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‘EkBeon o€ payouc

dayog:
LOC Ttou TipocPBalel Baktnpla

MKPO YEVETLKO UALKO
KaibLo - mpwTeiveg OXETIKEC UE
™ Sadikaoia poAuvong

Head

Tpomomnoinon Tou YEVETLKOU UALKOU

eTEPOAOYN EKDpACN TMPWTEIVWV I Collar
Kol EKBeon Touc otnVv ertdaveLla

TwV KaPLoiwv

Long tail
fibres

2D 3D
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[TAeoveEKTAMATA HEBOOWV £KOEONC

YwnAr puBuoatrédoon - ueyaAeg BiBAI0BKeg

o [TlapdaAsiyn Bnuatwy didTpions | AUONG KUTTAPWYV (Kal

KaBapiouou TTPWTEIVWIV)
« Atropuyn TTPoRBANHATWY dIAXUONS UTTOOTPWHATWY / TIPOIOVTWV

» EUKOAN aAAayn TTapapETpWY (PH, 10VTIKA 1I0XUG) 0 OXEON UE

KUTTOPOTTAQCMATIKA Eviupa

« ApEON OUOXETION YOVOTUTIOU PE QAIVOTUTIO (OUOKOAIQ uE

eEVCUMIKEC aVvTIOPATEIQ)
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dayoc M13

Mpwtn epyacia pe phage display amno tov Smith (1985)
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dayor €1diIkoi yia E. coli

1998 Enterobacteria phage A 1998

Capsid decoration D

Enterobacteria phage T4

Head-to-tail
Joining protein W

T=13 Head
Q=21

Tail attachment
protein Fll

Tail terminator protein U

Collar
Fibers (6 whiskers)

(34,35,36)

Tall tube protein V

ViralZona 2014 e Tail

WIS Institute of Slomiormatics

Baseplate -

Side tail fiber protein stf " 9,10,11,12

Tail tip proteins
JKLand M
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‘EkBeon og payouc

1. Anpioupyia petaAAayuatwy o€ tritredo DNA
2. EmpoAuvon Baktnpiwy yia TNV avacuoTacn Twv gaywv

3. MeAETN TWV IDIOTATWY TWV ETEPOAOYWV TTPWTEIVWV
(aAAnAeTTidOpaON pE AAAN TTPWTEIVN ] MIKPO UOPIO, KATAAUTIKN
OPACTIKOTNTA KTA)

4. ETnAoyn Twv KAAUTEPWYV @AaywvV Kail ammopovwaon Tou DNA Ttoug

5. ANnAouUxion yia TNV eUpeon TwV HETAAANGEEWYV TTOU TTPOCdIdoUV
TNV €mMOuuNTA 1010TNTA

6. MeTa@opd yovidiou o€ AANO BEKTOPA VIO EKPPAON 0€ BAKTNPIAKO

| EUKOPUWTIKO oUCTNUO
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dayoc M13 (filamentous phage)

B \
plll pVI pVIII pVII pIX
aa: 406 112
kDa: 42.5 124 S 2 3 6 3 7
Copies/virion: ~5 ~5 2,700 ~5 ~5
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[ToleC TTPWTEIVEC YTTOPOUV VA XPNOIYOTToINBoUV;

2 N SRR NN

pll PVl pVil  pvil pIX

Number of Molecular Copies  Type of
Protein aminjo acids  weight  per phage display

plil 406 42,500 5 N or C
pVI 112 12,300 5 C
pVII 33 3,600 5 N
pVIII 50 5200  ~2700 NorC
pIX 32 3,600 5 N

O£Aoupe teplocotepa 1 Atyotepa aviiypada;
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AvaouoTtaon Tou payou - Mn AUTIKOC KUKAOC

JUMTTAEYLLOTO TTOPWV OTIO TLG

Ext|racellular plV, pXl, pl

Periplasm
L l Il ' ' ' I'Ipw.ts"t'vsq KOL.L|JL5'LOU
Cytoplasm 1 C  coating proteins
-

pV (DNA binding protein)
Bonbael otnv petadopd tou DNA
wWC TNV MEUPPAVN o€ pOVOKAWVN popdN
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[ EVETIKOC XEIPIOMOC

