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Today’'s TOPICS

GlycoStation (its Technology & Application)
=>Gold Standard Glycan Profiling System

GlycoStation Reader 2300 (GSR2300)
=>the World’s highest performance
GlycoSuperlLite 2200 (GSL2200)

=>the world’s fastest scanning speed
IgG1l-mAb-LecChip (collaborated with FDA)
=>high-throughput analysis of therapeutic mAb

GSR2300, GSL2200, IgG1-mAb-LecChip etc.




Introduction

Mx (emukk LLC) is a research and development type
company. Delivering new products to the world is the basic

philosophy of Mx.

One of the first companies commercialized lectin
microarrays was Moritex’s Glycomics Laboratory, which
launched the glycan profiling system “GlycoStation” in 2007
by Masao Yamada, the same person as the current CEO
emukk LLC.

This technology has undergone transitions from Moritex,
through GP Bioscience, to Glycotechnica, and finally has
been inherited by Mx (emukk LLC).
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Importance of
Glycan & Lectin

Typical example
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Biosimilar therapeutic mAbs

e Glycan Structure of h-IgG

— There are 2 N-glycans on H-chain, C,2 , important to keep the
steric structure

— There are some O-glycans on hinge region

— Glycan structure is very heterogeneous, but its relative ratio is
stable in healthy persons.
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In Glycan Profiling

Gold Standard

— High throughput T

Glycan Profiling System
(GlycoStation)



Typical monosaccharides in human
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Diversity of glycan structures due to various
binding manners
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Biological Inference of glycan structures

using a set of lectins

Lecti

The GlycoStation™ system is a multi-
component research instrument
designed to measure the profiling
patterns of fluorescent signals
generated from labeled target
glycopeptides and/or glycoproteins
hybridized to lectin spotted glass
microarrays ("LecChip™").

The resulting fluorescence patterns are
analyzed differentially with the
GlycoStation™ Tools Pro.

Evanescent-field fluorescence-assisted lectin microarray: a new strategy for glycan profiling,
A. Kuno, J. Hirabayashi et al., Nature Methods, vol2, No.11, November (2005) pp851-856
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Easy to find Glyco-biomarkers

Brain

Membrane
fraction :-:
(without lipid
elimination)

Membrane
fraction
(with lipid
élimination)

B An example of

i Differential Profiling of
Crude Samples:
Organs taken from Rat

The difference can be seen clearly
in the following structures

-Sian2-6

- T-antigen

Membrane
fraction
(with lipid
elimination)

Gain115 133mSec
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LecChip™ Ver.1.0

Printing pattern

High-Man
Chitin

Fuc -1~ Branch
Asialo 0-Glycan

Gal
Agalacto

Sia Others

45 different natural lectins

Currently, LecChip is supplied from
our partnering company, PSS

[ LecChip™

=)

Direct scan
without

any washing and
dry-out processes

Scanned

LecChip™ ver.1.0 fluorescence

image



LecChip™: World top class quality as a protein chip

1
wo5 R e CECASE Good control of the shape of
0.9 W y o e ]
. | - each spot and the CV-value |
0.8 : :
0.751 ] Configuration
0.7
0.651
0.6
0.551
0.5
0.454
0.4 Number of 45 species, 3 spots per lectin
0.35 Number of Wells | 7 wells on a slide glass, well volume=100pL
0.3
025 CV value <20% (over all)
0.2 pessessessessesses (C\/=2(00) reveseoseoscocces Storage Life Approx. 180 days
0.15 Storage Condition - 20°C
0.1 .....
0.05 II ...................................................... - ||I'| Il I ............................. II ..............
4 snlininlinlinl- AN NANNN N mlAN ] . ||
— ANM T IO ONODITO A AN MTI ONODOO AN MTWONOOOTO AN MTLWLW OMNOVOOOOTO AN M N O IN
= e EEE e e e bbb BELG R E Dl bl el Bl P S
! — — = (7]
e R L R R R R E B e L B R
=z 3& 87 ° x F =B 8> T 7=
=" N 38



Performance of Variations
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m ”  The biggest differentiation factor

Washing Free!!

