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(Protein synthesis Using Recombinant Elements) %

Shimizu Y. et al. Nature Biotechnology
vol 19, p751-755 (2001)
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Reconstituted cell-free protein synthesis kit

PURE frex’

For Designing Central Dogma
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Fujita et al. (2023) ACS Nano. vol.17(4), p.3358.

al. (2024) ACS Sens, 9(6):2846-2857.

Tsuboyama et al. (2023) Nature, 620, p434.

Sugii et al. (2023) Synth. Biol. vors, pl
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PURF /’T ex ) -Improve Validation from Weeks to Days- e
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FASTIA: Fast Interaction Analysis

Loss of affinity
Decreased affinity
Comparable affinity
Increased affinity

2 Days
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Gene Library 384-well colony PCR
(with barcode seq) 384-well PUREfrex HT-SPR
A . _ Semccane
mAb gene S %=
\ Matsunaga et al. (2025) Protein Sci. Mar;34(3):e70065. doi: 10.1002/pro.70065.

NGS (384-wellx3 or more)


https://onlinelibrary.wiley.com/doi/full/10.1002/pro.70065
https://onlinelibrary.wiley.com/doi/full/10.1002/pro.70065
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PURF rex -Expression of scFv, Fab, 1IgG and more-
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He DNA v Zs &
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-)-m— 8 Ribosome Amino Acids CUStomIZCI tlon °°° Q,Q v‘?@s Non-reduced o Association Dissociation
or ° v \\ . SDS-PAGE
Translation Factors o015
29 D & tRNAS  NTPs Eon
SoFVDNA 2.4 1 oTT ——|* \K e
(GaSistimeer 1.9 1 *+2mMGSH IgG ” —
1.4 -8 scFv ::m‘lfsiff EEH B

== Fab + 1x DnaK mix

0.9 1 1 = KoIM] ko (M) kg l1/5]

0.4 A L1 Optimized reaction mixture
\

L | o
[ | - \ I G Trastuzumab 4.03E-10 6.29E+05 2.53E-04
#f- DPC >et " Uil ¢ I Rz
S g/ D
ves
®

Purified Ig6  4.24E-10  6.38E+05  2.70E-04

Abs at 450 nm

N N N System: Octet RED96 System (Pall ForteBio)
naK M iX QQ Q‘Q Q- \.Q '\Q ,\QQ \QQQ 37°C. 28 h Biosensor: Anti-Human IgG Fc Capture (AHC) biosensor
b y (Pall ForteBio)

Q v Buffer: Kinetics Buffer 10X (Pall ForteBio)

Ligand: “Purified IgG” or “Trastuzumab”

For correct folding Concentration of product (nM)

Analyte: 17.6, 8.8, 4.4, 2.2 and 1.1 nM of Extracellular domain
Only 2 days for IgG! V g K et .
trastuzumab —_— kyq: Association rate constant. k,q: Dissociation rate constant.

Murakami et al. (2019) Sci. Rep. vol.9, p.671.

Murakami et al. (2019) Sci. Rep. vol.9, p.671. (Supplementary Information)

anti-CD3-scFv/CD19-scFv f VH
v IFN-o. variants were gener. IFNa-scFv
: VL HEK293 Human Mouse B16 = Universal IFN-c (1. aria t'S € e gene at.ed as a S¢
VH IFNa-Reparter Cells ... Reporter Cells 4 hIFNU_L152F fusions to identify mutations affecting
- * ¥ R121K .. .
- RIZIK Q1258 activity in mouse and human cells
@ RI121K_Q125R_K132T
& Y86C_R121K_Q125R / 4
1.0 -& Y86C_R121K_QI125R_K132T Yy J
¥ mliFN2 -
£ . . - In;NQch Anti-PDL1 scFv
§ - 3 -% scFv control e
; 0.6 sl T L rma a a n = Human IFNc2b (starts at InM)
2 04 % PUREfrex reaction % PUREfrex reaction No DNA
0.2 . .
Ag:recombinant CD19 (100 ng) IFNa-scFv protein was generated with an anti-PDL1 antibody by in vitro transcription /translation using the PUREfrex® system
°° - " T - - (CosmoBIO USA). Protein mixture was serially diluted and protein was captured via an anti-V5 tag coated to the wells of the plate.
Blinatumomab (M) Proteins were assayed for PD-L1 binding to assess expression (data not shown) or the ability to stimulate an IFN-o response in
receptor reporter cell lines

