
phytocbemistry. 1967. Vol. 6, pp. 137s to 1386. Rrgamon Prc6a Ltd. Printed in Eoglaad 

FURTHER INVESTIGATIONS INTO THE PIGMENT 
COMPOSITION OF GREEN FLAGELLATES 

POSSESSING SCALY FLAGELLA 

T. R. RICKEITS* 

Department of Botany, The university, Leeds 

(Beceived 29 Marcy 1967) 

Ah&act-The average cell pigment content of the phytofiagehates NephroseImisgi~va, Heteromastk kwtg$Ii.r, 
pvrmnimoMs amyZijka and P. obovata have been inv&igated. N. gUva unmined c+carotene, pcamtmc, 
monohydroxy, mono-5,6-epoxy-acarotene, micronone, hrtein, unidentifted xanthophyll B, lutein-5,6 
epoxide, violaxanthin, unidenti6ed xanthophyll K and neoxanthin in the following amounts per average 
cell: 05, 10.9, 3.6, 5.2, 08, 7.1, l-9,4*6, 22.3 and 15.5 pg (x 1ooO) respectively in saponiiied extracts. The 
chlorophyll a, b and magnesium 2,4divinylphaeoporphyrin as monomethyl ester contents per average cell 
were 133*9,176*6 and 7.5 pg ( x 1080) respectively. U. kwzgifirs contained a-car~tene, /3-camtene, mtene, 
lycopene, unidentiikd xanthophyll A, zeaxanthin, lute&5,6-epoxide, violaxanthin, siphonein, neoxanthin, 
unidentikd xanthophyll IC2, chlorophyll a, chlorophyll b and magnesium 2,4divinylphaeoporphyrhr as 
monomethyl ester in the foliowing amounts per average cell: 2*3,48,2.1, l*O, O-3,4*0,01, 12, 65,4*4, 3.4, 
65.7, 48.6 and 1.1 pg (x 1ooO) respectively. P. amyf@ra contained a-car~tene, @carotene, ycarotene, 
zeaxanthin, lutein-5,6-epoxide, violaxanthin, siphonein, neoxanthin, unidentnied xanthophyll IC2, chloro- 
phyll a, chlorophyll b and magnesium 2&divinylphaeoporphyrin as monomethyl ester in the following 
amounts per average cell: 49, 551, 8, 673, 34, 130, 404, 836, 228, 11772, 6937, and 403 pg (x 1000) 
respectively. P. ofmata c0ntained a-carotene, Bcarotene, y-carotene, unidentiikd carotene, lute& zeaxan- 
thin, violaxanthin, ? trollein, neoxanthin, chlorophyll a and chlorophyll b in the following amounts per 
averagecell:2,49,6,1,28,3O,18,18,19,324and335pg(x1OOO)respectively. Thetaxonomicsigmkance 
of these findings is discussed. The 8nding of siphonein and a more polar, but closely related, xanthophyll 
R2 in H. fong$li.r and P. amyl.@a indicates a8inities with the siphonalean green algae. The 8agellates 
possessing scaly flagella may be divided into three groups on a pigment basis composition. This provides 
another means of further subdividing the Prashlophyceae. 

INTRODUCTION 

TRB phyto&@lates Micromonas squamata, 1 Nephroselmis g&q2 Pyramimonas and 
Halosphaera ~pp.,~ Prasinocladus marku~,~ Heteromastix ~pp.,~ Platymonas spp.6 and 
Mesostigma viriak7 have all been shown to possess scale-bearing (scaly) tigella. They have 
been assigned to the Prasinophyceae6 (sensu Christensen,* as a new class to accommodate 
non-Volvocalean monads containing both chlorophylls a and b). 

Several of the flagellates (Micromonas, Heteromastix ad Pyramimonas) have been 
shown to contain an unusual pigment, magnesium 2,44ivinylphaeoporphyrin a5 mono- 
methyl ester.g This pigment could not be demonstrated in one species (out of the three 

*Present address : Department of Botany, The University, Nottingham. 
1 I. MANTON and M. PARKE, J. Marine Biol. Assoc. U.K. 3,275 (1960). 
r M. PAIUCB and D. G. R~vxs, J. Marine B&l. Assoc. U.K. 44,209 (1964). 
3 I. MAN-KIN, K. OATES d M. PARICE, J. Manhe Biol. Assoc. U.K. 43,225 (1%3). 
4 M. Pm and I. MANTON, J. Marine Bkd. Assoc. U.K. 45,525 (1965). 
5 I. MANTON, D. G. RAYNS, H. Em and M. PARI@ J. Marine B&d. Assoc. U.K. 45,241(1965), 
6 I. MANTON and M. PARKE, J. Mar&w Biol. Assoc. U.K. 45,743 (1965). 
7 I. MANTON and H. Ez-I-I, J. Lim. Sot. (Botany) 9,175 (1%5). 
s T. CHR~EN, In Botczd (Edited by T. W. B~cHE~, M. AGE and T. SBRE~~EN), Bd. 2 (Systematisk 

Botanik), Nr. 2, p. 128. Munksgaard, Copenhagen (1966). 
9 T. R. RICKFXIX, Pkytochem. 5,223 (1966). 
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1376 T. R. Rmums 

examined) of Heteromastix. Later worklo showed that the pigment could not be demon- 
strated in PIatymonas chuii or in a Prasinockzdiu sp. 

preliminary results9 had indicated that all the flagellates showing the protochlorophyll- 
like pigment (magnesium 2&livinylphaeoporphyrin a5 monomethyl ester) had unusual 
carotenoid compositions, containing one or more orangered xanthophylls as the major 
xanthophyll components. 

