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Abstract. The phytochrome controlled increase in total protein in the primary leaf pair
of etiolated bean (Phaseolus vidlgaris var. Black Valentine) seedlings, which occurs during
growth in the dark subsequent to a brief illumination, was investigated. Enzymes from the
chloroplasts, the mitochondria, and the soluble cytoplasm all increase in total activity after
the illumination.

The total protein and the ribulose carboxylase increases are not inhibited by FUdR, an
inhibitor of DNA synthesis. Cycloheximide, an inhib'itor of protein synthesis, applied at a
time when the ribulose carboxylase activity increase has already commenced, blocks further
increase. It was concluded that the total protein and the enzyme increases in the leaf are the
result of increases in the per celli levels.

The initial brief illumination is Eaturating, but 40 minutes later the sezdlings have acquired
the ability to respond to a second brief illumination. The rate of increase in ribulose car-
boxylase activity in seedlings that have been illuminated twice is greater than the rate in
seedlings that have been illuminated only once.

Far-red light prevents further increase in enzyme activity 48 hours after the initial illumina-
tion. There is a lag period interposed between the time of illumination with far-red light
and the time at which the seedlings show the greatest effect of far-red light. It was concluded
that the phytochrome influence on protein synthesis is not at the terminal steps.

A brief exposure of dark-growni bean seedlings
to wlhite or red light relieves several developmental
restrictionis characteristic of eti,olated growth. vEven
if seedlings are retulrntied to darkness, their l)lumular
hiooks open (9, 10) and leaf development accelerates
dlramaticallv ( 7, 8). M1 aiattention has been fo-
ctused oni the (lifferentiation of the photosvnthetic
appar'stut.s undler thlese coinitionis and it was founl(
that chloroplast size and niitrogen conitent rose (16),
and certain photosynthetic enizymes increased in
activity (2, 13, 14). Btut is light-triggered develop-
ment a chloroplast-centered event or (1o other cellti-
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lar compartments participate and if so to what
extent? To ainswer this qluestion, the activity of
representative cytoplasmic, chloroplast, anld liiito-
chondrial enzymes was determinie(d following a brief
illumination of etiolated seedlings.

lBecause the liglht activatioIn of the stel) ieret
(liscussed is miediate(d by phytochromne the sitll-
taneous monitoring of several enizvymes lpromised to
provide information oni the mechanismll of plhvto-
chrome control over (liverse celluilar fulnlctions.
There exists the possibility that synithesis of all
enzvnye proteins is equally promoted bv photocoll-
version of l)iytochl1roie or that individual orvanelles,
lathways or enizymiles respond individually. Of par-
ticular interest is the response of enzymes whose
syntlhesis depends on information presumably coded
in separate intracellular compartments.

By comparing the effect of selected inhibitors and
of light on enizyme changes, the locus of phytochrome
control of protein synthesis was souight. Our find-
ings l)oint to a cell-wide effect of phytochrome
photoconiversion operating at early phases of the
synthesis of individual proteins.
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Materials and Methods

Growth and Illumination of the Seedlinigs. Seeds
of Phaseoluts vidgaris var. Black Valentine purchased
from- Asgrow Company or the Charter See(d Coni-

pany were germinatedl in vermiculi:e iii a dark
growth room at 220. Seven day old seedlings were

illuminated for 10 minutes with white light ( 2000
lutx) froiii GE 150W flood lights above a 6 cni

xater heat-filter. If far-red light was re(quired, a

onie-eiglitli inlchl thick Rolbm aild Haas 5-;8015S
I'lexiglass Acrylic Plastic filter xxas lplace(l beneath

the same flood lights. The exposure tiiiie for far-red
illumination wvas 20 minulltes. After illumiinatioil, tlle
seedlings were retturiied to the dlark groxxtli rooiii

and sampled daily.
Protein. 5 % Tricliloroacetic acid plrecipitadle

protein was determiiied by the metlho(i of L.owxry
et al. (12).

