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Reconstituted cell-free protein synthesis kit

PURF /: rex ’ -Improve Validation from Weeks to Days-

(b)

Loss of affinity
Decreased affinity
Comparable affinity
Increased affinity

FASTIA: Fast Interaction Analysis
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https://onlinelibrary.wiley.com/doi/full/10.1002/pro.70065
https://onlinelibrary.wiley.com/doi/full/10.1002/pro.70065
https://www.sciencedirect.com/science/article/pii/S0006291X26000641
https://www.sciencedirect.com/science/article/pii/S0006291X26000641
https://www.sciencedirect.com/science/article/pii/S0006291X26000641
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Only 2 days for IgG!

Murakami et al. (2019) Sci. Rep. vol.9, p.671. (Supplementary Information)
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Optimized reaction mixture
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——— Time [sec]
—
Ko [M] Koo [IMs] ko [1/5])
Purified g6 4.24E-10 6386405 270608
Trastzumab  4.036-10 6296405  2.536-04
|—— —-—
System: Octet REDG System (Pall ForteBio)
Biosensor: Anti-Human IgG Fc Capture (AC) biosensor
(Pall ForteBio)
Buffer: Kinetics Buffer 10X (Pall ForteBio)
Ligand: “Purified IgG" or “Trastuzumab®
Analyte: 17.6,8.8,4.4, 2.2 and 1.1 nM of Extracellular domain
of Human ErbB2/HER2 (Sino Biological)
— e Ky: Measured affinity of interaction; affinity constant in Molar.
— k,,: Association rate constant. k_,: Dissociation rate constant.

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

Round 1: IFN-a variants tested by in vitro transcription/translation

112 o 7 o ot o "

% PUREfrex reaction

-
[

% PUREfrex reaction

receptor reporter cell lines

IFN-o variants were generated as IFNa-scFv
fusions to identify mutations affecting
activity in mouse and human cells

Anti-PDL1 scFv

IFNa-scFv protein was generated with an anti-PDL1 antibody by in vitro transcription/translation using the PUREfrex® system
(CosmoBIO USA). Protein mixture was serially diluted and protein was captured via an anti-V5 tag coated to the wells of the plate.
Proteins were assayed for PD-L1 binding to assess expression (data not shown) or the ability to stimulate an IFN-o response in

HEK293 Human Mouse B16 = Universal [EN-.
IFNa-Reporter Cells .. Reporter Cells & hIFNU_L1S2F
“ § ¥ R121K
= - R121K_QI25R

@ R121K_Q125R_K132T

48 Y86C_R121K_Q125R

- Y86C_R121K_Q125R_K132T

¥ mliFN2

-# [FNa2b

-% scFv control

= Human IFNc2b (starts at InM)
No DNA

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



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 ,'}‘ex® -Application for complex molecule-
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@ & = & =
S Cim24 v v X v v v v v v v
Jensen et al. (2021) Protein Expr. Purif., 186, 105910. EE2] X X X X X X ! . ’ .
759 v v X v v v v X v v
Step 1 Step 2 Step 3
Load PUREfrex 2.1 expressed Resuspend column with trypsin Capture converted desB30 DeWinter et al. (2023) ACS Synth. Biol. vol.12, 4, p1216. (Supplementary Information)

proinsulin onto column and wash to allow for on-column enzymatic Human Insulin

to remove impurities conversion
6X His . .
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Shayan et al. (2025) New Biotechnology, vol 89, p51.



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
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In vitro expression and Biacore analysis of Fab fragments

Kinetic analysis of 25 Fab binders - DNA tanscripton i
v SDNC system e o8, ool SDNC systemis
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withoutpurficatonof PCR products [\ with cDNA display) g =with High diversity
MK Linker ® . . .
B S *Fully in vitro screening
in vitro Fab expression (4h) 1day P 1 Transiaton
with PURF /rex’& DsbC Set i
without purification of expression products. without purification of expression products
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N y, - Cell based assay

https://www.epsilon-mol.co.jp/en|

FUJIFILM peptide discovery Services  aporated witn 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.

‘Reconstituted cellfree protein synthesis kit

iBody’s Ecobody Technology PURE frex’

LCDNA HCDNA, ‘
Collecting B cells from — i — We provide a CRO service, in which we receive target (%4 ) from the customer*
' blood and tumor tissue % and return the structural information of the acquired peptides (i.}).
= {;j:;ﬁh Act Fab @ A * Required target protein: 0.1~0.5 mg, >90% in purity
1 o ctive Fal \J)
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> single B cells amplification of clonal Cell-fre.e Antlbofly @ < o] ! b O
4 antibody genes Expression Evaluation SO0 0 —m ;
Q @ mRNA 0 : Sequence : O i Binding assay )
Q display Paswssavesisnncd < analysis vttt “ (inhibition/selectivity)
Ecobody IS... Peptide library Primary hits Representative hits Validated hits
. Human/Rabbit derived iBody’s Technology with two patents (210 varieties) o (~100,000) ("‘200)0 (5~50)
. 1. High Expression with SKIK-tag X 2 g K “~ “
. “ ” :Peptid: B id
mAb in “Only 2” days! 2. High Binding Activity with LZ-tag €3 :peptides @ camino acids 7 - o -