Glycan/Lectin: k<d104~10" M

23 3

Interaction between glycan and lectin is so weak

Antigen/Antibody:10¢~10° M
Avidin/Biotin: 1012 M




Easy to use and high Sensitive
non-destructive detection

Excitation Technol.

% é) OOO using Evanescent-field Fluorescence
i

Labeled /\ Evanescent field
Glycoproteins

3-4 nm

d=A/2m(n/sin6-n,3)"""}  where d=evanescent field depth (intensity becomes 1/e)

A=wavelength

n,=refractive index of slide glass (1.52)

n,=refractive index of water (1.33)
d=156 nm (when A =670 nm)



Edited by M. Yamada, 8/21/2007

45 different natural Lectins

with unique binding

properties to carbohydrates

LecChip™

( A large lectin-glycan affinity (FAC) database covering more

than 10,000 interactions has been disclosed to the public

on Aug.19t, 2009.

https://acgg.asia/lfdb2/index.action?request_locale=en

Lectin No.| Lectin Reported specificity
1 LTL  |Fuca1-3(Galp1-4)GlcNAc, Fuca1-2GalB1-4GIcNAc
2 PSA  [Fuca1-6GIlcNAc, o~D-Gle, o~D-Man
3 LCA  [Fuca1-6GIcNAc, o-D: Gle, a-D-Man
4 UEA-T |Fuca1-2GalB1-4GIcNAc
5 AOL  [Fucal-6GIcNAc (core fucose)
6 AAL  |Fuco1-6GlcNAc, Fuca1-3(GalB1-4)GlcNAc
7 MAL  [Siac.2-3Galp1-4GIcNAc
8 SNA [Siac.2-6Gal/GalNAc
9 SSA  [Siaa.2-6Gal/GalNAc
10 TJA-1 |[Siao2-6Gal/GalNAc
11 PHAL __[tri/tetra—antennary complex—type N—glycan
12 ECA  [Galp1-4GIcNAc
13 RCA120 |GalB1-4GIcNAc
14 PHAE _|bi-antennary complex—type N—glycan with outer Gal and bisecting GlcNAc
15 DSA  |(GlcNAcB1-4)n, GalB1-4GIcNAc
16 GSL-II |agalactosylated tri/tetra antennary glycans, GlcNAc
17 NPA High—MaanEe, Mano1-6Man
18 ConA High—Maﬁggge, Mano1-6(Mano 1-3)Man
19 GNA High—Man99§e, Mano.1-3Man m .
20 HHL [High-Mannose, Mana.1-3Man, Manai-6Man
21 ACG _ |Siaa.2-3GalB1-4GIcNAc . .
22 TxLCI Mana1—3(Méha1—6)Man, bi- and tri—antennéryrcomplex—type N-glycan, GaINArcr )
23 BPL |Galp1-3GalNAc, GalNAc
24 TJA-II Fucal—Z(_i_e_z_iﬁl—> or GalNAcP1-> groups at tﬁgir nonreducing terminals
25 EEL blood group B antigen, Galo.1-3Gal
26 ABA  |Galp1-3GalNAc
27 LEL GIcNAc trimers/tetramers
28 STL _ |GIcNAc oligomers, oligosaccharide containing GlIcNAc and MurNAc
29 UDA GIcNAcBl—_‘}__GIcNAc, Mixture of Man5 to Man_Q__
30 PWM  [(GIcNAcB1-4)n
31 Jacalin GalB]—SGaI_NAc, GalNAc
32 PNA  |Galp1-3GalNAc
33 WFA  |GalNAcB1-4GIcNAc, Galp1-3(-6)GalNAc
34 ACA  [Galp1-3GalNAc
35 MPA  [GalB1-3GalNAc, GalNAc
36 HPA  |a-linked terminal GalNAc
37 VVA |a-linked terminal GalNAc, GalNAca1-3Gal
38 DBA |blood group A antigen, GalNAca.1-3GalNAc
39 SBA |o— or B-linked termincal GalNAc, GalNAco.1-3Gal
40 _GCalsepa [Mannose, Maltose
41 PTL-I |oa-linked terminal GalNAc
42 MAH  [Siao2-3GalB1-3(Siaci2-6)GalNAc
43 WGA _|chitin oligomers, Sia
44 GSL-1 A4 [a-linked GalNAc
45 GSL-1 B4 |a-linked Gal

Remarks) These data were collected from lectin vendors and reports found by internet searches.




