
INTRODUCTION OF 
GLYCOSTATION
RELATED PRODUCTS

Masao Yamada, Ph.D.,  CEO emukk LLC,

2-21-19 Matsunoki ,  Kuwana, 511-0902, JAPAN

GSR2300,  GSL2200,  IgG1 -mAb-LecCh ip  e tc .

GlycoStationTM Reader 2300

LecChipTM

GlycoSuperLiteTM 2200



Today’s TOPICS

GlycoStation (its Technology & Application)

=>Gold Standard Glycan Prof i l ing System 

GlycoStation Reader 2300 (GSR2300)

=>the World ’s h ighest performance

GlycoSuperLite 2200 (GSL2200)

=>the wor ld ’s  fastest scanning speed

IgG1-mAb-LecChip (collaborated with FDA)

=>high-throughput analys is  of  therapeut ic  mAb

GSR2300,  GSL2200,  IgG1 -mAb-LecCh ip  e tc .



Introduction

Mx (emukk LLC) i s  a research and development type 

company. Del ivering new products to the world is  the basic 

phi losophy of Mx.

One of the f i rst  companies commercial ized lect in 

microarrays was Moritex’s Glycomics Laboratory, which 

launched the glycan prof i l ing system “GlycoStat ion” in 2007

by Masao Yamada ,  the same person as the current CEO 

emukk LLC. 

This technology has undergone transit ions from Moritex, 

through GP B ioscience, to Glycotechnica, and f inal ly has 

been inherited by Mx (emukk LLC).



Importance of
Glycan & Lectin

Typical example



• Glycan Structure of h-IgG
– There are 2 N-glycans on H-chain, CH2 , 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.

• IgG as a therapeutic protein
– ADCC activity & CDC activity

ex. IgG without core Fuc has 100 times

higher ADCC activity.

(Potelligent Technology by Kyowa-Kirin)
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Gold Standard 
in Glycan Profiling

High throughput
Glycan Profiling System 

(GlycoStation)



O

OH

HO

OH

HO OH

O

OH

OH OH

HO OH

O
HO

HO

OH

HO OH

O

NHAc

HO

OH

HO OH

O

NHAc

OH OH

HO OH

O
OH

HO
OH

H3C

OH

O

HOOC

OH

HO
HO OH

O

COOH
OH

HO
HO OH

O

COOH

OH

HO
AcHN

OH
OH

HO

Glucose （Glc） Galactose （Gal） Mannose （Man）

N-acetylglucosamine
（GlcNAc）

N-acetylgalactosamine
（GalNAc）

Fucose （Fuc）

glucuronic acid （GlcA） iduronic acid （IdoA）

N-acetylneuraminic acid
（Neu5Ac）

hexose 

N-acetylhexosamine

deoxyhexose

uronic acid

sialic acid

Typical monosaccharides in human



Binding site

anomer

（αβ）

branched 

structure

Galβ1-4GlcNAc Galβ1-3GlcNAc

Core8(Galα1-3GalNAc)Core1(Galβ1-3GalNAc)

Diversity of glycan structures due to various 
binding manners



The GlycoStationTM 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 (“LecChipTM”). 

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

Lectinn

Biological Inference of glycan structures 
using a set of lectins

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



Gain115 133mSec

1000

500

250

125

62.5

(ng/mL) An example of 
Differential Profiling of 
Crude Samples:
Organs taken from Rat

The difference can be seen clearly
in the following structures
・Siaa2-6
・T-antigen

Easy to find Glyco-biomarkers



LecChip™
LAA07B00701

Direct scan 
without
any washing and
dry-out processes

Scanned 
fluorescence 
image

45 different natural lectins

Printing pattern

LecChipTM ver.1.0

Fuc

Sia

O-Glycan
Asialo

Agalacto

High-Man

Gal

Chitin

Others

Branch

LecChip™ Ver.1.0 

Currently, LecChip is supplied from
our partnering company, PSS
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LecChipTM: World top class quality as a protein chip

