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ABsTRAcr 

Cora puvonka, a lichen haying a basidiomycetous mycobiont, is rich in protein 
(36%), of which 10% is tyrosine. a,o-Trehalose is present and was isolated 
in 4.4% yield. The lichen was found to contain polysaccharides typical of 
basidiomycetes and different from those of ascomycetes and ascomycetous lichens. 
Isolated and characterized were a /M@can and a heteropolysaccharide contain- 
ing crhamnose, &ucose, D-xylase, D-manuose, ~-glucose, and ~galactose. The 
/3-Dghrcan was highly branched with 21% of nonreducing end-groups, contained 
3-O-, 6-O-, and 3,6di-O-substituted B_D-glucopyranosyl units, and had a main 
chain consisting of (l-3)- and (1+6)-links. The heteropolysa&aride component 
contained mainly mannose and xylose, haying a mannosexontaining nucleus and a 
main chain with preponderant (1+3)-linked (r-D-mannopyranosyl residues. These 
were unsubstituted (lo%), and 4-O- (10%) and 2,4di-O-substituted (10%) with 
residues of ED-xylopyranose. On methylation analysis of the heteropolysacchar- 
ide, a capillary cohuun of DB-210 proved to be particularly useful for gas-liquid 
chromatographic resolution of partially O-methylated alditol acetates. 

JNTRODUCI’ION 

Cm puvoniu, known commonly in Brazil as “asa de papagaio” (parrot’s 
wing), is one of only a few lichens haying a basidiomycetous rather than an asco- 
mycetous mycosymbiont, and has never been subjected to a chemical analysis. In 
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TABLE I 

M. IACOMINI, S. M. W. ZANIN, J. D. FONTANA, L. HOGGE, P. A. J. GORIN 

AMINO ACID CDMPOSRION OF COM ~WO?Iif?’ 

A&o acid Molar camp. A?Pli?Wocid Molar conap. Amino acid Molar camp. 

VW fW W) 

TQptOplWl 0.95 Wine 4.6 Methionine 1.3 
Lysine 5.0 Glutamic acid 7.9 Isoleucine 4.3 
Hiatidine 2.1 Proline 3.8 Leucine 6.4 
Ammonia 1.6 Glycine 4.3 Wosine 10.1 
Arghine 4.8 Alanine 5.1 Phenylalanine 5.3 

HaIfcystine 1.6 
Wine 5.7 

*tein content, 36.05%. 

the present study, the protein and carbohydrate components were investigated and 
compared with counterparts of ascomycetous lichens. 

RESULTS AND DISCUSSION 

C. puvoniu contains 36% of protein, which is unusually high when compared 
with 4-20% reported for ascomycetous lichens’. Amino acid analysis (Table I) re- 
vealed a high value (10%) for tyrosine which constitutes only 4-7% of the total 
amino acids in ascomycetous lichens’. 

Hot benzene-ethanol extraction of C. pavoniu removed nonpolar material 
which was discarded and was followed by treatment of the residue with refluxing 
80% aqueous methanol, which solubilixed low-molecular-weight carbohydrates. 
After de-ionization, the extract gave, on paper chromatograms, a major spot 
having Rod 0.4 (4.4% yield) and a trace of mannitol(O.l3% yield, as determined 
by g.1.c. of acetate). Hydrolysis of the material gave glucose and a compound ap- 
pearing to be a,cr-trehalose, as it had a strong, positive specific rotation and its 
i3Gn.m.r. spectrum contained six signals with typical chemical shifts. The material 
was then isolated in crystalline form and the identitication confirmed. 

