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protein (usP)  Nanodisc

Membrane Protein

DNA encoding Membrane Protein  InCUDation in Nanodisc
The condition of membrane protein synthesis
Reaction mix Template DNA Incubation
PUREfrex® 2.0
+Nanodisc PCR product 37°C,4h

(MSP1E3D1-His POPC", final 10 uM)

*Ref: Denisovet al. (2007) J.5fol.Chem., vol. 282, p. 7066.
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Solubilized hCLDN1 was
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and Nanodisc.
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Totally constructive, molecular based system

N

Polypeptide

Experimental conditions
for protein synthesis

Reaction Template
mixture DMNA

PUREfrex®2.1 sfGFP

(4 mM GSH) 37°C PCR
+ 4h product
Sufractants (1 nglpL)

— Measurement of GFP fluorescence

Most surfactants did
not inhibit the protein
synthesis reaction by
PUREfrex® below the
CMC.

Some surfactants such
as Triton X-100 and
Tween 20 could be used
even above the CMC.
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Concentration

in the reaction mixture (%)

Digitonin 0.061 |
Sodium cholate 0.628
CHAPS 0.492
CHAPSO 0.505
n-Octyl-p-D-glucoside 0.731
n-Octyl-B-D-thioglucoside 0.278
n-Dodecyl-p-D-maltoside 0.009 l
n-Decyl-B-D-maltoside 0.087
n-Octyl-B-D-malteside 1.064
Mega-8 1.864
Mega-9 0.839
Mega-10 0.245
Triton X-100 0.016
Triton X-114 0.011 |
NP-40 0.009
Tween 20 0,007
Tween 80 0.002
Brij 35 0.011 |
Brij 58 0.009 |

Fluorescence of synthesized GFP
L1 |

L
BO% 50% 10% 1%
100%: {-) surfactant

1 EMC (%)
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#%. GeneFrontier

- oo | @i e 3
Risfepae] | et fopet Y : { 10-fold
- — |37 = i
o :
F = =—=_: = : 2L -
_._/ . / - |l - E'E ]
15 - o é’ ]
——=—=—_=—===_, a S ]
PUREfrex 1 2 12 121 2121 2 °s 8 T 0 |
o o . 2 & 2 -
Fé& g & & & N PUREfrex" 1.0 2.0
s £ & & > & & S
§ <& & F g8 9 N
GF .é;' y é\o Y‘?« \OQ ebw
s © %"‘? ‘33 Qc?
« Reaction at 37°C for 4 h (
+ 0.5 pL of reaction mix/ lane - 1
e i O e and v Good expression for many proteins, small to large.
analyzed with an image analyzer (LAS) v' Good purity with simple purification.
v Good productivity, ~g/L.
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PURF /:rex® -KSF; AT rich codon on N-term-

Fab Heavy Chain (Herceptin) m

GeneFrontier

Herceptin Fab HC Organism Homo saplens
[ | Synthesized region  36Thr-150GIu-(Hisxs)
e > e Length 124aa.
Molecular weight 14,148 Da
18 a.a.
GC | alg te | too 7%
Major oo | | tet 56%
B BQ AT 3%
= : 1 ‘ > o
gaa | 70 | gt | 26 | cam | 30 | g | 16 | gt | 25 L RIS
gag | 30 gic 18 | cag | 70 tta 12 gte 18 PD1 E_
gla 17 oft 12 gta 17 o0
gg | 40 cto 10 atg 40 50
aa | s i i ™
dg | 46 29
All clones; 384 i :
Frequency (Glu, Gin) 65%  50% 35% Tested clones; 56 o
7 l Frequency (Val, Leu) = 35%  25%  15% GC  Major AT

6 *Frequency is calculated from Codon Usage Database in Kazusa DNA Res.Inst, (E. coll K-12 strain) m

Relative amount of synthesized HC

!
: |||||||”m||||||I||||||nm..£

AT Major GC

Designh 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
aSm  aSm



https://purefrex.genefrontier.com/products/cellfreeproteinsynthesiskits/purefrex2.0.html/?pegs2022#purefrex_manual
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PURF /:rex® -KSF; AT rich codon on N-term-

Fab Heavy Chain (Herceptin)

