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Abtract-The nature of the chlorophyll4popmtein camp+ first isolated by Takashha’ was survcycd 
ushgswcralanal~techniqug. I&ial5udingswarcallcoBslstaatwiththcvicwthat~a~plcxcould 
beisolatulbyTakashu&smethod. Papcrclmnnatogcaphy&owcdthatthecrystallincmataaialwasnotpure, 
butamixtumofthrecpigmmtsandtwoprotein-staihgbmds. Tieaminoacidsoftheprotei&)were 
identified by paper chromatography after previous acid hydrolysis. After separation of the material on 

Sephadex~.50,oneoftha~~~~wasnolanpapresentandthaewesnooverlappingof~ 
remaihgprotibandwithallyofthethre!epigmantbands. 1twaeconchhd from the available evidcnse 
thatifacomplexexists,~agciociationofchlorophyllandprotdniaby~~mtherthan~bondine 

BY 1940 there was a growing volume of evidence which suggested that in the chloroplast, th 
protein and chlorophyll were,in combination (French,1~2 Smith3). Taka&ima4 publish 3 
detailsofacrystallinecomplwr~omchlorop~~andChiba,5usingam~~method,fsund 
that the crystals of the complex had at least two components, each of which could be crystal- 
lized separately. 0sipova6 also suggested such a complex between protein and chlorophyll, 
while indicating that pigment is also present in the free state. Anderson, Spikes and Lumry’ 
isolated the crystals using the same type of procedure, but they maintained that the chloro- 
phyll was not chemically bound to protein. A new investigation of Takashima’s chlorophyll- 
lipoprotein complex was therefore undertahen. 

Isolation of the Complex 
METHODS AND RESULTS 

The method of Takashima’ was followed closely except that pyridine was substituted for 
a-picoline. Sugarbeet~~wareobtainedf~andstrippedoftheir~~andmainvains. 
They were suspended in 5 voL (w/v) M/SO phosphate buffer at pH 74 (Cole3 and dis- 
integrated in a homogenixer. The slurry was centrifuged at 2500 rev/min for 20 min and the 
supernatant filtered through a large pad of cotton wool giving a green opakcent solution. 
With constant stirring, the solution was made 55% with respect to pyridine and dialysed 
against55%pyridinefor2Ohr. Thiswasrepeatedwiththreechangesofsolvent. Thecontents 
ofthcdialy~s~wcrefilteredanddioxanaddedtothefiltratetoma~it20%with~~ 
to dioxan. After 5 days at 0” the crystals present were spun down and dissolved in M/1200 

1 c. S. FRENCH, J. Gem. Pkyd. 21,71(1938). 
2 C. S. PRBNCH, 1. Cm. Pkysid. 23,469 (1940). 
3 E. L. Smni, J. Gun. Pkydd. M. 583 (1941). 
4 S. TAKAWM& Ntiture, Lmd. 169,182 (1932). 
s y. CHDA, Arch. M&em. Bfophya. 54.83 (1955). 
6 0. p. oappav~, Fiziol. Rastm& Akad. Nank SSSR. 4,28 (1957). 
7 D. R. ibqmssm, J. D. SHRBS and R. hnuur, -. et Bf&ys. Acta Is, 298 (1%). 

8 s. w. COLE, P~~th.dJ’&vb&gicaZ Chmh-y (10th Bdn.), He& and Sons Ltd., Cambrk@ (1955). 
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phosphate buffer, pH 74 (Cole p). The solution was atered and the filtrate again made 20 % 
with respect to dioxan and phuzed in the refrigerator. During the next 3 week four crops 
of crystals were collected, lyophihzed and stored in a dark bottle. 

The following tests were carried out-microscopic examination (before lyophilixation), 
tests for protein (Biuret, Xanthoproteic and Ninhydrin), ash content, nitrogen content 
(microkjeldahl”), chlorophyll conter~t,~~ phosphorus content11~12 and determination of 
minimum molecular weight. The latter was calculated on the basis that one molecule of the 
complex would contain a minimum of one gram molecule of chlorophyll per molecule of 
protein, the contribution of any other lipid which may be present being ignored. The results 
of these general tests carried out on the complex are shown in Table 1. 

t2rysUinc nature 

Protchnature: 
(a) Bilmtteet 

crystals fragmented with the least 
disM ofthe solvent 

- 
- 

- 
- 

t3tmdograms of the complex were run before and af?er acid hydro&sis. 
(a) Before hydrolysis: The complex was solubilixed in 55 % pyridine and nut in an 

ascending direction on paper 31 with a pyridine/water (55/4S:v/v) solvent for 7 hr. 
After drying, the papers were exam&d in dayiight, under ultra-violet light and after staining 
with either ninhydrin or bromophenol blue13 (Fig. 1). Three green bands were clearly 
visible, one of which remained at the origin while the other two moved with R,-‘s of 06g and 
0.84 respectively. The band at the origin exhibited a red fluorescence in ultra-violet Iight and 
stained with bromophenol blue. The bands with +‘s of 0.68 and 0.84 did not fluoresce, or 

9A.C.eaoarullw;M. W.RPasandB.F.~~.X3f,354(194S). 
xO~~~~~~~.O~.C. (~~.)W~~~~.C,,U.S.A. (1955). 
‘13. J. KINO, Bib&em. J. 2,292 (1932). 
12 R. 3. L. Aum, Biwhmn. J. 34,828 (1940). 
13 I. SMITH, CbMmhic and Ektrophmetic lkhn@m, Vol. 2, p. 11, W. IMnemm Press, London and 

New York (1960). 
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react with ninhydrin or bromophenol bhte. There was however, evidence of a ninhydrin- 
reactive band (4 O-78) midway between these bands. On this evidence it would appear 
therefore, that only the band with zero mobility is directly associated with protein and that 
the mobile green bands contain only free pigment. 

