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Glyco-engineering and Development of a
Visualization Tool for Glycan Metabolic Pathways
for Glycoprotein Production
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HEK293 (human embryonic kidney 293)
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One issue for recombinant protein production in mammalian cells

Heterogeneity of glycans on proteins

Genome-editing using
CRISPR/Cas9 system

- Heterogeneous glycan — Uniform glycan
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HIV-1(CX9 BAEHFI{E (Broadly Neutralizing Antibodies)
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V3/V4/glycans

(cluster of targets: : 4
PGT120s, PGT130s) s __gult0)
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R pe_ glycan shield

CD4 binding site
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Burton et al. (2012) Cell Host Microbe
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CAZy7—AIN—XR (BB E FGH47 (al1,2-mannosidases)

Protein ham ne nam TPM
GolgiMan-l A MAN1A1  34.82 )
B  MAN1TA2 2565
\ C  MANICT 5.24 |
ER Man-I MAN1B1  64.97 }
Golgi Man-| A EDEMs EDEM1 28.91 |
(MAN1A1) EDEMZ2 2459
EDEMS3 24.01 |

Tempel et al (2004) J. Biol. Chem.
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Human GH47 (a1,2-mannosidases)

Function

Glycan
maturation

Protein
quality control ?

ER-associated
degradation

CAZy: Carbohydrate-Active enzyme (http://www.cazy.org/)
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Flow cytometric analysis of glycans on the cell surface using two lectins

PHA-L4: |ectin binding to
WT complex type of glycans
ConA: lectin binding to high
MAN1A1, Man type of glycans
-KO
MAN1A2. WT
-KO
Protein Protein
DKO
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MAN1A1/A2 High Man
Double KO type
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Human GH47 (a1,2-mannosidases)
Protein name Gene name
Golgi Man-I A MAKI1A1

B MANI1A2

c ( maniCT
ER Man-| MAN1B1
EDEMs EDEM1
EDEM2
 EDEMS3

Knockout of MAN1B1 in double-KO cells
almost completely diminished the PHA-L4
staining.

D-KO +

WT
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'background | | D-KO

{WT []Sample
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MAN1B1

sg
EDEM1

sg
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sg
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MALDI-MS(C XS NBIHEGHARZHT (whole cell lysates)

m/z =1000 - 2000
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o-Galactosidase A (GLA):
hydrolyzes a glycosphingolipid Gb3 in the A sHF-GLA

lysosomes and the mutations in GALA
cause Fabry disease WT D-KO  T-KO

L L L
2 5 2 5 & 5
. . 1) ©
Lysosomal acid lipase (LIPA): | o £ | o g | c B
breakdown of lipids such as cholesterol kD o o o
esters and triacylglycerols in lysosomes, 707 e - -
its deficiency leads Wolman disease and 50 - - p— - e
cholesteryl ester storage disease 40 -
PNGaseF EndoH B sHF-LIPA
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sHF-LIPA =3900077650.2 1974.0 2055.9 2201.8 2242.8 2506.5 2811.2
[M+H]+ [M+H]+[M+H]+ [M+H]+ [M+H]+[M+H]+ [M+H]+ WT
4500 oo ? g_“ o
4000
_ O T YYVYLY LIPA
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; : ; (M4 sl
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2000 <« Fuc
100 —
704 v
554 — ]SHF-
40— LIPA
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4000 (eXoX o} LI PA
| VT YW
* Serum albumin 3000] \
] 2500/
More than 30 different glycans __ 1 I
were observed from WT-LIPA.
] v
N-glycans on LIPA from T-KO 1000] v
were simplified and changed 5001
to high-Man-types. 1800 2100 2400 2700 3000 3300

m/z
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Bl [M+Na]+ [M+Na]+ [M+Na]+ i i
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] e /
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1500 - No complex type
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500 - \
R Al b, , , , ,
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Jin, Fujita™ et al (2018) J. Biol. Chem.; Ren, Fujita* et al (2019) J. Biochem.
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G-glycans
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" BT E A ERE NS BONMIDT

RINBERHT (BEoRE. REUOYNIST )
RARDFINNBE, D FEDKSIINEH -
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(1) REEEEERFDYU X FDIERK

