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Taxotere have alrea een 1 ntroduced Into t rld market. Fdrther,
t renendous cancers, and against breast and other cancers. Taxol has been pronounced as a

breakthrough in chemotherapy because of its fundamentally different mechanism of
15 cytotoxicity, i.e., by inhibiting depolymerization of microtubules (see Rowinsky, et al.,
1990, JJ. Natl. Cancer Inst., 82, 1247-1259).

A daunting variable in the taxol equation has been supply. Bark-derived taxol
has been discontinued as the primary source of commercial drug; large-scale production
has been achieved by semi-synthesis, i.e., chemical attachment of a side chain to the

20 plant-derived precursor, 10-deacetylbaccatin I1I. Total synthesis, while accomplished by
academic laboratories, shows little promise as a viable comfncrcial route to taxol. There
is therefore an urgent need to develop cost-effective, environmentally-benign, and
consistent sources of supply to keep up with the growing demand for taxol.

In addition to taxol, there is an urgent need to develop processes for the

25 commercial production of related taxane molecules. Derivatives of taxol such as
Taxotere have already been introduced into the world market. Further, tremendous
research activity is being focused on the discovery and development of novel taxane

derivatives with advantageous activity. These advances are likely to create an ongoing
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Tissue Cultures as a Source of Piant-Derived Chemicals

15 The ability of plant cells to divide, grow, and produce secondary metabolites
under a variety of different cultural regimes has been amply demonstrated by a number
of groups. At present, two compounds, shikonin (a red dye and anti-inflammatory) and
ginsengoside (a tonic in oriental medicine) are produced by tissue-culture processes in
Japan, Many other processes are reportedly close to commercialization, including

20 vanillin, berberine and rosmarinic acid (see Payne, et al. 1991, "Plant Cell and Tissue
Culture in Liquid Systems," Hanser Publishers, Munich).

The advantages of a plant cell culture process for taxol, baccatin IIl, and taxanes
are many: (i) A cell culture process ensures a limitless, continuous and uniform supply
of product, and is not subject to pests, disasters and seasonal fluctuations, (ii) cell

25 cultures can be cultivated in large bioreactors, and can be induced to overproduce the
compound of interest by manipulating environmental conditions, (iii) cell cultures
produce a simpler spectrum of compounds compared to bark or needles, considerably
simplifying separation and purification, (iv) a cell culture process can adapt quickly to
rapid changes in demand better than agriculture-based processes, (v) besides supplying

30 taxol, baccatin III or other precursors, a cell culture process could also produce taxane
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conifer-cultures have been generally low. For example, Berlin and Witte, (1988,

15 Phytochemistry, 27, 127-132) found that cultures of Thuja occidentalis increased their
biomass by only ca. 30% in 18 days. Van Uden et al. (1990, Plant Cell Reports, 9, 257-
260) reported a biomass increase of 20-50% in 21 days for suspensions of Callitris
drummondii. Westgate et al. (1991, Appl. Microbiol. Biotechnol., 34, 798-803)
reported a doubling time of ca. 10 days for suspensions of the gymnosperm,

20 Cephalotaxus harringtonia. As summarized by Bornman (1983, Physiol. Plant. 57, 5-
16), a tremendous amount of effort has been directed towards medium development for
spruce suspensions (Picea abies). This collective work demonstrates that gymnosperm
suspensions are indeed capable of rapid growth, but that no generalities can be applied,
and that media formulations for different cell lines must be optimized independently.

25 A survey of secondary metabolite productivity among gymnosperm cultures also
points to the difficulty of inducing rapid biosynthesis compared to herbaceous species.
For example, cultures of Cephalotaxus harringtonia produced terpene alkaloids at a
level of only 1% to 3% of that found in the parent plant (Delfel and Rothfus, 1977,
Phytochemistry, 16, 1595-1598). Even upon successful elicitation, Heinstein (1985,

30 Journal of Natural Products, 48, 1-9) was only able to approach the levels produced in
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Taxus baccata, but were unable to detect any taxol using their immunosorbent assay.

15 Wickremesinhe and Arteca (1991, Plant Physiol., 96, (Supplement) p. 97) reported the
presence of 0.009% dry weight taxol in callus cultures of Taxus media (cv. hicksii), but
details on the doubling times, cell densities, and the time-scale over which the reported
taxol was produced, were not indicated.

U.S. Patent No. 5,019,504 (Christen et al. 1991) describes the production and

20 recovery of taxane and taxane-like compounds by cell cultures of Taxus brevifolia.
These workers reported taxol production at a level of 1 to 3 mg/L in a two- to
four-week time frame. They also reported a cell mass increase of “5-10 times in 3-4
weeks”, which corresponds to doubling times of ca. 7 to 12 days.

Significant increases in taxane titers and volumetric productivity are required

25 before an economically-viable plant cell culture process for taxane production can

supply the projected annual demand of many hundreds of kilograms per year.

SUMMARY OF THE INVENTION
The objects of this invention include the formulation of special environmental

30 conditions to foster rapid growth, high cell densities, and high cell viabilities. (The
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significant
met by one or more of the embodiments of this invention.

The inventors have discovered that taxol, baccatin II1, and other taxol-like
compounds, or taxanes, can be produced in very high yield from all known Taxus
15 species, e.g., brevifolia, canadensis, cuspidata, baccata, globosa, floridana,
wallichiana, media and chinensis. Further, by the methods of this invention it is
possible to obtain taxol, baccatin III, and other taxanes in a much shorter time frame
than previously reported. In particular, the inventors found that the species, Taxus
chinensis, is capable of rapid growth and of producing extremely high levels of taxol,
20 baccatin II1, and taxanes within a short period of time. With the species 7axus
chinen.éis, the inventors have been able to manipulate cells to yield taxol, baccatin II,
and taxanes in amounts far in excess of the amounts obtained from tissue cultures of the
other Taxus species.
Particular modifications of culture conditions (i.e., media composition and
25 operating modes) have been discovered to enhance the yield of various taxanes from cell
culture of all species of Taxus. Particularly preferred enhancement agents include silver
ion or complex, jasmonic acid (especially the methyl ester), auxin-related growth
regulators, and inhibitors of the phenylpropanoid pathway, such as 3,4-methylenedioxy-
6-nitrocinnamic acid. These enhancement agents may be used alone or in combination

30 with one another or other yield-enhancing conditions. While the yield of taxanes from
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PCT/ US97/ 089f) the method of this invention also comprises another enhancement agent which may be
an inhibitor of ethylene action; jasmonic acid or an ester of jasmonic acid; or an auxin-
related growth regulator. In particularly preferred embodiments, the other enhancement

20 agent is an inhibitor of ethylene action which is a silver-containing compound, or a silver
complex, or a silver ion. In another particularly preferred embodiment, the other
enhancement agent is jasmoxﬁc acid or an alkyl ester thereof, and more preferably, the
alky! group esterified to jasmonic acid has from one to six carbon atoms. In an even
more preferred embodiment, the enhancement agent is jasmonic acid or an alkyl ester

25 thereof, and the medium also contains a silver-containing compound, a silver complex or
silver ion. In yet another particularly preferred embodiment, the other enhancement
agent is an auxin-related growth regulator, such as indoleacetic acid, picloram, a-
naphthaleneacetic acid, indolebutyric acid, 2,4-dichlorophenoxyacetic acid, 3,7-dichloro-

8-quinolinecarboxylic acid, or 3,6-dichloro-o-anisic acid.
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enhancenent 20 _agent is an inhibitqor of ethylene action which is a

si | ver - cként ai jasmgnic @i oF AR estesof jasmpnig agid, and the molaryatie alsilverto gnhancement | o

I n anot her parflcularkl fer, ﬁm ' : ncenent
agent is jas nﬁ%%ngﬁe{gslrs gggnﬁgﬁ %F estgr t eordxe%?'?’ tgﬁ’l m)cre 'é‘e';‘)‘ragf"et?ﬂﬁfy, t he
al kyl group estxn-irélatedigtowvth eegniator,cand theomélasrafip ofsilyersotephancomantiageohisat ons.
In an even I H;re preferred enbodi nent, the enhancenment agent is
jasnonic acid 38?6%[9 | kyl ester 25 thereof, and the nedium al so cont ai ns
a silver-contai ni ngh ayrafeheBoveemtodintentss thenesr mbre nutrient media dgalsd on. | n
yet another particularly preferred errbgdi mﬁnt t he tHer nhancenent
agent isl%n aipelude adpeanepregyrsat; which may Be grphenyialaningi-premy| or@ mapuge
picloram [er iegeof. In any of BHUBLIERIYAREERLS, the@nb r mbRARIRRAL YA hafaks!, ,
2,4-d|chlorophenoxyaceglc acid, 3,7-dichloro- 8- qui nol 1 necar boxylic
acid, or 3, 6- dichideglutamine glutamic aci,chspartic acid or a mixture of these amino acids, or one

or more nutrient media used in cultivation of the cells may include maltose, sucrose,

glucose and/or fructose as a carbon source, preferably as the primary carbon source. In

20 one embodiment, the nutrient medium is the same for cell culture growth and for taxol
and taxane production. In an alternative embodiment, production of one or more
taxanes is induced in the culture by changing the composition of the nutrient medium.
In a preferred embodiment, the medium in the culture is periodically exchanged, and
typically the medium exchange accomplishes periodic removal of taxanes from the

25 culture. Preferably, cells of said Taxus species are cultivated by a fed-batch process.

Typically, taxol or baccatin III and/or other taxanes are recovered from said

cells or said medium of said cell culture, or both. Generally, cultivation of Taxus species
according to this invention provides an average volumetric productivity of taxanes
which is at least 15 mg/L/day averaged over the period of taxane production. The

30 average volumetric productivity of taxol is typically at least 10 mg/L/day computed for
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I n anot her enbodi nent, this invention provides a nmethod for producing

t axanes wo 97/444%% high yields in cell culture of a Taxus POrAISOTESITy
cultivating cells of a Taxus species in suspension culture in one
or nore nutrient nedia under growth and product formation

conditions, and recovering one or nore taxanes fromsaid cells or said
medi um of said 5 cell culture, or.ggth, the cells being derived from
cal lus or suspension cultures and the nutrient nedia containing

silver at a_concentrati.o f . | D, g . :

si |l ver-cont éﬁ‘iﬁeﬁ'&qé’gﬁf&é‘ﬁa‘?“%&'ggﬁg %@kgggl\ﬁ%ﬁgk?:?%d;uggmgﬁff\t;%rcatlmoﬁl, Bal ong

with at | easypicigat least 15 mgARbaywoaipared fogrheperiddi of laxane/priodudtias.noni ¢ aci d or

an ester ofjasnonic acid an auxi rel ate rowmh re uI@qt%r. In a
or

Xi.n- ] I
preferred enbodi REsierably. rellsoultured spearding inthe method ot this invennon, are c. an

ester of j asnpp)GpaGidand e spddfes Y BE 77 Bebifoif T.dahidvhsis, OT. e/hianese Fent

agent is less than 9.5. In another preferred enbodi nent, the enhancenent
agent i% an cuspidata, T. daccate, Teglabesa, Tofloridana, dgwallicliana, o5 d. medianol ar ratio of
silver to e cement | . . 1. . In
any of the ?B%n%ﬁg‘rﬁgaigﬁg)r%g ,a%fs%'éec(')eﬁeu s%drmrtr%efﬁe}éﬁ%c??%%gmﬁ%%naw%eysaI so 15

i ncl ude a t antiigheprpdie taxdbibovebackrowny bp ELIS Ainaxalpisaubimieroe suspension culture
[err]-phenyl al anin '

e, Oor a mxtyre thereof . I.n an f the above
embodi nent s i MEGURhat Gpntaigs po ﬁé\af‘?eg}ﬂ‘t 3RePisy R’fﬂi? prefaraply, e cell °fitanf‘frﬂﬁ e

gl utam ne, ghathdWséd iRThemeRSP S thisnvakich #2é célls Which'Prédueé takiR§ @ ani no aci ds,
or one or nore nutrient nmedia used in cultivation of the cells may

i ncl udt0 nal tsuspensionenityesat an average volymetrgsprogdurdivity of 10me/lo inca medivmcar bon
source, pref | : In 20 one enbodi nent,
the nutri ent&h@%‘%ﬁ%ﬁ@ﬁs@%&gﬂ@%gﬁ?%n&%?le%ﬁ{l’H}ﬁ% grow h and for taxol
and taxane production. In an alternative enbodi nent, production of one or

nor e IS I ' e culture by changing the conposition
of the nutr iﬁéﬁﬁ&ﬁomgﬂqﬁéé]pref erred enbodi nent, the nmediumin

the culture is pqi’i%uﬂ‘d i1C Hibiase Hieheasdiad, TaRibhinensis suspéngidh ¢alkury lihdK-1medi um
exchangseJ acconpl i shes periodic repoval of taxanes from t{}‘e 25 cul ture.
Pref er kbl y, aver 3 typisa! btehgrawth sycle pMpdium . cErrey) bars sgpresenthe stapdard pat ch

process. deviation measured M&xfpﬁ&té’ﬂaskﬁxm or baccatin Il and/or- other
t axanes are recovereé from sai cells or said nedium of said cell

cul ture, or bot h.Figieedr aEffsct ofmedium gxéhangeodn days 9 ands bon taxol (A) and totahccor di ng
to this inventl ol odidiery & VG A erthink "l hufmblls G ith bbk tepradlneifix anes
time interval (days) over which the product was produced. The darkened portion of the
20 intracellular boxes represents the taxol or total taxanes that were present in the cell
inoculum at the start of the experiment. All treatments were performed in duplicate.
Taxus chinensis suspension cell line K-1 was used with Medium A as elaborated in
Table 2. .
Figure 3. Spectral characteristics of a Standard Gro-Lux lamp (GTE Sylvania,
25 Danvers, MA) used in Example 7.3.
Figure 4. Taxane production in Taxus chinensis cell suspension K-1. The
portion of the chromatogram from 10 to 40 minutes is shown. Diode array scans of
selected taxane peaks show a characteristic taxane UV absorption spectrum, with a peak
at 227nm.



which is at | east 15 ng/L/day averaged over the period of taxane

production. The 30 average volunetric productivity of taxol is
typically at |least 10 ng/L/day conputed for WO 97/ 44476
PCT/ US97/ 0890Wo0 97/44476 the period of taxol production. HRERUSATENYe
volumetric productivity of baccatin Il is typically at least 15

ng/ L/ day conputed for the period of taxane production.

Preferably, cells cultured according to the nethod of this invention are
cells of Taxus species, and the sggcies may be T. brevifolia, T.
canadensis, T. chinensis, T. cuspidata, T. baccata, T. globosa, T.

5
floridana, T. wall 'ﬁgﬁ%h'? aQ{)Ln%;g t:ioﬁgtj[ ﬂlmsluction aft r.p?&lgigeg%gfg@té&nqﬁh&ﬁlﬁ%){ cﬁ

Taxus species used | e’Tma I'nvention
produce taxol mbhues sdngis celhiihelk-1 EThSdppen panel fabulatesithe daa for the kaguanaidon

cul ture I n_nmedi um that contai ns no, enhancenent agenjs. Mre
preferably, tH@mke%wgm%qes,awm&eqowerpmagb%ﬁxggremgxgatﬁpq? BXhod of this
invention are gsilctiontH 16029 tP4iday tinfoperied i n 10 suspension culture at an
average vol unetric l‘pr oductivity of 10ng/L in a nmedium cont ai ni ng

silver th¥osul fat e, Figwrerfy Mp/ raation of taxel in cell culture supempamcRapef AON OF
THE FI GURES %hows tllei i(r)]% SAERY; E‘;?gﬁ‘ ﬁﬁssjsgegmtﬂem{ tﬁg(g?g% Parfl -BFQEWS ﬁ‘lF' nensi's

suspensi on culture VEr a typlca growh cycle in
Medi um A, Er r odaupltession spaceamiof thelparent peall @ntk 871 = taxo+NH4¢+Hat Panel Crreepeagéntsl f rom

duplicate flasks, Figure 2. Effect of lum e n on
days 9 and 12 'Sﬁ'q’éﬂf?iy ABGL SB??H“F‘JF"J'FQ erude Gl c&‘ﬁ?éﬁ@“ﬁﬂﬁ%ﬂﬁd&ﬁ&??@e in a
15-day exper i ngntcharhb@ristieBF @ixsl. | Fandl IS thoWRXhe PresoRbing digshter Sﬁectrumtdf'iﬁz _

i nt erval Sdays over which the product was produced. The darkened portion

of the 24 i $¥t1rand provides pnegyivecal pddence farithe presenge.pf gaxobin ceflculfure axanes t hat
were present ip the cell I noculum at the start of the experinent.
Al'l treatnents %ere performed in duplicate.

DETAILED DESCRIPTION OF THE INVENTION
Plants have long provided important sources of pharmaceuticals and specialty
15 chemicals. These products have typically been obtained through extraction of the
harvested plant materials or by chemical synthesis. Taxol and taxanes have become one
of the most important class of anticancer agents to recently emerge from the screening
of natural products. '
As used herein, the terms taxol-like compounds, or taxanes, are used
20 interchangeably to describe a diterpenoid compound with a taxane ring. The taxanes
may themselves possess antineoplastic activity, or may be modified to yield bioactive
compounds. The term total taxanes refers to all taxanes that exhibit a characteristic UV
absorbance as described in Example S below.
As used herein, the term “callus” is used to describe a mass of cultured plant
25 cells that is structurally undifferentiated, and is cultivated on solidified medium. Asused
herein, the term “suspension culture” is used to describe structurally undifferentiated
cells that are dispersed in a liquid nutrient medium. It is understood that suspension
cultures comprise cells in various stages of aggregation. A range of aggregate sizes are

encountered in the suspensions described in this invention, with sizes ranging from tens



Taxus chinensis suspension cell line K-1 was used with Medium A as

el aborated in Tabl e 2. Figure 3. Spectral
characteristics of a Standard G o-Lux |anp (GIE Syl vania, 25 Danvers,
MA) used i ngg¥aaRke 7- 3. Figure 4. Taxane ROTARITOEON i n
Taxus chinensis cell suspension K-1. The portion of the

chromatogram from 10 to 40 mnutes is shown. Di ode array scans of

sel ect ed taxane peaks show a characteristic taxane UV absorption spectrum
with a peak at 227nm 10 WO 97/ 44476

PCT/ US97/ 08907 T - 9-

Figure 5. Taxol, and taxane t|o after e jon in Medium
C )}?‘éﬁﬂ‘és 'Bm%@“é 34 Pf -%glie:g{% %Ll% E;%g?? ]H‘"?ﬁ ul ates the
data for th%mhﬁﬁ%sﬁarm’ameter consnsﬁﬁﬁ@f@ﬁnytlﬁmaiﬂmfcwer eas the |ower panel
shows incremental taxol and taxane

. . production the 25 to 42 da
time period. 5 Theplant materialmisgfiskin this '“W‘NB“@B%F pbtaiged %ﬂ“&f‘ym in cel Iy
culture sup ﬁg}%@&g %p eevllz}‘ogascgnam%enﬁg%t%& Ba@ébt > RliobYsd, \TlokidieS spectrum .

of aut hentl aughter 1on spectrum of
t he pargnt mlicmdﬂaz(alsaﬁefmﬁdamk mane)nszspmdla ﬁsngpla@sénlatsensts (includinghe | on

spray APCl ectrumfroma crugde -cel I cul t extr 854 and
871 char acté SINORYIRRUS SPSAAS, Sueh AR TUM3ITaia, ¢ ‘ibﬁca i gcts'p %lclnI ggﬁu%%fee
spectrum of dpendi®var. maitéd. Biphriidubir] e hverites haveddettified the spevies Taxust he
presence of taxol in cell culture supern DETAI LED

DESCRI PTI ON ah#nemsiras ¢apahlr p{pyoducing significant quant'tPF aﬁ qh‘%ﬁ?@“‘l“&ﬁg"}ﬁ‘r ovi ded
| mport ant s %‘Essat aq*f%“geen g%)'dﬁ&ivﬁggnd specialty 15 chem cal s. These

products ha yp| C tarned through extraction of the
It has heen found by the inventors that specific taxane content varies with plant

species, and within plant species from tissue source and specific trees. Selecting a high
yielding source and culture for taxane production is an important first step towards
providing sufficient quantities of taxanes for therapeutic use.
Benchmarks for Commercial Relevance
15 A number of benchmarks may be used to gauge the commercial attractiveness
and viability of a given plant-cell-culture-based process for taxane production. The
benchmarks should characterize and underpin the key performance parameters of the
process, including fermentation costs, the ease of downstream recovery, and the
capacity of production. The benchmarks that will be described here are the broth titer
20 and the volumetric productivity.

The broth titer is defined as the concentration of product in the whole broth, and
is usually expressed as milligrams of product per liter of broth (mg/L). By definition, the
whole broth titer does not distinguish between the intracellular and extracellular portions
of the product. The broth titer is typically used to characterize the performance of a

25 batch or fed-batch process. A higher broth titer implies a greater production capacity
for a given reactor volume, and concomitantly, lower unit production costs. Similarly, a
high-titer product is usually easier to recover in high yield, thus leading to further
improvements in unit production costs.

The volumetric productivity is defined as the amount of product produced per

30 unit reaction volume per unit time, and is commonly expressed in units of milligrams per
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many nprbductivityeimplies greatemproduction capatisyt fong givkn reactpr vdlame avedts gife cel | s.
The plant material. yseful in.thjis.invention may be obtained fromany known
Taxus speci es‘,‘“‘%!"‘é'P?’ W&P@%fﬂ%w’é%%&&ﬁﬂ%@cﬁwﬁan grepiseeverall prageshosa,
floridana, 5 perforikce.i chi ana (also referred to as yunnanensis), nedia,

fasti gi iéa and chinensi ;s (in¢luding . . .t he synonynous species, such as
sumat ranB, cel ebi d& Cceniaiticasgibe yalymetsis prodystivityrisprsd tegauge the intringityi nensi s
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the production cycle, i.e., over a short time period when the rates of biosynthesis are at
their highest. This is typically referred to as the maximal instantaneous volumetric

15 productivity. However, in gauging the performance of a process, the more appropnate
benchmark is the average volumetric productivity in which the productivity is measured
over the entire productive phase. Clearly, in order to achieve the highest average
volumetric productivity, the maximal instantaneous productivity must be maintained
through the majority of the productive phase. Unless otherwise qualified, the term

20 volumetric productivity refers to the average volumetric productivity, determined for the
entire production phase Typically, production phase is initiated by changes in nutrient
medium composition, either by replacing growth medium with production medium or by
adding enhancement agents which induce a significant enhancement in taxane
production.

25 Initiation of Taxus Cell Lines

Taxus plant material may be collected from all over North America as well as

from other continents. The culture is initiated by selecting appropriate Taxus tissue for
growth. Tissue from any part of the plant, including the bark, cambium, needles, stems,
seeds, cones, and roots, may be selected for inducing callus. However, for optimum

30 yield of taxol, needles and meristematic regions of plant parts are preferred. Most
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liter per dagyroddcoprofiles, mdroﬂmsebar(&erbﬂosarSmopummmlcﬂllzneMrj intkeiscal e is -
defined as the
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The vol unet ribEindhiidH ahd proliferaioniF tieRallus. the titer as a benchmar k
for batch and fed-batch processes, and.is particularly useful_ for
15 The appropriate medium composition varies with the species being cultured.
The preferred media for the different species are listed in Table 3. For example,
although others may be used, the preferred growth nutrient media for Taxus chinensis
are A,D,1,J,K,L, M, O, P. These media preferably contain the ingredients listed in
Table 2. Cultures are preferably carried out with medium components incorporated at
20 the levels shown in Table 2, although the skilled artisan will recognize that some
variation in these levels will not adversely affect cell growth. For example, when
medium A is used, growth hormones or regulators incorporated into the medium in an
amount between 1 ppb to 10 ppm, and preferably at 2 ppb to 1 ppm. When medium D
is used, the growth hormones or regulators are incorporated at levels ranging from 1
25 ppb to 10 ppm, and preferably at 2 ppb to 2 ppm. The amounts of other medium
ingredients can be incorporated at levels ranging from 1/10th concentration to three
times the concentrations indicated in Table 2.
Production of taxanes in large quantities is facilitated by cultivating Tacus cells
in suspension culture. Generally, suspension culture can be initiated using a culture

30 medium that was successful in callus culture. However, the requirements for suspension
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PCT/US 74 ? 890 7Suspension Growth
Tacus suspension cultures are capable of rapid growth rates and high cell

densities like other plant cell cultures. However, optimal conditions may vary from one

cell line to another, and accordingly, methods leading towards rapid optimization for any
given cell line must be considered.

20 The cultures of various Taxus species are cultivated by transfer into nutrient
media containing macro- and micro-nutrient salts, carbon sources. nitrogen sources,
vitamins, organic acids, and natural and synthetic plant growth regulators. In particular,
nutrient medium for suspension culture of Taxus cells will typically contain inorganic
salts that supply the macronutrients calcium, magnesium, sodium, potassium, phosphate,

25 sulfate, chloride, nitrate, and ammonium, and the micronutrients such as copper, iron,
manganese, molybdenum, zinc, boron, cobalt, iodine, and nickel. The medium will also
typically contain vitamins such as myo-inositol, thiamine, ascorbic acid, nicotinic acid,
folic acid, pyridoxine and optionally biotin, pantothenate, niacin and the like. These
components may be present at concentration ranges of 1/30th to thirty times the

30 concentrations listed in Table '2, and preferably at 1/20th to twenty times the
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ot-d), which can generally be identified by a |ighter green color.
The term "new growt h" is broadly intended to mean pl ant needl e
production Wyplhsuebdat year's grow ng season. PCT/USY7/0896% ent

contam nation of the culture, the tissue should be surface-sterilized 5
prior to introducing it to the culture nmedium Any conventi onal
sterilization technique, such as CLOROX (a tradenmark owned by the
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i ndi vidual ce?l lines vary in their preferences for growth nedi um
constituents, man i : NES .1 nducti on
and proliferati pn%_ﬁmﬁhﬁg%?'%wgs _ ‘ﬁn@m{?ﬁc’eﬁgﬁg%%oﬁmgf’em?m l|lum
conposi t son vigpicslly contain & primay esrbarssoorde) avhichlis defined as a source thdtprovidef er r ed

media for the differe species are listed in Tahle 3. For, exanpl e,

al t hough ot he?‘?’ﬁ%%%'gi’ﬁg"g*g,‘“‘gﬂ'é & ptpent snediumy Wﬂé‘ﬁ‘f‘_’%i“ ®%r Taxus
chinensis  preferabRfi8ctébe, Ehlactose Jraffifiosel-madfoss)celldbiobb QpintBslixglobe, 868hald! v
contain the ingredients ITsted in Table 2. Cultures are preferably

carried out venifeferablyghicessfustess: sucrons oF paltasee d'he consgntratiop gEthe PHERE shown
in Table 2, ' h | oor(?g,@g | 0.
variation i na% esggﬁg%}gﬁgm&mg#ﬁﬂ‘o?ég)as‘g&gﬁ %/d éf e tmgé?f&%rﬁ%v\fft%ﬁ{.@%r

exanpl e 10when(w/v) to 8% (wfe)li um A i s used, growth hornones or regul ators

I ncor porated into fhe nedjum.in . _anount between 1 .to 10 ppm
and preferably at ed’b‘ﬂ’ef‘t)mg}'mmé}ﬂw%ﬁo%ﬁf‘ﬂg\%ﬁm source, wﬁﬂcg, 'ﬁgg:gt,wqtﬂe growt h
hor nones or rag\itedgen Sddeden thederiPef mdceshutrient €auts|vwill prefehblgbé prowidéd A5 ppb

to 10 ppm and preferably at 2 ppb to 2 ppm The anounts of otger medi um
i ngredi ents clERSt HEPaRYGAN REBARICIULragen SQYFEE (£ 8- o015 0R 1OFS YRING Adids RICR Bhcent rat i on

to three glutanﬁﬂeﬂsﬁt_amfa&dz B Rphrfit 618 Sor! ﬁ&kﬁ%l&*&lmesgagﬁ.&e%r anic

Production of "taxanes in large quantities i's facilitated by cultivating
Taxus cdBl s nitrogen sobrgesmapspply eitragen sl goacentatiensaanging from fd mMdn 66 mMur e

can be i ni Ui o o S huf HEd 31 P the meiIEChuY Ude/1healihe 1 G650 SHbic

cal lus cul tur requi'renen suspensi on
acids such as acetate, pyruvate, citrate, oxoglutarate, succinate, fumarate, malate, and

" thelike. These components may be included in the medium at concentrations of 0.1
mM to 30 mM, and preferably at concentrations of 0.5 mM to 20 mM.

20 The medium will also typicaily contain one or more natural or synthetic plant
growth regulators, including auxin-related growth regulators such as picloram,
indoleacetic acid, 1-naphthaleneacetic acid, indolebutyric acid,
2,4-dichlorophenoxyacetic acid, 3, 7-dichloro-8-quinolinecarboxylic acid,
3,6-dichloro-o-anisic acid, and the like, cytokinin-related growth regulators such as

25 N¢-benzyladenine, 6-[y,y-dimethylallylamino] purine, kinetin, zeatin,
N-phenyl-N’-1,2,3-thidiazol-5-ylurea (thidiazuron) and related phenylurea derivatives
and the like, gibberrellins such as GA;, GA,,GA, and GA derivatives, abscisic acid and
its derivatives, brassinosteroids, and ethylene-related growth regulators. Additional
suitable auxin-related plant growth regulators are listed below. It should be noted that

30 the nutrient medium may contain more than one growth regulator belonging to a single
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culture, and particularly for highly efficient production of taxanes, may
be better newdya4476 modi fication of the nedium It hasPEERRINEMMId t hat
when Taxus cells are cultured in nmodi fied cul ture nmedi um and
processi ng paraneters tailored according to the nethod of this

i nvention, the yield of one or nore taxanes fromthe culture is
substantially 5 I ncreased. As used herein, the term

‘ ) ) ) -15-. ; )
"nutrient nediunt is used to describe a diumthat is sui tabl e

for the culti ' I | -q.glgt i lLiures. The term
"nutrient ned}é@%#’ ?é}se%g'gﬁé’?’ﬁ*mg%h aes@!?rf'%glg.ses eggﬁﬁf%?%ﬁéﬁ%%ioﬁrgﬁ and
"production cytokinin-reltediragdlatorT Tae growth fegnlatorswilltbeipreférably incorporatad idescr i be

an nutrient di um.t hat 10 favors rapie of gcul.tured,cells.sThe
term"pr oducma?ﬁf"?ﬁéw ahg cqnepniration 8eta'ﬁe“aml Np {0%3'?% gﬁfen?%‘ftﬁﬁ\ﬁ%éfﬁ AVor s
taxol , baccat Ml anll imor@pféferablpathedXécasehitvatiGiisilistell ih Tablé 2ir ed cel | s. It
I s understood that _growth can occur in a production medium  and that

producti oh can nless pthrravise indicated, growth mafia andefinedherein gravidera sytiable opt i num
grow h and pr ' C i i ' . I um

9L 200 0 S 1o pimanion oA e B
capabl e of r ajis airogtinsunhtter forcthosersklilled ipitheat to incorporate, medify, andmardipilate ot her

pl ant cell cultures. However., optjmal, conditiaqns . vary from one.

Bel | 1ine to RAGENA; clasichpnimmpiemityy comepiestidram witing Bvsmsiast  dehisre
optim zation foptimamperformance; paiti¢alar Bedid modificatidhiSire Povided i the Tables 2

The cultures of various Taxus species are cultivated by transfer into
nutrient10 _ Examplegibelowont ai ni ng macro- and micro-nutrient salts, carbon
sources, nitrogen %yﬁﬁﬁéculfuresareexp\éketd"’cg'a?ﬁsco SRIbImEE bLithias dndndrat ural  and
synthetic plant growmh'regulators. "I'n particular, nutrient medi um
f or suspensi ompreferably siiakerd offetherwiscagitatedyiol allowfor proper ynixing) ofdulturenor gani ¢
salts that su th roputrients cal.ciu | | tassi um
phosphat e, 25%8'|"¥°“s°a b gt% g ,c g‘ﬁfsoarr? e?’mfﬂefi (r%g? {(;e]fnpgﬁgﬂgﬁn’%%%nu%%an ﬁg

gi cronutri elnt although uﬁﬁer&pgnmﬁate bdlsmli’tions and/(ar circmma}ﬂ:l I B@llmnpermdnysbdﬁﬂtllfmgezi InIC
oron, cgpalt, iodine, a i ckel . The I um wi al so typically
cont ain t amithem : &R 3358.n§‘8§ Pﬁ&ﬂ’ PBE’P“‘[;??P‘A‘% tr‘?g, “‘“9?6‘3‘?’5?':5 b%?é”ﬁea',“‘ﬁ%lgot inic
aci d, The lchilfurd Glafl be Bnd e ighActhditiBhd ARG FomitSthl dirkrR&tbRbaENAL €,
niacin and the |ike. These conmponents_nay be present at

concent r at i on lightr{gersows bantl apdion broad spectrum) for veripus periods of time.

