
KINETIC INVESTIGATION OF THE PHOTODESTRUCTION OF 
PIGMENTS IN NORMAL AND ALBINO MAIZE LEAVES

* > y

Dr. ÁGNES FALU D I-D ÁX IEL. Dr. 15. FALUD I. Dr. I. GYTJRJÁN, I. SZÁRAZ

Institute of Phylogenetics and Genetics of the Eötvös Loránd University. Budapest

Received on October 1 Otl» 1961

Introduction

The albinism o f green plants is a hereditary abnormality o f their photo- 
synthetizing apparatus. The saturation level o f photosynthesis is lower in 
such mutants than in normal strains so that, exposed to light intensities 
above this level, their photosynthetizing apparatus is reversibly or irreversibly- 
damaged (20). The deterioration o f this apparatus, as induced by high light 
intensity, has chiefly been studied on alga mutants and photosynthetizing 
bacteria (8, 41). Reports on the physiological basis o f albinism in higher plants 
are summarized in the Table I.(pp . 70— 75.)

it is evident from the table that the extreme photosensitivity o f albino 
plants is attributed to various factors, and that its true mechanism is still not 
fully cleared up. The elucidation o f the processes influencing light tolerance 
requires a detailed study of the kinetics o f pigmental decomposition.

The present paper presents the results of studies concerning the point 
o f attack of light and of investigations into the mechanism of photodestruction.

Material and method

The generation descending from individuals o f Zea mays L., heterozygous 
with respect to albino mutation, was studied in tin1 present experiments. We 
propagated the strain by repeated inbreeding. The strain has the characteristic 
feature that the colour of the endosperm enables us to distinguish between the 
homozygous recessive individuals o f the albino phenotype on the one hand, 
and the heterozygous and/or homozygous dominant individuals of the normal 
phenotype on the other hand. The endosperm of the homozygous recessive 
albino individuals has a lighter colour. The seeds were germinated in the dark, 
in a 30 °C thermostat. After removing the coleoptyles from the shoots o f 0 day- 
old seedlings, they were transferred to a phtalate buffer of 0,005 M which 
contained 1 % sacroz (pH =  4,8). W e employed a low-pressure xenon lamp 
of 500 watts as light source because its composition of wavelengths is nearest 
to that of the sun. The applied light intensities of 5, 100, 2500 and 10 000 lux 
were produced by means o f filters, and uniform temperature1 was ensured by 
ventilation. The treatments lasted 2, 6 and 12 hours respectively, after which 
the buffer was absorbed from the shoots. The latter were then rinsed. We 
extracted the leaf pigments with K o  s k i ’s technique (31). The leaves were 
homogenized with sand and acetone in the presence o f MgC03. We extracted 
the pigments by adding peroxide-free aether. After the removal of the acetone 
by repeated elutions, the aether extract was filled up to a given volume.
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Beckmann’s spectrophotometer served to determine the absorption spectrum 
of the pigment solution. Earlier investigations proved the composition o f normal 
carotenoids to be different from that of albino carotenoids. Their highest 
common absorption occurs at 415 mp so that we have expressed the carote
noid contents of both green and albino leaves by their extinction values at 
this wave-length as referred to a gramme of the examined material. The amounts 
o f protochlorophyll, chlorophyll a and chlorophyll b were computed from their 
extinction values at 624, 644 and 663 m p with the method of W ¡ t h r o w  
(57). The results, as here given, represent the means of four series o f experiments.

Resu lts

The difference spectra of the leaves of normal seedlings illuminated for 
6 hours at different light intensities (i. e. spectra characterizing the effect o f 
light) are shown in Fig. 1.

It can be seen from the curve that high (100 lux) and medium (2500 
lux) light intensities increased the carotenoid and chlorophyll contents of nor
mal leaves, while stronger illumination (10 000 lux) did no longer stimulate 
the accumulation of carotenoid and markedly reduced the amount o f chloro
phyll.

The difference spectra of the leaves of albino seedlings, likewise illumi
nated for 6 hours at different light intensities, are presented in Fig. 2.

It can be seen in Fig. 2. that light o f 100 lux diminished the amount of 
carotenoids, while it increased that o f ehlorophills to a lesser extent than in 
normal leaves. Moderate illumination (2500 lux) induced a considerable dest
ruction of pigments in albino leaves; strong illumination (10 000 lux) was 
followed by their almost complete destruction. The curve o f the difference 
spectrum at a light intensity o f 100 lux shows that decrease in absorption 
began at 426 m p.

We studied the changes in carotenoid contents by comparing the effects of 
2, 6 and 12 hour treatments. The behaviour o f extinction at 415 m p is illust
rated in Fig. 3.

The figure 3. shows that, if  normal leaves are illuminated for 2 hours, the 
extinction values remain at the same level or go slightly down. Illumination 
of 100 lux for 6 hours was followed by a further decrease o f extinction values. 
The amount of pigments in normal leaves was considerably increased under 
the effect o f medium (2500 lux) and high (10 000 lux) light intensities. A treat
ment with low or medium illumination during 12 hours increased the amount 
o f pigments, while extinction at 415 m p in strong light showed a diminishing 
tendency. The 100-lux curve o f albino loaves is strikingly similar to the 10 000- 
lux extinction curve o f normal leaves. High light intensities seemed to in
duce a prompt and sweeping destruction of pigments in albino leaves, a 
process which continued at 6 and 12 hours also.

