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ABSTRACT: Of the initial six cell lines originating from explants of 7axus globosa, or Mexican yew
(stem internode, leaves and meristematic tissue), three were selected for their microbial and oxidation
resistance, two from leaves and the other from stem internode. A study of their behavior, both in terms of
cell growth, and of baccatin III and paclitaxel production, was developed in suspension cultures with an
initially standardized biomass (fresh weight 0.23 g/L) using modified Gamborg’s BS medium, and an elici-
tor (methyl jasmonate), on either the first or seventh day of culture, at several levels (0, 0.1, 1, 10, 100
uM). In most of the conditions used, the three cell lines showed growth associated baccatin I1I production.
The cell line from stem internode was the highest producer of baccatin III using 1 uM elicitor, sampling at
10 days (p <0.01, 6.45 mg/L). This same line also had the highest biomass production (6.85 g/L, p <0.01)
at 10 days of culture but at the higher elicitor concentration of 10 uM. All three cell lines did not produce

paclitaxel under experimental conditions used.

Introduction

The establishment of cell lines from different spe-
cies of the Taxus genus, their chemical biology as well
as engineering studies, have been the subject of various
research projects referred to in the literature (Zhong,
2002; Suffness, 1995). These scientific and engineer-
ing activities have been mainly driven by the search for
alternative sources of paclitaxel, a diterpenoid originally
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isolated by Wani et al. (1971) from the bark of the Pa-
cific yew, Taxus brevifolia Nutt (Taxaceae). Paclitaxel
has been recognized by the National Cancer Institute-
USA, as the “most well-known natural-source cancer
drug in the USA”.

Taxus globosa S., the Mexican yew, is one of the
eight species included in the genus (Appendino, 1995).
A comparative analysis of taxane diterpenoid contents
made on samples of different Taxus species showed that
T globosa and T. floridana have the highest paclitaxel
content (400-500 pg/g dried needles) and T celebica or
T chinensis the lowest (26 pg/g dried needles) (van
Rozendaal et al., 2000). Regarding publications that
include research about 7axus globosa cell lines (plant
cell culture), as far as we know, there is only one, a patent



(Bringi et al., 1995) where these authors also working
with different Taxus species, found 7. globosa to be the
lowest paclitaxel producer (0.0003% dry weight) and 7.
chinensis the highest (0.18% dry weight). It is highly
probable that the Bringi er al. (1995) findings might
have been one of the factors that originated the lack of
research into establishing 7. globosa cell lines, along
with their corresponding chemical biology studies. It is
therefore the purpose of this work to present the results
achieved by our group relating to 7. globosa cell lines.

Current industrial processes for paclitaxel produc-
tion involve mainly two routes. One of them extracts
10-deacetyl baccatin III (10-DAB) the paclitaxel pre-
cursor which is abundant in some Taxus species needles
(e.g., T baccata (English yew), T wallichiana) and ei-
ther transforms it into paclitaxel by Holton’s 4 step syn-
thesis (metal alcoxide process, Holton, 1992; Holton et
al., 1997), or uses it for the semisynthesis of a paclitaxel
analog: docetaxel or taxotere (a non-natural derivative).
The other route is by plant cell culture (7. canadensis,
T cuspidata, T. chinensis).

Efforts to find more efficient processes (higher
paclitaxel yields with improved sustainability), as well
as basic research on Taxus species, are going on in dif-
ferent countries. As far as we can ascertain, in the case
of Latin America, Goleniowski (2000) and our group
are pioneering this line of research.

Materials and Methods
Explants. Establishment and culture of callus lines

Branch fragments, five cm in length and approxi-
mately 2 mm in diameter, of the three Taxus globosa
trees located in the Francisco Javier Clavijero Botani-
cal Gardens (Instituto de Ecologia, A.C., Xalapa, Ver.
Mexico) were collected and immediately processed. The
first part of the procedure involved: washing with lig-
uid soap aqueous solution (30 min with agitation); rins-
ing in tap water; washing with fungicide solution
(Benlate™, 3 g/L), 2 h with agitation; decantation; sur-
face-sterilised with 70% ethanol for 1 min, followed by
30% (v/v) sodium hypochlorite, 35 min. The explants
were rinsed four times with sterile distilled water under
aseptic conditions.