DANA. DNA was determined by the metlho(d of

Dische (5) on hot 3 % perchloric acid extracts of
aci(l and organic solvent xvashle(d imetliaiiol ptrecipi-
tates.

RNA. Nuicleic acids were extracted and( RNA

separated from DNA using the metlhodls employed
by Smillie and Krotkov (18) on siniilar material.
RNA-ribose xwas deteriiiiiied bv the orcinol niiethod

of Markhaiii (15).
Preparationt of the Enzymes anid A nalysis of t11

Assays. A 0.75 g portion of leaves was ctut uip into

at Tenbroeck tissue grinder, and then grotund in

about 6 ml of appropriate buffer, in the coldl room.

\Vlien the entire 30 leaf pair sample was grouiid, the
lhomogenates were pooled and centriftuged in a Servall
RC2 centrifuge at 40. The enzyviie activity in the

supernatant fractioii xvas assayed imnniediatelv. In

all cases, enzyme activities were substrate dlependelnt
and proportional to both assay time and protein
concentratioii. In all cases, extracts of dark grown

leaves and extracts of briefly illtliniate(d leaves
slioxved additive activity wlien mlixed together.

Ribildose- ,5-dip1hospliate Carbo.xlase. A saiiiple
xtas gi-roUii(l in 0.05 xi tris buffer p1)I 8.0 contaiiiing
0.2 ImuM LDT.\, and centrifuge(d at 12,00o X for
10 ilmilimutes. A mlo0dificationi of the miietho(d of
\\'eissbaclm, oorecker. and lurw\itz ( 20 ) as uise(l.

into a test tube xwere pllace(l 0.1 nll of hlomlogeniizattionl
buffer, (0. ml1 of 0.005 Mt ribulose-1 5-cdil' ( pH 6),
0.1 ml of extract, 0.1 ml of 0.25 M NaIl1 41CO:.
(0.04 ptc/nmiole). Ten minutes after the addition
of the labeled bicarbonate, 0.1 ml of 10 % perchiloric
acid was added. The tube was centrifuge(d and
radioactivity of the supernatant solution determined.

Glyceraldehyde-3-phosphate Dehydrogenase. A
sample was ground in 0.05 M tris buffer pH 8.5
containing 1.0 mM EDTA, and centrifuged at

20,000 X g for 10 minutes. A modification of the
method of \Wu and Racker (21) was used. Into a

(quartz cuvette of 1.0 cm light path were placed
0.1 nil of 0.4 tris buffer pH 8.5, 0.1 ml of 0.1 M

MgCh0, 0.1 ml of freshly prepare(l 0.4 cysteine

(pH 8), 0.02 ml of phosphoglyceric phosplhokinase
(diluted to convert 1.6 unmoles of 1 ,3-diP-glycerate
to glvcerate 3-,P per mlinute at p1l 6.9 an(l 250),
0.03 ml of 0.01 MI NADH or NADPH, 0.52 ml of
water. The mlixture was preincuhated wvith 0.05 ml
of appropriately diluted extract for 4 minutes. The
reactioln was then started by the addition of 0.04 ml
of 0.1 M ATP (pH 7) and 0.04 mil of 0.01 Mi 3-phlos-
phoglvceric acid, and the decrease in optical density
at 340 niltc was followed for 5 miniuttes.

(: Iycolic A4ci( O.ridasc. A samliple was grou-otnd( ill
0.1 M potassilum11 phosphate buffer pHX80 and cell-

trifiuged at 2(000 X g for 10 milnultes. A modific11-
tion of thle imietlho(ds of Tolbert and Burris (10) and
Zelitclh and Ochoa 22) )\ as lsed(. Ilito tlle Iallin
compartmient of a 15 iil \\Warburg flask w te lplacC'(l
1..;1.5m of 0.1 Al potassium l)lospliate buffer 1d 8.0,
0.3 nil of water, 0.1 nlil of 3.0in() FMMN 0.1 of
0.3 MI KtN (1)11 8 ), 0.5) mli] of 0.04 -,i potassilulil
gloCcolate (011 7 ). into tlle si(le arm w as placed
0.5 nml of extract. Thle flask was equilibrated at
250 for 10 minlltes, the coiitenits of the si(le arm were
til)ple(l into the maini compartment, slhakilln ()

oscillations per minuilte resumed, aiil( realdliiigs takenl
everv 5 miniiutes for 35 miluttes.

