
CHROIVE. 9143 

QUANIITA%IVE DETERIMINA-KION OF HEXCBAMINES IN GLYCOPRO- 
TEIN BY EON-EXCHANGE CHROMATOGRAPHY 

ROBERT M. ZACHARLUS 

Eastern Regioriar Research Center, Agricuitura! Research Service, U.S. Department of Agriculture, 
Phicirdprphfa, Pa. 19118 (U.S.A.) 

(First received December LZth, 1975; revised manuscript received Februw 23rd, 1976) 

SUMMARY 

An ion-exchange chromtogmphic method for the quantitative determination 
of glucosamine znd galactosamine in glycoproteins is described. The hexosamines are 
completely separated from interfermg peptides of the acid hydrolysate using a small 
column of cation exchanger in a manner described earlier by Boas. Chromatographic 
separation of the hexosamine fraction and the determkmtion of glucosamine and 
galactosamine are accomplished on an amino acid analyzer with ninhydrin. 

INTRODUCTION 

During a study of the hexosamine content of K-casein and potato glycoprotein 
in this laboratory, a metkod was required for quantitatively determining the hexos- 
amines. Wkile ghrcosamine and galactosamine are readily determined in the presence 
of each other by cation-exchange chromatography, this is limited to their presence 
unbound or in small peptides. The partid hydrolysis of glycoproteins, a condition 
for minimum loss of ammo sugars, yields peptides with elution volumes in the ckro- 
matographic separation which overlap those of the hexosamines. This does not permit 
kexosamine determination by tine group reagents. Lee et at.’ employed a neo- 
cupro;me reducing sugar reagent with the column efhuent to avoid interference by 
ammo compounds. On the other hand, Fanger ad Smytk3 prefmctionated the partial 
kydrolysate on an anion exchanger, eluting the amino sugars and iysine with a 
volatile buffer of N-ethylmorpkoline. The hexosamines were finally determined with 
ninkydrin on a short ammo acid analyzer cohunn. 

In this laboratory, limited success was experienced with the neocuproine 
method2 because of some continuing interference by peptides, presumably by those 
contaming hyciroxy amino acids. An dtern&ive method is reported here wkick 
utilizes a prefractionation of the kydrolysate as described by Boas3, followed by 
ckromatographic separation of tke kexosamine fraction and determination with 
ninhydrin. A 
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EXPERIMENTAL’ 

Columns and resins 

Prefractionating columns consisted of 5-5.5 ml of Amberfite IR-120 (ref. 2) 
(200-400 mesh) resin packed in 140 x 9 mm I.D. nonjacketed glass columns. The 
resin was poured in segments. The columns were readied and regenerated after each 
sample according to the procedure of Boas3. Analytical chromatography was carried 
out in a water-jacketed 290 x 9 mm I.D. glass column packed in segments with 
Arnberlite IR-120 resin to a height of 265 mm. Crushed resin, 25-30 pm particles, 
was sized by the Hamilton procedureJ. 

Hexosanzines and amino acids 

D-Glucosamine hydrochloride and glycyEL-Teucyi-L-erosine were purcbssed 
from Mann Labs. (New York, N-Y., U.S.A.) and n-galactosamine hydrochloride 
from Pfanstiehl Labs. (Waukegan, RI., U.S.A.). D-Mannosamine hydrochloride, L- 
serine, L-threonine, and L-tyrosine were obtained from Calbiochem (Los Angeles, 
Calif., U.S.A.). 

Proteins 

/%Lactoglobulin A and K-casein were prepared by the Dairy Laboratory of 
the Eastern Regional Research Center. Sperm whale myoglobin was purchased from 
SchwarzjMann (Orangeburg, N-Y., U.S.A.) and the iron removed by conventional 
procedure. A potato protein preparation was made in this laboratory from the 
expressed tuber juice by ammonium sulfate precipitation and dialysis in the usual 
manner. 

Anaiyzer sysiem 

The modules and arrangement comprising an amino acid analyzer were used. 
A 1Milton Roy piston pump delivered the eluting buffer and another the ninhydrin 
reagent. When neocuproine was the developing reagent, the modules included a 
Technicon proportioning pump in lieu of the second piston pump and a 95” reaction 
bath assembied and employed in the manner described by Lee et al.‘. The colored 
ninhydrin reaction products were measured with two Technicon calorimeters, using 
a 570-nm and a 450-n.m filter with 15mm flow cells. The 450-run calorimeter was 
employed in the neocuproine assembly. The results were plotted on a 12-in. multiple- 
point recorder. 

