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Abstract L-tryptophan decarboxylase (TDC, EC
4.1.1.28) catalyses the formation of tryptamine from tryp-
tophan, and therefore it plays a role in terpenoid indole
alkaloids biosynthesis. In this study, TDC activity and
tryptamine accumulation were monitored in callus cultures
of important medicinal plant Vinca minor L. Callus cul-
tures, established from leaf tissues, were incubated on
Murashige and Skoog (MS) medium supplemented with
4.4 uM kinetin and different concentrations (0.44, 1.1, 2.2,
4.4 and 6.6 uM) of naphthaleneacetic acid (NAA), and
grown either in the dark or under 16 h photoperiod. When
the basal enzyme activity of TDC was determined in these
cultures, it was 0.5-0.7 nmol tryptamine mg~' prot.
min~'. Moreover, this activity remained linear over time
and over protein concentrations, and with optimum pH
levels between 6.5 and 7.5, and an optimum temperature of
35°C. The Michaelis—Menten constant (K,,) for L-trypto-
phan was 1.3 mM. TDC cofactor, pyridoxal-5'-phosphate
(1 mM), increased the enzyme activity. During later stages
of callus culture growth cycle, an increase in TDC activity
was observed, and this activity depended on culture con-
ditions and age of callus cultures. In addition, TDC activity
and tryptamine accumulation in callus cultures were
strongly enhanced by light treatment.
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Vinca minor L., a member of Apocynaceae, is an important
medicinal plant producing terpenoid indole alkaloids
(TTIA). The major alkaloid of V. minor leaves is the
monoterpenoid indole alkaloid vincamine (Smeyers and
Smeyers 1991). Vincamine and its derivatives are used as
cerebral vasodilators.

L-tryptophan decarboxylase (aromatic L-amino acids
decarboxylase, EC 4.1.1.28) is the key enzyme, which is
involved in the early stages of indole alkaloid biosynthesis
(Facchini et al. 2000). Tryptophan decarboxylase (TDC)
catalyses transformation of the L-tryptophan to tryptamine.
TDC is a cytosolic protein (115 kDa) with two identical
subunits. TDCs have critical regulatory functions because
they link a number of primary and secondary metabolic
reactions. It is known that a tryptamine-dependent IAA
biosynthetic pathway may operate in some plants (Wood-
ward and Bartel 2005). High level of TDC activity has been
shown to correlate with plant pathogen resistance (Yao
et al.1995; Facchini et al. 2000). TDCs are also involved in
serotonin (5-hydroxytryptamine) and f3-carbolyne alkaloids
biosynthesises (Berlin et al. 1994; Kang et al. 2007; Fac-
chini et al. 2000). The most research has focused on the role
of TDC in the biosynthesis of pharmaceutically important
TIA in Catharanthus roseus plants (Noé et al. 1984; Fac-
chini 2001; El-Sayed and Verpoorte 2007; Pati et al. 2011).

Plant cell cultures are commonly used as systems for
production of important TIAs and for investigating bio-
synthesis of metabolites (Pietrosiuk et al. 2007). To date,
TIA biosynthesis in V. minor remains poorly understood
(Tanaka et al. 1995); and there is no information on levels
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of TDC activity and endogenous tryptamine content both in
plants and cultures of V. minor. In this study, TDC activity
and tryptamine accumulation in callus cultures of V. minor
are investigated and monitored, particularly in response to
different culture conditions.

