*%!'*!H'3/)%!Cf"!+%01*&#),#%&!6%--&!

<'#$!,!&#)1*3!HQ"Y!&'3*,-!61V-16,-'&'*3!<'#$!YHK!.-/1)%&6%*6%G!E$%!'0,3'*,-!()16%&&'*3!1.!

+'&6&!.1)!'00/*1$'&#16$%0'&#)8!)%&/-#%+!'*!#$%!+'&#1)#%+!P1/*+,)8!-'*%G!!

!

S*!.-'%&!<'#$!$JKCL!,*+!+0JKC!_W;!#$%!61))%6#!%O()%&&'1*!,*+!-16,-'&,#'1*!1.!$/0,*!JKCL!

<,&!1P&%):%+;!'*!61*R/*6#'1*!<'#$!,!&#)1*3;!&(%6'.'6!_W!1.!%*+13%*1/&!+0JKC!,-1*3!#$%!"iK!

P1/*+,)8!MH'3/)%!Cf7NG!E$%!+0JKC!@>"'!/&%+!#1!)%+/6%!#$%!%*+13%*1/&!+0JKC!+'+!*1#!

+%6)%,&%!#$%!%O()%&&'1*!-%:%-!1.!#$%!$JKCL!()1#%'*;!/*-'F%!#$%!)%+/6%+!%O()%&&'1*!1P&%):%+!

<$%*!1:%)V%O()%&&'*3!+0JKC!,&!#$%!@>"'!#,)3%#&!,*!0@>"!&%2/%*6%!*1#!.1/*+!'*!$JKCL!

MH'3/)%! CfTNG! E$%! $JKCL! 1:%)V%O()%&&'1*! '*! 61*R/*6#'1*! <'#$! #$%! 0,-'3*,*#! (,#$<,8!

,6#':,#'1*! )%&/-#'*3! .)10! T&F! _W! MH'3/)%! CfTN! ,3,'*! &$1<%+! 61))%6#! "iK! P1/*+,)8!

-16,-'&,#'1*!1.!$JKCL!,*+!61*&#'#/#':%!%O()%&&'1*!1.!+0JKC!#$)1/3$1/#! #$%! '0,3'*,-!+'&6G!



 BH"

9*.1)#/*,#%-8;!#$%)%!<,&!61*#,0'*,#'1*!1.!#$%!(,)%*#,-!.-'%&!6)1&&%+!#1!3%*%),#%!()13%*8!-,):,%!

.1)!'00/*1.-/1)%&6%*6%!1.!#$%!T&F!_Wi!+0JKC!_Wi!$JKCL;!,*+!&1!#$%!'00/*1.-/1)%&6%*6%!

+,#,!.1)!#$'&!.-8!3%*1#8(%!<'--!P%!61--%6#%+!,&!(,)#!1.!./#/)%!<1)FG!"&!#$%!-,):,%!P)%+!.1)!#$%!

'*:,&'1*! ,&&,8! <%)%! ()%(,)%+! &%(,),#%-8! .)10! #$1&%! /&%+! '*! #$%! '00/*1.-/1)%&6%*6%!

%O(%)'0%*#&;!#$'&!61*#,0'*,#'1*!$,+!*1!P%,)'*3!1*!#$%!+,#,!61--%6#%+!.1)!#$%!'*:,&'1*!,&&,8G!

!

!
Figure 14: Immunohistochemistry of human HP1! transgenic fly larvae imaginal disc 
A/P boundaries 
Maximum intensity z-stack projections of third instar Drosophila larvae that were processed for 
immunohistochemistry, using Rabbit anti-FLAG (Sigma F7425) primary antibody to detect FLAG-
tagged dHP1. Alexa Fluor® 647-conjugated goat anti-rabbit IgG was used as the secondary antibody 
at 1/500 dilution. Confocal z-stack was collected over the height of the disc at 630x magnification. Scale 
bar = 50µm. 
!
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3.3: Discussion 
!

