UPTEC X 06 006 ISSN 1401-2138
APR 2006

ANDERS BLOMQVIST

Optimization of phage
display selection
methods for Affibody®
molecules

Master’ s degree project



CONTENTS

CONTENT Sttt h e st e Rt e st e Rt e st e R e e Rt e Rt e R e e b e e R e e Rt eb e e st e st e bt e be e s e ese e bt eseebeebeeneenens 2
ABBREVATIONS ...ttt b e b bt bt s hesbe s bt e bt e bt e bt e bt ebe e bt e bt ebeeseebeebeebeeseesennes 4
1 INTRODUGCT ION ...ttt sttt sttt be b sbesbesbesbesbesbesbesbeeseebeeseesesseesessesbessens 5
2 BACK GROUND......ootitiirtesese sttt sttt st st b e s bbb saesbesbe bt s b e s besbesbe s bt e besseeaeebessessesbessessessensesseas 5
21 SCREENING AND SELECTION METHODS ....veuvtereiesreesreessessesessesesseessesessessssessesessessssessssessssessensnsens 5
211  Physical bond — SUrface DiSPIa........ccoeerrrrreeiirinieieerreieeses e 6

212  Physical bond — Dir€Ct INKAGE ......cc.cvrveereieerieerieesie et neneens 6

213 ComPartmentaliZAtioN........cccoreeeeerrreeeeir e 7

22 PHAGE DISPLAY ..ottt a e sr e e et e et r et nr e e en e e s e nn e n e nne e nnenes 7
221 The bDaCLEriOPNAJE. ..o vttt en e 7

B 1 2T~ = 1= 2 o 7

223  Surface presentation ON PhAgE..... ... 8

S < 1 1 o S 9

225  Definition of background DINGErS..........ccoeireoreieercee e 11

2.3 PHAGE DISPLAY METHOD USED AT AFFIBODY ...cveuerreeerereresresesreesresessessesesreessesessesessessesessessssenes 11
70 5 R N | o] - TV 11

24 METHODS TO REDUCE BACKGROUND.......c.ccutreuesreserseeesessesessesessesessessssessesessesessessssessesessesessensssenes 13
B VL 01 o 13

242  Preclearing Of lIBrary ... 13

243  Using a more specific biotin binder than streptavidin.............oceveenneeeneeeee 13

244  Blocking Of tUDES AN DEAS........c.ccuriireiiiiricee e 14

245 Alternating neutravidin and Streptavidin...........coccoeereeerereneireree e 14

2.5 EXPERIMENTAL SETUP ....uttiutrreseeresresesreesse e sse e ssesesse s s e sse e ssesessessesessesesse e ssessssessesensesessensssessssensesensns 14
251 Target —biotinylated Protein A.........oceiriieiieeeereeee e 14

252  SEECtioNSPErfOrME... ..o 14

2.8 ANALY SIS, ettt ettt a et R e Rt e R R e R AR R e R e Rt e n e r et R e renn e nn e 15
26. 1  SAQNANAELISA. ...ttt se st e se s e e e s e e e nse e eneneeneneens 15

2.6.2 ABD Based Affibody Screening (ABAS) ELISA........ooeireeeeee e 16

2.6.3  SEOUENCING -..euvviiaeeeteieist ettt b et b et s bt a bt s bt s bt s b bt nn b 16

2.6.4  ClUSLEIING. c.c.eiveveieirteteieise ettt b bt e bt s bt e bt e s 16
SMATERIALSAND METHODS.......o ottt 17
31 PREPARATIONS......cttiueeteeeiesse s s s e sae e se e e e e s e e s e e e s e e senr e e nr e e ereneenesre e nne e nrenes 17
3.1.1  Neutravidin coating of Dynabeads M280............cccecereeerieireierereseneeereeeseeseseesesseseeseseeseneens 17

3.1.2  Activity test of neutravidin coated BEAAS............covveeriririeeircer e 17

32 SELECTION PROCESS.....ccueiteureresesesresessesessesessessesessesessesessessssessssessasessesessessssessssessessssessssesessensssenes 17
T R N | o) = =P 18

T o= T 1o 18

323 ASEECHON FOUNG.......cooeeceeieeeeieieee e nenees 18
324 TItration Of PhAgE.......covuereeiiiririeieerri et 19

325  CUltivation Of PRAJE........ceiriirieieirrieieer e 19

326  PEG-Precipitation Of PRAJES.......cccovreieiririeieeiri et 19

3.3 AANALY SISttt s et e e et R e e Rt R et R r e n e r e n e r R 20
331  Clonecultivation and Affibody-ABD EXPIrESSION.......c.cvuriereiririeieirereereesess e 20

B.3.2  ELISAS bbbt b bbbt b bbbttt bt s 20

333 SEOUENCING vttt e bbbk r e r e 21

334 CIUSEEIING. .. eveveiiieeteieise ettt e et b et r e n e 22

4 RESULT Sttt sttt b e bbb e s b e b e e bt s b e s be s bt s be e b e s bt e be e bt e bt e beebeebeebeebenbensenneene 23
41 ACTIVITY TEST OF NEUTRAVIDIN COATED BEADS ....cvveeeeiresesesesesesesesesesesesssssesessssssssssssssssssens 23
4.2 DEFINITION OF BINDERS ....c.ceureuerreuesreesreseesessesesseessesessessssessesessesssessssessesessessssessssessesessesessessssenes 23
4.3 TEST SELECTION ...ttuteteaeeteretesresesreesseseeseseesessesesse e ssesessesse e ssesesaesessesesseseesesaesennesesnessesessesessenensns 23
4.4 OPTIMIZATION SELECTIONS. ...ctveutreuerresesreesressesessesessesesseessesessessesessesessesessessssessesessesessesessesssenes 24
441  Background GNAIYSIS.......cccoueueirrmereinirieseeiss ettt enenes 24

4.4.2  Protein ADINer COMPAIriSONS........courerirrrieereeerieesieeseesesseseseseeseseesesseessesessessssessesessenessens 26

R B O 11 1= g oo [ 1= U 27



5 (DS G101 29
51 PRE-CLEARING .....utttttiiee e ettt e e s e e ettt e e e s e e s babe e e e s s s eesaassseeeeseessssssseeeeseasssssseeesesasassssseeesseesssssrnnes 29
52 EFFICIENCY AND DIVERSITY .evttttiiiiiiiiusteeeeeeeeiissseeesseesisssssssessesssssssssesssesssssssssessssssssssssssssssssssssnes 29
53 CONCLUSIONS OF STREPTAVIDIN VERSUS NEUTRAVIDIN ...vvviiiiveeeieseeeesseeessssseesssssessssssesssssesssssnes 29
54 EVALUATION OF THE DIFFERENT WASHING METHODS .....vvteiiteeeesreeessiseesssseessssssessssssessssssessssseses 30
55 YIELD CONSIDERATIONS. ..uveeiiteeeiireesiesssesssssersssssesssssssssssssssssssssssssssssssssssssssssessssssessssssssssssssssssses 31
5.6 FUTURE WORK ...ttt e ettt e e s e e ettt e e e e e e e aaba e e e s s eeassaseeeeseeassssssseeesessssaseeesseesssssseeesseesssssrnnes 31
57 CONCLUSIONS ...eeeieitvteeieteeeesseesssseesssssessssssessasssessasssessassasssassessasssessassesssassssesssssessssssesssssseessssnes 32

L o L 33

F N = AN T 35
F AN = = =N 51 A N 36
PN = = =N 01 = T 37
F N = = N N 38
F AN = = =N 51 5 2 39
F AN = = = ) G = 40



Abbrevations
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ABASELISA
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DNA

E. coli
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M
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mMRNA
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Sec
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RNA
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amino acid
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Albumin Binding Domain
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Colony forming units

Cycle Sequencing buffer
Deoxyribonucleic Acid

Escherichia. coli

Enzyme Linked Immunosorbent Assay
Fluorescence-Activated Cell Sorting
Horse Radish Peroxidase

Human Serum Albumin
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Low Molecular Weight ladder
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Optical Density at 600 nm wavelength
Over Night

Poly Acrylamide Gel Electrophoresis
Plague-forming units

Ribonucleic Acid

rounds per minute

Room Temperature

Sodium Dodecy! Sulphate

Tryptic Soy Broth

Tryptose Y east Extract agar plates
Streptavidin



1 Introduction

In this master thesis work, the aim was to optimize the phage display selection process
used at Affibody AB, Bromma, Sweden. Phage display is a commonly used method for
screening and selecting proteins with affinity for chosen targets. Affibody uses a selection
library comprising Affibody® molecules, which are based on Saphylococcus aurus
protein A, domain B. One problem has been the amount of background, i. e. binders that
bind to other molecules than the target in the selection process. Background binders make
it difficult and sometimes impossible to find Affibody® molecules with the right binding
properties. The primary goal of this project wasto develop a phage selection method that
minimizes the amount of background binders.

A couple of methods have been evaluated:
- Changing the solid support
Alternating the solid support during selection
Washing protocols with larger volumes, higher detergent concentrations and
longer incubation times
Pre-clearing

2 Background

In this background, a brief overview of the use of selection methodsisfirst described.
Because phage display is only one method among many, the basics of the most common
selection methods are presented.

Further, different phage display systems are explained and the problems with unspecific
binding. Findly, the methods used in this master thesis work are presented.

2.1 Screening and selection methods

Designed molecules can be used in efficient cancer treatment, drugs for other diseases,
enzymes, diagnosistools, protein purifying and blood purifying to mention afew
examples. In vitro design of molecules has unfortunately been shown to be a difficult
task.

One efficient way to get ligands with eligible propertiesisto create entire libraries of
different molecules and with a selection process find molecules with desired properties.
Wide arrays of different molecules are used in screening and selection, i. e. inorganic
compounds, DNA and proteins.

A common type of selection is based on
finding molecules with affinity for a given
target; an overview can be seenin figure
1. First, the library of different proteinsis
mixed with the target. The second step is T amplfication
to catch the target-bound proteins, and it
then wash away all unbound proteins.
Last, the bound proteins are amplified and
the processis repeated until a mixture of

SINSSSIon proteins linked

DNA library to their DNA

selection or
screen

selected proteins
and DNA

selected DNA
sequences

isolation of DNA
-+

O WILEY-VCH [19]

proteins with high affinity to the target is Figure 1. Overview of a protein selection process

achieved. A protein library can be built by
first creating aDNA-library by
recombining DNA randomly and then

Figures1-7, copyright 2002, reprinted with
permission from Wiley-VCH.



construct the protein library. By coupling proteinsto their corresponding DNA the
proteins can easily be identified and amplified. There are several waysto achieve the link;
the DNA could be linked directly to the protein by a physical bond [19]. It may also be
linked by compartmentalization or by spatial separation [19]. Phage display that has been
used in thiswork is based on a physical bond. There are also methods to sequence the
protein itself. Mass spectrometry is advancing in thisarea[19]. Below follows examples
of some different selection strategies.

phage display

O WILEY-VCH [19]
Figure 2. Phage with
displayed protein (red)
binding to target
molecule (green).

cell-surface display

Figure 3. Proteins (r e(ﬁ WILEY-VCH [19]
displayed on a cdll surface.

