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SUMMARY 

Treatment of ovine-submaxillary-gland glycoprotein (OSM) with o.I N NaOH at IOO ° 
released about 89 % of the carbohydrate groups (N-acetylneuraminyl (a,2---> 6)N- 
acetylgalactosamine; NANA > GalNHAc) according to first-order reaction kinetics; 
k = 2.37"IO -t min -1 (half-time 2. 9 min). The remaining prosthetic groups were 
liberated much more slowly; the first-order rate constant was 1.89. lO -3 min -1. The 
carbohydrat~:-peptide linkages were also cleaved by NH2OH at pH 12.2 and 37 ° in 
a pseudo-monomolecular reaction, k = 2.3" lO -3 min -1. The alkaline conditions on 
their own released the carbohydrate groups at a lower rate, k = o.6. Io -~ min -1. 
The disaccharides liberated were recovered quantitatively, mainly in form of their 
oxime which had protected them against destruction by alkali. Concomitant with 
the release of the disaccharides, hydroxamates were formed. Removal of the terminal 
negatively-charged N-acetylneuraminic acid (NANA) residues from OSM prior to 
NH2OH-treatment considerably increased the reaction rates: kl~n~o-= 7.1o -8 
min -1, k o a - =  1.6. lO -3 rain -1. When about 89 % of the carbohydrate groups had 
been liberated, the reaction was practically completed. OSM displayed no reducing 
power when tested with o-dinitrobenzene or Penedict's reagent under controlled 
conditions using GalNHAc as standard. 

The data presented provide further proof for the previous conclusion that  the 
bulk of the disaccharide groups in OSM are joined through a glycosidic-ester linkage 
to the peptide. I I  % of the groups are apparently linked in another fashion; the 
possibility of an O-glycosidic linkage to serine residues for this fraction is discussed. 
The amide-N of OSM is low, 2.6/~moles/Ioo mg OSM. It was shown that crystalline 
NANA, as was previously found for bound NANA, liberates NHa under the acid 
conditions used in the amide determination of proteins. 

Abbreviations: OSM and BSM, ovine- and bovine-submaxillary-gland glycoprotein re- 
spectively; NANA, N-~cty|neuraminic acid; NANA--->GaiNHAc, N-acetylneuraminyl (~,2--~6)- 
N-acetylgalactosamine. 
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INTRODUCTION 

In a recent article 1 we have summarized the evidence showing that in glycoproteins, 
defined as conjugated proteins containing one or more heterosaccharide residues of 
relatively low degree of polymerization and lacking a repeating unit, the hetero- 
saccharide is bound covalently to the functional group of the side-chain of a component 
amino acid residue. In glycoproteins of animal origin two types of carbohydrate- 
peptide linkage have been reported so far. In ovalbumin a single heterosaccharide, 
consisting of 3 N-acetylglucosamine and 5 mannose residues, is linked most likely 
N-glycosidicaily to an asparaginyl residue; involved in the linkage are the hemiacetal 
OH-group of acetylglucosamine and the amide amino group. Since neither an enzyme 
nor a chemical reagent is available which acts specifically on this type of linkage, its 
presence is inferred mainly from the analysis of short glycopeptides, obtained by 
enzymic digestion of ovalbumin, and from a comparison of the chemical reactivity 
of these glycopeptides with model compounds of known structure (for literature 
see ref. x). YAMASmNA AND MAmNO ~ have recently prepared from ovalbumin, by 
pronase 8 action followed by partial hydrolysis and dinitrophenolation of the resulting 
amino acid-carbohydrate fragment, a compound yielding on acid hydrolysis DNP- 
aspartic acid, ammonia and glucosamine in the molar ratio I.OO:I.X3:I.O 7. Since 
the compound was non-reducing and moved towards the anode on electrophoresis, 
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it conformed to the aspartylglycosylamine structure O=C--NH.R' (most probably 
N-(L-fl-aspartyl)-2-deoxy-z-acetamido-glucopyranosylamine), first proposed by Jo- 
HANSEN, MARSHALL AND NEURERGER 4, though the Japanese authors favoured the 
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structure of the isomeric imido ester, R'. O--C= NH. 
In glycoproteins prepared from the submaxillary glands of ox and sheep a more 

direct approach to the elucidation of the carbohydrate-peptide link was possible 
because in this case the linkage proved to be susceptible to a chemical reagent acting 
specifically on one type of bond only. OSM, as prepared in our laboratory, has an 
average molecular weight, for various preparations studied, of (I.O -4- o.2). IO 6. About 
4o% of the molecule is carbohydrate composed nearly exclusively of equimolar 
amounts of N-acetylneuraminic acid and N-acetylgalactosamine. Structural analysis 
revealed these components to be present as the simple disaccharide N-acetylneur- 
aminyl (2---> 6) N-acetylgalactosaminO, several hundreds of which are distributed 
along the polypeptide chain 1. Treatment of OSM with lithium borohydride (in tetra- 
hydrofuran), a reagent known to effect selectively a reductive cleavage of esters, 
decreased the recoverable dicarboxylic acids by 64.1 #moles (i.e. by 88 o,/o of the total 
72.7 #moles of dicarboxylic acids) and the protein-bound disaccharides by 63.5 and 
64.8 #moles respectively, depending on the disaccharide component assayed (i.e. by 
about 8o % of the total 8o #moles of disaccharides), all figures referring to IOO nag 
OSM. Of the released disaccharides only 31.6 % of theory were recovered when assayed 
by the orcinol method 6. On treatment of OSM with o.oi N Ba(OH)~ at 8o ° for 4 h 
81.5 % of the disaccharide residues were released from the protei#. 

Hydroxylamine is another chemical reacting with esters, though not as selectively 
as lithium borohydride. In the present paper the susceptibility of the carbohydrate- 
peptide linkage in OSM to hydroxylamine was tested by determining the decrease 
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of the peptide-bound disaccharide groups and by analysing quantitatively and quali- 
tatively the released groups. The formation of hydroxamic acids in this reaction was 
also investigated. Since hydroxylamine reacts not only with esters but also with 
acid amides, an exact knowledge of the amide content of OSM was essential. We have, 
therefore, re-determined the amide nitrogen of OSM after complete removal of the 
interfering NANA, applying the method of JOHANSEN, MARSHALL AND NEUBERGER 7. 

