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Abstract

Quantitative analysis of cell growth and taxane production were made in application and scale-up of stirred
tank bioreactors for suspension cultures of Taxus baccata Pendula. The cell growth rate in 1.5L stirred tank
bioreactor was slower than that of shake flask cultures. The maximum cell density was 12.48 g/ which was
almost the same as 12.68 g/L. of shake flask cultures. The paclitaxel production, however, was decreased to
1.3 mg/L. Baccatin III was not detected. Scale-up from 1.5 L to 6 L resulted cell growth decrease. Meas-
urement of integrated shear factors (ISF), one of the microenvironmental factors, showed the sudden decrease

of cell viability could be monitored when the stirred tank bioreactor was operated with ISF 272 sec '

or higher.
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Paclitaxelo] w3+ T L vl o<+ 4 (National
Cancer Institute, NCI)7} 35,000Z2] 42& dlitog
AA R dhe S4EE SHE F R 2T
zgodo] Jdfo g YHY 5o HAZRE I
2 B8 AE3 1960) Toll A7| AlZFEL. o
Aol FE) F&2Eo| NP HUE TH3=
o7k Fokd) sl e 842 et By
:a Z 196910l Wall 5ol ols) 4 &do} £
I 19710l FAEA Ba=A @& T2}

“HﬂﬁE}(Wam et al., 1971). Paclitaxel & B33l =
3 72 2w S ¥ opye} vl A2 A
oty ztm) Bl B& AMEEe] TS Hel gt A
¥+ microtuble 2 &elA e ulHF2E @ vt

7] &9 colchine®} podophyllotoxin®} 72 §+¢ta] & o]
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microtuble®] 34 3 & Whallste WHH, paclitaxel
L tybuling] FA S &z sz mcrotuble—l 2=
AAst] M2 7153 AEXEEE 934 e A
o2 4aA Ak 1 A3 ME7} thread-like struc-
ture bundle 241 H3pA Ho] A xe] BAE A
71 in vitro2} in vivooll A1 microtuble € ¢HAH 314 7]
TH(Schiff, et al., 1980; Parness and Horwitz, 1981,
Christopher, 1993). )33 T & &t e} @] 247
zZto]l EE317) wlEo| B2 AEAE o) ) &
FA) WS M Adte 9 X8ded &
A Y Zolgka BAlo] Ropx] 1 AtH(Hei and Hall,
1993). Paclitaxel & 19881 A2zt A AR A 7=
gAlo] WS 7ER 2rle) dA:9(advanced o-
varian cancer) Q'Z]—Oﬂ el 30% A g ENE Hekorn

19900 & Eel dFolA AR HA b A
€ Holx f4Hot(metastatic breast cancer)ol] tisl <

Nzl 48% X ANE BHgon, 19924 )=
FDAS] 5918 o} dagt g2 Aldsol 243
& w1 It (Woo, et al., 1994; Senilh, et al., 1984,
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Wheeler and Hehnen, 1993).

PachtaxeLJ T3 Wi e thekalRint FE 0 2 B
A %% 342 %1 paclitaxel & o 2 %L‘E"Q T
e dAMte g AA K718 A EA T v okl
o} %} paclitaxel®] AAte 2 g <« ok 471849
7% paclitaxel®] Fz7} B33stn FAgko] A7) of
o A FA(total synthesis)}S 7}58}] 2H(Nicolaou,
1994) B-& olz|go] wtam o x| dasisn
AE T ol F5 ol EAdhe paclitaxel 9}
X*ﬁliﬂ €1 10-deacetylbaccatin IIo] paclitaxel side chain
2 38z g A)AH paclitaxel & ¥ (semisynthesis)a}
= ZA o] ¢it}. Paclitaxel?] side chaing A8l W
3} baccatin 1119} paclitaxel side chain Z &3+ b
Hell &l 22 vt oy a8y, 59 gdozgy
E] baccatin HI& FF¥¢E HF o ojg]-go) wan 3
Z2] Byl o8} baccatin I2] ggko] o] Ao B
d #FET Hoda Ayl . H2de 2o
gt A2 A Ao ofd At gEED
devt, <F 30709 vEgER & AXof st 5 A A
de obr FAZE e Aoz dadA UrHBringe,
1995).

