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Photocontrol of Anthocyanin Synthesis
III. THE ACTION OF STREPTOMYCIN ON THE SYNTHESIS OF CHLOROPHYLL AND ANTHOCYANIN'
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ABSTRACT

Streptomycin enhances the synthesis of anthocyanins and in-
hibits the synthesis of chlorophylls and the development of
chloroplasts in dark-grown seedlings of cabbage (Brassica ole-
racea), mustard (Sinapis alba), tomato (Lycopersicon esculen-
tum), and turnip (Brassica rapa) exposed to prolonged periods
of irradiation in various spectral regions. These results suggest
that the contribution of photosynthesis to light-dependent high
irradiance reaction anthocyanin synthesis in seedlings of cab-
bage, mustard, tomato, and turnip is minimal, if any at all. So
far, phytochrome is the only photoreceptor whose action in the
control of light-dependent anthocyanin synthesis in seedlings of
cabbage, mustard, tomato, and turnip has been satisfactorily
demonstrated.

Studies of light-dependent anthocyanin synthesis and of
other plant photomorphogenic responses have shown that two
photoprocesses are operating (8-10, 15, 17, 18, 24, 27, 35,
36, 39, 40, 44). One is the low energy, R - FR' reversible
phytochrome system (1, 8, 12, 15, 17, 18, 28, 40, 44) and the
other is the high energy reaction, also called high irradiance
reaction system of plant photomorphogenesis (4, 9, 10, 14, 15,
28, 44). The nature of the photoreceptor(s) for the HIR
responses is a debated question.
The spectral regions of maximum efficiency for HIR re-

sponses are also effective in the Pr - Pfr photoconversion.
It has been suggested that the HIR responses, at least in the
far red region, can be mediated by phytochrome alone, and
are brought about by the low level of Pfr maintained under
continuous FR (4, 14, 28, 29, 37, 41, 44). Some results (2,
34) do not support the hypotheses made to explain HIR
phenomena in terms of phytochrome alone. Strong evidence in
support of phytochrome being the only photoreceptor mediat-
ing the response to prolonged periods of FR irradiance has
been obtained in studies of the action of light on seed germina-
tion (11, 14, 22, 23, 42, 45).
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It has also been suggested that HIR responses may involve
an interaction between photosynthesis and phytochrome (8,
10, 15, 35, 36). Evidence for the participation of photo-
synthesis to HIR responses has been obtained in studies of
light-dependent anthocyanin synthesis in green systems with
a functional photosynthetic apparatus such as apple skin and
strawberry leaf disks (6, 8, 10).
The involvement of photosynthesis in the HIR responses of

dark-grown seedlings exposed to continuous irradiation is
much less evident, and has been considered negligible by some
researchers (3, 24, 26, 28, 37), while others have interpreted
data relative to the action of various inhibitors on anthocyanin
synthesis in turnip seedlings as indicative of a possible con.
tribution of cyclic photophosphorylation to HIR anthocyanin
synthesis under continuous FR irradiation (35, 36). It has been
reported that some antibiotics can enhance anthocyanin syn-
thesis, while at the same time inhibiting Chl synthesis (28, 38,
40). These reports cast some doubts on the participation
of photosynthesis to HIR anthocyanin synthesis of dark-grown
seedlings exposed to continuous irradiation.

In this paper, we report data on the action of streptomycin
on the synthesis of anthocyanins and Chl in young, dark-
grown seedlings exposed to continuous irradiation. For this
study we used seedlings of cabbage, mustard, tomato, and
turnip. Cabbage seedlings can synthesize considerable amounts
of anthocyanins in darkness; the others do not (1, 12, 17, 18,
24, 27, 40). Phytochrome participation in light-dependent
anthocyanin synthesis has been shown for all the four species
used (1, 12, 17, 18, 24). The peak of action for anthocyanin
production under continuous irradiation is in the FR region
for cabbage (17), mustard (17, 27), and turnip (13, 35), and
in the blue for tomato (unpublished results).

MATERIALS AND METHODS
Seeds of cabbage (Brassica oleracea cv. Red Acre) were

purchased from the Seed Division of the FMC Corporation;
seeds of tomato (Lycopersicon esculentuin, cv. Beefsteak) and
turnip (Brassica rapa, cv. Purple Top White Globe) were
purchased from W. Atlee Burpee Co.; seeds of mustard
(Sinapis alba, cv. Fine White) were purchased from Thomp-
son and Morgan Ltd. The seeds were germinated and grown in
darkness at 20 C in Petri dishes on two disks of Whatman No.
3MM filter paper, moistened with distilled H20 or with the
solution used. All solutions were prepared in H20. The number
of seeds per dish was: 30, for cabbage and mustard; 50, for
tomato; and 60, for turnip. Ages of the seedlings (from plant-
ing) at the beginning of the light treatments were: 96 hr for
cabbage and tomato; 72 hr for turnip; and 48 hr for mustard.

