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SUMMARY

Calf serum and fetal bovine serum present great variability as to its growth
promoting efficiency (GPE). As supplement of culture media to cultivate cells
of animal origin they stimulate the “in vitro” multiplication and maintain cell
viability. When fourteen lots of calf sera of variable GPE had the total protein
contents as well as the percentages of serum fractions determined, no significant
differences that could possibly explain the variability of the GPE were observed.
Evaluation of the antiproteolytic activity of nineteen lots of calf serum and
eighteen serum lots of younger calves showed that the former exhibited lower
antiproteolytic titers (1:40 to 1:80) than the latter (1:80 to 1:160). Twelve lots of
fetal bovine serum studied in parallel, showed the highest concentration of anti-
proteolytic factors, with titers equal to 1:320. Sera of bovine origin, but not fetal
sera, are usually heat-inactivated, what was demonstrated to be responsible for
the decrease of the antiproteolytic activity of 75% of the lots tested. This could
explain the inability of certain heat-inactivated sera in promoting multiplication
of some cells “in vitro”, as verified with primary monkey kidney cells. The re-
sults obtained in this study indicated the convenience of submiting each lot of
serum to be introduced in cell culture to previous determination of its characte-
ristics, such as growth promoting efficiency, antiproteolytic activity and also
toxicity, absence of extraneous agents, etc., in order to minimize the possibility
of using serum lots of questionable quality, thus preventing not only the loss of
cell lines, but also undesirable and sometimes expensive delays.

INTRODUCTION

Animal serum is an ordinary component
of cell culture systems since it is essential to
maintain viability and to stimulate prolifera-
tion for most cell types.

The division of mammalian cells “in vitro”
is controlled by a variety of factors that reach
the cell surface coming from serum present in
the nutrient medium 20,21,22. They may be either
macromolecular factors 4.6.8,9, or low molecular

weight nutrients?. However, other growth fac-
tors (GF) must also be considered 10,11,12,13,
They are growth-stimulating substances, sta-
ble on heating at 56°C for 30 min 1, which bind
to a cell membrane receptor to be then transfer-
red whithin and degraded 178, GF in the blood-
stream may be extracted from plasma, serum
or platelets. These corpuscles are the source of
a potent mitogen that is released during the
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process of blood coagulation, '‘when they aggre-
gate 5,14,15,16, 'While sera prepared from cell-free
plasma show éi_ considerably lower activity in
stimulating growth and do not support growth
of cells that require platelet factor 1, blood serum.
contains molecules present both in plasma and
in platelets.

Serum of bovine origin is the most com-
monly used in cell cultivation. Presenting great
variability as to its growth promoting efficien-
cy (GPE), even 'when the product results from
the pooling of sera of large number of ani-
mals, any serum should be checked for such
efficiency, as well as for the presence of any
virus, bacteriophage, mycoplasma and citotoxi-
city, prior to use.

Considering the widespread use of bovine
serum, this paper reports data on the electro-
phoretic patterns of pools of calf sera of known
GPE and of fetal sera. The antiprotease acti-
vity of such sera are also evaluated since this
characteristic was demonstrated to be of rele-

vance for the multiplication of some cells “in

vitro” 24,

MATERIAL AND METHODS

Bovine Serum — Samples of calf serum
prepared as described elsewhere?, as well as
samples of fetal serum were studied.

Heat inactivation — Calf sera were inacti-
vated at 56°C in a water-bath for 30 min prior
to sterilization. Fetal bovine sera were used
“as is”.

Electrophoretic assay — Electrophoresis
was carried out with a Mikrophor Boskamp
equipment. Samples were applied on Boskamp
cellulose acetate strips (255 x 145 mm) with
2m A per strip for 20 min. Tris-acetate pH 8.6,
0.1 » ionic strength was used as buffer solution.
The strips ‘were stained in Amidoschwarz — 10B,
destained in rmethanol/acetic acid (9/1), and
made transparent with dioxan/isobutanol (7/3).
They were then scanned in a Zeiss EI-3 desin-
tometer.

Antiproteolytic titer (APT) — Using Tris
buffer pH 74, serum samples were diluted from
1:10 to 1:2,560, and skin milk to 1:4. From a
10% trypsin stock solution in water (stirred for
5 min and filtered through an AP-20 pad) a 1:
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1,000 dilution was prepared with the same buf-
fer and used in the test. Aliquots were mixed
and homogeneized as follows: 0.5 ml dilutions
of the sample in test, 0.5 ml trypsin 1:1,000, 0.5
ml skin milk 1:4. After incubation in a 37°C
water-bath for 60 min, the endpoint was consi-
dered as the highest dilution of the serum sam-
ple which was not digested by trypsin. Appro-
priate controls containing no sample and no
trypsin were ran in parallel.

