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Abstr_act

O e s L e

The action and emission spectra of the delayed light emission from
Chlorella, Nostoc, and spinach chloroplasts have been measured. The action
spectra for Chlorella and for spinach chloroplasts are quite similar to the
absorption spectra of these materials. The action spectrum for Nostcc, on
the other hand, shows 2 relatively low activity for chlorophyll and carotenoids
and a high activity for phycocyanin. The emission spectra of these materials
demonstrates that the luminescence i# the result of a transition between the
first excited singlet state and the ground state of chlorophyll. Low-temperature
studies suggest that the triplet state of chlorophyll i s not involved at ail in the
luminescence of spinach chloroplasts. There is some indication that part of
the light emitted from Nostoc is due to a phycocyanin transition.
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A study of the spectral characteristics of the delayed light emission of
green plant materials h%s been undertaken. The apparatus used was ideatical
to that reported earlier” except that a longer time constant {0.1 second) for
the photomultiplier amplifier circuit was used here in order to integrate noise
and to permit operation at a higher gain. For the measurement of the action,
spectra, a Bausch and Lomb 500-mm focal-length grating mouschromator
(No. 33-86-45) was placed between the exciting light (General Electric FT-503
flashtube) and the sample. The emission spectra were measured by placiang the.
monochromator between the sample and the detector (Dumont K-1292 photo-

. multiplier), The inteasity of the emitted light approximately 0.2 second after

excitation by the flash was measured at 10-mp intervals of either exciting light
{action specira) or emitted light (emission spectra). Two curves were drawn
through two sets of alteranating points taken 20 my apart. The final curve was
drawn between the two curves obtained in this way. The slit width of the monochro-
mator corresponded to a band pass of about 20 mp. A correction for the rela-

. tive number of quanta in each wave length of exciting light was applied in the

is the same as that obtained earlier by Strehler apd Arnold, > while that for

y

RS

action-spectra measurements, and the emission spectra were corrected for the
sensitivity of the photomultiplier at the various wave leagths from data supplied

by the manufacturer of each of these instruments. All curves, except where

otherwise stated, were measured with very thin films of material.

The resulte of these measurements are shown ia Fig. 1. The action spectra
for the delayed light emission by Chlorelia and by spinach chioroplasts are quite
similar to the absorption spectra of theése materials, and show both the chlorophyil
and the carotenocid bands. Nostoc, on the other hand, has an action spectrum very

‘much different from its abscrption spectrum. Both the carotenoids and the

chlorophyll are apparently very low iun activity. The action gpectrum for Chlorella

Soaniein i b3tk

Nostoc resembles the curve for Synechococcus, * another blue-green alga.

P e

~ The room-temperature emission spectra of the delayed light obtained from
thin films of Chlorella and of spivach chloroplasts are essentially identical. A

curve for Chlorella has been obtained earlier by Arnold and Davidson. ° For

"The work -escribed in this paper was sponsored by the United States Atomic
Foergy Commission. '

{3\ lNatianalﬂScience Foundation Posﬁdoctorai Fellow, 1956-1957.

2G. Tollin an M. Calvin, Proc. Nat. Acad. Sci. U. S. 43, 895 (1957},
°B. L. Strehler aad W. Aruold, J. Gen Physiol. 34, 809 {1951}
*W. Arnold and J. Thompson, J. Gea Phyeiol. 39, 311 {1956).

PW. Arnold and 3.B. Davidson, 1 Gen Physiol. 3¢, 677 (1954,
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purposes of comparison, a typical fluorescence spectrum of Chlorella6 has
been plotted in Fig. 1. The two types of emigsion are seen t6 have similar
spectra. The fact that the low intensity of the luminescence necessitated the
use of rather wide slits in the monochromator accounts for the somewhat
broadened shape of the delayed-light-emission specira as compared with the
fluorescence spectrum. Thus, the delayed light emission of both Chiorella °
and spinach chloroplasts is the result of a transition between the first excited
singlet state and the ground state of chicrophyll. In an earlier publicationm it
was tentatively suggested, on the basis of crude measurements with filtexrs oa
thick films of material, that the luminescence of spinach chlorophfsts was the
result of a triplet state-to-ground state emission of chlorophyll. * This is now
.recognived as having been due largely to the self-absorption distortion of the
emission spectrum (see below).

Emission specira for thick films of spinach chloroplasts at three temper-
atures are also plotted in Fig. 1. Thick films were useéi in order to compensate
for the low intensity of the low-temperature emissions. © The markedly different
shape of these spectra, as compared with the thin film spectra, is duve to self-
absorption. However, it is apparent that the curves at all three tempsratures
are iJentical in shape, thus suggesting that they are the result of the same
electronic transition. This temperature independence indicates that the triplet
state of chlorophyll is not involved at all in the delayed light emission of spinach

_ chloroplasts.

The delayed light emission of Nostoc is very much weaker than that of
either Chlorelia or spinach chloroplacts, therefore necessitating the use of
thick films of material. Ia view of this, it wouiu be expecied that, if the '
emission were due solely to chlorophyll, the spectrum would be similar to
those obtained with thick films of chloroplasts. However, it is not. This
suggests that a significant portion of the emitteg} light originates in phycocyanin
(which has a fluorescence peak at about 660 mp ‘}and is seif-absorbed in the
thick layer. Thf Nostoc emission spectrum also resembles that obtained for
Synechococcus,

The action spectra for Chlorella and for spinach chloroplasts demonsirate
that electronic excitation energy may be transferred, with some degree of
efficiency, from carotenoid to chlorophyll in these materials. On the other band,
transfer from carotenoid to either chlorophyll or phycocyanin proceeds wich
much lowgr efficiency in Nostoc, Similar conclusions have been draws 1ov
Chlorella” and for Oscillatoria, 7 another blue-green alga, through studics of
the photosyathetic and fluorescence action spectra of these organisms,

61’:7. i. Rabinowitch, Photosynthesis and Related Processee {Interscience,

New York, 1956}, Vol, I part 2, p. 1875.
"op. cit., p. 1876
fop. cit., part 1, pp. 1149.1152,

90p. cit., part 2, pp. 1876-187¢7.
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Fig. 1.
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Figure Caption

Action and emission spectra of the delayed light emission of Qhﬁl‘gj.sg_gg;l]t‘z,i,9

Nostoc, and spinach chloroplasts. The band width of the monochroemaior

ENCAAA A A

~20 mp. The relative heights of all the curves are roughly comparable.
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