Glfcosc-6-phosphlate Dchlydroycnasc. A\ samliple
was groulii(l in 0.05 M\ tris btuffer- pH /7.5, anid ceil-
trifuged at 20,000) X for 10 imilites. .\ iiiodific-
tion of tlle mlethod of Kornber-g ad 1 lIoreck-er- (11)
wvas used. Into a quartz cutvette of 1.0 cml light
path were placed 0.1 nil of 0.5 x\ tris buiffer 1)14 /7.5,
0.1 ml of 0.1 M AMgCL.., 0.3 nil of wxater, 0 2 mil of
0.003 M NADP, 0.2 nil of extract, 0.1 nil of 0.02 1i
glucose-6-P. The increase in optical dellsity at
340 n/ xvas followed for 3 niinttes.

Glintainiic Acid Dcliydr-oge.asc. A sa-ml)le xvas
ground in 0.05 Mi tris buffer ph1 7.5, frozeni and

tliaxed 4 times, and theni centrifuiged at 20,)000 X q

for 10 minu-tes. The supernlatalnt fluiid was p.s.sse(d
through a Sepliadex G25 columniiii, aind then ezxyme
actix,itx wxxas assa\'C(l bv the miethiod of Bulen 1
1 lito a quartz cuivette Of 1.0 ciii light pathl x-er-e
llacedl 0.5 nil of 1.i) ii N \DII. 0.2 of 1.5 .l
lanimiouniu sulfate, 2.1 miil of extract plus () 2 Nt t ri
buffer piH 8.15, ;.2 ml of 0.2'xi potassiuim a-ket(-
g-luitarate. 'I'lie increase ill (oqtical (lensit\ :it 340ipn
w as followed for- 2 miminutes.

Results

The response of fresh weight, proteini aind RNA

content of etiolated leaves to a single lighlt stimulus
was recorded to provide a backgroundl for the
description of changes in particular enzyme activities.
Figure 1 shows that all of these parameters increase
indicating a general response to the stimulus.

Cliloroplast EnZymes. Ribulose-1,5-diP calrboxy-
lase (RuC) aiid NADP-linked glyceraldehyde-3-P
dehlvdrogenase (CA\PD H) 6) x ere assax\edl at dail1
intervals followiign the brief illunmination.
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FIG. 1. Freslh wXeight, proteini, and RNA content of leaves grown in the dark for 7 days (fr wvt, protein) or 6
days (RNA), and then eitlher kept in the dark (dark) or illuminiated for 10 minutes with wNhite light and then
retturned to the dark (light).

The NADP-GAPDH total activity (fig 2) re-
mained constant in the dark grown seedlings, while
the activity in the briefly illuminated seedlings in-
creased steadily for 48 hours to 4 times the initial
level. Total RuC activity (fig 3) also increased
for 48 hours after the brief illumination. The new
level of activity was about 2.5 times that present
initially, while the dark control remained unchanged.
In the period 48 to 72 hours after the illumination,
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the RuC activity decreased, but remained higler
than the dark control.

