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Fowl plague virus, strain Dutch, was metabolically labeled with D-[2-3H]mannose, or 
with D-[6-3H]glucosamine, and the small subunit (HAg; 0.8 mg in total) of the viral 
hemagglutinin was isolated by preparative sodium dodecylsulfate-polyacrylamide gel 
electrophoresis. After proteolytic digestion, the radioactive oligosaccharides were se- 
quentially liberated from the glycopeptides by treatment with different endo-/3-N- 
acetylglucosaminidases and with peptide:N-glycosidase or, finally, by hydrazinolysis. 
In this manner, four groups of glycans could be obtained by consecutive gel filtrations 
and were subfractionated by HPLC. The structures of the individual oligosaccharides 
were analyzed by micromethylation, by acetolysis or by digestion with exogly- 
cosidases. The major species amongst the high mannose glycans at Asn-406 of the viral 
glycopolypeptide were found to be Mano~l-2Manc~l-3(Mano~l-2Mano~l-6)Mano~l-6(Ma- 
n~1-2Manc~1-2Mano~1-3)Man/31-4GIcNAc/31-4GIcNAc and Man~l-3(Manc~l-2Mano~l-6) 
Mano~l-6(Man~l-2Mano~l-2Manc~l-3)Man~l-4GIcNAc~l-4GIcNAc, while the complex 
glycans at Asn-478 are predominantly GIcNAc/31-2Mano~1-3(GIcNAc~1-2Mano~l-6)Man 
/31-4GIcNAc/31-4GIcNAc (lacking, in part, one of the outer N-acetylglucosamine resi- 
dues) and GIcNAc/31-2Mano~1-3(Gal/31-4GIcNAc~1-2Mano~1-6)Man/31-4GIcNAc/31-4- 
GIcNAc. 

Abbreviations: BSA, bovine serum albumin; endo D (F,H), endo-/3-N-acetyI-D-glucosaminidase D (F,H); HA, 
hemagglutinin (HA1, large subunit of HA; HA2, small subunit); FPV, fowl plague virus; PNGase F, peptJde:N- 
glycosidase F; SDS, sodium dodecylsulfate. 
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The hemagglutinin (HA) and the neu raminidase spikes protruding from the envelope of 
influenza viruses belong to the best characterized membrane glycoproteins. Thus, the 
amino acid sequences of many HA antigenic variants have been determined [1, 2], and 
their conformation has been elucidated by X-ray crystallography [3, 4]. Until recently, 
however, only over-all structural data were available on the N-glycosidically linked car- 
bohydrates in these viral components [5, 6], i.e. no detailed studies of the oligosac- 
charides substituting single Asn-X-Ser/Thr sites had been carried out. 

Therefore, we are analyzing [7, 8] the primary structure of the carbohydrates at in- 
dividual glycosylated asparagines in the hemagglutinin of fowl plaque virus (FPV), 
which is an avian influenze virus. In FPV strain Dutch, four of these glycosylated 
asparagines (Asn42, -28, 423, and -231) occur in the large subunit of the molecule (HAt, 
about 320 amino acids) and two (Asn-406 and -478) in the small subunit (HAz, 221 amino 
acids) [9]. Each hemagglutinin spike is a trimer comprising three HA1-HA2 protomers, 
the three Ash-406 residues of which are part of long ~-helices in the stem of this struc- 
tu re, while the three asparagi nes-478 reside in coils between shorter e~-helical segments 
at the base of the spike [3, 8, 10]. As shown earlier [7, 8, 11], Asn-406 in the HA2 of FPV 
strains Rostock and Dutch (the amino acid sequences of which differ by a few single ex- 
changes only [9,12,13]) is mainly substituted by glycoprotein N-glycans of the oligoman- 
nosidic type, whereas Asn-478 carries N-acetyllactosaminic oligosaccharides (cf. [14-16]). 
We have now separated the microheterogeneous HAE carbohydrates obtained from 
FPV strain Dutch and have analyzed the single glycan species. 

Materials and Methods 

Virus 

As described earlier in detail [6], the Dutch strain of fowl plague virus 
(A/FPV/Dutch/27[H7N7]) was propagated on primary chick fibroblasts; it was metaboli- 
cally radio[abeled with D-[2-3H]mannose, or with 2-aminodeoxy-D-[6-3H]~lucose, and it 
was harvested and purified by centrifugation techniques. 

Viral Glycoprotein 

The experimental protocol of Niemann etal. [6] was also followed for the disintegration 
of the virus particles, by heating in the presence of sodium dodecylsulfate (SDS) and 
2-mercaptoethanol; and for the isolation of the hemagglutinin subunits by preparative 
SDS-polyacrylamide gel electrophoresis. Approximately 0.8 mg of FPV HA2 (4 x 105 and 
6.3 x 105 cpm of [3H]Man or of [3HIGIcN, respectively) were used for the present study; 
this material was obtained from the virus harvest of 800 cell culture petri dishes (14.5 cm 
diameter). 

