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OF THE 

~-Alumnkaofa10ae~totheChryoophyceee~exominedfor~preaeeceotchloFophyllC 
bytlKcamethods. Itwasfoundinulfysf7&M&w chiton, CWsochromnli~ sp. (Plymouth No. 200), 
CRY- sp. (Plymouth No. 137). hchvsi g&ma, Prymnesium mnwtn and’Dicmter&a sp. (Ply- 
mouthNo.133). ~algaebavcrcccntlykanplaoedinanewClass,t.hcHaptophycaw.) ~bcchkopl@ 
ccontentwas~~~~~PCT~Of~ChlOrOphyll8,chlorophyllabcine~onlyother 
chlorophyll prssant. Their +lorophyllidc content iu culture was negligible. Chlorophyll c could not be 
demoMmW in laetaotropfucally grown 0ckon10~ +micu. This org+un showed an acetcmosoluble 
~~osesesorptiorpti~txmnrcwmbledp+ophytm_u. Acompansonofthct$ecmethodsofkssay 

agrcemW@ometunesvarymgoveratwofoldscaleusmathcsameculhuc). 
Thetrichromaticmethodpa~resultswithtwooregl~andO~naSdmriCe~iadieatedthe~ 
senccofasmall amount of chlorophyll c, whweas none was found by the other methods. It acema advisable 
tocarryoutchlorophyllc~bymorethanoaemethod,andevsnthenonlyrrpproxima~rewltsare~. 

INTRODUCTION 

THERE have been conflicting reports on the presence or absence of chlorophyll c in the 
v. Allen, French and Brown’have suggested that chlorophyll cwas present in 
Prymnaium parvum Carter on the basis of a derivative absorption spectrum. They detected 
only chlorophyll 0 in ochrorMrwi9 dimicaandochronronaJ malkmnensia. Jeffrey2 has shown 
.@at Isochrysisgdbtma and SpAaler-tzS sp. contained chlorophyll c to the extent of about 
28 per cent and 22 per cent respectively of total chlorophylls. F%mons3 has shown that 
Monochry& lutheri and Syracoqkefu cur&rue contained about 5 per cent and 19 per cent 
of total chlorophylls as chlorophyll c. On the other hand Dales 4 claimed that chlorophyll c 
was not present in the eight species of Chrysophyceae that he examined and Gibbs 5 stated that 
Ochromonas da&a contained only chlorophyll a. 

The present work springs from an interest in Prymnesium ptzrwm Carter. Ratios of 
optical densities of 665 m&535 q in methanolic extract, and 663 v/626 w in ethereal 
extract, were qual to 3-35 and 4-92 respectively, which indicated the possible presence of 
chlorophyll c. The results reported are a study on the chlorophyll c content of this organism 
and other members of the Chrysophyceae. 

RESULTS 

Table 1 show5 the percentage of the various chlorophylls present in i number of Organisms, 
as determined by the trichromatic method of Parsons and Strickland.6 Chlorophyll c was 

1 M. B. ALLEN, C. S. FRENCH and J. S. Baow~, In C-ii%? RiocheAMr~ 4m-h Systsrtrs@diti 
by M. B. A), p. 36, Ac&mic m New York (196% 

2 s. W. JEFFREY, Biockm. J. 86,313 (1963). 
3 T. R. PARSONS, J. Jwk?&s kwufc!l Buuni ccsr., IS, 1017 (l%l). 
4 R P. Dm, J. Marine Bioi. Assoc. UnitedKb&m 3% 693 (1960). 
5 s. P. GuulB, J. C& Eiol. 15,343 (1%2). 
Q T. R P-s and J. D. H. STRICKLAND, J. Marine tie#t’ck =,133 (1963). 
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determined by two additional methods, the results of which, expressed as percentages of the 
trichromatic value, are also shown in Table 1. 

Typical absorption curves for the 90 % aqueous acetone extract of chlorophyll c obtaiued 
by the method of Parsons 7 are shown in Fig. 1, before and after hydrochloric acid treatment. 
The absorption maxima for the untreated extract being 450-452 q, 585 w and 632 nut 
The latter two peaks were found to be similar in magnitude (585 w slightly greater than 632 
w) and about 10 per cent of the 450 v peak in all cases, with the exception of Isochrysis 
gahna. In this organism the 585 w and 632 rnp peaks averaged 9.8 per cent and 17.2 per 
cent respectively of the 450 rnp value. 

