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The Influence of Serum Concentration
on tPA Production of CHO Cdll
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ABSTRACT

The effect of initial serum concentration on cell growth, and the production of tissue plasminogen
activator (tPA) isinvestigated across batch fermentation of a Chinese hamster ovary (CHO) growing in
newborn calf serum (NCS) medium. It wasfound that initial serum concentration influenced on CHO cell
growthrateandcell yield. At high-serum content, theuptakerate of glucosedecreased although the specific
growth rate was higher, indicating a serum component becoming growth limiting. An average glucose
uptake ratein 10% (v/v) NCS medium was 13.84 mg/106 cellg’h asin 1% (v/v) NCS medium was 18.17
mg/108 cells/h. It wasal sofound that thetPA or themaximumtPA productionsincreased withinitial serum
concentration. At 7.12% NCS, the maximum tPA production gavethehighest value (5.55 mg/l). Theeffect
of initial serum concentration on the main product was similar to that of major by-product (e.g. lactateand

ammonia).
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INTRODUCTION

Tissue culture medium is always
supplemented with serum to provide the cell with
necessary growth factors and trace mineral. The
composition of serum is complex and ill-defined.
Moreimportantly, serumisthemost expensiveraw
material incell culture medium. In addition, serum
proteinscontaminatethe product and subsequently
increasepurificationcosts. Therefore, itisdesirable
to reduce the amount of serum or other growth
factorsusedintheproduction of thedesired product
while maximizing volumetric productivity.

Reduction of the percentage of NCS in the
culture mediumis an important aimin animal cell

culture, because of improved economy, easier
purification of products (e.g. tPA) and a better
defined production process (van der Pol et al.,
1990).

While these media are highly optimized, a
lower cost alternative is desirable for large-scale
protein production, which is also serum-free and
supports reasonably good cell growth and
recombinant protein production. Also, when
specific formulas are desired, it is useful to know
what the necessary componentsarefor designing a
simpleyet effective medium without apainstaking
optimization process. Other investigators have
sought to replace the serum to reduce cost, reduce
|ot-to-lot variability in serum, reduce potential risk
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of contamination by mycoplasma, and reduce the
protein load in the supernatant to facilitate
downstream processing of recombinant proteins
(Donaldson and Shuler, 1998).

In this study, the effect of initia serum
concentration on growth rate, maximum cell yield
and tPA production rate on the production of tPA
was studied on CHO cultured in spinner bottles.

MATERIALSAND METHODS

Céll Line, medium and cultivation methods
CHOATCC CRL-9606, aChinesehamster
ovary (CHO) cellsproducing tPA usedinthisstudy
was kindly provided by International Center of
Biotechnology (ICBiotech), Osaka University,
Japan. The original culture medium consisted of
10.64 g/l Ham’' sF-12 (ICN BiomedicalsInc., Ohio,
USA) supplement with 10% (v/v) NCS (GIBGO
Laboratories Life Technologies Inc., USA), 500
nM methotrexate(MTX, Sigma), 1.18 g/l NaHCOg4
(Wako Pure Chemical Industries Ltd., Japan), and
200 pl of 1,000 units penicillin G or 1 mg
streptomycin(Sigma). Theinoculumnwasprepared
from stock culture of cells scaled to 10 ml of 10%
(v/v) NCS medium in 55 cm? petridishes. The
petridishes were then incubated in CO, SANYO
MCO-345incubator (SANY O, Japan) at 37°C, 5%
CO, concentration for 3 days. Cellsin petridishes
used as seed were fully-grown to 8.8 x 10° viable
cells/ml before introduction to the four 100-ml
spinner bottles (HARIO Co., Ltd., Tokyo, Japan).
Four 100-ml spinner bottles with working volume
of 30 ml of serum free medium contained the NCS
at concentrationof 1, 2,5, and 10%(v/v) respectively
and were then put into a CuSO,4 solution bath with
magnetic stirrer SW-600S (NISSIN Scientific
Corp., Japan). The CuSO, solution bath was
controlled at 37°C and 70 rpm. In order to control
pH, the CuSO, solution bath was surface-aerated
with humidified air containing 5% CO, through a

0.2 mm membrane airfilter (Millipore). CO,
concentration wasdaily checked using“FYRITE”
Bacharach (BacharachInc., Pittsburgh, USA). The
initial cell concentration in spinner bottles was
approximately 2 x 10° cells/ml.