#%. GeneFrontier

[ Herceptin Fab HC I A B
- el - cl - ? — ? —
6 — 6 —
E Li’ 5 — € ‘:i:J 5 —
B og E] E
% % : - 2%
gea | 0 | ot 3 | w | 15 | gt EN a- EN 4-
gag 30 gte cag 70 tta 12 gtc 8 v E v E
ota ott 12 gta 7 =5 £ 3 = £ 34
g cto 10 | otg % > % >
cta 5 =g 2 'y 2-
g 46
All clones; 384 1 - 1
Frequency (Glu, Gin) 65%  50% 35% Tested clones; 56
7 l Frequency (Val, Leu) ~ 35%  25%  15% 0 T 0
u 6 *Frequency Is calculated from Codon Usage Database In Kazusa DNA Res.Inst, (E. coll K-12 strain) 20 30 40 50 60 -8
I
3 GC content (%) (from +1 to +18 nt) AG (kcal/mol) (from =14 to +18 nt)
w54
b C
a4 1 2 3 4 5 6
'é 34 Name Met Glu Val Gln Leu Val GC(%) AG (kcal/mol)
5 AT atg gaa gta caa tta gtt 28 0.0
2z 27
= l Major atg gaa gtg cag ctg gtg 56 -4.7
-3
' """I"“" | Gc atg gag gtg cag ctg gtc 61 -3.9
o "“lll..
AT Major GC .

Design of DNA template is important. Murakami et al. (2024) Int. J. Mol. Sci. 2024, 25(10), 5264

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



https://purefrex.genefrontier.com/products/cellfreeproteinsynthesiskits/purefrex2.0.html/?pegs2022#purefrex_manual
https://www.mdpi.com/1422-0067/25/10/5264
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PUREfrex® Synthesis
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Use for sditable'for i,
application Iﬂl highspeed learning
Mix solution Addition of Incubation for 24 hours

I, I and 1l template DNA (Purification, if necessary)

( Total: 2-4 hours J

E. coli Expression

Transformation and ‘ Induction and ‘ . ‘ Use for Uy .
overnight cultivation expression Purification application ul. ~ [ scale

) Great Flexibility

from basic research

P Total: 3-4 days J to industrial applications 1
0




Reconstituted cell-free protein synthesis kit

PURE frex’

-Expression of scFv, Fab and more-

GeneFrontier

Lc (NS
He (s T s )

Fab DNA [

scFvDNA  (zPlso T ry Vi BT

(G4S)s Linker

: DsbC Set
DnaK Mix

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

Abs at 450 nm

For correct folding

Activity

2.9 7
2.4 4
1.9 1
1.4 A
0.9 4
0.4 A
0.1

N
Q°

P Q‘Q Q-

-@- scFv
—&— Fab
NS e e @

N

Concentration of product (nM)

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 Bxvioclng| Clicagon
PURE v v % % v v v v v v
Cim24 X X X X v X v v v v
BL21 X X X X i 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 G "
Like Peptide Like Insulin Like - Vaso- ; - Parathyroid Somato- -
1 mutant | Peptide 1 |Growth Factor Ho(rg:.n)na Leptin pressin Anglsusi Hormone (PTH) statin Eauproilds
(GLP-1 mut)] (GLP-1)
PURE v v v v o ' v v v '
Cim24 v v X v v v v v v v
BL21 X X X X X X v v v v
759 ¥ v X v v ¥ v X v v

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

anti-CD3-scFv/CD19-scFv VL’/\
: VL
VH

0.8

0.6

Abs at 450 nm

0.4

0.2

VH

Ag: recombinant CD19 (100 ng)

0.01

scFv-IL-2

0.700
0.600
0.500

o 0.400

2

2

< 0.300
0.200
0.100

0.000

1 10

Blinatumomab (nM)

Abs 450
-
»n

Her2

CTLL-2 proliferation

0.00012 0.00049
UL PURE frex reaction/100 pL medium

T
100

ELISA for Her2

0.002

B.G.

u DNA(-)
IL-2
W scFv-IL-2
riL-2 (10 ng/mL)


https://static-content.springer.com/esm/art%3A10.1038%2Fs41598-018-36691-8/MediaObjects/41598_2018_36691_MOESM1_ESM.pdf
https://pubs.acs.org/doi/10.1021/acssynbio.2c00680?goto=supporting-info
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-Application for IgG-

