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ABSTRACT 

Research designed to enhance anthocyanin production in fru 
has been hampered by a lack of a model system in which 
anthocyanin synthesis may be induced by chemical or environments 
factors in a similar manner as would occur in intact plants. An 
in vitro system has been developed using strawberry leaf discs j 
which Alar consistently promoted anthocyanin production. 
Anthocyanin production was 1.27 nmoles cyanidin/cm2 with 20 mM 
MES [2- (morpholino) ethanesulfonic acid] buffer compared to 5.t 
nmoles cyanidin/cm2 in the presence of Alar. In the presence of 
10 mM sucrose, anthocyanin production was 3.51 nmoles 
cyanidin/cm2 compared to 6.41 nmoles cyanidin/cm2 in the presenc 
of Alar plus sucrose. Experiments with 3H-Tryptophan using 
strawberry leaf discs show that Alar inhibits the conversion of 
tryptophan to indoleacetic acid compared with those leaf discs 
incubated with MES alone. Exogenous applications of 0.1 mM 
naphthaleneacetic acid to the leaf discs inhibited anthocyanin 
synthesis and apparently blocked the action of Alar as an 
anthocyanin inducing compound. Labelled glucose experiments show 
that Alar promotes glucose catabolism through the pentose 
phosphate pathway, but only during the initial stages of 
anthocyanin production. Based on the data provided by these 
series of experiments, the mode of action of Alar in relation 
with anthocyanin production is associated with inhibition of 
auxin biosynthesis and the interference of the tricarboxylic acid 
cycle. 

INTRODUCTION 

Alar (Butanedioc acid mono 2,2-dimethylhydrazide) was 
introduced as a growth retardant in 1962. This compound is 
applied to apple fruit during the summer (30-45 days before 
anticipated harvest), to increase the production of anthocyanin, 
maintain fruit firmness, delay maturity, and to control some 
physiological disorders associated with fruit ripening. 
Different attempts have been made to determine how Alar affects 
these processes however, the lack of a model system to study its 
mode of action has created difficulties in understanding how this 
compound works. 
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Alar has been associated with the inhibition of auxin, 
gibberellin, and ethylene in some plant species, and with the 
promotion of ethylene in others. Alar has also the property of 
interfering on the tricarboxylic acid cycle, the pentose 
phosphate pathway and flavonoid biosynthesis, consequently 
increasing anthoycyanin production. 

MATERIALS AND METHODS 

Leaf discs from strawberry Fraqaria vesca L. were used for 
all the experiments. The discs were cut from the leaf lamina with 
a cork bore (1.8 cm diameter) after rinsing the leaves with the 
distilled water. The leaves used were mature non-growing tissue, 
completely green, without any indication of senescence. The discs 
were placed with the lower epidermis upward, on glass filter 
paper in Petri dishes. The plant tissue was incubated under a 
bank of continuous lights (110-120 pE sec-1 m - 2 ) at - 18 C. 
Anthocyanin was measured spectrophotometrically after 4 days of 
incubation at 530 nm using a molar extinction coefficient (3.0 X 
10 ) of cyanidin-3-glucoside. Strawberry leaf discs were 
incubated under the following treatments; 20mM MES buffer, MES + 
Sue (10 mM), MES + Alar (lOmM), MES + Sue + Alar, CA (20mM), CA + 
Sue, CA + Alar, and CA + Sue + Alar. The pH of all the treatments 
was 4.0, since this pH was found to be the most suitable for 
anthocyanin production either with MES or CA buffers. 

Effects of MES and Alar on 3H-Tryptophan Metabolism. 

H-Tryptophan had a specific activity of 0.095 mCl. A 
total of 30g of strawberry leaf discs were pre-incubated with MES 
and MES + Alar for 2 days. The discs from each treatments were 
transferred to Erlenmeyer flasks (8 flasks/treatment) containing 
20ml of MES buffer at pH 4.0. To each flask 400 pi (1 x 107 

dpm) of H-trytophan was added. The flasks were shaken at 300 
rpm for 2 hours. After this period, the discs were removed from 
the flasks, rinsed 3 times with distilled water, returning them 
to new Petri dishes with solutions of MES and MES and Alar as 
they were originally incubated under continuous light for 2 more 
days. The tissues from both treatments were ground in a warring 
blender with 80% prechilled MeOH. The residue was stirred for 24 
h at 4 C and filtered off. The organic filtrate was concentrated 
at 45 C in vacuo in a rotary evaporator until a small amount of 
water remained. After the partitioning of all fractions (neutral, 
acidic, and basic) each one of them were concentrated in vacuo in 
a rotary evaporator until dryness and diluted in MeOH. From the 
sample 50 pi were applied to a TLC plate of Silica gel at a 
thickness of 0.25 mm. Chloroform: EtOAc:Formic acid (50:40:10v\v) 
was used as a solvent system. The TLC place was cut in 12 pieces 
(1 cm) at the front of the solvent (12 cm). Each pieces of TLC 
was cut in two half, transferred to a 20 ml polyethylene vial 
with 10 ml of scintillation cocktail. The radioactivity was 
measured in dpm using a liquid scintillation counter (Beckman, 

.220 



model LS 3801). For the identification of IAA two color reagents 
(Ehrlich's reagent and Ninhydrin) were sprayed to the TLC plate. 
Besides this test, a sample of the acidic phase was run in GC-MS. 