Doubling times have been measured by monitoring time-dependent biomass

increase, as well as by simply monitoring the growth index during routine subculture.
20 Maximum dry weight densities of 15-24 grams per liter have been achieved. The

growth characteristics of various 7axus species suspensions are elaborated in Example
4,

Taxane Production Conditions
1f secondary metabolite formation in a suspension culture takes place
25 concurrently with growth, the metabolite is termed growth-associated, and a single
medium formulation may be sufficient to achieve good growth and high level
production. In many other systems, it has been found that rapid growth and high
product formation do not take place concurrently. In such cases, growth and
production phases are separated and a medium for each phase is developed

30 independently (reviewed in Payne et al. 1991, Plant Cell and Tissue Culture in Liquid



30 concentrations listed in Table 2, and preferably at 1/20th to twenty
times the WO 97/ 44476 _

PCT/ US97/ 08907 -14-
concentrat i wonkiageed in Table 2, nore preferably at 1/3 tectiseesiornes t he
concentrations listed in Tabl e 2, and nost preferably at the concentrations
listed in Table 2. The nutrient nmediumw || al so
contain one or nore carbon sources, and will 5 typically contain a
primary carbon source, which is defined ]%§ a source that provides

over 50 % of the total carbon in the nutrtTent nedium The primary carbon

source is ef er ahl | act ose, | act ose, raffjnose, nnose

cel | obi ose, SYSKM, Q‘%I%gieés %‘%’?t Bﬂﬁecase °§taka SRR IR JERHSy | cose,
fructose, sug:rommampraiﬂct formation@Qn &8 @s;ﬁm:edahnmdéﬁenmen@am H&Velbeen )
carbon source may range fromO0.05% (wv) to 10 % (wv), and preferably from

0.1% 10 deyelpped for gagh( w/ v) . The nutrient nediumwl|

al S0 contaln Nl flaeRaPHbALor it hamidr R Uiipb el & he medium dBf g 1 00°N

added in the formof nmcronutrient sa ed at
l east i A par celigrownh phagcis different frorg e wmosaeo( of tge medinm dnnngrﬁleea:ant no acids

Pyar ol yzat esTrooHot Bhey K ehalt e it sl e PRk eriomPouitn Py RO gon

concentr at i Ofhg pimag) daamhrsemw ay'tithrige befvedlythe growth phast/¥ld Eegfrédutliby from 1
to 30 "M The medi um nmay al so contain one or nore organic aci ds

such as acet phage. lﬁry&mbbttée produsptionanedirg will gostain migaicas @ deviebhigher fh;néhaapé
mel ate, and e prowth njddfin. Olylﬁre pTQ@&SlyQRéTHRBF&gﬁr lgw infie | @ﬁbé{ﬂﬁ

medi um at concéentrations prefe y at
concentlPat i omybﬁ-@ﬂilmmlgberzimtmmro@mmn phase than the grdwa phaseti e vminhryal so

012l LY. O S A Bl NP bt Mg s
i ndol eacet i nywsedsortindnaﬁ Ipkdferaisip glucede] Rudose sucrd”sd 6+ ﬁhltﬂsy r The edticéhtration
2 A O Or O O hary arbon 20ures may rangs fom 0.05% (w/oh o 10 % (g, and Y | ¢ ac! d:
preferably from 0.1% (w/v) to 8% (w/v). Particularly perferred carbon sources for
15 production of taxol or baccatin are maltose, sucrose, glucose and/or fructose. In
particularly preferred emboidments, these sugars will be incorporated in initial nutrient
medium at concentrations of at least 3.5%.
The identity and the level of organic supplements, which may include, vitamins,
organic nitrogen sources such as amino acids, as well as the presence or levels of the
20 enhancement agents described below, may change or may differ in the media. The
identity and levels of the natural or synthetic plant growth regulators may differ between
the media. Similarly the levels and identity of macronutrient and micronutrient salts may
also differ between the growth and production media. Preferably, the salt content is
reduced in the production medium relative to the growth medium, optionally, nitrate and
25 sulfate salts are reduced disproportionately and more preferably the extent of reduction
is a reduction by a factor of 2-20 fold. However, it is understood that a single
growth/production medium may be formulated for this culture.
The production media developed here not only increase taxane formation, but
also direct cellular biosynthesis towards production of particular taxanes, such as taxol

30 or baccatin III. In addition, production of interfering by-products such as



3,6-dichloro-o-anisic acid, and the |like, cytokinin-related growh

regul ators such as 25 N err]-benzyl adeni ne, 6-[y,y-dinmethylallylam no]
purine, kinetin, zeatin, N-phenyl -N -1, 2, 3-t hi di azol - 5-yl urea

(t hi di azur onywoandasse! at ed phenyl urea derivatives anRCTURITIORNT

gi bberrellins such as GAlerr], GM,GAlerr], and GA derivatives, abscisic
acid and Its derivatives, brassinosteroids, and ethyl ene-rel ated
growt h regul ators. Additional sui tabl e auxin-rel ated plant growth
regul ators are listed below. It should bxj noted that 30 the nutrient
medi um may contain nore than one growth T ggul ator belonging to a single
\lé\g-/g Zjlsgélfgggoclephalomannine is minimal compared to bark tissue. The production media developed 15-
class, for exgrephiSo proRiote promiged deil Miabitityoandibiosythaiscshdiin gddiidy tauser nore

t han one cytokinin-related regul ator. The ﬂrowth,reghlgators wll be

pref erably i ndgnifiesptlevals ofipreduct to be secreted inte the griragelivlarmediumy These o pet ween
10[err]Mto 1 . l Jf%n d8LRar b ial scatdl and
nore preferab y?{g{é?#g aﬁ%ﬁ(&%ﬁ? ét ?ﬁg@ﬁ[tg% lré’ilzlm-it‘ralmTabrIle 2. ' Smmema 5

Unl ess otsher wproeess fiditoaneprodugtiont h nedi a as defined herein provide a

suti abl e artin oi nt for routine Lm ' f. C ul ture
medi a and producti ﬁ{h%ﬁﬂéa‘ele{“mm“ anc reeevery &é&ﬂiqﬁé%ﬁé%?m oc?th #’gstfeie
skilled in thgedim folfow Esiventidhalttechnighel (5oe, e.g) Example 5)| Pliedmmuno-assay

particul ar cl asses of components, and corrporients,;dro wit_%n % ven cl ass,
to achieve  (ELISA) trehmane-argely followe the protorels suppli W%W" gier hs are
provided in the JalleRmngachible kit (seEXRIPERBaRSEUN-1995, Journal of Natural The '
liquid cultures are exposed to a gascous environnment such as air and

pref er abi0y shBkaslrctar58o1008r 1014 éncarpioratedbereip by raferncehr Therantibodyrmayibeg of
culture onponents. The cul . ' ' ture
bet ween 23[ er PRPERERY 437 P puth of Wbt e i iU TS il o bTRGRE

condi ti ons angketors; i High perfarhase, liqhidshronaitography aethods waregslighitly modifiedom
O[err]Cto 33[err]C. The pH may be from about to 7 and,.preferably between
2 to b hamengiing prosbels et Bubamines Wi e BIReRIR R e g
fromtotal daplpfRa, déir rbRtion of taxane pkdkdBias ailiéved Wedvhing i Rebhifhte ddtavtign

spectrum for various periods of tine. . _
I5 and quantitation. Because of the possibility of co-eluting non-taxane components, the

spectral purity of taxane peaks were routine by checked by diode array before
integration of peak areas. Retention times of taxane standards are listed in Example 5,
and a sample chromatogram is included in Figure 4.
For higher plants, light is a potent factor in secondary metabolism both in intact
20 plant as well as in cell cultures. Both the intensity and wavelength of light are important
(Seibert and Kadkade 1980, "Plant Tissue Culture as a Source of Biochemicals." E.J.
Staba (ed), CRC Press, Boca Raton, Florida, pp. 123-141). For example, flavanoid and
anthocyanin biosynthesis are usually favored by high intensity continuous light, while
dark-cultivated cultures may be preferable for other metabolites. Increase in greening or
25 photosynthetic capacity of cultured cells may also increase product formation or product
spectrum. The inventors' studies involved the use of broad-band and well as specific
narrow-band light sources. As shown in Example 7.3., light exposure can bring about
increased taxol accumulation as well as secretion into the medium. The stimulatory
effect of light on taxol production suggests the existence of unique control mechanisms

30 for biosynthesis of taxanes. The nature of the photoreceptor and biochemical



Doubling tinmes have been neasured by nonitoring timnme-dependent bionass

I ncrease, as well as by sinply nonitoring the growth i ndex during routine
subcul ture. 20 Maxi mum dry wei ght densities of 15-24 granms per liter
have been awoi®eMests The grow h characteristics of rewusyI889aXUS
speci es suspensions are el aborated in Exanple 4. Taxane
Production Conditions I f secondary netabolite formation in
a suspension culture takes place 25 concurrently with growth, the
metabolite is termed growt h-associ at ed, gnd a single medi um

formul ati on may be sufficient to achi evd good grow h and hi gh | evel

production. In syste L,t. has fou t hat apl d growt h and
hi gh ° t[\cs gf ‘f{%ﬁe i%’fmf’ﬂe “‘)Slygt éea5 nﬁgﬁ'f’veé In such

cases, gr O\Ntlhcc&ﬁd'atlon of enhartement Qgérs) ipARoRiandc vathsthe teackingd oﬁﬂﬁb iavdiign,um f or
each phase |sﬂéjevel oped 30 I ndependently (reviewed in Payne et al. 1991,
Pl ant Cel | e fole Q& HERY pedess GYGalAgF gptimim berformance. > 97] 44476

PCT/ US97/ 08907 s oo - 16-
Systens, Hanser nbafi dlgﬁ%Fqsnonl\)ﬁomdmlssomd n%tg erétgsggseg ey é’r?gm%rp gg‘t}g%yi on in
Taxus, S oxyges, catbon éimtidp,r and ethtyleho (anplarnit dnrmaene), iplay sepal wilesdn growdh and

| ndependent ne hav ed fary each; .

a preferred c%g ﬁ?%e’fwggwgﬁrsqﬁgnpoﬁﬂ 'lifh[eidgﬁoqwée;& 8RR, SONGEAH MY ur | ng
the 5 Cfabdringl grivth ghdase] fodmakidnf ¢ Glli\ﬁodsryﬁi‘iipbﬂlk&u sincehey dictase redetdrhe

medi um during the tax roductlon ase. For exanple, the
i dentity andOReEAfES °84"’6‘1'i‘?fl§ J&PMP“SB‘GF%‘%° ?tmvé'm' gf prpduction need tojbe 1y i npry

carbon sour OlﬁcorF@& 1ed 1B Feackist (eRSH) b Bfan ﬂk%%muma&meawnéeheameémé on
phase. Preferab the production nediumw || contain sugar at a |evel

hi gher 1®han matatamsd the growt h nedi um More preferably the initial
sugar level int er.in the
production phase Qgﬁgﬁﬂ& Omﬁﬂl‘%ﬁh‘%ﬂﬁgﬂgﬁaﬁ%s& d?a%ahuﬁs%ﬂp&g%nﬁ%our ce

i s preferabl gfsbanﬂmetgaihwmmhesiam hngbsauranmmm foear obi ose,
ar abi nose,

In

oxygen-requiring step on a secondary biosynthetic pathway may require cells to be
subjected to high oxygen levels in the reactor. The importance of CO, supplementation

15 in maintaining high growth rates has been documented. Ethylene, a plant hormone,
plays pleiotropic roles in all aspects of plant growth and development, including
secondary metabolism (e.g., see Payne et al., 1991).

The inventors have found that certain gas concentration regimes may favor

growth and secondary metabolism in cell cultures. For example, a range of oxygen

20 concentrations may be compatible with culture cultivation, from 1 % of air saturation to
up to 200 % of air saturation, and preferably in the range of 10 % to 100%, and most
preferably in the range of 25 % to 95 %. A range of carbon dioxide concentrations may
be compatible with culture cuitivation, from 0.03% (v/v in the gas phase that is in
equilibrium with the culture medium) to 15 % (v/v), and preferably in the range 0f 0.3 %

25 to 8 % (v/v). The optimal concentrations of dissolved gases may differ with respect to
the cell metabolism, for example, cells undergoing rapid growth may have different
optima than cells undergoing taxane biosynthesis, which typically favor higher oxygen
levels, and are less sensitive to higher carbon dioxide levels. The optima may also vary
with the kinetics of the culture; for example, cells in the lag phase may prefer different

30 dissolved gas concentrations than cells in the logarithmic growth phase.



xyl ose, sorbitol, or preferably glucose, fructose, sucrose or nmaltose. The
concentration of the primary carbon source may range from 0. 05%
(wv) to 10 % (wv), and preferably fromO0.1% (wWv) to 8% (wWvV).
Particul arl y waes#aasmwed car bon sources for 15 pr oduct i onPOT/USH8070r
baccatin are maltose, sucrose, glucose and/or fructose. In

particularly preferred enboi dnments, these sugars will be incorporated in
initial nutrient medi um at concentrations of at |east 3.5%

The identity and the | evel of organic supg.enents, which may include,
vitam ns, organi ¢ nitrogen sources such as amno acids, as well as
the presence or | eygssived ﬂs&em%ﬂnteract ﬁﬂh%ﬂﬁ?é[ﬂme &ﬂ%ﬁ&t@ﬁﬂ%ﬂﬁﬁf‘a&ﬁhow
may change or may differ |nthema|a dentity an evels o
the natural ornof sqhanmenbagghmm manyoways. Fegmdampbr exygenyreduifeémentsimsyobange

the media. Sim l nmacronutrie and

m cronutri ent E%’Fl "%?}3&‘9’ or S?mu'laaorhﬁr’%bosﬁ?sésr *B‘gf% lﬂr?sﬂgmﬁ’lncf%ﬁasaan‘a"““d
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production nediumrelative, to the growh nedium optionally, nitrate an

sul fate salt s Simwetosmecnediate ﬂ?eaaeg 1 Bk swene. aﬁeaméfeét ghdeispigdustiome ext ent

of reduction mdependently%f%r&ﬁ&h\ﬁtsé&ﬂdﬁy nf%ta%@ﬁ‘s‘irp MnQhchcaddd, 1E flagibe @fa It

i s understood that a Sing gr owt h/ producti on nedi um nmay
formul at ed f osubskiue wlcmhsd elicitor preparatlon with ethgiege, pndmlhnps pnvcmanomtyevel oped

here not only r tagane f ct.c IJuI ar
bi osynt hesi s ta%)s\%gir %g%%rh sauctt %ﬁg?}f b’ggﬁn&fﬁ;‘} eg'glioéﬁé?arazﬁ'& th’S ?’th
or baccatin | inay beadwmithgtousio inhibitdhecdction oDéthylerieptheby alipwhing the elibiver Br such as

WO 97/ 4447
PCT/ US9 7]ﬁb8901ft1mulant to promote secondary metabolism in a more exclusive, and thereby more _ 7.

cephal omanni neffédive] mdnie mmibsaibélswbﬁw&. %%Hﬁroﬂﬂ?lu%ﬁﬂbﬁiﬁb&@ﬂﬁ%ﬂéa

devel oped here al so pronote prol onge viabi ity and

bi osynt hesi s, agea. deesadvantageeuslygnedify taxane biosynthiegini f i cant | evel s of product
to be secret eq: hRh&: {‘; ?Agéﬁ{,acel | ul ar medi um These characteristics
are extrenely 1 npor he operation of an efficient comercial scale

5 process for Pexdactonmfeeinodirpmetabolites is a complex process, requiring coordinated

15 action of many different enzymes to produce and sequentially modify the precursors
which are ultimately converted into the secondary metabolites. At the same time,
secondary metabolite production will be lowered if other enzymes metabolize precursors

‘of the desired metabolite, draining the precursor pools needed to build the secondary
metabolites.

20 Limitation of the amount of available precursor, due to low production or
subsequent diversion, or limitation in the conversion of a precursor or intermediate to a
downstream intermediate, or limitation in the activity of a given enzyme, will limit the
production of secondary metabolites. In any particular culture system, the rate at which
a secondary metabolite is produced will be controlled by one of these limitations,

25 forming a bottleneck in the pathway by which the precursor(s) are converted into the
secondary metabolite. Relieving the limitation which causes the bottleneck will increase
the rate of secondary metabolite production in that culture system up to the point at
which another step in the pathway becomes limiting. The particular step which limits
the overall rate of production will vary between different cultures, as will the action

30 which relieves the limitation.



Met hods for the extraction and recovery of taxol and taxanes fromcells and

t he medi um fol | ow conventi onal techniques (see, e.g., Exanple 5).
The i Mmuno- assay (ELI SA) technique largely followed the protocols
suppl i ed byydiats Bi ot echnol ogy in t he conmer ci alricg/usynisbarbl e ki t
(see also, Gothaus et al. 1995, Journal of Natural 10 Products, 58,
1003- 1014 incorporated herein by reference). The anti body may be

specific for any taxane, such as taxol or baccatin Ill, or |less
specifically, for the taxane S eton. Hi gh performance liquid
chromat ogr aphy net hods were slightly notUrfied from existing

protocols as elahorated in ampl e, 5. Under the conditi o In this
i nvention, clear ‘P0G YF ?ﬁ?’%ﬂ%&%ﬁ!&%‘gﬂﬁaﬁ&“i&?ﬂffé‘&? grs ée%%?'{ *nﬁ'by in
accurat e deleRfmafio stéfs, and the Pekséiid AiventoRihat detEiatimedsevend] clabses ppssi bi ity of
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peaks were [cohanFomentggeatsorinehreligye one gemare of thasatedimiting steps in takafea o at i on of

peak ar eas. p3elfilesC Aduitidh B Ble AR EnBhAAAL Hn@i6a Lhitired 11 Exanpl e S,
and a sanple ¢chromatogramis 1 ncluded 1 n Figure 4. For

hi gher %! antaxané-pridticingcells pdit enhancedls rate ofiaxane produstionrFugkesmprenthsot h i n
intact 20 | ant ag wel.l in cell cultures. t hey d 0l ' and
wavel engt h 6‘?"°1F‘) oéhavaagematﬁﬁﬁﬁe S the e&anwp@a&p@?&&a&s@ﬁeg%lg%%? "Pl ant
Ti ssue Cul t uf RafdSome SH4hERy ifecBin@idiC k&t sroducingultures, suggesthigahat thed) , CRC -
Press, Boca Raton, Florida, gp. 123-141). ,gér exanpl e, fIavE}noi d and

ant hocyani n oprell praduetiansatgie %M°ﬁ9‘°¥%$’ m}e'ﬁrr%ﬂs StSPE PY & comBRlEX nuous
Light, Wil Geraction am ra‘iﬁtﬁ%lﬂt%@flﬁﬂﬁ%ﬁ%ﬁq{éﬁﬁﬁ’oﬂ% BhEbfRh&lhiing OF Ot her

nmet abolites. T'ncrease Fn greening or photosynthetic capacrity of
cul tur bl celfacsonyaiil erhsucei taxane pxdugiondalthoughothemaguitude of theeubancement will
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ot oduct i on SaBYuSEAHAlE B BHEEEHOR PERE o PSRRI M for
\?\io 03 ¥/n2124e1 § g%eﬁéticttﬁﬁi@'ﬂﬁ%fth-g&lli' e omp8fitidn 6F tROQilRfAR&INiN andiihd ghieasreni cal
PCT/ USHY¥/ 08@@yironment, temperature, illumination and process protocol, and the enhancement
agent(s) added to a particular culture will usually be selected in view of the limiting
factors in that culture, which may be determined empirically by comparing the effects of
individual enhancement agents as set forth herein. Furthermore, it has been discovered
that further enhancement of taxane production will be achieved if more than one
20 enhancement agent is present in the culture.
Representative enhancement agents within the contemplation of this invention
are exemplified in Table 1. The enhancement agents of this invention will be discussed
under several general classes. These classes are: anti-browning agents, anti-senescence
agents, anti-ethylene agents, plant growth regulators, such as auxin-related growth
25 regulators, precursors, inhibitors, elicitors, stimulants and jasmonate-related compounds.
One class of enhancement agents contemplated by this invention are
anti-browning agents. . As used herein, the term “anti-browning agents” refer to
components that are added to the nutrient medium to prevent the formation of pigments
during cell cultivation. These pigments include phenolics and related compounds that

30 are generally observed to have a deleterious effect on cell growth, viability, and product



- 18- characteristics of light-induced stinulation are not yet

cl ear. However, the I ncorporation of enhancenent agents, in
accordance with the teachings of this invention, render the role of
i ght as | eswo7i4#476al for opti mum perfor mance. PCT/USY7Q8WAdi t i on

to non-vol atile dissolved nutrients, gaseous conponents, primarily 5
oxygen, carbon di oxide, and ethylene (a plant hornone), play critical roles

in growh and product formation. Two paraneters are inportant. The
di ssol ved gas concentrations favgning growth and taxol formation
are obviously inportant since they dictate reactor operating

condi t1 ons. | ordid [0Bpichl {130 Riing badio BRI At ﬂﬁ%%ﬁﬁg 198as to be

|ncorporated into reactor desi , hat the opti num speci
concent r at i oniavendion(igas¢erbic acldrmﬁmfluowmug agents may be typically mcmmmh;bn ithes

|rrportance|n r iration enc al.so matically affect the rate

of secondary nﬁ?g‘g‘&tﬁtgmﬁpt&% TOBPIMO lE}Eﬁ)g‘g{"ﬂratlon constant for an
oxygen-requi ri ng SAfghértias 5mm§y¢amymhgaﬁyigtahﬁ¢;ﬁsdaﬁdews nN&Y require cells
to be subj ected to high oxy B‘ﬁn l.evel s in the reactor. The

i npor t ance of a'@qeeﬁcfmgagmt&fewp ofbiologicql gr pef-bielegicel agisin tht RERtesHs h
rates has beeped @ Ridseshce ESHH EBfis campkaras, fﬁpﬁﬁﬁxﬁi& bjocking g thep Md%%

pleiotropic roles in all aspects of plant rovvt [ ncI udi ng
secondary net efrsmpsrndseha promete smsqﬁeceebloe!hng the 99!9)1 of senescence-promotmg The

I nventors hav onc f avor
growt h and segagﬁ)?a?gm&rf{fgabo ssﬁqivlgnng@é?ﬁcm "%YC[TP asc i @%&%“geﬁxge of
](c)xygeg g/o f omnmfxrmertnbrhmandapgabaleamﬁbﬂbiz %gat;mh?g Wuch &gemt hfludat I Ond
rom of air satu i,0 o 0f air saturation, an
pref er abloloy in 'F??é’“?sEfrPg “é’g"‘ib"t‘%‘twlw ﬁ‘ﬂ@eﬁﬁ‘éf'f“b‘d"‘“ such ag spar@gH vy i n t he
range of 25 %gefimidfd) didinindproParief andandike; sutPbrodfing Q. Q&@K.ﬂhﬁhb&fb?pﬂa%hcs

be conpati bl e W|th culture cultivation, from 0. 039 /v in the gas phase

that is in productiopeasdiradical saaveneens. such agteduoed &l wbpmrqml I, od/ v), and
preferably i nsmﬁmfdrgliaégﬂ@oﬁﬂdégugh a@égéerca%}zx??ﬁomxﬁh The opti mal

concentrations o 'ved gase er w respect to t he
cel | metabolism fAmti-ethplend %enhsai’el daﬁwdcbrsghnangesrtMmde@thh etiglentiave

di ff h b h whi ch
Cypi cai 15 1 avBPotstBRar SBtERbaos. A shBheteent i baner MR YRS Vet o

hi gher carbo mndiaWisﬁh&ndy&)éﬂhﬁher'Ehﬁsnﬂbﬂtab mymblakﬁﬂlebiﬁﬁﬁtagomsts and Wi th the
ki netics of tgﬁ cultuyre; for agﬁ &)HSI the |.ag phase may prefer
different 30 Sthylengactipp %ﬁﬁ%&s %Y‘B%‘Fé‘staﬂtéﬁm!&%‘f #’5 CP'HP?‘Wés thebarit hii ¢

growt h phase. interfere with the biosynthetic pathway to ethylene; examples of enzymes along this
biosynthetic pathway that are inhibited include ACC synthase, ACC oxidase, and

20 ethylene oxidase. Examples of ethylene biosynthesis antagonists include
a-aminoisobutyric acid, acetylsalicylic acid, methoxyvinylglycine, aminooxyacetic acid
and the like.

Examples of ethylene action antagonists include silver containing compounds,
silver complexes, or silver ions, carbon dioxide, 1-methylcyclopropene,

25 2,5-norbornadiene, trans-cyclooctene, cis-butene, diazo-cyclopentadiene and the like,
Suitable silver salts include silver nitrate, silver thiosulfate, silver phosphate, silver
benzoate, silver sulfate, silver salt of toluenesulfonic acid, silver chloride, silver oxide,
silver acetate, silver pentafluoropropionate, silver cyanate, silver salt of lactic acid, silver

hexafluorophosphate, silver nitrite, and the trisilver salt of citric acid. Ilustrative
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Di ssol ved gases may interact with other culture conponents and with the
action wo 97144a%6 enhancenent agents in many ways. For exsripse7o®Eygen
requi renents may change upon elicitation or stinulation of

bi osynthesis. Increases in respiration rates as a wound response
are commonly observed when plant cell cultures are elicited. Elicitors or
5 stinmulators nmay nediate their act_'ﬁ)_n via ethyl ene, or may affect

et hyl ene production I ndependentTy of pronoting secondary

met abol i sm ' b sinhable to . . bstitute a

m crobi al ele%%ﬁorgﬁﬁegéﬁi%cﬂn %ﬁ%\?\nxﬁxﬁ&eﬁﬁvp{ehﬁgf gya?lﬁarﬁéyr?fagﬂ erﬁég\l'é‘ht toxicity
associ at ed \shévmn imtBxamplei1or obi al conponents in the elicitor preparation.
Alternatively, it . may be advant ageous to inhibit the action. of

et hyl ene, ther ebﬁ“&ﬁly\llﬁ“ﬁgg‘i”%“ﬂeh"d?‘i"&’°'6 31'150 the mediym,af leyels of 40 ppb ot €
secondary mabe@eprh.S Wheh sifveFRliftofporatttin'iRe maditm! # GAIFLY addld & a

effective, manner. As described below, silver 1on, a conponent known to

af f ect %t hycepgentration of less then PofhuMapeeferably less thayeHWNN, anddndry pteforsbly
oo s tan 200 0. “OBRSHAE WincBERlS in o metiom, i vily HOREHH, S0 ©

secondary neta I's @ conpl ex process,

- action of meoycesirdtionrof at lewst 1§ nikk ptefergbiy H0ceMamndregeeferablyi BINLyandodi fy t he
precursors icall ) d‘héh are ultimately converted into the secondary
met abol i t es DAY £ “tinme, secondary netabolite production

Wi ll be |owered Ehhdtéifent 8genis Bdnteiplabddh tACinPERioN IneR¥de plant growth Of the
desired netabolite, drajning.the precursor pools needed to build the

seconddyy regulators, pagicylagy paxincrelated growth regulators, whightwill inslude auxinse anmount of
avail able p : i o : o e t diversion,
or 11 m t at | compomh i iah fce GUVRL AW bl Buulioist, Avyin MUSIINER °

downst r eam regulaters wilbtypicallyrbelinqorposatedin themediemat toncestyatiohs of bgtween enzyne,
will limt . roductd on, of £on abol ftes. In_ _an

particul ar Egﬁl\&ragd %9/35 erﬁrgt?'ﬁéfy gwge%?&m?ﬂdgﬂ)[s&'nﬂ03t Ly egégﬁ’fﬂﬂ‘}ﬂl? tabolite
S bpr oduced Em@ih-kelhed gmwrt]li cdghlgttrm_cmel -ﬁfapﬁthﬂ&%aééﬁﬁi(n&ia,t 2—Nﬁﬁ1th£§xeacetica form ng
a bott].eneck .i.n t hwa | e precursor(s) are converted into

t he lls ag&%ﬁ%&?@%“&g’&'% Xﬁwﬁﬂwﬁa@%ﬁgeﬂﬂélﬂaﬁh Rhghplamic edid.causes the
bott | eneck WiNdphindgyReksacid, z-NapmhbJaﬁcétPcta%idQBetﬁ-%?mei%c&ﬁta@ﬂ?' ite
production in that culture systemdup to the point at _ whi ch anot her
step in t help¥aphthayyaseamides3-Chlerenhanpxyauetic peid.t4-Ehipeaphencxyacefii asid, | i mi t s

the overal | 3$Iﬂ&@phgﬁox9£&ﬁyQéiﬂ,q{?déll\édcktamg}llngatempacq&,flntnforyﬁirc]état%,u Itures, as

w il the action
Indoleacetyl leucine, Gamma-(3-Indole)butyric acid, 4-Amino-3,5,6- trichloropicolinic

20 acid, 4-Amino-3,5,6-trichloropicolinic acid methyl ester, 3,6-Dichloro-o-anisic acid,
3,7-Dichloro-8-quinolinecarboxylic acid, Phenylacetic acid, 2-lodophenylacetic acid,
3-Iodophenylacetic acid, 2-Methoxyphenylacetic acid, Chlorpropham,
4-chloroindole-3-acetic acid, S-Chloroindole-3-acetic acid, 5-Bromo-4-chloro-3-indoyl
butyrate, Indoleacetyl phenylalanine, Indoleacetyl glycine, Indoleacetyl alanine,

25 4-chloroindole, p- chlorophenoxyisobutyric acid, 1-pyrenoxylbenzoic acid,
Lysophosphatidic acid, 1- naphthyl-N-methylcarbamate, and
Ethyl-5-chloro-1H-Indazole-3-ylacetate-3-Indolebutanoic acid. Other preferred
examples of auxin-related growth regulators include Naphthalene-2,6-dicarboxylic acid,
Naphthalene-1,4,5,8-tetracarboxylic acid dianhydride, Naphathalene-2-sulfonamide,

30 4-Amino-3,6-disulfo-1,8-naphthalic anhydride, 3,5-dimethylphenoxyacetic acid,
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Taxanes are secondary mnetabolites which are produced through a series of
many wenzydet i ¢ steps, and the present inventors haRETHSIEIEWhed
several classes of enhancenent agents which relieve one or nore of
the rate limting steps in taxane - biosynthesis. Addition of one of
t hese enhancenent agents to a culture of 5 t axane- producing cells wll
enhance the rate of taxane production. FEwythernore, the i nventors

have determ ned that use of the enhancenent agents discussed herein wll

have . ' SO . . i
cul tures, Suglgée-ls\ﬂ[aﬁlﬁgil;{nﬁ%ﬁﬁ%ﬁﬁﬁfdpﬂ&oﬁ%{%ﬁ%ﬁlcf,' 8?% u%}{k?.gﬂﬁr %ﬁé@%%@’?er m ned
not by a si n@,}5<Tachlotapheroxyapetit anul, 2ethiyd-ahlooopbemoxyacetic acid, i nt er acti on
anong a nultiplicity of Jlimti fac . . Relief of any .one,of the limtin
107" Fact or JuipPtentnRistiesss, Blao - DisoP BN ORI A g i t ude of t he
enhancenment ViJipha-(2,4-DichistepiRASkydptopionit a&id] aBr&h&ﬂ\uﬁﬁs&ﬁdaﬁd,ons whi ch

determne the relative Ilmtlc&g effects of . ..other steps in taxane
bi osynt hesi s, 4-BHewpbengxyacetiq acids 2{Hydreyphesaxyssetichrsidy SrEhipreindele, cul tur e

condi tions I [ |, et | -ﬁ%ﬁnﬁ % 4.m:hLing factors
i ncl ude the\MH Eoft3 g’@%%‘%‘éﬁﬁ@{’ﬂ%f“g@tﬁe ce {mso\,{éa% ﬁgﬂg)(?lrlr%(%l?’t ion of the
cul ture nedi BaChintbindote-2rearbonylic 4did, Indole B pyruyivrasidi , t enper at ur e,

i 1lum nation d preocess protarcol . a he .enhancenent agent (s)
added to a pa”?ﬁfo{'&' ‘g'F 8[ﬂ'f‘ﬂ§389‘§¥w*%§32ht'?f§* Spindgyy "gg?t&d in view of the
limting QuinolinaQtthioflytdlictabid] Afitlophénglacetitiacids, FElitidphéh9labetitiacidd
enpirically bsyq:corrparl ng the effects, of i ndi vi dual enhancenent

agents M set-Ehiptont-hudraxybenzoisrackle Chigrilurend], tnGliotgad-tndayl asesster ed | "

that further \e(dlammeRBIY-5%¢nidrd% A EphEHaRAE It RN Iydr&ﬁloﬂﬁaiﬁéﬁfd?o-bf' more than

one 20 enhancement "agent Is present 1n the culture.

Repr esent at i (&3elhiorophesyl) progionitsle,v-chiorophénoxyaceticsacisl, 6,7+ dimethéxyt hi s

SO e R o e LSS, 25 O
Mastoparan, 2,3,5-Triidobenzoic acid, 2-(3-chlorophenoxy)propanoic acid, and

.15 Mecoprop. Other examples of suitable auxin-related growth regulators include
Naphthoic acid hydrazide, 2,4-Dibromophenoxyacetic acid,
3-Trfluoromethylphenoxyacetic acid, Oxindole, Indole-2-carboxylic acid,

Indole-3-lactic acid, Beta-(3-Indole)propionic acid, 2-Bromophenylacetic acid,
3-Bromophenylacetic acid, 2-Chlorophenylacetic acid, 3-Chlorophenylacetic acid,

20 2-Methylphenylacetic acid, 3-Methylphenylacetic acid, 3-Trifluoromethylphenylacetic
acid, 3-Methylthiophenylacetic acid, Phenylpropionic acid,
4-chloro-2-methylphenyithioacetic acid, 2-Chlorobenzoic acid, 3-Chlorobenzoic acid,
2,3-Dichlorobenzoic acid, 3,4-Dichlorobenzoic. acid, 2,3,5-Trichlorobenzoic acid,
2,4,6-Trichlorobenzoic acid, 2-Benzothiazoleoxyacetic acid, 2- Chloro-3-

25 (2,3-dichlorophenyl)propionitrile, 2,4-Diamino-s-triazine, Naphthalic anhydride,
Dikegulac, chlorflurecoimethyl ester, 2-(p-chlorophenoxy)-2-methylpropionic acid,
2-chloro-9-hydroxyfluorene-9-carboxylic acid, 2,4,6-trichlorophenoxyacetic acid, |
2-(p-chlorophenoxy)-2-methyl propionic acid, Ethyl 4-(chloro-o-tolyloxy)butyrate,
[N-(1,3-dimethyl-1H-Pyrazol-5-yl)-2-(3,5,6-Trichioro-2-pyridinyl)oxy]acetamide,

30 4-Chloro-2-oxobenzothiazolin-3-yl-acetic acid, 2-(2,4-Dichlorophenoxy)propanoic acid,



under several general classes. These cl asses are: anti-browning agents,
anti - senescence agents, anti-ethylene agents, plant growh
regul ators, such as auxin-related growh 25 regul ators, precursors,
I nhi bi t or s,yw@b/gdsbers, stinmulants and jasnonate-rel ated cEQIUSYEI907
One cl ass of enhancenent agents contenplated by this invention are

anti-browni ng agents. . As used herein, the term"anti-browni ng agents"
refer to conponents that are added to the nutrient mediumto
prevent the formation of pignments during cell cultivation. These

pi gnents include phenolics and rel ated '%'rrpounds that 30 are generally

szgL\éfd tozr-] 2V4e5- ric Iet r| ¥ e%a];'ngi%tam n4-‘i’?uorop(ﬂeny‘fvtcgtic ‘d’ib' lity, and

PCT/ US97/ 08%Qﬁ dro henylacetlc acld Orthonil, 3,4,5-Trimethoxycinnamic acid, -21-
formation. At plcal anti - browni ng agent used,lnt& r}lutr ent, medi a
accordi ng t @@, ﬁTdsCh‘OfOPhWOXY)mﬂMW'G ale3prapigrig agjd, 3p ‘H"Y‘Blv owni ng agents

may be typi cap %&{){Iﬂ%g%g&ﬁ@m@, dnfl A-PfRenyl-1,2 4-th1adi'§fdi15%l§3ao€tl§went ration

range of 10 pp her’ cl ass of enhancenent
agents $§s ant|-sé)thermhsmoﬁglanttgowﬂneglﬂatorsmmsbesmamﬂed:mtca@ent is a

conpound of bi ol ogi non b|oIo or.i t cts
celrr}os from g@ﬁee&%ﬁ@emsa@mmgg ﬁul M&?&’b‘{} yp)gym&? OV (ki ng the
production regulators suélf ascmeupﬂaeﬁﬂ@ummmaﬁylﬂmmq Ijmﬂne kinetirk izedin} he

action of senescence- prono

radi cal - scavRbenylNorl, mdl%q?édﬂﬂfe%ﬁﬁlﬁwfp gﬁﬁlgf‘gl’}ﬂ‘ﬂﬁm? derivativesgri ¢ y
of cel | ular R HICHY @e?euagg?cﬂe‘h GIAY, 2l G deFRRIVRR aB4Biic aeidbhdagent s

i ncl ude 10 ant ag nists ne act I'on; pol yam nes and their
met aboll@ t es,itssleciateves, bmsxmstn;pxds and ethylen@p@mi growth reguamsmsmlngang and t he

li ke; anti-bro ents, h|b| ors heno ) |on

and radi cal @%ﬁ% °'§‘E?5?Pr§ hﬁg'&y 6’1 %?cﬁil:t(})aggms %"F‘B%eﬁ"’ y?'g‘%‘l and
sul f hydryl GW&%f&dﬁe%MemiﬂMraﬁd 1oMMcapt oet hanol ani ne.