Good control of the shape of 

each spot and the CV-value

CV value

Configuration

45 species, 3 spots per lectinNumber of 

Lectins
7 wells on a slide glass, well volume=100mLNumber of Wells

- 20oCStorage Condition

Approx. 180 daysStorage Life

<20% (over all)

LecChipTM

Ver.1.0

CV=20%



← CV in a lot

CV with lot-to-lot variations →

10% line

15% line

Performance of Variations



Glycan/Lectin: Kd10-4〜10-7 M

Antigen/Antibody:10-6〜10-9 M
Avidin/Biotin: 10-12 M

Lectin

Glycan

Washing

Interaction between glycan and lectin is so weak
Lose binding

Washing Free!!

The biggest differentiation factor



3-4 nm

4-6 nm

Easy to use and high Sensitive 
non-destructive detection

using Evanescent-field Fluorescence
Excitation Technol.



Edited by M. Yamada, 8/21/2007
Lectin No.  Lectin Reported specificity

1 LTL Fuca1-3Gal1-4)GlcNAc, Fuca1-2Gal1-4GlcNAc

2 PSA Fuca1-6GlcNAc, a-D-Glc, a-D-Man

3 LCA Fuca1-6GlcNAc, a-D-Glc, a-D-Man

4 UEA-I Fuca1-2Gal1-4GlcNAc

5 AOL Fuca1-6GlcNAc (core fucose)

6 AAL Fuca1-6GlcNAc, Fuca1-3(Gal1-4)GlcNAc

7 MAL Siaa2-3Gal1-4GlcNAc

8 SNA Siaa2-6Gal/GalNAc

9 SSA Siaa2-6Gal/GalNAc

10 TJA-I Siaa2-6Gal/GalNAc

11 PHAL tri/tetra-antennary complex-type N-glycan
12 ECA Gal1-4GlcNAc

13 RCA120 Gal1-4GlcNAc

14 PHAE bi-antennary complex-type N-glycan with outer Gal and bisecting GlcNAc 
15 DSA (GlcNAc1-4)n, Gal1-4GlcNAc

16 GSL-II agalactosylated tri/tetra antennary glycans, GlcNAc
17 NPA High-Mannose, Mana1-6Man

18 ConA High-Mannose, Mana1-6(Mana1-3)Man

19 GNA High-Mannose,Mana1-3Man

20 HHL High-Mannose,Mana1-3Man, Mana1-6Man

21 ACG Siaa2-3Gal1-4GlcNAc

22 TxLCI Mana1-3(Mana1-6)Man, bi- and tri-antennary complex-type N-glycan, GalNAc

23 BPL Gal1-3GalNAc, GalNAc

24 TJA-II Fuca1-2Gal1-> or GalNAc1-> groups at their nonreducing terminals

25 EEL blood group B antigen,Gala1-3Gal

26 ABA Gal1-3GalNAc

27 LEL GlcNAc trimers/tetramers
28 STL GlcNAc oligomers, oligosaccharide containing GlcNAc and MurNAc
29 UDA GlcNAc1-4GlcNAc, Mixture of Man5 to Man9

30 PWM (GlcNAc1-4)n

31 Jacalin Gal1-3GalNAc, GalNAc

32 PNA Gal1-3GalNAc

33 WFA GalNAc1-4GlcNAc, Gal1-3(-6)GalNAc

34 ACA Gal1-3GalNAc

35 MPA Gal1-3GalNAc, GalNAc

36 HPA a-linked terminal GalNAc

37 VVA a-linked terminal GalNAc, GalNAca1-3Gal

38 DBA blood group A antigen, GalNAca1-3GalNAc

39 SBA a- or -linked termincal GalNAc, GalNAca1-3Gal

40 Calsepa Mannose, Maltose
41 PTL-I a-linked terminal GalNAc

42 MAH Siaa2-3Gal1-3(Siaa2-6)GalNAc

43 WGA chitin oligomers, Sia
44 GSL-I A4 a-linked GalNAc

45 GSL-I B4 a-linked Gal

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

45 different natural Lectins
with unique binding 
properties to carbohydrates

A large lectin-glycan affinity (FAC) database covering more 
than 10,000 interactions has been disclosed to the public 
on Aug.19th, 2009.
https://acgg.asia/lfdb2/index.action?request_locale=en

