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Production of Stable Rabbit-Mouse Hybridomas 
That Secrete Rabbit rnAb of Defined Specificity 

T. J. G. ~ Y B O U L D *AND MIYOKOTAKAHASHI 

Inclusion of normal rabbit serum (NRS) in culture medium after interspecific fusion 
of hyperimmunized rabbit spleen cells with murine SP210 myeloma cells produced 271  
rabbit-mouse hybridomas (RMHs) that secreted rabbit immunoglobulin against 
group A Streptococcus (GAS). Continued use of NRS-supplemented medium during 
cloning yielded stabilized monoclonal R M H  lines that have secreted GAS-specific 
rabbitantibody at  concentrations similar to murine hybridomas (3 to  8 micrograms 
per lo6cells per 24 hours), for over 4 months of  culture in vitro. The use of NRS as a 
medium supplement during initial culture, cloning, and stabilization of RMHs enables 
production-if considerablimore specific rabbit m~noclonal  antibody (mAb)-secreting 

not an intact rabbit immunoglobulin, have 
been described. K~~ et al. (7), however, 
succeeded in producing RMH cell lines that 
Secreted intact rabbit H and L =haill immu- 
noglobulins ('gs) but ti'rec 
stable clones from four diffcrent fusions 

oneof us (T.J.G.R.) previously 
production bOvillc-murinc( 8 )  
porcine-murine (9)hybridomas that secrete 
bovine Or porcine mAb defined 'pecific- 
itics. We thcrefore applied these procedures 
i,producing stable kHs rab-that secrete 
bit mAb 'pecific group A 
carbohydrate. 

A female New Zealand White rabbit was 
hypcrimmunizcd with a nitrous acid extract 
(ii) of group A Stveptococcus pyogenes cells 
(American Type Culture Collection 19615) 
until its scnim gave a high antibody titcr in a 
GAS-specific enzyme-linked imhunosor-
bent assay (ELISA) (11). We prcparcd 
RMHS by polyethylcnc glycol-mediated f ~ -
sion (12) of spleen cells from this rabbit with 
murinc ~ ~ 2 / 0 - ~ g 1 4  (13), using thc cclls 
method described bv Gefter et al. (14). After 

i \ , 

fusion, cells were cultured in supplemented 
Dulbecco's modified Eagle's mcdi~un 
(DMEM) (15). 

The RMH culture supernatants were 
screened for the presence of GAS-specific 
rabbit antibody by an ELISA (11). Selected . 	. 
positive culture wells were cloned by limit- 
ing dilution until stabilized, and resulting 
monoclonal hybridomas that secreted GAS- 
specific rabbit antibody were stored in liq- 
uid nitrogen. Rabbit mAbs selected for fur- 
ther study were produced by first adapting 
the appropriate RMH lines to grow in 
DMEM supplemented with fetal calf serum 
(FCS) [that is, in the abscnce of normal 
rabbit scrum (NRS)]. Rabbit antibody was 

RMHs than have previously been reported. 

HYBRIUOMA TECHNOLOGY HAS 

now reached a level where it is 
possible to produce mAbs against 

most antigens. Some immunogens, howev- 
er, stimulate poor antibody responses in 
mice, and co~ l s~~uen t ly  high-affinity murine 
mAbs with certain cpitope spccificitics can 
be difficult to obtain. These problems are 
reflected by the small numbers of GAS- 
specific tnAb-sccrcting murinc hybridomas 
that havc bccn reported (1-3). 

Rabbits, in contrast, producc high titers 
of high-affinity antibody whcn hypcrim-
munized with most immunogens, including 
streptococcal carbohydrate (4). The ability 
to produce rabbit mAbs could therefore 
overcome many of the disadvantages of mu- 
rine systems. Myelomas, however, are un- 
known in rabbits, and transformation of 
rabbit U cells in vitro with viruses has 
proved difficult (5) .  

AUelix Inc., Diagnostics Division, 6850 Goreway Drive, 
Mississauga, Ontario, Canada L4V 1P1. 

*To whom correspondence should be addressed at Qua- 
dra Logic Technologies Inc., 520 West 6th Avenue, 
Vancouver, British Colwnbia, Canada V5Z 4H5. 

RMHs have been produced (6)  but, be- 
cause of the instability of rabbit chromo- 
somes in RMH cells, only cell lines that 
secrete a rabbit light (L) or heavy (H)chain, 

Table 1. The effect of serum and feeder cell type on the outcome offilsion between hyperimmune rabbit 
spleen cells and murine SP210 plasmacytoma cells. 

