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Chemotaxonomic studies on the polysaccharides of Itchens. Polysaccharldes 

of stereocaulaceous lichenst 
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Since the ploneertng work of Berzellus’, several polysaccharldes of lichens 

have been studled The water-soluble polysacchandes, generally contarned to the 
extent of > 10°C m hchen thalh are classified chemically mto 3 groups (I) homo- 
glucans3-‘, (2) heteroglycans” and (3) glycopeptIdes” lg The hchen homoglucans 
have been studled more extensively than other groups, as tabulated m Table I. 

nevertheless heterolycans and glycopeptldes are also known to be dlstrlbuted In 

lichens 
Some h&en polysaccharldes show host-medIated, antltumor actwty agamst 

unplanted Sarcoma 1SO In mice. and the structure-actlwty relatIonshIps have been 
discussed” I8 

On the other hand the polysaccharldes of lrchens can be used to some extent 
as reference compounds for the chemotavonomlc classlficatlon of hchens, the most 
remarkable example of such use has been prowded by the characterlstlc occurrence 
of pustulan, a partially acetylated (1-6)~/l-glucan, In umbkahaceous hchens” 
The polysaccharldes of stereocaulaceous hchens have been investigated m this respect, 
and the structure of a water-soluble polysacchande, SJ-2- I, of Srer eocnlrionJrrponlcrilIr 

Th Fr has been reported” I5 as bemg that of a (l-+3), (I +4)-@wan (3 1) 
partially branched at either positIons 3 4 or 2 3 as the main component, accompanymg 
one hawng (I -+3), ( 1 h-l)-y-lInkages (_ 3 1) as a minor structure A slmllar glucan 
havmg (I -3), (I -+a)-wlmhages (5 2) was reported earher” to have been ISOldted 

from Sr pascule (L ) HoEm 
The present paper concerns further chemical screemng of the cold-water- 

soluble polysaccharldes of some other members of stereocaulaceous hchens, and 
certam ChemotauonomIc cons1deratIons 

tPnrt IX m the series Poly>acch.wdes of Lxhens and Fungi For Part VIII, see ref 1 
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EYPERIBIEVT4L 

Getletnl - I r spectra were recorded wth a JASCO Model DS-420-G, specific 

rotations determmed wth a JASCO Model ORD/CD spectrometer, and the elemental 
analyses (%N) made wth a Perkm-Elmer M 240 Analyzer Sugar analyses were 

performed wth a JEOL chromatographlc, fully automatic, analyzer Model JLC- 
6AH The 13C-n m r spectra were recorded at 15 MHz at room temperature wth a 

JEOL FX-60 NMR spectrometer usmg 10% solutions m D,O m IO-mm (o d ) 
tubes The n m r shifts were related to Internal Me,5 Mass-spectral analyses were 

performed \xIth a JEOL Gas Chromatograph-Mass Spectrometer system (Model 

D-300) coupled wEh a JEOL data-analysis system (Model JMA-2000 disc system) 

In g 1 c -e I m s , the acceleration voltage was 3 00 kV the lomzatlon energy, 70 eV, 

the Ion-source temperature 190”, and the vacuum 100 ntorr, and m g 1 c-c I m s , 
the acceleration voltage was 200 eV , the lomzatlon gas NH, the lomzatlon energy, 
3 00 kV. the Ion-source temperature, 190c. and the vacuum. 10 pctorr 

PI epm atron of DE,4 E-celhrlose coImm - DEAE-cellulose (Whatman DE-23, 

200 g) was suspended m water (15 vol ), and degassed for 2 h m an ultrasomc-wave 

bath The fully stirred sIurry was poured mto a glass column (60 mm, o d x 1 m), 

s-2-1 

I oo- ? Pnos!3nate buf'e- 

! 
\ 

: 

, , \ I’, ‘\., I I 1 I 

10 20 3c 40 50 EG 70 80 90 

F-actrcr ““mbsr (33l-rL eacr 

FIN 1 Eluuon diagram of S-_ 7 on DEAE-cellulose, determined b) phenol-sulfurx acid (as the 
reagent) and the absorbance It 490 nm 
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and successively eluted wth 0 5hf HCI (1 5 L) and dIstIlled water to give an effluent 
of pH 4 0, and then wth 0 5~ NaOH (3 0 L) and dlstdled water to pH 7 0 The 
column was equlhbrated wth 0 I&r phosphate buffer (3 0 L), and finally treated wth 
the first buffer solution (0 OlhI, pH 6 8) 

Afaterrals - The followmg hchens were used Stet eo~arrlo~~ TOI cdrfer MI 

Hue (collected at IchgoJl, Kyoto), St ewtmz Nyl (collected at Nikko), St tomemo- 

SII~Z Fr (collected at Squamlsh, B C , Canada), St mter rmd~~rn~ (Sav ) Map 

(collected at Mt Bandal), and St lesuwanum Pers (collected at Salko, Mt FUJI) 

The results of the prevlow study’ on Sr ~apo~mrrm Fr (collected at Salho Mt 
FUJI) were referred to, for comparison 