Enzymatic Digestions 

FPV HA2 was degraded with pronase from 5treptomyces griseus (Boehringer, Man- 
nheim, W. Germany) under the conditions described earlier [17]. Also for the digestion 
of the resulting glycopeptides with endo-/3-N-acetyI-D-glucosaminidase D from 
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Diplococcus pneumoniae (endo D) [18] and with endo H from S. griseus [18] (both 
Boehringer), previoisly published experimental protocols [17, 19] were followed. For 
degradation with the mixture of endo-/%N-acetyI-D-glucosaminidase F/peptide:N- 
glycosidase F (endo F/PNGase F) from Flavobacterium meningosepticum [20, 21], the en- 
do D- and endo H-resistant glycopeptides (105 to 5 x 10 s cpm) were dissolved in 200/~1 
of 100 mM sodium phosphate buffer pH 6.1, containing 50 mM EDTA. They were in- 
cubated at 37~ for 8, 16 and 8 h after sequential addition of three portions of approx- 
imately 0.1 nkat endo F/PNGase F. The reaction mixture was directly subjected to gel 
filtration. The endo F/PNGase F preparation used in this study was a kind gift of Dr. John 
H. Elder, Scripps Clinic, La Jolla, CA, USA. 

For experimental details on the degradation of the oligosaccharide alditols with ~- 
galactosidase,/3-N-acetylhexosaminidase and o~-mannosidase from jack bean [22] (all 
Sigma, Deisenhofen, W. Germany) see also Geyer et al. [23]. 

Hydrazinolysis 

The endo F/PNGase F-resistant HA2 glycopeptides were treated with ar~hydrous 
hydrazine as described by Takasaki etal. [24], except that sodium borohydride was used 
for reduction, and that the reaction mixture, after removal of the boric acid, was sub- 
jected to gel filtration. 

Ch roma tography 

Except for the HPLC of complex oligosaccharide alditols, which was carried out by a 
modification of the method of Bergh et al. [25] (cf. legend to Fig. 2), the materials and 
methods employed for chromatography were the same as in earlier communications. 
This holds for the reduction of oligosaccharides with NaBH4 [17, 26], for the equipment, 
column fillings and oligosaccharide alditol standards employed for gel filtration [17, 26], 
HPLC (of high F-mannose alditols) [19] and deionization [17, 26], as well as for the radioac- 
tivity monitoring of the fractions obtained [19]. 

Methylation Analysis 

Samples were methylated [271 hydrolyzed, reduced with NaBH4, and peracetylated. 
They were analyzed by capillary GLC-MS of the partially methylated aid itol acetates [28]. 
The instrumentation and the microtechniques described earlier [29, 30] were used, ex- 
cept that the Silar 9CP column was replaced by a fused-silica, bonded-phase Du rabond 
DB-210 column (0.25 mm inner diameter; 60 m length; 0.25/~m thickness of the Dura- 
bond film; Ict, W. Germany). 

Acetolysis 

For the acetolysis [31, 32] of the oligomannosidic glycans as well as for the de-O- 
acetylation, reduction (with NaBH4) and chromatographic identification of the pro- 
ducts, the experimental protocol of Diabat~ et al. [19] was followed. 
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Table 1. Distribution of radiolabel into oligosaccharide fractions obtained from the 
small subunit (HA2) of the hemagglutinin in fowl plague virus (FPV), strain Dutch. 

Oligosaccharide fraction 
Virus metabolically labelled with 

D-I2-3HIMan D-[6-3H]GIcN 

Released by endo D (cf. Fig. 1B) 

Released by endo H from endo D-resistant glycopeptides 
(cf. Fig. 1C) 

Released by endo F/PNGase F from endo D, H-resistant 
glycopeptides (cf. Fig. 2B) 

Released by hydrazinolysis from endo D, H- and endo F/PNGase 
F-resistant glycopeptides 

Residual material of high molecular weight c 1 
70% 

13.5% a 43.5% b 

Z5 % 25.5 % 

6% ~ 

a Comprising 4% of N-acetylglucosaminyl peptides. 
b Comprising 75% of N-acetylglucosaminyl peptides. 
c I.e. radioactivity eluting between 20 and 30 ml in Bio-Gel P-4 chromatography even after hydrazinolysis (cf. 

Fig. 2A and 2B). This fraction was not further investigated. 

Results 

For the glycosylation analysis of less than Img ofglycoprotein (see the Materials and 
Methods section), microtechniques had to be used. Therefore, specifically radiolabel- 
ed glycoprotein glycans were analyzed throughout, i.e. the small subunit (HAg) of the 
hemagglutinin was isolated from fowl plague virus (FPV; strain Dutch) which had been 
labeled metabolically with D-[2-3HIMan, or with D-[6-3H]GIcN [6]. 

