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Summary. — Hybridomas secreting monoclonal antibodies with
haemagglutination-inhibition (HI) activity to the Skalica strain
of tick-borne encephalitis (TBE) complex were prepared by the
fusion of P3-NS1-Ag4-1 myeloma cell line with spleen cells
of BALB/c mice immunized with the purified Skalica strain. The
highest titres of monoclonal antibodies obtained from the hy-
bridomas S-9, S-15 and S-16 ranged from 512 to 10,240, respect-
ively; the ascitic fluid contained as many as 4.6 mg/ml of mono-
clonal antibodies. Its analysis by Ouchterlony’s double im-
munodiffusion, agarose electrophoresis, and sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-PAGE) revealed
the presence of monoclonal antibodies with p. isotype of the heavy
and » isotype of the light chain. The specificity of the monoclonal
antibodies was proved using 11 different antigens from family
Togaviridae in the HI test.
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Introduction

The complex antigenic structure of viruses makes it almost impossible to
prepare antibodies with clearly defined specificities to individual viral
components (Yewdell and Gerhard, 1981). This problem was overcome by the
technology of hybridoma cell lines (Kohler and Milstein, 1975) enabling
to obtain monoclonal antibodies to individual antigenic determinants.
Hybridomas were used for preparation of monoclonal antibodies to antigens
of some enveloped viruses (Koprowski et al., 1977, 1978; Wiktor and Kop-
rowski, 1978; Nowinski ef al., 1979; Sethi and Brandis, 1980; Kendal ef al.,
1981), but no monoclonal antibodies to the viruses of TBE complex have been
prepared so far. This paper presents results of production and characterization
of hybridomas secreting monoclonal antibodies to the Skalica strain of TBE
virus.

34



MONOCLONAL HI ANTIBODIES TO TBE 35

Materials and Methods

Virus. Skalica strain of TBE virus was isolated from the organs of bank vole (Clethrionomys

glareolus) trapped in West Slovakia (Gresikové et al., 1976); it is non-pathogenic for mice after
subcutaneous inoculation (Rajédni and Gredikova, 1982). The virus was grown in primary chick

embryo cell cultures (CEC) and purified by differential centrifugation.

I of animals and isolation of splenic lymphocytes. Ten to twelve-week-old females
of BALB/c mice were inoculated intraperitoneally (i.p.) with 0.2 ml of purified Skalica strain
containing 5,120 haemagglutination (HA) units in Freund’s complete adjuvant (FCA, Difco).
The same volume of the virus containing 320 HA units was applied intravenously 5 weeks later.
Three days after the second immunizing dose, the mice were killed and suspension of splenic
lymphocytes was prepared.

Preparation of feeders. Adult BALB/e or C3H mice males and females were killed and their
peritoneal cavity was washed out with 5 ml of 11.69%, sucrose solution. In parallel, the mouse
spleens were aseptically removed and homogenized. As feeders, the viable peritoneal or spleen
cells were grown in Petri dishes (60 mm, Falcon Plastres, Los Angeles, California) or in
flat-bottomed microtitre plates (Titertek, Flow Laboratories, Rockwille, Maryland) and irradiated
22 hr later (20 Gy, 60Co, Chisobalt, Chirana, Prague).

Muyeloma cells. The myeloma cell line P3-NS1-Ag4-1 (further designated as NS-1) was kindly
supplied by Dr. P. Draber (Institute of Molecular Genetics, Czechoslovak Academy of Sciences,
Prague). For production of control supernates, the myeloma cell lines X63-Ag8,653 and Sp2/0
were used.

Cell cultivation and freezing. Cells were cultivated in a standard medium RPMI 1640 supplemen-
ted by L-glutamine (2 mM), sodium pyruvate (1 mM), 2-mercaptoethanol (0.028 mM), strepto-
myecin (50 pg/ml), penicillin (100 units/ml) and 109, heat-inactivated (56 °C for 30 min) normal
horse serum. All cell lines, hybridomas and cloned hybrids were cultivated at 37 °C in humidified
atmosphere containing 7.59, COz. The selection of hybrid cells was carried out in selective HAT
medium (Littlefield, 1964) consisting of the standard medium supplemented by hypoxanthine
(0.1 mM), aminopterine (0.004 mM) and thymidine (0.016 mM). For cloning medium served the
double concentrated standard medium supplemented with 10 mM HEPES (N-2-hydroxyethyl-
piperazine-N’-2-ethane-sulphonic acid). The freezing medium was prepared by mixing a con-
ditioned medium harvested from NS-1 cell cultures in the exponential phase of growth (509%)
with heat-inactivated horse serum (409%) and 109, dimethylsulphoxide (DMSO; Koch-Light
Laboratories Ltd., Colnbroock, England). i 3% 106/ml
were frozen according to Kennet et al. (1980).