®,

ribosome display

O WILEY-VCH [19]
Figure 4. mRNA (black)
linked to protein (red) by
aribosome (blue).

o

mRNA-peptide fusion
O WILEY-VCH [19]

Figure5. mRNA (grey &
black) connected to protein

(grey) by puromycin (red).

2.1.1 Physical bond — Surface Display
Phage display — is a method based on displaying
proteins or peptides on bacteriophage (figure 2). The
library molecule is genetically fused to one of the
phage’ s natural surface proteins. It isawidely used
method but the size of the library is limited by the
transformation process of DNA to Escherichia coli (E.
coli) [19]. The method is described in more detail in
section 2.2.

Cell surfacedisplay — is a method based on
displaying proteins or peptides on different cells
(figure 3). The library molecule isfused to one of
the cell’ s natural surface proteins. Screening is
usually made by fluorescence-activated cell sorting
(FACS). Cdll surface display was not initialy
developed for screening [16]. The application is
rather in the development of live bacteria vaccine
delivery systems[19]. Library sizeislimited due to
the low transformation efficiency.

2.1.2 Physical bond — Direct linkage

Ribosomal display — is a method where the ribosome
acts as a bond between the peptide and the mRNA
(figure 4). When chloramphenicol is added to the
trandation reaction of mRNA, trandation stops and the
bond is created. Selection efficiency islimited due to
the fact that the complex between ribosome, mMRNA
and peptide (or protein) isinstable. When alibrary is
built, the yield is decreased with increasing size of the
proteins. The method is completely in vitro. Anin
vitro method has no restrictions like transformation
efficiency but may cause problems with expression of
certain proteins [19].

MRNA display — mRNA islinked to the protein by
puromycin (figure 5) in the trandation process. The
method is completely in vitro. Anin vitro method has
no restrictions like transformation efficiency but may
cause problems with expression of certain proteins
[19].
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plasmid display

O WILEY-VCH [19]
Figure 6. Plasmid linked to
protein (red) by DNA-
binding domain (blue).

in vitro compartmentalization

O WILEY-VCH [191

Figure 7. Trandation occurs
in small water droplets

Plasmid display — The displayed proteins are
connected to a DNA binding protein that binds to the
plasmid with the randomized DNA (figure 6). The
binding occursinside a cell that subsequently is lysed.
Thelibrary sizeislimited due to the low
transformation efficiency [19].

2.1.3 Compartmentalization

Protein fragment complementation assay — Binding
between target and binder is performed inside a cell
that expresses both molecules. The target and the
binder are fused to different domains of a protein with
a detectable phenotype, for example fluorescence. If
binding occurs, the binder can be found by finding the
specia phenotype [29]. Thelibrary sizeislimited due
to the low transformation efficiency.

Liposome-based assays—is a method based on
small water-in-oil- dropletsto link DNA and protein.
Each drop contains one gene, transcription and
trandation factors which produce proteins inside the
drop (figure 7). Before dissociation of the drop, a
bridge between the DNA and the proteins can be
made. Some examples of bridges are: protein-
streptavidin-biotin-DNA coupling [17] and protein-
antibody-bead-DNA binding [38]. Enzymatic activity

separated by ail. g _
selection can also be made by letting the translated

protein demethylate the DNA before dissociation of
the drop. The demethylation protects the DNA from
restriction enzymes added subsequently [18].

2.2 Phage display

2.2.1 The bacteriophage

A bacteriophage is a virus which infects bacteria and some bacteriophage lyse the host
during reproduction (so-called lytic phage). In phage display, lysogenic phage which do
not lyse the host are used. These variants are used to display proteins or peptides on the
surface and contain the genetic code of the protein inside. By genetically fuse the protein
to one of the phage’s coat proteinsit will be displayed on the surface and be availablein
selection. After selection, the selected phage can easily be amplified by letting them infect
bacteria and reproduce [2]. A number of phage strains are used in phage display,
commonly M13, f1 or fd. They are ailmost identical and are called Ff phage due to their
way to bind E. coli through the F pilus.

2.2.2 The phagemid

A phagemid is a plasmid containing both an ori for E. coli and a phage-derived ori. It can
be packed inside a phage. To produce new phage containing phagemids, helper phage are
used. The helper phage got the genetic information for all phage proteins. By co-infecting
acell with a phagemid and a hel per phage, new phage expressing the gene of interest are
produced [2].



Phagemids got the advantage over bacteriophage that phage production can be controlled.
Thisisused at Affibody to express proteins from the phagemid vector without producing
new phage. By letting the helper phage code for native surface protein it is possible to
present only one ligand per phage (i.e. monovalence) [1].

2.2.3 Surface presentation on phage

2.2.3.1 Poly- and monovalence

By using different display typesthe number of displayed foreign proteins or peptides
differs on the bacteriophage. A system with only one displayed protein is monovalent and
if several copies of the foreign protein are displayed the system is polyvalent. A

monoval ent system shows the real affinity since no cooperative binding from
peptide/protein siblings can occur. In apolyvalent system several molecules can bind to
target ssimultaneously. An avidity effect isthen achieved. Asthe experienced affinity
often is higher than the real affinity, a polyvalent system is preferred when weaker and
more specific binders are desired [14]. A monovalent system can display larger proteins

than the polyvalent system [1].

2.2.3.2 Display types

Five different coating proteins are used for fusing the library molecule to the surface of
the phage. plll and pVIII are the most common but pVI has been used too [1]. plll and
pV1 are positioned at one tip of the phage and existsin five copies each [19]. pVIIl isa
50-residues peptide that covers the phage in about 2800 copies [2]. An overview of

systems based on plll and pVI1I are presented in figure 8. The main characteristics are:

Type 3 — The phage vector in the phage contains gll1 fused to the foreign protein or

peptide DNA. The phage displays the protein on
al pllls. One problem isthat if the foreign DNA
includes stop-codons, it will stop the tranglation
of the plll and the phage will not be infective [1].

Type 33 — The vector codes for two plll. One of
them is fused with the foreign protein and is
often slightly suppressed. The phage expresses
both pure pll1 and plll fused with the foreign
peptide. Thanks to the suppression of the
fusioned vector it is possible to make the phage
monovalent, i. e. only one foreign peptideis
displayed. A monovalent system can display
bigger proteins without losing infectivity [1].

Type 3+3 — The foreign peptide DNA is fused to
specific domains of plll on a phagemid. Helper
phage are used in reproduction.

Type 6, 66 and 6+6 functions the same way as 3,
33 and 3+3 respectively but with pVI [1].

Type 8, 88 and 8+8 functions the same way as 3,
33 and 3+3 respectively but with pVIII. There
are some differences though. In system 8 only

o
g L
:J_»,_.f 3 o o
+ +
ﬂ' |
Type Type Type Type Type Type

d ad dad 4 a8 Bad

Figure 8. Overview of different phage display
systems. Thelong ovals are phage and the
shorter ovals are phagemids. The helixes inside
the ovalsare DNA, the black boxes represent
gVIl1 and thewhite boxesrepresent glll. Grey
boxesarethelibrary geneand it isfused to one
of the coat proteins. Thewhitecirclesareplll,
pVIII isnot displayed, and grey circles
represent thelibrary protein or peptide.
Reprinted with per mission from

Elsevier [37]



very small peptides can be used because there is not enough space for bigger proteinsto
coat the phage. The phage also gets reproduction difficulties when displaying larger
molecules. An 88 system works better than system 8 but is not monovalent. Instead a
mosaic pattern of foreign peptidesis displayed over the phage. An 8+8 system displays a
mosaic pattern in the same way but is based on phagemids like the 3+3 system [1].

2.2.4 Selection

With alibrary of different proteins displayed on phage it is possible to screen for and
select proteins with affinity to a specific target; in figure 9 an overview of such a selection
processis drawn.

By exposure of the target (B) to the library (A), suitable phage are able to bind to the
target. The target can either be immobilised on a surface, for example inside wells or at
paramagnetic beads (C) (solid phase selection), or it can be exposed to phage in a solution
(liquid phase selection). If the target isin solution, it is necessary to catch it after the
phage has bound. Preferably a strong pair of bindersis used such as biotin and
streptavidin (SA) which have aKqof 10%° M [4]. The small biotin molecule is connected
to the target and the SA-molecule on a solid surface. If the target isto be selected on a
solid phase it can be either immobilised primary, directly on the support matrix, or
secondary using a biotin-SA interaction. Depending of the use of the selected peptide,
liquid or solid phase is preferred. If high specificity and low affinity is wanted, the solid
phase selection allows more multivalent bindings and will be beneficial. Liquid phaseis
better when selecting for high affinity because affinity discrimination is maximized [14].
Solid phase selection may yield more background binders because the solid phaseis
exposed for the phage for alonger time [25].

The different selection methods ends with target and phage bound together, connected to
asolid phase (C). Still al unbound phage are present in the solution but by washing (D)
the surface several times they are more or less removed. The selected phage can be eluted
in several ways. pH can be lowered [39] or increased [40] to denature the binding protein.
Ethylene glycol, competitive elution with target protein [20], chaotrophic agents [3] and
enzymatic cleavage [5] are other kinds of elution techniques. Eluted phage are thereafter
multiplied by infection of E. coli (E) and used for next selection round (H). After two to
five selection rounds, phage clones are randomly picked and analysed with ELISA and

sequencing (1).
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Figure 9. Overview of a phage selection. The phagelibrary (A) ismixed with biotinylated
target (B). Binding occur s and the phage-tar get-solution isadded to SA coated beads (C).
Non bound phage are washed away (D). Remaining phage are eluted and allowed to infect E.
coli (E). Helper phage are added and infects the bacteriatoo (F). A mix of phage with affinity
tothetarget and background isleft (G). Two to five selection rounds ar e performed (H), and
then the phage ar e screened and analyzed (1).
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2.2.5 Definition of background binders

Inalibrary of potential binders different populations of binders exist. In atypical 100
million clones library there are [14]:

108 non-binding phage

10* phage binding to materials used in the selection. They are often referred to as
plastic binders or SA binders. The displayed proteins bind to different parts of the
solid support or the blocking agents used

103 phage that bind to the target weakly

10 phage that bind to the target tightly

Background binders are binders which do not have affinity to the target. They could either
be non-binding phage or material binding phage. If only high affinity binders are wanted
the weak binding phage may be called background binders too. Additionally, the phage
itself, regardless of displayed protein, can be sticky and survive selections. If background
binders succeed to survive a selection round, they may outgrow the target specific binders
[14]. Thereforeit is of highest importance to use the most appropriate strategy to reduce
background binders.

2.3 Phage display method used at Affibody

In the phage selection process at Affibody AB, a 3+3 system is used where the different
domains of plll are encoded partly in the phagemid, pAffil, and partly in the helper
phage, M13K07. When phage are propagated, a mix of phagemids and helper phageis
obtained where 6 % are phagemids expressing pllI-fused protein [25]. Paramagnetic
beads coated with SA are used as solid phase and the binding between Affibody®
molecules and target is performed in solution for two hours prior exposure and bindingto
the solid phase. The beads are washed an increased number of times for each selection
round. The bound phage are eluted with acid and then allowed to co-infect E. coli
together with helper phage to produce new phage for the next panning round. Normally
four to five rounds of selection are performed.