In connection with this determination we have examined the liberation of ammonia 
from crystalline NANA on acid treatment. Finally the kinetics of the decrease of 
peptide-bound disaccharide residues on treating OSM with o.I N NaOH at IOO ° were 
studied, and some work was done on the cleavage of peptide bonds in OSM by o.o5 N 
NaOH at IOO °. 

EXPERIMENTAL 

Materials 

The sugars used were as described previouslyS, 8. 
Glucose oxime (m.p. 14o-14o.5 ° uncorr.) was prepared according to WORL ~" and 

recrystallized according to WOLFROM A~D THOMPSON 10. 
Crystalline pyrrole-2-carboxylic acid was obtained by the method of ODDO n. 
Phosphotungstic acid was purified by the procedure of VA~ SLYKE AND RIEBEN 12. 
Hydroxylamine bydrochloride was a Fluka A.G. preparation. 
Sephadex G25 was a product of Pharmacia, Uppsala, Sweden. 
Cellulose casings (18/32) for dialysis were obtained from the Visking Corporation, 

Chicago. 
Resins used were Dowex-5o-X4 (5O-lOO mesh) and Dowex-I-X2 (5O-lOO mesh). 
OSM was prepared according to the procedure described for BSM by MURPHY 

AND GOTTSCHALK 13. 

Crystalline neuraminidase (EC 3.2.1.18) from Vibrio cholerae culture filtrates was 
generously supplied by Dr. G. L. ADA, The Walter and Eliza Hall Institute of Medical 
Research, Melbourne. 

Methods 

Measurements of pH were made with a Radiometer type TTTIb equipped with 
type-GK-zo2IB glass electrode. 

N-Acety!neuraminic acid was determined by the resorcinol method of SVEr~NER- 
HOLM 14 using crystalline N A N A  as standard. 

Hexosamine was determined according to RONDLE A~D MORGAS 15. The carbo- 
nate-bicarbonate buffer of IMMERS AND VASSEUR le was used in this procedure (see 
STRA~GEIT). Prior to assay the material was hydrolysed with 4 N HCI at IOO ° for 
to h in sealed tubes, unless otherwise stated; the hydrolysate was dried in  vac~to. 
Sodium chloride, present in some samples at a final concentration of 0.05 M, had no 
effect on the colour formation, as shown in appropriate controls. 

Amino acid determinations were carried out after hydrolysis of the protein with 
6 N HC1 for 24 h at lO5 ° using the ninhydrin reagent of MOORE AND STEINIS: DL- 
leucine was the standard. 

Ammonia was estimated after precipitation with phosphotungstic acid according 
to JOHANSEN, MARSHALL AND NEUBERGER ~ unless otherwise stated. 

Gel filtration: Sephadex-G25 was allowed to swell in o.o5 M NaCI and the fines 
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were removed by repeated decantation. The suspension was slurried into the column 
and a large volume of o.o5 M ammonium bicarbonate was passed through the gel bed. 
All filtrations were carried out in this bicarbonate solution. OSM was recovered from 
the column in 98.5 % yield. 

Column fractions were tested for protein or polypeptide by the modified Folin 
method TM, for sialic acid by the resorcinol method 14, for anhydro N-acetylhexosamine 
derivatives s and pyrrole-2-carboxylic acid by the Ehrlich reagent in the cold s, and 
for free hydroxylamine by the Ni'~+-diacetylmonoxime-spot test ~°. 

Reduction of sugars with NaBH 4 was performed in o.I M borate buffer (pH 9.o) 
at 24 ° for 6- 7 h. A twice molar excess of NaBH 4 (in same borate buffer) was added 
each hour. Under these conditions N-acetylglucosamine and GalNHAc were no longer 
detectable by the Morgan-Elson reaction m after 5 h. Excess reagent was decomposed 
by dilute HC1 and the borate removed by repeated evaporation with methanol. 

OSM and NANA w> GaiNHAc respectively were treated with neuraminidase 
in o.oo5 M Ca l+ at pH 5.5 and 35 ° for 2o h. 2oooo Units of the enzyme were used for 
5O-lOO mg OSM and 2o nag of the disaccharide respectively 22. 

Paper chromatography: Whatman No. I paper was used with the solvents 
(a) n-butanol-  pyridine-  water (6: 4: 3, v/v), (b) n-propanol - pyridine - water (6: 4: 3, 
v/v), (c) n-butanol-acet ic  a c i d -  water (12:3:5, v/v). Location reagents for sugars 
were periodate-benzidine 2s, Elson-Morgan and Morgan-Elson reagents ~t and aniline 
hydrogen phthalate 2s. For amino compounds the ninhydrin reagent was used. 

High-voltage paper electrophoresis was carried out at pH 3.7 in acetic acid-pyri-  
dine buffer, 35 V/cm, 2 h, 900 according to KATZ, DREYER AND ANFINSON ~s. 

Alkali treatment of OSM : 

(a) For a kinetic study of the decrease in prosthetic groups on mild alkali treat- 
ment the following procedure was adopted: I.O rrd of a solution containing IOO mg 
dried OSM in I5 ml distilled water and adjusted to pH 7 was filled into each of a set 
of test tubes. To these tubes, preheated in a boiling-water bath to > 95 °, was added 
I.O ml each of 0.2 N NaOH, also preheated to > 95 °. The tubes were kept for specified 
times in a boiling-water bath;  after withdrawal they were immediately cooled in 
a dry ice-acetone mixture, quickly acidified to pH 4-5 by adding a predetermined 
volume of 4 N HCI and aUowed to freeze. When all samples had been processed in 
this way, they were thawed, adjusted to pH 7-8 with I N NaOH and submitted to 
treatment with NaBH 4 in borate buffer as described. The samples were then neutra- 
lized and, after addition of conc. HC1 to give a final concentration of 4 N HC1, they 
were hydrolysed at Ioo ° for IO h and analysed for hexosamine. A control tube con- 
taining a mixture of 1.o m! OSM solution and I.O ml of o.2 N NaOH, both not pre- 
heated, was immediately acidified to pH 4-5 and further treated as above. 

