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Abstract 

Hybridoma cells usually grow to fairly low cell densities in batch cultures (1-3 • 106 cells/ml). The 
reason for this is either that essential nutritional components of the medium are consumed, or that the 
cells produce some kind of inhibitory or toxic metabolite. This investigation presents evidence for the 
latter. Spent medium from cultures of hybridoma cells did not support growth of cells at lower cell 
densities (1-3 • 105 cells/ml). The ability to support cell growth could not be restored by adding 
additional serum, energy sources (glucose, pyruvate) or L-glutamine. Furthermore, the consumption of 
amino acids could not account for this growth inhibition. On the contrary, the spent medium contained a 
substance that inhibited cell growth. This substance or metabolite was found in a fraction eluted from a 
gel filtration column when spent medium was applied to the column. This substance was found in the 
spent medium from all hybridoma and myeloma cell lines that were tested. The molecular weight of the 
substance was about 5 kD. Spent medium from two hybridoma cell lines also contained a substance that 
was eluted in the same fraction as albumin (67 k_D). It is likely that this (or these) substance(s) is 
responsible for the growth limitation in hybridoma cell cultures. 

Abbreviations: PBS - phosphate buffered saline 

Introduction 

Hybridoma cells are commercially important be- 
cause they produce monoclonal antibodies. The 
antibodies are produced either in vivo (ascites 
fluid) or in vitro in various types of bioreactors. 
The concentration of antibody in the ascites fluid 
is normally much higher than that obtained in 
simple batch type bioreactors (stirred tanks, airlift 
etc.). Maximum cell densities in such types of 
reactors are typically 1-3 • 106 cells/ml. The 

reason for this is either that essential nutritional 

components are consumed or that the cells pro- 
duce some kind of inhibitory or toxic compound. 
One way to overcome this problem has been to 
use perfusion type bioreactors where nutrients are 
added and undesirable compounds removed, 
while cells and antibody are retained in the reac- 
tor. Microporous membranes have been exten- 
sively used for that purpose, and the concentra- 
tion of antibody in such systems may approach 
that of ascites fluid (Handa-Corrigan, 1988). 

Lactate and ammonia are usually considered to 
be the most important waste products from cell 
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cultures (Glacken et al., 1986). However ,  it is 
uncertain if  accumulation of  these products in the 
medium really is the reason for the growth limita- 
tion in hybr idoma cell cultures (Thorpe et al., 
1987; Schlaeger and Schumpp, 1989; Ronning 
and Schartum, 1990). The present study was 
undertaken to investigate if  hybr idoma cells in 
batch cultures stop growing and start dying be- 
cause (i) essential nutritional compounds have 
been depleted, or (ii) inhibitory or toxic com- 
pounds have accumulated in the growth medium. 

Materials and methods 

Cells and cell culture 

The cell lines used in the present study are listed 
in Table 1. All cell lines were grown in Dulbec- 
cos modif ied Eagles medium containing 25 m M  
HEPES buffer  and 4.5 g/l glucose (GIBCO/BRL)  
and further supplemented with 10 or 15% fetal 
calf  serum (Flow Laboratories),  2 mM L-gluta- 
mine (GIBCO/BRL),  1 m M  Na-pyruvate (GIB- 
CO/BRL)  and antibiotics (Penicillin/streptomy- 
cin or kanamycin,  GIBCO/BRL).  

Amino  acid analysis 

Analysis of  amino acid content in fresh and spent 
medium was performed on a B IOTRONIK LC 
5001 amino acid analyser with the physiological  
fluids program and ninhydrin detection. Samples 

(80 gl) were deproteinized with 10% 5-sulpho- 
salicylic acid (20 gl), left on ice for 30 minutes, 
and then centrifuged for 10 minutes in an Eppen- 
dorf  centrifuge. The supernatant (75 gl) was 
mixed with sample dilution buffer (75 gl) and 
analysed. 