Isolatrotz andpw @catron - Powdered hchen thalh (400 g) were twce extracted 
with acetone (3 L) durmg 6 h, and twce wth 80% ethanol (3 L) dunns 6 h, In order 
to remove soluble components, and the residue was twce extracted wth dwlled 
water (3 L) durmg 8 h on a bollmg-water bath The hot extracts were treated wth 

\ ethanol, gwmg preclpltates that were collected, and dried, to afford water-soluble 
polysacchandes (Fraction S-l) The crude polysaccharIde was separated by the freeze- 
thaw method Into a cold-water-soluble fraction (Fraction S-2) and an Insoluble 
fraction (Fraction S-3) 

A solution of fraction 2 (500 mg) In water (30 mL) was chrom,ltographed 
(see FIN 1) on a column of DEAE-cellulose, usmg stepwse elutlon lwth a phosphate 
buffer (pH 6 8) of gradlent concentrations (I) 0 01~1 (I L), (n) 0 05x1 (1 L), and (111) 

0 1x1 (1 L), each effluent collected was dialyzed, and the solution lyophlllzed (set 
Scheme 1) 

Lxhen tholll 

1 

extracted with 

(I) acetone 

(II) 80% ethanol 

(1111 hot water 

5-l 
Freeze and 

thaw 

I 

Cold -water - Cold -water - 

soluble froctlon msoluble froctlon 

s-2 s-3 

Scheme 1 General fractlonatlon process for hchen polysaccharrdes 

Srrga1 a~lalysts - Neutral-sugar components of each polysacchande fraction 
were determmed with a sugar analyzer as follows The polysaccharlde was hydrolyzed 
wth ht H,SO, for 12 h at loo”, and the hydrolyzate made neutral wth Amberlite 

IRA-47 (OH-), and evaporated to dryness The residue was dissolved In 0 1351 
borate buffer (2 mL), and exammed wth a sugar analyzer Determmatlon of the 
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sugar components was made by the orcmol-sulfuric acid method, the absorbances 
at 510 and 425 nm bemg automatlcally recorded 

Merhdrrtion cnznl~ SIS - The first fraction (50 mg) collected by chromatography 
on a column of DEAE-cellulose was methylated twce by the Hakomork method”, 
to yield fully methylated polysaccharlde that gave no OH absorption m the I r 
spectrum. The methylated polysaccharlde was hydrolyzed wth M sulfuric acid (5 mL) 
for 12 h at 100” the acid neutrahzed wth Amberhte IRA-47 (OH-), the filtrate 
evaporated to dryness and the residue reduced for 3 h wth a solution of NaBH, 
(200 mg) m water (10 mL), x\lth stlrrmg After treatment with Amberhte IR-120 (H+) 
unti1 evoiutlon of gas ceased_ boric acid was removed by codrstlllatlon wth methanol 
The product was dried 111 IQCLIO, and acetylated wth acetlc anhydrlde (5 mL) and 
p>ndme (5 mL) for 12 h at room temperature The acetylatlon product was submitted 
to e 1 c -m s m d column (3 mm x 2 m) of2% of OV-225 under a pressure of carrier 

gas (N1) of 2 hg cm-’ 

TABLE II 

CH\R=KTERILI\G PROPERTIES OF LICHEU POLlS&CCHARLDES ISOLdTED FRO\1 .!hieO~Nll/Oil SPP 

- - 

SJ-1 05 
SJ-2 04 
SJ-2-I” I-Ill 
SJ-3 10 
ss-1 ml 
ss-2 ml 
ss-2-l” ml 
ss-3 2 2 
SE-I - 
SE-2 10 
SE-2-1~ ml 
SE-3 - 

sv-1 04 
W-2 09 
SV-2-IU 07 

w-3 OS 
ST-I 09 
ST-2 07 
ST-2-l= 25 
ST-3 08 
SI-I - 

SI-2 03 
SI-2-la 09 
5x-3 - 

T_lSO 
- 174 
T-201 

-76 
-170 
- 17s 
1230 
-- 169 
i 172 
‘IS3 
-160 

1-54 
-43 
-t-35 
-23 
774 
-57 
Y-58 
--so 
i-74 
-r73 
ISS 
170 
+-81 

$40 2 
840 2 
850 - 

843 1 
s-lo 2 
s45 2 
545 - 

545 - 

s.so 1 
550 1 
845 - 

843 2 
845,591 3 
845,895 4 
800,870 1 

843,595 4 
850,890 1 
840,880 4 
800,890 5 
806,890 2 
845,896 3 
840,880 - 

800,890 7 
893 810 - 

I 

I 
- 

2 
1 
1 

- 

I 
- 
- 
- 

1 
7 
4 
I 
4 
2 
3 
4 
3 
2 

- 

.5 
- 

13 

13 
1 
4 

14 
10 

1 
12 
3 
3 
1 
7 
9 
3 

: 
1 

2 

3 
3 
2 

- 

8 
- 

150 
89 
61 
0 04 
53 
36 
IS 
01 

17 3 
113 
54 
06 
57 
26 
13 
02 
39 
19 
09 
06 
92 
65 
09 
0 01 

“The mam fraction of the cold-water-soluble portlon, separated by DEAE-cellulose column chroma- 
tography, tha fracnon was used for ~dentkatlon 