Liberation and Fractionation of the Glycans in FPV HA2 

After digestion with pronase, the glycans were sequentially liberated from the HAz 
glycopeptides by digestion with endo D ]18], with endo H ]18], with endo F/PNGase F [20, 
21], and finally by hydrazi nolysis ]24]. The oligosaccharides produced were recovered by 
gel filtration after each step. Following reduction with NaBH4, each of the four groups 
of oligosaccharide alditols thus obtained were subfractionated by HPLC. The results are 
summarized in Table I and in Fig. 1 and 2, designating the glycan fractions D3, D4 etc., 
H3, H4 etc., F1, F2 etc., orZ~ and Z2 in accordance with their liberation by endo D, endo 
H, endo F/PNGase F, or by hydrazinolysis, respectively. Only fraction F5 (see Fig. 2C) was 
fu rther su bfractionated by another Bio-Gel P-4 chromatography, yielding fractions F5.1 
and F512 (not shown). 

Analytical Results 

The FPV HAz oligosaccharide alditol fractions were desalted and were subjected to 
micromethylation analysis [30]. The results are presented in Table 2. Methylation of the 
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Figure 1. Isolation of endo H-sensitive glycans from the small subunit (HA2) of the hemagglutinin of fowl 
plague virus (FPV) strain Dutch - metabolically radiolabeled with [3H]mannose. 
A, FPV HA2 (4 x 105 cpm) was exhaustively digested with pronase and the reaction products were 
ch romatographed on a column (200 x 0.6 cm) of Bio-Gel P-4 (-400 mesh) at hydrostatic pressu re. 0.02% aqueous 
NaN3 (1.23 ml/h) served as an eluant and fractions of 0.4 ml were collected and were monitored for radioactivity. 
B, As A, after further digestion of the FPV HA2 glycopeptides with endo D. 
C, As A, after further digestion of the endo D-resistant glycopeptides (bracket in B) with endo H. 
D, The endo D-released oligosaccharides (bracket in B) were reduced with NaBH4. They were subfractionated 
by H PLC through a column (0.4 x 25 cm) of LiChrosorb Diol (5/q Merck, Darmstadt, W. Germany), employing 
acetonitrile/water, 73/27 by vol, 0.5 ml/min, as an eluant, and collecting fractions of 0.5 ml. 
E, The endo H-released oligosaccharides (bracket in C) were analogously reduced and subfractionated. BSA 
and GIc with arrows; elution volumes of bovine serum albumin and of glucose, respectively. 1, 2 etc. with ar- 
rows: elution volumes of oligomannosidic standard alditols ManGIcNAcOH, Man2GIcNAcOH, etc. (two 
isomers of MansGIcNAcOH). D3,D4 etc. and H3, H4 etc., oligosaccharide alditol fractions obtained after diges- 
tion with endo D and with endo H, respectively (subscripts correlating with designation of co-eluting stan- 
dards). 

hatched peak e lu t i ng  at 35 ml in Fig. 2B p r e d o m i n a n t l y  y i e lded  t e rm ina l  N- 
ace ty lg lucosamine  (not  shown in Table 2). Clear ly,  th is f rac t ion  consists ma in l y  of 
[3HIGIcN- labeled N-ace ty lg lucosaminy l  pept ides  f o rmed  by the act ion of  endo  E 

For i somer  iden t i f i ca t ion ,  the o l i g o m a n n o s i d i c  a ld i to l  f ract ions of the D and H series 
were  par t ia l l y  degraded by mi ld  acetolys is [19, 32], and the f ragments  ob ta ined  were  
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Figure 2. Isolation of endo F/PNGase F-released and hydrazinolytic glycans from FPV HA2 - metabolically 
radiolabeled with 2-aminodeoxy-[3H]glucose. 
A, FPV HA2 (6.3 x 105 cpm) was successively digested with pronase, with endo D and with endo H. The resistant 
glycopeptides were isolated as in Fig. I (not shown) and were rechromatographed through Bio-Gel P-4. 
B, The same as above after further digestion of the endo D, H-resistant glycopeptides with endo FIPNGase F. 
C, The endo F/PNGase-released oligosaccharides (pooled as shown by two brackets in B, i .e. omitting the hat- 
ched peak of N-acetylglucosaminyl peptides) were reduced with NaBH4 and were subfractionated by HPLC. 
D, The oligosaccharides finally released from endo D, H, FIPNGase F-resistant glycopeptides (bracket in B) by 
hydrazinolysis, were passed through Bio-Gel P-4 (not shown) and the major fraction, cochromatographing 
with the glycans released by endo FIPNGase F, was reduced and was subfractionated by HPLC. 
Standards and conditions as in Fig. I, except that a column of LiChrosorb NH2 (5/~; Merck) and a linear gra- 
dient of acetonitrile (from 65% to 40%, by vol, in 90 rain) in a 15 mM potassium phosphate buffer of pH 5.3 (I 
ml/min) were used for HPLC, collecting fractions of 0.4 ml. FI, Fg, etc. and Zl, Z2, oligosaccharide alditol frac- 
tions obtained after treatment with endo FIPNGase F, or with anhydrous hydrazine, respectively. 

analyzed by gel f i l t ra t ion  and by H PLC after de-O-acety la t ion  and reduc t ion  w i th  NaBH4 
(see the example  in Fig. 3 and the s u m m a r y  in Table 3). 