Killebrew et al. (2024) SITC 2024 Annual Meeting (Poster, BONUMTX.com). 7


https://static-content.springer.com/esm/art%3A10.1038%2Fs41598-018-36691-8/MediaObjects/41598_2018_36691_MOESM1_ESM.pdf
https://bonumtx.com/wp-content/uploads/2024/10/SITC-2024-Poster-Final-0.5x.pdf
https://bonumtx.com/wp-content/uploads/2024/10/SITC-2024-Poster-Final-0.5x.pdf
https://www.nature.com/articles/s41598-018-36691-8
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PURF ),:I"ex® -Application for complex molecule-
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Jensen et al. (2021) Protein Expr. Purif., 186, 105910.

Step 1 Step 2 Step 3
Load PUREfrex 2.1 expressed
proinsulin onto column and wash

to remove impurities

Resuspend column with trypsin
to allow for on-column enzymatic
conversion

Capture converted desB30
Human Insulin

6)1(' His " Final Insulin Product
ag
Ni- s 3 [ { 4 .
CFPS NTA | § A-chain ¢ $ A-Chain $
reaction » A
Qa ;( | — z , | = s s

+
Cleaved C-peptide

‘ C-peptide ’

Trypsin ¥
Typ: Yy

u 2N

C-peptide

Shayan et al. (2025) New Biotechnology, vol 89, p51.

1 2 3 4 5 6 7 8 9 10
Proinsulin | Proinsulin] Proinsulin Regular | Insulin A | Insulin B | Insulin A Chain | Insulin B Chain
Aspart Lispro Glargine Proinsulin| Chain Chain Heterodimer Heterodimer Oxysocing) (GNicagors
PURE v v v v v v v v v v
Cim24 X X X X v X v v v v
BL21 X X X X v X v v v X
759 v v v v v v v v v X
1" 12 13 14 15 16 17 18 19 20
Glucagon | Glucagon Growtt
Like Peptide Like Insulin Like c Vaso- ; . Parathyroid Somato- .
1 mutant | Peptide 1 |Growth Factor Ht}rg:;na Laptin pressin Angiatansin il Hormone (PTH) statin Lauprolide
(GLP-1 mut)] (GLP-1)
PURE v v v v v v v v v v
Clm24 v v X v v v v v v v
BL21 X X X X X X v v v v
759 v v X v v v v X v v

DeWinter et al. (2023) ACS Synth. Biol. vol.12, 4, p1216. (Supplementary Information)



https://www.sciencedirect.com/science/article/pii/S1046592821000930?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1046592821000930?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1046592821000930?via%3Dihub
https://pubs.acs.org/doi/10.1021/acssynbio.2c00680?goto=supporting-info
https://pubs.acs.org/doi/10.1021/acssynbio.2c00680?goto=supporting-info
https://www.sciencedirect.com/science/article/pii/S1871678425000652
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PURFfrex® -as a platform for many companies- e

In vitro expression and Biacore analysis of Fab fragments

[ PCR on Fab HC & LC

Kinetic analysis of 25 Fab binders

withoutpurification of PCR products

in vitro Fab expression (4h)

with PURF /rex"& DsbC Set
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‘ 1day

without purification of expression products

25 Fabs

without purification of expression products

6 Fabs

Biacore analysis 1
immobilized biotinylated 37 kDa antigen

Biacore analysis 2
Captured Fab expression products.
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iBody

iBody’s Ecobody Technology

Collecting B cells from
~ blood and tumor tissue

%

Ecobody is...
*Human/Rabbit derived
*mAb in “Only 2” days!
*Fully in vitro screening
*No culture

Selection of desired
" single B cells

Single-cellRT-PCR
amplification of clonal
antibody genes

-> Selection of Fabs for further kinetic analysis

L T e e e T e P =

Data by Leopold von Proff

Reconstituted cel free protein synthesis kit

PURE frex’

Active Fab
Protein

&
Cell-free Antibody
Expression Evaluation

iBody’s Technology with two patents
1. High Expression with SKIK-tag
2. High Binding Activity with LZ-tag

* Drug Discovery
Diagnosis
Reagent

https://www.ibody.co.jp/en/

Epsilon Molecular Engineering

E M a Maolecular Design for Human Life

SDNC system Fres T'anscnphon - SDNC systemis...