Lichen, previously treated with benxen=thanol and aqueous methanol, was 
subjected to two procedures in order to isolate the polysaccharide components. 
One of them was a hot aqueous extraction, followed by partial evaporation, freez- 
ing, and gentle thawing. This is a standard procedure in the case of ascomycetous 
lichens because an insoluble glucan can often be isolated. In the present experi- 
ment, however, the precipitate was noncarbohydrate. Carbohydrate in the super- 
natant represented 4.7% of the original lichen and consisted of polysaccharide con- 
taining rhamnose, fucose, xylose, mannose, galactose, and glucose in a ratio of 
5: 12:22: 19:15:27. The polysaccharide was subjected to fractionations with Fehling 
solution giving rise to a heteropolysaccharide, isolated via its insoluble copper com- 
plex, and glucan, obtained from the supernatant. It was necessary to carry out four 
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successive precipitatious of the heteropolysaccharide (0.06% yield) with Fehling 
solution in order to obtain a sample having a constant ratio of rhamnose, fucose 
xylose, mannose, galactose, and glucose (4:10:32:29:17:8). Similarly, four treat- 
ments were needed to remove heteropolysacchakle from the glucaa, via Fehling 
precipitation, before a pure sample was obtained (0.04% yield). The 13Gn.m.r. 
spectra of glucan and heteropolysaccharide are depicted in Fig. 1A and Fii. lB, 
respectively. 

The other extraction procedure involved treatment with hot aqueous potas- 
sium hydroxide, followed by neutralixation with acetic acid, and isolation of 
material (15% yield) via ethanol precipitation. Inositol was detected in the super- 
natant. The precipitate contained rhamnose, fucose, xylose, mannose, galactose, 
and glucose in a 5:9:23:21:13:28 ratio, and one Fehling fractionation procedure, 
as described above, gave a glucsn (1.4% yield) and a heteropolysaccharide (0.18% 
yield), the latter having a sugar composition close (3:13:36:32:11:5) to that of the 
product isolated by aqueous extraction. The two different extraction procedures 
gave virtually identical glucans and heteropolysaakuides according to the similar 
‘3Cn.m.r. spectra (Figs. 1A and lB, respectively). On the basis of this result and 
since, after three more fractionations of each with Fehling solution, the yields of 
glucan and heteropolysaccharide were similar to those obtained from the aqueous 
extract, only the products arising from aqueous extraction were further examined. 
Unlike the fractionation by the Fehling procedure, only a partial fractionation was 
obtained by use of column chromatography on DENE-cellulose, which gave mixed 
polysaccharides on elution with 0.1~ phosphate buffer (pH 6.8) and pure ghtcan on 

B 

Fig. 1. ~n.m.r. qectra of C. puucmicr jb-glucaa (A) and l~~teropolysa&aride (B). The solvent was 
D,Oat7(pandthenllmeriealvalues(b)arebsaedwthe~of tctram&ylsilancobtaiacdiaa 
iqarate expchent. 
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washing with 0.3~ sodium hydroxide. No fractional precipitation was obtained with 
Cetavlon in the presence of borate ion and variation of the PH. 

The glucan component obtained after aqueous extraction was homogeneous 
on ultracentrifugation (1.4 S), being free of the heteropolysaccharide having 2.6 S 
(see below). It showed a specific rotation ([a]65 + 13”) consistent with a &D-ghCO- 

pyranan structure. Its 1X-n.m.r. spectrum (Fig. 1A) resembled those of the glucans 
obtained from the fungi Schizophyllum commune and Lentius edodes, suggesting 
a branched structure with (1-~3)- and (I+6)-linked ED-glucopyranosyl residueG. 
The spectrum showed a low-field, C-l signal corresponding to BD-linked units3 
and another at 8 86.5 arising from 3-O-substituted residues of /3-o-glucopyranose*“. 
Methylation analysis of the C. pauoniu glucan furnished partially 0-methylated 
alditol acetates which were examined by g.l.c.-m.s. in a capillary column coated 
with 1:3 OV-225--GV-17, which resolves tri-O-methyl derivative#. Nonreducing 
end-groups (21%), and 3-O- (30%), 6-O- (30%), and 3,ddi-O-substituted (19%) 
units of ghrcopyranose were characterized. The glucan was subjected to a Smith 
degradation incorporating mild hydrolytic conditions and the product, when 
examined on a paper chromatogram, showed mainly a spot for glycerol and a series 
of slower-moving spots whose mobilitios suggested oligosaccharide structures. The 
presence of these compounds and the absence of a polymeric product precipitable 
with ethanol indicated that the glucan does not have a (1+3)-linked ED-ghco- 

pyranosyl main-chain as have many fungal /3-D-glucar&. Instead, the (l-*3)- 
linkages are interspersed with (1+6)-linkages as in the glucans of Piricufuria oryzze 
and L. edodes’. 