Cell fusion and cloning. Immune spleen cells (2 x 107) were fused with HGPRT (hypoxanthine
guanine phosphoribosyl transferase) deficient BALB/c myeloma NS-1 cells (2 x 108) in a standard
medium without serum using polyethylene glycol (1,540 m.w.) and DMSO (by the method of
Pearson et al. (1980). Hybrid cells were selected as described by Kenett et al. (1980). Two methods
of cell cloning were employed: @) limiting dilution technique by Gooding (1980), and b) modifica-
tion of the soft agar method according to Coffino et al. (1972). The latter was performed as follows:
irradiated feeders in Petri dishes were overlaid with 5 ml of the cloning medium containing 0.5%,
agar (Bacto-Agar, Difco Laboratories, Detroit, Michigan) and 0.59%, Indubiose A 37 (L’Industrie
Biologique Francaise), respectively. When the basic layer stiffened, the hybrid cells were added
and after 10—12 days cultivation the colonies were transferred in 0.2 ml of the standard medium
to 96-well flat-bottomed microtitre plates, in which they were cultivated for additional 5 days.
Then the positive clones were transferred to 6-well cultivation plates (M47ARTL, Dynatech 4G,
Switzerland) and after further 48 hr to 60 mm Petri dishes. The efficiency of cloning was
calculated from the number of colonies revealing a diameter higher than 0.3 mm divided by the
whole number of cloned hybrid cells (Coffino et al., 1972).

Production of monoclonal antibodies in vitro. Three times recloned hybrid cells were subpassaged
as soon as the concentration 4—5 x 105 of the cells/ml had been reached. The resulting culture
fluids were collected and 10 x concentrated by ultrafiltration on Amicon 10 TCF.

Production of monoclonal antibodies in vivo. The BALB/c mice were inoculated i.p. with 0.5 ml
of FCA and 0.5 ml of Pristane (2,6,10,14-tetramethylpentadecane; Koch-Light Laboratories
Ltd., Colnbrook, England), respectively. After 10—50 days 106—107 hybrid cells were applied
by i.p. route. Seven to 14 days later, when a distinet growth of ascitic tumour was noticed, the
mice were killed and their ascitic fluid was harvested.
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Labelling of monoclonal antibodies. Hybridoraa cultures were labelled overnight with 370 kBq/
/ml of 35S-menthionine (Amersham Radiochemical Centre, England) with the specific activity
53.28 TBq/mM in the medium lacking methionine supplemented with 109, foetal calf serum
dialyzed against phosphate buffered saline. Then the cells were removed by centrifugation and
labelled monoclonal antibodies were isolated by the use of formalin-killed heat-inactivated
Staphylococus aureus loaded with the swine anti-mouse Ig.

Electrophoretic methods. Monoclonal antibodies were separated by a discontinuous 109, SDS-
-PAGE (Laemli, 1970). Gels were prepared for fluorography as described (Chamberlain, 1979).
The autoradiogram was done on a X-ray film (Medix-Rapid, Prague) at —70 °C. Agarose electro-
phoresis, isolation of antibodies from the agarose gel and densitometric estimation of antibody
concentration were described elsewhere (Draber et al., 1980). Electrophoresis was carried out
in the barbital-glycine-Tris buffer, pH 8.8, according to Svedsen, which was diluted 1:1 (v/v)
with agarose (Weeke, 1973). Swine IgM and IgG under reduction conditions were used as standards
(Zikén, 1980,b). Electrophoretic zones in the agarose gel were cut out after staining the non-dried
gel with Coomassie Blue R-250 and thawed in the glass tube containing 29, SDS and 5%, 2-mer-
captoethanol by warming for 5 min in the boiling water bath. The solution obtained was poured
on the top of polyacrylamide gel in a glass capillary tube, overlaid with electrophoretic buffer
and eventually with 10 pl of 309, glycerine containing 0.19% SDS in 0.1 M Tris-HCI, pH 6.8 and
traces of bromphenol blue, respectively.

