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Fig. 1. Elution profile of purified PAS-6/7 on Con A-agarose column affinity chromatography and
SDS-PAGE patterns (PAS-stain). Absorbed materials were eluted stepwisely by 50 mM and 500 mM «
-methyl-D-glucopyranoside starting buffer. Lane 1, MFGM; lane 2, PAS-6; lane 3, PAS-7.



Table 1. Carbohydrate Composition of PAS-7 Glycoprotein in Comparison with PAS-6 Glycoprotein
from bovine MFGM. Values in parentheses are relative ratios to GlcNAc. Amounts are given as the average

of two preparations.

PAS-7 PAS-6
Monosaccharides

Amout(nmol/mg) Amout (nmol/mg)
GalNAc¢ 64.4 (0.4) 50.0 (0.2)
GleNAc 151.6 (1.0) 2474 (1.0)
Man 165.2 (1.1) 4628 (1.9)
Fuc 20.0 (0.1) 41.2 (0.2)
Gal 128.4 (0.8) 143.0 (0.6)
NeuAc 44.6 (0.3) 534 (0.2)

Total(z g/mg of protein) 117.8 198.2

ZFE 98 16.5%9} 10.6%0) t}. PAS-63} PAS-79] F A oA Z ©g2] vl &2 fAFetA T, Man 24+7]
©] H]&Z PAS-70] PAS-6HTt #AE Aok F BEYHAAAM HAEEHE sialic acide
N-acetylneuraminic acid 2 2+ =] 9tk 18] 2 lectin G4 ¥ 9] western blotting2] A3}, N-Z3 3 &
214 3H= RCAI20, LCA, Con A%t 218Hd-& EAY, O-2% F4 € A43h= DBAG Az & 7k
Aol ElEo] F FA A2 N-A¢ FH A 0- 2% ZHE BF 7HAL & Aol &A= UK Table
1).

MFGM-E N-Glycanase 2 233l PAS-63 PAS-79] band ¥} X 71 27 sift= of 3l }e] band 2 ©
Ro] el o] PAS-63} PAS-79] w]H g #-Ake] Zlo) 7t 7 Gy Ao g F-&, 53 N-A3 34

o} 7198t Aol W= Atk

G3

..-4250

Mono- ™

PAD Response (nC)
(IAw) srge0e unipos

0 10 20 30 49 50 o0

Elution time (min)

Fig. 2. Sugar chain analysis of PAS-7 glycans by HPAEC-PAD in comparison with bovine serum fetuin
glycan pool from OGS Prep 1000. A, fetuin as a standard; B, N-linked sugar chains of PAS-7. G3,

isomaltotriose.



2. PAS-7 g x| 5|4

MFGMA 2R el @l PAS-7 Zdize] N-ZAf Fde F2 4L A, OGS Prep
1000(Oxford GlycoSystem, U.K.)'%. o] &3}a] hydrazine 0 2 F3 22 & 3}7, acetyl 7] 7} §2 &
glucosamine ¥ sialic acid S N-acetyl 3} 3} & S92 h-S 2-aminopyridine 0.2 3% #4381 th A o
ol 9}8) FJ A2k A A F HPAEC-PAD HPLC(Dionex, U.S.A.) B4l oJa) A T4 o} 244
HE T2t ATHFig. 2).

HPAEC-PAD HPLCof of3ff &g $4 G2} 4H4d T34 = Reversed-phase HPLCZ ¥} 3} N-
A PAS-7T2 47 o] A E(TN2A, TN2B, TN1A,TNIB)2. 2 25 0] 8.1, 8.5, 9.6, 10.1GU 9} £& 9%
o)) 29:30:25:162) W] & 2 HZ 5 Utk 89 sialic acid S A A §t asialo-& 2] 729 reverse-phase HPLC
o o] & B4 o) A= 37) o] AE(TMNI, TMN2, TMN3)© 2 £ 5| 2 thFig. 3).