Chloroplast associated enzymes thus showed an
early response to illumination. However, the activi-
ties of tihe 2 enzymes which were assayed did not
increase between 48 and 72 hours, even though the
increase in overall protein content continued. Mito-
chondrial and soluble cytoplasmic enzymes were
therefore also examined.
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FIG. 2. Total activity (left) and specific activity (right) of NADP-linked glyceraldehyde-3-P dehydrogenase.
Light treatment as in figure 1. (Reaction mixture contained in 0.1 ml 0.4 tris buffer pH 8.5, 0.1 ml 0.1 M MgCI,
0.1 ml 0.4 M cysteine, 0.02 ml phosphoglyceric acid phosphokinase, 0.03 ml 0.01 M NADPH, 0.52 ml water, and
0.05 ml extract. Following a 4 minute preincubation the reaction was started by the addition of 0.04 ml 0.1 M ATP
and 0.04 ml 0.01 M 3-PGA. Optical density changes at 340 m,u were recorded for 5 minutes.) Values are the av-

erages of 4 to 6 determinations.
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5 0 RIBULOSE-I,5-DIPHOSPHATE CARBOXYLASE
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FIG. 3. Total activity (left) and specific activity (right) of ribulose-1-5-diphosphate carboxylase. Light treatment

as in figure 1. [Reaction mixtuire contained 0.1 ml homogenization buffer, 0.1 ml 0.005 M ribulose-1,5-diP, 0.1 ml
extract and 0.1 ml 0.25 M NaH 14C0Q (0.04 pc/Amole). After 10 minlutes 0.1 ml 10 % perchloric acid was added,
tl-e mixture centrifuged and radioactivity of the supernatant solution determined.] Values are the averages of
5 to 8 determinations.
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FIG. 4. Total activity (left) and specific activity (right) of glycolic acid oxidase. Light treatment as in figure
1, with the addition of a sample (greening) which was exposed to continuous white light 7 days after sowing.
(Oxygen uptake was determined manometrically. Reaction mixture contained 1.5 ml 0.1 M phosphate buffer pH 8.0,
0.3 ml water, 0.1 ml 0.003 M FMN, 0.1 ml 0.3 M KCN, 0.5 ml 0.04 M potassium glycolate, 0.5 ml extract. Volume
changes were observed at 25° for 30 min). Values are the averages of 2 determinations.
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FIG. 5. Total activity (left) and specific activity (right) of glucose-6-P dehydrogenase. Light treatment as in
figure 1. (Reaction mixture contained 0.1 ml 0.5 tris buffer pH 7.5, 0.1 ml 0.1 M MgCl,, 0.3 ml water, 0.2 ml
0.003 M NADP, 0.2 ml extract and 0 1 ml 0.02 M glucose-6-P. Optical density changes at 340 mIA were recorded for
3 min). Values are the averag,es of 2 determinations.
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Sol ibic Cytoplasm ic Enzyincs. Glycolic acid
oxidase (GAO), glucose-6-P dehydrogenase (G-6-
PDH) and NAD-linked glyceraldehvde-3-P dehy-
drogenase (GAPDII ) were assayed at daily intervals
following a brief illuminationi.

The total activity of GAO (fig 4) iinerease(l only
slightly during 3 days growth in the dark while the
total activity of briefly illuminated seedlilgs in-
crease(l more thanl 6 fold. The increase in activity
began between 12 aild 24 hours after the brief
illumination. Tlhe changes in the specific activity
(fig 4) paralleled the chanlges in total activitv. .A
comparison of GAO activity of conttiinously illumii-
nated (greening) leaves with activity of leaves given
only the brief illumination is also presenited in
figutre 4. Continuous lig,ht results in a g1reater in-
crease in the activity of this enzyme.

Total G-6-PD1-l activity (fig 5) increase(d for
only 24 hours. The specific activity (fig 5) showed
an early peak at 12 hours, and dropped to a level
below that of the dark controls.

NAD-GAPDH total activity (fig 6) decreased
in the dark grown seedlings during the 3 day period
examined, while the activity in the briefly illumi-

Un

a.

4 I (H
LJ

to-J

L~J

z

O

0
x
I
C)4
z
In
-J
0

E
w

z

zw -
NLAJ
-I-.
x tr
o a

m0

z
(nLAU-J
0

:1
24 48 72

HOURS AFTER ILLUMINATION

nated seedlings increased 3 fold. The specific ac-

tivity (fig 6) of these illuminated seedlings increased
onlx sliglhtly, hut was ahout 2 times the specific
activity of the control w-hich hal l)een (lecreasinig.