Double immunodiffusion in agar. For double immunodiffusion agar analysis the following
anti-mouse sera were used: rabbit anti IgG1, anti IgG2A, anti IgG2B, anti IgG3, anti x, and anti
(Bionetics, U.S.A.), and sheep anti IgM, anti IgA, and anti IgG (kindly supplied by Dr. L. Tucko-
vé, Institute of Microbiology, Czechoslovak Academy of Sciences, Prague).

The HI test. Supernates from hybridoma cultures were examined for the presence of antibodies
to the Skalica strain by the HI test. Supernates from NS-1, or X63-Ag8, 653 myeloma cells as
well as the standard and selective (HAT) media served as controls. Specificity of HI activity of
monoclonal antibodies was examined with antigens of 11 arboviruses belonging to the family
Togaviridae (TBE virus, dengue viruses type I, IT, III, and IV, West Nile, yellow fever, Western
equine encephalitis, Eastern equine encephalitis, Venezuelan encephalitis, and Sindbis viruses).
Antigens from viruses tested were prepared by the method of Clarke and Casals (1958).

FElectron microscopy. Ultrathin sections from hybridomas were cut on a ultramicrotome
(Ultrome III LKB), stained with 29, solution of uranyl acetate and lead citrate, and examined
in electron microscope (Philips EM 3,000; 80 kV).

Results
Effect of the cloning procedure and feeder cells on the growth of hybrid clones

For fusion with the NS-1 myeloma cells, spleen cells were selected from
BALB/c mice responding with the highest titres of HI antibodies to the
immunization with the Skalica strain. After 3 weeks cultivation, hybridomas
were obtained from as many as 210 wells (73%,) out of 288 wells of 3 micro-
titre plates each seeded with 5 x 104 fused cells. The HI activity to TBE
virus was demonstrated in the supernates of 14 hybridomas. The feeder
cells were inevitable for the efficient growth of hybridomas, because in their
absence only 5%, hybridomas were obtained. This effect of feeder cells on the
frequency of hybridomas did not depend on the line of donor mice (BALB/c
and C3H, respectively).

Hybrid cells producing HI antibodies to TBE virus were cloned either by
the limiting dilution method in microtitre plates or in the soft agar and
agarose, respectively. In microtitre plates, for which the cells were diluted
so that one cell got into one well, the growth of cloned cells depended on the
presence of BALB/c mice irradiated spleen or peritoneal cells used as
feeders (Fig. 3). The most efficient were spleen cells stimulating an intense
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growth of 609, hybrid clones as early as on day 7, which settled within
further 7 days of cultivation and reached the value of 659, clones. The
peritoneal cells were less efficient stimulating higher proportion (10 —459,) of
proliferating clones only after 14 days with no increase in the 3rd week of
cultivation.

Similar requirements for feeder cells were found when cloning the hybrids
in agar and agarose, respectively. Their addition increased markedly the
cloning efficiency, the hybrid cells growing in large macroscopic colonies.
Again, more efficient were the spleen cells (in concentration 1-2 X 106/ml)
and less efficient the peritoneal cells (in concentration 0.1 —0.5 x 106/ml).
An increase in the concentration of peritoneal cells resulted in a depressed
growth of hybrid cell colonies; at concentration 2 X 106/ml of peritoneal
cells, the hybrid clones did not grow at all (Fig. 4). When comparing the
use of agar and agarose on the efficiency of cloning, agarose was found more
efficient than agar in the presence of either spleen (429, versus 289%,) or
peritoneal (289, versus 169,) cells (Fig. 4). In comparison with primary
clones, recloned hybrid cells grew better and more rapidly, with an increased
proportion of all clones (41 —559%, in agar and 53 — 689, in agarose, respect-
ively) as well as of those with a diameter higher than 0.3 mm. After recloning
of each positive clone together 20 subclones were obtained, which produced

I

501 * ™~ - :
40- - 4
30- - :
20- : -

1o-f. g

¥ T T | ief T T T T T T ¥ i

P8 43 P 2L BT B 3

Fig. 3.
Bt Effect of feeder cells on the growth of hybridoma colonies
One hundred hybrid cells from S-9 (I), 8-15 (II), and S-16 (ITI) hybridomas dispensed into 96 wells
of 8 microtitre plates seeded with 0.4 x 106 feeder spleen cells (O O) or with 0.1 105 peri-
itoneal cells ( @ @) or without feeder cells (A
Abscissa: days in culture; ordinate: number of wells wnth hybrld cells (%)-
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antibodies with HI activity when growing in the standard medium. Electro-
nomograms of recloned positive hybridomas are shown in Figs. 1 and 2.

