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Abstract	
In	 recent	 years	 a	 significant	 research	 focus	 has	 been	 on	 the	 development	 of	
biomimicking	three-dimensional	substrates	for	cell	culturing.	Hydrogels	mimicking	the	
extracellular	 matrix	 is	 a	 well-suited	 scaffold	 for	 this	 purpose	 and	 there	 are	 many	
different	ways	 these	can	be	cross-linked	 to	retain	 their	shape.	The	group	of	Molecular	
Materials	 at	 IFM,	 Linköping	 University,	 is	 focusing	 on	 the	 development	 of	 physical	
hydrogels	hybridized	through	peptide-peptide	interactions	but	all	peptides	used	for	this	
today	are	created	using	rational	design	and	on	top	of	this	very	large,	making	them	time-
consuming	 and	 expensive	 to	 fabricate.	 The	 aim	 of	 this	 project	was	 to	 evaluate	 if	 One	
Bead	One	Compound	(OBOC)	libraries	could	be	used	as	an	alternative	to	rational	design	
in	the	finding	of	cyclic	peptide	binding	partners	used	in	the	hybridization	of	hydrogels.	
The	 results	 were	 not	 very	 promising	 though	 since	 only	 seven	 peptides	 passed	 all	
screening	steps	and	of	 these	only	two	could	be	sequenced.	Of	 these	two,	only	one	was	
water	soluble	enough	to	enable	binding	interactions	analysis	but	was	then	found	to	be	a	
false	 hit.	 Nevertheless,	 it	 should	 be	 noticed	 that	 only	 a	 fraction	 of	 all	 possible	
combinations	 was	 screened	 and	 the	 results	 cannot	 exclude	 OBOC	 libraries	 as	 an	
approach	in	the	quest	of	finding	new	cyclic	peptide	binding	partners.	
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Abbreviations	
	
ECM	 Extracellular	matrix	
OBOC	 One	Bead	One	Compound	
MS	 Mass	spectroscopy	
SAAP	 Streptavidin-alkaline	phosphatase	
SPPS	 Solid-phase	peptide	synthesis	
Boc	 t-butoxycarbonyl	
Bzl	 Benzyl	
Fmoc	 Fluorenylmethyloxycarbonyl	
tBu	 Tert-butyl	
DMF	 Dimethylformamide	
TFA	 Trifluoroacetic	acid	
TIS	 Triisopropylsilane	
PED	 Partial	Edman	degradation	
MALDI	 Matrix	assisted	laser	desorption	ionization	
TOF	 Time	of	flight	
RP-HPLC	 Reversed	phase	high-performance	liquid	chromatography	
NHS/OSU	 N-hydroxysuccinimide	
BCIP	 5-bromo-4-chloro-3-indolyl	phosphate	
BSA	 Bovine	serum	albumin	
PITC	 Phenyl	isothiocyanate	
CNBr	 Cyanogen	bromide	
SPR	 Surface	plasmon	resonance	
SPAAC	 Strain-promoted	azide-alkyne	cycloaddition	
DBCO	 Dibenzocyclooctyne	
DIPEA	 N,N-Diisopropylethylamine	
HCTU	 2-(6-Chloro-1-H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminium	
hexafluorophosphate	
OAll	 Allyloxycarbonyl	
Pd(PPh3)4	 Tetrakis(triphenylphosphine)palladium(0)	
CHCl3	 Chloroform	
AcOH	 Acetic	acid	
Morpholine	 4-methylmorpholine	
DEDT	 Sodium	diethyldithiocarbamate	trihydrate	
PyBOP	 Benzotriazol-1-yl-oxytripyrrolidinophosphonium	hexafluorophosphate	
HOBt	 Hydroxybenzotriazole	
DCM	 Dicholomethane	
Mtt	 4-methyltrityl	
AMCA	 7-Amino-4-methyl-3-coumarinylacetic	acid	
PBS	 Phosphate-buffered	saline	
Tris	 2-Amino-2-(hydroxymethyl)-1,3-propanediol	
HCl	 Hydrochloric	acid	
EDC	 N-(3-Dimethylaminopropyl)-N’-ethylcarbodiimide	hydrochloride	
PB	 Phosphate	buffer	
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Amino	acids	
	

Name	 Abbreviation	 Structure	

Alanine	 Ala,	A	

	

Valine	 Val,	V	

	

Isoleucine	 Ile,	I	

	

Leucine	 Leu,	L	

	

Methionine	 Met,	M	

	

Phenylalanine	 Phe,	F	

	

Tyrosine	 Tyr,	Y	

	

Tryptophan	 Trp,	W	

	

Serine	 Ser,	S	
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Theronine	 Thr,	T	

	

Asparagine	 Asn,	N	

	

Glutamine	 Gln,	Q	

	

Cysteine	 Cys,	C	

	

Glycine	 Gly,	G	

	

Proline	 Pro,	P	

	

Arginine	 Arg,	R	

	

Histidine	 His,	H	

	

Lysine	 Lys,	K	

	

Aspartic	acid	 Asp,	D	
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Glutamic	acid	 Glu,	E	

	

Naphthylalanine	 Nal	

	

Phenylglycine	 Phg	

	

Norleucine	 Nle	

	

Ornithine	 Orn	
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1.	Introduction	
For	a	long	time,	in	vitro	studies	of	mammalian	cells	on	two-dimensional	(2D)	substrates	
have	 provided	 substantial	 understanding	 of	 biological	 events	 like	 stem	 cell	
differentiation	 and	 the	 dynamics	 of	 the	 cell(1)	 and	 are	 also	 widely	 used	 in	 drug	
screening(2)	and	toxicity	testing(3).	But	in	the	last	couple	of	years	evidence	have	been	
provided	 that	 indicate	 that	 2D	 cell	 culturing	 is	 insufficient	 because	 different	 cell	
behaviors	 are	 observed	 in	 2D	 compared	 to	when	 cultured	 under	more	 natural	 three-
dimensional	(3D)	conditions.	Due	to	this,	3D	scaffolds	that	can	mimic	the	extracellular	
matrix	 (ECM)	 are	 of	 great	 interest	 and	 a	 lot	 of	 research	 focus	 is	 aimed	 at	 developing	
suitable	 scaffold.	 One	 such	 group	 of	 scaffolds	 is	 hydrogels.	 These	 polymeric	 networks	
have	 high	 water	 content,	 allows	 for	 diffusion	 of	 nutrients,	 proteins	 and	 the	
transportation	of	oxygen,	making	them	attractive	scaffolds.	They	can	also	have	different	
cell	adhesion	 ligands	attached	 to	 further	mimic	 features	of	 the	ECM(1).	There	are	 two	
different	 ways	 of	 crosslinking	 hydrogels	 making	 them	 retain	 their	 defined	 structure	
despite	 the	 high	 water	 content:	 either	 through	 chemical	 crosslinking	 or	 physical	
crosslinking.	Chemical	crosslinking	depends	on	the	 formation	of	covalent	bonds	which	
gives	good	mechanical	strength(4)	but	during	the	formation	of	these	bonds	reagents	are	
often	needed	that	can	damage	cells	and	biomolecules(4,5).	Physical	crosslinking	on	the	
other	 hand	 avoids	 this	 problem.	 These	 hydrogels	 are	 held	 together	 by	 physical	
interactions	 of	 different	 kinds.	 It	 can	 for	 example	 be	 through	 ionic	 interactions,	
hydrogen	 bonds,	 protein-protein	 interactions(4)	 or	 through	 self-assembly	 of	
proteins(5).	
	
The	group	of	Molecular	Materials	 at	 IFM,	Linköping	University,	 has	developed	a	 small	
library	 of	 peptides	 used	 for	 hybridization	 of	 hydrogels	 through	 physical	 crosslinking.	
These	peptides	have	been	created	using	rational	design,	where	results	are	uncertain	and	
the	 process	 is	 time	 consuming.	 In	 addition,	 the	 existing	 peptides	 are	 relatively	 large,	
which	take	long	time	to	synthesize	on	top	of	being	an	expensive	process.	There	is	also	a	
wish	 to	 include	peptides	with	new	properties.	Binding	partners	with	different	 affinity	
and	 an	 increased	 proteolytic	 stability	 are	 characteristics	 that	 can	 further	 evolve	 the	
properties	of	the	hydrogels	used	today.	

1.1.	Aim	
The	 aim	 of	 this	 project	 was	 to	 analyze	 if	 One	 Bead	 One	 Compound	 (OBOC)	 libraries	
could	 be	 used	 as	 a	 quick	method,	 as	 oppose	 to	 rational	 design,	 to	 find	 cyclic	 peptide	
binding	 partners	 that	 could	 be	 used	 in	 the	 further	 development	 of	 supramolecular	
hydrogels.	The	goal	was	also	to	find	binding	partners	of	a	much	smaller	length	than	used	
today.	An	increased	proteolytic	stability	as	well	as	new	properties	when	hybridized	into	
a	hydrogel	was	also	desirable.	
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1.2.	Objectives	
In	 order	 to	 analyze	 if	 OBOC	 could	 be	 used	 to	 quickly	 find	 new	 cyclic	 peptide	 binding	
partners	 the	 aim	 was	 divided	 into	 five	 main	 objectives.	 These	 were	 set	 in	 order	 of	
execution	and	the	end	of	each	objective	represented	milestones	for	the	project.	
	
Objective	1	
Synthesis	 and	 characterization	 of	 the	 cyclic	 peptides	 needed	 for	 the	 screening	 of	 the	
OBOC	 library.	 This	 included	 cyclization,	 labeling	 and	 purification	 as	 well	 as	 mass	
spectroscopy	(MS)	analyzes	to	confirm/validate	the	progressive	synthesis.	
	
Objective	2	
Screening	the	cyclic	peptides	against	the	OBOC	library	to	investigate	if	binding	partners	
could	be	observed.	At	least	two	screenings	were	required	to	validate	the	result	as	well	as	
to	 remove	 false	 positive	 hits.	 These	 screenings	 focused	 on	 streptavidin-alkaline	
phosphatase	 (SAAP)	 screenings	 though	 fluorescence	 screening	 was	 an	 alternative	 for	
the	second	screening.	
	
Objective	3	
Characterization	and	synthesis	of	the	hits	found	from	the	screenings	of	the	OBOC	library.	
	
Objective	4	
Characterize	binding	interactions	between	the	hits	and	the	cyclic	peptides	to	evaluate	if	
the	 screenings	 led	 to	 the	 finding	 of	 new	 cyclic	 binding	 partners	 with	 high	 affinity	
towards	each	other.	
	
Objective	5	
If	 there	was	 time,	 conjugate	high	affinity	binding	partners	 to	a	polymeric	backbone	 to	
see	if	it	was	possible	to	create	self-assembling	hydrogels	through	the	use	of	these	small	
cyclic	peptides.	

1.3.	Limitations	
To	be	able	 to	analyze	 if	OBOC	 libraries	could	be	used	as	a	quick	method	 to	 find	cyclic	
peptide	binding	partners	on	the	20	weeks	that	were	on	disposal	some	limitations	of	the	
project	had	to	be	established.	

• Only	binding	partners	of	the	same	length	would	be	screened	and	the	length	of	the	
cyclic	peptide	on	the	existing	OBOC	library	beads	determined	the	length.	

	 	



	 13	

1.4.	Ethical	considerations	
There	were	no	major	 ethical	 considerations	with	direct	 connection	 to	 this	project.	No	
animal	 studies	were	performed	or	 can	be	seen	 in	 the	 future,	 as	 results	of	 this	project,	
and	no	human	samples	were	needed.	The	only	consideration	that	had	to	be	taken	was	
the	hazardous	substances	used	during	the	synthesis.	These	were	cared	for	according	to	
safety	 regulations.	However,	 from	 a	more	 long-term	perspective	 development	 of	 ECM	
mimicking	 hydrogels	 can	 have	 significant	 ethical	 and	 societal	 implications.	 3D	 cell	
culture	 is	 expected	 to	 reduce	 the	 need	 for	 animal	 studies	 during	 pre-clinical	 drug	
development	and	provide	tissue	models	with	better	predictive	value,	which	in	addition	
to	 decrease	 suffering	 in	 animals	 can	 reduce	 time	 and	 costs	 for	 development	 of	 new	
drugs.	Dynamic	hydrogels	are	also	essential	components	 in	cell-based	therapies	under	
development,	which	can	have	a	dramatic	impact	on	our	capabilities	to	treat	dieses,	and	
repair	damaged	or	lost	organs	and	tissues.			
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2.	Theory	
Theory	regarding	important	aspects	of	the	project	is	presented	in	this	section.	

2.1.	Peptides	
Proteins	are	essential	components	 in	all	 living	systems	and	their	 functions	range	 from	
transportation	 and	mechanical	 support	 to	 catalysis	 and	 immune	 protection.	 They	 are	
built	by	amino	acids	 in	a	 linear	way	and	their	broad	 functional	spectrum	is	due	to	 the	
many	 different	 functional	 groups	 found	 on	 the	 amino	 acids(6)	 but	 for	 the	 biological	
activity	the	specific	three-dimensional	folding	is	of	great	importance(7).	The	connection	
between	 the	 peptide	 sequence	 and	 the	 three-dimensional	 structure	 is	 still	 unclear	 to	
most	 parts,	 called	 the	 protein-folding	 problem,	 but	 some	 sequence-to-structure	
relationships	exist.	One	example	of	these	is	the	coiled-coil	motif(8),	which	structure-to-
sequence	relationship	has	been	used	in	the	rational	design	of	peptides(9).	Depending	on	
the	length	of	the	amino	acid	sequence	it	is	called	different	names.	If	it	contains	below	50	
amino	acids	it	is	most	often	called	a	peptide	while	bigger	chains	are	called	proteins(6).	

2.1.1.	Building	blocks	
As	 already	 mentioned,	 peptides	 are	 built	 by	 amino	 acids.	 They	 consist	 of	 one	 amino	
group	 (called	 N-terminal),	 one	 carboxylic	 group	 (called	 C-terminal)	 and	 in	 between	
these	a	α-carbon,	which	also	binds	one	hydrogen	and	one	R-group.	This	R-group	is	also	
called	side	chain	and	it	is	where	the	different	functional	groups	are	located.	Since	the	α-
carbon	 is	bound	to	 four	different	groups/molecules	 it	 is	chiral,	meaning	 it	can	exist	 in	
two	mirror-image	forms,	L-	and	D-amino	acids.	L-amino	acids	are	the	enantiomers	found	
in	our	bodies(6).	
	
Amino	acids	are	joined	together	by	a	condensation	reaction	creating	a	so-called	peptide	
bond	 or	 amide	 bond.	 In	 this	 process	 a	 water	 molecule	 is	 released	 when	 the	 binding	
between	the	amino	group	and	the	carboxyl	group	is	formed.	An	amino	acid	sequence	is	
written	from	the	N-	to	the	C-terminal(6).	
	
Due	to	the	different	functional	groups	on	the	side	chains	the	amino	acids	have	different	
properties.	Some,	 like	Pro	and	Ala,	are	hydrophobic	while	others,	 like	Tyr	and	Ser,	are	
polar.	 Some	 are	 uncharged,	 like	 Trp,	 while	 others,	 like	 Lys	 and	 Glu,	 are	 charged(6).	
There	 are	 also	more	 specific	 properties	 like	 tryptophans	 ability	 to	 absorb	 ultraviolet	
radiation	 of	 280	 nm,	 which	 can	 be	 used	 for	 peptide	 concentration	 determination	
utilizing	beer	Lamberts	 law1(10).	Another	property,	 general	 for	 all	 amino	acids,	 is	 the	
increased	 proteolytic	 stability	 of	 a	 peptide	 if	 D-amino	 acids	 are	 incorporated	 in	 the	
sequence	through	a	substitution	of	their	L-amino	acid	enantiomers(11).	
	 	

																																																								
1 	𝐴! = 𝜀! ∗ 𝑙 ∗ 𝐶 ,	 where	 Aλ	 is	 the	 absorbance	 at	 wavelength	 λ,	𝜀! 	is	 the	 extinction	
coefficient	at	wavelength	λ,	l	is	the	cuvette	length	and	C	is	the	concentration	
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2.1.2.	Cyclic	form	
Although	 linear	 peptides	 have	 a	 lot	 of	 favorably	 properties	 they	 have	 some	 major	
problems	 as	 well.	 These	 problems	 include	 poor	 bioavailability,	 vulnerability	 to	
proteolytic	 enzymes(12)	 and	 poor	 physical	 and	 chemical	 stability	 when	 used	 as	
therapeutics(13).	One	way	of	 increasing	 the	biological	activity	of	peptides	 is	 to	cyclize	
them(14),	 but	 this	 is	 not	 as	 trivial	 as	 it	 sounds.	 It	 requires	 orthogonally	 protected	
precursors(15,16),	which	can	be	selectively	deprotected	while	all	other	reactive	groups	
that	 are	 not	 supposed	 to	 participate	 in	 the	 cyclization	 remain	 protected,	 and	 these	
(often)	 side-chain	 protection	 groups	 can	 cause	 steric	 hindrance	 hampering	 the	
cyclization(15).	Another	important	factor	in	the	cyclization	is	to	have	a	coupling	reagent	
that	 does	 not	 inflict	 racemization	 since	 this	 otherwise	 can	 be	 the	 outcome	 when	
activating	 the	 carboxyl	 group(16,17),	 a	 necessity	 for	 the	 creation	 of	 the	 peptide	
bond(17).	
	
While	cyclic	peptides	can	be	somewhat	trickier	to	synthesize	than	linear	peptides	their	
many	 advantages	 makes	 up	 for	 it.	 Cyclic	 peptides	 exhibit	 an	 increased	
bioavailability(15),	increased	chemical	and	proteolytic	stability(14,18)	and	a	decreased	
conformational	 freedom	due	to	the	constrained	structural	 framework	of	 the	cycle.	The	
later	 of	 these	 leads	 to	 an	 increase	 in	 binding	 affinity	 because	 the	 restrains	 reduce	
unfavorable	entropic	effects(12).		
	
