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SUMMARY 

A thin-layer electropborctic method is used for the sepnration of the glyco- 
peptides. Specific detection methods permit the differentiation of tile sugar constit- 
uents. 

Carbohydrate-containing and carbohydrate-free peptides are distinguished by 
the successive application of ninhydrin and orcinol-sulpburic acid reagents on to the 
thin-layer peptide maps of glycoprotein hydrolysates. 

INTRODUCTION 

Electrophoresis is one of the most useful methods for the separation of peptides 
and glycopeptides. However, tbc specific detection of the non-reducing glycans of tbc 
glycopeptides is difficult on carbohydrate-containing beds, sucll as paper-, cellulose-, 
starch- or dextran-containing thin layers. Several methods have been published for 
the detection of non-reducing carbohydrates under such conditionsl-7, but most of 
them lack specificity and are insufficiently sensitive for the detection of less than 
I-pg amounts of the sugar constituents, 

In this paper a specific ancl sensitive method for the separation and detection 
of glycopepticles by thin-layer electropborcsis is described. The differentiation of 
carbohydrate-containing and carbohydrate-free peptides is achieved by the successive 
application of ninbydrin and orcinol-sulphuric acid reagents, Pepticlcs and glyco- 
pepticles can be distinguishecl on the snmc chromatographic plate after two-climcn- 
sional separations. 

MATERIAL AND METHODS 

Materials 
Plates or sheets of “Selecta 1500” pre-coated with silica”ge1 were purchased 

from Schleicher and Scl~till, Dnssel, G.Ir.R, 
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The glycolxq~ticles were obtained by collagenasc-pronasc cligestiorW of the 
proteoglycan-glycoprotcin-collagen coniplcscs (CSC, crude soluble collagen)D pre- 
pared from calf cornea as described by Ronlzrz’r AND DISCHISIU. 

The structural glycoprotein of the pig cornea was prepared according to 
ROBERT et nl.11. 

Pig thyroglobulin was purchased from Mann Research Laboratories Inc., New 
Yorlilz. 

Polysaccllariclc of B. CCYCZ~S W, was prepared in the laboratory of Prof. Ivhwo- 
WCS (Szegccl, Hungary). Cllondroitin-4-sulpllate was a gift from Dr. MORISSON (Culver 
City, Los Angeles, USA.), I-Iydroxylysine glucosiclogalactoside was isolated from 
calf cornea arlcl purified by preparative paper clectrophoresise. Amylose was ob- 
tained from Prolabo (Paris). 

Elect~~o~l~orctic sepavatiolt 
In the clectrophorctic apparatus, the plates or sllccts were depositccl on a 

metal l~loclc, cooled with flowing tap water. Plates of 20 x 20 cm were used. 
For one-climensicnal electroplloresis, tllc experiments wcrc carriecl out with a 

pyriclinc-acetate buffer xt pI-I 3,s (acetic acid-pyriclinc-water, IO:I :S). Other pyricline 
acetate or formate containing buffers may also be usecl, 

Samples containing 0.2-x.5 rug of sugars were appliccl on tlic median line of 
the plates. A potential gradient of 10-20 V/cm was applied for z-3 11. 

The two-dimensional separations of the trypsic and chymotrypsic llyclrolysatcs 
of glycoproteins were carried out on silica thiu layers by a modification of the method 
clescribed by WIELAND AND GEORGOPOULOS~~, 

Proteolytic digests, containing 0~2-1.5 pg of carbohydrate constituents, were 
applied 2-3 cm from the lower edge of the plates (20 x 20 cm), or on the median line 
or two-thircls of the way along the plate on the anoclic side for electrophoresis. DNP- 
alaninc ,c)r DNP-scrinc was usecl to indicate the elcctrophoretic migration rate. The 
clectrophorcsis was carried out as described above. 

