
the viral lytic cycle-were not observed. 
It seems therefore that fresh human epi- 
thelial cells may, like human B lympho- 
cytes, have control mechanisms that 
suppress the EBV lytic cycle. This sup- 
pression, concomitant with the expres- 
sion of EBNA and induction of cellular 
DNA synthesis, is a prerequisite for the 
transformation of human B cells by EBV 
( l , 3 ) .  EBNA is observed in 95 percent of 
Burkitt's lymphona cases and in virtually 
all cases of undifferentiated nasopharyn- 
geal carcinoma (1, 3). Thus the detection 
of EBNA in EBV-infected normal hu- 
man epithelial cells strengthens the case 
for a role of EBV in the etiology of 
nasopharyngeal carcinoma. 
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Stable Antibody-Producing Murine Hybridomas 

Abstract. A method is described for obtaining antibody-producing hybridomas 
that are preferentially retained in cultures of fused mouse spleen and myeloma 
cells. Hybridomas are produced by fusing mouse myeloma cells that are de$cient in 
adenosine phosphoribosyltransferase (APRT) with mouse spleen cells containing 
Robertsonian 8.12 translocation chromosomes. The cell fusion mixtures are exposed 
to a culture medium that can be utilized only by APRT-positive cells, which results in 
the elimination of both unfused APRT-dejcient myeloma cells and non-antibody- 
producing APRT-dejcient hybridomas that arise by segregation of the 8.12 translo- 
cation chromosomes containing the APRT genes and the active heavy chain 
immunoglob~llin gene. 

Cell fusion mixtures containing hy- 
brids of mouse spleen and myeloma cells 
(hybridomas) are cultured in HAT medi- 
um (hypoxanthine, aminopterin, and 
thymidine) for 10 to 14 days to  eliminate 
unfused hypoxanthine phosphoribosyl- 
transferase (HPRT)-deficient myeloma 
cells (1-9). This selection system, how- 
ever, can eliminate hybridomas that seg- 
regate the spleen X chromosome encod- 
ing the active HPRT locus (9, 10). For  
HPRT' antibody-producing hybridomas 
to survive in HAT medium they must 
retain the spleen X chromosome that 
encodes the active HPRT locus and the 
specific spleen autosomes that contain 
the active structural immunoglobulin (Ig) 
chain loci (chromosome 6, light chain 
kappa; or chromosome 16, light chain 
lambda; and chromosome 12, heavy 
chain) (11, 12). 

One of us (R.T.T.) conceived a hybrid- 
oma selection strategy that permits as- 
certainment of the contribution of X 
chromosome segregation toward loss of 

hybridomas (Fig. 1) (13). In the Rob- 
ertsonian (8.12) 5Bnr mouse [Rb(8.12) 
mouse] (14), the active heavy chain Ig 
locus on chromosome 12 (only one allele 
of the diploid complement is expressed) 
and a selectable enzyme marker locus 
(adenosine phosphoribosyltransferase, 
APRT) on chromosome 8 (15, 16) are 
genetically linked. Thus, the exposure of 
cell fusion mixtures to a medium requir- 
ing APRT activity (APRT' selection) 
eliminates both unfused A P R T  myelo- 
ma cells and A P R T  hybridomas. The 
latter are incapable of heavy chain 
Ig synthesis because of segregation 
of the 8.12 translocation chromosomes. 
For antibody-producing hybridomas to 
survive this selection procedure they 
must retain only the spleen chromo- 
somes that contain the structural Ig 
chain loci. In this report we describe the 
production of hybridomas secreting anti- 
bodies for human pepsinogen I, and pre- 
sent evidence that during selection in 
HAT medium X chromosome segrega- 

Fig. 1. Hybridization 
of Rb(8.12) spleen 
cells with FOX-NY 
myeloma cells and 
isolation of antibody- 
producing hybrido- 
mas under APRT+ se- 
lection. The APRT' 
selection media (see 
text) contained aza- 
serine to block de 
novo purine synthesis 
or aminopterin to 
block de novo purine 
and pyrimidine syn- 