olshge RN Bu, 4BAE ekl A 2
A4 Zuld A paclitaxelE ek 23T F e 1
° 2 F2A] B3 glch(Fowler, 1987). 2] B4 ¥ ujk
of o1& IS A AENSVE o[ 8T O
g ofo] Aol o] & YT FHAM Euiok YEH
$719) 1 F A JdE A8 e vk 2
719] A &M £ ool = v]AE vl ol] A5
A HEHQ stirred tank H¥717F AHEE| A TE 11
o] 2l gk type] Mg E 2l BAIEL] A2 gl &
A3t FEAEQ H4o 4 22 gt ER AR *]
FHEE S AEEY A E A2717F Y A, At
&7} 2, T AFEHo| celluloseE T4 E o
otk 53] Axe Av|ek HetorA] FXEE A&
A Ee] EAo XNEAN X7 shearol] s 9173 o
oo} Hrx IL}E]-H A 2 & type &, low shearE A -8}
ek E ngkeA =AU dEHSZ AR
type©] N;t-tﬂ, bubble column, draught tubes 18] 1
airlift bioreactore]t}, X5 FEZH CF air sparger ol
ols) 2715 & 7719 bubble ej2 s 7]
Bix) e 2gste, oleigt F7] bubble2] o]F W
grol] o)) wiFrI e /A 3 EO] FEFE Aol

[s3

t}. £3) airlift type2] w7 Z71A] type Hr}
#AA o £& mixing EHE F F 9\101’\1 AEH) 3 9]
vlokel] AEEm gk AAA] WA o|qE

WEFY AEWEIIAM viAufFEE 9 Scale-upel

FEAE el vAe 9% 37

type2] vF7] & stirred tank type®] wjtr| e} W3}
o 2oid, A A Z|7F AP, B4 deslied &
o] 51 &4 v go] A3, AA 2| 9¥A
o] Atk FAHE] ot SR, airlift W F7|9) &
He Ax 71 FHoM Edf E8H0]x] R3jct
= Zeolth. &, airift Wi ¥7]2] mixing &2 HE 9
T o3 ol A= 719 A o] vk Helt)
mabd nUE i wike] o d AEujgA|ce
mixing# aeration 52 £A|E& FE37] sty im-
pelierZ #H2Het stirred tank bioreactorE M 3 g}, 4]
-4 Z = shearol] 2k3l7] w) Fol] shear WAE Fo]7)
A3 impellero] V¥ & Fo] MEu| %S 3= Aol v}
212 3ch(Yokoi, et al., 1993).

A EME ufgFol ] AERRE7]S] B8 B scale-up
< 32 AFHoE AP R 48 d7HG
ZF A& thgeg & F St oW 51§ 283
o scale-upg 3HAl S|H AP 72 flask W] 2}
o ohE wi ok B730) A FH o o] 2 QI M2 4
U S I e L K- B D P B S =
URid o2 Aol =1 Fid o] st A4
e 2= ¥eE Hole Afrt difEolth
Scale-upg & o Jehte ol B Axe
scale-up o2 25 A ¥ HA§7 o] shaker v
et Gt el & AEA diF mi-
croenvironment2] z}o]E FE3}A] £g)7] w)Fo W
AE dFoltt. B dFoMe FEAXE vigE A%
stirred tank reactorZ scale-up & w] Vel tE AXE 4
2 2 {EEE AL skl @ JFE 3Nk
53] sacle-upA] Q&S 1]+ microenvironment £ ©)
BEgE A7EIH Y. o] factorgS AE S F3 =3
stA o] 22 o] &-fed 1 BTt

l

Mz 3 Wy

M'EHHok

£ Ao o] ¥ A EFE o] Rutgers that 24
FUANEA L2 RE EELE FYH FE(Tawus bac-
cata Pendula)?] Z7)9F Y2 2HE callusE A58k
25°C, gEDANA Al Folvh. fF2d calluse
Sae] At L FA18 ool paclitaxel A4 52
& ghatm AZAYO $49 ATFE HEY -
Sl 7FeA & A ST,

