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CHROM- 

Note 

Column chromatographic separation and quantitation of ar-linked glucose 
oligosaccharides 

(First received February 12th. 1974: revised manuscript rcccivcd April 3rd. 197-I) 

Since Kbym and Zill’ initially reported on the chromatographic separation of 
neutral sugars in borate bulyer medium. several investigations with ;t variety of ion- 
escbange resins and tnodilications of the procedures have been reported’--5_ Several 
systems have also been described for the automated column-chroma~o~r~pltic atxdysis 
of s-tccli-tridcs”m !‘. ‘ 

during our immuncicltemicttl studies on destrrtnsl”-‘l _ a11 attempt was made to 
separate ami determine cc-linked I 4ucose oli~osxclxtrides bv usins an automated 
system with an anion-escbange resin and borate buft‘ers. This communication de- 
scribes the results of the experiments. 

ESPER!MENT.I\L 

Kojibiose (0-ct-u-glucopyranosyl-( 1 --Z)-o-glucose), nigerose (0-c:-t@uco- 
pyranosyl-( l --3)~t@ucosc). ma[tose (0-c:-o-glucopvranos:I-( l---l)-o-glucose)_ iso- 
nlnltost (0-dc-o-glueopyrmosyl-( 1 -T-6)-u-glucose). isomaltos_vi oligosaccharides up to 
the besamer_ kojibiitol. nigeritol. nxtltitol and isotmltitol were the samples described 
prcviously*l’_ lsomaltoheptnose was prepared as described by Scblossnxtn md 
t-&bat”. and bad XII [c]~;~ vtflue of -k 156” (ref_ 12, + 164’). The ratio of$ucose con- 
tents of this sample before and after reduction with sodium tetrtlhydroborate w:ts 
shown to be 7_00:6.03 by the method of Sakakibara et ct/_*“. Methyl cc-u-glucoside wx 
the cormnercial product (Pierce, Rockford, Ill_, U.S.A.). Destran NkRL B 1355 S \v;ts 
:t generous gift from Dr. A. R. Jeanes. Northern Regional Research Laboratory, US_ 
Department of Agriculture. Peoria, ill., U.S.A. 

The borate solutions used for the column procedure lvere prepared from ana- 
lytical-grade boric acid. The concentrations of bu&r Lvere: ( 1) 0.13 iI/ boric acid. 
pH 7.5, (2) 0.25 AZ boric acid. pH 9.0, and (3) 0.3 AI boric acid, pH 9_6_ The pH 
vrtlues were adjusted with sitturated sodium hydrosidc solution_ 

The anion-eschange resin used was JEOL resin LCR-3 (Japan Electronic 
Optical Laboratory. Tokyo, Japan): this ~1s lvasbed alternately several times with 
Z iIf hydrochloric acid and 2 M sodium hydroside_ After preparation of a column_ 
the resin was activated with 0.5 AI potassium tetraborate and then with buffer (I)_ 
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The sugars were determined calorimetrically after reaction at 95’ with 0_15% 
orcinol in concentrated sulphuric acid. 

-4 JEOL Liquid Chromatograph Model JLC-3BC was used for the automated 
saccharide-analysis s_vstem_ The pumps were set to deliver buffers at 0.51 ml/min and 
orcinol reagent at 0.94 ml/mitt, and the column size was 0-S x 15 cm. Chromatogra- 
phy was carried out under two sets of conditions: under conditions (i), the column 
temperature was 55” and buffers (I), (2) and (3) were delivered for 100, 40 and 220 
min_ respectively: under conditions (ii), the temperature was 65” and buffers (I), (2) 
and (3) were delivered for 60, 70 and 230 min_ respectively. 

Acetolysis of dextran and de-acetylation of the products were.carried out as 
described previously 13_ Reduction of the de-acetyhtted materials was also carried oui 
as described previouslytti_ 

RESULTS AND DISCUSSION 

Resohrtion OJ cc-lid eJ glucose oligosacclmrides cd rehced tlisawhuri~fes 
Various cc-linked glucose oliposaccharides and reduced samples \vere subjected 

to column chromatography_ Fig. 1 shows the separation of isomaltosyt oligosaccha- 
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Fig_ I. Chromatographic separation. under conditions (ii). of a misturc containing 0.15 rrmolr of 
u-glucose G). O.llrrmole of isomaltose (I%¶,). O-OS _umoIr of isomaltotriose IIhl,). 0.06rtmole of 
isomaltotetraose (IM+)_ 0_05ynoIe of isomaitopmtaosc (Ih15), 0_01+nole of isomakohesaose (IM,). 
O_arrmole of isomaltoheptaose (IM,) and O-15 _wnole of methyl f~-u-~Iucop~mnoside (MC). 

rides. and it can be seen that an increase in molecular weight results in a decrease of 
retention time on the column. Fig_ 2 shows the separation of cr-linked glucose di- 
saccharides and their tetrahydroborate-reduced products_ Kojibiose and ma!tose \vere 
separated from nigerose and isomaltose, but not from each other, nor were nigerose 
and isomahose resolved from each other- Similarly. nieritol and kojibiitol were 
separated from mahitol and isomaltitol, but not from each other, nor \vere isomaltitol 
and maititol resolved from each other. 

