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Summary. When etiolated pea epicotyls are excised immediately above the cotyle-
dons and dipped basally into 14C-sucrose, their terminal buds respond to red light by
increased growth (IG) and enhanced incorporation of sucrose (EIS). Both phenom-
ena are phytochrome controlled, showing typical kinetics, reversal by far-red light,
escape from photochemical control and limitation to leaf tissue. EIS is of greater
magnitude, occurs more rapidly and is saturated by lower energies of red light than
IG, suggesting its possible importance as a controlling reaction in phytochrome-mediated
growth. Both IG and EIS are best shown in the presence of a long epicotyl derived
from a 5 to 6-day-old seedling in the presence of abotut 0.1 M unlabeled sucrose in
the medium.

Enhanced incorporation is most dramatic with suicrose; lesser effects are shown
with fructose, glucose, maltose and ribose in that order. Both level of incorporation
and red light effects are poor for labeled tyrosine, phenylalanine, valine, acetic acid,
cinnamic acid and a-ketoglutaric acid. The possible connection between carbohydrates
and phytochrome-mediated photomorphogenesis is considered.

Several photomorphogenic responses of etiolated
pea seedlings seem to be tunder the control of phyto-
chrome (2,14) which has also been shown to be
abundant in the growing regions of the seedling
(6, 10). Red light also causes pea plumules to
initiate the synthesis of several quercetin derivatives
which they form in addition to the kaempferol de-
rivatives found in dark-grown seedlings (3,4, 22).
This change from kaempferol to quercetin involves
the introduction of an additional hydroxyl group ill
the 3' position of the flavonoid nucleus. In view
of the fact that others have noted similar biochemi-
cal changes upon irradiation of sorghum (26) and
gherkin (8) seedlings, the biochemical mechanisms
involved in phytochrome-controlled hydroxylations
were deemed worthy of further investigation.

As one approach to an investigation of this prob-
lem, we have fed labeled precursors of various por-
tions of the flavonoid molecule (15) to excised por-
tions of etiolated pea seedlings. We have thus been
led to the discoverv of a phytochrome-mediated
control of 14C-sucrose incorporation into the grow-
ing bud. Because of the apparent specificity of this
reaction and its extremely rapid kinetics, it appears
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to have some relevance for the mechanism of photo-
morphogenesis.

Materials and Methods

Plants. Seeds of Pisum sativum L., variety
Alaska, obtained from Asgrow, Incorporated, of
Orange, Connecticut, were grown as previously
described (14).

Six-day-old etiolated seedlings were used for the
experiments. Only plants with recurved hooks (2)
were selected. At this age; the length of the third
(youingest) internode in the selected plants was 10
to 20 mm. The plants were removed from the flats,
individually cut immediately above the cotyledons
in water and transferred into 50-ml Erlenmeyer
flasks containing 10 ml of 0.03 M KH,PO4-Na,HP04
buffer, pH 6.4, 0.1 M sucrose and 14C-sucrose, 15,000
± 1500 cpm/ml. When other labeled compotunds
were used, the radioactivity level was the same, and
carrier sucrose was alwavs present. Solutions were
freshly prepared for each experiment using stock
solutions of buffer kept at low temperature. The
standard experimental dark period after light treat-
ment was 22 to 24 hours. When only the plumule
was being considered, the terminal buds, inclulding
all tissue at and above the lowest node bearing a
foliage leaf (12), were harvested. When internodes
were also sampled, 10-mm sections were excised
from the middle of the first and second internodes,
and the 10-mm section from the third internode was
cut from the top so as to include part of the apical
hook.
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Light Source and Treatmilents. The red light
souirce (2.3 X 104 erg cm2 min1) consisted of 4 red
fluorescent ttubes (Sylvania 15 w) wrapped with 5
layers of Dtu Pont red cellophane, at a distance of
42 cm from the top of the plants. The far-red
light souirce (8.0 X 104 erg cm-2 min-1) consisted of
5 waterproof 300 w internal reflector incandescent
flood lamps at a distance of 22 cm from the top of
the plants. The radiation from the lamps was fil-
teredl throtgh 15 cm of water and( 6 layers each of
red acnd( blue Dti Pont cellophane. In both cases the
energy levels were meastured at a (listance eqtual to
that of the plant tops fronm the light soturce.