(b) The susceptibility to mild alkali of peptide linkages in OSM was tested as 
follows: A solution of about zo nag OSM in 20 ml of 0.05 N NaOH was heated at 
IOO ° for 30 min, ice-cooled, neutralized with 5 N acetic acid and dialysed against 
three changes of 200 ml water for 72 h. The retentate was lyophilized and weighed; 
the dialysates were dried in a rotatory evaporator below 3 o°. A solution of about 
xo mg OSM in 1o ml of 0.05 N sodium acetate was dialysed and further processed 
as above. The dried retentates and dialysates were each dissolved in IO ml water and 
aliquots were analysed for NANA,  hexosamine and amino acids, the latter two after 
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hydrolysis of the aliquots in sealed tubes at lO4 ° with 4 N HC1 for IO h and with 
6 N HC1 for 24 h respectively. One aliquot of the dialysate was treated with NaBH 4 
prior to acid hydrolysis for hexosamine determination. 

Hydroxylamine treatment of OSM: An alkaline solution of hydroxylamine was 
prepared by adjusting I vol. of 4 M NH~OH- HC1 solution to pH 12.2 with 2o N NaOH 
and diluting to 2 vol. with water. A solution of OSM was prepared by gently stirring 
the lyophilized material in water until dissolved and centrifuging the solution at 
28ooo × g at 4 ° for 2o min. A mixture of IO ml of OSM solution (about 2 mg OSM/ml) 
and 13 ml of alkaline hydroxylamine solution was adjusted to pH 12.2 and made 
up to a volume of 26 ml. The mixture was maintained at pH 12.2 and 37 °, occasional 
additions of alkali being necessary. Samples of 5.o ml were withdrawn at intervals, 
adjusted to pH 7 with glacial acetic acid and either frozen until  processed or applied 
directly to a Sephadex-G25 column (2.3 "< 35 cm, void volume 5o ml). Fractions of 
5.o ml were collected automatically and tested for protein, NANA, hydroxylamine 
and sodium ions. Two NANA peaks were obtained; the first peak, also containing 
protein, comprised Fractions lO-17 (pool A), the second peak comprised Frac- 
tions 18-25 (pool B). Hydrox-ylamine and most of the sodium ions emerged from the 
column after the second peak. Pool A was analysed for hexosamine and NANA. 
Pool B was assayed for NANA and submitted to paper chromatography and high- 
voltage paper electrophoresis. In control experiments hydroxylamine was omitted. 

A complete NANA and hexosamine balance of NH,OH-treated OSM was carried 
out in 9-h experiments. For this purpose 5 ° mg OSM dissolved in 8 ml water, was 
mixed with 8 ml of an alkaline solution of hydroxylamine prepared from NH2OH. HCI 
and NaOH. This mixture, molar with respect to NHzOH, was adjusted to pH 12.2. 
5 ml of the mixture was immediately neutralized and frozen. The remaining mixture 
was kept for 9 h at pH 12.2 and 37 °; 5-ml samples of this solution, after neutralization, 
and the frozen sample were then fractionated separately at 4 ° on a Sephadex-G25 
column as described. The resulting pools A and B were both analysed for NANA 
and hexosamine. Pool B was also examined paper-chromatographically arid submitted 
to high-voltage paper electrophor~sis. 

To exclude any salt effect on the NH2OH reaction, OSM was also treated with 
a solution of NH~OH prepared from (NH2OH)2.H2SO * and an equivalent amount 
of Ba(OH) v After removal of the precipitate the NH~OH content of the solution 
was determined according to YASHPItE, HALPERN AND GROSSOWlCZ 27. The elution 
pattern from the Sephadex column is shown in Fig. I. 

Appropriate reference compounds for chromatography of the sugars released 
from OSM by the action of NH~OH were prepared as follows. Glucose, GalNHAc and 
NANA > GalNHAc were each treated for 3 h with alkaline NH2OH solution under 
the.conditions described x¢~r OSM (in the presence of I M NaCI; pH 12.2). The resulting 
solution was processed as above and finally passed over a Dowex-5o (H + form) 
column. Chromatography of the Dowex-5 o effluents in Solvent b and location with 
periodate-benzidine reagent showed for each sugar derivative a spot at an Rp value 
higher than that  of the untreated sugar. The spot was initially white but quickly 
turned yellow. The ratio of the RF value of the NH2OH-treated sugar to that  of the 
untreated sugar was 1.2 for glucose, i.IO for GalNHAc and 1.15 for NANA > 
GalNHAc. The same result was obtained when the sugars were treated with a salt-free 
solution of NH20H (see preceding paragraph) at pH 8~5 for 2 h at 250 followed by 
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drying in vacuo. The product thus obtained could be used directly for chromatography. 
In the same solvent system authentic glucose oxime showed a spot of Rglueose = 1.2. 
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Fig. I. Elution pa t t e rn  from a Sephadex-G25 column (38 × 3 cm) of a 5-ml sample  of NHaOH-  
t reated OSM (o.45 M NH=OH; p H  tz .2;  37°; 9 h). Elut ion carried out with o.o 5 M NH~HCO a 
a t  4 °. Fractions of 5 ml  were collected, a k - - A ,  NANA contet:t  in mg/5 ml fract ion;  O - - O ,  
absorbancy a t  60o m/~ in the Folin tes t  (o.I ml of fraction in final volume of 2.85 ml). The bar  

denotes fractions containing NHaOH.  

In Solvent c the NH=OH-treated and the original sugar had the same RF value. The 
products resulting from NHzOH-treatment of GalNHAc and NANA J ~ GalNHAc 
could not be crystallized. However, the identical behaviour in paper chromatography 
and in the distinct colour formation with periodate-benzidine of crystalline glucose 
oxime and of the compound resulting from NHaOH-treatment of glucose as described 
above and the similar behaviour in these assays of NH=OH-treated GalNHAc and 
NANA---> GalNHAc make it very probable that the products were indeed oximes. 
It  may be mentioned that glucose omme prepared under mild alkaline conditions 
gave in Solvent b in addition to the main spot a weak spot of lower RF trailing 
to the main spot. On eluting and rechromatographing the material moved to the 
position of the main spot. 

