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ENHANCED PRODUCTION OF TAJ:OL AND TAUNES BY CELL 

CtJLTtJRES OF TAXlTB SPECIES 

BACKGROUND OF TBE INVENTION 

A. FIELD OF THE INVENTION 

Thia invention is directed to methods for the enhancad production and recovery 

of taol and taanee by cell cu1turee of Ttm.11 epaciee. 

B. RELATED ART 

/ The Tml Su~ Problem and P..a.Je Sol11Uom 

Tazol ia a ditarpenoid albloid originally ilolatad ftom the bark of the pacific 

yew, Tcmsa brern/blia <Wani et al. 1971) • 
. 

Intereet in tazol bepn when the National Cancer Inatitute·CNCI), in a large-

scale ac:raening program, found that crude bark eztrac:ta ahibited anti-tumor 

activitiee. Since then, clinical trials have confirmed that taol is atremely eft'ec:tive 

apimt refractory OY&rian cancan, and apin•t breut and oth• cancera. Tazol hu 

be::>·n pronounced u a breakthrough in chemotherapy because of ita fundamentally 

different mecbaniam of eytotmdc:ity, i.e., by inhibitilll depolJmarization of 

microtubul• (188 Rowimky et al. 1990). 

The lllCllli daunting variable in the taol equation ao far is supply. It takae 

three to am 100 year old Pac:ific yews to treat one patient because averap yields of 

taxol are low - ca. 0.01., of dry bark and naedlee (Witherup et al. 1990). To produce the 

amount of taxol that is needed far treatment and telltiDg would require the 

destruction oftana ofthouaanda of yews. Thus tar, all of the world'a mpply hu Com& 

from harY811ting the• equat, slow growing conifers that populate the ancient foreata 

of the Pacific Northwest. Unfortunately, the yew hu been rendered nearly extinct by 



logiJll. Comervationiata are succellfully oppoeini any large ecale aacri(icing of the 

tree, which growa in the ancient foreet that are reiUp to the endangered Northern 

spotted owl and other wildlife. .A. the number of Pac:iftc yewa dwindles, medical 

reeearch ia pinnins ita hopea far tuture taol on new, alternative IOUl'Clla of supply. 

Three sourcaa that have been ccmaidered are chemical aynthaeis, aemi-syntheaia and 

plant cell culture. 

Taol ia a large, structurally complez chemical molecule that hu thus far 

eluded total chemical eynthaeia. Therefore, large llC8le mynthe8ia from simple 

available chemicals ia not Ubly to be a !eaaible option Car the nm few years. 

A pouible option far larp scaia pracluction ii 181Di-9111th.U, i.e., chemical 

attachment of a aide chain to the apiculturally produced tao! precunor, baccatin. 

Signific:ant·pragr111 hu been made on the .,mheaia ofthe aide chain (Denis at al. 

1991). Methodl have alao been developed to couple the aide chain to baccaiin (Denis et 

al.1990, U.S. Patent 4,924,011; Holtan 1991, U.S. Pataat 6,0l!,744). However, the 

agricultural supply of baccatin from needl• ol Tama plantationa ia by no means 

trivial; and ia c:mT8Dtly being N-e9aluated in li&ht of the fact that earlier reports 
( 

(Denis et al., 1988, 0.1 .. by weicbt> wan mon optimiatlc: about baccatin content than 

recent 01189 (Witharup et al. 1990, 0.03 .. dry W9i1ht). In llUJIUD8l'1, the ability of 

chemical myntheeia and 181Dl·eyntheaie to supply tao! far world-wide 

chamoih•apeutic ue ia not 88IUl'8d. Th ... are atrons reuom far aplarins and 

davelopinc alternative meana of production. 

Thia inftDtion is-related to the development of a plant cell culture-buecl 

procaaa far the supply ol tao! and oth• tmnee. 

Tlmae Caltarm u a Soarce of Plant-Derived ChemlcwJw 

The ability of plant ce11a to divide, arow, and produce 118CODdary metabolites 

under a variety o£ dilfarent cultural regimes has been amply demonstrated by a 

number o£ sroupa. At present, two compounds, ahitonin Ca red dye and anti· 

. 2 



inftamm•tory) and ginlanpide (a tonic in oriental medicine) are produced by 

tissue-culture proce11e1 in Japan. Many other proc:aaw are reportedly cl018 to 

commercialization, includins vanillln, berberine and romnarinic acid (aee Payne et 

al. 1991). 

The advantape of a plant call culture proca11 for taol are many: (i) A cell 

culture praceu 8DIU1"88 a Umitleu, continuou and uniform aupply of product, and 

ia not subject to peRa, dilUten and •ucmal tluc:tuaiiona, (ii) cell cultmea can be 

cultivated in Imp bioraac:tan, and can be induced to wsproduat tao! by 

manipulatinc environmental conclltiona, (iii) cell c:ulturee produce a limpler 

lpec:trum of compounds compared to bark or neadl• CODliderabl;y 1implitying 

aeparation and purification, (iv) a call culture prac•• can adapt quic:kl;y to rapid 

chanpe in demand better than agriculture-hued proc11w, (v) beeidea supplying 

.tazol, a cell culture proca11 could a1IO produce tazane prec:uraon such u baccatin 

that could be convarteci 181Di·IJllihetically into taol and other active derivativee. 

Since ueptic, larp-acaie, plant cell cultivation ia inherently apenaive, a cell 

culture proc:eu becam• c:ommardall;y rel8"Ult only when theae COIU are offlet by 

rapid cell growth and hilh metabolite productivity. Evwy plant special and tarpt 

metabolite ia difrarent, and dUf..t approachea are nec111ary for 8"WJ particular 

system. This invention focuw on creative and lkilled approach• for obtaining 

rapidly growing and hilbl7 productive plant cell cultuna far tuol and taane 

production. 

Problem8 with 'D8me Caltmw of Woody PJaaa and eomten 

A historical survey of the literature ....-. that wh_.... herbaceaua planta 

have been relatively eaily manipulated in culture, culturm of woody planta and 

conifers have been achieved only with dliliculty. 

The growth ol HCODciary metabolite producing onmaaP8nD• and conifer· 

cultures have been generally low. For example, Berlin and Witte (1988) found that 
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culturee or TAu,ja oet:UJ.ntalia increued their biOM:UI by only CL 30~ in 18 days. 

Van Uden et al (1990) reported a biomua ~of 20-S~ in 21 days for 

suspensions of Callima dnunmondii. Wutpte et al. (1991) reported a doublina 

time of ca. 10 days for IUSpensi~ of the gymnoeparm, C.,,l&alatama l&arrill#Onia.. 

As summarized by Bornman (1988). a tremendo1U amount of efrort baa been directed 

towards medium development for spruce mapenaions <PU:ea abia). This collective 

work demonstrates that §lllllOIP9rlD mspenaicma are indeed capable of rapid 

growth, but that no pneralitiee can be applied, and that media formulatiom for 

dlirerent cell linee must be optimized independently. 

A survey of wondary metabolite productivity among IJIDl108perm cultures 

. a1ao points to the difticulty of inclucinc rapid bioeynthelia compared to harbaceDWI 

apeciee. For example, culturea of Cqh.alot=u l&arrinitonia produced terpene 

alkaloids at a lnel of only 1-. to 3~ of that found in the parent plant (Delfal and 

RothfUI 1977). Even upon SUCC8llllful elicitation, Heimtein (1986) wu only able to 

approach the levela produced in the panmt plant (ca. 0.04~ dry wei&bt total 

alkaloids). Van Uden et al (1990) ware able to induce 1USJ18D8ion culiuras of the 

conif• CallitrU tlnunmondii t.o produce podophyllotcmin, but only at lnela one tenth 

of that produced by the needlee. The ability of '1'1auja aet:identalia t.o produce 

significant levela of monoterpenee (10-20 mglL) and the ditmpenoid 

dahydroftllTUliJlol (2-8 mr/L) baa been c:cmvinc:inal7 demonatratad by Berlin et al. 

(1988). Howe••, th ... ramlta ware obta;ned with a alow-ll'O'rin8 (30 ~ bimn•u 

increal8 in 18 days) and low cell density cs to 7 srama dry wailht per liter) culture. 

Cell Cultme for Tuo1 Proclactlon: Prevloaa Ellorta 

The difticultiee in achieving rapid growth and hilh produc:iiYity encountered 

in gymnoaperm-auspenaiona have been retlac:tad in the three reporta so far on iaxol 

production. Jaziri et al. (1991) recently initiated callua culturesoCTa.zu baccat~ 
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but ware unable to detact any tazo1 using their immunaeorbent uaay. 

Wic:kremeeinhe and Arteca (1991) reported the preMDCe of O.OOK dry wei&ht taol in 

callus cultures of T=u media (CY. hic:bii), but detaila on the doubling times, cell 

densities, and the time-acale aver which the raportad taol wu produced, were not 

indicated. 

U.S. Patent No. 5,019,604 (Chriatan et al. 1991) d8lcribl9 the prodw:tion and 

recovery of tmne and taan•like compounda by cell cultur8ll ot Tama lnwi(olia. 

Theee worbn raportad taol production at a lne1of1 to 8 mW1a in a two- to four. 

weak time frame. They aim reported .a cell mum imnue of •s-10 tim• in 3-4 

weeks", which correaponda to doubling tm. of ca. 7 to 12 da)'8. 

lnc:rea189 in growth rate., taol biaeyntheaia rate., Uld volumetric: 

produc:tivitiea are clearly nec111ary before a tiuue culture prwa for taol 

production can aupply the projec:ted annual demand of tam to hundredl of Jdlop'ama 

of taol per year. 

SUMllABY OF TBB INVENTION 

The inYeDton have di8covared that tazol and taol-llb compounds, or tazanee, 

can be produced in vwy high yield from all known T=u apeciea, i.e., bnuifolia, 

CtJIUJtMIUia, cupidam. baccata, 6lobom, floridana, wallichiana, media and 

chinenau. In particular, the inventon found that the apeciea, Tmu chinemia, ia 

capable of rapid 8l'awth and of produc:inc axtNmely hich levell of taol Uld taanea 

within a abort period of time. 

