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SUMMARY

A componentabsorbing around 655 nm is observed in the approximate red absorption band

of chlorophyllb in Ulva lactuca. The results suggest that this component represents a form of

chlorophyll a rather than chlorophyllb. Therefore, no indication that chlorophyll b occurs in

more than a single form in vivo is obtained.

1. INTRODUCTION

2. MATERIALS AND METHODS

Chloroplast fragment suspensions from Ulva lactuca, obtained from the Ne-

therlands Institute for Sea Research at Den Helder, are prepared according to

previously described methods (Thomas 1971a). However, instead of phosphate

buffer, 0.05 M Tris buffer, pH 8.0 is used.

Fractionation into preparations enriched in either photosystem 1, the light

fraction 1, or photosystem 2, the heavier fraction 2, is made according to Bril

et al. (1969) by using deoxycholate. The centrifugation procedure is slightly

changed as described in Thomas (1972). In addition fractionationis obtainedby

passing the chloroplast fragment suspensions through a French press twice,

using a pressure of about 430 kg.cm~
2

.

For the preparation of suspensions of chloroplast fragments fromthe chloro-
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In earlier papers (Thomas & Bretschneider 1970; Thomas 1971a, b, 1974;

Leppink & Thomas 1973) the approximate shape of the in vivo red absorption

band of chlorophyll b, obtained as a difference spectrum of the chlorophyll b-

containing alga Ulva lactuca minus the chlorophyll h-free alga Vischeria stellata

at 77 °K, was described. It was concluded that two shoulders around641 nm and

662 nm respectively are not due to chlorophyll b, but, most likely, to chlorophyll

a complexes. The present study aims at examining, by means of computer

analyses, whether possibly hidden absorption bands occur in these chlorophyll b

spectra.
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phyll 6-free alga Vischeria stellata see Thomas & Bretschneider (1970).

Absorption spectra at 77 °K are recorded in a Cary model 14R spectrophoto-

meter. By subtracting absorption spectra of Vischeria from those of Ulva, as

described in Thomas & Bretschneider (1970), spectra of chlorophyll b in vivo

are obtained in close approximation.
The computer analyses are done with the RESOLV program developed by

Dr. D. D. Tunnicliff of the Shell Development Laboratory, Houston, Texas.

The version used is a revision of the original program and was kindly provided

by Dr. C. S. French of the Carnegie Institution of Washington at Stanford,

California, where the revisions were programmed. After some minor changes,
due to the type of computer, it runs satisfactorily on a CYBER-73.

The scope of the program has been described in French et al. (1969, 1971,

1972). The spectra are assumed to fit a sum of simple components. In this case a

mixture of a Gaussian and Lorentzian curve is chosen as the simple component.

The curvefitting is an iteration process. With every step the difference between

the calculatedand the measured spectrum decreases by changing the parameters.

The iteration is stopped when the improvement of the fit becomes less than 0.1 %

or the number of steps exceeds the allowed maximum of 30. At the beginning
the components are assumed to be 50% Gaussian and 50% Lorentzian. During
the same iterationstep the parameters are not allowed to change more than 0.3

nm to 2 nm depending on the parameter.

The graphical output of the program is shown in fig. I. The dots represent the

measured spectrum, the drawn line is the calculated one. The simple compo-

nents are given as well. The difference between both spectra is shown under-

neath. The scale of the lower plot is differentfrom the scale in the upper plot by
the indicated factor.

3. RESULTS

An example of curve analysis of the red absorption band of chlorophyll b in

Ulva lactuca is given in fig. I. Infig. la, resolution into 4 components is shown.

The major one is the main chlorophyll b band, whereas both minor ones re-

present the 641 and 662 nm components. These are not due to chlorophyll b,

but, most probably, to chlorophyll a complexes (Thomas & Bretschneider

1970; Thomas 1971a, b; Leppink & Thomas 1973). The band around 630 nm,

only partly shown, is the result of the fact that the absorbance at the short-wave

side of the spectrum does not approach zero. It therefore is not considered any

further. At the short-wave side, the sum of the resolved components, shown by
the drawn line, coincides satisfactorily with the measured values, represented

by dots. This coincidence is not increased by a splitting of the 641 nm band, cf.

fig. lb. At the long-wave side, the coincidence is imperfect. To obtain a good fit,
the introductionof a component peaking at 655 nm is required, cf. fig. 1c. At

the same time, the fit at the short-wave side is also slightly improved. Since

splitting of the 641 nm band does not ameliorate the mentioned

Id shows the final analysis. The 655 nm band occurs in all, 20, analyzed spectra.
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In order to examine a possible association of the 655 nm component with one

of both photosystems, fractionation experiments are done. As observed earlier

(Thomas 1972), separation of both photosystems, even with deoxycholate, is

only poor for Ulva. The results, shown in table I, suggest that the 655 nm com-

ponent occurs to a higher proportion in fraction 1, enriched in photosystem 1,

than in fraction 2. Upon equalizing the heights of the main red chlorophyll a

absorption bands around 677 nm for all preparations, the relative heights of the

655 nm bands are given in mm.

Fig. 1. Example of curve resolution of chlorophyll b absorption spectra from Ulva lactuca.

For details see text.

Table 1. Relative amount of the 655 nm component in fractions enriched in one of both

photosystems. Data refer to 77°K. DOC; deoxycholate, F.p.: French press.

fractionation

procedure

height of the 655 nm absorption band in relative units mm

fraction 1 fraction 2

DOC 27.8 23.2

DOC 33.4 19.4

DOC 24.5 22.6

F.p 21.6 20.0

F.p 24.8 23.2

mean 26.4 ±2.0 21.7 ±0.8
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4. DISCUSSION

Resolution into mixed Gaussian and Lorentzian bands of spectra as shown in

fig. 1 demonstrates that, in addition to the main chlorophyll b band, peaking at

649 nm, aswell as thebands dueto chlorophyll a forms (Thomas & Bretschnei-

der 1970; Thomas 1971a, b; Leppink & Thomas 1973) with maxima at 641 and

662 nm respectively, a componentwith maximum absorption at 655 nm occurs

in Ulva lactuca. French et al. (1969, 1971, 1972) and Wiessner & French (1970)
also observed a 655 nm component by the curve resolution method in various

species. However, adequate fits could be realized in a numberof cases without

the addition of the 655 nm component. For this reason, the 655 nm band was

not considered by these authors any further. The present results, however,
show that this component occurs in Ulva withoutany doubt.

I. Thomas et al. (1970, a b) and Tatake et al. (1971) made microspectro-

photometric studies on algal cells at room temperature. These authors con-

cluded from derivative spectrophotometric results to the occurrence of a 655

nm band. They suggested that this component represents a chlorophyll b form.

However, the fact that, in contrast with chlorophyll b, the 655 nm component is

likely to occur more abundantly in photosystem 1 than in photosystem 2

renders it less probable that this component represents a chlorophyll b form.

Such a situation would mean that chlorophyll b occurs only in a single form in

vivo. In this respect it is mentioned that Kleuser & Bucher (1969), when

studying electrochromic effects in monomolecularfilms of chlorophylls a and b,

observed that, contrary to the first pigment, the latter one occurred in a single

aggregation form. About the nature of the 655 nm component it is mentioned

that, according to During et al. (1969) the first vibrationalband of P700 occurs

at 655 nm. This fact, combinedwith the present indication that the655 nm com-

ponent occurs preferably in fractions enriched in photosystem 1 points to the

possibility that the component in question is due to thereaction center pigment

ofthis photosystem, its collector pigment C700 (Kok 1966), or to both of these.
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