]/)!()%:'1/&-8!%&#,P-'&$%+!01+%-!1.!!"#$#%&'()!6%--!'*:,&'1*!+%01*&#),#%+!#$%!-1&&!1.!dmHP1 
had a synergistic effect with activation of the Src pathway to promote epithelial cell invasion.  

Importantly, 1:%)%O()%&&'1*!1.!!"#$#%&'() HP1a and human HP1! could rescue the invasive 
phenotype resulting from knock down of CSK and dmHP1, demonstrating that it is a gene-
specific effect.  This confirms in the context of a tissue microenvironment that HP1! has a 
causal role in supressing cell invasion, in agreement with the work performed in breast cancer 
cells lines (D. A. Kirschmann et al., 2000).!
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invasive potential in CSK KD cells suggests gene-dosage may also play a role in regulating 
HP1 function.  It is possible that excessive hHP1! is dimerising with endogenous dmHP1 and 
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Chapter 4: Impact of HP1! KD on the integrity of 
cancer cell nuclei 

4.1: Introduction 
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Figure 15: Protein level of HP1! in MCF7 cells with HP1 KD.  
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4.2: Results 

4.2.1: Changes in mechanical integrity of MCF7 cells with reduced 
HP1!  

4.2.1.1: HP1! KD increases susceptibility to shear forces of MCF7 nuclei 
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Figure 16: Graph of relative whole nuclei counts for MCF7 control or HP1! KD nuclei 
following passaging through a 26G needle.  
Relative intact nuclei count for MCF7 control and HP1!  KD cells following exposure to shear forces. 
Relative nuclei count calculated from mean numbers of intact nuclei from four fields of view at 100x 
magnification for each sample. * indicates p value <0.05. 
 

4.2.1.2: KD of HP1! reduces the stiffness of the nuclear membrane 
E1! ./)#$%)! '*:%&#'3,#%! #$%! P'1($8&'6,-! ()1(%)#'%&! &/6$! ,&! 6%--/-,)! %-,&#'6'#8! ,*+! &#'..*%&&;!

)%&/-#'*3!.)10!-1&&!1.!JKCL;!,#10'6!.1)6%!0'6)1&61(8!M"H4N!<,&!/&%+!#1!($8&'6,--8!()1P%!

6%--&!.1)!($8&'6,-!6$,),6#%)'&#'6&G!S*'#',--8!'*!61--,P1),#'1*!<'#$!"iK!4,)F!X,#%)-,*+!,*+!5,0!

7)11F%!M56$11-!1.!H/*+,0%*#,-!56'%*6%&;!4,&&%8!9*':%)&'#8N;!,!>,*1&/).!H-%O"H4!&8&#%0!

<,&!#%&#%+!.1)!/&%!'*!3,#$%)'*3!0%6$,*'6,-!()1(%)#8!+,#,!1.!4THU!<$1-%!6%--&!&%##-%+!1*!(1-8V

WV-8&'*%!61,#%+!0'6)1&61(%!&-'+%&;!'*!,!K75!&1-/#'1*G!H1--1<'*3!1(#'0'&,#'1*!1.!#$%!"H4!#1!

%*,P-%!-'2/'+!'00%)&'1*!&6,**'*3;!,&!<%--!,&!&%:%),-!#%&#&!1.!+)8!&6,**'*3;!-'2/'+!'00%)&'1*!

,*+!1(#'0'&'*3!#$%!&/P&#),#%!.1)!3)1<'*3!6%--&;!#$%!%2/'(0%*#!+'+!*1#!0%%#!#$%!)%2/')%0%*#&!

.1)! #$%! %O(%)'0%*#G! E$%! ()'0,)8! '&&/%! &#%00%+! .)10! #$%! ?V+%(#$! ),#'*3! 1.! #$%! >,*1&/).!

H-%O"H4;!<$'6$!,--1<&!.1)!ay0!+%.-%6#'1*!1.!#$%!6,*#'-%:%)!,P1:%!#$%!&/).,6%!1.!#$%!'0,3%+!