Reversed-phase HPLCol| A ¥32] 3|43 2} A& Amide-80 HPLCol &js] #4{3F A3} INIAE
74GU, TN2A = 7.0GU, 7N2B & 6.3GUe) A& QA %, INIBE 5.1GU(7N1B-1)3} 7.0GU(7N1B-2)
92709 B o % AZHYth o] AL INIB7} reversed-phase HPLCO| A 2] 5 7] )8 & 2 & 7}
A ZH AL Jepl ok 223 TN2ASH TNIB-29) Aol A& A AL tHFig. 3).

PAS-72| N-Z3 Z4 9] 7t PASL E ] T Fol| o g F2] vl 9] o} anomeric ¥] & A 317] 98l &
A8 0 Z exoglycosidase 43} 3} <] reversed-phase B Amide-80 HPLC#4-2 30 5ith 1 A3 TN1A

1-Butanol in 0.1M acetic acid (%)

16 26 30 40 > 10 20 30 4
Elution time (min)

Fig. 3. Separation of the Neutral PA-Sugar Chains Obtained from PAS-7 Glycoprotein by Reversed-phase
HPLC in a C18 Column (A-D) and by Size-fractionation HPLC in an Amide-80 Column (E-H). The closed
arrowheads indicate the eluting position of the glucose oligomers indicated by GU (glucose units). The open
arrowheads indicate the positions of the standard sugar chains, 1, II, and III, which are described in the
Material and Methods section. The peaks eluted at 3-5 min were due to contaminating materials from the

reagents.



Table 2. Summary of the Sequential Exoglycosidase Digestion of the N-Linked PA-Oligosaccharides of
PAS-7 glycoprotein. Values indicate glucose units by Amide-80 HPLC and the number of monosaccharides
released. Numerals in parentheses shows glucose units by reversed-phase HPLC,

Sequential exoglycosidase digestion

Code of
Sugar chain Original chain— a -Fucosidase— | B -Galactosidase— A -N-Ac.:et‘yl-
hexosarminidase
Glucose units on Amide-80 HPLC
IN1A 7.4( 9.6) 7.0 1Fuc 5.1 2Gal 4.3* 2 GleNAc
TN1B - (10.1)
TNB-1 51(74) - - 4.3 2GlcNAc
7NB-2 70( 8.1} - 5.1 2Gal 4.3 2 GleNAc
TN2A 7.0(8.1) - 5.1 2Gal 4.3 2 GIcNAc
TN2B 63(9.2) 59 1Fuc 5.1 2@Gal 43 2GlcNAc
7MN1 7.0( 8.1) - 5.1 2Gal 43 2GlcNAc
TMN2 6.3(9.2) 5.9 1Fuc 5.1 2Gal 43 2 GleNAc
7MN3 74( 9.6) 7.0 1Fuc 5.1 2Gal 43 2GlcNAc
7DN1 7.0( 8.1) - 5.1 2Gal 4.3 2 GIcNAc
7DN2 7.4( 9.6) 7.0 1Fuc 5.1 2Gal 43 2GlcNAc
B Oirigianl a -Marno- g -Galacto- B -N-Acetyl- a -Marno-
chain - sidase - sidase - hexosamiridase - sidase
TNI1B TN1B-2 7.0 5.9 1 Man 40 2Gal 3.2 2GkNAc 2.0 1 Man

* 4.3 glucose units was eluted at the same position as that of Mana 1-6(Mana 1-3) Manf 1-4 GIcNAcB 1-4
GIcNACc-PA.
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Fig. 4. Sequential Exoglycosidase Digestion of 7NIB-2 after Partial Acetolysis Analyzed by
Reversed-phase HPLC. A, 7N1B-2; B, reducing end of A after acetolysis; C, @ -mannosidase digest of B; D,
B -galactosidase digest of C; E, # -N-acetylhexosaminidase digest of D; F, @ -mannosidase digest of E. The
closed arrowheads indicate the eluting position of the glucose oligomers as GU values. The peak eluted at 1-2

min is due to contaminating materials from the reagents.



Table 3. 600 MHz 'H-NMR Chemical Shifs (ppm) to the Structural Reporter Groups of Constituent
Monosaccharides of the PAS-7 Glycoprotein isolated from MFGM.

O, GlcNAc; @, Man; m, Gal; A, Fuc. a, not detectable due to the limited amount of sample. nd, not
detected,. GIcNAc-1 is the pyridylaminated residue. Data spectra was measured in “H,O at 23°C(in

parentheses, measured at 60°C).