With a little

Binding kinetics analysis

I Internalization analysis |

A PURE fr ex’ . : '}'\% Purified IgG Trastuzumab
b m—- ( \3 Ribosome Amino Acids customization & N é‘a\ 020 Association Dissociation Anti-HER2-1gG 37°COH
- \N lati & q"}os(& é‘& HER2 *
o v \ Translation Factors S e S Non-reduced s
Q % tRNAs NTPs SDS-PAGE =z S e e A
-DTT £ 010 ' =
oo ]
+2mMGSH - \wr/ 5 o @ E
— 20 =
+ a £
3 mMGSSG @ Early ’ Recycling é 37°C3H
+5 IJM DsbC IgG 0.00 endosome endosome c
. Purified g6~ Trastuzumab ©
+ 1x DnaK mix 005
g v —— 0 60 120 180 240 300 360 420 480 [coe3 | \
- P . . -
‘V\\ IgG Optimized reaction mixture — Time [sec]
\ v Late .
& + trastuzumab DNA KoMl ko ([UMs] kg [1/s] endosome =7
(LOHC=1:2-1:4) | 37°C3H
- Purified 1gG 4.24E-10 6.38E+05 2.70E-04 o0
3700, 28 h ——" Lysosome 8
v Trastuzumab 4.03E-10 6.29E+05 2.53E-04 ‘_-'_’
€
BT-474 cells were surface-labeled at 4°C for o
System: Octet RED96 System (Pall ForteBio) 60 min with the binding medium (DMEM,
trastuzumab Biosensor: Anti-Human IgG Fc Capture (AHC) biosensor 3% BSA, 28 '“M_HEPESH(DH '7’-4)) COntaininﬂg
— (Pall ForteBio) 10 nM of “purified IgG. or .Trastuz.umab s _
= Buffer: Kinetics Buffer 10X (Pall ForteBio) C,EIIS, were washed .flve times w'tt‘ the o
Ligand: “Purified 1gG” or “Trastuzumab” binding medium and incubated at 37°C for g
ganc: & . 3h. Cells were then fixed and processed for +
Analyte: 17.6, 8.8, 4.4, 2.2 and 1.1.nM qf Ext!'acellu\ar domain dual-label indirect immunofluorescence Rt
of Human ErbB2/HER2 (Sino Biological) microscopy. CD63 (Lamp3) is marker of late 20
O I 2 d I G,’ K,: Measured affinity of interaction; affinity constant in Molar. endosomes and lysosomes. White arrows o
n y ayS Or g m k,,: Association rate constant. k. Dissociation rate constant. indicate partial co-localization of anti-HER2- b=

IgG with CD63. Bar indicates 20 pm.

Murakami et al

. (2019) Sci. Rep. vol.9, p.671.

v" Full size IgG can be synthesized.

Poster PSSJ 2017

12


https://www.nature.com/articles/s41598-018-36691-8
https://purefrex.genefrontier.com/resources/posters/P017_PSSJ%202017.html
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PURE ,"rex® -For HTS of mAb-

GeneFrontier

In vitro expression and Biacore analysis of Fab fragments Kinetic analysis of 25 Fab binders

‘ PCR on Fab HC & LC ‘

without purification of PCR products 4/\

/
:
:

/

in vitro Fab expression (4h) -1 day A101_Fab_-PR-1)/1814/01.. ‘ h102_Fab_(2-3)1814/01_r ' A103_Fab_@26)/1814/01 5... ) ‘ A104_Fab_(27/1814/01s... ) ‘ 4105_Fab_-11)1814/01_ ‘ |A106_Fab_(2-16)/1818/01_ @' AN07_Fab_(2-18)/1814/01_.. '
o B
with PURF /rex"& DsbC Set
without purification of expression products without purification of expression products 4/\
25 Fabs 6 Fabs A108_Fab_(2-20)/1814/01_ ‘ A109_Fab_(227)/1814/01_, ' 110_Fab_(2-29)/1814/01_. ‘ A111_Fab_{2-34)/1814/01_ . ‘ A112_Fab_P(3-1//1814/01_ ‘ JA113_Fab_(3-2)/1814/01 r. @' A114_Fab_(35//1814/01 ... '