In our preliminary tests, we have optimised growth
conditions for V. minor calluses, e.g. the combination of
plant growth regulators, nutrients, agar, temperature, illu-
mination, etc. (data not shown). Primary callus culture has
been obtained from sterilised leaf explants using Murashige
and Skoog medium (MS; Murashige and Skoog 1962) and
different concentrations of 6-furfurylaminopurine (kinetin)
and NAA. After 3540 days of “primary cultivation”,
induced calli (five pieces; weight of each piece was
200-300 mg) have been transferred to fresh medium. This
procedure has been repeated every 35-40 days during
2 years. 10-cm round glass Petri dishes have been used. MS
medium has been supplemented with 30 g 17" sucrose,
8 g17" agar, 1 mgl™"' pyridoxine, 1 mg1~' thiamine,
1 mg 17! glycine, 4.4 uM kinetin and NAA (0.44, 1.1, 2.2,
4.4 and 6.6 pM). Callus has been cultivated in growth
chamber with controlled environment (25°C) in the fol-
lowing conditions: (1) 16-8-h light-dark cycle (light
intensity 150 pmol m2 s_l), (2) absence of light period
(dark conditions). Viability of cultures has been tested using
the technique based on the reduction of 2.3.5-triphenyltet-
razolium chloride as described elsewhere (Duncan and
Widholm 1990). The growth index of callus has been
determined as follows: I = (W=W,) W; !, wherein W; is
final fresh weight of callus and W; is initial fresh weight.
The TDC activity has been assayed as described by Sang-
wan et al. (1998). Callus was homogenised in the presence
of 100 mM sodium phosphate buffer (pH 7.5) containing
5% (w/v) polyvinyl polypyrrolidone, | mM EDTA, 5 mM
f-mercaptoethanol and 5 mM thiourea. The homogenate
was centrifuged at 10,000x g (30 min). All operations were
carried out at 4°C. The supernatant has been used as
‘enzyme extract’.

The standard reaction mixture (1 ml) contained 100 mM
sodium phosphate buffer (pH 8.5), 3.5 mM f-mercap-
toethanol, 0.25-2 mM pyridoxal-5’-phosphate,
0.25-2.5 mM L-tryptophan and enzyme extract. The reac-
tion mixture was incubated in a shaking water bath (tem-
perature was controlled as required; 20-45°C). To
terminate reaction, 2 ml of 4 M NaOH (termination solu-
tion) was added to the reaction mixture. This treatment
inhibits TDC but it does not affect tryptamine concentra-
tion. Tryptamine has been extracted by addition of 3.5 ml
of ethylacetate and its concentration has been determined
(280/350 nm  excitation/emission) using fluorescence
spectrophotometer Varian Cary Eclipse (Varian Ltd, Aus-
tralia). To establish the basal (‘zero’) fluorescence level
(also used for determination of tryptamine concentrations
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in calluses) termination solution has been added simulta-
neously with ‘enzyme extract’. Tryptamine concentrations
in extracts have been determined using calibration curve.
The protein content has been measured as described else-
where (Bradford 1976). To test the effect of pH, different
buffers (bis—Tris, Hepes or Tris) have been added to the
reaction mixture as required. Agar, EDTA, glycine, kinetin,
p-mercaptoethanol, MS medium salts, NAA, pyridoxine,
sucrose, thiamine, tryptophan, tryptamine, were purchased
from Sigma (USA). All data are mean+SE; five indepen-
dent replicates.

Our results have shown that the rate of tryptamine for-
mation linearly increased with protein concentration and
time of incubation (up to 1 h; Fig. la, b). TDC activity
increased with concentration of substrate (L-tryptophan),
demonstrating classical hyperbolic ‘saturation’ curve (for
0.5-2.5 mM tryptophan; Fig. 1c). The values of apparent
Ky, and V. (1.3 mM and V.« was 0.6 nmol trypt-
amine mg~' prot. min~', respectively) have been deter-
mined using graphical analysis of Lineweaver—Burk plot
(data not shown). K, values (found in out study) were
similar to those that have been measured in C. roseus and
L. esculentum (0.075 mM and 3 mM respectively; Facchini
et al. 2000). This suggests that TDC functional character-
istics have been conserved over different plant species
producing TIA. Pyridoxal-5'-phosphate is required as a
cofactor by many plant TDCs (Facchini et al. 2000). Our
experimental data indicate that TDC activity was stimu-
lated significantly in the presence of 1 mM pyridoxal-5'-
phosphate (Fig. 1d). Higher concentrations of pyridoxal-5'-
phosphate produced the inhibition of activity. The influ-
ence of incubation medium pH is shown in Fig. le.
Enzyme activity was highest at pH 6.5-7.5 with 40-50% of
maximum activity as low as pH 5.0 and as high as pH 9.0.
Fig. 1f summarises the effect of incubation temperature on
TDC activity. TDC activity displayed a maximum at 35°C.