3~ffizrs and reagents 

Sodium citrate buEer, 0.35 N, was prepared from Baker’s reagent grade salt 
adjusted to pH 5.28 + 0.02 (ref. 5). The preservative was 0.1 ml octanoic acid per 
liter of buffer. Ninhydrin rea,oent, procured from Pierce (Rockford, Ill., U.S.A.), 
was prepared according to the procedure of Spa&man er alms. Neocuproine hydro- 
chIoride was obtained from AIdrich (Milwaukee, Wise., U.S.A.) and the reagent was 
prepared as described for procedure II of the publication of Lee er aZ_‘. 

* Reference to brad or firm name does not constitute ado rsernent by the US_ Department 
Of Agriarttr;re OVer 0thfX-S Qf 2 S&i&U Il2tIlE ElQt l3EZZitiOXd. 
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Hydro!ysis of pro feeijt 
Proteins and gly&roteins (2.6-10 mg) were hydrolyzed with 3-6 ml of 4 N 

HCl for 4 h in a 1OO” =water-bath in evacuated sealed tubes. Kydrolysates were taken 
to dryness at 40” with a rotary evaporator until free of mineral acid. 

Prefractionation 

The residues from hydrolysis were dissolved in approximately 2 ml distilled 
water and passed through the small Amberlite IR-120 (Hi) prefractionating column. 
The column was washed with 15 ml distilled water (removiag unabsorbed sugars, 
acidic amino acids, and peptides), and eluted with 9.5-18 ml 2 1L- HCl- The column 
was frrrther eluted with 9-10 mI 4 X HCl. When studying the ion-exchange retention 
of hydrolytic fragments of p-lactoglobulin A, the coLumn was water washed and 
further eluted with 4 hr NHJXI. All eluates were concentrated separately on the 
rotary evaporator at 40” to dryness until free of the eluting agent. 

Analysis 
Each of the residues was dissolved in distilled water and applied to the analyzer 

col-umn either in its entirety or as a volumetric aliquot. With the ninhydrin method, 
samples in volumes as high as 0.350 ml were examined on the analytical column. 
The samples were washed into the column with three 0.020-ml aliquots of the eluting 
buffer. Elution of the column was carried out at 55” and at a ffow-rate of 60.0 ml/h 
with 0.35 1L: pH 5.28 -& 0.02 citrate buffer. Ninhydrin reagent was pumped at the 
rate of20.9 ml/h with the second piston pump. Ninhydrin flow was initiated 15 min 
after the start of column elution. When the reagent was neocuproine, the module 
arrangement and flow-rates described under procedure II of Lee et al.’ were employed. 
Peak areas were determined as with automatic amino acid analyzers, whereby the 
area is determined from half the peak height multiplied by the peak width. 

RESULTS AND DLSCUSSiON 

With the column length employed in this study, glucosamine and galactosamine 
were satisfactorily separated on the analyzer with maximum peak heights at 62.5 and 
70 min, respective!y. Separations carried out with stepwise lengthened analyzer 
columns indicated that a resin column of 300 mm would permit a complete return lo 
the baseline between the two hexosamine peaks. This, however, was not essential to 
the quantitation. 

Recovery determinations were made on standard binary solutions of the 
hexosamines at two levels digering by a factor of ten (Table I). No hexosamine was 
found in the water wash from the prefractionating column. After eIution of the 
column with 9.5 ml of 2 N HCl, a small amount of residual hexcsamines could still 
be recovered with further elution using 4 N HCl. However, 16 ml of 2 N HCX fully 
eluted the tenfold hexosamine sample. Since the sample not pretreated showed a 
2 deviation from lOQ% recovery, the 90-96 % recovery totals of those that had 
undergone column pretreannent indicate that some losses had probably occurred in 
the manipulations. Greater care was taken in subsequent operations. 