Dialysis o f  spent medium 

Cells were allowed to grow to maximum cell 
density as determined by direct cell counting with 
a haemocytometer .  At this stage, the medium was 
centrifuged to remove  the cells. The  spent me- 
dium was then filled into dialysis tubing (Spectra 
pore) with M W  cut of f  of  50,000 dalton and 
dialysed against fresh Dulbeccos medium (con- 
taining all components  except  serum), overnight 
at 4~ with stirring. The tubings were pretreated 
according to Sjc~gren-Jannson and Jeansson 
(1985). After dialysis the medium was filtered 
through a sterile filter (0.2 gm). 

Gel filtration o f  spent medium through Sephacryl 
S-200 or S-300 

The spent medium was separated on a gel filtra- 
tion colunm (Pharmacia, 26/40 column) packed 
with Sephacryl  S-200 or S-300 (Pharmacia). The 
bed volume was 200 ml and the gel height was 40 
cm. The column was equilibrated and eluted with 
Dulbeccos medium containing all components  
except serum. Ten millilitres of  spent medium 

Table 1.. The cell lines used in the present investigation 

Cell line Reference Origin Product 

AB 4 Kvalhein et al.(1987) Mouse spleen • mouse myeloma 
6C5 Lund et al. (1988) a Mouse spleen • mouse myeloma 
1H1 unpublished a Human spleen x mouse/human heterhybridoma 
3H12 unpublished a Human spleen • mouse/human heterhybridoma 
P3X63-Ag8.653 ATCC CRL 1580 Mouse myeloma 
K6H6/B5 Caroll et al. (1986) Human • mouse heterhybridoma 
DAUDI ATCC CCL 213 Human lymphoma 
Swiss 3T3 ATCC CCL 92 Mouse embryo fibroblasts 

Monoclonal IgM 
Monoclonal IgG 
Monoclonal IgG 
Monoclonal IgM 

a The cell line was established at SI (Center for Industrial Research). 



was applied to the column and the f low rate was 2 
ml/min. Fractions of  8 ml were collected f rom the 
t ime the spent medium was applied to the col- 
umn. Each fraction was fil tered through a sterile 
filter (0.2 gm)  and supplemented with fetal calf  
serum to a final concentrat ion of  10 or 15 % 
(depending on ce l l  type). 

Gel filtration of  spent medium through Sephadex 
G-25 

The spent medium from roller bottles (170 ml of  
a total of  200 ml) was separated on a gel filtration 
colunm (Pharrnacia, 50/60 column) packed with 
Sephadex G-25 (Pharmacia).  The bed volume 
was 550 ml and the gel height was 30 cm. The 
column was equilibrated and eluted with Dulbec- 
co ' s  medium containing all components  except  
serum. Spent  medium (170 ml) was applied to the 
column and the f low rate was 7 ml/min. Fractions 
of  34 ml were collected f rom the t ime the spent 
medium was applied to the column. The protein 
peak (170 ml in five fractions), as determined by 
UV-absorpt ion at 280 nm, was collected, filtered 
through a sterile filter (0.2 gm) and returned to 
the roller bottle still containing all the cells in the 
remaining 30 ml of  medium. 

Relative cellular activity (MTT-test) 

The relative cellular activity was measured with a 
colorimetric assay (Mosmann, 1983). Briefly, 0.1 
ml of  cell culture (in triplicate) was transferred to 
a microti ter  plate containing 96 wells (Costar), 
added 10 l.tl M T T  (3-(4,5-dimethylthiazol-2-yl)-  
2,5-diphenyl tetrazolium bromide)  (Sigma) solu- 
tion (5 mg/ml  in PBS) and incubated for 4 h at 
37~ in a humidif ied CO2-incubator. Thereafter ,  
0.2 ml of  0.04 N HC1 in isopropanol was added to 
the wells to dissolve the blue crystals made by the 
living cells. The  plates were centrifuged to re- 
move  protein precipitates and 200 I.tl o f  the super- 
natant was transferred to other wells and read at 
590 nm in an "ELISA-reader"  ( ImmunoReader  
N J-2000). 
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Quantification of  monoclonal antibody content 
(ELISA) 

The  amount  of  monoclonal  antibody in the super- 
natant was determined with a sandwich ELISA- 
technique using magnetic polystyrene particle as 
solid phase (Rcnning and Christophersen, in 
press). 