2.3.1 Library

The proteins named Affibody® molecules that are displayed are 58 amino acids long and
based on Saphylococcal aureus protein A, domain B [3]. Domain B is engineered at
residues 28-29 where asparagine-glycine is exchanged to asparagine-alanine to eliminate
a hydroxylamine cleavage site [28]. Furthermore residue 1 is changed from aanine to
valine to make arestriction site for Accl restriction enzyme, which makes it possible to
fuse many domains together at the DNA level [28]. The engineered domain is named Z
and has 13 randomized residues [3] which make alibrary of atheoretical size of 8.2x10"°
different Affibody® molecules. Z is athree-helix structure and the randomised positions
are positioned at helix one and two, see figure 10 [26].

11
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Figure 10. (A) Z with variable residues marked red, (B) Z with variable residues marked, (C)
Affibody® sequence, starsindicating variable positions, the green domains ar e the helixes.

The Affibody® molecules are fused to atruncated version of plll (residues 249-406)
together with an albumin binding domain (ABD) that is also displayed on the phage [ 3]
(figure 11). The ABD isused as atag in the analysis of the binders (2.6.2). The library
used is called ZIib2002 and has a real size of 3.3x10° different clones[25]. The library
plasmid also contains 3-lactamase, an ampicillin resistance vector.

Affibody” DNA

|
T

Affibody® molecule (with ABD)
glll plil

Figure 11. Phagewith Affibody® molecule
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2.4 Methods to reduce background

Here is ashort presentation of the methods to reduce background used in this project. The
list contains both methods which are already in use at Affibody and new methods
evaluated in this project.

2.4.1 Washing

After binding of phage to the solid support, the surface of the solid support is washed to
remove non-binding phage and weak plastic binders. It has been shown that increasing
washing volume, number of washes, detergent concentration and washing time removes
more non-binding phage and plastic binders [6]. Studies have been made that compares
the efficiency in background reduction of different washing methods [6]. The different
washing methods reviewed were:

1 10x 1 ml phosphate buffer saline (PBS) with 0.1% Tween20 (no incubation) + 3 x 1
ml PBS, the relative amount of background was 1.

2  3x1ml PBSwith 2% Tween20 (10 min incubation) + 1 x 1 ml PBS, the relative
amount of background was 0.4.

3 3x10ml PBSwith 0.5 % Tween20 (19 min incubation) + 1 x 10 ml PBS, the
relative amount of background was near 0.2.

The first method is almost identical to the wash procedure used at Affibody today. Each
wash, no matter procedure, removes a number of weak binders and tight binders, so atoo
extensive wash may remove wanted binders. Often weak binders are more specific than
strong binders and one method to keep the specific bindersis to wash carefully in the first
selection round and then increase the washing stringency in the subsequent runs [21].
Three different washing protocols, each similar to the above described protocols were
evaluated regarding amount of background binders and the presence of different low and
high affinity binders.

2.4.2 Pre-clearing of library

A pre-clearing step is carried out by exposing the whole phage library to naked SA coated
beads. The theory isto let the material binders adsorb to the surface and use remaining
phage as anew library. The effect of pre-clearing is not very clear and experiments have
shown only moderate effects [8]. Still some literature recommends pre-clearing steps
[14]. Pre-clearing can also be used to remove phage with special treats like a specia
binding motif on the target. For that purpose it has been shown to be effective [12, 13].
Pre-clearing is already in use at Affibody at present date but an experiment to test the
efficiency of the method was made in this work.

2.4.3 Using a more specific biotin binder than streptavidin

Since many background binders bind to SA in selections made at Affibody and elsewhere
[23, 24, 25] a more specific biotin binder can be used. Neutravidin (NA) isa
deglycosylated derivative of avidin which has a more neutral pl [30]. This makes NA less
attractive for non-specific interactions than avidin and SA. It has been shown that the
oligosaccharide side chain is not required for biotin binding [31]. Selections with NA as
biotin binding molecules were performed and evaluated in this work.

13



2.4.4 Blocking of tubes and beads

By adding gelatine to the beads and tubes prior to the selection, non-specific binding sites
are blocked by the gelatine. Blocking by gelatineis already in use today at Affibody, the
effect of blocking was not evaluated since earlier experiments have shown it effective
[25].

2.4.5 Alternating neutravidin and streptavidin

It has been shown that not the same type of binders bind to NA as SA [22]. This can be
explained by the differences in structure between SA and NA. By aternating the different
biotin binders, the SA and NA binders will have harder to compete with binders to the
target. There are experiments that have shown that alternating selection rounds with SA,
with rounds without SA present have been an effective way to reduce background binders
[8]. Different patterns of alteration was performed and analysed.

Comparison between non-glycosylated avidin and SA
- Avidinis an egg white protein [32]
SA isaprotein from bacterium Streptomyces avidinii [32]
Both avidin* and SA are quaternary b-barrel structures[32]
The biotin binding pockets of avidin* and SA are similar but avidin* has
five aromatic groups compared to SA that has four [32]
The biggest structural differences between avidin* and SA are the loops
connecting the b-sheets [32]
The sequence identity between avidin* and SA is 64 % in the homologue
segments and 7 % in the other areas. The overall homology is 30 % [32]

*Experimental data derived on “Liteavidin” a non-glycosylated variant of avidin.

2.5 Experimental setup

2.5.1 Target — biotinylated Protein A

Protein A was chosen as atarget in this work because several phage display selections
have been made using protein A as atarget at Affibody AB. It has been easy to find
Affibody® molecules with affinity for protein A aswell as for plastic and SA in these
selections. The protein has a mass of 34 kDa[25] and is biotinylated so that it can be
caught with abiotin binder in the selection.

2.5.2 Selections performed

2.5.2.1 Test Selection
Initially, with the purpose to test NA coated beads in a small scale selection and examine
the possibility of removing SA binders by pre-clearing and altering the biotin binding
protein, a selection based on afour member library (Zlib4) was carried out using protein
A astarget. The library was made of two known protein A binders and two known SA
binders originating from ZIib2002. This selection consisted of one panning round and was
performed in four different setups:

TN — Selection with NA coated beads to examine if selection can be made on this type of
beads and to examine if the SA binders are removed.
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TS — Selection with SA coated beads as a reference to the other selections.

TNP — Same as TN but with pre-clearing on NA coated beads prior to selection to
examine the effect of pre-clearing.

TSP — Same as TS but with pre-clearing on SA coated beads prior to selection to examine
the effect of pre-clearing.

2.5.2.2 Optimization selections
Two separate optimizations with four selections, each using the library ZIib2002, were
made to test the effect of NA coated beads compared to SA coated beads and to evaluate
alternation between the two types of beads. To seeif it was possible to reduce background
binders with different washing procedures, three different washing protocols were tested.

Optimization selections 1
S— Selection with SA coated beads. Washing was performed with small volume during
minimal time and low concentration of detergent.

N; — Same conditions as for S but with NA coated beads for comparison of different kind
of beads.

K — Same as S but with alternating biotin binder, first SA, then NA, SA and NA on the
beads. This test was made to test efficiency of alternating the solid support.

W — Same as S but with larger washing volumes, longer washing times and more
detergent to seeif this kind of washing reduces background.

Optimiztion selections 2
N2 — Same conditions as for N in optimization selection 1. This selection was made to
see if the experiments were reproducible and as a reference between the two selections.

A — Same conditions as for K but starting with NA in the alternations of the biotin
binding protein.

T — Same conditions as for W but on NA coated beads to see the effect of two
background-reducing systems combined.

E — Same conditions as for N but with awashing protocol with very high detergent
concentration, medium long wash and dlightly larger washing volume.

2.6 Analysis
Four different techniques were used to evaluate the selections.

2.6.1 SA and NA ELISA

SA and NA Enzyme-linked immunosorbent assays (ELISA) were used to screen
Affibody® molecules for affinity to SA or NA. SA or NA coated plates were used to bind
SA or NA binding Affibody® molecules respectively. The Affibody® molecules were
detected by two layers of antibodies. The primary antibody layer bind to the Affibody®
molecules, the secondary antibody bind to the primary antibody and carry a horseradish
peroxidase (HRP). HRP catalyses H,O, oxidation of tetramethylbenzidine. This reaction
creates a blue colored product. By adding an acid in the presence of equimolar H,O; a
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stable diimineisformed [27]. The diimineis yellow and the color can be measured with a
spectrophotometer.

2.6.2 ABD Based Affibody Screening (ABAS) ELISA

The affinity between Affibody® molecules and target is screened by ABASELISA.
Human serum albumin (HSA) coated plates are used to capture the Affibody® molecules
through the genetically fused ABD. By adding the biotinylated screening target and then
SA-HRP the Affibody® molecule-target complex can be detected with oxidation of
tetramethylbenzidine (2.6.1).

2.6.3 Sequencing

Sequencing is used to identify binders after selection. One method to sequence DNA is
automated fluorescent DNA sequencing. Differently labelled fluorochrome dideoxy
nucleotides (ddNTP) are used to randomly terminate chain extension during a polymerase
chain reaction (PCR). This creates sequences with different length and the end is marked
with one ddNTP with specific fluorescence for A, G, C and T. Capillary electrophoresisis
used to separate the fragments by length. A laser excites the separated fragments and the
dyes emit light at different wavelengths. A charged coupled device (CCD) measures the
light and the DNA sequence is interpreted from the fragments' emissions[2].

2.6.4 Clustering

By using the program “ Clustering of Affibody molecules’ Affibody® molecule sequences
can be analysed for similarities. The program clusters the moleculesafter their amino acid
segquence homology. Since binders with similar sequences often have same binding
properties, the cluster tool can be used to investigate if the Affibody® moleculesare
potential SA binders or if they have similarities with other wanted or unwanted binders.
In constructing a secondary generation library the information is very useful too. Program
calculation formulas are presented in appendix E.
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3 Materials and methods
3.1 Preparations

3.1.1 Neutravidin coating of Dynabeads M280

Tosylactivated Dynabeads® M280 (Dynal), 15 mg, were separated from liquid on a
magnetic particle concentrator (MPC? -S. Dynal) for 2 minutes. The beads were then
washed twice with 1 ml 0.1 M H3BOs pH 9.5 for 2 minutes on arotor. Subsequently, the
beads were coated by removing liquid, adding 1 ml 0.1 M H3BOs pH 9.5 mixed with 300
Kg neutravidin (Pierce) and incubating at 37°C for 24 hours on arotor. Washing were
made twice in PBS (For 1000 ml: 0.2 g KCI, 0.2 g KH,POg4, 8 g NaCl, 11.5 g Na;HPO,,
MQ) pH 7.4 for 5 minutes at 4°C, oncein 0.2 M TrispH 8.5 for 4 hours at 37°C and once
in PBS pH 7.4 for 5min at 4°C, al steps on arotor. The beads were stored at afinal
concentration of 10 mg beads/ml in PBS pH 7.4 supplemented with 0.1% BSA (w/v)
(CAS 9048-46-8) and 0.02% NaN3 (Sigma Chemical) at 4°C.