These observations lead to the conclusion that the optimum light for 
pigment synthesis in normal leaves is around 2500 lux, while that for the pro
duction of pigments in albinos is in the next lower range of intensities.
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Fig. 2. Effect o f 6-hour illumination o f different intensities on the pigment extract of albino 
leaves as shown by difference spectrum

Extl rm/g in 5 ml of aether __- ,5 ]ux
--------------------  absorbtion spectra •  = 100 lux
-------------------difference spectra X = 2 500 lux

}  = 10 000 lux
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A quantitative statement regarding the amount o f the components 
o f the pigment extract is given in Table 2.

I t  can be seen in Table 2. that normal and albino leaves have more or less 
the same pigment composition in the dark (5 lux), the only notable difference 
being a higher chlorophyll-a content in normal leaves. Illuminated by a light 
o f 100 lux, the carotenoid contents of normal leaves are doubled, whereas 
they are lessened in albino leaves. The concentration o f chlorophylls becomes

Fig. 3. Changes produced by illuminations of different intensities in the carotenoid contents
o f normal and albino leaves

E x t!,clm /g in 5 ml o f aether 415 m
_.______________  normal •  = 100 lux
— ---------- ----- albino X = 2 500 lux

J  = 10 000 lux
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LUX - 100 1000 10000
Pigment N | A N A X A N

Carotenoid .................................... 0,8 1.5 0,0 1.9 0.3 0,9 -

Tolal chlorophyll ......................... 7,5 4,5 39,5 6.9 51,8 1,8 17,8 2,0

Protochlorophyll ........................... 2,0 2,1 13,2 4,0 15,3 0,9 5,3 0,4

Chlorophyll a ................................ 4,8 1,8 21,4 2,2 25,5 0,6 8,0 0,8

Chlorophyll b ................................ 0,7 0,6 4,9 0,7 11,0 0,3 4.5 0,8

Table 2.
E ffec t  of d i f fe ren t  l ig h t  in te n s i t i e s  on  th e  p ig m e n t  c o n te n t s  of  n o r m a l  a n d  a lb in o  leaves*

X  = normal; A = albino

* Carotenoid E x tjjL  fres*' weight in 5 ml o f aether

Chlorophylls: mg/g fresh weight

higher in such light both in green and albino leaves. This increase in concent
ration is more pronounced in normal plants.

Illumination o f 2500 lux slightly increases the amount o f carotenoids in 
normal and considerably decreases it in albino loaves. The same changes were 
observed in respect o f chlorophylls. Exposure to 10 000 lux was found to reduce 
the pigment contents in green and albino leaves alike. This phenomenon was 
especially marked in the latter.

Table 3. shows the quantitative distribution o f pigment components in 
normal and albino leaves.

Table >.
E ffect  of d i f fe ren t  l igh t  in te n s i t i e s  o n  th e  r a t io  of p ig m e n t  

c o m p o n e n t s  in n o r m a l  a n d  a lb in o  leaves

LUX 5 100 2500 10000

Chi X 9,4 6.2 28,2 19,8
Car A 6,4 11.2 6,0 -

Chl a X 6,8 4,4 2,3 1.8
('hi b A 3,0 3,1 2,0 1.0

Chi = chlorophyll; Car = carotenoid; N = normal; 
A = albino



I t  can be seen that the ratio chlorophyll — carotenoid increased up to the 
optimum light intensity, and decreased above this limit. The optimum inten
sity o f light proved to be lower (by an order of magnitude) for albino leaves.

The ratio chlorophyll a chlorophyll b decreased with increasing light 
intensity, more in normal and less in albino leaves.

Discussion

The difference spectra, indicating changes in the pigment contents of 
normal leaves kept in darkness or illuminated with lights of various intensities, 
show different patterns. The illumination produces different effects on the 
different components o f the light-absorbing carotenoid mixture in the short
wave zone o f the spectrum.

A similar phenomenon was observed by S a p o z h n i k o  v (48) 
and B l a s s  (4) who found that, with increasing light intensity, the amount 
o f xantophyll rose, that of violaxanthine became less, and that o f carotenoids 
remained unchanged.

Inspection of the red zone o f the difference curves reveals that light of 
medium intensity is most favourable for chlorophyll synthesis.