A more detailed investigation of A4. pudla (an organism showing the protochlorophyll- 
like pigment but possessing no 8agellar scales”) showed that this flagellate had an hitherto 
undescribed type of carotenoid composition. l2 The main xanthophyll isolated was a new 
carbonyl-containing xanthophyll, of suggested structure monohydroxy, monoketod’- 
(and/or5’)-hydra-5,8-epoxy-p-carotene, for which the name micronone was proposed. This 
constituted 45 per cent of the total carotenoids. An investigation of M. squamata’O (an 
organism bearing flagellar scales) showed a xanthophyll composition essentially similar to 
that of M.pusilla. In older cultures of M. squamata the proportion of micronone was reduced 
and a more polar ketonic xanthophyll appeared. Platymonas chuii and a Prasinocladus sp. 
showed a quite dissimilar carotenoid pattem1o which resembled the normal chlorophycean 
type. Thus two types of carotenoid composition have so far been described in the green scaly 
flagellates. The present work extends the range of pigment analyses to cover other reprc- 
sentatives of the scaly &Igellate family: Heteromastix spp., Pyramimonas spp. and Nephro- 
sehnis spp. The first two of these genera have been shown to be likely to have xanthophyll 
compositions resembling that of Micromonas by preliminary investigations.g 

(a) Pigment Composition 

RESULTS 

The pigment composition of Nephroselmis gilva is shown in Table 1. It shows a great 
resemblance to that of the genus Micromonas.loS l2 

Xanthophyll Fl was a 5,6_monoepoxide showing a r.p. (relative polarity; see Experimental 
Section) of 1.38. This indicated that the molecule probably contained an hydroxyl grouping 
in addition to the monoepoxide grouping. It showed the same Rf’s on polyamide TLC (thin- 
layer chromatography) as xanthophyll Fl of M. squamatalo (Table 6). Its spectral character- 
istics (chloroform; (427),451,479 nm: ethanol; (418),442,470 nm: ethanol; (400),423&g nm 
after HCl treatment) and r.p. indicate that it is probably a monohydroxy, mono-5,6epoxy 
derivative of cc-carotene. 

Micronone,12 from N. gilva, showed the same Rf’s on polyamide TLC (Table 5) as those 
obtained with the Micromonas pigment. Its r.p. of 2.07 increased to 2.38 on borohydride 
reduction (and after subsequent purification). This change would be consistent with reduction 
of a single ketone grouping to a non-allylic hydroxyl grouping (0.28 change) or with the 
reduction of two carbonyl groupings to two allylic hydroxyl groupings (O-34 change in r.p.). 
Almost complete reduction was obtained in 30 min. Absorption maxima and other properties 
are given in Table 5. 

Details of the chromatographic properties of unidentied xanthophyll B are given in 
Table 6. These were identical with those of xanthophyll F2Bl and xanthophyll F3 of M. 

pusiZZa12 and M. squamatalo respectively. The spectral properties of xanthophyll B (chloro- 
form; 435,461 mn: petroleum spirit (40-60’); (399),424&g nm: ethanol; 426,451 nm) and 

10 T. R. Rmams, Phytochem. 6,669 (1%7). 
11 I. MAN-I-ON, J. Marine Biol. Assoc. U.K. 38,319 (1959). 
‘2 T. R. RICKEl’TS, Phytochem. 5,571 (1966). 



The pigments of flagellates posses&g scaly flagella 

TABLET. THEPI~WENT DON or Nephroseltnis gilva* 
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Fraction Identitication 

PlA 
PlB 
Fl 

F2 
F3X 
F3 

:; 
F6 
F7 

a-carotene 
t+=rotene 
monohydroxy, mono+kpoxy- 

a-carotene 
micronone 
lUtein 

unidentitkd xanthophyll B 
lutein-5,6-epoxide 
ViOhXZUlthill 

unidentitied xanthophyll K 
neoxanthin 
Total carotenoids 
Chlorophyll a 
Chlorophyll b 
Magnesium 2,4divinylphaeoporphyrin a5 

monomethyl ester 
Total chlorophylls 

% of total pg/average cell 
carotenoids (x1000) 

1E 

49 
7.2 

;:; 
2.6 
6.4 

308 
21.4 

1000 

053 
1094 

357 
5.20 
0.78 
7.15 
l-85 

4-g 
15.47 
72.36 

133.9 
176.6 

3lE 

l The culture harvested had a cell concentration of 088 x 106 cells/ml. The average cell values were as 
follows: volume, l-53 x lO-10 ml; approximate calculated wet weight, 153 pg; approximate calculated dry 
weight 18.4 pg. Chlorophylls and carotenoids constituted l-7 and O-4 per cent respectively of the cell dry 
weight. The carotenoid composition was investigated only with saponified pigment extracts. 