Mitocliondrial linifvmc. The mlitoclhonidrial en-
zvmie chosen for assay was glutamic dellhdrogenase
(GI)-l) (17). \fter the brief illumination the total
activity (fig 7 ) increase(l steadilv dlur-ii(- the 721
hiouir periodl investigated. I IOvever, thle Specific
atctivity (fig 7) decreasedl steadily.

RkLtrlrcJneuZt for (C11 TL)iisioln. A\ sampl)lit. of
enzymes fromli the various cell compartments shoslo\\
that the response to lig-lt is a general one encomii-
passing the actix ation of mallny synthetic capacities.
It is also clear thalt various enzVmles are l)ro(hlce(d
at different rates and after (lifferillg periods. rhis
general but individually characteristic respolnse makes
question,s .about conitrol mechanisms miore intrigling.

The most general tissue responise resuiltinig in the
increase of all cellular components is cell division.
RuC was selectedI to investigate the degree of de-
pendence of the increase in enzyme activity upl)on an

increase in cell number (DNA). New cell forma-
tion wrould presumablv' be blocked witlh 5-fluoro-
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Fi(. 7. Total activity (left) alnd specific activity (right) of glutamuic (dell drogena-se. Liglht treatmien-t as in

figuire 1. (Reactioni miiixture conltainied 0.5 ml 0.001 Mi NADH. 0.2 ill 1.5 M ammoliiiil sulfate, 2.1 ml of extract an1d

0.2 xi tris buitfer pH 8.15, 0.2 mil o>f 0.2 At pottassiunm a-ketoeglitarate. Optical (lensity clianges at 340 my were

recorde(d for 2 miii). Valuies are tlhe averages of 3 (deLerminiiiatiolns.

TI'able I. Effect )Jf 1F dR n) Icn-cast. in Riblulo.sc-1,5-diphtspliaIt C a rbo.ryhlac A ctizitv

Sample . XNuIT A
T reatmennt

Dark
Dark
Illuminated
on day 7'

Illuminated' + FUdR
oni day 72

days
7
9
9

9

ltuc
tanoles CO,. fixed/min

30 Icaf pairs
0.94
1.17
2.60

2.30

1470
1670
2400

1740

106
106
186

192

I Ten minutes liglht then returned to dark.
2 Sprayed with 1.0 u-m FUdR.
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deoxyuridine (FUdR), an inhibitor of DNA syn-
thesis (3). Seedlings were sprayed with one micro-
molar F'UdR immediately after they were briefly
illuminated. RuC activity was assayed 48 hours
later (table I). The treatment did not block the
light-triggered increase in enzynme activity, wrhile it
did inhlibit DNA synthesis. This confirmiied the
conclusion drawnvi fromii the nmagnitude of the increase
in DNA content (about 50 %), anid from the similar
estimiiated increase in cell numiiber (4), that the
higlher level of enzyme activity represenits a new
level of the enzyme on a per cell basis.

Additionial Rhitmniination,. To obtain information
about where the limits of the controlling and/or
responding capacities of the system lie, a secondl
10 minutite illumiinlationi was given after various in-
tervals. The initial 10 minute illumination was
saturatinig wvith respect to the increase in RtuC
activity (fig 8), since illumination for 20 ninlutes
had the same effect. If there was an interval of
40 minutes or more between 2 illuminations the
seedlings had acquired the ability to respond to the
second light treatment, as reflected in the appearance
of additional RuC activity. The additional response
was obtained with dark intervals ranging from 40
minutes to 48 hours between the 2 light treatments
(fig 8). The magnitude of the response cannot be
precisely determined from these data.

