[ Downloaded from mg.genetics.ir on 2026-06-24 |

1S 9,5 g u g3 csliio slod g0l T
Antibody Mimetics: Origin, Production and Application

Vi, of s .
595 445 OLBL plg by lubanl o 0

oils «(g3,3LaS 0 uSiils «g5LlES (655 5SS s 5 (g3l 05,8 QLIS (6,8 (G smdily o e —)

Ol

Ehsasatvatan M*, Baghban Kohneh Rouz B™

1- PhD Student, Associate Professor, Plant Breeding and Biotechnology
Department, Faculty of Agriculture, Tabriz University, Tabriz, Iran

bahramrouz@tabrizu.ac.ir : s ;S Gy (L3 J stns sk 55 %

O NIYA o0 6 = QAN Y04 il s & ,0)

SbJgdge o0k iy PN SigleSan 9 Siggm cmiixe 31 Sobws 25095 059 pf
290 Ml 30 Wilgiy 39 sk ol 316 sl gt Cowd Al SBL0S J9g0 b (b 4B ol
4 9 0090 (510 p0se 05dl Egi 5 I Wilgh (b OIS 3 Jolb> slcgdgace
Wil g0 ouuels iozlo S J5g0 logos &7 b J9gn (ol ksl S 0t S Sl S50
b 4lio Aol Slacud B 3 Wilgh o (J9 009 (b 19l 31 Wglite Hlislo g sline Bl 4
Oldsd 30 Bligal KT Saiin GBS 7 OgFh AbL 095 9 b B J9Tg
G19585 3 ol 0kl 99y BOT Culro 9 bl30 § 4Bl drwgi 08 g bt Oloyd § (useid
Gl il (SIS JUaT o3 (o130 cdosr 5 3 dn Ol i Bl s g8 0310051 3
bl DM 3 .9 Sille (S gw (8 Wigw OIS 9 08 yud” PH 4ield 1 Culled ( o ko
S wd B J9T50 pf Al Syl 45 bl 1 .adb oo Ll soL HT 4 goomo (B o
OB bl o SOiglgmsl isTTe 3 T 00g Sl S ey I ol 4Ll
o o9 51 poudl b (550l T (S (d yoa 9l oy 51 Jolds ol (B 20 Slalaigal T
Car 4 b Biogid § B b GRigT (Sl ed Wl BT da piGal da sk S
9 Oy Oloyd () Sddignd 30 Jelg0 auseld dn VIVO il ppeadd 9 SLOKe
9 4k adsl (B 4 il Wlio ol 53 .Wilond wgi 9 (21 b (Jlus 9018 9 2l S sbw
et GBS gl g Cle Hyb g sliie Ly § 410y BLIGIL HT SS9 9 il

A e Somy KT 4 LOT ol T jlnilpia 9 Jlis! S dgam of oad

T L
164 sl ) oslod cpdad 0590
) - 11 axio

€819 y0 Wlao»

oS>



mailto:bahramrouz@tabrizu.ac.ir
http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

59005 0Ll plig 5 b s lulact 0o e

B3 557 9 wdgi sl tlalod gL 5T

Kohler and Milstein ) 1) 5 14Ve Jle 3 (SRBC) ‘i S
Nelson ) oo eslaal Olusl Obeys (gl 5 YAATN JLu 55 5 (1975
Loy JUlS5se @b 5T Y 51 e by of 5l .(2010
3L 3l 5 ol 43S 3 Al s 5l Olgews ‘FDA
Sl b s b e b o)l cod ol Jl s gl
LYY Ol U sl ol sed e wte s e olg A5G
Ecker et al. 2015; Reichert ) J. » JU S 5550 (gL ol Ve
Shole @l 5 s Bl 5l sesl 2T oJl= ol L (2017
G 3 JSe 4 Ul Jle Olgea i Sl
Sl s Ve LE (Shp ol e gy 8 il
«(Chauhan et al. 2011; Shah and Betts 2013) ls.ssb gzl
b 3T 550 Slaslolr 5 b K555 o Jlasl (551503
S (Skerra 2000) sl 5T phave Jlasl il Woas
Dejnirattisai et al. 2016; ) (gsb 5T <ol L FC a>b a0 by 5
o5l i swsl (Paul et al. 2016; Screaton et al. 2015
e 0 Ol 5,58 (Murali and Greene 2012)
Seslizal Loadal, s Sl gls SIS (efferis 2009)
Wy sbanlp oman 5 @bsl My sl Sl
Chames et al. 2009; Hey et al. 2005; Renberg et ) «. ;»
ohst Wb ol cyry ol Lose oLl (@l 2007
5 O3 ol (ol e JUslS s slagsl sl
5 0k sl Ll 5 slexel BB Sl Olpeay SL Ll

g o 2 geme (S g0 B35 s
I el il 5 S 55 DNA (53555 5o iy b
Wy Ol asl bl il ki o 6 (IS
sl Ml g Olpe o ol ST 4d glad S
bl his - e 55 5 sl ST Glacyssden ol
Lasaly T dilan d s se ) ol 0 oal 3 5 a0l o3
S A el L 55 IS (S0 S il el S
Liea ol Glal 4 Jlasl buly S5 s 4l e

Ll e 058l 4 olant Jlasl & 536 5 Lleds 1S5S

* Anti-sheep red blood cell
5 US Food and Drug Administration
® Antibody mimetics

dodfo

obatdl g 5 L IS0 laslnl 5 S JRVPRIE
Sl LW Cjson 5 i sl bl &S ey
s ostals s 5 BB ke 5 b G
Slisu 53 5 0pmdss (S50 JsSse slalpl St
5 oameg ald s 4 Sa) s el sy SUL 4 OSUS
(Baloch et al. 2016) s WOl o sme ¢l o S0ls
o IS DS ign 53 R oS e sla
(it SBI N5 W5 03 e Ol 5 S
S S5 Dl 50 B Ly g 5 s bl gl e a5
@l s sl b s Dl g s Lt 5 o 5o
s laptis s aey ol o3 (Yuetal 2017) ol o351 Olio |
5o Al Obleae 5 Laesle Olgea gl
5oy JB Ol ool Gl Olpeay SAS Sglad!
3 olb sl N s ol DA Ok
sl 3 Jole 5 JsSse Wl 5 dates Glapn Sl A5
3 SAS 5 ladsl )3 spdoee dolad b5 dedde O kS
033 plo J s Jol> Slaes sl B ddda 5 535 o S
6LA6))TJA 5 Olys 5 Lesis B s Gas Of c:L; 9
eslizal 3550 55 Slasoslop Sliies 5o Lolantl 5 asil

.(Simeon and Chen 2018) 4L .
Lien Oldal & olastl Jlasl 4 536 o lad Sy
5 SER 3 adS 5 )l Jelge Olien epe gla B
Slp S o Wl 0,8 5 Al Slidss 5 olalyl Olsea
webal dlasl 5 ULy Jdsa LALSJL.L;TJT OS5
5 oasdd 5o 1 O ax g YU Ll b cile Gl w
Llos S Ll o 4 S5 Sl 5 bagolen Ol
05 Syl NAVe aas > (Strebhardt and Ullrich 2008)
QS sse slagsb sl Wy 4 me Tlosdma sl08
05 3o sdelS ade sl sT Jsl 5 edd (MADbS)

! Antibody mimetics
2 Hybridoma
® Monoclonal antibodies

st st e s 5 RN



http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

B3 b7 9 g sliio tlalodgab T

53085 OLel ol 5 by lulaot o e

-

Bee 7 [ /7
%
¥ N\

A
R )

W ,zf& ;I &, &%{g

%e{ g{) S

Jssse (@ su@t{d«d\ 6@;@ S aw Sl -V S
JsJ5e (¢ (PDB:1Q2N) (o5l 3l 5S040 (b (PDBATTG) S0l
S50 (e (PDBIALNM) o JIS 5T U050 (d (PDBANGT) il
o5 s g0 (g «(PDBIIM27) o i J 5050 (F «(PDB:1AN) yeu sl
(i «(PDB:4DBY) ,Lsle,l I SG 55, JsS0se (h (PDB:LTN3)
b U5 ( «(PDB2DDI) 12555 cpes oS lee J S s
s (PDBABY) - ST 1SS s, JsSse (k (PDB:2ITT)
Sl s Sy 5 o S5 b it laail (T S5 L sl
RCSB PDB I oslizuel b sluas .Lledd o3ls OLis abe 5 (658 Je b

e 22
Bk

.(Sehnal et al. 2018) Wlodss slxw! Mol *Viewer 1.0.1

il bl 1) sl 2 slS el slacen s s
(2 ol Ol s Olays 53 055 el 5 Sleys
Aladly anw g Foe - B bl 5 G S
S olen b ke il Slal 4 o)l ol L
3 b Slredi ;S (A dSn 3 LS lanss LA
S s dipde bate diea Jsbms ladaaly U
025 Lledd a5 il sl ade oS 25 5IS 50 sanl 6
Jsdr 53 e bt b s b oligles] Cil -1 e
mes G5 slS sl b Gl ls ledd ex sl )
Roarbe slag il

LSL“J;)J J.al...u .\.'.Jl_,.?da [ESERILY Q;"\ .Lwabdc 83,8

s oal olids 5 bkl gl

s oablps Oy @IS Y s 1 asis
dor 5l plelal la g, pomer 5 g Re gl
E) L;}'Lw Q_})J U‘Qﬁ}hﬁ c)Ll'?'-Lw M ¢LA.3LA3 ‘_;Q\J;)SL@}JS

