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Development of novel analytical methods of sugar chains and their application
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to the structural analysis of sugar chains from bioactive glycoproteins

Masaya Ohta

ABSTRACT

I developed novel analytical methods of Asn-linked neutral- and sialyl-
oligosaccharides, and O-linked oligosaccharides derived from glycoproteins
with use of high performance liquid chromatography . (HPLC). The
oligosaccharides were labeled with a ultra-violet absorbing compound,
p—aminobenzoic ethyl ester (ABEE), by reductive amination to obtain
high sensitivity of detection and sufficient resolution on HPLC. The ABEE
derivatives of the neutral oligosaccharides can be efficiently separated by a
combination of norm‘al—phaser and reversed—phase HPLC and the anionic

oligosaccharides by a combination of anion-exchange and reversed-phase

HPLC. .
~ These methods have been successfully adapted for the analysis of the
thgosacchandes from some bioactive glycoproteins.

I) A sea squirt H-antigen was found to contain the followmg
allergerncally active O-linked oligosaccharides: GalNAc f1-4(GalNAc al-2
Fuc a1-3)GlcNAc B1-3GalNAc—ol, GalNAc 81-4GlcNAc f1-3(GalNAc 81-4
GlcNAc B1-6)GalNAc-ol, GalNAc B1-4(*+Fuc al1-3)GlcNAc B1-3[GalNAc 8
1-4(Fuc a1-3)GIcNAc B1-6]GalNAc-ol, and GalNAc 81-4(GalNAc al-2Fu-
c al-3) GlcNAc B1-3[GalNAc f1-4(GalNAc al-2Fuc a1-3) GlcNAc f1-6GalN

“Ac-ol. Disaccharide wunits GalNAcal-2Fucal-, and GalNAc 81-4Glc-
NAc B1- are considered to be the allergenically—specific epxtopes in this sea
squirt asthmatic allergy.

II) Hen egg-yolk immunoglobulin was found to contain three types of
Asn-linked oligosaccharides; monoglucosylated oligomannose type oligo-
saccharides with structures of Glc al-3Man»sGlcNAc-GlcNAc, a series of
oligomannose oligosaccharides, Mans<sGlcNAc-GlcNAc, and biantennary
complex type oligosaccharides with the core structures Manal-6
(Man a1-3) (+GlcNAc f1-4)Man B1-4GlcNAc f1-4(F+Fuc al-6)GlcNAc.

The strucrutal feature of the oligosaccharides was quite different from that
of mammalian immunoglobulin.  The glucosylated oligoaccharides, Glcr
Manrs GlcNAc:, have not previously been reported in mature glycoproteins
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from any source.

[II) Predominant oligosaccharides accumulated in the kidney of a calf with
B—mannosidosis were found to be Man f1-4GlcNAc and Man 81-4GlcNAc

B1-4GlcNAc.

As expected in a f-mannosidase deficiency state, the

terminal residue of the accumulated oligosaccharides was a f-linked
mannose. The structures of the accumulating oligosaccharides were iden-
tical to those accumulated in caprine f—mannosidosis tissues.
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Fig.3 Isomeric structrues of sialyl
biantennary oligosaccharide.
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Fig.5 HPLC of ABEE—sialyloligosaccharides
on a Wakosil 5C18—200 column.
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Fig.6 HPLC analysis of ABEE—sialyl-
oligosaccharides(SI—1~SIV—3)
obtained from a;—AGP on a Wakosil
5C18—200 column.
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Limited periodate oxidation of oligosaccharitol

Fig.7 Schematic procedure for limited
periodate oxidation of oligosaccharitol
and derivatization with ABEE.
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Fig.8 Bio—gel P—4 column chromatography
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Table 1T

ALLERGENIC AND ANTIGENIC ACTIVITIES OF THE FRAGMENTS DERIVED FROM H-ANTIGEN
BY PROTEOLYTIC AND ALKALI TREATMENTS

Specific antigenicity

assayed by RIA as
Allergenic activity detected by skin test

Gi-rep Ei-M DIlla

Sample a b c d e f g h (e/g) (g/8) (2/8)
H-antigen 1.05 <0.01 <0.01
HPG + + ++ + + + ++ * 0.81 0.03 <0.01
HPG-s1 +-+ + + + + 0.05 <0.01 <0.01
HPG-p2 + + + * + <0.01 <001 <001
HPG-g2-N + + + + + <0.01 <0.01 <0.01
HPS + + ++ + 0.04 0.02 <0.01
Gi-rep + + + ++ + ++ + + 1.00 <0.01 <0.01
Ei-M + ++ + 0.05 1.00 <0.01
DIlla ++ + ++ 0.05 0.63 1.00

Note. Allergenic activity was examined by direct skin test against patients (a-h) with sea squirt allergy by
injecting 2 pg each of HPG-B1, HPG-82, and HPG-52-N in 20 ul of 0.9% NaCl, or 1 xg each of HPG, HPS, Gi-
rep, Ei-M, and DIlla. However, highly heterogenous H-antigen was omitted from the in vivo test to avoid
unexpected trouble. When erythema, appearing after 15 min, was 0 to 10, 10 to 20, 20 to 30, 30 to 40, and >40
mm in diameter, symbols of —, %, +, ++, and +++ were assigned, respectively; no symbol means that skin test
was not done. The antigenic activities were assaved in vitro against three rabbit antisera, anti-Gi-rep, anti-
Ei-M, and anti-DIlla, by the RIA method(21) and the specific antigenicity is represented by the amounts of

corresponding antigens on a weight basis.
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Table III

Structures of 12 Neutral Oligosaccharitols Obtained from a Sea Squirt H-Antigen.

Structure

Preparation Allergenicity detected
by skin test
1. HPG-32-N1 — GalNAc-ol
2. HPG-82-N2 —_ GalNAc a 1-2Fuc-ol
3. HPG-82-N3 — GlcNAc B 1-3GalNAc-ol
4. HPG- B2-Nda - GalNAc B 1-4GlcNAc B 1-3GalNAc-ol
5. HPG-82-Ndb + GalNAc B 1-4
GalNAc B 1-3GlcNAc 8 1-3GalNAc-ol
6. HPG-32-N5a + GalNAc81-4
GalNAc a 1-2Fuc a 1-3G1cNAc B 1-3GalNAc-ol
7. HPG-2-N5b - {CeHa03) 81
GalNAca 1-2Fuc a 1-3,4GlcNAc B 1-3GalNAc-ol
8. HPG- 32-N6 + GalNAc 8 1-4GicNAc B 1~
GalNAc 88 1-4G1lcNAc B8 1-6GalNAc-ol
9. HPG- 32-N7a + GalNAc B 1-4G1cNAc 1-3\
GalNAc 8 1-4G1cNAc B 1-6GalNAc-ol
Fucal-3
10. HPG- B2-N7b + GalNAc B8 1-4GlcNAc 8 l~§
Fucal-3 sialNAc-ol
GalNAc B8 1-4GlcNAc B 1-6
Fucal-3
11. HPG-32-N8 + GalNAcl-3GalNAct<__
GalNAcl-2Fucl-3,4G1cNAcl-3. 6GalNAc-ol
Fucl-/
12. HPG- B2-NS + GalNAc 8 14
GalNAc a1-2Fuca 1-3GlcNAc 8 l-:l’s
GalNAc 8 1-4\ (l}alNAc-ol