Tests for hydroxamic acids in NH~OH-treated OSM 

(I) An aliquot of pool A was treated with FeCI z according to SCHWEET ~. The 
resulting reddish solution was examined spectrophotometrically in a Beckman 
Model DU spectrophotometer. 

(2) I-ml aliquots of Pool A were submitted to the procedure described by 
YASHPHF., HALPERN AND GROSSOWICZ ~v. In this procedure the hydroxamates are 
oxidized with iodine to nitrite which in turn is allowed to react with sulfanilic acid. 
The resulting diazonium compound is coupled with ~-naphthylamine to give a coloured 
derivative. Oxidation with iodine at pH's 2.3 and 3.7 allows differentiation between 
free NH2OH and free NHzOH plus hydroxamates. Spectrophotometric readings 
are made at 530 m#.  
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RESULTS 

Determination ef amide-N in OSM 

Step I :  IOO mg dried OSM was dissolved in 16.5 ml of o.oo5 M CaC12 solution. 
To IO ml of this solution were added IOOOO units  of crystalline Vibrio cholerae neurami-  
nidase. After  incubat ion of the mixture at 37 ° for 8 h in the  presence of toluene 
another  IOOOO units of the enzyme were added  and digestion continued for 18 h. 
The digest,  after addi t ion of I . I  ml I N H~SO 4, was heated in a water  ba th  at  80 ° 
for 5o min  and then ice-cooled. This procedure resulted in the removal  of > 98 % of 
the  total  sialic acid. Since it was found in model experiments  with nL-asparagine 
and  L-glutamine tha t  even under  these mild acid conditions more than IO % of the 
amide-N is l iberated as N H  3, I . I  ml of the above hydrolysate  was analysed directly, 
i.e. without  any  further  acid hydrolysis, for NHn according to JOHANS~.~ et alY. 

Step 2: The remainder  was dialysed against 2 1 of distilled water  in the presence 
of toluene at  2 ° for 24 h. The cellophane bag was emptied quant i ta t ive ly  and concen- 
t ra ted  in a freeze-dryer to a volume of 8.5 ml. I-ml aliquots were hydrolysed in I N 
HC1 (final concentration) at  IOO ° for 3 h. A blank was kept  under  same acidic con- 
ditions at  2o ° for 3o rain. Hydrolysates  and  blank were dried at  4 ° in the vacuum of 
a desiccator and redissolved in 2.o ml water.  Precipitation of ammonia  by phospho- 
tungstic acid and steam-distillation at alkaline pH of the ammonia  contained in the  
precipitate were carried out according to JOHANSEN et al. 

Analytical results: NHa-N released in Step I : 4.2 #g/Ioo mg OSM (corrected for 
blank). NH~-N released in Step 2: 32. 4 tzg/Ioo mg OSM (corrected for blank). Total 
amide-N = 36.6 t~g/Ioo mg OSM = 2,6 #moles/Ioo mg OSM : o.32 % of total  N. 

Formation of ammonia from N-acetylneuraminic acid on treatment with mineral acid 

o.5 mg crystalline NANA was heated in I.O ml I N HC1 at IOO ° for varic~,as 
periods of time. After cooling the mixture  was analysed for N H  3 at  4 ° by the micro- 
diffusion method of TRACEr ~9. The results obtained are shown in Table I. 

T A B L E  I 

A M M O N I A  ~" P R O D U C E D  F R O M  NANA B Y  I N HCI A T  I O O  ° 

Time of hyd¢otysis NHa-N in per cent o! total N o! NANA 

(~) i 2 3 

I I 3 . 8  - -  1 2 .  5 

1.5 X8.O 19.5 - -  
2 I9.7 21.4 I8.1 
3 22.8 22.7 20.7 
5 - -  24. 7 22.8 

* Measured  by  microdi f fus ion  a t  4 ° (TRAcEY29). 

Kinetics of the decrease in protein-bound hexosamine on mild alkaline treatme~,t of OSM 

In prel iminary experiments  it was observed tha t  t r ea tment  of OSM with o.I  and 
o.z N N a O H  for 15 and  i o  min  respectively at  Ioo ° resulted in a decrease of bound 
hexosamine (taken as indicator  for bound disaccharide residues) by about 88 % of 
the  total .  The residual hexosamine was lost at  a much lower rate.  This indicated, in 
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agreement with earlier findings e, that  a minor fraction of the disaccharides was bound 
to the protein in a type of linkage more resistant to mild alkali than the bulk of the 
disaccharides. To obtain an exact estimate of this minor fraction, the decrease of 
hexosamine content of OSM on treatment with-o.I and o.2 N NaOH respectively 
at zoo ° was determined in intervals over a period of I2O min (for details see Methods). 

Time stole for  quick reaction (rain) 
5 19 15 

\\ 
x 

-, \ 
\. 

\ .  

' 3o " 9o ' 
Time scale for  slaw reaction (rain) 

Fig. 2. Decrease wi th  t ime  of protein-bound hexosamine of OSM on t r ea tmen t  with o.x N NaOH 
a t  too °. O - - Q ,  slow reaction; 0 - - 0 ,  quick reaction (corrected for I i  % of bound hexosamine 

reac: ing very  slowly: see text.). 

When linear regressions were fitted to the experimental figures of the slow reaction 
by the method of least squares and estimates made of the intercepts with the ordinate, 
values oi --2.x4282 and --2.25758 were obtained for the reactions with o.I and 
o.2 N NaOH respectively, These values corresponded to Ix.7% and zo.5 % re- 
spectively of the total hexosamine. Since theoretically the intercepts should coincide, 
a mean value of xx % was taken for tha t  fraction of total hexosamine which was 
very slowly released from the protein on mild alkali treatment. When the experimental 
figures of ¢0 and ¢t in the quick reaction (o.z N NaOH) were corrected for these I I  %, 
the straight line shown in Fig. 2 was obtained. The first order rate constant, calculated 
from the first 7 min of the reaction, was k = 2.37.to-X/rain. The error introduced 
by neglecting the decrease of hexosamine due to the slow reaction is not appreciable. 
The first-order rate constants for the slow reaction were found to be 1.89. zo-~/min 
in o.z N NaOH and 3.35.zo-3/min in 0.2 N NaOH at zoo °. 