TW 2. THE PIGMENT co MPCXlTION OF &‘mimmS ObOVUta* 

Fraction Identi6cation 
% of total 

carotenoids 
pglav=ge cell 

(x1000) 

PlA 
PlB 
P2 
P3 
FlL 
FlZ 
F2 
F3 
F4 

a-carotene 

ZE 
tmidenti6ed carotene 
lutein 
xeaxanthin 
ViOhXiUlthill 

? trokin 
neoxanthin 
Total carotenoids 
Chlorophyll a 
Chlorophyll b 
Total chlorophylls 

1.0 
28.4 4.: 

6.1 
;; 

16.3 2:-i 
17.6 30.1 
10.4 17.8 
10.6 18.1 
11.4 194 

170-8 
324-l 
335-o 
659.1 

* The culture harvested had a ceil concentration of 0.5 x 105 cello/ml. The average cell values were as 
follows: volume, 2.2x lO-10 ml; Approximate calculated wet weight, 220 pg; approximate calculated dry 
weight, 26.4 pg. Chlorophylls and carotenoids constituted 2.5 and O-6 per cent respectively of cell dry weight. 

r.p. of l-93 are also in good agreement with those of xanthophylls F2Bl and F3 (r.p.‘s of 
l-96 and l-91 respectively; absorption maxima). lo* l2 The three were therefore considered 
to be identical. 

Unidentified xanthophyll K was the major carotenoid constituent isolated. Details of 
its absorption maxima, chromatographic properties and r.p. together with those of its 
reduction product are shown in Table 5. These were identical with those of xanthophyll 
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1378 T. R. Rrcxnrrs 

TABLE 3. THE PIGMENT com'osrn ON 0F Pyramimonas amyliffla* 
_- 

Fraction Id~t~tion 
% of total 

carotenoids 
pgjavera8e cell 

(x 1000) 

PlA 
PlB 
P2 
Fl 

z: 
F4 
FS 
F6 

a-carotene 
&carotene 
y-carotene 
xeaxanthin 
lutein S&epoxide 
ViOhXtUlthh 
tlCOXdhiU 
~~ophy~ KlS (sipho~th~)~ 
unidentified xanthophyll K2Si’ 
Total carotenoids 
Chlorophyll a 
Chlorophyll b 
Margin 2,~di~ylp~~~~h~ a3 

monomethyl ester 
Total chlorophylls 

1.7 
189 
O-3 

23.1 
1.2 

I:.$ 
28.7 

7.8 
100.0 

49.1 
550.9 

67i.3 
33.7 

129.7 
404.0 
835.9 
227.7 

2912-l 
11,772 

6937 

403 
19,112 

+ The cnlture harvested had a cell concentration of O-OS x 106 cells/ml. The average cell valnes were as 
follows: volnme, 2-95 x lO-* ml; approximate calculated wet weight, 2950 pg; approximate calculated dry 
weight, 354 pg. Chlorophylls and carotenoids constituted 5.4 aud 0.8 per cent respectively of cell dry weight. 

t Isolated from saponified extracts. Present in unsaponitied cells as siphonein (xanthophyll Kl) and 
xanthophyll K2. 

Fraction 

TABLE 4. THE PXNENT cor@osrrr 0N ov He~~mtrrHx longiflis+ 

% of total pgbrage cell 
Id~t~tion carotenoids (x 1000) 

a-carotene 
@arotene 
y-carotene 
lycopene 
nnidentitied xanthophyll A 
xeaxauthin 
lutein S$-epoxide 
~0~~ 
-thin 
xanthcphyll KlS (siphonaxauthin)t 
unideutifkd xanthophyll K2St 
Total carotenoids 
<=hlorophyll a 
~~ophy~ b 
Mdum 2&dlvlnylphaeopcrphyrin as 

monomethyl ester 
Total chlorophylls 

7.6 
16.0 
6-P 
3.1 
1-o 

13.3 
0.4 
41 

14.7 
21.7 
11.2 

lOO*O 

2.27 
4-81 
2-M 
0.95 
0.31 
399 
0.12 

E 
6.52 
3-36 

30.03 
65.67 
48-64 

1.06 
115.37 

t Isolated from saponifbd extracts. Present in unsaponitkl cells as siphcnein (xanthophyll Kl) and 
xanthophyll K2. 

*Thecultureharvestedhadacell ccncentration of 2-3 x 10s cells/ml. The avera8e cell values were as 
follows: volm 5-4x lO+r ml; approximate calculated wet weigh& 54 pg; approximate calcnlated dry 
weight, 6-5 pg. ~p~Us and carotenoids constituted l-8 and 0.5 per cent respectlvely of the cell dry 
weight. 
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F6X found in older cultures of M. squamata. lo The results indicate the presence of a single 
conjugated carbonyl grouping in the molecule. 

The identities of the other named carotenoids were ascertained as indicated in the Methods 
Section. 

The pigment composition ofPyramimona+s obovata is shown in Table 2. It much resembles 
those of the scaly flagellates Platymonas chuii and Prasinocladus sp.*O All these organisms 
show a relatively normal chlorophycean pigment pattern. 

Trace amounts of an unidentified carotene P3 were detected. This showed absorption 
maxima at (455),482-5 and 516 nm in petroleum spirit (b.p. 40-60”) and at (470),497 and 528 
nm in chloroform. It was eluted after y-carotene when chromatographed on alumina and 
was epiphasic to 95 y0 aqueous methanol in petroleum spirit solution. Insufficient material 
was available for further investigation. 

The xanthophyll named as ?trollein was identical with the xanthophylls of the same 
name present in Prasinocladus sp. and Platymonas chuii.lO Details of its Rf on polyamide 
TLC are given in Table 6. 