The heteropolysaccharide of the aqueous extract was subjected to various 
tests which demonstrated its homogeneity. On ultracentrifugation, it was found to 
be homogeneous but polydisperse with 2.6 S, and was free of the o-glucan with 1.4 
S. Elution from Sepharose Gel 4B-200 with water gave a single band. Both electro- 
phoreses on Cellogel in aqueous barbital (pH 8.6) or sodium borate (pH 8.6) gave 
a single carbohydrate and a weakly poaitive protein band in the same position. The 
heteropolysaccharide contained 5.1% of protein, which could be acidic and account 
for its mobility in the barbital buffer. However, its 13C-n.m.r. spectrum did not 
contain a signal at 8 175 corresponding to a carboxyl group. 

On hydrolysis, the heteropolysaccharide gave rhamnose, fucose, xylose, 
mannose, gaktose, and glucose. Fucose was in the L form as it was oxidized by 
L-fucose dehydrogenase. Similarly, D-galactose dehydrogenase oxidized the 
galactose component, showing that it has the D-form. The hydrolyzate was fraction- 
ated by cellulose-column chromatography, and glucose, galactose, and mannose 
were each isolated along with mixed fractions, one containing rhamnose and 
fucose, and the other fucose and xylose. Each component was converted into its 
(-)-2-octyl glycoside acetate derivative and examined by capillary g.1.c. (Durowax- 
4) which identified the D- or L form s. Thus, L-rhanmose, L-fucose, D-xylose, D- 

mannose, o-galactose, and ~-glucose, were observed. 
A Smith degradation of the heteropolysaccharide incorporating mild hydroly- 



axtmom?.NTs OF Corn pavonia 59 

TABLE II 

O.L.C. ANAL- op PAmTALLY mdmnYLATED ALDlTDL AmrAms OBTAINED FROM MlnmLAlED. 

MANNOSERlC?IPOL-EDBRIVED BY SMIIM DBoRADAnoN FROM HEI-EROPOLYSA-fl 

2,3,4,tM4@Uan 1.00 6 
2,3,4,6Me&lc 1.10 12 
2,4,6-Me#au 1.48 57 
2,4,Wie,-Glc 1.51 12 
2,4,txhGd 1.52 6 
29H4+-Gk 1.80 7 
4,&w- 2.30 5 

‘DB-210 capillary column. *Retention time (T,,) relative to that of l,Sdi-O-a~@-2,3,4,ateha-O 
methyl-wmannitol. *rccntage of total peaks obtained from methyl&cd polysaahride. 

tic conditions was carried out. The products consisted of glycerol, a tetritol, and au 
ethanol-insoluble polysaccharide having [a]# +93”. This contained rhamnose, 
fucose, xylose, mannose, galactose, and ghrcose in a2:1:2:80:9:6 ratio, suggesting 
an tro-mannopyranosyl core. Since the original polysaccharide had a lower specific 
rotation of [t~]# +25”, the uuits of the other major component (D-xylose) that 
were eliminated by o@lation, had the /3 contlguration. It is likely that FD- 
xylopyranosyl units gave rise, in the ‘3Cn.m.r. spectrum, to the strong Gl signal 
at 8 105.2 (Fig. 1B). The polysaccharide formed by Smith degradation of the 
heteropolysaccharide was subjected to methylation analysis and the resulting O- 
methyl alditol acetates were analyzed by g.l.c.-m.s. using a capillary column of 
DB-210. The principal peak showed that 57% of 3-O-substituted mannopyranosyl 
units were present and should comprise part of the main chain. Nonreducing end- 
groups (6%) and 2,3di-O-substituted traits (5%) of mannopyranose were also 
present and Table II shows that the total proportion of nnhmopyranosyl derivatives 
recovered (68%) does not correspond to the proportion of mannopyranosyl 
residues (Ml%) in the original, Smithdegraded polysac&ride. It is likely that the 
nuumose-containing component had a molecular-weight lower than those of other 
components and preferentially migrated through the dialysis tube during the 
Haworth methylation procedure. A more accurate indication of the high proportion 
of (l-*3)-linkages was obtained on periodate oxidation of the polysaccharide, 
which resulted in the consumption of 0.09 mol of oxidant/unit mol, after 18 h, with 
formation of 0.04 mol of formic acid/unit mol. 