The standard red (R) or far-red (FR) light
treatmeint consisted of 15 mintutes of irradiation.
In experiments wvhere FR reversibility was stutdied,
the experimental system inclulded a final dark con-
trol, R followed by FR, and FR followed by R.
Single R and( FR controls cotuld be omitted, since
experience shoxved that they were i(lentical, respec-
tivelyl, with FR->R and R-*FR, and the experimental
systenm had the virtuie of exposing all plants to the
same total irradiation, with only the order of the
treatments being altered.

Radioa ctiz ity M11easvurentents. Radioactivity was
meastired by means of an Ansitron liquid scintilla-
tion cotunter. The cotinting medliuim consisted of
the following mixtture: toluiene (1 liter) to which
2,5-diphenyloxazole (PPO) (5 g/liter), 1,4-bis-
(2,4-dimethyl-5-phenyloxazolvl) -benzene (dimethyl-
POPOP) (0.3 g/liter) and Cab-O-Sil (34.5
g/liter) were added. The quenching caused by the
uise of intact plant material was specially tested, and
2 essentially equivalent couinting methods were
finally adopted as satisfactory. In the first, plant
material was harvested, ptut into vials contained in a
dry-ice bath, lyophilized overnight, grotund and the
radioactivity of the powAder measuired in toliiene-
Cab-O-Sil solution. In the second method, fresh
plant tisstue was put directly into the scintillation
soltution. The lyophilized and powdered material
did not show any significant change in its radio-
activity duiring a counting period of 38 houirs, btit
the radioactivity of the fresh material was initially
only 75 % of the level attained after 16 to 18 hoturs,
after which time both methods gave equivalent
cotunts. Thus, for convenience, we uised the second

method, placing freshly harvested material directly
into the toluene-Cab-O-Sil soluition and storing it
at 27 + 10 for 24 hours before counting. A pluig-in
14C f-discriminator was uised, andl couintiing pro-
ceeded for 4 to 10 minutes with 1 recouint. Three
cycles were couintedl for each experiment, aid(l the
mean of 6 recordings for each sample was calcui-
lated. The background was 25 to 34 cpm. Radio-
activity values less than twice the backgrotlun( were
recorded as traces.

Radioactive Coimpoun1tds (Iand Stock Soluttionts.
The followinig compounds were used: suicrose-Ul-
14C, 12 c/mole and cinnamic acid-2-14C, 0.82 c/mole
(International Chemical and Nuclear Company, Cali-
fornia); D-glucose-U-14C, 22.3 c/mole, D-frllctose-U-
14C, 70.0 c/mole, a-ketogluttaric acid-'-)4C, 6.95 c/
mole and acetic acid-1,2-14C, 12 c/mole (Calbio-
chem); L-phenylalanine-LU-1iC, 360 c/mole, L-tvro-
sine-U-1AC, 154 c/mole and L-valine-U-14C. 200 c/
mole (Schwarz); D-ribose-U-14C, 2.0 c/mole and
D-maltose-U- 4C, 4.45 c/mole (Nuclear-Chicago).

Radioactive compouinds were dissolved in ster-
ilized phosphate buffer (0.03 M, pH 6.4), tranisferred
into serulm bottles covered with rubber stoppers and
store(l as stock solutions in a deep freeze. For each
experiment aliquiots were removed by a sterile dis-
posable syringe.

Each experiment was repeated at least 2 to 3
times, and( each treatment incluided 3 to 5 replicates
consisting of 10 plants. Data are presented as the
mean for each type of experiment, and when needed,
standard errors vere calculated. The ra(lioactv\7ity
was calcuilated on a fresh weight basiF, anid is tab-
ulated together with the fresh weight of the tissule
stuldied.