Improving upon the invention daacribed in Chriaten at al. (1991), the inventors 

herein have dilc:overed that cell cultures from cilft'anmt Tmu apeciea can be rapidly 

and efticiently initiated, and auccel8fully grown on artiflc:ial nutrient media and ,that 

the same chemotherapeutically active taune alkaloicla are produced in the cell 
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culture u in the intact plant. 

Further, by the methods of this invention it ia poaible to obtain tazol in a much 

shorter time frame than previously reported. With the 1peciea Ta.ma chinenail, the 

inventors have been able to manipulate calla to yield taol in amounta rar in aml88 of 

the amounts obtained from tiuue cultures of the othw Ta.ma apecies. Moreover, the 

pvwth rate of the Tc:&ma clainenaia cell cultures ia •ipi6cantly hi&her, 3 to 6 fold, 

than for Ta.ma bNUi.folia described bi Christen et al. (1991). 

The objec:ta of thia invention include the rapid and aftic:ient initiation of cell 

cultures from various apecies of TCISU. 

The objec:ta of thia invention include the formulation of apec:ial environmental 

c:cmditiona to faeter rapid growth, hi&h cell damitiea, and high cell viabilitiea. The 

growth characteristics reported in thia atudy aurpua previous reeulta by a 

significant factor. 

The objecta of this hmmtion include the ability to induce mp and prolonpd 

rate• of taol and tuane biaeyntheai• and secretion by: (a) caratU1 manipulation of 

nutrient concentrationa ('production medium formulation'), (b) me of light, (c) u• 

of periodic medium schanp protoco11, (d) me of ellcitcn. 

The objeeta of thia invention include the ability to manipulate the pro&le of 

taxanes produced by altering media formulationa and anvircmmental conditiona. In 

particular, c:ella W8l'9 coaud to produce tazol u the predominant tmna product. In 

addition, the production of the by-product caphalomannina wu suppr111ad, thereby 

prcwiding an elepnt biological aolution to an upanaiTa and important dowutraam 

separation and purification problem. 

The objeeta of thia invention include the ability to produce variOu• tu•nH 

other than taol that might themaelT88 show pharmacolo&ical activity, or may be 

modified and converted to compounds with pharmacolGlical activity. 

The objec:ta of this invention include the ability to induce cell culturem of Ta:ua 

chinemia to produce taxol (0.32'1. dry weight) at lnela far mrceeding thoee produced 
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in wild planta co.ooa t.o o.oa~ dry weight, Xu and Liu 1991). 

DESCBJPTJON OF TSE FIGVBBS 

l'lpre 1. Blomua inc:reue in a Tau chinenm mapenaion culture line K·l over 

a typical batch pvwth cycle in Medium A. Error ban rapr11em the atandard 

deviation meuurad from du.plic:ate"tlub. 

Flpre I. Effect of medium ac:banp on da7a 9 • 12 on tao1 (A) and total taxane CB> 

productivity in a ls.day aparimant. The nuznMra in each bca repre1ent the time 

interval (days) OYer which the product wu produ.ced. The darkenac:l portion of the 

intracellular bmu repr818Dtll the tazol or total tau• that ,.... praeent in the cell 

inoculu.m at the atart ot the aperimem. All treatmenta wce performed in duplicate. 

Ta.ma chinenaia auapemion cell line K·l wu u.aecl with Medium A u elaborated in 

Table2. 

Ftcme a. Spectral c:harw:tariatica ot a Standard Gro-Luz lamp CGTE Sylvania, 

Danvers, MA) uaed in Esemple 7.3. 

Ftcme '- Tazane production in Ta.ma chinenaia c:ell mapenaion K·l. The portion 

of the cb.ramatafll'em from 10 t.o 40 minutes i9 lhown. Diode array 1CaDB of aelec:tecl 

taxane peab show a charectariatic taane UV abaorption epec:trum, with a peak at 

227nm. 

Flpre I. Taol and tazane production after prolonged cultivation in Medium C by 

Taus c:hinenaia c:eJl.line K-1. The upper panel tabulat.ea the data Cor the known and 

unknown taxanes, whereu the lower panel ahowa incremental tuol and taxane 
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production in the 26 to 42 day time period. 

Flpre 8. MS/MS confirmation of tuol in cell culture supernatant. Panel A shows 

the ion spray APCI mau apec:trum of authentic taol and panel B showa the 

daughter ion apec:trum of the parent peak (m/z 871 • tazol+NH4 +). Panel C 

repr•enta the ion spray APCI apec:trum from a crude cell culture atract and shows 

mlz 8154 and 871 charactariatic of taol. Panel D showa the carr•poruin1 d1111pter 

spectrum of m/z 871 and pnmdaa unequivocal evidence for the pr111nae of taol in 

cell culture supernatant. 

DBT.AU,ED DBSCBIPTJON 01' TBB INVBNTJON 

Plants have long prorided important IOUZ'C8S of pharmaceuticals and specialty 

chemicala. Theaa producta have tJpically been obtained thruqh atraction of the 

harveatad plant mataria1a orb)' chemical l)'Dtbnia. Taol hu become one of the 

moat important poteniial anticancer qenta to recently emerge from the ec:reening of 

natural products. 

Aa U88d herein, the tmoma tazol and tazol·lib campounda, or tnan•, are uad 

interchanpably to d8ICribe a c:ompaad with a tame rins. Thw compound.a may 

themaelv• po1w1 antineoplutic activity, or may be modiftacl to yield bioac:tive 

compounda. 

Aa used herein, the term "callus" ia uaacl to dalcribe a mau of cultured plant 

cells that ia atructurally undifferentiated, and i1 c:altivated on aolldiftad medium. Aa 

U88d herein, the term 1111U1p8D8ion culture" ia uaeci to delc:ribe structurally 

undifferentiated calla that are diapened in a liquid nutrient medium. It ia 

understood that auapanaion cultur• comprile calla in various ataps of aareption. 

A range of qaregate siz• are encountered in the suapell.Biona ciaac:ribed in thia 

invention, with sizes nmgin1 from tens of microns in diameter <•inll• calla or few· 
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qgrepted calla) to agreptee many millimeter• in diameter, conaiating of many 

thousands of cells. 

The plant material ul8ful in this invention wu obtained from all known 

Tazua apec:iee, i.e., breuifolla, canad6U.. cupidata, bat:cata, globoaa, /Zoridana. 

wallichiana, JMdia and chiunaia. In particular, the izmtntc;n have identified the 

specias Ta.ma chinenaia u capable of producing eill'iftcant quantiti• of tuol and 

tuanea in a abort period of culture time, with dasirad compcnmda being -=rated 

continuously into the medium. 

It hu been found by the nmmtora that apeciftc tao! content varies with plant 

specias, and within plant apeciu from tiaue llOUl'C8 and apeci8c treea. Selecting a 

high yielding IOWC8 for tazo1 production is an impartani flm step towards providing 

1Uftlci81lt qwmtiti• of tao! for therapeutic ua 

hdtiatton of rcasua Cell 1.1-. 

Tazus plant material may be collected from all OYer North America u well as 

from other continents. The culture ia initiated by Mlec:tinc appropriate Tama tiuue 

for ll"owth. Tissue from ~ part of the plant, including the bark, cambium, needle1, 

stems, l88da, c:onee, and raota, may be selected far inducms callus. However, for 

optimum yield of taol, needl• and meriatematic raaiom of plant parts are 

preferred. Moet pref.rred an new growth naedl• (e.1 •• om to three montha old), 

which can pnarally be identified by a lighter ll"88D color. The term "new ll'OWth" ia 

broadly intended to mean plant n~e production within that year'• srowiDI 88&10n. 

To pravent cont:amin•tion of the culture, the tiaue should be aurface-atarilized 

prior to introducing it to the culture medium. Any conventional ltarillzation 

technique, such u "Chlorm" (a trademark owned by the Chlorm Company for 

bleach) treatment would be effective. In addition, antimicrobial apntl such u 

cafoxitin, benlate, clazacillin, ampicillin, pntam.ycin mlf'ata, and phoaphomycin 

may be uaed for surface sterilization of plant material. 
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Callu Growth 

CultU1'811 will typically exhibit variability in lfOWth morpholcv, productivity, 

product profiles, and other charaeteriatics. Since individual cell 1inae vary in their 

preferenc:ee for growth medium c:omtituenta, many diff'erent piowth media may be 

uaed for induction and proliferation of the callUL 

The appropriate medium c:onqmition vari• with the apec:iea being cultured. 

The preferred media for the diff'erant epeciea are liated in Table 3. Far a•mple. 

althoush others may be uaad, the two preferred IP'owth nutrient media for Ta.ma 

c1Waenai8 are A • D. Thw media preferably c:ontain the ingredienta liaied in Table 

2. For aample, when A medium ii Ul8d, pvwth hormonea or raplatcn 

incorporated into the medium in an amount Ntwean 1 ppb to 10 ppm, and preferably 

at 2 ppb to 1 ppm. When medium D ii Wl8d, the piowth hormonea er regulators are 

incorporated at levels ransins from 1 ppb to 10 ppm, and praferably at 2 ppb to 2 ppm. 

The amounts of other medium ingredients can be inc:orparated at 18981• nmgjns 

from 1/lOth concentration to three timee the concemratiou indicated in Table 2, but 

are preferably incorporated at the 189818 ahown in Table 2. 

Saapemton Growth 

Tazu auapenaion cultures are capable of rapid pvwth rates and high cell 

demitiea lib other plant call culturaa. HoweYer, optimal conditiom vary from one 

cell line to anoth.-, and acc:ardiqly, methods leadins towards rapid optimization for 

any given cell line muat be conaidered. 

The initial culturee of varioua Tau speciea are subcultured by transfer into 

the media lilted in Table 3, eontainins macro and mic:ronutrienta, organic llllta and 

growth hormonee. The amounts are generally with the followins ranges: atarting 

with 1/lOth concentration to thr• times the concentration of each medium 
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ingredient shown in Table 2. The preferred lnela are thOl8 liatad in Table 2. 