A3l gy 5T s

VP 3l 1) 0 ks [ Bk 0,93 [ cy1.99 Sl

0L sl s b 5 lad S50 ol (Simeon et al. 2018)
Yuet) 1lu bagst 2T b g ltle bl 5 s o )55
B G s el gl ol slad 55056 (@l 2017
Solal Sl b os B oliv Ju glagle 5 K
Gk 5l KIS e s Lsd o Juate Lol Cilual 4 a5 wnes
Sl S 5 6l s ki Jpeme lag sl aul
G,k sl gl ol plad L Aisd B VR E g Wy
bl 5 eslizal 05k 5 oS5 glaalbuls g SJLE
VR IR WV PR PCSUUT) PRSP-S | WA K B R Coy [P
Al ead JUoe wbuls il LB 5 kS wjlil (b
f‘;}a DL r@ﬁ 4.&.!
. Nt Z. . Y
lalas ool ol Csllae gla S5 5 a1 LS00 T

AJ.J:JM‘_} 9 L&)lﬁ;}ﬂ J”‘J" BE CAA}LSJ Aﬂ.’ Cﬂg% “ Q‘jjw

pe 5 OF (L (Kl s S

sLpH s ol 5 Vb gles 5o gll (ol gleedis
Shesme glaos S ol 4 b sl olal il b YL Sl
el TS BT flagsb sl e blsgst T
ssba YU 0 ol 5 ol b s Ml el s e g
i M5 5 Gados b 50 (6oL ol 5 edd A5 (35 0a
5 bl sl e b Sas 0 Js O IS9)
L blagsb sl ol clasl 5 cxle L glagsl
ot Slosd 5 el S5 LS Gua Jud Olsens
Slagsbon Ol oz 51 2l e Glagslo Oless 3
bl s s HIV Jao sy Gboben 5 ol 555
.(Baloch et al. 2016) ..l a+l (COVID-19) = .l
L bl o anlllan ol s daladsnl 5T Coponl 4y 4 55
Cole glag sl al dad S cnl R 5 b glas 8

Sydip s BOT i SU13e 5 e 5 LS5

! a-helix

2 B-sheets

¥ Aggregation
4 Affibodies

® Anticalins

® DARPins

" Fynomers

8 Avimers


http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

59005 0Ll plig 5 b s lulact 0o e

B3 557 9 wdgi sl tlalod gL 5T

Simeon et al. 2018) _Jb wlilsT J1e 55 b 5 FDA Ly odd 436 5y sl ls— Vs

Sl sl oS s Sda ol PEUTEEN Ll el il g
Schiff etal. 2015; ) Il 56 J ;i BristoI-Meyers S o VEGF .., ./+7 nmol/L CT-322 S
(Tolcher et al. 2011 Squibb
(Stein et al. 2014) 1 ;i Bristol-Meyers W J 2l PCSK9 +/Ae nmol/L BMS-
Squibb 962476
(NCT02145234) | ;. Bristol-Meyers s by s R «/\v nmol/L BMS-
(NCT02515669) 11 3 Squibb b 986089
111 55 (NCT02095210) | 5 Affibody 3l g HER2 v pmol/L ABY-025 &b 3!
(NCT01858116 I
NCT01216033)
(Mross et al. 2013) | ;. Pieris Ssa s e lssl VEGF Y nMol/L 51 s PRS-050 s =
(Moebius et al. 2015) | ;. Pieris | W o+ pmol/L PRS-080
(NCT02754167) 11/l 36
(NCT00353756) | ;& Amgen 055 Sole IL-6 oY NMOl/L i s C326 K
(AMG220)
Campochiaro et al. ) 1I/1 ;. Molecular AMD, DME VEGF-A Y pmol/L MPO0112 ol
. . Partners,
(2013; Souied et al. 2014 Allergan
NCT02462486, I ;. Molecular AMD VEGF-A Y pmol/L Abicipar
NCT02462928) Partners,
Allergan
(Rodon et al. 2015) | ;i Molecular e s edislail VEGF, HGF Y NMOl/L i zas MP0250
Partners,
Allergan
(Reichert etal. 2014) 1 ;. Molecular e s edislail HER2 MP0274
Partners,
Allergan
(NCT02243787) 11/1 i Covagen el sy SO B +/4 nmol/L COVA 322 g
Yoot Jl 53 FDA Ly oas 056 Jazz Sols, s slasyo N 5 s JUS y pmol/L Ziconotide ot
Pharmaceuticals (Prialt)
YOO Jle s FDA L g aad 36 Ironwood 03355 Golot OIS o, S y nmol/L Linaclotide
Pharmaceuticals ) P (Linzess)
2l C e
YY Jl 53 FDA L s sad 436 Dyax S sl 50 ey o SIS £¢ pmol/L DX-88 S s
(Ecallantide)
(NCT00455767) 11 5. Dyax S oy s skl y pmol/L DX-890
(Depelstat)
(NCT01837095) I ;i Polyphor Syes sl CXCR4 Y nmol/L POL6326 Kb
B il

ol s s e LT plls gl i Jlasl gl el
P S 5 e s Shes Gl y i 3550 JI5 al
Soss o2l > (Romero and Arnold 2009) 53 e ol o
3 2o Sk Ll bl s el SO )l
Spllbaal gl aal canls pl o5 e lea.a T
5 asl stle s a8 O s adsl sl s B
Sa b placels i (JSHsba sl of S ol

* Evolvability

Mo s eSS sl Culia iy s 5l Bdes aledgnly o

g el oS 5 Slulis 1 Ll
sl ghadl s JmS s JLaKJ ol Culds Ly e
B s Gla Shs b plantis, S Cer 0 ab
Lib oo 5 SIS Al Dl Jola ags opl g e a8 S

(Y 9

Gy bl b Lol sl el Tl ()

! Protein-directed evolution
2 Complementarity determining regions
% Identification

VEoY Syl /) 0 ylonis [ i 0,95 [ 1 95 Suii§ -



http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

B3 b7 9 g sliio tlalodgab T

53085 OLel ol 5 by lulaot o e

Dreier and ) 33 o eslaal Al o "&LW:SL, Jsle
Plickthun 2011; Gai and Wittrup 2007; Qi et al. 2012;
.(Rakonjac et al. 2011

a5 ge sl S s b Bls 03551 Cewsay (sl 1 LSS (8
(ol 5 e i 3550 SESL s WU e el slowl 4l
bl b S5 S 5 laslls Kpi e iS5 L ks
boSsn bl e glaail 3wl ladl 038
iles e 5 C055S1 035 5L 5 (Schonfeld et al. 2009)
e b o atle (Silverman et al. 2005) (5L
Sioles Lo g 05 5T ol s ol anl i cbhalbils
Sl b Sl L gl e U ey SRl b3l
Bl b s slacasls 03,51 sty SUI G5 1
Boder et al. ) 55 dalyr L0 Jgostad I i Jlas!
boars by bl s W 5l Ols e Js (2000
Ulpea 38 Jleel OT 53 (gt Slpis i 5,50 308
S5 I L Gadls G b 51 0l e L balesisal T Js
Al blagab g1 o i K38 e plesd b
Sl s 035 DL (6 1S S yal 5 S (i (e

Ld e oslinal (5515 5 sl 5 el (glas S

G150 3IDNA ©lakad 35 57

T s i \ a3 axiws PCR
My ln é»- o
Lesgob gzl EUR

Ol i ol 6l
e

’é 3
s 2155 LD gﬁ i gl 1
5 a8l dgage

slatls

8IS

56 £939%05

L gbalesgab s ctle gl Jﬂ& ol Colds 4t o Y IS

12 Bacterial cell surface display
3 Amplification

! Combinatorial libraries

1> Exon shuffling

16 Fusion

VP 3l 1) 0 ks [ Bk 0,93 [ cy1.99 Sl

LU LS cpl Ly e JSa LOT 05y olasd
Ok cbas pl 55 pslia b 5 S S s SO slageis
o o 53 et 5 351 05V SIS 5 Al 8 Ly
O3k 5 mee S L S0 Sl gbete
Lofolom et al. 2011; ) dily Oky LG ' 55 5 rrped
.(Weidle et al. 2013

Aetes PCR sl 555 5l oozl b el ol 53 sl 55 (Y
bl g5 ol JI5 s 'DNA (Clalad) 035 5 5 les
G b Sl cclie ol ST I e 55
sl ISy, 5l el Loy >k in silico sla i,
Sl Gy il sl e wtle S S obidi s
ledile 3L il Jls, o S50 oLl S LB Sl e
sl 5l gt abi o e WK Ll 55 ot (Sl el
Slelle 3L ool Cbial tzea Koo Sl Lo e
Glaesls 5l eslizal bt laledosl 5T 6l ool sial
ol rdelesl S ilede 5 Xl 318 iy S
o bl Gl (Sl sbanils pluls sl
o e 65K b il ST slaalbals
s ol LB sl 50 S sl ol

S5rs sy sk sdd sle) Sl LS 5 UL (F
D e R P e S e A
Sy odd e oS5 slacag)l wbels ol
S 5 ds ke gl S5 b gleasl e gluli
Sl Zlls b sae VoL pens SbES S s A
ssba VL LIS b aas G dLse anl s ol tals
Oiled (g3l Ll aler 31 il eSS Jals U gans

sy - AN . AN s - 4 .
clﬁ—wui..:l.w) )""“J“ik‘“‘ mMRNA uﬂiLwcL;ajJﬁJ

! Degradation

2 Diversification

® Error-prone PCR

* DNA shuffling

> Site-directed mutagenesis
® Screening and Selection
" Display techniques

® Phage display

° Ribosome display

" mRNA display

! Yeast display


http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

59005 0Ll plig 5 b s lulact 0o e

B3 557 9 wdgi sl tlalod gL 5T

dl- TL S B and, VS5l s ol el el A8 (g5l
Sl slrle SO SES 4 e Lol Late qad (e
Calagsl T e e b oalia 5 53 B skl
$lp 0T o5l Jonily sdins 0Ll Slstla ool (Va JS05)
Dickinson et al. ) il e bagsb ol sl 5ol eslinal
.(1994; Lipovsek 2010