GalNAc @ 1-2Fuc a 1-3GlcNAc 8 1-6

S 5) Be@a v KR t— ABEE-FE 4D B
RIBESRIEAE, 6) 500MHz H NMR (k4. 5) o #
EDHE L, —fl& LT HPG- f2-N5a DRSEMITER
DWTDLERT 5,

HPG-82-N5a Ei 43\ ¥EERS T & FAB-MS 5547

(IM+HI* m/2979) DiERED» 5, GalNAc, GlcNAc,

Fuc & GalNAc—ol 72:1:1: 1 b i B ABET L a— 1
DM THLZ EDRAL BT oT, EHIENI—AK
RLIE DK, & OE#EORE A F 1t FAB-MS
THOH LickZ A, FROAREMHEYT S m/21217 D
DFA4AVE—2 (IM+HHIT) iz Tm/z260, 434,
024DT7 57 AY MM AVE—IHFBHEENL, Lidis
T\ FEBITHRMM H b ORERLFI A, HexNAc-Fuc-
(HexNAc)-HexNAc-TH 5 & L BHEE S hico X F
MEDHE X b FERITCHMHGalNAC H 2 €V, 26LE
#aFuch 1 €4, 3,4 —EH GlcNAc, 3L EMHR
GalNAcolBEhEh 1 ErEHRE NI, CRHDE
By, ZoEZOERSIE. GalNAcl-2Fucl-
(GalNAc1-)3,4GIcNAc1-3GalNAcol Th % £ E 1 b
hize

K. COESOEHYREMILSE L, ABEE T
23 LT ABEE#E3#4 ) IR Lic, 20 ABEE
=+ I}, ODSHJ A%V5S HPLC CH—DE—
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Fig.9 Structural analysis of HPG— 8 2—Nb5a.
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Table IV

'H Chemical Shift of Major Structural Reporter-Group Protons of Constituent Monosaccharides
for Neutral Oligosaccharitols Obtained from H-Antigen

Chemical shift in compounds, HPG-$2~

N3°

.%

N4a* N5a N6 N7a N7b N9
'—.% D-—‘A’% 3 3 3 3

Residue Reporter group
ppm

GalNAc-ol H2 4.291 4.291 4.237 4.283 4.283 4.283 4.240
H-5 4.146 4.140 4.103 4.232 4.231 4.237 4.189
GleNAc? H-l 4.606 4.612 4.570 4.599 4599 4.599 4544
GalNAc*? H-1 - 4511 4.477 4.508 4.509 4.439 4462
Fuc®? H-1 - - 5.333° - - 5.136 5.338
H-2 - - 3.96 - - ND/ ND/
H-5 - - 4.837 - - 4.866 4.837
Me — - 1.268 — — 1.268 1.261
GalNAc**? H-1 - —_ 5.4014 - - - 5.394
H2 - - 4.216 - - - 4.212
GlcNAC* H-1 — - - 4.537 4.529 4.527 4.490
GalNAc*$ H-1 - - - 4.524 4.462 4.458 4439
Fuc™ H-1 - - - - 5.126 5.126 5.328
H-2 - —~ - - ND* ND/ ND/
H5 - - - —_ 4.867 4,866 4.837
Me — — - - 1.268 1.268 1.261
GalNAc?# 81 — — — - — - 5.394
H-2 — —_ —_ —_ — —_— 4.212

NAc* 2.040(1)* 2.038 (1) 2.043 (2) 2.043 (1) 2.047(1) 2.042(1). 2.039(3)

2.087 (1) 2.071(1) 2.080 (1) 2.059(1) 2.0491(1) 2.053(2) 2.073(2)

2.081(1) 2.092 (1) 2.075 (3) 2.076(3) 2.071(1) 2.082(2)

2.080 (1) )

Note. Chemical shifts are given relative to internal sodium 4,4-dimethyl4-silapentane-1-sulfonate (using internal acetone at & = 2.225
ppm) in *H,0 at 25°C. For complete structures of compounds, see Table Ilf In the heading, the structures are represented as follows: <,
GalNAc-ol; @, GlcNAc; M, GalNAcf1-4:0, GalNAcal-2; A, Fucal-3.

* NMR characteristics matched those documented previously (22, 23 for this structure.

* Signals were assigned by comparison with the spectrum of HPG-f2-N3.

* This signal was connected to the signal at 5 = 3.96 ppm that is assignable to H-2 of Fuc (22, 23) in a 2D-COSY NMR.

“ This signal
¢ Aoxi (2 Wl

g are interch
! Value could not be determined.

was connected to the signal of H-2 of a-GalNAc at § = 4.216 ppm (22, 23).

# Acetyl methyl protons could not be assigned due to lack of reference oligosaccharitols, -
* Numbers in parentheses indicate the number of monosaccharide residues.

Table V

'H-Chemical Shift of Major Structural Reporter-Group Protons of the ABEE-Derivatized
Limited Periodate Oxidation Products

Chemical shift* in compounds, HPG-f2-

N3-A Nda-A N7b-A N5a-A Né-B N7a-B Ng-B
o—r -o-R I?—-P- DI_;’—R n-e—r I?—R‘ D._—A’—R‘
Residue Reporter group
ThrNAc NAc 2.013 2.011 2.000 2.002 — —_ —
GI:NAc’ H-1 4.596 4.596 4.592 4.542 4.527 4522 4.484
NAc 2.073 2.074 2.065 2.076" 1.832 1.815 1.862
GalNAc*? H-1 - 4.536 4.483 4.516 4.511 4.448 4.456
NAc _ 2.065 2.035 2.076 2.065 2.035 2.065
Fuc*? H-1 —_ - 5.114 5.316 - 5.073 5.295
Me -— — 1.264 1.258 - 1.251 1.248
GalNAc??? H-1 -— - — 5.402 - — 5.387
H-2 — - - 4.144 — - 4.196
NAc — —_ —_ 2.023 - — 2031

Note. For complete structure of compounds, see Table H. Details are as in Table IV.

« Data were obtained at 500 MHz in *H,0 solution at 25°C.
* R = ThrNAc-ABEE, R’ = GA-ABEE.
" ¢ Assignments are interchangeable.

sz (R9—B) \ FDFAB-MS 2R 7 b i,
GalNAc—(GalNAc-Fuc-)GlcNAc-ThrNAc-ABEE i
HUT20FA AV E— m/z1064 ((M-H]) &7 7
IAY A AV E—2 m/2861 ETIS &R LIco T DR
£, GalNAc—(GalNAc-Fuc-)GlcNAc- DT IREE D
GalNAc-ol D 3L FEA L TWAH T LR TE
RiT, BEBRLHANL DI, Bbhic ABEE-F

) IEEDBRPEH I BERM(LA TV ERETOLRY T
ODS-HPLC (9—C) & FAB-MSTH#T LIz ¥3
Z @ ABEE-# ) 1 ¥ (HPG-B2-N5a-A) O p-N-
acetylhexosaminidasei{t4#iZ, ODS 7 A THE—Ix
v¥— 7 %5 %, FAB-MS i 81> TGalNAcFuc-
GlcNAc-ThrNAC-ABEE M43 525 F 1 A Y E—7

m/z861 (IM-HI) % LI, TOZ &, FFERET
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K GalNAc 2BED H> b—HiL, FHFHETHHT &
ERLTW5, D B-N-acetylhexosaminidase {51t
1X. a-N-acetylgalactosaminidase (Acrenoniumsp.)
CRRBZHTH > b, a—L-fucosidase (bovine
kidney) WX EHRMH 2R Lk, T D a—N-acetyl
galactosaminidase H{t#i%. FAB-MS %5#7T. Fuc-
GlcNAc-ThrNAC-ABEE Y435 45F 1 4 ¥ m/z
658 ((IM-HI) %527, 2oz &iZ, 51203
BILHM GalNAcH, FucEBERL oA L TW5T &
R LT3, a—N-acetylgalactosaminidase {H{biC &
DELNI-Z D ABEE-4 1) I8, a—L-fucosidase
X 32H{b% %0, ODS-HPLCTHPG- 82-N3/»H15
b iz GleNAc f1-2ThrNAC-ABEE B U BREH
Lo £ LT\ BEAIEZ D a—L-fucosidase k4
{X, B—N-acetylhexosaminidase iz & ¥ ThrNAc-
ABEERAHYT RS ¥ THEI h i