The pigment composition of Pyramimonas amylifra is shown in Table 3. 
Two ketonic xanthophylls KlS and K2S, constituting 36.5 per cent of the total carotenoids 

of this flagellate, were more strongly adsorbed on icing sugar columns than neoxanthin. 
Details of these xanthophylls and of their products of borohydride reduction (after purifica- 
tion) are given in Table 5. Borohydride reduction was slow and incomplete even after 1 hr 
at room temperature. Xanthophyll K2S was virtually insoluble in petroleum spirit (b.p. 
40-60”) and xanthophyll KlS only very slightly soluble. It was therefore impossible to carry 
out r.p. determinations on the former or on their reduction products. The two xanthophylls 
are discussed later. It will be shown that xanthophyll KlS is siphonaxanthin, derived from 
siphonein present in the cell by the saponification procedure. Xanthophyll K2S is a new 
pigment resembling siphonaxanthin and is formed from a xanthophyll resembling siphonein 
present in the cell by the saponification procedure. 

TABLE 6. THE R, VALUES OF XANTHOPHYLU ON POLYAMIDE THIN-LAYER 

CHROMATOGRAPHY 

xanthophyll 

Rf* 
c -I 

SystemA System B 

Monohydroxy,mono-S,depoxy-cs-carotene 0.76 0.76 
LUtein 0.35 0.68 
Zeaxanthint 0.32 0.59 
Xanthophyll B O-31 0.61 
Lutein S&epoxide 0.33 0.77 
Violaxanthin 0.33 0.86 
? Trollein 0.16 0.76 
Neoxanthin 0.25 0.87 

* System A; developed with petroleum spirit (b.p. lOO-120’): methanol: 
methyl ethyl ketone, 8: 1: 1 v/v/v. System B; developed with water:meth- 
anol : methyl ethyl ketone 1: 5 : 5 v/v/v. 

t Gave a partition coeEcient of 35 : 65 between hexane (67-70”) and 85 “/; 
v/v aqueous methanol and a % III/U valuelZa of 41 (cf. zeaxanthinlzb). 

1~ S. L. JEN%N, Kgl. Norske. Videnskabs Selskab. Skrijler Nr. 8,119 (1962). 
lab D. J. CHAPMAN, Arch. Microbial. Ss, 17 (1966). 
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The p&rent composition of Heteromastix Zongifiris is shown in Table 4. It can be seen 
that there is a marked resemblanm in carotenoid composition to that of Pyramimonas 
amylifera. 

The minor u~den~~ ~~ophy~ A was a S&-epoxide of r-p. 1.13. It showed absorption 
maxima: chloroform; 446,474 mu: ethanol; (420),440,465 run: ethanol; (377),400,422,448 
nm after HCl treatment, Insufficient material was available to carry out further invest&a- 
tions. The results suggest a monohydroxy-5,6-monoepoxy-a-carotene structure, 

The two ketonic ~~ophy~ KlS and K2S were identical with those of Pyr~~~~ 
amyZz$era and, like them, formed by the saponification process from siphonein and a new 
xamhophyll resembling siphonein respectively. Details are given in Table 5. They are dis- 
cussed in the next section. 

(b) identity of the Carotenoids 

This has been discussed to some extent earlier. The structures of micronone and the 
unidentified xanthophyll B have been discussed in Ricketts.r2 Xanthophyll B and the 
reduction products of xamhophylls K, KlS and K2S may be hydroxy-derivatives of 5,8- 
monoepoxides of biiclic xanthophylls such as neochrome, which shows absorption maxima 
at (375),398,421 and 449 rmr in ethanol; or hydroxy-derivatives of c+xeacarotene which 
shows absorption maxima at 399,421 and 449 nm in hexane.i3 The possibility also exists that 
the carbonyl-containing xanthophylls may be related in structure to ape-xanthophylls or to 
fucoxanthin or siphonaxanthm. The apo-xanthophyll sintaxanthiu14 displays absorption 
maxima at (425)&N and 475 nm in hexane and 462 nm in benzene; fl-apo_8’-carotenaP has 
maxima at 451 and 478 nm in petroleum spirit and 463 run in ethanol. The product of boro- 
hydride reduction showed absorption maxima at 404,425 and 451 mn in petroleum spirit in 
both cases. On purely taxonomic grounds it seems unlikely that the carbonyl-containing 
xanthophylls are apo-carotenoids as none have so far been isolated from the algae to my 
knowledge. The absorption maxima of the ~~ophy~s are very similar to those of fucoxan- 
thin (Table 5). Moreover borohydride reduction of this purified fucoxanthin (isolated 
without saponif~~tion fromPrymnaeiumparvum Carter) yielded products showing absorption 
maxima at (378),399,422 and 4485 nm in 95 per cent aqueous ethanol (v/v) (see also Jense@) 
and showed a single yellow spot nobly a mixture of fu~~thols a and b) in addition 
to the original fircoxanthin on polyamide TIC. Xanthophyll K is the only pigment with a 
relative polarity similar to that of fucoxanthin (calculated to be approximately 2.32 from the 
data of Jen,~n).~~ The Rf’s of the xanthophylls are given in Table 5. It can be seen that 
micronone, ~~ophy~ KlS and ~~ophy~ K2S are not identical with fucoxan~. The 
&‘s of xanthophyll K are similar in one system but di&r in the other. Fucoxauthin and its 
reduction products gave a blue colour when dissolved in ether and treated with concentrated 
HCl (see alsoi6) whereas micronone, xanthophylls K, KlS and K2S and their reduction 
products did not. 

