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ABSTRACT

Three samples of carcinoembryonic antigens were purified from liver
mÃ©tastasesof primary colon cancer. The asparagine-linked sugar chains

of carcinoembryonic antigens (CEA) were released as oligosaccharides
by hydrazinolysis and the structures of oligosaccharides, thus obtained,
was studied in combination with methylation analysis and several limited
exoglycosidase digestions. All three CEAs contain approximately 25
asparagine-linked sugar chains in one molecule and about 10% of them

was high marinÃ³se type. However, structural features of the outer chain
moieties of the remaining complex-type sugar chains were different by
CEA samples. The complex-type sugar chains were mono-, hi-, tri-, and
tetraantennary with Manal-Â»6(Â±GlcNAc/31-Â»4XManal->3)Man81-Â»
4GlcNAc/31-Â»4(Â±Fucal-Â»6)GlcNAc as their cores, half of which were
bisected; 86% of their proximal JV-acetylglucosamine was fucosylated.
The major outer chains in two samples were /V-acetyllactosamine and
GalÂ£l-Â»4(Fucal-Â»3)GlcNAc (X-antigenic determinant) and the remain
ing one sample contained Fucal-Â»2Gal01-*4(Fucal-Â»3)GlcNAc (Y-

antigenic determinant) as an additional major outer chain. Furthermore,
small amounts of type 1 chain and Le* antigenic determinant were found

in some samples. Acidic oligosaccharides consisted of sialic acid contain
ing fractions and sialidase-resistant fractions, and their contents seemed
to be in a reciprocal relationship. Sialic acid was linked at the C-3 and

C-6 positions of the nonreducing terminal galactose residues of the outer

chains.

INTRODUCTION

CEA3 is a glycoprotein which is present in the glycocalyx of

adenocarcinoma cells of the human digestive tract as well as in
fetal gastrointestinal tissues (1,2). CEA has been considered to
be one of the cancer-related antigens, but its diagnostic value is
somewhat diminished, because several CEA-related antigens in
normal human feces (3) and nonspecific cross-reacting antigen
in meconium (4), lung, and spleen (5) have been found by the
development of highly sensitive detection methods. Any device
used to discriminate CEA from the cross-reacting antigens will
therefore improve the value of CEA as a diagnostic marker.

We have recently found that structures of the sugar chains of
liver 7-glutamyltranspeptidase change by malignant transfor
mation (6), and indicated that the enzymes produced in the
liver and hepatoma can be discriminated by an E-PHA Sepha-
rose column (7). Since CEA contains large amount of sugars, a
similar method to discriminate CEA from CEA-related antigens
might be developed by studying the structures of their sugar
moieties. For the purpose of improving the diagnostic value of
CEA, we started to perform a comparative study of the sugar
chain structures of CEA and CEA-related antigens. This paper
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will report the results obtained from studies of three CEA
samples.

MATERIALS AND METHODS

Chemicals and Enzymes. NaB3H4 (230 mCi/mmol) and NaB2H4

(98%) were purchased from New England Nuclear, Boston, MA, and
from Merck Co., Darmstadt, FGR, respectively. Jack bean /S-galacto-
sidase, a-mannosidase, and jS-A'-acetylhexosaminidase were purified

from jack bean meal as described in the previous paper (8). Diplococcal
/3-galactosidase and iWV-acetylhexosaminidase were purified from the
culture fluid of Diplococcus pneumoniae according to the method of
Glasgow et al. (9). Snail /3-mannosidase (10) was kindly supplied by
Seikagaku Kogyo Co., Tokyo. a-Mannosidase I which cleaves only the
Manalâ€”>2Man linkage (11) was purified from Aspergillus saitoi ac
cording to the method reported previously (12). Endo-/3-galactosidase
was purified from Flavobacterium keratolyticus as reported by Kitami-
kado et al. (13). The Flavobacterium strain was kindly supplied by Drs.
Makoto Ito and Manabu Kitamikado, Kyushu University. Almond <>-
fucosidases I and II were purified from almond emulsin by the method
of Imber et al. (14) or Arakawa et al. (IS). Bacillus a-fucosidase was
purified from Bacillus fulminans according to the method of Kochibe
(16). Bovine epididymal a-fucosidase, galactose oxidase, and horse
radish peroxidase were purchased from Sigma Chemicals Co., St. Louis,
MO. D-Galactono-7-lactone and Arthrobacter ureafaciens sialidase were
purchased from Nakarai Chemicals, Ltd., Kyoto. Bio-Gel P-4 (-400
mesh) was purchased from Bio-Rad Laboratories, Richmond, CA.

Purification of CEA. CEA samples were purified from liver mÃ©tas
tases of colon carcinoma obtained from three patients (T. Y., M. Y.,
and T. T.) by Sepharose 6B and Sepharose 4B gel permeation chro-
matography followed by concanavalin A-Sepharose 4B affinity chro
matography as described in previous papers (17, 18). All three patients
happened to be of blood type A, secretor. When the three CEA samples
were subjected to sodium dodecyl sulfate-polyacrylamide gel electro
phoresis and stained with either Coomassie brillant blue or periodicacid-Shift' reagent, they all gave a broad single band of molecular weight

of 180,000. They also gave a single precipitin band when examined by
immunoelectrophoresis using goat anti-human CEA antisera. Only
lysine was found as the aminoterminal component of the three CEA
samples (19). These three CEA samples will be called CEA-TY, CEA-
MY, and CEA-TT, respectively. That all three CEA samples contain
approximately 50% (w/w) carbohydrates was reported in the previous
papers (20, 21).

Liberation of the Carbohydrate Moieties of CEA Samples as Oligo
saccharides. Thoroughly dried CEA-TY (10 mg), CEA-MY (1.5 mg),
or CEA-TT (1.5 mg) was suspended in 0.4 ml of anhydrous hydrazine
and heated at 100'C for 8 h as described in a previous paper (22). The

oligosaccharide fractions corresponding to 1 mg of the original samples
were dissolved in 0.1 ml of ice-cold 0.08 N NaOH and reduced with
100 fid of NaB-'Hj after addition of 10 nmol of lactose as an internal
standard. [3H]Lactitol and tritium-labeled oligosaccharide fractions

were separated by paper chromatography. The yield of total radioactive
oligosaccharides released from 1 mg of CEA-TY, -MY, and -TT were
2.8 x IO6, 2.7 x IO6, and 2.6 x IO6 cpm, respectively. Based on the
specific activity of the NaB 'I I4 estimated from the radioactivity incor

porated into lactitol and the molecular weight (M, 180,000) of CEA,
the numbers of sugar chains released from 1 mol of CEA-TY, -MY,
and -TT were calculated as 26, 25, and 24 mol, respectively. Calculated
from the numbers of sugar chains, the molecular weight and the total
sugar contents of CEA samples, the recoveries of sugar chains after
hydrazinolysis were estimated around 90%. The remaining samples
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were reduced with NaB2H4 to obtain deuterium-labeled oligosaccharide

fractions for methylation analysis.
Oligosaccharides. (Mana 1â€”>2)o-4[Mana1â€”Â»6(Mana1â€”Â»3)Mana1â€”Â»

