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(Abstract

[Background] Ribosome display (PUREfrex®RD) is a very effective selection
technique for functional peptides. However, since a peptide is presented on
the ribosome, which is a large molecule, its properties (hydrophobicity,
Isoelectric point, etc.) are offseted by the ribosome. Therefore, even if a
functional peptide can be selected in the ribosome display form, the
hydrophobicity is too high, resulting in the inability to synthesize the peptide
itself. In this study, we investigated a method to introduce hydrophilic amino
acids into highly hydrophobic peptides comprehensively using PUREfrex®RD.

[Methods and Results] Cyclic peptides binding to IL6, previously selected by
PUREfrex®RD, were used in the experiments. The peptide consists of 20
amino acid residues including cysteines at N and C ends and was cyclized by
disulfide bonds. First, amino acid residues essential for binding activity were
identified by alanine scanning using PUREfrex®RD, it found that 10 of the 18
amino acids were essential for binding. Next, for the 8 amino acids that were
not essential, a library randomized with VRW codons without hydrophobic
amino acid codons was prepared, and performed selection experiments with a
view of getting the hydrophilic cyclic peptides. After 2 rounds of selection
experiments, the increase in MRNA recovery could not be observed, it was
expected that changing all 8 amino acids to VRW codons would have a
negative effect on binding activity. Therefore, a library (8 species) in which
one of the 8 VRW-amino acids was randomized with the NNS codon were
prepared and two rounds of selection experiments were performed. As a
result, an increase in the amount of well recovered mRNA could be observed.
The cyclic peptides were expressed as MBP fusion proteins by PUREfrex from
the recovered mRNAs, and the binding activity was confirmed by ELISA. The
seguence analysis results showed that many peptides were more hydrophilic
than the original peptides. These results indicate that PUREfrex®RD can
comprehensively modify highly hydrophobic peptides into hydrophilic
peptides.

g J

~

4 )
® 75=0RFr= LB HRRAIRELTS/BREORE |

FIoORXY=VTRS4T35Y

CEVVLSRLWEPGFSWYLYTC
CAVVLSRLWEPGFSWYLYTC
CEAVLSRLWEPGFSWYLYTC

CEVVLSRLWEPGFSWYLYAC

PUREfrex®RrD
N~ pull down

1.0E+10
1.0E+09
08 1 0E+08
=
B 1.0e+07
<
Z
= 1.0E+06
1.0E+04
> W o ¥ r oo & F T F
‘\Q‘}("b %\« Q’\z 4”) & é’) Q~b O s‘b & @ ‘9 $ * \,}b 4 « é\'
o

B SICWELRT7I/EBER (X Tres, Glug, Pro10, Gly11, Phel2, Trp14, Leuls,
Val17, Thr18 (red bar) . $&& NI ENBES7G T /BB (L Serb, Argb (pink bar) .
FDIEHGlul, Val2, Val3, Leud, Leu?, Ser13, Tyr15 (blue bar) ZHi/E#E&IZEEE LAY

D YRY—LT4RTLA (PUREfrex®RD)IZLZBIRARTFRD
In vitro selection

In vitro
DNA Iibrary transcription MRNA Library
| |

In vitro translation

by optimized
RT-PCR PUREfrex for RD
| PUREfrex®RD i
solation of Rib Displav-RD
MRNA (Ribosome Display;RD) 1 Binding

Streptavidin
<+ Beads
o ™~

Biotin-Antigen

Elution(EDTA) \ /
Washing
D
1, PUREfrex®RDIF15V VR HT=YIX104D SHAZERF O T4 T 3 Do DBRANH]
HE

2, In ‘:/itro selection DB GEBEIIBMETEZEHRETIOBMBITERD /N1
I —EMBFTHENTES,

Al RE,

4 )

3, Phage displayD &57L BEERENEE LN =6, BRICEBDSAT S DREIEERRH

g J

@ IL6 binder BIRARTFR D444

IL6 binder peptide
Sequence: CEVVLSRLWEPGFSWYLYTC

1) RIFRZESAEUH—F VT ICEELI-RETHOHE S E S (KDfE) ZBLIZTHRIEL
T:o

Ka[1/Ms] Kd[1/s] R2

. . 6.45E-8 1.93E-4 0.9991
Biotin

KD{i& : 64.5 nM

QIR TFRiERREE TOHR S EEZELISA(ECso) TRIFELT-=,

100%
80%

60%

40%
: 20%

Streptavidin 0%
0.0 0.1 1.0 10.0 100.0 1000.0

peptide. Conc. log [uM]

HEEEHE%)

ECs0:18.6 uM

JIWIRTFR R REE TCOREERBEE EEZERFELISAUC50) TRIELT-.