As fucoxanthin is kuown to be unstable to alkalis the possibility that the keto-xautho- 
phylls were artifacts arising from the saponification procedure was considered. A sample of 
fucoxanthin was saponilied in methanol contaiuing one tenth by vohune of 60% aqueous 

13 B. H. DAVIES, In chcrpnishy and Z8i&hmnism of Flant P&met& (Edited by T. W. GOODWIN), p, 489. ACX- 
demic press, New York (1965). 

14 H. YOKOYAWI and M. J. WHITE, J. Org. Chem. Xl,3994 (1965). 
15 H. YOKOYAMA and M. J. Wm, Phytwhem. 5,1159 (1966). 
16 A. JENSEN, Actu Ckrn. Std. Is, 1605 (1961). 
17 A. JENSEN, Actu Cbm. Scmd. I551604 (1961). 
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KOH for 5 min at 40” in the dark under an atmosphere of nitrogen. The products were 
isolated by chromatography on magnesium oxide : Celite Hyflo Supercell : 1 w/w, developing 
with petroleum spirit containing increasing amounts of ethanol. Two principal products 
were obtained. The least strongly adsorbed, which was yellow in solution and greenish when 
dry, showed absorption maxima at (378),399,422 and 449 mn in ethanol (Table 5). It gave an 
immediate intense blue colour when dissolved in ether and treated with concentrated HCl. 
The more strongly adsorbed orange product gave a more slowly developing blue colour on 
treatment in this way. It showed absorption maxima at 450.5 nm in ethanol (Table 5) 
resembling fucoxanthin but was more strongly adsorbed. It is to be noted that the less 
strongly adsorbed component corresponded in both Rf on polyamide TLC and in absorption 
maxima with the product obtained on borohydride reduction of fucoxanthin. It is possible 
that a molecular rearrangement has taken place resulting in the formation of a product 
identical to a fucoxanthol. No trace of the original fucoxanthin remained after saponifica- 
tion. Heilbron and Phipersf8 saponified fucoxanthin for 24 hr in 5 % methanolic KOH and 
obtained three yellow products which showed similar absorption maxima (422,448,474 nm 
in carbon disulphide) which are presumably related to the yellow product obtained in the 
present investigation with a much shorter saponification period. J. S. Sorensen (reported in 
Liaaen and N. A. Sorensenlg) found that treatment of fucoxanthin with potassium carbonate 
in methanol resulted in five main products. Two resembled the yellow pigment and the 
remainder the fucoxanthin-like pigment obtained in the present investigation. 1.r. spectro- 
scopic examination indicated that all the five pigments had lost the conjugated keto-grouping. 
The results obtained indicate that the keto-xanthophylls of the flagellates are not identical 
with fucoxanthin but may well be fairly closely related in structure to it. The only description 
of the presence of fucoxanthin in the green algae is that of Carter et 01.~~ for Zygnemu 
pectinatum. 

The xanthophylls siphonein and siphonaxanthin, which are present in siphonalean green 
algae, greatly resemble fucoxanthin 21*22* 23 but do not give a blue colour with HCl when 
dissolved in ether. These siphonalean green algae usually contain Q- and p-carotenes, lutein, 
zeaxanthin, siphonein, violaxanthin, neoxanthin and siphonaxanthin in addition to chloro- 
phylls a and b.21 They are also noteworthy in that or-carotene predominates over fl-carotene. 

Siphonein and siphonaxanthin displayed single absorption maxima at about 460 and 
455 nm respectively in ethanol and both showed absorption maxima at 452 and 480 nm in 
petroleum spirit. 22 Siphonein was adsorbed below and siphonaxanthin above neoxanthin on 
icing sugar columns. The former had similar adsorptive properties to fucoxanthin.21 
Siphonein was converted to siphonaxanthin upon saponification with alcoholic potassium 
hydroxide. It has been suggested that siphonein is an ester of siphonaxanthin.23 

A comparison of the characteristics of siphonaxanthin with those of xanthophylls KlS 
and K2S indicated considerable similarities. Xanthophyll K showed similarity to siphona- 
xanthin in absorption maxima but had adsorptive properties reminiscent of siphonein. It 

18 I. M. %ILBRON and R. F. PHIPERS, Bzkchem. J. 29,1369 (1935). 
I9 J. S. S~ENSEN reported in S. LIAAEN and N. A. &mm=, 2ndZnt. .SeuweedsymP. (Edited by T. BRAARUD 

and N. A. S~ENSEN), p. 25. Pergamon Press, Oxford (1956). 
20 P. W. CARTER, I. M. HEILBRON and B. LYTHGOE, Proc. Roy. SOC. (km&n) Ser. B, 128,82 (1939). 
21 H. H. STRAIN, Chloroplast ZYgments and Chromatogmphic Analysis, 32nd Ann. Pries&y Lect., p. 37. 

Pennsylvania State University, Penn. (1958). 
z2 H. H. SW, In Munual ufPhycoZogy (Edited by G. M. SMITH), p. 243. Chronica Botanica Co., Waltham, 

Mass. (1951). 
23 H. H. SWAIN, In Photmynthesis in Plum (Edited by J. FRANCK and W. E. Loom), p. 162. Iowa State 

College Press, Ames (1949). 
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was unlikely to have been siphonein as this would not have survived conversion to siphona- 
xanthin during the saponification process. This comparison led to a consideration of the 
desirability of examination of unsaponified extracts of the flagellates. 