By sequent ia l  t r ea tmen t  w i th  the respect ive exoglycosidases [22], o l igosacchar ide  
a ld i to l  f rac t ions F1, F3 and F4 ( labeled w i t h  [3H[GIcN) cou ld  be.degraded to rad ioact ive 
f ragments  co-e lu t ing  w i th  N-ace ty lg lucosamine  and M a n G I c N A c O H  in gel f i l t ra t ion ,  in 
th is manner,  one /3 -N-ace ty lhexosamine  and two c~-mannose res idues were removed 

22 



]'able 2. Methylation analysis of oligosaccharide alditol fractions (see Fig. 1 and 2) 
isolated from the small subunit (HA2) of the hemagglutinin in fowl plague virus (FPV), 
strain Dutch. Results are expressed in peak ratios of the partially methylated alditol 
acetates obtained [30]. 2,3,4,6-ManOH, 2,3,4,6-tetra-O-methyI-D-mannitol etc.; 1,3,5,6- 
GIcN(Me)AcOH, 2-deoxy-2-(N-methyl) acetamido-l,3,5,6-tetra-O-methyI-D-glucitol, etc. 

Peracetate o f  O l i [~osacchar ide  a ld i t o l  f r ac t i ons  

H3a, b H4a,  c Hsb,  a H6 b H7 b H8 b H9 b Hi0  ~ 

2 , 3 , 4 , 6 - M a n O H  1.7 1.15 1.4 1.3 2.4 2.8 2.85 1.6 

3 , 4 , 6 - M a n O H  0.3 1.0 1.35 1.8 2.55 3.25 4.65 4.6 

2 , 4 , 6 - M a n O H  0.15 - -  0.5 0.45 - -  - -  - -  0.85 

2 , 3 , 4 - M a n O H  - -  - -  - -  0.15 - -  - -  - - .  - -  

2 , 4 - M a n O H  f 0.85 1.05 1.75 2.15 2.05 1.95 1.5 2.1 
2 - M a n O H  r - -  - -  - -  0.15 . . . .  

2 ,3 ,4 ,6 -Ga lOH - -  - -  0.25 0.2 

2 ,3 ,4 ,6 -GIcOH . . . . . . .  0.85 

1 , 3 , 5 , 6 - G I c N ( M e ) A c O H  g 0.6 0.55 0.4 0.3 0.9 0.7 0.9 0.1 

3 , 4 , 6 - G I c N ( M e ) A c O H  - -  1.15 1.6 0.55 . . . .  

Peracetate o f  O l i g o s a c c h a r i d e  a ld i to l  f r ac t i ons  

F1 ~ F1 ~,h F2 c F3 r F4 c F4 c,i Fs.I j F5.2 j F6 j Z l  c Z2 j Z2 c'i 

2 ~ A - F u c O H  . . . . . .  0A5 0S5 0.55 - -  0A5 0.7 

2,3,4,6-ManOH 1.05 0.25 . . . . . . . . .  2.1 

3 ,4 ,6 -ManOH 1.0 1.0 2.0 2.0 2.0 1.0 1.65 1.7 1.65 2.0 1.8 1.0 

2 ,4 ,6 -ManOH - -  0.35 . . . . . . . . . .  

2 ,3 ,4 -ManOH - -  0.15 - -  - -  - -  0.7 . . . . .  1.4 

3 , 4 - M a n O H  . . . . . .  0.35 0.3 0.35 - -  0.2 - -  

2 , 4 - M a n O H  f 0.95 0.2 0.9 1.05 1.0 - -  0.5 0.85 0.4 0.85 0.8 0.45 

2 - M a n O H  e . . . . . .  0.5 - -  0.55 - -  0.25 - -  

2,3,4,6-GalO H . . . .  0.9 1.0 0.25 1.3 0.65 - -  0.25 0.45 

2,4,6-GalOH . . . . . . . .  0.15 - -  - -  - -  

2,3,4-GalOH . . . . . . .  0.2 . . . .  

