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ABSTRACT

A number of polysaccharides have been shown to interact in solution with
the direct dyes Calcofluor White M2R New (Calcofluor) and Congo Red. Complex
formation was detected by changes in solubility and in the fluorescence and absorp-
tion spectra of the dyes. Strongest interaction, as evidenced by precipitation, batho-
chromic shifts >20 nm with Congo Red and > 10 nm with Calcofluor, and a major
(4-7 fold) increase in fluorescence intensity, was shown by polysaccharides known to
contain contiguous ({—4)-f-linked D-glucopyranosyl units. such as cereal f§-D-
glucans, xyloglucan, and substituted celluloses. Evidence of complex formation was
also shown by some other polysaccharides, such as (1 —3)-f-D-glucan and hemi-
cellulosic galactoglucomannans, but most polysaccharides showed little or no inter-
action. The two dyes differed in their affinities for the different polysaccharides tested.
Cellopentaose and higher, but not lower, oligomers showed interaction.

INTRODUCTION

The interaction of direct dyes with cellulose!, of significance in the textile
industry, and the interaction of cationic dyes with anionic polysaccharides® ™% im-
portant, for example, in studies of connective tissue glycosaminoglycans, are well
known. The former phenomenon is a heterogeneous interaction. The latter has been
extensively studied in solution, although a major practical benefit of such inter-
actions has been in histochemistry® and, therefore, in a heterogeneous system. We
reported® that direct dyes, as exemplified by Congo Red and Calcofluor, form
complexes in solution with cereal f-pD-glucans and some other polysaccharides, and
showed how this interaction was of value histochemically. The interaction between
stilbene-type, fluorescent “whitening’ agents and B-p-glucans, used in histochemistry,
is reported to show some specificity’*3, but these suggestions have been based on
subjective estimates of a heterogeneous adsorption phenomenon. The present study
forms part of a program to give a firmer chemical basis, if possible, to such histo-

*Contribution No. 410, Food Research Institute, Agriculture Canada, Ottawa. Presented in part at
the IXth International Symposium on Carbohydrate Chemistry, London, 10-14 April, 1978.
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chemical observations. In view of the importance of specificity for biology in general
and for applications of the interaction with cereal B-p-glucans in particular, we
undertook a survey of the interaction of a number of polysaccharides with Congo
Red and Calcofluor, examples respectively of the diazo and stilbene type of direct
dye. The interactions described all take place, initially at least, in solution, and as
such are distinct from the binding of direct dyes by cellulose but, surprisingly, the
interactions show a high degree of specificity for the cellulosic-type structure, namely
contiguous (1—4)-f-p-glucopyranosyl units.

The interactions described here are between anionic dyes and neutral or
anionic polysaccharides, and the driving force is not, therefore, electrostatic in origin.
Dye, or ligand, interactions of this nature with polysaccharides have been described
previously. Congo Red is known to form complexes with starch and amylose?-'°,
and with (1-3)-f-pD-glucan'!-'2, as shown by changes in the absorption and c.d.
spectra. Circular dichroism studies have also indicated an interaction between direct
dyes and mannpans'®. A variety of low-molecular-weight, organic molecules, in-
cluding some fluorescent dyes, form complexes with amylose and cyclodextrin®3 ™13,

Interaction between substituted celluloses and Congo Red and other direct
dyes, as manifested by changes in viscosity and absorption spectra of the dyes, has
been previously reported'®'”, and a precipitation of tamarind amyloid by certain

dyes has been noted!®.

EXPERIMENTAL

General. — Absorption spectra were recorded with a Unicam SP-1800 or
Beckman Model 26 Spectrophotometer, and fluorescence spectra with a Hitachi-
Perkin-Elmer MPF-2A spectrofiuorimeter. Congo Red (C.I. 22120) was purchased
from Canadian Laboratory Supplies Ltd., and Calcofluor White M2R New {{C.I.
40622; CI Fluorescent Brightener 28; major component, the disodium 4,4’-bis{4-
anilino-6-[ bis(2-hydroxyethyl)amino]-1,3,5-triazin-2-yl }amino-2,2"-stilbenedisulpho-
nate}} was a gift from the American Cyanamid Co., Bound Brook, N.J. 08805.
The source and main structural features of the polysaccharides are listed in Table I.
In some cases, the identity of the monosaccharide constituents of the polysaccharides
was verified by acid hydroiysis (M sulphuric acid, 100°, 3 h) and paper chromato-
graphy in 8:2:1 (v/v) ethyl acetate-pyridine-water. A highly purified sample of
Bacillus subtilis f-p-glucan endohydrolase (EC 3.2.1.73) was kindly provided by
B. A. Stone.