(b) After hydrolysis: The complex was hydrolysed in a sealed tube for 18 hr at 105”. All 
traces of the acid were removed by redistillation of the hydrolysate. Descending chromato- 
grams were developed for varying periods of time with butanol/acetic acid/qater (70/ 12/25 : 
v/v). After drying, they were stained with ninhydrin. Twelve amino acids were found which, 
from the positions of the markers, appeared to be leucine, valine, alanine, threonine, glutamic 
acid, aspartic acid, histidine, lysine, glycine, serine, proline and tyrosine. These amino acids 

t 
origin Grs+ond 

t 
Gretn bond sotant 

A front 

Blue staining bond Ninhydrlh;toining 

Paper: Whatman No. 31; Solvent: Pyridinc/Water (55:45, v/v). 

may have been liberated from a chlorophyll-protein complex or from the free moving 
ninhydrinmactiveband. 

Absorption s~ctroscopy 

This was carried out on light petroleum extracts @.p. 60400) of(u) the crystals @etween 
250-700 nyl) and (b) the green bands separated by paper chromatography (between 360400 

W). 
Figure 2 shows the absorption spectrum obtained with a light petroleum extract 

@.p. 60-W) of the crystals, and Fig. 3 the spectra for the eluates of the two mobile green 
bands A & 73 (Fig 1). Chromatography of authentic samples of chlorophylls a and b in the 
same solvent indicatedthatbandsA and B were probably chlorophylls b and a respectively. 
A combination of these two ehuttes produces a spectrum which is almost identical to that 
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of the’cry?tals sug@sting that if the pigment is bound in the complex, the bonding has little 
effect on its &sorption spectrum. 

band 8 

band A 

hri~cation of the Complex with Se~x G.50 

A short column (15 cm x 2.5 cm) of Sepha&x G.50 was made in pyridinejwater (55145; 
v/v). The complex was solubilixed in 55 % pyridine and concentrated to approximately 5 ml 
by blowing air onto dialysis tubing containing the solution. The concentrate was applied to 
the column which was developed with 55 % pyridine. 

The green solution eluted from the cohmm was ~ro~~~~~ on paper as before and 
it was seen that the three green bands still separated with similar properties under ultra-violet 
light as previously. With ninhydrin, staining appeared again between the two moving green 
bands after the chromatogram had been left to stand for some time for colour development. 
With bromophenol blue, ‘no stain showed which suggested that the bromophenol blue 
staining material (R/,0) had been removed by the sephadex. Thus, after sephadex treatment, 
no protein-staining band corresponded with any of the three green bands. 

DISCUSSION 

The rw&s obtained before sepbdex treatment were co&stmt with the view that a 
cry&al&e chlorophyll-lipoprotein complex could be isolated by this technique. They also 
suggested that the crystalline preparation was not a single compound but that when the 
crystals were formed, free pigment and free chloroplastic protein (or w) were taken out 
of solution with them. 

The analytical data, with the exception of a minimum molecular weight of approximately 
half the value, corresponded well with that quoted by Taka&ima.’ This suggested that the 
substitution of pyridine for a-picoline in the extraction procedure produced a similar crystal- 
line product Although the crystals were very fragile and fragmented easily, there was no 
indication that they were colourless after removal of the ~s~~~g solvent a~ suggested by 
Anderson et at.’ Using an ether~alcohol mixture, Takashima4 ,indicated the lipoprotein 
nature of the complex. The presence of 2 1% phosphorus could be accounted for if the lipid 
was present as phospholipid. Paper chromatography of a solution of the crystals showed the 
presence of three green bands. Only at the origin did protein (or peptide) staining overlap a 



pigment band and as there was a good separation between this and the moving bands, no other 
solvent was tried. After hydrolysis, twelve amino acids were detected in the material. 

Sephadex treatment was tried in the hope that the ninhydrin reactive band would be 
removed, leaving the complex and the free pigments. As the bromophenol blue staining band 
was removed, this seemed to indicate that it was of fairly low molecular weight (less than WOO), 
but there is also the possibility that using sephadex with an organic solvent may alter its 
properties. As no overlap between pigment and protein-staining bands was present after 
sephadex treatment, it appears that the preparation is probably an artefact which may be 
extracted from the chloroplast, and which is a mixture of substances rather than a single 
crystalline complex. If the complex does exist, the association of pigment with protein must 
be by physical rather than chemical bonding. Spectral data of the chlorophylls in the isolated 
complex implies that any bonding present does not alter their absorption spectra. However, 
the state of chlorophylls in living cells is not fully understood and spectral dilkrences between 
naturalandextractedchlorophyllshavebeenobserved. Inthesecasesthechangesmaybedue 
to various types of chlorophyll-a complexes.14 

14 J. I-I. C. Snmm and C. S. FRENCH, AIUI. Rev. P&w Z’hysid. 14,201 (l!J63). 