(In vitro Selection by Differencing '“— . B .
operation using NGS and Cell-Sorting 1 Photo crosslink fO.r VH H/Cy(flIC peptlde
with GDNA display) *with High diversity

ONVK Linker ®

*Fully in vitro screening
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Positive  Negative
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HiSeq (Tllumina)
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PURE frex

Detector
Forward
Scatter

Charge
Fluid Droplet,
- _H- MoFlo™ Astrios ‘ e Evaluation
Electomagnets )= (@) H - (Beckman couter) ELISA

“SPR(BIAcore)
*BLI(Octet)
«Cell based assay

sortin, )
Negative o Positive.
sample || Sample
09| \ Subtraction
0| € \

{

https://www.epsilon-mol.co.jp/en
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FUJIFILM peptide discovery ServiCes  .yasorateawitn PURE frex”

v Innovative improvements in mRNA display enable screening from >10!3 peptides
v Practical biosynthesis & assays enable rapid selection and activity explorations.
— Peptides hits with wide varieties and high-affinities can be obtained.

We provide a CRO service, in which we receive target (#: ) from the customer*
and return the structural information of the acquired peptides (i ).

* Required target protein: 0.1~0.5 mg, >90% in purity
Iy
. Drope
FIow of discove q Mente

@ v ..............

@’ g @’ @ mMRNA @ Sequence :

display R i analysis

H Binding assay G,
(|nh|b|t|on/seectlwty)

Peptide library Primary hits Representative hits Validated hits
(2103 varieties) (~100,000) (~200) (5~50)
(o] Lo

@ :Peptides @ :Amino acids

’.§2 :Target Proteins

Optimization
(Affinity, biophysical
properties, and so on)

Cellular assay )
(Growth, inhibition,
reporter, and SO ON)  © FUJIFILM Holdings Corporation

:Structural information


https://www.ibody.co.jp/en/
https://www.epsilon-mol.co.jp/en/
https://labchem-wako.fujifilm.com/europe/category/95372.html
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-Broad applications, yet to come!-
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PUREfrex expression

of tagged peptide | log(RLU)
SFLAG 55T H
SFLAG GS7  Peplice Plate-based assay
+ — . —<
e — il log(RLU)
PUREfrex expression I'- 5
of tagged RRE
4
3
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WET LAB EXPERIMENT: cell-free production and activity test of AMPs (24

Synthetic Added to cell-free system

No interaction

N T

e Inactive Pair

i

Diilutio

RRE Dilution
Inleractlon
3 Aclive Pair
£ m
=
a
2 s
g Anti-FLAG ~ Anti-MBP
———— tag AlphalISA tag AlphalISA
RRE Dilution Donor Bead Acceptor Bead

Wong et al. (2025) Nat Communications. vol.16(7215).
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Cell-free protein synthesis

Cell-free reaction added to bacterial cultures s
> ) E coli a
o
NANN Peptide Time
ot
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S AMP
B. subtilis o

T
foaxE®] oA Time

Pandi et al. (2023) Nat Communications. vol.14(7197).

m res [NSEHINN w04 —
nanobody libraries flanked In vitro
for ribosome display

A

L ipti
franscription MRNA

3 rounds of iy
attachment of . Py
flanking regions ribosome
display ~ !
mRNA isolation
RT-PCR
AST SCA biopanning \
enriched poal |mmobilized
FX cloning of target
enriched sybodies
Y ve
Strep-HRP
—— biotinylated target
sybody-Myc-His
—

expression vector binder screening by ELISA

Zimmermann I. et al. (2018) eLife, 7, e34317.

it

Illumina Sequencing [ﬂ

eusa  —ek s
ELISA
T7P 10AA Library SecM 1 day
DNA library PCR
amplification
In vifro transcription 90 min
2h
mRNA
i cDNA
mRNA library Enriched cDNA
In vitro translation Reverse
40 min Transcription
Affinity selection 30 min

MRNA ribesome 2h
_d —_ - Enriched mRNA
polypeptide
mRNA-ribosome-polypeptide
ternary complex

Antibody conjugated
Magnetic beads

Ribosome display

Jia B. et al. (2024) | Biosci Bioeng, 137(4):321-328.