The explants from leaves, stem internode and mer-
istematic tissue (lateral vegetative bud), were placed on
medium containing Murashige and Skoog salts and vi-
tamins (Murashige and Skoog, 1962), glycine 2 mg/L,
myo-inositol 100 mg/L, sucrose 30 mg/L and Woody
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Plant medium (Lloyd and McCown, 1980). The pH in
all media were adjusted to 5.6 with NaOH and HC1 0.1
N before adding 8g L' agar (Sigma Chemical Co., St.
Louis, MO) and autoclaving at 120°C for 15 min. The
plates were incubated at 25 + 1°C, half of them in the
dark, the rest under a 16 h photoperiod and a photonic
flux of 20 umol m2s™! (shade conditions). Light condi-
tions for the photoperiod were supplied by fluorescent
lighting at 1500 watts. There were three subcultures in
total to new solid medium every 3 months. Aseptic cal-
lus cell lines without extensive browning were selected
for further experiments.

Cell suspension cultures from callus, and its selection

For the first suspension cultures, callus chunks from
those selected were aseptically transferred to 100 ml
Murashige and Skoog liquid medium in 150 ml Erlen-
meyer flasks. They were incubated for 92 days (140 rpm,
25°C), half of them in the dark, the rest under a 16 h
photoperiod and a photonic flux of 20 umol m?s™'. For all
of the following transfers of suspension culture to new
fresh medium, each sample of 50 ml of the original cul-
ture was inoculated into a 250 ml Erlenmeyer flask con-
taining 100 ml MS liquid medium. Average incubation
time was 42 days for each of the six transfers that were
made (agitation rate 140 rpm, 25°C). After the sixth
transfer, all the cell lines were stored for one month at
4°C. Those cell lines that resisted microbial contamina-
tion were selected for the following studies.

Elicitation studies

The basic medium used for these studies was 12
ml modified Gamborg’s B5 liquid medium (Gamborg
et al., 1968) supplemented with 2 x B, vitamins, 2% w/
v sucrose, 0.55 mg/L (2.5 x 10 mM) 2,4-D, 100 mg/L
myo-inositol and 30 mg/L glycine, pH 5.6, in a 125 ml
Erlenmeyer flask, covered with a silicone foam cap
(Bellco). The elicitor was methyl jasmonate (Sigma
Chemical Co., St. Louis, Missouri), at four levels (0.1,
1, 10 and 100 uM) plus the control; the addition of the
elicitor was made aseptically in a laminar flow cabinet,
by means of'a 0.22 um GHP syringe filter (Pall), on the
first or seventh culture day (since no statistical differ-
ences were observed between both timings, the results
were pooled for presentation). The cultures were placed
in a rotary shaker (New Brunswick) at 110 rpm, at room
temperature and in darkness. Total culture was for thirty
days, sampling every 10 days. An initial standardized
biomass (0.23 g/L) was used.
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Determination of growth (fresh biomass weight or fresh
weight)

Growth was measured by changes in fresh weight.
In a laminar flow cabinet, 1.0 ml suspension culture from
a thoroughly stirred medium was sampled and put in an
already weighed Eppendorf tube. The tube was centri-
fuged (14,000 rpm, 10 min), its content decanted and
the pellet weighed.

Extraction procedures and baccatin Ill and paclitaxel
determinations by HPLC

In aseptic conditions, at the end of 10, 20 and 30
days, 1.0 ml of suspension culture was sampled from a
thoroughly stirred medium. Then, in a fume hood envi-
ronment, this sample was ground and extracted using
an electronic homogenizer (Glas Col, with teflon pestle
and glass tube, 3200 rpm). A triple extraction was per-

formed using 1.0 ml CH,CI, (J. T. Baker) each time, for
60, 30 and 15 sec respectively.

The combined organic phases were dried using
ultrapure nitrogen stream, 1.0 ml MeOH HPLC grade
(Burdick and Jackson) was added and microfiltered
through a 0.45 um GHP syringe filter (Pall) into an
Eppendorf tube. This methanolic solution was then ana-
lyzed by HPLC (GBC), using a 3 um Alltima Phenyl 53
x 7 mm column (Alltech), UV detector at 230 nm, mo-
bile phase: 0.05 M TFA: MeOH: CH,CN (50:19:31 v/
v/v), flow rate 1.5 ml/min, against external standard
curves for baccatin I1I (Sigma) and paclitaxel (Sigma).

Statistics

Using SPSS 8.0 software, data were analysed with
a one-way ANOVA and post hoc Duncan comparison
tests (p < 0.05, p < 0.01) on those cases showing sig-
nificant differences, in order to pinpoint the conditions

TABLE 1.

Fresh weight (FW, g/L) and baccatin III (B, mg/L) production of three Taxus globosa cell lines (mean + SD, N=4),
using methyl jasmonate as elicitor, and after 0, 10, 20 and 30 days of culture; statistically significant differences

between elicitor levels and culture day (p <0.01) are denoted in bold face.

