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INTRODUCTION

It has been suggested by several investigators that there is a definite
relationship between the photoperiodic responses of the plants and their
enzymatic systems (1)2 (2) (7) (8) (9) (10) (11) (13). It has also been
demonstrated (15) that maleic hydrazide delays the blossoming of some
plants and (5) that it affects the respiratory activity of the plants through
the partial inactivation of one or more dehydrogenases. Since the effect of
maleic hydrazide on the delay of blooming seems to be similar to that pro-
duced by additional periods of light upon short-day plants, it was thought
wise to investigate the possible effect of photoperiodism upon the enzymatic
relations of sugarcane plants, particularly upon the dehydrogenases.

EXPERIMENTAL PROCEDURE

In this investigation meristematic tissue of sugarcane plants which had
received 2 hours of additional light every night for the period May 15 to
September 24, and which did not bloom;and of similar tissue samples from
control plants which bloomed normally, were used for the preparation of
extracts. The dehydrogenase activity of the extracts of these tissues was
determined colorimetrically by the triphenyltetrazolium chloride method
(3). For quantitative determinations, a concentration curve (fig. 1) was
prepared by using standard solutions containing 1, 2, 4, 6, 8, and 10 ug. of
triphenyl formazan per milliliter of solution. These solutions were prepared
by dissolving in acetone crystals of the tryiphenl formazan previously
synthesized by the method of Mattson et al. (12).

Points on the standard curve were determined by measurements of the
optical density at the 490-mp absorption maximum using a Coleman
Universal Model 14 spectrophotometer. )

The meristematic parts of the sugarcane were dispersed in a Waring
blendor with acetone for 5 minutes. The filtrate was discarded and the
remaining solid matter was placed in a desiccator for 2 weeks until it was
completely dry. Ten grams of the dry material from the plants subjected
to each of the treatments, i.e., additional periods of light and natural day-
length, were blended separately in a Waring blendor for 3 minutes with
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20 ml. of phosphate buffer of pH 7.4. The blended material was squeezed
through six layers of cheesecloth and finally filtered through a No. 40
Whatman filter paper. One milliliter of the filtrate from the extraction of
the meristematic tissues of the plants subjected to the extended photo-
periods was placed in each of six small test tubes. To each of these tubes
were also added 0.5 ml. of 0.2 M sodium succinate, 1 ml. of the phosphate
buffer, 2 ml. of distilled water, and 0.5 ml. of 0.5-percent; 2,3, 5-triphenyl-
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F1g. 1.—Concentration curve of triphenyl formazan.

tetrazolium chloride. The tubes were placed in a constant-temperature
bath at 37° C. for a period of 5 hours.

A similar procedure was used with the extracts of the meristematic
tissues of the plants grown under natural day-lengths, and also with por-
tions of both extracts boiled before the addition of the above-mentioned
reagents. At the end of 5 hours at 37° C. the test tubes containing the
extracts were removed from the constant-temperature bath and their
contents were extracted with acetone. )

The formation of triphenyl formazan in the extracts was determined
colorimetrically in the spectrophotometer by comparison of their optical
density at 490 myu with the concentration curve already prepared.
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TaABLE 1.—Average spectrophotomeiric readings of the optical-density values for
triphenyl formazan produced by the extracts of sugarcane meristematic tissues
grown under different photoperiods!

Results for extract No.—
Light
1 2 3
Prolonged 0.440 0.451 0.485
Controls .265 .320 .283

1The values are averages of the 6 replicates of each extraction. .

TaBre 2.—Micrograms of triphenyl formazan produced per milliliter of solution of
the exiracts of sugarcane lissues grown under different photoperiods*

Results for extract No.—
Light
1 [ 2 3
Prolonged 6.2 6.4 6.7
Controls 3.7 4.5 4.1

L The values represent the averages of the 6 samples of each extraction.

RESULTS

Three extractions of six samples each were made from the tissues of the
meristems of the sugarcane grown undel extended photoperiods and under
natural day-lengths.

In every case the results obtained with the six replicates were almost
identical, showing very little variation. All the solutions were light-straw-
colored before the test for the activity of the dehydrogenases in them.
After the test all the solutions displayed a red coloration, apparently due
to the presence of triphenyl formazan formed during the test.

In all cases the intensity of the red color was apparently higher in the
extracts of the meristematic tissues of the plants grown under the extended
photoperiods.

