
Phytockmimy. Vol. 25. No 5. pi 1127-l 132. 1986 
Fvintcd m Great Bntain 

0031~9422%6s3.00+000 
c I986 pcrslmon Prem Lid 

THE CARBOHYDRATE MOIETIES BOUND TO THE CAROTENOIDS 
MYXOL AND OSCILLOL AND THEIR CHEMOSYSTEMATIC 

APPLICATIONS* 

PER Foss, Ouv M. SKuuwtGt, LAW Ktm and SYNN@E LIME&JENSEN 

Organic Chemistry Idoratories, Norwcgm Institute of Tochnotogy. University of Trondhclm. N-7034 Trondlxim-NTH. No-y; 
+Norwcgian lnsutute for Wskr Raearch, Bhhn, Oslo 3. N-y. $Dcpartaxn~ of Chcmis~ry. Cdkge of Arts and Scicncq 

University of Trondtxim, 7tX30 Trondhm Norway 

(Receiwd IO April 1985) 

Key Wad Imdex4scfdllotorfo qpdW Carorcnoid glycosideq myxd; oscillot zchivonosida; z-3-0- 
mcthylfuaxida. 

Abstract-The sugar moiety bound to myxol in Oscilloloria qeardhii was shown by ‘H NMR (400 MHz) experiments 
and glycoside hydrolysis to be a-linkcd chinovosc, tentatively with the L-configuration. LXrcct comparison of 100 MHz 
’ H NMR spectra of the acetates of myxol achinovoside and of oscillaxanthin ex Arthrospiro sp. suggests the same sugar 
component in oscillaxanthin, and also in myxoxanthophyll from the latter sounx. The 0-methyl mcthylpcntoside 
bound to myxol in 0. bonvrii f. rnuis was identified by ‘HNMR as z-linked 3-Gmethyl-fucosc, tentatively L- 

configuratai. The differentiation of spccics in the genus Oscilfaroria, causing natural blooms in eutrophic lakes, was 
supported by their carotenoid pattern when including the diffcrcnces in sugar moiety of the carotenoid glycosidcs. 

lNlRODUCllOS 

Blue-green algae (Cyanobecteria) synthcsizc spaciec 
monocyclic and aliphatic carotenoid glycosidcs [l. 21. 
The carotcnoid agl 
established chirality I” 

ne is citha myxol (1) (31 of 
41 or oscillol(2) [3] of unestablished 

chirality 
\ 
4.51. Biogcnctically 2.2’~Sxhirality for 2 is 

prcdiaal 41. 
Myxoxanthophyll, first isolated from Oscillato& rube- 

scens [63, was upon direct comparison cons&red idcnt- 
ical with a sample from Anhrospiro sp. [q. In 1969 
myxoxanthophyll ex Arthrospiru sp. was assigned the L- 
rhamnoside constitution 3 [g]. The idcnttition of tbc 
sugar moiety was based on mpJs spectromctry and 
‘H NMR (100 M& no spin decoupling) of the tet- 
f88cctate 3a. Furthermore rhamnosc was identified as the 
major sugar by paper chromatography after glwe 
hydrolysis. A minor sugar component was identifiad as 
glucose by paper chromatography, consistent with the 
mass spectrum of acetylatai myxoxanthophyU(3a + 4a), 
revealing the prcsencc of a hcxosidc 4. 

Oscillaxanthin, first isolated from 0. rubescens [9] was 
upon direct comparison cons&red identical with a 
sample from Arthrospira sp. [7], suytly assigned 
the dirhamnosidc constitution 5 [lo]. H NMR corn- 
lations with the methyl triecctyls- and @&amnosides 
were later attempted [I l]. 

In 0. limos4 [ 3 3 and 0.6omaii f. fenui.5 [ 121 myxol and 
oscillol are glvoo~idically bound to an O-wthyl- 
wthylpcntosidc, 6 and 7 rcspcctivcly, judged from the 
molecular ions prominent oxonium ions a1 m/z 245 ti 
fragment ions thereof in the mass spectra of the 0octylate.d 

*Part I I in tk series Tarotmods of Blue-green Algae”. For 
Pti 10 sa Phyrorkrmnry (1981) 19. 2167. 

carotcnoid glycosidcs & and 7r. The known distribution 
of cprotcnoid glycosidcs in blue-grcc algae until 19%0 has 
been summprizad [I, 133. 

Razntly new glycosida were reported from Spirulino 
sp. with myxol and oscillol mainly linka! to u-Lchinovosc 
and partly to a-Lfucosc according to a 400 MHz 
‘H NMR study [ 143. The carbohydrate moiety in thcsc 
glycosides (S-11) was partly cstcrificd with fatty acids. 

RESULTS AND DECUSSlON 

7&e agar moieties bawd co myxol ad oscillol 

The availability of 400 MHz ‘HNMR and the 
spin+n docoupling technique has prompted a ‘H NMR 
study of the carbohydrate moictics in the available 
myxoxanthophyll-like glycosidc from 0. apzrdhii [IS] 
and of the myxol 0-methyl-methyIpcntoside from 0. 
6ornecii f. ~envis. ‘H NMR data for the tetraacetate Ih 
(see Fig I) of myxoxanthophyll ex 0. q&hi was 
consistent with the a-chinovoside structure 12. 