The relative rates of appearance of the additional
activity is slhown in figure 9. The interpretation of
these experimielnts is comlplicated by the fact that the
total RuC activitv is decreasiilg in the dark (fig 3).
The ratios increase while the total activities decrease.
It is possible that the higlher activity in the sample
illumnin-ated for a second timiie 24 lhours after the

first time represents a sustained higher rate of syn-
thesis or that it represents a longer period of syn-
thesis at the same rate as the once illuiminated
satmple. The decrease in activity 48 to 72 hours
after illunmination is not due to complete cessationi
of enzynle synthesis because this decrease is not as
fast as the decay of enizyme activity in the presence
of cycloheximiide, an inhibitor of protein syntlhesis
(fig 11). It is l)robable that the higlher activity of
the doubly illuminated seedlings represents a highler
rate of synthesis ratlher than a prolongation of the
period of synthesis.

Far-red Effects. The requiremenit for the conI-
tiniued presence of the far-red absorbing formii of
phytochrome wvas investigated. The effect of far-red
liglht, adininistered at various times after the iniitial
illumination, on proteini content and on RuC activity
is slhowni in figure 10. Far-red light prevenlte(d somiie
of the expected increase in protein conitenit wNheni it
was given 4, 8, 12, and even 24 and 48 hlours after
the initial brief illumination with white light. Thus
at no time within the first 48 hours does the newly
acquired ability to synthesize more protein become
stabilized in the briefly illuminated seedlings.

The kinetics of inhibition by far-red light was
compared with the kinetics of inhibition by cyclo-
heximide. Seedlings were illuminated with white
light for 10 minutes when they were 7 days old.
One day later 1 set of seedlings was illuminated
withi far-red light. At the same time anotlher set of
seedliings was sprayed wvith cycloheximide (200
yg/ml). This latter sample was resprayed 24 houirs
later. Proteini inicrease anid RuiC activity were
assayed 48 and 72 hours after the iniitial brief
illuminationi (fig 11).
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FIG. 9. (Right) Effect of additional illumination on the increase of ribulose-1,5 diP carhoxylase activit. Ir

addition to the standard 10 minute illumination on day 7, a second 10 minute illuminatioon was given either imnmediately
(20 min illumilination) or 24 hours later.
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FIG. 1 1. Jnhibiti3n of light-activated increase in
protein content and ribulose-1,5-diphosphate carboxylase
activity by far-red illumination and cycloheximide treat-
ment. Seven-day plants were illuminated for 10 minutes
with white light and then returned to darkness (light).
One sample was irradiated with far-red light (FR),
another sprayed with a solutioni of cvcloheximide (CH)
200 pg/ml.

Upon illumiinationi with far-red light, net protein
increase l)roceeded more sl,owly than in the control,
and then it Stopped. RtiC activity decreased slowly
for 24 hours, and theni decreased rapidly in the next
24 hours In the presenice of cvcloheximide protein
content increased slightly for 24 hours and then
decreased. RuC activitv decreased in the 48 hour
period after the administration of the cycloheximide.
Thle rate of loss of the activity was higher in the
first 24 hours.

These experimenits indicate that considerable net
protein increase can occur for a definite but limited
period after far-red illumination. Cvclohexinmide
stops protein syintlhesis almost imminediatelv. RuC
activity falls as soon as proteini synthesis stops.
Apparently it is an uinstable enzyme and the drol)
in total activity gives tus a rough measure of this
instabilitv. The RuC activitv of thie far-red treated
seedlings does not decline as precipitiously as that
of the cycloheximide treated seedlings in the 24
hours after treatment. This indicates that there is
synthesis of the enzyme for a while after far-red
illumination. There is then a period of decline of
activity at a rate comparable to that caused bv the
cessationi of protein synthesis. The loss of the
abilitv to synthesize RuC might be a function of the
decay of the messenger RNA present at the time of
far-red treatment.