Sl O dn 4w JS3 1 amilir dagosly ST S
o Sl 83 S gy 3 56 LSSl Sl g5l
&> (FG 5 DE BC i) 10FN3 wil> i 3l wil> aw
H2 H1 ) osb T ize es 53 CDR L (glerl alis
i opl 3wl gladd 03 5 sl L &S tizes (H3
O35 sobarl 5 hled @ 015 o S50 (nl 03 g 55 sl 5
Sl sl el e OF 5 ool 2T L oaglie LG
sk (o S plisn ) il glele SBs
Sl 5 (A pwsd Sdism 5 Getteew LT Glasdile 3L
33558 03l e N VIO oS 555 Oy 5 INVIVO (las )8
led (56 sl 31 eslaal L .(Bloom and Calabro 2009)
5 pobal uSGsT slad Sse (5 a5 Sl s MRNA
i ETNF Cns S s o 5 ilis Gl i
UL sl Ay 5 SB Y ok, S S(ADD SLS O gkl SH2 (e
658 oSsnss  (VEGFR2) oLl e
0S54 P9 Axly 5 (PCSKO) "4 g5 oSS Al
3 op s 3 My eSS s (L-23) Y
Dineen et al. 2008; Emanuel et al. 2011; ) .la S
.(Lipovsek 2010; Mitchell et al. 2014

TS Sl A 55 7 s e S sl
B s 5l 2 IS5 ) ol Lleds AJ 5 (SPA)
Jssdse il o G e85 sl FC oaxl Jlasl )

5 GAD s g BB el dd OA (gl (gsb sl

> B-strands

® B-sandwich

’ Ubiquitin

® Abelson kinase SH2 domain

¥ Human vascular endothelial growth factor receptor-2
19 proprotein convertase subtilisin kexin-9

1 8-cyclodextrin

12 Staphylococcus aureus

e dlal i) m dalaesb T csle pss B, o
U 3 Jlal 3 b 31 CDR-FR (sladns ¢ JaSe 5 SLubis
wile (FR) 'Comolr 4l G 4 (CDR) cone oS
S sLoj S TGURCIIEEE S os (7 JS8) Wad e
) Jlail O pize 5 53 55250 CDR 2k plas b
e 023 53 CDR 4w 5 (VL) S 6,5 L3 CDR
s Wsa CDR3 wil 0l cpl 3 5 s o olulid ((VH)
Ao Olgea MY Jlal s zie JIg ps8 O3y
oemd g e Bligsl 5l et 53 el
Gk 3l CDR-FR by (ssuxis ThDA slacSiasls ol
L CDR1 sii bl slaail LSy S slesl Jlasl
oK b S o5 3l CDR3 wil> el (slgsl 4 CDR2

() Jsde) Blods 55 FR K, alasl

V,, domain

(~15kDa)

CDR1 CDR2 CDR3
HB-168 IgG Fab V, domain
(~150kDa) (~55kDa) (~15kDa)

V,.CDR1-V,[FR2-V,CDR3

-

Mimetic peptide
(~3kDa)

e JoSa 15 Jlast b s sladonl sl ol v S

Sl &S daen JiSse slacsiaale 51 a5 S balassl
eslaal 5540 5ol A g @\) sl gl L;"J R EYGREPR Cé)
b ol ol IS5 Catle 4 ax g b KLS s L3
g e ool LOT 51 G b Slasiie

(rudsl{_,}y) YLA@;SJ;T

10FN3 (ppes ool ok Giia 10FN3 (g lantl ol L M g5

! Framework region
2 Adnectins

¥ Monobodies

* Fibronectin type 111

VEoY Syl /) 0 ylonis [ i 0,95 [ 1 95 Suii§ -



http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

B3 b7 9 g sliio tlalodgab T

53085 OLel ol 5 by lulaot o e

o3l Jdsar osb 3l slad sSI4» .(1987; Nord et al. 2000
S s g el i S Bus Sl S KIS e S S
5 bl Bl Sl WS e by QS 358 e
.(Feldwisch and Tolmachev 2012) X 5 in Vitro (g .l S

s il 5 ki o el
Sl S Lt (So S oS5 sboSin sk skl
5 b S Gbd s s ol Glaellr 4 Jlas!
ol bS58 alaoisy S0 cal diledd 23S
GLPH 3 e 55 LB (goll hls 5 e pAllail 5 esla
ol M5 sl mamer s Lz VLo gles 5 ol LOYL
Tiede et al. ) cus )l St 4 3L oS
DS lge 352 Ten)l3 P 4 i Ao e eln] (2017
5Ss, L (Stadler et al. 2011) JLul A el 5y,
5 54 (Nelson 2010) (o5 jeas) o yls ) il s
Sl bl oS 53 a Ksd e ghuaib 1L 51055 5o
53 d S opl Jlal ol iz @ ol S 5P i
slle 3L Yo B0 LolsS o Jly bele & ame glaail>
JSE) Aile Lla S 13 B amio 55 o s o3 Aualden
St 3 45 Lies Sz o sli] 51 o5 b jedl (e
S S sls S bal)ls S ELISA e 3l il (53 JUT
Klont 2018; Tans et ) 5,15 5,158 ecd et 5 sasl 5 Ll
s Gda glad iSge ade 5 s sla sl (@l 2020
ol ke Sl i (ol (S5 Sy slas 8 sl
el ;S 3 Slas Slge (ko 0555 2w sla e
(s GBI 5 il T glasanasdlall (e ol
Sl hled il 5556 AN VIO (s 5 50 sead (slaedias Lzl
S s LSy S S5 el cos glad
Kyle 2018; Tiede et al. 2017; ) s 4 &3 obs, 5 YU

.(Tiede et al. 2014

5 ms,S oS dimen Ll gl S s 51 it s s

% peptide Aptamers

10 Affimers

1 Adhiron

12 Binder

13 Super-resolution microscopy
¥ Lipocalins

1+ )LQJ. A O)lM/pbm 0)50/0-?.93 M}

b Sty St 5 035 WI Eobe ¥ Ui ookl
Myers and Oas ) (\b S5 ol e Sl ol Ss,s
\Y .(2001; Nilsson et al. 1987; Salmanian et al. 2018
L oeSon ol Gl o ¥ 5 ) msle 3 3 g g0 analid
Olge LOT j5 ialas ol s sl L oS cdias o LSES
BEI L b3 IS0 VL bl b s olans] Jlas]
e 3wl b emes (Nygren 2008) 5 5 sl 15 s 5 5
Oy I opl Jasl o 4l s aeliand V) o
Vazquez-) sls il 1 of plend 5 ol Cuwslis
A S, a8l a5 Z s Ll (Lombardi et al. 2015
Sle O bl Iy ods Lo 558 5l FC i ol

(Deetal. 2018) ol ab, o 5l L& Fab iy
Sl shls sl sl b oalie 53 ool sl s Ssa
sl Caslie 5 i CP Gime S0 S S
Sl s W 4 Ose WP e S dea 5L
b b sdt e s oSS O b ) b SUs
el S e T o 53 lagal 3l 352 e (SPPS)
5o VIVO (ls i pa e el FlaalT,
LS oo A eliad sy Sk 5 pasil glas S
Lofblom et al. 2010; Salmanian et al. 2018; Skrlec et al. )
Sl n 4 dlal U5 sl @bl slad g (2015
6Ll sad S se s Vo Coslazs] 5 Llad b Coaa
ARl bl gt 53 Jlasl bl Ol poar Ll 5 e
W W e b b pasll e 5 ol Lagssly 2
.(Phelan and Nock 2003; Renberg et al. 2007) ..l
22 ol s LS, bl Lse ol Bl glaSs
ladul 3 3 gl sla Sis 5l 55 8 45 (ilie glapH
Slais, » Wipe i Ope "o 5 LY

Nilssonetal. ) &5 .8 5 3 eslacal 5550 50 bl 31 S 5ly S

! Solid-phase peptide synthesis
2 Enzyme regulation

® Immunoassays

* Microarrays

® Bio-separations

® In vivo imaging

" Regeneration

¥ Immobilization


http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

59005 0Ll plig 5 b s lulact 0o e

B3 557 9 wdgi sl tlalod gL 5T

oS 53 pdeegs ade ; PRS-080 5 (Masuda et al. 2018)
Lol b olibsl v 5L« (Renders et al. 2019)
55 oyl ol ol uoSS