Anti - et hyl ene agents are def ed as substances that @n e{fere wi th ethyl ene

15 product i orfARgt ancement ageats are RICAYSS AT HigIYRthetic ERIBIS o f o ¢
wi th et hyl engs used herein, fﬂ%tté’rh’%rbémd?ﬁ%e RSed 14 destEibe Ednsouhds fided6d the

et hyl ene- bi osynt hesi s” ant agoni sts, and
15 nutrient medium that are metabolized and incorporated by the cells into taxol and
taxanes. Suitable precursors include precursors of isoprenoid compounds such as
acetate, pyruvate and the like; a-phenylalanine, -phenylalanine (3-amino-3-
phenylpropionic acid), phenylisoserine, N-benzoylphéhylisoserine, benzoic acid, shikimic
acid, glutamine, cinnamic acid, and the like. Derivatives of the aforementioned
20 molecules are also suitable as precursors.

Another class of enhancement agents are inhibitors. Inhibitors are compounds
which inhibit enzymatic or other cellular activities As used herein, the tern “metabolic
inhibitors” are used to describe compounds added to the nutrient medium that interfere
with specific biosynthetic pathways. For example, a metabolic inhibitor may be used to

25 enhance taxo), baccatin III, or other taxane biosynthesis by blocking a different pathway
that competes for an early biosynthetic precursor. Particularly effective enhancement
agents of this class include inhibitors of phenylpropanoid metabolism, which are
compounds capable of inhibiting the synthesis or metabolism of cinnamic acid or its

derivatives. These compounds include preferably p-Coumaric acid,

30 4-Fluoro-DL-tyrosine, 4-Methoxybenzoic acid, 3-dimethylaminobenzoic acid,



et hyl ene-acti on antagoni sts. Ethyl ene- biosynthesis antagonists are

conpounds t hat interfere with the biosynthetic pathway to ethyl ene;
exanpl es of enzymes along this bi osynthetic pathway that are
i nhi bi ted i ngbueesaMC synt hase, ACC oxi dase, and 20 et RITEHRE7BN Hase.

Exanpl es of ethyl ene bi osynt hesis antagoni sts include
a- am noi sobutyric acid, acetylsalicylic acid, nmethoxyvinylglycine,

am nooxyacetic acid and the like. Exanpl es of
ethyl ene action antagonists include silvgy containing conpounds,
silver conpl exes, or silver ions, carbon dioxide, | -methylcyclopropene, 25

2, 5-nor bor naq) eng, L1 A0S £X6LORRbAREmICid BSRE, afasanstal@RRRL adi ene and

the i ke. e Silver sa e dilver nitrate, silver
t hi osul f at e, Meérchtoetidnok BHFdRxyumarn, Cmnamylﬂuoma,zzaataawéyﬂwclmhﬁat e,

| [t of tol | f hl
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of lactic acigmrgils!cimbmoylimid e{‘@%nklﬂﬂﬂpf@ﬁ“ﬁ%ﬁc adid |B€Q£y\/% ﬂflaﬁune@nd t he

trisilver salt O@CI'[I‘IC aC| | ustrative 44476
PCT/ US97% 089(Ptocaine, Monensin, N-(4-Hydroxyphenyl)glycme 3-(4- hydroxyphenyl)propnomc acid,_ oo
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salts are et hyl ene
agents may banérmmepnaﬁ)emyoﬁtecanﬂﬁteaMd iacidhsalt cdmpled, s of 10 ppb to

1000 ppm Wen silver or, ed in the nediu .t will be added at a
5 concent]PIa'tM‘?SW‘{?WH?' dal 'I\‘}}"BFW@&'BF ‘flg%tgreftﬂllan 500 pM and
mor e pr ef er ab)_¥yorocinnamic a@iaSTltahsaﬁ‘ 43ﬂﬂu&%mr\%adid I3veDifiusrd-DFNepalaigg i n

the medium it will be added at a ncentration of at |east 10 nM

preferabfy 10bethyidithienacbamicdcid; @Fwomdlmmlmra-phenylethyb RhoprheBicagidat 10 pM
Enhancenent ant growth 10
regul ators, E%‘??‘;"a‘dfe%‘? %@E%D%qrded[ M}h Fb\f& ‘*23u¢§§%§gm°ﬁ]. ch will

i ncl ude auxi nGnitrocinnamic acm,rmbmetlwlemdmxyemnamc héid,3-Bct-methylenedioxipkenyd] n

n n A -rel
antagoni st s. e S, £

megxyPeneJ] oxyphenylacetic acid, 4-Fluoro-L-Phenylalanine,
4-Hydroxyphenylpyruvic acid, 4-Fluoro-DL-Tyrosine, Trans 3,4-Dimethoxycinnamic

15 acid, phenylpropiolic acid, L-2-Hydroxy-3-Phenylpropionic acid,
2-hydroxy-4,6-dimethoxybenzoic acid, SKF-525A (2-(diethylamino) ethyl ester of -
phenyl-a-propylbenzeneacetic acid), vinylimidazole, ammonium oxalate, sinapic acid,
and 1-aminobenzotriazole and related analogs. When incorporated into the medium, the
inhibitors will be added at a concentration between 10 ppb and 1000 ppm, preferably at

20 a concentration between 100 ppb and 100 ppm, and more preferably at a concentration
of 1 ppm to SO ppm. '

In order to improve the yield of taxol, baccatin III, and other related taxanes in
cell cultures, the inventors have undertaken a number of approaches. One of the
approaches that has been used to enhance productivity is the use of so-called elicitors.

25 As used herein, the term elicitors is used for compounds of biological and non-biological
origin that cause an increase in secondary metabolite production when applied to plants
or plant-cell cultures (Eilert 1987, “Cell Culture and Somatic Genetics of Plants,” Vol.
4, F. Constabel and LK. Vasil (eds.), Academic Press, New York, pp. 153-196; Ebel,
1984, Bioregulators: Chemistry and Uses. 257-271; and Darvill et al., 1984, Ann. Rev.

30 Plant Physiol., 35, 243-275). Many different compounds can act as elicitors, depending



regulators will typically be incorporated in the nmedium at concentrations
of between 10[err]Mand 10[err]M preferably between 10[err]and
10[err]M Most preferred exanpl es of auxi n-rel ated grow h
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preferred lanthanum.cselepiyme vanadiug, led cadminme shramisim, pluminjumdodine, bariemyde
Napht hal ene

Napit hal one g% BREE AR, Brfm. ot 1d, L ulg e poted that conai
Naphati@al eneepsund$ maamdiet,e ebéitation, far- ekample; the faswiomate-fefatdd &mpoaphdshal i ¢

ggl]-y Srsb(;?bégéﬁsfngecmae W ay a?so)%%gl?s%cle?eda a% IeF ditors. VD 97/ 44476
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1, 8- Napht hal i m dehristerfet(al. Glbb@f &ﬁéﬁﬂﬂﬂ@&ﬁﬁxhﬁal dlicitBrs add Selected compounds
Di chl or ophenoxyacetic acid 5-Trichl or ophenoxyaceti ¢ acid,

3,
2- Met hyl - 4- frredustieraitryel by sespensiqng of F i s brevifolfq; howeyss thsdpsreates eﬂhel ds,
DL- al pha- (2ne%elfm?éo%&ahﬁm@mraha{yr&e&tmeﬂm have not been specified.

D-al pha-(2,4 or ophenoxy) propi onic acid, 4- Brormghenoxyacetlc acid, 5
4- Fl udkSophenoxy abregeneral dioth klmislﬂfdhmmneﬁ'gcamtaltbow ith exgenCtel which ndol e,

elicitation (taxane accumulation in cell cultures as well as their secretion into the

medium) occurred differed from elicitor to elicitor and from species to species. The
highest production increase was attained with chitosan glutamate, lichenan, ferulic acid
and benzoic acid. Chitosan and lichenan are complex polysaccharides derived from

20 microbial cell walls. Chitosan when used alone is insoluble in medium, and is toxic and
causes permanent cell damage. Chitosan glutamate, on the other hand, is readily solublé
in medium and does not affect cell viability. Ferulic and benzoic acids are synthesized
chemicals of biological origin, and are generally used as anti-oxidants in biological
systems.

25 Elicitors and metabolic stress agents may be utilized according to this invention
to maximize taxol, baccatin III, and total taxane production and secretion in tissue
culture by assessing elicitor specificity and concentration, timing, and duration, as a
function of culture age and média composition.

Another class of enhancement agents contemplated in this invention are

30 stimulants. As used herein the term stimulant is used to describe compounds added to



6- Chl or o- 3-i ndoyl acet at e, 5-Fl uoroi ndol e, 5-Chl oroi ndol e- 2-car boxylic acid,
3- Chl or oi ndol e- 2-carboxylic acid, Indole-3-pyruvic acid,

5- Br ono- 4- chl or o- 3-i ndoyl butyrate, 6-Chl oro-3-indoyl butyrate,

Qui nol i ne- 2-wobismgdaye ol i c aci d, Am nophenyl aceti c aci ds, 3-NedTusoves®? acetic
acid, 10 3- Chl or 0- 4- hydr oxybenzoi ¢ acid, Chlorflurenol,

6- Chl or o- 3-i ndoyl acetate,

N- ( 6- am nohexyl ) - 5-chl or o- 1- Napht hal enesul f onani de hydrochl ori de,

2-chl oro-3 (2, 3-di chl orophenyl) _H_opi onitrile,

o- chl orophenoxyaceti c acid, 6, 7-di net hoxy-

1, 2- benzi sox =3 ' L : = - ' L. I ne-2-yl acetic
aci d, el Heio iy hiulpt YO el BEEloAMLE PR, fr

2- ( 3- chl or ophkeamply }hpsoleadiog © thasyothestind 15 Mecoprop. O her exanpl es of

sui tabl e auxi n-related .gr reqgul ators | ncl ude ht hoic acid
hydrazi de, 2, 4-Di 6?5&?Bﬁt%'é'%\é\€?€ &%gqv.@a%gp&,ciass ofu compounds that mediate the

3- Tri f | uor onelidiation pRacHOM EREeby sitfuiatingQeédhday netdbdfiR! bissgathiadsPoxy! i ¢ aci d,
I ndol e-3-1actic acid, Bet a-(B?I ndol e)g[?fopi g‘lrj{i c acid, Z"Q'-%I‘Br or?ophenyl acetic

acid, 35  Jasmogpigrrglated sompeunds inchyde psmonicadid arshitscatio esters,i suchaasi methyl
3- Chl h ' ' . i i d
3 ot hy | phondfeaoits e fumofe, propy alibrdlc BRONARHEL: el jdsmonate, hgry!

3- Met hyl t hi opasmoniteaidhydeojasmiodic aBideny itp alktyliestersc suwhiasimethyt dihydrojasmonate,

4-chl or o- 2- net,hyl.phenyl t hi paceti c i d,. 2-Chl orobenzojc. acid

3- Chl or obenzgih.é'y %@Yﬁ?’ onafe, n-pz?@'_l %%X%PW'BME?PE’FQEY ojasmonats; Mr obenzoi ¢
acid, 2,3, 5- Uiydidjaemehae) ek digirdjasmonate; egim%tl@l ﬁsnﬂ&dafé}h@&r@ﬁ@fﬂ?lo' ¢ acid,

2- Benzot hi azol eoxyacetjic acid, 2- Chloro-3- 2 )

(2, 3- di ¥hl or dAsmensse. Gisriasmans; iseipsmone,tetahprirpjasmons; 12 oxgphiytadienniziidhal i c
anhydride,  dihydrojastb#e SHémbfyi "ot ’

2- (p-chlor ophler};o';?ilas- 2- r’rgfd h;a/fy p r'a %‘%#&h%@%&%ﬁ@aw ém&'%g’ hexyleyclopentenone,

2-chl oro- 9- h¥t pentanone -a9d ielatésbdeyivatives endignaldgsd, asmonatdrtetataphenoxyacet i ¢

aci d, c%rfleélﬂﬁg 5\%%&:%%?%8&( %20' t%é %ﬁﬂ}ﬁl at %{)r?c%iltcr)ﬂ{ogs gic il g" I\'Fttor%l" M and

4-(chl oro-o-t oxy) butyra

[ N- (1, 3- di meptefératily atRypnesnarhticns\of 162to(x 50-BM] aidCimbrRpPeferably ai SinBerioafang acet am
i de, 30 4- Chl.or 0-2- oxpbenzot hi azol i n-3-yl -acetic acid,
2-(2, 4- 15 chl 8? ggh&ﬁ&%’g O%r;bplpulggqedl,oted that'more than one jagmoratesvplppsi
PCT/ US97/ 0898dmpound may be incorporated into the nutrient medium. It will be recognized by the
skilled artisan that the concentration of enhancement agents such as jasmonate-related
compounds, auxin-related growth regulators, precursors, and other nutrients will change
as these compounds are metabolized in the culture. Unless otherwise indicated, the

20 concentrations recited herein refer to the initial concentration in the nutrient medium.

Combining enhancement agents from at least two of the following classes of
enhancement agents has been shown to enhance taxane production by Taxus cells
beyond the maximum enhancement observed for any one of the agents when used alone.
These classes of enhancement agents are elicitors, jasmonate-related compounds,

25 inhibitors of ethylene action, inhibitors of phenylpropanoid metabolism, antisenescence
agents, precursors and auxin-related growth regulators. Therefore, in a preferred mode,
this invention provides methods for enhancing production of one or more taxanes by
culturing cells of a Taxus species in the presence of enhancement agents selected from at

least two of these agent groups.



- 24- 2-(2,4,5-Trichl orophenoxy) propanoic acid,

4- Fl uor ophenyl acetic acid, 3- Hydr oxyphenyl acetic acid, Othonil,
3,4, 5-Tri net hoxyci mam ¢ aci d, 2( 3, 4-di chl orophenoxy)tri et hyl am ne,
| ndol e- 3-p *’Eﬂ"* aci d, Sodi um | oxyni | 2- Benzot picxashraseest | C
acid, and ?@P enyl -1, 2, 4-t hi adi azol - 5- yI)th| oacetic acid. 5

Clher cl asses of pl ant growth regul ators may als be incorporated into t he
nutri ent nedi um as enhancenent agents. These include cytokinin-related
growt h regul ators such as N err]-benzyl adeni ne,

6-[y, y-di rrethyl al I yl am no] puri ne ki n#’f n, zeatin,

N-phenyl -N -1, 2, 3 t hi di azol - urea t hi d| az ro ) at enyI urea
derivati ves Pr ﬂf&ﬁﬂ‘eﬁhﬁ’ésfq' angprRARGHOR UG ea'gﬂ %@ﬂ& and

GA derivatiyes, sﬂpé'cinséo&b > egﬂ?atjlgast one Jtﬁer(iﬁﬁdn\ﬁélﬁén‘{ﬁént t&hdlﬁﬁl nost er oi ds,

and et hyl ene- P15t el g ators. Such growth regul ators may
be i ncor por partichlarly préferruianiethndsme othetagent s methykiagraanates ar aroiphibitgnafand

10 bl.e M
o o bR e et
precurgors. When d¥ed @6 esmbigation Rvithteich ththdsrmasmmmmﬁshml campoursdsand o

descri be conpounds added to the 15 é’ ri t nedi urgét hat are netabolized
and incor po# wi}loﬂﬂ@lw@fﬂ@aﬁb&’mw the nufrient m HEREI, i ¢ ap)| e

precur sor Syt’&\i’l‘#g’ﬁ% B SEHbEARE. P e rfw&ﬁh@t JARAGHASESand $fiver Miosulfate

acet at e, henyl al'ani ne, [err]-phenyl al ani ne
( 3- ani no- 3- are used in cophmatplpﬂapmim renmf@)ethybmgnaut%t@ silyer ion may be in

N- benzoy1 PhGayL L SOSEreNB oo PESS C pAfirbly HIbé fafliCoeween 0.001A5 8T magh ut am ne.

ci nnam c ac orementi oné

mol eculpes aprfahtiPinahé fane betarsen . BT, 20d most preferably in the range bétveendrto cl ass of
enhancenent agents are inhibitors. Inhibitors are conpounds whi ch

i nhi bit enz?natic or other cellular activities As used herein, the term

"metabolic eh DUd3h bohBinatih Svithseath btferd HEH-tdkted rgdlaeeiad to the
nutrient nediumthat interfere W th specific bi osynt hetj ¢ pat hways.

For exanpl e gthilene-actioplinhibitonswnay bejpcarpgraisd “!5%819 nugiept; mediung, CeHAR { axol |
baccatin 111, p;af'tlo% N6 ﬁ%e gt Ieh%ééarpéﬁxmr@ﬁ{‘éd@o@th%ﬂﬁé% pat-hway

t hat conpet or an ear i osynthetfc precursor. Particularly effective
enhancenent sﬂver thxosulfag aretused)ﬁx dombinatiorg the molart raties ¢fishxipirelated growth

h I d
i b L1 g FFRARGE D AT Engpey it s vest O R D, e s

Cl nnam ¢ act

derivatives ranEh%S@vee@tmmsn&dmo Bd MO ppéfedably abihy rangEbetomen €.0263 50, aBd

4- FI uoro- DL-tyrosine, 4-Met hox 5yben20| c acid, 3-dinethylam nobenzoic acid,
most preferably between 0.0

Generally, when culturing of Taxus cells for the production of taxanes, one or

20 more auxin-related growth regulator will be added to the culture medium. Presence of
auxin-related growth regulator(s) will promote cell growth, but more significantly will
enhance production of taxanes by the culture. Further enhancement can be obtained by
adding at least one other enhancement agent contemporaneously with the auxin-related
growth factor.

25 In a preferred mode of this invention, one or more enhancement agents are
added to the culture in an amount sufficient to enhance the production of one or more
taxanes by at least 3-fold, preferably by at least 5-fold, more preferably by at least
10-fold, and even more preferably by at least 30-fold relative to the level of production
in the absence of the enhancer(s). In another preferred mode of this invention, one or

30 more enhancement agents are added to the culture in an amount sufficient to enhance
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4- met hoxyci nnani ¢ acid, 4-nitrocinnamc acid ethyl ester,

4- Ni t r oci nnawolotisdaysie, Mer capt oet hanol , 4- hydr oxyco&ﬁi’ﬂ?ﬁ’l”o”‘”

G nnanyl f | uorene, 2-cyano- 4-hydroxyci nnam ¢ aci d,

Ci nnanyl i denenmal oni ¢ aci d, 4-dinethyl am noci nnam ¢ aci d,

N-ci nnanyl pi per azi ne, N- Tr ans- ci nnanoyl i m dazol e,

2- Ami noi ndan- 2- Phosphoni ¢ aci d, Benzyl hysy oxyl am ne, 5 Procai ne,
Monensi n, N-(4-Hydroxyphenyl )gI yci ne, %34 hydr oxyphenyl ) pr opi oni ¢ aci d,

3-(2- hydr oxy b Bl AL B ool TP ie%st% 2 RigDlsh, RoFbERlably A0 Teast N (2-

mer capt opr Opl ony I ne an ts acetic acli

onpl e
DL- Met af | uor dmgiluiday,and eesn rmrsbw&ubly ®Lat jdast 2 mz/&lﬁaneln qnpthm preferred t ol |

3. 4-Di 11 uor o S4eE Yt Breiiphene pgmets <REBRbHABRIT R idh o the e nan
4- Fl uor o- (1- afiolfr sefRAand @hhmh)n&hm&em titercdfitakol to at least 150 mg/L more
3, 4- met gll enedi oxglbenzm c acid, and nost preferably 3 4- yLenedl OoXy-

ni troc nnaerfef& y do atdezpt 200 mpllemnscrven Pora-pIakTaRIY AL Pﬂlem
[

3, 4-met hyl ;Q-E% £ thi tidy, 8 mh&'eéﬁﬂaﬂcementa ents are added to
, 4- met hyl enedi 0x en gpég%?c génv nu(ﬁf uor o- L- Phenyl al- agnl ne,

4- Hydr oxyphertix W"“mnn @n amndl)t sufficientto eniBincerthe yolumetric predustivity of baccatin III

3, 4- Di et hoxyci aci d | p

L- 2- Hydr oxy- 30 Pﬂ@ ‘gf'!ﬁ?r’f!ﬂ' 8‘°5%?’8g"%g'y‘° a“’e&é%m@(ftﬁ%a%d aen n}oﬁoxybenzm C
acid, SKF- 525p?efér%bl§rdb @i leask 25inpfL/dayt iy bnsthidr@reféifedanode of this invention, one or
phenyl Berr] propyl benzeneacetic acid), vinyljmdazole, amoni um oxal ate,

si napi c1@ci d, more emﬂce‘%ﬁ?ﬂ“@&rﬁ"ﬁ%ﬁﬁ'ﬁﬁ‘]?b@‘f" Puliise i ag,amopp syfficient o © \Wen

I ncor por at ed thﬂ@vﬂol@ IBFotH'ﬁfH' Bffbactdif 111 to at least 10'nB/ tﬁfoﬁe M‘efei'abgﬂoﬂﬂliﬁﬂ 156 a
concentration between 10 ppb and 1000 ppm prefe

concent r at i ormgibt memmorqmsﬁeahbl ta GUeippﬁéO agd. o #@otévr@r efersad WO%Oféh‘S

concentration
[ nprove t he )}P Ho'bfon?§XO%l,’ep%a ca I na?%?%areaddieg{%the cul re!e%l taxanes in
cell cul theSsuﬁIclhﬂt id“enamcetl&dammnmdﬁdammmofaamerat lehstdpmglbidings. One of

t he pproaches that has been used to enhance productivity is the
use of 49- cal‘?“é‘& peaferably tn at leagk2s mgfi@yﬂgﬁvﬂﬂf‘%’er\”e f" yl“é?tﬁ?”éﬂil tors is
used for comMmgynfifay Ofn doflePpiefeitled Albde BPhisAhvehfEH, A or more enhanGémdit N t hat
cause an increase I n secondary netabolite roductlon when apflled to plants

or pl ant - cel |a8eRts aggradded 1ojthepuitunedip an amount |su@&lr=%td? &nhanee g whplebrath titsr cs of
Plants,” Vol .,e taxanes to fgl:c;aéf 38&9@3?&% prefitably t% -at 81300 GfRAS -ahd eRhALRET C

Press, New Yor K,
preferably to at least 400 mg/L.

6-
3-
3

20 Many of the compounds described as enhancement agents above have been used
in other plant systems. Formulation, administration, and appropriate physiological
concentration levels in these non-Taxus systems will provide guidance for the skilled
artisan to apply these agents in accordance with this invention.

Celinlar Material

25 Suitable cells for culture in the method of this invention may be from any species
of Taxus. Preferably, the cells will be from a cell line that inherently produces taxanes in
relatively high yield. Typically, such cells have the ability to produce high levels of one
or more taxanes under standard conditions or exhibit high average volumetric
productivities of taxanes under standard conditions. Suitable cell lines may be identified

30 by culturing cells of the cell line under standard taxane production conditions and



1984, Bioregulators: Chem stry and Uses. 257-271; and Darvill et al., 1984,

Ann. Rev. 30 Pl ant Physiol., 35, 243-275). Many different conpounds can
act as elicitors, depending WO 97/ 44476

PCT/ US97/ 08Q/97/44476 PCT/US97/08907 - 26-
upon their nature of origin and their node of action with cell netabolism
In these studies, the inventors have used two ngj or kinds of
elicitors: 1) Biotic elicitors which usual |y conprise cell wal
extracts or filtrates froma sel ected grgyp of fungi, bacteria and
yeasts, and al so thelr purlfled fraction 2) Abiotic elicitors which have

I ncluded 5 ress agents as S ounds

bi ol ogi cal OPPWW @83‘“’8“? &N Gf wore taxanes prP\fli\e“tegb"ﬁ?’ﬁ C‘E\igﬁ? %gem\"ﬂ“ '8‘8. tion,
salts and coapé.@%@&nﬁﬁma ol GEivity B3¢ on88f Mbre t@ihes BiMth@inIhe culture the be

consi dered as ef ectlve agIOtIC elicitors; these include exanples such as
cobal t, ni ck&lowing proceduresnt hanum sel eni um vanadi um | ead, cadmi um
chrom um al um ni PRt esﬁé dudlidn culture testin® nSdBelikh M Stobidi um
strontium and gol s It sho e no'%%é { es n?éﬁta?nelo (;:Boarrpounds t hat
medi at e %l i cimediumadapted rforethapqgtteglartchlélumsﬁdinwmgcomphtxedoﬁiogphnmgmwth,

descri bed bel o con as. eI| . .
e st onsot - 2R MquE s CRIE B iniiRd Fis St BfoaRioRc Faxpfh; Prnductign pulturedt. o
compounds  generallyfpeffofhieddn fifuid Meditimi ﬂl&ibhgbb‘all&kl&ﬂﬁi‘ébxﬂﬂﬂid afedilifmay be
brevifolia;, however, the increases in th of taxol

accumul at i on Ygesk Ip grogdustin qujture, the cells ar %"%%Vé"’dﬁﬁf“eﬂ'&@ﬁq ?B@cﬁbfee?i m 15
I'n general, hpblnkNHoMm PibIEL bkde a%?re‘ﬁﬁﬁ&n&ft besikioseoy a% tmpmaﬁ&}@ ] @nt to

whi ch elicitation (taxane accunulation in cell cultures as well as
t heir sHtret muwenm@mrhepnmxzed for gravath and maiotenance of t!\efpamceldr ¢elldine.clntheé t or to
elicitor and _from.s ecie e tiaon
I ncrease was p&?@gﬁ'%ﬂo%' 1% ﬁ‘ec | eng%&é)rxh% rW;lfhg Trange o cmggswfg'}tgﬁ o1& d
and benzoic mmdwenﬁliuﬁaﬁs.aﬂelm tilmFedfon1 G2e d9e a2 eE ot guadealdark des derived
from 20 m cr.obi al , ce wal | s t osan, | one, i s insoluble in

en, us
nmedi um and *8"HEASc éﬂ‘l‘HJ cultures s"°"@§?f's@§“ﬂ’é‘?¥¥&r?@ﬁ?‘°€@‘? asgpied, £ expiple QB an
gl utamate, onR rbiaf shhkelat MAE8O fpi. r €adi |y sol ubl e

15 Production cultures for evaluating cell line characteristics will include suitable

~ enhancement agents. Generally, six alternative enhancement cocktails (combinations of
up to five enhancement agents) are tested for each cell line. The combinations are
" shown in Table A below.
At the end of the culture, titer of individual taxanes in the culture may be
20 measured by ELISA assay performed as described herein, or the profile of taxanes
produced in the culture may be determined by HPLC analysis as described in Example 5.
Preferred cell lines will produce one or more taxanes above the minimum target taxane
levels in one or more of the enhancement cocktails. Preferred cell lines will exceed the
target levels for both titre and productivity for at least one enhancement cocktail, and
25 more preferably for two or more enhancement cocktails. Minimum target taxane titer at
the end of production culture for suitable cell lines will be at Jeast 100 mg/L taxanes.
Alternatively, the minimum average volumetric productivity target over the course of
the production culture will be 10 mg/L/day taxanes. More preferred cell lines will

achieve minimum taxane titer at the end of production culture of at least 100 mg/L



i n medi um and does not affect cell viability. Ferulic and benzoic acids are

synt hesi zed chem cals of biological origin, and are generally used
as anti-oxidants in biological systens. 25 Elicitors
and net abol iwostmesse agents nmay be utilized according to thPGIUSKe8MT ON

to maxi m ze taxol, baccatin Il1l, and total taxane production and secretion
In tissue culture by assessing elicitor specificity and
concentration, timng, and duration, as a function of culture age
and nedi a conposition. not her class of enhancenent agents
contenplated in this invention are 30 stirmulants. As used herein the

E;(;/r 21 42'[7 I6 mul antax.bﬁo"lﬁgq“g’e bg&ﬁ&l{ iﬁ), ‘or 9\9%%%&1‘?@&84&&;@ over the course of WO

PCT/ US97/ 0890the production culture of 10 mg/L/day taxol or 15 mg/L/day baccatin HI. -27-
the nutrient nmediumthat stinmulg ctlvat Cl,fIC bi osynt hetic

pat hways, for exanpl e tHe Aoy ynt hesi s.

Jasnonat e-r el at ed conpogaﬂg.,ﬁmn@ommc%eﬁmwﬂds that nediate the
elicitati on reaction, thereby stimulating secondary nmetabolite

bi osynt hési s. 5 1. J20yMae &30uMaMdra conpounds i ncl ude jasnonic acid and
its al kyl esters, such I | te, ethyl jasnonate, propyl
j asmonat e, butyl | asrmn%qt%e pg%t30FM]adg%ﬁg§gW§xyl j asnonat e;

di hydr oj asnoni ¢ ac3d arﬂDuMNaaHprMeMdeisB%mMJsas met hyl di hydroj asnonat e,

et hyl di hydr oj asnopat e %%r 0] di hydr oj asnonat e,
pentyl di h?rdr 0j 30H "’d"’ r&ﬂi‘ﬁéls epi met hyl
jasnmonate, fluorongt hy|20¥@4NaaH@$)ﬂM‘Mdﬁa+‘89§MMfsfm§lﬁM SRS SRNPGE

t et rahydr oj asnone, 12-oxophytodi enoi ¢ aci d, di hydr o] asnone,

j asnonyl1%acet at e, §pr| t%ﬂ#@” ISQyMMtFe‘hﬁ@H‘éﬁes hexyl cycl opent enone,

hexyl cycl opent anone, ﬁﬂ: derivatives and anal ogs. Jasnonate-rel ated
conmpounds are i ncor por concentrations of 10[err]Mto
10[err] M and aﬁ era @&Wpﬁlons of .10[.err] to 5 x
10[err]M and nore pref fnaT o> frocinpamic agil 10/ err{Mto 2 x
10[ err] M It shoul d be Mb’*t ey d?S"P?BF"Q than one jasnonat e-rel at ed

Sits = silver thiosulfate
Suitable production media for the various species are listed in Table 5, although
others may be used. For example, Media B, C and N from Table 2 are particularly
suitable production media for Taxus chinensis. Media preferably contain the ingredients
listed in Table 2. These media preferably contain major and minor inorganic salts,

20 organics and growth hormones or growth regulators, in the amounts generally with the
preferred ranges starting with the 1/10th to three times the concentration of each
medium ingredient indicated in Table 2. Where medium B or N is used, the growth
regulators are typically incorporated into the medium in an amount between 0.1 ppm to
20 ppm, and preferably between 1 ppm to 10 ppm. When Medium C or N is used, the

25 growth regulators are incorporated preferably at levels ranging from 0.1 ppm to 5 ppm.

It will be understood by the skilled artisan that within the contemplation of this
invention modifications may be made in the media described herein, such as substitution
of other conventional compositions (such as organics, vitamins, amino acids, precursors,
activators and inhibitors), addition or deletion of various components, including growth

30 regulators, or alteration of proportions, so as to produce growth and taxane production

equal to or better than that observed with the media in Table 2.



conpound may be incorporated into the nutrient medium It wll be
recogni zed by the skilled artisan that the concentration of
enhancenment agents such as jasnonate-rel ated conmpounds,

auxi n-rel akgglofisayd h regul ators, precursors, and other nutpdyrfisbfossss |
change as these conpounds are netabolized in the culture. Unless

ot herw se indicated, the 20 concentrations recited herein refer to the
initial concentration in the nutrient medi um Combi ni ng
enhancenment agents fromat |east two of _.the follow ng cl asses of
enhancenment agents has been shown to erfidhce taxane production by Taxus
cells heyond t he _maxi prum enhancenent observed for any one of the
agents when Yedes of Fypeess Operation Those | asses of enhancenent agents are

elicitors, |asmonfietpkaling MEdERONR MRS cafture pradeldi refetsdb Shedrayithlty | ene
action, inhibitors 01‘p phenyl propanoi d net abol'i sm antisenescence
agents, precwtrients; cells@nd psoducts ateadded oprrempyed vath respeetto timeHBaynesta, in a

preferred no |.S: ] | .\ d s f enhanci ng
Dt oduct | on' o 3he™Bn ik el 4 bfila il 53 £ S confapes SYAPRSALT
speci es5i n tdulls pidymredure akfhaneiad atehe aid afglantultusegiesiod,abe dpepatingtmode is

| east two of these agent groups. WO 97/ 44476
PCT/ US97/ 0gdgrmed a “ong-stage gatch grocess”. When a batch process i?-, c{ivél}ded into two -28-
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et hyl.ene k action, Silver, in conbination with at |east one other
enhancenent indetween thedwp phases, the opepating imode irtegmedactwe-siage basethpracesshe ot her

agent is ”Etﬁr)’th# tﬁé&@l@pﬁ%{oﬁ&fﬁ@s ih%ﬁki@ﬁ ttﬁé trilfsition from the pﬂﬁﬁg LREgHaN0I d

met abol i sm suc enedl oxynitroci nnam c ac

When uded i nthoomghiprosuctoon médivm,eaaytocotrtiyran apaphstegtise chahgd, edprogressivelyds and
et hyl ene-act, on _i.nhibitors mfa%pbe | nco&por.at gd i nio the nutrient nmediumin
certain bya SCBF%%‘%PN"B}?ES S QEhY BPREssIveehangs, 1o preextigme the o hy |

j asnonat e afﬁoéﬂekﬂ%rchﬁﬂﬂe%wcﬁﬁ?ﬁhed by progred§ive regl@smiett sFafEdivARloFon, the nol ar

ratios of nethyl jasnpnate to the silver ion may be in . t he range
bet ween 0. O0Baremgntallyschanging ecampesigion. In anather altpenative, theprogresiye chenggis nore

accomplished by feeding one or more components of the production medium into the
15 growth phase culture. This is one example of the fed-batch process.

