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Biochemical Studies on the Sugar Chain Structure of Glycoproteins with the
Same Protein Core of Bovine Milk Fat Globule Membrane

J. S. Seok
Department of Food Science and Technology, Sejong University

ABSTRACT

We here analyzed and proposed the structures of the N-linked sugar chains of PAS-7 from bovine milk fat globule
membrane. The N-linked sugar chains were liberated from PAS-7 by hydrazinolysis and, after modifying the reducing ends
with 2-aminopyridine (PA), were separated into one neutral (7N, 55%) and two acidic (7M, mono-, 43%; 7D, di-, 2%) sugar
chain groups. The latter were converted into neutral groups (7MN and 7DN) by sialidase digestion. The structure of each of
these PA-neutral sugar chains was determined by sugar analysis, sequential exoglycosidase digestion, partial acetolysis,
and TH-NMR spectroscopy. The results show that the 10 sugar chains were of the biantennary complex type with and
without fucose. The structure of 7N2A, one of the major sugar chains, was proposed as; [structure: see text] A structural
comparison between PAS-6 and -7 indicated that, although they shared the same protein core, their sugar moiety was
markedly different, involving the existence of a different pathway during the post-transcriptional modification.
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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-glucopyranagside starting buffer. Lane 1,
MFGM: lane 2, PAS-6: lane 3, PAS-7.

VERIRTeeIn] MY 29, 2003 139



pin}

0| 11} XS THI 99 THYTOr PHTHIElS] ) TEO] ToH S o

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

Mono—saccharides PAST PAS6
Amount (nmol/mg) Amount (nmol/mg)

GalNAc 64.4 (0.4) 50.0 (0.2)
GlcNAc 151.6 (1.0) 247.4 (1.0)
Man 165.2 (1.1) 462.8 (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) 53.4 {(0.2)
Total (zg/mg of protein) 117.8 198.2

9] band 9} 217} ZF siftH o] 31+ band 2 & 30| &
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Fig. 2. Sugar chain analysis of PAS-7 glycans by HPAEC-PAD in comparison with bavine serum fetuin glycan pool
from OGS Prep 1000. A, fetuin as a standard: B, N-linked sugar chains of PAS-7. G3, isomaltotriose.
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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, |, I, and ll, which are described in the Material and Methods section. The peaks
eluted at 3-5 min were due to contaminating materials from the reagents.
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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.

Sequerntial exoglycosidase digestion

Code of Py
sugar chain - ; -Fucosi ¥ i ~AACE
e A Criginal chsin —y o-Fuwosidase — p-Galactosidase —p hecosamiri 698
Glucose unts on Amide-80 HPLC
TN1A 74 (3.6) 70 1Fuc 51 2Gal 4.3% 2GicNAc
7N1B - (10.1)
INIB-1 5.1 (74) - - 4.3 2GkNAc
INIB-2 70 {81 - 51 2Gal 43 2GkNAc
TN2A 7.0 (8.1) - 51 2Gal 4.3 2GlcNAC
7N2B 6.3 (8.2 59 tFuc 51 1Gai 43 2GkNAc
NI 7.0 (8.1) - 51 2Gal 4.3 2GikNAc
TMN2 6.3 (8.2) 59 1Fuc 51 1Gal 4.3 2GlcNAc
TMN3 7.4 (9.6) 70 1Fuc St 2Gal 4.3 2GkNAc
70N 7.0 (8.1) - 51 2@Gal 4.3 2QGkNAC
7DN2 7.4 (9.6) 7.8 1Fuc 5S4 2Gal 4.3 2GicNAc
B Orginal aMarmo- p-Galacto- B-AMAcedd- e-Marno-
chain sidase sidase hexosamiridase = sidase
INIB 7N1B-2 7.0 5.9 1 Man 4.0 2Gal 3.2 2GKkNAC 2.0 1Man

* 4.3 glucose unts wes eluted at the sarme position as that of Mane1-8 (Manet-3) Manft-

4GICNACP1-4GNAC-PA.

32 H)$) 9} anomeric WIS AA8H) ko] EAF
A0 7 exoglycosidase 231314] reversed-phase 9
Amide-80 HPLC41-& 33l9ith 1 A INIAT
( @Fuc-)i( 8 Gal-)y( B GlcNAc-),$} trimannosyl core,
TN2AE (BGal-)y( 8GIcNAc-),9} trimannosyl core,
TN2BE (o Fuc-)i( 8 Gal-)i( B GlcNAc-), 8} trimannosyl
core, TN1B-1= ( 8 GlcNAc-), 2} trimannosyl core T
29 wjdE& /M 202 = AT & INIB-12=
g 240l TN2AS 22 AAE Hoji gley
Amide-80 HPLCS] 23 9! Fa1A exoglycosidase 4
5199 HPLCY] Z 7 ( @ Man-),( 8 Gal-)a( 8 GleNAc-),
(@Man-), ) FZ24 TN2A S M2 T 7-29) 4]
2 F7% = 3TN Table 2).