6(ManÂ«I->3)Man/31 ->4GlcNAc/31 ->4GlcNAcoT](Man5-, GlcNAc
GlcNAcor) were obtained from bovine pancreatic ribonuclease (23).
Manal-.3ManÂ«l->6(Manal-Â»3)Man,81->4GlcNAc/31->
4GlcNAcoT<Man4-GlcNAc-GlcNAcoÃ®)was obtained from GP-VI iso
lated from ovalbumin (24). NeuAca2-^Gal/31^4GlcNAc/31->
2ManÂ«l-Â»6(Gal/31->4GlcNAc/31-Â»2Manc<l-Â»3)Man/31-Â»
4GlcN Ac/31->4GlcN AcoTÃ•NeuAcâ€¢GaI2 â€¢GIcNAc2 Man3 â€¢GlcN Ac â€¢
GIcNAcor) and NeuAcÂ«2-Â»6Gal01-Â»4GlcNAc,81-Â»2Manal-Â»
6(NeuAcÂ«2-Â»6Gal/31-Â»4GlcNAc/31-Â»2Manal-Â»3)Man/31-Â»
4GlcNAc/31 -Â»4GlcNAcoi<NeuAc2â€¢Gal2 GlcNAc2-Man, GlcNAcâ€¢
GlcNAcoj) were prepared from ceruloplasmin by hydrazinolysis fol
lowed by reduction with NaB3H4 (25). (Gal/31-*4GlcNAc/31->
3)o-3|Gal/31-*4GlcN Ac/31->6(Gal/31->4GlcNAc/31 -*2)ManÂ«1-Â»
6[GalÃŸl->4GlcNAci81 -*4(Gal01 ->4GlcNAc|81 -Â»2)ManÂ«l-Â»3]
Man/31-*4GlcNAci81-Â»4(Fucal-Â»6)GlcNAcoTl[(Gal â€¢GIcNAc)0~3â€¢
Gal4 â€¢GlcN Ac4â€¢Man3 â€¢GlcN Ac Fuc â€¢GlcN AcoT], (Gal/31-Â»
4GlcNAc/31 -*3)o-3 |Gal/31->4GlcNAc|31 -*6(Gal/31 ->4GlcNAc/31 -Â»
2)ManÂ«l-Â»6[Gal/31->4GlcNAc/31-*4(Gal|81-Â»4GlcNAc/31-Â»
2)Mana 1-Â»3]Man/31-Â»4GlcNAc/31-*4GlcNAcoT) [(Gal â€¢GlcN Ac)o-3â€¢
Gal4 â€¢GlcNAc4 â€¢Man3 â€¢GlcNAc â€¢GlcNAcor], Gal/31->4GlcNAc/31 -Â»
4(Gal/31-Â»4GlcNAc/31-Â»2)Manal-Â»3(GallSl->4GlcNAc/31-*
2Mana 1->6)Man/31 ->4GlcN Ac/31->4(Fuca 1->6)GlcN AcoT(Gal3â€¢
GlcNAcj â€¢Man3 â€¢GlcNAc â€¢Fuc â€¢GlcN ACÂ«,T),Gal/31->4GlcNAc/31 -Â»
4(Gal/31-*4GlcNAc/31-Â»2)Manal-Â»3(Gal/31-Â»4GlcNAc/31-*
2Manal-Â»6)Man/31-Â»4GlcNAc/31-*lGlcNAcoT{Gal:>-GlcNAc3-
Man3 â€¢GlcN Ac â€¢GlcNAcoT), Gal/31->4GlcNAc/31 -*2Mana 1-Â»
6(Gal/3 l-*4GlcNAc/Ã®l->2ManÂ«1->3)Man/31 ->4GlcN Ac/31-Â»
4(Fuca 1-Â»6)GlcNAcoT{Gal2â€¢GlcNAc2 â€¢Man3 -GlcNAc â€¢Fuc â€¢Glc-
NAcor), Gal/31-Â»4GlcNAc/31-*2ManÂ«1->6(Gal/31->4GlcNAc/31 ->
2ManÂ«1->3)Man/31 -Â»4GlcNAc/3l-Â»4GlcNAc0T<Gal2â€¢GlcNAcj â€¢
Man3â€¢GlcNAcâ€¢GlcNAcoT), Gal|81^4GlcNAc|81-^2Manal-.
3(ManÂ«1->6)Man/31 -Â»4GlcNAc|81->4(Fuca 1-Â»6)GlcNAcOT{Galâ€¢
GlcNAc-Man3-GlcNAc-Fuc-GlcNAcoT) and Gal/31-Â»4GlcNA/31->.
2Manal-Â»3(Manal-Â»6)Man/31-Â»4GlcNAc/31-Â»4GlcNACoT(Gal-
GlcNAc-Man3-GlcNAc-GIcNAcor) were obtained from oligosaccha-

rides of human urinary ribonuclease UL (26).
Galactose Labeling of Oligosaccharides. Oligosaccharide fraction ob

tained from 200 //g each of three CEA samples was incubated with 4
units of galactose oxidase and 5 units of horse radish peroxidase in 0.2
ml of 0.05 Mphosphate buffer, pH 7.0, at 10Â°Cfor 24 h. After adjusting

the pH of the mixture to 11 with 0.8 N NaOH, it was incubated with
100 iiC\ of NaB3H4 at 30Â°Cfor 4 h and then the reaction mixture was

reduced with 1 mg of NaBH4 for another 30 min. After destroying
excess NaBH4 by addition of 0.5 ml of l N acetic acid, the reaction
mixture was passed through a column of Dowex 50 (II* form) and

freed from borate by repeated evaporation with methanol. The radio
active oligosaccharide fractions were then purified by paper chromatog-
raphy. The yields of oligosaccharide fractions of CEA-TY, CEA-MY,
and CEA-TT were 1.37 x 10", 1.25 x 10', and 1.55 x 10* cpm,

respectively. It was confirmed that human milk Oligosaccharides with
the Gal|Sl-Â»3GlcNAc, the Gal/3l-Â»4GIcNAc, the Fucal-Â»2Gal|Sl-Â»
3GlcNAc, the Gal/3l-Â»3(Fucal->4)GlcNAc, or the Gal/3l-Â»4(Fucal->
3)GlcNAc group at their nonreducing termini are labeled equally at
their galactose residue by the procedure.

Analytical Methods. Descending paper chromatography was per
formed by using butanol-1/ethanol/water (4/1/1). High voltage paper
electrophoresis was performed by using pyridine/acetate buffer, pH 5.4
(pyridine/acetic acid/water, 3/1/387) at a potential of 73 V/cm for 1
h.

Bio-Gel P-4 (under 400 mesh) column chromatography was per
formed as reported previously (27) by using columns of two different
length (2.5 m x 2 cm i.d. and 1.25 m x 2 cm i.d.).Radioactivity was
determined by using a Beckman liquid scintillation spectrometer (IS
7000). Radiochromatoscanning was performed with a Packard radi-
ochromatogram scanner (Model 7201). Methylation analysis of oligo-
saccharides was performed as described in the previous paper (28)
except that the time of hydrolysis was prolonged from 2 to 6 h with

use of 0.5 N H2SO4 containing 90% acetic acid and NaB2H4 was used
as a reducing reagent. Analysis of partially O-methylated hexitols and
/V-acetylglucosaminitols was performed with a gas chromatograph-mass
spectrometer (Model GC-MS-QP-1000; Shimadzu Co., Ltd., Kyoto)
or JMS-DX 300 (JEOL Co. Ltd., Tokyo) by using a glass column (2.5
mm x 1 m) of 2% OV-17 coated on Gas-chrom Q (100-120 mesh).
The column temperature was programmed from 170 to 230Â°Cat a rate
of 2"C/min. The molar ratio of methylated monosaccharides in meth

ylation analysis was calculated from total ion intensity obtained by the
gas chromatography-mass spectrometry.