In a “fed-batch” operation, particular medium components such as nutrients
and/or one or more enhancement agents are supplied either periodically or continuously
during the course of a culture. It should be noted that certain components may be
incorporated into the nutrient medium initially in the batch mode, then added in fed-

20 batch mode, or may be added to the nutrient medium exclusively in the fed-batch mode.

Using fed-batch operation, it has been found that cells can be sustained in a
productive state for a prolonged period, and in fact, that productivity of the cells could
be enhanced. As illustrated in Examples 15 and 17, and in Tables 16 and 18, adding
certain nutrients and enhancement agents in a fed-batch manner gave significant

25 improvements in overall performance for taxanes generally, and for specific taxanes such
as taxol and bacctin III. Further, this mode of operation has been found to be
compatible with a variety of different cell lines under a variety of different media
conditions.

Fed-batch addition of components is particularly advantageous when the

30 concentration of the particular component has to be maintained at a low level in the



10 preferably in the range between 0.1 to 7, and nost preferably in the
range between 1 to 5. When used in conbination with
each -other, auxin-related growmh regul ators and et hyl ene-action

i nhi bitors neyotasrencorporated into the nutrient nedi um i n PEEUSAT$IDT
proportions to each other. For exanple, when an auxin-related growh

regul ator and 15 silver thiosulfate are used in conbination, the nolar
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by the cul t urgandiits big CoRpiiRMCGRT be Sddbdlane RPSoRIbiRYFoMYxicity limitaticasldi Ng at

| east one ot her enhancenent agent contenporaneous|ly with the auxin-rel ated

growt h f &ct orFurther, continuous or coptinyalfpesiadic) &ed-batehaddition lof 3 faed selptioon, one or

nor e enhance . a0e re . . g;}&ge t 1 nount
sufficient t(r)E% gzn 'g'%c’géi e ngr}téso%agtuiu(l)arr]ly§ oned ‘%?e“%}sggi& Hegatiely a>l<‘gnes by at
| east 3-f ol d,compohent athey itlis/added incorndre sagidindnnermich appwifecaddition. Byrtiztlat east

10-fol d, and even nore pr.ef erabl y. at | east - {.ol | ative ¢t he | evel
of producti orP°mp°“°"t§ to ‘?‘H"’ o :’?fﬂé@ﬁ@%v°6ﬁbllet‘§€°“@ﬁgﬁ{f8ég?‘£‘%ta1 ‘F?°§erf8(fﬂﬁé"r
preferred nodax#k pidtiisorsRyeisiafha- MidDe@Lphdfylalanine/TBrBorERAARES SUER Ak agenb\z are

added to the culture in an anount sufficient to enhance .
97/ 444780 maltose, fructose and glucose; amino acids such as glutamine, glutamic acid, aspartic

PCT/ US97/ 089Qy;: 4. . : d o - 29-
the vol unetr ic%‘dp ATV i 1 e I (L o A W P
preferably tagantsswhsis auxin-related growthyreghldmys and pdmeuste-related cpnpiuadabl y t o at

| east 22 nyg/L/day.. |n another, preferred. node of this invention, one
or nore enhancenert wa'gtlfrﬁpgarﬁ?tég éllfcfgﬁb& Brtisaqe that the ﬁ?’@p‘?sﬁ"’&f’r} the feed may be

varied to obtain the desired results such as extension of the production phase to increase

nore

15 taxane yield or extension of the growth phase to achieve higher biomass density.
Selection of suitable conditions to achieve optimum productivity and performance is
easily within the skill of the ordinary artisan in view of the teachings described herein,
Similarly variations of other operating parameters, such as the timing and duration of the
addition and the rate of the addition of the fed-batch components, to achieve the desired

20 results, are within the reach of the skilled artisan in view of the teachihgs described
herein.

Medium exchange as described herein refers to the removal of spent medium
from the culture followed by addition of fresh medium to the culture; the cells are
largely retained in the culture during the operation. In the method of this invention,

25 medium exchange operation is an advantageous method to obtain and sustain high
volumetric productivities of taxane production, resulting in superior process
performance and overall production levels, compared to a batch process. The
extracellular product resulting from such an operation may lend itself to more facile

downstream recovery and purification than other process modes.



amount sufficient to enhance the whole broth titer of taxol to at |east 150

ng/ L, nore 5 preferably to at |east 200 ng/L, and even nore preferably
to at least 350 ng/L. In anot her preferred node of this invention,
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amount sufficient to enhance the volunetric productivity of baccatin I
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nor e preferﬁ'ﬁ(ﬁ?v‘f °5ﬁn°1‘é%f§’f“p§ Wﬁ"fvaﬁm°gg'§aeﬁ’() lmesunderawgtyé:?abw to
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For mul at i onmediymian eplenisheant qiﬁaslafpﬁ!wp revwé dayscomtsibytsd de pignificant
concentrat | &ﬁaahtf‘e\é%h?oﬂt@mh@ﬁ.ﬁfm?&g; { wﬂ%mﬁéns%%ngﬁ 1@ dance for
Isan to apply a

t he skilled agentsm accordance with this
i nventliOon. increase mtlféeirrlauhtsrofmazellwdrpﬁﬁduct Sui tabl e cells for

culture in the thi,s .in lon eC|es

Taxus. Prof er abl 31 FieiRiey e P SghleR Sathiteeip bt hER RS RoRmRT of |y
produces t aprdaéd in Situ, which would>préteny fleitbadk ixthibitionlatld prodpitaieplagationl Sacicel | s
have the abilify to Epgﬁuce hi gh | evel s of one or, npre taxanes

under st andBPEHVESHEs Sity, produet; rgmoval g secopdary metabelite, prodygtion an

product i vi t i&setih it} ﬁéﬁéﬁ@i@m umﬂﬁés mbvebea rd%c&iﬂé]ﬂéd Hyoﬂﬁonﬁ%lhérﬁtﬂoﬁlrﬁ ghd |ines
may be identified 30 culturing cells of the ce | i'ne under standard

t axandSpr odRbedes §1286ndpnli &)/wsolaqbl Bwlecgmal 24, 35-41)@nd Asaripand Shuler (1989.
PCT/ US97/ 0828}71. Microbiol. Biotechnol., 30, 475-481). The periodic removal of spent medium

incorporates the above advantages, and additionally, may serve to de-repress secondary
biosynthesis by removing other, non-taxane, inhibitory components (such as phenolic '
compounds) from the medium.

20 The replenishment of fresh medium to cells undergoing active biosynthesis may
also enhance production by prdviding eésential nutrients that have been depleted. For
example, Miyasaka et al. (1986, Phytochemistry, 25, 637-640) were able to stimulate
stationary phase cells of Salvia miltiorhiza to produce the diterpene metabolites,
cryptotanshinone and ferruginol simply by adding sucrose to the medium. Presumably,

25 biosynthesis had ceased due to carbon limitation in the stationary phase. The
periodic-medium-exchange protocol used in the present work could have been beneficial
as a result of any of the above factors. It is understood that the amount of medium
exchanged, the frequency of exchange, and the composition of the medium being

replenished may be varied. The ability to stimulate biosynthesis and secretion by



- 30- observing the | evel of one or nore taxanes produced in the

culture or determning the average volunetric productivity for one
or nore taxanes by the in the culture the fol |l ow ng procedures.
Cells for uswobmadatee production culture testing procedure ROIEPITOINVT N a
suitable 5 medi um adapted for the particular cell line. Follow ng
conpl etion of |og phase grow h, an aliquot of cells are cultured
for test production of taxanes. Production culture is general ly

performed in liquid medium although callys culture on solid nediumnay be
used. In production culture, the cells al’3 cultivated in nmedium N from
Table 2, in . ' JTabl e. for | acenment Qof. sucrose
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and mai nt enanesmaérciahgrofess in thelbotitingals) selmi-8ontinhous drded-batch modepr oduct i on
culture, the cell nsity should be in the range of 15-20 percent (w'v) on
a fresh we maﬂgbaag@ﬁeemog,ba%%@» P&PEWFWS&@WW%’%% 25 C +/ -

2 C under darfaryested, with GaA6Gd & rgﬁwigh\ifdr SontihdEdesn ?‘3’%%& o&m&.&;gf_‘.é ately

agitated and aerated, for exanple a rotar r - at 180
rpm 15 5 process Fsexibles # (nepeatedidrave and Bl aperationtand és termed al | ne
characteri stic% Wi clude su

s "Gl PSS MR sftsh medim is FRNARIRESEHB0 20 Betuent

General ly, siX
up to five enmediomiecintingailys¢moved, the piceessfiolermaiCizomtitubud”i Mivellsite

conmbi nations are ., Shown in Table A belqw. . |, " At the end
of the cul t urEtamedyvathinthe reagtop; the pocsss sstrmedia, perfiesion mader Jf pally arse 20

measured by EidnBAudRB¥moRid AL RE eberd SRl Bt DRfiRiols pres Remiedfal | € OF
t axanes produced in the culture may be determ ned by HPLC anal ysis

as descrlfbed Tohemustpl e 5. Preferred cell lines will produce one or

nore taxanes abov ) gl . i or nore.
of the enhancerrent(:-)I ' E:%@E%@P%%%%% 8@@%93 olfprr?é:gsso %ﬁ“@x%%e%"&?@e

t ar get | evel swiththeblsmtahe-prddueticarsystpm delsecibed/hiergin.f or at | east one enhancenent
cocktail, and 25 nore preferably for two or nore enhancenment cocktails.
M nimumtarget taxane titer at the end of production culture for
suitabl e cel |l[ExampPLES! | be at | east 100 ng/L taxanes.

Al ternatively, the_m nimum average volunetric productivity target over the

course df ~ Thedollpwng exampies At rrayided fio| furties dosgribgythe mateyials andines.  Mor e
L o by oy ST 8 ki i
be illustrative and are not intended to limit the invention in any manner.
Example 1: Callus Initiation
Samples of Taxus plant material were collected from a number of wild and
20 cultivated plants. Samples were processed upon arrival at the laboratory or stored at
4°C until they could be used.
The material was first washed in dilute soap solution, rinsed in water, and the
surface sterilized in a CLOROX solution (1% hypochlorite, pH 7) for 10 minutes.
Under sterile conditions the material was thén rinsed 3 times with sterile water. Needles
25 were then cut in a 1% polyvinylpyrrolidone (PVP) solution with 100 mg/i ascorbic acid.
Needles were placed with the cut end in Medium E (see Table 2). Thirty to forty
explants were cultured per plate of medium. Plates containing explants were incubated
at 25+1°C in the dark. Plates were monitored daily for the appearance of contaminating
micro-organisms, and where they were present, uncontaminated needles were removed

30 and placed in a fresh plate of Medium E. Substantial callus formation was observed and
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taxol or 200 ng/L baccatin IIl, or average volunetric productivity over the
course of weooraasret he production culture of 10 ng/ L/ day tpefliseossh?

ng/ L/ day baccatin I11. Tabl e

A. Enhancenent Cocktail s Combi nati ons of Enhancenent
Agents: 5 1. 20pM Naa + 30pM Mina 2. 20pM
Naa + 30pM Midna + 50pM Slts 36 3. 20pM Naa + 30pM Midna +
89pM M s 20pM Naa™+# 30pM Mdna + 89pM M s + 50pM SIts

4.
5. 20pM Naa 30pM Mdna 89pM M s. + KhOpM SIts +,5 Adn 10
6. 20pM ﬂ%&aﬁu%&gpw&teqagw gi%agt atﬁ d?ays and p?aced orrlTMe vanm&cﬁllu_s gl ut ani ne
Naa = |- nappidnranmahélid listedGh Table 3. For example, calli of Taxus Miehsis were
3, 4- met hyl enedi oxy-6-ni troci nnam ¢ | M s = nethyl

*

j asnonat e 1 transferréd to Medium D (see Taj;]qﬁ.c ;ﬂgiiqiwpntpmcgggpm gery efficient,

Sui tabl e pr 40 ' : M [ ' ' aple 5,
't hougn © Pl ol hfmtfioh e S il ety of Sl RaldghSolch 038, 7
Tabl e 3 ar e ofexplantsiihitintest. The same precedoreivias specesifidly used tobuiiage Eubturésafus

chi nensi s. di ret.erably contain,the in dient listed in Table
o These: med s BB fan efpaerion s cuRibels (P PasptnRees PS5

or gani cs andagisqWridahd) TaRissalldéhidhiad Nokhs hRdid] @idoTdus éHinenki®. amounts general |y

with the preferred ranges starting with the 1/10th to three tines
t he concent Example %f Callys Proliferation,zqi ym i ngredi ent indicated in Table 2.

Where nmedi um B oppdk Lafli WeeFemdvea SOMPHE Bxplant, they wlrB Gtaticdted & 284¢°C MRtheal | ¥
i ncorporated into the mediumin an amount betvween 0.1 ppmto 20

ppm &fd pr darkr Alealthyparisof thecalbsiwere tramsfesredito feshrmedim eveny(? tor 10\Jdys, used,

the 25 r requl at.ors.are i.ncqrpprated pr.efera at | evels ranging
fromo. 1 pAle i Tesaiiey Br B Was KGR B ERmeRih G I ofbyamiiarne Sk1 1o
artisan t habrosridy dndifbreprolonged qallas aiftesdnce. "Tlie preferred growtly adtmdbitenance

nmodi fications be. made in the nedia des rgﬁg@ herein, such as
subst it ut i offedia for calli ofvageysspecies e fHmmpatized (o Jitions (such as organics,
vitanins, apxRmpRc3:dSSuspehfion hiifidtion activators and inhibitors),

addition or deletion of various conmponents, including growth
15 1 g fresh weight of callus material was aseptically inoculated into a 125 mi

Erlenmeyer flask containing 25 ml of liquid medium appropriate to each species (see
Table 3). For example, Medium D was used for Taxus chinensis. The flask was
"covered with a silicone foam cap (Bellco, NJ) and placed on a gyratory shaker at 120
rpm at 24 = 1°C in darkness. Suspension cultures were formed in approximately 3 to 10
20 days. Initially, medium was exchanged by suction filtering the flask contents through a
buchner funnel containing a miracloth filter (Calbiochem), and resuspending all the\
biomass in fresh medium. Upon cell growth, 1-2 g (fresh weight) of cells, and were
generally transferred into a new 125 ml flask containing 25 mL of fresh medium and
were thereafter subcultured weekly.
25 Example 4: Growth of Suspended Cells
The typical growth rates and cell densities achieved in suspension cultures of
representative species are listed in Table 4.
As a detailed example, the increase in biomass (fresh and dry weight) with time
for Taxus chinensis line K-1 is shown in Figure 1. The maximum growth rate was

30 measured by taking the slope at points of most rapid biomass increase on the growth



30 regul ators, or alteration of proportions, so as to produce growth and

t axane production equal to or better than that observed with the
nmedia in Table 2. WD 97/ 44476
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Modes of Process QOperation The operating node for a plant
cell culture process refers to the way that nutrients, cells and

products are added or renmoved with respect to time (Payne et al.
1991). When all the nutrients are suppli_g,d,_i nitially, and the culture
contents conprising 5 cells and product are harvested at the end of
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i ncremental | y changi ng osition. ernative, the progressive
change is volumetsic poodukiidtyed alopll Ewitndé prgcessie Wiile oultueesef Fpardnevifolié t he

roduction medium.intg the 1 ro hase cul.ture. .This IS, one exanple
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particul ar megiedénédinIThRSEA & ﬂ.gwp 135 sikpeAsicNe oF Taxus chinens3WEr®bl@ttrefth mor e
enhancenent agents are sypl i ed either periodically or continuously

during tWe codensitiespf up toft 020 dry weighb perdites aftprol8days pbgrowth (Rheviabilipefnent s
may be ' rPlglE{ﬁ | daf: r €64 idHBf 'th%k lfhtd g€ batch
node, then adéeeﬂé%ﬁd e B%b)}&ﬂg%tg@ﬁ%je@é%z Q&ng?/&i@e ﬂgg e d{%aé{eﬁlé nut ri ent
medi um excl us asetdne (Widlidira, 1998, Srainclechmod 47, 189-194), and by countidgsthegurteg obat ch
operation, it has been.foqu t hat .c«tal I S li.e sust ai nr?%dn a

green fluorescing cells upon excitafion with blue light in an imverted fluorescence

microscope (Olympus IMT-2, Japan). Cell viability was higher than 90% throughout

15 the growth phase.
The ability to cultivate cells under rapid growth conditions to high cell densities
while retaining high viability is an important pre-requisite to the economic operation of a
plant cell cuilture process for producing taxol, baccatin 11, and taxanes.
Example 5: Analysis of Taxol, Baccatin II and Other Taxanes
20 5.1. ELISA Methods
ELISA analysis (Hawaii Biotech #TA-01) was used for detection of taxol in cell
culture extracts (see Grothaus, et al., 1995). This method provides high sensitivity (0.1
ng/mL), however, because a polyclonal antibody is used, cross-reactivity with other
taxanes is observed. Preparative (analytical scale) HPLC with fraction coliection
25 showed cross-reactivity with 10-deacetyltaxol, 7-xylosyl-10-deacetyltaxol,
cephalomannine, 10-deacetyl-7-epitaxol, 7 epitaxol, as well as other unidentified
taxanes. Despite such cross-reactivity this method was found to be extremely useful for
detection of taxane production and allowed large numbers of cell lines to be screened

quickly. Cell extracts showing significant production of taxanes were then analyzed in
30 detail using the HPLC procedures outlined below.



productive state for a prolonged period, and in fact, that productivity of
the cells could be enhanced. As illustrated in Exanples 15 and 17,
and in Tables 16 and 18, adding certain nutrients and enhancenent
agents in fd®edadrgt ch manner gave significant 25 | npr oyevesdrasdon over al |
performance for taxanes generally, and for specific taxanes such as
taxol and bacctin Il1l. Further, this node of operation has been found to be
conpatible with a variety of different cell lines under a variety of
different nedia condi ti ons. 3 Fed- batch additi on of
conponents is particularly advantageous %Men t he 30 concentration of
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nut ri ent m3|umo st ol |orretr|ca y- nmeani ng gquantities of a
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Further, continyous conti atch a of a feed
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cel | 3 r eact lmgQﬁJ)HﬁHptesfeﬁt ihllide media, sanﬁﬂvimﬂbl pat&i?ﬂery tapidty @dded in a vrr\,ﬁr eh
rapi d manne ch as u se itio Part ar conponents_to iC
cells res poﬁ@s"fe&mb “m)%glcﬁma "'Fe%éj VACUP) ang) @dneagred graount of |
taxane prec “icBahsl (@ls@o ai)waadmamsbﬁmrmmht%aam&om&w fi sources

such as 10 maltose, fructose and glucose; am no acids such as
gl ut anlthe, gbmplamthssdoﬂm orxdispersiancof the sample weasiadcomplishedn Solidsevtre such as
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It will be aptameeatlhvg/ﬂteealsﬁvithhadatmtlw&hmdltbbbW(l hegflonposi ti on of the
feed may be varied toé]? e desired results suc?@g&extensi on

of the producti oN I5ASeRFeptEation éﬁi‘g%esi'st & culfurs sypernafanis pese very Bn of the
growt h phas ¢hanQ nipftty, SiéSndiiih Vas SitRABRE thréifiés With an equal volume of a mixture :

15 of methylene chloride and isopropyl alcohol (IPA) (9:1 by vol.). The organic layer was
reduced to dryness and reconstituted in a measured volume of methanol (50-250 mL).
Multiple extraction typically recovered 90-95% of the taxol, cephalomannine, and
baccatin I1I at 0.6 mg/L levels.

When taxane concentrations in the supernatant exceeded ~5Smg/L a more rapid

20 sample preparation was employed. One part (vol.) of supernatant was mixed with 3
parts (vol.) of methanol containing 0.1% acetic acid. This mixture then was sonicated
for 30 minutes, filtered, and analyzed by HPLC.

Samples of whole broth (culture supernatant containing cells) were prepared
using a method similar to that described in the preceding paragraph. One part (vol.) of

25 whole broth was mixed with 3 parts (vol.) of methanol containing 0.1% acetic acid. This
mixture then was sonicated for 30 minutes, allowed to stand for an additional 30
minutes, filtered and then analyzed by HPLC.

Cell materials were extracted by freezing freshly harvested cells (-5° C),
followed by vacuum drying, and methanol soxhleting for 50 cycles. The volume of

30 methanol was reduced (~100 fold) by rotary evaporation and the resulting sample was
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Sel ection of suitable conditions to achieve optinmum productivity and
performance is easily within the skill of the ordinary artisan in
vi ew of the teachings described herein. Simlarly variations of

ot her oper ajjg@up@ganeters, such as the timng and durat i cPCHPSHRENT
addition and the rate of the addition of the fed-batch conponents, to

achi eve the desired 20 results, are within the reach of the skilled
artisan in view of the teachings described her ei n.

Medi um exchange as described herein refegg to the removal of spent nedi um
fromthe culture followed by addition of fresh mediumto the culture; the
cells are l aras! ' | ' qQpaseg i on. In
the method of*"FH#F hSr%n |7g§6 ﬁg%%qtﬂé}#ezg?suﬁ]&g%ﬁﬁwgg&g}%mn is an
advant ageous meisirable deconiposition. dmslaslatet found thatgxhaustive drying of thesample prior

productivities of taxane, prodycti.g resul ti kN superior process
per f or mance aFHGmH%F%I‘PR"deBAﬁﬁgWgﬁP‘Pg@?%?"%fg%ﬁg?ir ed to a batch process. The
extracel | ul ar prodgglexfrstioh bf §flid niedia 2hd e4llus Wad Atomplished identicaliyd thitaf| f to

nore facile-~ downstream recovery and purification than other process
nodes. 5 cells when taxane devels avereow, however, methylene chloride/IPA vs. water

PCT/ US97/ 0890 i I rformed. When taxane levels - 34-

As il lustrat ep(fﬂi'thongfr%}feeﬁ"fhm%tﬁﬂmﬁ'gwg‘Xg”rv'rgéipﬁn? exchange iI's successful in
sust ai ni ng hi exbecded dfmg/ALithe whele bruth extreatimsmetborbwad ¢émploygd do prspars saraples ¢ '
t axanes such afs baccatin Ill, and 10-deacetyl baccatin I1I1.

- ol ..
In addition, ® W@srﬁéghﬁé%@'ﬂ?'i on resulted in the increase in the
volunetric progusigh/Pérfornfiné Lidhid Chbérhatogriphy Méthods’ or 5 t axanes

general ly, and for specific taxanes such as taxol y@P&L\?ﬁccati L1].

Further 10t his Analytige) dighrerfarmangs liqwid cheomasagraph ' W&e’gﬁw’éf’?aof

different cel 1+;%|11.-L4}§§,,1 mrdgg.eﬂﬁg:bbﬁgﬂi é@iﬁpelco, 5 mM, 48 thinSX 29 EmyRethan toTdi ti ons.
I'n Exanple 7.3,

As further illustrate X anp the renoval of spent medi um
and repl eni shAmalyticalfbiiane giadientchigh-pressuneymiging systenenasisting af EMINOLMIZ00; cant

enhancerrent of t axapg, AR L ARk HiEdkAed ah 48006 Rb ticABtrapts vel | as

to an
detector interfaced to a personal computer. Column temperature was regulated at 35° C

15 with an Eldex CH150 column oven. Quantitative HPLC analysis of taxanes was
accomplished using a binary gradient elution scheme as follows:

Time %ElnantA %EantB Flow

0 75 25 . 1mL/min
40 35 65 “
20 42 25 75 “
47 25 75 “
50 75 25 “

Eluant A = 0.015mM KH,PO, brought to pH 3.5 with trifluoroacetic acid
25 Eluant B = acetonitrile

The chromatographic methods used resemble several published methods
(Witherup et al. 1989, J. Lig. Chromatog., 12, 2117-2132) with the exceptions that a
phosphate buffer containing trifluoroacetic acid has been used and that a longer gradient
is employed. These differences significantly improve the resolution of taxol and other
30 taxanes from the mixture. The relative retention times observed for taxanes are shown
below. Taxol elutes between 31 and 33 minutes depending on the column and hardware
used.



10 I ncrease in the amounts of extracellular product. The
stinul atory effects of nedi um exchange may have been due to renoval of
product in situ, which woul d prevent feedback inhibition and product

degr adat i O oPMEd¥6 positive effects of in situ progugtssesseyal on
secondary netabolite production and secretion in suspension
cul tures have been docunented by, anong others, Robins and 15 Rhodes

(1986, Appl. Mcrobiol. Biotechnol., 24, 35-41) and Asada and Shul er (1989.
Appl. Mcrobiol. Biotechnol , 30, 475-481). The periodic renoval of spent
medi um I ncor porates the above aﬁﬂ\?ant ages, and additionally, may

serve to de-repress secondary synthe5|s by . renovi ng ot her,
non-t axane, i nhi bi tor?ﬁmenents such &@—‘%&&%ﬂ?—-@— ime conpounds) from
the nedium 20 0-deacetylhacca ni shmrent ®88fresh nmediumto cells

under goi ng active bi oeageatindHi s may al @86 enhance production by

provi di ng essenti al n?:nloaﬂrﬂ@-dm&tylthe been @89l et ed. For exanpl e,
M yasaka et al. (1986]0-8tapetypltdxohi stry, 25, 630.8%40) were able to stinulate
stationary phase cel | eephdlomsarninea ni |l ti or hi za 0.84pr oduce the diterpene

met abol it es, 10-yeacetylanepitaroine and f er0.08i nol sinply by adding
sucrose to the nedi un&x&rresumabl y, 25 bi ogpget hesi s had ceased due to
carbon limtation in 4@giagbpti onary phase. Thej2

per i odjec- medi Ut $XKCRAMESN fimed SGtol te%ﬁmdiﬁhnnme aitf BEdtin Ihéfe BQtnEnddaVe been
benefi ci al as a result of ‘any of the above factors. It 1Is

under st ood b#ieg aythentip saspies Qb!alml&qmﬂhe Naﬂo“al Cencenlnstiate. Theaetentiopuency of
exchange, ed may
o var ed. " iheb Binf B8RP el atbDE wBE LoFhds 10 hatycal stanadr BERGUET

WO 97/ 44476by Hauser Chemical (Boulder CO). Identification of known taxanes was based on -
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medi um exc hEGEfWion sime;and yitraviglet spegiral compyisons. (comppunds.that gxhibited *bHé( ration of

an ef fysci enEpectrumsmularfdemf%e%l and Bac&tih IIIantmtﬂﬁﬁfot Botrdlaie tStBE1 - cont i nuous
or fed-batch node. Wien a substanti al ortion, but not all,

of the cont Entatiyegstentionsimen of these tmeanpswere consideredarapess tQuantitatiemottamaly i on of
fresh medi uglddforfaRithe dHd%Hcdabih 1 WabWidda BR tesPbrRe icldrPBeterhlifed from

authentic materials. Quantitation of 10-deacetylbaccatin III was performed using the

response factor determined for baccatin IIl. Where appropriate, quantitation of the
20 remaining taxanes was based on the response factors measured for taxol and baccatin
" III. The term total taxanes represents the sum of the taxanes that exhibited a
characteristic UV similar to taxol and baccatin III. Total taxanes identified in Taxus
cultures include, among others, 10-deacetylbaccatin I1I, 9-dihydrobaccatin I11,
7-epi-10-deacetylbaccatin III, baccatin III, 9-dihydro-13-acetylbaccatin III,

25 7-xylosyl-10-deacetylcephalomannine, 7-xylosyl-10-deacetyltaxol, 7-epibaccatin I,
10-deacetyltaxol, 7-xylosyltaxol, cephalomannine, 7-epi- 10-deacetltaxol, taxol,
2-benzoyl-2-deacetyl-1-hydroxybaccatin I, taxol C, 7-epitaxol, and
2-benzoyl-2-deacetylbaccatin I.

Taxanes that did not exhibit the characteristic UV absorbance, but did exhibit

30 characteristics taxane-mass-fragmentation characteristics upon mass spectrometry, were
also observed in Taxus cell cultures. Examples of such taxanes produced in Taxus cell

cultures are, among others, Taxuyunnanine C, and its analogs and derivatives.



5 process resenbles a "repeated draw and fill" operation, and is terned

a "sem -conti nuous process”. Wien fresh nediumis continuously
supplied, and effl uent medi umis continuously renoved, the process
is termed "cogoevu@us - If cells are retai ned w thi RCTAH89H08%At or
the process is terned a "perfusion node" If cells are conti nuously
renmoved with the effluent nmedium the continuous process is terned a 10
"chenostat". It is understood that these various nodes of
process operation are conpatible whiﬁ t he t axane-producti on system
descri bed herein. EXAMPLES 15 The foll ow ng exanpl es

are provided to furthe scr i t . ad t i ch

may be used in carr ﬁlaﬁé ogﬁf %W&;a??s@g‘ﬁ%ﬁ“yﬁlﬁ@yg&g%q grgn%{lly etﬁé?’n{hgﬁgg)é\@t o]

lé)e( i : Ustlr atc;?/?smfés)‘a‘{"-ﬂ af@ﬁ foreheh ikt thtbekbﬁibbnsehfs@rdminmgi‘f d%emfrd;m umrmt'Tmnner.
anple 1: us Initiation anpl es of Taxus a)

material were cArPIBRPEIAMY |&9Pﬁ°&5"f1f6ﬁﬁ’érf°b?a°b\f’f@°&ggp%ms was 8&%‘?@5’( E?Fabl ants.

Sanpl es were priggesaatks ARAGiSothe/dia. 210 LNEF dadlh QnibiOwas iffected Midaifle ahount
4[err]Cuntil they could be used. The material was first
washed in 8i | utper smjection wias calewtated-basesan the stapdasd data regressien. These resultsyvarece
sterilized in a X | uti on. (1% C - } Qut es.
Under sterile condrti ()t?é%?w‘et p%‘ftérrl?'paﬂ%ts ﬁ%‘ﬁ%gifﬁg‘gazé“‘{sﬁgntgégwﬂcﬁpst erile
wat er. Needl es ghbomatografrof alsisemnatait simpl@ 1% pol yvi nyl pyrrol i done (PVP)
solution with 100 ng/l _ascorhic acid, pl aced with the

| Need|
cut end in I\/tadi%ﬁ@l{'gtﬂ?g'ﬂ'gﬁ'ff@'%".“ﬁﬂ'ﬂF‘&rﬁ'“?(ﬂg{eﬁphgﬁw\gﬁ‘zss expl ants were

cul tured per plate qf 88BHbnB thEARIE fefiRl] RVEHhINEpia Hietial St MPLE ahdlpsidiaéred
at 25+1[err]Cin the dark. Plates were nonitored daily for the appearance

of cont anilfat i ndgveloped to allpw greates sayeple thranghputa Twa of thesdraethogsrage daserherd in

uncont am nat.ed &Q@q{ were renoved 30 and placed in a fresh plate of
Medi um E. Substantial callus formation was observed and WO
97/ 44476 Method 1). Rapid high performance liquid chromatography (HPLC) was

PCT/ US97/ 08907 performed on a Phenomenex Curosil-G column (5 uM, 4.6 mm X 25 cm with 4.6 mm X

3 cm guard) at ambient temperature using the hardware described above. Quantitative

15 HPLC analysis of taxanes was accomplished using a binary gradient elution scheme as
follows:
Time %EluantA %EluantB Flow
0 60 40 1.5mL/min
10 25 75 “
20 11 25 75 *

Eluant A = 0.01lmM KH,PO, brought to pH 3.5 with trifluoroacetic acid
Eluant B = acetonitrile

The relative retention times observed for taxanes are shown below. Taxol elutes

25 at about 8 minutes depending on the column and hardware used.
Compound Relative Retention Time
10-deacetylbaccatin 111 0.42
baccatin III 0.61
taxol 1.00
30 Standards containing taxol, baccatin III and10-deacetylbaccatin ITI were

prepared at 50 mg/L,10 mg/L, and 1 mg/L levels. A standard was injected initially and
then after every ninth sample and areas for each of the three components were

integrated from the 227nm chromatogram. Response factors for each of the



- 36- the callus was separated fromthe explant at 20 days and

pl aced on the various callus proliferation nedia listed in Table 3.
For exanple, calli of Taxus chinensis were transferred to Medium D
(see Tabl ewd®p714dshés initiati on procedure was very effici ertrusoroseor
resulting in |low contam nation rate and high frequency of callus induction
of over 90 % 5 of explants initiated. The sane procedure was
successfully used to initiate cultures of Taxus brevifolia, Taxus
canadensi s, Taxus cuspi data, Taxus bacg@t a, Taxus gl obosa,

Taxusfl ori dana, Taxus wal | ichi ana, Taxu¥ nedia, and Taxus chi nensis.

