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Summary

Changes in levels of individual amino acids and rates of the biosynthesis
of these amino acids from sucrose were determined at various stages of growth
of Catharanthus roseus in suspension culture- The levels of most of the free
amino acids decreased gradually after the cells were transferred to fresh cul-
ture medium, while levels of some amino acids, i.e. glutamine, glutamic acid,
aspertic acid and phenylalanine increased transiently during the lag or early
logarithmic phase of cell growth. The levels of most amino acids increased
again at stationary phase. In contrast, levels of protein amino acids increased
during cell proliferation and decreased during stationary phase. The labelled
carbon atoms from [U-“C]sucrose were incorporated into glutamic acid,
glutamine, glycine, phenylalaine, serine, arginine, aspartic acid, threonine,
valine, isoleucine, leucine and lysine. Except for its incorporation into some
free amino acids, such as glutamic acid and glutamine, most of the radioac-
tivity was found in the protein fraction. The rate of biosynthesis of most
amino acids increased during cell proliferation and decreased during the sta-
tionary phase.

Introduction

The suspension culture system is useful for studies of the correlation be-
tween metabolism and cell growth of higher plants. Amino acids are precursors
for the biosynthesis of proteins, nucleotides, phenolic compounds and alkaloids
as well as respiratory substrates, and their levels in the cell seem to fluctulate
during the growth cycle.

It is important to know the sizes of the pools of individual amino acids,
because some of them may be limiting factors in the biosynthesis of primary
and secondary compounds in higher plants. Although there are several reports
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on the amino acid composition of cultured plant tissues (Krikorian and Steward,
1969 ; Gamborg and Finlayson, 1969), only a little information is available on
fluctuation of amino acid levels during the growth cycle of plant cells in sus-
pension culture (Koiwai et al., 1971; Durzan and Chalupa, 1976; Bright et al.,
1979 ; Sakano, 1981).

In this work, we have determined the levels of free and protein amino acids
during growth of the suspension-cultured cells of Catharanthus roseus. Further-
more, the rate of biosynthesis of some amino acids was estimated by the in-
corporation of [U-"*C]sucrose into the free and protein amino acids.

Materials and Methods

Plant materials

Stock suspension cultures of Catharanthus roseus (L.) G. Don [= Vinca rosea
L.] cells (strain MN-1) were subcultured every 7 days in 50 ml of Murashige-
Skoog basal medium (Murashige and Skoog, 1962) that contained 2.2 pM 2,4-D
and 87.6 mM sucrose in 300 ml Erlenmeyer flasks. Cultures were maintained in
the dark at 27°C on a horizontal rotary shaker (90 strokes-min~! with 8 cm
amplitude). Cell numbers and fresh weight were determined as described in a
previous paper (Ukaji and Ashihara, 1986).

Experimental cultures were initiated from 10-day-old stock cultures. The
original suspension (7 ml, approximately 7X10® cells) was transferred into 43 ml
of fresh medium in a 300 ml-flask and maintained as described above.

Extraction of amino acids

The cultured cells were harvested by filtration through Miracloth (Calbiochem-
Behring Corp. Ltd., La Jolla) and washed with distilled water. A portion of
the cells (200 mg fresh weight) was homogenized in 809 ethanol using glass
homozenizer. Soluble amino acids were extracted from the homogenate by boil-
ing three times for 10 min at 70°C with the ethanol. After centrifugation, a
known amount of carnosine was added to the supernatant as an internal standard
for determination of recovery of free amino acids. The supernatant was
evaporated to dryness, taken up in 2 ml of distilled water, washed with diethyl-
ether, and evaporated again to dryness. The residue was dissolved in 0.25 ml
of 0.1 N HCI, centrifuged at 20000 g for 20 min, and the resultant supernatant
was used as the free amino acid fraction. '

The ethanol-insoluble residue was hydrolyzed in 3ml of 6 N HC1 at 120°C
for 16 hr, in a sealed screw cap tube, after a known amount of aminoadipic acid
had been added as an internal standard for the recovery. The hydrolyzate was
centrifuged at 2000 g for 10 min and the supernatant was evaporated to dryness.
The residue was taken up in 0.25ml of 0.1 N HC1. This fraction, which con-
tained the amino acids that had been incorporated into protein, was recentrifuged
at 20000 g for 10 min before amino acid analysis. The flow sheet is shown in
Fig. 1.
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Fig. 1. Flow sheet of the separation of C-labelled metabolites.