Fragmentation of OSM by 0.05 N NaOH 

When 2x.7 mg of dried OSM was heated in 20 ml of o o5 N NaOH at IOO ° for 
30 min and then processed as described under Methods, it was found tha t  9.5 % of 
the original hexosamine and 9-9 % of the original NANA content of OSM did not 
pass through the cellophane membrane. In the dialysate 3-5 % of the total hexosamine 
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was recovered, 7 ° % of which was not reducible by NaBH 4 i.e. was still bound to 
a protein fragment.  Only 1.2 % of the hexosamine released survived the impact  of 
alkali wi th  an unimpaired reducing group. The resorcinol assay registered a recovery 
of 28 % of the total  NANA; however, alkali-degradation products  of NANA are 
known to contribute to the colour measured in the assay s°. 

TABLE II 

QUA NTITATION OF DIALYSABLE PEPTIDES AFTER &LKALI TREATMENT OF OSM 

OSM, heated in o.o 5 N NaOH at IOO ° for 3o rain, was dialysed. Results are expressed as pmoles 
per zoo mg dried OSM. 

Ninhydrin value* of hydrolysed** native OSM 
Correction for 5.6 % proline content of OSM 
Correction for contribution of hexosamine, present 

in the hydrolysate**, to the ninhvdrin value 

Amino acids in native OSM 

Ninhydrin value of hydrolysed** dialysate, 
obtained from alkali-treated OSM 

Correction for proline assuming I/3 of 
total proline to be present in the dialysate 

Correction for contribution of hexosamine, 
present in the dialysate 

Amino acids in dialysate 

574 
+49 

--62 

56t 

i82 

+ i 6  

- - 2  

t96 = 34.9°'o of total 

* DL-Leucine was used as standard. 
** Hydrolysis conditions: 6 N HC1, to4=, 24 h. 

The degree of f ragmentat ion of the polypeptide chain(s) of OSM, as assessed by 
dialysabil i ty of the fragments resulting from the above alkali t reatment ,  is shown 
in Table II .  Contributing to the n inhydr in  values of the acid hydrolysates of both 
the original OSM and the  dialysate from the  alkali-treated OSM is the ammonia  
l iberated from NANA during acid hydrolysis. Since, however,  the  proportion of 
mater ia l  reacting with resorcinol is similar in both samples the  final result may  not  
be affected significantly. Two corrections applied in Table I I  involve assumptions 
lacking experimental  evidence. First, it was assumed tha t  the amino groups of the  
17 % hexosamine destroyed when OSM, for amino acid analysis, was hydroiysed with  
6 N HC1 at lO40 for 24 h, did not contribute to the  ninhydrin value. Second, one-third 
of the  proline content  of OSM was assumed to be present in the  dialysate. Because of 
these uncertaint ies  the balance was checked by weight determination.  When the d ry  
weight  of the  non-dialysable glycopeptides (9.3 mg) was corrected for the weight of 
their  NANA and GalNHAc content  (o.74 rag), it was found tha t  66 % of the protein 
moie ty  of the original OSM was retained inside the cellophane bag, i.e. 34 % was 
lost on dialysis. In this calculation the only assumption was tha t  alkali t rea tment  of 
OSM had  removed half of the  acetyl groups of the disaccharide residues. Any error 
in this assumption would but  slightly affect the final result since the carbohydrate  
content  of the non-dialysable fraction is only 7.9 %. 

Chromatography (Solvent a) of the hydrolysate  of the no n.-dialysab!e fraction 
revealed galactosamine as the  major  component  reacting with the Elson-Morgan 
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reagent. Galactosamine in trace amounts was also seen when the hydrolysate of the 
dialysable material was chromatographed. 

Test fov reducing power of OSM 
The following solutions were prepared and tested: A, OSM solution with a 

G ~ H A c  content of 1. 9 ~moles/ml; B GalNHAc solution containing 2.I ~moles/ml; 
C, mixture of equal parts of A and B. 

o.x-ml samples of A, B and C were mixed with 0.2 ml of NaOH-KC1 buffer 
(pH i2.2) and one drop of a saturated solution of o-dinitrobenzene in ethanol. The 
mixtures were heated in a boiling-water bath. A gave no colour in 60 sec and only 
a very faint colour after 2 rain. B and C gave a pink colour within 3o sec becoming 
intense at 45 sec. Benedict's reagent, diluted 1:5, was reduced (in a boiling-water 
bath) by B in 3 min; A did not reduce even in 4 min. 

Kinetics of tt~ decrease i~ protein-bound prosthetic groups on treatment of OSM with 
NH~OH at pH z2.z 

In preliminary experiments OSM was trea~ed with I M NH2OH at pH 8 and 
37 ° (see ref. 3I), but no appreciable release of prosthetic groups was observed. At 
pH I2.2 and 37 ° the reaction proceeded at measurable rate and these conditions were 
used in subseqtxent experiments. Under similar conditions in  the absence of NH2OH, 
prosthetic groups were also released from OSM, but at a lower rate. 

0 . . . . . .  

I :. 

-3 

o ~ 4 * 8 lo i2 14 
r~me (h) 

Fig. 3. Dectease with t ime of protein-bound hexosamine of OSM at pH I2.2 and 37 ° ( O - - O ) ;  
at  pH 12.2 and 37 ° in the presence of i M NH!OH ( O - - D )  ; NANA-free OSM at  pH  12.2 and 37 ° 

( A - - A )  ; NANa-freo OSM at  pH  t2.2 and 37 ° in the presence of x M N H I O H  ( A - - A ) .  