Light treatments were given in growth chambers (Percival
E-57) equipped with various combination of lamps and filters
which have been described previously (17, 21). The irradiances
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Table I. Irrabadianee of Light Soiurces Used
Irradiances were measured with an IL-1S0 plant photometer.

Values reported were obtained by multiplying the measured values
(14w cm-2 nm-1) by the half bandwidth of the filters used for the
separation of the three spectral regions.

Irradiance
Radiation source

400-500 nm 600-700 nm 700-600 nm

MAW C11t2

B 375 ND1 ND
White 715 860 430
FR ND 165 740
R ND 400 70
R incandescent ND 295 360
R + FR ND 625 420
R2 ND 110 ND
FR- ND 115 520

1 ND: not detectablewith IL-1S0 photometer (less than 0.5 /Aw cm-'
nm-i).

I R and FR sources used in cyclic light treatments (R/FR/C).

of the light sources used are given in Table I. Temperature
during irradiation was 20 C. Dark controls were included in
all experiments.

Anthocyanins extraction and measurements. Lots of 30
(cabbage and mustard), 50 (tomato), and 60 (turnip) seedlings
each were extracted with 12 ml of 1 % (w/ v) HCl in methanol
for 2 days at 3 to 5 C, with continuous shaking. The extracts
were cleared by filtration, and their absorbance at 530 and 657
nm was measured with a Model 300-N Gilford spectrophotom-
eter. In previous experiments, we had noticed that the acidic
methanol extracts of anthocyanins from seedlings grown under
conditions leading to the formation of high levels of Chl
exhibited a brownish coloration and two peaks of absorption
at wavelengths above 500 nm, one at 530 nm, and the other
at about 657 nm. The brownish tinge and the peak at 657 nm
were considerably reduced or absent in the anthocyanin
extracts from seedlings grown under FR or in streptomycin
solution. Acidic methanol solutions of Chl exhibited a peak
of absorption around 657 nm; their absorption at 530 nm was
about one-third of that at 657 nm. The addition of purified
chlorophylls to an acidic methanol extract of anthocyanin
from dark-grown cabbage seedlings resulted in the appear-
ance of the peak at 657 nm and in an increase of the absorb-
ance at 530 nm. The increase of absorbance at 530 nm was
again about one-third of the absorbance at 657 nm. Therefore,
the absorbance readings at 530 nm were corrected by sub-
tracting one-third of the absorbance at 657 nm. The results
reported are the average of at least eight replicates. Standard
errors of the means were about 4 to 6% of the average values.

Chlorophyll Extraction and Measurements. Lots of 120
(cabbage and mustard) or 100 (tomato) seedlings each were
ground with acetone and a small amount of CaCO3. The
homogenate was clarified by centrifugation and filtration and
made up to 25 ml with 80% acetone. The absorbance of the
clear extracts was measured at 645 and 663 nm with a Gilford
300-N spectrophotometer. Chl content of the extracts was
calculated using the McKinney coefficients (20). Values
reported are the average of at least six replicates. The standard
errors were about 5% of the average values.

Phytochrome Measurements. Phytochrome content was
assayed spectrophotometrically in vivo on lots of 30 seedlings
each with a Ratiospect Model R-2 (ASCO). The wavelengths
of the measuring beams were 730 and 800 nm. Values reported

are the average of at least eight replicates; standard errors
varied considerably from about 10% of the average values for
measurements taken at times 0 and 2, to about 40% for some
of the very low values obtained in the measurements taken 24
hr after the beginning of the irradiations.
RNA Extraction and Separation. The method used for the

extraction of the RNAs was essentially that described by
Cherry (5). RNA was extracted from about 100 cotyledon
pairs excised from seedlings grown in sterile conditions in H20
or streptomycin solution. Separation of the RNAs was ac-
complished by disc electrophoresis in 2.5% acrylamide gels
according to Loening (19).
The cotyledons used for the electron microscope observa-

tions were fixed in 3% glutaraldehyde, washed in buffer, post-
fixed in osmium tetroxide, washed again, dehydrated in a
graded ethanol series, and embedded in Epon. Sections were
cut with a diamond knife. poststained with a lead citrate solu-
tion, and examined with a Philips EM 200 electron microscope.