Variety of samples can be analyzed

Glycoprotein

Glycolipid
Cultured cells '
+° WA, Endogenous lectin/
J@ 1(;5 Receptor
[ ] .
Purified glycoprotein Cell/tissue extract Direct live cell
analysis analysis analysis

P
Ab-overlay method ‘ Dlrect method

(Direct & Ab-overlay) lectin microarray



Standard Protocol

Glyco-protein
solution

30~60 min.

Fluorescence
labeling

90 min. (incl. 60 min incubation)

Lectin
Microarray

3~20 h incubation

|

by GSR

Scan and digitize }

About 15 min.

|

Analysis by
ToolsPro
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https://www.emukk.com/WP/en/products-service-eng/standard-protocol-for-lectin-microarrays/




For any complex glycans (even for mixtures), GlycoStation is able
to analyze those epitope images with high throughput, high
sensitivity, and high accuracy without cleaving glycans from the
carrier proteins.

-Merits of GlycoStation non-destructive detection
No wash process (high repeatability) Without wash With wash

Real time liquid phase analysis . =
Quantitave analysis without TMR-A2 °
missing any weak interactions e
For both N- and O-glycans . O —
Isomers TMR-NA2 . =
-High Sensitivity (LOD: GSR1200) —
100pg/mL Glycoprotein . O —
100pM Glycan . —
103 Cell —

-Applicable for crude samples
-High Versatility and Applicability

N. Uchiyama et al., Proteomics 2008, 8, 3042-3050



Application to
Blosimilars
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9:35 Application of Lectin-Based Microarray in Direct Glycan Profiling of Therapeutic Proteins
3 Lei Zhang, Ph.D., ORISE Fellow, Office of Biotechnology Products, CDER/FDA
iy l Glycan moieties of therapeutic glycoproteins are a critical product attribute that directly affect protein folding,

. S bioactivity, pharmacokinetics, and immunogenicity. Therefore, glycan variants must be adequately analyzed and
kIl SY controlled to ensure product quality and manufacturing consistency. This presentation describes our FDA
s research aimed at assessing the suitability of lectin-based microarray platforms for the quantitation of glycan
variants in therapeutic proteins and monoclonal antibodies.



Table 2. Comparison of analytical methods for glycoprotein characterization.

Sample type Advantages /\ /\ Disadvantages

Incomplete
Glycosylation Glycan deglycosylation
Intact Released Monosac Lot release Quick glycan site Glycan isomer glycosylation | when releasing Semi
Method protein Gljcopeptides glycan charides testing profiling identification sequencing differentiatio analysis glycan quantitative Others
IEF \L/ Charge variants \_/ \/ v Time consuming
on intact
protein
IEX IEX-UV Fluorescence HPAEC-PAD Monosaccharides Not for LC-MS
content
CE uv uv Fluorescence v v Protein
adsorption
HFLC RP, HILIC RP Oligosaccharide Sialic acid content v
fluorescence map
HPLC-ESI-MS RP,SEC  RP, HILIC N ETD MS/MS  CID MS/MS of Na v i v Complex data
of glycopeptide or sets
glycopeptide released glycan
HPLC with off-line RP, HILIC v V' v W Require sialic acid
MALDI-MS derivatization
MALDLAS v Permythylation Released glycan Low accuracy
v GLYCAN structural Vv Vv v Lectin availability
epitopes

*PGC-chip based nano-LC-MS of short glycopeptides produced by pronase-E digestion, or ion-mobility MS of released glycan.

Quite easy in checking
Epitope Changes among
samples

Glycan Analysis of therapeutic glycoproteins, Lei Zhang et al., mABs, Vol.8, 2016,
Issue2, 205-215.