3.1.2 Activity test of neutravidin coated beads

By exposing the NA coated beads to biotinylated protein A (Amersham Biosciences,
biotinylated with EZ-link (Pierce)), the beads' binding capabilities were examined.
Streptavidin Dynabeads M 280 (Dynal) were used as areference. Beads, 0.5 mg (NA and
SA coated beads respectively) were washed in 3 x 1 ml PBS and then mixed with 100 pl
PBS 0.05% Tween 20 (Acros. PBST0.05) with 24 g biotin-protein A for 30 min at
room temperature (RT) on arotor (binding 1). The supernatant was added to 0.5 mg new,
washed, beads and mixed on arotor for 30 min at RT (binding I1). Dry beads from both
bindings and supernatant were mixed with 1x or 5x reduction buffer (5x: 100 mM Tris
HCI pH 8.0, 5 mM [Ethylenedinitrilo]tetraacetic acid (EDTA. Merck), 12.5 % sodium
dodecylsulfate (SDS. Amresco), 25 % R-merkaptoethanol 14.3 M (Merck), 5 mg
bromophenol blue sodium salt (Merck)) respectively to afina volume of 10 pl, warmed
to 95°C for 5 min and analysed on a 10-15% SDSPAGE gel (Amersham Biosciences)
with the PhastSystem (Pharmacia) or on a NUPAGE® Bis-Tris4-12 % gel (Invitrogen). A
low molecular weight ladder (LMW. Amersham Biosciences) was used as reference on
the SDS-gel and the Multimark® (Invitrogen) on the NUPAGE-gel. The gels were stained
with Coomassie blue (for 400 ml: 1 tablet PhastGel ™ Blue R (Amersham Biosciences),
120 ml 95 % C,HsOH, 40 ml 17.49 M CH3CO.H, Milli-Q® water (MQ. Millipore)) or
with silver staining [11].

3.2 Selection process

Intable 1, all parameters varying between the different selections and the different rounds
are shown.
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Table 1. The varying parametersin each selection round. During rounds11-1V, eluted phage from
previous round was used asinput material (phagein). Buffer A, PBSwith 0.1% Tween20, buffer B,
PBSwith 0.5% Tween20 and buffer C, PBS with 2% Tween 20.

Target Beads Wash Analysis
Selection Name | Librar Phage in . . . .
round y (cfu) Conc(enn’\;r)auon Type QL(J:qr;t)lty Tl(r:;es Buffer Vo(lmulr;we ;I'r;rrne) eLisa| sequencing
] TN Zlib4 2,0E+10 10 NA 0,2 3 A 1 1 Yes No
NP [ziiba 2,0E+10 10 NA 0,2 3 A 1 1 Yes No
TS Zlib4 2,0E+10 10 SA 0,2 3 A 1 1 Yes No
TsP__|ziiba 2,0E+10 10 SA 0,2 3 A 1 1 Yes No
w Zlib2002 | 7,5E+12 50 SA 1 1 B 10 20 No No
s Zlib2002 | 7,5E+12 50 SA 1 2 A 1 1 No No
K Zlib2002 | 7,5E+12 50 SA 1 2 A 1 1 No No
Ny Zlib2002 | 7.5E+12 50 NA 1 2 A 1 1 No No
T Zlib2002 | 7,5E+12 50 NA 1 1 B 10 20 No No
E Zlib2002 | 7,5E+12 50 NA 1 1 c 2 10 No No
Ny Zlib2002 | 7,5E+12 50 NA 1 2 A 1 1 No No
A Z1ib2002 7,5E+12 50 NA 1 2 A 1 1 No No
I w * 5 SA 0,5 2 B 10 20 No No
s * 5 SA 0,5 3 A 1 1 No No
K * 5 NA 0,5 3 A 1 1 No No
Ny * 5 NA 0,5 3 A 1 1 No No
T * 5 NA 0,5 2 B 10 20 Yes Yes
E * 5 NA 0,5 2 c 2 10 | ves Yes
N, * 5 NA 0,5 3 A 1 1 Yes Yes
A * 5 NA 0,5 3 A 1 1 Yes Yes
i w * 5 SA 0,5 3 B 10 20 | Yes Yes
s * 5 SA 05 4 A 1 1 | Yes Yes
K * 5 SA 0,5 4 A 1 1 Yes Yes
Ny * 5 NA 0,5 4 A 1 1 Yes Yes
T * 5 NA 0.5 3 B 10 20 | ves Yes
E * 5 NA 0,5 3 c 2 10 | ves Yes
N * 5 NA 0,5 5 A 1 1 Yes Yes
A * 5 NA 0,5 5 A 1 1 Yes Yes
v w * 5 SA 0,25 3 B 10 20 | Yes Yes
s * 5 SA 0,25 5 A 1 1 Yes Yes
K * 5 NA 0,25 5 A 1 1 Yes Yes
N * 5 NA 0,25 5 A 1 1 Yes Yes

3.2.1 Libraries

Z1ib2002 comprising 3.3x10° members [25] or Zlib4 were used in the selections. Zlib4
was made from four different clones from ZIib2002, two known protein A binders and
two known SA binders. Each clone was cultivated, harvested, precipitated (3.2.6) and
titrated (3.2.4). The clones were mixed together at equal amounts creating alibrary with
1.3x10™ phage/ml. An ABAS ELISA (3.3.2.2) and a SA ELISA (3.3.2.3) were performed
to screen the composition of Zlib4.

3.2.2 Pre-clearing

In selections TNP and TSP, pre-clearing was performed, by adding 2x10'° phage to 0.2
mg beads (that had been washed threetimesin 1.5 ml PBS T0.05 for 15 minutes) in 400
pl PBS-T0.1 0.1% gelatine and incubating for 30 minutes on arotor at RT. The beads
were removed and phage were stored at 4°C until selection.

3.2.3 A selection round

Prior to the selection rounds, tubes (Eppendorf) were blocked for at least 30 min with
PBS 0.1% Tween20 (PBS-T0.1) + 0.1% gelatine at RT. The beads were washed three
timesin 1.5 ml PBS-T0.05 15 minutes each and blocked for at least 30 minin PBSTO0.1
+ 0.1% gelatine on arotor at RT.
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Phage were incubated with biotin-protein A in 1 ml PBS-T0.1 0.1% gelatine for 2 hours
on arotor at RT. The solution was mixed gently with Dynabeads for 15 minutes on a
rotor at RT. The beads were washed in PBS and Tween20 according to the washing
scheme (table 1). Remaining phage were eluted with 500 pl glycine pH 2.2 at RT for 10
minutes. The supernatant was collected and neutralised with 500 pl 0.1 M Tris HCI pH
7.5. The eluted phages were titrated (3.2.4) and either cultivated (3.2.5) or analysed (3.3).

3.2.4 Titration of phage

Phage were serially diluted in autoclaved MQ (sMQ), 100 mi per dilution, to 1/10 to
1/10"? of the starting concentration in a 96-well microtiter plate (different brands). To
each dilution 100 M RR1?M15-cells[10], cultivated to early log-phase (optical density at
600 nm (ODgno) = 0.5-0.8 absorbance units (AU)) in tryptic soy broth (TSB. For 1000 ml:
30.0 g TSB (Merck), deionised H,O) were added. Infection of the cells was performed for
5 minutes at RT. From each well 5 i infected cells were applied drop-wise on atryptose
yeast extract agar plate (TY E-plate. For 900 ml: 15 g agar, 3 g NaCl, 10 g Tryptone
Water (Merck), 5 g yeast extract, 100 ml 20% glucose, 1 ml ampicillin 100 mg/ml
(Saveen & Werner AB), deionised water). The plate was incubated at 37°C over night
(ON). Separate colonies were counted and the concentration was cal cul ated.

3.2.5 Cultivation of phage

3.25.1 Phagemid amplification
From the selection, 500 pl of eluted phage from selection were added to 100 ml (in round
1) or 10 ml (in subsequent rounds) RR1?M15-cellsin early log-phase. Infection of the
cells was performed for 25 minutes at 37°C. The cells were centrifuged at 3300 g for 15
minutes and the supernatant was discarded. The pellet was resuspended in TSB and
spread on TY E-plates, bigger plates for the first round. The plates were incubated ON at
37°C. Grown cells were suspended in TSB. Part of this suspension (approximately 3 ml)
was mixed with equal parts of 87 % glycerol and frozen at —80°C.

3.2.5.2 Phage cultivation
Suspended cells, 2x10™ or 2x10° colony forming units (cfu), were added to 400 ml (round
1) or 40 ml (subsequent rounds) tryptose saline buffer with yeast extract (TSB-YE. For
1000 ml: 30.0 g TSB (Merck), 5.0 g yeast extract, deionised H,O) with 2% glucose and
ampicillin, 100 pg/ml, corresponding afinal cell concentration equivalent ODgy = 0.1
AU (ODggo = 1 AU equals 5x10° cells/ml). The cells containing the phagemids were
grown to early log-phase. Helper phage M13K07 (New England Biolabs®), 102 plagque-
forming units (pfu)/ml, were added to the cells with a 20-fold excess. The amount of cells
was estimated from ODgyo-measurements. Infection of helper phage was performed for 25
minutes at 37°C. The cells were then centrifuged at 3300 g for 15 minutes. The
supernatant was discarded and the pellet was dissolved in TSB-Y E with 100 pg/ml
ampicillin, 25 pg/ml kanamycin (Saveen & Werner AB) and 0.1 mM isopropyl-3-D-
thiogalactopyranoside (IPTG. Eppendorf) in the original cultivation volume. Phage were
grown ON at 30°C, 150 rounds per minute (rpm) in baffled flasks.

3.2.6 PEG-Precipitation of phages

Phage from cultivation were harvested through centrifugation at 3300 g for 15 minutes.
To the supernatant, 1/5" volume 20% polyethylene glycol 6000 (PEG. Merck) 2.5 M

NaCl was added. The suspension was mixed thoroughly and then incubated on ice for 2
hours. The precipitate was centrifuged at 10700 g for 30 minutes at 4°C. The supernatant
was discarded and the pellet was resuspended in sMQ, to 1/10" of the original volume. To
the suspension, 1/5" the volume 20% PEG 2.5 M NaCl was added. The phage-PEG mix
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was incubated on ice for 45 min before centrifugation at 16600 g for 30 minutes. The
supernatant was discarded and pellet dissolved in PBS by pippeting. The phage solution
was filtered through a Minisart 0.45 nm filter (Sartorius) before titration (3.2.4).
Precipitated phage were used in next selection round (3.2.3)

3.3 Analysis

3.3.1 Clone cultivation and Affibody-ABD expression

Phagemid infected RR1?M15-cells (3.2.5.1) from the selection rounds to be analysed
were spread on TY E-plates at different dilutions in order to obtain separate colonies. The
plates were incubated at 37°C ON.