The plates were driecl overnight at room temperature and developccl perpen- 
dicularly to the direction of the clectrophoretic migration with one of the following 
solvents: 

(I) 11-butanol-pyriclinc-acetic acid-water (68: IO : 14:25)13 
(2) isoamyl alcohol-pyridine-water (7 :S :G), 

Tile solvent front shoulcl reacll the upper edge of the plates. 

Detection of pq5tidcs 
The plates arc clipped in a 0.1% solution of ninhyclrin in acetone, clriccl and 

hcatcd to so-Go”, 

nEtectiolt of Carbol~yclYatc c01tstitzce71ts 
IZcsorcz’~lol rcncl’o~t. The plates were sprayed with the resorcinol-MC1 reagent 

of SVENNERHOLM AND SVENNERHOLLI~~ and kept in a moist atmosphere for 15 min 
at xoo”. 
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Acid& Izydrol~~~is. The plates were l~atcd at IOO--105’ in a tigllt glass chamber 

containing 4 N HCI. 

Morgan-Elson reaction. The hydrochloric acid-treated plates were thoroughly 

dried, sprayed with acetylacctone reagent in 0.5 N Na,SO, solution, heated for 20 min 
at 100~ in a water-saturated atmosphere, and sprayed with Ehrlich’s reagcntlfi. 

Cnvbazole rcnctiolz. The uranic acid-containing glycopeptides can be made visible 
as described recently by LIPIELLO AND MANKIN I”. The plates were sprayed wit11 con- 

centrated H,S04 containing 0.0~5 M sodium tetraboratc, hated for 3 min at IOOO, 

ancl sprayed again with a o.Iz~O/~ solution of cnrbazole in ethanol, then heatecl at 
Ic10’ until the purple spots appearecl, 

Cystel?ce-sacl~l~uvic acid reaction 17, The layers were sprnyecl with 2 N I-I&50,,, clricd 

for 30 min at room temperature, heated for 4 min at 100’ and sprayed again wit11 

. . . 

clutccl with 0.1 M acetic 
a&) of glycopcpticlcs of &fforo;lt molcculnr keight. 0~8 bbtnincd from the collngcnnse-pronasc- 
digostecl protcoglycan-glycoprotoin-collagen complex of the cnlf corncn (“cruclc soluble col- 
lagcn”, CSClOJl). I-Icxoscs are dotormincd by tho orcinol reaction ; galactosc-mannose (I :I) 
mixturo was usocl as standnrd. 

Below: clcctrophorctic pattern of the clution groups (on silica inycrs; pyriclinc-ncotate, 
#-I 3.8, IO V/cm, 2.5 h) ; tlw glycopopticles am dctcctocl by the orcinol-sulplluric acid method 
(see text), 
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o.IO/~, solution of cysteine in So% ctlianol, The colour was clevclol~ccl by heating at 
100~ for 1-3 min. 

Orcilrol-sacl~/tzlric ad wmtiou. The plates were sprayed with a 0~1% solution 
of orcinol in 2 N I&SO, and the colour was clcvelol~ecl by heating at Ioo” for IO-15 
min. 

RIPSULTS AND DISCUSSION 

Fig. 1 shows the clcctroplioretic pattern of glycopepticle mistures of clifhent 
molecular weights, obtained from the collagenase-pronasc-digested protcoglycan- 
glycoprotcin-collagen complcs of the calf cornea (crude soluble collagen, CSCJIOJ1 
by exclusion cliromatograpli y, 

This complex contains tllrce types of carbohyclratc chain bearing proteins: 
proteoglycans, structural glycoproteins and collagennJe. The proteolytic digest of 
this substance was particularly suitable for demonstrating the electroplioretic scpa- 
ration of the different types of glycopcptides. 

The acidic glycosaminoglycans are separated into two main bands in fractions I 
and 2. Esperimcnts with authentic samples indicate that part of the sulphatcd 
glycosaminoglycans remains adsorbed on the starting line. The neutral and weakly 
acidic (containing sialic acid) glycopeptides derived from the glycoproteins, as well 
as the basic glycopeptides, containing the hydroxylysine glycosides of collagen, are 
clearly separated (compare fractions 3 with 4 and 5). Fraction 5 contains large 
amounts of peptides and amino acids, but these are not detected by the orcinol- 
sulphuric acid reagent. 

