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ABSTRACT 

Carrageenans from female and male gametophytic plants of the alga Rizodo- 

glossurn californicnm, female plants of Chondnrs crispus and Gigartirra pistillata, and 
male plants of Iridaea cordata and a Gigartina species from San Francisco Bay were 
fractionated into potassium chloride-soluble and -insoluble components and were 
analysed chemically. An anti-ri-carrageenan, the reactivity of which is directed to 

x-type structures (i.e., 34nked D-galactose 4-suiphate and 4-linked 3,6-anhydro-D- 
galactose residues) was used to analyse these carrageenans immunochemically. The 
potassium chloride-insoluble carrageenans from these species were found to be highly 
reactive K-type carrageenans. The potassium chloride-soluble carrageenans were less 
reactive to anti-rc-carrageenan and, in addition, showed reactivity to an anti-b 
carrageenan preparation. The chemical and immunochemical data suggest that the 
potassium chloride-soluble carrageenans contain either k or p-carrageenan, as a 
high proportion of the precursors to the 3,6-anhydro-D-galactose are 4-linked 
D-galactose 2,6-disulphate residues, and no increase in immunologica reactivity to 
anti rc-carrageenan was observed upon alkali treatment. 

INTRODUCTION 

Carrageenans of the K-type are composed ideally of alternating D-galactose 
4-sulphate (Gal-4-S) and 3,6-anhydro-D-galactose (Gal-3,6-An) residues_ This pattern 
may, however, be interrupted by the occurrence of D-galactose 6-sulphate (Gal-6-S), 
D-galactose 2,6-disulphate (Gal-2,6-diS), or non-sulphated residues, which Rees 
et al.’ have termed “kinking residues”. The net effect of these units on K-type carra- 
geenans is to render them soluble in potassium chloride solution (i.e., if the proportion 
of “kinking residues” exceeds substantially the proportion of the 4-linked Gal-3,6-An 
residues*). McCandless et al. 3 have demonstrated that rc-carrageenan is restricted 
to the gametophytic stage of some aIga1 species of the Gigartinales. Both potassium 
chloride-insoluble and -soluble components of carrageenans extracted from the 
gametophytic stage have been shown to exhibit K-type characteristics3. It has been 
suggested that the KCl-soluble component contains the precursor (p-type structure) 
to K-carrageenan4. We have already demonstrated the usefulness of combining 
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immunochemical and chemical procedures in the elucidation of the carrageenan fine 
structure5*6. In this paper, we present a study of KCl-soluble and -insoluble x-type 
carrageenans extracted from gametophytic phases of several species of red algae. 

RESULTS 

The i.r. spectra of the carrageenans used in this study showed marked similari: 
ties; all contained the general absorption band for carbohydrate ester sulphate at 
1240-1250 cm-l _ The KCI-insoluble carrageenans from male and female algal species 
contained sharp, pronounced absorption bands at 936 and 840 cm-‘, indicating the 
presence of Gal-3,6-An and Gal-4-S residues, respectively. The KCI-soluble carra- 
geenans of gametophytes also showed these K-type-characteristic absorption bands. 
In general, the latter showed less pronounced absorption at 936 cm-‘, indicating a 
content of Gal-3,6-An lower than that of the KCl-insoluble carrageenans, and a 
broader band with maximum at 840 cm-’ attributed to the occurrence of Gal-6-S 
residues (absorption at 820 cm-l). After alkaline sodium borohydride treatment 
(OH--BH,), the content of Gal-3,6-An residues of these carrageenans increased 
(Table I), as shown by the increase in absorption at 936 cm-‘. Owing to the elimina- 
tion of 6-sulphate groups in the process of conversion of Gal-6-S to Gal-3,6-An 
residues, a narrowing of the sulphate absorption band at 840 cm-’ was observed. The 
weak absorption at SO5 cm-’ (Gal-3,6-An-2-S residues) observed in these carrageenans 
also increased in intensity upon OH--BH, treatment. 