The photodestruction o f carotenoids which absorb light in the zone o f 
shorter wave-lengths is well visible from the difference curves of albino leaves. 
This phenomenon is still negligible in a light o f 100 lu x ; as far as can be judged 
from the course o f the difference curve, light damages the molecular structure 
of albino carotenoid at a wave-length of 426 m //, i. e. where their structural 
properties give rise to maximal absorption. Such change cannot be due to a 
disintegration o f protochlorophylls or chlorophylls since their total amount 
is negligible in comparison with the observed decrease of absorption. A  similar 
phenomenon has been observed in pale-green Chlorella and Chlamydomonas 
mutants (6). Decrease o f extinction, as observed on the absorption curves of 
alga suspensions obtained from normal Chlorella strains, was found to be most 
pronounced at a maximum of 440 m p (30), a phenomenon pointing to the de
struction o f carotenoids by illumination. The destruction o f chloroplasts con
taining normal carotenoids requires much higher intensity o f light than that 
o f albino plants. Essentially, the difference between the carotenoids of normally 
and extremely photosensitive strains is that the latter contain one (21) or 
two (2) saturated double bonds. The mechanism o f this abnormality has not 
yet been fully elucidated. C o h e n - B a z i r e  et al. (8) suggest that the 
normal submicroscopic structure o f the photosynthetizing apparatus cannot 
develop in the presence o f partly saturated carotenoids (50, 55). I t  is also pos
sible that, in the absence o f conjugated double bonds, carotenoids are incapable 
o f transferring electrons required for the regeneration o f chlorophylls (23).

A  third alternative is that because of the abnormal fluorescence o f albino 
carotenoids, the transfer of energy from carotenoids to chlorophylls fails to 
take place. The maximum fluorescence o f normal carotenoids, being of a reddish 
colour, is well accessible for chlorophylls, whereas partially saturated 0  or 
C carotenoids give a yellowish-green fluorescence which cannot be utilized 
by the chlorophylls.

Tables 2 and 3, which show changes in the ratio carotenoids total chloro
phylls, make it evident that the chlorophylls are protected by carotenoids
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and that the photosensitivity of chlorophyll a is superior to that o f chlorophyll 
b. The latter phenomenon may be due to that the chlorophyll a is directly 
responsible for the redox process o f photosynthesis (39).

I f  one inspects the figure which illustrates changes in the UV-absorption 
o f the pigment extract, as produced by illuminations at different intensities 
for 2, (5 and 12 hours, it is evident that illuminations of short duration reduce 
extinction values in both normal and albino leaves irrespective o f light inten
sity. On the other hand, illuminations o f longer duration give rise to increased 
extinction values in normal leaves and lead to a sharp decrease in albinos.

The general extinction-reducing effect o f short illuminations is presumably 
due to that the normal chloroplastic structure is still undeveloped in such cases, 
and that carotenoids — situated outside the chloroplasts and formed in dark
ness — possess increased photosensitivity (25).

The authors wish to express their gratitude to M a r i a P a c s é  r y, 
assistant research worker, and S a r o l t a  A n d  a, laboratory assistant, for 
their valuable collaboration.

Summary

The effect produced by illuminations of different durations and different 
intensities on the pigments o f normal and albino maize leaves has been studied. 
Illumination o f short duration decreases the amount o f carotenoids and slightly 
increases that o f chlorophylls in both varieties. I f  exposed to longer illumina
tion, normal leaves show the highest pigment production at a light intensity 
o f 2500 lux; the synthesis o f chlorophylls becomes weaker in a light o f 10 000 
lux. Medium light intensity o f 2500 lux has been found to be above the limit 
o f optimum for albino leaves. The curves of the difference spectra o f albino 
leaves indicate that light affects albino carotenoids in those o f their molecular- 
structural properties which cause absorption at 426 m f t .

РЕЗЮМЕ

Изучалась кинетика изменения содержания пигментов в листьях нормальной и аль- 
биносной кукурузы, полученной при разной интенсивности света.

Установлено, что поглощение пигментов нормальных и альбиносных листьев, изме
ренное при 415 м f j ,  в случае освещения разной длительности, показывает различные изме
нения (рис. 3.). У нормальных листьев поглощение под воздействием слабого освещения в 
начале уменьшается, потом под влиянием более длительного освещения повышается. Для 
накопления пигментов освещение в 2500 люксов является самым оптимальным. При 10 000 
люксах поглощение уже уменьшается. Для синтеза пигментов альбиносных листьев опти
мальным является 100 люксовое освещение, а при более длительном освещении светом 2500 
люксовой интенсивности уже появляется быстрая деструкция пигментов.

Исследовав соотношение компонентов пигментов у нормальных и альбиносных расте
ний, оказалось что соотношение хлорофилла-харотинопда повышается до оптимума интен
сивности света, а при более интенсивном свете уменьшается. У альбиносов максимум по
является при интенсивности света меньше на один порядок величин.

Из графика спектральных разцин, характеризующих действие света (рис. 1. и 2.) ясно, 
что свет слабой (в 100 люкс) или посредственной (в 2500 люкс) интенсивности света повы
шает содержание каротина, и хлорофилла нормальных листьев. При освещении в 10 000 
люксов, получается сдвиг равновесия синтеза и распада пигментов в сторону распада. В
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альбнносных листьях при 100 люксах освещения появляется увеличение хлорофилла и 
уменьшение каротиноидов. При более сильном освещении наблюдается резкий распад пиг
ментов.

Самым выразительным является уменьшение поглощения при 426 м/л. Из этого можно 
делать вывод, что свет повреждает каротиноид альбиноса в его свойстве молекулярной 
структуры обусловливающей абсорбционный максимум при 426 мц .
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