1 ,3 ,5,6-GIcN(Me)AcOH g 1.1 1.1 - -  1.25 1.05 0.5 0.1 1.1 0.4 0.1 - -  t race 

3,4,6-Gic N ( M e ) A c O H  1.25 1.15 2 2  2.75 1.35 - -  2.85 2.3 2.5 2.0 3.25 0.4 

1 ,3 ,5 -GIcN(Me)AcOH . . . . . .  0.65 0.2 0.6 - -  0.2 0.65 

3 ,6 -G IcN(Me)AcOH - -  - -  1.05 - -  1.15 0.95 1.05 1.05 1.65 1.0 1.05 2.2 

6 - G I c N ( M e ) A c O H  . . . . . . .  0.7 0.1 - -  - -  - -  

a S im i l a r  resul ts  w e r e  o b t a i n e d  w i t h  f r ac t i ons  D~ and  D ,  

b Based o n  s u m  o f  m a n n o s e  res idues  = 3 in H3, = 5 in H5 etc. 

c Based o n  3 ,4 ,6-ManOH perace ta te  = 1 o r  2. 

d A m o u n t s  o f  f r ac t i ons  D5 w e r e  i n s u f f i c i e n t  f o r  m e t h y l a t i o n  analysis. 

e Based on  s u m  o f  m a n n o s e  and  g l u c o s e  res idues  = 10. 

f C o r r e c t e d  f o r  losses d u r i n g  hydro lys is  [33]. 

g I n c l u d i n g  sma l l  a m o u n t s  o f  3~5,6-GIcN(Me)AcOH peracetate.  D u e  to  d e - O - m e t h y l a t i o n  d u r i n g  hydro lys is  
and  s ide reac t i ons  d u r i n g  hydraz ino lys is ,  l o w  va lues  are o f t en  o b t a i n e d .  

h I.e. a f te r  d i ges t i on  w i t h  c~-mannosidase. 

i I.e. a f te r  d i g e s t i o n  w i t h  ~ - N - a c e t y l h e x o s a m i n i d a s e  and  w i t h  c~-mannosidase. 

J Based o n  s u m  o f  3,4,6- and  3 ,4 -ManOH peraceta tes  = 2. 

2 3  



200 

I00- 

u 

g 

200' 

100" 

...1: 

IV III 11 I 

BSA 98765 4 3 2 A 

5o ~o 

I II III IV 

1r162 B 
~ 2  3 4 5 6 7 8 9 

IIr I ~ i I I ,4. 

Elut ion  volume (ml) 

Figure 3. Acetolysis of oligosaccharide alditol fraction H 10 from FPV HA2. Fraction H10 (see Fig. 1E; 6 x 103 cpm) 
was acetylated and treated with glacial acetic acid/acetic anhydride/conc, sulfuric acid, 11/10/1 by vol, at 30~ 
for 7 h. The reaction products were de-O-acetylated and reduced with NaBH4. 
At Bio-Gel P-4 chromatogram of Ht0 acetolysis fragments. 
B, HPLC of the same fragments. Bold arrows indicate elution volume of intact Hz0. Brackets show fractions as 
pooled for radioactivity monitoring (see Table 3). Conditions of chromatography and calibration of column 
with BSA and with oligomannosidic standards as in Fig. 1, except that a LiChrosorb Diol column of 15 x 0.4 cm 
and acetonitrile/water, 75/25 by vol, were used for HPLC. Roman numerals with arrows, elution volumes of 
GIcO3H and (Glch-3GIcO3H of the isomaltose series. 

f rom F1; two/3-N-acetylhexosamine and two c~-mannose residues f rom F~; and one/~- 
galactose, two/3-N-acetylhexosamine and two c~-mannose residues f rom F4 (see Fig. 4 
for an example). 

For an assignment of the di f fer ing antennae, asymmetr ica l ly  subst i tuted glycans were 
digested wi th c~-mannosidase (F1) or wi th  ~-N-acetylhexosaminidase and wi th  ~- 
mannosidase (F4 and Z2), and the truncated products were.subjected to methylat ion 
analysis. The results are included in Table 2. 
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Table g. Acetolysis of o l igomannosidic ol igosaccharide alditol fractions (see Fig. 1) isola- 
ted from the small subuni t  (HA2) of the hemagglut in in in fowl plague virus (FPV), strain 
Dutch. The results are expressed in per cent [3H]Man radioactivity found in the frag- 
ments produced. The latter were analyzed by gel f i l trat ion and by H PLC after reduct ion 

wi th NaBH4 (see Fig. 3). 