Results 

Cell growth on spent medium 

Figure 1 shows the growth curve for  a mouse 
hybr idoma cell line (AB 4), which is typical for  
these kind of  cells: A rapid decline in viability 
occurs after maximum cell density is reached. In 
order to investigate this phenomenon further, the 
spent medium was taken f rom the AB 4 cell 
cultures at the t ime when cell density had passed 
maximum (day 3 in Fig. 1) and added to rapidly 
growing AB 4 cells at a lower cell density (1 x 
105 cells/ml). Similarly, spent medium was taken 
f rom other cell cultures that had reached maxi- 
mum cell density and added to rapidly growing 
AB 4 cells. 
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Fig. 1. Growth curve of AB 4 hybridoma cells. Cells were 
seeded at an initial density of 2 x 105 cells/ml in a tissue culture 
flask. Number of viable cells were counted in a haemocytometer 
after viable staining with trypan blue. Ordinate is x 105. 
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Figure 2 shows the growth curves of  AB 4 
cells grown in these different kinds of  spent 
media. When AB 4 cells were grown in fresh 
medium, cell density reached 1 x 106 cells/ml 
during a three day period, as in Fig. 1. However ,  
when seeded into spent medium, the cells started 
dying immediately,  even though the cells that 
were added were in a state of  rapid growth and 
were seeded at a relatively low cell density. Thus, 
the cessation of  cell growth is not the result of  
high cell density p e r  se.  The spent medium must 
either have been depleted of  essential nutrients or 
growth factors, or contain metabolites that induce 
cell death. AB 4 cells were able to grow to some 
extent on the spent media  f rom DAUDI  or Swiss 
3T3 cells, however ,  this was not the case when 
grown on the spent medium from myeloma cells, 
P3X63-Ag8.653 (the fusion partner of  AB 4). 

Figure 3 shows growth curves of  AB 4 cells 
grown in spent  medium dialysed against fresh 
medium (without serum). This treatment restored 
the ability of  the spent medium to support cell 
growth. However ,  the dialysis treatment either 
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Fig. 2. Growth curves of  AB 4 cells grown on spent medium 
from different cell lines. Ceils were taken from the log phase of  
a culture and seeded at an initial density of 1 x 105 cells/ml in 
tissue culture flasks. The spent medium was taken from: (O) AB 
4 cells, (~)  DAUDI cells, (11) Swiss 3T3 cells or (A)  P3X63- 
Ag8.653 cells. One flask received fresh medium (O). Number 
of viable cells were counted in a haemocytometer after viable 
staining with trypan blue. Ordinate is x 105. 
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Fig. 3. Growth curves of  AB 4 cells grown on different kinds of  
media. Cells were taken from the log phase of  a culture and 
seeded at an initial density of  1 • 10 5 cells/ml in tissue culture 
flasks with different types of media: ( 0 )  spent medium, (El) 
spent medium dialysed against fresh medium, (O) fresh me- 
dium. Number of viable cells were counted in a haemocyto- 
meter after viable staining with trypan blue. Ordinate is x 10 5. 

provided potential depleted nutrients, or removed  
toxic metabolites, g iv ing  no answer to the ques- 
tion raised in the introduction. I f  the hybr idoma 
cells (AB 4) died as a result of  depletion of  
essential nutrients or growth factors, it should be 
possible to restore the growth supporting proper- 
ty by adding this (or these) substance(s) to the 
spent medium. However ,  neither additional se- 
rum, L-glutamine,  Na-pyruvate or glucose did so 
(data not shown). 

In order to investigate if  some amino acids 
were depleted, the amino acid content was ana- 
lysed both in fresh and spent medium. Table 2 
shows the result of  this analysis. There was no 
reduction of  any amino acid that would account 
for the dramatic cell death in the culture. Two 
amino acids showed a significant increase, i.e. 
alanine and proline. In order to investigate if 
these amino acids caused inhibition of  cell 
growth they were added to fresh medium (1.3 mad 
0.16 mM, respectively).  However ,  no inhibition 
of  cell growth was observed (data not shown). 

