
Structural	biology	of	genome	guarding:		
Making	sure	we	never	loose	a	chromosome		

	
	The	Sekulic	group	is	interested	in	understanding	molecular	mechanisms	that	are	assuring	
genomic	stability	during	cell	division.	During	mitosis	DNA	is	duplicated,	resulting	in	two	
identical	 chromosomes.	 These	 are	 held	 together	 at	 a	 special	 part	 of	 the	 chromosome,	
called	 the	 centromere.	 On	 the	 top	 of	 the	 centromere,	 a	 protein	 megacomplex	 –	 the	
kinetochore	–	forms	to	connect	duplicated	chromosomes	to	microtubules	that	emanate	
from	opposite	poles	of	the	dividing	cell.	Only	when	all	the	chromosomes	attach	correctly	
to	microtubules,	are	 the	sister	chromatids	separated.	These	 then	travel	 to	 the	poles	of	
the	 dividing	 cell.	 Making	 sure	 that	 each	 chromosome	 is	 attached	 correctly	 is	 very	
challenging	–	 it	 can	be	 likened	 to	making	sure	 that	23	pairs	of	kindergarteners	are	all	
holding	 hands	 whilst	 being	 dragged	 in	 opposite	 directions	 and,	 at	 the	 same	 time,	
managing	 to	 form	a	 straight	 line.	The	accuracy	with	which	 cells	 control	 this	 elaborate	
process,	 which	 happens	 at	 least	 a	 billion	 times	 a	 day	 in	 our	 organism,	 is	 intriguing.	
Mistakes	 resulting	 in	 inaccurate	 chromosome	 segregation	 are	 either	 detrimental,	 or	
typical	 of	 cancer	 cells.	 Furthermore,	 in	 cases	 of	 unequal	 division	 in	 germ	 cells,	 the	
results	 are	 congenital	 genomic	 disorders,	 such	 as	 Down	 syndrome.	 Thus,	 a	 better	
understanding	 of	 the	 molecular	 mechanisms	 that	 guard	 the	 genome	 during	 these	
numerous	cell	divisions	also	means	a	better	understanding	of	the	basics	of	genetics	and	
heredity	itself.	However,	further	research	in	this	field	also	holds	promise	to	initiate	new	
therapies	for	health	conditions.	

	
Our	research	focuses	on	centromeres.	We	want	to	understand	1)	What	are	the	structural	
determinants	 of	 centromere	 formation	 and	 maintenance?	 2)	 How	 does	 centromere	
recruits	major	effector	proteins	 in	mitosis?	and	3)	What	 is	 the	molecular	basis	 for	 the	
activation	of	central	mitotic	kinase,	Aurora	B?	
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Different	 levels	 of	 complexity	 that	 are	 studied	 to	 get	 the	 insight	 into	 mechanisms	 of	 maintenance	 of	
genomic	stability	during	cell	division.			
	



MASTER	–	Project:	NUCLEOSOME	BIOLOGY			
	
A	master	 thesis	 project	 is	 available	 at	 The	 University	 of	 Oslo	 in	 Sekulic	 lab	 at	 NCMM	
(Norwegian	 Center	 for	 Molecular	 Medicine).	 The	 aim	 of	 the	 project	 is	 to	 understand	
chromatin	organization	at	the	centromeres	at	molecular	 level.	 	Centromere	is	a	part	of	
the	 chromosome	 that	 serves	 as	 foundation	 for	 formation	 of	 kinetochore,	 protein	
structure	 that	 attaches	duplicated	 chromosomes	 to	opposite	poles	of	 the	dividing	 cell.	
Student	 will	 gain	 hands-on	 experience	 in	 purification	 of	 DNA,	 histones	 and	 other	
centromeric	 proteins	 using	 state-of-the-art	 technologies.	 He/she	 will	 assemble	
nucleosomes	 and	 nucleosome	 arrays	 in	 vitro	 for	 further	 biophysical	 analysis.	 It	 is	
essential	 to	 understand	 how	 is	 DNA	 packed	 in	 our	 cells	 and	 how	 is	 chromatin	
conformation	 used	 as	 basis	 for	 specifying	 the	 centromere.	 Without	 functional	
centromere,	 chromosomes	 are	 lost	 or	 broken	 –	 hallmark	 of	 cancers.	 	 The	 project	 is	
expected	to	last	for	6	–	12	months.	If	you	are	interested	please	contact	Nikolina	Sekulic	
(Nikolina.sekulic@ncmm.uio.no)	
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MASTER	–	Project:	MOLECULAR	BASIS	OF	GENOME	STABILITY			
	
