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1. Introduction 

In a previous paper [1], we reported that human 
lactotransferrin [2-4] (also termed lactoferrin [5]) 
contains an asparaginyl-N-acetylglucosaminide linkage. 
In this paper, we shall deal with the amino acid se- 
quences of two tryptic and two chymotryptic glyco- 
peptides of lactotransferrin in which this type of 
linkage is involved. 

2. Material and methods 

Lactotransferrin. isolated with the highest degree 
of purity from human milk [6] was first subjected to 
reduction and alkylation [7]. It is then submitted to 
tryptic (EC 3.4.4.4) or chymotryptic (EC 3.4.4.5) 
digestion (E/S: 1/50, pH 8.2, at 37°C for 8 hr [8]. 
The enzymic digests were submitted to gel filtration 
(Biogel P-30) and the glycopeptide subfractions were 
further repurified by a free flow electrophoretic sep- 
aration (Elphor Vap-II) which was carried out at pH 
2.4 in 0.5 M acetic acid, at a potential gradient of 
1700 V. The glycopeptide subfractions obtained by 
this method were digested with neuraminidase 
(EC 3.2.1.18) [9] and the desialyzed glycopeptides 
were isolated by preparative paper electrophoresis 

(pH 6.5 in pyridine-acetic acid-water 90:3:1400, 7 
V/cm for 16 hr). 

The amino acid composition of glycopeptides was 
determined after acid hydrolysis (5.6 N HC1, 24 hr at 
105°C under N 2) by using an Autoanalyzer (Beckman- 
Multichrom) [ 10]. The tryptophan was identified 
after hydrolysis with p-toluence sulfonic acid [ 11]. 

Neutral sugars and hexosamines were determined 
by classical colorimetric methods [ 12]. Neutral mono 
saccharides were identified and estimated by paper 
chromatography [ 13] and by gas-liquid chromato- 
graphy of the trimethylsilyl derivatives of methyl- 
glycosides [14]. Hexosamines were estimated by gas- 
liquid chromatography after methanolysis, N-reacetyl- 
ation and trimethylsilylation [14]. 

The detection of O-glycosidic linkages was per- 
formed by treatment with 0.3 M NaBH 4 in 0.1 N 
NaOH at 20°C for 48 hr [15]. The samples were dried. 
hydrolyzed with 5.6 N HC1 and submitted directly to 
amino acid analysis. 

The N-terminal amino acids were identified by 
dansylation [16] and C-terminal by hydrazinolysis 
[17] and by carboxypeptidase A (EC 3.4.2.1) and 
B (EC 3.4.2.2) digestions [18]. Edman degradation 
was carried out under the conditions reported by Han 
et al. [19]. 

The PTH-amino acids were identified by thin layer 
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chromatography in the modified system E [19] and 
the systems D and H reported by Edman [20].  The 
PTH-asparaginyl-glycans were isolated and identified 
according to the procedure described by Monsigny 
et al. [21]. 

The thermolysin and pronase digestions of  glyco- 
peptides were perfomed at 37°C for 24 hr at pH 8.5. 

3. Results 

3.1. Preparation o f  the glycopeptides 

Tryptic or chymotryptic digestions of  the reduced 
and alkylated human lactotransferrin lead in each case 
to the isolation of  four glycopeptidic subfractions 
after free continuous electrophoresis. However, after 
neuraminidase digestion of  these four subfractions and 
further separation by paper electrophoresis, only two 
glycopeptides were isolated. 

3. 2. Amino acid and carbohydrate composition 

Table 1 
Amino acid composition (moles/mole glycopeptide) of the 
desialyzed tryptic and chymotryptic glycopeptides isolated 

from reduced and alkylated human lactotransferrin. 

