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ABSTRACT 

The AQnked oligosaccharide structures on bee venom phospholipase Az were investigated. The 
oligosaccharides on purified phospholipase A, were released by hydrazinolysis and labeled in vitro by 
reduction with NaB3H,. Following purification, the labeled oligosaccharides were characterized by size 
exclusion chromatography in combination with digestion with specific glycosidases. Linkage positions 
were determined by methylation analysis. Four types of structures were identified on the molecule, all 
of which were of truncated high-mannose type and none of which contained any a-(1 + 2)-linked 
mannose residues. The majority of the structures were Man, oligosaccharides with (43%) or without 
(38%) a fucose residue linked a_(1 + 6) to the reducing N-acetylglucosamine. The remaining 19% of 
the oligosaccharides on the molecule were identified as a Man, oligosaccharide without core fucose 
(9.6%) and a core-fucosylated Man, structure (9.2%). 

INTRODUCTION 

Phospholipase A, (EC 3.1.1.4.) is the most abundant protein in honey bee (&is 
mellifera) venom, accounting for 12-14% of the dry weighti. The protein consists 
of a single polypeptide chain of 128 amino acids and is cross-linked by four 
disulfide bridges 2-4 The primary structure contains one site for N-linked glycosy- . 
lation, Asn 13, and previous work has demonstrated that this site is glycosylated on 
the majority of the molecules3J. 

Bee venom phospholipase A, has a heterogenous appearance on SDS-poly- 
acrylamide electrophoresis which has been attributed to heterogeneity in the 
oligosaccharide structures. In a previous report three different structures on the 
molecule were tentatively identified by methylation analysi$. 

This report is a characterization of N-linked oligosaccharides isolated from bee 
venom phospholipase A,. Four different structures were identified, all of which 
are representative of the truncated high-mannose type oligosaccharides frequently 
found on insect glycoproteins6-8. 
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EXPERIMENTAL 

Materials and methods.-Sodium boro[ 3Hlhydride (500 Ci/mmol) was ob- 
tained from DuPont. Sodium borohydride, Dowex 5OWX8, Amberlite MB-3, 
Chelating resin, hydrazine, jack bean a-mannosidase, snail P-mannosidase, jack 
bean N-acetyl-fl-n-glucosaminidase, and bovine epididymis a-fucosidase were pur- 
chased from Sigma. Aspergillus phoenincis cw-mannosidase was obtained from 
Oxford GlycoSystems. Bee venom phospholipase A, was purchased from 
Boehringer. Bio-Gel P-4 was from BioRad. The radiolabeled standard Man(cul-6) 
[Man(al-3)]Man(~l-4)GlcNAc(~l-4~Fuc(al-6~]GlcNAc-o1 was isolated from an 
in vivo labeled chimeric protein called FG synthesized by the insect cell line Sf9s. 
The radiolabeled standards Man(al-6)[Man(cul-3)]Man(pl-4)GlcNAc(~l-4)Glc- 
NAc-01, Man( Pl-4)GlcNAc( pl-4)GlcNAc-01, and GlcNAc( pl-4)GlcNAc-01 were 
prepared from a standard biantennary oligosaccharide purchased from Oxford 
GlycoSystems by reduction with sodium boro[ 3H]hydride followed by sequential 
exoglycosidase digestion. 

Phospholipase A, (2.7 mg> was dried extensively and the oligosaccharide 
structures were released, purified and labeled by reduction with sodium 
boro[3H]hydride as described by Takasaki et aL9 with minor modifications. The in 
vitro labeled oligosaccharides were separated from radioactive contaminants on 
descending paper chromatography in pyridine-ethyl acetate-glacial acetic acid- 

water (5 : 5 : 1: 3). Analysis of the purified radioactive oligosaccharides was carried 
out on a calibrated Bio-Gel P-4 column (1.6 X 100 cm> essentially as described by 
Yamashita et al.“; since all oligosaccharide structures on the molecule are 
relatively small, a lOO-cm column provides sufficient resolution and was used 
instead of a 200-cm column. The sequential degradation of the oligosaccharides 
involved the use of the following exoglycosidases and conditions: jack bean 
N-acetyl-/I-n-glucosaminidase (5 U/mL) in 100 mM citrate-phosphate, pH 4.6 for 
18 h; Aspergilius phoenicis cw-(1 + 2)-mannosidase (0.2 mU/mL) in 100 mM 
sodium acetate, pH 5 for 20 h; jack bean cw-mannosidase (14 U/mL) in 100 mM 
sodium acetate, pH 4.5 for 48 h; snail @mannosidase (1.5 U/mL) in 100 mM 
glycine-HCl, pH 3.5 for 24 h; bovine epididymis a-fucosidase (0.15 U/mL) in 100 
mM citrate, pH 4.5 for 24 h followed by addition of fresh enzyme and an 
additional 24 h incubation. All enzyme digestions were done at 37°C under toluene 
atmosphere. Methylation analysis was done essentially as described”. 