Rb(812)sp Ieen  c e s w  FOX-NY myeloma c 
APRT+ 
HPRT + 

APRT- 
HPRT- 

ICI + lg- 
* Indicates the 8 .12  chromosome 

conta ln lng the  act ive 
heavy c h a ~ n  locus 

Segregation pat terns of 8.12 chromosome In hybrid ce l ls  

el ls 

thesis -[for a review, Growth under Y e s  Yes Yes , 
see (16) l .  Hybridomas APRT' se lect ion 

Ant ibody + - t -  - 
that retain one or  
both 8.12 transloca- product ion I I 
tion chromosomes al- 
so produce APRT en- 
zyme activity, which pos i t i ve  mas te r  we l l  cu l tures are c loned 
is necessary for sur- b y  l imi t ing d i lu t lon under  APRT+ s e l e c t ~ o n  

vival under APRT' 
selection. Hybrido- 
mas that lose both 
8.12 chromosomes as Antibody 

well as unfused proauct ion + - 
APRT- myeloma 
cells are unable to utilize exogenous adenine to synthesize purines: exposure to APRT' 
selection medium eliminates them within 36 hours. 
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tion causes the loss of large numbers of 
hybridomas. 

The myeloma cell line designated 
FOX-NY was isolated as a spontaneous 
mutant of NS-1 (8). It is resistant to the 
effects of toxic analogs of adenine ( 2 6  
diaminoputine, 1OP4M) and hypoxan- 
thine (8-azaquanine, ~ o - ~ M ) ,  is doubly 
enzyme deficient (APRT- and HPRT-) 
(17-19), and is eliminated during APRT' 
or HPRT' selection (15, 16). Cytogenet- 
ic analysis of trypsin-Giemsa-banded 
metaphase preparations revealed a het- 
erogeneous cell population that con- 
tained an average of 61 acrocentric chro- 
mosomes (range, 45 to 65) and one sub- 
metacentric chromosome (range, 0 to 5). 
To date no APRT+ or HPRT' revertants 
have been observed from this cell line. 

Using the procedure described by Oi 
and Herzenberg (5), we produced hybri- 
domas by fusing 6.2 x lo7 spleen cells 
from a female Rb(8.12) mouse previous- 
ly immunized with a purified preparation 
of human pepsinogen 1 (20, 21) with 
1.4 x lo7 FOX-NY cells. The cell fusion 
mixture was dispensed into 240 individ- 
ual microcultures at a density of 
3.2 x lo5 cells per well (Costar %-well 
culture platts; 0.12 ml, 2.7 x lo6 cells 
per milliliter). After incubation overnight 
in nonselective medium [Dulbecco's 
minimum essential medium (DMEM) 
containing 15 percent fetal bovine se- 
rum, Flow Laboratories], microcultures 
were fed one of two selection media that 
could be utilized only by APRT+ cells 
(APRT+ selection) (15, 16): 160 received 
AAT selection medium (7.5 x 10-'M 
adenine, 8 x 1OP7M aminopterin, and 
1.6 x 1 0 - ' ~  thymidine) and 80 received 
AsA selection medium ( I O - ~ M  azaserine 
and 7.5 x 10-'M adenine). The micro- 
cultures were maintained at 37°C with 7 
percent C02 and were refed at 2- to 3- 
day intervals. At 14 days, 124 of 160 
AAT microcultures and 52 of 80 AsA 
mictocultures contained antibody to 
pepsinogen I, as determined by solid- 
phase radioimmunoassay (22). 

Positive cultures were expanded and 
either cloned directly by limiting dilution 
on feeder layers of Balblc thymus cells 
or stored under liquid nitrogen for later 
study. Clones were screened for anti- 
body production by polyacrylamide gel 
electrophoresis (Fig. 2). Antibody-pro- 
ducing clones have been obtained from 
89 of 104 original microcultures exam- 
ined thus far and 12 of these microcul- 
tures contain more than one type of 
hybridoma. We estimate, therefore, that 
the original 176 microcultures contained 
more than 200 antibody-producing hybri- 
domas. 

Each of 16 antibody-producing clones 

medium (DMEM containing 15 percent 
fetal bovine serum and ~ o - ~ M  diamino- 

I Ap-Ab purine) after several passages in nonse- 
lective medium, only nonantibody-pro- 
ducing APRT- hybridomas were ob- 
tained. These hybridomas were eliminat- 
ed upon subsequent exposure to APRT' 
selection medium. Clones maintained in 
APRT' selection medium or normal medi- 
um for similar periods of time (3 to 6 
weeks), however, continued to produce 
antibody. These observations are con- 
sistent with the expectation that APRT' 
selection promotes the growth of those 
hybridomas retaining the heavy chain Ig 
locus (Fig. 1). 