TABLE 1. Tki~csunto~HY~LS OF VAFsous AL5AB 
__~ _~~ 

Method ofestimation 
% total koro&YU 

B C 

, \ %Avalw %Avahe 
a b C C C 

58.7 nil 41.3 145 53 
SO 
594 

I. 

6.9 43.1 133 69 
nil 40.6 181 

59.2 2.5 38.3 167 z 
614 nil 38.6 192 
76.4 nil 23.6 91 ;: 

z 
nil 36.0 746 68 
nil nil - 

89.0 nil 1:: nil 

z 
nil 31.3 132 so 

h4-0 

3.3 63.5 
16 z :: - 

67.5 25.3 7.2 nil - 
64.7 21.3 14.0 nil 
72.1 nil 27.9 80-S SF 

A noticeable dilference compared with the results of Parsons’ was found after hydro- 
chloric acid treatment. There was a drop in the magnitude of the absorption maximum at 
430 rnp of 18-35 per cent as compared with that at 450 w. The pheophytin peak at 430 rnp 
was stable with time for at least 30 min tier addition of hydrochloric acid. The concentration 
of hydrochloric acid in the acetone extract did not intluence the magnitude of the peak at 430 
v over the range O-006M-0375 N. However, at the lower concentrations the rate of conver- 
sion to pheophytin was slow, taking about 10 min at 00X6 N. At the concentration recom- 
mended by Parson 7 it was prackally instantaneous. 

The absorption curves of chlorophyll c from Prymnesiumparvum in 90 % acetone, isolated 
by chromatography, resembled those shown in Fig. 1 (except that the drop in the major peak 
after hydrochloric acid treatment was only 11 per cent.). The phase test was positive, the 
results resembling those of Graniclc,* and Strain and Manning.g The chromatography 

’ T. R. Pm,]. Mark R~WWC& z, 164 (1963). 
* S. GRMUX, J. l3W. Chem. 179, SOS (1949). 
gH.S’rutNandW.M. w, J. Biol. Ckm. 144,625 (1942). 
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also confirmed the presence of chlorophyll (I and the absence of chlorophyll b in this 
organism. 

In none of the cultures examined was there any signScant level of chlorophyllides. The 
acetone extract of Ochromo~ t&mica obtained by the method of Parsons7 was, however, 
yellow-green, but did not appear to contain chlorophyll c. The absorption curves of this 
extract showed major peaks at 414 q and 665 rnp, which were hardly affected by hydro- 
chloric acid treatment. The latter peak was about 46 per cent of the former. The curve 
resembled that of pheophytin a. 

DISCUSSION 

The results of the absorption curves on 90% acetone extracts obtained by the method of 
Parsons 7 showed clearly that all the Chrys~phyceac (after Fritschlo) examined, except 
Ochromonas cknicu, contained chlorophyll c; as did the brown alga, HaJi&ys siliq~sa. 
et between the three methods of estimation used was very poor. In pa&&r the 
two green algae and O&o- dmticu showed the presence of chlorophyll c by the tri- 
chromatic method, whereas in fact there was almost certainly none present. The trichro- 
matic method did not show the presence of chlorophyll b in my of the Chrysophyceae or in 

10 F. E. FIUTSCH, I’& Stmctum ad Repmakth of the Algcrr, Vol. 1, p. 507, CambridSe Univemity Prcua 
(1948). 
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lSa&&ys~. TbemcthodofparsO~7whilstpennittingW~OnOfthopresenc;Zof 
chlorophyll c by the abaption curves of the acetone extract, generally gave results which 
~hi?gbek~rho~~~bt~&dbythctrichtomaticmethd. Tosomeextentthismayreflect 
the din&i&d absorption peak at 430 nyl as compared with the results described in the origi- 
nal method, in which no diminution on change of maxima from45Oqto43Onylwas 
observed. If a rough correction was made for thisin calculating the results (by assuming that 
the percentage underestimate at 450 nyl after hydrochloric acid treatment was the same as the 
percentage drop in magnitude on alteration of the 450 w peak to 430 rq~ with hydrochloric 
acid) the chlorophyll c values fell within f 30 per cent of the trichromatic ones. The chloro- 
phyll c content, calculated from the absorption maximum at 630 nq~, was determined because 
Jet&y2 had shown that the stability of the extinction at the red end of the spectrum was greater 
than that at the blue, and had recommended that it always be used in chlorophyll c assays. 
Because the extinction was much lower in this region the sensitivity was correspondingly 
much lower than at 450 q. The method gave results which were 50-75 per cent of the tri- 
chromatic values. 