100%

@ 80%
X 60%

40%

IL6 receptor| Fc O)) 20%
0%
ﬁﬁ qa' 1.0 10.0 100.0
Peptide.Conc. log [uM]

FEE = (%)

4 )

\75/ BRRETHIEMN RSN,

Y,

\
@ sk 175)—LmRER |
hRESICDBLT7I/BRE (FE) LA DOFEFRIZVRWEIENNSOFZEALT-,
VRW-Library 1

Originalclone| C | E | V | V | L R | L C
VRW-Libraryl| C |[VRW|VRW |VRW VRW VRW | VRW VRW VRW C
VRW-Library 2
Original clone E Vv Vv L R

NNS | VRW | VRW | VRW VRW

VRW | NNS | VRW | VRW VRW
VRW | VRW | NNS | VRW VRW
VRW | VRW | VRW | NNS VRW
VRW | VRW | VRW | VRW NNS
VRW | VRW | VRW | VRW VRW
VRW | VRW | VRW | VRW VRW
VRW | VRW | VRW | VRW VRW

V:AorCorG, R:SorG, W:AorT, N:AorCorGorT, S:CorG
VRWIZ® T AFPS/E:S,N,Q,G,D,ER,K H

PUREfrex®RDIZ & 5B IREER

1.00E+09
1.00E+08
i
2 1.00E+07
=]
Z 1.00E+06
1.00E+05

1.00E+04

VRW-Library2

olieliolielielioleoieolie)

A

mR

VRW-Lib 1 VRW-Lib 2
M 1st B 2nd

VRW-Library 1 Cl&250VFDRIREERTIEMRNAD RBARERHENEM o=,
\VRW Library 2Tl RIF LRI HERINT-,

_/

4 )
® MBP-fusion&EL TO#S S EM LB FIRIT

7 3% : VRW-Library 202" roundZNFEMBP fusion RS FRELTHTH4A—=24

@ Myc |His
|

L 5 24

L

PUREfrex®E I3 KB E CRBEHZELISATHE & /54, B [XAnti-FLAG M2
H RP'C“?ﬂ'IE Lf:o

hydrophilic DIE|[K|H|R
neutral S|IT|N|Q|C|Y
hydrophobic |A |V |G|I | L|F|P|W M|
T
PUREfrex ELISA E.coli Lysate ELISA name E 2 E 5 E E 5 5 5 a
> > 5| > > > > > 2
IL6 SA S/N IL6 SA S/N Original 4.30

0.38 0.04 9.2 0.17 0.07 2.2 VRW-14

0.40 0.06 6.6 0.87 0.36 24 VRW-08
0.43 0.03 12.7 0.12 0.06 2.2 VRW-05
0.69 0.05 13.2 0.29 0.06 4.9
0.58 0.02 25.4 0.69 0.06 11.5 VRW-30
0.68 0.04 19.4 0.52 0.07 7.2 VRW-61
0.48 0.04 12.4 0.25 0.05 5.3 VRW-85
0.41 0.06 7.4 0.07 0.11 0.6 VRW-15
0.81 0.03 24.8 1.71 0.07 24.8
0.85 0.05 17.7 1.13 0.05 24.9 VRW-79
0.78 0.02 34.6 1.15 0.09 12.9 VRW-27
0.88 0.04 24.2 0.93 0.05 17.5 VRW-91
0.94 0.03 33.7 1.56 0.07 21.6 VRW-38
0.83 0.90 0.9 1.48 0.72 2.1 VRW-51
0.60 0.03 17.4 1.70 0.06 26.7
0.51 0.06 9.0 0.44 0.14 3.1 VRW-81
0.68 0.03 24.0 0.38 0.05 7.9 VRW-84
0.54 0.03 17.1 0.21 0.05 4.4 VRW-92
0.35 0.02 14.9 0.07 0.04 1.8 VRW-62
0.58 0.03 19.3 0.14 2.13 0.1 VRW-94
0.37 0.03 10.9 0.41 0.06 6.6 VRW-58

5.18

4.67
4.67
4.67
5.75

5.42

0.61 0.04 14.7 0.64 0.05 11.6 VRW-49 5.37
0.47 0.03 18.3 0.37 0.76 0.5 VRW-19 5.37
0.42 0.06 6.6 0.30 0.08 3.9 VRW-09 5.37
0.73 0.04 20.5 0.25 0.05 5.0 VRW-31 5.37
0.72 0.04 16.9 0.04 0.12 0.3 VRW-23 5.42
0.38 0.05 8.2 0.05 0.05 1.1 VRW-07