Recently,	Hosseinzadeh	et	al	showed	that	it	is	possible	to	computationally	design	cyclic	
peptides	 having	 only	 one	 stable	 folding	 structure,	 which	 they	 demonstrated	 by	
chemically	 synthesize	 twelve	 of	 their	 predicted	 macrocycles	 and	 characterize	 them	
using	 NMR.	 Hosseinzadeh	 et	 al	 concluded	 that	 the	 defined	 structure	 for	 their	 cyclic	
peptides	greatly	depended	on	a	L-	or	D-Pro	 residue,	 side-chain-to-backbone	hydrogen	
bounds	 and	 the	 chirality	 of	 the	 residues,	 where	 the	 most	 disrupting	 substitutions	
comprised	 of	 substitute	 Pro	 to	 another	 amino	 acid	 and	 substitute	 amino	 acid	
enantiomers	with	each	other(19).	

2.2.	Solid	phase	peptide	synthesis	
Solid-phase	peptide	synthesis	(SPPS)	is	a	method	that,	when	it	came,	revolutionized	the	
strategy	 of	 peptide	 synthesis.	 Before	 this,	 the	 main	 strategy	 was	 solution	 phase	
synthesis	 but	 this	 technique	 has	 some	 major	 drawbacks	 for	 peptide	 synthesis	 like	
demanding	 purification	 and	 an	 incapacity	 of	 automation(20).	 Solid	 phase	 peptide	
synthesis	on	the	other	hand	has	 its	advantages	 in	the	drawbacks	of	the	solution	phase	
synthesis:	(i)	it	 is	a	simple	and	fast	method	where	every	reaction	can	be	carried	out	in	
the	 same	 reaction	 vessel,	 (ii)	 losses	 of	 intermediates	 during	 the	 isolation	 and	
purification	are	prevented	 leading	 to	high	efficiency(17)	and	 (iii)	 the	 synthesis	 can	be	
automated(20).	As	mentioned,	solid	phase	synthesis	prevents	the	loss	of	intermediates	
and	this	 is	because	the	solid	support	with	 its	attached	peptides	can	be	separated	from	
the	by-products	and	excess	reagents	by	filtration	and	washing.	This	makes	it	possible	for	
the	coupling	reaction	to	be	driven	into	completion,	using	high	concentrations	and	a	large	
excess	of	reagents,	resulting	high	yields(20).	
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In	SPPS	the	peptide	synthesis	 is	performed	 from	the	C-	 to	 the	N-terminus.	To	simplify	
the	purification	and	to	avoid	side	reactions	at	the	C-terminus	a	polymeric	solid	“resin”	is	
attached	there.	Between	the	resin	and	the	first	amino	acid	is	a	short	linker	incorporated	
to	prevent	 formation	of	aggregates	and	to	allow	for	a	selective	cleavage	of	 the	peptide	
from	the	resin(17,21).	When	the	coupling	reaction	is	performed	both	the	side	chain	and	
the	N-terminus	of	 the	to	be	coupled	amino	acid	must	be	protected	and	for	N-terminus	
protection	 there	 are	 two	 strategies:	 the	 t-butoxycarbonyl	 (Boc)/benzyl	 (Bzl)	 and	 the	
fluorenylmethyloxycarbonyl	 (Fmoc)/tert-butyl	 (tBu).	 The	 later	 of	 these	 is	 today	 the	
most	common	one	used,	also	the	strategy	used	in	this	report,	and	it	is	because	different	
mechanisms	are	used	in	the	removal	of	temporary	and	permanent	orthogonal	protecting	
groups(20,22).	 The	 temporary	 protecting	 group	 is	 Fmoc,	 at	 the	 N-terminus,	 and	 it	 is	
usually	removed	by	a	short	incubation	in	20%	piperidine	in	dimethylformamide	(DMF).	
The	permanent	protecting	groups	on	the	other	hand	are	located	at	the	side	chains	of	the	
amino	acids	to	protect	them	from	the	conditions	used	for	peptide	elongation.	These	are	
removed	with	trifluoroacetic	acid	(TFA)(20).	
	
The	 procedure	when	 the	 first	 amino	 acid	 is	 bound	 to	 the	 resin	 is	 called	 loading(20).	
When	 the	 loading	 is	 performed	 excess	 reagents	 and	 byproducts	 are	 removed	 by	
filtration	and	washing	of	the	resins.	The	N-terminus	protecting	Fmoc	group	is	removed	
followed	by	another	filtration	and	washing.	Then	the	next	amino	acid	is	added	but	to	be	
able	 to	 form	 the	peptide	bond	 a	 coupling	 reagent	 is	 needed	 to	 activate	 the	 carboxylic	
acid	and	to	maintain	its	stereochemistry	during	the	coupling(17,21,23).	The	process	of	
alternating	deprotection	and	coupling	of	a	new	amino	acid	is	continued	until	the	desired	
sequence	is	obtained	(Figure	1).	
	
The	last	step	is	to	cleave	the	peptide	from	the	resin	as	well	as	to	remove	the	protection	
groups	on	the	side	chains	using	concentrated	TFA(20).	When	deblocking	the	side	chains	
in	 these	 acetic	 conditions	 their	 previous	 protection	 groups	 will	 produce	 stabilized	
carbocations.	These	can	cause	unwanted	byproducts	by	reacting	with	electron	rich	side	
chains	like	Cys,	Thr,	Trp	and	Ser.	Adding	of	a	carbocation	scavenger,	 like	ethanedithiol	
or	triisopropylsilane	(TIS),	during	the	cleaving	minimizes	this(20,24).	
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Figure	1:	A	schematic	view	of	the	SPPS-principle.	

In	this	project,	H-rink	amide	ChemMatrix	resin	(rink-amide)	was	used	as	resin	and	the	
linker	connecting	the	bead	and	the	peptide	consisted	of	three	amino	acids.	The	first	one,	
closest	 to	 the	 bead,	was	 an	 orthogonally	 protected	 Lys,	which	was	 used	 to	 connect	 a	
labeling	 molecule	 to	 the	 peptide.	 The	 other	 two	 were	 beta-alanines	 and	 their	 main	
function	were	to	work	as	spacers.	The	outcome	of	using	rink-amide	as	resin	is	that	when	
cleaved	from	the	bead	the	C-terminal	of	the	peptide	will	have	an	amide	group	instead	of	
the	usual	carboxyl	group.		
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2.3.	One-Bead-One-Compound	
Combinatorial	 libraries	 consist	 of	 104-108	different	molecules	 and	are	 important	 tools	
used	almost	exclusively	in	the	drug	discovery	process.	These	libraries	are	created	by	a	
biological	or	a	synthetic	approach	and	several	different	methods	exist	for	preparing	and	
screening	 combinatorial	 libraries.	 One	 of	 these	 is	 the	 OBOC	 combinatorial	 library	
method(25).	
	
The	 idea	behind	OBOC	 is	 to	 create	 a	peptide	 library	of	millions	of	 beads	where	 every	
bead	has	its	own	unique	peptide	sequence.	For	this	to	be	efficient	it	is	important	that	all	
peptide	 sequences	 on	 a	 single	 bead	 are	 identical	 and	 it	 is	 achieved	 by	 “split	 and	mix	
synthesis”(25,26).	In	split	and	mix	synthesis,	which	utilizes	the	SPPS-method,	the	resin	
beads	are	divided	equally	into	separate	reaction	vessels.	To	each	vessel	a	single	amino	
acid	 is	added	and	the	reaction	 is	driven	to	completion.	Then	all	 fractions	are	repooled	
and	mixed	followed	by	a	new	split	of	beads	into	separate	vessels.	This	cycle	is	repeated	
until	the	number	of	desired	randomized	positions	are	attached	(Figure	2)(26,27).		
	
The	diversity	of	peptide	 sequences	 that	 can	be	generated	by	 this	method	 is	 large.	 For	
example	a	 library	consisting	of	pentapeptides	with	any	one	of	 the	natural	amino	acids	
(except	 cysteine)	 randomly	 incorporated	 can	generate	up	 to	2,476,099	 (195)	different	
peptide	sequences(26).	
	

	
Figure	2:	Prolongation	of	the	peptide	sequence	on	the	beads,	showing	how	quick	the	diversity	of	sequences	
increase.	

As	mentioned,	OBOC	libraries	are	used	to	identify	active	compounds	mostly	for	the	drug	
discovery	process	and	this	is	accomplished	by	screening	the	prospective	target	against	
the	 library.	 The	 prospecting	 target	 can	 for	 example	 be	 cell	 surface	 binding	 ligands	 or	
proteases(25,28).	After	the	screening	the	positive	beads	are	collected	and	sequenced	but	
for	 a	 cyclic	 peptide	 library	 a	 different	 strategy	 is	 needed	 since	 the	 Edman	 chemistry	
requires	 a	 free	 N-terminus,	 which	 cyclic	 peptides	 lack.	 To	 be	 able	 to	 sequence	 these	
beads	they	have	a	chemical	coding	tag	incorporated	within	them(25).	This	coding	tag	is	
the	linear	version	of	the	cyclic	peptide	found	on	the	interior	of	the	bead,	thus	providing	
the	 free	 N-terminus	 needed	 for	 sequencing	 using	 partial	 Edman	 degradation	 (PED)-



	 19	

MS(29).	That	the	tag	is	in	the	interior	of	the	bead	is	favorable	since	it	eliminates	the	risk	
of	 interference	 in	 the	 screening	 from	 the	 coding	 tag,	which	would	 otherwise	 result	 in	
false	positive	hits(25).	
	
One	problem	with	OBOC	screenings	though	is	that	it	usually	gives	a	lot	of	false	positive	
hits	 due	 to	 high	 peptide	 concentration	 attached	 to	 the	 bead	 surface,	 allowing	 the	
screening	 peptide	 to	 simultaneously	 interact	with	many	 different	 targets.	 This	 can	 be	
avoided	by	using	spatially	segregated	beads	and	several	subsequent	screenings.	There	
are	many	different	screening	methods	availably	and	some	examples	are	SAAP-screening	
(an	enzyme-linked	assay)	and	fluorescence	screening(29).	

2.3.1.	OBOC	library	used	in	the	project	
There	were	 two	 already	 synthesized	 OBOC	 libraries	 available	 at	 the	 beginning	 of	 the	
project,	 either	 a	 C7-	 or	 a	 C9-library.	 This	meant	 that	 the	 cyclic	 peptides	 consisted	 of	
seven	or	nine	amino	acids,	with	six	and	eight	randomized	positions	respectively.	Since	
shorter	 sequences	are	usually	easier	 to	 sequence,	 the	C7-library	was	 chosen	as	 to	not	
create	more	problems	than	necessary.	The	C7-library	consisted	of	1-2	million	beads	and	
was	designed	using	23	different	amino	acids	(Appendix	A).	These	were	both	in	L-	and	D-
form	 and	 when	 combining	 these	 a	 total	 of	 148	 035	 889	 (236)	 combinations	 were	
possible,	meaning	only	a	fraction	of	all	possible	combinations	was	used	for	screening.		
	
When	 creating	 the	 OBOC	 library	 the	 supervisor	 added	 small	 amounts	 of	 a	 protecting	
carboxyl	group	to	 the	coupling	reaction	of	a	 few	specific	amino	acids;	D-Ala,	D-Leu,	D-
Lys,	 L-Nle	 and	 L-Orn.	 This	 carboxyl	 group	 binds	 to	 the	N-terminal	 preventing	 further	
elongation	and	it	was	used	to	enable	separation	of	amino	acids	of	different	enantiomers	
or	 amino	 acids	 having	 the	 same	mass,	 commonly	 referred	 to	 as	 isobaric	 amino	 acids,	
such	as	Leu,	Ile	and	Nle,	during	the	sequencing	of	the	peptides	on	the	OBOC	beads.	The	
prevented	elongation	could	be	detected	as	an	additional	mass	found	as	a	peak	before	the	
peak	of	the	amino	acid	and	the	existence	or	not	of	the	additional	peak	showed	which	of	
the	otherwise	inseparable	amino	acids	that	had	given	rise	to	the	peak.		
	
The	resin	used	for	fabrication	of	the	OBOC	library	used	in	this	project	was	TentaGel.	This	
bead	has	a	polystyrene	core,	 ideal	 for	SAAP-screenings,	but	on	 the	other	hand	 it	has	a	
high	 auto-fluorescence	 signal,	 not	 so	 ideal	 for	 fluorescence	 screenings.	TentaGel	 has	 a	
high	mechanical	strength	allowing	 for	spatial	segregation	of	 the	 inner	and	outer	 layer,	
making	it	possible	to	incorporate	the	linear	version	of	the	peptide	in	the	interior	of	the	
bead	as	a	coding	tag(30).	The	linear	version	and	the	cyclic	version	of	the	peptide	on	the	
OBOC	 beads	 were	 synthesized	 on	 different	 linkers	 to	 facilitate	 the	 sequence	 analysis	
using	matrix	 assisted	 laser	desorption	 ionization	 (MALDI)	 –	 time	of	 flight	 (TOF)	 –	MS	
(Figure	3).	By	having	a	mass	difference	between	 the	 full-length	 linear	peptide	and	 the	
cyclic	peptide	of	more	 than	18	Da,	due	 to	 the	 loss	of	H2O	at	 cyclization,	 it	 is	 easier	 to	
locate	 the	 start	 of	 the	 sequence	 in	 the	MS-spectrum.	 For	 this	 OBOC	 library	 the	mass	
difference	between	these	was	326.07	and	the	mass	of	 the	 linker	 for	 the	 linear	peptide	
was	688.37.	



	 20	

	
Figure	3:	Shows	the	OBOC	bead	where	the	interior	coding	code	can	be	seen	as	the	linear	version	of	the	peptide	
while	 the	cyclic	peptide	 is	coupled	to	 the	outer	 layer.	The	different	 linkers	are	visualized	through	different	
colored	bars.	

2.4.	Self-assembly	
Molecular	 self-assembly	 is	 a	 spontaneous	 process	 either	within	 the	 same	molecule	 or	
between	 different	 molecules.	 During	 the	 process,	 non-covalent	 bonds	 are	 formed	 in	
order	 to	 create	 ordered	 structures(31).	 Non-covalent	 bonds	 include	 hydrophobic	
interactions,	electrostatic	 interactions(32),	aromatic	stacking(14),	hydrogen	bonds	and	
van	 der	 Waals	 interactions	 and	 by	 themselves	 these	 are	 not	 very	 strong(31)	 but	
combining	them	all	 together	creates	a	 force	strong	enough	to	maintain	the	 low-energy	
state	of	the	molecule(s).	This	minimal	energy	state	is	the	driving	force	behind	the	self-
association(32).	 The	 ordered	 structures	 created	 by	 self-assembly	 can	 be	 found	
everywhere	around	us	and	some	examples	include	formation	of	lipid	bilayers,	molecular	
crystals(31),	DNA	double-helix	formation	and	protein	folding(32).	

2.5.	Hydrogels	
Hydrogels	consist	of	a	polymeric	network	with	high	water	content	and	their	applications	
reach	from	3D	cell	culture(5)	and	systems	for	drug	delivery(33)	to	smart	materials(34).	
When	used	in	3D	cell	culturing,	the	hydrogels	ability	to	mimic	the	ECM	is	utilized.	This	
includes	 the	 high	 water	 content,	 the	 possibility	 to	 attach	 cell	 adhesion	 ligands,	 its	
degradability	and	easy	diffusion	of	nutrients	and	oxygen(1).	As	a	synthetic	ECM	analog	
the	 hydrogel	 also	 needs	 to	 support	 the	 growth	 and	 differentiation	 of	 cells.	 However,	
depending	on	the	cell	type	to	be	cultured	different	hydrogel	properties,	like	mechanical	
and	chemical	properties,	are	needed	and	must	be	precisely	controlled(5).	
	
Molecular	 self-assembly	 can	 be	 used	 to	 fabricate	 hydrogels	 and	 the	 nature	 of	 this	
binding	 (e.g.	 affinity)	will	 define	 the	 properties	 of	 the	 gel,	 resulting	 in	 properties	 like	
self-healing	and	shear	thinning.	Peptides	offer	many	advantages	here	mostly	due	to	their	
biofunctionality,	chemical	diversity	and	robustness.	They	can	be	tailored	using	rational	
design	and	synthesized	with	SPPS	to	have	very	defined	self-assembly	properties,	which	
often	relay	on	peptide	folding.	By	attaching	these	peptides	to	a	polymeric	backbone	the	
folding	 propensity	 of	 the	 peptides	will	 define	 the	 properties	 of	 the	 hydrogel(5,32,35).	
Nevertheless	hybridization	of	hydrogels	is	not	limited	to	protein	folding	and	many	more	
non-covalent	 associations	 are	 currently	 in	 use,	 for	 example	 hydrogen	 bonding,	 host-
guest	 interactions(36)	 and	 peptide-peptide	 association(37).	 The	 later	 of	 these,	 is	 of	
paramount	interest	for	this	project.	
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3.	Materials	and	methods	
This	section	describes	the	methods	used	for	characterization,	the	peptide	design	and	the	
experimental	setups	used	throughout	the	project.	

3.1.	Characterization	techniques	
Explanations	of	the	theory	behind	the	characterization	techniques	utilized.	

3.1.1.	RP-HPLC	
High-performance	 liquid	 chromatography	 (HPLC)	 is	 a	 chromatography	method	where	
high	pressure	 forces	 the	sample	 through	a	packed	column,	giving	rise	 to	high-solution	
separation.	 This	 separation	 is	 based	 on	 different	 interaction	 strengths	 of	 the	 sample	
compounds	with	a	stationary	phase	in	the	column.	There	is	also	a	mobile	phase,	which	is	
forced	 through	 the	 stationary	 phase	 dragging	 the	 sample	 components	 with	 it.	 In	
reversed	 phase	 HPLC	 (RP-HPLC)	 the	 stationary	 phase	 is	 nonpolar	 while	 the	 mobile	
phase	is	polar.	The	more	nonpolar	sample	component,	the	stronger	interaction	with	the	
stationary	phase	and	 thus	 the	 longer	 retention	 time.	By	decreasing	 the	polarity	of	 the	
mobile	 phase	 the	 sample	 will	 be	 eluted	 more	 quickly	 and	 if	 this	 decrease	 is	 done	
continuously	it	is	called	gradient	elution(38).	

3.1.2.	SAAP-screening/Enzyme-linked	assay	
SAAP-screening	is	an	enzyme-linked	assay	dependent	on	the	strong	interaction	between	
biotin	 (vitamin	 H)	 and	 streptavidin.	 In	 fact,	 the	 Ka	 for	 this	 interaction	 is	10!" L/mol	
making	 it	many	 times	 stronger	 than	 interaction	between	antibodies	 and	 their	 ligands.	
This	 is	 a	 favorable	 property	 since	 it	 enables	 the	 complex,	 once	 formed,	 to	 be	washed	
several	 times(39)	 which	 is	 a	 key	 feature	 in	 the	 on-bead	 SAAP-screening	 of	 OBOC	
libraries.	
	
