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The inverse fluidized bed bioreactor was adapted for the axenic culture of  heterotrophic microorganisms. 
Penicillin V synthesized by Penicillium chrysogenum ATCC 28089 was used as a model system for secondary 
metabolite production. The biomass growth rate was controlled by the rate of  nutrient addition while an 
eroder in the inner draft tube limited the maximum biofilm thickness. When a lactose-rich, mineral salts 
medium was added at a rate of  0.024 l .h  -I ,  the maximum specific productivity was 5.79 × | 0 - 4 g  (Pen V). g 
( b i o m a s s ) - l . h -  1. 

Many secondary metabolites are produced commercially 
by filamentous microorganisms using submerged culture 
technology. Their growth in stirred tank reactors may re- 
sult in broth viscosities high enough to decrease the oxygen 
transfer rate thus limiting productivity. Although agita- 
tion and aeration rates can be increased to minimize these 
problems, the increase in shear stress may reduce specific 
productivity. The rheology of the broth can be changed by 
immobilizing the biomass to minimize the mass transfer 
problem (1-4). 

Penicillin production is often used as a model process 
for secondary metabolite production by filamentous organ- 
isms. Penicillium chrysogenum has been immobilized in ce- 
lite (5-7), carrageenan (8) and calcium alginate (9) beads 
for studies in conventional fluidized beds. However difficul- 
ties have been encountered due to growth within the beads 
and an inability to control biofilm thickness, both resulting 
in mass transfer limitation. An alternative lies in the In- 
verse Fluidized Bed Bioreactor (IFBBR) which also in- 
volves biomass immobilization but has the advantages of 
an airlift fermentor (efficient mass transfer and low shear) 
as well as the option of controlling the biofilm thickness. 

In the IFBBR, air is introduced into the draft tube (Fig. 
1) causing circulation of the culture broth and providing 
oxygenation. The specific gravity of the immobilization 
matrix must be low. Expanded polystyrene in the form of 
beads has been found to be suitable for this reactor (10, 
11). The bed expands by "inverse fluidization" with the 
downward flow of liquid in the annulus. Microbial growth 
on the particles increases the biofilm thickness and the bio- 
particle density causing the bed to expand further. When 
the bed boundary reaches the lower opening of the draft 
tube, the densest particles begin to recirculate. If an eroder 
such as a screen or other shearing device is present in the 
draft tube, excess biomass is sheared off allowing the maxi- 
mum biofilrn thickness to be regulated by controlling the 
reactor hydrodynamics. Although the IFBBR has been 
evaluated for iron oxidation in mineral leaching processes 
and for wastewater treatment (10-12; Chavarie, C. and 
Karamanev, D., Proc. Int. Conf. Bioreactor Fluid Dy- 
namics, BHRA, Cambridge, p. 181-190, 1986), it has not 
previously been used for axenic culture of heterotrophic 
microorganisms. This work used penicillin V production 
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as a model to assess this possibility and the feasibility of 
using the IFBBR for the continuous production of a 
secondary metabolite. 

Expanded polystyrene beads, 1.3 mm in diameter and a 
density of 0.21 g. cm 3, were abraded with dry celite powder 
(technical grade, Anachemia) at a ratio of 9 : 1 (based on 
volume) in a blender for 15 min. The powder was washed 
off and the beads gamma irradiated or tyndallized. Spores 
of P. chrysogenum ATCC 28089 (wis. 54, 1225) were pro- 
duced on a solid sporulation medium (containing per liter: 
50g malt agar (Oxoid), 10g glucose and 1 g peptone 
(Oxoid)) and recovered using 0.1% Tween 80 (Fisher Sci- 
entific) to obtain 106 to 107 spores-m1-1. Two volumes of 
spore suspension were added to 3 volumes of beads and 20 
volumes of complex organic medium (containing per liter: 
30 g malt extract broth, 10 g glucose and 1 g peptone) and 
incubated at 150 rpm for 3 d. The beads were rinsed with 
sterile water and used to inoculate the IFBBR. 

Figure 1 shows a schematic of the IFBBR. The diameter 
of the 2 l pyrex vessel (working volume of 1.5/) was 76 mm 
with the inner draft tube being 25 mm in diameter and 
350 mm in length. Aeration took place in the draft tube via 
a sintered glass sparger at 0.6vvm (0.91.min t). An 
eroder of stainless steel wires spaced 5 mm apart was lo- 
cated just above the sparger. The reactor volume was con- 
trolled by adjusting the height of the Y-shaped tube la- 
belled #10 with outlet #13 connected to a peristaltic pump 
(Koopman, B. L. et al., US Pat. 4370418, 1984). pH was 
maintained between 6.5 and 6.8 using 2.5 M H2SO4 and 
saturated NaOH at 25°C. Inoculation was done via inlet 
#12 using 1.5% (v/v) beads with immobilized biomass. 
The reactor contained either production medium (contain- 
ing per liter: 10 g lactose, 3 g (NH4)2SO 4, 0.6 g phenoxyace- 
tic acid and 0.01 g KH2PO4) or complex organic medium 
which was added continuously at 0.024 l.h 1, i.e. a dilu- 
tion rate of 0.016 h 1. Foam was controlled by the addi- 
tion of 33°//00 (v/v) polypropylene glycol 2000 in water. 

