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SUMMARY

A method has been developed for the qualitative separation of mono-, di-, and
trisnccharides by contrifugal chromatography on columns of microparticulate silica
gels. Sugars, under the influence of centrifugal force, migrate through the el as
narrow bands. The distanee traveled by cach sugar is dependent on molecular size and
structure, duration and magnitude of centrifugal foree, and composition of the solvent
svstems employed. Advantages of this technique over older chromatographic proces-
dures include speed ol separition and technical simplicity.

INTRODUCTION

Separation of various classes of compounds xoluble in organic solvents has been
achieved by centrifugal chromatography on beds of microparticulate silica, Prge!
demonstrated that mixtures of dyes could he speedily resolved on beds containing
silicie particles approximately 120 A\ in dinmeter, Morve recently, Riut, Prrcorr, and
coworkers successfully resolved mistures of microbial lipids?, steroids?, and pharmaco-
fogically active ingredients of marijuina? with this procedure.

The present communication deals with the application of this technique to the
resolution of mistures of carbohydrates including pentoses, hexoses, amino sugars,
and di- and trisiccharides, Our results, as outlined below, demonstrated that individ-
ual components of mixtures of sugars could be resolved by centrifugal micropartic-
ulate bed chromatography. The advantages of this procedure in comparison with
other chromatographic methods are discussed brietly:,

MATERIALS AND MIETHODS
Silica
Microparticulate silica (Type TG-30 Quso), average particle diameter 150 A,

was obtained from Tvan Sorvall, Ine., Instrument Rescarch Laboratory, Hamilton,
Mont.
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A nalvsis

The c(]mpmcnt and procedures used were similir to those deseribed earlier#: 3,
A slurry of silica (1.5 g silica/4o0 ml of appropriate slurry solvent) was packed in gliss,
columns 3 mm in internal dinmeter and approximately 5o mm long (Ivan Sorval, Ine,,
Norwalk, Comn.) by centrifugation at 1500 = g for rtomin. Then 2.5 to 5 2 of solutions
of the sugars (prepared by adding one volume of chiloroform to one volume of dimethyl,
sulloxide containing, usually, 10 myg sugar/ml) were added to o loading stopper which
wis placed on top of the bed. The reservoir above the stopper was filled with the
devdéloping solvent, and the apparatus was then centrifuged at 2500 < g for the length
of time necessiry to allow the sugars to migrate into and sepitrite on the silica gel bed.
After centrifugation the columns were extriaded from the glass tubes and dried in an
oven at 00% forabout 1o min. The location of the individual sugars was determined by
heating the columns after they had been sprayved with sulfurie acid saturated with
sodium dichromate. Amino sugars were also detected by spraving with a commereially
prepared ninhyvdrin spray (Gelman Instrument Co,, Ann Arbor, Mich.).

Only reagent grade solvents were used i these experiments,

RESULTS

A variety of solvent systems employved for paper chromatography (PC) and
thin- layer chromatogr aph\'(l] C) was sereened for suitability for separation of sugars
by centrifugal chromatography. Certadn of these solvents enabled the sugars to mi-
grate through the gel bed as fairly narrow and diserete bands, These bands varied in
width from -2 mm at the top of the column to 34 nun at the bottom. Migration
distances (distance from the top of the column to the band front) of 4 number of
sugars in several of the more useful solvent systems are presented in Table 1 Separa-
tion of the sugars was generally achieved when migration distances differed by 2 -3 mm
for the slowly migrating sugars and 4-5 mm for the rapidly migrating sugars.

Not all of the sugars could be separated with a single solvent system, but be-
havior in several systems should be vers helpful in identifving unknown sugars, As
an example, both glucose and mannose migrated at the sime rate in solvent system C
(sev Table 1), However, in system 13 these sugars formed separate and distinet bands.
Similarly, ribose and xylose migrated at about the same rate in system A, but their
behavior was very different in systems 1oand C,

Examples of separations accomplished by centrifugal chromatography on
microparticulate silica are presented in Figs, 1A and B In cach instance the eolumn
on the left illustrates the separation of sugars in o mixture and the other columns
show the chromatographic behavior of cach sugar when run individually.

The sensitivity of this technique was determined by chromatographing dilutions
of mixtures of sugars. Amounts of 25 g of cach sugar were present in the solution
applicd to the columns shown on the extreme left in Figs, 22 and B, Serial two-fold
dilutions of the starting mixtures were added to the remaining columns, Most sugars
in quantities of 1.6-3.1 g could be detected, but larger amounts of fucose and ara-
binose were necessary for visualization, ‘

In general, results obtained on different oceasions were very consistent’ but
some variations did occur, particularly when o new lot of microparticulate silica was
introduced. However, when repetitive analyses of mixtures were made with the same
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TABLE T
MIGRANTION DISTANCES OF SUGARS IN MICROPAICTTCULATI STLICN GEL COLINMNS