Biotin	has	a	molecular	weight	of	244.31	Da,	which	makes	it	relatively	small,	and	it	can	be	
coupled	to	peptides	using	an	N-hydroxysuccinimide	ester	(NHS-ester)	biotin	analog	that	
creates	 an	 amide	 bound	usually	 to	 the	 ε-amino	 group	 on	 lysines.	One	 advantage	with	
biotin	is	its	rather	low	influence	on	the	properties	of	the	bound	peptide(39).	This	can	be	
utilized	by	 labeling	 the	peptide	 to	be	 screened	 against	 the	OBOC	 library	with	 a	 biotin	
since	 it	 provides	 a	 detection	 system	 for	 the	 interaction	without	 affecting	 the	peptides	
ability	to	interact	with	the	cyclic	peptides	on	the	library	beads.	
	
To	be	able	to	detect	the	peptide	interaction	through	the	biotin	–	streptavidin	interaction,	
streptavidin	has	to	be	labeled.	One	usual	enzyme	to	conjugate	to	streptavidin	is	alkaline	
phosphatase(39).	By	 adding	5-bromo-4-chloro-3-indolyl	phosphate	 (BCIP),	 an	 alkaline	
phosphatase	 substrate,	 an	 intense	 turquoise	 color	 arises(28,40).	 Tentagel	 beads	 are	
ideal	for	SAAP-screenings	due	to	their	hydrophobic	polystyrene	core,	where	the	colored	
compound	can	diffuse	into	and	tightly	bind	to,	making	it	easy	to	separate	the	hits	from	
the	none	hits(30).	
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One	problem	when	performing	SAAP-screening	is	the	high	number	of	false	positive	hits.	
These	arise	from	nonspecific	interactions	of	any	kind	that	does	not	include	the	wanted	
peptide-peptide	interaction	and	many	times	it	is	due	to	a	high	ligand	density	on	the	bead	
surface.	 This	 gives	 a	 seemingly	 high	 affinity	 for	 low	 affinity	 binders	 when	 they	 are	
enable	 to	 simultaneously	 interact	 with	 many	 bead-bound	 peptides(30).	 One	 way	 of	
reducing	 nonspecific	 interactions	 is	 to	 add	 a	 molecule	 to	 the	 SAAP-reaction	 that	 can	
block	these.	This	molecule	can	be	for	example	bovine	serum	albumin	(BSA)(41),	Tween	
20	or	gelatin(30).	
	
When	 performing	 a	 SAAP-screening	 the	 beads	 can	 turn	 turquoise	 because	 of	 two	
reasons.	Either	 it	 is	 the	wanted	 case	where	 the	biotinylated	peptide	has	bound	 to	 the	
peptide	on	the	bead	or	it	can	be	because	streptavidin	has	bound	unspecific	to	the	beads.	
One	way	of	finding	out	which	was	the	case	is	to	perform	a	subsequent	SAAP-screening	
without	the	biotinylated	peptide.	By	following	the	same	procedure,	except	the	addition	
of	biotinylated	peptide,	it	is	possible	to	detect	the	hits	cause	by	streptavidin	interaction.	
Those	 hits	 that	 once	 again	 turn	 turquoise	 were	 false	 positives	 and	 can	 be	 discarded	
while	the	remaining	beads	should	be	true	hits.	To	be	certain,	a	third	SAAP-screening	can	
be	performed	with	the	exact	same	settings	as	the	first	one.	All	beads	that	turn	turquoise	
remain	and	will	be	true	positives(42).	

3.1.3.	MALDI	
One	important	analytical	technique	for	peptide	studying	is	MS.	It	is	based	on	ionization	
of	 the	 sample	 followed	 by	 a	 measurement	 of	 its	 mass	 to	 charge	 (m/z)	 ratio.	 One	
ionization	 technique	 is	MALDI,	 which	 is	 very	well	 suited	 for	 peptides	 studies.	 This	 is	
because	 MALDI	 is	 a	 soft	 ionization	 technique,	 meaning	 that	 the	 ionization	 does	 not	
destroy	 the	 sample	molecule,	 and	 because	 single	 charged	 ions	 are	 produced,	 creating	
easily	interpreted	spectra(43).	
	
To	be	able	to	ionize	the	sample	it	needs	to	be	mixt	with	a	crystalline,	energy-absorbent	
organic	 compound,	 called	matrix,	before	being	applied	 to	 the	mass	 spectrometer.	This	
will	 cause	 the	sample	 to	 co-crystallize	with	 the	organic	 compound	enabling	an	energy	
transfer	 from	 the	 organic	 compound	 to	 the	 sample	 when	 exposed	 to	 a	 laser	 with	
wavelengths	in	the	ultraviolet	region.	The	transfer	of	energy	to	the	sample	analytes	after	
irradiation	of	 the	matrix	ejects	 these	 into	gas	phase	and	as	 this	happens	 they	accept	a	
proton	from	the	excited	matrix,	ionizing	them(44).	
	
A	mass	spectrometer	can	have	different	analyzers	for	the	measurement	of	the	different	
m/z	ratios.	When	studying	proteins	and	peptides	TOF	analyzers	are	very	useful	due	to	
their	sensitivity,	speed	and	resolution.	The	principle	behind	TOF	is	that	it	traps	the	ions	
for	a	short	time	before	applying	a	potential,	which	will	accelerate	the	ions	towards	the	
detector.	Depending	on	the	mass	of	the	ions,	the	traveling	time	until	they	hit	the	detector	
will	vary,	making	it	possible	to	separate	ions	due	to	their	m/z.	The	larger	ion	the	longer	
flight-time	and	due	to	the	trapping	all	ions	with	the	same	m/z	will	hit	the	detector	at	the	
same	time(44).	
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3.1.4.	Partial	Edman	degradation	–	Mass	spectrometry	
After	 obtaining	positive	hits	 from	 the	OBOC	 screenings,	 it	 is	 important	 to	 individually	
characterize	 these.	 One	 way	 of	 doing	 so	 is	 to	 use	 PED	 followed	 by	 MALDI-TOF-MS-
analysis.	PED	relies	on	a	capping	agent	to	prevent	complete	degradation	of	the	support-
bound	peptides	instead	creating	a	series	of	different	peptide	lengths,	a	so	called	peptide	
ladder(45).	One	such	capping	agent	is	N-(9-fluorenylmethoxycarbonyloxy)succinicmide	
(Fmoc-OSU)(46).	 When	 adding	 a	 20:1	 mixture	 of	 phenyl	 isothiocyanate	 (PITC)	 and	
Fmoc-OSU	to	the	positive	hits(30)	these	compounds	will	compete	for	and	react	with	the	
N-terminus	of	the	peptide.	Most	N-terminus	will	react	with	PITC	and	depending	on	the	
terminal	amino	acid	the	corresponding	thiourea	derivative	will	be	created.	Addition	of	
TFA	will	cause	these	thiourea	derivates	to	cyclize,	resulting	in	cleavage	from	the	peptide	
sequence.	Thus,	the	peptide	sequence	will	be	shortened	by	one.	The	N-terminus	reacting	
with	Fmoc-OSU	on	 the	other	hand	will	not	be	affected	by	 the	TFA,	due	 to	Fmoc-group	
blocking,	leaving	these	sequences	undiminished.	By	repeating	this	PED	cycle,	a	peptide	
ladder	 can	be	 created.	After	 completing	 all	 required	PED	 cycles	 the	beads	 are	 treated	
with	20%	piperidine	in	DMF	to	remove	the	Fmoc	group,	resulting	in	free	N-terminus.	To	
release	 the	 peptide	 sequences	 into	 solution,	 enabling	 MS-analysis,	 each	 bead	 is	
thereafter	individually	treated	with	cyanogen	bromide	(CNBr)	in	70%	TFA(46).	
	
Since	each	bead	 is	separated	from	the	others	before	the	CNBr	cleavage	each	tube	only	
contains	the	peptide	sequences	from	one	bead.	Thus	all	peptides	have	the	same	identical	
original	sequence	but	with	different	degrees	of	degradation	 from	the	N-terminus	after	
the	 PED.	 These	 different	 lengths	 will	 result	 in	 individual	 peaks	 in	 the	 MS-spectrum	
where	 the	mass	 difference	 between	 neighboring	 peaks	 correspond	 to	 the	 amino	 acid	
differing	 between	 the	 sequences	 represented	 by	 those	 peaks.	 This	 means	 that	 by	
analyzing	the	mass	differences	between	all	peaks	in	the	spectrum	it	is	possible	to	obtain	
the	original	full	length	sequence	of	the	peptide(45).	
	
To	be	able	to	do	this	sequencing	though	it	is	important	that	the	ratio	between	all	peptide	
lengths	 is	 rather	 the	 same.	 If,	 for	 example,	 too	 many	 Fmoc-OSU	 is	 present	 and	 bind	
during	 the	 first	 PED-cycles	 too	 few	 peptides	will	 be	 left	 for	 the	 later,	 leaving	 a	 lot	 of	
peptides	unabbreviated.	This	will	 cause	 the	MS-spectrum	to	have	high	peaks	at	bigger	
m/z	but	smaller	the	lower	m/z.	If	the	ratio-difference	is	too	big,	all	peaks	will	have	a	low	
intensity	signal.	It	is	thus	important	to	optimize	the	ratio	between	PITC	and	Fmoc-OSU	
before	analyzing	the	hits	from	the	OBOC	screenings(30).	

3.1.5.	Mass	spectrometry	of	amino	acids	
In	MS	certain	amino	acids	get	modified	and	these	characteristic	alterations	can	greatly	
help	 in	 the	 sequencing	 of	 a	 peptide	 since	 they	 give	 rise	 to	 additional	 peaks	 in	 the	
spectrum.	These	modifications	 include:	 i)	 the	 loss	 of	NH3,	 usual	 for	Gln,	 resulting	 in	 a	
high	intensity	peak	at	M-17	ii)	the	loss	of	H2O	resulting	in	M-18	iii)	additional	peaks	of	
M+119	for	all	peaks	representing	a	sequence	containing	Lys,	due	to	a	phenylcarbamoyl	
addition	to	the	residue	side	chain	iv)	oxidation	of	Trp	resulting	in	M+16(30).	
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3.1.6.	Surface	plasmon	resonance	
In	 characterization	of	biomolecular	 interactions	 surface	plasmon	 resonance	 (SPR)	 is	 a	
tool	of	great	 importance.	 Its	rapid	monitoring	provides	means	for	 following	a	dynamic	
process,	enabling	 information	about	e.g.	binding	 interactions,	and	on	 top	of	 this	 it	 is	a	
label-free	technique(47).	
	
The	 key	 component	 in	 SPR	 is	 a	 thin	metal	 film,	 usually	 of	 gold,	 supporting	 a	 surface	
plasmon(48).	 The	 surface	 plasmon	 is	 highly	 sensitive	 to	 changes	 in	 the	 dielectric	
constant	of	 the	 surrounding	media(49)	 in	 its	 close	proximity	 to	 the	 surface	 (less	 than	
~200	nm).	Changes	in	the	surrounding	media	such	as	its	refractive	index(48)	will	affect	
the	dielectric	constant	which	in	turn	will	affect	the	surface	plasmon(48,50).	This	change	
in	 the	 refractive	 index	 is	 what	 is	 being	 measured(51).	 Biomolecular	 interactions	
occurring	 within	 the	 sensing	 depth	 will	 affect	 the	 local	 refractive	 index	 and	 thus	 be	
detected(50).	
	
A	binding	affinity	study	utilizing	SPR	starts	with	 the	coupling	of	a	receptor	 to	 the	 film	
surface(48).	It	can	be	immobilized	to	the	surface	in	two	different	ways,	either	directly	or	
indirectly	using	a	three-dimensional	matrix.	Carboxymethylated	dextran	is	a	commonly	
used	 matrix	 for	 this(51).	 The	 signal	 measured	 now	 is	 considered	 the	 baseline.	 By	
flowing	 the	 target	analyte	pass	 the	matrix,	 changes	 in	 the	SPR	 location	can	be	studied	
and	over	time	these	changes	are	used	to	evaluate	the	binding	interaction(48).	

3.1.7.	Strain-promoted	azide-alkyne	cycloaddition	
One	way	of	 functionalizing	a	peptide	to	the	carboxymethylated	dextran	matrix	used	 in	
SPR	is	to	use	strain-promoted	azide-alkyne	cycloaddition	(SPAAC)(52).	This	is	a	copper-
free	 “click	 reaction”	were	 an	unsaturated	 carbocycle,	 usually	 a	 cyclooctyne,	 is	 the	 key	
component.	By	dibenzoannulation	of	the	cyclooctyne	the	reaction	rate	is	increased	and	
one	 example	 of	 such	 a	 substance	 is	 dibenzocyclooctyne	 (DBCO).	 The	 cyclooctyne	 is	
relatively	inert	for	most	functional	group	but	reacts	rapidly	with	azides(53)	(Figure	4).	
By	coupling	DBCO	to	the	carboxyl	group	of	the	matrix,	through	amide	bonds,	a	peptide	
containing	an	azide	can	readily	be	anchored	to	the	matrix.	
	

	
Figure	4:	Show	the	click	reaction	between	DBCO	and	an	azide	functionalized	group.	R1	represent	a	coupled	
peptide	while	R2	represent	the	matrix.	
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3.2.	Peptide	design	
The	first	step	of	the	whole	project	was	to	decide	how	many	peptides	that	were	going	to	
be	 synthesized	as	well	 as	 their	 sequence.	 It	was	not	a	necessity	 to	use	more	 than	one	
peptide	but	considering	 the	risks	 that	 the	different	screening	sessions	and	sequencing	
could	provide	no	results	 it	was	decided	 to	synthesize	different	peptides	with	different	
properties.	The	article	from	Hosseinzadeh	et	al	that	described	folding	of	cyclic	peptides	
was	very	interesting	and	promising	in	the	search	for	strong	affinity	binding	partners	and	
because	of	this	it	was	decided	to	design	two	peptide	sequences	from	their	data.	In	case	
the	 confined	 structure	would	 not	 prove	 to	 be	 to	 advantage	 in	 this	 project,	 two	more	
peptides	where	designed	but	from	scratch	this	time,	only	taking	into	account	the	desired	
features	wanted	for	the	peptides.	So	in	total	four	peptides	with	different	sequence	were	
synthesized.		
	
Peptides	of	the	same	length	as	the	OBOC	library	were	wanted	for	screening	against	the	
library.	The	reason	for	this	is	that	cyclic	peptides	of	this	size	lack	the	many	cavities	and	
pockets	existing	on	proteins	or	even	bigger	peptides.	Thus	 they	can	only	 interact	with	
the	target	in	two	ways,	either	from	the	top	or	from	the	bottom.	This	limits	their	ability	to	
interact	with	many	 different	 targets	 but	 on	 the	 other	 hand	 increases	 their	 specificity.	
Because	of	 this,	 the	 length	of	 the	 four	 to	be	designed	peptides	was	 seven	amino	acids.	
Out	 of	 these	 seven	 amino	 acids,	 one	 was	 pre-determined	 and	 the	 other	 six	 could	 be	
completely	random.	The	pre-determined	residue	was	a	Glu	and	the	reason	for	this	was	
that	its	side	chain	was	used	to	link	the	cyclic	peptide	to	the	linker	on	the	bead	(Figure	5).	
	

	
Figure	 5:	 Visualization	 of	 the	 linkage	 between	 the	 peptide	 and	 the	 bead.	 The	 Glu	 side	 chain	 is	 circled	 to	
visualize	how	it	is	used.	

The	other	six	amino	acids	could,	as	already	mentioned,	be	of	any	kind.	Three	properties	
were	 desirable	 though:	 i)	 one	 Trp,	 used	 for	 concentration	 determination	 in	 solution	
after	 the	 purification	 and	 also	 the	 Trp	 posses	 properties	 that	 could	 be	 used	 in	 the	
binding	affinity	interaction	studies	ii)	three	out	of	the	six	should	be	in	D-form	since	this	
further	 improve	 the	 proteolytic	 stability	 iii)	 the	 peptides	 should	 have	 different	 net	
charges.	When	reading	the	article	from	Hosseinzadeh	et	al	another	desired	property	was	
added	to	the	list.	In	all	three,	seven	amino	acids	long,	cyclic	peptides	displayed	one	Pro	
always	had	a	huge	impact	on	the	confined	stable	folding	structure	and	a	substitution	of	
this	always	caused	 the	greatest	disrupt.	This	was	so	 interesting	 that	 it	was	decided	 to	
include	one	Pro	in	each	sequence,	even	in	those	created	from	scratch.	
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The	 sequences	 for	 the	 two	 peptides	 originating	 from	 Hosseinzadeh	 et	 al	 had	 to	 be	
changed	due	to	the	desired	properties	described	above	so	that	they	contained	one	Trp	
and	one	Glu.	The	amino	acids	exchanged	all	showed	weak	disruptiveness	for	the	defined	
structure	 in	 substitution	 trials	 performed	 by	 Hosseinzadeh	 et	 al	 and	 it	 was	 on	 these	
premises	 that	 the	 amino	 acids	 to	 be	 exchanged	 were	 chosen	 (Table	 1).	 When	
substituting	the	amino	acids	the	orientation	of	their	side	chains	were	kept,	meaning	that	
one	L-amino	acid	was	substituted	for	another	L-amino	acid	and	vice	versa	for	D-amino	
acids,	as	to	not	disrupt	the	confined	structure.	The	first	sequence	of	these	two	will	from	
now	on	be	referred	 to	as	P1	(for	peptide1)	and	 the	second	sequence	will	be	called	P2	
(for	peptide2).	
	
Table	1:	Shows	the	sequences	for	the	two	peptides	originating	from	the	article	from	Hosseinzadeh	et	al	and	
the	 sequences	 after	 substitution.	 Capital	 letter	 indicates	 L-amino	 acids	 and	 lowercase	 letter	 indicates	 D-
amino	acids.	