We examined 80 antibody-producing 
clones for HPRT activity to estimate the 

1 degree of spleen cell X chromosome 
loss. Fifty-one (64 percent) examined 
were HPRT- (17), suggesting that most 
of the hybridomas would have been elim- 
inated under HPRT+ selection. The rela- 
tive survival of hybridomas during initial 
culture under APRT+ or HPRT' selec- 

a b c d e  tion conditions was examined in a 
Fig. 2. Polyacrylamide gel immunoabsorp- 
tion analysis. Supernatants from hybridoma 
clones obtained from the same antibody-posi- 
tive microculture were incubated with human 
urinary pepsinogen I isozymes (I pg/ml) in 20 
percent sucrose overnight at 4°C. subjected to 
polyacrylamide electrophoresis and stained 
for proteolytic activity (19,20). Culture medi- 
um (a) and an antibody negative clone (d) 
exhibit no retardation of antigen (Ag). Anti- 
body-positive cultures exhibit partial retarda- 
tion (b and c) or complete retardation (e) of 
the antigen. The different rates of anodal 
migration of the antigen-antibody complex 
(Ag-Ab) in (b) versus (c) and (e) suggest that 
at least two different hybridomas were pre- 
sent in the original microculture. 

examined contained cellular APRT ac- 
tivity (17) and one or both copies of the 
8.12 translocation chromosome (mean, 
1.4 copies per cell). When these hybrido- 
mas were exposed to APRT- selection 

second experiment. We fused 9.9 x lo7 
spleen cells from a female Rb(8.12) 
mouse with 2.5 x lo7 FOX-NY mye- 
loma cells and dispersed the cell fu- 
sion mixture in nonselective medium 
(3.2 x 10' cells per well). After they 
were incubated overnight, an equal num- 
ber of microcultures were exposed to 
either AAT or f i A ~  (1 x 10-4M hypo- 
xanthine, 8 x 1 0 - 7 ~  aminopterin, and 
1.6 x lO-'M thymidine) medium. Four 
days later the number of hybridoma col- 
onies per microculture well differed 
markedly between the two selection sys- 
tems (Fig. 3). There were a total of 11 12 
hybridoma colonies per 100 microcul- 
tures exposed to AAT and 697 colonies 
per 100 microcultures exposed to HAT 
medium. That 37 percent fewer hybrido- 
mas survived HAT selection compared 
to AAT selection after only 4 days of 

HAT 
AAT I 

Hybridorna colonies per well 

Fig. 3. Hybridoma 
colonies per micro- 
culture after 4 days of 
exposure to HAT or 
AAT medium. From a 
total of 384 microcul- 
tures hybridoma colo- 
nies were counted in 
200 cultures by using 
an inverted phase- 
contrast microscope. 
Only colonies contain- 
ing more than 16 cells 
were recorded. No 
differences in growth 
rates were observed 
when cultures of 
APRT+/HPRT+ hy- 
bridomas were ex- 
posed to HAT or AAT 
medium. 
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culture provides further evidence that 16. R. P. Creagan and F. H. Ruddle, in Chromo- 
somes in Biology and Medicine, J .  J .  Yunis, Ed. 

hybridomas are eliminated from cell fu- (Academic Press, New York, 1977). 
sion cultures exposed to HAT medium 17. Cellular extracts of myeloma or hybridoma cell 

lines (10' cells) were prepared as described (18). 22. 
as a result of X chromosome segrega- subjected to polyacrylamide gel electrophoresis 
tion. (19) and stained specifically for APRT or HPRT 

enzyme activity by including either 14C-labeled 
The loss of spleen cell chromosomes is adenine or 14C-labeled hypoxanthine in the reac- 

tion mixture. The FOX-NY myeloma line con- an cause of unstable antibody tained no detectable HPRT or APRT enzyme 
activity. 23. 

production by 54)' 18. U. Francke and R. T. Taggart, Proc. Alatl. 24. 
Previous studies have demonstrated that Acad. Sci. U.S.A. 76,5230 (1979); ibid. 77, 3595 

