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The biosynthesis of oligosaccharides N-linked at AsnXxxThr(Ser) sequons of
glycoproteins is initiated by the co-translational transfer of a Gle;Man,GlcNAc, from
dolichyl pyrophosphate'. The three glucose residues are rapidly removed by two
glucosidases, one (1 —2)- and the other a(1—3)-specific'. These first steps are identical
in yeast and in man, and likely to be the same in plants'?; however, the subsequent
removal and addition of the peripheral mannoses are very different. The array of
oligo-mannosyl structures which eventually occupy each glycosylation site are a func-
tion, in part, of the concerted action of mannosidases and mannosyl transferases on the
archetypal Man,GlcNAc, structure’. These enzymes often display specificity for not
only the type of residue and anomeric linkage, but also for its branch location. For
example, a yeast mannosidase removes a single (1 -»2)-x-linked mannose from a specific
branch of the Man,GIcNAc, oligosaccharide*®. A yeast (1 6)-a-mannosyl transferase
places a single mannose on one specific branch which is essential for elongation
reactions®. Trimming by at least three mammalian mannosidases accounts for the
heterogeneity of high-mannose structures at individual glycosylation sites (discussed in
ref. 7). Thus, chromatographic methods which can separate not only by size and ring
substitutions (linkage), but also according to branch isomerism, are required to under-
stand the structural glycobiology of N-linked oligosaccharide biosynthesis.

High-pH anion-exchange chromatography (h.p.a.e.c.) has been shown to sep-
arate many oligosaccharide isomers (both neutral and charged) which differ only in a
single linkage®'*'"). However, certain isomers were difficult to separate using
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h.p.a.e.c.” "™ Using a more efficient stationary phase. we report the separation of
high-mannose oligosaccharides. including branch isomers isolated from yeast and
mammalian glycoproteins.

RESULTS AND DISCUSSION

During biosynthesis of N-linked oligosaccharides. x-mannosidase(s) remove
mannose residues from the originally transferred Man,GlcNAc, oligosaccharide (struc-
ture 10 in Table 1), In mammalian cells, any of the three terminal mannoses are removed
resulting in three branch isomers’, two of which (Man, isomers 8 and 9) are shown in
Table I. The third isomer is formed by removing the terminal %1 —2)-linked Man from
the core 2(1—3)-linked Man arm. In veast. only one mannose is removed from the
original Man,GlcNAg, giving the mannosyl branching pattern shown in structures 7
(with an intact chitobiose core) and 8 (the endoglycosidase H product). Fig. 1. Pancl A
shows the h.p.a.e. separation of the mammalian Man GleNAc, mixture which was
released from bovine thyroglobulin with endoglycosidase H and isolated using Bio-Gel
P-4 chromatography®. The proportional areas of the earlier to later eluting peak were
60:30. Approximately equal ratios of these two isomers and a small amount of the third
possible isomer were found using 'H-n.m.r. spectroscopy”. Panel B shows the chroma-
togram of compound 8 (Table 1} which was 1solated from Succharomyees SUC2
invertase secreted by Pichiu pastoris”™. A 1:1 admixture of these two oligosaccharides
was prepared and analyzed asshownin Panel C. Itis apparent, from the increase in peak
area of the earlier eluting peak. that compound 8 from both 1solates co-eluted and were
separated from their branch isomer 9. These data are supported by "H-nan.r. spectral
analysis which identified structure 8 as the single component of the yeast Man, GleNAc,
fraction (Trimble and Atkinson. unpublished data),

TABLE ]

Structures of high-mannose oligosaccharides

Compound Structure

1
Mana{ ! -+6)
,Man/ﬂ P+ HGIENASUH - DGleNAca ff

Manad | —3)

b4
Munax(1 —6)
Manfi(1 »HGIeNACHT »HGleNAcxf
Mana(l —2¥Manx( [ =2 Manx( 1 —3)
3 Manx(i -6
Manx( | 746)\
Manxil- -3~ Manfi(1 - HGleNAeft - DGICNAcxff

Mans(l -3}
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4 Mana(l —6)
- Mana(1-6).
Mana(l - 3) ]Manﬂ(l—»4)GlcNAca,ﬂ
Mana(l —-3)

rManot(l —6)
Manal =2 Mana(1—6)
e ~
Mana(l—3) /Manﬂ( 1-+4)GIlcNAca,f
Mana(1 —3)
6 _
Manea(1—-6)
2(Manual—2) . Mana(1-6).
Mana(1-3) Mang(1-4)GlcNAca,f
Mana(l - 3)

L

Mana(1—=2)Mana(1-6)
- Mano(1 -6)
Mana(l—3) /Mana( 1->4)GleNAcS(1 -4)GlcNAca,f
Mana(l -2)Mana(l -2)Mana(! —3)