A2 25 o-naphthalene acetic acid(NAA)<}
6-benzyl aminopurine(BAP)E ©| 2391 ethdos
2% sucrose?} 74l 7] Schenk & Hilde-brandt(SH)
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A& o] &3ldct. wiR]e] pHE 1IN KOH$ 1IN
HCIE o] &3t 582 HAA3lch Callus vjeke] A
+ 9] ARl 0.5%wv)] FHE M7l ol &
a1t} dehuoke 100 m/ Wik R| 7} & 250 m/ At
Ztget A9} 200 m! Bkl A] 7} £ 500 m! Azt Eet
230 A 7~10d ZtE o2 A E o) v okulx] ] H] &S
1:3 352 dto] Alchujdstdet. e callus ¥l F2
ok 20~30% Fr| = A= sttt

Alet
Paclitaxel ¥ taxane FFE22E v]a NCI2] Ken
Snader BHALZRE FEgteny FEAM R Hj A
A Zof] Ab&-3 Alek 2 A 2 A, casein enzymatic
hydrolysate, polyvinylpyrolidone& Sigma Chemical
Co.(St. Louis, MO, US.A)ZREl 7Y%}, Pa-
clitaxel 2! taxane ¥-Aof] A}8-3F A7) 8-v]<] water, a-
cetonitrile 2 methanol2 Fisher Scientific Co.
(Rochester, NY, U.S.A)el HPLC gradc A %L o] &3}
om, 7Ie RE AGE 57 A gt

Paclitaxel ¥ Taxane &4

Paclitaxel §re2 AEU) ks wiz|d] &3t
Az Fekoz pERIACE AEJ L fresh
cello) methanol & 743t 229 ssfste] &3
F2 A8 F23 Y A MCSF E5(1:1, v/
v) o]&&l paritioningdled F£ F& AAI} &

MCE 2 F 72shsled AT thA] methanol &
3l 0.45 pm, 13 mm membrane filter(Baxter Scien-
tific Products, U.S.A)Z o] 3}8le] HPLC F4}stdc).
uj R ol ZASlE paclitaxel S LA ake] wixE #3
A 2% T methanol® &6l BAsITE

Za2ol 93l Z7|28e fE¥ callus?] paclitaxel
A sHy FE2 M Fuokola] MAH paclitaxel 2
A F taxane d YolB 7] 933 BAubH o8 HPLC
system& ©| 83} CHSpectra Physics 8800 pump,
Waters 484 UV detector, GBC LC1210 UV/Vis De-
tector). Paclitaxel ¥4oll¥= ES Industries(Marlton, NJ,
U.S.AH)ERY FJg phase
pentaflucrophenyl(PFP) HPLC column(4.6 X 250 mm, 5
M, 60A)1—} Phenomenex(Torrance, CA, U.S.A)Z 5 E]
F4% Curosil B(3.2X250 mm, S p)s o] &shsdvt
PFP column& ©}-§3 B4oj|A| 9] o] 54 H.O% a-
cetonitrileZ 62 :38(vv)E 2587 UAZ) W] &2 F-4
Bho] 3580 A 57:43(viv)O.E 8L 40F-ol A 55:
ThEo] FACh FEHE 1.2

reversed

45(v/v)E. linear gradientE

ml/mime.2 FA I E3F sample FYFL 20 wl
2 fFAskd e 44 3L 228 nm ¢} 280 nmE o] &
&+91t}. Curosil B column& o] 83 BAlo|a]g] o]%
218 H,09} acetonitrile-S 55:45(v/v)C. 8 isocratic &
Ao 2 0.7 mlminE 3] 3t ).