0,#%)',-;!#$'&!<,&!,!0,R1)!+),<P,6F!,&!#$%!?V+%(#$!1.!,*!,:%),3%!4THU!6%--;!+%(%*+'*3!1*!

$1<! '#! ,..'O%+! #$%! &/).,6%;! 6,*! P%! /(<,)+&! 1.! ABy0G! "! #1(1-13'6,-! &6,*! 61/-+! *1#! P%!

610(-%#%+;!(1&'#'1*'*3!1.!#$%!&,0(-'*3!3)'+!61))%6#-8!<,&!'0(),6#'6,-!,*+!/*)%-',P-%!<'#$!#$%!

(,)#'6/-,)!%2/'(0%*#G!

!



 CB"

E$%)%.1)%;!,!61--,P1),#'1*!<'#$!K)1.!7'--!X'--',0&;!5/&,:!K),+$,*!M56$11-!1.!H/*+,0%*#,-!

56'%*6%&!,*+!W)!Y-%P!Z,F/P1:!1.!#$%!M9*':%)&'#8!1.![/%%*&-,*+N!<,&!/*+%)#,F%*!#1!(%).1)0!

#$%!0%,&/)%0%*#&!,#! #$%!9*':%)&'#8!1.![/%%*&-,*+!,!^K_!>,*1X'I,)+!g!7'1&6'%*6%!"H4G!

E$'&!"H4!'&!&(%6',-'&%+!.1)!6%--V&6,-%!<1)F;!<'#$!'*#%3),#%+!'*:%)#%+!0'6)1&61(%!1(#'6&!,*+!

.-/1)%&6%*#! 6,(,P'-'#'%&! .1)! .'*%! (1&'#'1*'*3! 1.! #$%! 6,*#'-%:%);! ,*+! -,)3%! ?V,O'&! ),*3%G! E$%!

4THU!61*#)1-!,*+!JKCL!_W!6%--&!<%)%!#),*&(1)#%+!#1!W)!Z,F/P1:p&!-,P1),#1)8G!E1!%*&/)%!

#$,#!#$%!P'1($8&'6,-!()1(%)#'%&!+%#%6#%+!<%)%!#$1&%!1.!#$%!*/6-%'!#$%0&%-:%&;!<'#$1/#!#$%!6%--!

0%0P),*%!,*+!68#1(-,&0'6!610(1*%*#&!,++'*3!,++'#'1*,-!-,8%)&!1.!61*.1/*+'*3!+,#,;!"H4!

+,#,!<,&!61--%6#%+!1*!'&1-,#%+!*/6-%'!MH'3/)%!CeNG!

!

"!./--! .1)6%!0,(('*3!()16%+/)%!<,&!(%).1)0%+!1*!,!&'*3-%!*/6-%/&!.)10!4THU!61*#)1-!1)!

JKCL!_W!6%--&;!<$%)%!#$%!()%&&/)%!0%,&/)%0%*#&!<'#$!,!6,*#'-%:%)!.1)6%!1.!BGg*>!<,&!,((-'%+!

,#!%,6$!(1'*#!'*!,!gfOgf!3)'+!,6)1&&!#$%!%*#')%!&/).,6%!1.!#$%!*/6-%/&!MH'3/)%!CUNG!E$'&!+,#,!

&$1<&!,! #1(1-13'6,-!&/).,6%!0,(!1.! #$%!*/6-%';!,&!<%--!,&! )%3'1*,-!:,)',#'1*! '*!P'1($8&'6,-!

()1(%)#'%&G! E$%! &-1(%! 0,(! 1.! #$%! 4THU! 61*#)1-! */6-%/&;! <$'6$! '*+'6,#%&! )%-,#':%! &/).,6%!

&#'..*%&&;!&$1<&!,!3)%,#%)!+%3)%%!1.!$%#%)13%*%'#8!<$%*!610(,)%+!#1!#$%!JKCL!_W!*/6-%/&;!

,&!<%--!,&!'*6)%,&%+!,:%),3%!&#'..*%&&G!E$%!(,##%)*'*3!1.!#$%!&-1(%!0,(!.1)!#$%!4THU!61*#)1-!

