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The influence of light of different spectral

regions on the synthesis of phenolic

compounds in gherkin seedlings, in relation

to photomorphogenesis.

VI. Phenol synthesis and photoperiodism
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SUMMARY

In the hypocotyl of dark-grown gherkinseedlings a series of maxima in the level of phenylal-

anine deaminase (PADAse), a key enzyme in phenol synthesis, can be induced by an alter-

nating light-dark treatment. Each PADAse peak corresponds to a temporary increase in the

rate of accumulation of hydroxycinnamic acids. The height of a particular enzyme peak is a

function of the lengthof the inducing lightperiod and of the light sensitivity of the plant at the

time of irradiation. The light sensitivity is inversely related to the amount of hydroxycinnamic

acids that have previously accumulated in consequence of preceding irradiation. Possible

implicationsof these findings onthe problem of biological time measurement are discussed.

1. INTRODUCTION

2. MATERIAL AND METHODS

All experiments were carried out with gherkin seedlings (Cucumus sativus L.,

“Venlose niet plekkers”, strain Tercken VI) grown in darkness at 25 °C. Three

In the leaves of Kalanchoe blossfeldiana the biosynthesis of anthocyanin occurs

only under conditions which also lead to flowering (Neyland c.s. 1963). This

has raised the question whether initiationof flowering would be causally related

to the induction of phenol synthesis. In more recent investigations by Taylor

(1965) and Zucker c.s. (1965), who studied the effect of photoperiod on the

biosynthesis of chlorogenic acids in respectively Xanthiumand Nicotiana, such

a relationship could not be established. Therefore it may well be that the two

photoresponses are realized via entirely different chains of events. On the other

hand, as will be seen in the present paper, there are certainpoints of correspond-

ence between the way in which the system controlling phenol synthesis and

that responsible for flower initiation respond to alternating light and dark

periods. This may indicate that the same regulatory principles are involved.

The relative temperature independence which is achieved with the mechanism

that controls phenol synthesis in gherkin seedlings has already been discussed

(Engelsma 1968b). In the present paper it is pointed out how, on the basis

of the principles ofthis mechanism, differentaspects of biological time measure-

ment, as observed in photoperiodic phenomena, might be interpreted.
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days after sowing, when the seedlings had reached a length of 3 cm, they were

placed in cabinets maintainedat 18 °C in which they were subjected to different

irradiationprograms. Blue light of 150 pAV/cm 1 obtained by the light and filter

combination as described by Meyer (1957) was used. The quantitative deter-

mination of hydroxycinnamic acids was performed as described by Engelsma

& Meijer (1965) from duplicate samples of 20 hypocotyls each. Phenylalanine

deaminase (PADAse) was extracted and assayed as described by Engelsma

(1967a) from samples of 100 hypocotyls each.

3. RESULTS AND DISCUSSION

3.1. The influence of alternating light and dark periods on the

development of PADAse and the accumulation of phenols

A series of maxima in the level of PADAse, a key enzyme in phenol synthesis,

can be produced in gherkin hypocotyls by an alternating light-dark treatment

of the seedlings {fig. 1). In order to obtain enzyme peaks of equal heights each

successive light period has to be longer than the preceding one {fig. ID). Fig. 1C

shows that if the daily light period is of a constant length the second maximum

is much lower than the first one and that no third maximum is obtained. These

findings demonstrate a gradual loss of light sensitivity, a phenomenon first

observed when the seedlings were subjected to irradiation programs with

different light intensities (Engelsma 1967a). This decrease in light sensitivity

is not a matter of the seedlings becoming older: five-day-old dark-grown seed-

lings give about the same response as three-day-old dark-grown seedlings

{fig. IB). It must therefore be due to processes induced by the preceding irradia-

tion, and a mechanism suggested previously (Engelsma 1967a) is that the end

products (hydroxycinnamic acids), which accumulate in the cells where they

are produced, cause repression of PADAse synthesis. The finding that p-cou-

maricacid inhibits the development of PADAse in hypocotyl segments supports

this supposition (Engelsma 1968a).

Fig. 2 shows that each peak in the PADAse level corresponds to a temporary

increase in the rate of accumulation of hydroxycinnamic acids, and from a

comparison with fig. 1 it appears that, in agreement with the above hypothesis,

there is an inverse correlation between the level of hydroxycinnamic acids

already present and the light sensitivity, as far as induction of PADAse is

concerned.