PEPTIDE [4 PART

_ OF APROTEIN)
PV
| —— CAPSULE-
A GENE PROTEIN
[
ONA ANTIBODY
I PEPTIDE
.l R 88
\ . ..{}_.
P~
.f_‘\, ul_\
'\..___-‘::_-_ :;_. A
Smith introduced a gene into The peptide produced Smith was able to fish out the
1 the gene for a protein in the 2 from the introduced gene 3 phage using an antibody
phage’s capsule. The phage ended up as part of the designed to attach to the peptide.
DMNA was then inserted into capsule protein on the As a bonus, he got the gene for
bacteria that produced phages. surface of the phage. the peptide.
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Phagemids

Secretion Displayed Coat

Promoter signal protein protein

dsDNA
EXEI TNV IKavoTnTa Va YiveTal ssDNA
« Agiktn €MAOYNAG (O€ avTIBIWTIKO)

 ori BaktnplakoU (dsDNA) kal ¢ayou
(ssDNA)

Amp

* onuaTodoTIKA aAAnAouyia yia To

TTOKETAPIONO OTA KAWidIa

* YOViDIO EVOIQPEPOVTOGC
322 ori f1 ori

ATtrairouvTtal BonBnTikoi ¢dayol TTou Ba , . )
Xpewaletol to secretion signal

KWOIKOTTOIOUV TIG UTTOAOITTEC TTPWTEIVES 0€ OAEC TIC TEPUTTWOELC;
)
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AlaAoyn

D.
Amplification
{ E.coli host \

1010
=

| = .

A. € = I} Binder ( - w Immobilized

r ~ target
I = # Protein
G )

[ S

Phage [T

pool Washed away [ — 1L

Binding Selection C. G = L

C — )
Non-binding phage

[MBavd TeEXVIKG BEpATa e TNV OKIVNTOTIOINGCN TOU TTapAayovTa aAAnAeTTidpaong
1. OpoiduopPn KaTavoun;
2. H emoadveia aAAnAetTidpaong gival d1aB<aiun (Kal OTTwg oTnV eAeUBepn popPpn);
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binding part of an antibody

The genetic information for the | The phage with strong
1 antibody’s binding site is inserted into attachments to a

the phage’s DNA. After this, a library — antibody specific target are

with a huge variety of antibodies is selected.

created.
target for
pharma-
ceuticals

|
genetic
information 'S

conducted, random mutations
are introduced into the
With each subsequent antibodies that attached to the
generation, the antibodies target.
attach more strongly and with
increasing specificity to the
target protein.

3 Before another selection is
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AlgAoyn eaywv

-
/‘)—‘:

antigen antigen
affinity affinity
column column
1,000 fold growth of phage ”
enrichment in bacterium /)‘,"\'

a further 1,000 fold
enrichment = 1,000,000 fold
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MeEyeBoc BiIBAI0BNKWY

101> payol

250 ekaToupUpIa KAWVOI JE DIAPOPETIKN
TTPWTEIVN EKTEBIUEVN OTNV ETTIPAVEIQ TOU

MrTropei va xpnoiuotroindei yia didgpopa
TTPOBAAMATA - OTOXOUG

* Augnuévn ouyyévela (avTiowuara)

* EUpeon avaoToALwy Kal hnxaviouou
OpAaconG Toug

» BeAtiwon TnG 01aBEPOTNTOC KAI TNG
AvVadITTAWONG TWV TIPWTEIVWV

* Anuioupyia véwv BEoswv TTpoodeoncs (de
novo design) o€ TTIPWTEIVIKEG JATPEC
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BeATiwon avadiTtAwong

2NMAVTIKO XOPAKTNPIOTIKO YIA TV . O TAG.
ETTUYXIO TNG €KBEONG €ival N CwaoTA TAG
avaditTTAwan.

| JAG.
KaAutepn avadittAwaon - KAAUTEPO
TTOKETAPIOUA - OTABEPOTNTA O€ l + protease
TTPWTEACEG U =
O @dyoc M13 gival 0TaBepdC o€ —_— —@E
QPKETEC TTPWTEACEG P -
Xpnon tn¢ plll kal Twv uTTopOVAd WV lcapture of tagged phages
TNG VIO CUOXETION OTABEPOTNTAC KAl

JAG.