	 Peptide	sequence	before	
substitution(19)	

Peptide	sequence	after	
substitution	

P1	 k	–	T	–	p	–	n	–	T	–	D	–	N	 k	–	T	–	p	–	w	–	T	–	D	-	E	
P2	 d	–	t	–	K	–	p	–	P	–	D	–	Q	 d	–	t	–	K	–	w	–	P	–	D	–E	
	
The	 two	 sequences	 designed	 from	 scratch	 were	 designed	 only	 bearing	 in	 mind	 the	
desired	properties	set	before,	se	above,	and	the	water	solubility	of	the	peptide	(Table	2).	
The	first	sequence	of	these	two	will	from	now	on	be	referred	to	as	P3	(for	peptide3)	and	
the	second	sequence	will	be	called	P4	(for	peptide4).	
	
Table	 2:	 Shows	 the	 sequences	 for	 the	 two	peptides	designed	 from	 scratch.	 Capital	 letter	 indicates	 L-amino	
acids	and	lowercase	letter	indicates	D-amino	acids.	

	 Peptide	sequence	
P3	 P	–k	–	D	–	w	–	k	–	S	–	E	
P4	 w	–	T	–	k	–	A	–	p	–	D	-	E	
	
It	is	important	to	notice	that	the	water	solubility	was	calculated	for	all	sequences.	It	was	
not	until	 they	were	theoretically	water	soluble	 that	 they	were	accepted.	When	all	 four	
sequences	were	accepted,	sequences	as	described	above,	 it	could	be	concluded	that	all	
four	 peptides	 contained	 one	 Trp,	 three	 D-amino	 acids	 and	 one	 Pro.	 They	 also	 had	
different	 net	 charges	 where	 P1	 and	 P4	 had	 a	 net	 charge	 of	 zero,	 P2	 was	 negatively	
charged	and	P3	positively	charged.	
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3.3.	Experimental	
This	section	will	describe	the	experimental	procedures	utilized	during	this	project.	

3.3.1.	Solid-phase	peptide	synthesis	of	P1-P4	
The	 SPPS-technique	 was	 used	 to	 create	 linear	 peptides	 and	 the	 procedure	 was	
automated	through	the	use	of	a	Quartet	automated	peptide	synthesizer.	To	each	reaction	
vessel,	102	mg	of	rinkamide	resin	(loading	capacity	0.49	μmol/mg)	was	added	resulting	
in	50	μmol	of	each	peptide	after	the	synthesis	was	complete.	During	the	synthesis	DMF	
was	used	for	washing,	20%	piperidine/DMF	was	used	to	remove	the	Fmoc	group	and	for	
the	prolongation	 step	5	 eq	 amino	acid,	N,N-Diisopropylethylamine	 (DIPEA)	 and	 	2-(6-
Chloro-1-H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminium	 hexafluorophosphate	
(HCTU)	in	DMF	was	added.	

3.3.2.	Cyclization	
The	 allyloxycarbonyl	 (OAll)-protection	 group	 on	 the	 Glu	 residue	 on	 each	 peptide	was	
removed	with	 a	 3	 hours	 incubation	 in	 3	 eq	 tetrakis(triphenylphosphine)palladium(0)	
(Pd(PPh3)4)	 dissolved	 in	 chloroform:	 acetic	 acid:	 4-methylmorpholine	
(CHCl3:AcOH:Morpholin,	 85:10:5)	 resulting	 in	 a	 free	 carboxyl	 group(Figure	 6).	 To	
remove	all	palladium	afterwards	the	resin	was	washed	with	DIPEA	(30	mM)	and	sodium	
diethyldithiocarbamate	trihydrate	(DEDT)	(20	mM),	both	dissolved	in	100	ml	DMF.	The	
last	Fmoc	protection	group	was	removed	by	treatment	with	20%	piperidine/DMF	in	1*5	
minutes	followed	by	1*15	minutes.	
	
This	 left	 one	 free	 carboxyl	 group	 and	 one	 free	 amine	 group	 on	 each	 peptide	 and	 the	
cyclization	could	be	started	with	 the	aid	of	an	activator,	 in	 this	case	benzotriazol-1-yl-
oxytripyrrolidinophosphonium	 hexafluorophosphate	 (PyBOP).	 Hydroxybenzotriazole	
(HOBt)	 was	 used	 to	 suppress	 racemization	 during	 the	 cyclization.	 The	 samples	 were	
treated	with	5	eq	PyBOP	(1	mmol)	and	5	eq	HOBt	(1	mmol)	both	dissolved	in	DMF	and	
10	eq	DIPEA	solved	in	DMF	and	incubated	overnight.	The	beads	were	then	washed	with	
DMF	and	dicholomethane	(DCM).	To	evaluate	if	the	cyclization	was	successful	a	MALDI-
TOF-MS-analysis	 (UltrafleXtreme,	 Bruker)	 was	 performed	 on	 some	 beads	 from	 each	
peptide2.	 If	 not,	 the	 cyclization	 reaction	 could	 be	 repeated.	 DCM	was	 used	 during	 the	
washing	procedure	to	eliminate	all	DMF	since	it	does	not	evaporate	and	thus	would	have	
caused	problems	in	the	MS-analysis.	
	

																																																								
2	The	picked-out	beads	were	treated	with	100%	TFA	for	3	hours	before	being	blown	dry	
using	N2-gas.	5	μl	of	ddH2O/Acetonitrile/TFA	(v/v	50:50:1)	was	added	and	1	μl	of	this	
peptide	solution	was	mixed	with	1	μl	matrix	solution	(α-cyano-4-hydroxycinnamic	acid)	
on	the	MALDI-plate.	
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Figure	 6:	 Cyclization	 of	 the	 linear	 peptide.	 The	 amine	 group	 of	 the	 last	 amino	 acid	 reacts	 with	 the	 free	
carboxyl	group	of	the	Glu	residue,	which	side	chain	connects	the	peptide	to	the	linker.	

3.3.3.	Labeling	
The	beads	were	incubated	in	4*3	minutes	followed	by	1*25	minutes	in	1%	TFA	in	DCM	
to	remove	the	4-methyltrityl	(Mtt)-protection	group.	Washing	with	DCM	and	drying	of	
the	 beads	 followed	 this.	 Each	 peptide	 was	 then	 divided	 into	 three	 fractions,	 with	 15	
μmol	 in	two	and	the	remaining	20	μmol	 in	the	third.	The	fractions	containing	20	μmol	
peptides	were	dried	and	stored.	The	other	two	were	used	for	 labeling,	one	with	biotin	
and	the	other	with	the	fluorophore	7-Amino-4-methyl-3-coumarinylacetic	acid	(AMCA).	
Peptides	 labeled	with	 biotin	will	 from	 now	 on	 be	 referred	 to	 as	 PXB	 (where	 X	 is	 the	
number	of	the	peptide,	thus	1	to	4)	and	AMCA	labeled	peptides	will	be	referred	to	as	PXF	
(where	X	is	the	number	of	the	peptide,	thus	1	to	4).	
	
The	to	be	biotinylated	peptides	were	incubated	in	3	hours	with	4	eq	biotin-OSU	and	8	eq	
DIPEA,	 both	 dissolved	 in	 DMF,	 while	 the	 to	 be	 fluorophore	 labeled	 peptides	 were	
incubated	in	3	hours	with	2	eq	AMCA,	2	eq	HCTU	and	4	eq	DIPEA,	all	dissolved	in	DMF.	
After	the	incubation	the	beads	were	washed	with	DMF	and	DCM	and	a	MALDI-TOF	MS-
analysis	was	 performed	 on	 some	 beads	 from	 each	 labeled	 peptide	 to	 evaluated	 if	 the	
labeling	were	successful	or	not.	If	not,	the	labeling	could	be	repeated.	
	 	

OAll	
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3.3.4.	Removal	of	protection	groups	and	cleavage	of	the	peptides	from	the	beads	
The	 beads	 were	 incubated	 for	 2	 hours	 in	 95%	 TFA,	 2.5%	 ddH2O	 and	 2.5%	 TIS.	 This	
cleaved	 the	 peptides	 from	 the	 beads	 and	 removed	 all	 side	 chain	 protection	 groups.	
During	the	incubation	TIS	was	added	to	act	as	a	cation	scavenger	preventing	protection	
groups	from	reattaching	to	the	peptide.	The	cleaving	solution	was	drained	and	collected	
since	the	peptides	went	into	the	solution	when	cleaved	from	the	beads.	The	TFA-peptide	
solution	was	dried	using	N2-gas	until	approximately	0.5	ml	was	left.	Then	the	peptides	
were	 treated	 with	 cold	 ether,	 to	 make	 the	 peptides	 precipitate,	 followed	 by	
centrifugation	 in	 3	 minutes	 at	 4500	 rpm	 and	 4°C	 using	 Universal	 320R	 (Hettich	
zentrifugen).	 The	 supernatant	 was	 removed	 and	 new	 cold	 ether	 was	 added.	 The	
peptides	in	the	precipitate	were	shaken	until	dissolved	in	the	cold	ether	and	centrifuged	
again	with	the	same	settings.	Once	again	the	supernatant	was	removed	and	the	peptides	
were	left	over	night	to	let	the	last	ether	evaporate.	

3.3.5.	Purifying	using	HPLC	
The	peptides	were	dissolved	in	1	ml	solution	A	(10%	Acetonitrile,	90%	ddH2O	and	0.1%	
TFA)	 and	 sonicated	 to	 fully	dissolve	 the	peptides.	This	was	 then	 added	 to	 the	 cuvette	
and	 placed	 in	 the	 HPLC-machine	 Dionex	 UltiMate	 3000	 (Thermo	 Scientific).	 The	
purification	program	was	35	minutes	long,	eluating	with	a	gradient,	staring	with	100%	
solution	A	 and	ending	 at	50%	solution	A	 and	50%	solution	B	 (90%	Acetonitrile,	 10%	
ddH2O	 and	 0.1%	 TFA)	 after	 30	minutes.	 Between	minute	 30	 and	 35	 the	 column	was	
flushed	 with	 100%	 B	 solution	 and	 during	 the	 whole	 purification	 the	 flow	 was	 20	
ml/min.	
	
Peaks	 with	 an	 absorption	 intensity	 higher	 than	 15	 mAu	 (229	 nm)	 and	 with	 a	 steep	
bigger	 than	 0.05	were	 collected	 and	 transferred	 into	 new	 tubes	were	 each	 peak	was	
collected	in	a	single	tube.	Each	of	these	fractions	was	then	analyzed	with	MALDI-TOF-MS	
to	 determine	which	 fractions	 that	 contained	 the	 desired	 labeled	 peptide.	 These	were	
then	concentrated	using	a	rotary	evaporator	and	freeze	dried.	

3.3.6.	Concentration	determination	
All	 peptides,	 both	 labeled	with	 biotin	 and	 AMCA,	 were	 dissolved	 in	 1	ml	 ddH2O.	 The	
concentration	of	 the	biotinylated	peptides	was	determined	 through	Trp-absorbance	at	
280	 nm	 while	 the	 fluorophore	 labeled	 peptides	 concentration	 was	 determined	 with	
AMCA-absorbance	 at	 350	 nm.	 The	 cuvette	 length	 was	 1	 cm	 and	 Trp-extinction	
coefficient	is	5540	M-1	cm-1	(54)while	it	for	AMCA	is	19000	M-1	cm-1(55).	

3.3.7.	SAAP-screening	
A	phosphate-buffered	saline	(PBS)	blocking	buffer	was	used	for	all	SAAP-screenings	and	
the	 blocking	 agents	 were	 included	 to	 reduce	 the	 number	 of	 unspecific	 interactions.	
Three	 different	 blocking	 agents	 (BSA,	 gelatin	 and	 Tween	 20)	 were	 used	 in	 different	
concentrations	 leading	 to	 six	 different	 PBS	 blocking	 buffers	 being	 tried	 during	 these	
screenings	(Table	3).	
	
The	protocol	followed	for	the	SAAP-screening	was	developed	by	Qian	et	al	(29).	
General	procedure:	The	OBOC	library	was	incubated	with	the	PBS	blocking	buffer	for	2	
hours.	This	was	then	drained	and	biotinylated	peptide	in	PBS	blocking	buffer	was	added	
and	incubated	with	the	OBOC	library	overnight.	The	day	after,	the	peptide	solution	was	
drained	 and	 the	 beads	were	washed	with	 PBS	 blocking	 buffer	 three	 times.	 Then	 they	
were	 washed	 with	 SAAP-buffer	 (30	 mM	 2-Amino-2-(hydroxymethyl)-1,3-propanediol	
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(Tris),	1	M	NaCl,	pH	7.4)	once	followed	by	incubation	for	10	min	at	4°C	in	10	ml	SAAP-
buffer	and	10-12.5	μl	SAAP	ddH2O	solution	(1	mg/ml).	After	this	the	beads	were	washed	
with	SAAP-buffer	once	and	once	with	BCIP	staining	buffer	(30	mM	Tris,	100	mM	NaCl,	5	
mM	MgCl2,	2	μM	ZnCl2,	pH	8.4).	The	beads	were	then	transferred	to	a	petri	dish	using	10	
ml	 BCIP	 staining	 buffer	 and	 0.5-1	ml	 BCIP	 (5	mg/ml)	was	 added.	 The	 petri	 dish	was	
placed	 on	 an	 orbital-shaker	 until	 either	 some	 beads	 had	 turned	 turquoise,	 indicating	
hits,	or	2	hours	had	passed	without	some	beads	having	a	color-change.	If	hits	were	found	
the	reaction	was	quenched	with	1	ml	hydrochloric	acid	(HCl,	1	M)	and	the	hits	were	then	
collected	under	a	microscope	Nikon	eclipse	Ti	with	a	micropipette	and	placed	in	a	small	
vessel.	After	all	hits	had	been	collected	or	when	the	2	hours	had	passed	without	a	hit,	the	
library	was	transferred	back	to	the	original	vessel	and	washed	with	PBS	blocking	buffer	
and	 ddH2O.	 To	 remove	 all	 bound	 peptide	 the	 library	 was	 incubated	 in	 guanidinium	
chloride	ddH2O	solution	(6	M)	for	1	hour	and	then	thoroughly	washed	with	ddH2O,	DMF,	
DCM,	 DMF	 and	 ddH2O	 before	 the	 library	 could	 be	 incubated	 for	 2	 hours	 in	 the	 PBS	
blocking	buffer	again,	preparing	for	the	new	screening.	
	
In	total,	17	SAAP-screenings	were	performed.	To	optimize	the	SAAP-screening	for	these	
small	 cyclic	 peptides	 different	 elements	 were	 changed	 between	 the	 screenings.	 The	
concentration	 of	 blocking	 molecule	 as	 well	 as	 their	 nature	 was	 one	 factor	 that	 was	
adjusted.	 Other	 factors	 were	 the	 concentration	 of	 the	 biotinylated	 peptide,	 the	
incubation	 temperature	and	the	concentration	of	BCIP	and	SAAP.	Also,	different	OBOC	
libraries	were	used.	The	two	differences	between	these	were	i)	 that	the	small	one	had	
half	as	many	beads	as	the	big	one,	leading	to	theoretically	less	hits	possible	ii)	the	small	
one	was	double	cyclized,	 leaving	a	bigger	portion	of	 the	 linked	peptides	 in	 their	cyclic	
form.	Since	the	only	interest	is	the	interaction	between	two	cyclic	peptides,	the	smaller	
library	is	better	for	this	project	but	the	bigger	one	is	not	a	bad	substitute	though.	
	 	



	 31	

	
Table	3:	Shows	the	number	of	trials	conducted	during	the	first	SAAP-screenings	and	the	setups	for	each	test.	

Trial	
number	

Blocking	
agents	 Peptide	

Peptide	
conc.	
(nM)	

Incubation	
temperature	

(°C)	
Library	 BCIP	

(mg/ml)	
SAAP	
(μl/ml)	

1	 0.1%	
gelatin	
and	
0.01%	

Tween	20	

P1B	 250	 25	 Small	 0.45	 1	

2	 P3B	 500	 25	 Small	 0.45	 1	

	 	 	 	 	 	 	 	

3	

0.01%	
gelatin	
and	
0.01%	

Tween	20	

P3B	 500	 25	 Small	 0.45	 1	

	 	 	 	 	 	 	 	

4	 0.005%	
gelatin	
and	

0.005%	
Tween	20	

P4B	 500	 25	 Small	 0.45	 1	

5	 P1B	 500	 25	 Small	 0.45	 1	

	 	 	 	 	 	 	 	

6	
0.1%	BSA	
and	
0.01%	

Tween	20	

P1B	 500	 25	 Small	 0.45	 1	
7	 P2B	 500	 7	 Small	 0.45	 1	
8	 P3B	 500	 7	 Big	 0.45	 1	
9	 P4B	 500	 7	 Big	 0.45	 1	
10	 P2B	 500	 7	 Big	 0.45	 1	
11	 P1B	 500	 7	 Big	 0.45	 1	

	 	 	 	 	 	 	 	

12	

0.01%	
BSA	and	
0.001%	
Tween	20	

P4B	 500	 7	 Big	 0.45	 1	

	 	 	 	 	 	 	 	

13	 0.1%	BSA	
and	
0.01%	

Tween	20	

P2B	 500	 7	 Small	 0.23	 1.25	
14	 P4B	 500	 7	 Small	 0.23	 1.25	

15	 P1B	 500	 7	 Small	 0.23	 1.25	
	 	 	 	 	 	 	 	

16	
No	

blocking	
molecule	

P2B	 1000	 7	 Big	 0.23	 1.25	

17	

0.01%	
BSA	and	
0.001%	
Tween	20	

P2B	 1000	 7	 Big	 0.23	 1.25	
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3.3.8.	Fluorescence	screening	
The	hits	from	the	SAAP-screenings	were	pooled	in	petri-dishes	for	respective	peptide	in	
preparation	of	the	fluorescence	screening	and	then	screened	for	auto-fluorescence.	This	
was	 followed	 by	 incubation	 in	 AMCA	 labeled	 peptide	 overnight.	 Different	 incubation	
temperatures	and	different	peptide	concentrations	were	tried	(Table	4).	The	beads	were	
studied	in	a	DAPI	filter	set	to	excite	AMCA	giving	rise	to	beads	glowing	brighter	if	a	hit.	
	
Table	4:	Shows	the	conditions	for	the	different	fluorescence	screenings.	