From each analysed selection round, 93 colonies were picked with sterile toothpicks and
put in autoclaved deep well plates (NUNC), each well containing 1.3 ml TSB-YE, 1mM
IPTG and 100 pg/ml ampicillin. The toothpicks were removed and the plate sealed with a
gas permeable adhesive seal (Abgene). The plate was incubated at 37°C, 200 rpm for 18-
24 hours. Samples from each plate were transferred to a PCR-plate (Abgene) with 50 pl
TSB and 50 pl 87% glycerol per well using a 96-well capillary plate. The PCR-plate was
frozen at —20°C until sequencing.

3.3.2 ELISAs

3.3.21 Lysating of cellsprior to ELISA
The deep well plate containing cell suspension (3.3.1) was centrifuged at 3000 g for 10
min at RT. The supernatant was discarded and the pellet was dissolved in 450 pl PBS
T0.05 by vortexing. Sealing tape (NUNC) was used to prevent contamination. In order to
lyse the cells, the plate was frozen for at least 45 minutes in —80°C and quickly thawed
for 30 minutes in lukewarm water. Centrifugation at 3500 g for 30 minutes at 4°C was
performed to spin down cell debris. The lysate was immediately used for ELISA or frozen
at —20°C.

3322 ABASELISA
A 96 well flat bottom, high binding polystyrene plate (Costar 9018 EIA/RIA plate) was
coated with 6 pg/ml HSA (CAS 70024-90-7), 100 ul/well ON at 4°C. The plates were
washed with water twice. PBS-T0.05 with 2% (w/v) dry milk (Semper) was used as
blocking solution for 1 hour, 200 pl/well at RT using mild shake. Blocking was removed
and 100 pl/well cell lysate was added for 1.5 hours at RT allowing Affibody® molecule-
ABD to bind HSA. The plate was washed four times with PBS T0.05. In each well 100 pl
biotin-protein A 1ug/ml, diluted in PBS T0.05 was incubated for 1.5 hours at RT. The
plate was washed four times with PBS T0.05. Streptavidin-horseradish peroxidase
(Streptavidin-HRP. Dako Cytomatation), 100 pl/well 0.63 pg/ml diluted in PBS-T0.05
was added and incubated for 1 hour at RT. The plate was washed four times with PBS-
T0.05. Immunopure TMB (Pierce), 100 pl/well, was added and incubated dark for 30
minutes at RT. H,SO4, 2M, 100 pl, was added in each well to stop the reaction.
Absorbance at 450 nm was measured with a Tecan Sunrise spectrophotometer.

On each plate the following controls were used:
- Positive - A known insulin binder Zinsuina-ABD 1ug/ml was added instead
of lysate. It was detected with 100 pl biotinylated insulin 1ug/ml (insulin
(Roche), biotinylated with sulfo-NHS- biotin (Pierce)) at Affibody AB).
Negative - A known insulin binder Zinsuina-ABD 1ug/ml was added
instead of lysate.
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Blank - PBS-T0.05 was added instead of lysate.

A negative control of al clonesin optimization selection 2 was made by not adding
biotin-protein A.

3.3.23 Neutravidin and greptavidin ELISA
For the neutravidin ELISA a 96 well flat bottom, high binding polystyrene plate was
coated with 6 pg/ml neutravidin diluted in 50 mM NaHCO;z, 100 pl/well ON at 4°C.

A streptavidin coated plate (Nunc transparent, c96, 236001) or a neutravidin coated plate
was blocked with 200 pl PBS-T0.05 with 2% (w/v) dry milk (Semper) per well for one
hour at RT. Blocking was removed, 100 ul cell lysate per well was added and the plate
was incubated for 1.5 hours at RT. The plate was washed four times with PBS-T0.05. In
each well, 100 ul primary antibody Rabbit 1gG (Affibody-ABD binder, 90 pg/ml in PBS
T0.05) was incubated for 1.5 hours at RT using mild shake. The plate was washed four
times with PBS-T0.05. Secondary antibody, rabbit immunoglobulin-HRP (P0448 Daco
Cytomatation, diluted in PBS-T0.05 1:8000), 100 ul/well, was added and incubated for 1
hour at RT. The plate was washed four times with PBS-T0.05. Immunopure TMB, 100
pl/well was added and incubated dark for 30 minutes at RT. H,SO4, 2M, 100 pl was
added in each well to stop the reaction. Absorbance at 450 nm was measured with a
Tecan Sunrise spectrophotometer.

On each plate following controls were used:
- Positive - A known SA binder Z-fab L#20-ABD 1ug/ml was added
instead of lysate. In the neutravidin ELISA aknown NA binder, Z00626,
was used in optimization selection 2.
Negative - A known insulin binder Zinsyina-ABD 1ug/ml was added
instead of lysate.
Blank - PBS-T0.05 was added instead of lysate.

3.3.3 Sequencing

3.3.3.1 PCR reaction prior to sequencing
From the prepared PCR-plates (3.3.1) phagemid-infected RR1?M15-clones were taken
for sequencing. Per sequence reaction, 1 pl cell suspension was mixed with 2 ul dNTP
(Applied Biosystems), 2 pl 10x PCR-buffer (Applied Biosystems), 0.04 pl AmpliTag? 5
U/ul (Applied Biosystems), 14.16 pl sMQ and primers, 0.4 ul Affi-21 (5'-
tgcttceggctegtatgttgtgtg) and 0.4 pl Affi-22 (5’ -cggaaccagagccaccaccgg) 5 pmol/ul each.
The PCR-reaction was performed in PCR-plates or in 0.2 ml PCR-tubes (Abgene
ABO0266) on a PTC-225 (Peltier Thermal Cycler, MJ Research) with the following
program: 94°C 5 min; 30 x (96°C 30 sec; 50°C 30 sec; 72°C 1 min 15 sec); 72°C 7 min.
Heated lid was used.

3.3.3.2 Sequencing
Diluted PCR-product (1/10), 1 pl, was mixed onice with 7 pl cycle sequencing buffer
(CS. 6.5 mM MgCl, 26 mM Tris-HCI pH 9.0), 1 pl sequencing primer Affi-72 5 pmol/ul
(5'-biotin-cggaaccagagecaccaccgg) and 1ul ABI PRISM® BigDye™ Terminator Cycle
Sequencing Ready Reaction Kit 3.0 (Applied Biosystems). The mixture was run on a
PTC-225 in PCR-plates or in 0.2 ml PCR-tubes. The program run was: 95°C 1 min; 25 x
(96°C 30 sec; 50°C 15 sec; 60°C 4 min); 72°C 7 min. The product from the reaction was
purified in a Magnatrix 8000 (Magnetic Biosolutions) using program “Magnatrix
Sequencing Clean up” with reagents Dynapure™ Dye terminator removal ver 2 (Dynal),
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regeneration buffer (Magnetic Biosolution), 1 x TE (10 mM Tris-HCI pH 7.5, 1 mM
EDTA), 70% etanol, 2x binding/washing buffer (2 M NaCl, 10 mM Tris-HCl pH 7.5, 1
mM EDTA, 10% PEG). The purified product was transferred to an ABI 3100 plate and
sequenced with the ABI 3100 Genetic Analyzer (Applied Biosystems).

3.3.4 Clustering

The Affibody® molecules with affinity to protein A confirmed in ABAS-ELISA were
compared and clustered according to the aa. sequences. Affibody® molecules with
protein A affinity found earlier at Affibody AB were included in the analyzes too. The
clustering was made using the program “ Clustering of Affibody molecules’.
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4 Results

4.1 Activity test of neutravidin coated beads

A test to examine the ability of NA coated beads to bind biotin-protein A was performed.
Analysis was made on SDSPAGE and SA coated beads was used as a reference. By
comparing the strength of the band from the pure biotin-protein A (lane 6 and 7) with the
bound materials (lane 2-5) it was determined that the SA coated beads bound
approximately 2-3 ug and the NA coated beads approximately 1.5 pg biotin-protein A
(figure 12).
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Figure12. From left toright: (1) LMW, (2) 0.5 mg SA coated beads with bound protein A [binding ],
(3) 0.5 mg SA coated beads with bound protein A [binding 11], (4) 0.5 mg NA coated beadswith bound
protein A [binding I], (5) 0.5 mg NA coated beads with bound protein A [binding I1], (6) 7.2 pg biotin-
protein A, (7) 7.2 ug bictin-protein A, (8) and (9) Samples not from study, (10) Supernatant from SA
coated beads, (11) Supernatant from NA coated beads, (12) LMW

4.2 Definition of binders

A clone was defined a binder if its absorbance in ELISA where at |east twice of the
highest absorbance of the blank or the negative control on the same plate. A binder was
defined a high affinity binder if the measured absorbance in ELISA was at least 0.7 AU.
Below 0.7 AU the binders were defined low affinity binders.

4.3 Test selection

In the test selection asmall library, Zlib4, consisting of two known protein A binders and
two known SA binders was used. Zlib4 was screened with an ABASELISA and a SA
ELISA, giving alibrary composition of 29% protein A binders and 71% SA binders
(compare with theoretical 50% / 50% [3.2.1]). A single selection round was performed to
examine the discrimination of SA binders on NA coated beads compared to SA coated
beads. The effect of pre-clearing was also tested. Evaluation of the selections was made
with ELISA. The amount of protein A binders and SA binders was compared between
each kind of selection and the original library. During the test selection, no greater
differences between selection with SA and NA coated beads appeared. A two- to
threefold enrichment of the protein A binders was seen for both bead variantsand no
effect of the pre-clearing. The selection with NA coated beads reduced the number of SA
binders to 23% compared to the selection with SA coated beads that ended up with 15%
SA binders after one cycle. The selections with pre-cleared library resulted in an amount
of SA binders of 23% for NA coated beads and 26% for SA coated beads.
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4.4 Optimization selections

The optimization selections were made in two sets with four parallel selectionsin each

set. In thefirst optimization, a selection with SA coated beads (S) was compared with a
selection with NA coated beads (N), an alternating bead selection starting with SA

coated beads (K) and a SA coated bead selection using an extended wash strategy, i. €.

longer washes, more Tween and larger volumes (W). In the second set, N; was repeated

(N2) and W was repeated too but on NA coated beads (T). Another washing procedure
with even higher Tween concentrations on NA coated beads (E) was also made and an

alternating bead selection starting with NA coated beads (A). In the second set only three
selection rounds were performed. The selections that generated the best results in terms of

number of high affinity protein A binders, few background binders and few number of

selection cycles were selection A and E. Selection S was the selection that showed most
background (binders without protein A affinity) in each cycle.