Preparation of cello-oligosaccharides. — Cellodextrin acetates were prepared by
acetolysis?” of ashless cellulose powder (Whatman), and the crude mixture fraction-
ated on plates (20 x 20 cm) of Whatman PLK 5 Linear K Silica Gel (1000 u) by
use of two developments with 23:2 (v/v) benzene-methanol. The oligosaccharide
acetates were detected by spraying with water, and the fractions obtained were re-
fractionated on silica gel and crystallized from 959 ethanol. Melting points and
optical rotations were in good agreement with literature values?”?. The acetates were
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O-deacetylated by catalytic amounts of barium methoxide in dry methanol?2. Cello-
oligosaccharides were also prepared by fractionation of the O-deacetylated crude
acetolysate on columns of Bio-Gel P-2. The effluent was monitored by means of a
Waters R403 differential refractometer. Four fractions, corresponding to Glc,~Glc,,
were collected, concentrated, and rechromatographed to give four symmetrical
peaks. These fractions were collected, concentrated, and used for testing with dyes.
Concentrations of the oligosaccharides used for testing dye-interactions were deter-
mined by a modified cysteine—sulphuric acid method?®.

Enzyme treatment of wheat and barley pentosans. — Wheat and barley pento-
sans were treated with B. subtilis f3-D-glucanase in 0.05M Mes (2-morpholino-
ethanesulphonic acid) buffer, pH 6.5, for 65 h at 37° in the presence of toluene. Barley
pentosan was given a second treatment (48 h). The digestion was terminated by heating
the solution in a boiling-water bath for 5-10 min, and the mixture then dialysed in
the presence of chloroform, and freeze-dried.

Removal of pyruvate residues by acid hydrolysis. — Pyruvate residues were
hydrolysed from K32 polysaccharide by treatment of its aqueous solution with Bio-
Rad AG 50W X-8, (H¥) ion-exchange resin?*, and from Rh. trifolii, K36, K5,
and xanthan polysaccharides by 0.1m trifluoroacetic acid for 1 h at 95-100°. The
hydrolysate was dialysed against tap and distilled water, and freeze-dried. Analysis>®
showed that the pyruvate content after acid hydrolysis was <0.1% in each case.

Precipitation of polysaccharide by dye. — Polysaccharide solutions (1%, w/v)
were prepared in phosphate buffer, pH 7.0 [ionic strength (I) 0.05], carbonate buffer
(pH 10, I 0.05), or 0.05M sodium hydroxide. In some instances, the latter solution was
neutralised with phosphate buffer before testing. Resort to alkaline solutions was
necessary for polysaccharides poorly soluble in neutral phosphate buffer. The solu-~
tions of polysaccharide were clarified by centrifugation, before testing the super-
natant (4 vol.), by addition with rapid mixing of 1 vol. of a solution (1%, w/v) of
the dye in the appropriate solvent. The samples were examined for the presence of a
precipitate immediately and after 24 h. Calcofluor solutions were protected from light.

Absorption and fluorescence spectroscopy of dyve-polysaccharide mixtures. —
Solutions (0.1%;, w/v) of polysaccharide, first clarified by centrifugation, were tested
for interaction with dye (10 ug/mL) by studying the changes in the absorption and
fluorescence spectra of the dyes. Assuming 1009 purity for Congo Red and 70%
for Calcofluor!, this corresponds to 14.3um Congo Red and 7.29uMm Calcofluor.
Calcofluor solutions were protected from light, and fluorescence spectra obtained
were uncorrected. The spectral changes appeared to occur immediately upon mixing
and were stable. However, Calcofluor solutions are light-sensitive, and decreased
intensity of fluorescence emission was observed during repeated scans despite the
use of narrow, excitation-slit widths. As for precipitation testing, phosphate buffer
(pH 7.0, I 0.05) was the preferred medium, but solubility problems sometimes
necessitated the use of alkali. Some polysaccharide samples containing acidic groups
and oligosaccharides were tested in solutions of higher ionic strength to emhance
interactions. Spectra of controls without added dye were also obtained. The effects
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of detergents, solvents, and ionic strength on the spectra of the dyes were studied, at
concentrations as described in the text.