Production of monoclonal antibodies in vitro and in vivo

Supernates of recloned and grown hybrid cells transferred to plastic
Petri dishes were examined for the presence of HI antibody activity. A direct
dependence of HI antibody titre on the number of hybrid cells in culture
was found (Fig. 5). The highest HI antibody titre (512) was reached at the
maximum possible density of hybrid cells (0.5 x 106/ml). Ascitic tumours
were induced in histocompatible mice 14—21 days after inoculation
of 5 X 108 hybrid cells in all mice yielding 2 —10 ml of ascitic fluid per mouse
with HI antibody titres of 5,120 —10,240, irrespective of whether the mice
were treated with Pristane or FCA. Application of hybridoma cells without
a previous sensitization by Pristan or FCA lead to ascitic tumours only
in 209, mice.

Characterization of the antibody synthesized by hybrid cells

Electrophoresis of the ascitic fluids in agarose showed the fast moving
zone in the globulin region (Fig. 6). Analysis of the zone under reduction
conditions of SDS-PAGE provided products corresponding to p (479%,),
v (19%), and L (34%) chains, the zone of L chains being doubled (Fig. 7).
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Fig. 4.

Effect of feeder cells on the growth of hybrid cell colonies in soft agar and agarose
Three hundred hybrid cells in RPMI-1640 with 0.259%, agar (I) and agarose (II), respectively
(the whole volume 0.8 ml), were layered on 0.5%, agar containing different amounts of peritoneal
(® @®) or spleen (O Q) cells or lacking feeder cells (/\ /\). Numbers of colonies
represent mean values from 3 parallel clonings as evaluated on day 14 of cultivation.
Abscissa: number of feeder cells; ordinate: number of hybrid colonies (9%).
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Further analysis of the isolated fast moving zone by double immunodiffusion
in agar using antibodies to mouse isotypes revealed strong precipitation
lines with anti-IgM and anti- » serum, but markedly less distinct lines with
other sera. According to densitometric analysis of the fast moving zone in the
same gel with different amounts of the standard IgM, the protein correspon-
ding to this zone has the concentration of 4.6 mg/ml of the ascitic fluid.

Supernates from 3 times clones hybrid cells were 10 x concentrated by
ultrafiltration and analyzed by Ouchterlony’s immunodiffusion test with
the use of rabbit (anti-IgGl, IgG2A, IgG2B, IgG3, %, and 2 and sheep
(anti-IgM, IgA, and IgG) anti-mouse sera. Precipitation lines of supernates
from S-9, S-15, and S-16 hybrid clones were found only with anti-IgM
and anti-x sera. Besides examination and analysis of the culture and ascitic
fluids, the nature of secreted monoclonal antibody was further investigated
by radioactive labelling of hybrid cells with 35S-methionine for 12 hr. When
analyzing radioactive secreted proteins in SDS-PAGE, only two lines, one
with mobility of u isotype of the heavy chain, another with mobility of x
isotype of the light chain were seen (Fig. 8). No line corresponding to the
myeloma NS-1 light chain was detected indicating that clones S-9, S-15,
and S-16 produced only specific heavy and light chains of monoclonal anti-
body. As a standard monoclonal IgG 3 antibody was employed.

The specificity of the monoclonal antibody

The specificity of HI activity of the ascitic fluids and supernates from
hybrid cells was examined by the HI test with antigens of 11 arboviruses
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Fig. 5.
Effect of number of hybrid cells on the amount of monoclonal antibody secretion
Abscissa: number of hybrid cells; ordinate: medium dilution reciprocals in the HI test.
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belonging to the family Togaviridae. Monoclonal antibodies produced by
clones S-8, S-15, and S-16 possessed the HI activity reacting exclusively
with the haemagglutinin of the Skalica strain.

Discussion

Though a great attention has been paid recently to the preparation of
monoclonal antibodies to some arboviruses (Gentry et al., 1981; Roehrog
et al., 1981; Schmaljohn et al., 1982) we were not aware of any paper dealing
with production of monoclonal antibodies to viruses of the TBE complex.*
Because of a great public health importance of TBE virus and inability
to differentiate it from viruses causing louping-ill and Russian spring-
-summer encephalitis, respectively, by common serologic methods, we tried
to prepare specific monoclonal antibodies which would allow a differentiation.
The virus used for immunization was the strain Skalica (Gresikova et al.,
1976), which is non-pathogenic for adult white mice after subcutaneous
inoculation (Rajé¢ani and Gresikova, 1982) so that it does not require any
inactivation before immunization.