Stirred Tank Bioreactor° 25

e AR v WE7le FAo) Unketn el
HAw el < OL‘r M2 AEeR AX AYE
5 4 Utk A MEAGE Frstd 28 Al
B8 fAE 7 UA il %M]Z‘i‘i‘r. el i)
theh Al Ak ANEEE Ch‘f €71 B

S A

I
=) 7] Wil g+ 714G g %%91 el
(dispersion)e] & &7} ¥t %1\?%14_,_5;_ 3\}%; q]
2o 2tk a7 s ole] Al ulgle] <F
= ]

10% F L2 deid sJovt HA AENEe
Al AtA B (critical oxygen level)& L7312 2 14@
&2 aeration?} mixing & ot g}, L&k o o
218 A EE sheardl] A=A Wl7ksl2 2 aeration
mixing WY F& aEjaobdttt. AEH R o 3
T oure ME UE (9F 20 g/b) vl kel &= ]7]7-1 14 s
g Wke-71Ql airlift F2l9] WhEv|E o] Hu} £ AlE
A5 vk = Z1AA muk ghe-7]¢) itlrrcd-tankﬁé,b}]
WE2 7 & AL R3] A8 A3 7§ shearol] 4
3] D178 & impeller2] type, wwt £& —‘:—01 1%
1 AAA F238 A= Foh(Yokod, 1993). LUxhA o
2 paddle-type impeller7} flat blade turbine type im-
peller .t} w2 shear7} VERJ 28 218 A 3 vfokA]
fole Aoz el dork B AgaiE ey

e o] flat blade impellel EYELA, MBF250)E- #H3tgh
Fig. 17} @& AERE71 & Abgsisict. 71414 mql

eae:d

1o

N

QE-2-719Q) stirred-tank el kg7 dutro g u
& FEAT AeAE Y me s e A
E t}&7)7) &0 }“1 o Wojo| wmat g gk
Aol lont, AekgHo| 2 Al l E4E o]
A g glen e AAug e g &RE dhe

R 5 9l TH(Stragg, 1987). +4 271.& vtk 2t}

- Working Volume : 1500 m/

- Air flow rate : 200 m//min

- Agitation speed : 300 rpm

- Impeller type : ¥ &% e 2] fled blade impeller
- 27 E D 15%(wiv)
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Fig. 1. The configuration of stirred tank bioreactor sys-
tem.

2y ¥ 0F

EetAa3 vijdollM 2| Basic Kinetics

Hel ook ME A7 wlE ME AR di-
tepenoid alkaloid?) paclitaxel®} baccatin 1112] A S
2o}y 7] 95led o-naphthalene acteic acid(NAA) 5
ppm2} 6-benzylamino purine(BAP) 2 ppmo] #HF¥
40 mi9] SH W=7} &4 = 100 m/ -z} *LE}*-EL
ol TBA M EE fresh cell 6g% 7 E:3lod shaking
incubatorol] A 120 rppm .2 A Bhaj ak3}sd e}, s k4l o]
LEE I5CE2 §A3H F5v 5% FAARA
c}. 21 23} Fig. 27ko] A|7te] Wizl w2 M g%
7} taxane A4F F4 L ARIrh. Lag phase= A 2] e}
WA ¢kokal exponential phase BV (HFU 2R <
6da)oll DCWE H 13kl 12.68 g/Lo|A i 1 & A
saf A kAl gAY o R glucose?} sucroseE
o] &8t =, el Ard o] fructoses} B dho
glucosee| AR} o] wWaA o]Fo)A 1 WA &

v} %l invertaseol] 2]l sucrose’} glucose?} fructose &
w27 4= Ba8] €1t} Paclitaxel2 stationary phaseod]
HolE I A7 Alatsled wiok 2094 H 2|
9.28 mg/LE 4433l 31, baccatin I+ ¥ 270
o] 1Y EE 32 Alojo] A2 Az} 7FAslE ek
< X9t} Baccatin I paclitaxel 4] o] Ala}3 o]
S AANEAYL S AFE ol Aaet AAec)

Stirred Tank BioreactordA{2| basic kinetics
Airlift type HEHF27|E AlR3lE 75 mixingZ}

circulationol] A7} 217] @ Ho] MERS IS E35

nd = ik 8rbsshu HEA 8] HaEl Atad
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Fig. 2. Cell growth and taxane production in suspen-
sion cultures of Taxus baccata Pendula.
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Fig. 3. Time course changes of cell growth in 1.5L stirr-
ed tank bioreactor.