A new method was developed to measure the immobi- 
lized biomass. Beads with biofilm were washed with dis- 
tilled water, dried to a constant mass at 60°C, contacted 
with a 12% (w/v) sodium hypochlorite solution for two 
hours to dissolve the biomass, and dried again to constant 
mass at 60°C. This treatment removed all the biomass 
while the bead mass was unaffected. Bead diameter was de- 
termined microscopically using a calibrated micrometer. 
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FIG. I. Schematic of  the inverse fluidized bed bioreactor. (1) 
Antifoam, (2) base, (3) medium in, (4) air outlet, (5) condensor, (6) 
pH probe, (7) sampling line, (8) inner draft tube, (9) eroder, (10) air 
inlet, (11) sedimented mycelium outlet, (12) inoculation port, (13) 
medium outlet, (14) level control (Y-shaped tube). 

Penicillin V was determined at 25°C by H P L C  using a 
Partisil  5 ODS-3 column with a reversed phase guard 
column (Whatman  Chemical Separat ion Inc.,  Clif ton,  
N J,  U S A )  and a UV detector  at 254 nm. The eluant was 
CH3OH : H20 : 1% (w/v) NaHCO3 (45 : 55 : 0.8). Lactose 
was analyzed by H P L C  using an Aminex HPX-87P col- 
umn (Biorad Laborator ies ,  Mississauga, Ontario,  Canada).  

When the IFBBR was operated with a complex organic 
medium but  no eroder,  growth was so rapid that by day 
4 air-lift  recirculation ceased due to clogging of  the draf t  
tube. It was evident that if the eroder  had been installed, 
the rate of  biomass erosion would have greatly exceeded 
the sedimentat ion rate causing free mycelium to accumu- 
late, greatly increasing the broth  viscosity. 

A product ion  medium designed to minimize the growth 
rate was used when the IFBBR was equipped with an 
eroder.  Four  days after inoculat ion,  the bead frontier had 
moved half-way down the reactor annulus. By day 8, the 
biopart icles had sufficient density to enter the draft  tube 
where on passing through the eroder,  small amounts  of  ex- 
cess biomass were removed.  This free biomass settled in 
the "dead zone" at the bo t tom of  the reactor and was 
periodically removed.  The bead diameter  stabilized at an 
average of  about  4 mm (1.35 mm of  biofilm) after 9 d of  
opera t ion  (Fig. 2). The lactose concentrat ion in the reactor 
at this t ime was 4 g. l '. Short ly after the total  immobil ized 
biomass at tained a constant  value of  6.0 g, the specific pro-  
ductivity (qp) achieved a maximum of  5.8 × I0 4 g (PenV)- 
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FIG. 2. Bead diameter ( o )  and specific penicillin productivity 
(~)) when a medium containing 10g. /  i lactose, 3 g . l  ~ ( N H 4 ) 2 S O 4 ,  

0 .6g . /  ~ phenoxyacetic acid and 0.01 g . l  ~ KH2PO4 was fed con- 
tinuously at a dilution rate of  0.016 h ' into the inverse fluidized bed 
bioreactor equipped with an eroder. 

g (biomass) J.h L (Fig. 2). 
The main aim of  this work was to adapt  the IFBBR for 

axenic culture of  heterotrophic  microorganisms and to 
demonstra te  the feasibility of  its use for secondary metabo-  
lite product ion.  Therefore,  al though penicillin V produc-  
t ion was used as a test system, little effort was made to op- 
timize the process. It is unlikely that the IFBBR would be 
considered commercial ly for the manufacture  of  products  
such as penicillin where highly mutated strains have been 
selected to conform to the physiological  condit ions in 
stirred tank reactors.  However with the IFBBR, condit ions 
of  very low shear can be obtained since the zone of  aera- 
t ion and agi tat ion (in the draf t  tube) is separate from the 
zone of  cell culture (in the annulus). Thus, when immobi-  
lized shear sensitive cells are used or when control  of  bio- 
film thickness is required, the IFBBR could be appropr i -  
ate. 

The authors acknowledge the financial support of  the Natural 
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