HPG- f2-N5a-A & % D p-N-acetylhexosaminidase
LD * F LS L b BERBLLRTOREE T,
GlcNAc #3123, 4 fi — BT H - - 53, f-N-acetyl
hexosaminidase H{LiC X 3 EB T KO -4
GalNACTREDBHBEC X v\ 3R7HE# GlNAC IKZE{L L
TWAI ERbholke ChOLDERMD &
GalNAcEZIZ, GIeNACBEDANEFEALTWE
ERBME T 5T, L EDOBRERE LTHPG- f2-
Nb5a B O¥EgHIL, &R 3R LA X 5, GalNAcB1-
4(GalNAc a1-2Fuc a1-3)GlcNAc B1-3GalNAc-ol TH
bEHETE I,

EHRIhEEND S, 500MHz 7' 1 b ¥ NMR
THM LI (4. 5) o HPG-B2-N5a D NMR =~
AT 292D a-T/ Ay 270N/ E2D0D
BT/ Ay s Ta by TFan, §d=5.35.4ppm
& 0=4.4-4.6ppm CEME N, LHL, ThbO
T/ AV v s TSa by I INDOREBE. BRTELE
b ) SEET AL a—ADEW D, FEECERETH -1,
% ZC, GalNAc B1-4GIcNAc f1- =¥ D GlcNAc &
#Ho 3 Fucal—~ #F /i3 GalNAc al-2Fuc al- 235
&Lk &, B¥% LTW5 GalNAc 81-4GlcNAc
B1-DT7 /7 AV v 70 bvDrIhny7 MERE
A HERTARDL D, RER2 VKR D ABEE-
Sk ) TEDNMR A2 MAKRBIE L, DR
B, GIeNAPK al-3fEE TFuc AT 5 & (HPG-

B2-Nda-A » b HPG- f2-N7b-A ~D R R U'HPG-

B2-N6-B 15 HPG- f2-N7a-B ~DBiR) |, GlcNACJ
DOH1 7w b Vi3, EFE@E~ (A §=~-0.005ppm)
GalNAc*2 pH-1 7' u b vk, HEHIK & K BREB~

(A 6=~-0.05~0.06ppm) ¥ 7 FT AT ENBDHH
foo TDFucal-BEL & LT al-2 554 GalNAC 235

£ 5% & (HPG- B2-N7b-A i bHPG- f2-Nb5a—-A ~D
B8R, HPG- f2-N7a-B »* 5 HPG- f2-N9-B ~DBE) |
GlcNAC? D H-1 BEREBIC (A 6 ~-0.04~0.05ppm) .
% LT GalNAc*? (A 6 2+0.01~0.03ppm) & Fuc®?

(A 6=+0.2ppm) OH-1 B EHB~> 7 +THZ &
Rb &R,

INLOBRAER LT, HPG-2-NsaD AR b
NTBRE i 6 =4.570ppm (J=8.55Hz) & 6 =
4.477ppm (J=8.2dHz) DT / * ) v 7 Fu b v DY J
F A FRER B-GIcNACS & f-GalNAcH D H-1 7
BV EREBTE, ‘

a7/ AV o sTa hVEBRO2DO0DY FFAR, 2
LI NMR (2D-COSY) ARZ hADFERI S &S0
TREB LI, Thbb, RLEMBBEMEhL =
5.401ppm (J=3.66Hz) D> 7 FiX, HEHME (22) »
bafEE LkGaANACOH-2DY /A Thb &EFHE
EN56=4.216ppm DY FFNE I RAEL—IH&ED
oo EBI, $5 120D 6 =5.333ppm DY 7 F ik,
FucOH-2D7m b v EHEINS(23) 6§ =3.96ppm
DY TFAEDruAe—7 BRI, #->Ty 0
=5.401ppm DY 7 F A a-GalNAc DH-1 71 b v
Ty 0=5.333ppm D> FF AR aFucOH-17"1 b
VThHERB LI,

0 =4.237ppm & 6 =4.103ppm O~ 7 F L, D
FIANY T MERUGHEAE—-VYRLBHE
GalNAcolDH-2 L HS5D 7 m b vy FF N EIRBT
&, ThDOERERM D, HPG2-Nsa D% 3
BERLIEIDICRE LT, DAY IER>WTH
Eik i H s CREERIT 2 Do, 22T, R4 &5
KNMRODF— %R EED B,

1-3 HEPSEE L 7 LA vIRMEDOHES

BHEE L RDESOEEO T LAY VIERER R
T A (%3)\ HPG- p2-N4b Ll LD HEHIE S FED 7
HEREOEHEIT. IEEARD L RR, ESTRES O
S5FRIC>LWTL, FEELRRED LRk o1, EEZR
B LTO ST, TXTHBMER LTH Y, JEET
K 2 EALLLED GalNACERER L - TwWieo HH
RIGRBRC X 57 vy v IR BRIGETIHIRET
LAY TR L MBS h B Z L E VAT BD
T, BHENMNEEATRTIIE, 2o9hthb oo b—
TEES>TOWERFRIEbEWEELbNS, Lihis
T, GalNAcal-2Fuc al-, KU GalNAc f1-4GlcNAc
B1- 0 2 RO WERED, AYHROT VAF—HR
BAETIE b—T o THBHDEHREN S, KRB
T VYV IERESE T & 5 HPG- B2-Nba DRESEI
BORYHETH S GirrephbHRVWEIATWS



: (17) o .

ek, ZZRBME LLEHEIT, £T5FTHREINT
BHY, FRAWETHY. LELHAEDOO-7Y o
v gL R BT 3,

2 . ABEE 23850 AsnE & RIS E BRI~ DIC B
- —BIREHE (18Y) O Asn—EAREHO
BERT (24) —
EFELIZ, ABLOHE (25) RLALKST, kv
R CB% e LINERT GG ORBM A RA IR, WE+HO
Pk Y HUREE R Lich, ST OTEO_ LR
BTEhhols, :
REMBEIL1eG, IeM, IgA D 3BORE I n T Y
YBEEL, TD5bIgCHhEFREDGEFEE L

T ME»SIRORER ERIC & - THEBINERECBT

Ly SR UCORBEI BT 5 & bRt
%5 (26) o LU, ERROERIZ, £TDIgC HPIE
EBATT A DT L, & OBTIIIE S h D5
BB TWBEZ EETRTEDTH D,

M 1gG & 93 IgY OYEAIR O R HIER D 2
R 20w Tid D EARLATE D, BEISTFEN
by TR A EAEORTOAZER L KT
BZERLTHLWEREEIhTHS (27) o LA L.
AR DS TIE, IgY & 1gG ORI b b DERMR L
bhTuwb, TOZ &L, KM, M¥E1eC DIl L
BEAHADFc B E DRAEPHEEA~DOBITIKA DM,
DOFEA 5 2 TWBAEM SRS 5 b DT, FEHEIES
DFMLFIDBRDLI T B,

A% 2 UOEILEORKE Y v 7Y v OSSR, &
T4 RSN, & DICRHEEL. TS T O,
</n77—2F ¢ Ve T2 —~DfEE T ECES#EHE
ELTWAZEDHLAEEINRDDHS (28) o LIl
BEOGRE I nT Y v OWEFRMERIT, ADRES o
TYVERPEDRL STV ZERELRTWB,
BESEREE I DLW TOMERIThh Tt b, BRI, F
MRt RS S RILEM OFREICAIE L, REBEEOR
BOEE MDD ERELMERHDTWHDT, HEH
DL W HBEDL ORI LEETS 5,

2-1 PRtk (IgY) OiEEL L KEgHD SR

PREHitE (IgY) 2. BRI IRE » HAH S DJ
Bl ERUEE LT LEL (25) o 25 LTH
IgY & b BIE TR~ HE (1228K) T I
I L, EBit, ABEETE: L, PRE-SEPCyg —
Y v Uh T sEBio-GelP4h 5 A TREL LTz, Kl
L7 ABEE-# Y I¥iZ. ¥9°. DEAE-SPW D& *
VA 5 A% AVWB HPLC THE L. 1-2-3818) ,
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Fig.10 Ion—exchange HPLC of ABEE—
oligosaccharides obtained from hen egg—
yolk immunoglobulin (IgY).