Column chromatography of unsaponilied pigment extracts of H. longifiris and Pyrami- 
menus amyZz#ru on icing sugar revealed two orange bands. The largest band, xanthophyll 
Kl, adsorbed between violaxanthin and neoxanthin, showed a single absorption maximum 
at 454466 nm in ethanol (Table 5). Saponification, as described earlier, resulted in almost 
complete conversion to the more polar orange xanthophyll Kl S which showed an absorption 
maximum at 444-452 nm in ethanol (Table 5). The second orange band, xanthophyll K2, 
was adsorbed above neoxanthin and showed an absorption maximum at 45-5 nm in 
ethanol (Table 5). Saponification in the same way resulted in conversion to the more polar 
orange xanthophyll K2S, absorbing at 444-454 nm in ethanol (Table 5). Borohydride 
reduction of both of these saponified (Kl S and K2S) and unsapotied (Kl and K2) pigments 
gave products with identical chromatophores, but with Merent Rf’s on polyamide TLC in 
each case (Table 5). None of these pigments or reduction products gave a blue colour with 
concentrated HCl when dissolved in ether. The results clearly show that xanthophylls Kl 
and KlS are identical with siphonein and siphonaxanthin respectively of the Siphonales. 
Xanthophylls K2 and K2S are almost certainly related to siphonein and siphonaxanthin in 
structure and probably possess an additional polar group or groups. The unsaponified 
xanthophyll K2 is, like siphonein, converted to a more polar xanthophyll upon saponification 
for 5 min in 6% methanolic KOH at 40”. This change may well reflect hydrolysis of ester 
groupings. 

These results prompted an investigation of the effect of saponification upon the micronone 
and xanthophyll K of Micromonas and Nephroselmis. Saponikation at 40” for 30 min in 
6 % methanolic KOH of micronone produced no change, whereas after this treatment about 
30 per cent of xanthophyll K had been converted into a product which was identical with 
micronone in terms of absorption spectra (both untreated and after borohydride reduction) 
and in Rf on polyamide TLC. These results obviously indicate that a reinvestigation of 
Micromonas and NephroseZmis using unsaponified pigment extracts is desirable to de&mine 
how much of the micronone recovered in saponilkd extracts is produced by the saponifkation 
process and whether xanthophyll K (equivalent to xanthophyll F6X in iU. RJUPI&Z) has 
arisen from the hydrolysis of a less polar xanthophyll in a manner analogous to the siphonein 
to siphonaxanthin conversion. That all the micronone isolated in saponifkd extracts arises 
from the saponification of xanthophyll K seems very unlikely for Nephrodmis and A4. 
~~UUPJU~U as the 5 min saponification period employed would have resulted in only a very 
small percentage conversion. The results for young and older cultures of il4. zqzu~~utu may 
also be compared. 1s The young cultures show a high concentration of micronone whereas 
older cultures show a low concentration in spite of the fact that they had both received the 
same saponification period. It is possible however that the high concentrations of micronone 
reported in il4. pusillal* could have arisen due to the overnight saponilkation period used 
in this instance. An investigation of this aspect of pigment composition will be the subject of 
a future communication. 

(a) Identity of the Carotenoidv 

DISCUSSION 

This has been discussed to some extent in the Results Section. It seems very probable 
that the xanthophylls K, K2 and possibly also micronone have structures which are related 
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to those of siphonein and siphonaxanthin. These unidentified xanthophylls differ in (at the 
very least) the number of polar groups present. The latter do not affect the chromatophore, 
which appears to consist of eight carbon to carbon double bonds and one conjugated carbonyl 
grouping. The basic structure of xanthophyll K may differ from that of siphonaxanthin 
because of its conversion to the less polar micronone upon saponification, whereas siphona- 
xanthin is unaffected by this treatment. Structural investigations will have to await the 
isolation of larger amounts of the xanthophylls. 

(b) Taxonomic Significance 
The flagellates possessing scaly flagella may be divided into three groups on a pigment 

composition basis. The first group consists of those showing the Micromonas type of caro- 
tenoid distribution in saponified extracts (M. squamata and Nephroselmis gilva). The second 
group contains those flagellates showing zeaxanthin, neoxanthin, siphonaxanthin and a 
related xanthophyll as the major xanthophylls in saponified extracts (Pyramimonas amylifera 
and Heteromustix Zong@lis). The final group contains those organisms displaying a relatively 
normal chlorophycean pigment pattern (Prasinocladus sp., Platymonas chuii and Pyramimonas 
obovata). 

Micromonas squamata and N. gilva bear a single layer of scales upon both their flagella 
and bodies whereas Pyramimonas amylifera and H. longifilis have multiple layers of scales 
on their bodies and flagella. The final pigment group, containing Prasinocladus and Platy- 
monas, possess multiple layers of flagellar scales but have a thecal body covering formed from 
coalesced scales (Pyramimonas obovata in this third pigment group has similar structural 
features to P. amylifera). 

It would appear (at least in the organisms so far studied) that there is a gradation in 
characteristics from organisms bearing one flagellum and having a single layer of scales, 
through flagellates with multiple flagella and with multiple scaly layers on both body and 
flagella, to organisms with multiple layers of flagellar scales but with a body covering of 
coalesced scales (thecae). The pigment compositions almost parallel this gradation but there 
is some overlap between groups (cf. P. amyl$era and P. obovata). 