F~~~~~cells 

Splenocytes and 
t,lymocytes 

Peritoneal exudate 
cells (18) 

Splenocytes and 
thymocytes 

Peritoneal exudate 
cells 

Appearance of of 
cultures on positive in initial 

day 4 after hsion ELISAX 

Cellfuszon A; 15% FCS 
Multiple RMH in every 13% (401300) 

well, most at 16-cell 

stage
-

Multiple RMH in every 30% (18160) 
well, most at 16-cell 
stage 

Cellfuszon B; 15%NRS 
Many viable cells in every 55% (1591288) 

well, but no cell 
division 

Many viable cells in every 90% (54160) 
well, but no cell 
division 

Cell growth on day 17 
after fusion 

Massive fibroblastic cell 
growth, outgrowing 
hybridomas 

Few areas of fibroblastic 
cell growth; good 
hybridoma growth 

Minimal fibroblastic cell 
growth; good 
hybridoma growth 
easily observed 

Minimal fibroblastic cell 
growth; good 
hybridoma growth 
easily observed 

*In~ual ELISA screening for GAS-reactwe wells was performed on day 17 afier h s ~ o n  
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then purified from these RMH culture su- 
pernatants on a Sepharose column with an 
anti-rabbit IgG immunosorbent (16). 

. - -  --*- - 
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Fig. 1. Karyotyping of SP210-Ag14, rabbit, and 
RMH cells. Cells were exposed to hypotonic 
treatment in 0.075M KC1 for 30 min, fixed in 
acetic acid-methanol solution, spread on glass 
microscope slides, and then stained with Giemsa 
stain. (a) SP210-Ag14 murine plasmacytoma cell 
showing acrocentric chromosomes and one large 
metacentric chromosome (large arrow) (average 
2n = 65). (b) Normal rabbit leucocyte showing 
metacenmc chromosomes (average 2n = 44). (c) 
RMH cell showing mouse acrocenmc chromo- 
somes, one large mouse metacentric chromosome 
(large arrow), and four rabbit metacentric chro- 
mosomes (circles and arrows). (Average 2n = 69 
at day 64 after cell fusion.) 

The cells produced by fusion of rabbit 
spleen cells with murine SP210-Ag14 plas- 
macytoma cells were resuspended in 
DMEM supplemented with either 15% 
FCS (fusion A) or 15% NRS (fusion B), 
and distributed into 96-well tissue culture 
plates (Costar) with feeder cells (1 7) (Table 
1). Examination of plates 4 days after fusion 
indicated that hybridomas were growing in 
cultures supplemented with FCS far more 
rapidly than in cultures supplemented with 
NRS. Seventeen days after the fusion, cul- 
ture supernatants from wells with actively 
growing hybridoma clones were screened 
for the presence of rabbit antibody against 
GAS by ELISA. In spite of our initial 
observation, cultures supplemented with 
NRS produced more positive wells than 
those supplemented with FCS (Table 1). 
Furthermore, cultures containing a feeder 
layer of peritoneal exudate cells (PECs) 
yielded more positive wells than those con- 
taining splenocytes and thymocytes. These 
observations strongly suggest that the pres- 
ence of NRS and PECs in RMH cultures 
increased the number of clones secreting 
GAS-reactive rabbit antibody. 

In view of the high total number of 
ELISA positive wells (271), we selected a 
small number of primary hybridomas for 
cloning, on the basis of GAS-ELISA reactiv- 
ity (reduced to 111) and growth rate (re- 
duced to 44). During passage prior to clon- 
ing, considerably more primary hybridomas 
from fusion A (98%) were discarded be- 
cause of loss of antibody production or poor 
growth rates than from fusion B (32%). Of 
44 primary RMHs cloned by limiting dilu- 
tion, 41 were cloned and stabilized success- 
My.  None of the clones from fusion A 
survived cloning, but 95% of those fiom 
fusion B were cloned and continued to 
secrete rabbit antibody. Of these 41 RMH 
cell l i ,  28 (68%) cloned and stabilized 
successfully after one cloning cycle, 11 
(95%) after two, and the remaining 2 
(100%) after three. ELISAs done with poly- 
vinyl chloride (PVC) plates coated with 
nitrous acid extracts of groups A, B, C, D, F, 
and G Streptococci, on d t u r e  supernatants 
from the 41 RMH lines, confirmed that all 
41 lines secreted GAS-specific rabbit mAbs. 
ELISAs for determining the Ig class of the 
rabbit mAbs [where peroxidase conjugates 
specific for rabbit IgG (y chain) and IgM ( p  
chain) and recrystallized 5-aminosalicylic 
acid chromogen and substrate (18) were 
substituted for the Ureiase reagents] 
showed that 39 RMH lines secreted rabbit 
IgG, whereas the other two secreted rabbit 
ISM. 

The data suggest that RMHs cultured in 
the presence of NRS were far more stable in 
terms of rabbit antibody secretion than 

those cultured in the vresence of FCS. To 
test this hypothesis, ten primary hybridomas 
were cloned in duplicate, one replicate in 
DMEM supplemented with 7.5% FCS and 
7.5% NRS, the other with 15% FCS. Al- 
though nine out of these ten primary hy- 
bridomas were cloned successfully in medi- 
um containing FCS alone and continued to 
fonn rapidly growing colonies (Table 2), 
stabilization of rabbit antibody production 
was considerably more e5cient in those 
cloned in the presence of NRS. 