Oligomannose type 41 & acetolysisét'd, Man a
1-32&E Tt Man o 1-6 A¥Z O & AP Ao 2 4
o5 7] A& AL o) 43| INIB-2 Bl &4 U |
71¢] Man 379} 2719] Gal 2719} AFEA& &
st 2 A} acetolysis +2 AL I T
2= (8 Gal)( B GloNAc-)( @ Manl-3)( f GlNAC),
(BGIcNAc)-PAY] Wl g 7FY Zlo] A=t
(Fig. 4).
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Fig. 4. Sequential Exoglycosidase Digestion of 7N1B-2 after
Partial Acetolysis Analyzed by Reversed-phase HPLC.
A, 7N1B-2; B, reducing end of A after acetolysis: C, a
~mannasidase digest of B: D, A-galactosidase digest of
C; E, A-N-acetylnexosaminidase 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.
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Table 3. 600 MHz 'H-NMR Chemical Shifts (ppm) to the Structural Reporter Groups of Constituent Monosaccharides

of the PAS-7 Glycopratein isolated from MFGM.

O, GIcNAC: @, Man: |, Gal: B, Fuc. &, not detectable due to the limited amount of sample. nd, not detected,. GlcNAc-1
is the pyridylaminated residue. Data spectra was measured in 24,0 at 23°C (in parentheses, meastred at 60C).

Reporter Residue Chemical shift
groups MA TNIB TNZA 7N2B
TNIB-1 TN1B-2
PA PA PA PA PA
H-1 GlcNAC-2 a a 4.677 a a
Man-3 a a {4.763) a a
Man4 510 5105 5125 5.093 5105
Man4' a a 4917 4.913 4913
GlcNAC-S 4.569 4543 4578 457 4.546
GleNAe-S 4569 43543 4578 457 4572
Gal-6 4458 nd 4466 4463 nd
Gal-6' 4458 nd 4466 4463 4459
Fuc a nd nd nd a
H-2 Man-3 4.218 4.222 4.232 4.217 4.232
Man4 4172 4177 4177 41477 4.185
Man4" 4.117 4116 4.112 4.116 4.115
NAc GicNA¢-1 1.958 1.950 1.933 1.931 1.932
GIcNAC-2 2.063 2.059 2.083 2.058 2.0687
GlcNAC-5 2.042 2.050 2.044 2.033 2.043
GlcNAc-S 2.032 2.039 2.039 2.0 2.032
CH3 Fuc 1.163 nd nd nd 1.167
Fucad
Galf 1-4GIcNACE +-2Mana ! {
6 ) 4

Galp 14GINACS 1-2Manat” 3
6 5 4

Mans 1
Galp 14GRNAS I\, 4
& 5 Mana1”
Galf 14GIcNAcg 177 4
6 5

PAS-78] B4} T-2E A8 A3l Viiegenthart's
o] HhH 0 2 o)A 74A) R 4] spectrac] A58}
L Rof 8] 251t 1 A5} 7N1B-2 018 4
719 A& L}elul= Man H-2 atom resonancet
Asn-AE 22 73 AHA core THE 7FA L L.
1], Man-4 @ Man-4" & C29] B-A%3 GleNAc]
2 343 biantennary 28 1de] EAE YeRtH
@2 53 7N1B-2+= H-1 proton] Man-4(5.125 ppm)
o] 3ot A|ZE ] ARtz HE UE 2 NFH ED T
Z91 Z10) 345 Q). IN1B-22] H-1 proton®] Man-4
(5.125 ppm) ¥} Man-4’ (4.917 ppm) 3} A| ZE 0] A}
Z7E] Man-4’ Zo] 0] X2k Ho] Q= Z10] It