It seems possible that the ilagellates studied could be residual representatives of a primitive 
green flagellate line, ranging from very simple flagellates such as M. pusilla with single 
organelles and naked flagellum, through those with a scaly covering such as M. squamata, to 
more advanced types with a normal chlorophycean pigment pattern and a relatively rigid 
cell covering. Whether the latter bears any relationship to the cell wall of normal green algae 
is not known. Lewin24 hydrolysed the thecae of Platymonas subcordiformis and failed to 
demonstrate any glucose in the hydrolysate. Thus the thecae cannot be closely related to the 
cell walls of higher plants. However, Lewin 24 also pointed out that cellulose was probably 
absent from the cell walls of various other unicellular green algae. Thus a relationship with 
them cannot be ruled out because of the absence of glucose from the hydrolysate of the thecae. 

The presence of siphonein in some of the scaly flagellates may indicate a fairly close 
relationship with the Siphonales. This xanthophyll has not so far been described in species 
other than members of the Siphonales. The carotenoid distribution of those flagellates 
possessing siphonein differs from those reported for the Siphonales2’* 22 in that &carotene 
predominates over a-carotene and that large amounts of zeaxanthin are present. Lutein is 
not present in detectable amounts. Furthermore siphonaxanthin was not detected in 
unsaponified extracts, but a more polar xanthophyll resembling siphonein was present in 

2J R. A. LEWIN, J. gen. Mcrobiol. 19,87 (1958). 
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appreciable quantities. It is possible that these tlagellates reflect a parallel rather than a 
sequential type of evolutionary development from a primitive siphonalean stock. 

Whether these scaly IIagellates with their siphonalean-resembling pigmentation reflect 
any afhnity between the green algal line and those groups of organisms possessing fucoxanthjn 
will have to await further ~v~ti~tion and a comparison of the structures of siphonein and 
fucoxanthin when these are both known. Certainly a fairly close resemblance in structure 
appears not unlikely in view of their absorptive and adsorptive similarities. The differences 
in stability on alkali treatment and in colour production on treatment with hydrochloric acid 
in ethereal solution must obviously reflect certain differences in structure. 

A consideration of the relative importance of scale-bearing ffagelfa and pigment com- 
position as phylogenetic markers indicates that the former is probably an indication of a 
general taxonomic afhnity (i.e. members of the class FYasinophyceae’-7, whereas by means 
of the latter it is possible to effect a further subdivision. Strair~~~- 25 has examined large 
numbers of plants in a wide variety of classes and concluded that there is a relationship 
between the occurrence of particular pigment systems and the taxonomic classification of 
orgauisms. Only minor mod&x&ions occur within particular plant groupings. On a pigment 
basis it might therefore be considered that the three groups of scaly flagellates enumerated 
above (and in particular the third group showing a relatively normal chlorophycean pattern) 
are not very closely related to one another. Fine structural features of the flagella&P7 
indicate that the organisms are related, at least at the class level. The pigment groupings do 
not correspond with the orders of the class Prasiuophyceae suggested by Christensen.8 

EXPERIMENTAL 

Heteromust~ iong$lis (But&J Rayns (Plymouth Colkxtion No. 58), Nephroselmis &a Parke and 
Rayns (Plymouth Collection No. 197), Pyramimoms amylifer Conrad (Plymouth Collection No. 246) and 
P. StT. ubovattz Carter (P&n~outi Collection No. 280) were kindly provided by Dr. Mary Parke, of the 
Plymouth laboratory, as u&algal ~~a~~ cultores. These marine fl~a~~~~ 
Erdschrieber medium at 14” with 16 hr Austin (200 hnffts) and 8 hr darkness per day. The cultures were 
harvested by centrifugation towards the end of the logarithmic phase of growth. Harvesting, cell numbers 
and packed cell volume determinations were carried out as described in Ricketts26. 

Pigments 

The packed cell deposits were extracted to completion in the dark with 90% v/v aqueous acetone. The 
pigments were easily extractable in all cases. The pigment extract was diluted with salt solution, and extracted 
to completion into ether. This extract was then washed twice with large volumes of water and the ethereal 
extract evaporated to dryness under N2 in the dark. The dried pigment extract was dissolved in methanol 
and sapon%ed at 40” for 5 min by the addition of 60 % aqueous KOH (w/v) to a &al ~n~~ati~ of 6 % 
(w&),27 cooled, diluted with water and the carotenoids extracted with diethyl ether. The chlorophyll layer 
was retained for a while and later re-extrd in a similar manner to ensure that all the carotenoids had been 
extracted. The ethereal e extract was washed with water to remove traces of KOH and methanol 
and then evaporated to dryness. Some pigment analyses were carried out with thii sapomtication procedure 
omitted so as not to destroy certain ~~op~lls. The dried saponif%d carotenoid residue was then dissolved 
in a 1: 1 v/v mixture of petroleum spirit (b.p. 40-60? and 90% v/v aqueous methanol. After shaking for some 
time the two layers we& separated and the petroleum spirit k&r a with 90 % aqueous -methanol. 
The 90% methanol layer was similarly m-extracted with petroleum s&it. The netroleum s&it layers were 
pooled; &shed d timea with water to remove any &hanol and then thissolution, c&sisti& mainly 
of carotenes, was used for further processing. The 90% aqueous methanol layers were pooled and then dihtted 

25 H. H. STRAIN, In Bii?ckmistry of Chbroplasts (Edited by ‘I’. W. GOODWIN), Vol. 1, p. 387. AIZ&& Press, 
New York (1966). 