The dciency of rabbit mAb production 
in v im was studied with eight RMH lines. 
These lines have continued to secrete GAS- 
specific rabbit mAb during 4 months of 
continuous in vitro culture and through at 
least two cycles of being frozen in Guid 
nitrogen followed by thawing and culturing. 
Each line was adapted, after stabilization, to 
grow in DMEM containing 10% FCS. Rab- 
bit mAb was a5nity-purified from culture 
supernatants by use of the Sepharose anti- 
rabbit IgG immunoadsorbent column. All 
eight affinity-purified rabbit mAbs showed 
GAS-specificity in ELISA. The yields of 
rabbit Ig [calculated from ODzm (optical 
density)v&es] secreted ranged from-3.26 
to 8.76 pg per lo6 cells per 24 hours, with a 
mean of 5.34 pg per lo6 cells per 24 hours. 

Table 2. Importance of NRS as medium supple- 
ment for establishment of specific-antibody se- 
creting RMHs. Ten primary RMH lines werr 
cloned in duplicate, one replicate of each in 
DMEM supplemented with 7.5% FCS and 7.5% 
NRS (experiment l ) ,  the other with 15% FCS 
(experiment 2). Plates were examined for clonal 
growth after 8 to 10 days, and Supernatants fiom 
wells containing growing clones were screened 
for GAS-speci6c rabbit antibody by ELISA. 

RMH Experi- Number 

line ment ELISA- 
positive wells* 

*Percent positive (ELISA-positive wellsltotal wells 
screened). 
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These values are similar to what might be 
expected for murine mAb from murine hy- 
bridomas when cultured in vitro. The puri- 
fied rabbit mAbs have been used for success- 
ful development of ELISA systems for GAS 
detection. 

Karyotyping of one RMH (B52) was 
performed to ascertain the number of chro- 
mosomes present at various times after fu- 
sion. By 64 days after fusion, the mean 
chromosome number of this line (2n = 69) 
had stabilized to approximately the same as 
the parent SP210 cells (2n = 65), with a 
coefficient of variation (5.6%) less than half 
that of the SP210 cells (13.3%). The karyo- 
types of four other RMH lines were also 
ex-mined 3 months after hsion and found 
to contain a similar number of chromo- 
somes. The nuclei of these RMH lines ao- 
Dear to contain three to five rabbit metacen- 
tric chromosomes, in addition to their com- 
plement of mouse acrocentric chromosomes 
(Fig. 1). 

We have developed optimized procedures 
for producing large numbers of stable 
RMHs that secrete complete rabbit Ig mole- 
cules with excellent specificity to the GAS 
immunogen used. These procedures include 
the use of the SP210-Ag14 myeloma line as 
h i o n  partner, culture of RMHs after fusion 
in the presence of NRS and PEC feeder 
cells, cloning of RMHs in medium contain- 
ing NRS, and once stabilized, gradual adap- 
tation of monoclonal RMH lines to grow in 
medium containing FCS rather than NRS. 
The ability to use spleen cells from specific- 
ity hyperimmunized rabbits for generation 
of large n~unbers of stable RMH lines that 
secrete rabbit mAb against these immuno- 
gens should allow of new mAb 
species that, to date, could not be produced. 
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A New Specimen ofArchaeopteryx 

A new specimen of the primordial bird Archaenpteryx is reported from the Upper 
Jurassic Solnhofen Limestone of Bavaria. This "Solnhofen specimen" is the largest of 
now six skeletal specimens and shows close similarities with the London specimen. It is 
therefore assigned to Archaeupteyx lithopphica Meyer. Clear impressions of the 
feather shafks of the left wing are preserved. 

ANEW, WELL-PRESERVED SPECIMEN 

ofArchaeopteryx from the Upper Ju- 
rassic Solnhofen Limestone (Lower 

Tithonian) was discovered in a private col- 
lection in Solnhofen, West Germany, in 
November 1987. I t  is the sixth skeletal 
specimen of this famous fossil after the 
London, Berlin, Maxberg, Haarlem, and 
Eichstatt specimens (1)[unless one follows 
the suggestion of Howgate (2) to separate 
the smallest one, the Eichstatt specimen, as a 
distinct genus]. The new example is the 
largest of all, about 10% larger than the 
London specimen. The new specimen is 
housed and exhibited in the Biirgermeister- 
Miiller-MuSeum in Solnhofen, and is there- 
fore announced here as the "Solnhofen spec- 
imen" of Archaeqteryx (Fig. 1). 

Exact locality data are not available. Ac- 
cording to the collector, an amateur, the 
specimen was found many years ago and no 

data were kept. After preliminary prepara- 
tion, carried out only recently, he took it for 
a specimen of the small theropod dinosaur 
Compsognathus, rather than of Archaeopteryx. 
Although the quarry site is no longer 
known, it must have been located in the 
Eichstatt area where the Berlin and Eichstatt 
specimens were found in 1877 and 1951, 
respectively (3). 

The skeleton is quite complete and in 
almost natural articulation. It is preserved 
on a slab (52 by 39 cm) of Solnhofen 
limestone of the so called "Faule" facies, a 
soft marly limestone with a content of 10 to 
20% clay minerals (4). Preservation of the 
dark brown bone is generally good, and 
detailed preparations by both mecha~ical 
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