ZOFER. IR Lick > ehiEsy (N) & 220
EttES (SI, SID wohRE hic, ThEnORS D
E&E. NESH60.2%. SIESH32.3% SILES
M7.5%8TH-Teo SI & SIESOBEHARIR. £h?
hE/. Yv 7 ABEE-# Y IHESEORHA B I Y
Lic, SHEABEES,2 Y7 ) ¥—E0BTS &,
DEAE-HPLCTERTHUERSTEBE LicZ &b,
B, $TRXTYTABTHD Z Ehbh ol T
ZETIR, FHEES (N)  BLUOBRY 7B X vk
FEiEES (SINR U SIIN) DRSS 51T - o

HtE ABEE-A U 8BS (N) 12, ¥HH 7 A TH
% Wakosil 5C18-200 THE LI & Z AR IR T LS
CoBES N 25600 B30 D DEIIEH Lict ) 8
. avhaFr Y v A (Con-A) DVIFVHT AR
BRE LY 100mM D a2 FAR YV /v KEEEWKT
BHENDZZ &b, B3 v/ —ABNESETH 5 L HERI
Ehd, O/ Y/ —REA Y 5 NMES &6
%Ll B< Y/ —AREGHIT. ODS-HPLC TEER
BoEEcE VWO T, Amide-80 5 5 4% HWWAHPLC
THEELIcEZ AL 6 DORGEHEELT: (NM-a~f,
M12) o Z® 5 H NM-a~——eBESDOEHAME X, B
Be v/ =AY afE (BEEH35-39) LELTHEZ L
5, Hexs gGIcNAc,-ABEE KA 3 5 & HEE Shic,
NM-f B4 D513 Amide-80 1 5 Ak X ABHNE
B, MangGlcNAc,-ABEE X b & HexFedk: 1 4572
DR WEHEHE SN,

ODS 5 & (K1) T50 5 LABRIESHT 54 ) L8
(NCHZ &%) 13y 3 2DFS (NC-a~—c) &%
REShTRY, TOBHMER, EEREREMED 24,25,27
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UV ABSORBANCE at 304nm

Fig.11 ODS—HPLC of neutral ABEE—
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oligosaccharides derived from hen IgY.

Table VI
'H chemical shifts of structural-reporter groups for the ABEE derivatives of oligosaccharides.
D, B(B)
Manal-2Manzl
&
$Manat
3 2 1
D, A(A) $Manp1-4GlcNAcf1-4GicNAc-ABEE
Manal-2Manal
a DDy C(C) 4
Glecal-3Manal-2Manal - 2Manal
Reporter Residue Chemical shifts* (ppm) in
group
NM~—f NM—e NM—d
GlecMan,GN,-ABEE GlcMan,GN,-ABEE GlcMan,GN,-ABEE
MangGN,-ABEE Man,GN,-ABEE
H-1 GlcNAc-2 4619 4.617 4617
Man-3 4.762 4.763 ND®
Man-4 5337 5.336 5.338
Man-4' 4.867 4.865 4.867
Man-A, (-A")* 5.403 5.402, (5.083) 5.403, (5.082)
Man-B, (-B’)° 5.144 5.143, (4.903) 5.144, (4.904)
Man-C 5309 5.308 5307
Man-D,, (-D})* 5.039 5.037, (5.052) 5.037, (5.056)
Man-D, 5.054 5.052 5.056
Man-D, 5.039 5.037 5.037
Glc-a 5.258 5.256 5256
H-2 GlecNAc-! 4.342 4.336 4.338
Man-3 4.216 4.215 4215
Man-4 4.091 4.090 4.090
Man-4 4.152 4.151 4.151
Man-A, (-A")* 4.112 4.108, (4.068) 4.109, (4.069)
Man-B, (-B")¢ 4.016 4.018, (3.990) 4.017, (3.984)
Man-C 4.112 4.108 4.109
Man-D,, (-D})¢ 4.239 4238, (4.068) 4.238, (4.069)
Man-D, 4.070 4.068 4.069
Man-D, 4.070 4.068 4.069
NAc GlcNAc-t 1.906 1.907 1.909
GlcNAc-2 2057 2,055 2.057

* Dala were obtained at 500 MHz in *H,0 solution at 25°C.

* Value could not be determined merely by inspection of the spectrum.

© A’. B’ and D) mean the mannose and glucose residue without Man-D,, Man-D; and Glc-a, respectively.

50

Fig.12 HPLC analysis of the pooled ABEE—
oligosaccharides in group NM.



CHYMLE E1BR) . ;

E/vT7uBLYY T ABEE-F U 2L, ¥
TAVBEREBRELTHLSES Y IEES (ThEh,
SIN & SIIN @4 L iy L) OREgEE, ODSh 5 AR
kv, #hEn9 E sy (SIN-a~i) & 5 B4 (SNII-a, b,
d,f,h) e4oIhi (F11) .

2-2 NME4 D ABEE-# ) THESROREE

EB4S NMd, e, fiZ. 500 MHz 'H NMR & X OB
HEERE{b X b BMERD NM-a, b, ciX, BPEEE
FM(LR X VSRR, 6 K NMR S DER
. RTCEEEZTRT,

NM-f D'H NMR CiX, a-Man 8 BHHHMT % H-
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178 bvEaGlelBErHEYTIH-1Tn by (4§
=5.258 ppm. J=4.2Hz) v 7 FrpHEh, 20O

T IAAYv 7 MER. XEEEE D GleiMangGleNAc,

(29) &Lk —FH LIz GlcNAG1, GlcNAc2H &
U'Man-3 0D ¥ 7 F A f1{812 ABEE OB X v EFET
7 b LTWBEFHEEh 58, ERERES 1(M-GN-GN-
ABEE) & 2(M3*GN*GN-ABEE) DA R p & 2-
TI/EY O VERLY) TR (30) DARI PLED
W8S, 6 =4.619ppm & 6 =4.762ppm DY FF v
i, FhEhGlecNAC2 & Man3DH-17 1 b+ V' TH
Y, 6=1.906ppm & 6 =2.057 ppm D 7 F ik,
GIcNAc-1 & GIcNAC2DN-T 25478 bV TH 5
LIRBHSR I

Table VIIX

Proposed structures of Asn-linked oligosaccharides obtained from
hen egg-yolk immunoglobulin (IgY).

Structures 2@

Fraction No. P

Relative amount ©

N SIN SIIN
Mm\xi-z\lmnks
AN .
. Man 1-2Mana1-3 Svan-R NM-£ 21.4 - -
Gleal - 3Manal ~2Manai-2Manat”>
(Manal-2), {Hanaks e
Manai-3 JMan-R NM-e 4.4 - -
Glcal-3Manal-2Manal -2Manal”
Mandi~g
-2Man
: Mandi~3 “‘gu,,,_n NM-d 1.3 - -
Glcal-3Mand1- 24ant-2Manal””
Manal-2Mandi~g
Mandl\s
- Manal-2Manat-3 jMan-R  NM-e 5.7 - -
Manal-2Mangl-2Manal”
Myanar
(Mana1-2)3 { Mana1-3 \g,..an_n NM-d 1.9 - -
Mandl””
Mandi~g
zlh“a N\,
-
(Mana1-2), | Manal . '/gMan-R NM-c 0.7 - -
143
Hanuks .
lh’n AN
(Manal-2) "ﬂ"u”?m '/gnan-n NM-b 0.2 - -
na
Manal
§ \gnme\G
Manal” R NM-a 0.1 - -
’ Manat”
GlcNacB i NC 2
Galpg1-4Gl 1- ! -a 9.
glracloicpl-arahe & w  SIN-h 25.7
GalB1-4GLoNAC 1 -Mana 3 SIIN-h 5.8
GlcAcB1
GalBi-4GlcNAH1-2Mana k. | NC-b 8.5 _
. . l,Juan-a' SIN-1 1.8
GLeNACBy
GloNacB1-2Manay ¢ 4
U - - -
Gl.cNAcBl-ZHanﬂ/Jﬂan-R ne-e 8-
Galp1-4GloNAcg-2tang o SIN-f 1.6
Man-R* - -
Galg1-4GLcNACR 1 -2Mang 1~ SIIN-Z 0.8
GleNAcB1
GalBl—4GICNAc81-2Mam1\6 J SIN-d 1.4
Man-R - - .
GalB1-4GLcNACB1-2Mana -3 SIIN-d 9.2
&lm—dclcNAcﬂl-Ztaxmksﬁan SIN-b 0.8
~R -
GalB1-4G1cNACB1 ~2Manal-? SIIN-b 0.7
uncharactarized NM-b <0.1
Oligosaccharides d SIN-a,c,e,g 1.0
SIIN-a : <0.1

@ R=-GlcNAcB1-4GlcNAc,
b gee Fig. 11 and 12.