(1980). the chain 'ynthesis is preferential- 19. R, T. Taggart, R, B, Miller, R, C,  Karn, J ,  A, 
ly lost before light chain synthesis and Tribble, M. Craft, J. Ripberger, A. D. Merritt, in 

that these losses correlate with segrega- Proceedings of Electrophoresis '78, Internation- 
al Conference of Electrophoresis, N. Catsim- 

tion of the spleen cell chromosomes en- poalas, Ed. (Elsevier/North-Holland, New 
York, 19781, pp. 231-242. the genes for the Ig 20. R.  T. Taggart, R. C .  Karn, A. D. Merritt, P. L. 

chains (3, 11, 12). The hybridoma selec- Yu, P. M. Conneally. Hum. Genet. 52, 227 * 
(1979). 

tion method described here, however, 21. A female Rb(8.12) mouse was immunized with a 
promotes the growth of those hybrido- purified preparation of human pepsinogen I as 

follows: one intraperitoneal injection of 80 p,g in 20 
mas which retain the spleen cell-donated 
heavy chain Ig gene and eliminates the 
loss of large numbers of hybridomas 
caused by X chromosome segregation 

complete Freunds adjuvant and another of 50 p,g 
in incomplete Freunds adjuvant 3 weeks later, 
then an intravenous (via tail vein) injection of 20 
pg in saline was given 4 weeks later. 
Microwell cultures were assayed by incubat- 
ing 100 p,1 of '2SI-labeled human pepsinogen I 
(2 x lo4 countlmin) with 100 p1 of the respective 
culture supernatant in 96-well polyvinyl chloride 
plates coated with human pepsinogen I for 2 to 3 
days at 4°C. Positive cultures immobilized be- 
tween 3 and 51 percent of '251-labeled antigen. 
G. Kohler, Hybridoma 1,  1 (1981). 
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during culture in HAT medium. This 
phenomenon may have contributed to An Excitatory Amino Acid Antagonist Blocks Cone Input to 
the limited success in producing human 
lymphocyte-human myeloma hybrido- 
mas (23). 

R. THOMAS TAGGART" 
I. MICHAEL SAMLOFF 

Research Service (151M), Veterans 
Administration Medical Center, 
Sepulveda, California 91343, and 
Department of Medicine, Center for 
Ulcer Research and Education, 
University of California, School of 
Medicine, Los Angeles 90073 

References and Notes 

B. A. Diamond. D. E. Yelton. M. D. ScharE. A'. . ~ 

Engl. J .  Med. 304, 1344 (1981). 
D. E.  Yelton, D. H. Margulies, B. A. Diamond, 
M. D. Scharf,  in Monoclonal Antibodies: Hv- 
bridomas: A New Direction in Biological  nab- 
ses, R. H. Kennett, T .  J .  McKearn, K. B. 
Bechtol, Eds, (Plenum, New York, 1980). 
G.  Kohler, H .  Hengartner, C. Milstein, in Pro- 
tides of the Biological Fluids, H. Peeters, Ed. 
(Pergamon, New York, 1978). 
G. Kohler and C. Milstein, Eur. J. Immunol. 6, 
5 1  1 (1976) 
".A ,.,, ",. 
V. T. Oi and L. A. Herzenberg, Sel. Mefhods 
Cell. Immunol. 17. 351 (1980). 
G. Kohler, in ~mrnunolbgicu'i Methods, I. Lef- 
kovits and B. Pernis, Eds. (Academic Press, 
New York, 1979 and 19811, vols. 1 and 2. 
G. Kohler and C. Milstein. Nature (London) 
256. 495 (1975). 
G Kohler. S. C. Howe. C Mllste~n. Eur I , -  - 
Immunol. 6, 292 (1976). 
J. W. Littlefield, Science 145, 709 (1964). 
M. F. Lyon, Nature (London) 232, 229 (1971); 
B. Migeon, ibid. 239, 87 (1972). 
H.  Hengartner, T. Meo, E. Muller, in Monoclo- 
ncil Antibodies: Hybridomas: A Neu, Direction 
in Biological Analyses, R. H. Kennett. T. J. 
McKearn, K. B. Bechtol, Eds. (Plenum, New 
York. 19x0). - -~~~ , . ..,. 
. ,  Proc. Natl. Acad. Sci. U.S.A. 75, 4494 
(1978); M. T. Davison and T. H. Roderick, 
Cytogenet. Cell Genet. 22, 552 (1978); P. D'Eus- 
tachio, A. L. M. Bothwell, T.  K. Takaro, D. 
Baltimore, F. H. Ruddle, J. E.rp. Med. 153, 793 
(1981); P, D'Eustachio, D. Pravtcheva, K. 
Marcu, F. H. Ruddle, ibid. 151, 1545 (1980). 
R. T. Taggart. Am. J. Hum. Genet. 33. 149A 
(1981). 
E. Capana, A. Group, H. Winking, G. Noack, 
M. V. Civitelli, Chromosoma 58. 341 (1976). 
The Rb(8.12) mice (with 8.12 translocation chro- 
mosomes) were obtained from M. Davisson at 
Jackson Laboratorv. 
C Kozak, E. ~ ~ c h o l s .  F. H. Ruddle. Somatic 
Cell Genet. 1, 371 (1975). 

