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Abstract—The high PAL activity in carrot cells in suspension culture was found at the linear and
early stationary phases, with concomitant increases in phenylalanine and total amino acids. The
biosynthesis of phenolic acids and liguin was linked to PAL activity and the phenylalanine pool
from the late logarithmic to the linear phases. No close correlation was, however, observed at the

early logarithmic and late stationary phases.

In the previous paper [1], we reported that the
biosynthetic activity of phenolic acids in carrot
cells in suspension culture was closely correlated
to the cell growth and cultural conditions. In the
present experiment, the activity of phenylalanine
ammonia-lyase (PAL) was examined in relation
to the pools of total amino acid and phenyl-
alanine, and also lignin content in carrot cells as
the culture proceeded. Total amino acid gradually
increased from the linear to the late stationary
phases. Phenylalanine also exhibited a similar but
more pronounced change (Table 1). The high
amount of total phenolic acid (caffeic, ferulic and

p-hydroxycinnamic acids) was found at the early
logarithmic and linear phases whereas lignin de-
creased linearly as the culture proceeded (Table
1). High PAL activity was found at the linear
and early stationary phases (Table 1). Hahlbrock
et al. have reported that PAL activity in parsley
or soybean cells in suspension culture reached a
maximum prior to the stationary phase and then
drastically declined [2,3]. As previously shown,
the incorporation of phenylalanine-[U-'*C] into
phenolic acids was almost same in cells both at
the late logarithmic and linear phases [1]. The
pool size of phenylalanine was much higher per

Table 1. The contents of total amino acid, phenylalanine, total phenolic acid and PAL activity in carrot cells at the various
growth phases

Total amino acid

Phenylalanine

Total

phenolic PAL activity
Growth (ug/g (ug/g Lignin acid* Aqp/mg protein
phase fr. wt) {pg/cell) fr. wt) (pg/cell) (pg/cel) (pg/celi) x 1¢? Aj90/10° cells

Early logarithmic

(3-day culture) 587 il 10 018 43 039 36 26
Late logarithmic

(6-day culture) 30 5 6 010 36 020 24 17
Linear

{10-day culture) 584 5 25 066 22 026 194 68
Early stationary

(14-day culture) 636 19 42 132 17 012 87 38
Late stationary

(17-day cuiture) 31¢] 24 60 173 - 71 22
Very late stationary R

{29-day culture) 149 14 26 0-59 - — 0 0

* Calculated from the result in the previous paper [1].
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cell at the linear than the late logarithmic phases.
The actual synthesis of phenolic acids might
therefore be increased at a similar extent during
this period. From these results, it could be con-
cluded that the biosynthesis of phenolic acids was
enhanced at the linear phase by the increase in
PAL activity. PAL has generally been described
as a hmiting factor in phenolic biosynthesis [4].
However, the high incorporation of phenyl-
alanine-[U-'*C] into phenolic acid was found by
us at the early logarithmic phase [1] when the
PAL activity was rather low. Similarly, lignin and
phenolic acid decreased at the carly stationary
phase despite the rather high activity of PAL and
the increase in phenylalanine. These results sug-
gest that phenolic biosynthesis in carrot cells does
not always depend on PAL activity and phenyl-
alanine biosynthesis.

EXPERIMENTAL

Cultured cells. The cell line GD-2 used in this experiment
was derived from a storage root of red carrot cv. Kintoki
[5]. The cell suspension was maintained, with light, in the
liquid medium of Murashige and Skoog [6] containing 1 ppm
2,4-D. The detailed procedure of cell cultivation was as de-
scribed earlier [7].

Quantitative ussay of total amino acid. The extraction of total
amino acid was performed as described previously [8]. The
amino acids were separated on Amberlite GC-120, eluted with
5% ammonia-H,O0. The eluate was evaporated to dryness and
the residue was dissolved in H,O. To this aq. soln. ninhydrin
reagent was added and the mixture was heated at 95 for
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20 min. The total amino acid was determined by the absor-
bance at 370 nm. Leucine was used as the standard.

Quantitative assay of phenylalanine. Phenylalanine  was
separated by PC with BuOH-HOAc H,;O (4:1:5). After the
treatment with ninhydrin and then 15%, NaHCO;. a blue spot
developed [93. The blue pigment was eluted with MeOH and
absorbance measured at 610 nm.

Assuy of PAL. Extraction of PAL was principally performed
by the method of Zucker [10]. The reaction was proceeded
at 37° for 90 min. The measurement of PAL activity was spec-
trophotometrically determined as the increase in A at 290 nm.
Protein content was determined by the method of Lowry et
al. [11].

Quantitative ussuy of lignin. The assay was performed by
the modified procedure {17 of Brauns et al. {12].
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