The liquid cultural are axpaeed to air and preferably shaken or othenri• 

gently moved to introduce air into the medium, or air may be introduced through 

tubing into the culture veuela. The cultures are maintained unc1 .. appropriate 

srowth conditiona at a temperature between 200 to 2s•c. The pH may be from about 3 

to 7 and prar_.ably between 4 to 6. The c:ulture may be grown under light conditions 

ranging from total darlmeu to total light (narrow band and/or broad spectrum) for 

various.periods of time. Because total taol production ia hip• in c:ulturam axpaeed 

to light, this ia pref'arred. Typical lilbt intemity condltiou ranp between aboai 100 

to about 3000 foot candle panr. 

The IU8p8mion culturee are maintained for 1 to 8 ..a from the time of 

subculturing, after which culture growth declin•. The cultun8 are hamteted by 

removal of the growth medium, as by ftltraticm. The hamteted culture ia weighed 

and dried, as by lyaphylizaticm, ground to a fine powder, and the taol may be 

extracted by UR of conventional eolvent Btral:tion techniqua 

Doubling timm have been meuurad by monitoring time-dependent biomau 

inereue, u well u by 1imply monitorins the growth inda durinl routine 

1ubealture. Maximum dry weight demiti• of 15-24 arm- par liter have been 

achieved. The growth charac:tariatica or various Tau epeciea 8U8p8D.lioD8 are 

elaborated in Example 4. 

AnalJ'Ucal ..... 
Methods £or the atractlon and recovery of tao! and taann from cells and the 

medium follow conventional techniqu• and are detcribed in detail in Esample 6. 

The immuno-auay CELI&\) technique larply followacl the protacola aupplied by 

Hawaii BiowbnolOIJ in the commercially available kit. Hilh performance liquid 

chromatosraphy methods were slightly mocUfied from aiating protocols u 

elaborated in Example 5. Under the conditions ul8d in thi1 invention, clear 
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reaolution of taane peaks wu achieved, resulting in accurate detection and 

quantitation. Becauee of the pouibility of CCMluting non·taane component1, the 

spectral purity of nary putative taane peak wu checked by diode array before 

integration of peak area. Retention times of tazane ltandards are listed in Example 

S, and a umple chromatogram i1 included in Figare 4. 

Production Medlam CoacUtlom 

Al uaed herein, the term "nutrient medium" ii ued to deacribe a medium 

that ii suitable for the cultivation of plant cell callu and IU8p8DAion c:ultureL 

The term "nutrient medium" i1 pneral and encompas111 both "growth medium" 

and "production medium". The term "growth medium" ii ued to d-=ribe an 

nutrient medium that favors rapid growth of cultuncl cella. .. The term "production 

medium" rer... to an nutrient medium that favors tam! and tazane biaeynthelis in 

cultured ce11a. It ia undantaod that powth can occur in a production medium, and 

that production can take place in a powth medium; and that both optimum srowth 

and production can tab place in a lingle nutrient medium. 

Certain cl- of additives in the nutrient medium are referred to by apec:ial 

nam• in this invention, and are deftned h..._ Aa used herein, the term "anti· 

browning apnts" refer to components that are added to the nutrient medium to 

prevent the formation of pigments during cell cultivation. Th- pigments include 

phenolica and related compounds that are pnerally obw ved to have a deleterious 

eft"ect on call ~ viability, and product formation. Aa used h...U.. the term 

"biosynthetic preem"IOl'8" are ueed to deecribe compounds added to the nutrient 

medium that are metabolized and incorporated by the cella into tuoi and taan-. 

As used herein, the term "metabolic inhibiton" are used to deac:ribe compounds 

added to the nutrient medium that interf.-. with specific bioaynthetic pathways. For 

example, a metabolic inhibitor may be uaed to enhance taol bioeynthmia by blocking 

a difl"erent pathway that competes with taxol for an early biOll)'Dthetic prac:unor. AB 
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used herein, the term ltimulator or activator is U8ld to d81Cribe compounds added to 

the nutrient medium that stimulate or activate apac:iftc bioaynthetic pathway1, for 

example thOM leading to taml biaeynthelia. It la understood that the mechani1m of 

action of the additives deecribed herein may not be completely undentood. 

Ir 18C011dary metabolite formation in a auapemion culture tak.ea place 

c:onc:urrently with growth, the metabolite is tarmed pwth-ulOCiated, and a 1ingle 

medium formulation may be auftlciem to achi9Y8 aoocl pwth and hish level 

production. In many oth• .,.._, it bu been found thG rapid pwth and hia:h 

product t'ormation do not tab plMe concurrently. In IUCb cum. pwth and 

production ph ... are aeparat.acl and a medium far each phue la developed 

independently (reviewed in Payne et al. 1991). In the a. oltaol and tazane 

production in Tazu c:l&i~ growth and rapid praduc:t farmaiion have been 

separated, and independent media have been developed for each. Howe\'W, it is 

undentood that a tingle growtb/praduction medium may be formulated for this 

culture. The production media developed h ... not only increue total tlm'.ll and 

tazane formation, but allo direct callular bi08)'Dtbeaia towmd8 taml production. In 

addition, production of intarfarinc by· produc:ta auch u cephalom•nnjne is minimal 

compared to bark t.iaaue. The production media d8"loped hare allo promote 

prolonged cell viability and biG117Dtbeaia, and in adcUtion, cauae tigniticant levela of 

product to be tac:retad into the a&tracallular medium. Th .. charuteriltics are 

extremel7 important in the operation of an efticient commarcial ICale proc:eea for 

. taxol production. 

Although othen may be uled, the preferred production media for the various 

species are listed in Table 6. For aumple, althoucb othen may be uaed, the -

preferred production media for Tama cmunai6 are B 6 C. Th .. media preferably 

contain the ingredients listed in Table 2~ Theee media pref•ably contain meJor and 

minor inorganic salte, orpDica and srowth hormon• or growth regulators. The 

amounts are generally with the following ranges starting with the l/lOth to three 
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times the concentration of each medium iqreclien~ indicated in Table 2. However, 

the pref8IT9Ci levela are thole lilted in Table 2. 

Where medium B ia Ul8d, the growth regulators are 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 ia uaed, the growth l'8IUlaton are incorporated preferably 

It ia Understood that modiftcaticma may be made in this medium auch u 

. substitution of oth• conventional salt compaeittom CIUCb u orpDiCI, vitamina, 

amino acida, precunon, activaton and inhibiton), addition or deletion of varioua 

camponanta, growth rtllJUlatan or alteration of propartiom. 

In addition to non-volatile diuolved nutrienta, ....,as componenta,· primarily 

ozypn, carbon diadde, and ethylene Ca plant harmcme), play critical rol• in growth 

and product formation. Two parameters are important. The diuolftd pa 

concentrations favoring growth and taol formation are obviously important since 

they dictate reactor operating conditiom. In addition, the rates of consumption or 

production need to be incorparatacl into rwior' d.ml", ID that the optimum apecifted 

concentrations can be maintained. 

Beeida9 itl impartance in nepiration, cmnen can ailO dramatically affect the 

rate of MCOlldmy bi091Dthaai.. A hilh aaturation ccmatant for an Cii:jpn·requiring 

step on a l8CODdary bioaynthatic pathway may require calla to be 1ubjected to high 

OX)pn lnel8 in the rwtar. The importance of CCI aupplementation in maintaining 

high growth rate9 hu been cbmnantacl. Ethylene, a plant hormone, plays 

pleiotropic rolee in all upecta of plant growth and development. including HCODdary 

matabolism (e.g., IM Payne et al., 1991). 

Ellcttgg 

In ord• to improve the yield oftaol and other related tu:anee in cell.culturee, 

the inventors have undertaken a number of approach-. One of the approaches that 
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U1iifUiiT 
bu been uaed to enhance productivity is the use ol ICM:alled eliciton. Aa uled 

h&rein. the term elicitors is 1llad for compounds of biolapcal and non-biological 

origin that cause an inc:reue in 18CODdary metabolite production when applied to 

plants er plant-call culturea <Ellert 198'7; Ebel 1984; and D8"'ill at al. 1984). Many 

dlifarent compounds can act u eliciton, dependin; upon their nature of origin and 

their mode of action with call metabolism. In th .. atudial, the inventon have uaed 

two ~or kinda of ellcitors: 1) Biotic ellcitora which umally camprile cell wall 

atracta or ftltrataa from a selected ~P of fungi, butlria and,--. and allo their 

puriftecl fractions. 2) Abiotic ellciton which have iDl:ludecl chamic:al atre• apnta u 

well u aome compounds of biolapcal origin Cw elicitan lilt8d in Table 1). 

Christen et al.(1991) report the Wl8 of t\mpl elicit.an and selected compounds 

for production of taol by 8U8p8Dlliom of Tama breuifolia; how8ffr, the inc:reaw in 

the level of taol acc:wnulation due t.o ellcitar tnatmenta have not been apeciftecl. 

In pneral. both kinda of ellcitora were e1Fectiva, althoqh the atent to which 

elicitation (taxane accumulation in call cultures u well u their MCl'8tion into the 

medi~) oc:curred differed from elicitar to elicitar and from apeci89 to apeci-. The 

hilheat production inc:reue wu attained with chitoaan glutamate, llchenan, ferullc 

acid and bemoic acid. Chitoean and llchenan are compla polyaueharidea dariYecl 

from microbial cell walla. Chitoean when ul8d alone i• iDloluble in medium, and is 

toxic and cau1• permanent call damap. Cbitolan glvtamue, on the oth• hand, is 

readily aoluble in medium lind doea not affect call viabmty. Ferulic: and bemoic acids 

are synth811izecl chemicala at biolopcal origin, and are pnerally uaed u anti· . 

cmdanta in biolalical ll)'8tema. 