AEITOUPYIKATNTOAC —— -6S-
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2.T00€poTTOINON

H idia apxn ytropei va xpnoipotroindei yia Tnv BeATiwaon TG
oT1aBePAOTNTAG TWV TTPWTEIVWYV (EVCUNWYV) OE€:

* [NpwTedoeg

* ATTODIATAKTIKOUG TTAPAYOVTEG O€ UWPNAEC OUYKEVTPWOEIG
(oupia wg 10 M, youavidivio w¢ 4 M)

* AvaywyIKoug TTapAyovTeG
» Opyavikouc¢ diaAuTec (DMF w¢ 50%)
* Akpaio pH (atrod 2 £wg 12)

[a Tnv otaBepoTroinon n HEB0dOC €TTIAOYAC 0€ oXE0N UE TOV 0PBOAOYIKO
oXEOIQONO.
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ANy aAAOCTEPIKAC PUBUIONC

Anuioupyia TEXVIKWV aGANOCTEPIKWY BECEWY pUBUIONG

2 UYVEVEIQ TTPOG TTPWTEIVEC, METAAANIKA 10VTA 1 MIKPA popIa

EmmiAoyn yia €viupa TTou TTpocdévovTal, 0€ yvwpiloupe /
ETMIAEYOUNE PE KATTOIO TTPOTIMNON (EvEPYOTTOINTH / AVAOTOAEQ)

+ ligand

v

A

Ko

Activity of Activity of the
the free enzyme ligand-bound enzyme
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BeATiwvoOvVTAC TNV KATOAUTIKI OPACTIKOTNTA

AUOKOAOG OTOXOG: OUVOEDN TNG KATAAUTIKAG dpACNG ME TNV
dEoEUD EVOC PAyou (DUOKOAIa aUuvdECNC YOVOTUTTOU - (pAIVOTUTTOU)

2TPATNYIKEG:

1) Aéopeuon avaloyou S, P r} evoiapéoou

Selection compound Substrate / Reaction

32
_ \
-~ dse
o]
P

ena ntioselectivity

=

AcHN

Substrate or product analogues
Transition-state analogues

AcHN

J-k/\r | Linker(17)}- BSA cl HNJ\/\(

HN._COD" HN._-C00" mkerm AcHN
2 NO,
glutathione S-transferase regioselectivity
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BeATiwvoOvVTAC TNV KATOAUTIKI OPACTIKOTNTA

AUOKOAOG 0TOX0G: OUVOED TNG KATAAUTIKAG OpAoNnG ME TNV
OEOUEUD EVOC (pAYOU

ZTPOTNYIKEG: — e S

2) Aéopeuon UTTOOTPWHPATOG O€

HETOAAOTTPWTEIVN aTToUdia HESTNES
LMETAAAOU ) o€ atroév{uuo aTrouaia
oupTtrapdyovta — e— R
S—
S — ' —cs_
eIl:)t}i,on —— —‘S—
activation S—
P-
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‘EkBeon o€ KUTTAPO

1. Create 2. Transform into host

DNA library and induce protein display *’ *' {

oo I?:

= — 1%, - FE

A 3. Incubate @
? Repeat screening displayed protein <
; library with target
E Generate new 5. Propagate isolated
+ DNA library variants '%:
E <
E 6. Recover clones 4. Screen for variants
; and sequence DNA that bind target
. 11 )\’ :
variants < ACTCACCCCATCACCE 10** kKAwvoL otnVv BLPAL0ONRKN

ACGGACCTCATGACCC XIALadec mpwrtelveg oe KABe KUTTOPO

1Y w —
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2 UOTNMOTA BAKTNPIAKNC £€KBEoNC