Results

R and FR Effects o0t Pluniule Growth aned '4C-
.S ucrose Uptake. In seeking to develop an appro-
priate system for the sttudy of the uiptake alnd in-
corporation of labeled compouinds, we excised epi-
cotyls at the level of the cotyledons and at various
points between the cotyledonary node and the term-
inal btud. Sulch excised epicotyls were then placed
in the solutions and exposed to the var.'ous irradlia-
tion regimes.

Table I. Reversible Effects of Red (R) and Far-red (FR) IllPanination on Phimule Growth
and l4C-Sucrose Uptakc

o of
'cles Light treatments

%ao of Dark control
mg fr wt/plumule cpm/mg fr Mwt of ptlumllule

O Dark control
1 FR-4R

R -*FR
2 FR->R ->FR

R ->FR-*R
3 FR-*R ->FR-*R

R ->FR-*R -*FR
4 FR-R--FR-FR -FR

R -FR-R --FR-)R

N
cV

100
131.7
94.8
97.5
147.8
140.4
109 '5
1063
149.0

100
142.7
112.2
94.4
191.1
168 3
115 5
114.4
1800
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FiG.. 1. The effect of epicotyl length on 14C-sucrose incorporation and plumule growth. The portion of the epi-
cotyl below the cut (shown in dotted lines) was discarded and the remaindeit of the epicotyl dipped basally into the
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Terminal buds of plants with long epicotyls
responded to R treatment both by increased growth
(IG) as measured by fresh weight, and by enhanced
incorporation of labeled sucrose (EIS). The EIS
effect was about 3X as great as the I,G effect. In
the short epicotyls, growth, 14C-sucrose incorpora-
tion and response to R were much lower than in
the long epicotyls. Repeated R and FR treatments
administered to long epicotyls produced expected
results in that the last light treatment determines
the final effects. Typical results are presented in
table I.

The differences in behavior of long and short
epicotyls were further investigated, in view of the
fact that the anatomy of the first internode is com-
pletely different from that of the internodes above
it (16). Figure 1 presents the results of an ex-

periment in which the epicotyl was severed at 8
different levels, i.e. at 0, 10, 25, 40 and 55 mm
above the cotyledons (all in the first internode),
10 mm above the first node, in the middle of the
second internode and 10 mm below the second node.
It is obvious that (1) the greater the length of epi-
cotyl, the greater is growth and sucrose uptake of
the bud and (2) the part of the epicotyl most in-
fluencing the response to red light is the first
internode. Buds devoid of epicotyl show no re-

sponse to R at all. We adopted excision immedi-
ately above the cotyledon as the standard procedure
for further experiments, since the fresh weight of
the terminal bud and its accumulated radioactivity
were highest in this treatment.

Hopkins and Hillman (19) found that excised
tissue can be validly employed for the study of
the kinetics of phytochrome changes in etiolated
peas. We administered R and FR both before and
after excision, and tested the effects both on plumu-
lar growth and "4C-sucrose incorporation. Both
R-induced promotion and FR-induced reversion
were identical in both cases, ruling out any excision
artifacts.

The possible role of the cotyledons was sttudied
further by excising epicotyls with cotyledons at-
tached, with cotyledons removed, and with cotyle-
dons removed but added back to the nutrient meditum
in the presence or absence of carrier sucrose.

Cotyledons in the absence of sucrose permit a

maximal plumular growth response to red light,
since the R/D ratio of plumular fresh weights is
1.31, as compared with 1.42 for intact plants. The
addition of 0.1 M carrier sucrose depresses growth
somewhat, presumably duie to osmotic effects, but
the R/D ratio remains the same. Contrariwise,
carrier sucrose enhances both 1"C-sucrose incorpor-
ation and the R promotion of this phenomenon, both
in the presence and absence of cotyledons. We
decided that the best experimental system is the
cotylectomized epicotyl, which shows the promotive
effects of sucrose and red light on both growth and
accumulation of 14C from labeled sucrose. Epi-
cotyls retaining their cotyledons show a promotive
effect of R on growth of the pltumule, but are not

satisfactory for "4C-sucrose uptake studies, pre-
sumably due -to competitive transport from the
cotyledons. Roots were removed, since they were

found to retard uptake and not to promote growth
over 24 hour periods.