RESULTS

Precipitation. — lIdeally, each polysaccharide should be tested under the same
conditions. We have shown® that four parts by weight of oat f-p-glucan are quantita-
tively precipitated from 0.7-1.0%; solutions by one part by weight of Calcofiuor in
phosphate buffer (pH 7.0, I 0.05) or in carbonate buffer (pH 10.0, I 0.05). Unfortu-
nately, not all polysaccharide samples showed complete solubility in these buffers.
Amylose, pustulan, and soybean xylan, for example, gave reliably siable solutions
only in 0.5M sodium hydroxide which, as shown for oat -p-glucan (Table II), was
not a suitable medium for testing. Where solubility allowed, however, testing was
carried out in phosphate buffer (pH 7.0, I 0.05). Of polysaccharides soluble in this
buffer, immediate precipitation (which tended to be stringy and gelatinous in nature)
was observed with both the dyes for oat f-D-glucan (2 samples), barley f-p-giucan
(3 samples), hydroxyethylcellulose Natrosol 250M, and tamarind amyloid. No other
polysaccharide samples produced definite major precipitation of this nature. Lesser
precipitation was observed, after 24 h, with both dyes with K32, RA. trifolii, barley
pentosan, and guar gum. Some precipitation, after 24 h, with Calcofluor only was
noted with arabino-(4-O-methylglucurono)xylan, wheat pentosan, and pectin. The
significance of this lesser precipitation-reaction is doubtful. No precipitate was ob-
served with cellobiose, laminaran, carboxymethylpachyman, locust-bean gums A and
B, tara gum, W. pyramidata gum, elsinan, carboxymethylcellulose 7H3 SXF, arabino-
galactan, (1—4)-f-D-galactan, pullulan, and C. erinaceum xylan.

Of samples poorly soluble in phosphate buffer and thus tested in carbonate
buffer (pH 10.0, I 0.05), galactoglucomannan A showed some precipitation with
Congo Red. Galactoglucomannan B, glucomannan, and (4-O-methylglucurono)xylan
showed no precipitation with either dye. Because of poor solubility, the concentra-
tions of glucomannan and galactomannan B used to test precipitation were 0.2 and
0.7%, respectively. Curdlan and K535, tested in 0.05M sodium hydroxide, showed no
precipitation with either dye. The sample of lichenan tested was not very soluble in
the buffers used, but precipitation with both dyes was observed in 0.05M and neu-
tralised 0.05M sodium hydroxide.

Oat B-D-glucan was precipitated by both dyes from phosphate buffer (pH 7.0,
I 0.05 and I 0.2), carbonate buffer (pH 10.0, I 0.05), and 0.05M sodium hydroxide.
Precipitation was not observed from 0.5M sodium hydroxide with Congo Red. A
small amount of precipitate that formed with Calcofluor in 0.5M sodium hydroxide
appeared to arise from difficulties in mixing. Certainly, precipitation with Calcofluor
was inhibited by 0.5M sodium hydroxide.

Absorption spectrophotometry. — In most cases, absorption spectra of control
solutions without dye showed low absorption values at wavelengths of interest, and no
defined peaks. None of the major spectral changes noted could be attributed to addi-
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tive effects, but the wood hemicelluloses |galactoglucomannans, glucomannan, and
(1—4)-p-p-galactan] contained u.v. chromophores that interfered in the 2, region
of Calcofluor, and, with (1—4)-f-D-galactan, the Calcofluor peak was masked.
However, the 4, area of Congo Red was free from interference.

