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1. Introduction

Identification of the linkage-type between the
polypeptide chains and the oligosaccharides of glyco-
proteins is often based on the use of mild alkaline
borohydride treatment that liberates the GalNAc -
Ser(Thr)-linked sugars [1]. In contrast, the GleNAc—
Asninkage, the otiier major type of bonds in glyco-
proteins, is considered ‘stable” under mild conditions,
although it is known to be cleaved by alkaline boro-
hydride under rigorous conditions [2,3].

This paper shows that both O- and N-linked oligo-
saccharides are liberated from glycoproteins under
conditions as mild as 0.05 M NaOH/1 M NaBH, at
45°C for 16 h. Some of the N-linked glycans appear
to be released as oligosaccharide alcohols with V-ace-
tylglucosaminitol as the reduced monosaccharide
unit.

2. Materials and methods

The glycopeptide GC4 was a highly appreciated
gift from Drs J. Montreuil and A. Cheron [4]. It was

labeled with tritium in its galactose residues as in [5].

Treatment of GC4 with 0.05 M NaOH/1 M NaBH,
[6], with 0.05 M NaQOH, and with 1| M NaBH, was
carried out under nitrogen by using reagent volumes
of 0.2—0.5 ml. The reactions were terminated with
glacial acetic acid. Borate was removed by repeated
addition and evaporation of a mixture of methanol
and glacial acetic acid.

The PA 1 cells were cultured, and their glycopro-
tein oligosaccharides were labeled metabolically with
[6-*H]glucosamine as in [7]. Treatment of the cells

with 0.05 M NaOII/1 M NaBH, was carried out by
suspending them in 1.0 ml physiological saline and
adding 0.25 ml 0.25 M NaOH/5 M NaBH,. After 16 h
at 45°C the reaction was terminated by acidifying the
mixture. A small amount (2 mg) of bovine serum
albumin was added as a carrier, and the proteins were
precipitated by adding 1 vol. 20% and 5 vol. 10% tri-
chloroacetic acid. The precipitate was collected by
centrifuging, washed twice with cold 10% trichloro-
acetic acid and then with diethyl ether. The washed
precipitate was treated with pronase as in [7]. The
combined trichloroacetic acid supernatants were neu-
tralized and lyophylized.

For analysis of A-acetylhexosamine and N-acetyl-
hexosaminitol the cligosaccharide chains were hydro-
Iyzed with 4 M HCl at 100°C for 8 h. The fraction of
hexosamines and hexosaminitols was isolated by ion-
exchange chromatography according to [8]. This
fraction was re-N-acetylated as in [9] then desalted
on a column of AG 50 W (H") and Dowex [ (acetate).

Paper chromatography of AV-acetylhexosaminitols
and NV-acetylhexosamines was carried out as in [10].
Briefly, Whatman no. | paper was moistened with
0.05 M borate (pH 8.0) that contained 0.01 M Na(l,
dried overnight, spotted and developed for 24 h with
ethyl acetate:isopropunol:pyridine:water (7:3:2:2),
a solvent for separation of N-acetylglucosamine and
N-acetylgalactosamine on thin-layer chromatography
I11]. Radioactivity was measured by liquid scintilla-
tion asin [7].

Gel filtration on Bio-Gel P-10, and affinity chro-
matography on concanavalin A—Sepharose were car-
ried out as in [7]. Small samples from each fraction
were taken for liquid scintillation counting, and the
data are presented as radioactivity of these aliquots,
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3. Results

3.1. Gél filtration analysis of borohydride cleavage
products from a reference glycopeptide of the
‘complex’ type

The first indication that treatment with 0.05 M

NaOH/1 M NaBH, at 45°C for 16 h {6] liberates

agparagine-linked aligosaccharides, was obtained by

gel filtration of the reaction products from GC4,a
reference glycopeptide containing a relatively large
peptide portion. The structure of this glycopeptide
originating from bovine colostrum lgG [4] is shown
in fig.1. The [*H}galactose-labeled GC4 gave a well-
defined peak in Bio-Gel P-10 chromatography (fig.2A).

During treatment with 0.05 M NaOH/1 M NaBH, the

original GC4 peak disappesred almost completely,

and a new peak of a lower app. M, appeared (fig.2B).

The new peak migrated in Bio-Gel P-6 like the glycan

liberated from GC4 by hydrazinolysis [5] (not showa).

Treatment of the new peak with acetic anhydride in

saturated sodium bicarbonate, which should re-V-

acetylate any free amino groups eventually generated
by the barohydride [9], did not cause any further
change in its gel filtration properties (not shown).