The level of  NH4 + increased by only 50% 
during the growth period, and it is therefore  



Table 2. Amino acid content in fresh Dulbecco's medium and in spent medium from AB 4 cells 

Compound Fresh medium Spent medium % difference 
(gmol/1) (~tmol/1) 

19 

ALA 160 1300 710 
ARG 350 260 -25 
ASP 11 19 72 
CYS 130 82 --40 
GLN 2000 650 -68 
GLU 130 190 19 
GLY 440 480 9.0 
HIS 170 150 -12 
ILE 730 570 -22 
LEU 730 550 -25 
LYS 750 650 -13 
MET 170 120 -30 
PHE 320 310 -3.1 
PRO 33 155 370 
SER 390 190 -51 
THR 710 680 --4.2 
TRP 67 43 -36 
TYR 360 350 -2.8 
VAL 680 580 -15 
NH4+ 650 970 49 

u n l i k e l y  tha t  the  a m m o n i u m  ions  are  r e s p o n s i b l e  
fo r  the  ce l l  d e a t h  ( T a b l e  2). 

T h e  a b o v e  e x p e r i m e n t s  w e r e  p e r f o r m e d  in t i s -  
sue  cu l tu re  f l a sks  w i t h o u t  con t ro l  o f  e .g.  pH.  T h e  

p H  in  the  spen t  m e d i u m  was  6.5. In  o r d e r  to 

i n v e s t i g a t e  the  e f f ec t  o f  the  l o w e r e d  p H  per  se, 

e x p e r i m e n t s  w e r e  p e r f o r m e d  where :  a) T h e  p H  o f  

the  spen t  m e d i u m  was  i n c r e a s e d  to p H  7.2 b y  

a d d i t i o n  o f  N a O H  or  N a H C O 3  or; b)  the  p H  o f  

f r e sh  m e d i u m  w a s  d e c r e a s e d  to p H  6.5 b y  a d d i -  

t i on  o f  HC1. T h e  resu l t s  o f  t he se  e x p e r i m e n t s  

( T a b l e  3) s h o w  tha t  a d j u s t i n g  the  p H  o f  the  spen t  

m e d i u m  to p H  7 .2  r e s u l t e d  in  s o m e  i m p r o v e d  

c e l l u l a r  a c t i v i t y  a f te r  t h r ee  d a y s  in  cul ture .  H o w -  

ever ,  the  a c t i v i t y  w a s  s t i l l  fa r  f r o m  tha t  o f  f r e sh  

m e d i u m .  O n  the  c o n t r a r y ,  d e c r e a s i n g  the  p H  o f  

f r e sh  m e d i u m  to p H  6.5 d i d  no t  a f fec t  c e l l u l a r  
a c t i v i t y  s ign i f i can t ly .  

Fractionation o f  spent medium 

S i n c e  the re  was  no  i n d i c a t i o n  o f  seve re  d e p l e t i o n  

o f  a n y  nu t r i en t s  o r  g r o w t h  fac to r s ,  tha t  w o u l d  

a c c o u n t  fo r  the  tox ic  p r o p e r t y  o f  the  spen t  m e -  

d i u m ,  the  m e d i u m  was  f r a c t i o n a t e d  on  a S e p h a -  

c ry l  S - 2 0 0  ge l  f i l t r a t ion  c o l u m n ,  to  see  i f  i t  was  

Table 3. Cellular activity in cultures of P3X63-Ag8.653 cells in 
different types of media. 1 x 105 cells/ml were seeded into 1 ml 
of the different types of media in tissue culture wells (24 
wells/plate). Cellular activity was measured with the MTT-test 
after three days in culture. The values are the mean from 
duplicate wells and did not deviate by more than 15% 

Type of medium Cellular activity 
(OD at 590 nm) 