’ 7 Bevacizumab Trastuzumab Adalimumab Infliximab
- - - . §
-

Glycan profiles of

therapeutic mABs “ - -

FDA analyzed glycans expressed on all of approved therapeutic mAbs (more than 150)
by LC-MS and compared those with GchoStation/ LecChip.

o
LLJJJLU |LL|L :

i | ”” Il

Rituximab Omalizumab

Accelerate
development of
biosimilar mABs

The use of lectin microarray for assesing glycosylation of therapeutic
proteins, L. Zhang et al., mABs, V0.8, 2016, issue3, 524-535

Mannose (Man)
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Fucose (Fuc)
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Galactose (Gal)
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Cited from https://doi.org/10.1007/s11095-023-03628-4

Overview of FDA-approved therapeutic monoclonal antibodies (mAbs).

Analysis of 157 FDA-approved therapeutic mAbs

A Antibody type (n=157)

Fragment Coformulation
6% - 4%

Expression system (n=157)
E.coli Yeast

Sp2/0 5% 1% _YB2/0 IgG4

6%, w 1% 13%

C 19G subclass (n=154)
IgG1/2 or 2/4
2%

Bispecific
4%

D lgG1 expression system (n=120) E DS release specification for
E.coli  Yeast glycosylation (n = 157)

Sp2/0 4% _ 1%  YB2/0
N/A
8%
Yes

8% 1%
0,
No 45%
47%

NSO _
8%

“_CHO
78%

Fig.1 Overview of FDA-approved therapeutic monoclonal antibodies (mAbs). Analysis of 157 FDA-approved therapeutic mAbs (as of May

2023) based on (A) antibody type, (B) expression system, (C) IgG subclass, (D) [gG1 expression system, and (E) drug substance release specifi-
cation for glycosylation. *Note: Three Fab-fragment products were excluded from the analysis in Panel C.



Cited from https://doi.org/10.1007/s11095-023-03628-4

FDA

Nine prevalent glycan epitopes commonly found in mAbs

The identification of nine prevalent glycan epitopes commonly found in
mADbs represents a significant contribution to the field.

These epitopes, including core fucose, terminal N-
acetylglucosamine, terminal B-galactose, high mannose,
terminal a2,3-linked N-acetylneuraminic acid, terminal a2,6-
linked N-glycolylneuraminic acid, bisecting N-
acetylglucosamine, terminal a-galactose, and triantennary
structure, provide valuable insights into the glycosylation landscape
of therapeutic mAbs. This information is vital for assessing and
monitoring glycosylation patterns during mAb production, ensuring
consistent product quality, and mitigating the risk of undesirable
glycan profiles that may lead to altered pharmacokinetics or
Immunogenicity

A Fucose (F) @ Mannose (M) @ N-Acetylneuraminic acid (NANA)
B N-Acetylglucosamine (GlcNAc) O Galactose (G) € N-Glycolylneuraminic acid (NGNA)

1. Core fucose

2. Terminal
GlcNAc

3. Terminal B-
galactose

4. High
mannose

5. a2,3-linked
sialic acids

6. a2,6-linked
sialic acids

7. Bisecting
GIcNAc

8. Terminal a-
galactose

9. Triantennary
structure

LA hARAARR




A tailored lectin microarray for rapid glycan profiling of
therapeutic monoclonal antibodies

Glycosylation plays a crucial role in determining the quality and
efficacy of therapeutic antibodies.

FDA has introduced a custom-designed lectin microarray featuring
9 distinct lectins: rPhoSL, rOTH3, RCA120, rMan2, MAL_I,
rPSL1a, PHAE, rMOA, and PHAL. These lectins have been
specifically tailored to selectively bind to common N-glycan
epitopes found in therapeutic IgG antibodies.

By utilizing intact glycoprotein samples, this microarray provides a
high-throughput platform for rapid glycan profiling, enabling
comparative analysis of glycosylation patterns. FDA emphasized
the practical utility of this microarray in assessing
glycosylation across various manufacturing batches or
between biosimilar and innovator products.