Trial	
number	 Blocking	agents	 Peptides	 Peptide	

conc.	(nM)	
Incubation	

temperature	(°C)	
1	

0.1%	BSA	and	
0.01%	Tween	20	

P3F	and	P4F	 200	 25	
2	 P3F	and	P4F	 500	 25	

3	 P1F,	P2F,	P3F	
and	P4F	 500	 7	

4	 P1F,	P2F,	P3F	
and	P4F	 1000	 7	

	

3.3.9.	Subsequent	SAAP-screening	
Due	 to	 problems	 with	 the	 fluorescence	 screening	 subsequent	 SAAP-screenings	 were	
performed	on	the	hits	from	the	original	SAAP-screenings	instead.	
	
First,	 the	 beads	 were	 incubated	 with	 PBS	 blocking	 buffer	 (0.01%	 BSA	 and	 0.001%	
Tween20)	for	one	hour.	This	was	then	drained	followed	by	washing	with	PBS	blocking	
buffer	 three	 times.	 The	 hits	 were	 then	 washed	 with	 SAAP-buffer	 once	 followed	 by	
incubation	 for	10	min	at	4°C	 in	1	ml	SAAP-buffer	and	1.25	μl	SAAP	ddH2O	solution	(1	
mg/ml).	After	 this	 the	beads	were	washed	with	SAAP-buffer	once	and	once	with	BCIP	
staining	buffer.	1	ml	BCIP	staining	buffer	was	added	together	with	50	μl	BCIP	(5	mg/ml)	
and	this	was	then	incubated	on	an	orbital-shaker	for	one	hour	before	the	reaction	was	
stopped	using	HCl.	The	beads	were	then	transferred	to	petri-dishes	and	analyzed	under	
a	microscope	Nikon	eclipse	Ti.	Beads	that	had	turned	turquoise	were	discarded.	
	
The	colorless	beads	were	incubated	in	guanidinium	chloride	ddH2O	solution	(6	M)	and	
then	 thoroughly	 washed	 with	 ddH2O,	 DMF,	 DCM,	 DMF	 and	 ddH2O	 before	 being	
incubated	in	PBS	blocking	buffer	(0.01%	BSA	and	0.001%	Tween20)	for	one	hour.	500	
nM	biotinylated	peptide	was	added	to	each	tube	of	the	corresponding	peptide.	This	was	
incubated	overnight.	Next	day	the	peptide	solution	was	drained.	Then	the	same	protocol	
was	followed	as	for	the	SAAP-screening	without	biotinylated	peptide	(se	above)	except	
that	this	time,	beads	without	color	were	discarded.	The	beads	that	had	turned	turquoise	
or	at	least	light	blue	were	collected	for	PED.	
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3.3.10.	Partial	Edman-degradation	
Below	will	a	description	of	the	experimental	PED,	both	for	the	optimization	and	the	hits.	

3.3.10.1.	Optimization	
The	protocol	 followed	 for	 the	PED	was	developed	by	Kunys	 et	 al(30).To	 optimize	 the	
ratio	between	PITC	and	Fmoc-OSU	during	the	PED	cycles	four	different	ratios	between	
these	were	tried:	20:1,	50:1,	100:1	and	200:1.	
	
Since	 the	 PITC:Fmoc-OSU	 solution	 should	 be	 freshly	 premixed	 before	 each	 PED	 cycle,	
four	 stock-solutions	 of	 Fmoc-OSU	 in	 dry	 pyridine	 were	 prepared,	 one	 for	 each	 ratio	
(Table	5).	To	facilitate	the	premixing,	the	four	stock-solutions	were	prepared	so	that	the	
same	volume	could	be	taken	from	each	stock-solution,	mixed	with	the	same	volume	of	
PITC	 and	 2:1	 pyridine/ddH2O	 0.1%	 triethylamine	 and	 still	 result	 in	 the	 four	 different	
ratios.	
	
Table	5:	Shows	the	concentration	of	all	Fmoc-OSU	stock-solutions.	

Ratio	
(PITC:Fmoc-

OSU)	

Molecular	
weight	Fmoc-
OSU	(g/mol)	

Mass	
Fmoc-

OSU	(mg)	

Volume	dry	
pyridine	
(ml)	

Stock-solution	
concentration	

(mM)	
20:1	 337.33	 21	 2	 31.1	
50:1	 337.33	 8.4	 2	 12.45	
100:1	 337.33	 4.2	 2	 6.2	
200:1	 337.33	 2.1	 2	 3.1	

	
2:1	 (v/v)	 pyridine/ddH2O	 containing	 0.1%	 (v/v)	 triethylamine	 was	 also	 prepared	 by	
mixing	140	ml	pyridine,	70	ml	ddH2O	and	0.21	ml	triethylamine.	
	
Beads	were	 taken	 from	the	smaller	 library	and	placed	 in	 four	small	 tubes,	around	50-
100	 in	 each.	 These	were	washed	with	 ddH2O,	 pyridine	 and	 2:1	 (v/v)	 pyridine/ddH2O	
containing	 0.1%	 (v/v)	 triethylamine.	 The	 first	 PED-cycle	 was	 started	 by	 drying	 the	
beads	 followed	 by	 incubation	 in	 freshly	 prepared	 PITC:Fmoc-OSU	 solution	 for	 6	
minutes.	The	PITC:Fmoc-OSU	solution	was	prepared	right	before	addition	by	mixing	24	
μl	PITC	(8.36	M),	320	μl	Fmoc-OSU	stock-solution	(the	different	stock-solutions	resulted	
in	 different	 PITC:Fmoc-OSU	 ratios)	 and	 320	 μl	 2:1	 (v/v)	 pyridine/ddH2O	 containing	
0.1%	(v/v)	triethylamine.	
	
After	the	6	minutes	all	 tubes	were	drained	and	then	washed	once	with	pyridine,	 three	
times	with	 DCM	 and	 once	with	 TFA.	 The	 beads	were	 then	 incubated	 2*6	min	 in	 TFA	
followed	by	washing	three	times	with	DCM,	once	with	pyridine	and	once	with	2:1	(v/v)	
pyridine/ddH2O	containing	0.1%	(v/v)	 triethylamine.	This	 finished	the	 first	PED-cycle.	
In	 total	 six	 PED-cycles	 were	 conducted	 before	 moving	 on	 to	 the	 N-terminal	 Fmoc	
deprotection.	
	
To	remove	all	Fmoc-groups	the	beads	were	 incubated	 in	20%	piperidine/DMF	for	1*5	
min	 followed	 by	 1*15	 min.	 They	 were	 then	 thoroughly	 washed	 with	 DMF	 and	 DCM	
before	 being	 washed	 once	 with	 TFA.	 After	 this	 each	 tube	 was	 incubated	 on	 ice	 in	 a	
mixture	of	1	ml	TFA,	20	μl	dimethyl	sulfide	and	25	mg	ammonium	iodide	for	30	min	to	
reduce	oxidized	methionine.	To	remove	the	ammonium	iodide	after	the	incubation	the	
beads	were	washed	 over	 twenty	 times	with	 ddH2O	 before	 being	 transferred	 to	 petri-
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dishes.	 Individual	beads	were	picked	out	with	a	micropipette	under	a	Nikon	eclipse	Ti	
microscope	 for	sequencing.	Three	beads	 from	20:1	and	five	beads	 from	the	rest	of	 the	
ratios	 (50:1,	100:1	and	200:1)	were	placed	 in	separate	eppenorf	 tubes	 resulting	 in	18	
beads	in	total.	These	were	then	dried	before	20	μl	of	CNBr	(40	mg/ml)	in	70%	TFA	was	
added.	This	was	left	overnight	to	detach	all	peptides	from	the	beads.	In	the	morning	all	
solvent	 was	 evaporated	 using	 a	 desiccator.	 5	 μl	 of	 ddH2O/Acetonitrile/TFA	 (v/v	
50:50:1)	was	added	and	to	 fully	dissolve	 the	peptides,	 the	samples	were	vortexed	and	
centrifuged	several	times.	Then	1	μl	of	peptide	solution	was	mixed	with	1	μl	matrix	(α-
cyano-4-hydroxycinnamic	acid)	on	the	MALDI-plate	and	all	peptides	were	analyzed	with	
MALDI-TOF-MS.	

3.3.10.2.	PED-MS	on	hits	
After	the	optimization	the	hits	 from	the	SAAP-screenings	went	through	the	same	PED-
treatment	but	all	with	the	same	PITC:Fmoc-OSU	ratio.	Apart	 from	all	beads	having	the	
same	ratio,	the	same	protocol	was	followed.	When	the	PED	was	finished	all	beads	were	
manually	 transferred	 to	 individual	 eppendorf	 tubes,	 dried	 and	 incubated	 in	 20	 μl	 of	
CNBr	 (40	mg/ml)	 in	70%	TFA	overnight.	Next	day	all	 solvent	was	evaporated	using	a	
desiccator	 followed	 by	 addition	 of	 5	 μl	 of	 ddH2O/Acetonitrile/TFA	 (v/v	 50:50:1).	 To	
fully	 dissolve	 the	 peptides	 in	 this	 they	 were	 vortexed	 and	 centrifuged	 several	 times.	
Then	1	μl	of	peptide	solution	was	mixed	with	1	μl	matrix	(α-cyano-4-hydroxycinnamic	
acid)	on	the	MALDI-plate	and	all	peptides	were	analyzed	with	MALDI-TOF-MS.	

3.3.11.	Solid-phase	peptide	synthesis	of	HP2	
Once	 again	 the	 SPPS-technique	was	 used	 to	 create	 linear	 peptides	 and	 the	 procedure	
was	automated	 through	 the	use	of	a	Quartet	automated	peptide	synthesizer.	51	mg	of	
rinkamide	 resin	 (loading	 capacity	 0.49	 μmol/mg)	 was	 added	 to	 the	 reaction	 vessel,	
resulting	in	25	μmol	peptide	after	the	synthesis	was	complete.	During	the	synthesis	DMF	
was	used	for	washing,	20%	piperidine/DMF	was	used	to	remove	the	Fmoc	group	and	for	
the	prolongation	step	5	eq	amino	acid,	DIPEA	and	HCTU	in	DMF	was	added.	

3.3.12.	Cyclization	of	HP2	
The	OAll-protection	group	on	the	Glu	residue	was	removed	as	described	before	with	3	
eq	 of	 Pd(PPh3)4	 dissolved	 in	 CHCl3:AcOH:Morpholin	 (85:10:5).	 Also	 the	 Fmoc	
deprotection	 and	 the	 cyclization	 was	 performed	 according	 to	 the	 protocol	 described	
above	with	the	exception	that	the	cyclization	did	not	run	during	the	night	but	during	a	
weekend	this	time.	After	this,	a	MALDI-TOF-MS	analysis	was	performed	to	evaluate	the	
result.	

3.3.13.	Addition	of	azide	
An	azide	had	to	be	added	to	HP2	to	enable	binding	to	the	Biacore	matrix.	This	azide	was	
coupled	 to	 the	 linker	 lysine	 where	 the	 Mtt-protection	 group	 previously	 was	 by	 first	
deprotecting	the	lysine	followed	by	coupling	of	the	azide.	To	remove	the	Mtt-protection	
group	 the	beads	were	 incubated	 in	1%	TFA	 in	DCM	 for	4*2min	 followed	by	1*25min.	
After	washing	several	times	with	DCM	the	beads	were	incubated	for	6	hours	in	10	eq	3-
Azidopropionic	 acid,	 10	 eq	 NHS,	 10	 eq	 N-(3-Dimethylaminopropyl)-N’-
ethylcarbodiimide	 hydrochloride	 (EDC)	 and	 25	 eq	 DIPEA,	 all	 dissolved	 in	 DCM.	 This	
coupled	the	azide	to	the	lysine.	After	washing	the	beads	with	DCM	once	again	they	were	
dried.	A	few	beads	were	then	used	to	MALDI-TOF-MS	analysis	to	evaluate	the	result.	
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3.3.14.	Removal	of	protection	groups	and	cleavage	of	P2	and	HP2	from	the	beads	
Both	 the	 HP2	 beads	 and	 the	 non-labeled	 P2	 beads,	 which	 were	 stored	 for	 the	
characterization,	had	their	protection	groups	removed	and	were	cleaved	from	the	beads	
using	the	same	procedure	as	above.		

3.3.15.	HPLC	on	HP2	and	P2	
Both	 HP2	 and	 P2	 were	 purified	 using	 the	 Dionex	 UltiMate	 3000	 HPLC	 (Thermo	
Scientific)	and	the	same	settings	as	the	previous	purification	of	P1-P4.		
	
Peaks	 with	 an	 absorption	 intensity	 higher	 than	 15	 mAu	 (229	 nm)	 and	 with	 a	 steep	
bigger	 than	 0.05	were	 collected	 and	 transferred	 into	 new	 tubes	were	 each	 peak	was	
collected	in	a	single	tube.	Each	of	these	fractions	was	then	analyzed	with	MALDI-TOF	MS	
to	 determine	which	 fractions	 that	 contained	 the	 desired	 labeled	 peptide.	 These	were	
then	concentrated	using	a	rotary	evaporator	and	freeze	dried.	

3.3.16.	Concentration	determination	of	HP2	and	P2	
In	order	to	determine	the	concentration,	HP2	was	dissolved	 in	250	μl	ddH2O	while	P2	
was	dissolved	in	250	μl	phosphate	buffer	(PB)	buffer.	10	μl	of	each	sample	was	added	to	
990	μl	of	the	respective	dissolved	solution	and	the	absorbance	was	measured	at	280	nm	
for	 both	 of	 the	 peptides.	 The	 cuvette	 length	was	 1	 cm	 and	 the	 extinction	 coefficients	
used	were	5540	M-1	cm-1	 for	P2	and	3936	M-1	cm-1	(56)	 for	HP2.	The	 lower	extinction	
coefficient	for	HP2	was	due	to	lack	of	Trp	in	the	sequence	however	Nal	absorbance	could	
be	used	instead.	

3.3.17.	SPR	binding	affinity	study	
The	protocol	followed	for	the	SPR	measurements	were	developed	by	Selegård	et	al	(52)	
and	 the	 instrument	 used	 was	 a	 Biacore	 3000	 (Biacore	 AB).	 The	measurements	 were	
carried	out	in	25	°C	and	a	carboxymethylated	matrix	(CM5)	were	utilized.	Each	injection	
lasted	for	5	min	with	a	flow	rate	of	10	μl/min.	A	filtered	PB	buffer	(20	mM,	pH	7.0)	was	
used	 as	 running	 buffer.	 Two	 flow	 cells	 were	 used,	 one	 reference	 cell	 and	 one	 HP2	
functionalized	 cell.	 A	 mixture	 of	 NHS	 (50	 mM)	 and	 EDC	 (250	 mM)	 were	 injected	 to	
activate	the	carboxyl	groups	on	the	matrix.	This	was	 followed	by	an	 injection	of	DBCO	
(150	 μM,	 10%	DMSO).	 Ethanolamine	 (1	M)	was	 then	 used	 to	 eliminate	 the	 activated	
carboxyl	 groups	 that	 did	 not	 couple	 a	 DBCO.	 Now,	 flow	 channel	 one,	 the	 reference	
channel,	was	disconnected	and	the	azide	containing	peptide	HP2	(150	μM	in	ddH2O)	was	
injected	 to	 the	 second	 flow	 channel.	 Through	 SPAAC	 HP2	 was	 then	 coupled	 to	 the	
matrix.	 An	 additional	 injection	 of	 HP2	 was	 performed	 (300	 μM,	 in	 filtered	 PB	 buffer	
20mM,	pH	7.0)	 to	ensure	 that	 the	maximum	 loading	capacity	was	obtained.	Both	 flow	
channels	were	 thereafter	 injected	with	ethanolazide	 (1	M)	 to	generate	an	 inert	matrix	
with	no	non-coupled	DBCOs.	
	
During	the	binding	affinity	studies	each	injection	still	lasted	for	5	min	but	after	this	the	
dissociation	was	studied	for	an	additional	150	s.	Two	different	P2	concentrations	(100	
μM	and	1	mM,	both	in	filtered	PB	buffer	20	mM,	pH	7.0)	were	injected	to	investigate	the	
binding	 affinity.	 No	 regeneration	 of	 the	 matrix	 was	 performed	 in-between	 the	 two	
injections.	

3.3.18.	Catalytic	ability	of	HP2	
20	μl	BCIP	(5	mg/ml)	was	mixed	with	20	μl	HP2	(0.899	mM)	in	an	eppendorf	tube	and	
any	color-change	was	observed.	 	
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4.	Results	and	discussion	
Below	will	be	a	description	of	the	results	obtained.	

4.1.	Synthesis	of	P1-P4	
During	 the	 synthesis	 of	 the	 four	 peptides,	 several	 MALDI-TOF-MS-analyses	 were	
performed	 to	 follow	 the	 progress	 and	 to	 evaluate	 the	 result	 after	 each	 step,	 in	 case	
something	 went	 wrong	 and	 had	 to	 be	 redone.	 Shown	 below	 will	 be	 the	 progress	 in	
synthesis	of	one	of	the	peptides,	P2,	but	all	four	cyclic	peptides	had	very	similar	spectra	
at	the	different	checkpoints,	with	the	exception	of	the	peak	position	since	their	masses	
were	different	(Table	6).	
	
Table	6:	The	masses	of	all	 four	peptides	after	the	cyclization.	These	masses	 include	the	seven-cycle	peptide	
ring	as	well	as	the	three	amino	acid	long	linker	with	one	lysine	and	two	beta-alanines.	Note	that	no	protection	
groups	are	left	on	the	amino	acids.	Peaks	in	MS-spectrum	will	be	M+1	due	to	ionization	of	the	peptide.	

Peptide	 Mass	(Da)	
P1	 1127	
P2	 1141	
P3	 1140	
P4	 1097	

	
The	first	checkpoint,	controlled	with	MALDI-TOF-MS,	was	after	the	cyclization	to	make	
sure	that	it	had	worked	and	to	validate	the	synthesis.	It	is	important	to	remember	that	
the	samples	had	yet	to	be	purified	when	this	MS-analysis	was	performed,	meaning	the	
samples	could	be	very	crude	and	contain	a	variety	of	different	molecular	masses.	What	is	
wanted	is	for	the	spectrum	to	contain	a	peak,	preferable	with	a	rather	high	intensity,	of	
the	mass	of	the	cyclic	peptide.	
	