Chemical shift
R
CPOTIET pesidue INIA NIB TN2A 7N2B
groups
7N1B-1 7N1B-2
PA PA PA PA PA
H-1 GicNAc-2 a a 4.677 a a
Man-3 a a (4.763) a a
Man-4 5.101 5.105 5.125 5.099 5.105
GlcNAc-5 a a 4917 4913 4.913
GlcNAc-5 4.569 4.543 4.578 4.571 4.546
Gal-6 4.569 4.543 4578 4.571 4.572
Gal-6 4.458 nd 4.466 4.463 nd
Fuc 4.458 nd 4.466 4.463 4.459
a nd nd nd a
H-2 Man3 4218 4222 4232 4217 4.232
Man-4 4172 4.1777 4177 4177 4.185
Man-4 4.117 4.116 4.112 4.116 4.115
NAc GlcNAc-1 1.958 1.950 1.933 1.933 1.932
GlcNAc-2 2.063 2.059 2.063 2.058 2.067
GlcNAc-5 2.042 2.050 2.044 2.039 2.043
GlcNAc-5 2.032 2.039 2.039 2.031 2.032
CH; Fuc 1.168 nd nd nd 1.167
Fuce1
Galp 1-4GIcNACE 1-2Mane: ! 4
5 5 4 6 8
Manp -4GIcN Ach 1-4GIcNAc-PA
Galp 14GIcNACE -2Mana1” 3 2 1
6 5 4
Mgnot.l\
Galp 1-4GIcNACR 1\, 4 gManﬁ 1-4GIcN ACB 1-4GIcN Ac-PA
& 5 Mane 17 2 !
2
Gal 14GIcNAcg 177 4
6 5
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Fig. 5. Proposed Structures of the N-Linked PA-Sugar Chains of PAS-7. Glycoprotein. In 7MNT1 and
7MN3, one NeuAc residue is added to either outer Gal, and in 7DN1 and 7DN2, two NeuAc residues are in

*+NeuAca2-6Galp1-4GIcNACB 1-2Manat ™~
3 ManB1-4GIcNACc1-4GlcNAC-PA

+NeuAca2-6Galp1-4GIcNA1-2Manat”

Fuco 1
NeuAocx2-6Galp1-4GlcNAcB1-2Manal~ 6 6
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Fuca il
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7N1A
13.7%

7N18-
3.5%

7N1B-
5.3%

TN2A
16.0%

7N2B
16.5%

7MN1
13.8%
7DN1
0.9%

7TMN2
11.6%



= (aFuc-)i( aGal-)( BGIcNAc-), 9} trimannosyl core, 7N2A+= ( fGal-)( BGlcNAc-),; 9} trimannosyl
core, TN2B+ (oFuc-) (BGal-) i BGIcNAc-):9t trimannosyl core, 7N1B-13= (AGIcNAc-) 9}
trimannosyl core +Z9] Wl G S 713 A S 2 2T} ¢HE TNIB-12 GF 4ol A& TN2A S 2
2 AFE BolT Yot Amide-80 HPLCS] 23 2 &34 exoglycosidase A3+3.¢] HPLCS] A3
( eMan-)i( fGal-),( BGIcNAc-) aMan-), 2] TZZA TN2ASH M2 thE FZ9 g E =AY
(Table 2).

Oligomannose type &4] & acetolysisd}®, Mana 1-3 22t} Mana 1-6 2 Z0] B2 Ao 2
Ags7) 9 & A& ©]§-38he] TNIB-2 ¥] $hd Teke] 1719] Man 7] 9+ 27) ¢} Gal 2471¢) 2 ¢4E
glstdt. 11 A7} acetolysis 9] FLTE FH e FRE (BGal-}( SGIcNAc-) eManl-3)( B
GleNAc-)( BGleNAc-)-PA L] ul F & 714 A o) 15 thFig. 4).

