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Synthesis of glycosylated proteins using PUREfrex®
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Synthesis of functional proteins using PUREfrex® 3
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In vitro Glycosylation (IVG) of target proteins combined
with Cell-Free Protein synthesis (CFPS) by PUREfrex®

R
J

GeneFrontier

Glycosylation Glycosyltransferase

Glc

Glc/Gal

Glc/Gal/ GIcNAc

Glc/Gal/Sia (a2-6)

Glc/Gal/Sia (a2-3)

ApNGT (A. pleuropneumoniae)

ApNGT (A. pleuropneumoniae)

NmLgtB (N. meningitidis)

ApNGT (A. pleuropneumoniae)
NmLgtB (N. meningitidis)
LgtA (N. meningitidis?)

ApNGT (A. pleuropneumoniae)

NmLgtB (N. meningitidis)

PdST6 (P. damsale)
or
ST6Gall (H. sapiens)

ApNGT (A. pleuropneumoniae)
NmLgtB (N. meningitidis)
CjCST-I (C. jejuni)

UDP-Glucose

UDP-Galactose

UDP-Glucose
UDP-Galactose
UDP-GIcNACc

UDP-Glucose

UDP-Galactose

CMP-Sialic acid

UDP-Glucose
UDP-Galactose
CMP-Sialic acid



In vitro Glycosylation (IVG) of target proteins combined >

®
with Cell-Free Protein synthesis (CFPS) by PUREfrex® o
Cell-free Protein Synthesis (CFPS) B
PURE frex” —1 Uﬁ Uﬁ Uy
s R
in vitro Glycosylation (IVG) ! K @y Voo
DU N N P
8 &= UDP-@ UDP-O) CMP-@ coes

The glycosylation reaction was based on the method of Jewett et al.
(Kinghtlinger et al. (2019) Nat. Commun., 10, 5404).
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In vitro Glycosylation of model protein (IVG) 3

GeneFrontier
Colicin-E7 immunity protein mutant (Im7-6) (E. coli)
1 46 93
Length 101 a.a.
X Hi .
‘ GGI\IWTT- I OX HiIS Molecular weight 11,366 Da
glycosylation recognition sequence by ApNGT
Im7-6 [21-49] EIEKEATTGGNWTTAGGDVLDVLLEHFVK
lane
kpa)  No. 1 2 3 4
: "Oto o Theo. MH+ Number of PSMs*
20 - - . : Modification
; .’D [Da] lanel | lane2 | lane 3 | lane 4
- analy5|s : 3129.5739 | 50 1 8 2
15 - SRR, — Glc 3291.6267 0 33 7 9
10 ® Glc-Gal 3453.6795 106 48
UDP-@ /ApNGT = |+ ||+ B s Glc-Gal-(GIcNAc-Gal); | 3818.8117 0 29
UDP-O /NmLgtB = = |+ ||+ @ Glucose Glc-Gal-(GIcNAc-Gal), | 4183.9439 0 49
woP-M/Lgta = = = [+ O Galactose Glc-Gal-(GIcNAc-Gal); | 4549.0761 0 30
B GlcNAc *Number of PSMs (Peptide Spectrum Matches) was calculated as the average value

of three measurements.

(The same applies to the following experiments.)

IVG with PUREfrex® could provide the N-glycosylation of Im7-6.



In vitro Glycosylation of model protein (IVG)

R
J

GeneFrontier

Colicin-E7 immunity protein mutant (Im7-6) (E. coli)

1

ATT GGNWTT |AGG st His

glycosylation recognition sequence by ApNGT

lane

46

2

3

4

15 el

10 —

——— —

UDP-@ / ApNGT
UDP-QO /NmLgtB
CMP-4 / PdST6

CMP-€ / ST6Gall
CMP-€ / CjCST-I

IVG with PUREfrex® could provide the addition of sialic acid to Im7-6.

111+ +

11 ++ +

1+ 1+ +

+11++

/et

MS
analysis

)

B s

@ Glucose
O Galactose
@ Sialic acid

93

Length
Molecular weight

101 a.a.
11,366 Da

Im7-6 [21-49] EIEKEATTGGNWTTAGGDVLDVLLEHFVK

o Theo. MH+ Number of PSMs
Modification
[Da] (control)| lane2 | lane 3 | lane 4
3129.5739 92 7 5 4
Glc 3291.6267 30 25 30
Glc-Gal 3453.6795 36 74 69
Glc-Gal-Sia 3744.7750 77 74 72




One-pot IVG
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One-pot IVG 3

GeneFrontier
Colicin-E7 immunity protein mutant (Im7-6) (E. coli)
lane
«Da) No. 1 2 3 4
. Im7-6 [21-49] EIEKEATTGGNWTTAGGDVLDVLLEHFVK
o /
Number of PSMs
MS Modification The[(E).al\]/lH+ I T T 3 .
15 = | anaIySiS ane ane ane ane
[ c——— - 3129.5739 90 7 50 70
10 - E—) Glc 3201.6267 | 1* 114 31 21
UDP-@ /ApNGT = =+ <+ < Glc-Gal 3453.6795 1* 0 102 51
UDP-O /NmLgtB = = 4+ + Glc-Gal-(GIcNAc-Gal); | 3818.8117 0 0 0 71
uoP-@/gta = — = + @ Glucose Glc-Gal-(GIcNAc-Gal), | 4183.9439 0 0 0 34
O Galactose
B GlcNAC Glc-Gal-(GIcNAc-Gal); | 4549.0761 0 0 0 8

*It is most likely detecting a carryover from the previous measurement.

