Plant Physiol. (1966) 41, 1549-1550

Short Communication

Germination of Phaseolus vulgaris

II. Stimulation of Axis

Growth by pL-Fluorophenylalanines
D. C. Walton

Department of Chemistry, State University College of Forestry, Syracuse, New York
Received August 1, 1966.

The initiation and continued elongation of ex-
cised embryonic axes from Phaseolus vulgaris L.
(var. White Marrowfat) apparently depend on
protein synthesis since puromycin, cycloheximide
and actinomycin D strongly inhibit growth as well
as amino acid incorporation into protein (9). In
an attempt to extend these findings, I have tested
the effects on axis growth of various amino acid
analogues reported to inhibit growth in higher
plants and/or bacteria (1,2,6,7,8). The ana-
logues tested were fluorophenylalanine, B-phenyl-
serine, f3-2-thienylalanine, which are analogues of
phenylalanine, and hydroxyproline, canavanine,
ethionine, norleucine and 5-methyltryptophan.

The embryonic axes were excised from dry
seeds and incubated for 11 hours (9). The initia-
tion of axis elongation hegan after approximately
4.5 hours of incubation and the fresh weight in-
crease was linear over the next 6.5 hours with a
resultant increase of approximately 50 9, in fresh
weight. After incubation, axes were embedded in
paraffin and sectioned, and the DNA was stained
by the Feulgen method (4). p-Fluoro-prL-phenyl-
alanine was recr :stallized twice from water. Thin-
layer chromatography in several solvent systems
indicated the presence of only 1 compound, whether
the spot was made visible by ninhydrin or by fluor-
escence quenching.

Of the compounds tested only the fluorophenyl-
alanines and B-2-thienylalanine, analogues of phen-
ylalanine, significantly affected the increase in
axis fresh weight. bpr-Fluorophenylalanine stim-
ulated the fresh weight increase while B-2-thienyl-
alanine had an inhibitory effect (table T). At
5 X 107* M, the concentration at which the majority
of experiments were conducted, p-fluoro-bL-phen-
ylalanine always increased the fresh weight gain
in comparison with the controls. The stimulation
varied from 20 to 40 9. The ortho and meta
isomers also appeared to be stimulatory, but at
3 X 10* M showed only about 50 9, of the activity
of the para isomer.

The stimulation by p-fluoro-pL-phenvlalanine
was cssentially reversed by L-phenylalanine, al-
though the slightly inhibitory effect caused by
10® M L-phenylalanine alone makes these results
less clear-cut (table II). Tyrosine had no effect
on either the endogenous fresh weight increase or
the p-fluorophenylalanine-stimulated increase.
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A kinetic study of the effects of 5 X 107 M
p-fluoro-pL-phenylalanine on growth showed that
stimulation took place over the entire period of
elongation, although there was no indication that
initiation of elongation began earlier than usnal.

Measurements of the intact axes indicated that
the increased weight was due to an increased length.
No mitotic figures were seen in either control axes
or those treated with p-fluoro-pL-phenylalanine and
presumably the effect of p-fluorophenylalanine was
on cell elongation.

Since it has been reported that phenylalanine
hydroxylase converts p-fluorophenylalanine to tyro-
sine and fluoride ion in rats (3), I tested the
effects of varying concentrations of NaF on axis
growth, No effects were noted between 5 < 107°
M and 5 X 10* M, while at 5 X 10 m growth
was inhibited by 90 9. It seems highly unlikely,
therefore, that the stimulation of axis growth by
fluorophenylalanine is due to the formation of
fluoride ion.

The results of this study were unexpected since
it was found that p-fluorophenylalanine stimulates
axis growth by 20 to 40 9, at concentrations which
have been found to inhibit the growth of other
tissues by 50 to 70 9% (6). In addition, the other
amino acid analogues tested, with the exception of
[B-2-thienylalanine, failed to inhibit growth.

The inhibitory effect of fluoiophenylalanine on
growth is generally attributed to reduced enzymatic
activities resulting from the replacement of phenyl-
alanine by fluorophenylalanine in proteins (7). In
higher plants, however, phenylalanine is also a
metabolic intermediate for other types of com-
pounds, including phenolics, coumarins and flavo-
noids (5). Therefore, the effects of fluorophenyl-
alanine on plant growth may be complicated by
its effects on these metabolic conversions of phen-
vlalanine. Watkins and Magrill have recently re-
ported that chromatographs of extracts from plants
fed '*C-p-fluorophenylalanine showed new spots as
compared with chromatographs of those fed *C-
phenylalanine (10). They also suggested that bio-
synthesis of flavonoids from p-finorophenylalanine
is blocked when a hydroxylation is required at the
4’ position. These results suggest that the stimula-
tion of axis growth by fluorophenylalanine may
involve other metabolic effects in addition to re-
placement of phenylalanine in proteins.
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Table 1. Effects of Fluorcphenylalanine and B-2-Thienylalanine on Axis Fresh Weight Increase
One hundred mg of tissue (20-25 axes) incubated in 50 ml Erlenmeyer flasks containing 2 ml of solution consist-

ing of 0.01  potassium phosphate buffer, pH 6.0, to which was added 50 units of penicillin G per ml and the ap-
propriate test compound. The flasks, 3 per treatment, were shaken in a Dubnoff metabolic incubator at 26° for
11 hours.
Fr wt increase
Treatment Concn Mg 9% of Control
Expt 1
Control 135 = 8
o-Fluoro-pL-phenylalanine 5 X 10t & 155 = 1 115
m-Fluoro-pr-phenylalanine 5 X 10+ M 151 == 3 112
p-Fluoro-pr-phenylalanine 5 X 10t M 166 =+ 8 123
Expt 2
Control 144 =+ 1
p-Fluoro-pL-phenylalanine 107% M 164 =+ 1 114
p-Fluoro-pL-phenylalanine 5 X 100% M 190 = 2 132
p-Fluoro-pL-phenylalanine 1073 ar 180 =+ 3 125
Expt 3
Control 125 = 7
B-2-Thienylalanine 104 M 112 = 8 90
[B-2-Thienylalanine 1073 9% =+ 4 77

Table TI.
Conditions as described in table 1.

Rezersal of p-I'lworo-pL-phenylalanine

Stimulation by L-Phenvialanine

Fr wt increase

Treatment Mg % of Control
Control 112 = 16
5 X 107* ym p-Fluoro-pr-phenylalanine 154 =+ 69 138
5 X 107t m L-Phenylalanine 113 = 91 101
5 X 10* M p-Fluoro-pr-phenylalanine +
5 X 10+ M rL-phenylalanine 136 = 45 122
10°® am r-Phenylalanine 100 = 74 89
5 X 10* M p-Fluoro-pL-phenylalanine -+
107# a1 L-phenylalanine 97 =+ 840 87

The significance of the failure of the various
amino acid analogues to inhibit growth, even though
protein synthesis is apparently required, not
known at this time.

is

In Summary: p-, 0- and m-Fluoro-pi-phenyl-
alanine have been found to stimulate the growth
of excised axes of Phaseolus wulgaris. At 3 X
107t M p-fluoro-pL-phenylalanine stimulated growth
by 20 to 40 9% and the other 2 isomers by 10 to

20 9. v1-Phenylalanine (107 1) essentially re-
versed the stimulation by 5 X 10+ a p-fluoro-
pL-phenylalanine.
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