4.4.1 Background analysis
4.4.1.1 ELISA analysisof background

To examine the composition of binders with different affinities after a selection round,

affinity screening for protein A, NA and SA were done using ELISA assays. The binders
where no protein A affinity was found were defined background binders. The number of

background binders was lowered with an increasing number of selection roundsin al

analysed selections steps as it should. In selection rounds A3, K4, E3, W4, N14 and N»3
(the letter is the selection name and the number is the analysed selection round) the
background was very low as over 70 of 93 ELISA analysed colonies were protein A
binders (figure 13). In figure 14 the ELISA results are shown as bar diagramsto illustrate
the big differences between some selection rounds in another way.
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Figure 13: Resultsfrom ELISA analysis, 93 cloneswere examined in ABAS-ELISA, NA ELISA and
SA ELISA in most selections. A negative bar representsif no ELISA was made. (A) Thetotal number
of cloneswith an absorbance of at least 0.7 AU are presented regardlessif the clones had high affinity

in morethan one ELISA. (B) Thetotal number of cloneswith an absorbance of at least twice the

highest of the negative control and the blank are presented regar dlessif the clones had such affinity in
morethan one ELISA.

In $4, over 50% of the ELISA analysed colonies were shown to be high affinity SA
binders. Neither after round 3 or 4 high affinity SA binders were found in the other
selections. Low affinity to NA however, were found among many of the protein A

binders generated in all selections, even in selections with only SA coated beads (figure

14 and Appendix A). Looking at the different NA affinities of the protein A binders no
significant differences could be found between the different selection types. Because of

24




the double affinity of many of the protein A binders, negative controls was performed on
whole 96-well platesto check that the absorbancesin ABASELISA really were the result
of protein A affinity and not streptavidin-HRP affinity. These negative controls did not
give any resultsindicating that it was not protein A affinity that was shown. The NA
affinity of the protein A binders was not further investigated. The high number of NA
bindersin $4 (figure 13) can be explained by the fact that the SA binders also have NA
affinity, weaker (except one clone) than the SA affinity but in some cases strong enough
to be regarded as a high affinity NA binder. Overal, there were very few binders with
affinity only to NA.

A3 A E3

Streptavidin . ‘lIH ““H“|H“H“H““H“H“ ‘“ “H‘ ‘
¢ ' 05
N 1. e A SR T 2N DET 20 G E NS SN Ea BE e BEASS SES S B

Neutravidin :

Protein A

Streptavidin 4 |

Neutravidin
4 osf § o3

Figure 14. Examples of ELISAs. In each selection (except E3) three EL I SAswere made after each
analyzed round, ABAS-ELISA (protein A), SA ELISA and NA ELISA. All 93 clonesin each selection
were analyzed in the same order in thethree different ELISAS. The controlsarein therightmost
columnsin following order: positive (in $4, W3 and K4 Z-fab L#20-ABD was used without positive
result in NA ELISA), negative and blank).

4.4.1.2 Sequenceanalysisof background
After round four in the first optimization selection set, all picked colonies that were
analysed with ELISA were sequenced to analyze if the background binders converged to
afew unique background binders. In table 2 the number of unique binders with affinity to
each of the proteins protein A, SA and NA are presented. If a clone had affinity to more
than one target, the target with highest affinity was chosen. For the standard selection S,
five SA binders were found compared to no SA binders for the optimization selections W,
K and N. The NA binder in selection W has also SA dffinity.
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Table 2. The number of sequenced cloneswith an affinity
for the different screening proteinsprotein A, SA and
NA. If the clones had affinity for several targets, the

tar get which achieved the highest affinity was chosen. *?’
indicates clone with unknown affinity.

Number of different clones

binding to each protein Round 4
W Protein A
Streptavidin
Neutravidin
?

S Protein A
Streptavidin
Neutravidin
? 1
K Protein A
Streptavidin
Neutravidin

?
N Protein A
Streptavidin

Neutravidin
?

O O ONINVNO OO O U1 WO ON

4.4.2 Protein A binder comparisons

To analyze the found protein A binding clones, a number of protein A binding clones was
chosen (based on the results from ABASELISA) for sequencing. The sequencing results
(table 3) show that the extended wash protocol, round 3, (W3) generated the highest
number of unique protein A binders (16 out of 17 sequenced). Only one of these binders
was however ahigh affinity binder. A3, one of the alternating bead selections did yield
less unique protein A binders than W but has most high affinity protein A binders of all
selections. Another interesting result was that selection E, which had the highest Tween
concentration and medium long washes, generated only high affinity binders after round
3. The total number of unique binders were however somewhat lower than in selection A.

The standard selection S was the only selection that did not show any binders at all after
the third round. After 4 rounds of selection the distinction between the numbers of unique
clones found in the different selections was not as obvious as after round 3. S, round 4
($4) shows close to equivaent number of different protein A binders as the other
selections' round 4. The protein A binder density in $4 was however lower since the
number of SA binders was abundant. In the selections where four rounds were made, the
diversity ([number of unique protein A binders] / [number of sequenced clones]) are
lowered in al selections except for S (which did not show any binders at all after round
3). Thisis because the binders are converging to afew strong protein A binders due to
over selection, i. e. more selection than necessary to find wanted binders.

Table 3. Summary of optimization selections sequencing results. Tableisbased on appendix A. Results
from round 2 are not displayed.

Selection A3 K3 K4 [=X]
Total # of sequenced protein A-binders 23180 87 24
# of unique binders with protein A affinity 6 4 6 3 2 4
# of unique binders with high protein A-affinity 4 2 3 3 2 2
Diversity of binders (# of unique binders / # total binders) 26% 13% % 13% 33% 9% 2% 18%
Diversity of high affinity binders (# of high affinity binders / # total binders) JNNAZY VA <R R/ BN WA} 6% 2% 9%

In selections A, E, T and N, analyses were made after two rounds too. One protein A
binder wasfound in E, T and N, each after the second round, no binder was foundin A.
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4.4.3 Clustering results

To evauate if the clonesin the different selections tended to draw towards a group of
similar binders, all sequenced protein A binding Affibody® molecules were clustered
(figure 15). The sequences used to build the dendrogram are presented in appendix B.
Two groups of protein A binders seemed to cluster more tightly than the other binders.
Thetwo clusters were called “red cluster” and “blue cluster” respectively. More
information of about the different clustersis given in appendix C. For each selection, the
number of Affibody® molecules belonging to each cluster is represented as a measure of
the diversity of the selection (table 4). Looking at the different selection types, it can be
seen that both selections with SA or NA coated beads have binders in both clusters when
including previous selections performed at Affibody AB (appendix A). Several binders
found in these previously done selections have also been found in selections performed
with NA coated beads and the extended wash protocols (figure 15 and appendix A). The
alternative washes seem to have affected the type of binders though. In the clusters, only
one binder from each of the W and T selections can be found and the binders from W are
overrepresented outside the clusters. The affinities of the bindersfrom W and T which
belong to the clusters have the highest protein A affinitiesof al bindersfound in W and
T. All other binders in these two selections have poor affinities compared to most binders
in the other selections.

Table 4. Number of different clonesbelonging tothered or blue cluster in each analysed selection
round. Theresultsin thistable are presented in appendix A. Results from round 2 are not displayed.

Selection A3 K3 K4 =] T3 W3 W4 N;3 N4 N3 S3 S4
Clones in red cluster 2 1 2 1 1 1 2 1
Clones in blue cluster 2 2 3 1 1 3 1
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Figure 15. Result of clustering. All protein A bindersfound in the optimization selections and
selections previously performed at Affibody AB have been clustered together. Two different clusters
have been chosen from the dendrogram and named “Blue cluster” and “Red cluster”. Protein A
bindersthat only has been found in previous selectionsaremarked ‘-*. Thenumbersin thefigureare
cluster quality numbers, the higher the better cluster integrity.

4.4.4 Yield

In figure 16 the yield in each selection round
is presented. Theyield is based on theratio
of phage in and phage out in each selection
round (appendix D). When the number of
phage binding to the target (or to other
components in the selection) increases, the
graphs peak. This was used as an indication
of the number of protein A binders expected
to be found in screening after a specific
round. For example, the selection rounds E3,
N4, K4 and A3 have the highest yields and
also the best protein A binder to background
ratios.

Note that selection A that generated the
highest number of high affinity binders and
few background binders, has a curve, which
isincreasing aimost exponentially.
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Figure 16. Exchangeratios of the number of
phagein into each selection round relative phage
out of the same round.
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5 Discussion

In thiswork a number of methods to reduce unwanted bindersin a phage selection
process were tested. The effect of pre-clearing, longer washing times, larger washing
volumes, increased Tween 20 concentration during wash, different solid supports and
alternating solid supports have been evaluated. The effect of these different approaches
has been tested on phage display selection (3+3 display system) against biotinylated
protein A. The main conclusions from the experiments were that alternating the biotin
binding molecule on the solid support has reduced the amount of background binders
from near 100% to 11% in panning round 3 (figure 13) and given amore diverse array of
protein A binders (table 3). Increasing the Tween concentration from 0.1% to 2% and
changing the biotin binder from streptavidin to neutravidin has reduced the amount of
background binders from near 100% to 10% in round 3 (from figure 13) and has also
resulted in more high affinity binders (table 3 and 4). With both of these changesit has
been possible to reduce the number of panning rounds required to find wanted binders
from four to three.

5.1 Pre-clearing

The result from the test selection shows that pre-clearing has no positive effect on the
number of SA binders. The pre-clearing was however made on afour member library and
only one selection round was performed. It is possible that the pre-clearing could be more
effective when repeating pre-clearing in each panning during a selection or with another
library. Higher concentration of beads may also give better results. No ELISA anaysesto
screen the binder composition were made directly after the pre-clearing step. Instead the
ELISA analyses were made after the subsequent selection. A screen immediately after the
pre-clearing step should had given clearer results

The results show that the effects of pre-clearing are, if any, so small that the method is
unnecessary when using other more powerful methods to reduce background.

5.2 Efficiency and diversity

In al selections, except the standard selection with SA coated beads, it was possible to
find protein A binders already after three selections. It is not possible to say, however, if it
is enough to do only three rounds with all kinds of targets. If it is possible, this will make
selection less time consuming and cheaper. In two (N; and W) of the four selections
analyzed after four rounds, the results were actually better after three rounds in the aspect
of number of unique binders (table 3), although there was a higher background after three
rounds in these selections. After four rounds, mainly one clone was representing al the
binders left in each of the two selections. In N4, 99% of the colonies analysed after round
four were the same clone and in W, 60% of the analysed colonies were identical
(Appendix A). When the diversity falls so much in around that the total number of
different wanted clones are reduced to one or a few, the selection may have gone too far
(depending on the goal of the selection). If only one high affinity binder and aslittle
screening as possible are wanted, a selection that has gone this far would be good. Several
binders are often wanted for analysis though.

5.3 Conclusions of streptavidin versus neutravidin

There were protein A binders from the same clusters in both SA and NA coated bead
selectionsindicating that the different avidins do not select different types of binders with
target affinity. Even the same clones reappeared in the different selection types. The
selections with only NA coated beads did not have as many background binders as the

29



selection with only SA coated beads. This point towards that NA is a more specific biotin
binder than SA, which may be a result from the more neutral pl [30, 41]. Interestingly the
best results have been with aternating NA and SA coated beads in the different selection
rounds. The orders NA-NA-NA, SA-NA-SA, NA-SA-NA and SA-SA-SA (whereNA isa
round with NA coated beads and SA is around with SA coated beads) have been tested
and the system which gave most diverse types of binders and the least amount of
background was NA-SA-NA. Apparently, there are binders which have affinity to NA but
not to SA and the other way around. These binders were more or less removed in the
round with alternate biotin binding protein. The conclusion would be that a number of
Affibody® molecules bind to different domains of the different avidins. Still NA seemsto
be more specific than SA, yielding a better selection when alternating beads and starting
with NA coated beads. It is possible that a selection with beads in the order NA-NA-SA
would give even better results since the NA-NA combination generated one binder after
two rounds and the NA-SA selection did not generate any binders. This result was not
statistically evaluated, though. Besides, results originating from the order NA-SA-NA
were so good that possible improvements would probably not be of any greater
importance.