RESULTS

The dosage response curves of Figure 1 show quite clearly
the correlation between the inhibition of Chl synthesis and the
enhancement of anthocyanin accumulation brought about by
streptomycin.

Streptomycin has a strong inhibitory effect on the synthesis
of Chl under various light treatments in mustard, tomato, and
cabbage seedlings (Tables II. III, IV, and V). Streptomycin
has no apparent effect on the light-dependent synthesis of
anthocyanins in mustard seedlings (Table II), and a strong
stimulatory action on anthocyanin accumulation in tomato,
cabbage, and turnip seedlings (Tables III, IV, V, and VI). In
cabbage seedlings (Fig. 1. Tables IV and V) streptomycin also
enhances anthocyanin accumulation in the dark controls. We
do not have exact figures for the levels of Chl formed in
turnip (Table VI), but, from the absorbance values of the
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FIG. 1. Action of streptomycin on anthocyanin and Chl s-yn-
thesis in cabbage seedlings. D: dark control; L: R + FR for 24 hr.
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anthocyanin extracts at 657 nm (results not reported), it ap-
pears that the inhibition of Chl synthesis caused by strepto-
mycin is of the same order of magnitude as that found in
cabbage and mustard. The high values of the Chl a/b ratio
under continuous FR (Tables II, III, and IV) are in agree-
ment with results reported for the greening of etiolated bean
leaves under continuous FR (7). FR is more effective than
either B or R for the light-dependent anthocyanin synthesis
of cabbage and mustard seedlings (Tables II and IV), but
B is more effective than either R or FR for anthocyanin
accumulation in tomato seedlings (Table III).
A comparison of the results of Tables IV and V shows that

the 8 hr light-40 hr dark (8L-40D) irradiation program results
in the production of levels of Chl (seedlings incubated in H,O)

Table II. Actiont o, Streptomycin (200 gg/ml) onz Syn2thesis of
Antthocyanints anzd Clii in Mustard Seedlintgs

Light Treatment
(48 hr)

Dark control
Dark control
B
B
FR
FR
R
R
R incandescent
R incandescent
R/FR/D3
R/FR/D3

Incubation
Medium

W2
SM'
W
SM
W
SM
W
SM
W
SM
W
SM

Anthocyanins
(A6Jo - 0.33

A657)1

0.06
0.05
1.28
1.26
1.62
1.66
0.85
0.90
1.56
1.52
1.47
1.51

Chlorophyll

Total a/b

seedlings

7.3
6.9

514.0
63.8
38.4
20.4

736.3
54.5

609.4
56.5

382.7
35.4

0.6
0.7
3.4
3.0
6.0
2.1

1 2.9
2.7

1 2.8
2.5
4.7
4.0

1 Absorbance values of the light treatments were corrected by
subtracting the absorbance values of the dark controls. Absorb-
ance values at 530 were corrected by subtracting one-third of the
absorbance values at 657 (0.33 A657).
2W: water; SM: streptomycin.
I R/FR/D = I min R- lmin FR-8 min D- min R . . . etc.

Table III. Action of Streptomycint (200 ,ug/ml) oni Synlthesis of
Anthocyaninls anid Chl in Tomato Seedlinigs

Light Treatments
(48 hr)

Dark control
Dark control
B
B
FR
FR
R
R
R incandescent
R incandescent
R/FR/D2
R/FR/D2

Medium

Wi
SM'
W
SM
W
SlM
W
SlM
W
SlM
W
SM>

Anthocyanins
(As30- 0.3
A 657)

0.01
0.01
0.25
0.44
0.04
0.05
0.15
0.35
0.27
0.59
0.08
0.17

Chlorophyll

Total al!b a/b

jAg,'100 seed-
lings

3.6 0.6
3.9 0.6

170.5 3.4
84.2 2.9
18.5 9.8
18.7 2.8

235.3 3.2
135.5 3.1
213.9 3.8
157.9 3.6
180.1 4.8
103.6 3.5

Table IV. Action of Streptomycin (200 ,ug/ml) on the Synthesis of
Anthocyanins anld Chl in Cabbage Seedlinigs

Light Treatment Incubation Anthocyanins Chlorophyll
(48 hr) Medium (As30- 0.33A 657)1 Total a,1'b

pg/100
seedlings

Dark control W 0.23 2.7 0.4
Dark control SM2 0.38 2.5 0.4
B W 0.81 270.7 3.2
B SM 1.57 13.5 1.2
FR W 1.13 26.9 13.9
FR SM 1.94 7.6 1.9
R W 0.57 360.9 2.6
R SM 0.94 11.5 I 1.9
R incandescent W 1.38 348.2 3.1
R incandescent SM 2.06 15.5 1.9
R/FR/1Y W 0.94 170.6 4.3
R/FR/D3 SM 1.53 15.3 1.5

1 Absorbance values for the light treatments were corrected by
subtracting the absorbance values of the dark controls.

2 W: water; SM: streptomycin.
3 R/FR/D = 1 min R-1 min FR-8 min D-1 min R ... etc.

Table V. Actionz of Streptomycinz (200 ,ug/ml) onz Synthesis of
Antthocyaninls and Cli in Cabbage Seedlinzgs

Treatment was 8 hr B (or FR, or R, or R incandescent, or R/FR/
D) - 5 min R - 40 hr dark.

