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Abstract-The isolation of a pmtochlomphyll-like pigment from some unice&lar flagellates, having the 
qxtrophotometric, ix. spectmw@c and solubility pmperties of magnesium 2,4-divinylphaeqorphyr~ as 
monomethyl ester, is described. It occurs in amounts ranging fmm 2 to 9 per cent of total chlomphyll pigment 
in the marine flagellates: ~~~~~~~~~; ~ic~~~sq~tu (Plymouth Nos. 28lA, 289,290); Hetem- 
mustix ~0~~~~; Eefermast~x sp. (Plymouth No. 198) and ~yr~~~s ~y~fe~. It was not detected in 
the marine flagellate Hetemnastix rotunda, or in the freshwater ilagellates hfononn&x cueca; Sperm&to- 
zopsis; Pedinomow minor or Pedbwnzonas tuberdata. The relationship of the pigment to the classification 
of these Aagellates and to the biosynthesis of chlorophyll u is discussed. 

INTRODUCTION 

DURING investigations into the chlorophyll c status of some pigmented flagellates, using the 
method of Parsons,’ a light green pigment having an absorption spectrum similar to that 
of prot~hlorophyll was detected. The present paper reports on the isolation and identifica- 
tion of this pigment and gives some notes on its distribution in unicellular flagellates. 

RESULTS 

Figure I shows the absorption spectra of the pigment from Micromonas squamata 
(Plymouth 289) in 90 per cent acetone, isolated by the method of Parsons,l before and after 
hydrochloric acid treatment. The absorption maxima of the pigment are 630,575-80 and 
441 rnp; and of the ph~oph~n 572 and 423 rnp. Paper c~omato~aphy of extracts of this 
type indicated that there was trace contamination with carotenoids, as is also indicated by 
the asymmetry at about 470 rnp in Fig. 1. This probably obscures smaller absorption maxima. 

The absorption spectrum of the pigment isolated by the method of Granickz from Micro- 
mow ~q~~ut~ ~1~0~~ 290) is shown in Fig. 2. The pigment is not absolutely pure, as is 
shown by its slight absorption at 660 ny~. The absorption maxima and relative intensities 
are shown in Table 1 and compared with those of pigments 5 and 7 obtained by Jones3 from 
Rho~opawdomonas spkoides, and with protochlorophyll.4 

Infrared spectra of the p~~phytin of the protoc~orophyll-like pigment (which showed 
no absorption at 665 mp) in carbon tetrachloride solution showed peaks at about 1713 cm-l 
and 1738 cm-l. The former showed a very small shoulder at a slightly lower frequency. 
J-Jolt and Jacobs5 have shown that chlorophyll pigments and their derivatives show peaks 

f T. R. P-M, J. lwbrfne Research 21,164 (1963). 
* S. GMNICK,J. B&d. Chem. 183,713 (1950). 
3 0. T. G. J~Nw, BSochem. J. 88,335 (1963). 
4 V. M. KOSKI and J. I-i. C. m, J. Am. Chem. Sot. 70,3558 (1948). 
5 A. S. HOLT and E. E. JACOBS, Pimt ~~ys~~. 30,553 (1955). 
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at 1680-1710 cm-‘. due to the isocychc-ring carbonyl group: at 1702 -1725 cm ’ due to the 
carbonyl group of the carboxyl CI and at I730- I740 cm ’ due to the ester carbon> I group. 

The present results tend to confirm the presence of the i\oqcltc ring and the ester grouping. 
The results are similar (but about 10 cm-’ htgher in each case) to those obtained by Jonr>” 111 
unspecified solvent. The ab,ence of a peak in the 1660 cm- 1 regron tndrcate\ that no acet! I 
group is present. 

If the spectrum ~‘as determined uling the prgment in the solrd >t;tte the tun pcahs \!cre 
shifted about I4 cm ’ to higher frequencie\. 

WAVELENGTH (ny J 

BroAen lme=protochlorophyll-hke pigment; contmuou~ lrne=p~gmem oftcr h>drcwhlorrs ,ICI~ 
treatment. 