S ol Glasdi S A (s aly  olad SU5e La ol
555 oS 5 (LRP) IS U Lo o slagis r aber
Jyoms ssbay A s dies (VLDLR) "5 L JEs
o 5 (F KD o JS5e 035 L) aaldonl YO Ly &5 Jls
Huang et al. 1999; ) (\d J2) conl Jt1s ) 56> g
Sl st cbli= sl VY (North and Blacklow 1999
Yo sl o Lo s WSKE L eusl el
Jlal b6 b s o3l 0155 o s cal soilasily aial
Js4 (Silverman et al. 2005) s 5 A5 alee Slaal 4
ol gbls bdssse pl (bl sy Glakisyg sy
00 slos 33 SIS ain ¥ Gl s Lzes YU ol
AiS e Lo 1 5 BelS b 35 s S sl ams A G
o5lll & 4> & L (Silverman et al. 2005; Weidle et al. 2013)
Ao s ot Jold CAE L sl A ey S S
Cota b olajan sl sl | slize 0K & Jlall ol
sloee Sogo s s 5 Al p(63 Ligy an b 5 A (e
L .(Silverman et al. 2005) Llews W) 5 Ol E. coli s
o bl Gl praen 5 Vb Coslantl 5 Ll 4 ax s
S0 Oloys s asedd BT s aSlg e s el I
Kohnehrouz et al. 2018; Silverman et al. ) . .S | 3 sl
205 L ol el (Jte Ol sieas (2005; Smith et al. 2013
LY 0030 55 Al 5 e e JUT Cilises a5 ol s
&y oslizul

s G 035 W) SoS oS sbtsny s
'SH3 es 107 B AT el sladeud Sl el 2is (Y kDa
55 Jole Lol il gl iz LIl LS s

> Dyslipidemia

® Hepcidin

’ Density-related protein

8 Very low-density lipoprotein receptor
% Src-homology domain 3

sl SlS 5 eVl 5 B s s ey Jlasl gl
Jols oo IS T ls oS i S gasl ol ol odisls i
b odd Cblis B iy (o5 At ($ilsm b B azd; o
il Sl Lot Late jolms 0 o sbe S a5 ool LSS
5 bl Jos pane aneliead YE BV Ly oSy )3 550
Gebauer and Skerra 2012; ) s el ) G 4 L]
L) 58 o3l L oS =T (Rothe and Skerra 2018
Lse L Lleds |5 ghas Ly oty S 51 (Y KD
osba Kl 5 Ksdes A3 SIS 5 e Gl
500 S0 Wss 5 55055 5 Ol Slapieew 53 a8
5 ke U5 G T sl s Sy S
5 ledom G Sy praer 5 LK 4 s Coolazs]
o il (S5, 50 (oll s Cl e Sl Cllas (SCpdgn
S S o3Il Wsa L JiS 2T .(Rothe et al. 2018) s 5.
5 (Skerra 2001) in vivo lajesis s Alg e
Skerra ) & ,S 13 eslinul 3550 VU sl 28 L (G150 g
Sonp b JS 2T s B & sl ol (IS 5ba (2007
S 4 o8 IS5 ail e )5 a8 S 15 s el
55 et bl eds LS 055 b Gras bl 25U S
e o olasl gl S ol asb ol wwsl glal
ol b lels bt e b S S slady 5 bapale
Ol oYU (g piuoilanl i ol gl o1 tiler Jl>
S 58 Slaal L JuSha p 4 pue Ll o a5 das e
Wige LodSl nl 2 ode 258 Loty dax
23 ek )8 L 2 Lo Bl glan S s
et 4Pl Coslastl slml Gl sl ST L S S
Wy 8 5T glacnss, dex 5l .(Rothe et al. 2018) & 5
Liy 5586 ade » PRS-050 4 Ol 5 o gloys Slual Lol
Ll slayses 53 (VEGF-A) Sl "A- 35,0 JU sl
U5 85,9, ade , DS-9001a (Mross et al. 2013)
"o e s> (PCSKO) T4 g o SSTdal

! B-barrel

% Haptens

® Human vascular endothelial growth factor
* Proprotein convertase subtilisin kexin-9

et e s 5 N



http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

B3 b7 9 g sliio tlalodgab T

53085 OLel ol 5 by lulaot o e

alie Uoly an Bl 'C gy gl el S
¢ 5 e bl (Nielsen et al. 1997) il e
slyollasl il gl (55 J#1s s (CTLD)'C
JSK8) dres 1855 G Glad sS04 b uslen 5 3 45
Ol oo 1y ad> -l JIg (Zelensky and Gready 2005) (\f
Bylaetal. ) Ll ,u5 CTLD Ll aSol Os ls s
Gl @b bl st 5l eslizad o3lsl el ol (2010
ceer (Rohn 2010) das o Jlasl slad S50 ol
035 S L5 o Gl Sdsm lassls Olseas o0 5]
odsl ATX 3105 wleds Wy Lol ol glaulE)
o s G o el IS Uil Jlge ) ok g o 5]
Allen ) coul 0T 65 .8 4 1L-23 Jlasl o5 S 4S50 L 1L-23 L
Glls 355 el gLl 53 s w1 ecpl » osdle (et al. 2012
Slrosill psba oS daen o) 5l s el 2 s
Jo ol b s e (ls i sad Balge 5 )l Ji
SFS 5 el Oglls s Ve B JS5e 055 b L e |
sdome 1y WOT 3,8 &S Wl balaenb 2T ol & s

35k o0
oSsn ok odsl ARM) T Lalel SIS slagss
S Jpen s K Drosophila s gbsbe,l aaks oo
ot

ol (Madhurantakam et al. 2014; Tewari et al. 2010

Reichen ) was olbs gl
W sle a5 (slaneliond Y (6515 Gladts 31 (550
b8 5 s shsleyl J1ST Glapts ool ol LSS
sl 5l gles mu8 Cib s 5 el edalie Jlsl 3
OB Slares SV 4 Lo e ol s 05 sa (S35
95 5 M IS oo b e Jolo LB a5l 5500
G bl by romen LSL o I B w olgml 1SS
Sl & Lol Jlasl Ol & dzes Jige Yo oo

JS2) &S (o @l 3 1 03 2 Deiles 505 L by e (285

% C-type lectins

10°C-type lectin-like domain
1 Armadillo Repeat Proteins
12 Segment polarity protein
13 B-catenin

1+ )LQJ. A O)lM/pbm 0)50/0-?.93 M}

Rl 03 g ge al ladeal 038 Balas L oS (il e LIS
(e S0 585 Ay eyl abuls Ols e bais
© U s s e b oS sl 5l .(Grabulovski et al. 2007)
woary by daes g LB YL olie sy e IS
3«3l Jsb 3 dslee 53 mead pde 5 (6 n 550 Lonle
sliin 5 Gt 22 pde b ples (L Jdoa poaen
ars spde ol andliel a4 e S L
Weidle ) Wlos S o 3 4 Jladl 58 5o Ol pioas 1) ol
sl 4 Jlasl ¢l ol s (Jle Ol geas (et al. 2013
Bertschinger et al. ) _ise toesdl g dex 5l il
56 S L (Schlatter et al. 2012) ' LS 5555 o e (2007
Li, 55856 Y ok, S 5 (Banner et al. 2013) (BACE2) 'Y
Lleds Ay (Brack et al. 2014) HER2 " _sLsl Jle !
W5 Sl s sl Bl 4 edd Joate la o s I
Lok sl 4l sy Slys SUS L ey b
3l Jlasl 55y & COVA322 s i (Jle Ol o
G x5 Ko b sadlsl (TNF) * s 55 55,55 45 Lols
Jaze IL17A & olastl uba S ool Fyn SH3
o COVA322 « sl Jl- s (Silacci et al. 2016) s 4
ssbe (NCT02243787) aib . ML 36 oJb ol
Sl 55 S Oy oty COVA08 o1 53 s g caslin
HER2 15 oy 5 msisin HER2 4o (ol &
SoS a4 36 ol Jlail (s, s as ulg 5 ~1b
g e g o3 HERZ 55, oy Gloe ) 52
» HER2 oki,S 4 o5ls onfisn onl Jlal fles 50530

{Brack etal. 2014) 12 S o slad sl o
S oead Gmie VKD o S 035 LTl

A N " - so -
03 4 U‘::g”\j."‘ O\)-J’ Coo LMOM PSF PSR 6L&w)‘b

! Chymase

? Beta-secretase 2

® Human epidermal growth factor receptor 2.
® Bispecific FynomAb

* Antitumor necrosis factor antibody

> Adalimumab

¢ Pertuzumab

" Atrimers

8 Tetranectin


http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

59005 0Ll plig 5 b s lulact 0o e

B3 557 9 wdgi sl tlalod gL 5T

Dunlevy et ) 555 0 exVvivo oledl 5 Uyl 15 & >l
Cos bl Jl= 5> Dx-890 .(al. 2012; Roberts et al. 1992

b s e Do Ol sl Y56 L ol

.(NCTO00455767)
D ssbar i o8 S S Slagtisn b lagst
Jols Sl o bl b aeliend Yo b b a8y,
sladsb b plaadls g 8 Ll 0B G5l b et 4
JS) Lledds feate wans (Ul (g3 Lgy i 5 Soyline
e slaad> (Heitz et al. 2008; Kolmar 2009) (\]
L o wdige e LU & Jlal gl bt
Sl 3 Gl uss Gladkism b odd Sydoe glanil>
s bl pl b e o pte sl ol GLls b
2ot WLl s Gl (Sl dhesr Sl il JIg s
g Gl el s sl st S kel
sl des Ciliies Gl 4 Jlail 4 36 & olad 5y
o S sl b 4 s S35 .(Moore et al. 2012) .S .
S sSle l d ps gy S 0T 53 8 el
XS o e 3 Ghipegs Lgm s 5 oedd S
3 el Sl oS dzen Lagys Sl es S s STl IS
Se s ekd et a dex Sl o S eSS
<, (Craik et al. 2010) oS o sbl | (glo uls J 5 50
DB ol el (gldmgs Kb 5 e oS
Kintzing and ) s53 0 b sU olecd 5 SalsSs, ( obes
Av 3l G sl LIl gl s 3 sles (Cochran 2016
Ol 5 S 5555 VU oIl s .ol 51,8 Sla a5
el slao sl Lol (1S olSais con Ll s 0 &
S 5S o3l00 (Thell et al. 2016) Lows Syl e <l
2L bd Sl Ol 5 ol 2w o3l Lol g lk
osbas Lo sU (Avruting 2016) aas o oL SU sl e
3 Sl OLLS dex 5l La S 5l s il 3 b
e aber Sl e slas Slas Lls 5 edd il a6

