In vitro selection and affinity maturation of CTLA-4 binding cyclic peptide with
PUREfrexRD, and conversion of the peptide to small molecules.
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Abstract In vitro selection by PUREfrexRD Measurement of inhibition (ICs0) by inhibitory ELISA
[Background]
In the drug development, small molecule drugs have a lot of advantage over L“m'”escence
peptides in terms of oral administration and intracellular migration. However, L0E+11 Blotinylated CD80 @ Streptavidin-HRP
since diversity of small molecule library and selection methods are limited, it is LO.E+10 MBP-fusion SA
difficult to get the promising drugs that has the inhibitory activity for protein- peptide <o _— Cyclic peptide
protein interactions. On the other hands, we have reported that the functional 1.0.E+09 CTLA- 4\ CDSO
cyclic peptides can be easily selected / screened by the ribosome display < @ @ CTLAA @
method (PUREfrexRD) using PUREfrex. Here, we report selection and affinity z 10.£+08 | |
maturation of functional cyclic peptide that inhibited the binding between CD80 L0.E+07 MBP-fusion Peptide
and CTLA-4, and conversion of the cyclic peptide to small molecules. l
1.0.E+06
[Method and Results] s :. ——
A lot of cyclic peptides that specifically binds to CTLA-4 was obtained using - = =
PUREfrexRD (3 rounds selection) from cyclic peptide library consisting of a = = ,
random sequence of 12 residues. Next, a cyclic peptide having inhibitory activity _ _ , , =l b <5 =5 i
was selected and applied for affinity maturation (off-rate selection) by Cyclic peptide library having 12mer ra_nd(_)m sequences (Cys - i . R i
PUREfrexRD. As a result, a high affinity cyclic peptide having an improved X12 - Cys) was screened against biotinylated CTLA-4-Fc : 2 7 ; : A
affinity of about 630 times was obtained. Furthermore, the comprehensive protein. Recovered mRNA increased along with the progress of Conc[uM]] s = 1.16 uM Conc [uM] ICs0 = 11.6 UM
iInformation related to the correlation between amino acid sequence and binding : : C .. : : :
activity was obtained from a series of experiments such as identification of kselectlon round. J No.19 binder showed the 'nh'_b'tory activity aga'nSt Interaction
essential amino acids for binding by alanine scanning, exhaustive expression of | , N between CD80 and CTLA-4 in both MBP-fusion and fully
recombinant mutants and ELISA. Based on these data, the 3D-structure of the _ _ synthetic peptide format. The inhibitory activity of the synthetic
cyclic peptide was predicted in silico, and about 350 small molecules similar to Sequencing after 3rd round selection peptide was lower than MBP-fusion.
the simulated cyclic peptide structure were picked out from PRISM BioLab % \.
small molecule library, and binding inhibition activity were estimated by ELISA. Squence
As a result, a several small molecules having inhibitory activity could be Number of conc. | clone name .. : :
obtained. 51 3-02 Designing small molecules based on cyclic peptides
6 3-51
It indicates that PUREfrexRD is an effective way for obtaining functional cyclic g g:gg Ri—OC o
peptides and their structure-activity relationship information, and conversion 9 2_973 Ri—<_ )—-Ri+3 YH Ri*3
from cyclic peptides to small molecules. 2 3-90 Vamhalin X/Nj?/\,\,)
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Best ituted cell-f ‘ol ‘hes: fam for Some of enrichment were observed from the sequencing (94 ainl I S e o | R¥
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- \; | No cells, No bias. Wash time:1st-2H, 2nd-19H, 3rd-67H >
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w; Best su|ted fOr R|bosome . o o o o o o o :o-; z z gizz | ma mf) ecules mlmlf) ing B-turn derive .rom cyclic peptides N
; display and mRNA display : o Three amino acids are _mtroduce_d into the _R position (red
Shimizu Y et al., Nat Biotechnol (2001) vol 19, p751-755 or ¢ o square) of the B-turn peptide-mimetic scaffold in order from the
. . . . . | es -l o N-terminus of the cyclic peptide.