Overall, our experiments have shown that the following
conditions were optimal for determination of TDC activity:
50-min incubation at 35°C, protein concentration
100 pug ml™", in presence of 1 mM pyridoxal-5"-phosphate.
The basal TDC activity was 0.5-0.7 nmol tryptamine mg ™"
protein min~'. This value was much higher (10-100-fold)
than the value obtained for Oryza sativa leaf tissues and
suspension culture of C. officinalis. However, it was similar
to values obtained for suspension culture of C. roseus and
Camptotheca acuminate, and poplar leaves (De Luca et al.
1989; Skinner et al. 1987; Canel et al. 1998; Silvestrini
et al. 2002; Gill and Ellis 2006).

TDC activity has been examined during the growth cycle
(5,10, 15,20, 25, 30, 35 and 40 days of cultivation; these tests
have been combined with measurements of fresh weight).
With 1.5 g inoculums (fresh weight), the culture cycle com-
pleted in approximately 35 days (maximal weight). A typical
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“growth curve” is shown in Fig. 2a. TDC showed significant
activity during 40 days of measurements. TDC activity
increased during the exponential phase of growth curve
(Fig. 2a). The greatest enzyme activity has been observed at
the beginning of the stationary growth phase (Fig. 2a). After
achieving maximum, TDC activity decreased (Fig. 2a). TDC
activity directly correlated with tryptamine accumulation
(Fig. 2b). The values of tryptamine content (0.15-0.5
pmol g™, fresh weight) were similar to those that were found
in poplar and rice leaves as well as C. roseus callus (Gill and
Elis 2006; De Luca et al. 1989). These data are consistent with
previous findings, which indicated that the activity of TDC is
different in different preparations and stages of plant devel-
opment (Facchini et al. 2000; El-Sayed and Verpoorte 2007,
Lucumi et al. 2002; Whitmer et al. 1998).

Environmental and hormonal signals can regulate physi-
ological processes in plant cultures (Lee et al. 2011; Magyar-
Tabori et al. 2010; Garcia et al. 2011; Lin et al. 2011). The
effect of auxin on TDC activity has already been tested in
alkaloid-producing species (Facchini et al. 2000; Kang et al.
2007; De Luca et al. 1988). Addition of auxin to cell sus-
pension cultures of Catharanthus roseus resulted in induc-
tion of cell division and transcriptional down regulation of
TDC gene (Facchini et al. 2000; De Luca et al. 1989). Here,
we have investigated the effect of NAA on TDC activity,
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Fig. 2 Growth (a, line), TDC activity (a, bars) and tryptamine
accumulation (b) in callus cultures of V. minor grown in the dark on
MS medium supplemented with 4.4 pM kinetin and 1.1 pM NAA
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tryptamine synthesis and growth of V. minor callus (Fig. 3).
These experiments have been carried out in ‘light’ and ‘dark’
conditions (Fig. 3). Figure 3a shows that 0.44—4.4 pnM NAA
stimulates callus growth, while higher concentration of NAA
(6.6 uM) caused growth inhibition. Thus, 4.4 M NAA has
been used for callus cultivation (causing maximal growth
stimulation) (Fig. 3a). NAA caused similar action on TDC
activity (Fig. 3b). 0.44-2.2 uM NAA stimulated TDC
activity while 4.4-6.6 pM had an adverse effect (inhibition
by 25-50%). All tested NAA concentrations (0.44—6.6 pM)
did not change significantly the tryptamine content in the
callus (Fig. 3c¢).

The data shown in Fig. 3b indicate that the TDC activity
and tryptamine content were very sensitive to light regime
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Fig. 3 Effect of NAA and light on growth (a) TDC activity (b) and
tryptamine accumulation (¢) in V. minor callus cultures
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(they increased up to three-fold under light, as compared to
the ‘dark’ conditions). A number of studies have previously
demonstrated that light can stimulate TIA biosynthesis
(Facchini 2001; El-Sayed and Verpoorte 2007; De Luca
et al. 1988). Our results show that tryptamine synthesis in
V. minor callus culture is also under control by light/dark
regimes. This suggests that light may have a critical role in
TIA biosynthesis and probably in the production of the
vincamine (commercially important cerebral vasodilator).

The main conclusion of this study is that V. minor can be
cultivated in vitro. Callus of V. minor demonstrates sig-
nificant TDC activity and tryptamine content and can
potentially be used for commercial production of trypt-
amine derivatives, such as vincamine. Light and auxin
major factors regulating TDC activity and tryptamine
content in V. minor.
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