Acetolysis Oligosaccharide alditol fraction 
fragments 
(reduced) a D3 H3 D5 1-17 H8 H9 H~0 b 

ManOH 31.2 31 20.1 5.4 4.4 6.0 2.1 
ManManOH 17.5 42.4 39.0 29.0 25.6 
(Man)2ManOH 4.6 3.2 14.4 17.5 
(Man)zGIcNAcOH 68.8 69 20.9 
(Man)3GIcNAcOH + + 6.6 16.5 2.5 
(Man)4GIcNAcOH 30.2 5.9 16.6 18.8 
(Man)sGIcNAcOH + 26.3 4.0 3.7 
(Man)6GIcNAcOH 3.5 32.8 
(Man)vGIcNAcOH + 25.6 
(Man)sGIcNAcOH + 
(Man)gGIcNAcOH + 

GIc(Man)4GIcNAcOH c 25.8 
GIc(Man)TGIcNAcOH c 29.0 
GIc(Man)9GIcNAcOH + 

a ManOH, mannitol; GIcNAcOH, N-acetylglucosaminitol. 
b Mean values from the chromatograms shown in Fig. 3. 
c Not separated from (Man)sGIcNAcOH or from (Man)sGIcNAcOH, respectively. Composition deduced 

from methylation results of H10 (See Table 2). 

Discussion 

The structures of the ol igomannosidic alditols identi f ied in the glycan fractions obtain- 
ed from FPV HA2 are shown in Table 4. They were deduced from the analytical results as 
follows. 
Fraction H9 clearly originates form the common biosynthetic intermediate 
Man9GlcNAcg-polypeptide [14-16]: it co-elutes wi th the respective Man9GIcNAcOH 
isomer standard both on HPLC and gel f i l trat ion; it contains approximately three ter- 
minal, four 2-substituted and two 3,6-disubstituted mannose residues (Table 2) and it 
yields the expected major acetolysis fragments ManManOH,  MangManOH, 
Man4GIcNAcOH, and ManTGIcNAcOH (see Table 3 and arrows in Table 4). By an 
analogous line of reasoning, the major species in the second main ol igomannosidic 
alditol fraction, Hs, is concluded to lack Man-D2. This follows especially from the 
acetolysis results: only small amounts of ManzManOH, and Man6GIcNAcOH instead of 
ManyGIcNAcOH were obtained. 

Fraction H10 contains about one residue each of terminal glucose and of 3-substituted 
mannose, as well as approximately two residues only of terminal mannose and four of 
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Figure 4. Sequential digestion of FPV HA2 oligosaccharide alditol fraction F4 (see Fig. 2C)with exoglycosidases. 
After passage th rough a column of Bio-Gel P-4 (top ch romatogram), fraction F4 (7 x 103 cpm of [3H]GtcNAc) was 
successively digested with the enzymes indicated. After each step, the products were rechromatographed 
and the oligomeric species (brackets) were degraded further. Conditions of chromatography as in Fig. 1. 
Calibration in "hexose units" according to Yamashita etal. [34] (1 hexose = 1 unit, 1 N-acetylhexosamine = 2 
units). 

2-substituted mannose. Upon acetolysis, it yields, compared to Hg, HexsGIcNAcOH in- 
stead of Hex4GIcNAcOH, and HexsGIcNAcOH instead of HexTGIcNAcOH. 1410 is 
therefore proposed to originate from the tr imming precursor of MangGIcNAc2-poly- 
peptide [161. Similarly, i.e. especially from the predominance of acetolysis fragments 
Man3GIcNAcOH and Man~GIcNAcOH, it may be concluded that the major constituent 
in fraction 147 is the ManTGIcNAcOH isomer wi thout  Man-D2 and Man-D1. 

As evident from their methylation analyses, fractions H6 and H5 do not consist of high 
mannose g[ycans only. These fractions could not be su bfractionated to sufficiently pu re 
species and were not further investigated. The amounts available of fraction D5 did not 
allow methylation analysis; the general tr imming pathway of oligomannosidic oligosac- 
charides [16~, the substrate specificity of endo D [18, 36], and the f inding that fraction D5 
yielded ManOH, Mar~ManOH, Man2GIcNAcOH and Man4GIcNAcOH as major 
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Table 4. Structures proposed for the oligomannosidic oligosaccharide alditols in the 
glycan fractions obtained from the small subunit (HA2) of the hemagglutinin in fowl pla- 
gue virus (FPV), strain Dutch. The mol % of each glycan in total HA2 is also shown, esti- 
mated from the distribution of [3HlMan and of [3HIGIcN radioactivity in the different 
structu res. 
Ol igosacchar ide  
a ld i to l  f ract ions a Structure b'c Mo l  % 