PAS-79] G4 72 & AAsL7] Yl Viegentharts 2] WY S 2 o[ Al 7tA] B ¥ 23 9] spectrad]]
Agshe Rol g8 2SR, 1 A3 INIB-2 ©)9)9] 4709] 4] YEhbE Man H-2 atom
resonance Asn-Ag 28l 72 A¥ A core +FE 1A T 9121, Man-4 & Man-4'¢] C29) 8 -2
T3 GleNAc 7| & 43 bientennary 22 2F9] 41 & Jeby th***Y. $11 7N1B-23= H-1 proton
©] Man-4(5.125 ppm)9] 313} A|ZE Q] ARZRE thE &2 TH £ +2 Aol FAHA
7N1B-29} H-1 proton2} Man-4(5.125 ppm)=} Man-4'(4.917 ppm) 3} 8} A|Z E o] 4 3} 2 2] Man-4'Z
of Bl A gH o] Y= 2 o] QA=A B £o] TN2B & INIAE 242} 1.167, 1.168 ppm 2] CH; proton )]
818} A| LE(Table 3), 12} 2 structural-reporter group2} GlcNAc-2(NAc proton 2.063 ppm)eil e}
T AFH FAR A o3 GleNAc-12719) ¢ 1-62F 3 Fuc 2715 3huty 713 A& vielleh
IN2B= HI &Y T Galzt/1§ sty 7EAE QIAITh, INIB-1& HAEEHA godrh AE IN2BE
GleNAc-5'ol AgHs]o] gl Galztr) & i3 A2 g th A F TN1A, TNIB-2 % TN2A 9] H] 3Hg
2ol N-acetyllactosamine 2] X3 0 2 GicNAc-5 2 GleNAc-5', Gal-6 R Gal-6'¢] H-1 proton <] 3}8t
A ZEZ} Zh2 X o) AR TN2A 9} INIB-20 A AR 7N1B-22] H-1 proton2] Man-3 % Man-4'¢j]
A Ful gl Zpo] S Ho, ¢ 1-6Man G2 7} XS] ¢ AL JeFY ok

3. PAS-72| N-Z% gl v2x2| A

4 o] HPLCol 9] §Fsize 38, &34 exoglycosidase 43}, 52 acetolysis © NMR £4] 2] A s}oj]
o)3) PAS-7 N-ZAF 3349 +2& A A tHFig. 5).

PAS-7 N-AR FH 72 559 T4 B4 559 4 FAZ A o, 4 e
7NIA, 7NIB-1, 7N1B-2, TN2A 2 7N2Bo| A0 7 FAAH o] 17, A A Ho| biantennary complex
type B4 R o] S At A T of vl kol & a 2-6 sialic acid 2 x| &= of o1, 53]
4 T INIB2= TN2AS 5Y¢ 99 2AS /AT o 72F o)A E vl
TNIB-2+ £2}4 exoglycosidase 4-313-2] HPLC 38, B acetolysis £o] £4), NMREA o) o}3)
o e 2 E A3

#%

8 Manp1-4GIcNAcp1-4GIcNAc-PA

>
Galp1-4GleNAcpl
B B /;'Manal

Galp1-4GIcNAcR]

- 10-



ma &

PAS-63} PAS-7& MFGM & A8t 2 g Fold, 254 13} FRE 71X HM E £xp 7ol
Apolal, 7 apol7} ge) shold) 7)9aHe Ro) BT Stk 7)o B A7E AEANA A ¥
oh2 4 Gl PAS-63 PAS-72] Ho] Z 31817] S1al obe] BT 5IA] & PASTS| B4 728 4
2, 0)9] A4 £)012 MFGMe] THE Sgvl Aol B4l of vl Za}ed f40] o) & PAS-63}PAS-7¢] &1
o 948 rAe LA & 972 Aok

MFGM2 2 3-8 Ao 3 2 Con A affinity chromatography S ©}-£-8)] PAS-634 PAS-7& A A 3t4, Z}
I N-ZA3 G F2E 4T A3, PAS-63} PAS-79] ZEHE 717} 16.5%9 10.6% A1, T
22 2} lectin 13143 & A7} PAS-63 PAS-7 REN-2 0-2% 242 &8-3ly AUk

53] £ INIB-29] 72E TN2ASH 58 dd2A & 7HA I Jlov +2F Aol & vehy]
o, u] A Teho) ¥ X E Man Z71E & 7l 712 o] FAF 1 7R E A A E el o) y
-glutamy! transpeptidase 9] T3} = shte) A& 3 YA op.