Solvent systems: (A) Chloroform-ancthanol «istilled water (b5:25:0.0) for slurey aoel developing
solvent: G-30 Quso (2, maisture). (13) Chloroform methanol (oo o) contiining o.on 4 sodium
acetante (dissolved in methianol before addition of chloroform) for slarry, acetone--water-chioro-
formcmethanol (o igoiio) for developing solvent: Ge-3o Quso (29, moistare). (C) Chloroform--
methianol (bs:e5) containing ov.os5 3 sodinm acetate (dissolved in methanol before addition of
chloroform for slures, chloroform methanol -distilled water {(b5:25:02) for developing solvent;
Ci-g40 Ouso (049, moistore), The saomple was centrifuged tor () 13 min at 2500 32 g, () 3o min at
2500000 o amd (CY 6 amin at 2500 @ w,

Sugar Migration eistanees
Notivent Sodecut SNedive nt

svstenr o svstem I3 osystem O

Itattinose 3 ! !
Muelezitose 7 1 4
lawctose ] 0 5
Trehalose (I 3 v
Maltese (] 3 S
SUerose 1S 7 1)
Cinlivetose 25 t 23
Glucose 27 1 20
Mannose 2o 1) 20
Sorbose 31 22 20y
I“ructose 3 2 24)
Arvichinose 38 30 34
I“ueose 4 13 12
INhamnose nr b 40
IRihose 47 47 37
Nvlose 48 30 gt
Gluceosantine ] th 1o
Cadactosimine 1y N 15

# Distance (mam) from top of column to hand front.
UoMerated off columm,

TN T

AVERAGE DISTANCE OF MIGRATION OF SUGARS FOR TEN CONSECUTING FREALSS

Sogar Migration
: distanee
S,
(i)

[.awctose 4.7 4 Lo
SuLrose P13 b 1.3
Gratlietose 22,6 40,2
Glucose 20,1 -1 1.y
Ariabinose 7 O B PR YY)
Nyvluse JUN L1

s Slures nicde with G- 3o Qusa (6 moisture) and chilorofornt-methanol (65:25) contiining
o0y A sodiumacetate, Chloroform amethanol-distilled witter (05:25:2) for developing solvent,
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ot of silica and the same stock of solvent misture, differences in migration distances
were slight, The results of suneh an analysis are presented in Table T In this exionple
the maximum standard deviation for the migration distances for sis sugars analyzed
ten consccutive times wis only 1.4 mim.
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Fig, 1. Chromatograms af sugar mistures resolved by centeifugal chromatography, (V) Sugars in
left-hamd column from top o bottom: lactose, sucrose, galactose, glucose arabinose, sylose,
rhinmnnose, Sugaes aodded indivicdoadly in saome order to remaining columns, (13) Suagars in left-haned
coltimn froan top to bottom : melezitose, maltose, galactose, froctose, Tuease, Sogars aclebed i linil-
nally in sime order to remaining colummns, System N (see Table 1),
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G L 1 (‘fmnn:\tngrnlns af sugirs analvzed in varving quantities with Swystem A (see Table 1),
(V) Ouantity (pe) of ench sugir added to cach column from left to right: 25, 12,5, 003, 3.1, 1.0, 0.8,
Sugirs from top to hottom: ratlinose, nctose sucrose m.nunm ,arabinose, rhinmnose. (13) Quantity
(re) of each sugar added to each lnlnil'lli from left to right: 25, 12,5, 6.3, 3.1, O, SugarsTrom top to
bottom: melezitose, maltose, gialiwctose, fruoctose, Tucose,
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DISCUSSION

~ The above results demonstrate that o variety of sugars can be qualitatively
separicted with the aid of centrifugal force on columns prepared from gels of micro-
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particulate silica., The molecules of cach sugar migrate as a narrow band through the
columie independently of other sugar molecules: the position of cach band depends
upon the type of solvent, conditions of centrifugation, and upon substances, sucl as
<odinm acetade, which may ke incorporated in the solvent. In general, migration
distanee is a4 function of molecular size; pentoses migrate more rapidly: than hexoses
and hexoses more rapidly than di- and trisaceharides, No attempt has been miade to
assiy the sagars quantitatively, but it scems probable that methods applied to PC and
TLC procedures could be adapted to the quantitative estimation of sugars in these
columns,

Centrifugal chromatography offers several advimntages over other methods of
chromatographing sugars: The principal advantage is the rapidity with which assivs
can be completed. Analysis time depends on the complesity of the sugar misture, but
for simple mixtures all operations, including packing of the colummn, addition of sample,
centritugation, drving, and visualization may require 45 min or less, In contrast, 1°C
and TLC procedures may take up to hours longer, Overnight development is common
for resolution of sugars by PCA Current procedures for TLC are also lengthy because
the supporting medium is often impregnated with substanees such as sodium acetate®
or monosodium phosphate’ before the plates are prepared, dried, and activated., Gas
chromatographic procedures are about as rapid as centrifugal chromatographic
methods, but the former technique is more complicated in that sugar derivatives must
be prepared before analysist, Also, the apparitus can analyze only one sample at
time, whereas with present centrifugal chromatographic equipment up to four samples
can be analyvzed simultaneously.,

In addition, centrifugal chromatography is technically: simple and relatively
inexpensive. Less manual dexterity is required for the addition of a sample to a
loading stopper than to a preseribed pointon paper or thin-layver plites. Although the
couipment for centrifugal chromatography may not be less expensive than that for
PCand TLC, the investment is much less than that for gas chromatography, Taken
together, these various advantages recommend this technique to those who are con-
cerned with the separation and identification of sugars in mistures,
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