When	analyzing	the	MS-spectrum	the	highest	 intensity	peak,	at	1164.9171,	proved	not	
to	have	the	mass	of	the	cyclic	peptide	(Figure	7,Table	6).	Instead	it	was	M+22	Da.	22	Da	
is	 the	mass	 of	 a	 sodium	 ion	 and	 addition	 of	 a	 sodium	 ion	 or	 a	 potassium	 ion	 to	 the	
molecular	masses	when	performing	a	MALDI-TOF-MS-analysis	 is	 very	 common.	These	
ions	are	only	loosely	bound	and	will	not	affect	the	molecule,	meaning	this	peak	is	just	as	
good	 as	 the	 much	 smaller	 peak	 at	 1142.8282	 that	 represent	 the	 cyclic	 P2.	 A	 high	
intensity	peak	with	the	mass	of	the	analyzed	cyclic	peptide,	with	or	without	sodium	ion,	
could	be	found	for	all	four	cyclic	peptides,	meaning	the	synthesis	could	go	through	to	the	
labeling.	
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Figure	 7:	 MS-spectrum	 after	 the	 cyclization	 of	 P2.	 The	 peak	 representing	 the	 cyclic	 peptide	 is	 found	 at	
1142.8282	and	+22	Da	from	this	is	the	peak	with	the	highest	intensity,	representing	the	cyclic	peptide	with	a	
sodium	ion.	No	high	intensity	peak	of	the	linear	peptide	can	be	found.	

The	 second	 checkpoint	 was	 after	 the	 labeling	 and	 now	 two	 different	 spectra	 were	
obtained,	one	from	P2B	and	one	from	P2F.	Once	again	the	samples	were	crude	since	the	
HPLC	was	not	performed	until	all	peptides	passed	this	second	checkpoint.	
	
When	 comparing	 the	 calculated	 masses	 (Table	 7)	 with	 the	 masses	 found	 in	 the	 MS-
spectra	(Figure	8)	it	was	clear	that	the	biotinylation	had	worked	but	that	the	result	on	
the	 fluorescence	 labeling	 was	 more	 uncertain.	 The	 mass	 of	 the	 biotinylated	 peptide	
could	be	found	at	1367.681	and	it	was	one	of	the	two	biggest	peaks	in	the	MS-spectrum	
(Figure	8A).	The	other	high	peak	was	M+248	Da	and	it	could	not	be	explained	more	than	
some	sort	of	contamination	but	it	was	not	considered	to	be	a	problem	since	next	up	was	
purification	with	 HPLC	were	 it	 would	 be	 separated.	 The	MS-spectrum	 for	 the	 AMCA-
labeled	peptide	also	showed	two	distinct	peaks	but	none	of	these	were	the	mass	of	the	
labeled	 peptide	 (Figure	 8B).	 Instead	 the	 masses	 found	 were	 the	 mass	 of	 the	 cyclic	
peptide	 +98	 Da	 and	 the	 mass	 of	 the	 labeled	 cyclic	 peptide	 +98	 Da.	 Thus	 there	 was	
something	in	the	sample	that	resulted	in	an	additional	+98	Da	to	all	masses.	This	could	
not	 be	 explained	 and	was	 consistent	 for	 all	 four	 peptides	 but	with	 the	 hope	 that	 the	
purification	would	remove	this	contamination,	all	four	peptides	labeled	with	AMCA	were	
also	allowed	 to	pass	 the	second	checkpoint.	 If	 they	would	not	have	passed,	 the	stored	
unlabeled	peptides	would	have	had	to	been	used	to	re-do	the	labeling	and	this	would	be	
the	 case	 also	 if	 the	 purification	 would	 not	 be	 able	 to	 remove	 the	 contamination.	
Nonetheless	if	it	would,	a	lot	of	time	would	be	spared	by	not	re-doing	the	labeling	and	if	
not,	 no	 time	 would	 be	 wasted	 since	 the	 fluorescence	 labeling	 could	 be	 performed	
simultaneously	to	the	SAAP-screening,	which	only	utilized	the	biotinylated	peptides.		
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Table	7:	The	masses	of	all	four	cyclic	peptides	after	labeling	with	either	biotin	or	the	fluorophore	AMCA.		

Peptide	 Mass	(Da)	
P1B	 1354	
P2B	 1368	
P3B	 1367	
P4B	 1324	

	 	

P1F	 1342	
P2F	 1356	
P3F	 1355	
P4F	 1312	

	
Figure	8:	MS-spectra	of	P2	after	labeling.	A)	MS-spectrum	for	P2B.	The	mass	of	the	biotinylated	cyclic	peptide	
can	be	found	as	the	left	of	the	two	highest	peaks,	at	1367.681.	B)	MS-spectrum	for	P2F.	The	two	peaks	have	
the	masses	of	 the	 cyclic	peptide	+	98	Da,	 at	1239.7247,	 and	of	 the	AMCA-labeled	 cyclic	peptide	+	98	Da,	 at	
1454.7301.	

After	 the	 purification	 it	 could	 be	 concluded	 that	 the	 contaminations	 in	 both	 the	
biotinylated	peptide	sample	and	the	AMCA-labeled	peptide	sample	were	removed	since	
only	 one	 distinct	 peak	 were	 found	 in	 both	 spectra	 (Figure	 9).	 These	 peaks	 were	 at	
1367.6645	 for	 P2B	 (Figure	 9)	 and	 at	 1356.6068	 for	 P2F,	which	 are	 the	 right	m/z	 for	
these	molecules	(Table	7).	
	

	
Figure	 9:	 MS-spectra	 of	 P2B	 and	 P2F	 after	 purification.	 It	 is	 clear	 that	 the	 purity	 of	 both	 samples	 have	
improved.	A)	MS-spectrum	for	P2B.	Only	one	peak	stands	out	and	 it	has	 the	mass	of	 the	biotinylated	cyclic	
peptide,	 at	 1367.6645.	 B)	 MS-spectrum	 for	 P2F.	 Also	 here	 only	 one	 peak	 stands	 out	 with	 the	mass	 of	 the	
AMCA-labeled	cyclic	peptide,	at	1356.6068.	

B	A	

A	 B	
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After	 concentration	 of	 P1-P4	 all	 four	 peptides	were	 ready	 to	 go	 through	 to	 the	OBOC	
screenings	 but	 before	 this	 the	 peptide	 concentration	 for	 each	 peptide	 had	 to	 be	
determined,	 utilizing	 beer	 Lamberts	 law.	 All	 peptides	 were	 in	 the	 0.1-1.2	 mM	 range	
(Table	8:),	which	was	plenty	for	the	planned	experiments.	
	
Table	8:	Show	the	results	from	the	concentration	determinations	of	P1-4B	and	P1-4F.	

Peptide	 Diluted	 Abs	(280	nm)	 Extinction	coefficient	(M-1	cm-1)	 Total	concentration	(mM)	

P1B	 1	 0.808	 5540	 0.146	
P2B	 20	 0.32	 5540	 1.155	
P3B	 20	 0.051	 5540	 0.184	
P4B	 20	 0.088	 5540	 0.318	
P1F	 20	 0.16	 19000	 0.168	
P2F	 20	 0.442	 19000	 0.465	
P3F	 20	 0.183	 19000	 0.193	
P4F	 20	 0.142	 19000	 0.149	

	

4.2.	OBOC	screenings	
Performing	 SAAP-screening	 on	 the	 four	 peptides	 proved	 to	 be	 a	 challenge.	 Only	 one	
peptide	 could	 be	 screened	 per	 day	 making	 it	 time	 consuming	 to	 optimize.	 Another	
problem	with	the	optimization	was	the	inconclusive	results	after	changing	a	parameter	
(Table	9).	For	example,	changing	to	the	bigger	 library	for	trial	number	eight	 led	to	the	
biggest	number	of	hits	found	but	when	the	remaining	three	peptides	were	screened	in	
the	same	conditions	no	hits	were	 found.	One	possible	reason	 for	 this	might	have	been	
that	it	was	only	streptavidin	interaction	that	was	found	in	trial	eight	and	since	all	beads	
interacting	 with	 streptavidin	 then	 had	 been	 removed	 as	 hits	 before	 the	 other	 three	
screenings,	they	resulted	in	no	color-changes.	
	
The	only	parameter-change	that	seemed	to	give	a	continuous	effect	was	the	decrease	in	
BCIP-concentration.	 If	 the	 BCIP	 concentration	was	 too	 high,	 the	 surrounding	 solution	
could	 turn	 turquoise	 before	 the	 specific	 reaction	 on	 the	 beads	 had	 time	 to	 happen,	
concealing	 it.	 This	 is	 problematic	 since	 the	 turquoise	 color	 in	 the	 solution	will	 diffuse	
into	all	beads,	coloring	them.	
	
In	trial	number	16	a	PBS	buffer	without	any	blocking	molecule	was	tried.	Since	all	four	
peptides,	P1-P4,	were	very	small	it	was	suggested	that	maybe	they	were	too	small	to	be	
able	to	interact	with	the	beads	when	the	blocking	molecules	were	in	the	way.	So	to	test	
this	a	pure	PBS	buffer	was	used.	This	resulted	in	no	found	hits	since	the	whole	solution,	
including	 all	 beads,	 turned	 turquoise	 within	 10	 minutes	 preventing	 hits	 from	 being	
distinguished.	
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Table	9:	Description	of	the	different	SAAP-screenings	performed,	the	different	parameters	that	were	changed	
and	the	number	of	hits	they	resulted	in.	The	small	library	means	the	double-cyclized	library	with	fewer	beads	
while	the	big	library	has	more	beads	but	is	only	cyclized	once.	

Trial	
number	

Blocking	
agents	 Peptide	

Peptide	
conc.	
(nM)	

Incubation	
temperature	

(°C)	
Library	 BCIP	

(mg/ml)	
Number	
of	hits	

1	 0.1%	
gelatin	

and	0.01%	
Tween	20	

P1B	 250	 25	 Small	 0.45	 0	

2	 P3B	 500	 25	 Small	 0.45	 0	

3	

0.01%	
gelatin	

and	0.01%	
Tween	20	

P3B	 500	 25	 Small	 0.45	 2	

4	 0.005%	
gelatin	
and	

0.005%	
Tween	20	

P4B	 500	 25	 Small	 0.45	 2	

5	 P1B	 500	 25	 Small	 0.45	 0	

6	

0.1%	BSA	
and	0.01%	
Tween	20	

P1B	 500	 25	 Small	 0.45	 0	
7	 P2B	 500	 7	 Small	 0.45	 0	
8	 P3B	 500	 7	 Big	 0.45	 20-25	
9	 P4B	 500	 7	 Big	 0.45	 0	
10	 P2B	 500	 7	 Big	 0.45	 0	
11	 P1B	 500	 7	 Big	 0.45	 0	

12	

0.01%	
BSA	and	
0.001%	
Tween	20	

P4B	 500	 7	 Big	 0.45	 0	

	 	 	 	 	 	 	 	

13	 0.1%	BSA	
and	0.01%	
Tween	20	

P2B	 500	 7	 Small	 0.23	 19	
14	 P4B	 500	 7	 Small	 0.23	 10	
15	 P1B	 500	 7	 Small	 0.23	 2	

	 	 	 	 	 	 	 	

16	
No	

blocking	
molecule	

P2B	 1000	 7	 Big	 0.23	 0	

17	

0.01%	
BSA	and	
0.001%	
Tween	20	

P2B	 1000	 7	 Big	 0.23	 3	

	
In	 these	 17	 SAAP-screenings,	 only	 beads	 showing	 a	 clear	 and	 dark	 turquoise	 color	
(Figure	10)	were	considered	hits	and	this	resulted	in	58-63	hits	(Table	10).	This	is	a	low	
number	of	hits	and	it	was	because	of	this	that	as	many	as	17	screenings	were	performed	
before	going	through	to	the	next	screening.	Due	to	the	high	number	of	false	positive	hits	
it	 is	 desirable	 to	 start	 with	 many	 hits	 since	 this	 number	 drops	 significantly	 as	 the	
screenings	and	sequencing	proceeds.		
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Figure	10:	Displays	a	hit	from	the	SAAP-screening	of	P3B.	Its	color	is	a	bright	turquoise	(hard	to	capture	the	
precise	color	on	camera)	and	it	is	a	clear	hit.	

Table	10:	Shows	the	total	number	of	hits	found	after	the	first	17	SAAP-screenings	(Table	9).	

Peptide	 Total	number	of	found	hits	
P1	 2	
P2	 22	
P3	 22-27	
P4	 12	

	
When	starting	out	with	the	screenings,	the	plan	was	to	do	two	different	screenings:	one	
SAAP-screening	 and	 one	 fluorescence	 screening.	 It	 was	 because	 of	 this	 that	 the	
synthesized	peptides	were	labeled	with	either	biotin	or	AMCA	but	when	performing	the	
fluorescence	screening	things	did	not	work	out.	No	intact	beads	could	be	distinguished	
from	the	rest	as	significantly	brighter	(Figure	11)	and	this	made	it	impossible	to	let	the	
beads	 pass	 on	 to	 the	 sequencing	 since	 they	 could	 not	 be	 verified	 as	 true	 hits.	 It	 was	
difficult	to	know	whether	it	was	the	peptide	that	did	not	bind,	whether	it	was	something	
wrong	with	the	fluorescence	labeled	peptide	or	if	the	auto-fluorescence	signal	from	the	
beads	 drowned	 the	 fluorophore	 signal	 but	 no	 matter	 something	 had	 to	 be	 done	 to	
validate	 the	 hits	 from	 the	 SAAP-screening.	 Because	 of	 this,	 it	was	 decided	 to	 perform	
subsequent	SAAP-screenings	instead	since	the	SAAP-screening	at	 least	had	given	some	
hits	 although	 unsure	whether	 it	was	 from	 the	 peptide	 interaction	 or	 the	 streptavidin	
interaction.		
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Figure	11:	Hit	beads	from	the	fluorescence	screening	using	a	DAPI	filter	set.	A)	Beads	incubated	with	P2F.	As	
can	be	seen,	only	one	bead	is	distinguishable	as	a	hit	(top	left	corner)	but	this	bead	was	unfortunately	broken,	
preventing	it	to	go	through	as	a	hit.	B)	Beads	incubated	with	P3F,	providing	no	hits.	

After	 collecting	 the	 beads	 from	 the	 fluorescence	 screening	 and	 subjecting	 them	 to	 a	
second	 SAAP-screening	 (without	 the	 biotinylated	 peptide)	 the	 beads	were	 once	 again	
placed	on	petri-dishes	but	 the	number	of	beads	 found	 (Table	11)	was	bigger	 than	 the	
number	 of	 beads	 collected	 from	 the	 first	 screening	 (Table	 10).	 This	 is	 not	 a	
miscalculation.	 The	 membrane	 used	 to	 prevent	 the	 beads	 from	 being	 washed	 away	
during	washing	 procedures	 unfortunately	 releases	 synthetic	 beads	 (Figure	 12).	When	
examined	under	a	microscope	these	beads	are	of	 the	same	size	and	color	as	the	OBOC	
library	beads	making	it	impossible	to	know	whether	they	came	from	the	membrane	or	
not,	 creating	 a	 big	 problem.	 This	 problem	 cannot	 be	 solved	 until	 the	 beads	 are	
sequenced	making	it	uncertain	throughout	the	screenings	whether	hits	are	OBOC	beads	
or	synthetic	beads.	
	

	
Figure	12:	Shows	the	process	in	which	membrane	beads	are	able	to	interfere	with	the	SAAP-screening	result.	

	
Assessing	the	beads	after	the	second	SAAP-screening	proved	to	be	relatively	hard.	Only	
a	few	beads	turned	into	a	dark	turquoise	color	while	the	rest	adopted	a	varying	degree	
of	 turquoise,	 from	 rather	 light	 down	 to	 no-color	 at	 all	 (Figure	 13).	 The	 dark	 colored	
beads	were	 easily	 disposed	but	 assessing	whether	 a	 bead	had	 a	 really	 light	 turquoise	
color	or	not	was	harder.	All	beads	that	in	some	way	were	colored	were	disposed.	
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Table	11:	Shows	the	number	of	hits	left	after	the	second	subsequent	SAAP-screening	without	the	biotinylated	
peptide.	Beads	passing	on	to	the	next	screening	are	those	beads	that	did	not	show	a	color-change.	Number	of	
beads	before	the	screening	is	the	number	of	beads	found	on	the	petri-dishes	after	the	second	SAAP-screening,	
before	the	BCIP	was	added	to	start	the	reaction.	

Peptide	 Number	of	beads	before	the	
screening	

Number	of	beads	passing	to	the	next	
screening	

P1B	 2	 0	
P2B	 29	 7	
P3B	 28	 15	
P4B	 21	 2	

	

	
Figure	 13:	 Shows	 the	 beads	 after	 the	 second	 SAAP-screening,	without	 any	 biotinylated	 peptide.	 Turquoise	
beads	are	thus	due	to	streptavidin	interaction.	A)	P1	hits.	B)	P2	hits.	C)	P3	hits.	D)	P4	hits.	

The	third	SAAP-screening	was	a	confirmation	that	the	beads	passing	the	SAAP-screening	
without	biotinylated	peptide	actually	bound	the	peptide	when	present	and	then	showed	
a	color-change.	Out	of	the	26	beads	found	before	this	screening	only	15	made	it	through	
to	 the	sequencing	 (Table	12).	Not	many	of	 these	15	hits	were	clear	hits	with	a	darker	
turquoise	color	(Figure	14)	but	since	all	beads	showing	the	slightest	color-change	in	the	
previous	screening	had	been	discarded	all	beads	showing	the	slightest	color-change	this	
time	were	allowed	to	pass.	
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Table	12:	Displays	 the	number	of	hits	 from	the	 third	subsequent	SAAP-screening.	Biotinylated	peptide	was	
used	and	hits	 are	 those	beads	 that	 showed	a	 turquoise	 color.	Number	of	beads	before	 the	 screening	 is	 the	
number	of	beads	found	on	the	petri-dishes	after	the	third	SAAP-screening,	before	the	BCIP	was	added	to	start	
the	reaction.	

