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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 Glc,Man,GlcNAc, from 
dolichyl pyrophosphate’. The three glucose residues are rapidly removed by two 
glucosidases, one a( I+ 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 (l-+2)-x-linked mannose from a specific 
branch of the Man,GlcNAcz oligosaccharide4,‘. A yeast (1+6)-a-mannosyl transferase 
places a single mannose on one specific branch which is essential for elongation 
reaction?. 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 iv-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 linkagex~‘4~‘7). H owever, certain isomers were difficult to separate using 
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h.p.a.e.c.” I,‘. LJsing a more efficient stationary phase. u’c report the separation of 
high-mannose oligosaccharides. including branch isomers isolated from yeast ;md 
mammalian glycoproteins. 

During biosynthesis of .V-linked nligosaccharides. x-mannosidase(s1 remove 
mannose residues from the originally transferred Man,GlcNAcl oligosaccharide (struc- 
turn 10 in Table I). In mammalian cells, any of the three terminal mannoses are removed 
resulting in three branch is~~rnersJ. two of which (Man, isomers 8 and 9) arc shwvrr in 
Table 1. The third isomer is formed by removrng the terminal ri I -+I!)-linked Man from 
the core Y( l+.iblinked Man arm. In veast. only one mannow is ri:tnoked from the 
original Man,IC;lcNAc, gi\.lng the mannosyi branching pattern sho\~~n in structures 7 
(with an intact chitobiose core) and 8 (the endoglycosidasc I I product 1. I’i,g. i ~ F’ijtlcl ,?a, 
shows the h.p.a.e. scpar:rtion of’ the mammalian Man,GicI;Ac, m~uture which {van 
released from bovine :hyrogiobulin with endoplycosidase 11 and isolated using HiwScl 
P-4 chromatograph>“. The proportional arks of the earlier to litter fluting peak were 
hO:30. Approximately equ:il ratio5 of these two isomers :ind ;t \m:~11 ;inl<>uni ol’the third 
possible isomer were found using !I--I-n.m.r. sptxtroscop~“. Panel I3 show thri chroma- 

togram of compound 8 (7‘:thk ii which was ~wiatetl from .%A.[ ~IW!T~J I ?“I SliC’Z! 
invertase secreted by Pic~hr~ pri.~rc~~~s”. 2 : 1 : t admixture of thcst: IWC) oligosacch;~rides 
was prepared and analyzed as shown in Panel C. It is apparent, from ihe Incrcaxc in peak 
arca of the earlier eluting peak. that compound 8 from both ~:;~rlates CO-elurtx~ and \vcrc 
separated from their branch isomer 9. These data are supported by ‘I-I-n.m Y’. spectrai 
analysis Lvhich identified structure 8as the single component ofthc ?c:tst Man,Gl~:Nhc 
fraction (Trimhle and Atkinsorr. unpublished data). 

Structures of hgh-mannose ollgosaccharides 

1 
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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 
MansGlcNAc, oligosaccharides from Saccharomyces cervisiae invertase, which were expressed in Pichiu 
pastoris yeast cells, and Man,GlcNAc, from bovine thyroglobulin (-300 pmol each) were mixed and 
injected into the chromatograph in 5OpL 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 I. 

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 us. two core 
GlcNAc’s would be useful. We analyzed three such structural pairs, 3 and 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’3s’4. The difference in elution times for all three pairs 
were found to be 3.63.8 min. Fig. 3 shows the chromatogram of high-mannose 
oligosaccharides with one (Panel A) and two (Panel B) GlcNAc’s in the core. In addition 
to the above discussed separations, branch and linkage isomers of Man,GlcNAc, (2 and 
3) and isomeric forms of Man,GlcNAc, (5) and Man,GlcNAc, (6) were resolved. 

OI.,,,,,~.,,....,.,,,,,.~~~~.~~,.~’O 
0 20 

Time (n?r~) 
60 

Fig. 3. H.p.a.e.c. with p.a.d. of Man,GlcNAc, and Man,GlcNAc, 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 
I50 @CL. 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 
I. 
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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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