Exanpl e 2: ' | Of . e,calli e .renoved
fromthe ex%‘%#?mg% bgmt/g{ngéigﬁ' ﬁa{/lg?%ﬁq%atmsfgﬁ!ﬁse&rlf@#ﬁ {dn“é‘vﬁr(fa‘:h dar k.
Heal t hy par sampdd wadiajectad knstheameurtrpenliteewisalcultddriRabithepeikareebBédonr t0 10
days, an@etﬁi S frg%en&y %f transfer was found to be extrenely

i nport ant £ 1F SHPRG dilytion and the standard dataeeERsSIOR. and for prol onged cal | us

mei nt enance. Th%{]ﬁﬂgg_rmi(gﬁé}y\ﬁ&foﬁgg,mhmagmﬂﬁﬁgaphy E%L%%!sgor cal li

of various species are sunmarized in Table Suspension'
| ni ti afi on mesformed on a PhenomegexyIB-SBsPhepydicglwmnd3 ulvk 4l GmmiPé 4 & cinavithvas

aseptical |y i . Erlen er. flask containing 25
m of Iiquid mﬁ%@r@%@?@?‘é‘@% etg%us'snﬁé]&ei iéagévtraggggscnbed a%‘“"’rabl e 3). For
exanpl e, MeQuantitdfive2EPLiCsalysio of thranes wahaceemplished Using 4 Bifkki gidient elution

covered with a si If’.ﬁone, foam cap (Bellco, NJ) and placed on a gyratory
shaker at 15gemeasfollows "o 54 [err] 1[err]C in darkness. Suspension

cul tures were foriffRd %ElRPACX 4 BhahB 3 Fiswl0 20 days. Initially,

nmedi uqpwas exchanged by gdiction Fidsteri nFOTm'}] Eﬁask contents through a
buchner funnel cogtainingga mraclgh fi te‘lﬁ?J | bi ochen), and resuspendi ng

all the hiomass s fresh mgdium Upon cell growh, 1-2 g (fresh
wei ght) of cells, and were generally transferred into a new 125 m

flask containin - af ﬁ}ﬁp&li um . re thereafter
subculgur ed weeg:giz %; Bm;%%%rrpll e ‘zf’:m“%? g’vﬁ?éf‘”‘%ﬁﬁﬁ‘éﬂﬂ%ﬁ"@?’ﬁ; s .

The typical gro 5 &k ell densities achieved in suspension cultures
of r epr ERrnelativereteaiOCiinss obsérved for Blaried arkaBbwn Below. Taxol elutes As
a detailed egémlﬁ% the increase in biomass (fresh and dry weight) with

time at minutes depradiae onithe olyom and hazdwargused Fi gure 1. The maxi num
gromh rate was 30 %ered by taki ngeiitlR rReteifibn #ma?0! Nts of nost rapid

bi omass increase on taeiedtdbdicatin 111 0.41
20 baccatin III 0.61
taxol 1.00

Quantitation was performed as described above.
Modifications of the above methods with respect to flow rate and gradient span
and time were also found to perform suitable chromatography for plant cell culture
25 analysis. ’
5.4. MS/MS Confirmation of Taxol
The identity of taxol in cell culture supernatant has been confirmed using an
MS/MS method (as shown in Figure 6) which couples flow injection with ion spray
atmospheric pressure chemical ionization. Details of the procedures used for acquiring
30 the data presented in Figure 6 were as follows: Mass Spectrometer; Sciex API 3 triple
quadrupole with an atmospheric pressure ionization source. Nitrogen was used as the
curtain gas and argon was used as the collision gas for the CID spectra. Interface: Ion

Spray interface producing ions by Ion Evaporation Ionization (Electrospray). Zero air
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curves. Cell cultures of Taxus chinensis grew at a nmaxi num doubling tinme of
2.5 days. woo9a44dhis growth rate is significantly hi gher ROTAISITARI07
reported previously for Taxus species suspensi on cul tures. For
exanple, Christen et al. (1991) reported a 5- to 10-fold I ncr ease
in biomass after 3 to 4 weeks of culture, which translates to an average 5
doubling tinme for Taxus brevifolia suspengions of 7 to 12 days.

The ability to cultivate cells at a high den5|ty IS inmportant in maxim'zing

the el ok SreOUlAG da¥ LU Plfup? A3 Ja0B b ingR B Speralih e

cul tures of Taxus revi d a cell "density of Iess t han |
g dry vei ght phkimimite.e8olfems:ci0/50 apetohitrilefF{24} 2nM NH40Ac pr(bl_%rhmnb icid. Chr| sten

et-al. (1991) Sus Si 0 of .. Tax hi re a

densities of iﬂ!)“f‘ﬂ“ &ep’t?“”zg%s‘bl‘ &P)’/pﬁﬁﬁ?éﬁf? E%ﬁmfvl"fj 100 Ay 'slg?'ﬁé@? growt h.
The viabi | i typRfvided unequivoest lcbSfir@Gorof fheprédesteldy taxbiih BelNGIlGA daﬁlﬁl&% talid @

0. 05% sol utlon of fluorescein diacetate in ace%?tne (Wdholm 1972,

Stai n Teéhnol also previded quantiterion yith exsellens aateemgnt e BPL {rfgRAtSs of green
fluorescing Cﬁkk.ﬁpmon '?&‘ﬁﬂ ?Jdu??dY‘by*manfiH& Lé:&ht in an inverted

fl uorescence m crostope - 2, Japan). Cell viability was
hi gher than 90% t hTheigkalprodied by celi culguresiivappnesshaxus species is summarized ifThe

ability to cu 1.V eIIsuder r.0 ondtL h cel |
densities gwﬁ:la‘?‘ég Waét ‘bi“’ﬁ?g% %‘5}#"1‘1 clﬁ/ '“??83?'@5%{3
pre-requi si ten’fe@xuﬁhﬁr €4ch Bputies. Wﬁ@dﬁeﬁﬁ amimediurd were dried and)hﬁﬂfamﬂ&bdradted ture
process for pr odum ng_ taxol, baccatin I1] Iand t.axa Exanpl e 5:

Anal ysi si0of TEpgsther, pad assayel by eitheg ELISA geHP 5.1. ELI SA Met hods
ELI SA anal ysi Exfmwa; I Biotech #TA-01) was used for det ection of taxol in
cel | culture extracts (see Gothaus, et al., 1995). This nethod
provi des hi gh73erl!s'odllmonyngmv1thmedlllm ngl rrL) however, because a

pol ycl onal anti bod IVI t axanes is
observed. Preparatﬁ‘/ g‘ﬁ%ﬂ?ﬁ?" aé“éa ex%dhmﬁ&ﬂ% P{)sﬁzg sIotgctlon 25

showed cr oss- tresfériintb igyoweholf Mcs_db:aastswen aml_<-1 intodVedianlA 1 Thelmaximinnl t axol ,
it dont 1B o s observetpadon dey iR R aifnROMRY Soriafinf o O feiiet nod s
found to be exdbE NG this 462{% lwak present in the extracellular medium. On day 15, the total
taxane concentration was 72.87ug/flask, or 3.6 mg/liter, of which 58.6% was present in
the extracellular medium. The viability of cells was always greater than 90% as
measured by fluorescence staining (Example 4), suggesting that the presence of
20 extracellular taxol and taxanes was due to secretion rather than due to cell lysis.
The production levels of taxol, baccatin III, and related taxanes have been
characterized for numerous different cell lines under a number of different growth
conditions (elaborated in Table 2 and in other examples) in which taxane biosynthesis is
not enhanced. These collective data iridicate that when cultures are cultivated under
25 conditions optimized for growth, but not for taxane biosynthesis, taxol production levels
are typically less than or equal to 0.5 mg/L, and always less than or equal to 2 mg/L; the
taxol volumetric productivities typically range from 0.03 mg/L/day to 0.07 mg/L/day,
and are always less than 0.3 mg/L/day. Similarly, baccatin III production levels are
typically less than or equal to 0.5 mg/L, and always less than or equal to 1 mg/L; the
30 baccatin III volumetric productivities are typically less than or equal to 0.03 mg/L/day,



detection of taxane production and allowed | arge nunbers of cell lines to

be screened qui ckly. Cell extracts showi ng significant production
of taxanes were then analyzed in 30 detail using the HPLC procedures
outlined be 7144476 WO 97/ 44476 PCT/US97/08907
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A nonocl onal ELI SA anal ysis (Hawaii Biotech #TA-02) was al so used for
detection of taxol in cell culture extracts. This method provides high

sensitivity (0.1 ng/ m.) and significantly |less cr oss reactivity.
5.2. Extraction of Taxol, Baccatin III, id O her Taxanes

Extracti on of taxanes fro er a erfor b v | t hods
dependi ng on a‘l‘ﬁ MKM g‘ﬂ“lw@ﬁgﬂastﬁ’fawgﬁ (a}/e ﬂﬁé’g BﬁF axanes
(appr ox. 1a1§i d?gélwayﬂ&@ tﬁdrﬁb’“‘r%ﬂﬁal k120 m@ALl; thete @xmamlmwer e

pr epar ed very rapld y a ficiently. Media were dried

conpl etel y (iprodustivitigs amt}'P&ﬂﬂbbla%#l!h%!Ul mai{day, dd always less thﬁ%? FFWF’“S( 0.5-2.0
m.) was addedr('):,f 'IU'IH gmrp. Fxc é/\ﬁ; %‘}cﬁ;?ﬂeﬂﬁr ml cally until 10
S

conplete dis ers on o e sarrp e was acconplished. Solids
wer e 5 reno nﬁﬁ:ptdwinugahutml pud fotal taxaﬂdFﬂrﬁIiLmnmhywers obfamdbyt ative

recoveri es have been vels. h, det.ect i

level s wel | t?é%\ﬁﬁ'b'sfc'i‘@*q_gmmwf'a'”&e&“mAmaa’eéﬁ “c"g s Pegfan 88 es i n
the cul ture SERAHRPINRDPIScedREOn MaY 12.| THY expérfifent was termmitbdan #5019, hnd thee
medi um was extracted three tines with an equal volune of a m xture 15

of met hyl ene Teswts preciown in Figwsp 2o Jir inpprastapioincreasein preslugtivity dugito medive
organic | a er, -
Teaaur od vor GiiRge e summalifHE P4UE 6. oS amBiis OB 3 latred plfbued

typi cal 1§ r eowereced. @m&ﬁgherfvwﬁthditmxetcbartgepbmbm’mhturma'plsanﬂiout

baccatin Il at 0.6 /L | centratlons

in the super rfERRYPENt-o HERAIEFR °§r$g? folq;\mﬁg?éaﬁo&ﬁ?jcyz\gedqﬂ%%lt‘gapr Spar at i on
was enpl oyed.wépd fecBérbd Inthé e,auaeéuuﬁa RROKM cdRipaied So cantlh witholt Medium parts

(vol.) of nethanol containing 0.1% acetic acid. This m xture then was
soni cat ed exchange treatment.

The ability to markedly enhance taxol and total taxane productivities, and

15 moreover, to cause extracellular product accumulation is important for operation of an
efficient, continuous process with biomass reuse and simplified downstream purification.
7.3. Effect of Light on taxane production in growth medium

Light is known to play an important role not only in photosynthesis, but also in

various aspects of secondary metabolism in plant cell cultures (Seibert and Kadkade
20 1980). Whereas the experiments described in Examples 4, 7.1, and 7.2 were conducted
in darkness, the response of Taxus chinensis cultures to light is described here.

One gram fresh weight of 7-day old cells of Taxus chinensis line K-1 were
inoculated in 25 ml of growth Medium A (see Table 2) in 125 ml Erlenmeyer flasks and
incubated at 24 + 1 °C on a gyratory shaker at 120 rpm. Duplicate flasks were placed in

25 the dark and under a Standard GroLux lamp at a distance of 3 feet. Spectral
characteristics of the lamp are shown in Figure 3. Results are shown in Table 7.

Exposure of cultures to light did not affect total taxane levels or the extent of

extracellular accumulation. However, taxane profiles were significantly altered in the

two treatments. For example, cells cultivated in the light produced 2.8 fold higher taxol

30 than did cells in the dark. The proportion of extracellular taxol was also significantly



for 30 mnutes, filtered, and anal yzed by HPLC. Sanpl es of
whol e broth (culture supernatant containing cells) were prepared

using a nmethod simlar to that described in the precedi ng paragraph. One
part (vol.)w&forsaare Whole broth was mixed with 3 parts (PEFU$78BFet hanol
containing 0.1% acetic acid. This m xture then was sonicated for 30
m nutes, allowed to stand for an additional 30 m nutes, filtered
and then anal yzed by HPLC. Cell materials were extracted by
freezing freshly harvested cells (-5 O, '_45- fol |l owed by vacuum dryi ng,
and net hanol soxhleting for 50 cycles. The vol une of 30 met hanol was

reduced (- 1000l ) Rond BhiR a7 bsBoChnk 1 ErBRHYchdaifnt Q8oL 25

PCT/ US97/ 089 M specific spectral quality, might be useful in a cell culture process for taxol productim.
anal yzed by HPLC 70 tQ.80% of the taxanes were generally recovered with
10- 15% xample Bz ) °ﬁ%orrp05| tion. It was later found that exhaustive

dryi ng of the SanTig it diicitors is used fo?c&ﬁi%ﬂn@ﬁoﬂﬁ&lbb&ﬂ(’orlﬁbtic?ﬁﬁ than 5%
degradati on of taxol he extraction of solid nedia and callus

was accofipl i gteacidlegieal (erabiofic) Qﬂaﬂhﬁﬂt qpisesan incregsg In secqpndany nekabolium MBS s wer e

| ow, however . de/ | PA vs. water partitioning of the
final net hanoaldﬁgé{e’ylﬂq\;'](‘a’e]%u‘tB vvays performed. Wen taxane |evels

exceeded -5ng/ L t Whikdaodumbler of dlicitors haetbieemfound hseflilvarepreseptatiye dllustrativeepar e

sanpl es of callu SOl i d| I ed .medi um . 5.3. Hi Per f or mance
Li qui d Chr onmeBYPly @Fﬁga@ “163““ namely, the use gf chitasen glpitapatey, I"%glref- or mance
liquid chr On%ﬁgiaﬁmbé’b&HBker#\?%dﬁsfaﬁémr @ some plant cell chltﬂ’ésﬁ‘s?dn&ofhd oaded
di phenyl col um (Supel co X 25 c‘rﬂ? with an LDC

Anal yti @l biasempagying taxin repgtigns gHch a8 browning,and fpss gkviability baveimade g usst
e oo gprsic Ul a0 LIS Rk Rt o0
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The use of chemically modified chitosans such as chitosan glutamate to specifically
induce taxol and taxane biosynthesis while circumventing toxic side-effects is a novel
15 approach.
Suspensions of Taxus chinensis line K-1 grown in Medium D for 7 to 8 days
were suction filtered aseptically using a sterile Buchner funne! fitted with a miracloth
(Calbiochem) filter. 2 g fresh weight cells were asepticaily transferred to 25 ml of
medium C (see Table 2) in a 125-mL Erlenmeyer flask. A solution of 0.05% chitosan
20 glutamate was prepared freshly and filter-sterilized through a 0.22 micron cartridge
filter. 825 pL of this solution was added to the flask at the start of the experiment,
corresponding to a level of 165 mg elicitor per gram dry weight cells. The flasks were
incubated at 24+:1°C on a gyratory shaker at 110 rpm in the dark. The flasks were
destructively sampled on day 15, and observations on growth, color of the cells and
25 medium and celi viability were recorded. Samples were analyzed for taxanes as
described in Example 5. The results of this experiment are shown in Table 8.
Elicitor treatment resulted in a modest improvement in the per-cell total taxane
production (0.53% vs. 0.42% dry weight taxanes) over non-treated controls. The
non-toxic nature of the elicitor is evident from the high viabilities (75-80%) observed in

30 both treatments. In fact, an increased dry weight in elicitor treatment compared to
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The elicitor treatment described herein results in increased taxol production, a
10 more favorable product profile, enhanced product secretion and retention of high cell
viability. These production characteristics represent a significant improvement for a cell
_ culture process for taxol production.
Example 9: Production mediom development
In an effort to increase taxol productivities over the levels described in example
15 6, nutrient levels were manipulated to formulate special 'production media'. 7 to 8 day
old suspensions of Taxus chinensis line K-1 grown in Medium D were suction filtered
aseptically using a sterile Buchner funnel fitted with a MIRACLOTH (rayon polyester
 cloth with acrylic binder) filter (Calbiochem). 500 mg fresh weight cells were aseptically
transferred to 5 mi of production Media B and C (see Table 2). The vessels were
20 incubated for varying time periods of 18, 25, and 42 days at 24+1° C on a gyratory
shaker at 110 rpm in the dark. Treatments were destructively sampled, and observations
on growth, color of the cells and medium, and cell viability were recorded. Samples
were analyzed for taxanes as described in Example 5. The results of this experiment are
shown in Table 8.
25 9.1. Results of 18-day Cultivation
' Taxus chinensis cell cultures responded to the altered medium compositions by
producing significant levels of taxanes and taxol. These data are summarized in Table 9,
and a sample chromatogram is shown in Figure 4. In medium B, 99.8 mg/iiter of total
taxanes were produced, with 24.1 mg/liter of taxol. In Medium C, 110 mg/liter of total
30 taxanes were produced, with 21.3 mg/liter of taxol. On a dry weight basis, cells
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. significantly higher than the rate of production in the first 25 days. The rate of total
taxane biosynthesis between days 25 and 42 was 12.3 mg per liter per day. The average
volumetric productivities for taxol, baccatin III, and total taxanes were 3.6, 0.5, and 7.0
mg/L/day respectively.

(iii)  Production medium formulations can induce up to 45-fold increases in

20 specific taxol content compared to rapid-growth conditions (in which taxane
biosynthesis is unenhanced) such as those described in Example 7.

(iv)  The product spectrum can be manipulated so as to funnel biosynthesis
towards the desired end-product taxol, while minimizing production of undesirable
taxanes. For example, on day 235, taxol constituted 28% of the total taxanes and on day

25 42, taxol constituted 52% of the total taxanes in contrast to growth medium (see
Example 7.1), in which taxol constituted only 12.2% of the total taxanes. This ability to
. manipulate product profiles will have important repercussions for downstream
purification and for product purity-related regulatory issues. For example, the ability to
suppress production of the taxane by-product, cephalomannine could greatly simplify

30 downstream purification compared to purification of taxol from bark tissue.
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15 The levels of taxol and taxanes produced by cell lines of Taxus chinensis under

the conditions described herein are higher than previously reported results by a factor of
35- to 150-fold. For example, Christen et al. (1991) reported the productionof 1 to 3
mg/liter of taxol by suspension cultures of Taxus brevifolia after 2 to 4 weeks of
cultivation. Wickeramesinhe and Arteca (1991) reported the production of taxol at

20 0.009% dry weight in cell cultures of Taxus media.

In summary, our data show that with careful initiation and selection of Taxus
chinensis cultures, and with specially formulated growth medium conditions, cells can
be induced to grow rapidly to high cell densities. When these cells are transferred to
production medium conditions, cells are able to biosynthesize and secrete significant

25 levels of taxol and other taxanes for prolonged periods while maintaining high viabilities.
The incorporation of periodic medium exchange, light and elicitors with production
medium results in further synergistic productivity enhancements. These properties are
critical prerequisites for an efficient commercial process for taxol and taxane production
using tissue culture technology.

30 Example 10:
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10 were inoculated into 4 to 5 mL of culture medium of the given composition indicated in
Table 10, to yield a fresh weight cell density in the range of 15% to 20% (w/v). The
vessels were incubated at 25+1°C at 120 RPM on a gyratory shaker (1" throw) in the
dark. Evaporation was corrected for by addition of sterile distilled water. Samples of
whole broth (i.e., both extracellular and intracellular taxanes) were taken at periodic |

15 intervals, and were processed and analyzed by HPLC according to the methods outlined
in Example 5.

The data summarized in Table 10 indicate that the production of taxol, baccatin

III, and other taxanes can be successfully enhanced by a variety of silver containing
compounds. This enhancement is due primarily to the presence of silver in the medium,

20 as demonstrated in Table 10, which shows enhancement for a variety of different silver
containing compounds and different counterions. These levels of production are
significantly higher than that observed in unenhanced cultures (the production levels for
which are elaborated in Example 7).
10.2. Enhancement of Taxane Production using Silver Thiosulfate

25 Based on considerations of toxicity and ease of preparation and storage, silver
thiosulfate was used in subsequent experiments. The method used for the preparation of
silver thiosulfate was as follows: 1.98 grams of sodium thiosulfate (pentahydrate) was
dissolved in 80 mL of water. 20 mL of a 0.1M solution of sitver nitrate was added while
stirring vigorously, resulting in 100 mL of a 20 mM stock solution of silver thiosulfate.

30 Potassium thiosulfate could be used in place of sodium thiosulfate with equally
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Example 11: Enhancement of Taxane production using Methyl Jasmonate and

- Jasmonate-Related Compounds

15 . The methyl ester of jasmonic acid (methyl jasmonate), as well as jasmonic acid
and related compounds, were found to be useful as enhancement agents of taxane
biosynthesis in cell cultures of 7axus species. The combination of methyl jasmonate and
other enhancement agents has also been found to be useful in obtaining and sustaining
high rates of taxane production.

20 Seven-day old cells of Taxus chinensis suspensions cultivated in Medium M
(Table 2) were suction filtered aseptically using a sterile Buchner funnel fitted with a
MIRACLOTH (Calbiochem) filter. Cells were inoculated into culture medium of the
given composition indicated in Table 12, at a fresh weight cell density in the range of
15% to 20% (w/v). The cultures were incubated at 24+1°C at 120 or 180 RPM

25 (depending on the vessel size) on a gyratory shaker (1” throw) in the dark. Evaporation
was corrected for by adding sterile distilled water. Samples of whole broth (i.e., both
extracellular and intracellular taxanes) were taken at periodic intervals, and were
processed and analyzed by HPLC according to the methods outlined in Example 5.

Table 12 summarizes data obtained by using jasmonic acid and its methyl ester as

30 enhancement agents for several representative Taxus chinensis cell lines. These data
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15 biosynthesis in cell cultures of 7axus species. The combination of MDNA and other
enhancement agents has also been found to be useful in obtaining and sustaining high
rates of taxane production.
Seven-day old cells of Taxus chinensis suspension culture S5122-42 cultivated
in Medium M (Table 2) were suction filtered aseptically using a sterile Buchner funnel
20 fitted with a MIRACLOTH (Calbiochem) filter. Cells were inoculated into culture
medium conditions at a fresh weight density of 15% to 20% (w/v). The vessels were
incubated at 24+1°C at 180 RPM on a gyratory shaker (1” throw) in the dark. Treated
cultures were sampled and analyzed using the methods described in Example 5 at
various time points. Evaporation was corrected for by adding sterile distilled water at
25 periodic intervals. Samples of whole broth (i.e., both extracellular and intracellular
taxanes) were taken at periodic intervals, and were processed and analyzed by HPLC
according to the methods outlined in Example 5.
Table 13 summarizes data obtained by using 3,4-methylenedioxynitrocinnamic
acid as an enhancement agent for taxane biosynthesis in Taxus chinensis cell cultures.

30 These data show that MDNA effects a fundamental enhancement of taxane biosynthesis
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hi gher than isuctiondiltemd aseptically weing a steaGioBuchis fnnelfitted wdth adVIRAGLOTHr eat nent

especially (Calbiochem) filter. Cells were inoculated into culture medium (indicated in Table 14)

15~ at a fresh weight density of 20% (w/v). The cultures were incubated at 24+1°C at 180
RPM on a gyratory shaker (1” throw) in the dark. Evaporation was corrected for by
adding sterile distilled water at periodic intervals. Samples of whole broth (i.e., both

~ extracellular and intracellular taxanes) were taken at perio'dic intervals, and were
processed and analyzed by HPLC according to the methods outlined in Example S.

20 Table 14 summarizes data obtained by using various combinations of
enhancement agents for taxol, baccatin III, and taxane biosynthesis in Taxws chinensis
cell cultures. The data demonstrates substantial further enhancement of taxane
production by combinations of enhancement agents over that seen for individual agents,
and over production levels in unenhanced conditions (the production levels for which

25 are elaborated in Example 7).

Example 14: Enhancement of Taxane Production by Medium Exchange

This example demonstrates that high productivity in culture can be sustained by
replenishing medium components and removing spent medium.

Cell lines were initially cultivated in Medium O (Paella), Medium I (S529-3A5),

30 and Medium I(SS45-146). The detailed compositions of theée cultivation media are



of specific spectral quality, mght be useful in a cell culture process for
t axol production. Exanple 8: Elicitors The term
elicitors is used for conpounds of biological (or biotic) and 5

non- bi ol ogi c{hg bRfsaRPI Otic) origin that cause an increase i PCTASIIHBNTY

met abol i sm when added to plant cell cultures. VWi | e
a nunber of elicitors have been found useful, a representative illustrative
exanple is described here in detail, nanely, the use of chitosan gl utamate.
VWi | e chitosan has been previously tried as an elicitor in sone

pl ant cell culture systens, the 10 acconpanying toxic reactions such as

b ' d | f. yiabiLlity h ' . ' tj cal

(Beaumont - andieeEaved in §ae 26;Setendiald Coi ofhes 2aEnss wees mtiBRTAA 1)

toxic side regaehiiy udha stefile BiRhher AANEFeled Vith WVIIR ACLOTH ¢CalbibeiRant ed i n

the literature. The use of chenjcally nodified chitosans such as

chitosan gl ut Sivert Approxioptaly 1.5 gzanmsyfresh weight celly warednqeylated infa 4-2510ls aEthe

bi Chesi ; . : : ' doaf f e | ]

o1 osynthests YL ELIGHNER PRl bEH Fuld 0 FVRRR ek o fbocn

Medi um D5f or 120 RPB1 ¢lea/gyratory shaker\(Et throw)dn thendafk. Evapoeafioa sap comertédfouby ng a
terile Buch 1 | fitted.wth y | ot .Cal bi.och filter.

> g fresh ver st pRrladissisd ater aCperlpE it Forghe mediam greigre 0 o'

medi um C ( seefabefits 2he spenPprbddctich nieduf WEYsEtidne@6F usifig & SletfeipiRtte bfté 05%

chitosan 20 glutamate was prepared freshly and filter-sterilized
t hrough a 0.220g0 ¢} days ofibateh enltévation, leavingthe gelly behipddin the vessel; (fihg spest ut i on was

acded 1o, N Sl Bl Sy & BSHLTRRE e mohg pfBBEERLCN 10 0

a level of 16 per gramdry wei gh were
i ncubat exd at FEtahple 5] Eresh caltuyy madiomyof thecsame campdsikidnmap theifirsttbatsh dualtuce wakhe

fl ask d I vel | ed '
or owt " col or *enaeepeleoniadproBRE iR TRl Ner Gt R He plR "

recorded. Sangh@fonwehtel AAkivESdbsérided hsove Fhe Medium exchangdl@glervds eepented Exanpl e
5. The results _of this experinent are _shown in Table

8.
Elicitor treasfiennnadditional 46 tq K daysgfedtvatinn - Thedatahextrageliufas taxanes fon batchy 5
taxane d%&?dﬁ% %ﬂgpaﬁ& éﬁ%h\ﬁﬁoﬁﬂem&ﬂh%ﬁ}&ﬂ?ﬁ&ﬁﬁ %lﬁl_é)l_s.mrﬁé

T | .
non-treated antI’O S non-toxic nature of the elicitor Is

evi dent TS om miediuimi grohange bericentrasion (algesaisngte thetotal zmount ofgxane pragiyced in
:E (r)eat ments. | rt1hef e%r%cellglgr h@&&&%?ﬁ&d%&e‘“@dhﬂﬁé otj the géllisﬁipteﬂgiont Ju?tﬁnterfﬁgf sg§npar ed
mL).
Table 15 indicates that cells can be sustained in a productive state for a
prolonged period, and in fact, that productivity of the cells can be enhanced by repeated
20 medium exchange. Enhancement by repeated medium exchange is feasible using a range
of different enhancement conditions, and with a variety of cell cultures.
The data demonstrates substantial further enhancement of taxane production
over production levels in unenhanced conditions (the production levels for which are
elaborated in Example 7).
25 Example 15: Enhancement of Taxane Production by Fed Batch Operation
Seven day-old cells of cell lines cultivated in Medium 1 (CR-128, $836-245),
Medium L (SS36-359) (the compositions of these media are described in Table 2) were
suction filtered aseptically using a sterile Buchner funnel fitted with a MIRACLOTH
(Calbiochem) filter. Approximately 1gram fresh weight of célls were inoculated into 4

30 ml of culture medium of the given composition indicated in Table 16.a. The vessels
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controls has been reproduci bly observed (14.2 g/l vs. 10.1 g/l dry weight).
The higher woomassrsce! | densities resulted in an 1.8-fold geeaisensbdrt er of

total taxanes in the elicitor treatnent, l.e., 75.8 ng/L versus
42.4 ng/L for the control. The elicitor treatnent resulted
in increased taxol biosynthesis, both on a per-cell 5 basis (0.098%

vs. 0.054% dry weight taxol, a 1.8-fold jncrease) and in a titer
conparison (13.9 ng/L versus 5.4 mg/ L, »%. 6-fol d I ncrease). The extent of

secretion erofo licitor treatnmn red to the
control (85%"9&‘%’?”?@% +1°C at léfigﬁyﬁ $ gyrateny pﬁ"glﬁ"ﬁgf)&“ow%npa‘ k. The

eli citor trepliRptior WS thir&led BF By ﬁ&t%%tﬂffsﬁnlemlduné‘dﬁ@ﬁﬁﬁ peAddit inbéregldICt i on,
a 10 nor e favorable product profile, enhanced product secretion and

retention of For fgéhbateh pperation, sterile fegd iselutigns of peedetermined comnesitiensavere fedr i st i cs
represent a signifi | tun r ss for
t axol pr oducf‘?'g uous%ain‘ mgﬁ&@i{ﬁ){%&kzég&(‘)‘%‘ﬁ%ﬁ%“ﬂ”ﬁ&?&?ﬂ"%\?ﬁ (%Srr"g'n

I'n an efsfort sdl&hdnr]i‘d' fires of duleel pepﬂﬁ}dLDétmsidfitlﬂed)batch opeeation ard chesdm in bed in
exarrpl e 15 nut rient |evel.s wer | at ed o.formul a

product i on M?l » tejuding campositions °f8’°g$§ Sgt‘jlg Mg PreEny 98%% @?? nS| s
line K-1 gr ogfiuirss Wae kdnipléd 2MAaRalP2batusing the .hstnécmescnbed in Exa@platsn cally using
a sterile Buchner funnel fitted wth a M RACLOTH (rayon, po ester

cloth with acryli E'ﬂhk Heierindigatesithat celis.nap be systaiged in;@ prodyctive fRERght cells
were asept| C?iol period Fﬁscf 13?3?01 qg{}‘f)ﬁocﬁx&nﬁ% cgﬁ%&ﬂtﬁgtehmc féd Budd C

(see Table 2J. PELSe or varying |ne perlods
of - 18, b, abﬁerdt?oxd pesalting indhe ddcamulatiéh of high lgveledfdageatin II1, taxol, sAndlother at 110

rpomin the dark. T nts were est lve t

oﬁ growth, cH8Resy 1&%? FFEE’(YS IaT“Q“‘?;fﬁﬂ %E%ﬁﬁ¥ﬁiﬂ%v f@%ﬁ%‘@fﬁ?&'@vfeggpged
Sanpl es rotodtsf hritl ﬁékﬁédfiﬁdlt’ﬁ@hl&&ﬁ@@ﬂ&n&ﬁﬂdiﬁ&ﬁfeldbﬁﬁubﬂ thikrfﬂbl% szo The
results of tﬁls experinment are shown in Ta

Resul ts of 1gxdy:ggps that feeding phenylalanine results in enhanceplagmgxcgﬂqx Htétﬁgqlgeletéqqto cul tures

responded t o f?red medi um conposi tions by produci ng
signi ficant Pevel's of taxanes and taxol . These data are summarized in Table
9, 15 and a ?heqidtedemrutmmglbmmé figthenenhancement of ¢axane pradugtionum B. -

e e T ST S AN
wiith 21.3 nyklabérateddd Examph 7). On a dry wei ght basis, cells
Example 16: Enhancement of Taxane Biosynthesis Using a Combination of
Enhancement Agents
20 Various enhancement agents, used in combination, gave significant and
synergistic improvements in taxol, baccatin III, and taxane production.
Seven-day old cells of Taxus chinensis suspension cultures (§8122-41, cr427,
SS122-30, cr857, cr452) cultivated in Medium M (the composition of the medium is
listed in Table 2) were suction filtered aseptically using a sterile Buchner funnel fitted
25 with a MIRACLOTH (Calbiochem) filter. Cells were inoculated into culture medium
(indicated in Table 17) at a fresh weight density of 20% (w/v) unless described
otherwise in Table 17. The cultures were incubated at 24+1°C at 180 RPM on a
gyratory shaker (1" throw) in the dark. Evaporation was corrected for by adding sterile

distilled water as necessary. Samples of whole broth (i.e., both extracellular and
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produced 0. 18% dry wei ght taxol on nmedium B, and 0.065 % dry wei ght taxol
on Wieh 7140376, 9.2. Prolonged Cultivation  PCT/US97/08907

Taxol and taxane production after prolonged cultivation of Taxus chinensis
cells 5 (line K-1) for 25 and 42 days was studied in nmediumC, the
results for which are sumari zed in Figure 5. The foll ow ng
significant observations can be summari zed: (i) Taxcus

suspensi on cul tures are capabl e of producing significant |evels of

taxol and ot; ' | i th
0320 dry  Mekceh @S0l ikbn ATHEHS flésell, A5 Wi HosBled nd Bked

cor respondi ngy HBLC iaterdingfo théMetimdd outlined in Exangle ind 295 ng/L total taxanes
based on fi nal i vol une. The anal ysis of this . .. _sanple by tandem
nmass spect r omet F&d@g’?ﬁl SPH‘E&"F%J;&@?@P% Y 4ping xangus gombipgsipgs P&

Figure 6. Quhindembitagety foyBbiFardiowne bioditesis i TS SaRGHAs cill ddiubdsL C.

