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Background : Protein glycosylation
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Glycans are involved in various phenomena
and diseases

Glycan regulates
protein functions



Glycans in mammals
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https://www.ncbi.nlm.nih.gov/books/NBK579927/

Biosynthetic steps of animal N-glycans
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Typical structure of Golgi glycosyltransferase
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Much is known about sugar transfer reactions, but

the localization mechanism is not understood well

(Tomida et al., J. Biol. Chem., 2020, 298, 102676)



https://www.sciencedirect.com/science/article/pii/S0021925817494385?via%3Dihub

Research question

Biological functions and diseases (cancer, Alzheimer’s)
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Understanding the mechanisms of protein-
dependent glycosylation by glycosyltransferases




Research target: N-glycan branches
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How is each branch synthesized in protein-
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Topic 1 : GnT-lII
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Bisecting GIcNAc and Alzheimer’s disease

Alzheimer’s Disease (AD)
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https://academic.oup.com/glycob/article/20/1/99/2355614?login=true
https://academic.oup.com/glycob/article/20/1/99/2355614?login=true

Bisecting GIcNAc and Alzheimer’s disease
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BACE1 GnT-||| BACE1



https://www.embopress.org/doi/full/10.15252/emmm.201404438
https://www.embopress.org/doi/full/10.15252/emmm.201404438
https://www.embopress.org/doi/full/10.15252/emmm.201404438

Bisecting GIcNAc is a key for glycan elongation
Bisecting GIcNAc
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(Nakano et al., Mol. Cell. Proteomics, 2019, 18, 2044-2057)



https://www.mcponline.org/article/S1535-9476(20)31530-9/fulltext

Bisecting GIcNAc is a key for glycan elongation
Bisecting GIcNAc
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In vitro activity assay
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(Nakano et al., Mol. Cell. Proteomics, 2019, 18, 2044-2057)



https://www.mcponline.org/article/S1535-9476(20)31530-9/fulltext

Bisecting GIcNAc suppresses terminal modifications
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(Nakano et al., Mol. Cell. Proteomics, 2019, 18, 2044-2057)



https://www.mcponline.org/article/S1535-9476(20)31530-9/fulltext

Question : protein selectivity of GnT-lll action

GnT-lII's
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Understanding biological functions and diseases



Topic 2 : GnT-IV
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GnT-IVa (MGAT4A) and type2 diabetes

High expression of Diabetic phenotype of
GnT-IVa in|pancreas | GnT-Va KO mice
Glucose transporter-2 in pancreas
Prof. Ohtsubo |NSulin secretion — enhanced endocytosis
(Kumamoto) ~ Control of blood glucose !
TypeZ2 diabetes

(Ohtsubo et al., Cell, 2005, 123, 1307-1321)
(Ohtsubo et al., Nat. Med., 2011, 17, 1067-1075)

. 77 458
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Cytoplasmic TM

Structure and specificity u W,
of GnT-IVa e

, Relatively large as a
—Structural analysis glycosyltransferase catalytic domain

in collaboration with Dr. Nagae ‘
(Osaka Univ.)

multiple domains??
(Nagae et al., Commun. Biol., 2022, 5, 695)



https://www.sciencedirect.com/science/article/pii/S0092867405011712?via%3Dihub
https://www.nature.com/articles/nm.2414
https://www.nature.com/articles/s42003-022-03661-w

GnT-IVa has a lectin domain

Phyre2 server (prediction of protein fold)

(Kelley et al., Nat. Protocols, 2015, 10, 845-858)

C-term region is similar to a bacterial lectin NagH

# Template Alignment Coverage 3D Model Confidence % i.d. Template Information
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Chain: A: PDB Molecule:hyaluronoglucosaminidase;

1 C2Is6A_ Alignment 14 ppBTitle: solution nmr structure of a non-canonical galactose-
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2 covemA_ lignment 15 ppBTitle: alpha-1,6-mannosyl-glycoprotein 2-beta-n-

acetylglucosaminyltransferase2 with bound udp and manganese
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http://www.nature.com/nprot/journal/v10/n6/full/nprot.2015.053.html

Crystal structure of the lectin domain
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Lectin domain recognizes the product glycan
(Nagae et al., Commun. Biol., 2022, 5, 695)

_ Similar to NagH



https://www.nature.com/articles/s42003-022-03661-w

Lectin domain is required for enzyme activity

Glycan binding
domain of NagH

Enzyme activity

0 0i5 |1
1
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Lectin domain is required for full activity

" Michaelis-Menten data Km for Km for
donor (mM) | acceptor (uM)

207 WT WT 3.24 2444
100- DA45A D445A 3.95 1251
o similar Higher affinity of the mutant
0 200 400 600 800 (roughly half Vmax)

GnGnbi-PA (mM)
(Nagae et al., Commun. Biol., 2022, 5, 695)



https://www.nature.com/articles/s42003-022-03661-w

Two models
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GnT-IVa, -IVb : Why two isozymes?
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(Osada et al., J. Biol. Chem., 2022, 298, 102400)



https://link.springer.com/article/10.1023/A:1006951519522
https://www.sciencedirect.com/science/article/pii/S0021925822008432?via%3Dihub