As can be seen from the results the simple methods available for the determination of 
chlorophyll c give only approximate results; val- sometimes varying over a two-fold range. 
The method of Parsons’ was, however, particularly valuable for conflrmiq the pmsence of 
chlorophyll c by means of absorption spectra. The reason for the differing results after hydro- 
chloric acid treatment is not known, but possibly may reflect slight differences in the physical 
conditions of assay, particularly since the percentage drop in absorption maximum is not the 
same in the various algae, and the peak in the blue region is known to be somewhat unstable 

(Jeffrey 2). 
The lowest value obtained with the chlorophyll c containing algae was about 17 per cent 

of total chlorophylls, and the highest 55 per cent. The majority of results fell in the range 
20-40 per cent of total chlorophylls. No eGdence was obtained f& the presence ofbacterio- 
chlorophyll in any of the bacterixed cultures and there was no di&mnce between the hexane- 
extracted acetone extra&s of chlorophyll c of the axenic and bac&izd cultures. It thus 
appeared that the presence of batter@ in some of the cultures could be neglected. 

The pmsence of a pigment raemblhg.pWphyGq ~Ochromonas ahica is unusual. If 
one assumes that the pigment was pheophytin a, it was found to constitute about 20 per cent 
of the total chlorophyll pigment. The cells had been harvested by centrifugation and then 
immediately extracted with 90% acetone. There was presumably little, if any, bmakage of 
cells before addition to the acetone. It is to be noted that the culture medium for this organism 
has a pH of 5. Virtually none of this would be mtained in the depcsit mixed with the acetone. 
It thus appears unlikely that the pheophytin was an artefact of preparation. It could he that 
some intracellular compartments of the cell have a sufhciently low pH to effect conversion of 
chlorophyll a to the pheophytin. 

The classification of the algae is at present in a state of flux and the tit reclassification 
of Parke and Dixon *i has placed the majcrieof the organisms (all except Cchromonas, and 
the green and brown algae) here described, into the new Class Haptophyceae. It is noteworthy 
that chlorophyll c was demonstrated in all these organisms except &hrom&s, which still 
remains in the Chrysophyceae (as do Sphaleroman tis and konochrysis, although their classi- 
fication is not certain). It is possible that although no chlorophyll c was demonstrated in 
Ockronumas aWctz, this might be due to its heterotrophic mode of growth. Parsons 3 found 

11 M, PARKB and P. S. DLXON, J. Marine Ww. Assoc. thud King&m, 44,499 W54). 
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that Monoldrtysis kheri contained only about 5 per cent of its total chlorophyll as chloro- 
phyll c. This proportion was &reased by growth in a nutrient&&ient medium at high light 
intensity and lower temperature. 