Methylation analysis of the heteropolysaccharide was difllcult to interpret as 
many O-methylalditol acetates were formed. A preliminary g.l.c.+n.s. experiment, 
carried out in a capillary column of 3: 1 OV-225-OV-17, gave 13 peaks. However, 
the preferred column was that containing DB-210 as 22 peaks were obtained (see 
Table III). It could also resolve mixtures of derivatives that might be formed in the 
reaction, namely, (a) the acetates of 6Gmethyl derivatives of mannitol, ghrcitol, 
and galactitol, (b) the acetates of 2,6-d&O-methyl derivatives of mannitol, glucitol, 
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TABLE III 

O.L.C. ANALYSIS OF PARTIALLY &#BTHYLATED AL.DlToL ACBTATBS OBTAINED FROM HE’IEROPOLY- 

SACCHABIDEm 

Alditol Tbfb Pmportion Akiitol TMb Propotiotl 
w (%I 

2,3,4_Me&ha 0.73 1 
2,3,4-Me-Xyl 0.82 25 
2.3.6Me,-Fuc 0.84 6 
2,3,4,6-Me,-Man 1.00 4 
2,3.4,6-Me,Gal 1.01 2 
2,4MerRha 1.09 1 
2,3,4,6Me,-Gal 1.10 2 
2,4-Me,-Fuc 1.13 1 
3,4-Me+ha(hc) 1.15 1 
2,4-MqXyl 1.19 2 
2,4,6-Me+an 1.48 10 

2,4,&M+-Glc 1.51 2 
2,4.6-Me,-Gal 1.52 2 
3,4,dMe+an I.63 1 
2,3,CMe+lan 1.67 2 
2,3,6Me-Gal 1.80 2 
2,3,CM+-GIc 1.85 3 
2,3,4-M%-Man 1.89 2 
2,3,4-M%-Gal 2.26 9 
2,6-M+-Man 2.31 10 
&Me-Man 2.98 10 
3,4-Me,-Gal 3.92 2 

**me&e footnotes to Table II. 

and galactitol, and (c) the acetates of 3,4-di-O-methyl derivatives of manmtol and 
galactitol. On periodate oxidation, the heteropolysaccharide consumed, after 72 h, 
0.92 mol of oxidant/unit mol with formation of 0.43 mol of formic acid/unit mol. 
The latter value is close to that expected from the methylation data (Table III), 
which indicates 40% of nom-educing end-groups and 11% of &O-substituted 
residues. G.1.c. on 3:l OV-22S-GV-17 showed the presence of 7% of 2,3-di-O- 
methylxylitol acetate derived from methylated polysaccharide. Since this result 
could signify the presence of 2-O- or 4-O-substitution, the polysaccharide was 
degraded into a mixture of 0-methylaldoses that were converted into methyl glyco- 
sides. G.i.c. analysis on DB-210 showed a peak corresponding to methyl 3,4-d&0- 
methylxylopyranoside but not the 2,3-isomer, thus indicating 2-O-substitution. As 
g.1.c. on DB-210 gave a poor resolution of the 2,4,6_derivatives of mannitol, 
glucitol, and galactitol, as alditol acetates, the separation was performed on a 
capillary column of OV-17, which is known to resolve this mixture9, and a ratio of 
15:5:63:18 was obtained for the acetates of 2,4,6-O-methylgalactitol, 2,3,6&-O- 
methylglucitol, 2,4,6-tri-0-methylmannitol, and 2,4,6-tri-0-methylglucitol. 