Analysis of amino acids

Amino acids were analyzed with a fluorometric amino acid analyzer, which
consisted of a Shimadzu HPLC System type LC-4A connected with Shimpack
ISC-07 (Li* type) and ammonia trap column (S-1504), a Shimadzu fluometric
monitor (type 530) and a recorder (Shimazu Chromato-Pack, type C-R1B). For
determination of radioactivity, an Aloka radioanalyzer (type RCL-551) was also
connected. Three different solvents: 0.15 N lithium citrate, pH 2.65, which con-
tained 79% methylcelosolve; 0.3 N lithium citrate, pH 10.0; and 0.2 N lithium
hydroxide were used for the mobile phase. The detailed analytical conditions
were as described in the manual for the Shimadzu fluorometric amino acid
analysis system. The total running time was 180 min. The recovery of amino
acids was corrected from measurements of the internal standard.

Metabolism of [**C] sucrose

Washed cultured cells (200 mg fresh weight) were maintained in 2.0 ml
Murashige-Skoog medium that included 2.2 pM 2,4-D and 1 mM [U-**C] sucrose
(46.6 kBq, specific activity 23.3kBq-gmol~') in a 30ml Erlenmeyer flask fitted
with a centre well that contained 0.2 ml of 209, KOH. The flasks were in-
cubated in an oscillating water bath, at 120-strokes min~!, 5cm amplitude, at
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27°C for 4h.

After the incubation period, the cells were collected on a sheet of Miracloth,
washed with distilled water and frozen with liquid nitrogen. The frozen cells
were homogenized in 809, ethanol. The soluble amino acids together with pro-
tein hydrolyzates were prepared as described above (Fig. 1). Aliquots of the
water soluble fraction were fractionated into sugars, amino acids and organic
acids on two types of ion-exchange resins, Dowex 50W-X8 (H* form) and Dowex
1-X8 (Cl- form). Free amino acids were eluted with 15ml of 2N NH,OH from
the Dowex 50W-X8 column, evaporated to dryness and the residue was taken
up small amount of 0.1N HCI. Free and protein amino acids were analyzed
using the amino acid analysis system described above. The peaks of radioactive
amino acids from the amino acid analyzer were monitored with the radioanalyzer ;
radioactive fractions were collected into vials for measurements with the scin-
tillation spectrophotometer.

Organic acids, eluted from the Dowex 1-X8 column with 15ml 5N HCOOH,
were also dried and dissolved in a small amount of distilled water and separated
by thin layer chromatography on a cellulose plate with a solvent system of
phenol: water : formic acid (75: 25: 1).

The radioactivity in CO,, amino acids, .organic acids and sugars was deter-
mined using a Packard Tri Carb liquid scintillation spectrophotometer, type
3255, as described previously (Nobusawa and Ashihara, 1983).

Results

Changes in cell number and fresh weight during growth of Catharanthus
roseus cells are shown in Fig. 2. The rapid proliferation of cells was apparent
after a lag period of 2 days and the stationary phase was reached on day 8.

Fig. 3 shows the level of free amino acids. The major free amino acids in
Catharanthus cells were glycine, glutamine, serine, asparagine and phenylalanine.
In contrast, pools of methionine, tyrosine, histidine and alanine were small
throughout the culture period. In addition to the amino acids shown in Fig. 3,
small or trace amounts of amino acids that do not become incorporated into
proteins were detected in Catharanthus cells, namely : phosphoserine (the level
changed from 0.04-0.05 gmol-g fresh weight~* during culture); taurine (0.01-0.05
pmol) ; aminoadipic acid (0-0.01 #mol) ; citrulline (0-0.07 gmol) ; and y-aminobutyric
acid (0.05-0.26 gmol). Ornithine, an intermediate in the biosynthesis of arginine,
could not be detected at any stage of culture.

The level of total free amino acids decreased after the cells were transferred
to fresh culture medium; the level attained a minimum at day 7; but was
increased by day 10 (Fig. 3a). The levels of most of the free amino acids
fluctuated in a similar manner, but the levels of some amino acids, including
glutamine, glutamic acid, aspartic acid and phenylalanine, increased during the
lag (Fig. 3f, g and o) or the early logarithmic phase (Fig. 3b) of cell growth.
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Fig. 2. Changes in fresh weight (@) and cell number (O) of the
suspension culture of Catharanthus roseus. Each point is
the average of duplicate samples.

The levels of amino acids in protein hydrolyzates increased in tandem with
cell proliferation and decreased when the cells entered stationary phase (Fig. 4).
A similar trend was observed for almost all the amino acids in protein, but the
levels of proline, methionine, tyrosine and histidine were low through the cul-
ture period (Fig. 4).