Elicitora interact with diuolved paee in many ways. Osypn requirements 

may chanp upon elicitation. Increuea in respiration rai. u a wound reepome is 

commonly obaervad in plant cell culturu. Importantly, eliciton may mediate their 

action via ethylene. In such cues. it may be desirable t.o aubatitute a microbial 
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elicitor preparation with ethylene, and perhape p~ent toxicity lllOCiated with other 

microbial componenta in the elicitor preparation. 

Ellciton and metabolic atreu agents may be utilized according to thia 

invention to muimize taxol production and secretion in tilme culture by u1eaaing 

elicitor specificity and concentration., timin& and duration., aa a fanction of culture 

ap ancl media compaaition. 

Rapid Medium Enh•np for ProdacUvlty Bn•n-t 

Aa doc:mnented in Ezample 7.3., the removal 14 apat medium and 

repleni1hmam of frelh medium .,wy· 3 days contributed to •ipiftcant enhancement 

of total tazane and tazol production, aa well aa to an increue in the amounts of 

ntracellular product. 

The ltimulatm7 eftecta of medium nchanga may have been due to removal of 

product in mu, which woald prevent feedback inhibition and product d..Ution. 

Such poeitive e&"ect8 of in litu product removal on 8ICDlldary metabolite production 

and aecretion in auapenaion cult1U'99 have been docwll8ntad by, among othara, 

Robina and Rhod• (1986) and Aud& and Shular (1989). The pmodic removal of 

apent medium incorporatae the abcmt advantqae, and adc:liticmally, may Amt to de­

repra• 18C011ciaiy biaeynthellia by remoring other, non-taane, inhibitor)' 

componenta Ceuch u phenolic compounds) &om the medium. 

The repleniehmant of fneb medium to calla undarping active biaeyntheaia 

may allO enhame production b1 providing 88Hlltial nutriaatl that have been 

depleted. For aample, Miyaaaka et al. (1986) were able to Btimulate atationary phue 

calla of Saluia miltiorl&im to produce the diterpeae metabollt.., c:ryptotamhinone 

and ferruginol Bimply by adcfin1 auc:roee to the medium. Pre111m•bly, bioaynthnia 

had ceued due to carbon limitation in the atationary phue. The periodic-medium· 

exchange protocol uaad in the preaent work could have been beneficial u a reault of 

any of the above factors. 
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It ia understood that the amount of medium achanpci, the frequency of 

exchange, and the compolition of the medium beinc replenished may be varied. 

The ability to etim.ulata bioeynthesia and eec:ration by periodic medium 

exchange bu important implications for the deaip and operation of an eftlcient 

commercial proceu in the continuous, semi-continuous or fed-batch mode. 

For hilbar planta, light ia a potent factor in l8CDDdary meteMJimn both in 

intact plant u well u in cell c:ulturea. Both the int.amity and wavelength of light are 

important (Seibert and Kadbde 1980). For _.mple, flayanoid and anthoc:yanin 

biCJ9711theeia are uauallJ f'a01ed by hilb intensity c:ontinuou upt, while dark· 

cultivated cultures may be preferable for otb• metabollta. Inc:reue in 1N8DiJJ1 or 

photoayn~ capacity of cultured ce11a may alao inc:reue product formation or 

product spectrum. The inventon' nudi• involved the UM of broad-band and well U 

specific narrow-band liaht aourcea. Aa shown in Ezample 7.3.. light apaeure can 

bring about inc:reued taxo1 accumulatioa-u well u -=ration into the medium. The 

atimulatary etl'ect of lilbt on tan1 production au..- the aiatence of unique control 

mechaniama for bi08)'Diheeia of taanee. The nature of the photareceptor and 

biochemical c:haracteriatia of light·iilduced atimulation are nat yet clear. 

Th• operating mode f'or a plant cell culture proca• ref' .. to the way that 

nutrienta, ce1la and product:a are added or removad with raepac:t to time (Payne et al. 

1991). When all the nutrienta are mppliecl initially, and the culture contents 

comprising calla and product are harteatad at the end of' the culture period, the 

operating mode ia termed a •one-etap batch proce••. When a batch proceu iB 

divided into two sequential ph8888, a growth and a production phue, with the 

medium being exchanged in between the two phues, the operating mode ia termed a 
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•two-1tap batch proceu". 

In a "fed-batch" operation, particular medium additiT91 and nutrienta are 

supplied either periodically or c:ontinuoualy tbroqh the coune of a one-atap or a 

two-atap batch culture. 

When a subatantial portion, but not all, of the contantl of a batch culture is 

h~ with addition of freah medium tor continued cell srowth. and production, 

the proc .. re1ambl• a "repeated draw and ftll" oparaticm, and la tarmecl a "aemi· 

When ftaah medium la cont.inuouly supplied, and duent medium i1 

continuoualy remcwecl. the proceu la termed 11cont.inUOU111
• If celll are retained 

within the reactor, the procw ia termed a "perfuion made" If cella are 

continuauly l'8IDCmld with the effluent medium, the amiinuoua proceu la termed a 

"chemoatat". 

It ii understoacl that th818 Tarioua model r4 proc111 operation are compatible 

with the· taol-produc:tion l)'ltem d-=ribed h...m. 

The £ollowing aanapl• fUrthar cl81C1ibe the Material8 and Methoda uwl in 

carrying out the invention. The a•mpl• are intended to be illustrative and are not 

intended to limit the invention in any m•Mer. 

Epmple J: 

Callas IDltlatloa 

Sampl• of "Tm:u plant material were collect.eel from a number of wild and 

cultiTated planta. Samplee .,... proe&11ed upon aniTal at the laboratory or stared at 

4°C until they could be Ul8d. 

The material wu first washed in dilute aoap solution, rimed in water, and the 
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surface sterilized in a Chloraz 10luiion (l 'I h~orite, pH 7) for 10 minutes. 

Und• sterile conditions the material-wu thm rinHcl 3 tim• with lterile water. 

Needles were then cut in a 111 polyvinylpyrrolldone <PVP> solution with 100 mg/I 

aac:orbic add. Needles were plaead with the cut end in Medium E Cw Table 2). 

Thlrty to forty aplantl were cultured per plate of medium. Platea containing 

mtplanta were incubated at 2~°C in the dark. Platea were moniioNd daily for the 

appearance· of contaminating micro-orpnimna, and where they wen pr11ent, 

uncontaminated needl• wan ramoved and placed in a fl'8lh plate of Medium E. 

Subatantial callus formation wu obl8mld and the callua wu aparated from the 

aplant by 20 daya and placed OD the varioaa callus prolifaration media liated in Table 

3. For aample, calli of Tazu ehinenm wwe t.ramf8rred to Medium D c ... Table 2). 

Thia initiation procedure wu Vf1rY aft'lc:imt, naulting in low conumjnation rate and 

high frequency of callus induction of ewer 90 'I of aplania initiated. The ume 

procedure wu IUCC8UfW1y Ul8d to initiate culturea of Ta.ms breuifolia, Ta.ma 

canadensia, Tm:u cuapitlata, Tazu baecalCI, Ta.su I~ Ta.ma floritlana, 

Ta.ma wallichiana, Tazu· 111.aia, and Ta.ms chinelUi&. 

Eppgple I; 

CaDm Prollferattoa 

Once ca1li wwe ramoved from the ~lant, th8y an cultivated at 2~1 °C in the 

dark. Healthy parts of the callus were tranaferred to fr.m medium fl'lflrY 10 days, 

and thia fnqwmq of tramfer wu found to be atramely important far prevention of 

brownins and for prolonpd callus maintenance. The prefarrecl growth and 

maintenance media for calli of various spec:i• are summarized in Table 3. 

Eunmle a: 
Sa.penalon lnldatlon 

1 g fresh weight of cailu1 material wu aseptically inoc:u1atad into a 125 ml 
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Erlenmeyer flask containing 25 ml of liquid medium appropriate to each species (see 

Table 3). For example, Medium D was used for Tazus chin.en.sis. 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 days. Initially, medium was exchanged by suction rtltering 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 were generally transferred into a new 125 ml flask containing 25 mL 

of fresh medium and were thereafter subcultured weekly. 

Example 4: 

Growth of Suspended Cella 

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 Tazus chin.en.sis line K-1 is shown in Figure 1. The maximum growth rate 

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

growth curves. Cell cultures of T=us chin.en.sis grew at a maximum doubling time 

of 2.5 days. This growth rate is significantly higher than that reported previously for 

Tazus species suspension cultures. For example, Christen et al. (1991) reported a 5-

to 10-fold increase in biomass after 3 to 4 weeks of culture, which translates to an 

average doubling time for Tazus brevifolia suspensions of 7 to 12 days. 

The ability to cultivate cells at a high density is important in maximizing the 

volumetric productivity of a cell culture process. Whereas cultures of Tazus 

brevifolia reached a cell density of less than 1 g dry weight per liter (calculated from 

data presented in Christen et al. (1991)), suspensions of Tazus chinensis were able to 

reach densities of up to 8 to 20 g dry weight per liter after 18 days of growth. The 



viability o£ cella wu determined by staining calla ~th a O.OS'5 eolution of fluoreacein 

diacetate in acetone CWidholm. 1972), and by counting the number of green 

fluoreecing cells upon excitation with blue light in an inverted tluoreacence 

micraecope (Olympus IMT-2, Japan). Cell viability wu hilbar than ~ throughout 

the growth phase. 

The ability to cultivate cells under rapid growth conditiou to bip cell 

denaiti• while retaining hiP viability ii an important pre-nquiaite to the economic 

operation of a plant cell culture proceea tor producins taol and tml-llb 

compounds. 

Bpmple & 

~of Tml ad Tann• 

ELISA anal)'Bi• for taol <Haftli Biotech) wu ul8d for tarp acale 1Cl"881ling 

o£ cell lina Thia method provid• high 18D8itivity (0.1 nr/mL). how•••, becau88 a 

polyclcmal antibody is med, c:rou-nactmty with oth• man• is obw•ed. 