(i) The rate of taxol biosynthesis between days 25 and 42 was at ca. 7.6
ny 5 (Theglatgdsmansirates sybstantigl futher enhangement ebtaxane pmductiondy n t he 17- day
period. This Y L onifd ' : producti on
in the fi rst%@%&?’? Jf%ﬁ‘é“??t‘%%%ﬁ%ﬁl that Voli o5 l@@)@ﬁ%@?‘é’%gtoﬁési s between
days 25 and unenheasedicongitions (therdetails of which amd pyovided én Bxaupie)E).

vol unetric d Lyities for ta baccatin I]] d al tax.anes wer e

5060, b ar G 1 Enintehent 3 Yasan Pihion by Fed Biech Bptraticis ' )

Production nedi urﬁefmrdﬂyl-cﬂdb&n&feeirlinbmmﬁxatddmmdiﬁErMC(ISSIZiMI?Qﬁ:SeS in 20

speci fltlﬁ taxol cantent, conpared to rr,‘%g‘ib.d- rowth conditions (in which taxane
e

bi osyntesi SoMPogHenm A Hhestiinedip ar described nctahlecd Mefremction ittesednseptipall |
Lour ds the ok e BEHTRRPIRE RO MR CaicRRerh Hiick DBt nes! =
undesi r abl e 1gram fresh wejght o€ cells Peere ippewiseduintoohmbieficultre meslium oftbergiveri ut ed 28%
“ of the total coh%ﬂﬂ&?inﬁi@ge&) th i) 18.a. The vessels were incubated at 24+2 °C at 120

RPM on a gyratory shaker (17 throw) in the dark. Evaporation was corrected for by
15 addition of sterile distilled water. For fed batch operation, sterile feed solutions of

predetermined compositions were fed continuously into the culture vessels. Details of

the fed batch operation, including compositions of the feed solutions and feeding

protocols are described in Table 18.b. Treated cultures were sampled and analyzed

using the methods described in Example 5.
20 Table 18.a. indicates that cells can be sustained in a productive state for a

prolonged period, and in fact, that volumetric productivity of the cells can be enhanced

by fed batch operation, resulting in the accumulation of high levels of baccatin II1,

taxol, and other taxanes. The relative amounts of particular taxanes reflect the

interaction of feeding protacol and feed composition with the cell line and culture
25 conditions.

The data demonstrates substantial further enhancement of taxane production
over production levels in unenhanced conditions (the production levels for which are
elaborated in Example 7).
For purposes of clarity of understanding, the foregoing invention has been

30 described in some detail by way of illustration and example in conjunction with specific
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25 42, taxol constituted 52% of the total taxanes in contrast to growh
medi um ( see Exanple 7.1), in which taxol constituted only 12. 2% of
the total taxanes. This ability to mani pul ate product profiles wll
have i npor (a5 upger cussi ons for downstream puri f pcpusemssnd f or
product purity-related regulatory issues. For exanple, the ability to
suppress production of the taxane by-product, cephal omannine could greatly

sinmplify 30 downstream purification conpared to purification of taxol
frombark tissue. WO 97/ 44476
PCT/ US97/ 08907 -36- - 48-

(v) Taxus cel ], cultures, have been induced tp secrete siqgnificant anounts
of L B T R P
extracel | ul gosd QMR id e art to which théieéiRion ipertalhlS TR foregdifd dedtriptivhAgd t han due
to cell lysis is corroborated by several i ndependent observati ons:

(a) Conti nuexhmplesapeintendedstodliustratechiit pet linit thegeaps of thedpnention. 5
o _ . . ' _ . "
Shoon t hat Mbdleckfors e By Mdhefl oddf for Limidd WS BRNREMLPRRELYS 1 DTS Mave

products on gpshrentto pdrjonBiskilleriathie art are intendpe teckerwittrethe séopeiof ther ent  t axanes
were secreted. Jf cel]s had.l d,, the rrcentage in the medi um
m ght have ﬂ@@?‘%xﬂ@é#é&'@@dﬁéﬁ’&yﬁ"q%ﬁpeﬁﬁp "faﬂ'ésdl fferent taxanes.

(vi) The abili tyAnfpummaﬁo:Eam§?teﬁldppﬁdaﬂ@nstr@entibﬁm:we@ﬁ@du@eret axol at

hi gh rates 10 in an extracel lular environment so rich in product is

parti cul ar | jndivetivenofithe lewe] of skill of those skilled in the grt 1o witigla thissinyegtienpertajnisne wi't h
whi ch these ,r ' i J @Re\ rowt h
o hi'gh col rAugRHGaReliind athEleRRaoRs @ R IREHFated b rofrenl 1d Bl 211D
gener a0 ons extentens iff eaph idiyidnuk publication bf patent apglicatini weg spexifically awdabi | ity and
commercial ., , . fential ., 15 The | evel s of taxol and

t axanes proH@b‘%‘!ﬂ’aMg‘aﬁPﬁéFﬁ%’gcwow&g reffren%nsi s under t he
conditions described herein are higher than previously reported results by
a factor of 35- to 150-fold. For exanple, Christen et al. (1991)
reported the production of 1 to 3 ng/liter of taxol by suspension
cul tures of Taxus brevifolia after 2 to 4 weeks of



cultivation. Wckeranesi nhe and Arteca (1991) reported the production

of taxol at 20 0.009% dry weight in cell cultures of Taxus nedi a.

In summary, our data show that with careful initiation and sel ection of
Taxus wobrpansi s cultures, and with specially fornul RCFAISIT/EMT

medi um condi tions, cells can be i nduced to grow rapidly to high
cell densities. Wien these cells are transferred to producti on

medi um conditions, cells are able to biosynthesize and secrete significant
25 | evel s of taxol and other taxanegzfor prolonged periods while

mai ntai ning high viabilities. The i ncorporation of periodic nmedium
exchange, light and elicitors with pFr idn mediumresults in

further synergistic productivity enhancenents. These properties are
critical pis¢otBlicitnrs Used s Elinitationh of Taxus sppOeddt Culterepr ocess for taxol and

t axane production using tissue culture technol ogy. 30 Exanpl e

10: WO 97/14447 Biotic Elicitors (microorganisms)

PCT/ US97/ 08907 -49-

10. 1. Enhgaﬁﬁmerga‘ Taxane Product i onpigrbphahorh mégdsperma Silver,

in the fopmegj,”'y,b,y&;n cont ai ni ng corrpogn Aislsyer conpl exes, or silver

ions, wasplgaind to.pena useful enhance ,94 t axol , baccatin Il ,

and taxan lQsynt hesi s |n cel Iti _g:s of Taxus species. The
rng ltum erz I um

conbi nat i

nd ot her ents has al so been
ﬁfsg

found to ' "f{ 68T ai ni ng and s rates of taxane
productio yos '“c"cm Seven- day 8"”(?5‘? é"' ""’Faxus chi nensi s
suspensi oﬁl’ﬁﬁ’ﬂaétﬂ’f'f’vﬁlf‘ed in Medium L ’e’"""“""lf"rabl e 2) were suction
filtered 4 dgﬂ'ﬁﬁﬁ“l"y‘eﬁ‘ﬁn a sterile BBUMMESINqMOsEl fitted with a
M RACLOTHCPehlioBelyt hietenpsirephuer . Appr oxi Geleserickyumysifeld 1 gram fresh wei ght
cel | s 10 Collgtetrishumovhitudared i nto 4 to Goldtorvithumgraminicatedi um of the gi ven
conposi t i Colletowichan glbebsporioides Tabl eCilindrédiadiirefldridadurcesh wei ght cel |
densi ty i Rusdnitm axocfeveliens5% t o 20% (W v). The

Fusarium heterosporium

Fusarium oxysporum f{. sp. conglutinans

Fusarium oxysporum f. sp. lycopersici

Fusarium oxysporum {. sp. pisi

Gibberella zeae

Gaeumannomyces graminis var. tritici

Geotrichum sp.

Leptosphaeria korrae

Nectria haematococca MPV]

Mycosphaerella pinodes

Ophiostoma ulmi

Phoma lingam

Phoma pinodella

Phytophthora infestans

Pythium aristosporum

Pythium graminicola

Pythium ultimum

Rhizoctonia solani

Sclerotinia sp.

S. nodorum D-45

Trametes versicolor

Ustilago maydis

Venturia inaequalis



vessel s were incubated at 251C at 120 RPM on a gyratory shaker (1" throw)
in the dark. Evaporation was corrected for by addition of sterile
distilled water. Sanples of whol e broth (i.e., both extracellular
and i ntracelwgdrgsigaxanes) were taken at periodic 15 I NpetuBdTmsseand were
processed and anal yzed by HPLC according to the nethods outlined in
Exanpl e 5. The data sunmari zed in Table 10 indicate that

t he production of taxol, baccatin 11, and ot her taxanes can be
successfully enhanced by a variety of silver containing conpounds.
Thi s enhancenent is due primarily to th@'presence of silver in the nmedium
20 as denonstr at edl.i nBiak|Blicités (Mivrebial fhactions@nprodoaasent for a variety

of different silver cont ai ni ng conpounds and di fferent counterions.
These | @hitbgan0f production are Cellysin Si gnificantly higher than that
obser veq jéienanenhanced cul tures ygigecpkpduction |evels for whi ch

are el afiansdnh Exanple 7). . . 2. Enhancenent of Taxane
Pr oduct i%%{. sing Silver Thiosul f%ﬁgf%éﬂ Based on consi derations

of toxi 'P%nand ease of preparatgon and storage, silver thi osul fate
was use subseqyent exper i me PX¥¥ife net hod used for the preparation of
silver t W?‘F%%%&E as fol | o1 98 grams of sodium thiosul fate
(pent ah Aym lucan di ssHesd®Plin 80 nL of water. 20 nL of a 0.1M
sol ut i orpulfpetbylglpepn nj trate was Rapideseni| e stirring vigorously,

resul ti Manoan 100 nl of a 20 mivi Klemymeol ution of silver thiosulfate. 30
Pot assi Mwlarhi osul fate coul d be uSkitindsea pl ace of sodiumthiosulfate with

equal | y Mannobiose WO 97/ 44476

PCT/ USO M&h8&ibse - 50-
ef fi cacivatop@itatse S. The stock solutions were filter-sterilized using 0.22
pM car t nNgBtetraose filters into cell culture nedia at the start of a

gi ven experinent. Alternative nethods for preparing simlar silver

thiosulfate solutions are also suitable. The cell culture protocols
were simlar to those described for the experinents described in Table 10.



5 Tabl e 11 summari zes data obtai ned by using silver as an
enhancenent agent for a nunber of different cell cultures of Taxus
chinensis. These data show that silver effects a fundanent al
enhancenment Ggobfy@ane bi osynthesis generally. The specific pROIHisev/o8907
profile observed in any given case reflects characteristics of the cell

line and the culture medi um Silver ion/conplex can be particularly
effective in enhancing taxane 10 producti on when used in conjunction
with other factors in the nmediumfavoring bi osynt hesi s such as
growt h regul ators, carbon source, salts, TIEr onut r i ents, and the

li ke. Exarrpl e 11:111En&bé0ﬁcé31’nitotsc6€héimmir81ressrmghmason usi ng Met hyl
Jasnonate and well as some naturdthg Gevufring BRedhaméwdisfonpounds 15

The nethyl ester ofjasnonic acid (nethyl jasnonate), as well as jasnonic
aci d A,achﬁaﬂ,craeghat ed conpounds, wegﬁuf,@m to be useful as enhancenent
agent s of bi osynt hesi s bﬁb ﬁh\qps of Taxus speci es.
The corrbl a&{gt hyl jasnonate angs Jasmo ne Ot enhancenment agents
has al so qund to be useful in obg&bﬁé and sust ai ni ng hi gh
rates of roductl on. 60 €N day old cells of Taxus
chi nensi s h c;ul II vat ed in I\/egéf?ﬁgfﬂ Tabl e 2) were suction
filtered Sengm % sterile a‘f’ﬁ% Y&d with a

M RACLOTH ﬁ%@ﬂﬂl E’herr) f| lter. Cells wd¢8mMPhocul ated into culture nedi um of
t he chelineehigsidsi t i on i ndi cat eB4idichiorophenoxy trigthyh(amingdh wei ght cel |
density i ﬁhmm@epl@mc acid 15% t oDitioyldithiacprbambcacidil t ur es wer e

i ncubat edNerdiltydrdguaiaretiCaeid 120 or 180 RPM 25 (dependi ng on the vessel
si ze) on Bithiothreitoly shaker (1" throw) Boditinenetabisulfittvapor ati on was
cor r ect ed Pomssily necibisalfitst eri | e di sti | bashin@DEPheflalahiae of whol e broth
(i.e., boWanadylsulfate extracel | ul ar and Usicoa®s] | ul ar taxanes) were taken at
peri odi c padlstutiaksl, and were pSﬁ&%&ed and anal yzed by HPLC

accor di ngghQniidife Met hods outlined in Eggphkie - Table 12
sumar i zegagahand bt ai ned by using jasmonic acid and its nmethyl ester as 30
enhancenmeg} agankaor several representative Taxus chinensis cell [ines.
These dat _7997 WO 97/ 44476

PCT/ Us97/ JRR07;

Ancymidol
Triadimefon
Phosphon D
Thiourea
Dextran Sulfate
Hydroquinone
Chitosan glutamate
Fenpropemorph
Prochloraz
Naptifine

EDU

HTA

MPTA
Glutathione
EGTA
Gibberellins
Abscisic Acid
1,3-Diphenyl urea
Diazolidinyl urea
Phloroglucinol
Sodium alginate
Carragenan



-51- show that jasnonic acid and its nethyl ester effect a

fundanent al enhancenent of taxane bi osynt hesis generally. The
specific product profile observed in any given case reflects
characteriwoppsaanf the cell line and the cul ture medi um pcThesposbevel s of
producti on obtained in the presence of these enhancing agents are
significantly higher than that 5 observed i n unenhanced cultures (the
production levels for which are el aborated in Exanpl e 7).

Jasnonic acid, its nethyl ester, and.ggel ated conpounds, are effective
enhancenment agents of taxane biosynthesis when used in conjunction with
ot her factors in the nmed TABLE/DQbi ng bi osynt hesi s such as ot her
enhancenment agents, growth 10 regul ators, carbon source, salts,

i cronut ri ent s, L0 Péecutsois; Inhibitors & Sthoalidteor Activatdis Uzed Bt of Taxane
Production USRQEnﬁhﬂn bEBidYyritiEds 6P Pax6l & Taxanes in T. spp. cell cultures, " L7 OCi nnam ¢

acid The cinnam c acid anal og, 3,

4- et hyl enedi oxy-6-nitroci nnam c acid (MDNA) and rel ated conpounds
were f be usef ul ement agents of taxgpe 15 bi osynthesis in
cel | c "[fl',tjr es of Taxus spg@ﬁ%go The conbi nati on OSEWE;@ Sand ot her

enhancgne agents has aI d,to be useful |n obt ai ni ng and
sustaﬁﬁ\ H@‘W’S‘ﬁ €producti o fyclic AMP

Seven-ld@Pol d celI's of Ta%&@&?ﬁ" ensi s suspensi onDitutyryl @yclis AMR 2

cul ti vEiradne i n MedPadlebutemmlbl e 2) were sucMethyl jasmpuated aseptically
usi ng Eyptophan e Buchner f 8KEe19920 fitted with EisMasAkeOTH ( Cal bi ochem
filt erMethignine wer e i nocul MERI29nto cul ture Chlveskithyiphoephibinic lfts at a

fresh Tyeamine density of 1AHeymiddD% (W v). The vesSpérmimere
i ncubaAedcatidadd er r | 1[ er r Tfiadiimefoa0 RPM on a gyr at gpsmediaker (1" throw) in

the dark. Tisesdled PRoSphei BS were sanpl ed apgyapmbyzed using the
met hods described in Examplgpyrapertorp var i ouscg&;wl nts. Evaporation
> P

Eﬁ‘pép h
was CoeRdhdadi@r by addl &l e distilled vat eriodic

mter%:@lmees of V\/no th (i.e., both ext IuI ar and
i ntrac taxgﬁét re taken at perlﬁ |ntervals and were
proce negf::q d bys accordi ng “Pne met hods outlined in
Exarrpl.f:é"%" g 111‘75 "T% summari zes dat tai ned by using
3, 4- ngvirﬁ di oxyni troci ene acid as a é“nhancerrent agent for

n

t axa ynthesis in Ta dfthensis cell cul t uPgssInagieroids These dat a
show t eDNA ef fects a MMdanental enhancenent 8HA axane bi osynt hesi's

Trans-cinnamic acid 4-amino-5-Hexynoic acid

Cambrene A Phenylethanolamine OTA

Verticillene Phenethylamine

Verticillol Glyphosate

Camphor Dihydrocycloeucalenol

Quercetin Methionine Sulfoxide

Levulinic acid B-Hydroxyphenethylamine

Abietic acid 5-Methyl-DL-Tryptophan

Borneol a-Fluorophenylalanine

5-2 Aminoethyl-L-cysteine hydrochloride



WO 97/ 44476
PCT/ US97/ 08907
generally. Cultivation in Medium ||

si | ver, furt %97/44476

-52-

.e., in the presence of NMDNA and

enhances the production of taxanes. PERESSHEEY | ¢
product profile observed in any given
of the cell line and the culture nmedium These |evels of

case reflects characteristics
producti on

are significantly higher than that observed in unenhanced cultures (the 5

production |l evels for which are el aborat@d i n Exanple 7).

Exanpl e

13: Enhancenent of Taxane Bi osynthesis Using a Conbi nation of

Enhancenent Agents
combi nation, gave si gni ficant and
t axane pr oduct I on.

VamABIE eghancenent agents, used in

ELICITORSEr gi stic i nprovenents in
Seven-day old cells of Taxus chinensis

suspensi o ul tures cuI tivated in Medi umB P (SS64412), Medium O
(SS64-561 @%g I\/tadr um | (SS124-77p Medi um M
(88122-29 f these rred ed in Table 2) were
sucti on f @]PE’QF Cﬁ\l ner funnel fitted with a
M RACLOTI—N»N - lacety'e btﬂssmmy

~medium (i nBitated in Table 14) 15

(W v). Thitgloxide &ddwsr e i ncubat ed at 24[‘3@‘]"15‘9‘@"}’@

culated into culture
#H a{azﬁ’@nsrty of 20%
RPM on

a gyr at or Pietlydkmine Bis'(Nitticoxjde) Adduce dar k. Trvoghed at i on was correct ed for by
addi ng st BendybN¢N'sDiakétglcB-vhitobiosile per i odiThiountaer val s. Sanpl es of whol e

broth (i . Syrindi®idid

t aken at pesioftdadiadolt ervals, and were

extracel | ul ar Arhibacetamideel | ul ar t axanes) were
2,4,6-Tripklorpheisdd and anal yzed by

HPLC accoB@Bym 1to the net hods outlined i rpyEuﬁmzLaﬁd&umE&ethocmonde Tabl e

14 summar 5

enhancene t

Taxus chi Q Q%&h %m’fcéﬁﬂ-ﬁ cuItures
further e ane

enhancene g f'gcetﬁ &’r?ﬁ? seen for |n

productro 3
‘mﬁ%‘l"&? e n Exanple 7).

échylphl MEFhanced conditio

airilvgsed by using var ipyussiGMoRhRRihHdhydrate
aciddaccatin | |lJoly EILqrsfné’h

blokfigy/ Nt hesi s in
at a dem)nst rates substanti al

&@P‘*@E@*“Fﬂm”aﬁd"”s and over

%M%gu% %n | evel s for which

Enhancenent of

Taxane Pr on by Medi um Exchange Oxlzamx © This exanpl e
denonst r apewdsexyecetiphepope oduct i vity in c d-MSPWIRERFERSe sustained by
Pectic acid Methoxyacetic acid
Lysozyme N-Ethoxycarbonyl-2-ethoxy-1,2-
Nitric oxide Dihydroquinoline
Glutathione (reduced) Lanthanum acitate
1,2-Diaminopropane Linolenic acid
1,3-Diaminopropane Lipase
A-mercaptoethylamine Iodoacetamide
Hydroxylamine 2-hydroxyethylhydrazine
Deoxyglucose Dinocap
2-chlorobenzoic acid 1,3-Diphenylurea
2-Methyl-1,2-DL (3-Pyridyl) 1-Propane Hydrogen peroxide
-5-Bromouracil Urea hydroperoxide
7-Nitrondazole Sebacic acid
8-Hydroxyquinoline Benzoyl peroxide
Acedoamidocinnamic acid N-methylmaleimide
2-Aminoanthraquinone Cumen peroxide
N-Acetyl-L-glutamic acid N-Acetyl-D-Glucosamine
Agmatin Octyl-8-D-Glucopyranoside
3-Acetyl pyridine Diisopropyl fluorophosphate
Butyryl Butyryl Lactate Isopropyl-8-D-thiogalactopyranoside
7-Bromo-5-chloro-8-hydroxyquinoline Hydroxyethyl-8-1,3-glucan
Benzylbenzoate Dextran
Bromoxynil - Lucifer yellow



repl eni shing medi um conponents and renovi ng spent mnedi um

Cell lines were initially cultivated in Medium O (Paella), Medium!l

(SS29- 3A5), 30 and Medium | (SS45-146). The detail ed conpositions of

t hese cul ti wgbiegmsspgdi a are WO 97/ 44476 PCT/US97/08907

PCT/ US97/ 08907 - 53-
described in Table 2. Seven day-old cells of these cell |lines were
suction-filtered aseptically using a sterile Buchner funnel fitted
with a M RACLOTH ( Cal bi ochem 42| ter. Approximately 1.5 grams fresh
wei ght cells were inoculated into 4.25 nL of the respective culture

medi a i nSyrmpakidhyde Tabl e 15. The vessel s were incubated at 24+1[err]C at 5
120 RPM Qhitigasgyr at ory shaker (1" throw) in the dark. Evaporation was

corr ect egadi@sci®y addition of sterile distilled water at periodic

i nt er val galcfaf cyafifde Medi UM exchange treatnments, the spent production
medi um ctloned off using a sterile pipette after 10 to 11
days of V%ﬁkﬁ %i’d tivation, leaving the cells behind in the vessel. The
spent uper nat ant was anal yzed for extracellul ar taxanes using the
met hods n 1Q Exanpl e 5. Fresh culture nmedium of the sanme
conposi t MY%&“WP@P% ch culture was added to the vessel

cont ai m?i@sqstesélvmehleeﬂqs The cells were cultured under the sane

envi r onr@Athaanilicasid t i ons descri bed above. The nedi um exchange cycle was

r epeat edColistin methapesulformte addi ti onal 10 to 11 days of cultivation. The

t ot al ex€Colshigineul ar t axanes for batch production is conpared with
t hat of 2@didkdomphéthge production in Table 15. The 15 medi um exchange
concent r bifhefylaahide2-phylamidee total anount of taxane produced in -

t he ext r AgabokydlatarifBel Md s algged by the vol ume of the cell suspension
culture ﬁL-gH ydraxy-3-methylbutyri& hdid Tabl e 15 indicates that

cells cap_lbg;hgm foductive state for a prol onged
peri od, fdguécﬁﬁ a(hhgr ocfuctl vity of the cells can be enhanced by

r epeat ed N ange. Enhancenent by repeated nedi um exchange IS
droxy p&p‘?

f easi bl ey, phen u & xatriene
Arachxdomc acid
Urea hydrogen peroxide
Hydrogen peroxide
Bestatin
Butylated hydroxyanisole
Butylated hydroxytoluene
Gellan gum
cellulase
Pimelic acid
Diisopropyl phosphochloridate
Nitrapyrin
t-Butyl hydroperoxide
DL-Phosphinothricin ammonium
Methyl syringate
Trifluralin
Tridecanone
Mimosine
Narigenin
Dimethylaminopyridine
1-Benzylimidazole
DL-o-chlorophenylalanine
Cetylpyridinium chloride
Hydroquinone
Syringomycin



of different enhancenment conditions, and with a variety of cell cultures.
The data denonstrates substantial further enhancenent of taxane production
over production |levels in unenhanced conditions (the production |evels for
which are  woorsglsaborated in Exanple 7). 25 Exanpl e RET/USKTBNE enent
of Taxane Production by Fed Batch Operation Seven day-ol d
cells of cell lines cultivated in MediumI| (CR-128, SS36-245),

Medi um L (SS36-359) (the conpositions of these nedia are described in Table
2) were suction filtered asepti c#ty using a sterile Buchner funnel
fitted wth a M RACLOTH (Cal bi ochem filter. Approximtely 1gram
fresh weight of cells were inocul at eFABREJD.d 30 m of culture nmedi um of
t he given conposition indicated i n PRECURSORS The vessel s WO
97/ 44476

PCT/ US97 /1hifithyiphenylalanine D-fructose-1,6-Diphosphate - 54-
vere i ncubadfliciibridetl C at 120 RPM on a g¥ydickypyraviokeid (1" throw) in the

dar k. Geran 1 yﬁmrat i on was corrected j_qqydmk ?,y%cqhdst erile
i sti Qejiodic intervals. ed batch operation,

distilled, 1 acetaty

sterile f |ons of predeterm ned ﬂg jONS were fed :

conti nuo o. the culture vessels at de er ned rates of feeding,
acid ORpoashe

e.g. 10 sol.ytion per liter per day Details of the
fed batc é\’%y&?né‘f"éaﬂ scribed in Pm"""""Tabl e 16.b., including

conposi ti dropenzotcasid <ol utions and f SEMPHESHASt ocol s. Tr eat ed

cul tures W@ahmyw%a‘%al yzed usi ngM net hods described in Exanple

5. 'Postassium acefatp| e 16. a. i ndi cat es Phellandrend s can be sustained in a
product i dutamae acid or a pr ol ongedBgmzoylahloridad i n fact, that

pr oduct i Aspertisfacidhe cel | s can be enhanceR(-)§ittamalidaidh 10 operati on,

resul ti nL-B-phegylsegi@eimul ati on of hi gh | epxepasginé baccatin |11, taxol, and
ot her Hippuridatidanes. The rel ative anoupBdDicklofdészoikcilr t axanes refl ect

the int erpagyd,gjaydg{naﬁﬁ-@gu.@g pr ot Oigleuéingl feed conposition with the
cell lineg aeethfeur € conditions. This TaRidpeal SO i ndi cates that

feedi ng phepyhatiagige results in enhancegypppdiclion;@f taxol relative to

3-Benzoylpropionic acid

Serine

Citric acid 2-Hydroxycinnamic acid
Calcium benzoate 3-Hydroxycinnamic acid
Arginine 4-Hydroxycinnamic acid
N-Benzoyl-DL-Phenylalanine Borneol
3,4-Dihydroxycinnamic acid Phosphoglycerate Potasium Salt
Phosphoenolpyruvic acid Glyceraldehyde-3-phosphate
Phenylisoserine Dihydroxyacetone phosphate
4-Hydrocoumarin Glycine

Glutamine Ethyl acetate

Onmmithine Methyl cinnamate
Methionine Potassium acetate

Shikimic acid DL-Glyceraldehyde-Phosphate free acid
Oxoglutamic acid Calcium benzoate
DL-3-Amino-3-phenylpropionic acid Oxoglutamic acid
a-Phenylalanine Phosphoenolpyruvic acid
B-Phenylalanine Menthol
N-Benzoylphenylisoserine Cambrene A

Geraniol Verticiliol

Linalool Verticellene

Geranyl linalool Abietic acid

Isoborynyl isovalerate Succinic acid

Cinnamyl acetate Fumaric acid

Cinnamyl propionate Acetoacetate Potasium Salt

Cinnamyl chloride



ot her taxanes. 15 The data denonstrates substantial further
enhancenent of taxane production over production levels in
unenhanced conditions (the production |evels for which are

el abor at edyh 97da45m0l € 7). Exanpl e 16: Enhancenentporfusizesssre

Bi osynt hesi s Usi ng a Conbi nati on of Enhancenent
Agents 20 Vari ous enhancenent agents, used in conbination, gave
significant and synergistic i lmgovemant s in taxol, baccatin I,
and taxane producti on. even-day old cells of Taxus

chi nensi s suspension cultures (SSIABLEil.e.cr427, SS 122- 30,
cr452) cultivated in Medium M (t NHIBFEORSt i on of the nmediumis
listed in Table 2) were suction filtered aseptically using a sterile
Buchner funnel fitted 25 with a MRACLOTH (Cal bi ochem filter. Cells
wer e iResdbitakifel i nto culture medi Um Trans-34-diflistbéimtditic héld Tabl e 17) at a
fresh g otherwise in

denS|ty of 20% (W V) unlpRsapethiigicd
Tabl e £S were incubated Lfnfakiy @t 180 RPMon a
gyr at 0“,‘1 l%lh % hjogﬂhofntch;c@ in the dar ﬁy é%gg%égn was corrected for by
add| ale ? Stl |l ed wat el Cas hUA sar;.. Sa.rrpaLi%s of whol e broth

PCT / U ?’65’5 } (igllnlogin%r and Cinnamyliden onic acid _55.

i ntracéy Hppentadiengs) were taken at g ‘F‘B’HV'(?“!“PR"HF%FW“‘&M wer e processed
and arﬂh?‘{'@smms“mte by HPLC accor di NifineamylpipgaZineds out|ined i n Exanpl e
5. g-Glutamylmethylantidd)| e 17 summari zeN-ttaas-Lintamoyhmitlaggle usi ng vari ous

conbi rZ3-Dimercagitosuccinic acid enhancenent Gippamylidensacetopbénoned t axane

cr 857,

Ex
5 Tt

bi osymni-Nitsiphenylphbsphate chi nensi s cel |
denon$erainadats ubst ant i al

curylbenzoate
Methylmercury chloride
Methyleyclopropane
Methylcyclopropane carboxylate
Cyclooctodine

Methoxyvinyl glycine

Ibuprofen

Piperonylic acid

Phenylpropiolic acid
L-2-Hydroxy-3-phenylpropionic acid
Amino oxyacetic acid
D-Phenylalanine
'Phenylpyruvic acid

L-Tyrosine
4-Fluoro-(1-amino-2-phenylethyl)
Phosphonic acid

4-Hydroxyphenylpyruvic acid
m-Fluoro-DL-phenylalanine -
p-Fluoro-DL-phenylalanine
m-Fluoro-DL-tyrosine

3, 4-Difluoro-D-phenylalanine
1-Aminobenzotriazol
4-Fivorocinnamic acid

SKF-525A

Diethyldithiocarbamic acid, Sodium Salt
Dithiothreitol

p-Coumaric acid

Vinylimidazole

8,4-MethykenedioXy cinnaniibecidat a

further enhaBcknetylenédibxy«6métrgeinmemid i on by
conbi rosthovasadede enhancenent agents oveamahat seen for
and OWAcetyn.DL-homdwst&BermmLcﬁﬁedl tiofgs, @Lmﬂﬂﬁhédxbw_f?'pﬁ
Sphoglyceric acid saif&mPl € 17: ax

i ndi vi dual

En Bﬁ:?:fo?ﬁ%ﬁd of
3, 4-Methylenedioxyphenylacetic acid
3, 4-trans-Dimethoxycinnamic acxd
4-Methoxycinnamic acid
2-Methoxycinnamic acid
4-Nitrocinnamic acid ethyl ester
Methoxycinnamic acid
4-Nitrocinnamaldehyde
3-Nitrocinnamic acid
2-Nitrocinnamic acid
3, 4-Dimethoxy-6-nitrocinnamic acid
Ammonium oxalate
Sinapic acid
2-Hydroxy-4, 6-dimethoxybenzoic acid
3-dimethylaminobenzoic acid
3, 4-dimethoxybenzoic acid
4-Methoxybenzoic acid
N(G)-Nitro-D-Arginine
N(G)-Nitro-L-Arginine
Malonic acid
Maleic acid hydrozide
Okadaic acid
1,4-Cyclohexanedione
Diisopropyl fluorophosphate
Oxamic acid
Oxamic acid, derivatives
Sulfanilamide
N-Acetyl-S-farnesyl-L-cysteine
Chaetomellic acid A, sodium salt

yohi ch are provided
ane Production by Fed



Seven day-old cells of cell lines cultivated in Medium M (SS122-41) (the 10
conpositions of these nedia are described in Table 2) were suction filtered
aseptically using a sterile Buchner funnel fitted with a M racl ot h
( Cal bi ochemwbish/isggre Appr oxi mat el y | gram fresh wei RFFFUISFAOR9Q

were inoculated into 4 m of culture nmediumof the given

conposition indicated in Table 18.a. The vessels were incubated at
24[err]2[err]C at 120 RPM on a-6%yratory shaker (11 throw) in the
dark. Evaporation was corrected for by 15 addition of sterile distilled
wat er . FeHytmdyfantesylphgsphartic aoid st er i | e Ifonisetinio peid hydrazide

pr edet er N6Mch srginbe were fed con®i3adioesdaptopropanol he cul ture vessel s.
Det ai | s mNitroondazole the fed batch oper atSali¢ylhydradysmicragidconposi ti ons of the
feed sol NbifRirgzoaNd feedi ng pr o3cenihe-4dtydrostebenzereswlphonicTabl e 18. b.
Treat ed yélgwt@ﬁeﬂ@ﬁrﬁu&mhﬂﬂhﬁﬂg anal yz%,d usi ng the nethods

urea | Ndicates that cells can

descri be Talyyr
be sustal o e for | NatqToreY and in |
fact, thgg}}o? ﬁt'soz 'g gé}"ﬁ‘tlv? y of tﬁ%:-d Tthoxgg{l’fbe en ance?él% by

fed batc ultlnglntheacu I on of. vls of
baccat i nlBT‘ ““°°n _ taxol ,.and ot her ? g"‘“ﬁ‘fg&l‘ Fa fount s of
parti cul a#%‘awaﬁ@exxcm&a%e a,gt i on of J‘eedl ng prot ocol and

feed conpdPimethoxyrippamipacide| | | i ne and 2\»:3.1?1 fiidobengoic acid; o i ¢ j ons.

