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FGFs, VEGF, PDGF, HGF,
BMP2, Shh, Ihh, MK, PTN,
L-selectin, N-CAM etc.

DT hone
PROTEOGLYCANS GAG binding
65 . proteins
Ser ° 6S
NS 2SNS 25 NS =
N . HEBORE
AT B I (OYAU RS -3t
48 4L
= M. . b BER K
o ROA F OB - MRREmREE
O GicA @ IdoA [ GicNAc B GalNAc %HH@%,%
Plasma ° ﬁg ﬁ'—TIJ 1ﬁ|]

membrane rb A >E§ 75/*& o %l] 1% 5‘3‘ aﬁj
- MR EE




DV)AYZ/ TV A D FEEERNE
OV RAAFUBREE TILI AR E7ILOVER
(oo oso ) [ 0s0H ) [ uocc N h
o OH | o OH | 0
HO 0 HO O HO HO 0]
° ¢oo ° ° o—
OH OSO;H OH
NHCOCHO3\ ’ NHCOCHog\\ NHCOCH;
\_ GlcA GalNAc _/n\_ IdoA GalNAc _/n \_ GlIcA GlcNAc  _/
WYAUM, NINS TR TR
o OSO3H N e o N ((onon )
HO o o o OSO;H
600 ososﬁi o 0 0
NHSQ3H NHSQsH HO
3 03/ > NHCOCHO3\
IdoA GIctNAc _/n\_ GlcA GlcNAc _/n\_ Gal GIlcNAc _/
OB -
s T/

GIcA: glucronic acid
|doA: iduronic acid
Hr 4 A

Gal: Galactose

GIcNAc: N-acetyl-5-glucosamine

GalNAc: N-acetyl-5-galactosamine

n

n



VY)Y /) hofEE FaTASH

W0

O Gal Xyl

O GleA @ IdoA AU RO4 FUBRBIT LI A

[] GalNAc M GlcNAc /PN o
HCll A7 R INDE

DL“/OF*EDB/OMD QﬁBD QﬂSD Gaﬂ[l GuBD HSDL%QBB(EIB Qﬁ)g%ﬁsoﬁaoﬁaﬁﬁm

ANINYDININS TR

FGFR Antithrombin
.:%QLME [34[3 ém. 445349 Qcﬁt.?‘Qm :7‘90:4[3 Qaa[. 4@[54}%0[53@13@B4ﬁ'ﬁ5£r
NS 25 NS 25 NS |
e

£ﬁ§h§$i’g_ o ] NS NS s[s s[s - N
—HEH-YDFEEBREON. MENRAS, | 7YVIAYS/VIAVRERERED
o L

FRE L/ XOVED BE—mq [ EHTHEEBTSHLL,
IL—ILHHB,

=y=R0:Re)

&l

Chapter 17, Figure 5. Essentials of Glycobiology, Third Edition



SHTICAVWLNAMEYMRBIEI YA /T )honfEiESR
&= D K
| tsxEwm | E® | ®® | pH | @Y

Flavobacterium I

Vo |

heparinum (T RE]) idls (AR ) 10
o . Flavobacterium I =St
Ayl —
A= heparinum (ZUREY) (NN T ASUBRER) 70
Flavobacterium |1 SN _
heparinum (T FEY) EBREIE (NATUBRERHS) - 7.0
ABC . .
. C oy AVEAAFURE/TILAY 8.0/8.0/ —
Proteus vulgaris (:IE;"}J)F WES/ET ILO B 6o TEAMI=iR
Flavobacterium ACl avkFOAF B/ 2 3/6.0
Qv ROA4F+—+ heparinum (TURE) E7)LOVEER o
Arthrobacter ACIl  avkOAFUEs/ 6.0-8.0
aurescens (ZFVE) E7ILOVER o
Flavobacterium B _
heparinum (T2 RE) TILI AR 8.0
_ 4.+ Streptomyces o S5 . A~ EEF0 PO 4
E7R=3—¢ hyalurolyticus (TPRE) EFIVAVE 6.0 /TN
HS/HP HOOC OR; CS/DS HOOG OR;
R EA— 4 @/% e e — N U
OR3 " NHR, o OR3 ° OH

R1, R3 = H or SOS- R2 = AC or SOS- R»] R2 R3 H or SO3 NHCOCH3



200

£

= 150

>

[

g 100

=

8 50

O}

2

@ 0

o

=)

L 50
120

>

g 100

> 80

n

& 60

I=

o 40

=

o 20

7

© 0

S

i -20

(o] —
™A MOT LA
O ROAFUBER
i D@&?

(p]

<5
} a)

< 0
13\ 0

Q |

ol 2
0 10 20 30 40

SYAUM
S
./\i\%\
. \
Y
- 2
(¢p)
| 202 23
Sz¢ %
338 2
: | ¥ n¢
_ L

0O & 10 15 20 25 30

350
300
250
200
150
100

140
120
100

A S IREIRZE.

éj\

W= EaF] = HE D1

TILIAVTRER E7I)LOEE
- 9 1400 - loyoda et al., J. Chromatogr. B., 2011
4
SN 1200 -
. 1000 -
- 800 -
o £
. 0 600 - %)
i 9 i ot
A 400 %
. < 200 - L
__I'\&JL_«.—.———-/\—I_—-—-N—— O __I\~_J /\
T T I I -200 T T T T 1
0 10 20 30 40 0 5 10 15 20 25
Chase ACII: Williams et al., Biotechnol J. 2017
ANINTUTRER TSR3 ER
o — S\
P ) RS
- O 100 - — e
> o R
80 - 5 o\
112 o G &
| T S 0 60 - = G
<0 il BT
: © 58 ¢ 40 -
Qa <=
i 3 (] L |
I I R V- B
] 0 -
1 1 1 1 1 1 ‘20 ] 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25

Time (min) KSII: Wang et al., Glycoconj J. 2017.