E3 PAS-69) N-AY FA4 Z= A8 A trimannosyl core F+27F 9 70%E #2319
PAS-63 PAS-72] 4A] ©AS| A Con Aol gt A4 Ao = 3 715 Aol +2FH R Y
530t PAS-7 Con Ast A1880) v obe w4 T2 71 YLOH PAS6 9] P4
HastEe AT gtk

PAS-63} PAS-79] N- 23 4] 2] A A& PAS-62 Asnd1o] 25 2 Asn2090] 15, PAS-7-& Asnd]
o 129 G 7} A= o] YT, Asn-2099] £ trimannosyl core 39| F 7ro) AF = of glth

E Aol P 3A 5 PAS-63 PAS-7T N-A¢ B3 #&2& 7+ o9 d BF 43 A4
I 7t £ 510, sialic acidi= A4 biantennary 2] v & Tdef @ 2-6 A3 T Ao WY
A, IR EE T DA core g 7HA I AT AL ZRE fe @b 8 = glycosylation site
o] golo MY o2& FF3jth o] AL 279 glycosylation site] A A &o] TH& G o] EAE
AAVEHEE. PAS-69] N-Z & 92 9] A 27} biantennary complex type©] 2, 21 70%7} v] X $+¢] 8] 3+
o Mang 7HA 3 lE A3 Asn2099] PAS-6Tto] 1 B4 & F3tE Qe A& TR Y

PAS-6} PAS-79] N-Z & 94 & +Z &, bovine MFGM €] ThE 3= Q. Zhu A ¢) PAS-4 2 PAS-5
M B = w1 & Beke] GalNAcf 1-4GleNAc unite VERA] 3kt o] 34 o) o) 2of st
E &AF bovine H3lFA oA FAA glycosylation site 2 HE] 6-9 olv| At 27 HojA e
tripeptide ®j ¥ (Pro-Xaa-Lys/Arg)S 214311, N-A3 G4 9 GleNAc z7]9] GalNAcE Holdl=
N-acetyl-galactosaminyl transferase 7} £ 3f= o] B 15 A F?. GalNAcB 1-4GIcNAc unitE 34
Bl N-As B3 & o}F 3 .21, bovine Feh 2 o A = CD36, butyrophilin, lactoferrin & bovine >
steAlol o8] YA HE Z2RT Fesl o] EABT . 181 MFGME) PAS-4 % PAS-5E A
28] opmj it vl Fofl Pro-Xaa-Lys/Arg tripeptide Wi 85 ##-31A T, HAskrA falle) 222394+ 0
£ site-specific mannerS HZE 7 i}, o] A& PAS-49} PAS-57} bovine ¥ 3} 44 Sa)lo Z2E
e oE gy §4 A2E 71 AL itk PAS-6/79] obn]iAl vl Hell = Pro-Xaa-Lys/Arg
tripeptide Wl ¥ % {17, GalNAcP 1-4GIcNAc unitE 43t GHAE 9= Ao] &l o], PAS-6¢}
PAS-7%= &) a9 2 2oy o & MFGM 74 e A at= £ glycosylation mannerE 7}

- 11-



AALZ ARH

ZE |3} FZE 7HAHAM PAS-69} PAS-79] N-ZA % 247t Aol & o] = AA,N-2A¢ &2l
o) Aol A F5AQ X A28 TG FA A BHA TS F71-RAA F4 2] A2
A} PAS-72] Asn2099] AALEA] 3k 7HsAl0] glom, o] & FAH| oA o] 5 R H 2| & A
Aol 71918 7} ok 18] PAS-60]x¢] O-glycosylation sites]A] F37F PAS-7¢] Thri5¢]
O-glycosylation sitec] A &} Faj 9} Fold A& A Hd & Aok

PAS-6/7= B QAT Tyt @R Al dol] Z gA EA AT, bovine G AP Fol = EA
§A =t mrahr] PAS-6/79] A E S 7152 RN Bt opet 1 g Ao 432 o
2 710 A goAe e Joi 2 A7 EdEA E1 e ge Aol Algd
th.
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