I-~ 10 Mancd-2Man'~l 2.3 
6 
Man~l  
3 I 

Mancd-2Mano~l 6 
Man~I-4GIcNAcOH 
3 

Glcl-3Maned-2Manc~l-2Man~l 

H9 u D~ B 15.3 
M a n ~ l - 2 M a n ~ l ~  

6 4' 
Man~l 

Mancd-2Man~l 6 
D2 A Man~I-4GIcNAcOH 

3 ~-, 2 
Man~l-2Man~l-2Man~l 3 
D~ C 4 

Hs Manc~l-2Man~l 19.1 
6 
Mane~l 
3 I 

Man~l 6 
Man~I-4GIcNAcOH 
3 

Man~l-2 Mancd-2Mancd 

H~ Mancd-2Mancd Z7 
6 
Man~l 
3 I 

Man~l 6 
Man~l-4GIcNAcOl-I 
3 

Manal-2Man~l  

D5 Man~l  1.0 

6 Total 45.4 
Maned 
3 I 

Man~l 6 
Man~I-4G[cNAcOH 
3 

Man~l 

a See Fig. 1D and 1E. 
b In the structu re of  H9, the sites of  preferent ia l  cleavage by acetolysis (arrows), as well  as the des ignat ion o f  the 

sugar residues in o l i gomanos id ic  N-glycans I351 are also shown.  
c GIcNAcOH,  N-acety lg lucosamin i to l .  
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] ab le  5. Structures p roposed for  the ( incomple te)  N-acety l lac tosamin ic  o l igosacchar ide  

a ld i to ls  in the glycan f ract ions ob ta ined  f rom the smal l  subun i t  (HA2) of  the hemagglu t i -  

nin in fowl  p lague v i rus (FPV), strain Dutch.  The mol  % of each glycan in total  HA2 is also 

shown.  

Oligosaccharide 
alditol fraction a Structure b Mol % 

H3, D3 Man~l 2.7 
6 
Man/31-4GIcNAcOH 
3 

Man~l 

F~ D4 (H4) Maned 11.3 
6 
Man~l-4GIcNAcOH 
3 

GIcNAc~l-2Manc~l 

GIcNAc~l-2Mancd 
6 
ManB1-4GIcNAcOH 
3 

Maned 

F~ F~, Z1 GIcNAc131-2Man~1 20.9 
6 
Mant31-4GIcNAc(131-4GIcNAc)OH 
3 

GIcNAc~l-2Man~l 

6' 5' 4' 
[=4 Gal~l-4GIcNAc~l-2Man~l 3.3 

6 
ManI31-4G[cNAcOH 
3~ 2 

GIcNAc131-2Mancd g 
5 4 

7 ~ 

Fs.b Z2 f (GIcNAct316)0.2 0.35 5.3 

(Ga[~1-4)0.25 { Man~l 

~- GIcNAc/~ (Fuced)0., 
6 6 Total: 43.5 

(GIcNAc~1-4)0.24 o 5ManI31-4GIcNAc~1-4GIcNAcOH 
9 3 1 

GIcNAc~l-2Mancd 

a See Fig. 2C and 2D. 
b The designation of the central and of some additional sugar residues [151 is shown with the structure of F4 

and of Fs.1Z2. respectively. The glycan produced by the action of PNGase F or by hydrazinolysis include 
GIcNAc-1, those produced by endo F do not. 
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acetolysis fragments, however, let us assume that it consists of the MansGIcNAcOH 
isomer shown in Table 4. Fractions H3 and D3, finally, are concluded to contain 
Man~1-3(Man~1-6)Man/31-4GIcNAcOH as a main constituent. This follows from their 
major acetolysis fragments and from the methy[ation results obtained. This structure 
cannot be explained by the major trimming pathway of oligomannosidic glycans and is 
included in Table 5 (see below). Equally unexplained is the liberation of this oligosac- 
charide by endo H, which is in contradiction to the substrate specificity of this enzyme 
as reported by Kobata [18]. 

The structures of the (incomplete) N-acetyllactosaminic glycans identified amongst the 
oligosaccharide alditols from FPV HA2 are summarized in Table 5. The methylation 
analyses of fractions F3, F2 and Z1 all are consistent with a simple bi-antennary glycan 
lacking galactoses. In all three cases, about two terminal N-acetylglucosamines, two 
2-substituted mannoses and one 3,6-disubstituted mannose residue were found. In the 
case of F3, the major component, this assumption was confirmed by sequential ex- 
oglycosidase digestion. F3 and Fz then appear to resu It from the action of endo F follow- 
ed by incomplete reduction with NaBH4 (4-substituted GIcNAcOH-2 or GIcNAc-2 
found, respectively), while Z~ may be due to the incomplete action of endo F on bi- 
antennary glycopeptides, and/or to the PNGase F resistance of glycosyl asparagines 
with free amino or carboxyl groups [37]. Z~ was not found to contain fucose or 
4,6-disubstituted N-acetylglucosaminitol, which is in agreement with the result that no 
appreciable amounts of fucosylated GIcNAc-peptides could be identified amongst the 
endo F/PNGase F products (see Fig. 2B and text on methylation results). 

Fraction F4 represents a monogalactosylated F3 as evident from the methylation results 
(one equivalent each of terminal gafactose and of terminal and 4-substituted N- 
acetylglucosamine) and from its successive digestion with exoglycosidases (Fig. 4). 
Since, after its sequential treatment with /3-N-acetylhexosaminidase and with o~- 
mannosidase, only position 3 of Man-3 became accessible to methylation (see Table 2; 
replacement of 3,6-di- by 6-monosubstituted mannose), F4 is concluded to carry Gal-6'. 

