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Abstract—The sugar moiety bound to myxol in Oscillatoria agardhii was shown by 'H NMR (400 MHz) experiments
and glycoside hydrolysis to be a-linked chinovose, tentatively with the L~configuration. Direct comparison of 100 MHz
'H NMR spectra of the acetates of myxol a-chinovoside and of oscillaxanthin ex Arthrospira sp. suggests the same sugar
component in oscillaxanthin, and also in myxoxanthophyll from the latter source. The O-methyl methylpentoside
bound to myxol in Q. bornetii f. tenuis was identified by 'HNMR as a-linked 3-O-methyl-fucose, tentatively L-
configurated. The differentiation of species in the genus Oscillatoria, causing natural blooms in cutrophic lakes, was
supported by their carotenoid pattern when including the differences in sugar moiety of the carotenoid glycosides.

INTRODUCTION

Blue-green algae (Cyanobacteria) synthesize specific
monocyclic and aliphatic carotenoid glycosides [1, 2).
The carotenoid aglycone is either myxol (1) [3] of
established chirality [4] or oscillol (2) [ 3] of unestablished
chirality &4,5]. Biogenetically 2,2'-Schirality for 2 is
predicted [4).

Myxoxanthophyll, first isolated from Oscillatoria rube-
scens (6], was upon direct comparison considered ident-
ical with a sample from Arthrospira sp. [7]. In 1969
myxoxanthophyll ex Arthrospira sp. was assigned the L-
rhamnoside constitution 3 [8]. The identification of the
sugar moiety was based on mass spectrometry and
'HNMR (100 MHz, no spin decoupling) of the tet-
raacetate 3a. Furthermore rhamnose was identified as the
major sugar by paper chromatography after glycoside
hydrolysis. A minor sugar component was identified as
glucose by paper chromatography, consistent with the
mass spectrum of acetylated myxoxanthophyll (3a + 4a),
revealing the presence of a hexoside 4.

Oscillaxanthin, first isolated from O. rubescens [9] was
upon direct comparison considered identical with a
sample from Arthrospira sp. [7], subwc’uently assigned
the dirhamnoside constitution § [10]). '"HNMR corre-
lations with the methyl triacetyl-a- and f-L-rhamnosides
were later attempted [11].

In O.limosa [3] and O. bornetii . tenuis [ 12] myxol and
oscillol are glycosidically bound to an O-methyl-
methylpentoside, 6 and 7 respectively, judged from the
molecular ions, prominent oxonium ions at m/z 245 and
fragment ions thereof in the mass spectra of the acetylated

*Part 11 in the series “Carotenoids of Blue-green Algac™. For
Part 10 sec Phytochemistry (1981) 19, 2167.

carotenoid glycosides 6a and 7a. The known distribution
of carotenoid glycosides in blue-gree algae until 1980 has
been summarized [, 13].

Recently new glycosides were reported from Spiruling
sp. with myxol and oscillol mainly linked to a-L<hinovose
and partly to a-L-fucose according to a 400 MHz
'HNMR study (14]. The carbohydrate moiety in these
glycosides (8-11) was partly esterified with fatty acids.

RESULTS AND DISCUSSION

The sugar moieties bound to myxol and oscillol

The availability of 400 MHz 'HNMR and the
spin-spin decoupling technique has prompted a 'H NMR
study of the carbohydrate moieties in the available
myxoxanthophyll-like glycoside from O. agardhii [15]
and of the myxol O-methyl-methylpentoside from O.
bornetii f. tenuis. '"H NMR data for the tetraacetate 12a
(see Fig. 1) of myxoxanthophyll ex O. agardhii was
consistent with the a-chinovoside structure 12.