Some structures having a main chain composed principally of (l-3)-linked 
a-D-mannopyranosyl units may be proposed for the heteropolysaccharide on the 
basis of the Smith degradation and the methylation data (Table III). The main 
chain is unsubstituted (1; lo%), 4-O-substituted with fi-o-xylopyranosyl groups 
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B-D-xylp 

r’ 
4 

-a-D-Manp-(l-3)- -cr-D-Manp-(l-+3)- 
1 2 
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SD-xylp 

r’ 
4 

-a-D-hfal@1+3)- 

f 
1 

&D-XYl 
3 

(2; lO%), and 2,4_di-&substituted with B_D-xylopyranosyl groups (3; 10%). other 
2Gsubstituted xylopyranosyl residues (-7%) are a likely part of the side chahts. 

The polysaccharide components of C. pavonia, a /5~-ghxan and a 
heteropolysaccharide, have structures typical for basidiomycetes and probably arise 
from the mycobiont rather than the phycobiont portion of the lichen. The PD- 
ghrcan has (1+3)- and (l-+6)-linkages and is highly branched with 21% of non- 
reducing end-groups. Thus, it resembles D-ghrcans of basidiomycetes rather than 
those of ascomycetes, which have relatively few branches (10% or less). In asco- 
mycetous lichens, the &D-glucans are linear with either (1+6)- or a mixture of 
(l-*3)- and (l-+4)-linhages6. The heteropolysaccharide of C. puvonia has a main 
chain consisting of a high proportion of (1+3)-linked cr-D-marmopyrancr_sy units, 
which is more typical of basidiomycetes rather than of ascomycete@ and asco- 
mycetous lichenslo, which mostly contain mannose-containing polysaccharides 
having (l-*6)-linked *D-mannopyranosyl main-chains. C. puvoti contains a 
surprisingly high proportion (4.4%) of a,a-trehalose. This sugar, however, is not 
exclusively characteristic of basidiomycetes, as it is also present in the ascomycetous 
lichens, UmbWuiapudatull and Dn mini&~@, and a wide range 
of cells and tissues. These iuclude plants, algae, fungi and yeasts, bacteria, insects, 
and other invertebratesls. For the preparation of a,&rehalose, various yields of 
2% (ref. 14) and lO-lS% (ref. 15) have been reported when dried, pressed yeast is 
used as a source. a,a-Trehalose is present in trehala mannat (2!5-30%), and the 
resurrection plant (Seia@&a lkpidophyUu) of the America !$outhwest, with its 
2% content, has been suggested as a commercial sotarc&‘. 

EXPERIMENTAL 

cxkiion OfC. pavonia. - The lichen was found mixed with mosses along 
stretches of man-made roadside banks of the highway Estrada Graciosa, Paran&, 
Brazil. The exact locale is 1 km from the post of Polfcia Plorestal, in the direction 
of Morretes, at an altitude of 900 m and is situated on the land side of the height 
of land. 

Isolation of a,c&rd&se from C. pavonia. - Dried lichen (150 g) was ex- 
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tracted twice with 9:l (v/v) benzene-ethanol (1.5 L) at 60-70” for 3 h, and then by 
refluxing in 80% aqueous methanol (1 L) for 3 h. The latter extract was evaporated 
to dryness, the residue dissolved in water, and the solution treated with mixed-bed, 
ion-exchange resins. Filtration followed by evaporation of the filtrate provided a 
residue (6.7 g, 4.4% yield) which gave a major spot on a paper chromatogram in 
1: 5 : 3 : 3 (v/v) benzenebutanol-pyridinewater (spray: AgNQ-NH,OH) , I?,, 0.4; 
W-n.m.r.: S 62.4,71.5, 72.8,73.8,74.3, and 95.1, corresponding to those of a,a- 
trehalose. Crystallization from water-methanol-ethanol gave material, m.p. 97“, 
[cY]&~ +174” (c 0.5, water); lit.‘8 (dihydrate) m.p. 9T, [tx]b* +178”. 