The content of Gal-3,6-An residues of the carrageenans before and after OH-- 
BH, modification, the latter analysed before and after sodium periodate oxidation, 
and the sulphate content of the original polysaccharides are recorded in Table I. 
KCI-soluble and -insoluble carrageenans from various algae were treated with an 
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Fig. la-c. Immunochemical reactivity of KCZ insoluble carrageenan from female ( -), male 
(_-_ ), and KCl-soluble carrageenans from female (------) and male [------) gameto- 
phytic algal plants of: (1) C. crispus, (2) I. cordite, (3) R. culifornicum, (4) G. species from San 
Francisco Bay, and (5) G. pistillota. 
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Fig_ 2. Immunochemical reactivity of KCI-insoluble (- ---); KCl-soluble (------); 
KCI-soluble, OH-BHA modified (-----) carrageenan from female gametophytic; and KCI-soluble 
carrageenan from tetraspoxic (- ) algal plants of C. crisprfs to: (a) anti-K-carrageenanT (G9-y-477), 
(b) anti-i.-carrageenanr (G7-y-477). 

anti-K-carrapxnan, the-reactivity of which is directed towards Gal-3,6-An associated 
with Gal-4-S residues7. Fig. I shows the reactivity of the KCI-soluble and -insoluble 
carrageenans from lridaea cordata (male), Rkodog~ossum cal~~ornicum (male and 
female), a Gigartirm species from San Francisco Bay (male), Gigartina pistillata 

(female), and C/zond~-US crisprrs (female)_ The indices of homology’ of the various 
carrageenans to the homologous antigen (KCI-insoluble carrageenan from carpo- 
sporic Clron~r~s crispus) are shown in Table II. The reactivity of the KCl-soluble 
carrageenan from Chondrm erispm, before and after OH--BH, treatment, to an 
anti-K and an anti-R carrageenan preparation is shown in Fig. 2a and 2b, respectively. 

DISCUSSION 

The i-r_ spectra of the various carrageenans suggest that the KCI-soluble 
carrageenans from the gametophytic algal plants contain Clinked Gal-6-S and less 
Gal-3,6-An residues than the respective KCl-insoluble carrageenans. After OH--BH& 
treatment of the KCI-soluble carrageenans, the major contribution to the sulphate 
group absorption region (SOO-SSO cm-‘) is due to Gal-4-S residues with a maximum 
at 540 cm- ‘_ The weak absorption at SO5 cm-’ is enhanced by OH--BH, treatment 
indicating that a proportion of the increase in the 936 cm-’ absorption band might 
be due to the appearance of Gal-3,6-An-2-S and not just to Gal-3,6-An residues. The 
content of 3,6-anhydride groups after OH--BH4 treatment, analysed before and 
after sodium periodate oxidation (Table I), shows that this is in fact the case; 78 to 
99 % of the residues precursor for the 3,6-anhydride grotips were resistant to NaIO, 
oxidation, suggesting that these residues are Gal-2,6-diS. Alkaline borohydride 
treatment of KCl-insoluble carrageenans caused little change in either the chemical, 
i-r., or immunological data. 
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The KCl-insoluble carrageenans reacted immunochemically better with an 
anti-K-carrageenan antibody than did the KCI-soluble carrageenans. The indices of 

homology of the former compounds (Table I) ranged from 0.9 to 1.9. The KCl-soluble 
carrageenans were less reactive, the indices of homology ranging from 0.2 to 0.5. 
In these carrageenans, the lower reactivity may be correlated with higher contents of 
sulphate groups (Table I). The immunochemical variations encountered in the KCl- 
insoluble carrageenans cannot be accounted for by the slight quantitative variations 
in the chemical content of sulphate groups or Gal-3,6-An residues, although the 
presence of a 2-sulphate group on the 4-linked Gal-3,6-An residue has been shown 
to reduce reactivity with the anti-K-carrageenan antibody. The homologous or 
reference antigen need not be the preparation that contains the highest proportion 
of x-type determinants per equivalent. The ability of some rc-carrageenans to react 
differently from other K-type carrageenans suggests the existence of cryptic antibody- 
binding sites in the less reactive carrageenans. These binding sites may be rendered 
cryptic by the molecular configuration of the particular polysaccharide, as deter- 
mined by the internal organization of “kinking” residues and K-type residues. The 
effect of “kinking residues” on secondary structure, and the effect of secondary and 
tertiary structure on the immunochemical reactivity of carrageenans to anti-carra- 
geenans has already been discussed1P576. In addition, we have observed the occurrence 
of O-pyruvyl-D-galactose residues in some KCl-insoluble carrageenans from gameto- 
phytic algaeg. Although the effect of such residues on carrageenan immunochemistry 
is unknown, they do play an important role in the immunochemical reactivity of 
bacterial polysaccharides’ ‘_ 