Incorporation of [U-*C] sucrose into CO,, the amino acid and organic acid
fractions is shown in Fig. 5. Although most of the radioactivity was released
as “CO,, a significant amount of “C was incorporated into amino -acids and
organic acids. The peak of radioactivity in *CQO, was observed on day 1, dur-
ing the lag phase of cell growth, while the peak of amino acids appeared on
day 3, where amino acids incorporated into protein reached their highest level
(Fig. 4a and Fig. 5). Incorporation of *C into organic acids was greater in the
early phase (day 0-3) than in the later phase (day 5-10). The organic acid frac-
tion obtained from 3-day-old cells was chromatographed, as described in Materials
and Methods. The majority of the radioactivity was located in malic acid and
citric acid, which contained approximately 60% and 30%, of the radioactivity in
this fraction, respectively.

Incorporation of [U-*C]sucrose into the sugar fraction was 0.46, 0.38, 0.50,



Content of free amino acids (umol-gfreshweight™!)

Fig. 3.

M. Sarto, T. Tokoro and H. AsHIHARA NSR. 0.U., Vol. 40

15 Totalixy " (b) Asp | (c) Thr C (d) Serxi)
1.0F - N
0.5F - —\w‘/_

0 U R WD NN W (N NN NN UUN Ul N S N NN S S D S N 1 (SN VA SR S
157 (e)Asn [ (f)Gluedy [T A@Glnu[ (h)Pro
1.0F - - -
0.5+ - - -\

Oil | I VU T W O I | | S N S O L1 1yt §o1 11 1

k) Val T ([)Met

15[ (i) Gly aby [ (j) Ala V

(n)Leu " (0) Phe,o [(p)Arg, o

| Tyr, e His . o
1.0F - g i
O.S“W“ B v

T\#N/

[ 1 .Wl f
O 681002 4 66100246810024668610

Time of culture (days)

Changes in levels of free amino acid levels during growth of the suspension
culture of Catharanthus roseus. The content of amino acids are expressed as
pmoles- (g fresh weight) ™. Each point is the average of duplicate samples. (a)
Total free amino acids (the values reduced x1/20) ; (b) aspartic acid; (c¢) threonine ;
(d) serine (reducedx1/2); (e) asparagine; (f) glutamic acid (reduced x1/2); (g)
glutamine (reduced X1/2.5); (h) proline; (i) glycine (reducedx1/5); (j) alanine;
(k) valine; (1) methionine; (m) isoleucine; (n) leucine; (o) phenylalanine (Q)
and tyrosine (@®); (p) arginine (O) and histidine (@).
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Changes in levels of protein amino acids during growth of the suspension culture

of Catharanthus roseus.

fresh weight) L

The content of amino acids is expressed as gmoles: (g
Each point is the average of duplicate samples.
amino acids (the values reduced x1/10); (b) aspartic acid; (c) threonine; (d)
serine; (e) glutamic acid (reducedx1/2); (f) glycine (O) and proline (@) ; (g)
“alanine; (h) valine; (i)' methioniné; (j) isoleucine; (k) leucine; (1) tyrosine;

(a) Total free

(m) phenylalanine; (n) histidine; (o) lysine and (p) arginine.
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Fig. 5. Incorporation of *C atoms from [U-“C]sucrose into CO,
(O), amino acid (free plus incorporated into protein) (@),
and organic acid (A) fractions of Catharanthus roseus
cells. The values are expressed as incorporation of C
[KBq-(4hr)-'-(g fresh weight)~!] Each point is the
average of duplicate samples.

1.00, 0.35 and 0.42 gmol-g fresh weight™* in 0-, 1-, 3-, 5-, 7- and 10-day-old
cells, respectively.

Incorporation of radioactivity into individual amino acids is shown in Fig. 6.
More than 309 of the radioactivity that appeared in the total amino acid frac-
tion could be recovered in a glutamine plus glutamic acid fraction at any stage
of the culture. Significant radioactivity was also detected in glycine plus alanine
(most of the radioactivity was distributed in glycine), phenylalanine, serine,
arginine, aspartic acid, threonine, valine, isoleucine, leucine and lysine. Possible
synthetic routes of these amino acids from [U-**C]sucrose are shown schema-
tically in Fig. 7. Only a limited numbers of pools of free amino acid was
labelled by [U-'*C]sucrose. These pools contained glutamine, glutamic acid,
phenylalanine, serine and aspartic acid (Fig. 6). In contrast, less than 5% of the
total radioactivity found in threonine, valine, isoleucine, leucine, lysine and
arginine was found in the pools of free amino acids (Fig. 6). This results in-
dicate that amino acids synthesized from sucrose are channelled through small
and rapidly turned over pools, before being incorporated in protein.
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plus protein) fractions (O, solid lines)- (4 hr)~!.(g fresh weight) -1

53



54 M. Sarto, T. TokorO and H. ASHIHARA NSR. 0.U., Vol. 40

Incorporation of [U-*C]sucrose into almost all amino acids increased in
tandem with cell proliferation and decreased during the stationary phase of
growth (Fig. 6).

