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Some properties of spinach chloroplast fractions obtained by digitonin
solubilization

BoARDMAN AND ANDERSON! reported that when spinach chloroplasts are sepa-
rated into fractions by digitonin solubilization followed by differential centrifugation,
the resulting fractions are capable of performing efficiently either the NADP reduction
{(with reduced DCIP as the reductant) or the reduction of added DCIP (with water
as reductant). It seems that the two pigment systems performing the two postulated
light reactions in photosynthesis®® had been separated. However, the separation of
two pigment systems was only partial; in particular, the fraction which performs
“Reaction IT” appears to contain also “System 1”—it does show NADP reduction
with water as reductant.

We have examined the absorption and fluorescence properties of chloroplast
fractions prepared by digitonin solubilization and fractional centrifugation, and the
quenching of their fluorescence by oxidized cytochrome ¢. We measured the particle
sizes in the several fractions, and the degree of polarization of chlorophyll emitted
by them in polarized light, as evidence of orderly arrangement of the chlorophyll
molecules, :

Chloroplasts from spinach leaves were isolated and washed as described else-
where?, resuspended in & medium containing ¢.5 M phosphate buffer (pH 7.2), 0.0t M
KCl and 0.5 % digitonint, and allowed to incubate for 30-60 min. After incubation
the chloroplasts were centrifuged at 1200 x g for ro min precipitating Fraction 1,
at T0000 % ¢ for 30 min, producing Fraction 2, and at 50000 x g for 30 min, giving
Fraction 3, in a Beckman-Spinco centrifuge. All pellets obtained were resuspended
in the same buffer. The final supernatant liquid (Fraction 4) was also saved for
analysis. The particle size was determined from electron photomicrographs made with
a Siemens electron microscope. {These measurements were made by C. SHIMONY.)
Measurements of the degree of polarization of chlorophyll & fluorescence, excited by
polarized light, were made with WEBER’s polarization meter®. Absorption measure-
ments were made with a Bausch and Lomb spectrophotometer, equipped with an
integrating sphere; fluorescence measurements, with a spectroflucrimeter bailt in our
laboratory®.?.

The size of the particles was estimated from chromium-shadowed electron
micrographs, Particles in Fraction 4 consisted of small spherical particles (diameter
20 4 5 nm) comparable with that of the macromolecules observed in the chloroplast
lamellae. Fraction 3 consisted of discs, and clumps of discs about 100-200 nm in
diameter, with very few of the small particles that formed the bulk of Fraction 4;
these may be the “grana discs”. Fraction 2z consisted of much larger discs {400-500 nm
in diameter), in which the smaller discs of Fraction 3 were imbedded. In addition
there were some thread-like filaments of To-nm thickness, with lengths up to 100 nm.
Some of the small round bodies (macromolecules?) that appeared in such great
abundance in Fraction 4, were also scattered about in this fraction. Fraction 1 ap-
peared to be made of particles only a little larger (about 700 nm in diameter) than
the larger particles of Fraction 2. An occasional 1oo-nm disc or a zo-nm long “macro-
molecule™ also appeared in Fraction 1. For the most part, the large discs lacked the
smaller Too-nm discs observed within the particles in Fraction 2. (After the completion
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TABLE I

Fraction Polarization Ratio of fluovescence

number of fluovescence  intensilies af 735 nm and
AN 696 wm at —r96°

o 2.66 ' I.70

I 2.9z : 0.99

2 3.0I ' I.53

3 5.13 ' z.16

4 5.40 2.42

* The second colurmn shows the degree of polarization of chlorophyll luorescence when excited
by polarized light of 420 nm.

of our work, we came to know of the excellent and more detailed work of SIRONVALS
and WEssELs® on the electron microscopic and biochemical characterization of chloro-
plast fragments prepared with and without digitonin, respectively.)

To judge the orderliness of the arrangement of chlorophyll & molecules in each
fraction, measurements were made of the polarization of chlorophyll @ fluorescence
excited in them by polarized light. The smaller fractions show a higher degree of
polarization {Table I, second column). This may mean that chlorophyll molecules in
the small zo-nm particles prevalent in Fraction 4, are arranged in a more orderly
way than in the larger particles, so that less depolarization is caused by energy
migration. OLsON, BUTLER AND JENNINGS', and LAvOREL' have shown that degree
of polarization of fluorescence is greater upon excitation of pigment System [ than
of System Il Perhaps Fraction 4 is enriched in System L

Fig. TA shows that chlorophyll & content is relatively increased in Fraction r
{compared with “Fraction 0”), and it is relativelv deficient in Fractions 3 and 4.
At 480 nm, the absorption in the original material is due to about 55 %, chlorophyll &,
and about 459% to the carotencids. The distribution of absorption at 480 nm is,
however, similar to that obtained at 650 nm, where chlorophyll 4 is the main absorber,
suggesting that chlorophyvll b and some carotenoids are associated in the same pigment
system.