For an estimate of the rate constant of the decrease in protein-bound prosthetic 
~oups  determination of the  hexosamine content of the protein fraction (see Methods) 
gave consistent results. Fig. 3 shows the decrease with time of the protein-bound 
hexosamine on treatment of OSM at pH 12.2 and37 ° in the presence and absence of 
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NH~OH. Since the alkali experiments described in the preceding section had shown 
that  I I  % of the prosthetic groups are bound to the protein through a linkage fairly 
resistant to o.2 N NaOH at Ioo% it was assumed that NH2OH at pH 12.2 and 37 ° 
would not act on this linkage (see below). The experimental hexosamine values were, 
therefore, corrected for these I I  %. The straight lines in Fig. 3 indicate first-order 
reaction kinetics for the NH2OH reaction and the control reaction in alkali alone. 
The first-order rate constants computed from separate experiments were found to 
be kl~t2o- --  2.3" IO-3/min and koH- = 0.6. IO-3/min. 

In the NH20H experiments the sum total of the NANA content of the protein 
fraction (pool A, see Methods) and of the released prosthetic groups (pool B) at  any 
time interval tested, closely agreed with the NANA content at o h, i.e. there was a 
near quantitative recovery of the released sialic acid (see Table III). In some experi- 
ments more NANA than hexosamine was found in pool B probably due to cleavage 
of NANA residues from the protein fraction during processing. 

T A B L E  I I I  

R E C O V E R Y  O F  N A N A  A F T E R  T R E A T M E N T  O F  O S M  ~,VITH NH,,OH 
A N D  F R A C T I O N A T I O N  O N  SEPHADEX-G25 ~ 

Condi t ions :  I M NH2OH,  p H  I2.2, 37 °. 

Time IJmoles .YANA.5 ml sample 

(h) Pool A Pool B Total 

o 2.72 o 2.72 
3-5 1.62 I . l  4 2.76 
7.0 0.99 1.88 2.87 

lO.5 o.67 2.20 2.87 
14.o 0.37 2.42 2.79 

* For  technical  deta i ls  see Methods. 

In order to eliminate a possible charge effect'of the NANA residues on the NH~OH 
reaction, some experiments with NANA-free OSM were performed. A solution of 
neuraminidase-treated OSM containing about 2 mg glycoprotein/ml was adjusted 
to p H I .  5 with HC1, kept for 1 h at 7 °0 and dialysed exhaustively. Sialic acid assay 
showed removal of > 97 % of the NANA of OSM. The remaining glycoprotein was 
treated at pH 12.2 and 37 ° with and without I 1~ NH20H as described above for 
native OSM. The results are included in Fig. 3. Again first-order reaction kinetics 
obtained, kNH20- = 7" IO-a/rain and kOH- = 1.6- IO-a/min. The hexosamine remaining 
bound to the protein after 7 h and 14 h treatment with NH.,OH was 15.8 % and 11.3 % 
respectively of the original. These figures seem to support the above assumption that  
about I I  % of the prosthetic groups of OSM are bound to the polypeptide through 
a type of linkage resistant to NH2OH. 

To ascertain that  the material of pool B (see Methods) was in fact prosthetic group 
and not glycopeptide, identification of the carbohydrate by chromatography and 
clectrophoresis was undertaken. Preliminary paper chromatograms of pool B of 
NH,OH-treated OSM revealed that the prosthetic group was present mainly as the 
oxime; a minor portion coincided in RF value with the unsubstituted prosthetic 
group. Sugar oximes can be easily distinguished from glycopeptides by their charac- 
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teristic colour reaction with periodate-benzidine (see Methods). The differentiation 
between free prosthetic groups and glycopeptides would have to be based mainly on 
R~, values since a positive Morgan-Elson reaction may not be restricted to a free 
prosthetic group (NANA • ~ GalNHAc) only. It is quite conceivable that the alkali 
treatment at Ioo ° required for this reaction would split the ester linkage in a glyco- 
peptide. For this reason any free disaccharides were converted prior to paper chroma- 
tography, to their cximes under conditions (0.3 M NH~OH, pH 8, 25 °, 2-3 h) known 
not to release prosthetic groups from OSM (see above). Chromatography of the 
vacuum-dried material in Solvent b showed an intense yellow spot coincident in RF 
value (o.4o) with the oxime of the disaccharide. In addition a spot of slightly]ower 
R~, value was observed, very weak after 3 h treatment of OSM with NHaOH, but 
intensifying with time of treatment, NANA determinations on the eluates of the two 
spots in an 9-h experiment (see below) registered 89 o/,o of the NANA content of the 
applied material in the main spot and r2 % in the weak spot. A similar chromatogram 
was obtained with Solvent c. 

High-voltage paper electrophoresis of pool B showed an intense spot (periodate- 
benzidine reagent) moving towards the anode with a mobility of 0.85 of that of 
a NANA standard. A weak spot moving slowly from the origin towards the cathode 
was also seen and, as in the chromatogram, increased in intensity with time of 
NH~OH treatment. 

The intensification of the minor spot with time of NH~OH action together with 
the behaviour of this material in the electric field would be consistent with deacetyl- 
ation of an acetamido group, as present in the disaccharide, producing a zwitterion. 
This interpretation is supported by the further observation that application of pool B 
(9 h treatment with NH~OH) on a Dowex-5o (H + form) column resulted in the re- 
tention of IX % of the material as assessed by NANA determination. The retention 
would indicate the presence of a charged amino group. 

Further evidence for the identification of the material of pool B as prosthetic 
group was obtained by neuraminidase action on this material. Chromatography of 
the neuraminidase-treated material revealed two spots of comparable intensity 
coinciding with NANA and the oxime of GalNHAc respectively. There was an ad- 
ditional but faint spot coinciding with galactosamine standard. 

When at the later stages of the NH~OH-treatment peptide material was traced az 
in pool B by paper chromatography, it did not react with periodate-benzidine. 

Carbohydrate balance of OSM after treatment with NH20H at pH xz.z 

In several experiments a complete carbohydrate balance of OSM before and 
after 9 h treatment with NH2OH was made. Table IV summarizes the results of 
two representative experiments, one with x M NHaOH in the presence of x M NaC1, 
the other with 0.45 M NH~OH in the absence of inorganic salts (see Methods). 