Preparative (analytical ICllle) HPLC with fraction collection ahowacl c:rau-reaativity 

with 10-deacetyltaol, 1 ZJ'lQIJl•lO-ciewtyltaol, capbalom•nnina, 10-ciewtyl-'1· 

epitaol, '1 epiiaal. a ...U u other unidentified man•. Delpite such c:rOu­

reactmty tbia method wa found to be atnme1y Ullifu1 for detection m mane 

production and allow.cl larp numbera of cell lime to be 8CN9ll8d quickly. Cell 

estrac:ta allowing tipiftcant production of t8DD89 .... then analysed in detail 

uainl the HPLC procedure outlined below. 

1.2. Eztrac:Uoa of Tml and Belated T•nn• 

Estraction o£ tan.nee from supernatant& were parformed by two methods, 

depending on the concentrations preeent in the mediL When aufttciant amounts of 
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tuane• are present in liquid media, samplee were prepared very rapidly and 

efftciently. Media (2 mL) ware dried c:ompletely (in vacuo) and a meuured amount of 

methanol (0.5-2.0 mL) waa added. This mixture waa agitated ultrasonically until 

complete diuolution or dispersion of the sample wu accomplilhecl. Solids were 

removed by c:entrifuption prior t.o HPLC analysis. Quantitative racoveriea have been 

obtained at 1 m.,i. tnela with detection lnell well below 0.1 JDWL. 
When concentration ·of taunee in the culture aupernatanta were low, the 

medium wu atracted three times with an equal volume of a mixture of methylene 

chloride and iaopropyl alcohol CIPA> (9:1 by vol.). The arpnic layer waa reduced t.o 

dryneu and reconatitutad in a meuured volume of methanol CS0.2SO mL). Multiple 

extraction typically recovared 9o.9SC5 of the taol, c:ephalomannine, and baccatin III 

at 0.6mglL1898la. 

Cell materials were estracted by freezing freably harveetecl cells c-s• C), 

followed by vacuum drying, and methanol amhleting f'or SO cyclee. 70 to 80CI of the 

taxanee were pnerally recovered with 10·1SC5 :meuurable decomposition. The 

extraction of aolld media and callus wu accompllahecl identically t.o that of calla, 

however, methylene chlorideJIPA VL watar partitioning of the ftnal methanol extract 

wu always performed. 

I.& ID&h Perform•nce Uquld Chromatopap~ lletllacU 

Analytical high performance liquid chromaqraphy (HPLC) WU performed 

on a hip-carbon loaded diphenyl column (Supelco, a mM, 4.6 mm X 26 cm> with an 

LDC Analytical binary pdient hip preuure mhring l)'9t8m comiating of 

CM3500/CM3200 pumpe, a CM4100 v~le volume autoampl.- and an SMSOOO 

photo diode array detector interfaced to a Total Peripherals 486 penonal computer. 

Column temperature wu f8IUlated at. 36• C with an Elda CHlSO column oven. 

Quantitative HPLC analysis of taunee wu accompliahed using a binary gradient 

elution scheme u follows: 



llma Ii Bluaal A Ii iluam B !.Ism 
0 76 25 lmL/min 

40 36 66 • 
42 25 7S • 
47 25 7& • 
50 76 25 • 

Eluut A. O.OllmM KB2PO, bl'GQlbi to pH a.a ... ~ -
Eluam B • aaatoDit:rile 

(Witharup et al. 1989) with the aeaptiom that a phaephate buft'ar ccmt.aining 

tritluoroacetic acid hu been Ul8d and. that a 1onpr gradient ia employed. Theae 

differencea aipiftcantly improve the resolution of taol and other tuane1 from the 

mixture. The relative retention times obwved £or tez•n• ue shown below. Tazol 

elutes between 31 and 38 minutee depending on the column and hardware ued. 

Bel•tin Batentigp Tima 
o.38 
OSI 
OS> 
081 
O.M 
Q.98 
LOO 
L12 

The retention tim89 of taxo1, cephalom•nnine and baccaiin III were 

detarminecl uaing authentic aampl• obtained from the National Cancer Institute. 

The retention tim• of the other tannes listed abcmt .... compared to analytical 

standards provided by Hauaer Chemical CBould• CO). Ideniiftcation of known 

taxanea wu bued on retention time and ultraviolet epectral comparilou. 

Quantitation o£ tazol, cephalomannine and baccaiin III wu bawl on reaponae 

factors determined from authentic materials. Quantitation of 10-deac:etylbaccatin III 

was performed. using the response factor determined for baccatin III. Quantitation 

of the remaining taxol derivatives was baaed conservatively on the reaponee factor 



. 'i11ili1iii ifif 
measured for tuol. 

Each or the standarda (10 mL) WU typically h\jected (initially then after s or 4 

samples) and areu for each of the three componenta ware intecrated. Reaponae 

factors for each of the c:omponenta wu obtained by linear leaat-aquarea analyaia of 

the data. 10 mL of each sample wu iltjec:ted and the amount per h\jection wu 

calculated baaed on the standard data r.-mon. 'lbele neulta ware converted to 

amount per liter or percent dry weight. Figure 4 illustratee a typical chromatogram 

of a aupernatant sample. 

1.4. MS/MS Codrmatloa of Taal 

The identity of tuol in call c:Wture aupernatant haa been confirmed using an 

MS/MS method (u shown in Figure 6) which coupl• flow i!Qecticm with ion .IPl"•Y 

atmospheric preuure chemical ionization. DetaUa of the procedures used for 

acquiring the data presented in Figure 6 were u tollowa: Mw ~ Sciax 

API 3 triple quadrupole with an atmaepheric preuure ionization ICRU'C8. Nitrogen 

WU used u the curtain pa and araon WU uaed u the colliaion pa for the CID 

spectra. Interfg; Ion Spray iniarfw produciq iom by Ion Evaporation Ionization 

(Electroapray). Zero air wu used u the nebulizar pa. LC Pumi ABI 1408 dual 

ayriJJg8 pump operating at S plJminute. Selytnta; GO/GO acetonitrilelH20 2mM 

NH40Ac + 0.1 ~ formic add. Jnjeetign ymume; S l&4 all spectra taken by ftow 

iqjection analysis. Thia method provided unequivac:al conftrmaiion for the presence 

of tazol in cell culture aampl-, and allo provided quantitation with escellent 

agreement to HPLC 1'811UltL 

Epmple 81 

Tasol proclucdoa by varloaa mpeci• 

The taxol produced by cell cultures of various Tazu species is summarized in 

Table ~. Callus wu cultivated for 20 days in the dark on the indicated IOlidified 
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medium for each apecieL. The calla and medium were dried and methanol-utractad 

topth•, and Ulayeci by eith• ELISA or HPLC u indicated. The reaulta obtained 

with Tczzu clai11S&Bia cultures are elaborated furth• in Examples 7 and 8. 

Epmple 7: 

7.1 

The production or tao! and related tmn88 c:arnmenced within the tint 2 days 

of tramf'• into p-owth Medium A • The mnhnum tml obw 98d wa on day 1&, at 

8.81 ~ which CDmlllpODda to 0.44 mr/litar taol. Of thi8, 46.1 CA WU pr11ent in 

the anrwllular medium. On day 1&, th• total taane amcentration wu 

72.87..wtluk. er 3.6 ms/liter, of which A.SCA wu pr11tDt in the amwllular 

medium. The viability of cells wu always sreater than 90CJ, a meuured by 

t1U01'81C8DC8 ataining CEz•mple 4), augaating that the pnamu:e of atracellular taol 

and t.nanes wu due to aecretion rath• than due to cell lyaia. The ability of cell• to 

secret tazo1 and taunee will be an important upect of continuou operation. 

7.S Medlam ..... _for pnd11Ctlvtt,- enh•!MWM!lt 

Sisnificant improvements in taol and total tmne productivity ware obtained 

by ueptically auctioning of! pvwth Medium A on clay 9, replac:in1 with frelh 

medium and rapeatinl th• proc:eclure on day 12. Th• aparimeDi was terminated on 

day 115, and the reaulta are shown in Fipre 2. The important ~ in 

productivity due to medium ac:hanp are summarized in Table 6. The total amounts 

of taol and taanes praduc:ed ware CL 4.6-fold hilh• with medium ach&Dl9 

- compared to c:ontrola without traat.ment. Importantl7, ca. 4.9-fold hilber tuol, and 

ca. 5.9-fold high• total tnanea ware recovered in the atracellular medium 

compared to control• without medium achanp treatment. 

The ability to markedly enhance tnol and total taane productivities, and 



moreover, to cauae atracellular product· accumulation i1 important for operation of 

an efticient, continuou1 proce11 with biomaaa reuae and 1implifted downstream 

purification. 

Light i• known to play an important role not only in phota.yntlwei1, but allO in 

varioue upectl of wondary metaboliem in plant cell culmn. <Seibart and Kadkade 

1980). Whereu the aperimenta deec:ribed in Ezampi• 4, 7.1, and 7.2...,. conducted 

in darJm111, the 1'88JIOD88 or Tama chiMnlia c:ultun. to Uaht ia d-=ribed 1-e. 

One 11'11111 frwh weight of 7~ old cella of 7'azu cMMnm line 

K·l were inoc:u.latad in 2G ml of lfOWth Medium A (w Table 2) in 12G ml Erlenm.,.r 

t1ub and incubated at 24 z. 1 oC on a gratory lhak• at 120 rpm. Duplicate flub 

were placed in the dark and und• a Standard GroLuz lamp at a chtmce of 3 feat. 

Spec:tral charac:tarilltica of the lamp are ehawn in Figure 3. Results _.. mown in 

Table?. 

hpaaure of c:ulturaa to lllht did not affect total tnane ltm118 or the atent of 

atracellular accumulation. Howetar, taxane prat'll• were ailJ'iftcanil7 altared in 

the two treatments. For ~ple, cella c:ultivaiad in the lilbt produced 2.8 fold higher 

taol than did cella in the dark. The propc>i tion of atncellular t8ZOl wu also 

lipiftcantl7 hilh• than in the dark treatment ('76t5 ft 56t5). The UM of lilht 
treatment, eapeciaJly of epeci&c spectral quality, would thus be murmely useful in a 

cell culture pracau far tao! production. 