Mana(1 -2)Mana(l-6)
- Mana(l —»6)\
Mana(l—3) Mana(l —-4)GlcNAca,f

Mana(l =2)Mana(l »2)Mana(l —>3)/

Mana(1—-6)
Mana(l —6)
— ~
Mang(1—-2)Mana(l - 3) ,Man:x(l —-4)GlcNAca,f
Mana(l—2)Mana(l »2)Mana(i —3)

10
Mana(1—~2)Mana(1-6) <
Mana(1 —6)
— -
Mane(l —-2)Mana(l-3) - Mana(1 -4)GleNAcS(1 -4)GleNAca,f
Mana(l - 2)Manx(l —2)Mana(1 -3}

11
Mana(l —2)Mana(1 —6)
Mana(l —6)
red -~
Mane(1—2)Manax(1 —3) /Manm(l —+4)GleNAca.f
Mana(l > 2)Mana(1l —»2)Mana(1 —3)

12
Mana(1—-2)Mana(l —6)
Mana(l —6)
P
Mana(1-3) Mana(l +4)GlcNAco,f
Mana(l -»2)Mang(1-2) Mana(l —3)

Manax(1—6)
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Fig. 1. H.p.a.e.c. with pulsed amperometric detection (p.a.d.y of Man,GlcNAg, branch isomers. Man Gl
NAc, (~ I nmol), which was isolated from bovine thyroglobulin as described in ret 4. was injected inte the
described chromatograph in 50 gh. of water (Panel A). Panel B shows the chromategraphy of Man, GleNAc
wolated from Saccharomyees corvisiae invertase expressed in Pichia pastoris veast cells. The Man, GIeNAc
oligosaccharides were mixed inapproximately equal proportions and anulvzed ds shown in Panet € The
gradient profile shown in Panct C s deseribed in detail in the Experimental section. Detection was by pulsed
amperometry. 300 nA full scale. The numbers above cach peak correspond 1o those in Table

High-mannose Man.GleNAc¢, branch isomers have been separated  using
hopa.ce using a CarboPuac PA-1 column (Dionex Corporation. Sunnyvale. CAY?®
however. other high-mannuose oligosaccharides. in which branch somers (Man, and
Man,) may occur, eluted as single peaks'™, Consistent with these findings” we were also
unabic to resolve the Man,GleN, branch isomers, with the above column using differen:
elution conditions (Townsend und Hardy, unpublished resulis)

In yeast, an 2{1 - 6)-hnked Man is added 1o the 201 - Sielinked Man of 8 to Torm
12, a new Mun, structure’”, whereas in mammalian systems. the onginally transferred
Man,GleNAG, structure 10 is trimmed to form smaller high-mannose oligosaccharides
and precursors for hvbrid and complex structure biosynthesis . These two Man, 5 {11
and 12) are different in two respects: /) the branch focation of 4w erming] mannose and
{iy its hnkage €xl — 2w, xd 63 Fig. 2 shows the hopaae. chromategrom of these two
Mun, structures. The Man,GIeNAc, from bovine thyroglobulin cluted ~ 4 mun carlier
than the yeast Man,GleNAc.. The earlier elution time of the manmmaliin Man, GleN A
1isconsistent with the potentict for compound 12 to forman addiionad charged conter @
a 2-OH position. The later elution of a homologous series of hugher J.p. veast mannose
oligosaccharides with one additional 2-OH group was recent

Iy reported’ . Howewver, o

number of exceptions to correliating the propensity for oxvanton fortaton {oxirapolal -
ed [rom monosaccharide studies™) and the substitution patiern in oligosaccharides buyve
been reported’

Endoglycosidases have become essential reagents for the anadysis of N-hnked
glycoprotein glycans (for review, see ref. 19). Two classes of enrvmes have been

described: (/) those that cleave the chitobiose core and (71 those that refease the intact
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Fig. 2. H.p.a.e.c. with p.a.d. of Man,GIcNAc, isomers from yeast and bovine sources. An admixture of
ManyGlcNAc, oligosaccharides from Saccharomyces cervisiae invertase, which were expressed in Pichia
pastoris yeast cells, and Man,GlcNAc, from bovine thyroglobulin (~ 300 pmol each) were mixed and
injected into the chromatograph in 50 uL of water. Detection was by pulsed amperometry as described in the
Experimental section at 300 nA full scale. The acetate gradient is indicated by the dashed line. The structures
of the numbered peaks are given in Table 1.