Analytical Methods

Sampleconsisting of 750 ul suspendedcells
wastaken daily, and was divided into 2 parts. The
18t part, 250 pl suspended cells, was used for
determination of cell concentration and viability
by tryphan blue exclusion on a hemacytometer.
The2d part, 500 pl suspended cell's, wascentrifuged
using  TOMY high-speed refrigerated
microcentrifugeMX-150(TOMY TECHUSA Inc.)
at 4°C, 1000 rpm for 4 min. The supernatant was
then used for determination of glucose and lactate
concentrations using biochemistry analyzer Y Sl
2700-D SELECT (YSI Incorporated, Yellow
Springs Instrument Co., Ltd., Yellow Springs,
OHIO 45384-0279, USA). The remaining
supernatant was aliquoted and stored at —20°C for
later analysis of ammonia, glutamine, and tPA
contents.

Anenzymaticmethodwasusedtodetermine
ammonium concentration using a NH5 kit (Wako
Pure Chemical Industries Ltd., Japan).

Glutamine and glutamate concentrations
were determined using biosensor BF-4 (Oji
Scientific Instruments, Hyogo, Japan).

The Biopool Imulyse tPA (Biopool
international, CA, USA), animmunoassay (EL1SA)
for the quantitative determination of single-chain
and two-chain tPA antigen in human plasmaor in
other biological fluids, such as cell culture
supernatants, was used to determine tPA
concentration.

Determination of specific growth rate and
metabolic quotients
The specific growth rate, p, assuming
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negligible cell lysis, was caculated from data
collected during the exponentia growth phase and
is defined as follows:

= L X )
X, dt

Wherex,, denotestheconcentrationof viable
cellsandt denotesthecultivationtime. Thespecific
metabolic quotient calculations for glucose
consumption and lactate formation (g, and g .,
respectively) were also based on data collected
during the exponential phase of growth. They are

defined asfollows:

gy = L AGM @)
X, dt
1 d|Lac
q = T 3
L Xy dt

where [Glu] and [Lac] are glucose and lactate
concentrations respectively.

Glutamine spontaneously decomposes
following first-order kinetics to pyrroilidone
carboxylate and ammonia (Tritsch and Moore,
1962). The specific glutamine composition and
ammonia production rates (g, and gyya+s
respectively) were determined by accounting for
the degradation of glutamine at 37°C (Glacken et
al., 1988; Ozturk and Palsson, 1990).

_dGIn|

dt = k[G ln] + qG InXV ------------- (4)
d|NH1 _
" = k[GIn]+qNHZXV ....... )

where[GIn] istheglutamineconcentration (mM or
mg); [NH,*] is the ammonia ion concentration
(mM or mg); k is the first-order rate constant for
glutamine decomposition (h'1). Since the first-
order decomposition rate varied with serum and
medium components (Miller et al., 1988; Ozturk
and Palsson, 1990) the values of k were measured

experimentally.

Theyield coefficientsof glucose consumed
to lactate produced and of glutamine consumed to
ammonia produced (Y| ;e @ YNua'cin
respectively) are defined as follows:

Yiac/oly = L& . (6)

dclu

q,, .+

Y _ _NH,
NH T e —— 7
4 dGin O

The specific tPA productivity, gyps Was
based on the data obtained from each batch cycle:

) [tF’A]t “[PAlg 6)
J'chvdt

where[tPA] and[tPA], denotetheconcentration of
tPA and the initial concentration of tPA for each
batch cycle, respectively.
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Figurel The growth curves for CHO ATCC
CRL-9606 cultivated in four spinner
bottlescontaining 1, 2, 5, and 10% (v/v)
initial NCS concentrations.
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The growth curvefor each spinner bottleis
presentedin Figure 1. Clearly, the concentration of
serum component(s) plays an important role in
both CHO cell growth rate and cell yield. Only a
dlight reduction in viable cell humber occurred
when the serum content was reduced from 10 to
2%. The cell concentration rapidly decreased,
however, from 2% to 1% FCS, indicating a serum
component becoming growth limiting. The
maximum cell yields were due to initial serum
level, indicating stoichiometric as well as kinetic
limitation by serum component (s) (Ddlili and
Ollis, 1989).