R’ =-GlcNAcB1-4(Fucal-6)GlcNAc.

€ relative amounts are expressed as pexcentage of the total

oligosaccharides.

d Structures could not be determined due to the limited amount

available.
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Ll EDER NS, NMA{BES OBERR T IR LIz
HIRE LT,

NM-e B D NMR A< b id, NM-f B4 CHRH
EREIMEDT /A v o7 a by I FAEILT2
DOHFHLWT /A Yo s v by TFAk, 0=
5.083ppm. & 0 =4.903ppmicEx% (FE6) o Zh
OV IR, XEMELORB LY, ThXhMan-
D2 hiEE LTt Man—A RO Man-D3 DEA LT
WibMan-BOH-10 > 7+ (Man-A’ , Man-B' )
LIRBTE (31) . GlgMangGlcNACABEE A%, Y
T8 NM—f 7 5 Man-D2 % 7213 Man-D3 D\ h e bt
REBLIEBETHD I EHTRBRL TV, EBE, 0=
5.037 ppm D ¥ 7+ (Man-D1, Man-D3) DSEEH,
NMADZThERRTHELIL->TWEI E, 0=
5.052ppm® ¥ 7+ (Man-D1’ , Man-D2) #%#< 7t
TWw3Z &k, F 7R LEEED MangGlcNAc,-
ABEEBREBEHELTWAI EARRLTWS (B1) o &H
iz 6 =4.238ppm (Man-D1 DH-27m }V) O 7+
NWOBERNMALERTHESLoTWH I &, 6=
3.990ppm & Man-B' DH-2 7’m b VL RBTEAH L
WY S FARKREEINSZ ik, Man-D3MKIE LT
BTERRFLTED (31) \ GLBENFELTVWELE
EFRLTWD, '

LA EDFER S NM-—e BES R 7R LK Glg-
MangGlcNAc,-ABEE & MangGlcNAc,~ABEE 734 ¥
NAZEREhER ST, TDEEIR, 43:57 Th -1

NM-d DES . BRI OERE» D, PEDGleE
EREF N5 2 & FAB-MS S OEREH b.GleMang-
GlcNAc,—ABEE & MangGlcNAc,~ABEE DN RAE
LT EHEES NIz, ZD4 Y THEDNMR A7 b
A (6) 3. NMeBESOESETRIHEIALT / AV v
27n b VERULY T FAERLI, b, T—2ik
RLTWieWAL, EREREERE R Ly, bRo—f&
DS % TR LT

NM-a~cEi% 3. BRENEEREHE{b LD, K7D X
5 ICHBERE L (F— 2RRLTWEW) o

2-3 NCE4% D ABEE-4 ) THESEOREE
NC-a~NC—c@i4it. FAB-MS 247, ARSI
VN A F LD DR L84 LT\ 3 h b bisecting
GlcNAc & FucB#E 4 & 2 AMOE AT A ) o< -
HHH, FERTTHHO Gal B (0~2) EVDH B
TENTRERENI, EHIE. Amide-80 & ODS 1 7 4
#HWAHPLCHMH L, kT~ y 7 (K2) & my
R Lk T A, ThENBE AP AT 24, 25,
21 &—¥ L,

Table VIII

'H chemical shifts of anomeric protons and methyl protons for the ABEE derivatives oligosaccharides.

Galfj1-4GlcNAcp1-2Manal
6" b 4"

9
'BGlcNAc

12Fuc

| !

4 6

$Manp1-4GlcNAcB1-4GIcNAc-ABEE
3 2 1

Galf1-4GIcNAcf1-2Manal
6 5 4

Reporter  Residue Chemical shifts® (ppm) in
group
NC—a NC—b NC—c
G, GN,; M;-GN-  G-GN;-M;-GN- GN,;-M;-GN- G, GN,-M,- G, -GN, M,-
F-GN-ABEE F-GN-ABEE F-GN-ABEE GN-GN-ABEE GN-F-GN-ABEE
H-1 GIcNAc-2  4.680 4.682 4.682 4.625 4.700
Man-3 4.690 4.691 4.691 4.762 4.745
Man-4 5.052 5.055 5.053 5.117 5.118
Man-4' 4.998 4.999 4.989 4.925 4924
GlcNAc-5  4.565 4.551 4.545 4.576 4.577
GIcNAc-5'  4.565 4.567 4534 4.576 4.577
Gal-6 4.463 - - 4.467 4464
Gal-6¢’ 4.463 4.466 - 4.467 . 4.464
GlcNAc-9 4.463 4457 4.456 - -
Fuc 4.849 4.854 4.853 - 4.850
NAc GlcNAc-1 1.938 1.935 1.931 1.907 1.944
GlcNAc-2 2074 207 2.069 2.068 2.074
GIcNAc-5  2.056 2.055 2.055 2.052 2.054
GIcNAc-5"  2.033 2.030 2.038 2.043 2.044
GIcNAc-9  2.066 2.065 2.065 - -
Me Fuc 1.120 1.121 1.122 - 1.129

® Data were obtained at 500 MHz in 2H,0 solution at 25°C.



ChbOlEY & bIHERT 5o, 'THNMRIC
LG EAT >l RS D IES L ER-WE (WY
11, 23) @ structural reporter-group 72 b v (H-1
& CHsproton) D7 I ANy 7 MxF &, W
noAy 284S GleNAc-1 (6 =1.931-8ppm) &
GlcNAc—2 (6 =2.069-2.074ppm) O N-T £ F /17
b ¥y GleNAc2 (6 =4.680—2ppm) -« Man-3 (46 =
4.690-1ppm) » Man—4 (6 =5.052-5ppm) & Man—4"
(6=4.989-4.99ppm) OH-17 v b YIERTS
TInmEZ B Ehb, ThS 3ESNTRTHED
a2 7HEE Man al-6 (Man a1-3) 1-4Man B1-4GIcNAc 51
—4GIcNAC-ABEE 2 & A TWAB Z EWbh ol &5
CWTFhoOBES DO NMRARY bATH 6=
2.065-6ppm(N-7 £ F A7 1 b V) & § =4.456-63ppm

HATu b)) OVIFAREETHIE, DK,

Man-3 & Man4B&E 0 H-1 i Z8R/$T 5 v 7/ Fh, &
HEWESH 11 & HNT, mBEBH~NY 7 b (A6 =0.06~
0.07ppm) LTW3Z &, Man—4' ®BEDH-1 v 7
IHMEREB I~ 7 b (A d=+0.07ppm) LT3
ZEhb, A Man D 4 Lk \»H @ B bisecting
GIcNACEENMBEA L TV AT &b tico7c B
6 =1.120-2ppm(CH; 7 1 b ¥) & 6 =4.489-
4.854ppm (H-1 7w b V) v FFihrb, Fuckki
OFENHERHRI. 3B o IBLRINLDY T T,
RO GleNAc2 DH-1 & GIcNAC-1 D N-TEF /17 1
by T F R, EEEERE 23 (GyeGNy* My GNF-GN
-ABEE) O h&BiE—HLTw5Z &, b, Fuck
FEITBETHKMD GIcNAC D 6 fIiz afEA L TWB T &
DEEBE i,
NC-aDARZ hATIE, ZOMIC 4 RIESD -7 /