One-pot IVG by PUREfrex® could provide the N-glycosylation of Im7-6.
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In vitro Glycosylation of model protein (IVG) 3

GeneFrontier

Human Interleukin-6 (hIL6)

I disulfide bond

72

(Met)

glycosylation recognition sequence by ApNGT

72 78

Original sequence  m———— CNKSNMC

A

Modified sequence m——— CATTGGNWTTAGGC ——

Length 209 a.a.
Molecular weight 23,550 Da

PDB;j: 2IL6
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In vitro Glycosylation of model protein (IVG) 3

GeneFrontier

Human Interleukin-6 (hIL6)

I disulfide bond

72

(Met)

glycosylation recognition sequence by ApNGT

72 78

(kDa)

‘ ‘ \ 25 .__._”.__‘nér

Original sequence  ————— CNKSNMC

Modified sequence m—— C/ ATTGGNWTTAGGC —— 20 i
UDP- @/ApNGT = 4+ <+ <4+ <+ <+ @ni-e
Length 209 a.a. UDP- @ Glucose
O/NMLGB = = o 4 =+ o+
Molecular weight 23,550 Da ubP- [/ LgtA _ - = 4 = = QO Galactose
CMP- @/ST6GAIl = = = = o = B GlcNAC
CMP- @/CCST-l = = = = = @ sialic acid

IVG by PUREfrex® could not provide the N-glycosylation of Im7-6.



Multi-step IVG

~N

J

2

9
o

GeneFrontier

Target GT1
protein

3 I=N

\ 4

Ni-resin
purification

N

N\

.w

GT 2

Sugar
donor

3 =3

\ 4

.

Ni-resin
purification

— ..O
GT 3

3 =3

\ 4

Multi-step IVG

+¢\

Sugar
donor

Ni-resin
purification

/




o

Multi-step IVG 3

GeneFrontier

Human Interleukin-6 (hIL6) Human Granulocyte-macrophage colony-
stimulating factor (hGM-CSF)

(kDa)

(kDa) 20 s : ,
25 - : n — —
20 - el - 0 -‘
15 -
UDP- [ ADNGT = -
_ @/ Ap + + + + + ® Glucose uoP- @/apNeT — + + + + + @ cmcsrF
UDP- O/NMLGtB = = 4 4 <+ <+ @ Glucose
O Galact UDP- O/NmLgtB = = 4 =4 <4 <
UDP- I/ LgtA. o= = = f = = alactose Galact
UDP- [/ LgtA - = = = - O Galactose
CMP- @/ST6GAll = = = = o = [ GlcNAC B GlcNA
CMP- @/CiCST-| == == == = = @ Sialic acid CMP- @/ST6Gall = = = = 4 = chAC
CMP- @/ CjCST-| = = = = = 4 @ Sialic acid

Multi-step IVG with PUREfrex® was effective for disulfide-bonded proteins.
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Multi-step IVG 3

GeneFrontier
Human Beta-2 adrenergic receptor (hADRB2)
extracellular domain cytoplasmic domain
8 15
Length 416 a.a.
(Met) transmembrane Molecular weight 46,764 Da
glycosylation recognition sequence by ApNGT
15 20
Original sequence  m———— NGSHAP
T
Modified sequence ATTGGNWTTAGGHAP =—
il  (PUREfrex'|
+ s Multi-step
Phospholipid bilayer Ve VG '®)
| | .3’. n.-':.
Membrane scaffold : » % » » ®05550010!.
protein (MSP)  Nanodisc 0 A arargaes
(-
+ \ |
- i . Membrane Protein
Incubation in Nanodisc Glycosylated Membrane Protein

DNA encoding Membrane Protein
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Multi-step IVG 3

GeneFrontier

Human Beta-2 adrenerqgic receptor (hADRB?2)

O Galactose

. (MSP1E3D1-His6) Membrane Protein
25 - in Nanodisc Glycosylated

' Membrane Protein
UDP-@ /ApNGT = <= ==
- 4

UDP-QO /NmLgtB =

/ Multi-step \
. hADRB2/MSP1E3D1-DMPG VG
@ Glucose \<.

Multi-step IVG with PUREfrex® was effective for
membrane proteins.



Summary 3.

* N-glycosylation of Im7-6 were succeeded IVG and One-pot IVG with
PUREfrex®.

* Depending on the target protein, glycosylation could be achieved by
arranging the method as Multi-step IVG.

)

Glycoproteins can be synthesized by IVG using PUREfrex®.