Fractions FI, H4 and D4 yielded the methylation results of an F3 lacking one outer N- 
acetylglucosamine (one equivalent each of terminal mannose, of 2-substituted man- 
nose and of terminal N-acetylglucosamine) and this conclusion is corroborated by the 
exoglycosidase digestion of F1. Since, after exposure of this fraction to ~-mannosidase 
alone, positions 3 and 6 of Man-g could be methylated in a ratio of 3:7, F1 is concluded 
to consist of a mixture of oligosaccharides carrying GIcNAc-5 or g'. Because of the 
substrate specificity of endo D, the latter species must also constitute fraction D4, while 
the structure of H4 remains somewhat uncertain, since according to Kobata [18], neither 
isomer should be liberated by endo H. Our results on the GIcNAc-peptides produced 
also argue against an appreciable fucosylation of GIcNAc-1 in the original glycosyl 
asparagines corresponding to F4, F1, D4 and H4. 

Fractions F5.1 and Z2 clearly comprise mixtures of oligosaccharide alditols with the 
following two additional features: (i) They are intersected or (and) tri-antennary as judg- 
ed from the occurrence of 3,4,6-trisubstituted and of 2,6-disubstituted mannose, respec- 
tively; (ii) they contain about 05 equivalents of Fuc~l-6 residues at GIcNAc-1 (see values 
for terminal fucose and for 4,6-disubstituted N-acetylglucosaminitol). The presence of 
GIcNAc-1 in Fs.~ may be ascribed to the resistance of multi-antennary species towards 
endo F, resulting in predominant cleavage of the corresponding glycosyl peptides by 
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PNGase F (if their peptide portions were large enough) [37]. As in F4, the 0.25 equivalents 
of galactose in Z2 also appear to be linked preferentially to GIcNAc-5' or -7', since by 
digestion of this fraction with ~-N-acetylglucosaminidase and with o~-mannosidase, 
only 6-substituted mannose is formed. These conclusions are summarised in Table 5. 

Finally, minority fractions Fs.z and F6 characteristically contain additional substituted 
galactose and 3,4-disubstituted N-acetylglucosamine residues. Our results do not allow 
an identification of the extra su bstitutents. Since influenza viruses contain a neu ramini- 
dase, it cannot be sialic acids; a fucosylation of the antennal N-acetylglucosamine 
residues, however, appears possible. 

We have shown earlier [7, 8, 11] that the oligosaccharides substituting Asn-406 and 
As n-478 in the small subu nits of FPV hemagglutinins mainly belong to the high mannose 
or to the complex type, respectively. We therefore conclude that the major glycans at 
these two asparagines in the HAz from strain Dutch are the following (cf. Tables 4 and 5): 

Mano~l~2Manod 
6 
Manc~l 
3 I 

[Man~l-2]0.4Man~l 6 
Man~1-4GIcNAc/31-4GIcNAc~31-NAsn406 
3 

[G Icl-3]0.0s [Man~l-2]0.8 Man~l-2Man~l 

[GIcNAc/31] <0.05 
6 
Man~l 
2 

[Gal/31-4]0.1 [GlcNAc/31]0.75 
[Fuc~ll0.05 

6 6 
[GIcNAc~1-4]o.osManB1-4GIcNAc~1-4GIcNAc~1-NAsn478 

3 
[G IcNAc/31-2]o.85Mancd 

Clearly, the biosynthetic processing [16, 38] of the oligosaccharides at Ash-406 stopped 
(in the rough endoplasmic reticulum or in the Golgi apparatus of the chick fibroblasts) 
du ring the action of trimming o~-man nosidases [ or, to a small extent, al ready du ring that 
of glucosidase II. The glycans at Asn-478, on the other hand, were processed further, viz. 
mainly until elongation by the Golgi N-acetylglucosaminyltransferases I and II, with a 
few ~-Gal-6' residues added by the corresponding galactosyltransferase. 
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A comparison of these data with those previously obtained for the Rostock strain of FPV 
[8] shows especially that the substituents at Asn-406 in the hemagglutinin of this other 
strain comprise much less MansGIcNAc2, and those at Asn-478 carry distinctly more 
outer/~-galactose units. This is an interesting finding, because it shows that not all the 
glycosylation sites in the hemagglutinin of FPV Dutch are processed further than the 
corresponding ones in the HA of FPV Rostock. It appears that the glycosylation dif- 
ferences between these two similar viral components are, at least in part, due to the few 
amino acid exchanges [9, 12, 13] and not, as discussed earlier on the basis of car- 
bohydrate analyses of the two HA1 subunits alone [6, 8], only a consequence of the 
higher replication rate of the Rostock strain. 
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