0.76 0.03 25.5 2.52 0.24 10.7 VRW-77 5.20
0.96 0.06 15.5 1.79 0.07 25.7 5.20
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0.57 0.04 14.5 0.37 0.07 5.4 VRW-75
0.60 0.03 21.6 0.78 0.05 15.1 VRW-35
0.72 0.06 12.5 0.77 0.07 10.6 VRW-33
0.77 0.02 30.9 0.50 0.07 7.7 VRW-03
0.57 0.07 8.2 0.52 0.14 3.8 VRW-89
0.74 0.04 20.9 0.97 0.07 13.3 VRW-21
0.46 0.03 16.0 0.34 0.06 6.1 VRW-44
0.60 0.03 21.2 0.98 0.13 7.3 VRW-68
0.61 0.06 10.1 0.39 0.10 3.7 VRW-72
0.47 0.05 9.8 0.41 0.04 10.3 VRW-60
0.62 0.05 11.9 0.51 0.32 1.6 VRW-47
0.34 0.04 7.8 0.09 0.05 1.9 VRW-69
0.35 0.04 8.5 0.21 0.05 4.5 VRW-82
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0.30 | 0.03 8.9 | 0.07 ] 0.06 1.3 | VRW-06 4.10
0.64 | 0.06 | 11.3| 0.87 | 0.16 5.4 | VRW-32 5.25
0.40 | 0.04 | 10.1| 0.31] 0.07 4.5 | VRW-34 5.25
0.35 | 0.06 58| 0.25| 0.10 2.6 | VRW-24

078 | 0.04 | 18.1| 0.74| 0.04 | 203 | VRW-57 4.46
058 | 0.01| 42.1| 0.15| 0.04| 4.1| VRW-45

052 | 0.03| 17.7| 0.13 | 0.11 1.2 [ VRW-22

0.40 | 0.04 | 10.9| 0.05| 0.04 1.4 | VRW-63 4.58
0.69 | 0.03| 27.0| 2.66| 0.27 9.9 [NRWEOIN

037 | 0.03| 10.6| 0.05| 0.09 0.6 | VRW-78

045 | 0.02| 183 | 039 | 138| 03| VRwW-83

076 | 0.03 | 246 | 0.42| 076 | 0.6 VRW-39 5.32
033 | 0.03| 12.7| 0.28| 1.08| 0.3 | VRW-36

048 | 0.03| 16.2| 0.11] 0.06 1.8 | VRW-37 4.29
059 | 0.03| 232 0.79| o.06 | 12.8 [[NRNESSHN 2.84
065 | 0.03| 19.9| 0.23[ 0.32 0.7 | VRW-87 2.84
0.47 | 0.02 | 196 | 0.23| 0.05 4.9 | VRW-18 2.84
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0.69 0.05 13.2 0.29 0.06 4.9 C|IR/H|E|K|S|D/K|W|E|P|G|F|V|WH H|fL|J]V|T|C|[8|2]|38 307.09 ND
0.81 0.03 24.8 1.71 0.07 24.8 C|E|V|E|S|S|D/RIW|E|P|G|F|R|{W|HH|L|V|T|C|[7]|3]|8]4.67 |328.71 ND
0.60 0.03 17.4 1.70 0.06 26.7 C|K/H|E|V|SIDIQ|W|E|P|G|F|R|WHH|fL|V|T|C|[7|3]|38 120.02 ND
0.96 0.06 15.5 1.79 0.07 25.7 C|IH|V|E|S|S|D|IQ(W|E|[P|G|F|R|W|H|L|[V|[T|C|6|4]|8]5.20 |912.68 ND
0.69 0.03 27.0 2.66 0.27 9.9 C|H|V|E|S|S|IRINIW|E|P|G|F|L|W|H|L|]V|T|C|[5]|4]|Y9 200.01 ND
0.59 0.03 23.2 0.79 0.06 12.8 C|S|Y|E|S|S|IN[L|IW|E|P|IG|IW|T|W|Y|[L|V|[T|C|[2|8]|8]2.84 |692.93 ND
C|E|V|V|IL|S|IR|L|IW|E|P|G|IW|S|W|Y|L|]V|T|C|3]|4]|11)4.30 ND 56.71
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