Dulbeccos, 15% serum, (pH 7.2) 0.61 
Dulbeccos, 15% serum, pH 6.5 a 0.57 
Spent medium (pH 6.5) 0.21 
Spent medium, pH 7.2 (NaOH) b 0.36 
Spent medium, pH 7.2 (NaHCO3)c 0.31 
Spent medium, pH 6.5 (NaC1) d 0.19 

apH of medium adjusted to pH 6.5 by addition of 1M HC1. 
bpH of spent medium adjusted to pH 7.2 by addition of 1M 
NaOH. 
CpH of spent medium adjusted ~to pH 7.2 by addition of 1M 
NaHCO 3. 
diM NaC1 added to the spent medium to give the same molarity 
as in c . 
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possible to identify any fraction that contained 
inhibitory or toxic material. The  fractions that 
were eluted f rom the column were used directly 
as growth medium for AB 4 cells after the addi- 
t ion of  serum (additional 10%). The cells were 
seeded onto tissue culture plates (24 wells/plate, 
Costar) .  Figure 4a shows the cell number  and 
viability of  AB 4 cells after three days on the 
e lu ted  fractions. The results show that the spent 
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Fig. 4. (a; upper panel): Cell number and Viability of AB 4 cells 
grown on spent medium fractionated on a sephacryl S-200 
column. Each fraction, supplemented with 10% serum, was 
transferred to a tissue culture flask and inoculated with rapidly 
growing AB 4 ceils to an initial density of 1 x 105 cells/ml. Cell 
number (O) and viability (O) was measured after three days by 
use of a haemocytometer after viable staining with trypan blue. 
Ordinate (left) is x 105. (b; lower panel): Optical density 
(broken line) as continuously recorded in the eluted material, 
and radioactivity from [3H]-thymidine (11) that was mixed with 
the spent medium prior to application to the column. 

medium contained two inhibitory fractions (18 + 
19 and 26). 

Sephacryl  S-200 separates Proteins in the range 
5 x 103 - 2.5 x 105 D. To keep track of  the small 
molecular  weight fraction (< 5 x 103 D), trace 
amount  of  [3H]-thymidine was added to the spent 
medium prior to addition to the column, and the 
radioactivity was counted in each fraction with a 
[~-scintillation counter. Figure 4b show that the 
radioactivity was eluted in fractions 2 9  and 30, 
indicating that the small molecular  compounds 
were found in these fractions. In addition, figure 
4b show the optical density (OD) at 280 nm as 
continuously monitored in the eluted material. 
The  highest absorbance was found in fraction 18. 
Thus, this fraction represent the molecular  weight 
of  albumin (67 kD) the main protein component  
of  serum. The molecular  weight of  the two inhibi- 
tory fractions shown in Fig. 4a are thus 67 kD (as 
albumin) and close to the "salt fraction" (<5 kD). 

In order to exclude the possibility that the 
inhibitory metabolites were produced only by the 
hybr idoma cell line used above (AB 4), the spent 
medium from some other hybr idoma and myelo-  
ma cell lines were fractionated in the same man- 
ner, except  that Sephacryl  S-300 was used. In 
these cases, the MTT-test  was used to measure 
the cellular activity in each fraction. Figure 5 
shows the results of  these experiments.  Spent 
medium from all the cell lines tested contained 
the low molecular  weight inhibitory fraction 
(Figs. 5a and 5b), while only medium from the 
mye loma line, K6H6/B5,  and the hybr idoma cell 
lines, 3H12, (Fig. 5b), and AB 4, (Fig. 4a), 
contained the high molecular  weight inhibitory 
fraction in addition. 

Implication for large scale production 

The observation that it was possible to separate 
the inhibitory or toxic metabolites f rom spent 
medium by gel filtration, led to ,he idea that 
perhaps a gel filtration column could be used in a 
production situation. In that case all the high 
molecular  weight components  had to be recircu- 
lated (growth factors, product,  etc.), while the 
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Fig. 5. Relative cellular activity (OD at 590 nm) in cultures of 
different cell types grown on spent medium (from the same cell 
type) fractionated on sephacryl S-300. One millilitre of each 
fraction, supplemented with serum, was transferred to a well of 
a tissue culture plate and inoculated with 1-2 • 105 (depending 
on cell type) cells/ml. The cellular activity was measured with 
the M'IT-test after three days. (5a; upper panel): (0) 6C5, (&) 
IH1, (A) P3X63-Ag8.653; (5b; lower panel): (11) 3H12, (C)) 
K6H6/B5. 