*Fully in vitro screening 4 Target Proteins | cmmmmmm—— ST » > Q

. . ) ) Optimization i ; Cellular assay ; 9
*No culture https://www.ibody.co.jp/en/ i,.i:Structural information (Affinity, biophysical (Growth, inhibition,

properties, and so on) reporter, and SO ON) @ FUJIFILM Hoklings Corporation



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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cloning

lee)
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I
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association dissociation
]

- e Time (s)
C .. Covalent immobilisation from "~
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Predenia et al. (2025) RSC Chem. Biol, 6(1313).
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50 gene fragments in total

1 A

6 RBD gene fragments GFP automated
adeqp_aoom : assembly
560 assembly PCR reactions
1 cell-free S \I
expression '~ T
o of 9 o 00 ey —_— -
560 RBD-GFP variants —.
3 mutations each variant G
; |
microarray device high-throughput
spotting alignment  affinity measurements

Grasemann et al. (2025) bioRxiv.

https://doi.org/10.1101/2025.09.23.678000.
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https://pubs.rsc.org/en/content/articlehtml/2025/cb/d5cb00079c
https://www.biorxiv.org/content/10.1101/2025.09.23.678000v1
https://www.biorxiv.org/content/10.1101/2025.09.23.678000v1
https://www.biorxiv.org/content/10.1101/2025.09.23.678000v1
https://www.biorxiv.org/content/10.1101/2025.09.23.678000v1
https://www.biorxiv.org/content/10.1101/2025.09.23.678000v1
https://www.biorxiv.org/content/10.1101/2025.09.23.678000v1

Reconstituted cell-free protein synthesis kit

PURFfrex® -Broad applications, yet to come!- -
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in vitro protein selection technology
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. ' v SUT

. ‘/ "/ Zimmermann I. et al. (2018) eLife, 7, e34317. gt eoiesion { spopiose Lysosome
__.m—-v-f} 'vvibosome level of POl o M e
_.-wf-'——r/} Randamized peptide ‘gv’/‘

3 Wang et al. (2025) Acta Pharmaceutica
Antigen _‘/ o _cys )

< 2 2. Protein-cDNA complex S|n|ca B. VOI. 15(5474).
1. DNA oligo pool synthesis synthesis using cDNA display

Cyclic peptide

PA tag
up to 900,000
g unique sequences CDNA WILD-TYPE DAAO IMPROVED DAAO
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FNaoon (L e
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Reverse bamargrond PO NGS & Biomformatics
- 5 20 2 4 o
S A e R R A P S S S S e on

Munaweera et al. (2026) ACS Synth Biol.
Feb 23. doi: 10.1021/acssynbio.5c00968.
Tsuboyama et al. (2023) Nature, 620, p434.

1

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



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
https://elifesciences.org/articles/34317
https://www.biorxiv.org/content/10.1101/2024.03.25.586624v1
https://www.sciencedirect.com/science/article/pii/S2211383525005076
https://www.sciencedirect.com/science/article/pii/S2211383525005076
https://www.sciencedirect.com/science/article/pii/S2211383525005076
https://www.sciencedirect.com/science/article/pii/S2211383525005076
https://pubs.acs.org/doi/full/10.1021/acssynbio.5c00968
https://pubs.acs.org/doi/full/10.1021/acssynbio.5c00968
https://pubs.acs.org/doi/full/10.1021/acssynbio.5c00968
https://pubs.acs.org/doi/full/10.1021/acssynbio.5c00968

Reconstituted cell-free protein synthesis kit

PURF /:rex® -Broad applications, yet to come!-
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Input from Table 1
v METIS pipeline

Experimental Fill composition table

Generate Echo script

L . PUREfrex 2.0 I
Abbreviation Components Function e Calibration
hepes HEPES-KOH Buffer and reducing agents | GPSA
k-glut Potassium glutamate Buffer and reducing agents | GPSA
mg-acet Magnesium acetate Buffer and reducing agents | GPSA
gsh Glutathione Buffer and reducing agents | GP
spermidine Spermidine Buffer and reducing agents | GPSB
fthf 10-formyl-tetrahydrofolate | GPSA
p Creatine phosphate Energy regeneration | GP
3318 All amino acids exlcept tyrosine & | GPSA
cysteine
tyr Tyrosine | GPSA
cys Cysteine | GP
Adenosine triphosphate, .
atp-gtp guanosine triphosphate e : PS8
Cytidine triphosphate, uridine .
tp-ut; Ti ription | GPSA
cp-utp triphosphate Ll
tRNASs Transfer RNA mix | GP
All aminoacyl-tRNA synthetases,
aaRSs-mtf Methionyl-tRNA 1] GP
formyltransferase
IFs Initiation factors: IF-1, IF-2, IF-3 ] GP
EFs Elongation factors: EF-Tu, EF-Ts, N Gp
EF-G
RFs Release factors: RF-1, RF-2, RF-3 ] GPSB
t7pol T7 RNA polymerase Transcription I} GP
Energy regeneration enzymes:
ndk-mk-ck- nucleoside diphosphate kinase, 0
ppiase myokinase, creatine kinase, Energy regeneration I GPSA
pyrophosphatase
factors Other cofa l:tC? rs/stabilizers ) N GPSB
(proprietary)
ribosomes Ribosomes [ Tramslation | [ GPSA
DNA meyfp gene - - GP
Water Water - - GP