Glycosidase Digestion. Radioactive Oligosaccharides (1-20 x IO4
cpm, 1~20 nmol) were incubated with one of the following reaction
mixtures at 37"O for 24 h: (a) sialidase digestion, 100 munit of enzyme

in sodium acetate buffer, pH 5.0 (40 /il); (b) digestion with a mixture
of jack bean /3-galactosidase and /S-N-acetylhexosaminidase, 0.6 unit of
/3-galactosidase and 4 units of iWV-acetylhexosaminidase in 0.1 M
sodium citrate buffer, pH 4.5 (30 n\); (c) jack bean a-mannosidase
digestion, 0.3 unit of enzyme in 0.05 M sodium acetate buffer, pH 4.5,
containing 1 m\i ZnCI2 (50 /il); (il) snail /3-mannosidase digestion, 5
mU of enzyme in 0.05 M sodium citrate buffer, pH 4.0 (50 n\); (e)
bovine epididymis a-fucosidase digestion, 10 mU of enzyme in 0.05 M
sodium citrate buffer, pH 6.0 (40 n\)\ (/) Flavobacterium endo-ÃŸ-
galactosidase digestion, 3.1 //1"of enzyme and 1 mg of D-galactono-7-

lactone in 0. l M sodium acetate buffer, pH 6.0 (40 //1). Other conditions
of exoglycosidase digestion were cited in Table 3. One drop of toluene
was added to the reaction mixture to prevent bacterial growth. After
incubation, the reaction mixture was heated in boiling water for 2 min
to stop the reaction, passed through Dowex 50 (H+ form) and AG-3

(OH form) columns (3 cm x 0.6 cm i.d.) and the radioactive products
were analyzed by either paper electrophoresis or Bio-Gel P-4 column
chromatography.

RESULTS

Fractionation of Oligosaccharides Released from Three CEA
Samples. When tritium-labeled oligosaccharide fractions ob
tained from the three CEA samples were subjected to paper
electrophoresis, they were separated into a neutral and several
acidic fractions (Fig. 1, A-C, top). The neutral fraction and the
total acidic fractions were designated N and A + R, respectively,
as shown in the Fig. 1, A-C. After being recovered from paper
by elution with water, each acidic fraction (A + R) was subjected
to sialidase digestion. Only a part of the acidic fraction was

0 10 20
DISTANCE FROM ORGIN (cm)

Fig. 1. Paper electrophoresis of the radioactive oligosaccharide fractions re
leased from CEA samples by hydrazinolysis followed by NaB3H4 reduction.
Arrows, migration positions of authentic Oligosaccharides: a, NeuAc-Gal?-
GlcNAc2 â€¢Man j-GlcN Ac-Fue-GlcN AcoT; *, NeuAc2-Gal2-GlcNAc2-Man,-
GlcNAc â€¢Fuc â€¢GlcNAcoT. Top electrophoretograms in A, B, and C, oligosaccharide
fractions obtained from CEA-TY, CEA-MY, and CEA-TT, respectively; bottom
electrophoretograms, fractions A + R after sialidase digestion.
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converted to neutral oligosaccharides (shown as AN in Fig. 1,
l-(. bottom), and the remaining acidic oligosaccharides

(shown as R in the bottom) were completely resistant to the
second sialidase digestion. In this paper, structural studies of
the neutral and sialic acid containing oligosaccharides will be
reported.

The elution patterns of tritium-labeled fractions N and AN
from Bio-Gel P-4 column indicated that all of them were
mixtures of very heterogeneous oligosaccharides (Figs. 2 and 3,
solid lines) Fractions AN were all resistant to Aspergillus a-

mannosidase I digestion (data not shown). On the other hand,
a part of the three fractions, N was converted to two radioactive
components which eluted at the same positions as authen
tic Man5-GlcN Ac-GlcN Acor and Man4-GlcNAc-GlcNAcoT
(peaks indicated by bars (N2) in the dotted line elution patterns,
Fig. 2). By jack bean a-mannosidase digestion, the two radio
active peaks in the N2 fractions were completely converted to
a radioactive component with the same mobility as authentic
Man/31â€”*4GlcNAc/31-Â»4GlcNAcoT(data not shown). That the
radioactive trisaccharides have the structure: Man/31-*
GlcN Ac/31â€”Â»GlcNAcor, was confirmed by sequential digestion
with /3-mannosidase and jack bean /3-jV-acetylhexosaminidase.
By methylation analysis of the N2 fraction obtained from CEA-
TY, three partially 0-methylated mannitols and two A^-acetyl-
glucosaminitol derivatives were detected (Table 2). All radio
active components in fraction N2 were converted to W-ace-
tyI[3H]glucosaminitol by incubation with endo-/3-Ar-acetylglu-

cosaminidase H (data not shown). These data indicated that
the structures of the two oligosaccharides in fraction N2 were
as follows.

Manal

ManÂ«I

,Manal
(A)

Manal

Manalâ€”Â»3Manal

Manal

,Man01-Â»4GlcNAc/31-*34GlcNAcoT (B)

Comparison of the elution profiles in Fig. 2 of fraction N,
before and after Aspergillus a-mannosidase I digestion, indi
cated that the two oligosaccharides shown above were derived
from the oligosaccharides with effective sizes from 12.5 to 8.3
glucose units. Oligosaccharides in this area correspond to
Man9~4-GlcNAc-GlcNAc0T. Therefore, a series of high man-
nose type oligosaccharides should be included in fraction N,
and a part of the oligosaccharides contain Man4- GlcNAc-
GlcNAcoT as their core (Fig. 8).

When the a-mannosidase-resistant oligosaccharides of frac
tion N (dotted line peaks indicated by bars (Nl), Fig. 2) and the
AN fractions were digested with a mixture of almond a-L-
fucosidases I and II, diplococcal /3-galactosidase, and jack bean
0-yV-acetylhexosaminidase, more than 95% of the oligosaccha
rides of all fractions were converted to a mixture of two radio
active components with the same elution positions as authentic
Man3 â€¢GlcNAc â€¢Fuc â€¢GlcNAcor and Man3 â€¢GlcN Ac â€¢GlcNAcor
(data not shown). That the radioactive components have
the structures: (Manalâ€” Â»)2Man/31-Â»GlcNAC|Slâ€”Â»(Fucalâ€”Â»)-

20 330 390 450
ELUTION VOLUME(rrt)

Fig. 2. Bio-Gel P-4 column chromatography of fractions N. Arrows at lop,
elution positions of glucose oligomers (numbers indicate the glucose units). T in
l and /). elution positions of authentic oligosaccharides: /, ManÂ«â€¢GlcNAc-

GlcNAcor; //, Man, GlcNAc-GlcNAcor; ///. Man, GlcNAc GlcN Acori IV,
Man. GlcNAc GlcNAcor; V, Man, â€¢GlcNAc GIcNAcor! VI, Man4 GlcNAc-
GlcNAcor; Â»77,(Gal GlcNAch Gal, GlcNAcÂ«Man j GlcNAc GlcNACoT; K777,
(Gal GlcNAck-GaL, GlcN Ac4 Man,-GlcN Ac GlcN Acor; IX, (Gal â€¢GlcNAc)-
Gal4-GlcNAc4 Manj-GlcNAc-GlcNAcoTi X, Gal4-GlcNAc4-Man,-GlcNAc -
GlcNAcoT; XI, GaljGlcNAcj Man, GlcNAc GlcNAcoT; XII, Gab GlcNAc2-
Man, GlcNAc-GlcNAcor; XIII, Gal GlcNAc Man, GlcNAc GlcNAcâ„¢ XIV,
Man3-GlcNAc-GlcN Acor- CHromatograms in A, B, and C, elution patterns of
fractions N obtained from CEA-TY, CEA-MY, and CEA-TT, respectively, before
(solid line) and after (dotted line) Aspergillus a-mannosidase I digestion. />,
fraction NI min incubated with epididymis a-fucosidase (solid line), and then
with a mixture of jack bean 0-galactosidase and iWV-acetylhexosaminidase (dotted
line).