RESULTS

Fourteen lots of bovine sera assigned for
cell cultivation and thus, with pre-determined
GPE for a large number of cell lines 2, were
submitted to electrophoresis. For all lots, no
significant variations ‘'were observed among
differential protein concentrations of albumin,
alpha, beta and gamma globulin, as ‘well as for
total proteins (Table I). Three serum lots pick-
ed up at random from the same group, lot 75:
good; lot 72: fair; lot 69: poor, showed great
electrophoretic similarity despite their differ-
ent GPE, as can be seen in Figure 1.

Figure 2 presents electrophoretic tracings
of three fetal bovine serum lots exhibiting al-
bumin, alpha, beta globulin, and the characte-
ristic absence of gamma globulin. Comparable
values for total and differential proteins were
also found for them.

A group of final serum pools (29 lots of
heat inactivated bovine serum: 11 of calf and
18 of young calf; 13 lots of non inactivated fe-
tal bovine serum) processed by different manu-
facturers had their antiprotease activity assay-
ed. While FBS exhibited the highest APT
(usually 1:320), the majority of serum pools ob-
tained from young calves reached titers varying
from: 1:40 to 1:160. Meanwhile, calf sera, which
are the most used to supplement cell culture
media, exhibited the lowest APT with values
ranging from 1:40 to 1:80 (Table II).

Since heat inactivation of calf serum prior
to sterilization is a routine procedure in sera
preparation, the effect of such heating on the
APT of eight lots of calf serum was surveyed,
when aliquots taken before and after inactiva
tion were titrated. It was found that heating
determined a decrease by half, in the APT of
75% of the serum lots tested (Table III).
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TABLE I
Total and differential serum proteins presented by 14 lots of calf serum

Differential proteins (g/100 ml)

Growth Serum pool Total
promoting number protein Albumin Globulins
efficiency * (g/100 ml)
Alpha Beta Gamma
64 7.3 2.55 1.68 0.88 2.19
67 73 2.99 1.17 0.95 2.19
Good 75 8.0 2.56 1.20 1.20 3.04
87 5.3 1.48 0.42 1.06 2.33
90 7.1 2.34 0.50 1.14 3.12
60 8.1 1.94 3.16 1.05 1.94
71 6.4 2.11 1.54 0.89 1.85
Fair T2 6.6 2.38 0.99 0.92 2.31
86 6.3 2.02 (.88 1.07 2.33
89 7.1 2.91 0.85 1.28 2.06
68 7.6 1.67 2.13 0.84 2.36
Poor 69 7.0 2.59 1.26 0.91 2.24
76 8.2 2.87 1.31 1.07 2.95
kil 6.9 1.86 1.93 0.83 2.28

* Growth Promoting Efficiency (GPE):
Good: Cells presenting normal morphology and forming
Fair : Cells presenting normal morphology but slower

monolayers in 3-4 days

multiplication

Poor: Cells presenting altered morphology or granulation and inability to form confluent monolayers

DISCUSSION

The variable quality of serum employed in
cell cultivation was reported by CHANG 3 when
using individual human sera to cultivate cells
of human origin. Such variability, which is re-
lated to the efficiency in stimulating cell mul-
tiplication, exists even when a serum lot con-
sists of a pool of sera?. In our country, the
conditions that prevail when young calves are
bled to prepare sera for cell culture are usually
precarious and should be improved. Blood is
collected in slaughter-houses while animals are
being killed; often, the agonizing animals vomit,
and extraneous materials get mixed with blood.
Some laboratories have improved animal bleed-
ing by puncturing blood vessels of large dia-
meter, but even then hygiene is not ideal, since
this phase of serum’s processing is carried out
outdoors, or in stables. Presently, some com-
mercial houses are selling bovine serum prepar-
ed under more strict standards but the product,
being as expensive as the imported one, makes
most cell culture laboratories persist i prepar-
ing their own sera. Thus, the necessity of testing
such sera in advance to prevent. the introduc-
tion of lots of questionable quality in the cul-
tivation of cell lines or primary cells, since this
may lead to serious consequences and delays.