Epmple 8: 

EUciton 

The term eliciton ia uaecl for compounds of biololical (or biotic) and non· 

biological (or abiotic) origin that cauae an inc:reue in wondary metabolism when 

added to plant cell cultures. 
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While a number of elicitora hava been found useful. a repr818ntative 

illustrative aumple ia dllCribed here in detail, namely, the me of chitoun 

glutamate. While chitoaan haa been previoualy tried u an elicitor in aome plant cell 

c:ulture systama, the accompanying toxic reac:tiona such u browning and lau of 

viability have made itl 1118 impractical <Beaumont and Knorr 1987). Indeed such 

tcmc aide reactions are a common drawback of many elicit.an reported in the 

literature. The uae of chemically modifted chitoun• auc:h u chitGan &futamate to 

apeciftcally induce tao1 and t.aane bioaynihaaia while clrmmveDtinc taxic aide­

eft'ecta ia a ll098l approach. 

Suspensions of Tau ahiM-. line K-1 arawn in Medium D tor 7 to 8 days 

were auction tilterad ueptically uains a ltarile Buc:hn• £mme1 fitted with a 

miradoth CCalbiochem) flltar. 2 g freah waiaht cella .,.... uaptically transferred to 

26 ml of medium C (aee Table 2) in a 126-mL Erlenmeyer f1ut. A solution of 0.06~ 

chitoean putamate wu prepared fralhb' and ftlter-atarilized through a 0.22 micron 

cartridp tilter. 825 pL of this aolution wu added to the ftuk at the start of the 

aperiment, cmnapcmding to a level ol 1615 mg elicitar Pll" IJl'8ZD dry weicht cell& 

The flub were ineubated at 24*1 • C on a oratol'7 shaker at 110 rpm in the dark. 

The flub .... demuctively l&Dlpled OD day lS, and obawYationa OD srowtht color of 

the c:ella and medium and cell viability wwe NCIOl'ded. Fra .. dried aamplee wwe 

methanol..tract.ed far taol and taanu u deecribecl in Eumple 5, and were 

analyzed by HPLC. The reeulta of this apariment are lhown in Table 8. 

Elicitor treaiment nmlted in a mod89i improY91Dmt in the per-cell total 

taune production (0.~ TL 0.4245 dry weilht taanea) OYer mm-treated controls. 

The non-toxic nature of the elicitor i• evident from the !Ugh viabfilti• (7s-80'5) 

obl8l"Ved in both treatments. In (act. an inc:reuecl dry weilht in elicitor treatment 

compared to controla hu bean reproducibly oblMnad (14.2 r/1 YL 10.1 g/l dry weight). 

The higher cell denaitiaa reeulted in an 1.8-t"old greater titer of total taanea in the 

ellcitor treatment, i.e., 75.8 mg/L versus 42.4 mWL for the control 
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The elicitor treatment reaulted in increuad taol bi08)'Dtheaia, both on a per· 

cell buia (0.09K n. 0.0544' drJ weight tazoJ, a 1.8-fold inc:reue)·and in a titer 

comparilOll (13.9 mg/L venua 5.4 mglL, a 2.6-fold inc:reue). The extent of 18Cl'etion 

wu hilh• for the elicitor treatment compancl to the control (U'f, verau1 72'f, 

extracellular product). 

The elicitor treatment deacribed herein 1'89Ulta in iDcreued taol production, a 

more favorable product proftle, enha11cad product wretion and retention of high cell 

viability. Theae production c:haractariatica repr111m a aipiftcant imprO\'ement for a 

cell culture proceaa for taol production. 

EpmpJe a; 

P:raductlon medlam dnelopaae11t 

In an effort to inae818 taol procluctivitiea OY8l' the levels deacribed in example 

6, nutrient levela were manipulated to formulate apecial 'production media'. 7 to 8 

day old 1USpemiona of Tama c:l&iunaia line K-1 gnnm in Medium D were auction 

tiltarad ueptically uaing a ltarile Bucbnar ftumel fttted with a mirac1oth 

CCalbiochem> tllter. soo ms freab weicbt ce1la were ueptic:allJ traneferred to 6 ml of 

production Media B 8Dd C c .. Table 2). The ft9Mla wwe incubated for varying time 

periodl of 18, 25, and 42 daJa at ~1 • C on a urator.r shake at 110 rpm in the dark. 

Treatmenta were damuctival)' aampled, and obW'Y&tiona on pnrth. color of the calla 

and medium, and cell viability wwe recorded. Prane-dried aamplea were methanol­

extracted far tazol and ta&DM u d81Cribed in Eumple 6, and weN analyzed by 

HPLC. 

1.1. llemlu of 18-daJ' Caltlvatlon 

Ta.zua cl&inenaia cell cultU1"811 responded to the altered medium compoaitiona 

by producing aipiiftcant levels of taanea and taol. The• data are 111mmarized in 

Table 9, and a 1ample chromatogram ia shown in Figure 4. In medium B~ 99.8 
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mg/liter of total tazaw were produced. with 24.1 mglliter of pure tuol. In Medium 

C, 110 mg/liter of total tazanea were produced, with 21.3 mg/liter of taml. On a dry 

waisht basis, calla producacl 0.18CI dry weight taol on medium B, and 0.06S fl dry 

weilht taxol on medium C. 

9..1. Prolcmfed Caltlftttcm 

Taol and tm.ne praduction after prolonpcl cultifttion of 7'mu ehiwia 

cella (line K·l) far 2S and '2 daya wu ltudlad in medium C, the r.ulta for which are , 
summarized in Fipre· S. The follo1rmg lipificent obW'fttiona can be 

eummarized: 

(i) 7'a.ma SU8p8D8ion culture. are capable of producins aipiftcant levela of taxol -
and oth• taxanee. ffjgheai accumulation occurred at 42 days, with 0.32CJ, dry weiabt 
taxol, and o.ea dry wailht total taxanea; c:orreeponding to titml of 1sa mSL tao! 

and 2915 mg/L total taxanea bawl on tinal medium volume. The analysis of this 

sample by tandem mau apectrometry ccmftrmed the pr9l8llC8 of tazo1 u shown in 

Figure 6. Quantitation by MS/MS shcnNd acallent ......-nt with HPLC. 

(ii) The rate of tao! bi~ batwean days 215 and '2 wu at CL 7.6 mg tmral pw 

liter per day uauming linear praduction in the 17~ period. Thia rate ia 

ai.,,iftcantly bipar than the rate of production in the first 28 da)'B. The rate of total 

tmne bia.Jnth..U. Htww U,. 2S and 42 wu 12.3 mg par liter par day. 

CW) Production mecllum fcrmulatiOll9 can induce up to 4S-fold incre ... in apacific 

tazol coQtent comparad to rapid arowth conctitiona mch u thaae deacribed in 

Example7. 

(iv) The product spectrum can be manipulated IO u to ftmnel bimynthaeia towards 

the desired end-product taxol, while minimbiDI production of uncleeirable taanae. 

For aample, on day 2S, taxol conatituted 28CJ, of the total taxanes and on day 42, taol 

constituted 52CJD of the total taxanea in contrast to growth medium (188 Example 7.1), 
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in which taol conatitutad only 12.K of the total tmnN. Thia ability ~ manipulate 

product profll• will have important repercuuiona ror downatream purification and 

for product purity-relaiad regulatory illuea. For aample, the ability t.o suppreu 

production of the taane by-product, cephalomannine could sreatlJ aimplify 

downstream purification c:ompared to puriftcation of tao! from bark iiuue. 

(v) Tasu c:e1l culturea have been induced t.o -=rate .;piftcant amounts of taol 

(87f5 on day '2) and oth• taanea. That the pr111nca ~ amwllular tm1 and 

tazan• ia due to secretion rather tha due t.o cell q.ia ia aTObaratecl by ..... a1 

independent obaervaiiona: (a) continued blmynthem occurred Htwem dap 2S and 

42, aqpetins that cella ware viable and active. Inclapmdent obW'Vatiom have 

shown that >70C5 viability baft bem obw l'8d aftar 18 day8 in production medium, (b) 

different pan:entapl of dli!'arent tuanee ware -=rated. If cella had l)'8ed, the 

percentap in the medium mi&ht have been apectad to be limiler for the dift'arent 

tazann. 

(vi) The ability of tbia Ta.zu cell line to thrive and produce iaDl at high ratee in 

an atracellular environment .0 rich· in product i• particularly worth notinl· 
(vii) The Tana cell Una with which thae r.uita wwe obtained ia mo capable of 

rapid prowth t.o mp cell demitiem, and a;prellNld the reported produc:tmii• aft.- 20 

pn•aticma under rapid-pvwth c:onditicma, att81tin1 to ita atability and commercW 

poteniia1. 

The ltmtla of tuol and tma produced by call linn of Tazu cl&i,..,..U 

under the c:onditiona daacribed herein are higher than pNVioualy reported r.ulta by 

a factor of 3S- t.o 1sO-rolcl. For eumple, Cbriaten et al. (1991) reported the praduction 

of 1 to 3 mWUtar of tuol by IU8penaion culturee ~Tama brevi(olia after 2 to 4 weaka 

of cultivation. Wicker•meainhe ad Artaca (1991) nrpart.ed. the production of tuol at 

O.OOK dry weight in cell c:ulturea of Tama media. 