The KCl-soluble carrageenans also show reactivity to an anti-l,-carrageenan 
(Fig. 2b shows the reactivity of the carrageenan from C. crispr~). This indicates the 
presence of I.-like structures, probably associated with the higher levels5*’ of Gal-6-S 
Although the chemical data show that OH--BH4 treatment renders the KCl-soluble 
carrageenans more similar to the KCl-insoluble K-type carrageenan (Le., the content 
of 3,6-anhydride groups increases), the immunochemical reactivity to anti-K-carra- 
geenan remains low. Their reactivity to the anti-hcarrageenan decreases, as might be 
predicted by the decrease in 6-sulphate group content5. The reactivity of the KCl- 
soluble carrageenans to anti-rc-carrageenan suggests that the preparation contains 
K-type molecules that are soluble in KC1 and possibly in the process of being synthe- 
sized_ The chemical data (Table I) show that most of the residues precursor of 3,6- 
anhydride groups are Gal-2,6-di-S residues. The alkali-modified, KCl-soluble poly- 
saccharides, therefore, either represent I- or alkali-modified I.-carrageenan. Anti-rc- 
carrageenan reacts poorly with r-carrageenan and not at all with alkali-modified 
I.-carrageenan’. McCandless et aL3 showed that the OH--BH,-treated, KCI-soluble 
carrageenan from C. crispru could be fractionated into KCI-soluble and -insoluble 
fractions. Hosford and McCandless” have shown the latter to be reactive with anti-h-- 
carrageenan serum, whereas the former showed little reactivity. The anti-lc-carra- 
geenan serunl used in that study, however, could not distinguish rc-carrageenan from 

either I- or alkali-treated bcarrageenan. A one-step chemical conversion of the 
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Qsulphate- to the 3,6-anhydride-containing residues is not sufficient to increase the 
immunochemical reactivity of the KCl-soluble carrageenan on alkali treatment. The 
theoretical p-carrageenan as precursor to rc-carrageenan remains elusive, and it is 
suggested by both chemical and immunochemical data that removal of the Zsulphate 
group from the 4-linked residue may be a necessary step in the synthesis of rc-carra- 
geenan. Jackson” in this laboratory has also obtained evidence of Gal-3,6-An-2-S 
residues as intermediates in rc-carrageenan synthesis, from subfractionation of 35S- 
labelled carrageenan from C. crispus. 

EXPERIMENTAL 

Materials. - Carrageenans were prepared and fractionated with potassium 
chloride as previously described by McCandless et aL3. 

Methods. - Alkaline borohydride and periodate oxidation were carried out as 
described by Lawson et al.‘. Sulphate groups were determined by the method of 
Jones and Letham13, 3,6-anhydro-D-galactose residues by the resorcinol method of 
Yaphe and Arsenaultls, and D-galactose 2,6-disulphate residues as suggested by 
Lawson et al.‘. 1-r. spectral analyses were carried out on carrageenan films formed by 
dissolving carrageenan (3 mg) with boiling water on silver chloride discs as described 
by Craigie and LeighI’. 

Antibody preparation and antigen-mrtibody reactions. - Anti-fc-carrageenan 
(G9-y-477) and anti-%-carrageenan (G7-y-477) yG globulins were prepared as previ- 
ously described’, by injection of the specific carrageenans isolated from gameto- 
phytes and sporophytes of Chondrus crispus. Quantitative antigen-antibody reactions 
were carried out by the agarose-medium turbidimetric assay’; the antibody (250 ~1) 
was treated with the antigen (25 j(g) at 37” in a medium consisting of 0.1 y0 agarose 
in 0.01~ phosphate buffer in saline solution at pH 7.5 (3 ml). The rate of precipitation 
was recorded by an external recorder-readout connected to a Unicam 1800 Spectro- 
photometer set at a wavelength of 420 nm. 
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