Oat and barley S-glucan, lichenan, hydroxymethylcellulose Natrosol 250M, and
tamarind amyloid induced major changes in the absorption spectra of both dyes
(Figs. 1 and 2, and Table II). [To avoid crowding, oat f-D-glucan and lichenan
spectra are not shown, but they were similar to that of barley f-b-glucan. Lichenan
however, showed a somewhat larger shift (35 nm) with Congo Red than oat and
barley B-pD-glucan]. Bathochromic (red) shifts in 4,,, for Congo Red were 20 nm
or more, and, for Calcofluor, greater than 10 nm. No other polysaccharide tested
showed effects as great as this with both dyes. Carboxymethylcellulose 7H3 SXF
(in I 0.2 phosphate), laminaran, and crude wheat-pentosan, which showed the
presence of D-glucose on acid hydrolysis, induced > 10-nm red shifts in the 2,
of the Congo Red and >5-nm red shifis in the Z_,, of the Calcofluor spectrum.
Another group of polysaccharides (galactoglucomannan A, glucomannan, curdlan,
carboxymethylpachyman, and crude barley-pentosan, which showed the presence
of p-glucan contaminant) induced major (11-33-nm) red-shifts in the 2_,; of the
Congo Red spectrum, but showed little or no interaction with Calcofluor. Minor
interactions (4-8-nm red shifts), mainly with Congo Red, were induced by de-O-
pyruvylated xanthan gum, reduced pneumococcus polysaccharide Type III, elsinan,
pullulan, arabino-(4-O-methylglucurono)xylan, galactoglucomannan B, (4-O-methyl-
glucurono)xylan, heparin, and dialysed Rh. trifolii. A group of polysaccharides
(K32, K36, and Rh. trifolii) showed major hypsosochromic (blue) shifts in the 2.,

08—
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Fig. 1. Absorption spectra of solutions in phosphate buffer (pH 7.0, I 0.05) of: (1) Calcofiuor
(10 pg/mL) alone, (2) in the presence of hydroxyethylcellulose Natrosol 250M, (3) barley 8-p-glucan,
and (4) tamarind amyloid.
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Fig. 2. Absorption spectra of solutions in phosphate buffer (pH 7.0, I 0.05) of: (1) Congo Red
(10 pg/mL) alone, (2) in the presence of laminaran, (3) barley f-p-giucan, (4) hydroxyethylcellulose
Natrosol 25067, and (5) tamarind amyloid.

TABLE I

CHANGES IN Zmax OF CONGO RED AND CALCOFLUOR SPECTRA, AND IN FLUORESCENT INTENSITY OF CALCO-
FLUOR IN THE PRESENCE OF POLYSACCHARIDES

Polysaccharide Medium® A(Zmaz) R.F.1.5:c
C.R.® Cal.b
Qat f-p-glucan 1 21 14 43
2 29 14 7.3
3 16 10 29
4 10 4 <
6 13 11 34
7 30 17 4.7
8 0 2 a
Barley 8-p-glucan 1 1 25 15 4.3
Barley f-p-glucan 2 1 19 12 4.1
Barley 8-p-glucan 3 1 23 12 4.3
Lichenan 1 35 16 44
5 31 16 @
Hydroxyethylcellulose Natrosol 250M 1 23-38 i4 42
Tamarind amyloid 1 41 25 6.7
Carboxymethylcellulose 7H3 SFX 1 3 3 1.3
2 15 6 2.1
Xanthan gum 4 0 —1 a
O-Depyruvylated xanthan gum 2 8 0 a
Reduced pneumococcus polysaccharide 1€ 8 6 a
Type 111 4 4 0 1.8
Barley pentosan 1 32 2 3.1
Wheat pentosan 1 17 10 20
Enzyme-treated barley pentosan 1 31 1 d
Enzyme-treated wheat pentosan 1 1 d 4
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TABLE 1I (continued)

CHANGES IN Amax OF CONGO RED AND CALCOFLUOR SPECTRA AND IN FLUORESCENT INTENSITY OF CALCO-
FLUOR IN THE PRESENCE OF POLYSACCHARIDES