The dat a3divdooxyphenylasetinasid anti al f ur t he?-(eRRIOFRPBARAYY)-3f t axane production

over prodwoninoliageleel s i n unenhanced condmthﬂn@l’(mtfea%ﬂoduct ion levels for

whi ch ar é-Fluorocinnamit atidr at ed i n Exanpl e Ne(1-Naphthylphthalamic acid For pur poses of
clarity eiChisrde-metyphapxyidetic heid egoi ng I-Pyremuixylbendoisackben 30 descri bed

in sone ggtpichlokyprapdie Of 111 ustration anplOhloaoihydioxyflaorenen®-tarboxyld t h

speci fi CN-Ethﬁlmalexmxde WO 97/ 44476 ic acid

PCT/ US97kQ&

enbodi ”eﬁtcﬁﬂor@l»&g&‘éﬂﬁf‘ ot her aspects,

appar ent ,tzoDxchloropropane

Chlorocholine chloride -56-

advANipRpTI-#@ReRY lahmdhiupns Wi I |1 be

chloride)-5-methyl phenylpeperidone

Idoacetamide carboxylate

Phenylhydrazine . Sesamol

Silver thiosulfate Ancymidol

Silver chloride Daminozide

Thiosemicarbazide Lovastatin
N-(phosponomethyl)-Glycine Simvastatin
p-Chlorophenoxyisobutyric acid Caffeic acid

Triton x-100 Ferulic acid

Triparanol 2,5-Dihydroxycinnamic acid
Chlorphonium chloride 2,5-Dihydromethoxycinnamic acid
Mepiquat 4-Hexylresorcinol

Prohexadione calcium salt Cetylpyridinum chloride
Chloromequat Stourosporine .
Tetcyclasis Dimethylthiourea
2-Aza-2,3-dihydrosqualene Phenylpropiolic acid
Dinoconazole Ammonium oxalate

Tridemorph 1-Aminobenzotriazole
2,3-Iminosqualene 1-Vinylimidazole

Glyphosine Mercaptoethanol
Isoprophyl-N-phenyl carbamate 3,5-Diido-4-hydroxybenzoic acid
Oryzalin 5-Methyl-7-chloro-4-ethoxycarbanylmet
Caffeine hoxy-2,1,3-benzothiadiazole
D-Arginine Bromoxynil

c-Methylomithine 3,4,5-Trichlorophenol
Conavanine N-Methylmaleimide

Abscisic acid
3-Amino-1,2,4-triazole

4-Fluoro-DL-tyrosine
Ethyl-3-nitrocinnamate



Vel
those skilled in the art to which the invention pertains. The foregoing

description and exanples are intended to illustrate, but not limt
the scope of the invention. ' Modi fications of the above-descri bed
nodes for Yasbg out the invention that are 5 appapenussmosgsr sons

skilled inthe art are intended to be within the scope of the
I nvention, which is limted only by the appended cl ai ns.
Al'l publications and patent applicatiggs nentioned in this specification

are i ndi cative of the level of skill of those skilled in the art to
whi ch 5@@0‘3& I perta| ns. Cofhvaniti!bl 1 cations and pat ent
applic ﬁ or por at ed hehidfeplthséine sanme 10 ext ent
as if ? Iﬁﬂ)m g ?catlon or tMedlﬁq EIF gation was specifically
\?\?)dgw gxg%yla!m I I y indicated to y 1(y-§$9ﬁ&;|§9etﬁ%esﬁlff§rﬁgnce
PCT/ Usd#/Ripisrgphenylhydrazine acid _57.
TABLE Tetmamethylammegium bromide; s Used m"ﬁe?"(t,'ﬂr&l“f'ﬂ‘ﬁaﬁ‘fi Taxus spp. Cell
Cul t ur Elptrimazole | . Bileaprep 'N'Bheﬂﬂr@'b@mr oor gani sns)
Bot r yt Valiminyeinea D Pphenylene iedeniumegasper ma Pi nel | as
st ri pt Pricaine A i gosp@-aminginda:phiosphonigracid at um
Pyt hi uMongdsyt i cum Verticillium dahl i ZRetassium-arsenate Verticilliumsp.
Peni Ci Uhicefazgieni ol ut eum «-idhirbexyB-pimnglprapieiaadié  Cyt ospor a
ci nct aPaclobutrazole Cyt ospor BdneydFaiokfRmidet er nari a brassici col a
Al terngar Al ternaria cucuneri eronyl butoxide Botryti s squanpsa
Cochllg 51 c;c%&%trophus | I"'erotrichumtrifolii

Selenomethionine '

1-Acetyi-2-thiourea

3,4-Dehydro-DL -proline

2-Ethylnaphthalene

3-Nitrobenzoic acid

Silver salts such as Silver chloride,
Silver nitrate, etc.

Sodium hydrosulfite

7-nitronadozole

Ethionine

Azacytididine

Ethoxy-carbonyl-pyrimidine

Miconazole

2,3:4,6-Di-o-isopropylidene-2-keto-L-G
ulonic acid

N-(4-Hydroxyphenyl)glycine

3-(4-Hydroxyphenyl)propionic acid

3-(2-Hydroxyphenyl)propionic acid

4-Cyclohexanedione

N-(6-aminohexyl)-5-chloro-1-Naphthal
enesulfonamide hydrochloride

Endothal

Phosphan

Cyanamide

a-(1-Methylethyl)-«-(4-
trifluoromethoxy)p henyl-5-
pyrimidinemethanol

2-Aminoisobutyric acid

D-Arginine

n-Butylamine

p-Chioromercurybenzene sulphonic acid

Methylglyoxal bis (guanyl hydrazone)

a-Methyl ornithine



Col | etotri chum orbi cul are
Col I etotri chum gl oeospori oi des

Col | etotri chum gram ni col a
Cyli ndrocl adi unf | ori danum Fusari um

crookwel | ense Fusari um het erospori um Fusari um oxysporum f. sp. congl utinans

Fusari um oxy@{epymadd7. sp. | ycopersici

Fusari um oxyspor um f . PEPUSS7/08907

G bberel |l a zeae Gaeunmannonyces gramnis var. tritici Geotrichum sp.

Lept osphaeri a korrae Nectria haemat ococca MPVI Mycosphoer el | api nodes

Ophi ost oma ul mi Phoma | i ngam Phomapi nodd#iZ-a Phyt opht hora i nf est ans Pyt hi um
ari stosporum Pyt hi um gram ni col a Pyt hi um ul ti mum Rhi zoct oni a sol ani
Sclerotinia sp. S. nodorum D-45 Tr aRABKEWdr si col or Ustilago maydis

Venturia inaequalis

PCT/ US97/ 08907
Potassium pyrophosphate
Sodium pyrophosphate
Uracil
Melatonin
Hydroxylamine hydrochloride
Thionicotinamide
S-adenosyl-L-methionine
Inosine triphosphate
Indole-3-lactic acid
Indole-3-pyruvic acid
Indole-2-carboxylic acid
Indole-3-aldehyde
N-indolyl acety! valine
Pyridoxal phosphate
Methyl dihydrojasmonate
Bipyridyl
4-acetamidophenol
Imidazole
Octyl-8-D-glucopyranoside
3-aminopyridine
Guanylic acid
Citydylic acid
Isopropyl-8-d-thiogalactopyranoside
3-(4-hydroxyphenyl) propionic acid
3-(2-hyroxyphenyl) propionic acid
Indole-3-pyruvic acid
Thiobenzoic acid
Dimethylaminophenylalanine
p-hydroxyphenylpyruvic acid
2,3-dihydroxybenzoic acid
Ethyl benzoate
3,4-dihydroxycinnamic acid
4-hydroxycinnamic acid
N-acetyl-L-phenylalanine
3-Benzoylpropionic acid
p-hydroxycinnamic acid
5°, 5*-Dithiobis (2-nitrobenzoic acid)
B-hydroxypyruvic acid
4-hydroxyphenylpyruvic acid
Methyl cinnamate
Methyl salicylate
2-napthylbenzoate
Phenylsalicylate
Thiosalicylic acid

VCSTYIMIULAMNGTS

p-aminohippuric acid
Benzylcinnamate

Jasmonic acid

Methyl jasmonate
Dihydroisojasmone
Isojasmone

cis-jasmone
Tetrahydrojasmone

Lactone of cis-jasmone
Dihydrojasmone
Jasminolactone
Jasmolactone
12-oxophytodienoic acid
Jasmonol
g-methyldecalactone
Citronelly! tiglate

Jasmony! acetate
Mastoparan
Lysophosphatidic acid
Cypermethrin

Cantharidin

Acetylsalicylic acid
Salicylic acid and derivatives
2,6-dichloroisonicotinic acid
Nitric oxide

Traumatic acid

Citnc acid

Cytidylic acid

malic acid or malic acid salt
Potassium malate

Citric acid salts and derivatives
Flavin adenine mononucleotide
Flavin monocleotide
dibutyrl Cyclic AMP
Spermine

Spermidine

Putrescine

Cadavarine
S-Adenosylmethionine
Pyridoxal phosphate
6-Aminonicotinamide
4-Dimethylaminopyridine
N-(2-Hydroxyethyl)succinimide
2-oxoglutaric acid



- 58- 1. Biotic Elicitors (Mcrobial fractions or

products) Chitosan Cel lulysin Lichenan
Multifect XL G ucomannan Multifect CL Pleuran
Resi nase GW(T®wy4476 Pul pxyme Car boxy petfsé@isssran
SP43 1 Hydroxynet hyl gl ucan Pecti nol Sul f oet hyl gl ucan
Rapi dase Mannan Kl erzynme Xyl an
Chi ti nase Mannobi ose Mannotri ose Maggopent aose Mannot etraose WO
97/ 44476 PCT/ US97/ 08907
-59- Propachlor [11. Abiotic Elicitors (Chem cal Stress Agents as
wel | athismine naturally occurring biochenicals) Arachidonic acid
El ai di ¥inytppiopatei ¢ AMP D butyryl Cyclic AW
Met hy| Tyiethylamitie dydrochloride Cis - Jasnobne M conazol
Fer ul i 3,5834is8propylsalicylic acid

Adenine sulfate

p-Amino-L-Phenylalanine

Benzyl salicylate

1,2-Benzisoxazole

2,4-Carbonyldibenzoic acid

L-Citrulline

D-Erythrose 4-Phosphate

Fructose 1,6-Diphosphate

Inosine triphosphate

N-Methylputrescine dihydrochloride

B-Phenylethylamine hydrochloride

Lysine '

Imidazole

Guanylic acid

Melatonin

Aminocyclopropane-carboxylic acid

Isopentylpyrophosphate

N-Acetyl-L-glutamine

Isoglutamine

Threonine

Potassium Pyrophosphate

Sodium pyrophosphate

L-2-Aminoadipic acid

N-methyl-N-Propagylbenzylamine

hydrochloride

Aminoguanidine hemisulfate

L-(+)-2-Amino-7-Phosphonoheptanoic
acid

Ammonium sulfamate

Spermine Bis Nitric oxide adduct

Diethylamine Bis Nitric oxide adduct

Galactose

Valine

Vitamin B-12

Ascorbic acid and derivatives

Coronatine

Phenobarbital

Pregnenolone

24-epi-Brassinolide

n-Propyl Dihydrojasmonate

Propyl jasmonate

Epimethyl jasmonate



AMD- 1618 Triton X-100 Benzoic acid and

derivatives Salicylic acid and derivatives Propyl gallate

Sesanol Chl orocholine chloride 3, 4-di chl orophenoxy tri et hyl
(am ne) Chl or met9maqmaosphoni ¢ aci d Di et hyl di t hi ocBEDERY7O3NE | d
Nor di hydr oguai aretic acid Dithiothreitol Sodi um
met abi sul fite Potassium netabisulfite '

b- am no- DL- Phenyl al ani ne Vanadyl sulfate Uni conazol
Pacl obut r azol Sper m ne Sperm di ne

Putresci ne Cadavari ne Protam ne Sul f at @aSKF- 7997 IVER 29 Ancym dol
Tri adi mef on Ph&s hon %H;I'hl ourc%‘ge xtran Sulfate rqu| none Chitosan
gl ut amat e Fenp bgéﬁnr '19?"88‘?1‘?‘ “r\ﬁ@ thyacion 9 m%‘ﬂ't'atm one EGTA

G bberel lins W U 2 RS C 3 re3
Phl or ogl uci nol Sod| um aldql nat e Car r ag¢nan
Chemical Ingredient mgl | mgl | mgl | mgl | mgfk | mgL | mgrt |
_ JAmmonium Nitrate 4000 16500.0
Ammonium Sulfate 134.0 33.3 34.0 [|67.0 _ 134.0
ric Aci 3.0 1.5 0.75 3.0 1.5 0.75 6.2
Caleium Chilonde ( drous) 113.24 2831 [113.24 166.62 172.5 113.24
alcium oride 2. 20.0 50.0
ciwm Nitrate 4. 208.4 386.0
obalt oride 6-H20 0.025 0.0068 _ |0.025 10.0125 0.025
upric Chioride H20
nic Sulfate 5-H20 0025__[0.01 _|0.006_ [0026 00125 [0.25  J0.025
Na2 EDTA 2.-H20 a7.3 932 1373|1865 1373 |3i.3
erric Sulfate — 2.5 _
errous Sulfate 7-H20 27.85 6.95 27.85 ]13.9 2785 [27.835
Magnesium Sulfate (anhydrous) 22.09 [3662 1305 2209 161.04 [180.7 {122.09
Manganese Suifate 520 0.0  [23.788 {22.5 00 50 223 {100
Molybdenum Trioxide - 0.001
olybdic Acid (sodium salt) 2-H2 0.26 0.082 _10.25 0.125 10.25 0.25
otassium Chloride 1650 i
{Potassium Jodide 0.75 0.75  §0.175 |0.75 0.375 0.75
otassium Niteate 2500.0 [80.0 25.3 2500.0 {1250.0 { 2500.0
otassium Phosphate (monobasic) 10.0 170.0
otassium Sulfate 990.0
Sodium Phoaphate (monobasic ydrons){130.5 1165 §32.62 [130.5 |65.25 130.5
ium Sulfate 200.0 -
ine ate 7-H20 2.0 3.0 0.5 2.0 1.0 8.6 2.0
o-inositol 00.0 11000 ]125.0 }100.0 {50.0 00.0 100.0
Nicotinie Acid .0 0.75 1.0 {0.5 .0 .0
idoxine 0 0.25 1.0 {0.5 1.0 .0
iamine HCL 0.0 *5.0 3.5 10.0 5.0 0.0 10.0
*Glutamine 2028 1464 12928 |292.8 756.8
han :
*Phenylaianine 30.0
ine 200
*Methioni
*Sodium Acetate 10.0 100 i .
10000.0]50000.0{40000.0 10900.0] 10000.0§10000.0 |20000.0
0.002__12.0 2.0 0.002 [0.002
0.931__ {100 1.862
50.0 100.0 }50.0 00.0 00.0 00.0 1100.0
2 2.4 2
500.0 1000.0
0.02

5.6 5.8 5.8 5.6 5.6 5.6 5.6
1ndicates that the companent sho r-sterilized mnto the medinm
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WO 97/ 44476
-60-
Precursors,

TABLE 1. b.
Inhibitors & Stimulants or Activators Used in

PCT/ US97/ 08907
Li st of

Regul ati gn g,lf, E%jﬁosynt hesi s of Taxol & Taxanes in T. sppPCTAUBY7/08M7t ures.
Precur soM I nhibitors Stimul ants
Phenyl al ani ne Chl orochol i ne chl ori de Cyclic AWP Lysine
Uni conazol Di butyryl Cyclic AWMP Tyrosine
Pacl obut r azol Met hgdb | asnonat e Trypt ophan :
SKF- 7997 C s-Jasnone Met hi oni ne MVER 29
Chl or oet hyl phosphoni ¢ acid Tyram ne Ancym dol
Sperm ne Acetic acid and Tri adi mef on Sper m di ne
its' salts P L . N rmﬁ'}sci ne
Fenpr openor ph - veyall oni £ §d
Prochl or az YT ‘#‘ Naptifine
DCPTA Geranyl ag 0_[134.0 —-Il 40 1340 DI PTA
Ger anyl ger ani ol [y 30 O30 30 ] ACC Tryptam ne
Nor bomadi ene 725 [113.2¢ [113.24 |113. 113.24 AMD 1618
Br assi nosteroid '
BHA 025 |0.026_0.026 S |0.0Z8__J0.01___10.028 )0.028
0.
0.2 028 |0.026_|0.025_ [0.028 _|0.025 0.0 .028__0.028
37.3_ [33.3  [313 873 [97.3 373 _ Ib. 373|313
2786|3188 [2185 |2785 |27R6 _[2785 gbgs ”"g, 21.85
180.7_|122.00 1132.09 1122.08 ]122.00 123, 53 1122.00 |122.
23.3 1100100 _|100 100 _[10.0 _J27.50 [10.0_ 1100 |
025__[o. 0325__J0. 35 |0.25 _ jo06  J025 {025
‘ 0 %5 10.15__ 0.75__10.16 _ |0.19 _ |0.36 |01
‘ 35000 |2500.0_|2600.0 0_|2500.0_|625.00_|25000 |2500.0
[170.0 .
950.0 - S ——
130.3_]130.8_ |130.6 11305 [1306 [32.83 11305 [130.8
IB.B 2.0 2.0 2.0 2.0 24 0.60 2.0 2.0
100011000 11000 |100.0 1000|1000 |28.00 1100.0_ {1000 |
10110 1o JL 10 110 28 110 0
10110 o___ (1o L0 0 1.2 [i0 1
100 {10.0__[100 {100 _ {100 |10 2.60__ 1100|100
2928|2928 292.8 —1292.8 2928 |202.8
10000.0 10000.0 | 10000.0] 10000.0{16000.0 50000.0)10000 0110000.04
‘ 0002 [0.002_{0.02__[0.02 0.002__[0.02
0931 (093] |1 862 [1882 [o931 (1867
[{6e0_|1000 |1000_{100.0 [100.0 1060 100011000
12 — X
0.02
T 0
10000.0
3500 118500 118500 (18500
- 7100
180
3.0
1.
56 56 168 b6 56 168 138 J58 |56
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Trans-ci nnam c acid 4- am no- 5- Hexynoi c acid BHT Canbrene A

Phenyl et hanol am ne OTA Verticillene _ Phenet hyl am ne
Verticillol G yphosat e Canphor

Di hydrocycl oewoalb/esaeds Quercetin Met hi oni ne SURCTEAISIHA8907
Levulinic acid [ err]-Hydroxyphenet hyl am ne Abietic acid

5- Met hyl - DL- Tr ypt ophan Bor neol a- Fl uor ophenyl al ani ne

5-2 Am noet hyl -L-cyst ei ne hydrochl ori de WO 97/ 44476

PCT/ US97/ 08907 -61-

TABLE 1. c. -70- ELI G TORS Xyl anase

But acl ore Chi tool i gosacchari des But yl i sot hi ocynat e
Spermne Bis Nitric oxide Adduct TABIE 8r anben N, N -Di acetyl chit obi ose

i sopropyl am ne Ethyl carbamate Bis
2- Hydr oxyet hyl hpeferred QonditibhsfoP ¥AIRS phlifefition for various Taxus

Hydroxygl utari c spédiéd. dheabrediehlsTh Mid BishNAedsh ard Ntdd inCrabid gle) Adduct
Trypt ophol Benzyl NN -Di acetyl-[err]-chitobioside Thiourea Syringic acid

Thi oacet am de Benzot hi adi azol e 2,4,6-Trichl orphenol
Bi pyri dyl _ _ Pyri di ne- 2- al doxi me nmet hochl ori de
Gossypol and der_ ivatives Basal &8%%égldmo%gal at e nonohydrat e
Species Medium Auxin Cytokinin
. (Table 2) Type Conc (M) Type Conc(M)
T. brevifolia F P 5x10-® 2ip 10-7
. D P 5x 10 BA 10-*
T. canadensis H P 5x10-8 K 10-7
D P 5x 108 BA 10-*
T. chinensis D P 5x 106 BA 10-*
A N 5x10-8 BA 10-%
T. globosa D P 5x10-° BA 10-®
T. floridana D P 5x10-° BA 10-* -
T. baccata D P 5x 105 BA 10-%
T. cuspidata D P 5x10-5 BA 10-*
T. media D P 5x10-% BA 10-%
T. wallichiana D P 5x 10-° BA 10-8

*Abbreviations: Picloram (P), Naphthalene acetic acid (N), Benzyladenine
(BA), Dimethyl allylamino purine (2iP), Kinetin (K)
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2-chl or-4-nethylisonicotinic acid Pol y- L- Lysi ne hydr obrom de

| ndonet haci n Nerol N, N ,N -Triacetylchitotriose
N- (1 -Naphthyl) phthalamc acid N, N -Di acityl chitobiose

Oxal at e Di apyaRiakidrs OXal at e Cct apon nepdprdssrobdonr | de

Ni ger an Oxi zam de p-hydr oxyacet ophenone

2- Met hyl pyrazi ne Pectic acid Met hoxyacetic acid
Lysozyne N- Et hoxycar bonyl - 2- et hoxy- 1, 2-
Nitric oxide Di hydr oqui nol i ne @ ut at hi one
(reduced) Lant hanumaai-t ate 1, 2- Di am nopr opane

Li nol enic acid 1, 3-Di am nopr opane Li pase

8- mer capt oet hyl am ne TABLEMJoacet ani de Hydr oxyl am ne

2- hydr oxyet hyl hydr azi ne Deoxygl ucose Di nocap
2-chl or obenzoi c agy erﬂi’ Met hyl - -DL
(3-Pyridyl) 1-Pr ogr’ﬂ"m' roﬁtgggﬁmgéﬁnggfﬁ%fﬁxggg%gr aC|+‘h”;:ﬁﬁ,m%s

Urea hydroperoxide 7-Ni trondazole Sebacic acid

8- Hydr oxyquir noI i ne per oxi de doam doci nnani ¢
acid E‘lg( ef%l eimd Fr %ant hr aﬂw ang'

Cunmen per oxi dépﬁﬁ'%cet yl am c acf?o

N- Acet yl - D- A ycosami ne tin Density

Cctyl-[err]-D “ﬁ&yopyranom de 3-Acetyl pyridine

Di i sopropyl fluorophosphate Butyryl Butyryl Lactate

| sopropyl -[er 71 D-t hi ogal act opyr anosi de 7- Br onp- 5- chl or o- 8- hydr oxyqui nol i ne
[fe

Hydr oxyet hyl - ﬁrﬁ"&f{{f'@ gl ucadOpEeyszy| behy dase 20g/L 400

Dext ran Br onoxfia Lucifer yellow
T baccata 20 6.0 15 220
T. chinensis 2.5 4.5 20 285
T. canadensis nd* 8.5 13 260

*not yet determined
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WD 97/ 44476 :

PCT/ US97/ 08907 - 62-

Syringal dehyde Chitinase Bacitracin Cal ciumcyanide 3 ucans GQutaric acid
Mor phol i ne Oxv@weidayl cycl ot et rasi | oxane Tri gonel | i ne hydr ocRCTISS08907
Anthranilic acid Colistin nethane sul fonate Col chicine 2,4-Di chl orophenol
L- Phenyl al ani ne- 2- napht hyl am de Hydroxyglutaric acid, and its salts

DL- 2- Hydr oxy- 3- net hyl butyric aci d 1-10- Phenant hrol i ne nonohydr at e

N sul fosucci ni m dyl - 3- (4- Hydroxypheny |)propi onate Trans-

1, 6-di phenyl hexatri ene Arachi doni c aci d-tleea hydrogen peroxi de Hydrogen
peroxi de Bestatin Butyl ated hydroxyani sol e Butyl ated hydroxyt ol uene Cel | an
gum cel lul ase Pinelic acid DiisopropyTABLEsfhochl oridate Nitrapyrin t-Butyl
hydr oper oxi de

Taxol production in various Taxus species.

Species Taxol content Medium Analysis
. (% dry weight)  (See Tables 2&3)

T. brevifolia 0.006

F ELISA
T. canadensis 0.004 H ELISA
T. baccata 0.0014 D HPLC
T. globosa 0.0003 G ELISA
T. cuspidata 0.0025 G HPLC
T. floridana 0.001 G ELISA
T. media 0.02 F ELISA
T. chinensis 0.18 B HPLC

SUBSTITUTE SHEET (RULE 26)



DL- Phosphi not hri ci n anmoni um Met hyl syringate Trifluralin Tridecanone
M nosi ne Narigenin D nmethyl am nopyridine 1 -Benzylim dazole

DL- o- chl or ophenyl al ani ne Cetyl pyri di ni um chl ori de Hydr oqui none Syri ngonycin -
WO 97/ 44470 97144476 PCT/U$YIR$90597/ 08907
- 63- TABLE 1. d.

PRECURSORS Di net hyl phenyl al ani ne

D-fruct ose-1, 6- D phosphat e Geranyl chloride

B- Hydr oxypyruvi ¢ aci d Geranyl ger ani ol

4- Hydr oxyphenyl pyruvi c acid trans-C noggnd ¢ aci d Met hyl
acetate Pyruvic acid Met hyl | aurate

Phenyl pyruvic acid Oxal oacetic acid

Ot hosucci nyl benzoi ¢ acid TABLE §) nenes 2, 3-di hydrobenzoi c acid
Geranyl acetate o-hydroxyphenyl pyruvic acid Ner ol

Improvements in productivity due to medium exchange
treatment. Numbers are expressed as X-fold improvement
over levels achieved in a 15-day batch interval. Taxus
chinensis cell line K-1 was cultivated in Medium A in the dark.

Total levels* Extracellular levels
Taxol 4.6 489
Total taxanes 4.55 5.94

*Total levels in cells and medium combined
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Post assi um acet at e Phel | andrene G utamc acid

Benzoyl chloride Aspartic acid R(-)Ctramalic
acid DL-[err]-phenyl serine Aspar gi ne Hi ppuric acid
2, 3- Di chl or obwoagueré@ci d p- Hydr oxyci nnam ¢ acid PCT/US97/08907
| sol euci ne Benzyl acetate Leuci ne Phenyl acetic
aci d Phosphogl yceric acid 3-Benzoyl propionic acid
Serine Citric acid 2- Hydr oxyci nnam ¢ aci d
Cal ci um benzoat e 3- Hydr oxyci nnam ¢ aci d Arginine
4- Hydr oxyci nnam ¢ aci d N-Benzoyl - DL- Phenyhlal ani ne Bor neol
3, 4- Di hydroxyci nnam ¢ acid Phosphogl ycerat e Potasi um Sal t
Phosphoenol pyruvic acid A ycer al dehyde- 3- phosphat e
Phenyl i soseri ne TABLEydr oxyacet one phosphate
4- Hydr ocoumarin G yci ne d utam ne
:\E/LPK' acetate Ornithine  Effect of Standard Gro%ﬁ light treatmentBM;‘t r:,élh ﬁ! nnamat ?d
I oni ne taxol and taxane content jn TRA& o1l '‘tHltafes bf Fioces! ! M C aCI
DL-G ycer al dehyde- P Mﬁ.:%kﬁecuﬂ aled ML AT C ADSIufhts shown are
Cal i um benzoat e Dl A1 g BHGANLE h9al 4 nfordikdtnsion. Col B © 21 €
a- Phenyl al ani ne was identical in both treatme ﬁpho ale ﬁg@uv % d
[ err]-Phenyl al ani ne ! i3 R NAE 'y‘feﬁ i soserine
Canbrene A Ger ani ol Verticillol Linal ool
Verticel |l ene Geranyl |inal ool ) Abietic acid
| soborynyl isoval erate suclightc acid G anﬂ‘flf/I acetate
Fumaric acid G nnanyl propionate. Acet oacet at e Pot asi um
Salt Cinnanyl cHiogaitagel: cells and medium: 8.8 ug 3.13 ug
Extracellular taxol: ' 76.40% 56.20%
Total taxanes cells and medium: 61.55 ng 62.17 ug
Extracellular taxanes: 89% : 84%
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WD 97/ 44476 PCT/ US97/ 08907

- 64- TABLE 1. e.

| NHI Bl TORS  Rhi zobi t oxi ne

Trans- 3, 4- diWlo 94Rk4361 Nnam ¢ aci d a- Canal i ne PCT/US97/08907

Mer capt oet hanol a- Am nosobutyric acid 4- Hydr oxycoumarin
ci s- Propenyl phosphoni ¢ acid Ci nnarul f I uorene Fl urprim dol

2- Cyano- 4- Hydr oxyci nnam ¢ aci d Chl oronet hyl Cycl opropane

G nnanyl i denemal oni ¢ aci d Di azocycl opgnt adi ene

4- Di met hyl am noci nnam ¢ aci d D anmoni um succi nate

N- G nnanyl pi perazi ne g-d ut anyl net hyl am de

N-t rans- C nnanoyl i m dazol e 2, 3- Di ner capt osuccinic acid

C nnanyl i deneacet ophenone p- N trophenyl phosphat e 3,

4- Met hyl enedi oxy ci nnam ¢ aci d Pervanadate 3,
4- Met hyl enedi oxy-6-ni troci nnam ¢ Ot hovanadat e

acid N Acetyl -DL-honocyst ei ne Thi ol actgne 3-(3, 4-Met hyl enedi oxyphenyl)

2, 3-di phosphogl yceric acid salts 1) © 3¢ OPICOR] C aci~tN o

p- Hydr oxyner curyl benzoat e X B.24- Fethyl en@d8Ryphenyl aceti ¢
acid Met hyl mercury chloride 3, 4-trans-Di nmet hoxyci nnam c
acid Met hyl cycl opropane 4- Met hoxyci nnam ¢ acid

Met hyl cycl opr opane gagboxyl ate 2- Met hoxyci nnam ¢ aci d Cycl ooct odi ne
4-Ni troci nnam ¢ a_gi~ AtRyl ester Met hc%yqyi nyl glycine, _ .

Met hoxyci nnam ¢ agl. RBpr of en e 2 @ e STYwn

4-Ni troci nnamal deEy"g’eu peronylic acid
3-Ni trocinnanic afi @ ®nhgnyl propiolic acid

2-Ni trocinnani c agi8 §-2- Hydr oxy- 3- phegy! propi oni ¢ acid 3,
4-D|rrethoxy-6-n|tqulgngmc amdg v veggmn
Teere T 32388 3o 5387
FSEE B E\, N oo cc oo
a=~3 2 &
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Am no oxyacetic acid
Si napi ¢ aci d Phenyl pyruvic acid

6- di met hoxybenzoi ¢ acid L-Tyrosine

3-di net hyl amoneapgoi ¢ aci d 4- Fl uoro- (|
4- di met hoxybenzoi c aci d Phosphonic acid
4- Met hoxybenzoi ¢ aci d 4-Hydr oxyphenyl pyruvi c acid
N(G-Nitro-D Arginine n}FIuoro-EL-phzﬁylalanine
N(G - Ni tro-L-Argini ne p-Fluoro-DL-phenyl al ani ne Mal oni c acid
m Fl uor o- DL-t yr osi ne Mal ei ¢ aci d hydrozi de 3,

4-Di f | uor o- D- phenyl al ani ne Ckadai ¢ acid 1- Am nobenzotri azo

1, 4- Cycl ohexanedi one 4-Fl uoroci nnam c acid Di i sopropyl

fl uor ophosphat e SKF-525A Oxam c acid

Di et hyl di t hi ocarbam ¢ acid, Sodium Salt Oxam c acid, derivatives
Dithiothreitol Sul fani | am de p-Counmaric acid

N- Acetyl - S-farnesyl -L-cysteine Vinylimdazole

Chaetonellic acid A sodiumsalt
PCT/ US97/ 08907

a- Hydr oxyf ar nesyl phosphonic acid
N6- Monomet hyl - L-ar gi ni ng

Ammoni um oxal at e D- Phenyl al ani ne
2- Hydr oxy- 4,

- am no- 2- phenyl et h§EyUSI708%7

WO 97/ 44476
. - 65-
| soni cotinic acid hydrazide
2, 3- di mer capt opr opanol

. — = . . .
7-Nitroondazole '€ obey m w Sal i cyl hydroxyam ¢ acid Norfl urazon
3-anino-4-hydroxyb£ﬁ?gp65§lphonic Cycl ooct odi ene[ err] - Fl uor ophenyl al ani ne
acid Diethyldithi @g lgagﬁ aci d Hydr oxyur ea

« 2 =
Uoem T QB
£ .1 @O =
SMESQ . S
€ ©tm o =™ =
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SKF- 7997[ Tri s- ( 2-di et hyl am noet hyl )- 6, 7-di net hoxy-1

, 2-benzi soxazol e- 3-acet ph osphate trichloride] ic acid
Tri adi nef on

3- 0x0- 1, 2- e s4@ishi azol i ne- 2-yl acetic 2, 3, 4-Tri nmet hoxyci poauoser/oaga7d

acid 2, 4-D met hoxyci nnam ¢ aci d 2,3,5-Triidobenzoic acid
3- Hydr oxyphenyl acetic acid 2- (p- Chl or ophenoxy) - 2-
4- Ami notri azol e met hyl propi onic acid
4- Fl uoroci nnam ¢ aci d -77- N (1- Napht hyl ) pht hal am ¢ aci d

4- Chl or o- 2- net hyl phenoxyacetic acid 1 -Pyrenoxyl benzoic acid
1, 3-Di chl or opr opane
2- Chl or 0- 9- hydr oxyf | uor ene- 9- car boxyl N Et hyl mal ei m de

ic acid Sem car bi zi de Chl orochol i ne chl ori de
4- Chl or or esor ci nol 2' -1 sopropyl -4'-(trinmeghyl annoni um
1 ,2-Dichl oropropane - chl oride) - 5-net hyl b
phenyl peperi done | doacet am de cargoxyl at e
Phenyl hydr azi ne Sesanol Silver thiosul Rate
Ancymi dol Silver ghloride ) ' ' -§
Thi osem car bazi dg Lovastatin &
N- (phospononet hny d yci ne Si nvastatin &
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Enhancement of Taxol and Taxane Biosynthesis by Jasmonic acid and its methyl ester. Taxane titers were measured in the
whole broth after 14 days of cultivation. The culture medium was Medium N from Table 2, with the additional presence

of the growth regulator, a-naphthaleneacetic acid at a concentration of 10mM,

* JMA denotes the free acid, and MJS denotes methyl jasmonate
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Preferred conditions for callus proliferation for various Taxus speci es.
The ingredients in the basal nedia are listed in Table 2.