Peptide	 Number	of	beads	before	
the	screening	

Number	of	hits	going	through	to	the	partial	
Edman	degradation	

P2B	 6	 6	
P3B	 16	 6	
P4B	 4	 3	

	

	
Figure	14:	Shows	the	remaining	hits	from	the	first	SAAP-screenings	subjected	to	a	third	SAAP-screening.	A)	P2	
hits	incubated	with	P2B	B)	P3	hits	incubated	with	P3B	C)	P4	hits	incubated	with	P4B.	
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4.3.	Sequencing	of	OBOC	hits	
When	analyzing	the	18	peptides	used	for	optimization	of	the	PED	only	three	sequences	
could	be	sequenced.	Two	of	these	were	for	peptides	degraded	in	the	ratio	20:1	while	the	
other	one	was	for	the	ratio	50:1.	That	the	ratio	that	enabled	the	most	sequences	to	be	
sequenced	was	the	same	ratio	that	the	followed	PED-protocol	used(30)	made	the	choice	
of	ratio	20:1	easy.	
	
Interesting	 enough	 though	 was	 that	 no	 particular	 difference	 could	 be	 distinguished	
between	 the	 different	 ratios	when	 it	 came	 to	 peak	 intensities	 at	 different	m/z.	 It	was	
expected	that	higher	ratios,	like	20:1,	would	display	high	intensity	peaks	at	high	m/z	and	
a	 decreasing	 intensity	 of	 the	 peaks	 when	moving	 towards	 lower	 m/z.	 This	 was	 very	
much	the	case	but	surprisingly	this	was	also	the	case	for	both	the	ratios	50:1	and	100:1	
(Figure	 15A-C).	 Why	 they	 all	 looked	 very	 much	 like	 each	 other	 is	 hard	 to	 know	 but	
maybe	there	is	a	rather	big	span	in	which	the	ratio	of	PITC	and	Fmoc-OSU	can	be	for	the	
degradation	 to	 give	peaks	 in	 a	decreasing	manner.	 For	 the	 lowest	 ratio,	 200:1,	 on	 the	
other	hand	 it	was	clear	 that	 the	amount	of	Fmoc-OSU	had	been	 too	 low	(Figure	15D).	
The	 high	 intensity	 peak	 located	 far	 to	 the	 right	 is	 probably	 from	 the	 cyclic	 peptide	
whereas	the	peaks	from	the	linear	peptide	are	hard	to	see.	Zooming	in	on	the	peaks	from	
the	 linear	 peptide	 might	 give	 a	 somewhat	 better	 appearance	 but	 it	 is	 still	 a	 great	
difference	 from	 the	 other	 three	 ratios	 and	 assigning	 that	 low	 intensity	 peaks	 is	
problematic.	 It	 should	 be	 noted	 though	 that	 this	 is	 a	 comparison	 of	 different	 PED	
conditions	applied	to	different	peptide	sequences	making	a	fair	comparison	hard.	
	

	
Figure	 15:	MS-spectra	 of	 peptides	 subjected	 to	 different	 ratios	 of	 PITC:Fmoc-OSU	 in	 order	 to	 optimize	 the	
ratio	for	the	PED.	A)	Ratio	20:1.	B)	Ratio	50:1.	C)	Ratio	100:1.	D)	Ratio	200:1.	

D	C	

B	A	
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After	performing	PED	on	the	hits	 from	the	subsequent	SAAP-screenings	and	analyzing	
these	with	MALDI-TOF-MS	it	could	be	concluded	that,	as	expected,	the	number	of	beads	
left	had	drastically	decreased.	The	58-63	hits	from	the	first	SAAP-screening	resulted	in	
twelve	beads	 that	 could	be	analyzed	with	MALDI-TOF-MS	 for	 sequencing	and	of	 these	
only	seven	contained	any	peptides	and	only	two	could	be	sequenced	(Table	13).	
	
Table	13:	 Shows	how	 the	number	of	beads	 changes	 from	before	PED	 to	after	 sequencing.	Number	of	beads	
found	for	sequencing	shows	the	number	of	beads	found	on	the	petri-dish	after	the	partial	Edman	degradation.	
Number	 of	 beads	 that	 proved	 to	 obtain	 peptides	 describes	 how	 many	 beads	 of	 those	 picked	 out	 for	
sequencing	that	did	not	turn	out	to	originate	from	the	membrane	and	thus	came	from	the	OBOC	library.	

Peptide	
Number	of	hits	going	
through	to	the	partial	
Edman	degradation	

Number	of	beads	
found	for	
sequencing	

Number	of	beads	
that	proved	to	
obtain	peptides	

Number	
of	beads	
able	to	
sequence	

P2B	 6	 7	 4	 1	
P3B	 6	 4	 3	 1	
P4B	 3	 1	 0	 0	

	
The	cyclic	peptides	on	the	beads	were	not	removed	before	the	MS-analyzing	because	a	
distinct	 peak	 with	 the	 mass	 of	 the	 cyclic	 peptide	 and	 its	 linker	 would	 help	 in	 the	
sequencing,	 giving	 a	 hint	where	 to	 start.	 The	MS-spectrum	was	 analyzed	with	mMass	
and	 by	 searching	 for	 a	 mass	 difference	 of	 326.07	 between	 two	 high	 peaks	 in	 the	
spectrum,	the	full-length	linear	peptide	peak	could	be	found.	The	mass	difference	to	look	
for	 is	 not	 always	 326.07	 as	 the	 addition	 of	 +22	 Da	 for	 a	 sodium	 ion	 or	 +39	 Da	 for	 a	
potassium	 ion	 commonly	 is	 detected.	 After	 finding	 the	 peak	 of	 the	 full-length	 linear	
peptide	 the	 sequence	 could	 be	 unraveled	 by	 using	 mMass	 “peak	 difference”,	 which	
analyzes	 the	 difference	 between	 all	 peaks	 in	 the	 spectrum.	 All	 mass	 differences	 are	
shown	and	those	corresponding	to	the	mass	of	an	amino	acid	are	displayed	in	color	to	
make	the	visualization	easy.	The	program	can	only	detect	the	20	common	amino	acids	
though,	which	is	 important	to	remember	when	trying	to	obtain	the	sequence	since	the	
masses	 of	 the	 more	 uncommon	 amino	 acids	 have	 to	 be	 manually	 located.	 It	 is	 also	
unable	to	separate	isobaric	amino	acids	as	well	as	different	enantiomers	since	it	cannot	
located	the	additional	peaks	that	distinguish	these,	resulting	in	manually	processing	of	
the	spectrum	around	these	kinds	of	amino	acids.		
	
When	sequencing,	it	is	also	important	to	know	where	the	peptide	sequence	starts.	In	this	
case	it	was	at	a	peak	with	the	mass	689.37	since	this	was	the	mass	of	the	linker	used	for	
the	linear	peptides.	With	the	knowledge	of	the	mass	of	the	bare	linker,	the	mass	of	the	
full-length	peptide	and	the	masses	of	all	amino	acids	used	 in	the	creation	of	 the	OBOC	
library,	it	can	be	easy	to	assume	that	the	sequencing	from	this	point	is	straightforward.	
The	answer	to	this	is:	sometimes.	It	completely	depends	on	how	many	peaks	there	are,	
how	high	their	intensities	are,	if	the	PED	worked	as	planed	and	if	no	side	reactions	have	
occurred	that	disturb	the	spectrum.	One	rule	to	work	with	is	that	most,	if	not	all,	of	the	
peaks	with	the	highest	 intensity	should	be	able	to	be	explained	for	the	sequence	to	be	
acceptable.	
	 	



	 47	

Of	 the	seven	spectra	 that	contained	a	peptide	sequence,	only	 two	could	be	sequenced.	
The	first	one	was	a	hit	from	screening	the	OBOC	library	against	P2	(Figure	16).	A	mass	
difference	of	326.095	could	be	found	but	the	peak	for	the	cyclic	peptide	was	very	 low.	
On	the	other	hand,	there	was	a	high	intensity	peak	+22	Da	from	here	corresponding	to	
an	addition	of	a	sodium	ion,	which	would	explain	why	the	first	cyclic	peak	was	so	low.	
	

	
Figure	16:	MS-spectrum	of	the	P2	hit	that	was	possible	to	sequence.	The	amino	acid	sequence	is	denoted	and	
capital	letters	means	L-amino	acids	while	lower	case	letters	means	D-amino	acids.	

When	zooming	 in	on	 the	 lower	masses	 in	 the	spectrum,	 two	distinct	peaks	are	visible	
that	 have	 a	 higher	 intensity	 than	 the	 peaks	 denoted	 as	 amino	 acid	 peaks	 (Figure	 17).	
These	 can	 easily	 be	 explained	 since	 17	 Da	 separate	 these	 from	 their	 closest	 denoted	
peak.	The	 first	amino	acid	 in	 the	sequence	 is	a	D-Lys	 that	 through	 the	 loss	of	an	NH3-
group	give	 rise	 to	 the	peak	at	800.449.	The	other	 loss	of	 an	NH3-group	 is	 at	 the	 third	
amino	acid	where	it	is	lost	by	an	L-Gln,	resulting	in	a	peak	at	999.549.	Both	these	M-17	
losses	 result	 in	 higher	 intensity	 peaks	 than	 the	 peaks	 representing	 the	 M,	 which	 is	
completely	normal.	
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It	should	also	be	noticed	 that	although	no	additional	mass	of	+46	can	be	 found	before	
the	peak	of	the	D-Lys,	which	should	be	the	case	if	this	was	a	Lys	(Appendix	A),	additional	
peaks	 of	 M+119	 Da	 can	 be	 located	 from	 this	 amino	 acid	 throughout	 the	 rest	 of	 the	
sequence	until	the	peak	of	the	full-length	linear	peptide.	Because	of	these	peaks,	the	first	
amino	acid	is	considered	to	be	a	D-Lys	and	not	a	L-Gln.	The	third	amino	acid	on	the	other	
hand	is	considered	to	be	a	L-Gln	and	not	a	D-Lys	because	no	peak	of	+46	can	be	located	
before	this	peak	and	no	additional	peaks	of	M+119,	making	it	M+2*119,	can	be	found.	Of	
the	same	reason,	is	the	second	amino	acid	considered	to	be	a	L-Ala,	since	the	+46	peak	
separating	the	L-Ala	from	the	D-Ala	is	not	found	in	the	spectrum.	
	
This	made	the	complete	sequence	for	the	P2	hit:	D-Nal	–	Y	–	D	–	Q	–	A	–	k	
	

	
Figure	 17:	 MS-spectrum	 of	 the	 P2	 hit,	 zooming	 in	 at	 the	 lower	m/z.	 Peaks	 denoted	 with	 *	 indicate	 peaks	
originated	from	the	loss	of	NH3.	
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The	second	sequence	that	could	be	fully	sequenced	was	a	hit	from	screening	the	OBOC	
library	against	P3	(Figure	18).	This	hit	was	much	more	straightforward	to	sequence	than	
the	other	hit	due	to	no	amino	acids	that	shared	the	same	mass	as	well	as	no	amino	acids	
that	created	additional	peaks	due	to	loss	of	a	functional	group.	
	
The	complete	sequence	for	the	P3	hit	was:	H	–	G	–	P	–	f	–	f	–	f	
	

	
Figure	18:	MS-spectrum	of	the	P3	hit	that	was	possible	to	sequence.	The	amino	acid	sequence	is	denoted	and	
capital	letters	means	L-amino	acids	while	lower	case	letters	means	D-amino	acids.	
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4.4.	Synthesis	of	hit	
Out	 of	 the	 two	 sequences	 that	 could	 be	 sequenced	 only	 one	 could	 go	 through	 and	 be	
synthesized.	This	was	because	the	hit	from	the	screening	of	P3,	H	–	G	–	P	–	f	–	f	–	f,	was	
too	nonpolar	to	be	water	soluble,	making	it	useless	for	the	binding	interaction	studies	to	
come.	Thus	only	one	peptide	sequence,	D-Nal	–	Y	–	D	–	Q	–	A	–	k,	was	synthesized.	From	
now	on	this	peptide	will	be	called	HP2.	
	
MS-spectra	of	HP2	after	 cyclization	 showed	 that	 it	 had	worked	as	planed	 (Figure	19).	
The	highest	peaks	represented	the	cyclic	peptide	and	the	cyclic	peptide	with	a	sodium	
ion,	 both	 of	which	were	 acceptable	 to	move	 on	with.	 Interesting	 though	was	 that	 the	
mass	of	HP2	times	two	was	found,	meaning	that	two	peptides	had	ring-closed	together,	
forming	a	14	amino	acid	ring.	This	would	not	be	a	problem	later	though	since	it	would	
easily	be	separated	in	the	HPLC.	
	

	
Figure	 19:	 MS-spectra	 for	 HP2	 after	 cyclization.	 A)	 Shows	 the	 entire	 MS-spectra.	 The	 highest	 peak,	 at	
1201.653,	represents	the	cyclic	HP2.	Interesting	to	notice	is	the	rather	low	peak	located	far	to	the	right	in	the	
spectra,	at	2403.314,	which	indicates	that	two	peptides	have	ring-closed	together.	B)	A	close	up	picture	of	the	
highest	peaks	in	A.	This	shows	that	the	second	highest	peak,	at	1223.639,	is	not	the	linear	HP2	but	cyclic	HP2	
with	a	sodium	ion.	

When	 studying	 the	 MS-spectra	 of	 HP2	 after	 the	 addition	 of	 an	 azide	 (Figure	 20),	 it	
looked	a	whole	lot	messier	than	the	MS-spectrum	after	cyclization.	Nevertheless,	a	peak	
with	 the	right	m/z-value,	1298	Da,	 could	be	 found	even	 though	 the	 intensity	of	 it	was	
rather	low.	A	slightly	higher	intensity	peak	with	M+22	Da	could	also	be	found,	indicating	
a	bound	sodium	ion.	These	two	peaks	ensured	that	some	cyclic	peptides	with	the	added	
azide	did	exist	in	the	sample	and	it	could	go	through	to	being	purified.		
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Figure	20:	MS-spectra	for	HP2	after	addition	of	an	azide.	A)	Shows	the	entire	MS-spectra.	The	mass	to	look	for	
is	1298	Da.	B)	A	close	up	picture	of	the	region	around	1300	Da.	A	low	intensity	peak	of	1298.735	Da	can	be	
found	as	well	as	a	slightly	higher	peak	of	1320.704	indicating	an	addition	of	a	sodium	ion.	

Once	 again	 the	 HPLC	 was	 able	 to	 purify	 a	 lot	 of	 the	 contaminations	 found	 before,	
especially	for	HP2.	Both	the	mass	of	the	cyclic	P2,	1141.63	Da,	as	well	as	the	mass	of	the	
cyclic	HP2	with	a	coupled	azide,	1298.757	Da,	was	found	(Figure	21)	making	the	results	
satisfying.		
	

	
Figure	21:	MS-spectra	after	purification	with	HPLC.	A)	MS-spectra	of	P2.	The	high	intensity	peak	at	1298.757	
is	the	mass	of	the	cyclic	P2.	B)	MS-spectra	of	HP2.	The	high	intensity	peak	at	1141.63	is	the	mass	of	the	cyclic	
HP2	with	an	added	azide.	

After	purification	and	 freeze	drying,	 the	concentration	of	HP2	and	P2	was	determined	
utilizing	beer	Lamberts	law	(Table	14).		
	
Table	14:	Show	the	results	from	the	concentration	determinations	of	P2	and	HP2.	

Peptide	 Diluted	 Abs	(280	nm)	 Extinction	coefficient	(M-1	cm-1)	 Total	concentration	(mM)	

HP2	 100	 0.0354	 3936	 0.899	
P2	 100	 0.07808	 5540	 1.409	
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4.5.	Binding	affinity	studies	
When	analyzing	 the	SPR	measurements	of	 the	binding	affinity	between	HP2	and	P2	 it	
was	clear	that	no	binding	between	these	occurred.	The	first	P2	injected	had	a	rather	high	
analyte	concentration	(100	μM)	just	to	assess	whether	there	was	a	binding	or	not.	This	
gave	a	disappointing	result	(Figure	22).	The	response	did	go	up	for	both	flow	cells,	due	
to	a	bulk	response	 from	the	 injected	sample.	Unfortunately,	 though	 the	response	 from	
the	reference	cell	was	higher	than	the	HP2	functionalized	flow	cell	meaning	no	P2	bound	
to	 HP2.	 This	 got	 even	 clearer	 when	 subtracting	 the	 response	 from	 the	 reference	 cell	
from	 the	 HP2	 functionalized	 flow	 cell	 (Figure	 22B).	 A	 negative	 response	 in	 this	 case	
cannot	be	translated	to	a	binding,	no	matter	how	hard	tried.	
	

	
Figure	22:	Shows	SPR	measurement	of	binding	interaction	between	P2	and	HP2	when	injecting	100	μM	P2.	A)	
SPR	 signal	 from	both	 flow	 cells.	 B)	 SPR	 signal	when	 the	 reference	 signal	 has	 been	 subtracted	 from	 the	 P2	
response.	
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To	make	sure	 that	 there	was	absolutely	no	binding,	a	 second	 injection	was	made,	 this	
time	 using	 an	 extremely	 high	 P2	 concentration	 (1	 mM).	 It	 resulted	 in	 a	 somewhat	
peculiar	response	curve	that	was	very	jagged	but	were	the	response	from	the	reference	
flow	cell	and	the	HP2	functionalized	flow	cell	still	followed	each	other	well	(Figure	23).	
When	subtracting	the	reference	response,	the	resulting	curve	(Figure	23B)	could	not	be	
used	 to	 neither	 calculate	 any	 binding	 affinities	 nor	 even	 to	 find	 traces	 of	 binding	
between	HP2	and	P2.	
	

	
Figure	23:	Shows	SPR	measurement	of	binding	interaction	between	P2	and	HP2	when	injecting	1	mM	P2.	A)	
SPR	signal	from	both	flow	cells.	B)	SPR	signal	when	the	reference	signal	has	been	subtracted	from	the	P2	
response.	