Polysaccharide Medizim® A(2gmaz) R.F.1.b.c
C.R.® Cal.b
Galactoglucomannan A 3 14 -2 1.1
Glucomannan 3 18 —1 09
Curdlan 4 26 o 0.8
Laminaran i 15 5 1.5
Carboxymethylpachyman 1 11 3 1.1
Elsinan 1 6 —1 0.6
Pullulan 1 4 1 1.0
Arabino-(4-0O-methylglucurono)xylan 1 5 3 1.6
Galactoglucomannan B 3 7 —1 1.0
(4-O-Methylglucurono)xylan 3 7 1 1.0
Guar gum 1 0 0 1.1
Locust-bean gum A 1 0 4] 0.9
Locust-bean gum B 1 -3 0 0.7
Pectin 1 1 1 1.0
Algal xylan 1 —2 0 0.9
B-D-(1—-4)-Galactan 1 1 4 0.9
W. pyramidata gum 1 1 -3 0.8
Tara gum 1 2 0 0.8
Arabinogalactan 1 1 1 1.1
Chondroitin 4-sulfate 2 1] —3 0.3
Hyaluronic acid 2 1 2 0.8
Dermatan sulfate 9 0 0 0.7
Heparin 9 4 ] 0.8
Heparan sulfate 9 h] 0 0.8
KS 1 (4] —1 0.8
Ki8 1 0 0 0.3
K24 1 0 0 0.6
K55 1 —1 —1 0.5
4 1 -2 03
K32 1 —13 —1 0.3
O-Depyruvylated K32 1 0 0 a
Dialysed K32 1 ] —1 d
K36 1 —40 —10 0.6
O-Depyruvylated K36 1 0 0 4
Dialysed K36 1 80 0 d
Rh. trifolii 1 —30 —15 1.1
O-Depyruvylated Rh. trifolii 1 —8 —7. a
Dialysed Rh. trifolii 1 4 -2 e

¢(1) Phosphate buffer (pH 7.0, I 0.05); (2) phosphate buffer (pH 7.0, I 0.2); (3) carbonate buffer (pH
10.0, I 0.05); (4) 0.05M sodium hydroxide; (5) neutralised 0.05M sodium hydroxide; (6) water; (7) M
sodium chloride; (8) 0.5M sodium hydroxide; and (9) phosphate buffer (pH 7.0, I 0.05) and 0.5Mm
sodium chloride. PAbbreviations: C.R., Congo Red; Cal., Calcofiuor; and R.F.1., relative fluorescence
intensity. <The relative fluorescence intensity is the ratio of fluorescence intensity of Calcofluor
plus sample/fluorescence to intensity of Calcofluor alone. 4Not determined. ¢Supernatant solution.
fConcentration of 300 ug/mL. ¥No peak.
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of the spectra of both dyes, and changes in the spectra as shown in Fig. 3. Since
removal of pyruvate groups removed or considerably diminished this interaction, it
was initially suspected that the effect was related to pyruvate content. Subsequently,
it was found that dialysis, without hydrolysis, largely removed the interaction, which
indicated that a low-molecular-weight impurity might be responsible for the effect.
Cetyltrimethylammonium bromide, which had been used in the purification of these
polysaccharides, was probably the component responsible, as indicated by the
similarity of the spectra (Fig. 3). The presence of cetyltrimethylammonium bromide
(10 ug/mL) also completely masked the interaction of oat f-D-glucan (1 mg/mL)
with Congo Red in phosphate buffer (pH 7.0, I 0.05).

None of the other polysaccharide samples tested induced significant changes
in the absorption spectra of Congo Red or Calcofluor.

High concentrations (20 mg/mL) of cellobiose, and a mixture of cellotriose
and cellotetraose, showed no interaction with either dye. Of samples prepared from
the crystalline acetates, only cellopentaose induced spectral shifts. This result was
confirmed with samples prepared by Bio-Gel P-2 chromatography, which showed
with Congo Red progressively greater red-shifts from Glcs to Glc; (Table III).

Addition of small amounts of solvent, such as ethanol and 1,4-dioxane, did
not affect the absorption spectra of the dyes, but larger concentrations produced
small red-shifts in the A_,, of the spectra. Increasing ionic-strength of the medium
produced a blue-shift in the absorption maxima.

Fluorescence spectroscopy. — Congo Red did not show a strong fluorescence
in solution alone or in the presence of oat f-b-glucan. Calcofluor, however, was
strongly fluorescent with an asymmetric emission peak at ~430 nm from excitation

04—

ABSORBANCE

0 ] i 1 1 1
300 400 500 600
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Fig. 3. Absorption spectra of solutions in phosphate buffer (pH 7.0, I 0.05) of: (1) Congo Red
(10 pg/mL) alone, (2) in the presence of K36, and (3) cetyltrimethylammonium bromide (10 g#g/mL).
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TABLE HI

CHANGES IN Zmax OF CONGO RED AND CALCOFLUOR SPECTRA, AND IN THE FLUORESCENT INTENSITY OF
CALCOFLUOR IN THE PRESENCE OF CELLO-OLIGOSACCHARIDES®