Anal. Calc. for C12H26013: C, 38.09; H, 6.93. Found: C, 38.16; H, 6.53. 
M&to1 (0.13%) was detected by g.1.c. of acetates derived from the de- 

ionized preparation just described. 
Isolation of pofysaccharide from C. pavonia. - Lichen (150 g) that had been 

previously extracted with benzene-ethanol and aqueous methanol was treated with 
water (2 L) at 100” for 8 h. The lichen was filtered off while hot and the extraction 
process repeated 5 times. The combined filtrates were frozen, thawed at ambient 
temperature, and the insoluble, noncarbohydrate material which formed was cen- 
trifuged off. The supematant solution (1 L) was concentrated to 200 mL and addi- 
tion to excess ethanol precipitated a polysaccharide (5.5 g) containing rhamnose, 
fucose, xylose, mannose, galactose, and glucose in a ratio of 5: 12:22:19: 15:27. 

The polysaccharide was dissolved in water and to the solution was added 
Fehling solution (200 mL). The precipitate was filtered off and washed successively 
with cold 2% aqueous KOH and methanol. The copper complex was decomposed 
by shaking with an aqueous suspension of Amberlite IR-120 (H+) which was 
filtered off. The filtrate was concentrated to a small volume, and addition to excess 
ethanol precipitated a heteropolysaccharide. This was isolated, redissolved in 
water, and precipitated with Fehling solution. The process was repeated twice more 
until the sugar composition was constant (5.1% protein also). On ultracentrifuga- 
tion of a 0.45% solution in 0.1~ NaOH, the heteropolysaccharide had 2.6 S. It was 
eluted as a single band by water from a column of Sepharose 4B-200 at the same 
rate as Sigma Blue Dextran (mol. wt. 2 x lOa). It was homogeneous on electro- 
phoresis on Cellogel in 0.4~ barbital buffer, pH 8.6, and in 0.05~ sodium borate, 
pH 8.6, giving a single carbohydrate (Schiff-periodatelg) and protein-positive 
(Coomassie Brilliant bluez”) band. 

The supematant solution of the first Fehling precipitation was made neutral 
with acetic acid, dialyzed against tap water for 3 days, and then de-ionized with 
resins. The solution was concentrated to a small volume, added to excess ethanol, 
and the precipitated polysaccharide centrifuged off. This preparation was still con- 
taminated with heteropolysaccharide as the treatment of an aqueous solution with 
Fehling solution gave a precipitate. This was removed, the D-glucan isolated, and 
the process repeated twice to completely remove impurities. Electrophoresis in 
borate buffer, pH 8.6, showed a single band which was carbohydrate-positive but 
was barely perceptible with the Coomassie Blue reagent. 
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In another extraction procedure, lichen (100 g) was treated successively with 
benzene-ethanol, aqueous methanol, and then with 2% aqueous KOH (1 I_,) at 
loo” for 2 h. The mixture was made neutral with acetic acid and filtered, and the 
Citrate concentrated to a small volume and added to excess ethanol. The precipitate 
was isolated and, since it was found to contain inositol liberated on treatment with 
alkali, it was redissolved in water and the precipitation process repeated. The 
isolated polysaccharide (16.0 g) had a ratio of rhamnose, fucose, xylose, mannose, 
gala&se, and glucose of 5:9:23:21:13:28 and was inositol-free. 

It was submitted to the Fehling solution procedures described above to 
provide a Dghtcan and heteropolysaccharide. 

Sugm composition of polysaccharide. - Polysaccharide was hydrolyzed with 
0.5~ &SO, for 18 h at loo”, the solution was ma& neutral (BaCG,) and filtered, 
and the filtrate evaporated. The residue was converted into polyol peracetates by 
successive NaBI& reduction and acetyiation with acetic anhydride-pyridine at loo”. 
Samples were analyzed in a g.1.c. column (lu) x 0.4 cm i.d.) of 3% (w/w) ECNSS- 
M on Chromosorb W (8&100 mesh), from 130 to 180” (4”/mia, then hold)21. In the 
case of heteropolysaccharide obtained via aqueous extraction, the sugar ratio was 
rhamnose, fucose, xylose, mannose, galactose, and glucose (4:10:32:29:17:8). In 
a different experiment where 2~ trifluoroacetic acid at loo” for 12 h was used in the 
hydrolysis step, the ratio was 8:11:24:29:10:12. 