KRG EWIBRFES )Y/ ) RERETDEFH
T mE | %R on | Ewm

MENE. M/, - R
NIy HPSE1  “hipe mprumen N/ VT HER 4.0 ATHE
(TREY) oy NINTGUTREE~DEEE
HPSE2 EREIZFIF? S x - -
TBMICHIF+MIZ+ OV FOAFUBER/ "
HYAL1 = E7 L O B 4.0/4.0 A%
HYAL2 — SEMICHE  E7LOUE T i
EFILO=S—+ VAV INOEY,
(ZTUFAY) HYAL3 #FE&E. BHETH<{EE E7/)LOVES? - ?
HYAL4 fef#g fFR&E. B85 3V FOAFURRER 4.5-5.0 A%fE
PH-20 e avkaAFURRES/ "
(SPAM1) ! E7 L 40/45 A%fE

Lysosome (pH 5.0)  MYAL2
HPSE1 O — O

Golg j‘
Endocytosis

HYAL1O
/Nucleus Q\HYALz Endosome

HYAL4?



BHRDT)AT/ 7)Ao REIE RN
— GAGRBLEE L DHEFICEEZTH D,
___GAe | M Ty

NINTDUREE vk Dﬂ%%ﬁhﬂi‘ﬂﬂﬂ@ 3-8 ¥ ]
AN Ek % 30-40 57
v kaAFURER <R M ;% ~13 72
Ek I ;% 3-6 9
v I ;% 2-7 43
iy I ;% 2-5 43
E7I)LAEE Ek HFIR 10~30H
ks B & 18
iyt B 1.25H

Y K& 2H



l: £2 *Jﬁ .,"- Zhou et al., 2020,
: y = IE Intractable &Rare Diseases Research

Mutaation of

Subtypes Deficient enzyme Gene Locus Clinical features

Severe. Skeletal
deformation, coarse

Hurler facial features,
hepatosplenomegaly,
Syndrome cardiac diseases, respiratory
diseases, cognitive
MPS | a-L-iduronidase IDUA 4p16,3 HS, DS  retardation, ocular disorders
Hurler/Scheie .
Syndrome Intermediate
Scheie .
Syndrome Mild
Skeletal deformation,
Hunt coarse facial features,
unter . hepatosplenomegaly,

MPS Il syndrome iduronate-2-sulfatase IDS Xq28 HS, DS cardiac diseases, respiratory
diseases, cognitive
retardation, ocular disorders

MPS Il A heparan-N-squatase SGSH 17q25,3 HS Cognitive retardation, behavioral problems

B a-N-acetylglucosaminidase NAGLU 17921.2 HS
C a-glucosaminidase HGSNAT 8p11.21- HS
acetyltransferase p11.1
D N-acetylglucosamin-6-sulfatase GNS 12q14,3 HS
N-acetylgalactosamine-6- Skeletal deformation, corneal
MPS IV A sulfate sulfatase GALNS 16924,3 KS, CS Senelng
B B-galactosidase GLB1 3p22,3 KS
_ T4l Skeletal deformation, coarse
MPS VI N-acetylgalactosamine-4 ARSB 5q13-14 DS, CAS facial features, may have
sulfatse normal intelligence
. DS, HS, .
MPS VI B-glucuronidase GUSB 7911,21 C4S.CBS Hydrops fetalis
MPS IX Hyaluronidase 1 HYAL1 3p21,3 HA  Cerartoularmasses, mid
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> PLoS One. 2009;4(4):e5181. doi: 10.1371/journal.pone.0005181. Epub 2009 Apr 10. > Am J Hum Genet. 2010 Jun 11;86(6):957-62. doi: 10.1016/j.ajhg.2010.04.016.

Newly generated heparanase knock-out mice unravel Loss-of-function mutations in HPSE2 cause the
co-regulation of heparanase and matrix autosomal recessive urofacial syndrome

metalloproteinases Spm kLM RIS EARE IR R
FF i & B i~ B UL TMMP2EMMPID #3R7
At HPSE2IZHPSE1 (B M £ IAE T HHEEA Y.
Case Reports > Proc Natl Acad Sci U S A. 1999 May 25;96(11):6296-300. HPSE2:E{=F D RI&IZKYHPSE1DE AR
doi: 10.1073/pnas.96.11.6296. EXAY )] &% SN TLVA,
Mutations in HYAL1, a member of a tandemly Guo et al.,, Hum. Mol. Genet., 24, 2015.
distributed multigene family encoding disparate > Genet Med. 2022 Mar:24(3):631-644. doi 10.1016/}.gim.2021.10.014. Epub 2021 Nov 30.

hyaluronidase activities, cause a newly described

: Y U Elucidating the clinical spectrum and molecular basis
lysosomal disorder, mucopolysaccharidosis IX

of HYAL2 deficiency
Periarticular soft tissue masses, mild
short stature, an absence of neurological Orofacial clefting, facial dysmorphism,
or visceral involvement congenital heart disease, and ocular
> FASEB J. 2019 Dec;33(12):14440-14449. doi: 10.1096/fj.201900889RRR. Epub 2019 Oct 31. abnormallty
SPAM1/HYAL5 double deficiency in male mice leads
to severe male subfertility caused by a cumulus-
Oocyte Complex Penetration defect > Matrix Biol. 2008 Oct;27(8):653-60. doi: 10.1016/].matbio.2008.07.006. Epub 2008 Aug 14.
Accumulation of sperm on the outside of Hyaluronidase 3 (HYAL3) knockout mice do not

the cumulus-oocyte complex display evidence of hyaluronan accumulation
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