Oligosaccharides Conc. A(Amaz) RFEIDb
(mg[mL) C.R.® Cal.b

Cellobiose 20 0 V] 0.9
Cellotriose -+ cellotetraose 10 0 c c
Cellotriose® 1 0 0 1.0
Cellotetraose® 1 0 0 1.3
Cellopentaose® 1 3 1 1.7
Cellotetraose® 2 0 0 0.7
Cellopentaose® 2 5 V] 1.0
Cellohexaose? 2 9 0 19
Celloheptaose® 2 12 0 2.1

2For solutions in phosphate buffer (pH 7.0, I 0.2). *Abbreviations: C.R., Congo Red; Cal., Caico-
fluor; and R.F.1., relative fluorescence intensity. ©Not done, because of sample-chromophore inter-
ference. 4Prepared by O-deacetylation of crystalline acetates. ¢Prepared by Bio-Gel P-2 chromato-

graphy.
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Fig. 4. Fluorescence spectra of solutions in phosphate buffer (pH 7.0, I 0.05) of: (1) Calcofluor
(10 uxg/mL) alone, (2) in the presence of hydroxyethylcellulose Natrosol 250», (3) barley and oat
p-p-glucan, and (4) tamarind amyloid.
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at the absorption maximum (~350 nm). A considerable (4-7 fold) increase in fluores-
cence intensity (Table II) and a characteristic split of the emission spectra into two
peaks at ~420 and 440 nm was observed in the presence of oat and barley f-D-glucan,
lichenan, hydroxyethylcellulose Natrosol 250M, and tamarind amyloid (Fig. 4).
In the presence of the (1—4)--D-glucans, hydroxyethylcellulose Natrosol 256 M,
and tamarind amyloid, the peak wavelengths of emission were at a slightly shorter
wavelength than with the mixed-linkage f-D-glucans. In the presence of phosphate
buffer (I 0.2), carboxymethylcellulose 7H3 SXF induced a similar, but smaller,
change in the fluorescence spectra. Unpurified wheat- and barley-pentosan also
showed a similar effect. Slight changes in the fluorescence spectra with increased
emission intensity were also noted for laminaran and arabino-(4-O-methylglucurono)-
xylan, but with all other polysaccharides no significant changes were observed other
than, in many instances, reduced intensity of emission. The significance of these
small changes is uncertain. Although fluorescence is more subject to interferences
(from contaminating chromophore groups, scattering, ezc.) than absorption spectro-
photometry, these results clearly delineate the group of most strongly-interacting
polysaccharides, namely the (1 »4)-3-D-glucans.

Although the cello-oligosaccharides induced little or no changes in the ab-
sorption spectra of Calcofluor, changes in the fluorescence spectra were observed
(Table III). The results obtained are somewhat different depending on the method

FLUORESCENCE INTENSITY

o) I 1 1 i | I
380 420 460 500

WAVELENGTH (nm])

Fig. 5. Fluorescence spectra of solutions of Calcofiuor (10 #g/mL) in: (1) water and (2) 1:1 (v/v)
1,4-dioxane—water.
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of preparation of the oligosaccharides, possibly refiecting the presence of impurities
in the sample prepared by gel chromatography. Overall, however, the results seem
to confirm that interaction begins with Glcs, and increases through Glcg and Gle,.
High concentrations of 1,4-dioxane or ethanol produced changes in the fluores-
cence emission specira similar to those caused by (I—4)--D-glucans (Fig. 5).

DISCUSSION

We have previously described® a precipitation reaction between cereal f-p-
glucans and direct dyes. In this report, using solubility, and absorption and fluores-
cence spectroscopy as criteria of complex formation, we have surveyed a number of
polysaccharides for their interaction with Congo Red and Calcofluor in order to
determine whether this phenomenon is a general property of polysaccharides or
depends on a structural specificity. Such a survey is inevitably incomplete but has led
to some useful observations. Further studies, particularly into the physical nature
of the interaction, will be required fully to establish the specificities indicated by the
present study, in which polysaccharide samples were chosen for testing either on the
basis of availability or because of structural features of interest. Thus, samples
containing (1—-4)- and (1 »3)-f-linked pyranosyl units were of particular interest.