Thus the 'HNMR signals for the myxol aglycone
agreed with previous reports [3,8]. The multiplicity and
coupling constants, in addition to spin decoupling exper-
iments for the metine and methyl protons of the carbo-
hydrate moiety (Fig. 1), were consistent with the !C,
conformation (provided L-configuration) of a triacetyl 6-
deoxy-a-glucoside (a-chinovoside, A). The identity of the
carbohydrate moiety was confirmed by glycoside hydro-
lysis followed by acetylation of the reducing sugar and
comparative GLC studies with D-chinovose tetraacetate,
L-thamnose tetraacctate and L-fucose tetraacetate.
Attempts to separate enantiomeric acetylated carbohy-
drates on a chiral GLC column failed.

Direct comparison of the 400 MHz and 100 MHz
'HNMR spectra of the tetraacetate 12a of myxol-a-
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chinovoside and of the previously recorded 100 MHz
'"HNMR spectrum of osciliaxanthin hexaacetate ex
Arthrospira sp. [10] revealed the presence of the same
carbohydrate moiety. Reassignment of the proton signals
(11] in favour of the a~chinovoside structure 13a for
oscillaxanthin hexaacetate on the basis of the spin decoup-
ling experiments may now be made, and requires a revision
of the a-L-rhamnoside structure $ to the a<chinovoside
structure 13. Chinovose and rhamnose are C-2 epimers.

It appears plausible that myxoxanthophyll ex the same
Arthrospira sp. also is an a-chinovoside (12). Rhamnose
and chinovose should then exhibit closely similar R,
values [8].

Turning now to the myxol O-methyl-methylpentoside
(6) ex O. bornetii f. tenuis the 'H NMR spectrum of the
triacetate (6a) was compatible with a myxol-O-methyl-a-
fucoside. The multiplicity and coupling constants,
together with spin decoupling experiments for the
methine and methyl protons of the carbohydrate moiety
(Fig. 1), were consistent with the 'C, conformation
(provided L-configuration) of a diacetyl 6-deoxy-a-
galactoside (a-fucoside, C). The 4,5-coupling constant
could not directly exclude the C-5 epimeric 6-deoxy-§-D-
altroside in the 'C, conformation. However, this
glycoside would prefer the thermodynamically more
favoured *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 correlation with tetraacetyl a-L-fucose (D,
Fig. 1), pentaacetyl x-D-glucose F and tetraacetyl 3-O-

methylpentosy! {Ac):

methyl-a-p-glucose (E).

The absolute configuration of the a<hinovoside and 3-
O-methyl-a-fucoside moieties were not determined, but L-
configuration is common for 6-deoxy hexoses from
prokaryotes [16]. Methyl pentoses reported from pro-
karyotes include L-rthamnose, L-fucose, 3-O-methyl-L-
rhamnose and 2-O-methyl-L-fucose [16].

In conclusion it appears that myxol (1} in natural
carotenoids is glycosidically bound to acylated a-L-
chinovose (8) and acylated a-L-fucose (9) [14], to a-L-
chinovose (12, major component in myxoxanthophyll),
glucose {4, minor component in myxoxanthophyll) or to
3-O-methyl-a-L-fucose (6). Except for glucose, oscillol (2)
occurs glycosidically bound to the same sugars (10, 11 and
13 = oscillaxanthin).

Taxonomic and phylogenetic applications

Planktic species of Oscillatoria are major contributors
to the phytoplankton of Norwegian inland waters. More
than fifteen species have been reported, and some develop
algal blooms [17]. The limitations of morphological and
cytological characteristics complicate the classification of
Oscillatoriaceae [18-20), and chemosystematic ap-
proaches are obvious. Carotenoid distribution patterns
may represent a useful tool [21, 22]. Previous microscopic
examination of the strains, involving the trichome type,
cell size and shape and cellular inclusions, had resulted ina
division into the O. agardhii/rubescens group and O.
bornetii group [23] (Table 1). In line with the morpholo-
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Fig. 1. '"HNMR spectral data for the acetylated sugar moicties of carotenoid glycosides and relevant model
compounds.

gical differences the members of the 0. agardhii/rubescens
group are all strictly planktic, whereas O. limosa [24, 25]
and O. bornetii prefer a benthic mode of living, but may
develop a planktic phase.