Treatment

Dark control
Dark control
B
B
FR
FR
R
R
R incandescent
R incandescent
R/FR/D3
R/FR/D3

Incubation
Medium

W2

SMW
SM
W
SM
W
SM
W
SM

W
SM

Anthocyanins
(As3o - 0.33

A 657)'

0.23
0.38
0.60
1.01
0.55
0.87

0.33
0.54
1.01
1.68
0.77
1.23

Chlorophyll

Total

#g/100
seedlings
2.7

2.5

29.0

5.8

8.0

4.9
23.0

4.6

43.8
7.3

29.9
5.0

0.4

0.4

3.2
0.6

1.6
0.4

2.6

0.8

3.9

1.0
4.2

0.6

1 Absorbance values of the light treatments were corrected by
subtracting the values of the dark controls.

2 W: water; SM: streptomycin.
3 R/FR/D = I min R- Imin FR-8 min D-1 min R . . . etc.

that are no more than 10 to 20% of those produced under a 48
hr light (48L) schedule; but the accumulation of anthocyanins
under the 8L-40D program is from 50 to 80% of that under
the 48L schedule. Similar results were also obtained with
tomato and mustard seedlings. These results are not a con-
sequence of a large accumulation of anthocyanin during the
8-hr light treatment; the level of anthocyanins accumulated
at the end of 4- and 12-hr irradiations have been found to be
quite low (17, 24).

Streptomycin has very little effect on the R-FR reversibility
of anthocyanin synthesis (Table VII). The effects of strepto-
mycin on the decay of phytochrome in mustard (results not

I W: water; SM: streptomycin.
2R/FR/D = I min R-1 min FR-8 min D-1 minR . .. etc.
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Table VI. Actiont of Streptomycini oii Synithesis of Anthocyaninws
in Turniip Seedlinigs

Light Treatments
hr)

Absorbance (As3o - 0.33 A 67)

rater S\, '1001 SM\,'2002

Dark control 0.02 0.02 0.02
R incandescent 0.43 0.56 0.53
FR 0.46 0.63 0.70

1 SM/100: streptomycin solution, 100 ,ug/ml.
2 SM/200: streptomycin solution, 200 ,ug/ml.

Table VII. Actioni of Streptomnycin oii Red-Far Red Reversibility
of Anithocyaninl Synithesis in Cabbage in Tomato Seedlinlgs

The absorbance values for the light treatments were corrected
by subtracting the values of the dark controls. Anthocyanins were

extracted 24 (cabbage) or 48 (tomato) hr after the beginning of the
light treatments.

Absorbance at 530 nm
Light Treatment

H20 SM (200 1g/'ml)

Cabbage
Dark control
5 min R
5 min R - 5 min FR

Tomato
Dark control
4 hr white
4 hr white - 5 min R
4 hr white - 5 min R - 5 min FR
4 hr white - 5 min FR
4 hr white - 5 min FR - 5 min R

0.30
0.21
0.12

0.01
0.08
0.08
0.04
0.04
0.08

0.51
0.48
0.39

0.01
0.08
0.09
0.04
0.04
0.08

Table VIII. Phytochrome Decay, in Cabbage Seedlinlgs Exposed to

Var-iouts Light Treatnwents in Water or in 200 ,g/ml
Streptomycin Solutioni

Time 0 indicates onset of irradiation. Data for the dark controls
are expressed as A(AO.D.) X 103; data for the light treatments as

per cent of the dark controls.

Light Treatment

Dark control

Dark control
B

B
FR

FR
R
R
R incandescent

R incandescent
R/FR/D2

R/FR/D

Incubation
Medium

SlM'
w

SM

W

SM

IW
SlM
w

w

SM

Phytochrome Content at

0 2 hr 4 hr 6 hr 24 hr

11.1 11.8 11.3 11.7 12.6
12.1 12.1 12.4 12.3 12.1

100 65 34 21 14
100 88 41 25 5
100 88 72 35
100 92 80 65 40
100 40 19 8 !10
100 31 9 7 1
100 50 27 17 10
100 50 35 19 8
100 76 53 14
100 66 55 39 15

E
c

m0

Cl

O.

in vivo and because, with few exceptions the differences in the
rate of decay of phytochrome in H20 and in streptomycin are

rather small, we feel inclined to conclude that the action of
streptomycin on the rate of decay of spectrophotometrically
detectable phytochrome is negligible.