Biacore analysis 1 Biacore analysis 2 f\ f\ f\\ f\ /\
I ey S
immobilized biotinylated 37 kDa antigen Captured Fab expression products ’ ! ) ! v y
A115_Fab_(3-8)/1814/01_r. AT116_Fab_(3-10)/1814/01_. \117_Fab_(3-13)/1814/01 _.. 118_Fab_(3-14)/1814/01_... ) A119_Fab_(3-19//1814/01_... ) A120_Fab_(3-25)/1814/01_. @ Al21_Fab_(3-26)/1814/01_... E'
—> Injection of a 1:5 dilution of Fab expression reaction -> Injection of 37 kDa antigen in 6 different
concentrations

Assay setup 1 Assay setup 2 /\ /-\ /\ /\
Fab fragment F(ab?),-antibody A122_Fab_(3-28)/1814/01_, A123_Fab_(3-29)/1814/01_. A124_Fab_(3-38)/1814/01_.. ) A125_Fab_(4-22)/1814/01_... A126_Fab_(NK)/1814/01r... ) KO1_M-F(ab)2/1814/01 _rhe. IE K02_M-Fab/1814/01_rheT. El
Anti
‘ Antigen a f - Data by Leopold von Proff
s e D [ e g N
SA B (ﬁ «— Fab fragment <
sensorchip CAP sensorchip CM —> Selection of Fabs for further kinetic analysis

v' Active Fabs are expressed/screened in HT manner.
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PURE /"rex® -For HTS of mAb-
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iBody’s Ecobody Technology

Reconstituted cell-free protein synthesis kit ]

PURE frex’

LC DNA HC DNAV

Collecting B cells from

= blood and tumor tissue @j»
§r %%o — &5}

S - TS

1
4

Selection of desired Single-cell RT-PCR
single B cells amplification of clonal

antibody genes

Ecobody is...
Human/Rabbit derived
*mAb in “Only 2” days!

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

» Drug Discovery
Diagnosis
Reagent

Antibody
Evaluation

SkiK(j) b skik(+) |

g E
¢ Yo
"

* Fully in vitro screening

Ojima-Kato et al. (2017) Sci. Rep., 7, 13979.

*No culture https://www.ibody.co.jp/en/ D 4%
( v’ Active Fab is expressed/screened in HT manner. J (] =5 2

14


https://www.nature.com/articles/s41598-017-14277-0
https://www.ibody.co.jp/en/
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PURF /'.rex® -For display technology- g5

) . ) #%. GeneFrontier
Epsilon Molecular Engineering

Muolecular Design for Human Life

SDNC system FACS . PCR. DNA Transcription
(/n vitro Selection by Differencing = J mRNA
operation using NGS and Cell-Sorting \ p Photo crosslink
with cDNA display) -

CNVK Linker | ®

~O

'_ Selection
Positive  Negative Q,ﬁ Translation
1.5 pm 1 pm g ‘
—>

> - Y
cDNA )

=
o
Q.
O
3

&

R

Silica bead

&

4 SDNC system is...

~N

-for VHH/cyclic peptide
=with High diversity

\ *Fully in vitro screeningj

Reconstituted cell-free protein synthesis kit

PURF ,TEX '

Sheeth Fluid 020 o0
SamD—o - Detector
:
o N20° Scatter __ _
Charge ® Detector L Bioinformatics
° Side
Fluid Droplet @ Scatter Hiseq (Illumina)
\@ Positive Negative
samples
- _H- MoFlo™ Astrios » . B Evaluation
Electromagnets - @ = (Beckman coulter)
- : _ - *ELISA
Negative | °"""% - - -SPR(BIAcore)
Sample -BLI(Octet)
Subtraction

Positive
.. [ 4 Sample
o0
[ ]

*Cell based assay

https://www.epsilon-mol.co.jp/eng/

[/ PUREfrex is applied for cDNA display based screening. J



https://www.epsilon-mol.co.jp/eng/
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-Broad applications, yet to come!-

GeneFrontier

PUREfrex expression
of tagged peptide l loa(RLSU)
H
SFLAG GS7  Peptide Plate-based assay 3
% — _<

- log(RLU)

PUREfrex expression r'- 5

of tagged RRE
4
3

ooy

WET LAB EXPERIMENT: cell-free production and activity test of AMPs (24 hr)