3.2. Aspects of time measurement

In fig. 1 it can be seen that irrespective of the durationof irradiationthe time

between the beginning of a light period and the moment when the PADAse

level reaches a maximum is always about the same. A comparison of curves

A, Ci and Di, and of curves D2 and D2', shows that the peak height is a function

of the length of the inducing light period and of the light sensitivity of the plant

at the moment of irradiation. The same applies to the induced increases in the

level of hydroxycinnamic acids.
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Let us now discuss whether it is possible to correlate these findings with

photoperiodic induction. The question can be asked how a regulatory mecha-

nism, as advanced for photoinduced phenol synthesis, would function if the

end product, instead of being stored in the cell where it is produced, were trans-

ported to another part of the plant, as is apparently the case with the flower

hormone. In the first place this modification opens the possibility that, as far

as end-product repression is concerned, the enzyme synthesizing system is in the

Fig. 1. Changes in the PADAse level in the hypocotyl of dark-grown gherkin seedlings which

72 hours after sowing were treated as follows: A; 12 hours light, followedby darkness;

B: 48 hours darkness, 12 hours light; C: 2hours light, 22 hours darkness, 2 hours light,

22 hours darkness, 2hours light, 10 hours darkness; D: 50 min light, 23 hours darkness,

2 hours light, 22 hours darkness, 12 hours light.

Curve D
2

'

refers to seedlings which after a pretreatmentof 50 min light and 23 hours

darkness were continuously irradiated.

Light: blue, 150 p,W/cm
2

. Temperature: 18°C.
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same state at the beginning of each successive light period. The relation between

the lengths of the light periods and the heights of the respective enzyme maxima

would then remain the same during the whole irradiationprogram and each

light period would find its length reflected in the amount of end product whose

synthesis it had induced. In the second place, the modification of our system

implies that the initial increase in end-product repression is followed by a

decline and this might give rise to oscillations in the enzyme level, as have,

for instance, been observed with certain hormone-induced enzymes in animal

systems (Wurtman & Axelrod 1967; Tschudy c.s. 1967). A single light period
could thus induce more thanone enzyme maximum. To these changes inenzyme

level would correspond changes in the end-product concentration and the

resulting oscillations in the repression of enzyme synthesis would appear as

Fig. 2. Accumulation of hydroxycinnamic acids in the hypocotyl of dark-grown gherkin

seedlings which 72 hours after sowing received respectively the treatments A, C, and D

mentioned in fig. I.
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alternating light-sensitive and light-insensitive periods. The response will now

depend on whether the light-dark pattern matches these periods. Thus two

important similarities to photoperiodic phenomena arise. These are: (1) the

relation between the response and the length of the light period, and (2) the

phenomenon that a response follows only those irradiations that occur at cer-

tain time intervals (see Salisbury 1963).

Another corresponding feature between photoinduced phenol synthesis and

a photoperiodic phenomenon like flower initiation is the relative independence

of light intensity and temperature. Both in the blue and far-red regions light

intensities of about 100|i,W/cm2 have been found to be saturating with respect

to the induction of PADAse in gherkin seedlings (Engelsma 1967a, b). For

light intensities beyond this level the response depends solely on the duration

of irradiation.The relative temperature independence of photoinduced phenol

synthesis has been pointed out in the preceding paper (Engelsma 1968b). The

most interesting aspect, as far as correlation with photoperiodic phenomena is

concerned, is revealed by fig. 3 of that paper, where it is shown that in the case

oflight-dark treatments there is a particular “critical” light period characterized

by the fact that, over a fairly wide temperature range, shorter light periods

always cause the production of a smaller amount of phenols, whereas longer

light periods always induce the synthesis of a greater amount.

Finally it should be noted that, as far as light requirement is concerned, the

analogy of photoperiodic induction of flowering with photoinduced phenol

synthesis is restricted to long dayplants. Short-day behaviour might be explained,

however, on the basis of the same regulatory principles if the assumption

were made that in that case the synthesis of a key enzyme is repressed by

irradiation. Such enzymes may well exist (Wolf 1968). The way in which light

and temperature affect their development is a subject meriting further investi-

gation.
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