GeneFrontier
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https://www.biorxiv.org/content/10.1101/2024.03.25.586624v1
https://www.nature.com/articles/s41467-025-60526-6
https://www.nature.com/articles/s41467-025-60526-6
https://www.nature.com/articles/s41467-025-60526-6
https://www.nature.com/articles/s41467-023-42434-9
https://www.nature.com/articles/s41467-023-42434-9
https://elifesciences.org/articles/34317
https://www.sciencedirect.com/science/article/pii/S1389172324000082
https://www.sciencedirect.com/science/article/pii/S1389172324000082
https://www.sciencedirect.com/science/article/pii/S1389172324000082
https://www.sciencedirect.com/science/article/pii/S1389172324000082
https://www.sciencedirect.com/science/article/pii/S1389172324000082
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-Broad applications, yet to come!-
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@ Iteration
Negative AN
selection BLA CaM-
Immaobilized FN3con
Target
Posmve
selection
Chui Z. et al. (2024) ACS Sens, 9(6):2846-2857.
2 % 2. Protein-cDNA complex
1. DNA oligo pool synthesis synthesis using cDNA display
PA rag
up to 900,000
unique sequences ——> CDNA

SH3 pomsn in human Obszurin nnc;
o Cm 5

g oy o
: i .
-4 4 ¥ -8 NG fcamai
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Tsuboyama et al. (2023) Nature, 620, p434.

in vitro protein selection technology

DMA Library mRMNA Library
—aTn TGA — ] LA ==
JR— TRA — T — TR
—— aTa T4 — o e HGA—
r
ﬁ s ™)
e By B — T
Ribosome
mRNA Recovery i ?’} ’}
— B
m—_,.’}
,.m.__,’}
ﬁmtlgen —‘/
.

Licensed technology under JP4931135 etc.

Disulfide Rich peptide

€ Advanced screening system

for Biologics
* mAb (scFv/ Fab)
 VHH
* Cyclic peptide

@ High Selection Efficiency
« Completely molecular based system
« >1012 diversity

ribosome

light chain mRNA

ribosome
heavy chain mRNA

mRNA f
Ramhmlxedpewﬂde
Redox control light chain ~— Vi  Cn -
i’g G_J o translation
Vh H

Cyclic peptide
heavy chain

Licensed to

o°%00g 000%.3 UTR:
%Ls oo\ BIOPHARMA

Bicyclic peptide
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https://www.nature.com/articles/s41586-023-06328-6
https://www.nature.com/articles/s41586-023-06328-6
https://pubs.acs.org/doi/10.1021/acssensors.3c02471
https://pubs.acs.org/doi/10.1021/acssensors.3c02471
https://pubs.acs.org/doi/10.1021/acssensors.3c02471
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( [ ] ) (O]- ) )
| = O
QD [ 1+l ), O |
O alternatives ‘ \' \ Deﬁne active learning Define factors categories or
E i AN parameters concentratlons/strengths
O """ Objectwe ieel@ — ' >° —»
o
: {Active | :
O' Google Colab notebook | ¢ . Vala earnln_g) A
< Visualize and
Factors analyze
Pandi A et al. (2022) Nature Communications, 13, 3876.
Round 3 4 5 6
CompositionNo. | 2 (21|27 4 13[14[2[8[290 1|7 |8 ' SFGFP synthesis
v' Perfect fit to Al/ML approach with great controllability & reproducibility.
v' Unique expression platform will give you great advantage in R&D. 12



https://www.nature.com/articles/s41467-022-31245-z
https://www.nature.com/articles/s41467-022-31245-z
https://www.nature.com/articles/s41467-022-31245-z
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PURF /:rex® -KSF; AT rich codon on N-term-

Fab Heavy Chain (Herceptin) m

GeneFrontier

[ Herceptin Fab HC I Organism m:ﬂ"
& > & p Length 124aa.
Molecular weight 14,148 Da
1-5aa.
GC | alg e | too 6T%
| Major | occ | ot 568%
B BQ AT 3%
gaa | 70 | gt | 26 | cam | 30 | g | 16 | gt | 25 L RIS
gag 30 gte 18 cag 70 tta 12 gtc 18 PD1 E_
gta 17 ot 12 gta 17 00
glg 40 cle 10 glg 40 500
s | s i i ™
cig 46 200
All clones; 384 i :
Frequency (Glu, Gin) 65%  50% 35% Tested clones; 56 o

AT

7“l Frequency (Val, Leu) = 35%  25%  15%
6 *Frequency is calculated from Codon Usage Database in Kazusa DNA Res.Inst, (E. coll K-12 strain) m

g
§

Relative amount of synthesized HC

!
) |"|"|“|||\Hlllllumnm

AT Major GC

Design of DNA template is important.
Manual is Free to download from our Web site here.