g
8 Manp 1-4GIcN Ach 14GIcNAc-PA
2

1

gManB I-4GlgNAcp 1-4GIcNAc-PA
1

0] TN2B T TNIAE 242} 1.167, 1.168 ppm 2} CH;
proton &) 3}8}F A XL E(Table 3), 12| AL structural-reporter
group] GleNAc-2(NAc proton 2.063 ppm)°ll YERH=
AP FPYA ol 3l GleNAc-137]9l| o 1-62 &
Fuc 715 31 74A 28 LEbilrh TN2B= v 2
atto]] Gal 71 E sl 71 2 UAIRE TNIB-12 HE
57| ekgke}. A TN2BE GleNAe-5" o At o] 3l
Gal7) & Frat A& FARich A2 TN1A, TN1B-2
o TN2A S 13 B9 N-acetyllactosamine ] ]
302 GlcNAc-5 2 GlcNAc-5', Gal-6 & Gal-6" &)
H-1 proton?] 318 A|ZEZ} Z47F AXFct, A
TN2A S} TN1B-2914 A% 7N1B-29] H-1 protong]
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Galp1-4GIcNACB1-2Manal~ g e INIA
3 Manp1-4G NAcB1-4GIcNAC-PA A
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2 GlcNACB1-2Mana 1~
@ € Manp1-4GIcNAc1-4GIeNAc-PA  TNI8-1
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®) Manal>g 7N1B-2
Manp1-4GIcNAcB1-4GIcNAC-PA -
Galp14GICcNACR N o a3 B 5.39%
Galp1-4GIcNACpI”
4 Galp1-4GIcNAcp1-2Manal ~»
@) © Manp1-4GIcNAcB1-4GIcNAC-PA  TNZA
Galg1-4GIcNAcB1-2Mana 1~ 16.0%
Fucat
(5) Galp1-4GIcNACBt-2Manat S g %
3 Manp1-4GIcNACp1-4GIcNAC-PA 7N2B
GlcNAcg1-2Manat1” 16.5%
Sialo-sugar chains
7MN1
(6) *+NeuAca2-6Galp1-4GleNAcB1-2Manal~g 13.8%
3 Manp1-4G lcNAcB1-4GIlcNAcC-PA 7DN1
P
+ NeuAcq2-6Galp1-4GIcNAcp1-2Mana 0.9%
Fuc«l
(7) NeuACaZ-GGalp1-4GlcNAcB1-2Mana1\,6 6 7MN2
3 Manp1-4GicNAcB1-4GicNAc-PA 11.6%
GlcNAcB1-2Mana ’
Fuca
(8) +NeuAca2-6GalB1-4GIcNACB1-2Manat~ . & 7TMN3
3 Manp1-4GIcNAcB1-4GIcNAc-PA  17.6%
+ NeuAca 2-6Galp1-4GIcNAcB1-2Mana1~" 7DN2
1.1%

Fig. 5. Proposed Structures of the N-Linked PA~Sugar Chains of PAS-7 Glycoprotein. In 7MN1 and 7MN3, one NeuAc
residue is added to either outer Gal, and in 7DN1 and 7DN2, two NeuAc residues are in both outer Gals.
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£ 1-4GIcNAc unit S 3H-5H= N-2 g Gl ofF 3
o bovine FHYAAAE CD36, butyrophilin,
lactoferrin & bovine H3FrAldl o8 SAHE T2
BEo) ZEHO] EZARTH, 22t MFGMY
PAS-4 U PAS-55 A1 9] obu] Ak vl G ol Pro-Xaa-
Lys/Arg tripeptide ¥} -8 Hi-31A] 2, A 8k -2l
o] 32 R thE site-specific manners KT
9 T}D, 0] R & PAS-4 9} PAS-57} bovine 3 3FF4] -
do) s ERIE g 4l $4 ARSI/ AL 9
o] gic}. PAS-6/79) ofu] At Bl oll= Pro-Xaa-Lys/
Arg tripeptide W1 9= 911, GalNAc 8 1-4GlcNAc unit
2 3ha G £ QU 2ol ER1F] ], PAS-69FPAS-7

A S99 2 2oy & MFGM T4 3¢
WA 7k 8 alycosylation mannerS 7F 2.7 A
2R} 359 12} F2Z 7 A PAS-69)F PAS-7
O N-AE F27t dol & ol AA, N-ZAE S8l
Fo] A A B AA-gEud FHAL
S BulzdA e F]-AAA 28] HZA
PAS-79] Asn209° AALEA] A3kE 7H5Ado] 3loH,
o)7L A A olA 0|5 wriiA e} vk FAel 71]l
& =7} 9lck 12 31 PAS-6°1141 2] O-glycosylation site
o|A] 247} PAS-79] Thr15¢] O-glycosylation site]]
Aol g2y ob Aol st Aw A HE 4= 9l g Folt.

PAS-6/75 B AT Al L Hale] Ao & Y
Al ZA8A 7 bovine 3T 2Tl EjeHA]
=} nlebr PAS-6/72) BEEH 7)1 Aol
A ek ot 1 gama e AL ohE A7
o) gumAS dpsked oM £ dT B
24 Fu) ol duAolg Alg A
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