Streptomycin inhibits the synthesis of chloroplast ribosomal
RNA (Fig. 2, peaks 2 and 4). Chloroplasts of cotyledons from
seedlings grown in streptomycin are much less developed
than those of seedlings grown in H20 (Fig. 3).

Although not directly related to the main purpose of this
paper, we would like to introduce here some data relative to
the action of ethanol, propanol, DMSO, and Tween 20 on the
synthesis of anthocyanins in cabbage seedlings. The above
compounds are sometimes used as solvents for the preparation
of stock solutions of chemicals poorly soluble in H20, or as

wetting agents, or for their action on membrane permeability
(31). Ethanol and propanol at low concentrations (0.1% or

less) have a slightly stimulatory action on anthocyanin syn-

thesis and are inhibitory at higher concentrations (Fig. 4,
Table IX). Ethanol inhibits Chl synthesis (Fig. 4). In the range

of concentrations tested, DMSO and Tween 20 have very little
effect on anthocyanin synthesis in darkness.

DISCUSSION

The interpretation of results obtained in inhibitor studies is
not simple and requires a great deal of caution. Even the
specific inhibition of a given step in synthesis can affect the
steady state levels of other intermediates in the biosynthetic
pathway of the product under study, as well as other path-
ways with common intermediates. In vivo inhibitor studies of
processes such as anthocyanin synthesis, requiring long periods
for completion-several hours to a few days-cannot be ex-

pected to have well defined and narrow specificities. The proofs
offered in support of a contribution of photosynthesis to HIR
anthocyanin synthesis are based mostly on the results of in vivo
inhibitor studies.

Evidence in support of a contribution of photosynthesis to

IW: water; SM: streptomycin.
2R/FR/D = 1 min R-1 min FR-8 min D- Imin R. .. etc.

reported) and in cabbage seedlings (Table VIII) were essen-
tially similar. Because of the large standard errors (see
"Materials and Methods") obtained in the phytochrome assays

Distance moved (mm)

FIG. 2. Action of streptomycin (st, 200 usg/ml) on the synthesis
of ribosomal RNA of cabbage seedlings. RNAs were separated
by electrophoresis on acrylamide (2.5%) gels, at 3 ma/tube, for
2.5 hr. 1 and 3: heavy and light cytoplasmic ribosomal RNA; 2
and 4: heavy and light chloroplast ribosomal RNA. W: water.
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Table IX. Actioni ofDMSO, I-Propantol, antd Tweeni 20 otn Synlthesis
of Anzthocyaniins ini Cabbage Seedlintgs

The temperature was 20 C. Incubation was in the dark for 6
days.

Absorbance .463o - 0.33 A 667)
Concn

DMSO 1-Propanol Tween 20

0.000 0.28 0.28 0.28
0.025 0.26 0.39 0.35
0.050 0.32 0.55 0.34
0.100 0.32 0.28 0.35
0.200 0.29 0.09 0.33

-A

4

z

4

z
v

z
4c

FIG. 4. Action of ethanol on the synthesis of anthocyanins and
Chl in cabbage seedlings. Light treatment: 24 hr, white (CWI);
DC: dark control.

anthocyanin synthesis has been obtained for some green
tissue with a functional photosynthetic apparatus (6, 8, 10). In
apple skin sections, the proportional changes in the rates of
photosynthesis and anthocyanin accumulation were practically
the same for a range of DCMU concentrations causing vari-
ous degrees of inhibition between 0 to 100% (8, 10). In
strawberry leaf disks, DCMU inhibits light-dependent antho-
cyanin synthesis, and the effect of the DCMU is enormously
reduced (from an inhibition of 95% to one of 10%, at a
DCMU concentration of 10 rjM) when sucrose is added to the
medium used for the incubation of the disks (6). Sucrose
enhances about 5-fold the light-dependent anthocyanin syn-
thesis of strawberry leaf disks incubated in air containing no
C02, but has no effects at a CO2 concentration of 0.03% (6).
The inhibitors used in the studies offered in support of the

hypothesis that photosynthesis, and specifically cyclic photo-
phosphorylation, may contribute to HIR anthocyanin synthesis
of dark-grown turnip and mustard seedlings exposed to con-
tinuous FR (35, 36), have a much wider spectrum of action
than DCMU. Antimycin A and DNP act not only as inhibitors