29262422 30 16 16 1413 12 M 10 9
UUUUiUi 4. i i i i 4. J. i i i

270 350 390 450
ELUTION VOLUME (ml)

Fig. 3. Bio-Gel P-4 column chromatography of the oligosaccharide fractions
AN. Arrows, are the same as in Fig. 2. A, B, and C indicate the elution patterns
of fractions AN shown in the lower panels of Fig. I. .-I. lÃ¬.and C, respectively.

GlcNAcoT and (Manal-Â»)2Man/31-Â»GlcNAc/31-Â»GlcNAcoT,
was confirmed by sequential digestion with jack bean a-man
nosidase, snail 0-mannosidase, jack bean /3-/V-acetylhexosamin-
idase, and epididymal a-fucosidase (data not shown). Further
more, both two radioactive components bound to a concana-
valin A-Sepharose column and eluted with 5 HIMa-methylglu-
coside. These results together with the methylation data indi
cated that the structures of these components are Manalâ€”Â»
6(Manal -^JMan^l -Â»GlcNAc/31->4(Fucal ->6)GlcNAcoT
and Manal -> 6(Manal -Â»3)Man/81 -Â»4GlcNAc/31 -Â»4Glc-
NAcoT- Therefore, all oligosaccharides in fractions N l and AN
of the three CEA samples should be complex-type sugar chains.

The molar ratio of oligosaccharides included in fractions Nl,
N2, AN, and R as calculated from their radioactivities, are
summarized in Table 1, top. From the data, it was revealed that
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at least 1 mol of high mannose-type oligosaccharide was in
cluded in all three CEA samples. Furthermore, a reciprocal
relationship was found in the amounts of sialylated oligosac
charide fraction and fraction R.

Location of Sialic Acid Residues in Acidic Oligosaccharides.
In order to determine the location of sialyl linkages in sialic
acid containing oligosaccharides, all oligosaccharides which
were released from each CEA sample and their sialidase digests
were subjected to methylation analysis. The total ion chromai
ograms of partially-O-methylated alditol acetates obtained from
permethylated intact oligosaccharide mixtures and their siali
dase-treated samples were shown in Fig. 4 by solid lines and by
dotted lines, respectively. Careful comparison of the two pat
terns from each CEA sample revealed that 2,3,4-tri-0-methyl-
galactitol disappeared completely and 2,4,6-tri-O-methylgalac-
titol decreased substantially in the desialylated samples. The

Table 1 Structural characteristics of the asparagine-linked sugar chains of three
CEA samples

% Molar ratio

TY MY TT

NeutraloligosaccharidesHigh
mannose type(N2)Complex

type(Nl)Sialic

acid containingoligosaccharides(complex
type) (AN)8261810324872165

48 10
AN" N l H-AN" Nl+AN"

Sialidase resistant oligosaccharides (R)

Residues included in outer chain moie
ties of complex-type sugar chains

GaI/31-wtGlcNAc
Gal/31-*4GlcNAc/31-Â»3Gal/31->

4GlcNAc
Gal01-*3GlcNAc (Type 1)
FucaI-Â»2Gal/31-Â»4GlcNAc(Type

2H)
Gal01-.4(Fucal-Â»3)GlcNAc (X)
Gal/31-.3(Fucal->4)GIcNAc (Le')
Fucal-Â»2Gal|81->4(Fucal-Â»

3)ClcNAc (Y)
Â°Percentage of molar ratio was calculated as described in the text. Because the

numbers obtained were rough estimate, they were expressed as follows: +, <10%;
++, 10-25%, +++, >25%.

decrease of the tri-O-methylgalactitols was compensated by the
increase of 2,3,4,6-tetra-0-methylgalactitol. These results in
dicated that sialic acid residues of complex-type sugar chains

50
i i

BO 250
DADA NO.

Fig. 4. Total ion chromatograms of partially O-methylated alditol acetates
and aminoalditol acetates obtained by methylation analyses of oligosaccharide
fractions from the three CEA samples. A, B, and C, data of oligosaccharide
fractions from CEA-TY, CEA-MY, and CEA-TT before (solid lines) and after
(dotted lines) sialidase digestion, respectively. The column temperature was
programmed from 170 to 230'C at a rate of 2'C/min. Peaks a-q were identified

from the respective mass spectra as summarized in Table 2.

Table 2 Methylation analysis of oligosaccharide fractions obtained from CEA-TY
Molarratio"Partially

methylatedsugarsFucitol2,3,4-Tri-O-methyl-

1,5-di-O-acetylGalactitol2,3,4,6-Tetra-O-methyl-

1,5-di-O-acetyl3,4,6-Tri-O-methyl-
1Â¿.S-tri-O-acetyl'2,4,6-Tri-O-methyl-
1,3,5-tri-O-acetylc2,3,4-Tri-O-methyl-
1,5,6-tri-O-acetylMannitol2,3,4,6-Tetra-O-methyl-

1,5-di-O-acetyl3,4,6-Tri-O-methyl-
1,2,5-tri-O-acetyl2,4,6-Tri-O-methyl-
1,3,5-tri-O-acetyl3,6-Di-O-methyl-

1,2,4,5-tetra-O-acetyl3,4-Di-O-methyl-
1,2,5,6-tetra-O-acetyl2,4-Di-O-methyl-
1,3,5,6-tetra-O-acetyl2-Mono-O-methyl-

1,3,4,5,6-penta-O-acetyl/V-Methylacetamido-2-deoxyglucitoll,3,5,6-Tetra-O-methyl-4-mono-O-acetyll,3,5-Tri-O-methyl-4,6-di-O-acetyl3,4,6-Tri-O-methyl-

1,5-di-O-acetyl3,6-Di-O-methyl-
1,4,5-tri-O-acetyl4,6-Di-O-methyl-
1,3,5-tri-O-acetyl6-Mono-O-methyl-

1,3,4,6-tetra-O-acetylN2

(Fig.2/00.00.00.00.00.03.20.00.20.00.02.00.00.70.00.00.90.00.0Nl(Fig.U)2.92.91.10.30.00.10.10.01.00.60.60.40.10.60.42.30.02.3Defuco-

syl*Nl

(Fig.20)0.04.00.00.20.00.10.20.01.10.70.60.40.60.00.54.40.10.0AN(Fig.3,4)2.62.71.00.40.00.10.20.01.10.70.50.50.10.70.62.60.02.1Defucosyl*AN0.03.80.00.30.00.10.10.01.00.60.50.50.70.00.54.80.00.0Peaks(Fig.4)acefgbdijk1hnm0Po.

" Values, calculated by making the value of 2,4-di-O-methylmannitol plus 2-mono-O-methylmannitol 1.0. In the case of N2, calculation was made by making the
value of 2,4-di-O-methyl-mannitol 2.0.