Isolation, purification, and characterisation of most polysaccharides is a diffi-
cult task and, for a study of this nature, there is thus a problem of sample availability,
and sample purity and identity. Where appropriate, the latter has been verified by
identification of the constituent sugars, but insistence on rigorous purity of samples
would be unrealistic. It should be recognized, however, that spectroscopic studies are
subject to interference from very small amounts of contaminant. For example, as
little as 1 ug/mL of oat B-p-glucan produced a detectable red-shift in the absorption
maxima of the dyes, and 10 pug/mL produced the maximum shift. Similarly, low
concentrations of cetyltrimethylammonium bromide produced major blue-shifts in
the absorption maxima. Consideration of the data as a whole can help avoid mis-
interpretation. Except where purified samples were used, the significance of smali
spectral changes is doubtful.

For spectroscopic studies, a polysaccharide concentration (I mg/mL) known
to produce saturation dye-binding with cereal B-D-glucan3? was chosen. A reduced
spectral-shift or fluorescence-intensity decrease, which will be referred to as decreased
interaction, may reflect decreased dye-binding or a different mode of binding and
environment for the dye. Quantitative, dye-binding studies would be required to
make this distinction. This report indicates those polysaccharides that merit such
further attention.

The naturally occurring mixed-linkage, (1—3)- and (1—4)-f#-p-glucans had
similar effects on the absorption and fluorescence spectra of the dyes, and all showed
a definite precipitation-reaction. Testing of reduced pneumococcus polysaccharide
Type III was hindered by low solubility and the small amount of sample available.
However, this polysaccharide containing alternating (1—3)- and (1—-4)-8-p-gluco-
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pyranosyl units showed considerably reduced interaction with both dyes. It seems
likely that this difference is related to sequence rather than ratio of linkages. The
(1—3)--b-glucans (curdlan, laminaran) showed a small interaction with Calcofluor
but strong interaction with Congo Red. The neutral (1—4)-f-D-glucans (hydroxy-
ethylcellulose Natrosol 250 M and tamarind amyloid) induced major red-shifts in
both dyes. Tamarind amyloid produced the greatest shifts and changes in fluorescence
intensity. The interaction, as shown by spectral changes, therefore seems dependent
both upon the proportion and distribution of (1—3)- and (1—+4)-8-D-glucopyranosyl
units.

The difference in interaction shown by tamarind amyloid and hydroxyethyl-
cellulose Natrosol 250 M may depend on the different degrees of substitution of the
cellulosic backbone. Hydroxyethylcellulose Natrosol 250 M (degree subst. 2.5) has
on average more than one substituted hydroxyl group per D-glucose unit, whereas
tamarind amyloid contains somewhat less than one substituent per p-glucose unit3.
By use of hydroxyethylcelluloses of different degrees of substitution, it can be shown
that the samples with the higher degree of substitution show less interaction32.

The results with carboxymethvicellulose 7H3 SFX demonstrate an inhibition
of interaction, probably as a result of Coulombic repulsion of the anionic dyes by
the polyanion. Use of higher ionic-strength buffer partially overcame this effect. Dye
binding by oat fB-b-glucan was also ‘increased by increasing the ionic-strength of
the medium?32. This may reflect anticooperative binding as a result of Coulombic
repulsion effects, but other factors, such as state of aggregation of the dye, could
play a part. In these studies, a higher ionic-strength medium was sometimes used in
order to enhance possible interactions. and to counteract charge-effects from the poly-
saccharide. Unfortunately, in the case of xanthan gum, the salt necessary to overcome
Coulombic repulsion favors an ordered secondary structure in the molecule3*, which
may not be favorable for dye interaction. Turbidity of solution prevented absorption
spectroscopy measurements, but no interaction, as judged by fluorescence spectro-
scopy, was observed in water or 0.12m sodium chloride at 25 or 50°. Xanthan gum
was, thus, the only polymer known to contain contiguous (1—4)-f-D-glucopyranosy!
units that did not show a strong interaction with Calcofluor. Following removal of
the pyruvate residues, slight interaction with Congo Red was observed.

Of the wood hemicelluloses tested, galactoglucomannan A and glucomannan
both showed definite interaction with Congo Red, and galactoglucomannan B showed
slight interaction. Structural studies of these polymers have shown the presence of
contiguous (1—4)-f-D-mannopyranosyl but not of contiguous (1—4)-#-p-gluco-
pyranosyl units®>. However, the (1 »4)--p-mannans tested (guar gum, locust-bean
gum, tara gum) did not show significant interaction with either dye. The significance
of the small interaction shown by the two glucuronoxylans is not certain. Acid
hydrolysis and paper chromatography did not reveal the presence of contaminating
glucan.