Elicitor Day CL1 CL2 CL3
level FWXSD BXSD FW=SD BXSD FWZXSD B+SD
0 0 0.23+0 0+0 0.23%0 0£0 0.23+0 0£0
0 10 1.91+0.53 1.51+1.27 2.59+1.03 1.67+1.54 3.04+1.81 1.14+1.28
0 20 2.34+0.89 1.54+1.39 2.44+1.09 1.34£1.2 3.18+1.52 1.51£1.53
0 30 2.58+0.63 1.81+2.07 2.24+1.1 1.33£1.57 3.74%1.67 1.26+1.84
0.1 0 0.23+0 0+0 0.23%0 0£0 0.23%0 0£0
0.1 10 2.35+0.48 1.15+0.52 2.93+1.01 1.65%1.1 2.95+0.26 1.4610.21
0.1 20 3.85+0.66 2.08+0.27 4.38%0.64 1.84£0.75 3.7310.22 1.43£1.31
0.1 30 3.520.7 4.87+0.66 3.98+0.73 2.51+0.58 3.55+0.88 0.98+0.71
1 0 0.23+0 0+0 0.23%0 0%0 0.23+0 0£0
1 10 2.95+0.83 4.92+2.66 2.33+0.37 4.53+0.63 2.840.26 6.45+2.06
1 20 1.35+0.21 4.28+0.66 1.55+0.91 2.88+1.36 3.03£2.72 3.71+1.2
1 30 2.38+0.1 4.08+0.33 2.2+0.4 3.11+0.99 2.43+0.21 3.94+0.47
10 0 0.23+0 0+0 0.23%0 0%0 0.23+0 0£0
10 10 1.85%0.58 0.97+0.72 1.954+0.21 1.08%0.46 6.8+1.54 0.55+0.64
10 20 3.384+3.09 0.91+0.29 1.93+0.79 0.14+0.28 4.98+1.41 0.48+0.42
10 30 1.584+0.51 0.08+0.16 3.78+3.48 0.254+0.49 4.88+1.67 0.42+0.49
100 0 0.23+0 0+0 0.23+0 0£0 0.23+0 0+0
100 10 1.93+0.82 1.46+0.99 1.73£0.55 0.46+0.53 1.93+0.82 0.73+0.56
100 20 2.48%1.15 0.2740.55 2.240.08 0£0 2.48+1.15 0.83%0.18
100 30 2.4+0.37 010 2.1840.59 0£0 2.4+0.37 0.0610.12




involved. A Spearman rank test (p < 0.05) was applied
to all results (fresh weight, paclitaxel and baccatin III
production) to investigate any possible associations.

Results

Effect of conditions on callus initiation from explants:
cell line generation

Explants of leaf, stem internode and meristematic
tissue from 7axus globosa trees were originally inocu-
lated on solid medium (Murashige and Skoog’s or
Woody Plant medium). While most of the samples in-
duced callus, microbial contamination or oxidation of
the unorganized cells (colored callus) limited the num-
ber of cell lines selected at this level; finally six of them,
all originated in Murashige and Skoog medium, were
chosen. Of these six cell lines, two of them were from
leaf, two from stem internode and two from meristem-
atic tissue. Half of them were cultured in the dark, and
the rest under a 16 h photoperiod.

Selection of cell lines

Callus tissues from the six cell lines were trans-
ferred to Murashige and Skoog liquid medium in order
to obtain suspension cultures. After six subcultures
of each line, the final suspension cultures were stored
at 4°C. Three lines were chosen using as selection crite-
ria their resistance to microbial contamination under this
storage condition.

The selected lines were named CL1, CL2 and CL3.
The first two originated from leaf explants and the third
from a stem internode. Meristematic lines did not show
a similar resistance to microbial contamination. The
difference between CL1 and CL2, both originating from
leaves, is that CL1 comes from callus grown under shade
conditions and CL2 under darkness conditions. CL3,
the cell line from stem internode, comes from a callus
grown under darkness conditions.

Effect of elicitor concentration on growth, baccatin 111
and paclitaxel productions

The studies were carried out in suspension cultures
using modified Gamborg’s BS medium. Table 1 shows
the changes in growth (fresh biomass weight) and
baccatin III production for each of the three cell lines,
as well as the effect of four levels of methyl jasmonate.
Information from Table 1, plus a comparison of Figs. 1
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and 2, show that there is an overall correlation between
growth and baccatin Il production under the effect of 1
UM methyl jasmonate, particularly after 10 and 20 days
of culture.

Table 1 also shows the results obtained with other
levels of the elicitor, and one may conclude that higher
levels may be even inhibitory of baccatin III produc-
tion, and that a correlation between biomass and baccatin
production may not be observed under their influence.