'' N l and AN treated with epididymis a-fucosidase, respectively.
' Identification and quantitation of 3,4,6-tri-O-methylgalactitol and 2,4,6-tri-O-methylgalactitol was performed by using mass chromatography.

3454

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/13/3451/2427791/cr0470133451.pdf by guest on 19 M

ay 2023



SUGAR CHAINS OF CARCINOEMBRYONIC ANTIGENS

Step

Table 3 Enzymatic reaction mixtures of sequential exoglycosidase digestion which were used to elucidate structures of outer chain moieties
in complex type sugar chains

Enzyme reaction mixture Groups to be hydrolyzed
1 Diplococcal rf-galactosidase (3 ml' ) and jack bean Â¿i-/V-acetylhexosaminidase(2.8 U) in 40 ti\

of 0.2 M citrate-phosphate buffer, pH 5.5.
2 Sequential incubation with jack bean /3-galactosidase ( 1.2 U) in SO</lof 0.2 M acetate buffer,

pH 3.5, and jack bean /J-A'-acetylhexosaminidase (2.8 U) in 30 /.I of 0.2 M citrate-phosphate
buffer, pH 5.5.

3 Sequential incubation with Bacillus a-fucosidase in 40 Â«ilof 0.2 M phosphate, buffer, pH 6.5,
and with a mixture of diplococcal 0-galactosidase (3 ml') and jack bean /WV-acetylhexosa-

minidase (2.8 U) in 40 ul of 0.2 M citrate-phosphate buffer, pH 5.5.
4 Almond a-fucosidase 1, diplococcal 0-galactosidase (3 ml ') and jack bean /3-iV-acetylhexosa-

minidase (2.8 U) in 40 n\ of 0.2 M citrate-phosphate buffer, pH 5.5.
5 Sequential digestion with jack bean (f-galactosidase ( 1.2 U) in 50 n\ of 0.2 M acetate buffer, pH

3.5, and with jack bean /S-W-acetylhexosaminidase (2.8 U) in 30 Â«Iof 0.2 M citrate-phos
phate buffer, pH 5.5.

6 Sequential digestion with Bacillus a-fucosidase in 40 n\ of 0.2 M phosphate buffer, pH 6.5, and
with a mixture of diplococcal /3-galactosidase (3 mU) and jack bean /WV-acetylhexosamini-
dase (2.8 U) in 40 fil of 0.2 M citrate-phosphate buffer, pH 5.5.

Gal/3!->4GlcNAc or Gal/31->
4GlcNAqSlâ€”Â»repeatingstructure

Gal/31â€”3GlcNAc (Type 1)

Fucal-Â»2Gal|Sl-Â»4GlcNAc (Type 2H)

Gal/31-Â»4(Fucal-Â»3)GlcNAc(X-anti-
genic determinant)

Gal/31-.3(Fucal-Â»4)GlcNAc (Lewis'-an-

tigenic determinant)

Fuca 1-Â»2Gal/31-Â»4(Fuca1-Â»3)GlcNAc
(Y-antigenic determinant)

are linked to the C-3 and C-6 positions of nonreducing terminal
galactose residues.

Although compositions of partially O-methylated alditol ace
tates in the three CEA samples were qualitatively the same,
their relative molar ratio were different by the samples. These
results suggested that the relative ratio of the various outer
chain moieties of complex type sugar chains of the three CEA
samples are different. In order to determine the structural
variety of the outer chains of complex type sugar chains, struc
tures of oligosaccharides released from CEA (TY) were inves
tigated in more detail.

Structural Studies of Complex-type Sugar Chains Released
from CEA-TY. It was impossible to isolate each complex-type
oligosaccharide in fractions Nl and AN by Bio-Gel P-4 column
chromatography. Accordingly, we decided to analyze the struc
tures of oligosaccharides by using several exoglycosidases with
strong aglycon specificities. When fraction Nl obtained from
CEA-TY was digested three times with epididymis a-L-fucosi-
dase, it was converted to a series of radioactive components
with the same mobilities as authentic mono-, bi-, tri-, and
tetraantennary complex-type oligosaccharides and tetraanten-
nary oligosaccharides with one, two, and three GalÃŸlâ€”*
4GlcNAC|31->3Gal/31-Â»4GlcNAc/31-Â»outer chains (Fig. ID,
solid line peaks a-g). The elution profile of each peak was
rather broad and in some cases split into two, indicating that
they were probably mixtures of more than one oligosaccharide.
When treated with a mixture of jack bean /3-galactosidase and
jack bean /WV-acetylhexosaminidase, all these radioactive oli
gosaccharides were converted to a radioactive component with
the same mobility as authentic Man3-GlcNAc-GlcNAcoT (Fig.
2D, dotted line). Therefore, all oligosaccharides in the defuco-
sylated N l fraction were composed of /3-galactosyl and ÃŸ-N-
acetylglucosaminyl residues and Mans-GlcNAc-GlcNAcoT-
Methylation analysis of the defucosylated Nl fraction gave the
result as shown in Table 2. Detection of 2-mono- and 2,4-di-O-
methylmannitols in a 4:6 molar ratio indicated that approxi
mately 40% of the oligosaccharides contain bisecting W-acetyl-
glucosamine residue. Presence and absence of this residue
would be the cause of the twin peaks described already. Because
3,4,6-tri-, 3,6-di-, and 3,4-di-O-methylmannitols were detected,
the outer chain moieties of the oligosaccharides should be
linked to a-mannosyl residues of the trimannosyl core in three
forms: the GlcNACj81->2Man, the GIcNAc/31-Â»4(GlcNAc/31-Â»
2)Man, and the GlcNAc/3 l-Â»6(GlcNAc/3l-Â»2)Man. Detection
of a small amount of 2,3,4,6-tetra-O-methylmannitol indicated
the occurrence of monoantennary complex-type oligosaccha
rides. Detection of 2,4,6-tri-O-methylgalactitol indicated that
the jV-acetyllactosamine residues in the Ar-acetyllactosamine-

repeating structures are linked by the GlcNAcÃŸl->3Gal linkage
as usually found in other asparagine-linked sugar chains. After
incubation with endo-/3-galactosidase, the defucosylated oligo
saccharides mixture (Fig. 2D, peaks a-g) was converted to a
mixture of oligosaccharides which were smaller than 19 glucose
units (data not shown). NaB3H4 reduction of the incubation
mixture gave Gal/31â€”Â»GlcNAc/31-Â»GaIoTbut scarcely any
GlcNAc/31â€”>Gal0Tindicating that most of the JV-acetyllacto-
samine-repeating structures in the outer chain moieties of these
oligosaccharides are the Gal/9l-Â»4GlcNAc/3l-Â»3Gal|81-Â»
4GlcNAc. The data so far described suggested that peaks g, /,
and e contains mono-, bi-, and triantennary complex type
oligosaccharides with and without bisecting JV-acetylglucosa-
mine, respectively. The remaining peaks are mixtures of bi
sected and nonbisected tri- and tetraantennary complex-type
oligosaccharides. Peaks a-d contains, respectively, 7, 6, 5, and
4 Gal/31-Â»GlcNAc units in either the Gal/3l-Â»4GlcNAc or the
Gal/Sl-^GlcNAciai-OGaliSl^GlcNAc as their outer chain
moieties. Detection of a trace amount of 4,6-di-O-methyl 2-N-
methylacetamido-2-deoxyglucitol indicated that a very small
number of the Gal/31â€”Â»GlcNAcouter chains may occur as the
Gal/8l-Â»3GlcNAc group.