‘Synthastzee prodsin

{gimiL remctior)
g B
Synthwatzed protein
(ppiml reaction)
-5888588¢

GC  Major AT aSyn  GCHs  AT-His
oo wem 13



https://purefrex.genefrontier.com/products/cellfreeproteinsynthesiskits/purefrex2.0.html/?pegs2022#purefrex_manual
https://purefrex.genefrontier.com/products/cellfreeproteinsynthesiskits/purefrex2.0.html/?pegs2022#purefrex_manual

Reconstituted cell-free protein synthesis kit

PURE frex”  -«s; quality of DNA-

o

9
o

GeneFrontier

Construct Size (bp)

HisTEV-sfGFP(G4Y)-PPG-FLAG 978
HisTEV-PPG-sfGFP(GAY)-FLAG 978
HisTEV-sfGFP(G4Y)-FLAG 888
sfGFP(GAY)-FLAG 840

Elegen's
ENFINIA DNA

Format

Linear dsDNA

Linear dsDNA

Linear dsDNA

Linear dsDNA

Protein
2 3 45 6 7 8 910
kDa
100
75 5
S 25+
50+ o
e — — — — — — — —S— :{ID_- 20_
37 ‘E
- ., o 154
r— ™ = 8
25 § 10-
20+ 3
5 5
=
15 L ol
DNA
172 3 4 3 4 1 2 3 4 .
B Supplier
Supplier Elegen B C

Supplier B

Format

Supplier C

Format

N/A Linear dsDNA
T7 promotor Gene of Interest
Y A\
N/A Linear dsDNA S
A
Ribosome Binding Site
Linear dsDNA Linear dsDNA (SD sequence)
Linear dsDNA Linear dsDNA
1 2 3 4 3 T 2 3 4
Elegen Cc

M 1T 2 3 4 5 6 7 8 9 10
bp

1500 -

1000 — — — -— T -
500 ==

DNA 1 2 3 4 3 4 1 2 3 4
Elegen B C

Figure 1. Analysis of DNA synthesized by three vendors. DNA
synthesized by Elegen (Supplier A), Supplier B, and Supplier
C was quantified using a Qubit Fluorometer (Thermo Fisher
Scientific) and subjected to agarose gel electrophoresis.

Supplier

cLeGeEN

To learn more about ENFINIA DNA, visit elege
or contact us at info@elegenbio.com
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https://elegenbio.com/
https://elegenbio.com/

Contact information

PUREfrex

o

GeneFrontier

For reagent use for expression / screening of biologics
/designing central dogma

https://purefrex.genefrontier.com/

PUREfrex

For screening service / collaboration / technology transfer
for generation of new biologics

Takashi Ebihara, Ph.D., COO, GeneFrontier

E-mail: ebihara@genefrontier.com
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4% Eurogentec

) GMP VHH Antibody VHH Platform

Quick to clinic Manufacturing ) Two expression platforms
— P. pastoris (K. phaffii)
We offer a robust VHH production platform, developed — E coli

through extensive testing of diverse VHH models under

a wide range of conditions: .
. al Fermentation
i

— mono-, bi-, and tri-specific formats

Designed for — Isoelectric points between pl 5 and 9
Tox & Phl

- High-cell density fed-batch

. T : — Control of critical fermentation
— Diverse hydrophobicity properties parameters

- Animal-free media

A or QP relenss J:D Purification types
Project setup Tox batch GMP Certificate - lon-Exchange
: : : : — Hydrophobic Interaction
GMP quality 5 é 5 Chromatography (HIC)
e e e — Mix mode
GMP Manufacturing . ity
0 MONTH 5 MONTHS 8 MONTHS
@Y @ Quality control & release
Starting from your research cell - GMP QC package
End-to-End 8 bank, we rapidly identify the optimal - Additional custom QC
assistance Months setup and process conditions to development available

efficiently produce your VHH. - QP release
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