In the present work six selected strains were cultivated
under identical and controlled laboratory conditions. The
carotenoid pattern was analyzed quantitatively with par-
ticular emphasis on the carbohydrates bound to myxol (1)
and oscillol (2x methylpentose (chinovose) or O-methyl-
methylpentose (3-O-methylfucose) as determined by mass
spectroscopy of the acetylated carotenoid glycosides
(Table 1).

The results clearly support differences between the
species of the two algal groups. Thus, the algac in the O.
bornetii group all contained carotenoid glycosides based
on the O-methyl-methylpentose identified as 3-O-methyl-
a-L-fucose in O. bornetii f. tenuis from Lake Mj¢gsa. By
contrast the O. agardhii/rubescens group all contained
glycosides of methylpentoses considered as the common
myxoxanthophyll (12) and oscillaxanthin (13).

EXPERIMENTAL

Biological materials. Algal samples were collected from selected
localities of Norwegian inland waters. The dominant forms were
isolated and cultured; NIVA strains: CYA 29, Lake Gjersjgen,

1968, isolated by R. Romstad; CYA 56/1, Lake Steinsfiorden
1978, isolated by T. Killqvist; CYA 65, Lake Vansjg 1979; CYA
60, Lake Mjgsa 1978; CYA 33/6, Lake Mj¢sa 1976 and CYA 70,
River Glima 1980. The four latter strains were isolated by R.
Skulberg. The cultures are deposited in the culture collection of
algae at the Norwegian Institute for Water Research (NIVA)
(26).

The cultures were grown at identical conditions in medium Z8
(26.27] under 14-17 uE m ™ ? sec ™ ! fluorescent illumination with
a 12/12hr light/dark cycle at 15°. Cells were harvested by
centrifugation and lyophilized or deep-frozen until pigment
extraction.

Mazerials and methods. These were as commonly employed in
the NTH Laboratory [28]. R, values refer 1o TLC (silica gel),
eluent Me,;CO in hexane (AH). If not otherwise specified VIS
spectra are recorded in E1;0. For the mass spectra only
prominent and diagnostically useful ions are cited.

Individual carotenoids. These are treated in order of increasing
adsorption upon TLC.

BB-Carotene. R, = 1.00(30%, AH), R, = 0.81 (5°, AH, special
plates [29], inscparable from authentic ff-carotene; VIS
Agay N (420), 448, 475; MS myz (rel. int.x 536 [M]* (100), 444
[M-92)* (10

Echinenone (B S~caroien-4-one). R, = 0.83 (30°, AH), inscpar-
able from an authentic standard; VIS i,,, nm: 453, (474x MS m;2
(rel. int.y 550 [M]* (100), 458 [M —92]" (10).

Cryptoxanthin (BS-caroten-3-ol). R, = 069 (30°, AH), in-
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*Present work
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separable from an authentic standard; VIS 4_,, nm: (420), 447,
473; MS m/z (rel. intk 552 [M]° (20), 460 [M —92] (5), 91 (100).

Y-Hydroxy-p p-caroten-4-one. R, = 0.64 (309, AH), insepar-
able from an authentic standard ex Arthrospira sp. 7. 30]; VIS
A ey NM: 452 (475), MS m/z (rel. int) 566 [M]* (10), 95 (100}

Zeaxanthin (B.p-carotene-3,3'diol). R, = 0.50 (309, AH), in-
scparable from authentic zeaxanthin; VIS 4., nm: (420) 448,
476, MS m/z (rcl.int.x 568 [M]* (100),476 [M —92] (10),.462[M
~106] (1).

Unidentified. R, = 0.45 (60°, AHY. VIS 1_, nm: (446), 473,
503.