In thiswork, no draw-backs of NA coated beads as compared with SA coated beads could
be found. The NA coated beads have given excellent results in reducing background
compared to the SA coated beads. Thereis however one practical drawback with the NA
coated beads; they have to be coated and it is hard to get a value of the biotin binding

capacity.

5.4 Evaluation of the different washing methods

Washing with higher Tween concentration, larger washing volume and longer washing
time was efficient to eliminate background binders. In all selections with these aterations
however, the type of protein A binders, regarding sequence similarities and affinity, were
affected too. For example, the washing protocols with awashing volume of 10 ml, 0.5%
Tween 20 and 20 minutes washing steps, W and T, got no common kind of binders and
both of the selections differ widely from the selections with the standard washing
protocols concerning both amount of binders and type of binders (table 3 and 4, figure
15). Actualy, W generated almost only low affinity binders. This may be explained by an
accidental removal of high affinity binders due to too stringent washing in early rounds.
Selection T which had longer washing and larger washing volumes probably washed
several binders away, explaining the poor result from that selection. The results from the
protocols with 20 minutes washing steps are not very conclusive but the longer washes
definitely changed the selection results. With 10 minutes washing steps and 2% Tween
(E), three high affinity binders completely takes over the selection (table 3). The washing
procedure in E seemsto effectively reduce low affinity binders pushing the stronger
binders forward at a more rapid rate without being too harsh against them. In a case were
specificity isadesired property rather than affinity this type of wash may not be
appropriate. The wash protocol with many short washes and small volumes that is used at
Affibody today seems from the resultsin this thesis to allow more background binders per
protein A binder than the new types of washes. In selections against new targets, different
wash setups should be used in each selection since the binding properties between
potential binders and target are unknown [14]. More experiments should be made to
compare the efficiency of reducing background binders, without loosing wanted binders.



5.5 Yield considerations

By looking at the yield in each selection (figure 16) it was possible to get a hint of the
effect of the stringency in each round and the possible outcome of a screening. It can be
seen that E3, N14, K4 and A3 which were the sel ections rounds with |east background
(figure 13) aso had the highest yields. Selection A which generated the highest number of
high affinity binders, the second most protein A binders and alow degree of background
binders had ayield which isincreasing amost exponentially between the selection
rounds. It may be asign of optimized stringency.

5.6 Future work

Some work that may be done for further optimization studiesis presented with comments
and a short description.

Selections with other targets.

Repeating the best selection methods with other targets than protein A would answer if
the methods with alternating beads and wash protocols with more Tween, longer washes
and larger volumes are generally better than selecting with SA coated beads and the less
extreme washes which are used today.

Increasing stringency

By increasing the Tween concentration, washing volume and washing time first in later
rounds it may be possible to reduce the number of background binders without losing
wanted binders[21].

Competitive elution

By eluting phage with non-biotinylated target it is possible to release bound-up target
without releasing background binders from the beads [20]. The drawbacks are that it is
possible that background binders will flush loose and show up in the eluted material
anyway. Further, the competitive elution requires protein that is much more expensive
than an acidic elution buffer.

Alternating hydrophobic and hydrophilic beads.

By aternating hydrophobic and hydrophilic beads (the SA coated beads and NA coated
beads used in this work are hydrophobic [6, 7]), it may be possible to avoid background
binders that have an affinity to either kind of surface. The choice of different beads may
alter the biotin binding molecule dightly as it may show its hydrophobic side towards the
liquid support when using hydrophilic beads and the opposite with hydrophobic beads [6].
In the case of neutravidin and streptavidin however, it is questionable if exposing another
side will do any difference since they have tetramer structures [32].

Usage of Tween and salt.

Higher salt concentrations has previously been shown to reduce hydrophilic background
binding [14], i. e. binders with affinity to hydrophilic beads. When using hydrophobic
beads on the other hand, it is possible that a higher salt concentration would increase the
background binding [36]. Tween 20 inhibits unspecific hydrophobic binding due to its
emulsifying properties [7]. A test on using high salt concentration in combination with
hydrophilic beads (in a selection with alternate hydrophobic and hydrophilic beads for
example) could be made to try to reduce background binding.

Other alternate supports
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By immobilizing target by other methods than with a biotin binding molecule and
alternate with SA-biotin immobilization it has been possible to minimize the amount of
background binders[8].

Alternating blocking
By aternating BSA and gelatine as blocking agents in the different selection rounds, the
amount of possible blocking binders may be reduced.

Basic elution when using Captividin

Captavidin (Molecular Probes) is a derivative of avidin in which the tyrosine in the biotin
binding site is nitrated [35]. Captavidin binds to biotin with a best K, of ~10°M™ at pH 4
but dissociates completely at pH 10 [34]. By using Captavidin it would be possible to
release the phage at pH 10. The release would be between the biotin and the Captavidin
and would not be dependent of the affinity between the phage and itstarget. This could
enable release of the phage at such mild conditions that the remaining background binders
will not release so easily. Still milder acidic washing would be possible thanks to the high
Kavaue at lower pH. The strategy when using Captavidin as a biotin binder would
preferably be as one of a couple of different biotin binders in a selection process with
alternating kind of solid support. The main drawback of Captavidin isthe low affinity to
biotin, the K, of ~10°M[34] compared to streptavidin which got a K,of 10 M with
bictin [2].

pH gradient elution
Making severa elution steps while lowering the pH has been showed as an effective
method to reduce background binders[15].

Biotin blocking

After the phage-target complex has bound to the solid phase, biotin could be added to
block remaining SA/NA molecules. The biotin will also compete with Affibody®
molecules that have bound directly to the biotin-binding site of SA/NA and make them
release. Since the biotin-SA and the biotin-NA bindings are very strong the phage-target-
biotin-SA/NA complex will remain intact during this action [14].

Optimization of binding time to beads

K 2 between biotin and SA is 10'° M1 [2] and biotin will most probably associate faster
than the background binders to the coated beads. Shortening the binding time to the solid
phase will reduce the time for phage binding directly to the NA or SA coated beads. The
shorter time will hopefully not affect the phage-target complex’ binding to the coated
beads as much as the background binding phage’ s binding.

5.7 Conclusions

By alternating NA and SA on the solid support it has been possible to make a major
reduction of background binders and thus allowing more protein A binders to be found.
The alternating bead selection, when started with NA, was so effective that further
optimizations to reduce the amount of background binders may be unnecessary for the
moment. Different alternations of the washing procedure have been tested with good
results in reducing background binders; unfortunately the washes also affected the
properties of the found protein A binders. However, the tested washing protocol with 2 %
Tween 20 and 10 min of washing was so effective in reducing background binders that
the results should be considered when setting up new selections. More datais required
from selections with other targets than protein A before drawing any guidelines regarding
the wash protocolsin future selections.
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Appendix A

Data over found protein A binders. Their protein A and NA affinity shown and in which selections they were found and how many clones of each
binder it were. In the bottom, data regarding the different selections are found.

Neutravidin Protein A
Absorbance (AU) Standard deviation (AU) JAbsorbance (AU) Standard deviation (AU) Binder \ T2 PR \OSeRSic sl Found in earlier selections
0,24 0,08] 0,37 0,05 200251 4
0,17 0,74 0,60 200547
0,12 Z00548
0,30 0,20] 1,82 0,43 Z00569
0,36 0,18] 0,56 0,68 200570
0,38 0,23] 0,22 0,20 Z00571
0,22 2,04 Z00573
0,71 0,56 0,85 0,25 Z00576
0,26 0,09 2,58 Z00580
0,46 0,24 2,19 Z00592
0,15 0,08] 1,14 0,17 200593
1,16 1,35 Z00625
0,99 0,38 Z00631
0,37 Z00634 1
0,25 Z00635 1
0,31 Z00636 1
0,29 0,07 200637 2
0.37 Z00639 1
0,35 Z00641 1
0,28 Z00642 1
0,34 200643 1
0,37 200644 1
0,35 Z00645 1
0,34 Z00646 1
0,23 200648 1
0,26 Z00650 1
0,33 Z00652 1
0,34 Z00654 1
0,25 0,08] 2,44 0,25 200667
0,22 0,46 Z00668
0,34 0,38 Z00669
0,36 0,14 0,87 0,09 Z00670
0,12 0,03 0,27 0,41 Z00671
0,15 0,02] 1,22 0,06 200672
0,24 0,00 1,57 0,15 200673
0,28 2,61 Z00674
0,20 0,11 1,31 0,35 200675
0,21 0,11 0,31 0,60 Z00676
Total # of sequenced protein A-binders 87 1 17
# of unique binders with protein A affinity 6 1 1 2 16
# of unique binders with high protein A-affinity 3 1 K) 1 1
Diversity of binders (# of unique binders / # total binders) 26% 13% 7% 100% 13% 100% 33% 94% 2% 100% 18%
Diversity of high affinity binders (# of high affinity binders / # total binders) 17% [ 7% 3% 100% 13% 17% 6% 2% 100% 9%
Clones in red cluster 2 1 2 1 1 2 1 1
Clones in blue cluster 2 2 3 1 3




Appendix B

Sequence data over variable regionsin found protein A binders. Color coding of amino
acid hydrophilicity is based on the Hopp and Wood hydrophilicity scale [42].