Ir contrast to the experiment with 0.05 M NaGH/

1 M NaBH,, a treatment with 0,05 M NaOH for 16 h

at 457C did not cause any change in the gel filtration

properties of GC-4 in the absence of borohydride (not
shown). A treatment with | M NaBH, at 45°C for
16 hin turn caused an almost compleie cleavage of
GC-4 even in the absence of any added alkali (not
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Fig. 1, Structure of GC-4.
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Fig 2. Gel ftration of GCH4 (A} befose and (B) after mild
alkzline borohydride treatment. The arrows labeled V', and
V', show the positions of blue dextran 2000 and [ *H]mannose,
respectively.

shown}. These findings show that the borohydride,
which was originally added to the reaction mixture
{6} to protect the released oligosaccharide against
the ‘peeling reactions’ [12], causes unexpecied cleav-
age reactions itself.

3.2. Release of ‘high mannose’-type oligosaccharides
from intact proteins by mildly alkaline boro-
hydride

The presence of *high mannose’ oligosaccharides in
the glycoproteins of PA 1 cells has been established in

[7].M.-L. R., Q. R. unpublished): Bio-Gel P-10 chro-

matography of pronase digested PA 1 cells gave a

fraction of small-sized molecules (fraction C; M,

850-2200) that contained the ‘high mannose’ gly-

copeptides. These were isolated in pure form (fraction

C—con A I} by affinity chromatography ona column

of concanavalin A—Sepharose, They were character-

ized by reactivity with endo-f-N-acetyi-glucosaminid-
ase H (EC 3.2.1.96) and with a-mannosidase (EC
3.2.1.24), and their linkage monosaccharide was
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firmly identified as NV-acetylglucosamine. The glyco-
proteins of PA 1 cells bearing these ‘high mannose’
type oligosaccharides served as another convenient
model in the borohydride degradation experiments.

Intact PA 1 cells, which had been metabolically
labeled with [*H]glucosamine, werc treated with
0.05 M NaOH/1 M NaBH, for 16 h at 45°C and then
precipitated with trichloroacetic acid. The resulting
supernatant contained the ‘high mannose’ oligosac-
charides liberated from the glycoproteins in the form
of glycopeptides or oligosaccharide alcohols, and the
precipitate contained the bound ‘high mannose’ oli-
gosaccharides that had not been relcased from the
proteins by the alkaline borohydride.

The trichloroacetic acid supernatant was neutral-
ized and then fractionated by Bio-Gel P-10 chroma-
tography to obtain fraction C (fig.3A). This fraction
was finally chromatographed on a column of con-
canavalin A—Sepharose to obtain fraction C--con A
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Fig.3. Bio-Gel P-10 chromatography: (A) trichloroscetic acid
supernatant from PA 1 cells treated with 0.05 M NaOH/1 M
NaBH,; (B) trichloroacctic ucid precipitate (after pronase
digestion) from PA 1 cells treated with 0.05 M NaOH/1 M
NaBH,.
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I (tig.4 A) that represents pure high mannose’ gly-
copeptides and oligosaccharides.

The trichloroacetic acid precipitate was solubilized
by exhaustive pranase digestion and then fractionated
by Bio-Gel P-10 chromatography to obtain fraction
C (fig.3B). This fraction, too, was finally chromato-
graphed on concanavalin A—Sepharose to obtain the
pure ‘high mannose’ glycopeptides as fraction C con
A TIT (fig 4B).

Calculations hased on the data (in fig.3.4 revealed
that a ~85% of the total ‘high mannose’-type oligo-
saccharides had become soluble during the treatment
with 0.05 M NaOH/1 M NaBH,. Only 13% of the
total was recovered from the trichloroacetic acid pre-
cipitate (table 1),
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Fig.d4. Concanavalin A—Scpharose chromatography: (A) frac-
tion C from the trichloroacetic acid supernatant from NaOH/
NuaBH -trcated PA 1 cells; (B) fraction C from the trichloro-
acetic acid precipitate from NaOH/NaBH -treated PA 1 cells.
Fractions 1 -20 were eluted with buffer, fractions 2140
with buffer containing 10 mM «-methyl mannoside and {rac-
tions 41—80 with buffer containing 300 mM a-methyl man-
noside,
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Table 1
Liberation of ‘high mannose’-type oligosaccharides and
glycopeptides from PA 1 cell glveoproteins by mild alkatine
borohydride freatment?