A	master	 thesis	 project	 is	 available	 at	 The	 University	 of	 Oslo	 in	 Sekulic	 lab	 at	 NCMM	
(Norwegian	Center	for	Molecular	Medicine).	The	aim	of	the	project	is	to	use	biochemical	
and	 biophysical	 techniques	 to	 characterize	 molecular	 interactions	 at	 the	 centromere	
that	 are	 assuring	 equal	 segregation	 of	 chromosomes	 during	 cell	 division.	 Student	will	
gain	hands	on	experience	in	molecular	cloning,	bacterial	expression	and	purification	of	
proteins	using	state-of-the-art	equipment.	Final	stages	of	the	project	include	assembly	of	
multi-protein	 complexes,	 protein	 crystallization	 and	 use	 of	 X-ray	 crystallography	 to	
obtain	3D	structure	of	the	complex.	The	knowledge	gained	in	this	project	will	shed	the	
light	 on	 the	 major	 mechanisms	 that	 safeguards	 our	 genome	 during	 chromosome	
segregation	 and	will	 help	understand	how	 is	 this	 safety	mechanism	broken	 in	 cancer.	
The	project	 is	 expected	 to	 last	 for	6	–	12	months.	 If	 you	are	 interested	please	 contact	
Nikolina	Sekulic	(Nikolina.sekulic@ncmm.uio.no)	
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The	left	cell	is	dividing	properly,	but	the	right	one	shows	a	chromosome	segregation	defect.	The	
chromosomes	are	blue	and	the	microtubules	are	red.	(Photo	copyright:	Dartmouth	college,	USA)	
	



MASTER	–	Project:	COMPUTATIONAL	PROTEIN	MODELING		
	
A	 master	 thesis	 project	 is	 available	 at	 The	 University	 of	 Oslo.	 The	 project	 is	 a	
collaboration	 between	 the	 Sekulic	 lab	 at	 NCMM	 (Norwegian	 Center	 for	 Molecular	
Medicine)	 and	 the	 Cascella	 group	 at	 UiO	 The	 Department	 of	 Chemistry	 (	
https://www.mn.uio.no/kjemi/english/people/aca/michelec/	 ).	 The	 project	 is	 at	 the	
interface	of	biology,	chemistry,	physics	and	computational	techniques.	The	major	goal	is	
computational	 modelling	 of	 an	 enzyme,	 Aurora	 B,	 that	 is	 a	 cancer	 drug	 target.	 The	
student	 is	 expected	 to	 explore	molecular	 dynamics	 of	 the	 enzyme	 (protein	 kinase)	 in	
phosphorylated	 (active)	 and	 unphosphorylated	 (inactive)	 form.	 	 We	 use	 hydrogen-
deuterium	exchange	 to	 experimentally	measure	dynamic	differences	between	 the	 two	
different	 forms	 of	 the	 enzyme.	 The	 knowledge	 gained	 from	 computational	 modeling,	
together	with	the	collected	experimental	data	will	contribute	to	understanding	process	
of	enzyme	activation	and	it	will	serve	as	basis	for	generation	of	new	more	potent	cancer	
therapies.	The	project	is	expected	to	last	for	6	–	12	months.	If	you	are	interested	please	
contact	Nikolina	Sekulic	(Nikolina.sekulic@ncmm.uio.no).		
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	Understanding	the	role	of	flexibility	in	the	enzyme	activity	might	be	exploited	in	engineering	effective	
drugs	for	specific	cancer	targeted	therapy.		



	
The	University	of	Oslo	is	Norway’s	oldest	and	highest	ranked	educational	and	research	
institution,	with	28	000	students	and	7000	employees.	With	its	broad	range	of	academic	
disciplines	 and	 internationally	 recognised	 research	 communities,	 UiO	 is	 an	 important	
contributor	to	society.	
	

	
Centre	 for	Molecular	Medicine	 Norway	 (NCMM)	 was	 established	 in	 2008	 and	 is	 the	
Norwegian	 node	 in	 the	 Nordic	 EMBL	 Partnership	 for	Molecular	Medicine.	 NCMM	 is	 a	
joint	venture	between	the	University	of	Oslo,	Health	Region	South-East	and	the	Research	
Council	of	Norway.	From	2017	NCMM	is	merged	with	the	Biotechnology	Centre	of	Oslo	
and	now	has	altogether	11	research	groups.	The	overall	objective	of	NCMM	is	to	conduct	
cutting	 edge	 research	 in	 molecular	 medicine	 and	 biotechnology	 as	 well	 as	 facilitate	
translation	of	discoveries	in	basic	medical	research	into	clinical	practice.	

	

	