Over-represented amino acids at the 5% (blue), 1% (green) and 0.1% (red) significance levels

K
=]
M H H K F E D W 11
L W A W A T G R A G L A
T T T T T T T T T T T T T T
9 10 1 13 14 17 18 24 25 7 28 32 35 Tat
Awarage amino acid dissimilarity (as % of maximum dissimilarity)
&0 T T T T T T T T T T T T T T
40
20
i
9 10 1 13 14 17 18 24 25 7 28 32 35 Ly
Sequence information (including colorcoding of hydrophobic {red), neutral (green) and hydrophilic (blug) amino acids)
00637~ Protein &_1-Sel? ¥ CK 2 029 007
00B3S — ProteinA_1-3elf KD I E R E R I E 1 025 0.00
00652~ Protein &_1-Sel7 K R ¥ ] E D 1 0.33 0.00
TO0G4E — Proteins 1-%e7 K ¥ R R R F v D 1 0.34 0.00
00641~ Protein &_1-Sel7 E L R E E ¥ H E 1 035 0.00
00654~ Protein &_1-Sel7 voow R I H E 1 0.34 0.00
00615 —  Protein &_1-3elf R L ¥ R v K 1 013 0.00
00650~ Protein &_1-Sel7 L L E L E [C 1 0.26 0.00
TO0ET — Proteins 1-Sels M 0 R v oI ] R E R D W 5 027 041
0063~ Proteind 1-Se? WOOW W E ¥ K E K i 1 033 0.00
O0E3Y ~ ProteinA 1-Se7 L I DY L v i 1 0.37 0.00
TO0BET  — Protein A_1-Seld ¥ I K E R D LA O 33 244 023
T00B45  —  Pratein &_1-Sel? W 1 v v L 1 035 0.00
00640~ Protein &_1-Sel7 o D F 1 014 0.00
00642~ Pratein &_1-Sel? Y E L R H 1 1 0.2 0.00
T00E34  —  Pratein &_1-Sel? E K E R L 1 0.37 0.00
TO0B4E  —  Protein &_1-Sel7 R Y R F 1 023 0.00
00644~ Pratein &_1-Sel? F I R L E R R R 1 037 0.00
0057~ Pratein &_1-Sel? Z B ¥ R T ¥ R 3% 0.z2 020
T00B43  —  Protein A_1-Self L F o L 1 034 0.00
TO0B36  —  Protein A 1-Self K E_ o ¥ E v I 1 1 0.30 000
TO06F2  —  Protein &_1-Seld L F i E R D 2 1.22 0.08
TO0GFS  —  Protein A_1-Seld T o L ¥ R R L D 1" 1.28 022
00673 | Protein 4_1-Sel T W L R R ¥V 1L D 2 157 015 Red
00592~ Protein &_1-Sel7 L C ¥ L R D 1 219 0.00 cluster
00573 —  Protein &_1-3elf L ) ¥ L R D 1 2.04 0.00
00569 —  Protein &_1-Self L o ¥ L B D 187 1.85 050
00627 - FProtein A_1-Self v E ¥ L R v i 015 oon
TO06T4  — Proteind 1-Seld VKW F_¥ D L ¥ _E M 1 261 0.00
TO0GTE  —  Protein &_1-Seld L ¥ F I L i 7 0.31 060
TO0BEE o ProteinA_1-Zeld ML T F v L I D 1 0.45 0.00
00576~ Protein A_1-3elf R D L W F E ¥ ¥V ¥ E 15 0.5 0325
‘00583 —  Protein &_1-Seld L. E W L 3 114 017
loneddl o Malins D T F vV B M 1 1.50 0.00
00251~ Protein &_1-Sels ¥y F K KoV D L 4 037 005
onelN03 o Malins E ¥ F E ¥V L 2 254 011
T00625 - Protein A_1-Self ¥ W F ki ki 2 1.16 135 Blue
‘00548 —  Protein &_1-Sels M ¥ F ¥ L 1 1.28 0.00 cluster
TO0BEY  —  Protein A_1-Seld L L ¥ F E ki K 1 0.38 0.00
00547 o Protein A_1-Self M T F L 2 074 060
005F0 — Prateins 1-Se? MV K v F K R E 3 0.56 068
lone1 33 Malirs T L wF v K L 1 1.50 0.00
00580 —  Pratein A_1-Self L K v F I i I 2 247 023
00248 —  Pratein A_1-Sels D R v F ¥ E W L 39 167 021
T T T T T T T T T T T T T T T T T T
Selld 9 0 M1 13 14 17 1§ 24 25 ¥ 2 32 35 Clones  Abs-med  Abs-dev Sol
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Appendix C

Sequence data over variable regionsin protein A binders belonging to blue respectively
red cluster. Color coding of amino acid hydrophilicity is based on the Hopp and Wood
hydrophilicity scale [42].

Blue, cluster Ower-represented amino acids at the 5% (blue), 1% (green) and 0.1% (red) significance levels

o
T
H A W F G K v A 15
T T T T T T T T T T T T T T
9 10 11 13 14 17 18 24 25 27 28 32 35 Tat
Average amino acid dissimilanty (as % of maximum dissimilarity)
&0 T T T T T T T T T T T T T T
40
20 -
9 10 11 13 14 17 13 24 25 27 28 32 35 By
Sequence information (including color-coding of hydrophobic (red), neutral (green) and hydrophilic (blue) amino acids)
I00EVE -  Protein A_1-Seld 15 W F I L v T 0.3 060
TO0668 — Protein &_1-Seld M L w F WV L I ] 1 0.46 0.00
I00SY6  — Protein A_1-Zelf R D L T F R ¥ W v E 13 085 025
00583 - Protein A_1-Seld w v E U L 3 114 0a7
loned01 Malinz o v F ¥y R H 1 150 0.00
00251 —+  Protein A_1-Seld w F K E v D L 4 037 005
one00n3 — Mslins E v F E ¥ L 2 254 011
00625 -  Protein A_1-Sel7 ¥ w F W v 2 116 135
00545 -  Protein A_1-Sel6 H w F K L 1 1.28 0.00
T00669 — Protein &_1-Seld L L '} F E v v 1 0.35 0.00
00547  — Protein A_1-Self M ) F L 2 074 060
I005Y0 — Protein &_1-Self M voOK ) F K R R &1l 0.56 0.65
loned38 — talins T L o F v K L 1 1.50 0.00
T00S80 — Protein &_1-Self L K ) F I v I 2 247 023
00245 = Protein &_1-Self I R o F v E ¥ L 39 167 0.1
T T T T T T T T T T T T T T T T T T
Selld 9 10 11 13 14 ¥ 18 24 25 ¥ 28 32 35 Clones  Abs-med  Abs-dev Sol

Red cluster  ower-represented amino acids at the 5% (blue), 1% (green) and 0.1% (red) significance levels

H
D
0 T
L T H 1) A T K L 13 D 1)
T T T T T T T T T T T T T T
a 10 11 13 14 17 18 24 23 27 28 32 33 Tat
Average amino acid dissimilarity (as % of maximum dissimilarity)
€0 T T T T T T T T T T T T T T
40 -
20 -
0 1 1
] 10 i 13 14 17 18 24 25 2 28 32 35 A
Sequence information (including colorcoding of hydrophobic {red), neutral (green) and hydrophilic (blue) amino acids)
00672 < Protein &_1-Zeld L F w K E D 2 122 0.06
TO06YS  — Protein A_1-Seld I ) L w E R L D 11 1.28 0.2
00673 < Protein&_1-Zeld L w L E R w L D 2 157 0135
00592 < Protein A_1-Seld L i K L R D 1 219 0.0o
00573 < Protein &_1-Zel? L w K L F D 1 204 000
700569 —  Protein A_1-Seld L ) K L R D 187 185 0.50
T T T T T T T T T T T T T T T T T T
Selld 9 10 M1 13 14 17 15 24 25 ¥ 2/ 32 35 Clones  Abs-med  Abs-dev Sal



Appendix D

Number of phage in and out, in each selection round and the ratio between in and out, i. e.

exchange.

0
@®

ARRAROOONSSSS

Round

1

WNEFE WNRP ONRPONRPE DS ONPERAONRPAONRERA®ON

7,50E+12
1,00E+12
1,24E+11
2,90E+11
7,50E+12
1,00E+12
3,60E+10
3,04E+11
7,50E+12
1,00E+12
1,04E+11
3,39E+11
7,50E+12
1,00E+12
5,60E+10
2,36E+11
7,50E+12
1,40E+11
8,00E+10
7,50E+12
4,20E+11
4,40E+10
7,50E+12
3,60E+11
8,20E+10
7,50E+12
2,80E+11
6,00E+10

Phages IN (cfu/ml) Phages OUT (cfu/ml)

4,80E+07
8,60E+05
4,20E+04
1,72E+06
2,28E+07
4,00E+06
3,60E+04
6,80E+05
2,26E+06
9,20E+05
1,18E+05
4,40E+07
3,20E+06
2,28E+05
1,30E+05
1,68E+08
1,26E+07
1,22E+04
2,40E+05
1,92E+06
8,00E+04
5,60E+07
8,00E+05
4,40E+05
8,80E+04
1,32E+06
5,20E+05
6,60E+05

Exchange (%)

6,4E-04
8,6E-05
3,4E-05
5,9E-04
3,0E-04
4,0E-04
1,0E-04
2,2E-04
3,0E-05
9,2E-05
1,1E-04
1,36-02
4,3E-05
2,3E-05
2,3E-04
7,1E-02
1,7E-04
8,7E-06
3,0E-04
2,6E-05
1,9E-05
1,36-01
1,1E-05
1,2E-04
1,1E-04
1,8E-05
1,9E-04
1,1E-03

39



Appendix E

Clustering of Affibody molecul escal culates dissimilarities by the formula:
13
L,(X,Y) =3 D(x,¥,)"
i=1
There x; and y; denote the residues in the i:th variable position of sequences X and Y, respectively, p = 0.8 and D(x,y) isthe dissimilarity between the

amino acids x and y as defined by Grantham’s amino acid dissimilarity matrix (table F). Grantham matrix is based on the following formulafor the
difference between amino acids:

Dij :\/a(ci - Cj)2 + b(pi - pj )2 +g(V| - Vj)2 )
where ¢, p and v refer to composition, polarity and molecular volume, respectively, and a , b and g are weighting factors. The program aso
computes cluster quality indexes by a Nearest-Exterior-Ne ghbor/Furthest-Interior-Neighbor cluster validation method.

Table F. Grantham’s amino acid dissmilarity matrix
AV L I P F W M G s T C Y N Q D E K R H
0 64 96 94 27 113 148 84 60 99 58 195 112 111 91 126 107 106 112 86
64 0O 32 29 68 50 88 21 109 124 69 192 55 133 96 152 121 97 96 84
96 32 0 5 98 22 61 15 138 145 92 198 36 153 113 172 138 107 102 99
94 29 5 0 95 21 61 10 135 142 89 198 33 149 109 168 134 102 97 94
27 68 98 95 0 114 147 87 42 74 38 169 110 91 76 108 93 103 103 77

148 88 61 61 147 40 0 67 184 177 128 215 37 174 130 181 152 110 101 115
84 21 15 10 87 28 67 0 127 135 81 196 36 142 101 160 126 95 91 87
60 109 138 135 42 153 184 127 0 56 59 159 147 80 87 94 98 127 125 98
99 124 145 142 74 155 177 135 56 0 58 112 144 46 68 65 80 121 110 89
58 69 92 89 38 103 128 81 59 58 0 149 92 65 42 8 65 78 71 47

112 55 36 33 110 22 37 36 147 144 92 194 0 143 99 160 122 85 77 83
111 133 153 149 91 158 174 142 80 46 65 139 143 0 46 23 42 94 86 68
91 96 113 109 76 116 130 101 87 68 42 154 99 46 0 61 29 53 43 24
126 152 172 168 108 177 181 160 94 65 85 154 160 23 61 0 45 101 96 81
107 121 138 134 93 140 152 126 98 80 65 170 122 42 29 45 0 56 54 40
106 97 107 102 103 102 110 95 127 121 78 202 85 94 53 101 56 0 26 32
112 96 102 97 103 97 101 91 125 110 71 180 77 86 43 96 54 26 0 29
86 84 99 94 77 100 115 87 98 89 47 174 83 68 24 81 40 32 29 0