oligosaccharide chain. Often these two activities are found in a single source and must
be separated and their substrate specificity determined. Thus, chromatography which
cleanly separates oligosaccharides which differ only in the presence of one vs. two core
GlcNAc’s would be useful. We analyzed three such structural pairs, 3and 4,7 and 8, and
10 and 11. Interestingly, the oligosaccharides with the intact chitobiose core eluted
earlier than those with a remaining GlcNAc. This trend has also been found for
lactosamine-type oligosaccharides'*'%. The difference in elution times for all three pairs
were found to be 3.6-3.8 min. Fig. 3 shows the chromatogram of high-mannose
oligosaccharides with one (Panel A) and two (Panel B) GIcNAc’s in the core. In addition
to the above discussed separations, branch and linkage isomers of Man,GIlcNAc, (2and
3) and isomeric forms of Man/GlcNAc, (5) and Man,GlcNAc, (6) were resolved.
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Fig. 3. H.p.aec. with p.ad. of Man,GlcNAc, and Man,GIcNAc, high-mannose oligosaccharides. An
admixture of Man, ,GlcNAc, oligosaccharides (Panel A) and Man, ;GlcNAc, (Panel B) oligosaccharides
were prepared. Structures corresponding to the numbered peaks are given in Table I. Each peak represents
approximately 300 pmol of each individual oligosaccharide. The total volume injected for each mixture was
150 uL. Detection was by pulsed amperometry as described in the Experimental section at 300 nA full scale.
The acetate gradient is indicated by the dashed line. The structures of the numbered peaks are given in Table
L
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Chromatography of an admixture of the total GIcNAc, and GlcNAc. high-mannose
oligosaccharides shown in Table I revealed that only two oligosaccharides in the series
(7 and an isomer of 6) co-cluted (data not shown).

In summary, h.p.a.e c. with a more efficient pellicular quaternary ammonium
resin and increased column length (two scrial columuns) enabled the separation of
branched isomeric forms of high-mannose oligosaccharides that are kev biosynthetic
intermediates. The two different core products of endoglycosidases. which are used to
study glycoprotein glycans. were separated to the same extent, independent of chain
length (d.p. 6-11). H.p.a.ec. with paad. should be a useful adjunct for defining the
biosynthetic steps of N-linked oligosaccharides from various species as well us for
profiling and purifying the ensemble of high-mannose oligosaccharides from glycopro-
teins.

EXPERIMENTAL

Muaterials. — Compounds 1, 3. and 10 were acquired from Dionex Corporation
(Sunnyvale, CA}. Compounds 2 and 7 were isolated from a mutant (alg3. secl®) of
Succharomyces cerevisiae™. Compounds 4, 5. 6, 8. 9. and 11 were isolated from bovine
thyroglobulin®. Compound 8 and 12 were also isolated from Saccharonyees SUC?
invertase expressed in Pichia pastoris yeast cells. Fifty per cent (w'w) NaOH solution
was purchased from Fisher Scientific Co. (Rockville. MI). Sodium acetate was from J

T. Baker {Philipsburg, NI5. Nylon membranes were from Schicicher and Schuell
(Keene, NH).

Chromatographic apparatus. —- The system used for h.p.a.e. with p.a.d. consisted
of a Dionex GPM pump and o model PAD I detector which was controlled using
AJ450 software. The Dionex Eluent Degas Module was emploved to sparge and
pressurize the eluents with helium. Eluent | was 250mu sodium acetate. Eluent 2 was
water and Eluent 3 was v NuOH. Eluent | was filtered through 1.2 7 nvion membranes
before use. The water for all eluents was glass-distilled using a Corning Mega-Pure
system and collected directly into a glass container. Eluent 3 was prepuared by suitable
dilution of 50% NaOH solution with water. Sample injection was i/ o Specira-Physics
8880 uutosampler equipped with a 200-4L sample loop. The Rheodyne injection valve
on the autosampler was fitted with a Tefzel rotor seal to withstand the alkalinity of the
cluents. Oligosaccharides were separated using two serial Dionex CarboPac PA-100
pellicular anion-exchange columns (4 < 250 mm). The flow rate was 1wl min at
ambient temperature. The sample was introduced into a system equilibrated with
Eluent 1. 15% Eluent 2, 85% and Fluent 3, 10%. This proportion was maintained for 3
min, at which time the proportion of Eluent 1 was increased lineariy to 20% at 30 min.
Isocratic elution was maintained for 10 min with re-equilibration 1o initial conditions in
2 min. The time between injections was 72 min.

Detection was by p.a.d. using a gold working electrode and triple-pulse ampe-
rometry. The pulse potentials and durations for the PAD T were £ = 003V 5 = 480

P i

ms {Range 2, position 3% £, = 0.60 V_ ¢, = 120 ms(position 2. £, =~ 0L60V_ 1 = 60



NOTE 217

ms (position 1). The time constant was set to 3 s. Chromatographic data were collected
and analyzed using AI450 software (Dionex Corporation).
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