Comparison of the methylation data of the defucosylated Nl
fraction with that of fraction Nl indicates that approximately
85% of the oligosaccharides in fraction Nl contains an a-
fucosyl residue at the C-6 position of the proximal A'-acetylglu-
cosamine residue. The methylation data also indicate that the
other a-fucosyl residues in fraction Nl occur as the Fucalâ€”Â»
2Gal, Gal01-Â»4(Fucal-Â»3)GlcNAc, and Gal/31-Â»3(Fucal->
4)GlcNAc groups.

Studies of fraction AN obtained from CEA-TY by a series of
sequential exoglycosidase digestion (data not shown) and meth
ylation analysis (Table 2) gave the similar results as described
for fraction Nl already. Therefore, this neutral fraction should
contain the same series of oligosaccharides as fraction N l.

Determination of the Structures of Outer Chain Moieties of
Oligosaccharides in Nl. In order to determine the exact struc
tures of the outer chain moieties of the neutral complex-type
oligosaccharides of CEA-TY, radioactive fraction Nl was sub
jected to stepwise exoglycosidase digestions. The condition of
each step is summarized in Table 3. Susceptibility of the oli
gosaccharides to each step was determined by the production
of a mixture of Man3-GlcN Ac-Fue-GlcN ACOTand Man3-
GlcNAc-GIcNAcoT as shown in Fig. 5. By the step 1 treatment,
which removes specifically the Gal/31â€”Â»4GlcNAc/31â€”>and the
Gal/Sl-^GlcNAc/Sl-^Gal/Sl-^GlcNAdSl-Â» outer chains,
11% of radioactivity in fraction Nl was converted to a mixture
of the two trimannosyl cores (Fig. 5/4). This result indicated
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Fig. 5. Stepwise removal of the outer chain moieties of complex type oligo-
saccharides in fractions N1 and AN obtained from CEA-TY. Arrows are the same
as in Fig. 2; T. elution positions of authentic oligosaccharides: /, Man3 â€¢GlcNAc-
Fuc-GlcNAcoT-;'/. Man3-GlcNAc-GlcNAcoT./l, fraction NI in Fig. Ã•Asubjected
to the step 1 digestion; B, oligosaccharides indicated by a bar in ( subjected to
the step 4 digestion; C, oligosaccharides indicated by a bar in B subjected to the
step 5 digestion; D, oligosaccharides indicated by a bar in C subjected to the step
6 digestion; E, fraction AN in Fig. \A subjected to the step 1 digestion; F,
oligosaccharides indicated by a bar in E subjected to the step 4 digestion; G,
oligosaccharides indicated by a bar in F subjected to the step 6 digestion.
Conditions of each step are shown in Table 3. After each digestion, the radioactive
products were analyzed by Bio-Gel P-4 column chromatography.

that this amount of oligosaccharides contain only the GalÃŸlâ€”Â»
4GlcNAc|81-Â» and/or the Gal/31-Â»4GlcNAc/31->3Gal01-Â»
4GlcNAc/31â€”Â»in their outer chain moieties. Although this
procedure cannot deny the presence of the GlcNAc/31â€”Â»
4GlcNAc group in the outer chains, such group was never
found in the outer chain moiety of the complex-type sugar
chains. The decrease in effective sizes of the oligosaccharides
in fraction Nl indicated that these oligosaccharides include
mono-, bi-, tri-, and tetraantennary oligosaccharides. The re
maining oligosaccharides indicated by Fig. SA, bar, were pooled
and subjected to the step 2 treatment. Analysis of the reaction
mixture revealed that no change in the elution pattern of
oligosaccharides was observed (data not shown), indicating that
no Gal|91â€”>3GlcNAcwas included in the outer chain moieties
of the oligosaccharides. This is in accordance with the data that
4,6-di-O-methyl 2-Ar-methylacetamido-2-deoxyglucitol was not

detected by the methylation analysis effraction NI. Although
a substantial amount of 3,4,6-tri-O-methylgalactitol was de
tected in the methylation data effraction NI, the oligosaccha-
ride mixture indicated by Fig. SA, bar, was completely resistant
to the step 3 digestion, which cleaves specifically the Fucalâ€”Â»
2Gal|81â€”Â»4GlcNAcgroup. This result indicated that the a-
fucosyl residue may be protected from the Bacillus a-fucosidase
action by the steric hindrance of the neighboring sugar residues.
As will be described later, the fucosyl residue occurs as a part
of the Y-antigenic structure: Fucalâ€”Â»2Gal|olâ€”Â»4(Fucalâ€”>
3)GlcNAc and therefore cannot be hydrolyzed by Bacillus a-
fucosidase. When the oligosaccharide fraction was subjected to
step 4 treatment, which specifically hydrolyzes the Gal/31â€”Â»
4(Fucal-Â»3)GlcNAc, 20% of the radioactive oligosaccharide
was converted to the two trimannosyl cores (Fig. SB). The
resistant oligosaccharides were distributed in the area of mono-

to tetraantennary oligosaccharides as indicated by Fig. SB, bar.
Although the a-fucosidase at step 4 removes a fucose residue
from Le" and Y antigenic determinants, they will remain as the
Gal/31-Â»3GlcNAc and the Fucol-Â»2Gal|81->4GlcNAc groups
because diplococcal /i-galactosidase cannot act on these groups.
Sixteen % of these resistant oligosaccharides was converted to
the two trimannosyl cores by the step 5 digestion, indicating
that this amount of oligosaccharides contain at least one
Gal/31-*3(Fucalâ€”>4)GlcNAc (Le" antigenic determinant) in

their outer chain moieties (Fig. SC). The remaining oligosac
charides indicated by Fig. SC, bar, were then completely con
verted to the trimannosyl cores by step 6 treatment (Fig. 5Â£>).
Since the Fucalâ€”Â»2Galgroup became sensitive to the Bacillus
a-fucosidase only after removal of fucosyl residues linked to N-
acetylglucosamine by pretreatment with step 4, the group
should exclusively occur as the Fucalâ€”Â»2Gal,81â€”Â»4(FucÂ«lâ€”Â»
3)GlcNAc group.

Based on the sequential exoglycosidase digestion described
so far and the methylation data, the structures of the outer
chain moieties of the oligosaccharides in fraction Nl obtained
from CEA-TY were estimated as summarized in Table 1. In
the table, the approximate amount of each outer chain was also
indicated.

Structural Studies of Outer Chain Moieties of Acidic Oligo
saccharides of CEA-TY. The results of methylation analysis of
fraction AN from CEA-TY before and after epididymis Â«-
fucosidase digestion were qualitatively the same as those of
fraction Nl, except for the complete absence of 4,6-di-O-methyl
2-Af-methyIacetamido-2-deoxyglucitol in the defucosylated
fraction. Therefore, fraction AN should contain a series of
mono-, bi-, tri-, and tetraantennary complex-type sugar chains
containing Gal/Ã®l-^GlcNAc^l-Â», Gal/3l-Â»4(Fucal-*3)Glc-
NAC01-Â», Fucal-Â»2Gal01-Â»4(Fucal-Â»3)GlcNAc|Sl-Â», and
A'-acetyllactosamine-repeating structures in their outer chain

moieties.
In order to determine the molar ratio of these outer chain

moieties, radioactive fraction AN was subjected to the six steps
of glycosidase digestion listed in Table 3. By step 1 treatment
13% of the radioactivity of fraction AN was converted to a
mixture of Man3 â€¢GlcNAc â€¢Fuc â€¢GlcNAc0T and Man3 â€¢GlcNAc â€¢
GlcNAcoT (Fig. SE). Although the resistant oligosaccharides
indicated by Fig. SE, bar, were totally resistant to the step 2
and step 3 treatment, 60% of these oligosaccharides was con
verted to the trimannosyl cores by the step 4 treatment (Fig.
SF). Only monoantennary oligosaccharides remained after this
treatment as indicated by Fig. SF, bar. Although resistant to
the step 5 treatment, they were completely converted to the
trimannosyl cores by the step 6 treatment (Fig. SG). Therefore,
only one outer chain of approximately 27% of the total oligo
saccharides in fraction AN should be the Fucalâ€”>2Gal/31â€”Â»
4(Fucalâ€”Â»3)GIcNAc/31â€”Â»group. Based on these results so far
described, approximate frequencies of occurrence of the four
different outer chains in the oligosaccharides of fraction AN
from CEA-TY were summarized in Table 1.