Demonstration of the presence of hydroxamate in NH~OH-treated OSM 

The presence of hydroxamate was demonstrated by two independent methods: 
(I) Pool A gave with FeCls a red coiour with absorption maximum at 5o5 m#. 

Butyl acetate when treated with I M NH~OH at pH x2.2 and 37 ° for 15 rain gave with 
FeCla a similar eolour with an absorption peak at 5o5-51o m/~. 

(2) The absorption spectrum obtained by application of Method 2 (see Methods) 
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to pool A coincided with that of a standard prepared from sodium nitrite accordingly. 
In several experiments the hydroxamate determined corresponded to 42-53 % of 
that  expected from the disaccharide content of pool B. 

T A B L E  I V  

CARBOHYDRATE BALANCE OF O S M  AFTER HYDROXYLAMINE TREATMENT 
( p H  x 2 . 2  AND 37  °) AND FRACTIONATION ON SEPHADEX-G25* 

Time NHsOH t~moles NANA "5 mi sample Itrr.oles hexosamine/5 ml sample 

(h) (M) Pool A Pool B Total Pool A Pool B Total 

o I.O lO.9O o lO.9O 11.o 4 o t I.O 4 
9 3.84 6.9"2- lO.76 4.4 ° 6.86 11.26 
o 0.45 I I.O 4 o 1 I .o  4 Io .5o  o lO.5O 
9 6.88 4.09 ~o.97 6 .97 4.04 I I .OI 

* F o r  t e c h n i c a l  d e t a i l s  see  Methods. 

DISCUSSION 

The present work confirmed by two independent approaches previous results and 
the conclusion that in OSM the multiple prosthetic groups of the structure N-acetyl- 
neuraminyl (2---> 6) N-acetytgalactosamine are linked to the polypeptide chain by 
two different types of linkage. The majority of the prosthetic groups is joined through 
an O-glycosidic-ester type of linkage to the non-peptide bonded carboxyl groups 
of aspartyl as well as glutamyl residues. The evidence for the ester-type of linkage 
is the following: (a) LiBH4-treatment of OSM resulted in the loss of 88% of the total 
72.7 ~moles of monoamino-dicarboxylie acids per IOO mg OSM (molar ratio of 
aspartyl to glutamyl residues in OSM is 3.I :4.2). An equimolar quantity of prosthetic 
groups, representing about 8o % of the total was released concomitantly ~. (b) Treat- 
ment of OSM with NH20H at pH I2.2 and 37 ° resulted in the release of prosthetic 
groups according to first-order reaction kinetics concomitant with the formation of 
hydroxamates. The released disaccharides were quantitatively recovered. Even after 
removal from OSM of the terminal NANA units the negative charge of which depressed 
the reaction rate, NH~OH did not remove more than 88.7 % of the protein-bound 
hexosamine. (c) On treatment of OSM with o.I N NaOH at Ioo ° two types of reactions 
were discernible: a fast reaction involving the removal of 89 % of the disaccharide 
residues and proceeding according to first-order reaction kinetics (k = 2.37" Io-1/min; 
half-time 2.9 min) ; a slow reaction iuvolving the residual disaccharide residues also 
proceeding according to first-order reaction kinetics (k = 1.89" Io-3/min; half-time 
367 rain). The evidence for the engagement of the hemiacetyl group of GalNHAc in 
the ester linkage is (a) the failure of OSM to reduce o-dinitrobenzene in alkali and 
Benedict's reagent under standard conditions; (b) the previous observation that after 
LiBH4-treatment of OSM the recovered disaccharides had their reducing groups intact, 
i.e. these groups were shielded against excess reducing agent by their linkage to boron 
in the intermediate boron complex 1. 

The quantitative recovery of the disaceharides released on NH~OH-treatment, 
even when 63 % of their total was liberated, was most linkely due to oxime formation 
of the released disaccharides. Oximes are more alkali-stable than the corresponding 
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unsubstituted sugars. Though the oximes of the disaccharides were not obtained 
crystalline, the conditions to which the released disaccharides were exposed for many 
hours and the close similarity in chromatographic behaviour and colour formation 
with periodate-benzidine between the disaccharide derivative and an authentic oxime 
leave little doubt on their identity. The incompleteness of oxime formation in the 
NH~OH experiments would indicate that a fraction of the released disaccharides 
was not long enough exposed to NH~OH for oxime formation to take place, a further 
a r ~ e n t  in favour of a glycosidic linkage. 

The main effect of alkali in the NH~OH ieaction seems to be the withdrawal of 
a proton from NHgOH, i.e. NHzOH ~ NH~O- + H + (see ref. 33). The specific effect 
ot NHtOH on the release of the prosthetic groups is seen from a comparison of the 
first-order rate constants of the reactions at pH 12.2 and 37 ° in the presence and ab- 
sence of NH,OH'kl~H~O-= 2.3"IO-S/min and kOH-"--o.6'IO-~/min. The difference 
in the two reaction rates becomes even more marked after removal of the terminal 
negatively charged NANA residues: kl~rl2O- = 7" IO-*/min and korI- ----- 1.6. IO-3/min. 

In agreement with the mechanism of NHzOH action on esters, NHzOH-treatment 
of OSM r_esulted in the formation of hydroxamates. Their presence in the protein 
fraction was demonstrated by their colour reaction with FeC1 s and by the production 
of nitrite when the protein fraction was oxidized with iodine. A quantitative corre- 
lation between the prosthetic groups released and hydroxamates formed could not 
be expected because the NH~OH treatment of OSM had to be carried out at pH 12. 
It is known st that hydroxamates of amino acids undergo hydrolysis at pH values 
above 9. GALLOP et al. s4 observed that 3o % of the hydroxamate initially formed from 
the F-methyl ester of poly-L-glutamic acid by hydroxylamidation was lost on sub- 
sequent dialysis at pH > 1o due to hydrolysis. In the case of hydroxamate formed 
from polyanhydroaspartic acid (polysuccinimide) the loss, due to hydrolysis on sub- 
sequent dialysis at pH 9 5, was even 66 %. In view of this experience a recovery of 
hydroxamate in NH~OH-treated OSM to the extent of 5o % of theory appears to 
be reasonable, Though NH~OH acts also on acid amides, an N-glycosidic linkage of 
the disaccharides to asparaginyl or glutaminyl (see INTRODUCTION) can be ruled out. 
The amide-N of OSM was found to be 2.6/zmoles as compared with 8o tzmoles of 
disaccharides/Ioo mg OSM. 