EXPERIMENTAL 

Cultures 

Chrysocho~ chiton (Plymouth No. 146), C~y~oc&unuZjnu sp. (Plymouth No. 200), 
Ckryso&cmr&ta sp. (Plymouth No. 137), Irochrysir galbana (Plymouth I), Dicrateria sp. 
(Plymouth No. 133), Dimaliella prhdecta (Plymouth No. 81) were grown in Brdschreiber 
mediumat14”withtheregimenof16hrlight(200lumenper~.ft)and8hr~~perday. 
The cultures were unialgal, but not bacteria-free, and were originally provided by Dr. Mary 
Parke of the Marine Laboratory, Plymouth. Ochrouroru~ danicu(axenic)wasprovidedbythe 
Culture Collection of Algae and protozoa, Cambridge, andgrown in a medium containing 
KH#O, 30 mg; MgSOI*7Hz0 100 mg; glucose 1 g; NaN03 200 mg; glutamic acid 100 mg 
thiamine HCl 1 mg; biotip 10 pg; vitamin Brs 1 pg; soil extract 40 ml; distilled water to 1 l., 
pH 5, sterihmd by autoclaving. Pedinomtmas minor was provided by Dr. Hans Ettl as a 
unialgal,ba&eria-containingculture. Thi~~growninamediumcontainingK~HP0,lmg; 
MgS04.7H,0 2.05 mg; FeCl~~6H,O O-168 mg; KNOj 10 mg; soil extract 2 ml; distilled 
water to 100 ml; sterihzd by autoclaving (Effl-personal communication). The culture had 
been rendered axenic by a dilution technique. Ochr0nwnax d&&r and Pehmwnas minor 
were grown under the physical conditions described above. prymnaskmr parvum (axe&, 
Israeli strain) was grown as described in Bicketts.12 HaZidfys siliquosa was a gift from Dr. 
Leonard Evans of the Department of Botany, Leeds. 

chlorophylls 
Cultures were normally harveWd by centrifugation at loo0 g/l0 min after about one 

month of growth. The deposits were then pooled and centrifuged in a smaller tube at 1000 
g/5 min. The supematants were decanted and drained to remove as mu& liquid as possible 
and immediately treated with 90 y0 aqueous acetone in the dark. (‘Ibe HaNdrys siliqaosa was 
cutintosmallpiecesand~~in9o~acetonebeforecentrifuging). Afterabout5min 
the suspension was centrifuged and the supernatant decanted for determination of the chloro- 
phylls by the method of Parsons and StricklamL6 Thisinvolved measurement of optical den- 
sities at 630,645 and 665 rnp and then calculation of the chlorophyll concentrations using 
simultaneous equations. The residue was always pm&ally colourless after this procedure. 

determinationinthiswayanaliquotofthe90%acctonewrtractwastakenfordetermin- 
ation of chlorophyll c by the method of Parsons.’ The method involved extraction of the 
aqueous 90% acetone extract with hexane under conditions which led to removal of the 
carotenoids and chlorophylls a and b. The chlorophyll c content was then de&mined by the 
~inoptical~oftheacetoneextractat450mylaftertttatmentwithhydrochloric 
acid. The organisms were also exam&d for the preslence of chlorophyllides by the method of 
Parsons.7 This was done by comparing the optical density of the hexane extract at 665 rnp 
with that of the original aqueous 90% acetone extra& allowance being made for the greater 
dilution in the former and the diierent absorptions in the two solvents. Differences between 
thetwovaluesindicatedthepresence of chlorophyllides. 

12 T. R. RICKEIT& J. Roy. hticrosctw Sot. 8% 459 (1%4). 
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The pigments of 90 % acetone extracts of axenic Pqwwmium parvwn wem tramkd to 
ether by the method of Allen, Goodwin and Phagpohqarn~.~~ The extract was evaporated in 
a stream of air (l-2 min) and chromatographed in the dark on 15 x 16 cm icing sugar cohunns 
(British Sugar Corporation) after dissolving the residue in petroleum spirit, b.p. 40-60”, and a 
few drops of ether. The column was eluted with (a) petroleum spirit, 5 ml, (b) 05% n- 
propanol in petroleum spirit, 5 ml; (c) 0.5 % demethylaniline in petroleum spirit, 5 ml; (d) 
05 % n-propanol in petroleum spirit, 15 ml; and finally with (e) 2 % a-propanol in petroleum 
spirit (After Strain, Manning and Hardinr4.) This procedure removed chlorophyll a and the 
carotenoids. Chlorophyll c was retained towards the top of the column as a broad light 
yellow-green band which was then eluted with ether containing 10 % methanol. The eluate was 
freed of methanol by washing with water, and then diluted with ether before determining its 
absorption spectrum. 

*3 M. B. ALLEN, T. W. GOODWIN and S. ~POLNCMM, .I. Gem. At~&?l. 23.93 (1960). 
14 H. H. STRAIN, W. M. bfANNINt3 and G. HAUDIN, B&d. Bdl. Marlnc Bid. Lub. 86,169 (1944). 