Fig. 2. Fingerprint of pcrformic acid-trcntcd trypsin-cligcstccl pig thyroglobulin on Sclcctn 1500 
plntcs of 20 x 20 cm, Elcctropliorcsis : pyridino-ncctutc, p1-t 3.8, xoV/cm, 2.5 11. Clwomntogrnplly : 
solvent I. Dctcction: 0.1 T, ninhyclrin in ncctonc, spots mnrltccl tv pencil, followccl by spraying 
with oar:/, orcinol in 2 N I-I,,SO, and boating at xoo” for IO min. ~\lycopcpticlcs arc inclicatccl by 
nrfOWY. 
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I?& 3. Pingcrprint of trypsin-cligcstctl pig thyroglobulin. Elcctropliorcsia ns clcscribccl 
Cl~romntogrq~l~y : xolvont 3. 

in Big. I. 

Pig. 4. IJingcrprint of chymotrypsin-digcstccl cruclc structurnl glycoprotcin of corncnl stromn. 
Elcctrophorcsis and dctcction as dcscribccl in Fig. I. In solvent No. z, used for thin cxlicrimcnt, 
one of the glycopcpticlcs (gp) rnigrntcs also. 
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Figs. 2, 3 and 4 show examples of the fingerprinting procedure. The plates were 
treated after clcctropliorcsis and chromatography with the ninhydrin reagent, the 
spots corresponding to the peptides were marked with a pencil and the carbohydrate- 
containing peptides were made visible on the same plate by spraying with the orcinol 
reagent, 

Thyroglobulin contains, per molecule (M.W. 669 ooo), fourteen sialic acid- 
containing sugar chains (M.W. about 3000) and nine “light” carbohyclrate chains, 
which are devoid of sialic acid lg. The fingerprints (Figs. 2 and 3) seem to be consistent 
with these results, Only pcpticles that are not bouncl to sugars migrate in the chro- 
matographic step in solvent I (Fig. z), while neutral and acidic glycopeptides are 
separated by clectrophorcsis. The electroplloretically neutral glycopepticles migrate 
in solvent 2, while the acidic ones arc clisplacecl only in the electrophorctic step. 
Similar results were obtained by fingerprinting the structural glycoprotein of pig 
corneal”. 

Peptides and amino acids give a violet colour with the ninhydrin reagent on 
the silica-coated plates, whereas they gave reddish and brownish colours on the 
sc1ccta 1500 sl1cets. The orcinol reaction is equally sensitive on Selecta I500 sheets 
or plates. 

Some examples of the specific staining of the cliffercnt sugar constituents of 
glycans are given in Table I. Only the resorcinol and the carbazole reactions appear 
to be specific, for tile sialic and uranic acicls, respectively. The sensitivity of the 
Morgan-Elson reaction is poor: the pink colour characteristic of-tkc +exosamincs is 
weak, ancl could be coverecl by the brown decomposition products of neuraminic 
acids, 

The dour obtained with the cysteine-sulphuric acicl reaction turns to greyish 
brown in 10-20 min, even at room temperature. 

The orcinol reaction can be usecl quite generally, it gives violet-bluish colours 
with hcxoses, pentoscs, hexosamines and uranic acids, Amino acids and peptides clo 
not react, About 0.1 pg of hexoses can be cletectcd with this reagent. The development 
of the colour is not influencecl by the previous trcatmcnt of the silica layer with the 
ninbydrin reagent. 

The method is recommcncled for the separation and preliminary charactcr- 
isation of glycopepticles, as well as for structural studies on small amounts of glyco- 
proteins. 

I thank Dr. ROBERT for discussions on the manuscript and the C.N.R.S. (Equipc 
de Rechcrche No. 53) and. the I,N.S.IS.R.&:I. (Unit6 USz, Director: Prof. PAYRAU) for 
financial support. 