Comparative Studies of the Complex-type Sugar Chains Re
leased from Different CEA Samples. Although the data of
methylation analysis of oligosaccharide fractions obtained from
the three CEA samples, TY, MY, and TT, were qualitatively
the same except for the occurrence of 4,6-di-O-methyl 2-N-
methylacetamido-2-deoxyglucitol, the relative amount of each
partially O-methylated monosaccharide was different (Fig. 4).
These results indicate that the structures of outer chains of
complex-type sugar chains are various by different CEA sam
ples. Because the amounts of CEA-MY and CEA-TT samples
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were limited, structural studies of their sugar chains were
mainly performed by sequential exoglycosidase digestion of
tritium-labeled oligosaccharide fractions only. Studies of defu-
cosylated fractions Nl and AN obtained from CEA-MY and
CEA-TT gave similar results as described for those obtained
from CEA-TY (data not shown). Therefore, these fractions
contain bisected and nonbisected mono-, bi-, tri-, and tetraan-
tennary sugar chains and tri- or tetraantennary sugar chains
with Ar-acetyllactosamine-repeating outer chains.

Sequential digestion effractions NI and AN from CEA-MY
and CEA-TT with the six steps listed in Table 3 gave the results
as summarized in Figs. 6 and 7, respectively. Portions of
fraction Nl obtained from CEA-MY were converted to a mix
ture of Man3-GlcNAc-Fuc-GlcNAcoT and Man3-GlcNAc-
GlcNAcoT by treatment with steps 1, 4, 5, and 6 (Fig. 6, A, B,
C, and Â£>,respectively) but were completely resistant to steps 2
and 3 (data not shown). On the other hand, fraction AN from
the same CEA sample was converted to the trimannosyl cores
by steps 1 and 4 (Fig. 6, E and F, respectively). These results
indicate that oligosaccharides in fraction N l of CEA-MY con
tain 7V-acetyllactosamine and its repeating structure, GalÃŸlâ€”Â»
4(Fucal-Â»3)GlcNAc/31-Â», GalÃŸl^Fucal-^GlcNAcÃŸl-Â»,
and Fucalâ€”Â»2Gal/31â€”Â»4(Fucalâ€”Â»3)GlcNAcgroups as their
outer chain moieties, while those in fraction AN contain
jV-acetyllactosamine, W-acetyllactosamine-repeating structure,
and the Gal/31-Â»4(Fucalâ€”Â»3)GlcNAc/31â€”Â»group as their outer

chains.
Fraction Nl obtained from CEA-TT was converted to the

trimannosyl cores by the steps 1, 3, 4, and 6 (Fig. 7, A, B, C,
and Â£>,respectively). Fraction AN from the CEA-TT was con
verted to the cores by the steps 1, 2, 3 and 4 (Fig. 7, E, F, G,
and //, respectively). Therefore, the oligosaccharides in the
fraction Nl should contain Ar-acetyllactosamine and its repeat
ing structure, Fucal ->2Gal/31-Â»4GlcNAc|31-Â», Gal/31-Â»
4(Fucal-Â»3)GlcNAcj31->, and Fucal-Â»2Gal,81-Â»4(Fucal-Â»

TO
ELUTION

200 230
VOLUME (ml)

Fig. 6. Stepwise removal of the outer chain moieties of complex type oligo
saccharides in fractions Nl and AN obtained from CEA-MY. All analytical
conditions were the same as those in Fig. 5. A, fraction Nl in Fig. IB subjected
to the step I digestion; I!, oligosaccharides indicated by a bar in .1 subjected to
the step 4 digestion; C, oligosaccharides indicated by a bar in B subjected to the
step 5 digestion; I), oligosaccharides indicated by a bar in C subjected to the step
6 digestion; E, fraction AN in Fig. \B subjected to the step 1 digestion; F,
oligosaccharides indicated by a bar in E subjected to the step 4 digestion.

19 17 B 13 II IO 98
UUU4.J.J.4. I i i i i i 'M.

ITO 200 230

ELUTION VOLUME (mi)

Fig. 7. Stepwise removal of the outer chain moieties of complex type oligo
saccharides in fractions Nl and AN obtained from CEA-TT. All analytical
conditions were the same as those in Fig. 5. A, fraction Nl in Fig. 1C subjected
to the step 1 digestion; B, oligosaccharides indicated by a bar in A subjected to
the step 3 digestion; C, oligosaccharides indicated by a bar in B subjected to the
step 4 digestion; /). oligosaccharides indicated by a bar in C subjected to the step
6 digestion; /;'. fraction AN in Fig. 1C subjected to the step 1 digestion; /â€¢',

oligosaccharides indicated by a bar in E subjected to the step 2 digestion; G,
oligosaccharides indicated by a bar in F subjected to the step 3 digestion; H,
oligosaccharides indicated by a bar in G subjected to the step 4 digestion.

3)GlcNAc/31â€”>groups in their outer chains, while those in the
fraction AN contain ./V-acetyllactosamine, yV-acetyllactosamine-
repeating structures, and the Gal/8lâ€”Â»3GlcNAcÃŸlâ€”Â»,Fucalâ€”Â»
2Gal01-Â»4GlcNAc/31-Â», and Gal/3l-Â»4(Fucal-Â»3)GlcN Ac-
/31â€”Â»groups.

That the Ar-acetyllactosamine-repeating structures were not
substituted by an o-fucosyl residue at all was confirmed by the
following experiments. When galactose-labeled oligosaccha
rides obtained from CEA-TY, -MY, and -TT were digested with
endo-j3-galactosidase and the digestion mixtures were analyzed
by Bio-Gel P-4 column chromatography, only a radioactive
component corresponding to [3H]Gal/31â€”Â»4GlcNAc01â€”Â»3Gal

was detected as the hydrolysis product in all cases.
Based on the results so far described, oligosaccharides in

fractions Nl and AN from the CEA-MY and -TT samples
contain the outer chains shown in Table 1. The approximate
frequency of occurrence of each outer chain in the complex-
type sugar chains of CEA-MY and CEA-TT was estimated
from the data obtained by methylation analysis of mixtures of
fractions Nl and AN (data not shown) and the data obtained
by the sequential exoglycosidase digestion (Figs. 6 and 7) by
the following manner, and summarized in percentage of molar
ratio at the lower half of Table 1.