Thus the ‘H NMR signals for the myxol aglycone 
agrad with previous reports [3,8]. The multiplicity and 
coupling constants, in addition to spin decoupling expcr- 
imcnts for the metine and methyl protons of the carbo- 
hydrate moiety (Fig. l), wm consistent with the ‘C, 
conformation (provided Lcordiguration) of a triacctyl6- 
deoxy-a-glakk (achinovosidc, A). The identity of the 
carbohydrate moiety was con8rmal by glycoside hydro- 
lysis followal by acztylation of the reducing sugar and 
comparative GLC studies with Dchinovosc tetraacctatc. 
Lrhamnosc tctraacztatc and Lfucosc tetraacetatc. 
Attempts to separate enantiomcric &zetylatai carbohy- 
drates on a chiral GLC column faikd. 

Direct comparison of the 4OOMHz and 100MHz 
‘HNMR spectra of the tetmtate 12a of myxol-a- 
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chinovoside and of the previously recorded 100 MHz 
‘HNMR spectrum of oscillaxanthin hewtate ex 
Arzhrospirc sp. [IO] revcAd the prcscrxx of the same 
carbohydrate moiety. Reassignment of the proton signals 
[I I] in favour of the achinovoside structure 13a for 
oscilhxanthin hcxaacetate on the basis of the spin decoup 
hngexperinuntsmaynmvbema&andrcquircsar&sion 
of the a-tthammide structure 5 to the achinovoside 
structure 13. Chinovosc and rhamnose arc C-2 epimcrs. 

It appears plausibk that myxoxanthophyll l x the same 
Anhtospirc sp. also is an achinovoside (It). Rhamnow 
and chinovosc should then exhibit closely similar Rr 
vahlcs [8]. 

Turning now to the myxo1 0-methyl-methyipentoside 
(6) ex 0. bonvrii f. rent& the ‘H NMR spectrum of the 
triacetate (6o) was compatible with a myxol-O-methyla- 
fucoside. The multiplicity and coupling constants, 
together with spin docoupling experiments for the 
tnethine and methyl protons of the carbohydrate moiety 
(Fig I), were consistent with the ‘C, conformation 
lwovidal L-configuration) of a diacetyl &deoxy-a- 
&.kto~idc (a-fuGside, C) The 4,Scoupling constant 
could not dire&v exclude the C-5 c~iwric 6dcox~-&~ 

ahsidc in th; ‘C1 conform&on. However~ -this 
&cosidc would prefer the thermodynamicafly mote 
favoured l C, conformation, which is ruled out by the 
‘H NMR data. Allocation of the methoxyl group to C-3 of 
the carbohydrate moiety in the natural glycoside followed 
from ‘H NMR correfation with tetraacetyl a-r-fucose (D, 
Fig. 1). pentaacetyi z-t&xose F and tetraaatyl 3-O- 

methyl-a-~glucose (15). 
The absolute configuration of the achinovoside and 3- 

O-methyls-fucoside moieties were not determined, but L- 
configuration is common for ddeoxy hexoses from 
prokaryots [16]. Methyl pentoses reported from pro- 
karyotes include Mtamnose. t.-fucose, 3-O.rnethyl-t- 
rhamnose and 2-O-methyl-L-fucose (161. 

In concfusion it appears that myxol (1) in natural 
carotenoids is g.lycosidicaIly bound to acylated Z-L- 
chinovoro (8) and acylated a-t-fucose (9) [14], to a-t- 
chinovose (12, major component in myxoxanthophyll). 
glucose (4, minor component in myxoxanthophyll) or to 
3-O-methyl-u-L-fucose (6) Except for glucose, oscillol(2) 
occurs g@zosidiatiIy bound to the same sugars (10.11 and 
13 - oscihaxanthin). 

Taxonomic and phyhgenetic applications 

Planktic species of Osciliororia art major contributors 
to the phytoplankton of Norwegian inland waters. More 
than fifteen species have been reported, and some develop 
algal blooms (171. The limitations of morphological and 
cytological charaneristics complicate the classification of 
O~~Z~t~~e~ [l&-20], and chc~syst~t~ ap 
proaches are obvious. Carotenoid distribution patterns 
may represent a useful tool [21.223. Previous microscopic 
examination of the strains, involving the trichomt type, 
cell size and shape and cellular inclusions, had resulted in a 
division into the 0. ~~d~i/~~~ group and 0. 
bmrii group 1231 (Table 1). In line with the morpholo- 
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Fig. I. ‘HNMR spaztral data for the zmx~yla~al sugar moktics of carotenoid glycosida and rekvant model 
COmpolMkiS. 

gical diffcrcnccs the numbers of the 0. agardhii/rubexen.r 
group are all strictly planktic, whereas 0. /imoscl[24,25] 
and 0. hrii prefer a btnthic mode of living, but may 
dmlop a planktic phase. 