*/6-%/&!,-&1!'*+'6,#%&!/*+%)-8'*3!)%3'1*&!1.!+%*&%)!0,#%)',-!<'#$'*!#$%!*/6-%/&;!610(,)%+!#1!

#$%!01)%!/*'.1)0!,*+!.-%O'P-%!JKCL!_W!61*#)1-!&,0(-%G!H'3/)%!CU!,-&1!&$1<&!#$,#!#$%!JKCL!

_W!*/6-%/&!$,&!,!3)%,#%)!+%3)%%!1.!#'(!,+$%&'1*!,6)1&&!#$%!&/).,6%;!610(,)%+!#1!#$%!61*#)1-!

*/6-%/&;!,-#$1/3$!'#!'&!01)%!/*'.1)0!'*!'#&!(,##%)*G!E$'&!61/-+!'*+'6,#%!6$,*3%&!'*!%O()%&&%+!

&/).,6%! ()1#%'*&! .1--1<'*3! JKCL! _W;! #$,#! ,-#%)! #$%! ()1P%! ,+$%&'1*G! 56,**'*3! %-%6#)1*!

0'6)1&61(8!1.!#$%!&/).,6%!1.!#$%&%!*/6-%'!61*.')0!,!-1&&!'*!%O#%)'1)!0%0P),*%!610(-%O'#8;!

,*+!,!+%6)%,&%!'*!&/).,6%!(1)%!610(-%O%&!MH'3/)%!CeN!<$'-%!,-&1!,((%,)'*3!-%&&!&#)/6#/),--8!

61$%&':%;!<'#$!3)%,#%)!,01/*#&!1.!-11&%!0%0P),*%!0,#%)',-!#$,#!6,*!,661/*#!.1)!'*6)%,&%+!#'(!

,+$%&'1*!+/)'*3!,#10'6!.1)6%!0'6)1&61(8G!

!
 

E1!+%#%)0'*%!#$%!%-,&#'6!6$,),6#%)'&#'6&!1.! #$%!0%0P),*%;!CU!'*+':'+/,-!*/6-%'!.)10!4THU!

61*#)1-!,*+!JKCL!_W!6%--&!<%)%!()1P%+!,#!#$)%%!+'..%)%*#!(1'*#&!,6)1&&!#$%')!&/).,6%;!,*+!,#!

%,6$! (1'*#! #%&#%+!<'#$! BGg*>;! BGa*>! ,*+! C*>!1.! ,((-'%+! .1)6%! .)10! #$%! 6,*#'-%:%)G!E$%&%!

,((-'%+!.1)6%&!),*3%!1:%)! #$%!-1<%)!,*+!/((%)! -'0'#&!1.!.1)6%!,P-%! #1!P%!,((-'%+!P8!1(#'6,-!

#<%%I%)&! '*!,!(,),--%-!%O(%)'0%*#;! #1!%*,P-%!610(,)'&1*!1.!0%,&/)%0%*#&!P%#<%%*! #$%! #<1!

#%6$*'2/%&G!H'3/)%!CD!2/,*#'.'%&!#$%!+'&#'*6#!+'..%)%*6%!'*!P1#$!,:%),3%!&#'..*%&&!,*+!:,)',#'1*!



 CC"

P%#<%%*! '*+':'+/,-! 4THU! 61*#)1-! 1)! JKCL! _W! */6-%'G! 4THU! 61*#)1-! */6-%'! $,:%! ,!

61*&'&#%*#-8!$'3$%)!Z1/*3&!01+/-/&;!,!0%,&/)%!1.!%-,&#'6'#8;!1.!,)1/*+!CaVAaFK,!1:%)! #$%!

),*3%!1.!,((-'%+!.1)6%&;!610(,)%+!#1!CVAFK,!.1)!JKCL!_W!*/6-%'G!41)%1:%);!JKCL!_W!*/6-%'!

,)%!&'3*'.'6,*#-8!01)%!$1013%*1/&;!<'#$!,--!&,0(-%&!+'&(-,8'*3!,!&'0'-,)!-%:%-!1.!-1<!&#'..*%&&!