Dose-Response to Carrier Sucrose. The im-
portance of carrier sucrose in the phytochrome-
mediated 14C-sucrose incorporation led us to examine
the quantitative aspects of this effect. Figure 2
shows that the addition of carrier sucrose promotes
both IG and EIS in the terminal bud. The optimtum
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concentration for EIS was 0.03 M and for IG was
0.10 Ai. It should be noted that in the absence of
carrier suicrose there is no significant effect of R
on plulmuile growth, but there is still an effect on
EJS. One-tenth molar carrier sucrose was adopted
as a standard since it caused maximal growth re-
sponse of the pluimule and near maximal 14C-stucrose
incorporation.

Dosc Response to 1'C-Sucrose Concentration.
We next insvestigated the effect of increasing levels
of 14,C-sutcrose on incorporation in the presence of
an optimal coincentration of carrier sutcrose. Into
a 0.1 Ai soluition of carrier stucrose, we added in-
creasing levxels of 14_C sucrose from 0 to 4.5 X 105
cpm/ ml. (Even the highest level of radioactive
suLcrose in this experiment can still be considered
as weightless.) The results presented in figure 3
show a linear relationship between the radioactivity
in the soluition and in the bud.

Effect of the Age of the Seedlings. It has
previously been reported (10), that the concentra-
tion of phytochrome in 10-mm sections of etiolated
peas excised 3 mm below the apical hook is con-
stant uip to 10 days of age. Because of interference
by phytochlorophyll in the determination of phyto-
chrome, nlo equivalent data are available for the
btud. Figuire 4 shows the effect of seeding age on
the R promotion of plumtule growth and 14C-sucrose
uptake. The best IG effect occuirs between the fifth
and the sixth day, while the greatest EIS occurs
on the fifth day. Since the highest valuies for
fresh w-eight and '4C-sucrose incorporation were
obtained oIn the sixth day, this age was selected
as standar(l in the present stuidy.

Dose Rcspontse to Red and Far-red Light. Bot-
tomley et al. (3) reported that about 30 Kergs/cm2
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of R will saturate the growth response of the term-
inal bud. We were interested in determining
whether the uptake of 14C-sucrose shows a similar
energy dependence. Typical results of a dose-re-
sponse study are presented in figure 5. It is ob-
vious that there is a mirror-image relationship
between R and FR effects. While the R effect
on IG is not completely satturated after 64 mintutes
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PLANT PHYSIOLOGY

of irradiation (150 Kergs/cm2), only 2 minutes
of red light (48 Kergs/cm2) were sufficient to
saturate EIS. Two minutes of FR (160 Kerg/cm2)
completely reversed the effects of R on both growth
and incorporation. For both processes, 3 X as
much FR energy is required to get reversal as the
R initially given. This is in agreement with the
results of others on lettuce seed germination (5)
and for inhibition of flowering of Pharbitis nil (17).

In a separate experiment, seedlings were exposed
to continuous R and, for comparison, to an irra-
diation of 15 minutes. The results presented in
figure 6 show that 24 hours of R more than dou-
bled the fresh weight increase of the plumule induiced
by a 15 minute percent irradiation. However,
14C-sucrose incorporation was identical in both light
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treatments, showing once again that the promotion
of '4C-sucrose iincorporation is saturated at lower
R levels than growth itself.