of photosynthetic phosphorylation, but also as uncouplers of
oxidative phosphorylation. The ammonium ion, which has
been used as an uncoupler of photophosphorylation of chloro-
plast preparations (16), is also known for its effects on enzyme
balance and on the level of some nitrogen compounds (43),
and for its inhibition of H20 uptake (33). Levulinic acid is an
inhibitor of porphyrin biosynthesis, and inhibits the synthesis
of Chl and respiratory pigments. Therefore, we feel that the
inhibitory action of the ammonium ion, antimycin A, DNP,
and levulinic acid on anthocyanin synthesis in turnip and
mustard seedlings (35, 36) cannot be ascribed exclusively to
their inhibition of photosynthesis and of Chl synthesis.

Streptomycin binds to the 30S ribosome subunit and inhibits
protein synthesis by interfering with the binding of the amino-
acyl-tRNA to the ribosome and by stimulating miscoding (29);
streptomycin inhibits chloroplast development (32) and has
little or no effect on cytoplasmic protein synthesis of plant
cells (25).
The final results of the action of streptomycin in seedlings

of cabbage, mustard, tomato, and turnip are: the inhibition of
Chl synthesis, the lowering of the a/b ratio, and the inhibition
of chloroplast development, without any appreciable effect
on the synthesis of anthocyanin in mustard and with a strong
enhancing action on the synthesis of anthocyanins in the other
three species. The enhancing action of streptomycin on
anthocyanin synthesis is found in darkness (cabbage), under
light treatments resulting in widely different levels of Chl
formation, and in seedlings differing in the spectral regions of
maximum effectiveness for anthocyanin synthesis, FR in
cabbage and turnip, B in tomato.
The data obtained with apple skin and strawberry leaves (6,

8. 10) seem to indicate that photosynthesis may contribute
photosynthetic products to light-dependent anthocyanin syn-
thesis of green tissues with a functional photosynthetic ap-
paratus. In dark-grown seedlings exposed to prolonged irradia-
tion, it would be reasonable to expect that some degree of
development of the photosynthetic apparatus should be
attained, before photosynthesis can begin to compensate for
the drain of reserve materials used during the initial phase of
growth and to provide products for other biosynthetic reac-
tions. Previous results (24) show that Chl synthesis lags behind
anthocyanin synthesis in cabbage and mustard seedlings.
Results reported here and in previous papers (17. 24) show that
considerable amounts of anthocyanins can be synthesized in
darkness, after 4 to 12 hr of irradiation. The latter treatment
results in the production of levels of Chl that are quite low in
comparison, of those formed under continuous, prolonged
irradiations (Table IV and V), and there is no photosynthesis
in darkness.
The data reported in this paper show that it is possible to

inhibit Chl synthesis and the development of the chloroplast
without adverse effects on anthocyanin synthesis, and, in most
cases, actually enhancing the latter. One possible explanation
for the enhancement effect is that the inhibition of the develop-
ment of the chloroplast may make available a large reserve
pool for the biosynthesis of anthocyanins. However, the data
reported in this paper are not sufficient to establish if the
inhibition of chloroplast development and the enhancement of
anthocyanin synthesis are directly correlated or if they are
two independent phenomena.

Although we do not have comparative data for the rates of
photosynthetic activity of seedlings grown in H.0 and in
streptomycin, we believe that the results reported in this paper
provide some evidence that the contribution of photosynthesis
to HIR anthocyanin synthesis of young. etiolated seedlings
exposed to prolonged irradiations is only a minor one. S. 0.
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Duke (Department of Botany, Duke University) has some pre-
liminary evidence that corn seedlings lacking a photosynthetic
apparatus accumulate anthocyanin faster in the nonphotosyn-
thetic portions of the seedlings than green controls do (personal
communication).

Phytochrome is the only photoreceptor whose action in the
photocontrol of HIR anthocyanin synthesis of young seedlings
has been satisfactorily demonstrated (1, 9, 12, 17, 18, 24).
Photosynthesis seems to play a role in light-dependent an-
thocyanin synthesis of some green tissues (6, 8, 10); the par-
ticipation of photosynthesis to the HIR anthocyanin syn-
thesis of young, etiolated seedlings exposed to prolonged
irradiations has not been satisfactorily demonstrated and the
results reported in this paper and in a previous one (24)
provide some evidence against it.

Acknowledgment-The authors would like to thank Mr. Michael Sue for his
technical cooperation.

