Phage Display ]

m\‘/\ /m
=T

Phage displaying Phage displaying
protein py fused protein py fused
to p1 coat protein to p2 coat protein




Phage Display

Natural Synthetic Protein Antibody
peptides random domains & fragments
peptides whole

proteins




Phage Display

= —

Population of
DNA variants

S5

@ Packaging

Population of
orotein variants







__ antibody
fragments (scFv)

ene 3 protein
minor coat protein)

gene 6 protein
(minor coat protein)

gene 8 protein
(major coat protein)

antibody genes
(for VH and VL)

gene 7 and 9 proteins
(minor coat proteins)




Model of FVlla protease domain with A-183 + extension peptide X ?

Al183, 15mer,
EEWEVLCWTWETCER

exosite interactions




Model of FVlla protease domain with A-183 + extension peptide X ?

Al183, 15mer,
EEWEVLCWTWETCER

exosite interactions

A chimeric peptide with a
high degree of specificity
and potency

+ greater steric hindrance in the substrate bindiefj
+ higher affinity due to a more extensive bindingface







able 1 Sites of cleavage in the human vitamin K-dependent zymogens*

Enzyme Substratet P, P, P, P, l P, P, Py P,
Xa/Va Il I E G R T A T S
Iis-16) I D G R I % E G
VIla/TF, IXa/VIlla X (15-16) N L. T R I v G G
VIla/TF, Xla X K L T R A E A %
Kiwia D F T R vV V G G
VIla/TFE, Xa VI 5 16) P Q G R I v G G
11a/TM PCis16) vV D P R |2 I D G

*Sequences flanking cleavage sites relevant to the activation of the vitamin K-dependent zymogens are presented along with the relevant enzymes
that catalyze these reactions. The site of bond cleavage is denoted by the arrow. tThe site, in each substrate, at which cleavage is required to
produce the serine proteinase is indicated as (15-16) corresponding to the homologous residue numbers in chymotrypsit hgen [70].
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. Libraries A-D designed to determine the length and
sequence of the extension to reach ihdactive site

Inhibitors of Factor VIla

Position Linker library positions Pct‘éaagt;e
Library Anchorii 2 3 4 3 6 7 8 ¢ 10 12 14 16 |Spacer |protein

A KK}{XXHHaHLTlR‘I?GG--prDteaSE

B A-183 |X x X XMW X X b G - —|resistant| p3

e X ¥ X XX X X o RIVGG|- - —|spacer

D G G S GG 8 G X A A XGG -

== S;N;KFR; b= NJK; o =

L,C




Peptide Inhibitors of Factor Vlla:
Phage bindinc

randomized linker

® active
FVlla site

Step 1 (pH 6)

Unbound phage were removed by repetitive
washing with binding buffer (step 2).




FVila Cleavage conditions

| pHG +sTF
pH 6 no sTF
pH 8.5 + sTF
pH 8.5 no sTF
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Peptide Inhibitors of Factor

VIla:washing (2) and cleavage (3

randomized linker

% active
SVIP site FVlla site

Step 1 (pH 6) sTF, pH 8.5)




Peptide Inhibitors of Factor Vlla:

removal of unbound phages (4)

randomized linker

% active
SVIP site FVlla site




Peptide Inhibitors of Factor Vlla:

propagation of selected phages and new rounds (5)

randomized linker

% active
SVIP site FVlla site

Step 1 (pH 6)
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Prolongation of TF-dependent clotting times
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A-183X was a potent and complete inhibitor of FX atvation

maximal extent of inhibition of 99% with an IC50 of 230 pM

(A-183, 74% with an IC50 of 1.5 nM)

A-183X also had a maximal prolongation of the prothombin time of 7.6-versus
1.9- fold for A-183, making it a more effective antoagulant




In vitro selectlon milesiones

A questar caruey of Indings through &1 wim salecton caletiratie
Iy wifro evolution of & cross-chiral RNA polymerase dbazyme

I viltro: sedection combined with rational dasign of an RINA aptamer
XMAS and XNA aotamess I v seleclion

Mexd generation sequancirg used with in v salaction

in sfico sefaction of RNA apiamens

Call-SELEX for moleoular imaging
dn vitr sslection of a nbozyme from an entire genoms

An in vilre selection system for THA

in witrp salection of ONA aptamers wusing capdlany slactrophorass

Magnetic bead SELEX & SELEX-S8AGE

miRMA display for protein in wilo salection

I vitne selaction of & hammerhead ribozyme from & mneam
unblasad RNA pool

Ay witrg el esctice of cell binding aplemers {Call SELEX)

Ribascame Tor pratain i win salection
mANA paplide luin:;pf:rrh vitve selection of pratains

Cmoyriborymes iselated using in win selection
Mmmwmmﬂhmm

i witro salection of kgating ribazymes
fn witro selection of DMA Egands

i witro selecion of organic dye Binding RNA molecules
The development of in wiro sefecion & SELEX

Generalion of ransam aliganuciactise poals

Milestones in genotics & genomlics

- Greation of a bacterial call with a synihetic genoma

-Firsl expressed sequence tags (EST)

Firsl synihalic yassl chromosome ravesiad

CRISPR sysiem davelapad as a genome aditing ool

Research on sterm cells & genalic modhcasan of crops
F patsns gencena release

L. reinfiRrdhil gRnoma msaese
Ganpma-wita maps of DMNA mathylation

Thheer et QENSration Sequeanciag amvas

A thalans genomn reloasad

Ucsc me hrowser siehad
M riboawitches discovarad

. Sequencing of Drosophils garoms complated
%meﬁ;wmmi
Digcovery of RMA inerferance

Tha first cloning of & mamma! (Dolly) performad

The wamsl genome cormpleded

Tha micrearmay ravokiion
First ganoma of e lving onganism sequenced (M, inluanzas )

GFP: the grean revaluBon

The Nobel Prize in Chemistry:
Discovary of catalylic properties of RNA”

Hucloosomes reguinlion of gene copression revealed
fudomated DMA sequencng & Imeention of PCR

Methods, Volume 106, 2016, 3—13 The in vitro selection world