Kinetic Studies. It has previously been re-
ported (3,14) that the promotion of terminal bud
growth starts about 4 hours after a bright R flash
and reaches a peak after 12 hours. At lower
energy levels, there is a steady increase in growth
for the full 24-hour experimental period. In order
to study the kinetics of 1-C-sucrose incorporation
we repeated experiments on the kinetics of pltimule
growth in the dark and also after R and FR treat-
ment. The energy level of 368 Kergs/cm2 ttsed
in the present stuidy is close to that used by Bot-
tomley et al. (4). Results in figure 7 show that
the IG induced by R is significant after abouit 8
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FIG. 7. Kinetics of 14C-sucrose incorporation and of p!umule growth.
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houirs and ceases after 16 houtrs. As for EIS, a
significant R effect is obtained as early as 2 houirs
after irradiation, with a peak effect also at abotit
16 houirs. The iincorporation of 14C_sucrose in the
dark is the same as after FR treatment. The
radioactivity level is milch less variable than growth,
which is affected by the differences in initial
weights of the plutmules selected for the experiment.

Escape fromt FR Reversibility and Dccalv of
the R Effect. It has been shown (10) that in stem
sections of etiolatedI peas, the dark reversion of PFR
to PR is complete after 4 to 6 houirs, with about
55 % of the phytochrome being lost. Similar re-
siilts were obtained for the plulmulle, buit the (leter-
mination of phytochrome was complicate(d by the
conversion of protochlorophyll to chlorophyll. In
a more recent stuidy ( 11 ) it has been shown that
in PiSulm1 PFFR may either revert to PR or may decay
to an inactive, nonphotoreversible form.

The nonphotochemical transformations of phy-
tochrome anid their effects on growth and 14C
accumulation were stuidiedI in 2 ways. The first
was to follow the escape from FR reversibility by
spacing variouis intervals of dark time between
the R and FR treatments. Parallel measuirements
of a tvpical experiment on the kinetics of R effects
served as a basis for calculation of the escape
from photochemical control. The resuilts, presented
in figuire 8, were calculated as follows:

percent inhibition by FR light 100 -

FRn - Rn X 100
( ~~~~~~~~~~~)

R.,4 - Rn
where:

FRn - Valuie (plumtule weight or cpm/mg fr
wt of pltlmuile) obtained after n houirs
between red and far-red light treat-
ments.

n - Valuie obtained n houirs after red light
treatment.

R,4 Value obtained 24 houirs after red l ght
treatment.

If PFR is the only effective molecuile involved
in these responses, we shouild expect complete es-
cape from reversibilitv after about 6 houirs, and
indee(d onily abotut 15 % reversal of the R effect
by FR is evident for '4C-sucrose incorporation at
this time. Resuilts for fresh weight are less (lef-
inite because of greater flulctuiations in the data,
biit the trend is rouighly the same.

In a fuirther experiment we measuired the decay
of the R induice(d effect on growth and 14C-suicrose
incorporation. Plants were irradiated in btuffer,
and after varying experimental periodls (lip to 8
hrs) in the dark, were transferred for an additional
24 houirs into buffer containing the uisuial concen-
trations of carrier and labeledl suicrose. The par-
allel dark controls were transferred simultaneouisly
after equivalent periods of storage in buiffer. To
correct for pltlmuile growth in dark and R treat-
ments after the varying time intervals, plumuiles
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from both treatments were harvestedl at initervals
for growtlh determinations. As a red light conitrol,
we employed seedlings irradiated in the uisuial way,
i.e. directly in the ntutrient soluition containing 14C-
suicrose. Typical results for EIS are shown in
figulre 9 and it is clear that the longer the time
lapse between R irradiation and insertion into the
nuitrient soluition, the less is the EIS effect. The
data for IG (not shown) show a similar trend.
These results indicate the occurrence of a dark
reversion of PFR to PR or (lecay of the uinstable
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PFR to some inactive form of phytochrome. Trhe
kinetics agree with previou s data on photoreversi-
bility ( 10).