Sign-Conserving Second-Order Retinal Neurons 

Abstract. cis-2,3-Piperidinedicarboxylic acid (PDA),  an excitatory amino acid 
antagonist, reversibly blocked cone input to OFF bipolars and horizontal cells, 
whereas ON bipolars were relatively unaffected. Kainic acid effects were also 
blocked, indicating a postsynaptic mechanism of action. The use of PDA helps to 
characterize one of two classes of excitatory amino acid synaptic receptors that 
mediate cone influence in the outer retina. 

The photoreceptors of the vertebrate 
retina form chemical synapses on three 
classes of second-order neurons: hori- 
zontal cells, ON bipolars, and OFF bipo- 
l a r ~  (1). A single photoreceptor may syn- 
apse on two or  possibly all three types 
(2). For  this reason, it is widely accepted 
that a single transmitter activates all 
three second-order neurons. Aspartate 
and glutamate have been the prime pho- 
toreceptor transmitter candidates since 
they mimic the endogenous transmitter 
when applied to  all three cell types in 
several vertebrate species (3). In the 
mud puppy retina, one of these second- 
order neurons, the ON bipolar, contains a 
distinct synaptic receptor that binds to 2- 
amino-4-phosphonobutyrate, a gluta- 
mate analog (4). This selectivity has been 
confirmed in several vertebrate species 
(5, 6). The one-transmitter hypothesis 
requires that the other two second-order 
neurons also have excitatory amino acid 
synaptic receptors, although differing 
from that of the ON bipolar. We now 
report on the effects of an excitatory 
amino acid antagonist, (+-)-cis-2,3-piper- 
idinedicarboxylic acid (PDA), which acts 
on the horizontal cell and the OFF bipolar 
and thus helps to characterize this other 
receptor type. 

Experiments were performed in the 
light-adapted, superfused retina-eyecup 
preparation of the mud puppy Nectllrus 

maculosus. Intracellular recordings were 
obtained from retinal neurons while an 
amphibian Ringer superfusate containing 
a control solution was interchanged with 
one or more solutions containing phar- 
macological agents. Rapid exchange in 
this system permits detectable drug ef- 
fects within 10 to 25 seconds. The light 
stimulus consisted of small spot (200 
pm), annulus (inner diameter, 400 km; 
outer diameter > retinal diameter), or 
full-field illumination. Changes in input 
resistance were frequently monitored 
with a +- 0.1-nA current pulse applied 
through the electrode and a bridge-bal- 
ancing device [WP707; see (7) for details 
of methodology]. 

When PDA, in concentrations up to 10 
m M ,  was applied to the retina (Fig. la),  
there was no apparent effect on cone 
photoreceptors (8) .  In addition, PDA did 
not block synaptic transmitter release 
from photoreceptors because ON bipo- 
l a r ~  (Fig. lb)  functioned normally in the 
presence of these high levels of PDA. 

In contrast to the photoreceptors and 
ON bipolars, the horizontal cells and OFF 

bipolars were very sensitive to  PDA. 
Horizontal cells and OFF bipolars are 
hyperpolarized in the light as a result of a 
decrease in transmitter release from pho- 
toreceptors (9). Horizontal cells were 
also hyperpolarized by PDA (Fig. lc),  
and there was a corresponding decrease 
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