10 Knottins

11 Cysteine knot mini-proteins
2 Macrocycle

13 Cyclotides

L Lol ARM 55 & jasis okl gla Sis ool (00
Slotsny Mo glr g o gboan)ls o LS
«Jle Olgeas (Reichen Hansen et al. 2014) 53l . Il
W S K sy 4 Jlasl gl 2 WARM
Col old W5 G s 4 et oS (gdeul sl
dagl coslast! 4 4 g L (Varadamsetty et al. 2012)
Lol las,5 s ol ba L5 WARMA
Sl b iy e e LSS s
A el s T s omle Ml e ladzy
A8

el Ll B0 el S S gladas i S glames
Do Jd asse Sl Gie (V KDa 8 JsSdse 055)
oS Jles) sl dox 5l S g5 38, glases
5 mldT A8l esle sty S LSS S 5
Bode and Huber ) ail o ' 8l 5556 e oS g
G sl azen .(1992; Hosse et al. 2006; Weidle et al. 2013
ol 33 5ok eae land) 93 B amio 53 Sl 9SS e
L i a3 gm s s OF (oIl 5l o LSCis W
L .(Schmidt et al. 2005) (Vi &) wib o (s s>
Sl 5 et Oy 4l aw 3 s pe 0Ly 055 ol
Slial ale oS Olg e O Gl Csolr
(Hosse et al. 2006) 5 s . & alse

Sl oy Jolss dlpea S e laess e
(DX-88) "umVE| wleds Wy L3l plal oSG
230 0lys gl FDA Ly Loty 0 SIS oS les S
(Zoller et al. 2011) ¢l a5 513 W36 5550 3 o3l
5 ol odiS Llee K (DX-890) EPI-hNE4 L ‘ol

u,l.éls “ J.‘>|-.«.A 9 o34 o;l.mq\ JL:—MY‘ J‘.‘.ﬁj)j" 6‘)‘ O.’l;dal

! Neurotensin

? Melittin

® Ponericin

* Kunitz

® Aprotinin

® Alzheimer’s amyloid precursor protein
" Tissue factor pathway inhibitor

® Ecallantide

% Depelestat

et e s 5 IR



http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

B3 b7 9 g sliio tlalodgab T

53085 OLel ol 5 by lulaot o e

Sl 8 Al 513 IsSse l sl 5 53 S 5 S sl
Cosrd S5n Ol oK 53 ez pde 5 s (S350
.(Kawe et al. 2006; Walker et al. 2000) (\k J2) wil o
D B e ks el SO LSS sl o ool U
s 4 wep) 05l AS WA BE ST 035 b s LSS
Sl Sl 4 e &S aes (S0 bSO
3 Sop b 5 Aty ol ates S LS,
Kobe and Kajava ) >34 o I L 2815 sl 2 o 2 LB
be K s opl 4.(2000; Sedgwick and Smerdon 1999
ol Tl 55 e wal sladeul 5 ol byl O chw o
(Merz et al. 2008) L i fate ilee Claal 4 Wl 5
bty sake Il o 5 Al s Sladipn s5m5 pde
Sl s Sk 055 bz sl Jlel Glakl, 15 Lol

el e ik 5 S5 slac s
Sk ol Clel s s S5 Jlasl Tl shls bag s
ey b Jlal ke 4 e Gled b5l Al
et Y5l L Ve A 5 Lles L Claal
slaoly wlbls |5 gl (Plickthun 2015) & 45 .
R g PN P E I WS Slesl il
e 5 Sl lacand ge ol o ls SlulS ol o Lduss e
ol el sas Olis Cub slalambse o ool
IS A3 e Londpe VS sl Sl e
Ll o a8 Las oo ois Cbles glaply edias OLLS
Boersma 2018; ) L4 S 55 G slad S0 L Sty o
sy ol SOl eslaad L L(Plickthun 2015
LSS ahes 1 ilise Colaal Ll 53 YU bl b (gla s
Ahmad ) -.J 5 5 (Kummer et al. 2012; Parizek et al. 2012)

Flutsch ) ”La)'l,ﬂLS (et al. 2016; Pecqueur et al. 2012

Ackermann et al. 2014; Flitsch Schroeder et al. 2014;
Mann et al. ) HIV gp120 .55, 5 (Schroeder et al. 2013

Llodkd iy S (2013
G ol s s Sl esliud ol b= s

4 Cowd Bl S LSL"’;}:) L LaL«iLgsb.L;:ﬂ Olse

0c-cap
! Caspases

1+ )LQJ. A O)lM/pbm 0)50/0-?.93 M}

Lied 05,8 Ao Cdld 5 S JUS sldl (sl
.(Aboye et al. 2015; Gracy et al. 2007; Tam et al. 2015)
Sla b Rl Lot b Sy ) g
Gl sdll 5 Sls (asiis slabs, anm s sl sl s
“0 U sl @b e e e
53 S GLJUE sl 4 536 S MVIla S 550 S
e mals Olpen wl 353 GadliSw JUSl 5 lawas
Sl odd AL FDA Lug il ese glas,s J xS
53 b sl Ol oo ccpl o se .(Schmidtko et al. 2010)
2ol OT 51 gl gas 5,8 eslizal 55 J5S 50 (o1 0 0 e
saets Sl NIR &) a0 hate | oS 555 IS 51 oS Aizeen
s sbadde s Jle il bS8 slases

.(Lyons et al. 2002; Veiseh et al. 2007) S .o osleeal
S s (Lo 1) Tods (b o S ST (slagns s
sl (Ve kDA 5l zeS Jisde 055 L) Sl slacan s
sl Gl S GUS e slasts
Sy b b Jk 058 Ol Sl lad S5
il S5 glaaldat g Lts B s g iSes
Jizl 5 8 (Jihe ot ok S JUiml dex |
P B O N g L P e WGP
syl S sl gy ls (Mosavi et al. 2004) Liws o539
b el el sle SL YY1 L SO (S
ol sl 3L N 5 O Lol skibe L YV 45 Wlodd
ol dly S G a5 T 08 L
S50 il ol 53 e s B S S
M‘)Jﬁ&wdwﬁcgg@s)b‘bw%@’
3pms Ml fan Ses s LS VAL 5 s
Sl 5" el Ll 1o e LSS s 3L 4zl

! w-conotoxin MVlla

2 Chlorotoxin

3 Near Infrared

* Neuroectodermal

® Designed ankyrin repeat proteins
® Vesicular trafficking

" B-turn

® Anti-parallel o-helices

° N-Cap


http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

59005 0Ll plig 5 b s lulact 0o e

B3 557 9 wdgi sl tlalod gL 5T

039 shls 5 esp FC axl BB 1,5 Whls (55U S ae
ek Gk Sl dd ol b g 28 Jly J S5
u&pdd 3 S glacans I S L L LaL»JLg:L.L;JT
LAL..SLg.sL{d:;T 5 b L;LA&:L.L;:}T sty sl Ols e Fe asle
e 03 ol Gl il a5 L e e Olejen sba
bl SRl 5 ol Jals oo e sl 5l
Sloses 3l e Kos slaglar Olys 55 ksl s

2ol i Sbisla 5L sy el s lagg sl 5 el

&bw

Aboye TL, Stromstedt AA, Gunasekera S, Bruhn JG,
El-Seedi H, Rosengren KJ, Goéransson U (2015) A
Cactus-Derived Toxin-Like Cystine Knot Peptide with
Selective Antimicrobial Activity. Chembiochem 16:1068-
1077.

Ahmad S, Pecqueur L, Dreier B, Hamdane D, Aumont-
Nicaise M, Pluckthun A, Knossow M, Gigant B (2016)
Destabilizing an interacting motif strengthens the
association of a designed ankyrin repeat protein with
tubulin. Scientific Reports 6:1-14.

Allen JE, Ferrini R, Dicker DT, Batzer G, Chen E, Oltean
DI, Lin B, Renshaw MW, Kretz-Rommel A, El-Deiry WS
(2012) Targeting TRAIL death receptor 4 with trivalent
DR4 Atrimer complexes. Molecular Cancer Therapeutics
11:2087-2095.

Arezoumand shendi M (2016) the designing and biologic
synthesis of multipurpose affitin mimetic in Escherichia
coli. Higher Education of Rab-Rashid, Tabriz, Iran. (In
Farsi).

Avrutina O (2016) Synthetic Cystine-Knot Miniproteins—
Valuable Scaffolds for Polypeptide Engineering. In Protein
targeting compounds, Springer Press, New York, USA
121-144.

Baloch AR, Baloch AW, Sutton BJ, Zhang X (2016)
Antibody mimetics: promising complementary agents to
animal-sourced  antibodies.  Critical Reviews in
Biotechnology 36:268-275.

Banner DW, Gsell B, Benz J, Bertschinger J, Burger D,
Brack S, Cuppuleri S, Debulpaep M, Gast A, Grabulovski
D (2013) Mapping the conformational space accessible to
BACE2 using surface mutants and cocrystals with Fab
fragments, Fynomers and Xaperones. Acta
Crystallographica Section D: Biological Crystallography
69:1124-1137.

Bertschinger J, Grabulovski D, Neri D (2007) Selection of
single domain binding proteins by covalent DNA display.
Protein Engineering, Design Selection 20:57-68.