In summary, our data show that with careful initiation and selection of 



T=ua chiunaia culture1, and with apecially formulated ll"Owth mec:lium 

conditions, cella can be induced to lfOW rapidly to high cell demitia When theee 

cells are tranlferred to production medium conditiom, cells are able to bioeyntheaize 

and -=reta sipiftcant ltmtla of tazol and oth• tuan• for prolcmpd periods while 

maintaining hiP viabilltia The incorporation of periodic medium esc:b•np, lilht 

and elicitora with production medium N9Ulta in ftuthw 8)'D8rliatic productivity 

enhancement& Th .. propeni• are critical prereqWaim far u dcient 

commercial procm for tao! and t.wane production uains tiaue culture ta:lmology. 
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Table 1.L List ofEliciton Used in Elicitation of Tams app. Cell Cultures 

I. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Bigtic EJicitora (microorganisms) 

Botrytis cinema 
Phxtophthora mnyperma 
Pinellas &triptjeµm 
Oliggmgms m. 
pythjum mmjallatum 
Pythjum uivatieµm 
Vertieillium dabliae 
Verticillium Ip • 
Penjs;illium minigluteum 
Phvtppbtbwa latarali1 
Cytq111gra ejns;ta 
Cytq1pQBl1uc;ootqma 
Altarnaria brg1jcicpla 
Altgnaria 10lani 
Alternaria eusumerjna 
Bqtati1 gamma 
Coebligbglu1 betarqetmpbp1 
CoJletotrichpm trifolii 
Colletotriehmp orbieµlpm 
Colletotrjebpm gramjnicgla 
Coll1totrjchgm glQIOIPorioicie• 
Cylinciroslaclipm Ooridanum 
Fu1arium c;mgknllen• 
Fusarium hltarggorium 
Fp1viuJn f. ap. conglutinana 
Fuavipm ognpgrum f. ap. lycopersici 
Fusvjum gymgrum f. ap. piai 
Gibbtralla 1111 
G . . ·~ti· yumannomxe111ramm11 var. ••n Cl 
Geotrjcbum ap. 
LaPtQIPh•eri• tprry 
Naet;rja hum•tocgc;c;• MPVI 
Myc;ptpbyntJla pjngdn 
Qphigltmn• Jl1mi 
Pbpma Ungam 
Phgma pjnpdella 
Phytophthora infntan1 
Pvthipm ariltoapomm 
fythium 1raminicola 
fytbium ultimum 
Rhjzgc;tgnja solani 
Sclerotjnia sp • a. _nqdgrum D-45 
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• 

Trametu versieolpr 
U1tila1p rpavdi1 • 
Yentur11 mequah1 

Table 1.a. (continued) 

II. Biotje Elieitora (Microbial fractions or products) 

• Chitosan • Cellulysin 
• Lichenan • Multifect XL • Glucomannan • Multif'ect CL 
• Pleuran • Reainue 
• Glucan • Pulpzyme 
• Carboxymethylglucan • SP4S1 
• Hydroxymethylglucan • Pectinol 
• Sulfoethylglucan • Rapidue 
• Mannan • Klerzyme 
• Xylan • Chitinue 
• Mannobiose 
• Mannotriose 
• )fannopentaoae 
• Mannotatraose 

III.Abjotie Elicitgn (Chemical Streu Agents u well u aome naturally 
occurring biochemicals) 

• Arachidonic acid • Vanadyl sulfate • Fenpropemorph 
• Elaidic acid • Uniconazol • Prochloraz 
• Cyclic AMP • Paelobutrazol .. Naptifine 
• Dibutyrl Cyclic AMP • Spermine • EDU 
• Methyl Jumone • Spermidine • HTA 
• Cia -Jumone • Putreacine • MPTA 
• Miconazol • Cadavarine • Glutathione 
• Ferulic acid • Protamine Sulfate • EGTA 
• AM0-1618 • SKF~7997 • Gibberellina 
• Triton X-100 • MER29 • Abaciaic Acid 
• Bemoic acid • Ancymidol • 1.S-Diphenyl ur• 
• Salicylic acid • Triadimefon • Diazolidenyl urea 
• Propyl gaJlata • Phaephon D • Phloroglucinol 
• Sesamol • Thiourea • Sodium alginate 
• Chlorocholine chloride • Dextran Sulfate • Carrapnan 
• 3,4-dichlorophenozy triethyl • Hydroquinone 

(amine) • Chitoaan glutamate 
• Chloroethylphoephonic acid 
• Diethyldithiocarbamic acid 
• Nordihydroguairetic acid 
• Dithiothreitol 
• Sodium metabisultite 
• Potassium metabiaultite 
• d·amino-DL-Phenylalanine 
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Table 1.b. Lilt of Prec:urm, Inhibiton 6 Stimulants or Activators Uaed in 
Regulation of BiOByntheail of Taol 6 Taanee in :f. spp. cell cultures. 

Precur1or1 

Phenylalanine 
Lyaine 
Tyrosine 
Tryptophana 
Methionine 
Tyramjne 
Sodium acetate 
Potuaimn acetate 
Ammonium acetate 
Mavalonic acid 
Farneeyl acetate 
GeranyJacetate 
Geranyipraniol acetate 
Tryptamine 
Menthol 
a-Pinena 
Trana-cinnamic acid. 
Cambrene A. 
Verticillene 
Verticillol 
Camphor 
Quercaiin 
Lewlinic uid 
Abietic acid 
Bomeol 

Inbibiton 

Chloracholine chloride 
Uniconazol 
Paclobutruol 
SKF-7997 
MER29 
Anqmidol 
Triadimefon 
Phoaphon D 
Fanpropemorph 
Prachloru 
Naptitine 
Mlconuol 
Silwr Nitrat.e 
Norbomadiene 
AM01618 
Alar 
4-amino-S-Haynoic acid 
Phenylethanolamine 
Phenethylamine 
Glyphosphate 
Dih:ydrocycloeucalenol 
Methionine Sulfcmde 
8-bydroJLJphenthylanine 
8-Methyl-DL-Tr)ptophane 
a·Pluorophenylalanine 

Stimulant• or Activators 

Cyclic AMP 
Dibutyrl Cyclic AMP 
Methyl Jumone 
Cia.Jumone 
Chloroethylphoephonic acid 
Spermine 
Spermidine 
Putrellcine 
Cadavarine 
MPTA 
DCPTA 
DIPTA 
ACC 
HTA 
Brassinoateroida 
BHA 
BHT 
OTA 

S-2 Aminoethyl-L-cysteine hydrochloride 
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Table_~: Components (mr/)) of Phyton Catalytic media used for cultivation of Tmua cultures. 

A a c D E , Q H 
"'O CHElllli6L HIDBEDIEII ..a. ..a. lllllLL ..a. ..a. ..a. llllL ..a. CP 

AmmcnulllNrallt 400.0 900 400.o Miiiiiiii . . . . . 
~= Ammanlwn !Mflll9 t:M.O . 33.1 l:M.O 17.0 . 134.0 

BoricAcld 3.0 1.1 0.75 3.0 t.5 0.75 1.2 t.5 5= Celdum Oiorfcfe ~ 113.24 . 21.31 1t3.24 ••• 72.5 t13.24 72.5 
CP= Celdum°'°'*g . 20.0 50.0 . . . . . 
~== CeldumNihll . 208.4 . . . -.o . -.o 
~-Cablft Olbfdlt .. ~ 0.025 . 0.008 o.on O.OllS . 0.025 . ::i::-

CUpltc SUlfllle lff 0.025 0.01 0.008 0.025 0.0125 0.21 0.025 0.25 
8-~e::.:ao 37.3 . ••• 37.3 ti.II 37.3 37.3 37.3 .c:-. 2.1 . . . . . . Cl.I=== femJUI sun.e. !H20 27.1 . 1.95 27.1 13.9 27.1 17.8 17.8 <ll-

M ......... Sullltli .......... 122.09 ... 30.5 122.09 11.04 180.7 122.• 180.7 ~-
M81'9'1 .... S......Ht<J 10.0 13.7. 12.5 10.0 5.0 21.3 10.0 · 11.3 
Molrbdel111111 Trioxide . 0.001 . . . . . . 
Mofrbdc Acid (IDdlum...., 2HaO 0.11 . O.Ol2 0.15 0.125 0.25 0.15 0.25 
Poa.alum Otlollde . 15.0 . . . . . 
Polanluln Iodide 0.71 0.71 0.171 0.75 0.375 . 0.75 
P........,N...._ 2900.0 80.0 115.0 1900.0 1250.0 . 2900.0 
Potwluln Pholphate (moilObtl*) . . 10.0 . . 170.0 . 170.0 
Polllmlum SUlfale . . . . . no.o . 890.0 
Sodium Photphale ........ ...,.,.. 130.1 11.5 31.12 130.5 11.25 . 130.5 . &; 
Sodium SUlfale • 100.0 . . I . . . . 
Zinc Sulllll 7tfa0 1.0 3.0 0.5 2.0 1.0 ••• 2.0 8.8 
Myo.fnDtltol 100.0 100.0 111.0 100.0 50.0 100.0 100.0 100.0 
Nk:Gllnlc Acid 1.0 . . 0.11 1.0 0.1. 1.0 t.O 1.0 
f'W•ldo*teHa 1.0 . 0.15 1.0 0.5 t.O 1.0 1.0 
Thlnmtta 10.0 •s.o 3.5 10.0 1.0 10.0 10.0 10.0 .GlldllnMe 212.8 141.4 . 212.8 212.1 1711.8 . 292.1 
•TIJPlaptw . . ep.....,,. .. . 30.0 ... ,.. . 20.0 
•Mti111c11•· 
"Sodium Amlllle 10.0 10.0 
SUCfOM 10000.0 soooo.o 40000.0 10000.0 10000.0 10000.0 IOOOCJ.O 10000.0 "c=- 0.002 2.0 2.0 0.002 0.002 . 
II 1811Ce1c Add 0.131 10.0 . . . . 1.1112 • A8coltllc Acid 90.0 100.0 50.0 100.0 100.0 100.0 100.0 100.0 Pldcnm . . t.2 1.4 t.2 . 1.2 c.n...,...,.,.... . . 900.0 . . . 1000.0 .. ,,~ . . . . . O.Cll l<lnelin . . . . . . 0.02 

"" I.I 5.1 IS.I 5.1 5.1 IS.I I.I 5.1 

• Fltllr ......... lnlo ........ medium 

.., 
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Table 3. Prefarreci conditions for callus proliferation for various Tazua species. The 
ingredienta in the bual media are lined in Table 2. 