LecChipTM



Glycoprotein

Glycolipid

Endogenous lectin/
Receptor

(Direct & Ab-overlay) lectin microarray

Direct live cell 
analysis

Cell/tissue extract 
analysis

Cultured cells

Purified glycoprotein 
analysis

Variety of samples can be analyzed

Direct methodAb-overlay method



Glyco-protein 
solution

Fluorescence 
labeling

Lectin
Microarray

Scan and digitize 
by GSR
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Analysis by 
ToolsPro

30~60 min.

90 min. (incl. 60 min incubation)

3~20 h incubation

About 15 min.

Standard Protocol

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
No wash process（high repeatability）
Real time liquid phase analysis
Quantitave analysis without 

missing any weak interactions
For both N- and O-glycans
Isomers

・High Sensitivity（LOD: GSR1200)
100pg/mL Glycoprotein
100pM Glycan
103 Cell

・Applicable for crude samples
・High Versatility and Applicability N. Uchiyama et al., Proteomics 2008, 8, 3042-3050

Without wash With wash

non-destructive detection



Application to

Biosimilars



FDA gave a talk on Mar. 10th, 2015 about 
their studies using GlycoStation

Installed GSR1200 in 2013 for the evaluation of Biosimilars



Quite easy in checking 
Epitope Changes among 
samples

Glycan Analysis of therapeutic glycoproteins, Lei Zhang et al., mABs, Vol.8, 2016, 
issue2, 205-215.



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

Glycan profiles of 
therapeutic mABs

Accelerate 
development of 
biosimilar mABs

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



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

Analysis of 157 FDA-approved therapeutic mAbs

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



The identification of nine prevalent glycan epitopes commonly found in 
mAbs represents a significant contribution to the field. 
These epitopes, including core fucose, terminal N-
acetylglucosamine, terminal β-galactose, high mannose,
terminal α2,3-linked N-acetylneuraminic acid, terminal α2,6-
linked N-glycolylneuraminic acid, bisecting N-
acetylglucosamine, terminal α-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

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

Nine prevalent glycan epitopes commonly found in mAbs



IgG1-mAb-
LecChip
(9 lectins x 14 wells)

Col laborated with Off ice of 

Pharmaceutical Qual i ty, Center for 

Drug Evaluat ion and Research, 

Food and Drug Administration ,  

S i lver Spr ing, MD, USA

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. 

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

FDA



Binding specificities of selected 9 lectins

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



How easy to see the differences among mAbs

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



Comparative glycan profiling of infliximab 

and its biosimilars

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

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

FDA emphasized the practical utility of this microarray in assessing glycosylation 
across various manufacturing batches or between biosimilar and innovator products 



Thank you so 
much for your 
attention

Masao Yamada, Founder CEO emukk LLC.

yamada_masao@emukk.com

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

GSR2300,  GSL2200,  IgG1 -mAb-LecCh ip  e tc .



Other Applications



BioMarker Discovery & DDS

32

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)

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



GSR2300
Glycan Profiler is a kind of microarray scanner. This naming was 
given to emphasize that it is possible to take high fidelity Glycan 
Profiling. 

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. 

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. 

High-end Glycan Profiler



World’s highest sensitivity and linearity

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

World’s highest performance:
cell glycomic profiling could be
performed with only three cells



High-speed scanning coexists with ultra high 

sensitivity and high resolution (6.5um)



GSL2200
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

Low-end Glycan Profiler



Easy operation of GSL, the world fastest 

microarray scanner, less than 10seconds

20XX/2/1



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　(エムック、emukk) Mx　(エムック、emukk)

Model GlycoStation Reader 2300 (GSR2300) GlycoSuperLite 2200 (GSL2200)

FA-PC Windows10 64bits Windows10 64bits, Note-PC

Scan Method Step&Repeat, Highend sCMOS sCMOS,

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, 4x4 mode --------------

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 LecChip image scanned by GSL