LITERATURE CITED

1. AYERS, J. AND A. L. MANCINELLI. 1969. Phytochrome control of anthocyanin
synthesis in tomato seedlings. Plant Physiol. 44: S-19.

2. BELLINsI, E. ANn W. S. HILLMAN. 1971. Red and far red effects on phenylalanine
ammonia lyase in Raphanus and Sinapis seedlings do not correlate with
phytochrome spectrophotometry. Plant Physiol. 47: 668-671.

3. BERTSCH, W. AND M. MOHR. 1965. Die Unabhiingigkeit der Lichtinduzierten
Anthocyansynthese von der Photosynthese. Planta 65: 17-26.

4. BORTHWICK, H. A., S. B. HENDRICKS, M. J. SCHNEIDER, R. B. TAYaLoRsoN, A-ND
V. K. TOOLE. 1969. The high energy light action controlling plant responses
and development. Proc. Nat. Acad. Sci. U.S.A. 64: 479-486.

5. CHERRY, J. H. 1973. Extraction and chromatography of RNA. In: Molecular
Biology of Plants. Columbia University Press, New York. pp. 98-103.

6. CREASY, L. L. 1968. The significance of carbohydrate metabolism in flavonoid
biosynthesis in strawberry leaf disks. Phytochemistry 7: 1743-1749.

7. DE GREEF, J., W. L. BUTLER, AND T. F. ROTH. 1971. Greening of etiolated
bean leaves in far red light. Plant Plis-siol. 47: 457-464.

S. Dow-N-s, R. J. 1964. Photocontrol of anthocyanin synthesis. J. Wash. Acad. Sci.
54: 11-120.

9. DoWNs, R. J. AND H. W. SIEGELMIAN-. 1963. Plhotocontrol of anthocyanin syn-
thesis in milo seedlings. Plant Physiol. 38: 25-30.

10. DowN-s, R. J., H. W. SIEGELMAN, NV. L. BUTLER, AND S. B. HENDRICKS. 1965.
Photoreceptive pigments for anthocyanin synthesis in apple skin. Nature 205:
909-910.

11. EISENSTADT, D. A. AND A. L. AMANCIN-ELLI. 1974. Phytochrome and seed ger-
mination. VI. Phytochrome and teFnperature interaction in the control of
cllcumber seed germination. Plant Physiol. 53: 114-117.

12. GRILL, R. 1965. Photocontrol of anthocyanin formation in turnip seedlings. I.
Demonstration of phytochrome control. Planta 66: 293-300.

13. GRILL, R. AND D. VINCE. 1970. Photocontrol of anthocyanin formation in tur-
nip seedlings. VIII. Wavelength dependence. Planta 95: 264-271.

14. HARTMIANN, K. M. 1966. A general hypothesis to interpret "high energy phe-
nomena" of photomorphogenesis on the basis of phytochrome. Photochem.
Photobiol. 5: 349-366.

15. HENDRICKS, S. B. AND H. A. BORTHWICK. 1965. The physiological functions
of phytochrome. In: T. W. Goodwin, ed., Chemistry and Biochemistry of
Plant Pigments. Academic Press, New Yolk. pp. 405-36.

16. K'ROGMAN, D. W., A. T. JAGENDORF, AND AI. AvRoN. 1959. Uncouplers of spin-
ach chloroplasts photosynthetic phosphorylation. Plant Physiol. 34: 272-277.

17. Ku, P. K. AND A. L. MANCINELLI. 1972. Photocontrol of anthocyanin synthe-
sis. I. Action of short, prolonged and intermittent irradiations on the forma-
tion of anthocyanins in cabbage, mustard, and turnip seedlings. Plant Phys-
iol. 49: 212-217.

18. LANGE, H., W. SHROPSHIRE, JR., AND H. 'MOHR. 1971. An analysis of phyto-
chrome mediated anthocyanin synthesis. Plant Physiol. 47: 649-655.

257

19. LOENING, U. E. 1967. The fractionation of high molecular weight RNA by
polyacrylamide gel electropohresis. Biochem. J. 102: 251-257.

20. MACKINNEY, G. 1941. Absorption of light by chlorophyll solutions. J. Biol.
Chem. 140: 315-322.

21. MIANXCIELLI, A. L. 1966. Broad-spectrum light sources, photoconversion of
phytochrome and some physiological responses in tomato seed germination.
Ann. Bot. XVIII: 675-686.

22. MAANCI-NELLI, A. L. AND H. A. BORTHWICK. 1964. Photocontrol of germination
and phytochrome reaction in dark-germinating seeds of Lactuca sativa L.
Ann. Bot. XVIII: 9-24.