Gl'UWdl Replaton• 
Specl• BmlMedlam Auxin CytpJdnin 

CTable2l l!m CADG lMl %m Csms: !Ml 

T. breuifolia r p 5z108 2iP 10-7 
D p 5z108 BA 108 

T. cantJdensis H p 5z108 K. 10-7 
D p Sx 108 BA 108 

T. t:Ailwnm D p Sx108 BA 1oa 
A N 5x108 BA 1oa 

T.globoaa D p 5x108 BA 108 
T. floridana D p 5z104 BA 108 
T. baccata D p Sz106 BA 108 
T. c:uspidata D p Sz106 BA 108 
T. media D p Sz108 BA 108 
T. wallichiana D p 5z108 BA 108 

*AltbNYiatlo ... Pieloram (P), Napbdlaa... a.UC uid (N), BemJladel'li• <BA>. Dimeibyl 
allylamino purine (2il'), Kimtia (JO 
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Table 4. Typical growth characteristics of Ta.rus sp. suspension c:ultures 

D17 Wetpt Pn91a Weaps· D17 Wt. 
J)malaUu Tl• Pephllpc Tl•• D1p1ity 

T. bmli(olia 2.0 days 
T. baccata ?.O 
T. chinenaia 2J5 
T. canatknsia nd• 
•not 19t determiucl 

Udays 
6.0 
u 
u 

p.,..1a Wt. 
p1p1itt 



Table 5. Taxol production in various T=us species. 

Specl• 

T. breuifolia 
T. canadenai• 
T. baccata 
T.1labosa 
T. C118]Jidata 
7'. floridana 
7'. media 
T. chillMBia 

Tami content Medium 
(~ dl7 welthi) (See Tables 263) 

0.006 F 
0.004 H 

0.0014 D 
o.oom G 
O.oml5 G 
0.001 G 
om F 
0.18 B 

An~ly•l• 

ELISA 
ELISA 
HPLC 
ELISA 
HPLC 
ELISA 
ELISA 
HPLC 



Table 6. Improvements in productivity due to medium exchange treatment. 
Numbers are expreaed as X-told improvement over levels achieved in a 15-day batch 
interval. Tazu chineaia cell line K-1 was cultivated in Medium A in the dark. 

Tazcal 
Totalta.De9 

TAI ltnJI* 
4.8 
4.U 

lgtrasmllqlar Jtnla , ... 
l.N 



Table 7. Effect or Standard GroLuz light treatment on taol and taxane content in 
10-c:lay old cultU1'811 or Tazu chiMnsia line K·l cultivated in Medium A. 
Amounts shown are axprelllllld u 111 atracted from 20 ml of 8UBpeD8ion. Cell 
srowth wu identical in both treatments Cl&I mg dry weight per ftuk). 

Llsht 

Total taol: c:ella and medium: &8,. 
Extracellular taol: 76.4CJC1, 

Total taanea cells and medium: 61.&5 Pl 
Extracellular taanee: · 89CJ, 

Dark 

a.1a,. 
~ 

62.17111 ,. .. 



Table 8. Comparison or chitosan-glutamate treated to non-elicited 
suspensions or Tazus chinensis line K-1 after lS day cultivation 
in medium C. Taxane levels reported are Crom cells and medium 
combined. Cl extra raters to the percentage of extracellular 
product. 

CONTROL IUCITOR 
CelldemitJ 10.1WL CeJJ..aa, 1.UWL 
Cell viability '70o8CMi viable Cell vilbililw 75-8CMi viable 

T ....... ...... llHIL 1ii1Jdn 1ii*9wt mlllL 1ii Ema 
TuoJ a.us. ,... 72.0 OJJ9I 13.9 85.0 
a.cn1ialll 0.057 5.8 69.9 C).055 7.8 76.6 
7-XJlalJl·ICJ.datetylllm Ct.IMO .... 63.0 CUMI 6.9 77.0 
104eac:elylt•ml D.CIM n.• 71.1 0.0 t.O 75.J 
Cepll8lo1Ma.U. 
lCMacetybcalia 111 
lCMacetyl-7-epicaxol 0.054 5.4 74.2 0.()76 10.8 85.7 
7-Epicaml 0.009 0.9 74.6 OJJ09 1.J 86.2 
Uabowa Taxams CJ.203 20.S 79.7 0.240 34.1 90.2 

Tollll Ta.....: UZI GA 1.533 15.1 



Table 9. Nutrient medium manipulation Car enhanced taxane and taxol 
bioayntheai1 in Ta.ma chinensis 1U1p9nsion line K-1. 500 mg 
fresh weight celll were inoculated per 5 mL of medium and 
incubated in the dark for 18 days. The total taxane1 produced (in 
the cells and medium eombined) is reported. The ingredients in 
media B 6 C are listed in Table 2. 

Medlma B Medlam C 
Tame Level CmsJL> <m1JL> 

Baccatin III 4.3 &9 
7-xyloayl 10-deacetyl taol 83 12.9 
Cephalomannine 1.1 trace 
10-deacetyl 7-epi taol 4.8 u 
tazol 2'.1 21.3 
7-epi tazol 1.3 2.8 
other unidentified tazanea• &U 63.7 

Total taxan• 99.Smldl llOmgll 
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CLAIMS 

1. A process for recovering taxol and taxanes in high 

yields from cell cultures of a Taxus species comprising: 

5 cultivating in one or more nutrient media cells derived 

from callus anq/or suspension cultures of a Taxus species 

under growth and product formation conditions wherein 

said taxol and taxanes are recovered from said cells 

and/or said medium of said cell culture. 

10 

15 

2. A process for the efficient initiation and 

maintenance of callus and suspension cultures of Taxus 

species comprising: 

(a) selecting the appropriate plant parts for 

callus initiation, and the appropriate callus cell lines 

for suspension cultures; 

(b) providing efficient sterilisation, incubation 

20 and transfer procedures for maintaining vigor of 

explants, calli, and suspensions; 

(c} providing effective anti-browning agents and 

protocols for continued rapid growth of calli and cell 

25 suspension cultures; 

30 

(d) providing effective induction, _proliferation 

and maintenance nutrient media, and 

environmental conditions for rapid growth, 

density; and high cell viability. 

appropriate 

high cell 

3. A method of enhancing total taxol and taxane yields 

and recoveries in cell cultures comprising: 

I 1111111111111 11111 1111111 1111 
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(a) cultivating cells derived from callus and/or 

suspension cultures of a Taxus species in one or more 

. nutrient media under cell culture growth and product 

formation conditions to produce taxol and taxanes; 

(b} stimulating taxol and taxane biosynthesis, 

thereby promoting intracellular accumulation and/or 

product secretion into the extracellular medium; 

(c) recovering the produced taxol and taxanes from 

said cells and/or said medium. 

4. A method of manipulating the. production of taxol, or 

another desired taxane, relative to the amounts of other 

15 undesired taxanes, in a cell culture process comprising: 

(a) cultivating cells derived from callus and/or 

suspension cultures of a Taxus species in one or more 

nutrie·nt media under cell culture growth and product 

20 formation conditions; 

25 

(b) stimulating taxol and taxane biosynthesis, 

thereby promoting intracellular accumulation and product 

secretion into the extracellular medium; 

(c) recovering taxol and other taxanes from said 

cells and/or said medium; 

{d) evaluating the level of taxol and other taxanes 

30 produced from said cells and said medium; and 

{e) selecting the one or more nutrient medium that 

exhibits preferential production of taxol or another 

desired taxarte, and concomitant suppression of other 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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undesired taxanes, during the production and recovery of 

taxol and taxanes. 

5. The process of any of claims 1-4, wherein said Taxus 

5 species is selected from the group consisting of Taxus 

brevifolia, Taxus canadensis, Taxus cuspidata, Taxus 

baccata, Taxus globosa, Taxus floridana, Taxus 

wallichiana, Taxus media and Taxus chinensis. 

10 6. The process of any of claims 1~5, further comprising 

altering and evaluating environmental conditions for 

their effects on cell growth and on taxol and taxane 

production. 

15 7. The process of any of claims 1-6, wherein said 

cultures are cultivated in continuous or intermittent 

broadband or narrowband light. 

8. The process of any of claims 1-7, wherein said 

20 nutrient media includes one or more of the following: 

25 

30 

(a} carbohydrates and/or other carbon sources; 

(b} inorganic and/or organic nitrogen sources; 

(c} macro and micro salts, rare trace elements, 

and/or vitamins and other organic supplements; 

(d} plant hormones, hormone substitutes 

derivatives, and/or synthetic growth regulators; 

(e} biotic or abiotic elicitors; 

{f) biosynthetic precursors, metabolic 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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nonmetabolic inhibitors, 

activators; or 

(g) anti-browning 

stabilizers, enhancers, 

reducing agents. 

and/or 

agents, 

radical 

11111f 1Di1i11wr 
stimulants and/or 

anti-oxidants, 

scavengers, and/or 

9 . The process of any of claims 1..; 8, wherein said 

nutrient media are the same for cell culture growth and 

10 for taxol and taxane production. 

15 

10. The process· of any of claims 1-8, wherein said 

nutrient media are not the same for cell culture growth 

and for taxol and taxane production .. 

11. The process of any of claims 1-10, 

comprising periodic nutrient medium exchange. 

12. The process ·of any of claims 1-11, 

further 

further 

20 comprising periodic taxol and taxane removal. 

13. The process of any of claims 1-12, wherein growth· 

and product formation are achieved using a one-stage or 

two-stage batch process, or a fed-batch process, or a 

25 semi-continuous process, or a continuous process, or 

variations thereof. 

14. A purified cell culture containing Taxus brevifolia, 

Taxus canadensis, Taxus cuspidata, Taxus baccata, Taxus 

30 globosa, Taxus florida.na, Taxus wallichiana, Taxus. media 

or Taxus chinensis capable of producing taxol and taxane 

in high yields. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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