In the present work six sckctcd strains wcrc cuhivatod 
under identical and controllal laboratory conditions. The 
carotcnoid pattern was analyzed quantitatively with par- 
ticular emphasis on the carbohydrates bound to myxol(1) 
and oscillol (2): wthylpcntose (chinovosc) or O-methyl- 
mcthylpcntosc (3-O-mcthylfucosc) as determined by mass 
spectroscopy of the ;wxtylatcd carotcnoid glycosida 
(Tabk I). 

The results clearly support differences between the 
specks of the IWO algal groups. Thus, the algae in the 0. 
bornelii group all contained carotenoid glycosidcs basal 
on the 0-methyl-mcthylpcntosc identifkd as 3-O-mcthyl- 
a-L-f= in 0. bornerii f. renuis from Lake Mj@a. By 
contrast the 0. ~urdhii/ra&scens group all contained 
glycosidcs of mcthylpcntoscs considered as the common 
myxoxanthophyll (12) and oscillaxanthin (13). 

ilio&gical wcriolr. Algal ~ampks were coUo3ed from selected 
locnli~ies of Norwegian mland waters. The dominant forms were 
tiled and cul~urad; NIVA strains: CYA 29. Lake GjersM. 

1968. kohrad by R. Romsud; CYA 56/l. UC Steinsljprden 
1978. tiled by T. K-v& CYA 65. me vMSJ# 1979; CYA 
60, me Mm 1978; CYA 33/6. Lake Midrp 1976 and CYA 70, 
River GlCrm 1980. Tbc four htwr strains were rsolata! by R. 
Skulbcrg The cultures are dcpohd in the culture colkction of 
algae at the Nomegun Institute for Water Research (NIVA) 

PI. 
Thcculrwaweregrown~tdcntical conditionsinmaiiumZ8 

[26,27]undal~17~Em~~rcc~‘~uor~rillumirrPrionsnrh 
a 12/12 hr lighr/dark cydc PI 15”. Cells were hawuted by 
centrifugatton and lyophilizal or deep-frozen until pigment 
extraction. 

Morcriulr und mnhodc. Thae were as commonly employal in 
the NTH hborarory [2g]. R, nlua refer IO TLC (silica gel), 
duenr Me#IO )I) hewe (AH). If not othmx specified VIS 
spectra are rccordcd In Er,O. For the ma speara only 
prominent and diagnostwnlly useful ions are atai. 

Inditiduol ccaroren&s. These are rrcatal in order of incrasmg 
adsorption upon TLC. 

j?JKurorcw.R, = l.O0(3O~~AH),R, - O.g1(5O,AH.rpacnl 
pIala [29], inscparabk from au~hcntic fl&arotcne; VIS 
L nm: (420), 448.475; MS m/r (rel. int.): 536 [M] l (100). 444 
[M -921’ (IO) 

ECU (B&carorm4ont). R, - 0.83 (u)‘, AH). insepar- 
rbk from an authentic standard, VIS 1, nm: 453. (474k MS mjz 
(rel int.k 550 [Ml’ (100). 4% [M -921’ (IO). 

Cryptomhin (B$-carorm-3-oQ R, - 0.69 (30:1_ AH), In- 



T&k 1. Ckotmoid distribution pattern in soaw sp&s of Osrikuorio 

0. rubtscmc (NIVACYA 1) 
0. mbesrmr vu. 

(Ihe stcinsij~) 
0. qJadM var. 

(Lalre Kolbumvatn) 
0. ugardhii (lake Anln@cn) 
0. agdhii (NWA-CYA 29) 

0. at&m&ii var. kothria 

(NIVACYA 6s) 
0. q&Ml VW. isothrix 

(NIVA-CYA 56/l 

29 4 8 19 1 - - 30 10 - - VJ 
37 - 9 19 1 - - 20 14 - - (51 

26 12 18 1 - - 22 2J - - .- - c53 OSCiUUt~ 

) ogordh(i! 
3s 4 9 8 I - I 33 IO - - - [ISI wkccns group 
54 1 12 12 1 - -- 16 3 1 * 
62 2 10 II <I l - 12 2 - <I 

52 2 17 12 <I - - 14 3 - - - . 

0. bmutii f. rmiw (NIVA-CVA 33/l ) 39 2 12 IS .- I - - 2s 3 2 
0. burtail (NIVA-CYA 60) 60 <I 12 12 <I - - I 12 2 - . OSCll&lWilI 
0.6owru 1. tcnuu (NIVACYA 70) 75 I 4 9 <I - - - I 9 1 _. bomrlic group 
0. bmcrii f. renuir (NIVACYA 33/6) 61 < 1 10 9 , _ - 2 14 2 - . 

0. /inxx~~ (River Ndclva) 17 I 22 23 7 - - - 21 9 - [3] Ovilkuiwb limos0 

*Present work 
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