L blagsb sl aibe b Wb ol s sl sl
bl s LSS S s bl s Ol
2o o SO Gasll aneg Gl el slagsben
Sl o Sy e e b S bt
5 IRV al sene S5 sml ST bs el
iy s Slos o S s s b 0 e 1S
sl sdigl QLI 51 edd Grte sad sSUse 5 3 pislite
W= ol bl atle ) geate Ll @b T gl 5 1) (glodas
L Goes (eFid g Sl el by e oSG S

dos balas g3l 5T sl 0 bile 3L T o6 5S e e @ 4> 55

Bloom L, Calabro V (2009) FN3: a new protein scaffold
reaches the clinic. Drug discovery today 14:949-955.

Bode W, Huber R (1992) Natural protein proteinase
inhibitors and their interaction with proteinases. European
Journal of Biochemistry 204:433-451.

Boder ET, Midelfort KS, Wittrup KD (2000) Directed
evolution of antibody fragments with monovalent
femtomolar antigen-binding affinity. Proceedings of the
National Academy of Sciences 97:10701-10705.

Boersma YL (2018) Advances in the Application of
Designed Ankyrin Repeat Proteins (DARPIns) as Research
Tools and Protein Therapeutics. In Protein Scaffolds,
Springer Press, New York, USA 307-327.

Brack S, Attinger-Toller I, Schade B, Mourlane F,
Klupsch K, Woods R, Hachemi H, von der Bey U,
Koenig-Friedrich S, Bertschinger J (2014) A bispecific
HER2-targeting FynomAb with superior antitumor activity
and novel mode of action. Molecular Cancer Therapeutics
13:2030-2039.

Byla P, Andersen MH, Holtet TL, Jacobsen H, Munch M,
Gad HH, Thggersen HC, Hartmann R (2010) selection of a
novel and highly specific tumor necrosis factor o (TNFa)
antagonist insight from the crystal structure of the
antaginist-TNFa complex. Journal of Biological Chemistry
285:12096-12100.

Campochiaro PA, Channa R, Berger BB, Heier JS, Brown
DM, Fiedler U, Hepp J, Stumpp MT (2013) Treatment of
diabetic macular edema with a designed ankyrin repeat
protein that binds vascular endothelial growth factor: a
phase I/l study. American Journal of Ophthalmology
155:697-704.

Chames P, Van Regenmortel M, Weiss E, Baty D (2009)
Therapeutic antibodies: successes, limitations and hopes
for the future. British Journal of Pharmacology 157:220-
233.

Chauhan VP, Stylianopoulos T, Boucher Y, Jain RK
(2011) Delivery of molecular and nanoscale medicine to

et e s 5 IR



http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

B3 b7 9 g sliio tlalodgab T

53085 OLel ol 5 by lulaot o e

tumors: transport barriers and strategies. Annual review of
chemical and biomolecular engineering 2:281-298.

Craik DJ, Mylne JS, Daly NL (2010) Cyclotides:
macrocyclic peptides with applications in drug design and
agriculture. Cellular and Molecular Life Sciences 67:9-16.
De A, Kuppusamy G, Karri VVSR (2018) Affibody
molecules for molecular imaging and targeted drug
delivery in the management of breast cancer. International
Journal of Biological Macromolecules 107:906-919.
Dejnirattisai W, Supasa P, Wongwiwat W, Rouvinski A,
Barba-Spaeth G, Duangchinda T, Sakuntabhai A, Cao-
Lormeau V-M, Malasit P, Rey FA (2016) Dengue virus
Sero-cross-reactivity drives antibody-dependent
enhancement of infection with zika virus. Nature
Immunology 17:1102-1108.

Dickinson CD, Veerapandian B, Dai X-P, Hamlin RC,
Xuong N-h, Ruoslahti E, Ely KR (1994) Crystal structure
of the tenth type Il cell adhesion module of human
fibronectin. Journal of Molecular Biology 236:1079-1092.
Dineen SP, Sullivan LA, Beck AW, Miller AF, Carbon
JG, Mamluk R, Wong H, Brekken RA (2008) The
Adnectin CT-322 is a novel VEGF receptor 2 inhibitor that
decreases tumor burden in an orthotopic mouse model of
pancreatic cancer. BMC Cancer 8:1-10.

Dreier B, Plickthun A (2011) Ribosome display:a
technology for selecting and evolving proteins from large
libraries. In PCR protocols. Springer Press, New York,
USA, 283-306.

Dunlevy FK, Martin SL, de Courcey F, Elborn JS, Ennis
M (2012) Anti-inflammatory effects of DX-890, a human
neutrophil elastase inhibitor. Journal of Cystic Fibrosis
11:300-304.

Ecker DM, Jones SD, Levine HL (2015) The therapeutic
monoclonal antibody market. MAbs 7:9-14.

Emanuel SL, Engle LJ, Chao G, Zhu R-R, Cao C, Lin Z,
Yamniuk A P, Hosbach J, Brown J, Fitzpatrick E (2011) A
fibronectin scaffold approach to bispecific inhibitors of
epidermal growth factor receptor and insulin-like growth
factor-1 receptor. MAbs 3:38-48.

Farahi H (2015) Design and construction of plastidial
coding sequence of DARPin. Higher Education of Rab-
Rashid, Tabriz, Iran. (In Farsi).

Feldwisch J, Tolmachev V (2012) Engineering of affibody
molecules for therapy and diagnostics. In Therapeutic
Proteins. Springer Press, New York, USA, 103-126.
Flutsch A, Ackermann R, Schroeder T, Lukarska M,
Hausammann GJ, Weinert C, Briand C, Gritter MG
(2014) Combined inhibition of caspase 3 and caspase 7 by
two highly selective DARPins slows down cellular
demise. Biochemical Journal 461:279-290.

Fliitsch A, Schroeder T, Barandun J, Ackermann R,
Buhlmann M, Gritter MG (2014) Specific targeting of
human caspases using designed ankyrin repeat proteins.
Biological Chemistry 395:1243-1252.

Gaffari S (2016) Designing and prokaryotic expression of
a semianticalin (N-terminal) in E. coli. Higher Education
of Rab-Rashid, Tabriz, Iran. (In Farsi).

Gai SA, Wittrup KD (2007) Yeast surface display for
protein engineering and characterization. Current Opinion
in Structural Biology 17:467-473.

1+ )LQJ. A O)l.M/pbm 0)50/0-193 M)

Gebauer M, Skerra A (2012) Anticalins: small engineered
binding proteins based on the lipocalin scaffold. In
Methods in enzymology. Elsevier Press, Masachusetts,
USA 157-188.

Grabulovski D, Kaspar M, Neri D (2007) A novel, non-
immunogenic Fyn SH3-derived binding protein with
tumor vascular targeting properties. Journal of Biological
Chemistry 282:3196-3204.

Gracy J, Le-Nguyen D, Gelly J-C, Kaas Q, Heitz A,
Chiche L (2007) KNOTTIN: the knottin or inhibitor
cystine knot scaffold in 2007. Nucleic Acids Research
36:314-3109.

Heitz A, Avrutina O, Le-Nguyen D, Diederichsen U,
Hernandez J-F, Gracy J, Kolmar H, Chiche L (2008)
Knottin cyclization: impact on structure and dynamics.
BMC Structural Biology 8:54.

Hey T, Fiedler E, Rudolph R, Fiedler M (2005) Atrtificial,
non-antibody binding proteins for pharmaceutical and
industrial applications. Trends in Biotechnology 23:514-
522.

Hosse RJ, Rothe A, Power BE (2006) A new generation of
protein display scaffolds for molecular recognition. Protein
Science 15:14-27.

Huang W, Dolmer K, Gettins PG (1999) NMR solution
structure of complement-like repeat CR8 from the low
density lipoprotein receptor-related protein. Journal of
Biological Chemistry 274:14130-14136.

Jefferis R (2009) Glycosylation as a strategy to improve
antibody-based therapeutics. Nature Reviews Drug
Discovery 8:226-234.

Kawe M, Forrer P, Amstutz P, Plickthun A (2006)
Isolation of intracellular proteinase inhibitors derived from
designed ankyrin repeat proteins by genetic screening.
Journal of Biological Chemistry 281:40252-40263.
Kintzing JR, Cochran JR (2016) Engineered knottin
peptides as diagnostics, therapeutics, and drug delivery
vehicles. Current Opinion in Chemical Biology 34:143-
150.

Klont F (2018) Mass spectrometry-based methods for
protein biomarker quantification. Talanta 182:414-421.
Kobe B, Kajava A V (2000) When protein folding is
simplified to protein coiling: the continuum of solenoid
protein structures. Trends in Biochemical Sciences 25:509-
515.

Kohler G, Milstein C (1975) Continuous cultures of fused
cells secreting antibody of predefined specificity. Nature
256:495-497.

Kohnehrouz BB, Talischian A, Dehnad A, Nayeri S (2018)
Novel Recombinant Traceable c-Met Antagonist-Avimer
Antibody Mimetic Obtained by Bacterial Expression
Analysis. Avicenna Journal of Medical Biotechnology
10:9-14.

Kolmar H (2009) Biological diversity and therapeutic
potential of natural and engineered cystine knot
miniproteins. Current Opinion in Pharmacology 9:608-
614.

Kummer L, Parizek P, Rube P, Millgramm B, Prinz A,
Mittl PR, Kaufholz M, Zimmermann B, Herberg FW,
Pluckthun A (2012) Structural and functional analysis of
phosphorylation-specific binders of the kinase ERK from


http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

59005 0Ll plig 5 b s lulact 0o e

B3 557 9 wdgi sl tlalod gL 5T

designed ankyrin repeat protein libraries. Proceedings of
the National Academy of Sciences 109:2248-2257.

