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ABSTRACT

Based on fermentation data for cyclosporin A production, simple Monod kinetics was proposed for
both immobilized and suspended cultures. Higher value of ., and lower value of K,, suggest better cat-
alytic activity of the immobilized cells than the parallel suspended cells. Furthermore, lower K., value in
the immobilized cell system indicates higher affinity of the immobilized cells for carbon substrate as
compared with the suspended cells. For immobilized cell cultures, these parameters were also utilized
for the estimation of effectiveness factor, an indicator for intraparticle mass transfer resistance. Based
on simulation studies, optimum radius of celite beads was turned out 100~500£m. In this simulation
work, we examined the influence of biosupport size and immobilized biomass density on diffusional
resistance of substrate inside the bead matrix. In order to maintain uniformly distributed cell activities
in biosupport, it was essential to determine optimum size of particle, and then to estimate the most eco-

nomic loaded biomass content.
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Fig. 1. Linewaver-Burk plot for specific growth
rate and glucose concentration for freely
suspended cells and immobilized cells
cultured in a 4liter stirred tank batch
bioreactor(Immobilized system: 50% col-
onized beads(v/v); Free cell system: 5%
mycelial inoculum).
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Table 1. Maximum specific growth rate(.) and
Michaelis-Menten constant(K.).

e (day™)  Kn (g/¢)
Immobilized cells, 400rpm 1817 13.20
Suspended cells, 400rpm 1.393 27.50
Suspended cells, 450rpm 1.102 38.63
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Table 2. Lists of parameters and simulation values.
Parameters or silmulation variables Value Units Notes or sources

Y 0.35 g DCW/g-glucose Experimental
K of immobilized cell 13.20 g/t Experimental
Heax Of immobilized cell 0.0757 hr™ Experimental

Bead radius, R 001~0.5 cm Simulation variable

Loading capacity of bead X™ 02~30 g-DCW/g~celite Simulation variable

0.5 *One value from experiment

Effective diffusivity of glucose, De 0.7 X10"~69x107° cm*/sec Simulation variable

Celite bead density, 0 0.52 g/ml Experimental

* Experimental data to be published soon

D.=0.7 % 10 °cm/sect10%)

e

-[ki=132g/ ¢

Table 3. Experimental effective diffusion coeffi-
10 = pe
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207
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S 0.4+
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E 0.2 4 Lonced bwaszs;o,\‘;(:im/g celie 0.5 Agar 6
£ o1 —/// ;‘;mg%;:’ - 1.0 Collagen 6
Lol 1.5~4.5 Carrageenan 8
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Table 4. Effects of bead size and diffusion coefficient on the performance on the immobilized
Tolypodadium inflatum cells. (X*=0.5g DCW/g celite, K.=132g/¢, 14,=00757hr ' and Yxs=0.35¢g

DCW/g glucose).
Radius De=69 X 10 {cm?¥s) De=483 X 10" {cm¥s) De=345 X 10 Xcm¥s) De=2.07 %10 %cm’/s) De=0.69 X 10" %cm’/s)
{cm) $ 7SS ¢ 7 S/ ¢ 7 S/S @ 7SS @ 7 S/S
001 013 100 0997 016 100 099 019 100 0994 024 100 0991 041 099 0972
003 039 099 0975 047 099 0964 056 098 0950 072 097 0919 124 091 0783
005 066 097 0932 078 096 0905 093 095 0870 120 092 0796 207 080 0531
010 131 090 0762 157 087 0684 185 083 059 240 075 0441 414 055 0132
020 262 072 0384 313 066 0274 370 059 0183 478 050 0080 828 032 0004
030 393 057 0154 470 050 0086 556 044 0043 7.7 036 0011 124 022 0000
050 655 039 0019 783 033 0006 926 029 0002 120 023 0000 207 014 0000
Lo — AbA| &} (diffusion-control) . 2 & &= glt}.
\""\ oo
09+ T © & BpALHIA 1101 o N
Che REEMAIe A UXIFTI7E ZECIR0| DX
E? 0.7 3 E ?gék
EO'O_ ojz] F3o Bus 7 gl ExFe] 8
20_3_ A A5 Table 3o AAstsict. 24 2A9 FF
2 U ARt Awo] met @A) el fagat
S Ags g2A EA=HeH gt oA Zx
£ | o 3 259 A G(6.9 X 10™ *em?/sec) B} W
N B & ALyt B AimaldMe ol oekdt A
Lo £ zadlo] &3y Ha AWM Fagat

0.0 —{]

0.01 ! s
PARTICLE RADIUS(cm)

e R

Fig. 3. Relationship between effectiveness factor
and particle radius with varying effective
diffusivities of glucose for X*'=0.5g DCW
/g celite, K,=13.2g/¢, tm=00757hr"" and
Yys=0.35g DCW/g glucose.

e A% 2otk EAMY TxT EAEAAT
(molecular diffusivity) &1 D.=6.9x 10" %cm?/sec
o 7A$(Fig. 2(A)), 23 47 el 500pm7}=|
= RSy FA43 ExdEErt 0% E
A gc}. ol o] ATl EAANLEEI} T+
3 aBZ 7]ALREE2o] uk2 |3 (kinetic-con-
trol)olgte 71& BejEc) b @Ao] £3}(load-
ed)® Aol Friste] EolAe FERFHAT
(effective diffusivity)7} 224459 10% 5
Z(0.7x 10" %cm?/sec) 2.2 7tAgchd 500.molAt
o Aol FAHS LEdeert AZEA

< A& & & dk(Fig. 2(B)). °] A%< 714
2245y EANGES TR 202 AARAHS &

A7) EALEAAIS] 100% <A 10% 7hA] 2} ¥ 9]
Woll 4] 7 «33ke Ay mgkth. Fig. 3¢ &84t
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Fig. 4. Relationship between effectiveness fac-
tor and particle radius with varying im-
mobilized biomass density for D.=4.83 X
10 %cm’/sec, Kn=13.2g/¢, 14%,=0.0757hr"'
and Yxs=0.35g DCW/g glucose.
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Xsal
YX/S

Cell loading on or in bead (g/g-celite)
Saturated or maximum cell loading
Yield of substrate to cell mass (g/g)

Thiele modulus

Effectiveness factor

Maximum specific growth rate (hr™')
Maximum substrate consumption rate (g/
£ /hr))

Celite bead density (g/ml)
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