The best supplement available for cell cul-
ture is fetal bovine serum (FBS). Blood har-
vesting is made aseptically and only for special
purposes serum can be: a) heat inactivated (to
destroy complement, inactivate putative muco-
sal disease virus, etc); b) dialysed (to remove
low molecular ‘weight nutrients, salts, waste
products, ete); c¢) irradiated by gamma or ul-
traviolet light (to destroy viruses, mycoplasma,
etc). 'When added to good chemically defined
basal medium the low molecular ‘weight frac-
tion present in FBS merely acts as an additional
source of nutrients. The high molecular weight
fractions, however, play a role in cellular attach-
ment, mitogenic activities which promote opti-
mal growth, and longevity of cells in culture.

There are other unidentified factors pres-

ent .in FBS which also contribute to optimal

. attachment, growth and survival of cells in

culture. Moreover, FBS is devoid of gamma

globulin, -a point of interest when cell cultures
are to be used in Virology.

The choice of FBS for cell cultivation has
several advantages, since it does not show as
much variability as calf serum. Each lot is ca-
pable of promoting good multiplication for a
larger number of cell lines in comparison to
calf sera. However, it should not be purchas-
ed in the presumption that a lot will work for
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g/100mi
Total profeinc 800
Albumin 2.56
Alpha 1.20
Beta 120
Gamma 304
A Lot 72 Total protein 660
Albumin 238
Alpha 099
B 2{ Beta 092 Fig. 1| — Electrophoretic patterns
)\~ Gamma 231 | e e
Total protein 700
Albumin 259
Alpha 126
Beta 091
J Gamma 224

Growth promoting_ efficiency (GPE)
Serum lot 75 : good

lot 72 : fair

lot 69: poor

all cells and the need for checking the GPE of
each lot in advance remains. Being expensive,
not all laboratories can afford it and keep on
supplementing media with calf serum. Conse
quently, for safety reasons, this calf serum
should have some parameters established and
evaluated such as, GPE, APT, absence of extra-

neous agents, ete.
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Sera listed in Table I and Figure 1 consti-
tuted pools obtained from calves of different
races, ages and sexes. Although such factors, as
well as the season of the year, are likely to in-
fluence the protein contents of calf serum, da-
ta presented in Table I, referring to total pro-
tein values found for the 14 calf serum pools
studied, showed no significant differences, as
follows: 53 — 8.0 g/100 ml for good sera, 6.3
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g/ 100mi

Total protein| 3.60
Albumin .91
Alpha .33
Beta 0.36

Gamma —
A Lot 6-1| Total protein| 4.10
Albumin 2.42

Fig. 2 — Electrophoretic patterns
A[pha | 3| of lots of fetal bovine serum
o
Beta 0.37
B

Gamma -
A Lot 6-9 Total protein| 4.40
Albumin 2.57
oC Aipha .39
Beta 0.449

B
Gamma -

— 8.1 g/100 ml for fair, and 6.9 — 8.9 £/100 ml
for poor sera. The concentration of differen-
tial proteins did not differ greatly either, des-
pite the different capability in stimulating cell
multiplication presented by the sera under stu-
dy, confirming that GPE is not related to the
presence of one or more serum fractions in
higher or lower concentration?. These data
agree with early reports by VILLELA et al.2
on total protein averages of 559 g/100 m! and
7.00 g/100 ml, in calves. In an experiment with
adult bovines averages similar to those listed
in Table I for albumin and globulins were also
found by BOTELHO 2. Exception were the gam-
ma, that occurred in higher concentration in
his experiments, which could be accounted for

by the fact that being adults, the animals could
have received several courses of immunization.

WALLIS et al.? found out that for primary
monkey kidney cell (MKC) cultures, good sera
are those possessing high APT, which expresses
the ability of inhibiting proteolytic enzymes
synthesized by such cells, rather than the pres-
ence of a specific serum fraction in higher or
lower concentration. Thus, the serum toxicity
s0 often found could reflect the lack of antipro-
tease factors in sera, and not the presence of
deletereous products. When properly carried
out, the inactivation of calf sera by heating does
not significantly influence the concentration of
serum fractions. However, due to the heatla-
bility of some antiprotease factors, inactivation
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TABLE II
Antiproteolytic titer of different types of bovine serum

Antiproteolytic
Type of serum Origin Lot number titer
A 1:1.280
B 1: 320
C 1: 320
D 1: 320
B 1. 320
F 1: 320
Fetal bovine Unicamp G 1. 320
H 1: 320
I 1: 320
J 1: 320
K 1 320
L 1: 320
1 1 40
2 1 80
Instituto 3 1 80
Adolfo Lutz 4 1. 80
5 1: 160
6 1 80
79 1: 8¢
81 1: 180
86 1: 160
Young calf 89 1: 160
91 1: 80
Instituto 93 1: 80
Butantan 95 1: 160
96 1: 80
98 1: 80
100 1: 80
101 1: 80
104 1: 80
23 1 40
43 1. 40
60 1: 40
63 im 40
67 1. 40
68 1: 40
69 1: 40
kal 1: 80
Instituto 2 1: 80
Calf "3 1: 80
Butantan 4 1: 80
5 1: 40
76 1: 80
K 1: 40
87 1: 40