Myxol-2'-O-methyl methylpentoside (6). R, = 0.32 (60°, AH)
VIS iMeOH nm: 445, 470, 501. The triacetatc 6a was prepared by
standard acetylation [3], R, = 0.82(50% AH) VIS i_,, nm: 445,
471, 502; MS m/z (rel. int.x 870 [M]* (5),812[M - 58]"° (2).778
(M —92]° (1), 764 [M —106]* (3}, 331 (100}, 245 (50); 'H NMR
(CDCl,. 400 MHz, sample ex O. bornetii f. tenuis NIVA-CYA
33/1%61.02 (3H,d. J = 6.5 Hz, Me at C-§, carbohydrate moiety),
1.08 (3H, 5, Me-16/17), 1.11 (3H, s, Me-16/17), 1.17 (3H, 5, Me-
16717, 1.21 (3H, s, Me-167717'), 1.72 (3H, s, Me-18), 1.93 3H, s,
Mec-187), 1.98 (12H, Me-19, 20, 19, 20), 2.06 (3H, s, OAc at C-3),
2.11and 2.15 (3 + 3H, OAc at C-2 and C4 in carbohydrate), 2.47
(IH.dd,J, = 5Hz,J; = 13 Hz, H4), 260 (1H, br s, OH at C-1"),
3.38 (3H. s, OMe in carbohydrate), 3.70 (1H, dd, J, = 3Hz, J,
= 11 Hz, H-3 in carbohydrate), 3.75 (1H,d,J = 9 Hz, H-2'),.4.09
(1H, m, H-5 in carbohydrate), ca 5.1 (1H,m, H-3), 5.06 (1H,dd, J,
= 3Hz J, = 11 Hz, H-2in carbohydrate), 5.11 (1H,d,J = 3 Hz,
H-1 in carbohydrate), 5.38 (1H, brd, J = 3Hz, H-4 in carbohyd-
rate) 563 (1H,dd. J, = 9Hz, J; = 15H2 H-3),6.1 6.7 (ca 16H,
m, olefinic H). All proton proton spin couplings in the carbo-
hydrate moiety was determined by spin decoupling experiments
{see C, Fig. 1)

For 'HNMR comparison the tetraacetate of a-L-fucose (D,
Fig. 1), 3-O-methyl a-D-glucopyranose tetraacetate (E) and the
pentaacetate of a-D-glucopyranose (F) were prepared. All spin-
spin couplings were determined by double irradiation, §(CDCl,,
400 MHz) and J, sec Fig. 1.

3-0-mecthyl-a.8-D-glucopyranose (16) was prepared via 1.2:5.6
di-O-isopropylidene-3-O-methyl-a-D-glucofuranose (15) from
1.2:5.6-di-O-isopropylidenc-a-D-glucofuranose (14, Fluka).
Compound 14 (100g), mecthylated with dimethyl-
sulphate-NaOH provided 18 as a yellow syrup in 95°,
yield, '"HNMR (CDCl, 400 MHz) 6587 (1H-1, d, J, ;
= 374Hz2). 457 (I1H-2, d, J;,=0), 378 (1H-3, d, J,.,
=303 Hz),4.12(1H-4,dd. J, s = 6.93Hz). 430 (1H-5, m, J (,
=616 Hz, J( o = 5.37 Hz), 409 (1H-6a, dd, J . = 8.60 Hz),
4.01 (1H-6b, dd), 3.46 (3H-OMe, s), 1.50 and 1.32 [3H-2 x Me
(1.2-isoprop)], 1.36 and 144 [3H-2x Me (56-isopr.)]
Compound 15 (3.0g), hydrolysed with 08¢, H,SO, at 80° for
13 hr, provided 16 as a colouriess syrup in 85 °, yield. Compound
16 upon acetylation provided the tetraacetate (x + f) 'H NMR
data for the a-anomer see E, Fig. 1.