Kyle S (2018) Affimer proteins: theranostics of the future?
Trends in Biochemical Sciences 43:230-232.

Lipovsek D (2010) Adnectins: engineered target-binding
protein  therapeutics. Protein  Engineering, Design
Selection 24:3-9.

Lofblom J, Feldwisch J, Tolmachev V, Carlsson J, Stahl S,
Frejd FY (2010) Affibody molecules: engineered proteins
for therapeutic, diagnostic and biotechnological
applications. FEBS letters 584:2670-2680.

Lofblom J, Frejd FY, Stéhl S (2011) Non-immunoglobulin
based protein scaffolds. Current opinion in biotechnology
22:843-848.

Lyons SA, O'Neal J, Sontheimer H (2002) Chlorotoxin, a
scorpion-derived peptide, specifically binds to gliomas and
tumors of neuroectodermal origin. Glia 39:162-173.

Mann A, Friedrich N, Krarup A, Weber J, Stiegeler E,
Dreier B, Pugach P, Robbiani M, Riedel T, Moehle K
(2013) Conformation-dependent recognition of HIV gp120
by designed ankyrin repeat proteins provides access to
novel HIV entry inhibitors. Journal of Virology 87:5868-
5881.

Masuda Y, Yamaguchi S, Suzuki C, Aburatani T, Nagano
Y, Miyauchi R, Suzuki E, Yamamura N, Nagatomo K,
Ishihara H (2018) Generation and characterization of a
novel small biologic alternative to proprotein convertase
Subtilisin/Kexin Type 9 (PCSK9) Antibodies, DS-9001a,
albumin binding domain—fused anticalin protein. Journal
of Pharmacology and Experimental Therapeutics 365:368-
378.

Merz T, Wetzel SK, Firbank S, Pliickthun A, Gritter MG,
Mittl PR (2008) Stabilizing ionic interactions in a full-
consensus ankyrin repeat protein. Journal of Molecular
Biology 376:232-240.

Mitchell T, Chao G, Sitkoff D, Lo F, Monshizadegan H,
Meyers D, Low S, Russo K, DiBella R, Denhez F (2014)
Pharmacologic profile of the Adnectin BMS-962476, a
small protein biologic alternative to PCSK9 antibodies for
low-density  lipoprotein ~ lowering.  Journal  of
Pharmacology and Experimental Therapeutics 350:412-
424,

Moebius U, Feuerer W, Fenzl E, van Swelm R, Swinkels
DW, Hohlbaum A (2015) A Phase | Study Investigating
the  Safety, Tolerability, = Pharmacokinetics and
Pharmacodynamic Activity of the Hepcidin Antagonist
PRS-080# 022. Results from a Randomized, Placebo
Controlled, Double-Blind Study Following Single
Administration to Healthy Subjectsa. Blood 126:536-536.
Moore SJ, Leung CL, Cochran JR (2012) Knottins:
Disulfide-bonded therapeutic and diagnostic peptides.
Drug Discovery Today: Technologies 9:3-11.

Mosavi LK, Cammett TJ, Desrosiers DC, Peng Zy (2004)
The ankyrin repeat as molecular architecture for protein
recognition. Protein Science 13:1435-1448.

Mross K, Richly H, Fischer R, Scharr D, Biichert M, Stern
A, Gille H, Audoly LP, Scheulen ME (2013) First-in-
human phase | study of PRS-050 (Angiocal), an Anticalin
targeting and antagonizing VEGF-A, in patients with
advanced solid tumors. PLoS One 8:83232.

Murali R, Greene MI (2012) Structure based antibody-like
peptidomimetics. Pharmaceuticals 5:209-235.

Myers JK, Oas TG (2001) Preorganized secondary
structure as an important determinant of fast protein
folding. Nature Structural Molecular Biology 8:552-558.
Nelson AL (2010) Antibody fragments: hope and hype.
MAbs 2:77-83.

Nielsen BB, Kastrup JS, Rasmussen H, Holtet TL,
Graversen JH, Etzerodt M, Thggersen HC, Larsen IK
(1997) Crystal structure of tetranectin, a trimeric
plasminogen-binding protein with an a-helical coiled coil.
FEBS Letters 412:388-396.

Nilsson B, Moks T, Jansson B, Abrahmsen L, Elmblad A,
Holmgren E, Henrichson C, Jones TA, Uhlen M (1987) A
synthetic 19G-binding domain based on staphylococcal
protein A. Protein Engineering, Design and Selection
1:107-113.

Nord K, Gunneriusson E, Uhlén M, Nygren P-A (2000)
Ligands selected from combinatorial libraries of protein A
for use in affinity capture of apolipoprotein A-1M and taq
DNA polymerase. Journal of Biotechnology 80:45-54.
North C L, Blacklow S C (1999) Structural independence
of ligand-binding modules five and six of the LDL
receptor. Biochemistry 38:3926-3935.

Nygren PA (2008) Alternative binding proteins: Affibody
binding proteins developed from a small three-helix
bundle scaffold. The FEBS Journal 275:2668-2676.
Parizek P, Kummer L, Rube P, Prinz A, Herberg FW,
Plickthun A (2012) Designed ankyrin repeat proteins
(DARPins) as novel isoform-specific intracellular
inhibitors of c-Jun N-terminal kinases. ACS Chemical
Biology 7:1356-1366.

Paul LM, Carlin ER, Jenkins MM, Tan AL, Barcellona
CM, Nicholson CO, Michael SF, Isern S (2016) Dengue
virus antibodies enhance Zika virus infection. Clinical
Translational Immunology 5:117.

Pecqueur L, Duellberg C, Dreier B, Jiang Q, Wang C,
Plickthun A, Surrey T, Gigant B, Knossow M (2012) A
designed ankyrin repeat protein selected to bind to tubulin
caps the microtubule plus end. Proceedings of the National
Academy of Sciences 109:12011-12016.

Phelan ML, Nock S (2003) Generation of bioreagents for
protein chips. Proteomics 3:2123-2134.

Pluckthun A (2015) Designed ankyrin repeat proteins
(DARPIns): binding proteins for research, diagnostics, and
therapy. Annual Review of Pharmacology and Toxicology
55:489-511.

Qi H, Lu H, Qiu H-J, Petrenko V, Liu A (2012) Phagemid
vectors for phage display: properties, characteristics and
construction. Journal of Molecular Biology 417:129-143.
Rakonjac J, Bennett N J, Spagnuolo J, Gagic D, Russel M
(2011) Filamentous bacteriophage: biology, phage display
and nanotechnology applications. Current Issues in
Molecular Biology 13:51.

Reichen C, Hansen S, Plickthun A (2014) Modular
peptide binding: from a comparison of natural binders to
designed armadillo repeat proteins. Journal of Structural
Biology 185:147-162.

Reichen C, Madhurantakam C, Pluckthun A, Mittl P R
(2014) Crystal structures of designed armadillo repeat

w1 tutr i ooz s [



http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

B3 b7 9 g sliio tlalodgab T

53085 OLel ol 5 by lulaot o e

proteins: implications of construct design and
crystallization conditions on overall structure. Protein
Science 23:1572-1583.

Reichert JM (2017) Antibodies to watch in 2017. MADbs
9:167-181.

Reichert J M, Beck A, Lugovskoy A A, Wurch T, Coats S,
Brezski R J (2014) 9th Annual European Antibody
Congress. Geneva, Switzerland 309-326.

Renberg B, Nordin J, Merca A, Uhlén M, Feldwisch J,
Nygren P-A, Eriksson Karlstrom A (2007) Affibody
molecules in protein capture microarrays: evaluation of
multidomain ligands and different detection formats.
Journal of Proteome Research 6:171-179.

Renders L, Budde K, Rosenberger C, van Swelm R,
Swinkels D, Dellanna F, Feuerer W, Wen M, Erley C,
Bader B (2019) First-in-human Phase | studies of PRS-
080# 22, a hepcidin antagonist, in healthy volunteers and
patients with chronic kidney disease undergoing
hemodialysis. PL0S One 14:0212023.

Roberts B L, Markland W, Ley A C, Kent R B, White D
W, Guterman S K, Ladner R C (1992) Directed evolution
of a protein: selection of potent neutrophil elastase
inhibitors displayed on M13 fusion phage. Proceedings of
the National Academy of Sciences 89:2429-2433.

Rodon J, Omlin A, Herbschleb K H, Garcia-Corbacho J,
Steiner J, Dolado I, Zitt C, Feurstein D, Turner D, Dawson
K M (2015) Abstract B25: First-in-human Phase | study to
evaluate MP0250, a DARPIn blocking HGF and VEGF, in
patients with advanced solid tumors. In: Proceedings of the
AACR-NCI-EORTC International Conference: Molecular
Targets and Cancer Therapeutics. USA, Boston, MA.
Philadelphia.

Rohn J, (2010) Anaphore: this protein engineering firm
claims its therapies, modeled on the naturally secreted
human serum protein tetranectin, could compete with
antibodies. Nature Biotechnology 28:1143-1144.

Romero P A, Arnold F H (2009) Exploring protein fitness
landscapes by directed evolution. Nature Reviews
Molecular Cell Biology 10:866-876.

Rothe C, Skerra A (2018) Anticalin® proteins as
therapeutic agents in human diseases. BioDrugs 32:233-
243.

Salmanian T N, Gholizadeh A, Baghban K B (2018)
Designing, docking and heterologous expression of an
anti-HER?2 affibody molecule. The Ukrainian Biochemical
Journal 90:68-76.

