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l. lntroduction

The formalion clf photosynthetically functioning.
normal chloroplasts in higùrer plants by exposure of
etiolated leaves to light is well docunrenled: mor-
phologically [91. physiologically [0], and biochemi-
cdly [a. 15. l6] . A net oxygen production was

generally reported after several Q-a)hr of continuous
illumination [ 7] . ln recent years, some groups have

exposed etiolated leaves to intermittent light; a series

of I msec flashes alternatingwith l5 min dark periods

were used [6, I l. 10,3,21 .ln this case, it was found
that 300 to 700 flashes (i.e. a total iliumination of
0.3 to 0.7 sec) induce the formation of chloroplasts
containing "prirnary thylakoids". These chloroplasts
exhibit PMS catalyzed photophosphorylation, but no
non+yclic electron transport [10] . Grana are not
*served. Absence of some photosystem ll properties
næreported [3].

It was sugpsted Il I ] that short impulses of white
light might induce the funclioning of photosystem I

only. In fact the development of PS II activity appears

to require more than one brief illumination. even in
the presence ofexcess chlorophyll in the leaf L7,141.

ln this paper we report activation of photosystem II
in flashed bean leaves when illuminated for the llrst
tinre with continuous light, by measuring siri',ultaneous-
ly oxygen production and fluorescence emission.

+ Requests for reprints should be senl to: Laboratory ol'
Photobiology. f)epartmenl of Botanl'. Sart-Tilman.
4f)ü) Liège, Belgium.
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2.1 . Plattt rnatcrial
Primary bean leaves (Phaseolus vulgaris L.var.

Conrmodore) were used. They were grown under

conditions similar to those described by other authors

[3, l0] . T]re plants were grown 7 days in darkness.
After that they remained in darkness (etiolated
control), or were submitted to a flash regime.
(l nrsec saturatirrg flashes alternating with l5 nrin
clark periods) for I up to 7 days. The same electronic
flash was used as described earlier [13] . When under
the flash regime, they received from 100 to 700
llashes according to the series (x times flashed plants;
tig. l). Green controls were cultivated for l4 days
under continuous light frorn a fluorescent tube (about
6 KIux). Leaf samples were examined under the
electron microscope. The leaves looked as described
earlier I I 2l ; in particular, llashed leaves never strowed

grana, neither before, nor after the described experi-
ments.
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2. Material and methods
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Iiig. l. Scheme of the different cultivâtions of the plant
material during l4 da)'s. § DarklE intermittent light (l flash

Lrl I msec everv l5 min of darkness): r continuous light.
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2). ,lleosurenlettr oJ trx.r.gen excltonges
The measurentent of the oxygen exchanges

occurred as reporred elsewhere I I ] , putting the
leaves (discs of a diameter of 8 mm) directly in con-
tacl with an elecrrode. The electrode was a yellow
Spnng Clark-type oxygen electrode. The leafdisc was
covered with a plexigas ring forming a small assimila-
üon chamber of about 0.3 ml. The side of the chamber
oppos,ite to the electrode surface was covered witlt a
teflon membrane. The arrangement of the electrode
and the assimilation chamber containing the leaf disc
was placed in a well thermostated and air saturated
waler-bath. The oxygen and CO, concentrations were
equiübrated by diffusion through the teflon membrane
to the assimilation chamber. In order to make different
experiments comparable, the reference was always
the dark respiration activity measured by the decrease
ofthe oxygen concentration at the electrode surface
(taking into consideration the consumption of oxygen
by the electrode itsell).

Fig. 2. Traces of the registrations of the oxygen concentration
measured on the under side of a green leaf (a), a flashed leaf,
which has received 700 flashes, that means 0.7 sec light (b)
and an etiolated leaf (c). On: light on; off: light off.
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2.3. Light sources for the induction of oxygen-
evolving-activity

lUe used: a) white light from a white projection
lamp "Prado Universal";b) blue light obtained by
passing the light from a Xenon lamp through a blue
filter Schott BG 28 (large transmission band between
450-550 nm); c) red monochromatic light from a
laær 632.8 nm. The intensit,v- of the light at the level
of the leaf was in all cases between 104 to l0s
arg'cm-2'5- I

Thc illuminations were continuous, or chopped
witk a light-dark period of 4 msec:4 msec. Fig. 3. The induction of oxygen production-activity in flashed

leaves which have received 0 to 700 flashes during the cultiva_
tion period of l4 days.
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warrned up and extracted in 8Wo acetone at room
temp. The absorption of the extract was estimated
at 652,663,645 nm [5] .

3. Results

3.1 . Induction of PS II activity
The dark respiration of the leaves was measured

(green leaves, etiolated leaves, or x times [x = 100,
200. .... 700 flashes] flashed leaves) for about l0
min in order to equilibrate the system. When the
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2-4 - Fluorescence measurements and chlo ro phylt
determinaiion

A three armcd.lighl guide was placed in._front of ,

flre leaf sample. One arm of the light guide conducted
the actinic Iight to the sample. A second arm made it
gxsible to register the fluorescence emission spectrum
al room temp. passing the emitted light through a,
monochromator. The third arm was used to measure
üe variation of the room temp. fluorescence at
685 nm as a function of time.