Myxoxanthophyll (12). R, = 0.24 (60°, AH), inscparable from
myxoxanthophyll ex O. agardhii Gom. var. Kolbotnvatn 5] VIS
AMOM nm: (445), 471, 502 Myxoxanthophyll tetraacetate (12a)
was prepared by acctylation of myxoxanthophyll (12). The
tetraacetate had R, = 0.70 (50°,AH), inscparable from an
authentic standard; VIS 4., nm: (445), 471, 502, MS m/z (rel.
int.) 898 [M] " (20).856 [M —42] (2).840[M — 58] * (3).838 [M
- 60] (2), 806 [M —92] (3), 792 (M ~ 106] (10), 331 (100), 273
(60), '"HNMR (CDCl,, 400 MHz, sample ex O. agardhii var.
Kolbotnvatn). 61.04 (3H,d,J = 6.2 Hz, Me at C-6, carbohydrate
moicty), 1.08 (3H, s, Me-16/17], 1.11 (3H, s, Me-16/17), 1.16 (3H,
s, Me-167/17), 1.21 (3H, s, Me-16//17), 1.72 (3H, s, Me-18), 1.92
(3H, s, Me-18'), 198 (12H, br s, Me-19, 20, 19', 20'), 201 5, 204 s
and 2055 (3 + 3+ 3H, OAcat C-2,C-3 and C-4 in carbohydrate),
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207(3H,s,0Acat C-3), 248 (1H,dd,J, = SHz,J, = 12 Hz H-
4), 250 (JH, br s, OH at C-1), 3.75 (1H, d, J = 9 Hz, H-2), 3.96
(1H, m, H-5 in carbohydrate), 4.78 (1H, 1, J; = J; = 9.7 Hz, H4
in carbohydrate), 493 (1H,dd, J, = J.7Hz, J;, = 97Hz, H-2 in
carbohydrate), 5.08 (1H, m, H-3), 5.11 (1H,d,J = 3.7 Hz, H-1 in
carbohydrate), $43 (1H, t, J, = J; = 9.7 Hz, H-3 in carbo-
hydrate), 567 (1H,dd, J, = 9Hz, J, = 15 Hz, H-3), 6.1-6.7 (ca
16H, m, olefinic H). Addition of D ;O resulted in exchange of the
425 proton. All proton- proton spin couplings in the carbo-
hydrate moicty was determined by spin decoupling experiments
(see A, Fig. 1).

For companson the tetraacctate of a-Dchinovose was pre-
pared; 'H NMR (CDCl,, 400 MHz) 8 and J (determined by spin
decoupling) (see B, Fig. 1).

Glycoside hydrolysis of myxoxanthophyll tetraacctate (1.0 mg
ex O. agardhii var Kolbotnvatn) was carried out as previously
described (15). The resulting reducing carbohydrate was
acctylated and submitted to comparative GLC (Varian 3300, BP-
S column, carrier gas H,, flow S psi) R,: authentic Dchinovose
tetraacctate 7.35 min, acetylated hydrolysate 7.35 min (no
separation upon co<chromatography with authentic Dchinovose
tetraacetate), L-thamnose tetraacetate 7.44 min, t-fucose tetra-
acetate 7.52 min.

Attempts to scparate authentic D-chinovose tetraacetate and
the acetylated hydrolysate on a chiral GLC column (Chirazil-
Val., Pierce, H, carrier gas, § psi) failed (R, 6.92 min). However,
also D- and L-arabinose tetraacetate could not be separated in the
same system.

Oscillol-2,2'-di-(O-methyl)}-methylpentoside. R, 0.05 (60°, AH),
VIS AMOH nm: 460, 490, 525. The tetraacetate was prepared as
previously described [3), R, = 0.55 (50% AHE, VIS i, nm: 462,
492, 526; MS m/z (rel. int.x 331 (80), 273 (80), 245 (80), 169 (100).

Oscillaxanthin. R, 0.02 (60%, AH) VIS iMOH nm: 465, 492,
527. The hexaacetate was prepared by standard acetylation 7],
R, 0.50(50°, AH) VIS i_,, nm: 465, 492, 527, MS m/z (rel. int.)
331 (100), 273 (100}, 169 (100).
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