Variations in Lighit Effects. It has been pre-

viously noted (14) that marked variations in mor-
phology and behavior can be observed from day
to day in standard seedlings grown under apparently

identical conditions. In 5 otut of abotut 90 experi-
ments in the presenit investigations the plumule was
unaffected by red light. The radioactivity of these
R-exposed plumules was nevertheless measured and
compared with dark controls. The results, pre-
sented in figure 10, point out again that the effect
of phytochrome conversion on 14C-sucrose incor-
poration can occur whether or not the subsequent
growth changes are permitted to manifest them-
selves.

A Suirvey of Light Effects on the Uptake of
Other Suibstances. To investigate the specificity
of the PFR-promoted incorporation of 14C-sucrose,
many other compounds belonging to various bio-
chemical classes were surveyed. Maltose, fructose,
glucose and ribose were selected as carbohydrates,
L-phenylalanine and L-tyrosine as possible amino
acid precursors of the cinnamic acid and p-coumaric
moiety of flavonoid compounds (15), L-valine as
an aliphatic amino acid, acetic and cinnamic acids
as direct precursors of the A and B rings of the
flavonoid compounds (15) and a-ketoglutaric acid
as a member of the tricarboxylic acid cycle.

Concomitant with its stimulatory effect on pltum-
tile growth, R inhibits the growth of the stem of
the etiolated pea (2). To investigate the possi-
bility that a competitive relationship between ter-
minal bud and third internode might be involved in
the incorporation of substrate and in growth, sam-
ples from all 3 internodes (see Materials and
Methods) were harvested in addition to the ter-
minal buds. The results are presented in table II.

The most striking fact evident from the data
is that the photomorphogenic effects are most
closely related to 14C-sucrose, which also shows a
much higher level of radioactivity in the terminal
buid and third internode than all other compounds
tested. A slight promotive effect of R and lowered
reversibility by FR was detected for all other suigars,
the order being fructose > glucose > maltose

Table II. Effect of Red Light on the Uptake and Distribution of Variouis Labeled Compounds.
The data are given as cpm/mg fresh weight of plumules or of 10 mm sections taken from the midd!e of the first,

second, and third internode.

Dark Control FR -* R R -* FR

Internode

1st 2nd 3rd

Internode

Plumule 1st 2nd 3rd Plumule 1st

Internode

2nd 3rd Plumule

0.40
0.44
0.58
0.40
0.41

Sucrose
Maltose
Fructose
Glucose
Ribose

L-Phen-vlalanine
L-TX rosine

L-\a ime

Cinnamic acid

Acetic acid
a-Keto-
glutaric acid

0.84
0.40
0 58
0.41
0.24

6.00
1.20
1.50
1.10
0.60

1.80
0.50
0.90
0.80
0.50

0.33
0.48
057
0 39
0.41

0.58
0.32
0.55
0 34
0.27

5.50
1.10
1.30
1.10
0.60

3.40
0.80
1.10
0.90
0.60

024 0.11 0.32 0.33 0.26 0.11 0.39 0.44
0.37 0.44 0.65 0.64 0 49 0 44 0 68 0.6S
0 33 0.13 0.44 0.26 0.33 0.11 0 57 0 53

0.20 tr. 0.15 tr. 0.16 tr. 0 13 tr.
0.17 tr. 0.19 tr. 0 20 tr. 0.16 tr.

0.38
0.48
0.62
0.42
0.44

0.61
0.33
057
0.46
0.28

6.00
1.20
1.51
1.10
0.70

1.90
0.50
1.00
0.80
0.50

0.30 0.15 0.36 0.41
0.39 0 52 0.63 0.67
0 38 0.15 0.47 0.41

0.21 tr. 0.16 tr.
0.18 tr. 0.18 tr.

0.20 0.23 0.60 0.30 0.20 0.21 0.60 0.60 0.24 0.22 0.70 1.00

Comipound

1062



GOREN AND GALSTON-PHYTOCHROME CONTROL OF SU'CROSE UPTAKE

> ribose. In each case, the highest level of radio-
activity in stem was detected in the third (youngest)
internode. 14C-sucrose was present in increasing
amoulnt from the first to the third internode, ir-
respective of light treatment, while the other sugars
tested.-showed the.samee radioactivity in the first
and second internodes. In no case involving car-
bohydrates was there any R-induced difference in
the accumulation of 14C in the third internode; the
R-induced incorporation seems to be specific for
the plumule.