The quantitative recovery of the disaccharides liberated from OSM by NH~OH 
contrasts with a recovery of only 32 % of the disaccharides detached from OSM on 
treatment for IO h with LiBH4 in tetrahydrofurml. It seems likely that during the 
long period of refluxing at the boiling point of the solvent (65 °) some decomposition 
of the boron intermediate complex takes place liberating free prosthetic groups. 
Such a decomposition may be effected by an alkaline medium generated by the re- 
action of LiBH 4 with traces of water, unavoidably introduced into the system by OSM. 
Once liberated, the disaccharides will be destroyed with time. Thus it was observed 
that of NANA--> GalNHAc, when submitted to the same treatment, only 42. 7 % 
and 35.2 % were recovered (assayed by NANA determination) after 5 h and IO h 
respectively ts. 

The presence of a second type of linkage between carbohydrate and protein in 
OSM is suggested by the abrupt change in the rate of decrease in protein-bound 
hexosamine on mild alkali treatment when about 89 % of the total hexosamine has 
been released (Fig. 2) and by the completion of the hydroxylamine reaction with 
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OSM when about the same amount of hexosamine has been removed. LiBH 4 released 
only 80 % of the prosthetic groups; however, in this case incomplete solubility of the 
material in tetrahydrofuran may have been a limiting factor. The most probable type 
of linkage of this minor fraction of prosthetic groups is an O-glycosidic linkage to 
serine (and thleonine). Such a linkage would be resistant to NH~OH, but would be 
cleaved slowly in alkali by the mechanism of fl-elimination (WITKOP ~s, JONES et al. 36, 
HARTLEY AND J~-vo~s3~). More direct evidence for the presence of this type of linkage 
was provided when alkali-pretreated OSM was submitted to hydrazinolysis and the 
resulting mixture of hydrazides was fractionated by preparative electrophoresis 
followed by application to coupled columns of Dowex-5o (H+ form) and Dowex-I 
(formate form). On elution of the latter column with 0. 4 N formic acid a glycopeptide 
was obtained yielding on acid hydrolysis glycine, serine, alanine, galactosamine and 
valine in the molar ratios I : I :  3: I : I (MURPHYm). The analysis strongly suggests that  
in this glycopeptide GalNHAc was attached to serine by an O-glycosidic linkage 
iesistant to pretreatment of OSM with o.oI N NaOH (80 °, 4 h) and with anhydrous 
hydrazine (Ioo °, 4 h). The galactosamine recovered in this g!ycopeptide amounted to 
about r5-2o % of the hydroxylamine-resistant portion (see above). 

The re-determination of the amide-N of OSM after complete removal of NANA 
and employing the phosphotungstic acid method of JOHANSEN et al. ~ confirmed our 
earlier results ~. It is noteworthy that crystalline NANA when submitted to the con- 
ditions of amide hydrolysis by HC1 loses 22 % of its N as NH3. SPIRO AND SPIRO 40 
reported a value of 25 % under stronger acidic conditions. When NANA is bound in 
glycoproteins, acid hydrolysis for amide cleavage converts a larger proportion of 
NANA nitrogen to NH 8 as calculated from published data: 42 % in OSM (see ref. 39), 
54 % in BSM (see ref. I3), 58 % in orosomucoid 41 and in fetuin 4°. The reason for this 
differential behaviour will be discussed elsewhere 42. 

The evaluation of the experiments concerned with the cleavage of peptide bonds 
in OSM on treatment with 0.05 N NaOH at x~o ° for 30 min is difficult since no compar- 
able data for carbohydrate-free proteins are available and since the passage of peptides 
and glycopeptides through a cellophane membrane is determined by many factors, 
size being only one of them. It  seems, however, to be the experience of protein chemists 
that  fragmentation of considerable degree occurs when proteins are treated, for 
instance, with 0.2 N NaOH at Ioo ° for 2 h. WARN~-R 43 found that  heating ovalbumin 
in 0.28 N NaOH at 68 ° for 3 h resulted in the formation of x2 % free amino groups 
referred to the maximum amount attainable under standard conditions of acid hydro- 
lysis, i.~. under these mild alkaline conditions one out of eight peptide bonds was 
split. GIBBONS AND ROBERTS 44 reported recently that treatment of bovine cervical 
glycoprotein with o.o5 N Na2C03 at too ° for 2o min rendered half the material dialys- 
able. A common feature of the submaxillary and cervical glycoproteins is their high 
content of a-amino-fl-hydroxy amino acids 45. One may expect such proteins to be 
very susceptible to alkali. 

The susceptibility of most of the disaccharide-peptide linkages in OSM to LiBH4, 
hydroxylamine and very mild alkali proves this linkage beyond reasonable doubt 
to be of the ester type. Based on our results with LiBH4-treated BSM, as prepared 
in our laboratory, we concluded that  also in this glycoprotein the majority of the 
disaccharides is bound through a glycosidic-ester linkage to aspartyl and glutamyl 
residues of the polypeptide. We do not wish to contradict the results from Pigman's 
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laboratory on the carbohydrate-peptide linkage in BSM since from a comparison of 
the composition and biological activity of his preparation and our material it is 
obvious that different species of glycoproteins produced by the same type of bovine 
glands have been submitted to analysis in the respective laboratories 4e. 

It is interesting that in glycoproteins of animal origin the monosaccharide unit 
linking the heterosaccharide to the polypeptide chain was found so far to be an 
N-acetylhexosamine residue, this was shown for BSM (see ref. 8), OSM (see ref. 5), 
ovalbumin ~, 47 7_globulin48 and ~l-acid glycoprotein 49. 
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