The slight interactions shown by pullulan and elsinan are probably similar
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to the known? interactions with starch. Starch did not detectably interact with Calco-
fiuor.

The apparent interaction of wheat and barley pentosans was of interest because
of the potential importance of analytical and histochemical applications of the dye
interactions in studies of cereal -D-glucans. Both pentosans were contaminated by a
glucan. This and the dye interaction were removed from the wheat pentosan by
digestion with f-p-glucanase. However, traces of glucan remained in the sample of
barley pentosan, even after two successive treatments with enzyme. The major red-
shift with Congo Red and a very small shift with Calcofiuor that persisted with the
enzyme-digested barley pentosan are not typical of the cereal f-p-glucans, but are
more typical of (1—-3)-p-pD-glucans. The presence of (1—3)-f-p-glucan in barley
has been suggested by histochemical studies®®. The interaction could, of course.
depend on the pentosan itself. The D-glucanase enzyme, which alone did not interact
with the dyes, was active against oat fi~-p-glucan, and the degraded polymer showed
very little dye-interaction.

Cellobiose, and a mixture of cellotriose and cellotetraose showed no inter-
action, even at a concentration of 20 mg/mL. Tests of pure fractions of trisaccharide,
tetrasaccharide, and pentasaccharide indicated a slight interaction with the penta-
saccharide. Since purified samples were used, the small spectral-shifts and increase
of fluorescence intensity are probably significant. The results with fractions from
Bio-Gel P-2 chromatography appear to confirm that a minimum d.p. of 5 is necessary
for interaction. This indicates that it is the extended configuration of the polysaccha-
ride chain rather than the configuration of the unit which is important for dye
binding.

Nevertheless, it is the configuration of the units that controls conformation,
and some of the structural features required for dye interaction are suggested by the
present study. The resuits with elsinan, similar to cereal ff-D-glucans but containing
(1—-3)- and (1 —>4)-x-D-glucopyranosyl units, show the importance of the anomeric
configuration. The lack of interaction of W. pyramidata and C. erinaceum Xylan
shows the importance of CH,OH-6. The structure of the latter xylan is so similar to
that of cereal f-p-glucans that its lack of interaction was somewhat surprising.
Analysis revealed the presence of a contaminating galactose component, but xylose
was the major constituent sugar.

The importance of the configuration of both OH-4 and -2 is indicated by the
lack of interaction of the D-galactan, arabino-bp-galactan [(1—4)- and (1—3)-f-D-
linked galactose units], and D-galacto-pD-mannans [(1—4)--pD-mannan].

The existence of favored conformation in polysaccharides suggests the possi-
bility of specific, or conformation-related, ligand-binding. The required conformation
could be that present naturally, or ligand-induced. The interaction of curdlan with
Congo Red!!-!2? appears to be dependent on the presence, or induction, of an ordered
state, and similarly with amylose complexes. [t is certainly clear that conformational
changes take place on dye-binding, resulting in changes of physical properties such as
viscosity®!7 and solubility. It is interesting to note that decreasing the polarity of
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the medium by addition of ethanol or 1,4-dioxane produced spectral changes in the
dyes similar to those shown by the f-D-glucans. Dye-binding may therefore occur in
regions of decreased polarity resulting from the particular conformation of the poly-

saccharide3?.
The strongest-interacting (1 —4)-8-p-glucans belong to the A-type, an extended,

ribbon-like, conformational class described by Rees and Scott38, but so do the non-
interacting mannans and xylans. Amylose and (1—3)-g-D-glucans which show inter-
action with Congo Red are of the B-type, a flexible helix.

Polyvinyl alcohol forms gels in the presence of diazo and stilbene-type, direct
dyes, and the evidence suggests that conformational changes in the polymer result
in polymer—polymer interactions which are responsible, at least in part, for the gela-
tion®2**%. Polyvinyl alcohol possesses considerable conformational flexibility com-
pared to polysaccharides, and it is possible that both conformationally flexible and
selected, conformationally more restricted, polyhydroxy polymers can interact with
direct dyes. The present data, however, do not allow any conclusions other than that
there is toward certain types of polysaccharide, a high degree of specificity, which is
related in some fashion to the configuration of the monomeric units and the linkages

joining them.
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