PUREfrex is the reconstituted in vitro transcription and translation Y /A ot | closm | | yele peb
system which consists of purified 36 proteins and E. coli L Nt o r
ribosomes necessary for transcription, translation and energy i, A s zl o Inhibitor Screening assay and Measurement of 1Cs0
recycling. It also contains amino acids, NTPs and E. coli tRNA, so N ' ENE 4=
the target protein can be synthesized just by addition of the Con.(ugimD) Nots | L
template DNA to the reaction mixture. | Inhibitor screening assay Measurement of ICso for Pm2
\ /7 | The high affinity clones (27 clones) from ELISA were purified, B
[ Y | and ECso of the each were measured. As a result, all clones | ) I
Simple selection with PUREfrexRD for cyclic peptide except No.27 showed higher ECso than the original (3-02). In 3" 2| ]
particular, No.19, 10, 24 (red square) showed about 50 times | 8 ;
[Ribosome Display complex with cyclic peptide ] higher affinities than the original. h |
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Identification of amino acids required for binding by — — _
alanine scanning Several small molecules with inhibition activity were obtained.
ICso of Pm2 with the highest activity showed about 1/20 of the
(Construct) synthetic peptide.
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When the arrest sequence of SecM at 3"terminus is translated in < 0.500
RUREfrex, a ribosome can be fixed strongly on mRNA. Also, 0000 P o o | sy pu—— Scaffold Scaffold Scaffold
release factors (RF1, RF2, RF3, RRF) are removed from PUREfrex oo @ @ @ (Aa)
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and oxidized glutathione (GSSG) and disulfide isomerase from <& > > @ e NQ
E.coli (DsbC) in optimized concentration to form disulfide bond are PmM2 PmM2+X Pm2-Ala
added into PUREfrex. As a result, RD complex become highly Alanine mutant IC50=295 UM Weaker than Pm2 No activity
Z;ﬁg:ghéj‘;d cyclized peptide is displayed on ribosome with high Pm2 was designhed from 3 amino acids including essential 2
\ 7 | Amino acids of position 2, 3, 5, 6, 9, 11, 12 (red circle) were amlrr]lo gzlds for b'”%‘”g_ al _C-terr;n;\al of peptld_(ej. T\r/]vo anglogs
Immune checkpoint via CTLA-4 . J ((decrease in |Cso.
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Cyclic peptide (FACS)
\ \ [ g 1, Functional cyclic peptides against CTLA-4 were selected
B7(CD80,86- N CTLA4 Cell line: easily and rapidly by PUREfrexRD.
B7(CD80/86 CD28 —_— Negative signal 2500 | ﬂ = : ; \mm , T::.:.‘;,.; 'i’r:;% 1X 10° cells/reaction, 100 pL
APC ) Positive signal APC p— o {1 JF ALY H‘ — Synthetic peptide: 2, In affinity maturation of CTLA-4 binder, we succeeded to
g A— P / N-term Biotinylated peptide select lead cyclic peptide with good ECs0/ICso.
/ VE— / ab g L A t 2nd antibody:
/MHC TCR T Cell MHC —T CR T Cell 8 Ma te e g | Streptavidin-iFluor 647 3, Essential amino acids for binding were indentified by alanine
pea scanning.
Activated T cell Inactivated T cell .,,/ . . . . .
N J U y ¢ - 4, Based on structure-activity relationship information, peptide-
_ _ mimetic small molecules were designed, and successfully
When CTLA-4 bind to B7, T-cells are led to anergy. Anergic T-cells l0g (M) ECs0 = 0.59 uM selected with good inhibitory activity.
have limited effector function. Anti-CTLA-4 neutralizing cyclic
peptides inhibit CTLA-4 binding to B7 and promote T-cell No0.19 binder as synthetic peptide (N-term biotinylated) bound
activation. to CTLA-4 on the cells. E-mail: contactusOl@genefrontier.com
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