When	concluding	that	no	binding	existed,	BCIP	was	mixed	with	HP2	to	make	sure	that	
there	was	 no	 catalytic	 triad	 hidden	 in	 the	 sequence	 that	 could	 be	 responsible	 for	 the	
color-change	obtained	which	had	made	HP2	pass	all	 three	 screenings.	This	was	 found	
not	to	be	the	case	though,	resulting	in	the	fact	that	HP2	had	to	be	considered	a	false	hit.	
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5.	Concluding	discussion	
During	 this	 project,	 a	 lot	 of	 things	 did	 not	 go	 according	 to	 plan.	 The	 first	 OBOC	
screenings	 proved	 to	 be	 trickier	 than	 expected	 and	 a	 lot	 of	 time	was	 spent	 trying	 to	
optimize	 these.	 Although	 no	 particular	 improvements	 were	 obtained	 cumulative	 hits	
throughout	 the	 screening	 trials	 were	 collected.	 Then	 came	 the	 next	 problem.	 The	
Tentagel	 beads	 had	 a	 high	 auto-fluorescence	 in	 the	 same	 region	 as	AMCA	absorbance	
making	 the	 fluorescence	 screening	 impossible	 to	 perform.	 This	 auto-fluorescence	 is	 a	
known	problem	for	Tentagel	beads	but,	knowing	what	 is	now	know,	 ideal	would	have	
been	 to	 screen	 the	 OBOC	 library	 for	 auto-fluorescence	 before	 synthesizing	 P1-P4.	 By	
knowing	 at	 which	 wavelengths	 that	 they	 did	 not	 absorb	 light,	 it	 would	 have	 been	
possible	 to	 choose	 another	 fluorophore	 that	 instead	 did.	 This	 would	 have	 made	 this	
screening	 possible	 and	 maybe,	 two	 completely	 different	 screenings	 would	 have	
provided	a	better	protection	 for	 false	positive	hits	 than	 two	different	 combinations	of	
the	same	screening	did.	
	
The	 next	 problem	 arose	 in	 the	 subsequent	 SAAP-screenings	 were	 contaminations	 in	
forms	 of	 dust,	 fiber,	 threads	 and	 small	 pieces	 of	 broken	 beads	 complicated	 the	
visualization.	 This	 is	 a	 general	 problem	 with	 the	 SAAP-screening	 method	 and	 it	 is	
because	 these	 kinds	 of	 contaminations	 cannot	 be	washed	 away	 due	 to	 the	 protecting	
membrane.	Instead	the	amounts	of	contaminations	increase	over	time.	This	is	not	such	a	
big	 problem	 when	 handling	 the	 entire	 OBOC	 library	 but	 when	 the	 number	 of	 beads	
decreases,	as	in	the	second	and	third	SAAP-screening,	the	amount	of	contamination	per	
bead	increases	drastically.	Since	these	contaminations	have	a	tendency	both	to	bind	the	
turquoise	 colored	 product	 of	 BCIP,	 coloring	 them,	 and	 to	 stick	 to	 the	 beads,	 they	 can	
obstruct	the	visualization	of	the	color-change	on	the	beads.	This	can	potentially	make	a	
non-binding	 bead	 appear	 as	 a	 binding	 partner	 and	 unfortunately	 it	 is	 hard	 to	 do	
anything	about.	
	
The	sequencing	was	another	problem,	 though	one	anticipated	 from	the	start.	Previous	
attempts	of	sequencing	beads	from	this	OBOC	library	had	proven	fruitless	and	it	was	a	
chance	to	try	this	again.	Considering	this,	being	able	to	sequence	two	peptide	sequences	
was	 a	 very	 good	 result,	 showing	 that	 it	 is	 possible.	 Despite	 this,	 two	 out	 of	 seven	
sequences	 is	 not	 a	 particular	 good	 result	 indicating	 that	 further	 improvements	 are	
required.	 Unfortunately	 only	 one	 of	 the	 two	 sequenced	 peptides	 was	 water	 soluble	
enough	to	go	through	to	the	binding	affinity	studies	and	due	to	the	restricted	time	left	
for	this	(Appendix	B)	SPR	was	the	chose	of	method	since	this	is	a	well	known	analysis	in	
the	group	of	molecular	materials.	The	SPR	results	were	very	discouraging	though	and	no	
binding	could	be	observed	even	when	a	very	high	P2	concentration	(1	mM)	was	used.	
The	only	peptide	 sequence	making	 it	 the	whole	way	was	 thus	a	 false	hit.	This	 further	
added	to	the	OBOC	reputation	of	being	associated	with	a	high	number	of	false	positive	
hits.	It	also	meant	that	the	fifth	objective	set	up	in	the	beginning	of	the	project	would	not	
be	 fulfilled.	 Attaching	 HP2	 and	 P2	 to	 a	 polymeric	 backbone	 to	 induce	 hybridization	
would	be	meaningless	if	there	were	no	binding	in-between	these	peptides.	
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In	 general,	 OBOC	 screenings	 give	 an	 abundance	 of	 hits	 and	 although	 many	 are	 false	
positives	a	great	deal	of	hits	still	make	it	through,	no	matter	true	or	false.	This	has	not	
been	 the	 case	 during	 this	 project	 though	 and	 the	 reason	 why	 can	 be	 discussed.	 One	
reason	 could	 be	 the	 quality	 of	 the	 OBOC	 library	 used.	 Since	 sequencing	 of	 this	 OBOC	
library	had	been	unsuccessful	in	previous	attempts	while	screening	and	sequencing	of	a	
similar	OBOC	library	create	on	another	type	of	bead	had	proven	to	work	extremely	well,	
the	risk	of	there	being	a	problem	with	the	used	OBOC	library	cannot	be	excluded.	
	
Another	reason	might	be	the	size	of	the	cyclic	peptides	used	for	screening.	Usually	when	
screening	against	an	OBOC	 library,	a	small	molecular	compound	 is	sought	 for	 that	can	
interact	with	the	prospective	target	in	for	example	the	active	site	as	a	way	of	inhibiting	
it.	 These	 prospective	 targets,	 which	 are	 used	 for	 screening,	 are	 bigger	 peptides	 or	
proteins	containing	cavities	and	pockets	were	the	smaller	molecules	can	be	embedded.	
Within	 these,	 several	 amino	 acids	 can	 together	 create	 an	 interaction	 strength	 strong	
enough	for	binding	of	the	molecule.	In	this	case	on	the	other	hand,	the	target	molecule	
used	 for	 screening	 is	 a	 small	 seven	 amino	 acid	 ring-closed	 peptide.	 It	 only	 has	 seven	
amino	acids	that	can	contribute	to	the	total	binding	affinity	and	the	risk	is	high	that	this	
has	not	been	enough.	
	
Another	 alternative	 for	 the	 high	 number	 of	 hits	 found	 when	 screening	 with	 a	 bigger	
peptide	 or	 protein	 is	 the	 fact	 that	 these,	 as	 already	 mentioned,	 can	 contain	 various	
different	cavities	and	pockets	 to	which	 the	peptide	on	 the	OBOC	 library	can	bind.	 It	 is	
not	restricted	to	the	active	site	but	all	library	peptides	that	interact	in	any	place	on	the	
peptide	or	protein	will	be	seen	as	hits	in	the	screening	and	it	 is	first	after	synthesizing	
the	hits	that	binding	affinities	and	the	place	of	binding	can	be	explored.	Once	again,	this	
is	something	that	 the	small	seven	amino	acids	 long	peptides	 lack.	 If	 their	seven	amino	
acids	cannot	contribute	enough	for	binding	there	are	no	other	places	binding	can	occur	
on,	as	is	can	be	with	the	bigger	peptides.	
	
It	 can	 then	 be	 asked	 why	 such	 a	 small	 cyclic	 peptide	 would	 be	 of	 interest	 since	 the	
prospect	of	having	a	strong	binding	might	seem	low	but	if	such	a	binder	would	be	found,	
the	 specificity	would	 be	 really	 high.	 This	 is	 because	 the	 small	 confined	 structure	 only	
allows	for	certain	kinds	of	binding	interactions	and	the	number	of	possible	 interaction	
partners	is	very	low,	compared	to	a	protein	which	many	cavities	and	pockets	facilitate	
unspecific	 interactions.	 It	 should	 also	 be	 noted	 that	 the	 hope	 of	 finding	 such	 strong	
binders	was	high	in	the	beginning	of	the	project	and	that	the	prospect	only	is	low	now	
after	the	results	have	been	shown.	On	the	other	hand,	maybe	the	prospects	should	not	
be	 that	 low.	The	number	of	beads	 in	 the	OBOC	 library	was	only	a	 small	 fraction	of	all	
possible	combinations	when	combining	23	amino	acids	 into	six	random	positions.	The	
chance	 of	 finding	 a	 strong	 affinity	 binder	 is	 thus	 rather	 high	 when	 taking	 into	
consideration	 that	 only	 1.4%	 of	 all	 possible	 combination	 (2 ∗ 10! 23! = 0.0135)	 was	
screened	in	this	project.	
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5.1.	Expected	impact	and	future	prospects	
The	 results	 of	 this	 project	 did	 not	 correspond	 to	 the	 expectations	 but	 although	 no	
binding	 partners	were	 found	 the	 results	 did	 show	on	 the	many	 difficulties	 associated	
with	 these	 kind	 of	 screenings.	 They	 exemplified	 the	 well	 know	 problem	 of	 high	
abundance	of	false	positive	hits	associated	with	the	OBOC	libraries.	The	wish	of	finding	
new	peptide	binding	partners	 that	can	be	used	 in	hybridization	of	hydrogels	still	exist	
though	and	these	results	might	lead	to	a	different	approach	in	the	future	but	if	this	will	
happen	 in	 a	 near	 future	 or	 not	 is	 hard	 to	 tell.	 No	 matter	 which,	 the	 probability	 of	
continuously	using	OBOC	libraries	for	this	purpose	is	unsure.		
	
One	aspect	that	increases	the	chance	of	a	continuously	use	of	OBOC	libraries	is	the	fact	
that	 seven	 peptides	 did	 go	 through	 to	 the	 sequencing	 and	 that	 two	 of	 these	 could	 be	
sequenced	 even	 though	 previous	 attempts	 of	 doing	 so	 had	 proved	 fruitless.	 More	
optimization	of	 this	process	 is	 required	but	 these	 results	 at	 least	 indicated	 that	OBOC	
libraries	have	a	possibility	to	be	used	in	the	finding	of	small	cyclic	binding	partners.		 	



	 57	

6.	Conclusions	
The	aim	of	this	project	was	to	analyze	if	OBOC	libraries	could	be	used	as	a	quick	method	
to	find	cyclic	peptide	binding	partners	that	could	be	used	in	the	further	development	of	
supramolecular	hydrogels.	The	answer	to	this	question	is	still	to	be	unraveled.	
	
During	 this	 project	 only	 seven	 peptides	 made	 it	 through	 the	 whole	 way	 to	 the	
sequencing	and	of	these	only	two	sequences	could	be	unraveled.	Of	these	two	sequences	
only	 one	 could	 be	 synthesized	 for	 binding	 affinity	 studies	 and	 its	 binding	 affinity	
towards	 P2	 was	 practically	 non-existing,	 when	 analyzed	 using	 SPR.	 This	 might	 seem	
discouraging	but	does	it	mean	that	OBOC	libraries	are	not	a	good	method	when	trying	to	
find	new	binding	partners?	Of	course	not.	It	only	means	that	for	cyclic	peptide	binding	
partners	 of	 seven	 amino	 acids,	 OBOC	 libraries	might	 not	 be	 the	 best	 way	 to	 go.	 This	
project	was	 limited	to	 identifying	binding	partners	of	the	same	length	so	the	next	step	
might	be	to	try	different	lengths	of	binding	partners	because	maybe	a	C7-OBOC	library	is	
perfect	for	finding	a	binding	partner	to	a	15	amino	acid	cyclic	peptide.	Given	a	thought	of	
how	 much	 OBOC	 libraries	 have	 been	 used	 for	 identification	 of	 small	 leads	 in	 the	
pharmaceutical	 process,	 it	 is	 hard	 to	 imagine	 it	 could	 not	 be	 used	 for	 locating	 cyclic	
peptide	 binding	 partners	 as	 well.	 Maybe	 the	 question	 is	 how	 small	 the	 cycle	 of	 the	
binding	peptide	can	be.	
	
It	should	not	be	forgotten	though	that	only	a	small	fraction	of	all	possible	combinations	
were	tried	during	this	project.	The	1-2	million	peptide	sequences	screened	against	is	a	
lot	lower	than	the	148	035	889	combinations	possible.	Thus	OBOC	libraries	might	be	a	
perfect	method	for	finding	binding	partners	even	for	cyclic	peptides	this	small,	it	is	only	
to	 be	 lucky	 enough	 to	 find	 a	 OBOC	 library	 that	 includes	 the	 peptide	 sequences	 that	
actually	has	a	high	binding	affinity	for	the	peptide	used	for	screening.	
	
When	 starting	 out	 this	 project	 the	 expectations	 to	 find	 several	 new	 binding	 partners	
were	 high.	 These	 might	 not	 have	 been	 completely	 fulfilled	 but	 nevertheless	 seven	
peptides	 did	 go	 through	 all	 the	 screening.	 Although	 only	 one	 of	 these	 could	 be	
synthesized,	and	this	was	found	to	be	a	false	hit,	there	is	nothing	that	says	that	the	other	
six	sequences	also	were	false.	Maybe	one	of	those	was	a	high	affinity	binder,	just	waiting	
to	be	found.	Given	the	though	of	how	struggling	it	was	with	the	different	screenings	as	
well	 as	 problems	of	 sequencing	 the	 cyclic	 library	 in	 previous	projects	 actually	 getting	
seven	 peptides	 through	 to	 the	 sequencing	 and	 being	 able	 to	 sequence	 one	 of	 them	 is	
promising.	 Although	 the	 protocols	 used	 might	 need	 some	 more	 optimization	 for	
screening	with	these	small	cyclic	peptides,	the	results	here	indicates	that	it	is	possible	to	
obtain	binding	partners	using	OBOC	libraries	and	future	optimization	might	lead	to	the	
finding	of	several	binding	partners	with	a	higher	binding	affinity	that	can	be	used	in	the	
further	development	of	the	supramolecular	hydrogels	used	today.	
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Appendix	A	
	
Table	15:	Shows	the	amino	acids	used	 for	 the	creating	of	 the	OBOC	 library,	 their	masses	as	seen	 in	 the	MS-
spectra,	if	there	is	an	additional	mass	to	look	for	as	to	separate	between	amino	acids	with	the	same	mass	and	
the	normal	losses	observed	for	each	amino	acid.	

#	 AA	 Mwresidue	 Addition	 Addition	mass	 Loss	
1	 L-Ala	 71.04	 	 	 	
2	 L-Arg	 156.1	 	 	 NH3,	CH5N3,	CN2H2,	CN3H6	
3	 L-Asp	 115.03	 	 	 H2O	
4	 L-Gln	 128.06	 	 	 NH3	
5	 Gly	 57.02	 	 	 	
6	 L-His	 137.06	 	 	 	
7	 L-Ile	 113.08	 	 	 	
8	 L-Ser	 87.03	 	 	 H2O	
9	 L-Trp	 186.08	 	 	 	
10	 L-Tyr	 163.06	 	 	 	
11	 L-Phg	 133.05	 	 	 	
12	 L-Nle	 113.08	 CH3CD2CO2D	 77.1	(59.08)	 	
13	 L-Orn	 114.08	 CD3CO2D	 64.08	(46.06)	 ?	NH3?	
14	 D-Nal	 197.14	 	 	 	
15	 D-Ala	 71.04	 CD3CO2D	 64.08	(46.06)	 	
16	 D-Asn	 114.04	 	 	 NH3	
17	 D-Glu	 129.04	 	 	 H2O	
18	 D-Leu	 113.08	 CD3CO2D	 64.08	(46.06)	 	
19	 D-Lys	 128.1	 CD3CO2D	 64.08	(46.06)	 NH3	
20	 D-Phe	 147.07	 	 	 	
21	 D-Pro	 97.05	 	 	 	
22	 D-Thr	 101.05	 	 	 H2O	
23	 D-Val	 99.07	 	 	 	
	
	 	



	 65	

Appendix	B	

Process	description	
A	 Gantt-schedule	 was	 constructed	 in	 the	 beginning	 of	 the	 project.	 It	 made	 it	 easy	 to	
follow	the	progress	of	 the	project	as	well	as	 to	see	how	the	time	was	spent	within	the	
projects	 time	 frame	 as	 opposed	 to	 how	 it	was	 planned	 that	 the	 time	would	 be	 spent	
(Figure	24).	
	
It	 is	 clear	 that	 the	 project	 was	 within	 schedule	 for	 the	 first	 weeks	 until	 the	 SAAP-
screening	started.	This	proved	to	be	much	more	time	consuming	than	could	have	been	
imagined	 and	 the	 planned	 two	 weeks	 turned	 out	 to	 be	 seven	 weeks.	When	 having	 a	
project	 that	 stretches	out	 for	20	weeks	 it	 is	 not	hard	 to	understand	 that	 a	 five	weeks	
delay	 have	 a	 huge	 impact	 on	 the	 rest	 of	 the	 project.	 Thus	 characterization	 of	 binding	
affinities,	 for	 the	 hits	 found	 in	 the	 OBOC	 screenings,	 took	 one	 week	 from	 solemnly	
writing	on	 the	 thesis	 in	 the	end	 instead	of	 the	planned	six	weeks	before	 these	writing	
weeks	started.	This	 limited	the	number	of	characterization	methods	possible	 to	utilize	
as	well	as	the	number	of	binding	interaction	studies.	Considering	this,	it	might	have	been	
blessing	in	disguise	that	only	one	sequenced	hit	was	obtained	from	the	OBOC	screenings.	
This	 made	 it	 possible	 within	 the	 short	 time	 left	 to	 synthesis	 HP2	 and	 study	 its	
interaction	with	P2.		
	
It	 should	 be	 noted	 that	 the	 seven	 weeks	 it	 took	 to	 do	 the	 SAAP-screenings	 was	
prolonged,	not	only	because	of	problems	with	 the	SAAP-screening	but	also	due	 to	 the	
fact	 that	 the	 fluorescence	 screening	 had	 to	 be	 abandoned.	 The	 subsequent	 SAAP-
screenings	that	were	performed	instead	of	the	fluorescence	screening	was	time	spent	on	
this	kind	of	screening	that	was	not	planed.	On	top	of	this,	seven	weeks	might	still	sound	
like	a	long	time	but	this	included	days	spent	trying	to	get	the	fluorescence	screening	to	
work	as	well	as	days	spent	on	writing	the	thesis.	
	

	
Figure	24:	The	Gantt-schedule	of	the	project.	Dark	purple	and	orange	colored	bars	show	the	actual	period	of	
time	 for	 the	 noted	 process.	 Dark	 purple	 colored	 bars	 indicate	 time	 spent	 within	 the	 planned	 time	 while	
orange	 colored	 bars	 indicated	 time	 spent	 outside	 planned	 time	 for	 this	 process.	 Light	 purple	 colored	 bars	
show	planned	time	for	the	process	that	was	not	performed.	