ol B8 aeration o]}& Faop gt whEhA
Ho AFFFE shear?] FAE s H 3 STR type
o] HEYE T nHUE A Eufeko] EEELA o]
FolZ] a1 ). Yokoi 59 AT shear?] £-4)
Z #2317 YA E impellare] ejof] MBS o)
of grtm FASAAM MEZE YETE7IQ] Max-
blend fermentorol] 2]t A LujetL H nalyth B A
TFollMe AEA el HgstA wHEE Feo
flat blade impeller® 223§ 1.50L2) VolumeE Zte
EYELAX}e] MBF250 WH-&7] & AHE-3}iTh. STReA
Aol wbE N EAY S Fig 37 2o, A E AAA =
= PCVE AXE Ax FHF22 Vepdet, vt 27
o <k7}e] lag phase7} &4 8|5 o) % FAE AL
o] opal gatstAl Al AFte] dojydr) AT
Az %2 oY 1297 1248 mg/LE Yeho] o
743 g STRAM M o] &3 AL e}
e} o] AL YAl STR typeol| A impelier7} cell
o] v]X]& damageE ZE3}R] ot wbd A8 A}
3 HEAE kel dA HEH impellere 4 &
M Fol| damageE YA ¥n FL vt AL AT
8t7] WjEo g Yztelo|zich £ Fekad vt v

Ta o 60 AT 2 Y 4HS AT FE W)
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g 16U BF AR HAYN Sae] Aldd) 2lojA
et wigol A9} o] glucoseE T As3dhe 3
-2 Jel vl 122 paclitaxel- 2 i<k 204 1.3
mg/Le] A4 8- B o), baccatin Il YA S
2] gkstrh. o] AL paclitaxel®} baccatin Il 25 A
Ae Az getaa wdTt vlmsked dlE AzE e
H AR Z cell lineol] WHE PAHEH o] A F=
23 X2 scalec] #AHWA microenvironment2] ¥
glofl w2 el Astz A4zt & 4 ok =
baccatin 11¢] 7-$-& wjFx7]ol YA 748
€ Aol sled A8 Wgr1oX 2] sampling 3152
A 3to 2 sampling time?] HHEA o wt & A 5%
At

Stirred Tank BioreactorollM Scale-up®+

2 Q7 E 1.5L volumes EYELAAS] MBF
250 STR#} 10 L voulmeS Zry= biolaffitieA}2] STRE
o] &3&ta] scale-up A& 31T} 10L stirred tank
bioreactor®] A z2A& olga 2okl

- working volume : 6000 m/

- Air flow rate : 300 m//min

- Agitation speed : 100 rpm

- impeller type : helical loop

- aeration : four branched sintered glass
- Z27] HEFE . 15%(WY)

Shearel] )3} od 3F-2 shear factoroll th§} cell viability
Zte] #A 2 Vehd o). Shear factor24 impellerst
vessel wallZte] shear fielde] 27|85 Yl Ao
AAto] BAstA @3 HlwA A 84 integrated shear
factor(ISF)E- o] £-38}< th(Klass, 1991).

2aND
TV‘D

ISF=

N=Stirrer speed
D=Stirrer diameter
T.=Vessel diameter

AMEwg7o A impeller®] speed® W 3IA|7|TA
shear factorol| & Al E9] 48 4t g
A EZZ fluorescence diacetate 2 FM3le] HulA S &
sto] paksteict. 2719 AEME dEuike v g
v okol] ALE-€ STRE ARSI edl HEA 7} 2
shear stressol] thgh 217Hak A2 o] ol ufjotel] oz &
o] It ABMEE 2E9 large size, rigid cell

wall¥} extensive vocuoleE 7}2) 31 2lo] shear stressol)