Discussion

The results obtained here show that pronounced changes in the levels of
free ‘and protein amino acids occur during culture of Catharanthus roseus
cells. The level of total free amino acids decreased just after the cells were
transferred to fresh medium and reached a minimum when rapid cell prolifera-
tion was observed, while the level of amino acids in protein was low dur-
ing the lag phase of growth and increased during the logarithmic phase. This
result indicates that free amino acids, which are stored in the inoculant cells,
are utilized for protein synthesis during growth. This conclusion is in agree-
ment with the concept, proposed by Steward et al. (1958), that the ratio of
“alcohol-soluble” to “alcohol-insoluble nitrogen” is much greater in resting than
in proliferating plant tissues.

Levels of free amino acids increased again at the stationary phase of growth
of the Catharanthus cells, when their protein content decreased (Fig. 3). Although
the increase was not so remarkable on day 10 of the cultures described here,
more significant increases were observed in some other batches of cells (Ukaji
and Ashihara, unpublished results ; Nagaoka and Ashihara, 1988). This increase
seems to be due in part to the degradation of proteins. The extent of the in-
crease in the levels of free amino acid was variable in each culture. However,
it is noteworthy that the level increased gradually in each case, until the cells
were autolysed. A similar trend in changing patterns of free and protein
amino acids has been reported by Sakano (1981), although he described only a
limited variety of amino acids. In tobacco cells, levels of some amino acids
changed during the growth cycle, but the degree of fluctuation was not as large
as that seen in Catharanthus cells. The maximum level of free and protein
amino acids was only 1.7 and 1.8 times respectively the minimum level for each
amino acid (Koiwai et al., 1971). In contrast to our results, no correlation be-
tween levels of free and protein amino acids was reported by Bright et al. (1979),
who found that the levels of both free and protein amino acids decreased during
the exponential phase of growth of carrot cells. The discrepancy between the
trends of changes in levels of amino acids during growth of cell cultures, may
be due to the use of different plant species. However, culture conditions may
also affect the difference; the cells in our batch suspention cultures are almost
synchronised, in part as a result of the concentration of inorganic phosphate in
the medium (Ashihara and Tokoro, 1985; Ukaji and Ashihara, 1986).

Results of tracer experiments with [U-"*C]sucrose suggest that active syn-
thesis of amino acids occurs during the early exponential phase of cell growth
where protein synthesis is activated. At least 12 amino acids were synthesized
from [U-**C] sucrose during 4 hr-incubation. Among them, glutamine, glutamic
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acid, glycine, phenylalanine, aspartic acid and serine were heavily labelled with
“C atoms from [U-'*C]sucrose (Fig. 6 and 7). Increases in free amino acid
pools of glutamine, glutamic acid, aspartic acid and phenylalanine, observed in
the early phase of cell growth (Fig. 3), seem to reflect a higher rate of biosyn-
thesis of these amino acids.

The marked changes in levels of free and protein amino acids during the
cell growth of Catharanthus roseus, as described above, provide us with a suitable
experimental system for the study of the regulatory mechanisms of amino acid
metabolism in plant cells. Further detailed studies on the control of the biosyn-
thesis of individual amino acids, using this culture system, have been initiated
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Fig. 7. Possible biosynthetic routes of amino acids from
[U-“C]Jsucrose in cultured Catharanthus roseus.
cells. Radioactivity was appeared in amino acids
as indicated. Amino acids in which most of the
“C appeared in the protein fraction are enclosed
in rectangles, and amino acids in which “C was
distrubuted in both the ethanol soluble and protein
fractions are in hatched rectangles. A, amino acids
whose levels were increased during the early phase
of cell growth, E4P, erythrose-4-phosphate ; OAA,
oxaloacetate ; 20G, 2-oxoglutarate ; PEP, phospho-
enolpyruvate; 3PG, 3-peosphoglycerate; Pi,
inorganic phosphate; PP pathway, pentose phos-
phate pathway; TCA cycle, tricarboxylic acid
cycle. Abbreviations of amino acids were in-
dicated in legend for Fig. 3.
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in our laboratory.
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