AV 2 Ta bV IIARBRIEh, Z05BH =

4.463ppm O ¥ 77‘/Wi\'Galv—6<‘:Gal—6’ OH-17nm
v &y 60 =4.565ppm O FF L, GleNAc-5 &
GlcNAc5 DH-17a b v LB TE %, UEDZ &
by NCaDA Y IEHEEIIR 7O L 5 RE L
NC-bDARYZ b T, Gal®DH-1 7w + VIEET
% 0 =4.466ppm DY 7 FADBHEIYETFT LTWBZ &
mby NC-bik, NC-a DREGEH H Gal 1 BEMN KB L
b DTHBHIELRTDLNL, M T, Man—4" O
H-1 v ZF s, NCcDARARZ b&HRT,
0.0lppm #ZHEREE A~ 7 b LTWA Z &b, Man-
4’ (Man a1-6Man) DI Gal HiEE LTV 5 L H#EsE
Ehi: (31) o _
NCcDARY hATiE, GaABRH#EDOH-1 71 b VD
HXT 5 7/ FABELE KB L, Lib GleNAcS
S DOH-17m bvy ZFAR, NCaBZDErhs
HARTERBH~Y 7 FLTWE, ZOZ &iE, NCc
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By NC-b b BIERTTCRE Gal B h & Tchsd 2
EERLTND, B, ThHDY I Ay 7 MER,
=73/ Y)Y VEEEOEhE—HK L (30) o BE
DRIV NCDHDENCcOELELZRTDIO>ICREL
oo By THhDHOREEL, BREMRER{LER X - THE
LR, ECHAE LT — 2R L TWwWinly,

2-4 SIN, SIINE4% D ABEE-4 1 TSR

SIN & SIIN #&i% D Wakosil 5C18-200 1 5 A% %
HPLCD#ER%*K 1 1 KR LTze SIN-h R SIIN-h
2 BEES DL YT ) X — BB L > TELNEE
ERS T BEESD65% % 5d b5, & ABEE-A Y
THED ODS h T 4% iV 5HPLC TD%E) & NMR O
ARY VL, NCaEZDEThE—FH Ll ThbHD
FEMER D, SIN-h & SIN-h 2, K7 R LIS
TH D LRI L OMDBS DRSS BREEE
FHLE, KT HPLCERE L VR TRRLIZLOK
BE L, : '

2-5 IgY MESHOEH

DpEEHiE (IgY) B3RO Asn—EaES#EOEI. 3
DDA T Thbb I a—AkELH Y/ —AH
(GleyMan; oGlcNAcy, £ IgY AV I¥ED 27.1% % 5
H5) . BV /—*H (Mang (GleNAcy, &40
8.5% & 5¥5) v % LT Manal-6(+GIcNAc f1-4)
(Man a«1-3)Man B1-4GlcNAc B1-4( =+ aFucl-6)
GlcNAc D BEHEZ > L —FHEEH (&40
64.3%) EHEEhD (E7) o Thbot) IHE> S,
ManBEMR 7TEELIZSEO S/ Va—REHEY / —
ARIOWEHT, 4 ¥ T E VA7 HEHhDRGE LT
ZTOFERHEZI R Thigly,
Gle;MangGIeNAc, iz TMan B#% 7@ ¥ 7212 8
B>V a—RAEHE<= VY ) — AROBEEEN, BEL L
VROBRCEET D C L2, AsnEA 0L SR
E7my vy 7 OBRBIE U THkD HRERRE L
feo INa v LI NIE< Y 7 — AL ) T,
AsnEEHEHDEEH LT nky vV T OBETF—
L BEERTPEETHLZ EBHMBR TV 5, —HRE
AEERREB T, BE(N) 2 S L Gles
MangGIcNAc B & VR 7 BB I %, EHic/M i
RT3 DDV a—2pBEEN, D2WTal2E
DY) —ASEERIVIETI) IV IZENRE (82) o
Z 0BR T, GlggMang gGleNAc, i2ETE Licho
Godelaine 12 (33)y SNV A—F » £ AEET, HIRER
MEB o/ Nakd 2 v 2 S L GlegMango
GIcNAc, DHESENTFET A LR RR L, AsnHEEH
BT nt g vV FRFIOED D 5 THEM 2R LT
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Wi, B, ZhbDA ) TN, GlcgMany
GleNA b /N ay #—EER Y ) v ¥—EIL XD,
Iha—REXY ) —ARFHEEINRTER LI DT
555 EHEE LT Wb, Trombetta i (34) « Th
LORESEDN, £ERETn Ly YV IDOBRTHE L VR
2B ® Man; oGlcNAc, g8~ UDP-Glc 7 5D Gle
BEOEBIL-TELZEWI DTy Y VY
BgxbHH, ChHEIE. B BB F4egwh s
DEBOEYD/NUEFTEBE bR TWA EHELT
W3, IgYHRDGlegFRm~< Y / —ABA Y IFEH, &
O Trombetta D L TV AERIC I > TELR A D
. Th & 3Gl MangGleNAc, D al-2 §#4 Man s,
INIETRNYIVIERBZEREIS>THELEDLY
LM TEAENRD S,

v bOREZa 7Y v, IgD(35). IgM(36). RV
IgE(37) it ®= v/ — 2B L EARO™F ORESEN
FELTO AR, 1gG(28) RV IgA (38) it HAR
OEHEUIFEL TR, MiEIgGCrIHRCBTL.

A oA f
e o
:z;mﬁmn

1, o-fucoslidase

:z)mqm

2, endo-B-N-acetyl
glucosaminidase

- %0

3, aspartyl-
glucosaminidase
(asparaginyl-
N-acetylglucosamine
D amidohydrolase)

4, slalidase
A{}:)343
l S, p-galactosidase

o

6, B-N-acetyl

hexosaminidase
“pa

7, a -mannosidase

oo

8, 8 -mannosidase

O o

TbhDEEXLNBIgY KIE, b PgGERRAY, &
<V ) — AR EAROHAOBENFELTWLZ &
2 EHCHREWC ETH B, LI, b bDIG
CHEETAEHERT T ABEAHTHY,

1) bisectingGlcNAc & Fuc BREDH HFZEE L\ D,
2)bisecting GIcNAc B &L N Fuc 2 &8 it D,

3)Fucit&tehi bisectingGleNAc ZE&E s H D KU

. 4)bisecting GlcNAc & Fuc BEOHHZalsd DD 4

FBRCOEE R, 3) DFuci&isdtbisecting GIcNAc
EEEHRVCLORERGTTHS (28) o LrL, IgYT
{2, bisecting GlcNAc & Fuc BREDH % &tr 48
DEFEDERG TH oo 2D &ML, BERE 0
7Y v ORI, WHEOETh LR Bk -sbDT
H5HEHERINS,

¥, MO IgG BIFFEAL LTHA L F~BTT
BB, BEENED L S EBE LTV B DOhRSHOBR
BThH5 (26) , BlfE, MFE IgC OREHEBEE R ST
B TH 5o

1 inlid,
} ninlidena (I) proteolysis

2) B-galactosidase

o
Asn

J) g -N-acetyl ({11) q-fucosidase

hexosaminidase

{IXX} aspartyl-
glucosaminidase

4) a-mannosidase

S} g-mannosidase

l .