Determinatbn of the enuntiomeric form of aldose components of the hetkro- 
poiysrJc&aride. - After hydrolysis of the polysaccharide, fucose and galactose 
were isolated from the mixture by t.1.c. on silica gel G-60 using as solvent 
200:47:15:1 (v/v) benxen~thanol-water-acetic acid, and they were shown to 
have the L and D forms, respectively, by oxidation by ~-fucose dehydrogenase22 and 
D-gaktOSe dehydrogenase =. Glucose was found to be oxidized by D-glucose de- 
hydrogenase”. 

A hydrolyxate obtained from the heteropolysaccharide (25 mg) was fraction- 
ated by cellulose column chromatography, 19:l (v/v) butapol-water eluting mix- 
tures of rhamnose and fucose, and of f&ose and xylose. Elution with 8:l (v/v) 
butanol-water gave fractions containing xylose and mannose, and glucose. Finally, 
4:l (v/v) butanol-water eluted gala&se. Each fraction was treated with (-)-2- 
octanol containing a trace of Mhtoroacetic acid, at 130”, and converted to the octyl 
glycosides. These were acetylated and the resulting acetates examined by g.1.c.s in 
a quartz capillary column (0.32 mm i.d. x 60 m) containing chemically-bonded 
Durowax-4 (J. & W. Scientiilc). (Previously used6 was SP-1000, but this was un- 
available). Injections were made in the split mode at So”, and a rapid program 
(4OVmit.t) to 230” (hold) was carried out. The carrier gas was H2 (linear velocity, 80 
cm/s). The retention times of peaks corresponded to those of L-rhamnose, r..-fucose, 
D-xylose, ~-glucose, and Dgalactose derivatives. 

MethyMon anulysh of polysaccharides. -The samples were methylated and 
the products converted into partially O-methylated alditol acetates as previously 
describedlO. G.l.c.-m.r. was performed with a Model 4MlO Finnigaa unit, interfaced 
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with an Incas 2300 Data System. This was equipped with capillary columns (0.25 
mm i.d. X 30 cm) coated with OV-17, DB-210, and 3:l or 1:3 OV--V-17. 
Electron-impact mass spectra were obtained repetitively every 2 s by scanning from 
mass 40 to 420. Injections were made in the split mode at 50” and a rapid program 
(40Ymin) to 220” (hold) was carried out. The carrier gas was He (linear velocity, 22 
cm/s). Final identification of products was obtained by co-injection with standards. 

In the DB-210 column, the acetates of 6-O-methyl derivatives had different 
retention times depending whether they were derivatives of mannitol (8.12 min), 
glucitol (8.96 min), or galactitol (8.26 min). In the case of 2,6-derivatives, the 
values were: mannitol (7.08 min), glucitol (7.34 min), and galactitol (7.16 min). 
For the 3,4-di-O-methyl series, only the derivatives of mannitol (8.76 min) and 
galactitol(9.12 min) were tested. 

Mixtures of 0-methylalditol acetates, obtained from heteropolysaccharide 
and material derived from the Smith degradation, were examined in a capillary 
column of OV-17 under conditions previously describedg. The polysaccharide prod- 
uct gave rise to, in the order of their emergence, acetates of 2,4,6-t&O-methyl- 
galactitol, 2,3,6-t&0-methylglucitol, and 2,4,6-tri-0-mannitol and -glucitol in a 
ratio of 15:5:63: 18. The ratio in the case of the Smith degradation product was 
20:9:69:16. 

On methylation of the heteropolysaccharide, 2,3-di-0-methylxylitol acetate, 
identified as a product by use of the 3: 1 OV-225-GV-17 column, gave rise to an 
ambiguity since this compound has the same elution time as the 3,4-d&O-methyl 
isomer. To distinguish between the two compounds, the mixture of free O-methyl 
sugars was treated with 3% methanolic HCl at reflex for 3 h, and the product 
examined by g.1.c. using the DB-210 column, at a temperature of 50” programmed 
rapidly to 200“ (hold). The mixture of methyl glycosides contained a peak corre- 
sponding to the methyl 3,4-d&O-methyl- (retention time 4.9 min), but not the 
methyl 2,3-di-0-methyl-xyloside (retention time 5.3 min). 
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