We succeded in production of hybridomas secreting specific monoclonal
antibodies with HI activity to the Skalica strain. The specificity of both
supernates from hybrid cultures and ascitic fluids was proved by the HI
test, in which 11 togaviruses were tested. Thus, the supernates from hybrid
cultures as well as the ascitic fluids can replace conventional antisera in
serologic tests with TBE virus which require monospecific HI antibodies.
Moreover, the permanent proliferation of hybrid cultures enables the produc-
tion of a great amount of homogeneous antibody reacting only with a single
antigenic determinant of the haemagglutmm molecule.

Agarose electrophoresis of the ascitic fluids in buffered solution. pH 8.6
revealed that specific antibody activity moved at the anodic border of
v-globulin region, and that the zone by which hybridoma enriched normal
ascitic fluid resembles the position of IgM. The protein from this zone reacted
strongly with anti-y. and anti-x sera, providing mostly p-chains on SDS-PAGE
under reducing conditions. The splitting of the zone of L-chains indicates
that antibodies contain non-specific L-chains originating from the parent
myeloma NS-1. Such L-chains possess on SDS-PAGE a lower mobility than
the most of normal L-chains, even through they are not of a greater weight
(Sharon et al., 1981). Based on these results and on those of 35S-methionine
labelling of antibodies and Ouchterlony’s immunodiffusion we have de-
termined that the hybrid clones S-9, S-15, and S-16 secreted monoclonal
antibodies of the p isotype of the heavy chain and the x isotype of the light
chain, i. e. IgM antibodies. The occurrence of such hybridomasis low in com-
parison with those producing IgG monoclonal antibodies (Melchers et al.,
1978; Kennett et al., 1980). The fact, that we have prepared hybridomas
secreting IgM antibody can be explained by the protocol of immunization

* The paper by Heinz, F. X. et. al. (Infect. Immun. 37, 869, 1982) appeared after this ma-
nuscript had been submitted to press.
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and by an interval of 69 hr of the harvest of speen cells after the secondary
intravenous dose of immunizing virus.

As follows from other studies (Dréber, personal communication, 1979;
Goding, 1980), an early primary cloning and frequent recloning are the most
important requirements for obtaining the stable active clone. We have found
that the presence of feeder cells was decisive during the primary cloning,
efficiency of which was increased further by 149, (with spleen cells) and by
129, (with peritoneal cells), respectively, in the favour of agarose, when
agarose and agar were compared.
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Explanation of Figures (Plates VI—VIII):

Fig. 1.
Polynuclear hybrid cell with small round nuclei and dense chromatine occupying large part of the
nucleus. The cytoplasm contains numerous dilated chanels of rough encoplasmic reticulum with
retrovirus particles in its cisternae. ( x 22,000).

Fig. 2.
The hybrid cell after fusion of nuclei. Well-preserved ultrastructure of the nucleus with more
dense chromatine and granular nucleolus. The cytoplasm contains individual membrane vacuoles,
short parts of rough endoplasmic reticulum, numerous free ribosomes, and mitochondriae with
well-preserved substructure. ( X 12,000).

Fig. 6.

Agarose electrophoresis of the ascitic fluids from hybridomas (A, As) and of normal serum (S).
Arrow indicates the zone by which hybridoma enriches the ascitic fluid.

Fig. 7.

SDS-PAGE of the hybridoma product isolated from the ascitic fluid by agarose electrophoresis
(109 gel under reduction conditions). Marked are the positions of stanrd immunoglobulin chains

Fig. 8.
SDS-PAGE of 35S-methionine-labelled monoclonal antibodies produced by hybridomas S-9
and S-16. Monoclonal IgGs antibodies were used as standards.
Samples (left to right) were prepared from supernates by precipitation with Staphylocossus aureus
loaded with swine anti-mouse Ig:

No 1 — supernate from hybridoma producing IgG3 (control)
No 2 — supernate from hybridoma S-9 producing IgM

No 3 — supernaté from NS-1 myeloma cells (control)

No 4 — supernate from hybridoma S-16 producing IgM

No 5 — supernate from Sp2/0 myeloma cells (control)

No 6 — supernate from hybridoma producing IgG3 (control).