RESULTS AND DISCUSSION 

Separation of the in vitro labeled oligosaccharides on Bio-Gel P-4 yielded three 
radioactive peaks, eluting at the positions of oligosaccharides composed of approx- 
imately 8.8, 7.6, and 6.6 glucose units (GUI, respectively. None of the radioactivity 
in these fractions was linked to charged structures, as tested by binding to 
QAE-Sephadex (data not shown). Fig. 1, panel A shows the earliest eluting, 8.8 
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Fig. 1. Sequential exoglycosidase digestion of oligosaccharides co-eluting with dextran oligomers 
composed of 8.8 glucose units. Ohgosaccharides were isolated from purified phospholipase A, and 
labeled in vitro as outlined in the Experimental section. Following size-exclusion chromatography on 
Bio-Gel P-4, the oligosaccharides eluting at 8.8 glucose units (Panel A, -_) were re-chromato- 
graphed on the column after sequential digestion with jack bean N-acetyl-/S-p-giucosaminidase (Panel 

A, - -1, Aspergillw phoenicb cy-1,2-mannosidase (Panel A, . . . . . .), jack bean a-mannosi- 
dase (Panel A, - - -_), snail /%mannosidase (Panels B and C, -. -. -1, bovine epidiymis cY-fucosidase 
(Panel B, -----I, and jack bean N-acetyl-P-o-ghrcosaminidase (Panels B and C, - - 
-). Numbers 1 through 10 indicate the elution volumes of dextran oligomers composed of l-10 
glucose units. The elution positions of oligosaccharide standards are indicated by roman numerals: I, 
Man(al-6)[Man(rY1-3)]Man(~l-4)GlcNAc~~l-4)[Fuc(cY1,6)]GlcNAc-ol; II, Mancal-b)[Man(al- 
3)]Man@l-4)GlcNAcQl4)GlcNAc-ol; III, Man@l-4)GlcNAc@l-OGlcNAc-ok IV, GlcNAc/.I(l- 
4)GlcNAc-ok V, GlcNAc. 

GU, radioactive peak. Digestion of the material in this peak with jack bean 
N-acetyl-P-D-glucosaminidase did not result in a shift in elution volume, indicating 
the absence of terminal GlcNAc residues. Digestion of the same material with 
o-0 --) 2)-mannosidase again did not result in a shift, suggesting that the structure(s) 
in this peak also lacked outer a-0 + 2)-linked mannose residues. However, 
further digestion with jack bean a-mannosidase resulted in an - 2.6 GU shift in 
mobility for 45% of the radioactivity in the peak while the remaining 55% shifted 
- 3.5 GU, indicating that the initial peak contained structures from which the 
treatment removed 3 and 4 a-linked mannoses, respectively (Fig. 1A). Digestion of 
the two peaks (6.2 and 5.3 GU) in Fig. 1A with snail P-mannosidase, resulted in 
both cases in an - 1 GU shift in elution position, (yielding peaks at 5.3 and 4.1 
GU, respectively) consistent with the removal of one P-linked mannose residue 
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TABLE I 

Permethylated alditol acetates identified in oligosaccharides isolated from bee venom phospholipase A, 

1,5-Di-0-acetyl-2,3,4-tri-0-methylfucitol 
1,3,5,6-Tetra-0-acetyl-2,4-di-0-methylmannitol 
1,5-Di-0-acetyl-2,3,4,6-tetra-0-methylmannitol 
1,5,6-Tri-0-acetyl-2,3,4-tri-0-methylmannitol 
1,4,5,6-Tetra-O-ace~I-3-O-methyl-2-N-ace~lglucosaminitol 
1,4,5-Tri-0-acetyl-3,6-di-0-methyl-2-N_al 