Amino acids Tryptic Chymotryptic 
glycopeptides glycopeptides 

I T II T I C II C 

CysCM - 0.4 - 0.4 
Asp 1.2 0.9 0.9 1.0 
Thr 0.8 0.8 0.9 0.8 
Ser 0.4 0.9 - 0.8 
Glu 1.6 0.8 1.8 1.1 
Pro 3.6 - 2.7 - 
Gly 1.0 1.1 0.9 0.8 
Ala 1.9 0.1 1.9 0.2 
Val 0.6 - 0.6 - 
lie 0.6 - 0.6 - 
Leu 1.0 1.0 1.0 1.0 
Phe 0.8 0.9 0.5 
Lys 0.2 0.8 - - 
Arg 0.6 - - - 
Try + + + + 

The amino acid compositions of  the tryptic glyco- 
peptides I T and II T and chymotryptic glycopeptides 
I C and II C are shown in table 1. The amino acid com- 
positions of  glycopeptides I and II are significantly 
different. On the other hand, the glycopeptides seem 
very homogeneous because, in the amino acid com- 
positions, each residue reaches the nearest molar ratio 
and shows very low contents of  contamination. 

Centesimal and molar carbohydrate compositions 
of  tryptic and chymotryptic sialic acid-free glyco- 
peptides I and II are closely similar as reported in 
table 2. 

3. 3. Peptide structure 

The amino acid sequences of  the following glyco- 
peptides: glycoheptadecapeptide IT.17, glyco-tetra- 
decapeptide Ic.14, glyco-decapeptide IIT_10 and glyco- 
nonapeptide IIc_ 9 are specified in the fig. 1. The co- 
valent structure of  these peptides were established; 

(i) by Edman degradation; 
(ii) by the determination of  N and C-terminal amino 

acids; 
(iii) by the determination of  the structure of  glyco- 
octapeptide ITh_ 8 obtained after thermolysic digestion 

Table 2 
Carbohydrate composition of the desialyzed tryptic and 
chymotryptic glycopeptides isolated from reduced and al- 

kylated human lactotransferrin. 

Tryptic Chymotryptic 
glycopeptides glycopeptides 

I T II T I C II C 

Centesimal composition 
Neutral monosaccharides 27.0 32.7 28.4 37.0 
N-Acetylhexosamines 19.7 23.5 23.0 28.8 

Molar composition 
Galactose 1.8 2.0 1.8 2.0 
Mannose 1.9 1.9 2.0 2.2 
Fucose 1.1 1.2 1.2 1.2 
N-Acetylglucosamine 3.5 3.7 3.8 4.2 

of  glycopeptide Ic.14 and of  the structure of  the 
glyco-tripeptides Ip. 3 and IIp_ 3 resulted from pronase 
digestion of  glycopeptides Ic.14 and IIc.  9; 
(iv) carboxypeptidase A liberates tryptophan cysteine 
from glycopeptide IIc_ 9 ; carboxypeptidase B removes 
respectively arginine and lysine from glycopeptides 

IT_17 and IIT_10. 
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Fig. 1. Amino acid sequences of the glycopeptides obtained from chymotryptic and tryptic hydrolysis of human reduced and 
alkylated lactotransferrin. 

3. 4. Carbohydrate-peptide linkage 

The amino acid compositions of glycopeptide I C 
and IIc, before and after alkaline treatment are identi- 
cal; no threonine or serine residue is destroyed. There- 
fore, this proves that no seryl or threonyl-O-glyco.- 
sidic linkage is present in these two glycopeptides. On 
the other hand, Edman sequential degradation cleaves 
the asparaginyl-glutamine peptide linkage and leads 
to the PTH-derivative of asparaginyl-glycan [21]. 

Asn-Gln-Thr -Gly  in both of them. These results 
confirm once more that the first N-acetyl-glucosaminyl- 
transferase requires recognition of an Asn-X-Thr/Ser  
sequence [22] to synthetise an N-glycosylamine link- 
age and demonstrate also that we have isolated two 
glycans which are certainly conjugated on two dif- 
ferent Sites of the peptide chain as the amino acid se- 
quences of glycopeptides I and II are quite different. 
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4. Discussion 

The two glycopeptides isolated from tryptic and 
chymotryptic hydrolysates of human lactotransferrin 
are significantly different in their polypeptide sequen- 
ces but possess very similar carbohydrate compositions. 
The N-glycosylamine linkage between asparagine and 
N-acetylglucosamine has been confirmed and no O- 
glycosidic linkage can be detected. The amino acid 
sequences around the two attachement sites are very 
similar as indicated clearly by the peptide structure: 
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