IgG1l-mAb-
LecChip

(9 lectins x 14 wells)

Collaborated with Office of
Pharmaceutical Quality, Center for
Drug Evaluation and Research,
Food and Drug Administration,
Silver Spring, MD, USA




Cited from https://doi.org/10.1080/19420862.2024.2304268

FDA

Binding specificities of selected 9 lectins

Common N-glycan
epitopes in 1IgG mAbs

1. Core fucose

2. Terminal
GlcNAc

3. Terminal B-
galactose

4. High
mannose

5. a2,3-linked
sialic acids

6. a2,6-linked
sialic acids

7. Bisecting
GlcNAC

8. Terminal a-
galactose

9. Triantennary
structure
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> Screening of lectin library using microarray

Probing solution

& Fucose o Galactose
m GlcNAC + NANA
® Mannose < NGNA

= GlycoStation

. }
' .\...Jh..h“.|..|_l|\|._I_u_

LecChip-lgG-mAb
(9 lectins x 14 wells)

1.rPhoSL 6. rPSL1a
2.rOTH3 7. PHAE
3.RCA120 8. rMOA
4,.rMan2 9.
5. MAL_I

< Position marker




Cited from https://doi.org/10.1080/19420862.2024.2304268 FDA

How easy to see the differences among mAbs

1 sec scan 10 sec scan
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rPhoSL rOTH3 RCA120 rMan2 MAL_| rPSLla PHAE rMOA PHAL rPhoSL rOTH3 RCA120 rMan2z MAL_| rPSL1a PHAE (MOA PHAL
Lectin Lectin
O Filgrastim E Atezolizumab B NISTmAb OTrastuzumab B Cetuximab O Filgrastim @ Atezolizumab B NISTmAb O Trastuzumab B Cetuximab
rPhoSL for core fucose PHAL for tri/tetra-antennary glycan MAL_| for 002,3-SAs rPSL1a for 012,6-SAs
NISTmADb Benralizumab Darbepoetin alfa NISTmAb Darbepoetin alfa (CHO) Cetuximab (Sp2/0)

2 sec scan 2 sec scan 2 sec scan



Cited from https://doi.org/10.1080/19420862.2024.2304268 FDA

Comparative gcl

FDA emphasized the practica

ycan 'prof_ilinlg of infliximab
utility of"this microarrday

In assessing glycosylation

acrossdvaﬂs')gs Blanufa,cturi batches or between biosimilar and innovator products

dan 10Simiiars

1 sec scan 10 sec scan
30000 16000
GIcNAC 02,6-5As
E. 25000 %— 14000
S Fuc § 12000
£ 20000 £ 10000
E 15000 High Z s000
5 Man g
& 10000 > o 6000 02,3-SAs Triantennary
o
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rPhoSL rOTH3 RCA120 rMan2 MAL_| rPSL1a PHAE rMOA PHAL MAL_I rPSL1a rMOA PHAL
Lectin Lectin
B Infliximab Oinfliximab-dyyb B Infliximab-abda Oinfliximab-axxq B Infliximab  infliximab-dyyb mInfliximab-abda ' infliximab-axxqg

https://www.fda.gov/drugs/regulatory-science-action/novel-method-rapid-glycan-profiling-therapeutic-monoclonal-antibodies



Thank you so
much for your
attention

Masao Yamada, Founder CEO emukk LLC.

yamada_masao@emukk.com

https://www.emukk.com/WP/en/

m-.’
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'ecChip etc.




Other Applications



BioMarker Discovery & DDS

Development of Urinary Diagnostic Biomarker for IgA Nephropathy by Lectin Microarray

Yasuhiro Onishi, et. al., Okayama University School of Medicine (2022)

N-glycan structures of Wisteria floribunda agglutinin-positive Mac2 binding protein in the serum of patients with liver
fibrosis by Lectin Microarray

Atsushi Matsuda et.al., Keio University School of Medicine (2021)

Assessment of Surface Glycan Diversity on Extracellular Vesicles by Lectin Microarray and Glycoengineering Strategies
for Drug Delivery Applications

Asako Shimoda, et. al., Graduate School of Engineering, Kyoto University (2021)

32


https://www.karger.com/Article/FullText/520998
https://academic.oup.com/glycob/article/31/10/1268/6311225?login=false
https://onlinelibrary.wiley.com/doi/10.1002/smtd.202100785

Latest Information



High-end Glycan Profiler

Glycan Profiler is a kind of microarray scanner. This naming was

given to emphasize that it is possible to take high fidelity Glycan
Profiling. GSRZBOO

GlycoStation® is the name of our platform for Glycan Profiling
Analysis System using Lectin microarrays, and GlycoStation®
Reader (GSR) is a scanner in this platform.