Autotransporters Ice Nucleation Protein
TofkR EAeVOepo N-terminal c oo Pseudomonas
. ¢wc 35kDpa  Fluorescently labeled target €wg 60kDa
. Displayed C
protein N Repeated
‘t )linker domains
'Y Y ) 'YY 'Y ) 'y 'YYYY
/7 Transmembrane N
pass v vv v E' T
A. Free C-terminus B. Free N-terminus C.INP
‘ Signal domain (Lpp’OmpA)

Outer membrane

C N
anman Outer P—
vewev membrane Periplasmic space
A a a a C Or mmN
. .. v v L 1) v
N, C Protein termini N C Inner membr#me

D. Loop-grafted E. Dual display F. APEx
(eCPX)

OmpA - olyonentidia OmpX He KUKALKA HETABOEDN - SLuepH

A e a
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BakTnplakn £€kBeon

MNMAgovekTApATA:

+ EUKOAOG PETAOXNMUATIOUOG (O€ oxEéon ME CUMEQ)
+ Meyalo péyebocg BiIBAI0ONKwY (cuykpioiuo pe BIBAIOBAKES QAaywV)

MeiovekTApaTa:
- 'EANEIYPN YETAPETAQPACTIKWY TPOTIOTTOINOEWV
- ‘EAANEIYPN unxaviopou eAEYyXOU CWOTAS avadiTTAwang

- TogikdTnNTA OTA KUTTOPA PTTOPEI VO 00Ny oel o Peudr] apvnTIKA
dciypara

- XapnAdtepn otaBepdTnTa atrd TIG PIBAIOONKES pAyou (UWNAEC
Beppokpaaiec €Ewe 65°C, oTaBepdTNTA O XNUIKA)

- AoTaBnc BiIBAIOBRAKN o€ oxEoN JE PAYOUC Ol OTTOIOI £XOUV UIKPO
HEyeBoc DNA, AiyoTtepa AGOn, OxI avTiypa@Ikoi TTapAyovTeEC OTO Kayidlo
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‘EkBeon o€ (UuEC

KuUpia ouoTtriuara: Saccharomyces cerevisiae Kal Pichia pastoris

Aga1-Agaz2 ouoTtnua 1O TTIO XPNOIUOTIOIOUMEVO

(Z0vTnEn TTpWTEIVNG evOla@EpovToc e TNV Aga2 n oTroia
ouvOEeTal apyoTepa e TNV Agal pe dIooUAPIBIKOUC OECOUG)

Secreted subunit

\

\ Fused

subunit

Displayed
protein

N

Epitope tag

. Anchor domain

Yeast cell wall C

N, C Protein termini
Fluorophore
.( Antibody A. Agal-Aga2 B. Agal-Aga2 C. Multimeric

(Free C-terminus) (Free N-terminus) display
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‘EkBeon o€ (UuEC

NMAgovekTApATA:
+ KaAuTtepn tToiotnta BiIBAI0OAKNG

+ 'EKpPOAON EUKAPUWTIKWY TTPWTEIVWYV HE NETAMETAPPACTIKES
TPOTTOTIOINCEIG

+ BIBAIOBRKEC HEYAAUTEPWYV TTPWTEIVWV

MelovekThjaTa:
- MikpoTepo péyeboc BiBAI0BrikNg (107)

- XapnAotepn otaBepotnta atro TIC BIBAIOONAKES ayou (UWNAES
Bepuokpacieg Ewg 65°C, oTaBepOTNTA OE XNUIKA)

- AoTaBnc BIBAIOBAKN 0€ ox€on YE PAYOUC Ol OTTOI0I £XOUV HIKPO
HEyeBoc DNA, Aiyotepa AGON, Ox1 avTiypa@IKoi TTapAYOVTEC OTO KAWidlo
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EmitrAcov BIBAIoypagia

Park & Cohran - Protein Engineering and Design - 2009:
1. Phage display systems for protein engineering

2. Cell surface display systems for protein engineering

3. Cell-free display systems for protein engineering

Bornscheuer & Lutz - Protein Engineering Handbook V1 and V2 - 2009:

24. Protein Engineering by phage display

26. Yeast surface display in protein engineering and analysis

27. In vitro compartmentalization (IVC) and other high throughput screens of enzyme libraries
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