q1z+elch. STRel|M e W& shearg WAt airlift
Bioreactor9}= @2 impellerE 71211 glo] o] Ao 9
3| shear stress7} ¥rAlEle] A M FE AL o]#H A 3
ot} Impeller= 5714 71%5€ 7Hed 2% shirt
ARG F7MIFIZ] A8 frd€ air bubbleE
break updte 2ol thE st FnF Eele A
ojth. A E A Feof glojr] o] EFE WL oxygen
TEE 3 A7) Wil Fasitt ol#§ T2 v
2 o] Awel FgFE g F% AR shearo)] F17H3}HA
e 5 gloh. T nA T ikl = FL& impeller
speedt} SE3) oxygenZHS A3l F- impeller spe-
edtt 2 aeration rate7} Y28kt 22t o]l =
€ impeller speed\} ¥-2 aeration rates= cellol] dam-
ages Y 5 vk A o] FAE Fo|7] Al A
e impellers] g A77} I AP Fo 2w, B
AEo M AEAFEu ot o&5tA AHE flat blade
impellerZ A}-8-3}9t}. Shear factor 2 agitation speed 7}
400 ppmA ] ISFE& 272 sec '#t& YEMII cell vi-
ability & 80%l| A} 40%2 373 ZAA2EE B FATh
(Fig. 4). waly FZAEe) 7% stired tank type|
bioreactorol] 4] cell viabilityE -FA13}7] 9al X ISF

100 - e e

.
B0 | BN

€0 |

Cet! viability (%)

ol : T

[ 200 250 360 T m
Integration shear factor (1/sec)

Fig. 4. Integrated shear factor effects on cell viability
in 1.5L stirred tank bioreactor.
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Fig. 5. Cell growth changes with working volume in
stirred tank bioreactor.
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272sec”’ o|EtR ddlcol Fr} olHE FUd
type2] impeller® A}8-3}+ bioreactorol A += scaledl]
TAIglol B85 shear stress®] H =& JeRAT]H
Fig. 5% stirred tank bioreactor scale ¥ il u}& A
EA] o] & vrEbdT. vk 8ol 1.5L i 7]l
A PCV 578%% Yebiort 6L wid7lolA =
PCV 50.4%% Jeldo] AXA%E 448 B3Y 4
A1, lag time= 6L.o] ¢ oF 522 1.5L9 29 |
ot "4 71 AL < 4 A} Paclitaxel ¥ taxane &2
A )R] gherr). o] e}ko] stirred tank bioreactorof] A]
H| & 2}-& scaleo] 1 impeller typeo]] 2Fz7he] o] 9}
Zgk, 150 oA 6LE scale-up3l &l growthi} AU
A HAE Holye U dUvtE o R mixingo)
Ax, Asdgd 2 shear?] dEF3}l gas-phase?] }o)
=3} 2-& microenvironment 2] xjolz Alzigk 4=
o} A2 Mixing A %52 &% pH responseH ©
2 23890 A Ee 95%F 519 tH(Assa and Bar,
1991). 2t 4~4d £ 5= D.O probeE o] 83t dynamic
method -2 ©] 3151 tH(Leckie and Scragg, 1991). 1.5L
ol 4 6LE. scale-up S FAS T3] Awr) i
st VePA 3 AR HEGET GA| scale-upE HA
22338 74 22 Vel th(data not shown). 1of u}i}
A cell growth 3 taxane A+ 7ZH4 ke A7) olol

Soeje} of Az
2 %

FEA o] tf Pk Y3 stimed tank type Al &
2.719] A8 2 scale-up T A LA B = EA A
A 2% M E AT taxane HAMA A HAMS A
A o2 Ahslgdt). 1.5L stirred tank bioreactorol] 4

AL wiekt Ao Zepaa o|Fat vlweh

3% £EE o 62 FE RUA L dd AT
248 gLz ZabaA wicke] 12.68 g/Lo} fAls)
t}. Paclitaxel & 1.3 mg/l AAE o) Febx3 vk
} vl wsled AA8) 7HAEA R baccatin e YA )
| etti. Scale-updt A M EAAe] AAidEm
taxane-& BA 5|2} 9294r}. Stirred tank bioreactorol] A
o] A Fu}eF microenvironment 3o A shear®] o &g
integrated shear factor(ISF)Y& o] &3sle] ZH g Az
ISF 272 sec ' ©]4}oll X &= shearoll &]3} Al F L4 02
cell viability 7} F2 844 72+48H o = o
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