Replacing labeled sucrose by labeled amino acids
greatly reduced the radioactivity detectable in the
buds. "*C-Tyrosine moves faster and is accumu-
lated more in all tissues than the other 2 amino
acids. However, neither tyrosine nor phenylalanine
incorporation was affected by red light, but the
effect on valine was significant. The uptake of
"*C from the organic acids was poor, only traces
being found in the second internode and plumules,
and a little more in the first and third internodes.

Discussion

These experiments show that irradiation with
red light greatly increases the incorporation of
14C-sucrose into the plumules of etiolated peas.
The effect is almost totally restricted to plumtilar
tissue, and is greatly reduced or absent when other
substances are substituted for sucrose. This re-
sponse occurs more rapidly than R-induced growth
responses and is saturated by lower energy levels.
The kinetics of loss of the R effect and of its
escape from FR reversibility indicate control by
the PFR form of phytochrome.

The relative specificity of sucrose for this effect
is not understood, but corresponds with similar re-
ports for other photomorphogenic phenomena
(2, 20). In a possiblv related series of observations
it has recently been shown (24) that red light en-
hances the utilization of starch and sugars in etio-
lated maize leaves.

The role of the cotyledons and first internode
in the R effect on pluimule growth and "+C-sucrose
incorporation are also difficult to explain com-
pletely. Bonner et al. (1) found that more than
40 % of the total dry weight of pea cotyledons is
sucrose, and about 5 % other carbohydrates. Wan-
ner (27) concluded that sucrose is the transport
form of carbohydrate in the pea plant and that
glucose and fructose found in the roots result from
cleavage of the sucrose transported from the coty-
ledons. Various authors (2, 13, 25) have found
that about 2 % sucrose is optimal for auxin-induiced
growth and photomorphogenic effects in etiolated
pea epicotyl stem sections. For maximal IG we
found a higher optimum concentration of sucrose
(0.1 M = 3.42 %), but for EIS the optimum con-
centration of carrier sucrose was 0.05 M or 1.71 %.
From figure 2, it is obvious that the concentration
of carrier sucrose greatly affects the uptake of
labeled stucrose, while increasing the concentration

of "1C-sucrose in the presence of optimal carrier
sucrose yields a linear increase in the radioactivity
found in the terminal bud (fig 3). These results
could be interpreted in terms of the pressure-flow
hypothesis, the high sucrose concentration at the
source being necessary to generate a sufficient
pressure to transport en masse to the sink.

Studving the escape from far-red reversibility
(fig 8,9) is one way to determine whether PFR
alone is responsible for the R effects reported in
the present paper. The typical escape kinetics
shown in these figures agree fully with in vivo
studies on phytochrome disappearance (10). As
PFR in Pisumn disappears both due to decay and
reversion to PR (11), it is difficult to conclude
whether the intermediate formed during reversion
(18) influences the phenomena studied in the
present work. Irradiation with continuous R should
prevent any decrease in PFR, but figure 6 shows
that the same response to red light is nevertheless
obtained, at least as far as 1-C-sucrose incorporation
is concerned. On the other hand, in the experiment
where red light was separated in time from 14C-
sucrose administration (fig 9) 35 % of the red
light effect was still detected after 8 hours. At
this time, PFR is no longer present (10), contrary
to the results of the experiments on escape from
photochemical control in which FR was already
ineffective after 6 hours. R still promotes the
growth of the plumule and of 14C-sucrose incor-
poration. These results suggest that unknown in-
termediates in the decay process of PFR may be
also involved.

The known effects of cytokinins (21) and
auxins (23) in causing a local accumulation of
translocated organic materials suggests that they
may play a role in the phenomena reported here.
The second paper of this series will incluide ex-
periments bearing on this and related questions.
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