6) p-N-acetyl
hexosaminidase
{dog, cat, plg,
cattle, goat,
sheep)

{1V} chitobiase

thuman, rat, rabbit,
hamster, guinea Pig)

: Sia

: Gel

¢ GlcNAc
: a-Man

¢ B-Man
t Fue

)Oe > O

.~ Fig.13 Pathways of catabolism of Asn—linked oligosaccharides.
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B bl 5 A BIH v, B4 OFEEEDO >~
& LTEWTOWATEERE (2) o 2hbiE
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ZOEE LA A ) TEIMERRACER L. RecHitt
Ehb, Wh A4 Y THEERERE U, FhikereE
BHERE., BESIOEHE LTERBAIhD, ZoF ) T
BOSBEEC X AREME S vV BERBREIEDR
TBHREN, 72V F—Y R (a—7avF—EKXKIR) .
a— V)V F—vAR(a—< vV /v ¥—ERA).
GM~H Y 7 VAV F—v R (B—HF7 by E—ER
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EXRBEER L, BHROERTLKRC <V / — A%
¥olod ) IERERT S -~V /v F—v RER,
18I Y FRER I (40) o 2WT, 1986FK b
M < v/ v F—v ADFEFIMEE I hA- (41,42) .
YT XOBEHFIER FERCTTRBELTEY, ¥L
WIHERELYE L, BCRMELIARIEET 55 & hOB
AT FBEN & B T, RO e <
FHETHZERAEVEREEINTWS (4143) ,
FETIE, BAR4DOWEIN—THER U <
V)Y R—VRAEOY VEREERE LT A4 Y IED
&%, ABEE{LEEBWTHH LR 2R <25,

31 VIV RV REVYVOFELLDOF Y I
FESH D SRR
20 DEHELI-BH RELLYVEERRYY) %
WD TR Ay Ko TS5 HREERRRE Ly O
(16000 gx 15min, 2C) LTHREBHxEE LI, K
i3, KcERE L, R UEREL 2 R0 L1, B
Li- b, Eiga15% icic s X o eng o, &
SBEL, U EERE L, LY 1 BEHEREL
o5, K 1ml CEMRE ¢, Bio-Gel P-2 (100-200 mesh)
H5 4 (1.0cmx1lm) ok, BEE 4V I8, Bk
OBERTF FEHRE LT, &) THEESIRIE $ Tl
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N7 CE# L. ABEEE#LAY & LTHHTic
Lo

32 THEA ) THEORE

ABEE-+ Y IO FRKRE (12) 2 bEHR LT,
gt ) IR, EEEEET 3.6 pmol/gwet
tissue Ty f-< ¥/ ¥ F—v REOBREHTIE. 20.6
pmol/gwettissue TH Y, BRELEFTNTZD D,
K14z, <V /Y F—YREYY(1)DBEEER
BH(2)0oxhh»H#EB LIc,ABEE-4+ ) I§D
Amide-80 5 7 A TOLHBERR Lico TDRR -7
v 7 v F—y AMEOEBIE, EEESCIAE LV,
SO ) TSR S hiz, ThEhaBKEL, B
AV IpEL I, Amide80& ODSh 5 AZFHWA
KIEHPLCE. FAB-CAD-MS, * FAbo#T. Bk
HEERHLET X VS RANT, M5, BfEEE
FH L% ZR-HPLCHE & ) 547 LR %2R T,
Z DR, v VBRICERL TV A4 ) TEORER,
K IDISLRETET,

33 TREA Y THOBENE#E v
BXUE b B—=V /)Y F—YREDHE
HIRRLELLE L=V IVEVY—REDYVD
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Fig.14 HPLC analysis of ABEE—
oligosaccharides accumulated in the
kidney of a calf with B—mannosidosis
(1) and normal calf (2) on TSKgel
Amide—80 column.
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BFRCEEL WY IBOBER, B~V /v
V= RED Y FOEBLPERBEER LTV 54 Y I5E
DOREE (40) LRAUTH -t

ThHOERA ) THEOERTHRMRS, TCHE
AManTHBHZ &b, FEM <V /v ¥—ERE
CREETAZENAELNTH D, V¥ &Y F TR, EFR
Y TEOESRZRIUTh -1t THEER., v¥Fk
R YDFNREL BEIL2ETH oo ThiZvvoD
ERIMORITC LB LD EHEI NS,

FER TR a8 Man 2o 1ot ) ITERER L
TwieZ &t RT58HD <V /) v ¥—EDRR
UE2RELTWELDEEL DR, SEROWERBHET
H5o

EbTRE, BTV /U F—Y AR UHELETORESL
YR ERMREET, RPcditahicy, BHcE
BLTWAA Y IR, TRTETLHFNRIE GleNAc 18
DEEEESTB, LTAREHETHALI K -Tc X
S5 RTSBHTHE Y YR Y¥FD <V /v F—

o
(4l

o
o

Relative retention time to Glcs~ABEE
(TSKgel Amide-80 column)
o
//
— ’./"Q
[s]
N~

1.0 12 14 1.6
Relative retention time to Gic-ABEE
(Wakosil 5C18 column)

Fig.15 Two—dimensional map of ABEE—
oligosaccharides and their sequential
exoglycosidase digestion.

Y AT, GleNAc1fE%:%>4 ) IRERIMA T, ¥ b
EA—2EEARO Y IERER LTV 5, ZhbD
B, b bERTHIEY T, R7F FEDL OEHEEY)
YHTEEROEE., ¥BRENRRAELZEERRRL
TWb, b MTiky R7F FEEEESEOTENL, Y
A — XD GlcNAc DEID A 2 T3 % endo— f~N-
acetylhexosaminidase i X D fThbhTW3 Z & 405
hTWwb, £ ZHANRRKRT 5E%TILendo- f—~N-
acetylhexcsaminidase DfIZ Asn & BESE D% FJHr3
% amidohydrolase % R 7°F F & $EgEDE D LT BI 5
LCWAREEMNRD %o Dawson bit, f~<v /v F—
¥ AEY ¥ OBKEFME VAR T COFEELH
ALTW3 (43,4) B\ SEABRTEEL T, 0
HRZHEET ALEND S,

50 Aronson i3y RIBR LT LWEL v 2
BORURBAZRBLTWS (45 o LhrL, OS5
BT, p=<v /Y F—=YREDY Y2V F Man
B1-4GIcNAC BEE L T 5 Z L RFHB TRV, L
rorose. KT BB LS YR HEORLEA
BLoLWTRERIELRTWS LRV, SHEOB
FERFFRIER BV,

IVDaY )V E—ERBETCHD <V /) vV F—
VAT BREAY T TRTEF A — SRR
TEH BILAWIE GlcNAC1B%2Fo4+ ) IR RV
ZERTWic\y (46) o ZDa-& p—< vV /) Y K=
ATOERA ) IO 2 7 —BEORE S BHIIHMLT
X7V @b, Lundblad Hiky a—< v/ v F—v
AFED 7 i Man al-6Man S1-4GlcNAc B1-4GlcNAc
B1-4GIcNAcHEEDF ) IEHNEHEL THY, 7v D
Ba vy BECRF N M)A -ABEERORRILAY
IRELVFET AL D S EBE LTS 47 -, L
Dl BLDB—< v /) ¥ F—Y AFERDWTOHET
i, ZOLS EEOF ) IEIE{RETE b ol

AV IRECLEAF Y IED OBEIIERCBRRTHY,
ThbD4 ) THEORRE 755 AsnHEEEHCZ O

Table IX
Structure of Accumulated Oligosaccharides in B-mannosidosis Kidney.

Peak No. Structure
(A) Manf1—4G1cNAc
(B) Manfil—4Gl1cNAcB81—-4G1lcNAc

(C1)

ManB1—4G1l1cNAcB81—4ManB81—4G1lcNAc

(C2) Manal—6Manfil—4GlcNAcB81—4G1lcNAc

(D) Manf1—4G1cNAcB1—4Manfl1—4G1cNAcB1—4G1cNAc
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Fig.1. Scheme of derivatization of oligosaccharide
with ABEE.

Fig.2. Two dimensional sugar map of 39 different
ABEE-oligosaccharides.
ABEE-oligosaccharides on an ODS- silica column

Elution positions of

are expressed as relative retention time to glucose—
ABEE and on an Amide-silica column as the

number of glucose units.