Glucose and glutamine, major carbon and
energy sourcesinmost cell culturemedia, required
for cell growth, were measured during the
cultivation. The major byproducts, lactate and
ammonia, were also measured. The glucose and
lactate concentrations during the cultivation are
shown in Figure 2. The glucose levels decreased
markedly during the exponential growth, and
glucose utilization was accompanied by a
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Figure3 Glucose uptake rate of CHO ATCC
CRL-9606 cultivated in four spinner
bottlescontaining 1, 2, 5, and 10% (v/v)
initial NCS concentrations.

1200 - 2000
] F 1800
1000 £
r 1600
800 ]
- ] 1400 _
= 600 Lo s
k] r S
B ] [ B
5 ] C om0 B
. o §
8 7 r
i cam 8
200 t o
1 F 600
0] L a0
T T T T T =200

0 20 40 60 8 100 120 140 160 180
Culture Time (h)

—@— 1%NCS —A— 5%NCS
—— 2%NCS —v— 10%NCS

Figure2 Glucoseconsumption (dotted lines) and
lactate production (solid lines) of CHO
ATCCCRL-9606 cultivatedinfour spin-
ners bottles containing 1, 2, 5, and 10%
(v/v) initial NCS concentrations.
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Figure4 tPA production of CHO ATCC CRL-

9606 cultivated in four spinner bottles
containing 1, 2, 5, and 10% (v/v) initial
NCS concentrations.
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corresponding accumulation of lactate. Glucose
was hot a limiting nutrient for cell growth in all
culture conditions tested.

With high-serum medium, the uptake rate
of glucose decreased (Figure 3), athough the
specificgrowth ratewashigher (Fig. 1). Thisresult
indicated that the cells utilize glucose more
efficiently in high-serum medium. An average
glucose uptake rate of the cellsin 10% (v/v) NCS
mediumwas13.84mg/108cells/h, whiletheaverage
glucose uptake rate increased to 18.17 mg/10°
cellghin 1% (v/v) NCS medium.

Although tPA production (Figure 4) or
maximum tPA production (Figure 5) increased
with initial serum concentration and reached the
highest maximum tPA production (5.5498 mg/l) at
7.12 % (v/v) NCS, at higher serum content some

regression coefficient (rz) =0.98
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Figure5 Relationshipbetweeninitial serumcon-
centrations and maximum tPA concen-
trations for cultivation of CHO ATCC
CRL-9606 growninspinner bottles. The
lineshownisregression of initial serum
concentration against maximum tPA
concentration, with aregression coeffi-
cient of r2=0.98.

factor(s) might become inhibitory for tPA
production. Theeffect of initial serum concentration
onthemain product (tPA) wassimilar tothat of the
major by-products (e.g. lactate and ammonia).
Concentration of tPA and lactate gave the highest
values at 5% (v/v) NCS (Figure 4) as the highest
ammonia production was at 10% (v/v) NCS
(Figure 6). Concentration of serum at 5% (v/v)
NCS may be a more suitable value for producing
the tPA and lactate.

Next to sugar, glutamine is the most
abundant constituent of tissueculturemedia(Eagle,
1955). It has been long established that the
metabolism of glutamine can provide significant
quantitiesof energy inmammalian cells(Reitzer et
al.,1979). Thiscellular energy isproducedviatotal
or partial oxidation of glutamine. The complete
oxidation of glutamineto CO, occursviathe TCA
cycle, whereasitspartial oxidationisaccomplished
by a linear pathway, which involves several
intermediatesof the TCA cycle. Theend product of
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Figure6 Ammonia (NH3) production of CHO
ATCCCRL-9606 cultivatedinfour spin-
ner bottles containing 1, 2, 5, and 10%
(v/v) initial NCS concentrations.
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thispathway ispyruvateand/or lactate. By anal ogy
to naming the oxidation of glucose to lactate as
glycolysis, McKeehan (1982) has coined the term
glutaminolysisfor thepartial oxidationof glutamine.
Datafor concentration of glutamine and glutamate
in spinner bottlescontaining 1, 2, 5, and 10% (v/v)
NCS determined as a function of time were not
shown in this report because some data was lost.
However, from the remaining data it showed that
theconcentration of glutaminedecreasedwithtime.

Unfortunately, aminoacidwasnot analyzed
inthisstudy because of limitation of researchtime.
Therefore, no amino acids data lead to lacking of
information concerning available effect of amino
acid components on such astPA production and so
on.
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