Appfic-oriot~ Qf- the s_rstcm to au amto&saw 01 d~~_wm 
Dextran NRRL BI355 S was acetolysed and de-acctylsted. Two major peaks 

and at least five trace compounds were recorded \\hen the sugars were chromato- 
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Fig. 2. Chronmtographic separation. under conditions (i), of a mist&c containing O.Z~rmolr of I)- 
glucose (G). 0.13 ynolc of kojibiosc (K). 0.13 .mnolc of nigcrose t N). 02rrmole of nigeritol (N-ol). 
0.7 I;mola of isomnltitol ( fM2-01) and 0_2_~molr of methyl rc-u-kiucop_\ranoside (VCi). Locations of 
maltose (M). isomaltose IiMr). kojibiitol (K-ol) and maltitol (MI-01) are shown in parentheses_ 

~xtphed. The largest peak corresponded to 2 glucose. and the other major peak was in tt 
position correspondin, c’ to that of n&rose nnd isomaltose. The sugars were reduced 
with sodium tetrabydrobortlte and again subjected to chromatography. Only one 

orcinol-positive substance (nigeritol) w.ts detected. 
Quantitarion of the identified sugars by automated analysis sho\ved that this 

destrttn liberated 36.9 y:.:, of glucose and 30-7 I!(, of nizerose on acetolysis. indicating 
that at least 30.7’:; of-nigerose units \vere contained in its structure. Although Jeanes 
~‘t n/_ had shown_ by periodate osidrrtion*-‘_ that destran Blj55 S contained 57:,:, of 
( I ---6). 35 ‘.JL of ( I --.-3)-l&e and S ::i;, of ( I -4j-like linkrt~es. neither kojibiose nor mal- 

tose was found in the acett>lysittc in CXII- cspcrimcnts_ LOW ~tlucs (40 to 6911.C.) lbr 
total sugar recovery after acetolysis of destrms \vere also reported by Suzuki and 
Helm’“. 

In this ~vork, we have shmvn that various cc-linked glucose oli~osaccharides 
could be separated and quttntitatcd by an autonxtted amlysis system_ The results 
suggest ;f possible application of the system to oligosxcharide analysis. 

KEFEKEXCES 

1 J_ s. Khym and L_ P. Zili. J. .-~JJJcJ-_ C/JCJJJ. SOC_. 73 (1951) ?399_ 
Z hl. Knliamur~ and K. Xlori_ Biochim. Bioplzw_ _-lc~u_ 3-t (1959) 546. 
3 A. Hallen. _-#cru CYJOJI. S~~ZIJC~_, 11 (1960) 22419. 

1 E. F_ Walborg and R. S_ Lantz. .AJrtJI_ BiocJwm.. 22 ( 196s) 123_ 
5 S. Katz and L. H. Thncker. J_ CIwmmm~.w-_. 6-l (1972) 247. 
6 P. Weber. I. Bornstein and R_ J. Winzlrr. _dJJfJI_ ~i~ChvJl_, II ( 1966) 100_ 
7 J. 1. Ohms. J. Zec. J. V. Benson and J. A_ Patterson, .- tJlLJ/. Biochwr.. 20 ( 1967) 5 1 _ 
S R. B. Kesler. clmrl. C&w.. 39 (1967) I-116. 
9 R. L. Jolley and M. L, Freeman. Cliir. C/rc*~n., 1-l (196s) 335. 

10 K. Saknkibara. M. Torii. A. Misaki and H. Miyaji, Carfwl~~d~ Rcs., 15 (1977) -ll3. 
I I hl. Torii. K. Sakakibara and E. A_ Kabat, J_ IIJJJJJIUJC~., 110 (1973) 051_ 
12 S_ F_ Schlossnxm and E_ A_ Kabat, I_ Et-p. Afd. 116 (1962) 335. 
l-3 ikl_ Torii, E. A. Kabat and S. Beychock. _-imlr_ Bio&w~_ Bioplgx.. 103 (1963) ZS3_ 
tl A. Jams. W. C. Hayncs. C. A. Wilhnm, J. C. Rankin. E. H. Melvin. hl. J. Austin. J. E_ Clusk~, 

B. E. Fisher. H. M. Tsuchiya and C. E. Rist. J. At~~ct-_ Chrwr. SW.. 76 (1954) 5OAI. 
15 H. Suzuki and E. J_ Hehre, .~I-rk Biochn. Biopltm-_. lOa (196A) 305. 