small molecular weight components (containing 
most of the toxic metabolites) were excluded. 
Experiments were performed to mimic what might 
happen if a gel filtration column were to be used 
in conjunction with a large scale batch culture. In 
this case, the Sephacryl was exchanged for a gel 
used for group separations, e.g. Sephadex G-25 
(a gel extensively used for desalting, buffer ex- 
changes, etc). The purpose would be to discard 
the "salt fraction" containing inhibitory metabo- 
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lites and recirculate the macromolecular fraction 
containing the antibodies and the growth factors 
in fresh basal medium. 

Roller bottles were used as a model system, 
and mouse hybridoma cells (6C5) were allowed 
to grow to maximum cell density (2-3 • 106 
cells/ml), which is usually achieved after 3 days 
if the starting concentration is 2 • 105 cells/ml. At 
this time four cell cultures (200 ml each) were 
centrifuged to concentrate the cells in 30 ml of 
medium (in the real case of a large scale culture, 
the cells have to be retained in the reactor by 
other means, e.g. immobilized in polymer beads, 
by continuous centrifugation, etc.). The remain- 
ing medium (170 ml) was: a) run through a 
Sephadex G-25 column as described in materials 
and methods and the macromolecular weight 
fraction returned to the cells; b) returned to the 
cells (untreated spent medium); c) replaced with 
fresh Dulbeccos medium, or; d) replaced with 
fresh Dulbeccos medium containing 15% serum. 

Figure 6 shows the growth curves, of these 
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Fig. 6. Relative cellular activity (OD at 590 nm) in cultures Of 
6C5 cells grown in different kinds of media. Cells at maximum 
cell density (3 x 106 cells/ml) were harvested and reseeded lit 
the same cell density into (11) the same medium (spent me- 
dium), (0) spent medium that had been run through Sephadex 
G-25, ([3) fresh medium with 15% serum, or (O) fresh medium 
without serum. Samples (0.1 ml in triplicate) were removed 
from the cultures at the times indicated and transferred to It 
tissue culture plate, and the cellular activity was measured witil 
the MTT-test. 
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Table 4. Concentration of monoclonal antibody in cultures of 6c5 cells grown in different types of media. Day 0 is the day of treatment. 
The results are shown as mean + SD of three different experiments 

Concentration of antibody (tzg/ml) 

Type of medium Day 0 Day 8 

a. Treated by gel filtration 48 • 9 146 + 64 
b. Untreated 62 + 12 73 + 9 
c. Dulbeccos 0 67 + 25 
d. Dulbeccos + 15% FCS 0 81 + 17 

four cultures starting from the day of the above 
treatments (day 0). The culture with the untreated 
spent medium showed an immediate decline in 
cell viability, while the culture with the spent 
medium that had been passed through the Sepha- 
dex G-25 colunm showed an almost steady state 
value for 4 days before the decline started. The 
cultures given fresh medium showed values be- 
tween these extremes. The concentration of anti- 
body in the medium was measured when the 
cultures were made (on day 0) and at the end of 
the experiment (on day 8). Table 4 shows these 
values for the four cultures. In the culture with 
the untreated spent medium (b) there was an 
insignificant increase in antibody concentration, 
while in the culture with the spent medium 
treated by gel filtration (a) the concentration at 
day 8 was about twice that of the other cul- 
tures. 

In the culture where the inhibitory factors had 
been removed by gel filtration, there was no 
further increase in cell number; however, the 
viability of the culture was prolonged for several 
days. This is illustrated in Fig. 7 where the 
growth curve, of the culture (a) and (b) in Fig. 6 
are superimposed onto the curve representing a 
normal untreated culture (like Fig. 1). The curve 
for culture (b) (spent untreated medium) followed 
the declining part of the growth curve complete- 
ly, while for culture (a) (medium treated by gel 
filtration) maximum cell viability was attained 
for a longer time period. 
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Fig. 7. Two curves from Fig. 6 are superimPOsed to a normal 
growth curve of 6C5 cells (O) to illustrate the prolonged 
lifespan of the culture grown on spent medium that had been nm 
through a Sephadex G-25 column (O), compared to cultures 
grown on untreated, spent medium (In). For further details see 
legend to Fig. 6. 