90 1: 80~
92 1. 40
9 1: 40
97 1. 40

prior to use or prior to sterilization can be
responsible for a quality loss since the decrease
of the enzymatic concentration may impair the
sera capability in promoting the growth of cer-
tain cells, such as primary monkey kidney
cells#, Data from Table III confirmed the ne-
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TABLE III
Antiproteolytic titer of calf serum prior and after inactiva-
tion by heat (56°C for 30 min)

Calf serum
Lot number

“AS IS Heat inactivated
1 1:80 1:80
2 1:80 1:40
3 1:80 1:40
4 1:80 1:40
5 1:80 1:40
6 1:80 1:80
7 1:80 1:40
8 1:80 1:40

Lgative effect of heating upon the original APT
when 75% of the sera tested had their titers
lowered from 1:80 to 1:40. This reduction in
titer might also render them inadequate for
the “in vitro” multiplication of other cell lines.
The deletereous effect of inactivation might ex-
plain the low APT found for the 1% pools of
calf sera (Instituto Butantan) listed in Table
II, where 68.4% exhibited titers of only 1:40.

When the APT of serum pools obtained
from fetuses, young and older calves was com-
pared, it was observed that the former had the
highest APT, usually 1:320, with only one excep-
tional titer of 1:1,280 occurring (Table II). Se-
ra from younger calves had higher APT than
sera from older calves, indicating that younger
animals present more antiprotease factors in
their serum.

Although fetal bovine serum is the very best
for growth and maintenance of cells “in vitro”,
calf serum may replace it for general cell culti-
vation if its characteristics are known in advan-
ce, because a great variability of nutritional
needs prevails among the cell lines extensively
used in Virology.

RESUMO

Estudo sobre a capacidade promotora de cres-

cimento de soros de vitelas e de soros fetais

bovinos para células de origem animal cultiva-
das “in vitro”

II — Estudo eletroforético e pesquisa da ati-
vidade antiproteolitica de soros de vitelas e de
soros fetais bovinos

O soro de vitelas e o soro fetal bovino
apresentam grande variabilidade no que se re-
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fere & sua capacidade promotora de cresci-
mento (CPC) e sdo empregados no cultivo de
células de origem animal, suplementando os
meios de cultura, com a finalidade de estimu-
lar a multiplicacdo das células “in vitro”, as-
sim como manter a viabilidade das mesmas.
Quando 14 lotes de soro de vitelas apresentan-
do diferentes CPC tiveram seu teor total de
proteinas, assim como as percentagens séricas
presentes determinados, ndo foram observadas
diferencas significativas que justificassem a
variagdo daquela capacidade.

Na avaliagio da atividade antiproteolitica
(AA) de 19 lotes de soros de vitelas e de 18 de
soros de bezerros de tenra idade, foi consta-

tado que os primeiros apresentavam titulos an-

tiproteoliticos mais baixos (1:40 a 1:80) do que
os registrados para os segundos (1:80 a 1:160).
Doze lotes de soros fetais bovinos, avaliados
em paralelo, exibiram concentracio elevada de
fatores antiproteoliticos, evidenciada por titulos
de 1:320. A inativacio a 56°C durante 30 min. a
que sdo geralmente submetidos os soros de ori-
gem bovina (com excecdo dos fetais) demons-
trou ser responsdvel pela baixa da AA dos mes-
mos, o que talvez justifique a incapacidade que
certos soros inativados tém, de promoverem a
multiplicacdo de algumas células “in vitro”, co-
mo € o caso das cé€lulas primadrias de rim de

macaco.

Os resultados obtidos salientam a conve-
niéncia de se determinar previamente, para ca-
da lote de soro de origem bovina a ser intro-
duzido em cultura celular, certas caracteristi-
cas, tais como a capacidade promotora de cres-
cimento, a atividade antiproteolitica e também
a auséncia de agentes adventicios, toxicidade,
etc., de modo a minimizar a possibilidade de,
ao utilizar lotes de soro de qualidade questio-
ngvel, incorrer em perda de linhagens celulares,
assim como em indesejdveis atrasos.
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