Synthetic

A

7 res [NSEHINN  woa —_—
nanobody libraries flanked In vitro

@ ! . v o S
No interaction for ribosome display ranscription mRNA
i i Ribosome
S e S 3 rounds of Giplor
E flanking regions ribosome
(=] .
display ~ -
% mRNA isolation
e ——umuy AT son " TECE biopannin
T A s )
RRE Dilution enriched pool | -
mmobilized
FX clonii f
Interactlon enriched sybosios taroet
£ _ _Active Pair Yrar
2 /—N Strep-HRP
2 —— biotinylated target
g sybody-Myc-His
E Anti-FLAG Anti-MBP —r——l
— tag AlphalISA tag AlphaLISA expression vector binder screening by ELISA
RRE Dilution Donor Bead Acceptor Bead

Wong et al. (2024) bioRxiv https://doi.org/10.1101/2024.03.25.586624.

Added to cell-free system

Cell-free reaction added to bacterial cultures

DNA fragments (

P

Y v 1N

Cell-free protein synthesis

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

Illumina Sequencing [ﬂ

fsa  —uek L nes

it

ELISA
T7P_10AA Library SecM 1 day
DNA library PCR
amplification
§ In vifro transcription 90 min
) E. coli 8 h mRNA
. cDNA
AV aVaVaN Peptide Time mRNA library Enriched cONA
: T \ In vitro translation Reverse
w 40 min Transcription
mMRNA g FUNCTIONAL i Affinity selection 30 min
T B - AMP mMRNA ribesome 2h
B. subtilis o g
— Enriched mRNA
oavaw] oNa Time

Pandi et al. (2023) Nat Communications.

vol.14(7197).

mRNA-ribosome-polypeptide
ternary complex

Antibody conjugated
Magnetic beads

Ribosome display

lia B. et al. (2024) ] Biosci Bioeng, 137(4):321-328.
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https://www.biorxiv.org/content/10.1101/2024.03.25.586624v1
https://www.biorxiv.org/content/10.1101/2024.03.25.586624v1
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
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PURF/:I'EX@ -Broad applications, yet to come!-

in vitro protein selection technology

@ ' . # Advanced screening system
- Ant|gen + Antigen 4 x :5") . .
e — ' _X for Biologics

CaM-BP PSR . "

#%. GeneFrontier

\ ,‘_“\;“COO
‘ atottet * mAb (scFv/Fab)
Q Iteration OO00®0
v S9000000080e * VHH
Negative : *Q0C J ‘f‘g’O:
o Wele Yolol: . .
selection 'mr;:rggfed Bl':_ﬁsizr DNA Library mMRNA Library ™ . CyC“C peptlde
—_— TG ThA = e BT LA ==
Posmve — TG TGA — " L, —
selection ——ama oA — e PP A

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

$ g # High Selection Efficiency

) « Completely molecular based system

PURE “
frex « >1012 diversity
A A
. A 2. Protein-cDNA complex Ribosome ribosome
1. DNA oligo pool synthesis synthesis using cDNA display 4 light chain mRNA .
—_— mRNA Recovery — i p - ribosome g
PA tag e mRNA @
up to 900,000 r 1

unique sequences —> CDNA

heavy chain mRNA
. 4 Redox control light chain — Vu  Cn -
: A ——— o cys 2
¢ — w o translation
—_— -
i aa Vi H
Cyclic peptide

SH3 domain in human Obscuri (|V|C) . heavy chain

D I kT - Antigen
- - C - v = - G (hoadm)

E&: ' 'F = : [} cpas S :

; ) Licensed to
B TR e R IEE:ﬁ / oﬂ.s OO% r‘—ﬁ O% UT

R ——- ¥ ,‘ . ; ’iﬁ"; 5 S C BIOPHARMA
(s S e mx;-a,ﬂrxy TR o . \“‘ = o °°\_~

Licensed technology under JP4931135 etc.
Disulfide Rich peptide Bicyclic peptide

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

17


https://www.nature.com/articles/s41586-023-06328-6
https://pubs.acs.org/doi/10.1021/acssensors.3c02471
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Contact information

£f

PUREfrex

GeneFrontier

For reagent use for expression / screening of biologics

https://purefrex.genefrontier.com/

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

Takashi Ebihara, Ph.D., COO, GeneFrontier

E-mail: ebihara@qgenefrontier.com
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