,*+!'*6)%,&%+!%-,&#'6'#8G!!E$'&!+,#,!+%01*&#),#%&!&!,!�ABFK,!+%6)%,&%!1.!#$%!Z1/*3&!01+/-/&;!

'*6)%,&'*3!#$%!%-,&#'6'#8!1.!#$%!*/6-%,)!0%0P),*%!1.!JKCL!_W!6%--&G!

!

!
Figure 17: AFM Force Mapping of MCF7 control and HP1! KD nuclei 
A) AFM map scan measuring height of first contact with the AFM tip, to map the surface topology of 
the nuclei. B) Map of slope readings, indicating resistance to the tip, stiffer areas are displayed as white, 
easily deformed areas as black. C) Adhesion map of nuclei, indicating degree of retention of the tip to 
the surface of the nuclei, ’stickier’ areas displayed as white, reduced adhesion displayed as black. All 
data was collected from nuclei settled in a glass dish, submerged in a wash buffer. 
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Figure 18: Scanning electron microscopy of isolated MCF7 control and HP1! KD nuclei 
MCF7 control and HP1!  KD nuclei on 0.4µm pore membrane filter, imaged on a scanning electron 
microscope with 15kV accelerating voltage. 
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Figure 19: Youngs elastic modulus of MCF7 control and HP1! KD nuclei  
A) Representative bright-field microscopy images of the isolated nuclei selected for AFM analysis.  
Field of view is 25x25µm. B) Calculated Youngs elastic modulus from AFM slope data (performed by 
Susav Pradhan) from 17 individual isolated nuclei from both MCF7 Control and HP1!  KD cells, 
measured at an approach force of 0.3nN, 0.5nN or 1nN.  
 
!  
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4.2.2: Characterisation of the nuclear periphery upon reduction of 
HP1! expression  

4.2.2.1: Disrupted lamina in MCF7 HP1! KD cells 
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Figure 20: KD of HP1! results in crumpling and distortion of Lamin A/C meshwork  
MCF7 control or HP1!  KD were processed for immunofluorescence microscopy using a primary 
antibody against lamin A/C.  Alexa Fluor® 647-conjugated goat anti-rabbit IgG was used as the 
secondary antibody. Scale bar: 10µm. A) Maximum intensity projection of confocal z-stack. B) Medial 
confocal slice of nuclei projection. Representative images of two biological replicates. Arrows indicate 
lamin A/C invaginations. 
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Figure 21: KD of HP1! results in increased punctuate foci of lamin B2 protein within the 
nucleus.  
MCF7 control or HP1!  KD cells were processed for immunofluorescence microscopy using a primary 
antibody against lamin B2.  Alexa Fluor® 647-conjugated goat anti-rabbit IgG was used as the 
secondary antibody. Scale bar: 10µm. A) Maximum intensity projection of confocal z-stack. B) Medial 
confocal slice of nuclei projection. Representative images of two biological replicates. 
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Figure 22: Different fixation methods did not improve lamin B 1 antibody epitope 
specificity 
MCF7 control or HP1!  KD cells were processed for immunofluorescence microscopy using a primary 
antibody against lamin B1.  A) Fixation of cells in 4% PFA B) Fixation of cells in -20ºC methanol. 
Alexa Fluor® 647-conjugated goat anti-rabbit IgG was used as the secondary antibody. Maximum 
intensity z-stack projections, with scale bar: at 10µm.  
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4.2.2.2: Increasing solubility of lamins upon HP1! KD 
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Figure 23: Western blot fractionation and loading controls for MCF7 cell fractions and 
nuclear envelope protein isolation 
A) Western blot of cell lysate fractionation and nuclear envelope protein probed for ! -Tubulin. 50kDa 
Tubulin is observed only in whole cell and cytoplasmic fractions, in equal amounts for control and 
HP1!  KD. B) Western blot probing for Histone H3, shows a successful fractionation of nuclear core 
histones from the cytoplasmic lysate. C) Coomassie staining of 10% SDS PAGE separating 25µl of 
nuclear envelope samples of MCF7 control and HP1!  KD cells. 
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Figure 24: MCF7 cells have reduced retention of lamina proteins A/C and B2 to the 
isolated nuclear membrane following KD of HP1! 
A) Western blot of cell lysate fractionation and isolated nuclear envelope protein probed for lamin 
A/C, demonstrating equal levels of lamin A/C in whole cells, and successful fractionation of nuclear 
components, yet significantly decreased levels of lamin A (~74kDa) and lamin C (~63kDa) in the HP1!  
KD cells. B) Western blot as for A, probing for lamin B2 showing a decrease in lamin B2 (~68kDa) 
isolated with the nuclear membrane material in HP1!  KD cells. 
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Figure 25: Lamin protein solubility increases in whole nuclei with HP1! in response to 
titrated salt concentrations. 
Western blot of salt supernatants following incubation of isolated whole nuclei, to detect relative 
degrees of detachment of the nuclear lamina between MCF7 control cells and those with HP1!  KD. A) 
Western blot probed for lamin A/C. B) Western blot probed for lamin B2. 
 