The locations of the red absorption maxima are plotted in Fig. 1B. (The wave-
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Fig. 1. A. Variations in distribution of pigment components between the 1—4 digitonin-solubilized
fractions as compared with the original suspension (Fraction o). The absorption curves of all
fractions were “‘normalized’” at the peak of chlorophyll @ band. The differences were measured
at 650 nm {the region of high chlorophyll & absorption) and at 480 nm (region of high chlorophyll
and carotenoid absorption). B. Location of the red chlorophyll @ absorption band in different
fractions of digitonin-solubilized chloroplasts.
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length maxima were measured very carefully, and, although their accuracy is not
better than - 0.5 nm, their precision is <= 0.2 nm.) The red absorption maximum of
intact chloroplasts lies at 676 nm; those of Fractions 1 and 2 at 675.5 nm, and those
of Fractions 3 and 4 at 676.5 nm. This could mean that the lighter particles are
enriched in the “long-wavelength’ chlorophyll 2 complexes, while the heavier particles
are enriched in the “‘short-wavelength’ ones (as well as in chlorophyll &). However,
these shifts are so slight that they could be due to differences in chlorophyll b content,
and may be explained without invoking differences in the chlorophyll 2 bands.
Tromas!? has also shown shifts in absorption maxima in different fractions of chloro-
plasts.

At liquid nitrogen temperature, complex flucrescence spectra appear (Fig. 2).
(For previous observation of the complex structure, see refs. 7, 13-18.) The ratio of
F35 to F606 is shown in Table I (third column). A decreased ratio (F735/F696) may
be indicative of enrichment of System IT and an increased ratio of System I. In the
lighter-particle fractions (Fractions 3, 4), there is more of the 735-nm component com-
pared to the 6g5-nm component, as shown by a high ratio {>>z) of F735/I'696, whereas

" in the heavier-particle fractions (Fractions 1, 2}, the same ratio is lower {<Cz). The

6053-nm component (FHgo) is clearly present in the heavier fractions (Fractions 1, 2),
but absent from the lightest Fraction 4.

In experiments with Porphyridium®, a dominant 712-nm (F720) band is ob-
served upon excitation of System I (chiorophyll 4) and a F6g6 band upon excitation
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Fig. 2. Fiuorescencé'spectra {at —196°) of digitonin-solubilized spinach chloroplast fractions.
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of System II (phycoerythrin), suggesting that Fbg6 belongs to-System II and Fyzo
to System 1. ‘

Fluorescence-quenching experiments of the several fractions give some infor-
mation about their photochemical properties, The fluorescence of the heavier fractions
{I'ractions 1, 2) was quenched up to 2.69% by 6-10¢M oxidized cytochrome ¢,
whereas those of the Fraction 4 were not quenched. DCMU (107* M) abelished the
effects of cytochrome ¢. The effect of reduced cytochrome ¢, with and without NADP,
was too slight (less than 0.5 %) for meaningful interpretation.

This research was supported by the National Science Foundation (GB4040).

Department of Botany, University of Illinots, Carr. N. CEDERSTRAND
Urbana, 111, (U.S.4.) GOVINDJEE

N. X. BoarpMaN AND J. M. ANDERSON, Nalire, 203 (1g04) 166.

R. HiLL anp F. BEnDaLL, Nature, 186 (1960) 136.

L. N. M. Duvysgns aND J. AMEsz, Biochim. Biophys. Acta, 64 (1962) 243.

C. N. CepgerstraND, Ph. D} Thesis, University of Illinois, Urbana, 1965.

G. WEBER, [. Opf. Soc. Am., a6 (1956} g6z2.

GoVINDJEE AND J. SPENCER, paper presented at the 8th Annual Biophysics Society Meeting,

Chicago (1964); manuscript in preparation.

(ovINDJEE AND L. Yang, J. Gen. Physiol., 49 (1906) 763.

C. Sironvar, H. Coysregr, J. M. Micuer, R. BroNcHART AND R. M. MicHEL-WOLWERTZ, in

J. B. THomas anD J. H. C. GOEDHEER, Currents ¢n Photosynthesis, Donker, Amsterdam, 1965,
LITXL

9 ? H. C. Wrssrrs, in J. B. THomas anD . H. C. GOEDHEER, Currenis in Photosynihests, Donker,

Amsterdam, 1963, p. 120.
10 R. A. Orson, W. BUTLER aND W. H. JENNINGS, Biochim. Bicphys. deta, 54 (1g61) 615.

O W R

G~

/ 11 J. LavorgL, Biochim. Biophys. Acia, 88 (1964) 20.

12 f. B. THomas anDp ]J. W. BrRoERHUIS, in J. B. THoMas anD J. H. C. GOEDHEER, Curvrenis in
Photosynthesis, Donker, Amsterdam, 1965, p. 57.

13 B. Koxg, in B. Kox a¥D A, T. JAGENDORF, Photosynthetic Mechanisms of Green Planis, National
Academy of Sciences—National Research Council Publication No. 11435, 1463, p. 45-

14 GovINDJEE, in B. Kox anD A. T. JacEwDorr, Phofosynihetic Mechanisms of Green Plants,
National Academy of Sciences—National Research Council Publication No. 1145, 1603, p. 318.

15 5. 8. Bropy awD M. Bropy, in B. Kok anD A. T. JacenDory, Phofosynthetic Mechanisms of
Green Plants, Nztional Acadermy of Sciences—National Research Council Publication No. 1145,
1963, p- 455-

6 ] BE}ISGERON, in B. Kok anD A. T. JAGENDORF, Photosynthetic Mechanisms of Green Plants,
National Academy of Sciences—National Itescarch Council Publication No. 1145, 1663, p. 527.

17 J. H. C. GOEDHEER, Biochim. Biophys. Acta, 88 (1964) 304.

18 A. KREY AND GOVINDIEE, Biochim. Biophys. Acle, in the press.

Received October 11th, 1965
Revised manuscript received December zoth, 1965

Biochim. Biophys. Acta, 120 (1966) 177-180

GOV LN

GALF
= “\._!.f_l'l{}iﬁ'

Universi tr o
Urbans, T1iin