Stage Trichloroacetic  Trichloroacetic
acid superpatant  acid precipitate
(cpm/dish) (cpm/dish)

Crude trichloroacetic

aecid supernatant

and trichtoroacetic

acid precipitate 2030000 197 B0G

‘Fraction C°

isolated by

gel filtration 480 000 32 000

‘FractionC—

con A I’

isolated by

con A- chromatography 50 400 10600

aPA 1 cells were labeled metabolically with [*Hlglucosamine
as in section 2, then trezted with 0.05 M NzOH/1 M NaBH,
for 16 h at 45°C. The proteins were nexl precipitated with
trichloroacetic acid. The supernatant was subjected to gel
filiration on Bio-Gel P-10 to isolate ‘fraction C” {app. M,
~700-2000). This fraction was then chromatographed ot
con A—Sepharose to isolate the liberated ‘high mannose’
oligosaccharides and glycopeptides as “fraction C—con A
11T, The trichloroacetic acid precipitate was digested with
pronase and then analyzed in the same way as the superna-
tant; ‘fraction C~con A I}’ obtained represents the ‘high
mannose’ chains that were not Hberated by NaOH/NaBH,

3.3. Analysis of N-acetylhexosamines and N-acetyl-
hexosaminitols of the liberated ‘high mannose’
chains

To see whether the liberated *high mannose’ cligo-
saccharide chains were released as oligosaccharide
alcohols or as glycopeptides by the alkaline boro-
hydride, they were hydrolyzed with acid to monosac-
charides and analyzed by paper chromatography.

When fraction C—con A 111 from the trichloroacetic
acid supernatant was hydrolyzed and then re-V-acety-
lated and analyzed by paper chromatography in the
system of [10], both N-acetyl-[*H] glucosaminitol
and N-acetyl-[°H]glucosamine were found (fig.5).

The amount of A-acetyl-[PH] glucosaminitol was

~1/6th of that of N-acetyl-[*Hjglucosamine. This is

ihe result expected from a mixture consisting of 30%

of oligosaccharide alcohols and 70% of glycopeptides,

if the specific radioactivities of the different N-acetyl-
glucosamine groups were identical.
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Fig.5. Paper chromatography of N-acetylhexosaminitols and
N-acetylhexosamines: (A) separation of **C-abeled N-acetyl-
glucosaminitol (GleNAe ), | F-acetylgalactosaminitol
(GalNArol), N-acetylgalactosamine (GalNAc) and NV-acetyl-
alucosamine (GlcNAc). (B) a chromatogram of [*H]ghicos-
amine labeled A-acetythexosaminitols and N-acetylhexos-
amines from the librated fraction C—con A I (#); M-acetyl-
[**Clglucosaminilol added as an internal marker (<),

4, Discussion

Treatment of glycoproteins with 0.05 M NaOH/
1 M NaBH, was devised for liberation of GalNAc—Ser-
(Thr)-linked oligosaccharides from glycoproteins [e]-
The high borohydride content of the rcagent is neces-
sary to protect the released oligosaccharides against
the ‘pecling reactions’. These data show that even
GlcNAc—Asn-linked oligosaccharides are released
under these conditions. This is true both for the oligo-
saccharides of the ‘complex” type as well as for those
of the *high mannoese’ type.

The cleavage of the GlcNAc—Asn-linked saccha-
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rides from proteins appears to be caused by the boro-
hydride of the reagent, and not by the alkali. This
suggests that the GalNAc—Ser(Thr)-linked saccharides
could be liberated without degrading the GleNAc—
Asndinkage if alkali alone, or alkali with a low con-
centration of borohydride, were used. We have treated
[*H] glucosamine-labeled PA 1 cells with 0.1 M
NaOQH/0.1 M NaBH, for 24 h at 23°C, under condi-
tions known to liberate Ser(Thr)-linked saccharide
chains [13]. In this experiment only 18% of the ‘high
mannose’ oligosaccharide chainsg were liberated into
the trichloroacetic acid supernatant (M.-L. R., O. R,
unpublished). In contrast, there was 85% liberation
of these chains in ther experiment with .05 M NaO11/
1 M NaBH, as shown in table 1.

The *high mannose’ sugar chains liberated from the
glycoproteins by 0.05 M NaOH/1 M NaBH, appeared
to contain oligosaccharide alcohols and glycopeptides.
The oligosaccharide alcohols were identified by iso-
lating the N-acetylglucosaminitol units after strong
acid hydrolysis. The yield was, however, only 30% of
that expected, suggesting that most of the oligosac-
charide chains had been liberated in some other form,
possibly as glycopeptides. Proteolytic cleavage caused
by sodium borohydride under mild conditions has
been observed [14], and some of the peptide bonds
in the proximity of the linkage asparagine residue
may be particularly reactive.

The possibility of releasing bath major types of
sugar chains of glycoproteins as oligosaccharide alco-
hols with borohydride under mild alkaline conditions
provides samples well suited for identification of the
linkage sugar units. The linkage sugars are released as
hexosaminitols when the reduced oligosaccharides are
hydrolyzed with acid, and they are easily identified
by ion-exchange chromatography [15,16], or with
the newly developed paper chromatographic system
that is particularly well suited for separating labeled
N-acetylglucosaminitol and N-acetylgalactosaminitol
[10].
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