Group No. of genes

1. Lipid-linked oligosaccharide (LLO) biosynthesis 38
2. N-glycan processing and branching 41
3. Glycosaminoglycan (GAG) biosynthesis and proteins 64
4. O-glycan (mucin-type) biosynthesis 33
5. O-glycan (others) biosynthesis 36
6. Glycosphingolipid (GSL) biosynthesis 77
7. N-glycan / O-glycan / GSL modification 47
8. GPI biosynthesis and proteins 178
9. C-mannosylation 4
10. Sugar-nucleotide biosynthesis 56
11. Sugar transporters 47
12. Golgi homeostasis 19
13. Lectins 172
14. Glycogen synthesis/metabolism 14
15. Hyaluronan synthesis/metabolism 11
16. Sulfate related 18
17. Lysosomal degradation of glycans 16
18. Other Glycosyltransferase (CAZy) 33
19. Other Glycoside hydrolase (CAZy) 32
20. Carbohydrate binding module (CAZy) 15
Total 951
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Chondroitin

Map Number

Lipid-linked oligosaccharide (LLO) biosynthesis
N-glycan processing and branching

Complex capping of N-glycan / O-glycan / GSLs
GPI biosynthesis

O-GalNAc (mucin-type) biosynthesis

O-Fuc / O-Glc / Col-Gal / O-GIcNAc / C-Man
O-Man biosynthesis

Glycosaminoglycan (GAG) biosynthesis

. Heparan sulfate biosynthesis
. Chondroitin sulfate and dermatan sulfate

. Keratan sulfate

. Glycosphingolipid (core) biosynthesis

. Globoside biosynthesis

. Ganglioside biosynthesis

. Sugar nucleotide biosynthesis

. Lysosomal degradation of N-glycans

. Lysosomal degradation of GSLs

. Lysosomal degradation of GAGsy)

. Hyaluronic acid biosynthesis and catabolism
. Human milk oligosaccharide
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GlycoMaple: fEIHFZIEBIRIEY —IL

GlycoMaple

(O5AAaAAX=T))

VESHME]: Glycan Map

Maple syrup = Sugar
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Google TIEX -> Googd
VETHAR IR ZARZR -> GlycoMapd

BEFRABHRCEDVWT, EHEAHIRIEZ
AItRIE, HEETESwebWY—JU [GlycoMaplel DRFE Q%5
https://glycosmos.org/glycomaple/index /

Huang et al. (2021) Dev. Cell
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Calculate each gene expression as

Q > RNA'Seq TPM: Transcripts Per Million
Reads / length of transcript
TPM = & X 108
Model cell: " 2[ tF{eads / length of transcript)
HEK293 ranscripts

-

Analyze 951 glycan-related gene expression

g

Integrate the information to the glycan metabolic pathways

TPM value of gene Biosynthetic pathway
x < 0.1 — Not expressed
0.1 <x<1 — Very weak
1 <x< 4 — )
4= x <20 — ~ Expressed
20 < x < 100 m—
100 < x —
Unknown gene —
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TPM value of gene @ Man O Gal 0O GalNAc € Neu5Ac

=38 Uoe RS > » Fuc @GIlc B GIcNAc o Sulfate
0.1<x<1 —> 20<x< 100 =P _

1<x<4 ——> 100< x —p === Dolichol === Polyprenol o< Phos

i i 20 ? 196 18
\! !/ \I
5

4_
? 1
STT3B “
”b-.'._ OST
STT3A

LLO: lipid-linked oligosaccharide; LLO is a precursor for N-glycosylation.
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TPM value of gene @ Man O Gal 0O GalNAc € Neu5Ac

=38 Uoe RS > » Fuc @GIlc B GIcNAc o Sulfate
0.1<x<1 —> 20<x< 100 =P _

1<x<4 ——> 100< x —p === Dolichol === Polyprenol o< Phos

P Y

8#
9 i
9 T STT3B

STT3A

LLOOSRRIFHAECED 'CE’*’*!H‘J'CM\/EOD%"%

LLO: lipid-linked oligosaccharide; LLO is a precursor for N-glycosylation.
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