Fig.3. Isomeric structrues of sialyl biantennary
oligosaccharide.
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[J:GlcNA¢, A: Man, A: Gal, O:a2,3-linked
NeuNAc,@: a2,6-linked NeuNAc.

Fig.4. HPLC of ABEE-sialyloligosaccharides obta-
ined from @;-AGP on TSKgel DEAE-5PW. The
column was eluted as described in the text.

N indicates the position to which all of the peaks
moved after with
sialidase. The oligosaccharides were fractionated as
indicated by the bars. Fractions SI, SII, SIII and-

SIV contained oligosaccharides containing 1, 2, 3

including the components

and 4 NeuNAc residues, respectively.
Components within peak SI-1 contained asialo core
oligosaccharide species of class B, BF, C and CF

" defined by Fournet-et al.(8); SI-2, class A; SII-1,

class BF, C and CF; SII-2, class B; SII-3, class A;
SIII-1, class BF and C; SIII-2, class B; SIV-2, class
CF; and SIV-3, class C. The structures of these

oligosaccharides are as follows:

A B » BF
G-GN-M G-CN-M G-GN-M
M-GN-GN G-GN. M-GN-GN G U-GN-GN
N\ / N
G-GN-M . M GN
G—GN/ P/ M
668
c cF
G-GN G-GN
\u \u
N
6-6%  M-GN-GN c-cn/
G-GN G M-GN-GN
\ N
AN
o-cv "
a-an
Abbreviations used for the - structures = are

GN=GIlcNAc,M=Man, G=Gal,F=Fuc.

Fig.5. HPLC of ABEE-sialyloligosaccharides on  a
Wakosil 5C18-200 column.The column was eluted
as described in text. (A) AGP-SIV-3in Fig.4; (B)
trisialyl triantennary oligosaccharide from fetuin
(Fet-SIII); (C) AGP-SIII-2 in Fig. 4; (D) AGP-
SII-3 in Fig.4; (E) disialyl biantennary oligo-
saccharide from hCG (hCG-SII); (F) AGP-SI-2 in
Fig.4. The arrow indicates the position at which
monosialyl = biantennary oligosaccharide . from
hCG(hCG-SI) was eluted. The structures are
represented by the following symbols:[ J:GlcNAc,
A:Man, A:Gal, O:a2,3-linked NeuNAc, @:
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 a2,6-linked NeuNAc, @:a2,3 or 2,6-linked
NeuNAc,I:GlcNACc-ABEE.

Fig.6. HPLC analysis of ABEE-sialyl oligosac-
charides (SI-1~SIV-3) obtained from a;—AGP on a
Wakosil 5C18-200 column.

Fig.7. Schematic procedure for limited periodate
oxidation of oligosaccharitol and derivatization
with ABEE. '

Fig.8. Bio—gel P-4 column chromatography of
HPG-B2-N. A 67 mg of HPG- f2-N was chromato-
graphed on a column of Bio—gel P-4 (2.6 x 200 cm)
with deionized water at 55C and a flow rate of 6
ml/h into 3-ml fractions under monitoring with

optical extinction at 215 nm.

Fig.9. Structural analysis of HPG-82-N5a. (A)
FAB-MS spectrum of permethylated of HPG- 82-
Nb5a; (B) ODS-HPLC of the ABEE- derivatized
limited periodate oxidation products of HPG-
B2-N5a. Number in parenthesis indicates the m/z
value of [M-H] ion in negative FAB-MS; (C)
HPLC analysis of the products obtained from
ABEE-oligosaccharide by sequential exoglycosidase
digestion. ABEE-oligosaccharide was sequentially
digested with; D , jack bean S-N- acetylhexosam-
inidase; @ , Acremomium sp. o— N-acetylgalacto-
saminidase; @) , bovine kidney a-L- fucosidase;
@, jack bean p—N-acetylhexosaminidase. Arrow ({)
indicates the elution position of the authentic
ThrNAc-ABEE. Open arrow indicats the elution
position of the native ABEE- oligosaccharide.

Fig.10. Ion-exchange HPLC of ABEE-oligosac-
charides obtained from hen egg-yolk immuno-
globulin (IgY). The ABEE-derivatives of Asn
-linked oligosaccharides derived from IgY were
applied to a DEAW-5PW column. The colum was
eluted as described in text.

Fig.11. ODS-HPLC of neutral ABEE-oligosac-
charides derived from hen Ig¥. ABEE-oligo-
saccharides in fraction N in Fig. 10 (N), sialidase-
treated ABEE-oligosaccharides of fraction SI in
Fig. 10 (SIN), and sialidase-treated ABEE-oligo-

- *GN-ABEE;

saccharides of fraction SII in Fig. 10 (SIIN) were
subjected to HPLC with a Wakosil 5C18-200
column. The column was eluted as described in

" text. All peaks in group NM were pooled and

subjected to fractionation by Amide-80 HPLC (see
Fig.12). Three peaks (NC-a~c) in group NC, 9
peaks of SIN, and 5 peaks of SIIN were collected
and subjected to structural characterization. Ar-
rows ({) indicate the elution positions of standard
ABEE-oligosaccharide: 1, My*GN*GN-ABEE; 2,
Mg-GN+-GN-ABEE; 3, M;*GN-GN-ABEE; 4, M-
GN-GN-ABEE; 5, M;*GN*GN-ABEE; 6, M3*GN-
GN-ABEE; 7, M:GN+-GN-ABEE;8, G,-GN,*M;*
GN-GN-ABEE; 9, G3°GN,;*M;*GN+F-GN-ABEE;
10, G’ *GNy*M;*GN+F*GN-ABEE; 11, G+ GNy*M;*
GN-F+GN-ABEE.

Fig.12. HPLC analysis of the pooled ABEE-
oligosaccharides in group NM. All peaks in group
NM shown in Fig. 11 were pooled and subjected to
HPLC analysis with a TSKgel Amide-80 column.
The column was eluted as described in text. Six
peaks indicated by bars were collected. Arrows ({)
indicate the elution positions of standard ABEE-
oligosaccharides: 1, M*-GN+*GN-ABEE; 2, M;3;*GN
3, M;*GN-GN-ABEE; 4, Ms*GN-
GN-ABEE; 5, M;*GN*GN-ABEE; 6, Mg*GN-GN-
ABEE; 7,Myg*GN-GN-ABEE.

Fig.13. Pathways of catabolism of Asn-linked
oligosaccharides. (A) Catabolic pathway proposed
by Yamashita (49), (B) Alternative pathway of
catabolism proposed by Aronson et al . (45).

Fig.14. HPLC analysis of ABEE-oligosaccharides
accumulated in the kidney of a calf with §-
mannosidosis (1) and normal calf (2) on TSKgel
Amide—80 column.

Fig.15. Two-dimensional map of ABEE- oligosac-
and their
digestion. ABEE-oligosaccharides were analyzed by
HPLC on TSKgel Amide-80 and Wakosil 5C18-200
columns. The retention times on TSKgel Amide-80
column are expressed to that of
isomaltotriose~ABEE and Wakosil 5C18-200 as
relative to glucose-ABEE. 1, 2, 3, 4, 5, 6 and 7

charides sequential exoglycosidase

relative



indicate the elution positions of standard Man B
1-4GlcNAc-ABEE, Man f1-4GlcNAc f1-4GIlcNAc-
ABEE ,Man f1-4GlcNAc f1-4Man f1-4GlcNAc-AB-
EE Man a1-6Man f1-4GIcNAc 1-4GlcNAc-ABEE,
Man B1-4 GlcNAc f1-4Man S1-4GlcNAc 8 1-4Glc-
NAc-ABEE, GlcNAc f1-4GIcNAc-ABEE and Glc-
NAc-ABEE, respectively. A, B, Cl, C2 and D in-
dicate the oligosaccharides accumulated in the
kidney shown Fig.14. a, b and c indicate snail -
mannosidase, jack bean f~N-acetylhexosaminidase

and jack bean a—-mannosidase, respectively.

165