Discussion 

It is well known that hybridoma cells fail to grow 
to higher cell densities than the order of 106 
cells/ml. Despite considerable effort to under- 
stand the nutritional aspects of hybridoma cell 
growth (see e.g. recent reviews by Butler and 
Jenkins, 1989; Newland et al., 1990), it is still not 
clear why the cells stop growing at this cell 
density. This investigation shows that it was not 
possible to restore the growth supporting proper- 
ty of the spent medium by supplying additional 
serum, L-glutamine, glucose or Na-pyruvate. 
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Furthermore, none of the amino acids were re- 
duced to such low levels that it was likely they 
would be limiting to cell growth. In a study by 
Wagner et  al. (1988) the amino acids were calcu- 
lated to last for about three days when various 
animal cell lines were grown in Dulbeccos me- 
dium at a cell density of 106 cells/ml. Thus, it is 
likely that growth limitation of hybridoma cells is 
induced by inhibitory or toxic metabolites pro- 
duced by the cells themselves. However, spent 
medium from the other cell lines tested (DAUDI 
and Swiss 3T3) did not inhibit growth of hybrido- 
ma cells to the same extent. This  may indicate 
that the spent medium from myeloma or hybrido- 
ma cells are more toxic than media from ceils of 
other origin, and that this may be one reason for 
the general observation that hybridoma cells are 
more sensitive to high cell densities than other 
cell lines. 

The observation that it is possible to remove 
the toxic metabolites by dialysis is thus probably 
the reason for obtaining up to 107 cells/ml when 
the cells are grown inside dialysis tubing 
(Sjcgren-Jansson and Jeansson, 1985; Schumpp 
and Schlaeger, 1989) and also explains the suc- 
cess of dialysis based bioreactors (e.g. hollow 
fibers; micro encapsulation; and Comer et  al., 
1990). While hollow fibers are well suited for 
removing toxic metabolites from continuous cul- 
tures, a gel filtration column can be used in a 
"batch" mode of  growth. One passage of the 
spent medium through such a column may pro- 
long the life span of the culture, doubling the 
antibody yield of the culture. Sterility in such a 
system has to be maintained by in situ steriliza- 
tion prior to inoculation of medium and cells. The 
column can be sterilized separately and coupled 
to the reactor at the time of treatment. After 
treatment it may be uncoupled and cleaned im- 
mediately. 

In the spent medium from all the hybridoma 
and myeloma cell lines that were tested, a sub- 
stance of relatively low molecular weight that 
inhibited cell growth was identified. Three cell 
lines produced growth inhibitory substance that 
was eluted together with albumin. Either these 
cell lines also produce a high molecular weight 

inhibitory substance, or the low molecular weight 
substance in some cases may be conjugated or 
attached to albumin which often functions as a 
cartier molecule for waste products. 

Lactate and ammonia are normally considered 
to be the most important growth inhibitors in 
hybridoma cell cultures (Glacken et  al., 1986; 
Newland et  al . ,  1990). However, lactate is nor- 
mally not regarded as being responsible for cell 
death as long as pH is controlled, (Newland et  al., 
1990). This is in line with the present investiga- 
tion where the spent medium contained inhibitory 
activity even if the pH was adjusted to pH 7.2. In 
general, ammonia becomes inhibitory to cell 
growth at a concentration of >2 mM (Newland et  
al. ,  1990).The level of  NH4+ increased by only 
50% in the spent medium (< 1 mM final concen- 
tration) making it unlikely that it accounted for 
the inhibitory effect. 

Also Thorpe et  al., (1987) and Schlaeger and 
Schumpp (1989) have raised the question of 
whether lactate and ammonia alone account for 
the growth limitation and suggest that some other 
substance may be involved. Kidwel! (1989) pro- 
pose TGFB1 as a potential inhibitory substance 
produced by some hybridoma cells. However, 
closer examination has to take place in order to 
resolve the nature of the growth inhibiting meta- 
bolite(s). 
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