Table II. Inhibition of Increase in Glucose-6-phosphatc
Dehydrogenase Activitvby Exposur-e to

Far-rcd Light

Sample 24 h1r 48 hr

Dark
10 min of white lighlt
10 min of white light;

far-red at 12 hr
10 mimi of wlhite light;

far-red at 24 hi

uimoles NADP r-educed pet
mmin per 30 leaf pairs

1.55 1.44
2.24 2.53

2.36

An effect of far-red light on enzymatic re-

s1)olise of the seedlings to brief exposure to wlhite
liglht \as also showvi vith G-6-PDH. The see(linlgs
were illuminated with far-red light 12 or 24 hours

after the initial illumination. The enzy e X-as
assayed 24 and 48 hours after the initial illumination
(table 11). (TThese seedlinlgs were grown froml a

d,ifferent lot of seeds thani those used previously.
In contrast to the first seedlings, the G-6PDH total
activity continued to increase from 24 to 48 hours
after the initial 10 minute illumination.) These
results are similar to those with RuC if the enzyme
is assumied to be more stable. Far-red light blocks
the increase in activitv, but not immediately.

Discussion

The primary leaf pair of etiolated bean seedlings
is one of the sites in wlhich a shiort period of illuimi-
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nationi has morphogenic consequenices. In response
to light, there is renewed growtlh of the inmmature
leaf. A doubling of fresh weight and protein occurs

in the 72 hour period subsequent to the illumiiniation.
The total activities of 6 enzymes, eaclh of wlhich

was already present to some extent in the etiolated
leaf, increased during growth in the dark subsequienit
to a 10 minute illumination. The range of the in-
creases in total activity was from 1.5 fold (GDH)
to 6.3 fold (GAO), with the other values inter-
mediate at 2.6 fold (G-6-,PDH, RuC), 3 fold (NAD-
GAPDH) and 4.1 fold (NADP-GAPDH). Since
the increase in activity was specific for each enzyme,

anid since the extent of the DNA increase (1.5 fold)
wvas considerably less than that for 5 of the 6
enzymes which NNere assayed, it mlay be l)ostullaltel

that the chlanges were indicative of hiiglher levels of
enzymne activity oni a per cell basis, ratlher thani of
an increase in the number of cells. A small popula-
tion of new cells, with very high activities for these
particular enzymes is an unlikely explanation since
concentrations of FUdR which stopped 70 % of the
expected increase in DNA content did not prevent
either the net increase in protein content or the net
increase in Ru'C activity following the brief illumi-
nation.

The mechanism by wvhich light alters the syn-

thetic machinery of leaf cells remnains an intriguing
problem. The generality of the response (increased
cell division, increase in total protein) makes it safe
to assume that most cellular regulatory mechanisms,
including hormiional ones, become affected. These
experiments demonstrate, however, that even after
the signal for accelerated development has been
partially implemented the entire process remains
tinder phvtochrome control. Increase in RtiC ac-

tivity remains reversible by far-red light even 48
lhours after the initiation of changes. It is inter-
esting to compare the longevity of physiological
reversibility vith the relatively rapid decay of spec-

trophotometrically demonstrable phytochrome (P730)
reported by Klein et al. (10) in bean hypocotyl.

The difference in the rate of decline in enzyme

activity after far-red anid after cvcloheximide treat-
milenit Nvoulld suggest that the conversioln of phyvto-
chrome acts not simply as a switch shutting off a

terminal step of proteini synthesis. Lighit reversal
may inistead affect an earlv step in the pathway
leading to enzyme production allowing the slowv
exhatustion of already formed intermediates. Alter-
nately the slow deceleration of svnthesis following
light reversal may be the reflection of a complex
and indirect regulatory mechanism which requires
time for its activation. Experiments designed to
distinguish between these alternatives are in progress.

The significance of increased RuC activity fol-
lowing respeated illumination is not clear. Again two
possibilities occur. Either the synthesis of red-
sensitive phytochrome requires at least 40 minutes.
or the initial illumination produces an increased

capacity in the overall synthetic machinery to re-
spond to additional stimulation.

A comparison of the level of GAO in briefly and
in continuously illuminated seedlings shows that
under both conditions the early response to light is
quite similar, and therefore our experiments provide
conditions which serve as a simplified model for
several components of true greening.
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