23. MANCINELLI, A. L., H. A. BORTHWICK, AND S. B. HENDRICKS. 1966. Phyto-
chrome action in tomato seed germination. Bot. Gaz. 127: 1-5.

24. MAINCINELLI, A. L., P. K. Ku (Tai), and R. Susinno. 1974. Photocontrol of
anthocyanin synthesis: phytochrome, chlorophyll, and anthocyanin synthesis.
Photochem. Photobiol. 20: 71-79.

25. MIARCtS, A. AND J. FEELEY. 1965. Protein synthesis in imbibed seeds. J. Biol.
Chem. 240: 1675-1680.

26. MASONER, M., G. UN8ER, AND H. MOHR. 1972. Accumulation of protochloro-
phyll and chlorophyll as controlled by photomorphogenically effective light.
Planta 105: 267-272.

27. MOHR, H. 1957. Der Einfluss monochromatischer Strahlung auf das Langen-
wachstum des Hypokotyls und auf die Anthocyanbildung bei Keimlingen von
Sinapis alba L. Planta 49: 389-405.

28. MIOHR, H. 1972. Lectures on Photomorphogenesis. Springer-Verlag Berlin. pp.
1-237.

29. OELZE-KAROv, H. AND H. MOHR. 1973. Quantitative correlations between
spectrophotometric phytochrome assay and physiological response. Photo-
chem. Photobiol. 18: 319330.

30. PETSKA, S. 1971. Inhibitors of ribosome functions. Annu. Rev. Biochem. 40:
697-710.

31. PECKET, R. C., AND T. A. H. BASsIM. 1974. Mechanism of phytochrome action
in the control of biosynthesis of anthocyanin in Brassica oleracea. Phyto-
chemistry 13: 815-821.

32. PROvASOLI, L., S. H. HUTNER, AND A. SCHATZ. 1948. Streptomycin induced
chlorophyll-less races of Euglena. Proc. Soc. Exp. Biol. 69: 279-282.

33. QUEBEDAUX, B. AND J. L. OZBUN. 1973. Effects of ammonium nutrition on
water stress, water uptake, and root pressure in Lycopersicon esculentum
Mill. Plant Physiol. 52: 677-679.

34. SCHAFER, E., B. MARCHAL, AND D. MARME. 1972. In vivo measurements of
phytochrome photostationary state in far red light. Photochem. Photobiol.
15: 457-464.

35. SCHNnEIDER, M. J. AND W. R. STIMSON. 1971. Contribution of photosynthesis
and phytochrome to the formation of anthocyanins in turnip seedlings.
Plant Physiol. 48: 312-315.

36. SCHN-EIDER, M. AND W. STIMSON. 1972. Phytochrome and photosystem I
interaction in a high energy photoresponse. Proc. Nat. Acad. Sci. U.S.A., 69:
2150-2154.

37. SCHOPFER, P. AND H. MOHR. 1972. Phytochrome-mediated induction of
phenylalanine ammonia-lyase. A contribution to eliminate some misconcep-
tions. Plant Physiol. 49: 8-10.

38. SIEGELMAN, H. W. 1964. Physiological studies on phenolic biosynthesis. In:
J. B. Harborne, ed., Biochemistry of Phenolic Compounds, Academic Press,
New York. pp. 437-456.

39. SIEGELIMAN, H. W. AND S. B. HENDRICKS. 1958. Photocontrol of anthocyanin
synthesis in apple skin. Plant Physiol. 33: 185-190.

40. SIEGELMAN, H. W. AND S. B. HENDRICKS. 1957. Photocontrol of anthocyanin
formation in turnip and red cabbage seedlings. Plant Physiol. 32: 393-398.

41. SaMITH, H. 1970. Phytochrome and photomorphogenesis in plants. Nature 227:
665668.

42. SPRUIT, C. J. P. AND A. L. MANCINELLI. 1969. Phytochrome in cucumber
seeds. Planta 88: 303-310.

43. WEIsssiAN, G. S. 1972. Influence of ammonium and nitrate nutrition on en-
zyme activity in soybean and sunflower. Plant Physiol. 49: 138-141.

44. WAGNER, E. AND H. MOHR. 1966. Kinetic studies to interpret "HER" phe-
nomena of photomorphogenesis on the basis of phytochrome. Photochem.
Photobiol. 5: 397-406.

45. YA-Niv, Z., A. L. MANCINELLI, AND P. S.MITH. 1967. Phytochrome and seed
germination. III. Action of prolonged far red irradiation on the germination
of tomato and cucumber seeds. Plant Physiol. 42: 1479-1482.

Plant Physiol. Vol. 55, 1975