Both #?-lactoglobulin A and sperm whale apomyoglobin are proteins devoid 
of carbohydrates and amino sugars. These two proteins were utilized to study the 



effects of the prefractioIlating column on the removal of peptides with elution volumes 
overlapping those of glucoszmine and galactostine. The results of elutfon of a mild 
acid hydrolysate of &lactogIobulin A using 2 M I&i followed by 4 N H@l and 
ultimately stripping the column with 4 X NH.@fS are shou?r in Fig- 1. Without pre- 
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Fig. 1. Cbrqmatography of & partial h&olysste (4 N HC!, 4 b, 100c) of #Macto&Iobulin A on a 
265 x 9 mm I.D. Amber&e IR-120 anzdytical column, 55”, pH 5.2S, 0.35 N sodium citrate buffer. 
Xnhydrio reagent. (a) Pzrtial hydrolysate elated from the prefractionztirzg IR-120 column +th 2 N 
ETCL co) Fraction from the co~timxed elution of the prefrzctionating column (a) wit&4 N HCI. (c) 
Fraction from thecontinued elution of(b) with 4 NNHiOH. (d) P~~~hy~?l~tectro~tograph~ 
d%ect!y oti the analy&ical co!Umn. 

Fig. 2. Chromztbgraphy of a pa-t& hydroEy&(4 N HCl, 4_h, iOO”) ofsperr& whzle &myogobin 
on a 265 x. 9 mm$D. Amberiite ES120 $nalyticA coiunin, SS”, pE% 5&,0.35 NsodSm citrate buf- 
fer. Niiydriqreagerit. (a) Par&i hq-dra&te elute&from the prefractionati& ER-120 columns xv-i& 
2 N HC!: (b) Fraction from .$he continued eMion of the prefmctionat@ c&ti.(a) yitk 4 N HCL 
(cc) l%rtial bydrolysate chromztogzq+i directly tin th&a&tical co+mz.. 



tE&ment of the hydrolysate befOre aitaiyticd chr~matogrztphy, ninhydrk-positive 
material is esp&aRy evident partially overIapping the galactosemine region (70 r&n). 
0n.l~ a very small porti5n 5fthis peak is ehtted with 2 N KCI, while 4 N acid removes 
an additiotial amount plus some interfering material in the ghrcosamine region of the 
chrom~.togram. Further atnounts of interfering peptides are obtained front the pre- 
-fractionating cofurnn w$h,NH,OK. Sperm whale apomyoglobin yielded a similar 
elutiop pattern (Fig- 2). 

When f&e two hexosamines were added to the &lactoglobuho A hydroiysate 
and pretreated on the IR-120 column, the 2 N HCL eluate yielded a good separation 
pattern and constant baseline. A 100% recovery of both amino sugars was obtained 
with 15 ml of 2 N acid (Table II). Similar results were obtained with the hexosamines 
added to sperm whaie apomyoglobin with a 98 % recovery of both compounds using 
18 inI of 2 Nacid (Fig. 3; Table I). The material eluted between 64 and 80 min with 
4 JI HCI, partially overlapping then galactosarnine position, represents peptide 
material indigenous to the rnyoglobin hydrolysate. 

The glycoprotein, .+cosein, was examined for its hexosamine content using 
the neocuproine procedure as described by Lee et al.l. With no pretreatment of the 
hydrolysate, a steeply changing baseline was observed in the hexosamine region of 
the chromatogram (Fig. 4), interfering with an accurate determination of their peak 
areas. It also raised doubts as to the complete composition of the peaks regarded as 

DETEFXWINA-L-ION OF KEXOSAMINJZS ADDED TO &LACTOGLOBULIN A 
Experimeimi 1 and 2 represent 3 mg p&i@ hy&olyzed j%lactogtobulin A to wkich was added 
0.1172 .pW g&tctosamine and 0.0580 FM giuco samlne to give a tot2l volume of 1.03 ml. 

Erperl-nren. Pretreatment oh Recovered 

1 

I wash 

2 
2 wzsh 

Ghwsamine Gahctosamine 

TR-120; 12 ml 2 N HCI 59.2 86.0 
lOml4NHCi 11.5 14.0 
zl+lwzsh 100.7 100 
IR-120; 15ml2NHC1 Xl0 lO1.7 
lOml4NHCI trace 
c2 i-2WaSh lOi 101.7 

TABLE m 

DETERMINATION OF HEXOSAMINES ADDED TO MYOGLOBiN 

Experiments 1 ad 2 repwsent 4 mg putSly hydrol_yzed spxm whale apomyoglobin to which was 
added 0.1172 &I4 &iictommine and Ct.0580 pM glua, samine to gke a total voiume of 0.430 ml. 