[ (I

GSR is possible to detect very weak glycan-lectin biomolecular
interactions non-destructively with using an evanescent-field
fluorescence excitation technology. Accordingly, it is very strong in
Glycan Profiling Analysis and is able to scan Glycan arrays non-
destructively as well.

- (‘. [
A~ @ n |
| n ...:)mmumu (T




Cited from https://doi.org/10.1007/s00216-023-04824-2

World’s highest sensitivity and linearity

50000 -
45000 - World’s highest performance:
cell glycomic profiling could be
40000 - :
performed with only three cells
35000 -
> ~-2.5pg
£ 25000 - ~+-10 pg 1200
= 20 > = 71.733x + 248.83
B 20000 - PY 3 1000 g R2=0.9987 .|
~-50 pg S 800
10000 - “-200pg B 4q9 }_;
5000 - 200
0 - = T T 1 0
0 2000 4000 6GOOO 8000 10000 ° 2 4 6 8 10 12

Exposure time (ms) pgl/well



High-speed scanning coexists with ultra high

sensitivity and high resolution (6.5um)




Low-end Glycan Profiler

GlycoSuperLite (GSL) must be the long-awaited basic glycan
profiler with greatly improved appearance and performance.
This device is perfect for quick analysis.

This unit uses a reduction optical system by 5.5 times with high
NA lens. GSL can instantly capture fluorescent images of lectin
microarrays without scanning. Thereby, ultra-high-speed
scanning of 10seconds or less is attained.

It is no mistake to say that GSL is the world's fastest glycan

profiler adopted the evanescent-field fluorescence excitation
technology. Even in this case, the sensitivity is not sacrificed,
and the detection limit sensitivity reaches 2 ng/mL

GSL2200




Easy operation of GSL, the world fastest

microarray scanner, less than 10seconds

PowerDirector




Benefits of GSR/GSL

« The biggest difference between general scanners and GSR/GSL is the excitation method. By
using evanescent-field fluorescence excitation technology, weak biomolecular interactions
can be measured non-destructively and with high precision.

« GSR2300: The only scanner in the world, which achieves both ultra high sensitivity (with only
three cells) , high-speed scanning (less than 80 seconds) and high resolution (6.5um). The
World’s highest performance scanner.

« GSL2200: World’s fastest scanning speed (less than 10seconds) at a low price. Once people get
used to speed, they can't go back.

« Commercially available microarray scanners generally have a resolution of 4 um to 100 um. Most
existing scanners are laser scanning type, and the scanning time is around 5 to 10 minutes with
a typical resolution of 10 um. In this type of scanners, the resolution and the scanning time are
inversely proportional, so the higher the resolution, the longer the scanning time is, up to 20 min.
and further 30 min. or more.



Spec. of GSR2300 and GSL2200

Highend Glycan Profiler

Lowend Glycan Profiler

Manufacturer Mx (=57, emukk) Mx (=57, emukk)
Model GlycoStation Reader 2300 (GSR2300) GlycoSuperLite 2200 (GSL2200)
FA-PC Windows10 64bits Windows10 64bits, Note-PC

Scan Method

Step&Repeat, Highend sSCMOS

sCMQOS,

Exposure time

133msec-10sec

998msec~10sec

Camera Gain

Detection Method

Evanescent-filed Excitation

Evanescent-filed Excitation

Liquid Phase Measurement |Possible Possible
Scan Area Standard=12x65mm (Expandable to 24x65mm) [25x75mm
Sensitivity 100pg/mL 2ng/mL
Resolution 6.5um 35um

Scanning Time

10sec (fastest), 80sec (at the Maximum
Exposure time)

10ec (at the Maximum Exposure time)

Digital binning 2x2 mode, x4 mode ~femememeee

Ligjht Source Metal Halide lamp LED

Optical Filters Cy3, Cy5, FITC (Max: 8 colors) Cy3 monochromatic

Digital Resolution 16bits 16bits

Analysis Software GlycoStation ToolsPro Ver3.0 GlycoStation ToolsPro Ver3.0
Size 440x592x585mm 350x280x350mm

Weight 67kg 10.4kg
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LecChip image scanned by GSL