4.2.2.3: Visualising the nuclear lamina 
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Figure 26: Transmission electron microscopy of the nuclear membrane 
A) Representative transmission electron microscopy image of MCF7 control and HP1!  KD cells. 
Arrows indicate dense regions of heterochromatin. 34000x magnification. 
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Figure 27: Process to analyse immune-EM sample 
A-B) Digitally magnified image of MCF7 control cell stained with lamin B2 antibody, with 10nm gold 
colloidal bead-conjugated secondary antibody. 43000x magnification C) High magnification images 
overlayed on a 11500x magnification image with 10nm beads highlighted. D) Overview of the whole 
cell with protein target locations visible!
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4.2.2.4: HP1! KD Alters the Association of Proteins to the Nuclear 
Membrane 
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Figure 28: Lamin B receptor protein has decreased nuclear membrane retention and 
endoplasmic reticulum presence in MCF7 cells following HP1! KD 
A) Western blot of MCF7 control or HP1!  KD cell fractionation and isolated nuclear envelope protein 
probed for lamin B receptor demonstrating reduced retention of lamin B receptor to the nuclear 
membrane. B) MCF7 control or HP1!  KD cells were prepared for immunofluorescence microscopy 
using a primary antibody against the lamin B receptor protein.  Alexa Fluor® 647-conjugated goat anti-
rabbit IgG was used as the secondary antibody at Scale bar: 10µm. Maximum intensity z-stack 
projection. Lamin B receptor shows reduced endoplasmic reticulum presence following reduction of 
HP1!  (arrows indicate endoplasmic reticulum localisation).!
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Figure 29: Nuclear envelope proteins for identification by mass spectroscopy 
 Coomassie staining of 10% acrylamide gel separating 25µl of nuclear envelope samples of MCF7 
control and HP1!  KD cells. Labelled with bands that were excised for mass spectroscopy analysis. 
!
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!
Figure 30: Immunofluorescence confocal microscopy of nuclear membrane-associated 
candidate proteins 
MCF7 control or HP1!  KD were processed for immunofluorescence microscopy and probed for 
candidate nuclear membrane-associated proteins. Alexa Fluor 647-conjugated goat anti-rabbit IgG was 
used as the secondary antibody at 1/500. Scale bar: 10µm. A) Maximum projection Z stack of cells 
stained for integral nuclear membrane protein emerin. Loss of HP1!  is associated with an increase in 
extra-nuclear emerin foci. B) Cross section slice of MCF7 control and HP1!  KD cells probed for barrier-
to-autointegration factor (BAF), showing similar localisation and morphology between samples. C) 
Cross section slice of MCF7 control and HP1!  KD stained for HGMN5, with poor epitope specificity. 
D) Cross section slice of MCF7 control and HP1!  KD cells stained for PRR14. 
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4.3: Discussion 
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Chapter 5: Discussion 
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