(Fig. 1B and Cl. The 5.3 GU peak was further digested with bovine epididymis 
cw-fucosidase which resulted in a 1 GU shift, consistent with the removal of one 
terminal a-linked fucose residue (Fig. 1B). The material in the 4.1 GU peak was 
resistant to this treatment (data not shown). Finally digestion of the material in the 
4.1 GU peaks with jack bean N-acetyl-P-D-glucosaminidase in both cases resulted 
in an N 2 GU shift. Taken together, these results suggest that the 8.8 GU peak 
contains two oligosaccharides: a Man, structure and a core-fucosylated Man, 
structure, both without cr-(1 + 2)-linked mannose residues; the recovery of only 
2,3,4-methylated mannose (and the absence of the 2,4,6-tri-0-methylated species) 
in the methylation analysis of the preparation, strongly suggests that one of the 
outer mannoses on the Man, structure is linked to the 6 position of the ~(1 --) 6)- 
linked mannose (Table I). The experimental data also suggest that the fucose 
residue on the structure is linked to one of the core Wacetylglucosamines and 
control experiments involving digestion of the intact oligosaccharide with endoglu- 
cosidase D resulted in a labeled 3 GU fragment which could be further degraded 
to a 2 GU structure by a-fucosidase digestion, suggesting that the fucose is linked 
to the innermost (Asn-linked) GlcNAc (Data not shown). Further support for this 
interpretation comes from the methylation analysis. Two methylated alditol ac- 
etates of N-acetylglucosamine were observed: 3,6-di-o-methyl- and 3-O-methyl- 
GlcNAc. The latter species is predicted from oligosaccharides containing a fucose 
residue linked to the 6-position of N-acetylglucosamine. Previous reports have 
established that insect cells are capable of synthesizing core-fucosylated oligosac- 
charides5,7,8. 

The second peak, eluting at N 7.6 GU, (Fig. 2) was first digested with bovine 
epididymis cx-fucosidase; this resulted in 1 GU shift in elution volume, indicating 
the removal of one terminal fucose residue. Digestion of this (the product from 
a-fucosidase digestion) material with jack bean a-mannosidase resulted in an 
additional 2 GU shift in elution volume, consistent with the removal of two 
terminal mannose residues. Further digestion with snail p-mannosidase and jack 
bean N-acetyl-P-o-glucosaminidase resulted in shifts in elution volume of 1 and 2 
GU, respectively. Digestion of the intact oligosaccharide with endoglycosidase D 
confirmed that the fucose residue was linked to the reducing N-acetylglucosamine 
(compare above). Thus the 7.6 GU peak appears to contain only one type of 
oligosaccharide, a core-fucosylated trimannosyl structure. 
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Fig. 2. Sequential exoglycosidase digestion of oligosaccharides co-eluting with dextran oligomers 
composed of 7.6 glucose units. In vitro labeled phospholipase A, oligosaccharides were isolated and 
separated by Bio-Gel P-4 chromatography as outlined in the legend to Fig. 1. The oligosaccharides 
eluting at 7.6 glucose units (- ) were re-chromatographed on the column after digestion with 
bovine epidiymis a-fucosidase (-----), jack bean a-mannosidase (- - -_), snail /3-mannosidase 
(-.-.-) and jack bean N-acetyl-/3+glucosaminidase (- - -). Numbers 1 through 10 
indicate the elution volumes of dextran oligomers composed of l-10 glucose units. The elution 
positions of oligosaccharide standards are indicated by roman numerals: I, Man(aldXMan(al- 
3)]Man@l-4)GlcNAc~(l-4~Fudal-6)]GlcNAc-o1; II, Man(al-6~Man(al-3)]Man(/31-4)GlcNAc@l- 
4)GlcNAc-ok III, Man@l-4)GlcNAdPl-4)GlcNAc-01; IV, GlcNAc(~l-4)GlcNAc-01; V, GlcNAc. 

The third peak, eluting at N 6.6 GU (Fig. 31, was sequentially digested with jack 
bean cY-mannosidase, snail p-mannosidase and jack bean N-acetyl-@-r&xo- 
saminidase. This resulted in the predicted shifts of N 2, 1, and 2 GU, for a non 
core-fucosylated trimannosyl structure. 

Methylation analysis of the oligosaccharides isolated from bee venom phospho- 
lipase A, produced the methylated alditol acetates shown in Table I. The 
recovered methylated species are consistent with the oligosaccharide structures. 
Linkage positions are all in agreement with previously published data on glycosyla- 
tion in insect cell&” and with the common structures of N-linked oligosac- 
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Fig. 3. Sequential exoglycosidase digestion of oligosaceharides co-eluting with dextran oligomers 
composed of 6.6 glucose units. In vitro labeled phospholipase A, oligosaccharides were isolated and 
separated by Biogel P-4 chromatography as outlined in the legend to Fig. 1. The oligosaccharides 
eluting at 6.6 glucose units ( -) were re-chromatographed on the column after digestion with jack 
bean a-mannosidase (---), snail /3-mannosidase C-.-e-) and jack bean N-acetyl-fi-o-gluco- 
saminidase (- - -). Numbers 1 through 10 indicate the elution volumes of dextran 
oligomers composed of l-10 glucose units. The elution positions of oligosaccharide standards are 
indicated by roman numerals: I, Man(crl-6~Man(al-3)]Man(~1-4KilcNAd~l-4~Fudcrl-6)~lcNAc-ol; 
II, Man(a1-6~Man(al-3)]Man(/31-4)GlcNAc@l-4)GlcNAc-ok III, Man(~1-4)GlcNAd~l-4)GlcNAc-ol; 
IV, GlcNAc@L4)GlcNAc-oh V, GlcNAc. 
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TABLE II 