24 T. R. Rtcrrnrrs, Phytochem. S,67 (1966). 
27 N. I. K-Y and R. P. LEVINQ Piant Physioi. 39,680 (1964). 
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with salt solution. The carotenoids (principally xanthophylls) were then extra&d to completion into ether. 
After washing with water to remove any methanol the solution was evaporated to dryness under Nz in the 
dark and then separated by chromatography. 

Chlorophyll assays wem carried out on a&tots of the original cultures, which had been centrifuged and 
the cell number in the deposits determined as described in Ricketts,*s by the method of Parsons and 
Strickland.2s Magnesium 2&livinylphaeoporphyrin a5 monomethyl ester was determined as described in 
Ricketts.9 Approximate cell dry weights were cakulated as described in Ricketts.lO 

The carotenesinthe petroleum spirit fraction were separated by chromatography as described in Ricketts.29 
Any xanthophylls recovered in this fraction were added to the 90% methanol fraction and processed with it. 
The ~~ophy~s were separated as described in Ricketts.29 

All operations were carried out in a manner which reduced exposure to light and air to a minimum. The 
column chromatographic procedures were carried out under an atmosphere of N2 and hastened by applying 
a positive pressme to the top of the column. Dried samples of the carotenoids were stored under nitrogen 
in the dark at -20”. 

Purity and &nt$cation 

The carotenes which bad been separated by chromatography on alumina and then, when nuxssary, by 
chromatography on magnesinm oxide: Hyflo-super& 1: 1 w/w, were chromatographed on polyamide thin- 
layer systems30 developing w&h methanol: methyl ethyl ketone: water 50: 50: 1 v~v~v~ and/or on Schleicher 
and Schilll kleselguhr paper No. 287 developing with petroleum spirit (b.p. 60-80”) (ascending system). Their 
R,‘s were compared with those of authentic samples of known carotenes run in the same systems. The 
authentic samples used were those described in RicketMs or carotenes which had been proved to be identical 
to them. The criteria used in Riikettss9 to identify the carotenes and xantbophylls were also used in this 
investigation in addition to the checks on purity and identity described above. 

Kanthophylls were also identified by their relative positions on column c~o~~~phy and their absorp- 
tion spectra in two solvents. In addition 5,depoxides were detected by treating ethanolic solutions of the 
niaments with dilute aaueous HCl to #rive a fhral concentration of 04NX N. All XanthODhYlk were tested in 
&& way but only posit&e results are &orded. Polyamide thin-layer chromatography u&g the method of 
Egger and VoigtsO and developing with petro&& spirit (b.p. l&1200): methanol: methyl ethyl ketone 
8: 1: 1 vlvlv f&stem AI or with water: methanol: methyl ethyl ketone 1: 5: 5 vlvb C~YS~ 3) moved a 
valuable aid to identifleation. The R,‘s obtained with the xanthophylls, monohydroxy, mon&5$-epoxy- 
a-carotene, lutein, xeaxanthin, unidentiiled xanthophyll B, lutein J,(iepoxide, ?trollein and neoxanthin are 
given in Table 6. Their absorption maxima and relative polarities were in good agreement with the values 
publii in R.icketts.tO~ t2,29 

Relative polarities were determined and ~~h~~de reductions carried out by the methods of Rrhtsky.Jt 
All absorption spectra were determiued with an Optica Doublsbeam Gratmg Recording Spectrophoto- 

meter, Type CF4R. For the quantitative determination of the approximate carotenoid concentration of the 
unidenti6ed pigments and of siphonein and siphonaxanthin Et,,- lx -2500 was assumed. The extinction 
coe@ients used for the carotenes were those given in Davies’3 aud those used for the xanthophylls those 
given in Rrinsky and Levine.27 

Fucoxanthin was isolated from unsaponified axtracts of Bymsim parvum Carter. Siphonem and 
siphonaxanthin were isolated from C&urn f&de (kindly provided by Dr. W. Ma&i% of the Astbury 
Department of Biophysics, The University of Leeds) without saponification of the pigment extract. 

A~k~w~~~~~ am indebted to the Science Reseamh Council of Great Britain for financial support. 

*a T. R. Pm and J. D. H. STNCKLA~, J. Mm-&e Res. 21,155 (1963). 
29 T. R. Rmmrrm, Phytochem. 419 (1%7). 
30 K. Elooan and H. Vomr, 2. ~~~s~l.S3,64 (1965). 
‘l N. I. K~MKYF, Ad. Bkdmn. 6,293 (1963). 

Nate Ada&2 t%t Proof 
Following the original preliminary reports (Riekett@*s) of the occurrence of new keto-xanthophylls in 

PymW amy&&a, Riiey and Wilson32 have recently examined unsaponi%ed acetone extracts of the 
flagellate by thin-layer ~~~p~. In addition to &caro&ne, ~0~~ and neoxanthin, they found 
uirrments which are o&ably identical to the siohonein and xanthonhvll R2 descrii in the oresent com- 
m6nication. Riley a& W&&s* also dezrcribed the presence of smalia&unts of lutein. They id not detect 
xeaxanthin, which was a major xanthophyll component found in the present investigation. 

An investigation of the structures of the new xanthophylls is bemg undertaken in collaboration with 
Professor B. C. L. Weedon, Queen Mary College, London. 
32 J. P. RILEY and T. R. S. WI~N, J. Marine Bfol. ASSOC. U.K. 47,351(1967). 