NOTE 171 

RESULTS AND DISCUSSION 

Some physrcochemrcal propertres of the crude polysaccharrde and the fracttons 
separated by freeze-thawng. followed by chromatography on a CO~UI-~III of DEAE- 
cellulose, are gtven m Table Ii The sews of purrfied water-soluble polysaccharrdes 

of Sre~eoccrr~lo~r spp so far exammed was grouped mto a-@cans and /?-dommant 
heteroglycans, by analysis of the sugar components mtrogen content (I’,,) values 
of optlcal rotation, and I r -spectral absorptrons 

The structures of the a-glucans (SS-2-1 and SE-2-I) were rnvestrgated by r3C- 

n m r spectroscopy, whrch revealed that they dre very similar toI *’ SJ-2-l their 
structures havmg CC-( l-+3)-( 1 +4)-lmkages (3 1) as the marn sequence (see Table 111) 

Tn addmon, methylatron anaIysrs was also performed to vcrrfy the nature of 
the hnkages The permethylated v-gfucan prepared by the Hahomorr method wc14 
hydrolyzed, and the products were transformed mto aldrtol acetate methyl ethers III 

the usual way For exClmple, the retention tmies In g 1 c of the O-n~cthylald~tol 

acetates derwed from SS-2-l are shown n-r Table IV Each g I c fractron of O-mcthyl- 

aldrtol acetates was dtrectly measured by e I m c The mqor peahs of these mass 
fragments agreed well wth the results grven earlrer by BJorndal ef n/ 27, but the 
molecular-ton peak of each 0-n~ethylaldnol ‘tcetate drd not appear However, LI~III~ 

c I m s , wth ammonra as the lomzatron reagent-gas, QMf Ions of 0-n~cthylaldrtol 

acetates were gwen The results of methylatton cmalysls, based on the g I c -111 s 
analysq agreed wrth the structure of SS-2-I revealed by the 13C-n m r spectr‘r 

In concluston, the Irchens of Stereocaulaceae so far tested may be classrfied 
Into 2 groups accordmg to therr water-soluble, polysacchartde constrtuents One 

group, mvolvmg Stel fzo~aulon Jupoilrcmr St 301 ~clullfL’I im, and St ~~umm, contdln5 
V-( 1 -+3)-( 1 -A)-glucan (3 I ), and d group coniprismg Sr ICWIIV~III~I~II, St t~mwto~m?, 

TABLE III 

THE ASSIGNMEhTS OF 1 ‘C-N \I R SIGV4LS OF LICHEN HOUOGLUCAhS ISOLATEI I-ROV StC~iOCdOIl SPP 

Homo&can /tacttom AssIglrtrrerlt 

SS-2-I SJ-2-l SE-?-I 

1010 I01 2 101 0 

1004 1003 100 3 
810 80 9 809 
78 2 7s 2 78 2 
744 744 74 5 
73 6 73 8 73 6 
72 7 72 7 72 7 
71 6 71 6 71 6 

61 6 61 6 61 6 

C-l (l-94) 

C-l (l-+3) 
c-3 (l-3) 
c-4 (I-4) 
c-3 (1-b-I) 
c-5 (l-+3) 
c-2 (I-4) 
c-2 (l--+3) 
c-4 (l--+3) 
C-6 (l-+3) 
C-6 (I-14) 
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TABLE IV 

G LC-us_ DATA FOR 0-VETHYL~LDITOL ACk-rATES DERIVED FRO&l SS-2-1 Ih UETHYLATION ANALYSIS 

I 5DPO-k-2,3,3 6- 
rrtt a-0-Me-D-glrrutol 

Reretrtron ftme (nm) 

1,3,5-Trl-O-AC-2 Q 6- 1,4 5-7-t I-O-AC-Z 3,6- 
It l-O-~+f~-D-&cr~o~ Irr-0-Ale-u-gll~clroI 

m/z L’ 1 CI rr CI CI C, 

43 
45 
71 
so 
s7 
99 

101 
113 
117 
129 
135 
161 
205 
315 
233 
242 
363 
291 
340 
365 

loo011 
29 

119 

151 

543 

320 
173 
x2 
313 
10-I 

1000" 
209 
31s 

162 
214 

512 

540 

26s 

675 

1000" 

looo’~ 
17.5 

179 
91 

305 
669 

IS0 
243 

310 

300 210 

1000” 1000” 

=Relatl\e mtensny to ma 1000 bQM* ron [ibl -!- NH& 

and St metmehrm IS characterized by the presence of a /?-dommant heteroglycan 
contamIng o-mannose, D-galactose, and D-glucose The present results provide a guide 
for further chemotaxonomlc mvestlgatlons of Stereocaulaceae h&ens 
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