Proposed structures of N-linked oligosaccharides isolated from bee venom phospholipase A, 

Structure Relative amount 

Manal, 

Manal 
15 

Manal, 

,3 
ManPl-4GlcNA@l-4GIcNAc 9.6 

Manal 

Fucc~ 
Maw1 

‘6 Manal, : 
6Man~1-4GlcNAc/31-4GlcNAc 

Maw1 
/3 

9.2 

FUC(Y 

Man cvl, 
: 
6 

’ Mar@-4GlcNAc/31-4GlcNAc 
Mancrl 

/3 
43 

Manal, 
’ Manpl-4GlcNAc/?l-4GlcNAc 

/3 
Manal 

38 

charides”. The absence of 2,4,6-tri-O-methylated mannose suggests that the man- 
nosidase(s) responsible for processing of the high-mannose precursor(s) in insect 
cells cleaves the (1 + 3)-linked mannose residue on the Cl+ 6) arm of the core 
before the (1 + 6)-linked mannose. 

Table II summarizes the oligosaccharide structures recovered from bee venom 
phospholipase A,. The molecule appears to contain four types of oligosaccharides: 
Man, and Man, structures without a core fucose and core-fucosylated Man, and 
Man, structures. Approximately half of the oligosaccharides on the molecule are 
core-fucosylated and the results from the methylation analysis suggest that the 
fucose residues are invariably linked to the 6 position of the reducing N- 
acetylglucosamine. This substitution position has previously been reported for the 
core fucose residues on a glycoprotein synthesized by the insect cell line 5B8. 
Interestingly the largest core-fucosylated structure on phospholipase A, is Man,. 
Previous work has positively identified core-fucose residues only on Man, struc- 
tures’,*, although methylation analysis data indicating the existence of core-fucosy- 
lated Man, and Man,-GlcNAc structures have been presented for bee venom 
phospholipase A, (ref. 5). The substrate specificity of the insect core fucosyl 
transferase is not known, however it clearly differs from the mammalian counter- 
part since this enzyme has an absolute requirement for the addition of an 
N-acetylglucosamine to the Man, core prior to tranrfer of fucose13. Furthermore, a 
recent report by Staudacher et a1.14 suggest the presence of more than one core 
fucosyl transferase in the bee venom gland. These investigators found only two 
structures when characterizing the oligosaccharides on bee venom phospholipase 
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A,: a core-fucosylated Man, structure with the fucose residue linked a-(1 + 6) to 
the reducing N-acetylglucosamine and a core-difucosylated Man, structure with 
one fucose residue linked (~4 + 3) and another linked a-0 + 6) to the reducing 
N-acetylglucosmine. We found no evidence for di-fucosylated oligosaccharides in 
our work, in fact N 50% of the structures characterized in our investigation are 
not fucosylated at all. Also different from the results reported by Staudacher et 
a1.14 are the almost 20% of the oligosaccharides recovered in our investigation 
which contain more than three mannose residues. A possible explanation for these 
differences is the use of different working material. We have noticed considerable 
differences in the distribution of oligosaccharide structures on phospholipase A, 
from different sources (Hollander and Elhammer, unpublished observations). In 
this context it is of interest to note that we found no evidence for the terminal 
N-acetylglucosamine containing truncated high-mannose structures, reported on 
bee venom phospholipase A, by Weber et al.‘, nor did we find any indication of 
other processed (complex or hybrid type) oligosaccharides; recent reports have 
demonstrated the presence of sialylated complex type oligosaccharides on human 
plasminogen synthesized by Spodoptera fragiperda as well as Mamestra brassicae 

cells’5-17. Instead our findings are in agreement with reports suggesting that insect 
cells do not synthesize these kinds of structures6-8*18”g, most likely due to the fact 
that they appear to lack the necessary glycosyltransferases’‘. 
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