Table 1 shows an average of the results obtained in the spectrophoto-
metric readings of the three extractions, and table 2 the quantity:of tri-
phenyl formazan produced as read on the curve.

Apparently the extracts made from cane under additional periods of
light produced more triphenyl formazan, indicating greater dehydrogenase
activity.

DISCUSSION

Some of the responses of sugarcane plants placed under altered photo-
periods could possibly be explained on the basis of enzymatic responses of
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the plants to abnormal photoperiods. The results shown in tables 1 and 2
seem to indicate that extended photoperiods either induce an increased
activity of the dehydrogenases in the cells of the meristematic regions of
the canes, or cause the cells to produce more of these organic catalysts.

That enzymes are affected by the length of the photoperiods has been
demonstrated by Knott (9), who found that there is a change in the activ-
ity of some enzymes in the growing points of spinach after 2.5, 16.5, and
40.5 hours of light exposure. It has also been shown that since light is the
active factor in photoperiodism, some radiations are responsible for changes
in the activity of the enzymatic mechanism of several plants (4).

According to Summer and Somers (14), the dehydrogenases are enzymes
of “first attack,” and they start a series of reactions which lead ultimately
to the formation of water. These enzymes are hydrogen removers or hydro-
gen carriers and consequently induce oxidation. A greater activity of the
dehydrogenases means an increase in the rate of respiration.

In sugarcane an increased activity of the dehydrogenases may lead
also to a higher rate of over-all metabolism which may finally result in a
suppression of blooming and in greater plant growth.

The use of the 2-3-5 triphenyl tetrazolium chloride in this experiment
to determine the presence or the activity of the dehydrogenases is based
upon the property shown by the solutions of 2-3-5 TT'C when reduced by
a suitable reducing agent. These solutions turn colorless solutions red by
formation of triphenyl formazan when reduction occurs.

The change from 2-3-5 triphenyl tetrazolium chloride to the trlphenyl-
formazan is shown by the following reaction:

CI-
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2,3,5 triphenyl tetrazolium chloride Triphenyl formazan

The apparent redox potential of 2-3-56 triphenyl tetrazolium chloride is
about —0.8 volt; thus it is possible for this compound to act as an electron
acceptor for many dehydrogenases (6).

Tt seems that the dehydrogenases present in sugarcane tissues reduced
the 2-3-5 triphenyl tetrazolium chloride, which here acted as a hydrogen
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acceptor for the hydrogen from the substrate, producing more intensely
colored solutions of triphenyl formazan in the extracts from the meriste-
matic tissues of the sugarcanes grown under additional periods of light.
That the increase in reduction of the 2-3-5 triphenyl tetrazolium chloride
in this experiment was caused by an enzyme and not by sugars or other
reducing agents was shown by the results obtained with the boiled extracts
before the reduction test. The boiled extracts showed negative results,
indicating that the enzymes had been irreversibly destroyed by heating.

SUMMARY

From the results obtained in the present investigation and from many
more similar reports it is possible to conclude that, apparently, extended
photoperiods induce either a higher activity of the dehydrogenases present,
or an increase in the content of these enzymes in the cell of the apical
meristems of sugarcane plants.

It also appears that the conditions controlling the activity of the meri-
stems are limited somewhat by the enzymatic activity of the cells of the
meristems.

Though there is no evidence as yet to support a theory regarding the
enzymatic control of the floral mechanism, the apparently higher meta-
bolic activity induced by a higher content, or increased activity of the
enzymes in the cells, and the prolongation of the vegetative condition of
the meristematic cells, seem to be interrelated with and dependent upon
the photoperiods.

RESUMEN

La presente investigacién con la cafia de azdcar sefiala que cuando se
prolongan los periodos de luz a la planta se registra una mayor actividad
de las dehidrogenasas o hay un aumento en el contenido de estas enzimas
en las células del tejido meristemético.

Se ha podido deducir de la investigacién que las condiciones que contro-
lan la actividad de los meristemios estdn limitadas, hasta cierto punto, por
la actividad enzimética de dichos,tejidos.

Aunque no hay evidencia atn para respaldar la teoria que relaciona el
control del mecanismo floral por medio de las enzimas, la aparente mayor
actividad metabdlica inducida por un contenido més alto, o por una activi-
dad mayor de éstas, asi como la prolongacién del estado vegetativo de las
células meristeméticas, parecen estar relacionados con y depender de los
fotoperiodos.
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