First of all, the total amount of complex type oligosaccharides
was estimated by adding the values of 2,4-di- and 2-mono-O-
methylmannitols. The total amount of the Gal/31â€”Â»
4GlcNAc/31-Â»3Gal/31-Â»4GlcNAc residue and that of the
Gal/81â€”Â»3GlcNAcresidue was estimated from the value of
2,4,6-tri-O-methylgalactitol and that of 4,6-di-O-methyl N-
methylacetamido-2-deoxyglucitol, respectively. Amounts of
type 2H- and Y-determinants were calculated from the value of
3,4,6-tri-O-methylgalactitol and the ratio of the values obtained
by step 3 and 6 digestion shown in Table 3. Amounts of GalÃŸlâ€”Â»
4(Fucal-Â»3)GlcNAc and Galj31-Â»3(Fucal-Â»4)GlcNAc resi-
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dues were calculated from the value obtained by subtracting the
amount of Y-dÃ©terminantfrom the value of 6-mono-O-methyl-
W-methylacetamido-2-deoxyglucitol and the ratio of the values
obtained by digestion in steps 4 and 5. Finally, the amount of
Gal|81â€”Â»4GlcNAcwas calculated by subtracting the amounts of
Gal!81-Â»4GlcNAc/31-Â»3Gal/31-Â»4GlcNAc,Gal/31->3GlcNAc,
Gal/31 -Â»4(Fucal -Â»3)GlcNAc, and Gal/Ã®l-â€¢â€¢3(Fucal -Â»
4)GlcNAc residues from the value of 2,3,4,6-tetra-O-methyl-

galactitol.
In Fig. 8, the proposed structures of oligosaccharides in

cluded in the three CEA samples are summarized.

DISCUSSION

Analyses of the sugar chains described in this paper were
performed on the CEA samples purified by a concanavalin A-
Sepharose column in order to compare the data with those
reported by Chandrasekaran et al. (29). It was confirmed that
the CEA-TY sample obtained by omitting the lectin affinity
chromatography gave almost the same results as described in
this paper. Therefore, no preselection of certain sugar chains
was made by the lectin column purification. As summarized in
Table 1, the total amount of the neutral oligosaccharides and
the molar ratio of high mannose-type and complex-type sugar
chains of the three CEA samples were almost the same. How
ever, structural features of the outer chain moieties of complex-
type sugar chains were quite different by the CEA samples.
CEA-TY was most enriched with the sialidase-resistant acidic
fractions among the three samples. An interesting evidence is
that a reciprocal relationship seemed to occur in the content of
sialidase-sensitive and sialidase-resistant acidic fractions. High
variation was also found in the ratio of the neutral portion of
the outer chain moieties of complex-type sugar chains. The
major outer chains in the case of CEA-MY and CEA-TT were
yV-acetyllactosamine and X-trisaccharide, while CEA-TY con
tained Y-tetrasaccharide as an additional major outer chain.
Small amounts of type 1 chain and its fucosylated derivative,
Le" antigenic determinant were detected in some samples. Other
characteristics are that most of the proximal W-acetylglucosa-
mine residue of the trimannosyl core of the complex-type sugar

High mannose type

(Mana1-2) o

Complex type

ana>â€ž
Manal-* ^ManS1Â»4GlcNAcS1-4GlcNAc

Hanoi-"

(GalB1-Â»4GlcNAcB1-3)ox3
(GalB1Â»4GlcNAc6l-)i

(Fuca1-2GalB1-4GlcNAc),

Fucal.

(GalBl-3GlcNAc),vi

Fucal.

(Fuca1Â»2GalB1-4GlcNAc)[

â€¢GlcNAcB!

anal*'3
ManB1Â»4GlcNAcB1-4GlcNAc

Fig. 8. Presumed structures of oligosaccharides included in the three CEA
samples. From 1 to 3 mol of sialic acid residues are linked to either C-3 or C-6
positions of the nonreducing terminal galactose residues of the complex type
oligosaccharides.

chains is fucosylated at the C-6 position, and about half of the
complex-type sugar chains contain bisecting W-acetylglucosa-
mine residue.

These structural characteristics of sugar chains of CEA are
different from those reported by Chandrasekaran et al. (29).
They proposed that CEA samples purified from liver mÃ©tastases
of primary colon and breast tumors have mono-, bi-, tri-, and
tetraantennary complex-type sugar chains. ,/V-Acetyllactosa-
mine-repeating structures with a small amount of fucose resi
dues linked at the C-3 positions of some yV-acetylglucosamine
residues were present in the outer chain moieties of the sugar
chains reported by them. All of their trimannosyl cores were
not fucosylated and did not contain any bisecting ./V-acetylglu-
cosamine residues. Although they claimed that blood group
antigenic determinants in CEA should be derived from mucin-
type sugar chains of other glycoproteins contaminating their
CEA samples, our data indicate that the determinants are parts
of the structures of complex-type asparagine-linked sugar
chains of CEA molecule. High mannose-type sugar chains,
which were not reported to occur in Chandrasekaran's samples,

were detected in our samples. Although we cannot explain the
cause of discrepancies of the results of our investigation from
Chandrasekaran's, it is improbable that the sugar chains are

different by CEA samples, because all CEA samples investi
gated in this paper gave similar results in regard to the charac
teristics described above.

The complex-type sugar chains of CEA contain fundamen
tally type 2 chain, GalÃŸlâ€”Â»4GlcNAc,in their outer chain moie
ties. X-, Y- and type 2H-determinants, which occur amply in
the outer chains, are all derived from the type 2 chain as shown
in Fig. 9. Lea antigenic determinant and type 1 chain, Gal/31â€”Â»

3GlcNAc, which occur in a small amount in some, but not all
of the CEA samples could be derived from normal CEA-related
antigens copurified with CEA. The variation in the content of
the type 2H, X-, and Y-antigenic determinants in the three
CEA samples might be caused by the relative activities of the
two fucosyl transferases shown in Fig. 9. Whether occurrence
of these two enzymes are related to the stages of tumors or
genetic background of individual patients might be an interest
ing target for future study.

Although all three CEA samples studied here were obtained
from blood type A individuals, no blood type A determinant
was found in the outer chain moieties of their sugar chains.
This evidence is somewhat peculiar, because type 2H-deter-
minant was detected in CEA-TT. Our experiment indicated
that Fucal ->2Galj31 -Â»4GlcNAc/Ã®l->2Manal ->6(Fucal -Â»

*4GlcNAc/31 ->2ManÂ«l -^ManÃŸl ->4GlcNAc/31 -Â»

GalB1-4GlcNAcBlÂ» ---- (Type 2)

GalB1-4GlcNAcB1-
3

(X antigen)

GalB1*4GlcNAcB1->
2 3

Fucal Fucal
(y antigenÂ»

Fig. 9. Possible biosymhetic pathways of blood group-related antigenic deter
minants found in the complex type sugar chains of CEA.
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4(Fucalâ€”>6)GlcNAcâ€”Â»Asnpurified from urine of a patient with
fucosidosis (30) can be a good substrate of A enzyme purified
from human milk (31), and form the GalNAcalâ€”>3(Fucalâ€”Â»
2)Gal group at its nonreducing end.4 Whether this phenomenon
is the reflection of an abnormal expression of glycosyltransfer-
ases in malignant cells or not remains to be elucidated.

Occurrence of the Y-antigenic determinant in the asparagine-
linked sugar chains of human 7-seminoprotein was recently
reported by Van Hal beck et al. with use of 500 MHz 'H-nuclear

magnetic resonance spectroscopy (32), and also in epidermal
growth factor receptor by Feizi et al. (33) with use of an
immunological technique. Occurrence of the determinant in 7-
seminoprotein is of particular interest because the protein is an
important marker in forensic medicine (34) and in the detection
of prostate cancer (35).
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