Ekperfment Pretreatment y0 Rewvered 

Giuwsamine GaIactosamine 

1 E-120; 16 ml 2 N HCI 86.5 90.7 
lw2.a lEmi4NHCl 6.1 tl 

Cltlwask 92.6 91 
2 H&120; 18 ml 2 N HCI 98.1 97.6 
2w& lOIx!i4NKCl 0 0 

z2t 2wask 98.1 97.6 
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Fig. 3. Chromatography of glucosamine and galactosamke added to a partial hydroiysate (4 N HCI, 
4 h, 1CW) of sperm whaIe apomyoglobin on 2 265 x 9 mm I.D. Amberlite R-120 an&ticd column, 
55”, pH 5.28, 0.35 X sc&rrn citrate buffer. Ninhydrin reagent. (a) Fraction eluted from the pre- 
fractionating IR-120 column wi& 2 N HCI. (b) Fraction from the continued elution of the pre- 
fractionating column with 4 N HCI. 

Fig. 4. Chromatography ofa partial hydrolysate (4 NHCI, 4 h, ICW) of#-caseb on 265 x 9 mm I.D. 
Amberlite IR-120 anaIyticai colt, 55”, pH 5.28,0.35 IV sadium citrate buffer. Neocuproine re- 
agent. (a) Direct chromatography of the partial hydralysate on tEe analytical column. (b) Partial 
hydrolysate eluted from the prefmctionating IR-120 column with 2 hi HCI. 

hexosamines. An improved separation was obtained when the hydrolysate was pre- 
treated with the Boas-type column and the 2 N HCl eluate examined on the analytical 
column (Fig. 4) Hexosamine values for both K-casein and a potato protein preparation 
obtained with the neocuproine reagent were in excellent agreement with those ob- 
tained with the ninhydrin reagent following the same column pretreatment and 
chromatography (Tzble IV). 

TABLE F? 

COiMPARISON OF NEOCUPROINE AND NINHYDRIN REAGENTS IN DETERMINING 
GLYCOPROTEIN HEXOSAMINE 

l&Xwprozire - 

% 0, 

~ai*crosamine GZucusamine 
- 

Potato protein 0.228 - 
K-casein 0.044 0.579 

* rVae.zr~ value of two detelbtions. 

Nwzyc&-n’ 

% % 
Glucosumine Gaiaerosamke 

0.249 - 
0.053 0.533 

The use of 18 ml of 2 N EC1 has proven to be most conducive to complete 
removal of the two hexosamlnes from prefractioriating cohrmns reported in this study. 
As much as 15 mg of caseins (1% hexosamine)6 and as little as Z mg of purified milk 
fat globule membrane protein (6 % hexosamine)’ havg been partially hydrolyzed and 
successfully pretreated for hexosamine recovery from these Columns. _ 



C!olumn_et3uents of serine, threonine, tyrosine, 2nd gty@.leucyhyrosine were 
found to produce peaks on the analyzer with the neocuproine reagen% although none 
had efutioa vokmes interfering with the determination of ghrcosamine and galactos- 
amine. However, it wouid not be incon,~ous to expect other ‘peptides contzining 
hydroxyamino acids to respond similariy with neocuproine and cause some inter- 
ference in the determination of the hexosamlnes. 

En this analyticaf system, marmosamine and galactosamine were found to have 
identical elution volumes. However, mznnosamine has rarely been encountered as a 
constituent of glycoproteins. 

During the course of this study, four commercially purchased samples of 
D-gakctosamine regarded 2s chromatographicatIy pure by their suppliers were found 
to be contaminated with glucosamine. These samples had been prepared from natural 
sources and the impurity varied from 5.046S”~. The synthetic preparation of 
galactosamine utilized in this study was found to be devoid of glucosamine. 

Treatment of acid hydrolysates of glycoproteins was recommended by Boas3 
for improvement ofthe Elson-Morgan method for determining hexosamine. Although 
Boas had designed the mod&&ion in order to eliminate sugar-amine interactions 
responsible for abnormally high color values, this study finds it valuable in the ion- 
exchange chromatographic method for hexosamines. It improves the results obtained 
with neocuproine and permits the use of amino group reagents such as ninhydrin. 
Thereby, the final analytical step can be carried out directly on 2~ amino acid analyzer. 
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