Additionally peaks \sere obtamed at 2857 cm-’ and 2933 cm- ’ (in both the solid (tate 
and carbon tetrachloride solution) which had a greater magnitude than the 1713 cm * and 

1738 cm-’ peahs. A phytol group causes adsorptron at 2916-2920 cm ! ? but Its magmtude 
is less than the 1680-1710 cm ’ and 1730-1740 cm--’ peak<. The alxorption obtained 15 
therefore attributed to unidentified hydrocarbon impurities in the sample. The wlubility 
of the pigment phaeophytm in I5 per cent hydrochlortc acid (w v) also indrcate\ that n I\ not 
a phytyl ester. Results for the other orgamsm, examined for the prr\ence of the pigment :rre 
shonn in Table 2. 

d 0. T. G. k~htb. Biochem J. 89. 18:! I 1963~. 
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FIG. 2. T~E~~NSPEC~RAOPTHEPROTO~HUIROPHYLL-LIKEPIGMEKI.IN~~~SOLU~O~, 
BEFORE AND AFI'ERHYDROCXLORIC ACIDTREATMENT,ISOLATED BY-I-HE METKODOFGRANICK~ FROM 
Micromonas squamata (PLYMOUTH 290). 

B=protochlorophyll-like pigment: A -‘pigment after hydrochloric acid treatment. Note that curves 
A and Bare not at the same pigment concentrations. 

TABLE 1. THB ABSORPTION MAXIMA AND BAND RATIOS IN ETHER OF THE FIGMENT OF Micromonas 
SfJlfQmUtU (PLYMOUTH 290) AND ITS PHAE4PHYTIN COMPARED WITH THOSE OF OTHER COMPOUNDS 

Compound 

Pigment 

Compound 57 

Protochlorophyli 

Pigment p~phytin 

Pigment phaeophytinj 

Compound 7*t 

Protophaeophytin 

437-S 537 574 
(100) 
438 

0;; 
‘2 

CPlY, 

(lao) (2.8) E) 
432 535 :6;“1’ 
(lo@ (2.2) (4.6) CE) 
421 527 567-8 590 
(loo) (5.4) 
421 527 

@$) $4) 

wo) (9.4) (6.5) (0%) 
421.5 

‘;$I 

ww 
417 

‘5;44’ S$ is) <Z) 

(loo) (4.57) (9.4) (6.25) @98) 

* Obtained from compound 5 by HC1 treatment. 
t From ~~~se~~~s splieroides.3 
$ From Micromomas p&la, 
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TABLE 2. THE DISTRIBUTION OF MAGNESIUM 2,4-DIVINYLPHAEOPORPHYRIN aJ MONOMETHYL 
ESTER IN VARIOUSUNICELLULAR ALGAEANDTHE VARIOUS METHODSOF INVESTIGATION USED 

Ah 
____-__-_d__-) 

Strain 
-__ 

Mwromonas pusillu Plym. 27 
.Micromonas syuamuta Plym. 28 1 A 

Plym. 289 
Plym. 290 

Heteromustrx rotwrda Plym. 210 
Heteromastix longifilrs Plym. 58 
Heteromustix sp. Plym. 19X 
PI ramimonus ant! hferu Plym. 246 
Xfooilo~roc tix 
Spermutozop.trs 
Pedmomonus nmro, 17B 
Perlinomonu~ trrhercrdutu 1965,T 

Method* 
Y--- _..____ --__.----- 

Parsons’ Jeffrey’b Granick’ Strain et u/.1’ 

+ t A. 

+ 
+ + 
+ + c 
- 

+ I 

-t 
+ t 
- 
- 
- - 
.- 

. -- mdlcates the presence of the pigment: - mdlcates that it aas not detected. 