—8— Cellline1
6 - —v— Cell line 2
—&— Cellline 3

Fresh weight, g/l (Mean * SD)

T T T T
od 10d 20d 30d

Culture days

FIGURE 1. Growth of three Taxus globosa cell lines ex-
posed to 1 uM of methyl jasmonate.
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Baccatin Ill, mg/l (Mean * SD)

T T T T
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FIGURE 2. Baccatin Il production by three Taxus globosa
cell lines exposed to 1 uM of methyl jasmonate.
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Discussion

The correlation found between cell growth and
baccatin III production, particularly after 10 and 20 days
of culture, is not a usual finding in other plant cell cul-
tures where secondary metabolite production does not
usually follows changes in biomass (Fett-Neto et al.,
1994; Suffness, 1995; Cusido et al., 2002).

Cusido et al. (2002) working with Taxus media in
175 ml shake flask with 10 ml production media and
methyl jasmonate (220 pg/g fresh weight), using an
inoculum of 100 g/L cell fresh weight (436 times our
inoculum size), reported at 10 days of culture, approxi-
mately 3 mg/L baccatin III; 7 mg/L was the highest
production achieved on the sixteenth day. Yukimune
et al. (1996) reported baccatin III production of 25.2
+ 2.6 mg/L by T. media and 53.6 = 2.2 mg/L by T.
baccata, after 14 days, using 100 uM methyl
jasmonate, 100 ml shake flask with 20 ml production
medium and using an inoculum of 125 g/L (545 times
our inoculum size).

The origin of CL3 (a stem internode explant), could
probably be a causative factor in its behavior in terms
of higher cell growth and baccatin III production, com-
pared to CL1 and CL2 (both of them originating from
leaf explants), considering that there is experimental
evidence that the nature of an explant can exert specific
behavior on secondary metabolism (Banthorpe, 1994;
Wewetzer, 1998; Curino et al., 2001).

As we have already noted, the patent of Bringi et
al. (1995) is the only published document on research
done on 7. globosa cell culture. However, we are unable
to compare our results obtained for baccatin Il produc-
tion by CL1, CL2 and CL3 because only paclitaxel re-
sults for this 7axus species were included in this patent.
Our paclitaxel results were insufficient to be able to
make meaningful statistical analyses, seeing as under
the conditions studied, cell lines 1, 2 and 3 could be
classified as paclitaxel nonproducers, a behavior already
seen in other 7axus species (Kim et al., 2004).

An observation which is noteworthy is the appar-
ent contradiction existing between the approximately
19-fold higher paclitaxel content found in needles of 7.
globosa, or Mexican yew (400-500 png/g dried needles;
van Rozendaal et al., 2000) compared with 7. celebica
or T. chinensis (26 |Lg/g dried needles), and the paclitaxel
production obtained in plant cell culture from these spe-
cies: Bringi et al. (1995) found 7. globosa to be the
lowest paclitaxel producer (0.0003% dry weight) and 7.
chinensis the highest (0.18% dry weight). In our study,
as mentioned above, 7" globosa CL1, CL2 and CL3 can

be considered as paclitaxel nonproducers, under the
conditions used.

From the results of research work carried out to
elucidate paclitaxel biosynthetic pathways, it can be seen
that both a carbon and a nitrogen precursor are needed.
Walker and Croteau (2001), Croteau et al. (1995), Floss
and Mocek (1995), and Fleming et al. (1994), have sug-
gested that in this process there are terminal steps that
originate the paclitaxel C-13 side chain, in which
phenylisoserine and baccatin III are the nitrogen and
carbon precursors respectively, whose interaction gen-
erate the esterification of baccatin C-13 hydroxyl reac-
tion, followed by that responsible for the N-benzoylation
of'the side chain. This scheme clearly implicates baccatin
III as a paclitaxel precursor molecule. Therefore, the
irregular paclitaxel production observed in the three 7.
globosa cell lines and their evident baccatin I1I produc-
tion, open up several possibilities, one of them a defi-
ciency of the nitrogen precursor.

In contrast, Srinavasan et al. (1996) established both
a cytoplasmic and a plastidic origin for baccatin III pro-
duction by 7. chinensis PRO1-95, and in the case of
paclitaxel only a plastidic one. This finding, with the
support of other results, led them to suggest that baccatin
III “may not be a direct precursor” of paclitaxel. The
argument of Srinavasan et al. could also explain the
observed behavior of T globosa cell lines CL1, CL2,
CL3, in terms of differentiated baccatin Il and paclitaxel
production responses.

Both these views of the baccatin I1I / paclitaxel re-
lationship need further research on the three 7 globosa
cell lines studied, as well as studies of the significance
of different explant sources, physiological age and cul-
ture media amongst others.
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