RESULTS 

When, leaf discs were incubated with either Alar + MES or 
Alar + citrate, anthocyanin production was increased more than 2 
folds compared with the buffers alone (Table 1). Despite there 
was no significant difference between buffers, those leaf discs 
in which citrate was used produced more anthocyanin than discs 
incubated with MES buffer. A combination of Alar and sucrose did 
not increase significantly anthocyanin production compared with 
sucrose or Alar alone. 

The most suitable conditions for anthocyanin in strawberry 
leaf discs were, a period of 4 days of continuous light, discs 
size of 1.8 cm diameter, MES, sucrose, citrate and Alar at 20, 
10, 20 and 10 mM, respectively. 

Effect of Alar and NAA on Anthocyanin 

When leaf discs were incubated with NAA, anthocyanin 
production was inhibited (Table 2). NAA not only inhibited 
anthocyanin but also block the enhancement effect of Alar on this 
pigment. Discs pre-incubated for two days with MES and then 
transferred to a media with Alar produced as much anthocyanin as 
if they were incubated with Alar for 4 consecutive days. 
However, when the discs were pre-incubated with NAA and then 
transferred to a media with Alar anthocyanin production was 
significantly inhibited. NAA was not able to destroy the red 
pigment developed in the tissue, but was able to stop the 
synthesis in the discs pre-incubated with Alar. Furthermore, MES 
could not inhibit the production of anthocyanin in leaf discs 
pre-incubated with Alar as NAA did. 

3H-Tryptophan Metabolism and Alar 

Based on the results from the experiments with NAA, 
3H-tryptophan was added to the leaf discs to study its 
metabolism on the presence of Alar. Figure 1 shows an inhibition 
of IAA biosynthesis when the disks were pre-treated with Alar. 
The .lonversion of 3H-tryptophan to IAA in the acidic fraction 
was nearly 0.15% in discs incubated with MES alone compared with 
barely 1/10 of that amount in discs treated with Alar. 

DISCUSSION 

Results from different experiments show that sucrose, light, 
pH, and discs size are extremely important for red pigment 
development in strawberry leaf disks (Table 1). Carbohydrates and 
light are important for the production of substrates for 
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Table 1. Effects of sucrose, MES, Alar, arid citrate on 
on anthocyanin production in strawberry leaf 
discs after 4 days of incubation under 
continuous light. 

Treatments Anthocyanin 
(nmoles/cm ) 

MES 2.39 c 
MES + SUCROSE 6.17 b 
MES + ALAR 5.65 b 
MES + SUCROSE + ALAR 6.94 ab 
CITRATE 3.16 c 
CITRATE + SUCROSE 8.21 a 
CITRATE + ALAR 7.35 ab 
CITRATE + SUCROSE + ALAR 8.4 3 a 

w Numbers followed by the same letter are not signifi-
cantly different according to Duncan's multiple range 
test at 5% level. 

Table 2. Prevention of Alar-enhanced Anthocyanin 
Production by Auxin. 

TREATMENTS TIME ANTHOCYANIN 
(days) (nmoles/cm2) 

ALAR 4 3.35 a n 

MES 4 1.38 cd 

NAA 4 1.16 d 

ALAR + NAA 4 2.61 b 

MES 2 
ALAR 2 4 . 12 a 

NAA 2 
ALAR 2 1.20 d 

ALAR 2 
NAA 2 2.3 8 be 

n Numbers followed by the same letter are not 
significantly different according to Duncan's 
multiple range test at 5% level. 
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Thin-Layer Chromatography (TLC) of Acidic Ethyl Acetate 
(EtOAc) Fraction after 3H-Tryptophan was Fed to Straw-
berry Leaf Discs for 2 Hours. 
Abbreviations: DPM (desintegrations per minutes), CM 
(centimeters) , TRP (tryptophan), IAA (indoleacetic acid) 
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anthocyanin production. Experiments with 3H-tryptophan showed 
that Alar inhibits the conversion of tryptophan to IAA when 
strawberry leaf discs were incubated with this amino acid. 
Tryptophan, the precursor of IAA can be conjugated with malonyl 
producing malonyltryptophan. It might be possible that Alar 
inhibits IAA in strawberry through the malonylation of 
tryptophan. The data obtained from the exogenous application of 
NAA and the [3H]tryptophan showed a direct relationship between 
auxins and anthocyanin production. Based on the data obtained 
from the citrate experiments, it seem possible that Alar 
interferes with the TCA cycle increasing an over production of 
acetyl-CoA which through a carboxylation is converted to 
malonyl-CoA. Malonyl-CoA liberates malonate which conjugate 
itself with tryptophan resulting in the formation of 
malonyltryptophan, consequently IAA synthesis is inhibited. The 
inhibition of IAA can cause a cease in cell growth and also a 
release in phenylalanine amonium lyase (PAL) activity, both 
important factors for the promotion of anthocyanin production. 
The other reaction caused by Alar through the interfering in the 
TCA cycle would be the diversion of carbon flow from this cycle 
and glycolysis through the PPP which is an important pathway for 
anthocyanin production. It is expected that this diversion of 
carbon flow could enhance the availability of substrate (shikimic 
acid) favoring the production of anthocyanin. Based on this 
information, we believe that the mode of action of Alar in 
relation to anthocyanin production is associated with auxin 
biosynthesis TCA cylce, glycolysis, and PPP. 
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