The total percentage chlorophyll pigment composition of the flagellates is shwn in 
Table 3. The chlorophyll a and b concentrations were determined in 90 per cent acetone 
extracts using the specific absorption coefficients of Parsons and Strickland.’ No correction 
has been made for an! absorption at 645 m/L or 665 rnp due to magnesium Z.3-dilinyl- 
phaeoporphyrin a5 monomethjl ester. The approximate concentration of the protochloro- 
phyll-hke pigment l\as detcrmlned by the optical denhity of h~drochlonc acid-treated acetone 
extract\ prepared by the method of Parhons. ’ The assumptwn \\;I) made that the E,,, 
at the Soret maximum was 193. equal to that of ~lnqlphneoporphyrIn a!:. 111 calculatmg the 
result>. It can be seen that the results generally fall within the range 3-6 per cent of total 
chloroph>lI pigment. Isolatwn of the protochlorophyll-IIhc pigment b> other methods 
alw suggests that Hererormr~trs /cnt,g$/is ha\ a lwcr concentration than the other algae. 

-- - _---__-. 

Algae 

Plymouth 
nirmher 

I’,, Tot31 chlorophyll plgmtnt 

Protochloro- 
Chlorophyll Chlorophyll phyll-hhe 

LI h pigment 

hlrcrorwws prrsrllu 
AIicr unionu\ s yrramatu 

Micr ontonub dyuumatu 
Mio omonas squamutfl 

Micrumonur syuuniatu 

Xflrcr0nrorrus upunrtrttr 
Heterunwstrx sp. 
Heteromwtrx longrfilr.r 
Pwunnmonu s mnj*lrferu 

‘7 S-I.3 -11.2 35 
‘8lh 62.X 32 9 4.J 
189 66.4 28.3 53 
‘89 ho.9 29.7 9.J 

290 61 9 31 7 64 
290 66 7 28.9 -lJ 
1% 59.5 37-3 3.2 
5X 5X.6 39.4 2.0 

246 63 5 3.7.9 2.6 

5 T. R. PARSONS and J. D. H. STRICKLAND. J Marine ReJearclr 21. 155 ( 1963). 
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As regards the possible derivation of the pigment from the bacteria in the algal cultures 
rather than from the algae themselves, it can be seen that a number of bacteria-containing 
cultures display no pigment. Also, no bacteriochlorophyll was detected on chromatography 
of any of the pigment extracts. At this point it should perhaps be mentioned that on column 
chromatography of pigment extracts of Micromonaspusilla (Plymouth 290) using icing sugar 
the pigment was strongly adsorbed and was the next to the last pigment to be eluted (using 
light petrol containing 2 per cent n-propanol), the last pigment to be eluted being neoxanthin. 
Column or paper chromatography of all the organisms containing the protochlorophyll-like 
pigment showed a number of red or orange-red xanthophylls, which are the major xanthophyll 
components in these organisms. These are at present under investigation. Preliminary 
results suggest that these pigments contain two or more free-hydroxy or keto groups. 

DISCUSSION 

The spectrophotometric, i.r. spectroscopic and solubility properties of the protochloro- 
phyll-like pigment and of its phaeophytin are consistent with their being identical with the 
compounds 5 and 7 respectively of Jones,3 which were isolated from Rhodopseudomonas 
spheroides grown on a medium containing 8-hydroxyquinoline. Stanier and Smiths and 
Griffiths9 have also described mutants of Rhodopseudomonas spheroides that were unable to 
synthesize bacteriochlorophyll and accumulated a compound which was called bacterial 
protochlorophyll* and which had similar properties to the compound 5 of Jones.3 Compound 
5 was later identified by Jones6 as magnesium 2,4divinylphaeoporphyrin a5 monomethyl 
ester. It has been suggested that this pigment is an intermediate both in the biosynthesis of 
chlorophyll a in green plants and of bacteriochlorophyll in photosynthetic bacteria,6 Its 
suggested position on the biosynthetic pathway lies between magnesium protoporphyrin 
monomethyl ester and magnesium vinylphaeoporphyrin a5 monomcthyl ester.j More 
recently Jones,‘O in a preliminary communication, has reported that in addition to proto- 
chlorophyll a pigment is present in the seed-coats of Cucurbitaceae which closely resembles 
the protochlorophyll-like pigment. It is now obvious that the name bacterial proto- 
chlorophylls should be abandoned as the pigment is not confined solely to bacteria. 