Enzyme activity toward glycoproteins
UDP-Glo assay
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https://www.sciencedirect.com/science/article/pii/S0021925822008432?via%3Dihub

Lectin domain regulates protein selectivity
UDP-Glo assay

Structure of lectin domain
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2 amino acids were replaced
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(Osada et al., J. Biol. Chem., 2022, 298, 102400)



https://www.sciencedirect.com/science/article/pii/S0021925822008432?via%3Dihub
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Lectin domain regulates protein selectivity
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(Osada et al., J. Biol. Chem., 2022, 298, 102400)



https://www.sciencedirect.com/science/article/pii/S0021925822008432?via%3Dihub

Topic 3 : GnT-V
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GnT-V inhibitor is a promising drug candidate against cancer




3D structure of GnT-V (MGAT)5)

Structure-based inhibitor design
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(Vibhute, et al., BBA Gen. Subj., 2021, 1866,

‘ 130118)

Recognition of substrate protein

Glycan
Catalytic pocket

Substrate analog e ‘ Glycoprotein

i SR\ (E-cadheri
Mechanism of glycan M (roadnenin)
recognition _ : X

J . N-domain . oW - Recognition ?
(Nagae” and Kizuka”, Nat. Commun., © = T=--- -

2018, 9, 3380) (Osuka et al., J. Biol. Chem.., 2022, 298, 101666)



https://www.nature.com/articles/s41467-018-05931-w
https://www.sciencedirect.com/science/article/pii/S0021925822001065?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0304416522000368?via%3Dihub

AN shows reduced activity in cells

GnT-V
WT TM |Stem| N domain Catalytic domain
]
Cytoplasmic C172 C338
AN TM [Stem Catalytic domain
A338

HEK293 GnT-V KO

100
ot o : WT
100 —— 250 | - L < o0
75— W 150 .E | S 4o
: I o~
GnT-V 100 [ 20
37— s i : J PN
; \Weak Mo e e aor
GAPDH LA-PHA L4-PHA-FITC intensity
(GNnT-V product)

N domain is required for efficient glycosylation in cells
(Osuka et al., J. Biol. Chem.., 2022, 298, 101666)



https://www.sciencedirect.com/science/article/pii/S0021925822001065?via%3Dihub

AN shows reduced activity in cells
GnT-V
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N domain is required for efficient glycosylation in cells
(Osuka et al., J. Biol. Chem.., 2022, 298, 101666)



https://www.sciencedirect.com/science/article/pii/S0021925822001065?via%3Dihub

Activity assay toward glycoproteins (UDP-Glo)
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(Osuka et al., J. Biol. Chem.., 2022, 298, 101666)
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https://www.sciencedirect.com/science/article/pii/S0021925822001065?via%3Dihub

Regulation of the levels of GnT-V protein

Small extracellular vesicle

(S EV) (exosome etc.)
Glycan
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Secrete
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ﬁeddlng @ transfer
‘b@ GnT-V = @ -
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GnT-V is cleaved and secreted GnT-V is present in sV
(Hirata, et al., Commun. Biol., 2022, 5, 743) (Hirata, et al., iScience, 2022, 26, 105747)



https://www.sciencedirect.com/science/article/pii/S258900422202020X?via%3Dihub
https://www.nature.com/articles/s42003-022-03697-y

GnT-V protein is increased by blocking N-glycan maturation
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GnT-V is increased by blocking N-glycan maturation
(Hirata, et al., Commun. Biol., 2022, 5, 743)



https://www.nature.com/articles/s42003-022-03697-y

SPPL3-mediated cleavage of GnT-V

MG132: proteasome inhibitor
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SPPL3-mediated shedding dominantly regulates the GnT-V
protein level (Hirata, et al., Commun. Biol., 2022, 5, 743)



https://www.nature.com/articles/s42003-022-03697-y

Reduced GnT-V shedding by blocking N-glycan maturation
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The largest reduction in GnT-V
(Hirata, et al., Commun. Biol., 2022, 5, 743)



https://www.nature.com/articles/s42003-022-03697-y

Mechanism of control of GnT-V secretion
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Amount of GnT-V protein depends on cellular N-glycan maturity
(Hirata, et al., Commun. Biol., 2022, 5, 743)



https://www.nature.com/articles/s42003-022-03697-y

Glycosyltransferase activity in sV

Hypothesis
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Exosome-rich vesicles were prepared "™
(Hirata, et al., iScience, 2022, 26, 105747)



https://www.sciencedirect.com/science/article/pii/S258900422202020X?via%3Dihub

Activity of glycosyltransferase in sEVs
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GnT-V activity is selectively enriched in sEVs
(Hirata, et al., iScience, 2022, 26, 105747)



https://www.sciencedirect.com/science/article/pii/S258900422202020X?via%3Dihub

GnT-V-rich sEVs are incorporated to remodel glycans
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GnT-V-sEVs are incorporated to produce glycans
(Hirata, et al., iScience, 2022, 26, 105747)
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