Experiments

PURE reaction assembly

parameters EEmsamaman] e = | components | - S0UCe PR
i P i
L X : > i
- Round 0 ] :
n Random combinati ' i
E 0 o |
] A i _DNA Water |
& o L UtNAWater
Generate I0,0FJO ) Bayesian
random combinations timizati (=] L]
optimization oXil= e
o ) Echo dispenser
H Custorn PURE
= Combinations ranked by Reaction 1 Destination plate
§ upper confidence bound e Fluorescence
g (UCB) Custom PURE | measurements
Reaction 2 — =
| 16 hat 37°C i
n Selection of 20 best models Y :
A Standard PURE Aoy ep Ao, s
B, 0 ] .
Predict yield (REF) u %—%1 are ) ot —
I
Machine learning (XGBoost) ' )
RandomizedsearchCy Automated data processing
200 iterations Viedd
Inner Cross Validation o
Outer Cross Validation I g
A 1
o
Average model Generate kymograph g
performance Compositions e
. — . Components o N
Final model g . Time
training g £ 1. Calculate mean of replicates
5 | 8
o =%
Generate feature E P )
importance Generate MDS + k-means 3 2. Extr?ct kinetic parameters:
o | — o Add datato ‘Tr'EId EN:-H RFL{” (RFU min~)
2 z ranslation rate min™
§ : 2 composition table
. 2 - .
5 omm 5 3. Calculate coefficient of variation (CV)
== @
B 2 1 = Discard condition
Impertance MDS component 1

OV =33% CV=>33%

Data analysis

Bernard-Lapeyre Y et al. (2026) https://doi.org/10.64898/2026.03.23.713685.

v' Perfect fit to Al/ML approach with great controllability & reproducibility.

v Unique expression platform will give you great advantage in R&D.
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https://www.biorxiv.org/content/10.64898/2026.03.23.713685v1.full.pdf
https://www.biorxiv.org/content/10.64898/2026.03.23.713685v1.full.pdf
https://www.biorxiv.org/content/10.64898/2026.03.23.713685v1.full.pdf
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PURF /:rex® -KSF; AT rich codon on N-term-

Fab Heavy Chain (Herceptin)

I—Hewepﬂl‘lFabHC |
gaa | 70 | ot | 256 | caa | 30 | g | 165 | ot | 25
gag | 30 glc 18 | cag | 70 tta 12 | gtc | 18
ota 17 ott 12 | gta | 17
glg 40 cte 10 gtg 40
cta 5
og | 46
All clones; 384
Frequency (Glu, Gin) 65%  50% 35% Tested clones; 56
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)
Length
3 Molecular
E > N-term
g GG 1% | GG = | 8%
4 | major | 2% o | 7%
s AT cen AT ot tea | 50%
£ S 3
S 3
: T & e Fo s
:, preos [ = =) emcsF[ ]-
£ 24
E J * - -
U
€ !im ii"" E :
1111177 - E
o hll... i'" li gim
. 100 200
AT Major GC o 100
Major ol
ee AT GC  Maor AT ® Tasm  GCHe  AT-He

a-5yn a-8yn
Designh of DNA template is important.

Manual is Free to download from our Web site here. &

Amino acid sequence entry form

{5 DNAdesign for PUREfrex X & @ Q

e
Consultation is free of charge! 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
https://purefrex.genefrontier.com/request-dna-design/
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-KSF; Quality of DNA-
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Construct Size (bp)

Elegen's
ENFINIA DNA

Format

Linear dsDNA

Linear dsDNA

Linear dsDNA

Linear dsDNA

25+

20+

15

10

5_

Fluorescence of sfGFP (a.u.)

0.
DNA

HisTEV-SfGFP(G4Y)-PPG-FLAG 978
HisTEV-PPG-sfGFP(GAY)-FLAG 978
HisTEV-SfGFP(G4Y)-FLAG 888
SfGFP(GAY)-FLAG 840
Protein
2 34567 891
kDa
100
75
50
37
> 3 > >
'_$—’ » - > [
25—
20
15
DNA 1 2 3 43 4 1 2 3 4
Supplier Elegen B C

Supplier

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 a

1000 — — — -— -
500 ==

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

three vendors. DNA
ier B, and Supplier

cLeGeN

To learn more about ENFINIA DNA, visit elegenbio.com
or contact us at info@elegenbio.com
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Contact information

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



mailto:ebihara@genefrontier.com
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