After the experiment the sample was sometimes

fipp.O in liquid nitrogen and the iow temperature
fluorescence spectrum excited at 436 nm was reglstered
trclu'een 600 and 750 nm. Afterwards the sample was

t/ -\

1 mrn

'4-/
:r\

2 mrn

57

l1
c



F i88

2

^

\ir111111r' ltl. nttnrtrcr I II]I]S t-T:TI'I'RS

0.5

Ntrrcrnlr.-r I 9l l

:H

i, qht
on

I
otlj

on

I

toz

c
!

2 mrn

tr'6 85

3 Itr 's, z lt:

700 750 nm

i'.
)

F
a

250 C - 1960C

0
0 100 200 3m 4C0 500 600 tloshes

.6 mô.oni
lrghl

700 750 nm

l;'ig.4. Conrparison of i) chlorophyll content ('). ii) lo$'

tcnrperature Iluorescence properties (quotient of the emissitrn

at -19(r' by 728 nrn/688 nm) (r) and iii) capacity of photo-

synthetic activity (measured as oxygen production ralc al'ter

an illunrination with white light 3 x I0a ergs/cm2'sec lbr
6 nrrn) in bean leaves grown under a tlash regime' having

receivt'd 0 1o 700 flashes during their cultivation period ol'

14 da1.s (r).

sigral indicated a concentration of4.5 ppm oxygen,

the light was turned on. By iight on (blue, red, or

white light) a net oxygen production was seen in green

Ieaves (fig. 2a), whiie etiolated leaves did not show any

oxygen production $rg. 2c).Immediately by light on,

the flashed leaves did not show ally oxygen Produc-
tion; but an induction phase took plaoe (lig.2b) and a

net oxygen production clearly appeared growing after

son)e 30 to 60 sec.

A maximum rate of O, production was usually

reached vvithirl some'6 min. The induction process

took place only one time, i.e. at the flrst illumination
ol the flashed leaves by continuous or chopped light.
Inserting a dark period for 3 min after induction did

not apparently change anything: the rate of oxygerl

production was maximal after 15 20 sec when turning

the light on again. Hence a coriiplete active photosyn-

thetic apparatus was formed during the inductiolt
pcrio«l. The oxygen production remains constallt everl

liir longer illumination titne than 6 to 8 min and it is

irr rough relatio:r rvith the chlorophl'll conterlt arld

ilt.' nunrber,:t llashes received durrng the cultlv;.rtttrlt

I-'ig. 5. Thc induction of I'}S II activitl, ol'a llashed leaf which
has received 700 flashes during the cultivation pt'riod.
nreasured as oxygen prodr,rction and decreasc in the lluore-
scence at 685 nm- Bottonl right: low temperature lluorescence
spectra ol'the sanrple at the end ol the experiment. The
experiment was made hy a yellou- background illtrrnination
ol less ütan 100 ergs'..-2 'r.'.-l .

period. For long illumination (hours) the photosyn-

thetic activity increases together with the increase of
the chlorophyll content in the leaf up to the photo-

synthetic activity of a normal green leaf.

3.2. Relotionsltip between inducibility of photosystem
II activity and chbrophyll cottîent

Series of 14 day old leaves which had received from

100 to 700 flashes were used (fig. 1).The chlorophyll
content of the leaves increased witl-r the number of
.flashes received and the-ratio of tÀe intensities of the

low tenrperature fluorescence peaks Frrr/Fu., also

increased as shown in fig. 4. The increase in the

expression F?28/F688 at low temperature is due

mainly to the increase of the chiorophyil content in

the ieaf with an emission at 728 nm.
An induction of oxygen evolving activity took

place in all series when continuous light was turtrcd

on ({ig. 3). The rate of oxygen production ltad reacl:.,1

a ntaxinrum after some 6 min of light irr all scries' ,\

the end of rhe induction the O, prodtrctiotr rvls tlt'
highest ior tlre lug:hest cliiorophyll colitrrtt ol'thc

iear es ( tle,,. -l and -+ ).
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3.4. Irtdttctiotl oJ-PS II actit'iT)' b.t. di-fierent illunùru-

tiort conditit.ttts

Qualitauvely. the same induction process was
observed by iliuminating flashed leaves with white,
blue or monochromatic red light. The light was given
continuously, or as chopped light (with a tiequency
150/sec) with the sanle resull. An advantage of using
chopped light was that there was no detectable dif-
lèrence between photorespiration and dark-respiration
in tl'ris case.

4. Discussion and conclusions

Noventbt'r I 97 2

to the cl'rloroph','ll content (lig. a). The exact relation_
sl-rip betu'een the capaciry, the uurnber ol flashes
received and the anloullr ol chlorophyli accumulated
in the flash reginte remains to be established. As
expected, the increase of the rate of oxygen produc-
tion during the induction process is concontitant to a

decrease of the amount of fluorescence emitted at
685 nm (at room temp; fig. 5).

\l'e are thus able to distinguish 3 roles for light:
i) light is needed lbr synthesis and accuntulation of
chlorophyll as weli as for membrane formation;
ii) it is needed in order to transform inactive pS II
ir.rto active PS II, iii) finally. it is needed to maintain
the complete photosynthetic apparatus into function.

The induction ofPS II activity described in this
paper was also seen in flashed bariey leaves, or flashed
Lemtta Gibba G l, and Leruna Perpursilla 6746 plants.
It may be considered as a general phenontenon.
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