Schiff D, Kesari S, de Groot J, Mikkelsen T, Drappatz J,
Coyle T, Fichtel L, Silver B, Walters I, Reardon D (2015)
Phase 2 study of CT-322, a targeted biologic inhibitor of
VEGFR-2 based on a domain of human fibronectin, in
recurrent glioblastoma. Investigational New Drugs 33:247-
253.

Schlatter D, Brack S, Banner D W, Batey S, Benz J,
Bertschinger J, Huber W, Joseph C, Rufer A C, van der
Klooster A (2012) Generation, characterization and
structural data of chymase binding proteins based on the
human Fyn kinase SH3 domain. MAbs 4:497-508.
Schmidt A E, Chand H S, Cascio D, Kisiel W, Bajaj S P
(2005) Crystal structure of kunitz domain 1 (KD1) of
tissue factor pathway inhibitor-2 in complex with trypsin

1+ )LQJ. A O)l.M/pbm 0)50/0-193 M)

implications for KD1 specificity of inhibition. Journal of
Biological Chemistry 280:27832-27838.

Schmidtko A, Loétsch J, Freynhagen R, Geisslinger G
(2010) Ziconotide for treatment of severe chronic pain.
The Lancet 375:1569-1577.

Schonfeld D, Matschiner G, Chatwell L, Trentmann S,
Gille H, Hilsmeyer M, Brown N, Kaye P, Schlehuber S,
Hohlbaum A (2009) An engineered lipocalin specific for
CTLA-4 reveals a combining site with structural and
conformational features similar to antibodies. Proceedings
of the National Academy of Sciences 106:8198-8203.
Schroeder T, Barandun J, Flitsch A, Briand C, Mittl PR,
Gritter MG (2013) Specific inhibition of caspase-3 by a
competitive DARPin: molecular mimicry between native
and designed inhibitors. Structure 21:277-289.

Screaton G, Mongkolsapaya J, Yacoub S, Roberts C
(2015) New insights into the immunopathology and
control of dengue virus infection. Nature Reviews
Immunology 15:745.

Sedgwick SG, Smerdon SJ (1999) The ankyrin repeat: a
diversity of interactions on a common structural
framework. Trends in Biochemical Sciences 24:311-316.
Sehnal D, Rose A, Koca J, Burley S, Velankar S (2018)
Mol*: towards a common library and tools for web
molecular graphics. Paper presented at the MolVa:
Workshop on Molecular Graphics and Visual Analysis of
Molecular Data, Brno, Czech Republic. Eurographics
Proceedings 29-33.

Shah DK, Betts AM (2013) Antibody biodistribution
coefficients: inferring tissue concentrations of monoclonal
antibodies based on the plasma concentrations in several
preclinical species and human. MAbs 5:297-305.

Silacci M, Lembke W, Woods R, Attinger-Toller I,
Baenziger-Tobler N, Batey S, Santimaria R, von der Bey
U, Koenig-Friedrich S, Zha W (2016) Discovery and
characterization of COVA322, a clinical-stage bispecific
TNF/IL-17A inhibitor for the treatment of inflammatory
diseases. MADbs 8:141-149.

Silverman J, Lu Q, Bakker A, To W, Duguay A, Alba BM,
Smith R, Rivas A, Li P, Le H (2005) Multivalent avimer
proteins evolved by exon shuffling of a family of human
receptor domains. Nature Biotechnology 23:1556-1561.
Simeon R, Chen Z (2018) In vitro-engineered non-
antibody protein therapeutics. Protein Cell 9:3-14.

Skerra A (2000) Engineered protein scaffolds for
molecular recognition. Journal of Molecular Recognition
13:167-187.

Skerra A (2001) ‘Anticalins’: a new class of engineered
ligand-binding proteins with antibody-like properties.
Reviews in Molecular Biotechnology 74:257-275.

Skerra A (2007) Alternative non-antibody scaffolds for
molecular recognition. Current Opinion in Biotechnology
18:295-304.

Skrlec K, Strukelj B, Berlec A (2015) Non-
immunoglobulin scaffolds: a focus on their targets. Trends
in Biotechnology 33:408-418.

Smith R, Duguay A, Bakker A, Li P, Weiszmann J,
Thomas M R, Alba B M, Wu X, Gupte J, Yang L (2013)
FGF21 can be mimicked in vitro and in vivo by a novel


http://mg.genetics.ir/article-1-1690-en.html

[ Downloaded from mg.genetics.ir on 2026-06-24 |

59005 0Ll plig 5 b s lulact 0o e

B3 557 9 wdgi sl tlalod gL 5T

anti-FGFR1c/B-Klotho bispecific protein. PLOS One 8:1-
11.

Souied EH, Devin F, Mauget-Faysse M, Kolat P, Wolf-
Schnurrbusch U, Framme C, Gaucher D, Querques G,
Stumpp MT, Wolf S (2014) Treatment of exudative age-
related macular degeneration with a designed ankyrin
repeat protein that binds vascular endothelial growth
factor: a phase I/Il study. American Journal of
Ophthalmology 158:724-732.

Stadler LKJ, Hoffmann T, Tomlinson DC, Song Q, Lee T,
Busby M, Nyathi Y, Gendra E, Tiede C, Flanagan K
(2011) Structure— function studies of an engineered
scaffold protein derived from Stefin A. Il: Development
and applications of the SQT variant. Protein Engineering,
Design Selection 24:751-763.

Stein EA, Kasichayanula S, Turner T, Kranz T,
Arumugam U, Biernat L, Lee J (2014) LDL cholesterol
reduction with BMS-962476, an adnectin inhibitor of
PCSK9: results of a single ascending dose study. Journal
of the American College of Cardiology 63:172.

Strebhardt K, Ullrich A (2008) Paul Ehrlich's magic bullet
concept: 100 years of progress. Nature Reviews Cancer
8:473-480.

Tam JP, Wang S, Wong KH, Tan WL (2015)
Antimicrobial peptides from plants. Pharmaceuticals
8:711-757.

Tans R, van Rijswijck DM, Davidson A, Hannam R,
Ricketts B, Tack CJ, Wessels HJ, Gloerich J, van Gool AJ
(2020) Affimers as an alternative to antibodies for protein
biomarker enrichment. Protein Expression and Purification
174:1-9.

Tewari R, Bailes E, Bunting KA, Coates JC (2010)
Armadillo-repeat protein functions: questions for little
creatures. Trends in Cell Biology 20:470-481.

Thell K, Hellinger R, Sahin E, Michenthaler P, Gold-
Binder M, Haider T, Kuttke M, Liutkevi¢iute Z,
Goransson U, Grindemann C (2016) Oral activity of a
nature-derived cyclic peptide for the treatment of multiple
sclerosis. Proceedings of the National Academy of
Sciences 113:3960-3965.

Tiede C, Bedford R, Heseltine SJ, Smith G, Wijetunga I,
Ross R, AlQallaf D, Roberts AP, Balls A, Curd A (2017)
Affimer proteins are versatile and renewable affinity
reagents. Elife 6:1-35.

Tiede C, Tang AA, Deacon SE, Mandal U, Nettleship JE,
Owen RL, George SE, Harrison DJ, Owens RJ, Tomlinson
D C (2014) Adhiron: a stable and versatile peptide display
scaffold for molecular recognition applications. Protein
Engineering, Design and Selection 27:145-155.

Tolcher AW, Sweeney CJ, Papadopoulos K, Patnaik A,
Chiorean EG, Mita AC, Sankhala K, Furfine E,
Gokemeijer J, lacono L (2011) Phase | and
pharmacokinetic study of CT-322 (BMS-844203), a
targeted Adnectin inhibitor of VEGFR-2 based on a
domain of human fibronectin. Clinical Cancer Research
17:363-371.

Varadamsetty G, Tremmel D, Hansen S, Parmeggiani F,
Pluckthun A (2012) Designed Armadillo repeat proteins:
library generation, characterization and selection of
peptide binders with high specificity. Journal of Molecular
Biology 424:68-87.

Vazquez-Lombardi R, Phan TG, Zimmermann C, Lowe D,
Jermutus L, Christ D (2015) Challenges and opportunities
for non-antibody scaffold drugs. Drug Discovery Today
20:1271-1283.

Veiseh M, Gabikian P, Bahrami S-B, Veiseh O, Zhang M,
Hackman R C, Ravanpay A C, Stroud M R, Kusuma Y,
Hansen SJ (2007) Tumor paint: a chlorotoxin: Cy5. 5
bioconjugate for intraoperative visualization of cancer
foci. Cancer Research 67:6882-6888.

Walker RG, Willingham AT, Zuker CS (2000) A
Drosophila mechanosensory transduction channel. Science
287:2229-2234.

Weidle UH, Auer J, Brinkmann U, Georges G,
Tiefenthaler G (2013) The emerging role of new protein
scaffold-based agents for treatment of cancer. Cancer
Genomics-Proteomics 10:155-168.

Yu X, Yang Y-P, Dikici E, Deo SK, Daunert S (2017)
Beyond antibodies as binding partners: the role of
antibody mimetics in bioanalysis. Annual Review of
Analytical Chemistry 10:293-320.

Zelensky AN, Gready JE (2005) The C-type lectin-like
domain superfamily. The FEBS Journal 272(24):6179-
6217.

Zoller F, Haberkorn U, Mier W (2011) Miniproteins as
phage display-scaffolds for clinical applications.
Molecules 16:2467-2485.

et e s 5 R



http://mg.genetics.ir/article-1-1690-en.html
http://www.tcpdf.org