The accumulation of the pigment in the algae described ind cates that either it is being 
formed by a branch reaction from the main biosynthetic pathway to chlorophyll a, or that 
the enzymes concerned with its conversion to chlorophyll a are lower in concentration 
relative to other organisms. These algae may, therefore, be useful for the determination of 
the biosynthetic pathways to chlorophyll. 

It was hoped that the distribution of the pigment among algal genera might be of tax- 
onomic value and this possibility still exists, though the results are not yet sufficient to be 
used with cotidence for such a purpose. The presence of the pigment in both species attri- 
buted to Micromonas but in neither species of Pedinomonas is in accord with the classification 
based on fine structurell~ l2 but this agreement is somewhat offset by the lack of uniformity 
among the three species of Heteromastix. Surveying Table 2 as a whole, the line of separation 
between Pyrcmimcnas (with the pigment) and Monomastix (without) may perhaps coincide 

* R. Y. STANIER and J. H. C. SWIX, Yearbook. Carneg. Lstrr. 58,336 (1959). 
9 M. GRIPIWIB, J. Gen. Microbial. 27,427 (1%2). 

10 0. T. G. Jo= Bibchem. J. 96,6P (1965). 
11 I. MA- and M. PARKE, J. Marine Biol. Assoc. UnitedKingcikwn 39,275 (1960). 
12 H. ETIL and I. MANTON, Nova Hedwigia 8,421(1964). 



228 T. R. Rl(.hETr.) 

with the boundary between Loxophyceae and Prasinophyceae” but much further work will 
be needed before a phqletic decision of this kind will be possible. 

All the organism\ listed contam chlorophylls N and 11. but nof ~1. together \\ ith carotcnol&. 

In addltmn. the protochlorophyll-like pigment (hereafter called the pigment). bvhen present. 
could be estrncted by the follo\~ing methods: 

( 1) By using the tcchnlque described by Parsons’ for the determination of chlorophyll (‘. 

Tl11\ method \\a\ subsequently used routinely as a screening method for 111it1;tl dctcrminat~c~n 
of the prebcnce or absence of the pigment. 
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(2) Additionally the paper-chromatographic separation of pigments using the method 
of JeffreyI was employed. The pigment was found to have an Rf which was very similar to 
that described for chlorophyll c and to be well separated from the other pigments. The 
pigment spot was cut out and eluted with ether for s~rophotometric examination. 

(3) The pigment was also extracted by the method described by Granick2 for magnesium 
vinyl phaeoporphyrin a5, involving petroleum ether extraction of an acetone extract of the 
pigments to remove chlorophyll, carotenoids and fatty substances; and then extraction of 
the pigment from the acetone extract with ether, after first diluting with water and acidifying 
with Ml15 KH2PG4. In contrast to the pigment of Granick2 the pale green pigment was not 
extracted with O-05 M ammonia buffer, pH 9-5. 

(4) The pigment could also be isolated by column chromatography on icing sugar 
(British Sugar Corporation) using the method of Strain et aAl The pigment was strongly 
adsorbed, but, in contrast to chlorophyll c, could be eluted with petroleum ether containing 
2 per cent n-propanol. Absorption curves were determined using a Unicam SP600 spectro- 
photometer. 

Preparation of the Phaeophytin 

The 90 per cent acetone extracts were treated with concentrated HCl as described by 
Parsons.’ The phaeophytin pigment was stable for at least 90 min under these conditions. 
Ethereal solutions were shaken with a small volume of concentrated HCl (N 0.02 ml/l0 ml) 
and later washed with water to remove the acid. For i.r. spectroscopy ethereal solutions of 
the pigment (obtained from about 10 1 of culture) were shaken with 5 per cent HCl (w/v) until 
complete conversion to the phaeophytin had occurred and then the ethereal layer washed 
with water to remove the acid. Infrared spectra were determined using a Grubb Parsons 
Double Beam Grating Recording Spectrophotometer, Type GS2. 
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16 S. W. JEF~Y, Biochem. J. f&O, 336 (1961). 
1’ H. I-I. STRAIN, W. M. MA~NI~ and G. HARDIN, Bid. BE&. 86,169 (1944). 