Basal G owt h Regul at or s* Speci es Medi um

Auxi n WO 97/44476 Cyt oki ni n (Tabl e 2) pcrudorpeser
Conc (M Type Conc(M T. brevifolia F P 5 X
10[ err] 2i P 10[ err] : D P

5 x 10[err] BA | O[err] -87- T. canadensis H P

5 x 10[err] K 10[ err] D P
5x 10[err] BA : 10[ err] T. chinensis D P

5 x 10[err] BA 10[ err] A N

5 x 10[err] BA 10[ err] T. gl obosa D P

5 X 10[err] BA 10[ err] T. floridana D P

5 x 10[err] BA 10[ err] T. baccata D P

5 x 10[err] BA 10[ err] T. cuspidata D P

5 x 10[err] BA 10[ err] T. nmedia D P

5 x 10[err] BA 10[ err] T. wal l'ichiana D P

5 x 10[err] BA 10[ err] * Abbrevi ations: Picloram (P),

Napht hal ene acetic acid (N), Benzyl adeni ne (BA), Dinethyl allylamno
purine (2iP), Kinetin (K
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WD 97/ 44476

'FF%{_ESZ?/ 08907 Typlumlluum\""“"“m teristics of Ta;Zi-s . __suspensi on

cultures woB57/44476 Wi ght* Fresh Wi gh®CT/US97/08307

Fresh Speci es Doubl i ng Doubl i ng Dry W. W ,
Ti me Ti me Densi f' Denpsi-t-y T. brevifolia
2.0 days 3.5 days 20 g/L HiS)(ﬁHEETgHAS BEEW| baccata

2.0 6.0 15 88 220REPLACEDChi nepsi s 2.5
4.5 20 285 . canadernsTs 8.5
13 Qpms; “hot yet determ ned WO 97/ 44476

PCT/ US97/ 08
1. A method for producing taxanes in high yields in cell culture of a Taxus

species comprising: cultivating in suspension culture, in one or more nutrient media
under growth and product formation conditions, cells of a Taxus species derived from
5 callus or suspension cultures, and recovering one or more taxanes from said cells or said
medium of said cell culture, or both,
wherein the one or more nutrient media contain an inhibitor of phenylpropanoid
metabolism.
2. The method of claim 1, wherein the inhibitor of phenylpropanoid
10 metabolism is selected from 3,4-methylenedioxy-6-nitrocinnamic acid,
3,4-methylenedioxycinnamic acid, , 3-[3,4-methylenedioxyphenyl] propionic acid,
3,4-methylenedioxyphenylacetic acid, 4-Fluoro-L-Phenylalanine,
4-Hydroxyphenylpyruvic acid, 4-Fluoro-DL-Tyrosine, Trans 3,4-Dimethoxycinnamic
acid, phenylpropiolic acid, L-2-Hydroxy-3-Phenylpropionic acid,
15 2-hydroxy-4,6-dimethoxybenzoic acid, SKF-525A, vinylimidazole, ammonium oxalate,
sinapic acid, and 1-aminobenzotriazole.
3. The method according to claim 1, wherein at least one of the one or
more nutrient media comprises an enhancement agent selected from:
a) an inhibitor of ethylene action;
20 b) jasmonate-related compound; and
c) an auxin-related growth regulator.
4, The method of claim 1, wherein the one or more nutrient media contain a
silver-containing compound, or a silver complex, or a silver ion.
5. The method of ciaim 3, wherein at least one of the one or more nutrient
25 media contain jasmonic acid or an alkyl ester thereof.
6. The method of claim 5, wherein the alkyl group esterified to jasmonic
acid has from one to six carbon at.oms.
7. The method of claim 5, wherein the one or more nutrient media further

contain a silver-containing compound, a silver complex or silver ion.
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producti o
Medi um

TABLE 5. Taxol

nin vari oiﬂ!"ﬁﬂlg“ﬂ"'ﬂl’!“ml Speci-es (% dry we 'gl}'ﬁ;(;)l ((:ggt:nt

Tabl es 2&¥b 97144476 T. brevifolia 0. 006 PCT/USY7/08907
T canadensi s 0. 004 ELI SA

ELI SA
baccat a
0. 0003

G

ELI SA

T. chinen
97144476
_73_

0. 0014 p

T. gl obosa

G ELI SA 1“8% Eélit gﬂgké’\' " 0.0025

HPLC T- floridana BLAGED G

T medi a 0. 02-89- F ELI SA

Sis

regulator is 1-Naphthaleneacetic acid, 2-Naphthaleneacetic acid,
1-Naphthaleneacetamide / Naphthylacetamide, N-(1-Naphthyl)phthalamic acid,

. 1-Naphthoxyacetic acid, 2-Naphthoxyacetic acid, beta-Naphthoxyacetic acid,

10

15

20

25

1-Naphthoxyacetamide, 3-Chlorophenoxyacetic acid, 4-Chlorophenoxyacetic acid,
3-Iodophenoxyacetic acid, Indoleacetamide, Indoleacetic acid, Indoylé,cetate,
Indoleacetyl leucine, Gamma-(3-Indole)butyric acid, 4-Amine-3,5,6-trichloropicolinic
acid, 4-Amino-3,5,6-trichloropicolinic acid methyl ester, 3,6-Dichloro-o-anisic acid,
3,7-Dichloro-8-quinolinecarboxylic acid, Phenylacetic acid, 2-Iodophenylacetic acid,
3-Iodophenylacetic acid, 2-Methoxyphenylacetic acid, Chiorpropham,
4-chloroindole-3-acetic acid, 5-Chloroindole-3-acetic acid, 3-chloroindole-3-acetic acid,
5-Bromo-4-chloro-3-indoyl butyrate, Indoleacety! phenylalanine, Indoleacetyl glycine,
Indoleacetyl alanine, 4-chloroindole, p-chlorophenoxyisobutyric acid,
1-pyrenoxylbenzoic acid, Lysophosphatidic acid, 1-naphthyl-N-methylcarbamate, and
Ethyl-5-chloro-1H-Indazole-3-ylacetate-3-Indolebutanoic acid. 9, A method
for producing taxanes in high yields in cell culture of a Taxus species comprising:
cultivating in suspension culture, in one or more nutrient media under growth and
product formation conditions, cells of a Taxus species derived from callus or suspénsion
cultures, and recovering one or more taxanes from said cells or said medium of said cell
culture, or both,

wherein the one or more nutrient media contain silver at a concentration of
900uM or less in the form of a silver-containing compound, or a silver complex, or a
silver ion, and at least one of the one or more nutrient media comprises an enhancement
agent selected from:

a) jasmonic acid or an ester of jasmonic acid; and

b) an auxin-related growth regulator.

10.  The method according to claim 9, wherein the enhancement agent is
jasmonic acid or an ester of jasmonic acid, and the molar ratio of silver to enhancement
agent is less than 9.5.
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The method according to claim 3, wherein the auxin-related growthT/ Us97/ 08907



TABLE 6. I rrproverrent S in ductivity due to nedi um exchange
treatment. Nunbers are exg Ele‘ﬂ“i >“l ﬁl‘i i mpr ovenent . ~over
| evel s achieved in a 15-d 1“ Taxus chi nensi s cell
line K-1 was wobtiasad ed in Medium A'in the dark. PCT/US97/08907
Total |evel s* Extracel lul ar |evels Taxol c

4. 89 Total taxapes
g 84 *Total levels in cells and medi um cdriBihHSHEET HAS BE% 97/ 44476
PCT/ US97/ 08907 REPLACED -
TABLE 7. : Effect of Stan8@rd GrorCux TTght 1reatnent on
taxol and taxane content in 10-day old cultures of Taxus chi nensi s

line K-1 cul tivatedlin Vagmgthod acoosding tosclaimdlwvherein the enhancemspingentisan as ny
extracted frorgcl faredf %ﬁ?@éﬁ%&nmﬁk Inofit 2itobr enhancement agent to silver is at

least 0.011.
12. The method according to claim 1 or claim 9, wherein the one or more
5 nutrient media also include a taxane precursor.
13.  The method of claim 12, wherein the taxane precursor is a-phenylalanine,
p-phenylalanine, or a mixture thereof.
15.  The method according to claim 1 or claim 9, wherein the one or more
nutrient medium also contains glutamine.
10 16.  The method according to claim 1 or claim 9, wherein the one or more
nutrient medium also contains glutamic acid, aspartic acid, or a mixture thereof’
17.  The method according to claim 1 or claim 9, wherein the one or more
nutrient media includes maltose as a carbon source.
18. The method according to claim 1 or claim 9, wherein the one or more
15 nutrient media includes sucrose as a carbon source.
19. The method according to claim 1 or claim 9, wherein the one or more
nutrient media includes glucose, fructose, or a mixture thereof, as a carbon source.
20.  The method according to claim 16, whereih maltose, sucrose, glucose,
fructose, or a mixture thereof; is the primary carbon source.
20 21.  The method according to claim 1 or claim 9, wherein the nutrient
medium is the same for cell culture growth and for taxol and taxane production.
22.  The method of claim 1 or claim 9, wherein production of said one or
more taxanes is induced by changing composition of the nutrient medium.
23.  The method according to claim 22, further comprising exchanging
25 nutrient medium at least once during taxane production.
24.  The method according to claim 1 or claim 9, further comprising
exchanging nutrient medium at least once during the cultivating step.
25.  The method according to claim 1 or claim 9, further comprising removal

of taxane from the culture during taxane production.
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was identical in both treatnments (164 ng dry weight per flask).

Li ght Dar k ll fﬂl’,"mﬁm cells and nmedi um 8.8 pg
3.13 pg Extracel | ul & C L. 4 76. 40% 56. 20%
Total taxapear@@hés and nmedi um ° 61.55 pg PE2USHT/08997
Extracel | ul ar taxanes: 89% 84% WO
97/ 44476 PCT/ US97/ 08907
-75-

-91-

26. The method of claim 1 or claim 9, wherein cells of said Zaxus species are
cultivated by a fed-batch process.

27.  The method according to claim 1 or claim 9, having a product formation
period, wherein the volumetric productivity of taxanes is at least 15 mg/L/day averaged

5 over the period of product formation.

28.  The method according to claim 1 or claim 9, wherein taxol is recovered
from said cells or said medium of said cell culture, or both. '

29.  The method according to claim 28, wherein the volumetric productivity
of taxol is at least 10 mg/L/day computed for the period of taxol production.

10 30.  The method according to claim 1 or claim 9, wherein baccatin IIl is
recovered from said cells or said medium of said celt culture, or both.

31.  The method according to claim 30, wherein the volumetric productivity

. of baccatin III is at least 15 mg/L/day computed for the period of taxane production.

32.  The method according to claim 1 or claim 9, wherein the Taxus species is

15 T. brevifolia, T. canadensis, T. chinensis, T. cuspidata, T. baccata, T. globosa, T.
JSloridana, T. wallichiana, or T. media.

33.  The method according to claim 1 or claim 9, wherejn the cells of a Taxus
specieé produce taxol above background by ELISA in callus culture or suspension
culture in medium that contains no enhancement agents.

20 34,  The method according to claim 1 or claim 9, wherein the cells of a Taxus
species produce taxanes in suspension culture at an average volumetric productivity of
10mg/L/day in a2 medium containing silver thiosulfate, methyl jasmonate and 1-
naphthaleneacetic acid.
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CLAI Ms: 1. A nmet hod for producing taxanes in high yields
in cell culture of a Taxus species conprising: cultivating in
suspension culture, in one or nore nutrient media under growt h and
product for matweopwsardi tions, cells of a Taxus species deriv®FTUSSHI®Y | us
or 5 suspension cultures, or both, gnqjrecovering one or nore taxanes

fromsaid cells or said medi um of said cell culture, or both, wherein
t'he one or nore nutrient nedia contain an i nhi bi tor of

phenyl propanoi d net abol i sm 2. The nethod of claim1
wherein the inhibitor of phenyl propanoid netabolism is selected from

3, 4-met hyl enedi oxy- 6-ni troci nnani ¢ acid, 3,4-nethyl enedi oxyci nnam ¢ aci d,
10 3-[3, 4-met hyl enedi oxyphenyl] prepionic acid,

3, 4- nethylenedloxyphenylacetlc aC|d,;yAFluorn; -
4- Hydr oxyphﬁ

D met hoxyci efam ¢ aci d, phenylproplollc acid, L-2-Hydrwex 3 Phenyl propi oni c
acid, 2- hydroxy 4, 6- dlnethoxyben20|c aci d, SMR 545A,

vi nyl i m dazol e, anmmoni um oxal ate, sinapic

enyl al ani ne,

569.2
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aci d, ole. 15 . . 3. The met hod according to
_ cla|n11 or_claim?2 in at |east one-of the one or o nore nutrient
medl a co ll ﬂl’ muﬂ’lm hil)e/ment agent selected from _
| ene acti on; b) a
c)

Jasrmnate rel at ed corrpound and

‘auxin-related growth regulator. 20 ATHIS SHEET HAS tB&an df any one
of claims 1 to 3, wherein the one or nore nutrjent REPLACEDTEdi acontain a

sil ver-contai

ni ng compound, or a silver cdtbl ex—or—a—srtver—ton.

5. The nethod of claim 3, wherein at | east one of the one or nore

nutri ent. nedi

contain jasnonic acid or an al kyl ester thereof.

SLAIMS:
St a i 5218 0f, 1 W15 gl n Rl il TR

- 89- |
or nore nutri
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species cotfiprising:T BEIVRAAYO sQipentioh Guloure] in@ndiofmiore HAFER medidie one

ent nedia
under growth and product formation conditions, cells of a Taxus species derived from

callus or suspension cultures, and recovering one or more taxanes from said ceus or
said medium of said cell culture, or both,

wherein the one or more nutrient media comprises an enhancement agent
selected from: _ |

a) an inhibitor of ethylene action;

b) jasmonate-related compound; and

¢)  anauxin-related growth regulator.

2. The method a;cordixig to claim 1, wherein at least one of the one or
more nutrient media contain an inhibitor of phenylpropanoid metabolism.

_ 3. "The method of claim 2, wherein the inhibitor of phenylpropanoid
metabolism is selected from 3,4-methylenedioxy-6-nitrocinnamic acid, |
3,4§methylenedioxycinnaxnic acid, , 3-{3,4-methylenedioxyphenyl] propionic acid,
3,4-methylenedioxyphenylacetic acid, 4-Fluoro-L-Phenylalanine, _
4-Hydroxyphenylpyruvic acid, 4-Fluora-DL-Tyrosine, Trans 3,4-Dimethoxycinnamic
acid, phéﬁyipropiolic acid, L-2-Hydroxy-3-Phenylpropionic acid,
2-hydmxy-4 6-dimethoxybenzoic acid, SKF-525A, vinylimidazole, ammonium oxalate,
sinapic acid, and | -aminobenzotriazole.

4. The method of claim 1 or 2, wherein the one or more nutrient media
contain a silver-containing compound, or a silver complex, or a silver ion.

5. T_‘he method of claim | or 2, wherein at least one of the one or more
nutrient media contain jasmonic acid or an alkyl ester thereof.

6. The method of claim 5, wherein the alky! group esterified to jasmonic
acid has from one 10 six carbon atoms.

7. The method of claim 5, wherein the one or more nutrient media further
contain a silver-containing compouad, a silver complex or silver ion.

—_—
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further contain a silver-containing conmpound, a silver conplex, or a silver

I on. 8. The met hod according to claim 3, wherein the
“Nauxin-related growth'r | at or i s | -Napht hal eneacetic acid, -

2- Naph ,ﬁ ' b d, 1- Napht hal eneacet am de / 5 Napht hyl acet am de,

N-(I - mﬂ”ﬂ”@lc acid, 1-Naphthoxyacetic acid -2

Napht hoxyatetic* aci bet a- Napht hoxyacet i iSHEET | HASa BBEM QX yacet ani de,
THIS

3- Chl or ophenoxyacetic acid, 4-Chl orophenoxy@gpf_mmaci d,
3-1 odophenoxyaceti c acid, | ndol eaggg.am lde—-reoreacettT aci d,
| ndoyl acet ate, Indol eacetyl | eucine, Ganma-(3- I ndol e) butyric acid,

4- Am no- 3, 5, 6-trigchl omgQli b i ol 5 A Svireréin iid ) | W c 10
acid net hyl est ersf': 3, E‘)ﬂ%&c Or%{&g{?&g‘ﬂrﬁj@icﬁm@ g‘f}z' tie éiﬂhpfe?eﬁéd:ﬁow
3, 7- Di chl or eegdaon is AN apirtbal éresgticacil; R dNaphthaleneadetiemgidacet i ¢ aci d,

2-1 odop'henylva etic acid, 3:| qm nyl acet | c ilg l!29-‘)&qth@%%/'ﬁhen, | acetic
aci d, Chl or priigpithaleneacetamids; @Yﬁﬂ%@%b,@@r aphsh §SFf®: 3- aceti ¢
acid, 3- N | K | G abih Qi 4 Dbl p 10534 1 ndoy!
batyrave, | iaNmiEOBRRIE D Ntk Gaddbe GeidDpdi AindothcBhiPscia, 1

| ndol eacet yl1-Nipithoxyacetamitlep3-@hintopteenoygyacktioacid, 4eChioyoplehek pacetic aid, d, 1-

15 renoxyl henzoi c acid, Lysgphosphatidi¢ acid, .
| -n apﬁ%/hyl - ﬁglmmgwaggmg&gg,y[aﬁ&cg ldcﬁngoleaceuc acid, Indoylacetate,

chloro-| H1I = € o l!ﬂﬂﬁ ' 61ﬁ191m § fotri s olinth A
met hod for gg%%%@lgﬁg!%%h%%ﬁ%%i g é)ﬁgmrﬁgirfﬁgoe cu:[l’f'lﬁ’r%'c%lf’ ma'\mf'gfé%s
speci es Cconakiis #4rgnineed, § surthlompicolinicaemehyl exter] Bi6Dichlormoanisic aid, e

nut ri ent nedi a_under L grovvtgiand g,roduct _for,na&igglo ondi tions, cells .
of a Taxus SpeBicorgs-nyiaalinacasboxyliq agid, Shenylacetic acid, 2-lodophenylacetic acid,

10 3-lodophenylacetic acid, 2-Methoxyphenylacetic acid, Chlorpropham,
4-chioroindole-3-acetic acid, 5.Chloroindole-3-acetic acid, 3-chloroindole-3-acetic
acid, 5-Bromo-d-chloro-3-indoyl butyrate, Indoleacetyl phenylalanine, Indoleacetyl
glycine, Indoleacety! alanine, 4-chloroindole, p-chlorophenoxyisobutyric acid,
1-pyrenoxylbenzoic acid, Lysophosphatidic acid, 1-naphthyl-N-methylcarbamate, and

15 Ethyl-5-chloro~-1H-Indazole-3-ylacetate-3-Indolebutanoic acid.

9. A method for producing taxanes in high yields in celf culture of a Taxus
~ species comprising: cultivating in suspension culture, in one or more nutrient media
under growth and product formation conditions, cells of a Taxus species derived from
callus or suspension cultures, and recavering one or more taxanes from said cells or

20 said medium of said cell culture, or both,

wherein the one or more nutrient media contain silver at a concentration of
900uM or less in the form of a silver-containing compound, or a silver complex, or a
silver ion, and at least one of the one or more nutrient media comprises an enhahcement
agent selected from:

25 a) Jastnonic acid or an ester of jasmonic acid; and

b) an auxin-related growth reg\ilator.

10.  The method according to claim 9, wherein the eﬁh:mcement agent is .
jasmonic acid or an ester of jasmonic acid, and the molar ratio of silver to enhancement
agent is less than 9.5. |

U
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20 Ws, and recovering one or nore taxanes from said
cells or said medium said cell culture, or both, wherein the one
or m”mmm [ st contain silver at a concentration of 900pM or
| ess "mm,um"ry | ver - cont ai ni ng conpound, or a silver

conpl €x, “orta %ilsver1on, and at |east one of the one or nore nutrient

medi a conprises an enhancenment agent sql-fng TOHAS IBEE oup
consisting of jasnonic acid and esters of jasnonic C i d.

10. The met hod according to claim?9, weérei gent is

j asnmoni ¢ acid or an ester of jasnonic acid, and the nolar ratio of

silver to enhancepgent Taemethod abeeding to claim 9habersindhe enhancernent agent is dhl.
The met hod according to claim9 or claim 10, further conprising _an auxin-

5 rel at ed awcinwsiated gravah srgulaters andhibe malarratio pbeabancement agamt o siiver 8@t at ed
growt h regul at silver is at least 0.011. 12.
The et hod a!&’gbtﬂtlgg to any one of clains 1 to 11, wherein the one or nore
12.  The method according to claim 1 or claim 9, whetein the one or more
5 nutrient media also include & taxane PIeCLrsor,
13.  The method of claim 12, wherein the taxane precursor is &-
phenylalanine, §-phenylalanine, or a mixture thereof.,
15.  The method according to claim } or claim 9, wherein the one or more
nutrient medium also contains glutamine.
10 16.  The method according to claim 1 or claim 9, wherein the one or more
nutrient medium also contains glutamic acid, aspartic acid, ota mixture thereof.
17. The method according to élaim 1 or ¢laim 9, wherein the one or more
" nutrient media includes maltose as a carbon source.
18.  The method according to claim 1 or claim 9, wherein the one or more
15 nutrient media includes sucrose as a carbon source.
19.  The method according to claim 1 or claim 9, wherein the one or more
nutrient media includes glucose, fructose, or a mixture thereof, as a carbon source.
~ 20.  The method according to claim 16, wherein maltose, sucrose, glucose,
fructose, or a mixture thereof, is the primary carbon source.
20 21.  The method according to claim 1 or claim 9, wherein the nutrient
medium is the same for cell culture growth and for taxol and taxane production.
22.  The method of claim } or claim 9, wherein production of said one or
move taxanes is induced by changing composition of the nutrient medium.
23. . The method according to claim 22, further comprising exchanging
25 nutrient mediuxﬁ at least once during taxane production. , |
24.  'The method according to 'c!aim'l or claim 9, ﬁl't-ther. comprising
exchanging nutrient medium at teast oﬁce during the cultivating step.

—_—
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nutrient media al so include a taxane precursor. 13. The

met hod of claim 12, wherei n t'he t axane precursor is [err]-phenylal aq -2
[err]- 10 phenyl al-ani ne,":or a m xture thereof. ] 28) e
met hod according to any one of clains 1 to 13, wherein the on ‘f'L u?.} e
nutrient medium cont ai Ngodh WrRMRG rroperry oRaaNzATION 15 gk et hod
according to an of clains 1 to Intmaigg@pressn t he one or nore

nutrient chmmrm, APPLIGA TIONJUBLISHED OISDER THS PATENTCOOPERATION IREARY (ROT)

t her eo “Thre—Tgthop accorgi ne of

to 15 | @R l"J‘emmmfl Tater ﬁléss'g?;&r?g r'e ¢ fntegqat ”%Fbé'“f'??%m E's maktos edi%daﬁ
car bon| solffiék 150 1*}}2 mﬁm.duaammm@ako mvew@zfm 11.97)
cl ai nB 4.——%—0'—1'6—,—"0"01““ e+ he Gﬂ\, S. € rtent—redi-a—nrrruces
sucros ~(2ﬁ3nt§na€iﬁmﬁlbﬂﬂicm JUS97/08907 | (81} KResignatedISies: AL, AICATAAT, IZOBR)BG, BR, BY,

any'oni of 'cl ains 1 to 17, V\,he{del n_# he Qrle or QM%%CN%@»DE%WE‘%HEG%@?U?*%“J&
i ncl ud ?’d‘fﬁt"ﬁg‘é'mﬂ]ﬂh‘}’f ose, G&f 27 05D there‘lﬁgK . wmhﬁ N%'dﬁ_’_r 0, RU, SD.

19. . i’he nmet hod according to claim 15, vvher 410 PET™M SCTIO B, UGTUSI R SN,
f r uct o0 Pderityab: ; ture _there - is the prii K n(Gsl\p%(ﬁ G%MW SD SZ UG,)’;"ma"
20.  The ni¥ accor 241§ one clal ol A & R
nutriept mediumis the same for cdll UtMé@aLglﬁQ&ﬂ) nf@" o060, cI,

and t ak@n app¥centidbe bl derignated States except US): PHYTON, CM GA, GN, ML, MR, NE,SN TD, TG).
INC. {US/US); 125,&8ngmuir Lab, 95 Brown , Ithaca,
NY 14850-1 S).

Published
(72) Inventors; and With international search report.
(75) Inventors/Applicants (for US only): BRINGI, Venkataraman Before the expiration of the time limit for amending the
[IN/US]; Apartment #3, 15 Triphammes-Termrace, I "NY claims and to be republished in the event of the receipt of
14850 (US). KA E, Prakash, @ [US/UJS]; 45 Lambert amendmenis.

Circle, M ro, MA 01752 (US). PRINCE, Christopher,
L. [CA/US]; D14, 615 Lansing Station Road, Lansing, NY
14882 (US). ACH, Braden, L. [US/US} /9205 State
Route 96, Interlaken, NY 14847 S)

(74) Agents: POSORSKE, Laurence, H. et al; Baker & Botts,
LL.P., The Wamer, 1299 Pennsylvania Avenue, N.W.,
Washington, DC 20004 (US).

/ }
(51 ) ‘kb's“ act

This invention provides methods whereby taxol, baccatin III, and other taxol-like compounds, or taxanes, can be produced in very
high yield from afl known Taxus species, e.g., brevifolia, canadensis, cuspidaia, baccata, globosa, floridana, wallichiana, media and
chinensis. Particular modifications of culture conditions (i.e., media composition and operating modes) have been discovered to enhance
the yield of various taxanes from cell culture of all species of Taxus. Particularly preferred enhancement agents include silver ion or
complex, jasmonic acid (especially the methyl ester), auxin-related growth regulators, and inhibitors of the phenylpropanoid pathway, such
as 3,4-methylenedioxy-6-nitrocinnamic acid. These enhancement agents may be used alone or in combinhation with one another or other
yield-enhancing conditions. While the yield of taxanes from plant cell culture of T. chinensis is particularly enhanced by use of one or
more of these conditions, yield of taxanes for all Taxus species has been found to benefit from use of these conditions.
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_Ihe_lxe-t—hed—ef—e%al—many one of cl ai s 1 to

ne. taxanes i s induced by ch REP )| of the
PUtH\er‘t|llmdﬁ j‘ @j _ 22. The nmethodlagcording to cl pin 21,
urt her ngi ng nutrient medi ( n durin
taxane producti o 23. T8 net hod accgtzc#lngq?gogoa one 019
cl ai s 1 to 22, furt her conpri si ng exchandi ng—attrrert—TEdi §m at
| east once dur| ng the cultivating step. 24, The t hod
accor di ng t&bﬁﬁ@he of clains 1 to 23, further coOmprising r enoval

of taxanefromthe culture_ during taxane praodyction. . 25.
The nethod of anylone &fmethed fag %%ngmagﬁ?élag\‘@ Pg]fif dn gell culfuge of g fawus
species 10 are cultivated by a fed-batch praqcess. . %6.
The net hod atPeeieHPaRPrisHSarBItGHBE BY SUSPERFIAR °&1t% ip gne HﬁWPFg“‘&“?S‘F i under
formation period, wherein the volumetric produciivity, of ta?daﬁmfgﬁ

| east 15 ny/ gowthyand product foraatiepeeondifions, %fe?l &S oP
27. The net hod accord| ng to_any one of clains 1 2
recover e  suspension cultures, %r both, at)lld recovering one or more %aganeg ﬁ'O\IAnhSGaI; rilst (%Xs%d

medium of said cell culture, or both, wherein the one or more nutrient media contain an
inhibitor of phenylpropanoid metabolism.
2. The method of claim 1, wherein the inhibitor of phenylpropanoid metabolism
is selected from 3,4—methy1enedioxy-6—ﬁitrocinnamic acid, 3,4-methylenedioxycinnamic acid,
10  3-[3,4-methylenedioxyphenyl] propionic acid, 3,4-methylenedioxyphenylacetic acid, 4-Fluoro-
L-Phenylalanine, 4-Hydroxyphenylpyruvic acid, 4-Fluoro-DL-Tyrosine, Trans 3,4-
Dimethoxycinnamic acid, phenylpropiolic acid, L-2-Hydroxy-3-Phenylpropionic acid, 2-
hydroxy-4, 6-dimethoxybenzoic acid, SKF-525A, vinylimidazole, ammonium oxalate, sinapic
acid, and 1-aminobenzotriazole. |
15 3. The method according to claim 1 or claim 2, wherein at least one of the one or
more nutrient media comprises an enhancement agent selected from:
a) an inhibitor of ethylene action;
b) a jasmonate-related compound; a1_1d
c) an auxin-related growth regulator.
20 4.  The method of any one of claims 1 to 3, wherein the one or more nutrient
media contain a silver-containing compound, or a silver complex, or a silver ion.
5. The method of claim 3, wherein at least one of the one or more nutrient media
contain jasmonic acid or an alkyl ester thereof.
6. The method of claim 5, wherein the alkyl group esterified to jasmonic acid has

25 from one to six carbon atoms.

(7))



fromsaid cells or said nediumof said cell culture or _both,
ing to claim 27, wherein i I ductivity

mmmmmuﬂﬂﬁmneast 10 ny/ L/day comput ed Lmﬁ D: S Eg t axol
productlon The met hod accdrding to any ond ¢f clains
1 to 28, wherein baccatin III i's recover ed frqmzm&NUW&%lls or said
medi um of said cell culture, or both. 20-89- The retihod
according to claim?29, wherein the volunetric pr Z)dU'CIIVI Ty of
baccatin Ill is at |east 15 ng/L/day conputed fof the perjiod of +taixane
product i on. 7. The mgthod of qlgim fner Klgim §c m%ﬂ‘}‘%ﬁ@nmt a¢dig np
1 to 30, wherein the Taxus specj-es is T brevifolia, T. canadensis,
T. chinensi s, furthercgntginsilyer-contaiying campound; a siyesseraplex, pr a filvet iomana, T.
wal I i chiana, or T. nedia.
-92- 82, Themethad msardaw@ Flaitn 3, whereimthe gian-stlated growth regylgfor3
wherein the cells of a Taxus speci es produce taxol _above background by
ELI SA in cal | s ENephthalengaceti;s geifhsi aph engapetiqr acifln  frblaphivalensagetamige: of ns

no enhancenent agents. ] . .
5 Naph ylacemrmde, N-(1-Naphthyl)phthalamic acid, 1-Naphthoxyacetic acid, 2-

Naphthoxyacetic  acid, beta-Naphthoxyacetic = acid, = 1-Naphthoxyacetamide, 3-

Chlorophenoxyacetic acid, ~4-Chlorophenoxyacetic acid, 3-Iodophenoxyacetic acid,

Indoleacetamide, Indoleacetic acid, Indoylacetate, Ind_oieacetyl leucine, Gamma-(3-

Indole)butyric acid, 4-Amino-3,5,6-trichloropicolinic acid, 4-Amino-3,5,6-11‘ichloropi§olinic

10  acid methyl ester, 3,6-Dichloro-o-anisic acid, 3,7-Dichloro-8-quinolinecarboxylic acid,

Phenylacetic acid, 2-Iodqpheny1acetic acid, 3-Iodophenylacetic acid, 2-Methoxyphenylacetic

acid, Chlorpropham, 4-chloroindole-3-acetic acid, 5-Chloroinddle-3-acetic acid, 3-

chloroindole-3-acetic acid, 5-Bromo-4-chloro-3-indoyl butyrate, Indoleacetyl phenylalanine,

Indoleacetyl glycine, Indoleacetyl alanine, 4-chloroin;101e, p-chlorophenoxyisobutyric acid, 1-

15  pyrenoxylbenzoic acid, Lysophosphaﬁdic acid, l-naphthyl-N-methylcarbamate, and Ethyl-5-
chloro-1H-Indazole-3-ylacetate-3-Indolebutanoic acidT

9. - A method for producing taxanes in high yields in cell culture of a Taxus

species comprising: cultivating in suspension culture, in one or more nutrient media under

growth and product formation conditions, cells of a Taxus species derived from callus or

20  suspension cultures, and recovering one or more taxanes from said cells or said medium of

said cell culture, or both, wherein the one or more nutrient media contain silver at a

concentration of 900uM or less in the form of a silver-containing compound, or a silver

complex, or a silver ion, and at least one of the one or more nutrient media comprises an

enhancement agent selected from the group consisting of jasmonic acid and esters of jasmonic

25 acid.



33. The method according to any one of clains to 32 _wherein the cells

of a '5 Taxus species produce taxanes in suspéREP CEMBNII!’Q Tan average
vol Cimet“m MHII mm"lo |0 ng/L/day in g1 cg{aunl cont aI;I.ErE ng silver
t hi osul nate and 1- napht hal engazc‘%v 199agm :

-90-
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10. The method according to claim 9, wherein the enhanceinent agent is jasmonic
acid or an ester of jasmonic acid, and the molar ratio of silver to enhancement agent is less
than 9.5.
11. The method according to claim 9 or claim 10, further comprising an auxin-
5 rélated growth regulator, and wherein the molar ratio of auxin-related growth regulator to
silver is at Jeast 0.011.
1'2. The method according to any one of claims 1 to 11, wherein the one or more
nufrient media also include a taxane precursor.
13. The method of claim 12, wherein the taxane precursor is o-phenylalanine, B-
10  phenylalanine, or a mixture thereof.
14. The method according to any one of claims 1 to 13, wherein the one or more
nutrient medium also contains glutamine.
15. The method according to any one of claims 1 to 14, wherein the one or more
nutrient medium also contains glutamic acid, aspartic acid, or a2 mixture thereof.
15 16. The method according to any one of claims 1 to 15, wherein the one or more
nutrient media includes maltose as a carbon source. |
17. The method according to any one of claims 1 to 16, wherein the one or more
nutrient media includes sucrose as a carbon source.
18. The method according to any one of claims 1 to 17, wherein the one or more
20 nutrient media includes glucose, fructose, or a mixture thereof, as a carbon source.
19. The method according to claim 15, wherein maltose, sucrose, glucose,
fructose, or a mixture thereof, is the primary carbon source.
20. The method according to any one of claims 1 to 19, wherein the nutrient

medium is the same for cell culture growth and for taxol and taxane production.
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21. The method of claim any one of claims 1 to 19, wheréin production of said
one or more taxanes is induced by changing composition of the nutrient medium.

22, The method according to claim 21, further comprising exchanging nutrient
medium at least once during taxane production.

5 .23. The method according to any one of claims 1 to 22, further comprising
exchanging nutrient medium at least once during the cultivating step.

24. The method according to any one of claims 1 to 23, further comprising
removal of taxane from the culture during taxane production.

-28. The method of any one of claims 1 to 24, whefein cells of said Taxus species

10  are cultivated by a fed-batch process.

26. The method according to any one of claims 1 to 25, having a .product
formation period, wherein the volumetric productivity of taxanes is at least 15 mg/L/day
averaged over the period of product formation.

27. The method according to any one of claims 1 to 26, wherein taxol is recovered

15  from said cells or said medium of said cell culture, or both.

28. The method according to claim 27, wherein the volumetric productivity of
taxol is at least 10 mg/L/day computed for the period of taxol production.

29, The method according to any one of claims 1 to 28, wherein baccatin I is
recovered from said cells or said medium of said cell culture, or both.

20 30. The method according to claim 29, wherein the volumetric productivity of
baccatin III is at least 15 mg/L/day computed for the period of taxane production.

31. = The method according to any one of claims 1 to 3'0, wherein the Taxus species
is T. brevifolia, T. canadensis, T. chinensis, T. cuspidata, T. baccata, T. glbbosa, T. floridana,

T. wallichiana, or T. media.
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32.  The method according to any one of klaims-1ta.31 _wherein. thel cells of a

Taxus species produce taxol above background by ELISA in callus culture or suspension
culture in mediﬁm that contains no enhancement agents.

33. The method according to any one of claims 1 to 32, wherein the cells of a

5  Taxus species produce taxanes in suspension culture at an average volumetric productivity of

10mg/L/day in 2 medium containing silver thiosulfate, methyl jasmonate and 1-

naphthaleneacetic acid.



