
wood, Brown County; Hico area, Erith and 
Hamilton Counties; Cleburne area, Johnson 
County. 

14. For example, R. S. Bigelow, Evolution 19, 449 
(1965); A. J. Cain ibid. 7, 76 1953). 

15. R. D. Alexander, Syst. Zool. 11, 53 (1962); 
W. F. Blair, Quart. Rev. Biol. 39, 334 (1964); 
M. J. Littlejohn, in Systematic Biology, R. B. 
Stevens, Ed. (National Academy of Sciences- 
National Research Council, Washington, D.C., 
in press),; T. J. Walker, Quart. Rev. Biol. 39, 
345 (1964). 

16. A. H. Wright and A. A. Wright, Handbook 
of Frogs and Toads of the United States and 
Canada (Comstock, Ithaca, N.Y., 1949). 

17. Field program supported by NSF grants GB- 
133 and GB-4659. Acoustic analysis was car- 
ried out at the Dept. of Zoology, Univ. of 
Melbourne. M.J.L. gratefully acknowledges an 
Australian-American Educational Foundation 

wood, Brown County; Hico area, Erith and 
Hamilton Counties; Cleburne area, Johnson 
County. 

14. For example, R. S. Bigelow, Evolution 19, 449 
(1965); A. J. Cain ibid. 7, 76 1953). 

15. R. D. Alexander, Syst. Zool. 11, 53 (1962); 
W. F. Blair, Quart. Rev. Biol. 39, 334 (1964); 
M. J. Littlejohn, in Systematic Biology, R. B. 
Stevens, Ed. (National Academy of Sciences- 
National Research Council, Washington, D.C., 
in press),; T. J. Walker, Quart. Rev. Biol. 39, 
345 (1964). 

16. A. H. Wright and A. A. Wright, Handbook 
of Frogs and Toads of the United States and 
Canada (Comstock, Ithaca, N.Y., 1949). 

17. Field program supported by NSF grants GB- 
133 and GB-4659. Acoustic analysis was car- 
ried out at the Dept. of Zoology, Univ. of 
Melbourne. M.J.L. gratefully acknowledges an 
Australian-American Educational Foundation 

zymes are not represented in the hybrid 
thymidine kinase. 

Weiss and Green have described 
human mouse hybrids containing a 
partial complement of human chromo- 
somes (1). One of the human chromo- 
somes was apparently associated with 
thymidine kinase activity, since this 
chromosome was present only in cells 
able to grow in medium containing 
hypoxanthine, aminopterin, and thy- 
midine (HAT), which selects for the 
presence of the enzyme, and not in 
cells maintained in medium containing 
5-bromodeoxyuridine (BUDR), which 
selects for cells with thymidine kinase 
deficiency. 

We have mixed mouse somatic cells 
lacking thymidine kinase with human 
diploid cells lacking hypoxanthine 
guanine phosphoribosyl transferase and 
have isolated hybrid cells as a result of 
their ability to grow in selective medi- 
um which kills the mutant parent cells 
(2). The human parent cells were 
fibroblasts obtained by skin biopsy 
from a male with Lesch-Nyhan syn- 
drome, and were isolated in this lab- 
oratory. They lack hypoxanthine gua- 
nine phosphoribosyl transferase (3), 
are resistant to 2 amino 6-mercapto- 
purine (10 j/g/ml), and are unable to 
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genome and may be unlinked to that for 

grow in medium containing HAT. 
These diploid cells have 46 chromo- 
somes; chromosomes of groups E (Nos. 
16 to 18) and F (Nos. 19 and 20) (4) 
are easily distinguished in morphology 
from chromosomes of the parental 
mouse cell. 

The mouse parent, a subline of L-M 
mouse fibroblasts [LM (TK-)] clone 
I-D, was provided by Dr. M. Weiss. 
This clone of mouse fibroblasts was 
isolated by Kit et al. (5) and is resist- 
ant to BUDR (30 jig/ml) by virtue of 
its thymidine kinase deficiency. Clone 
1-D has 52 (49 to 56) chromosomes 
with ten metacentric and submetacen- 
tric chromosomes, including the dis- 
tinctive submetacentric marker D 
chromosome. The remaining chromo- 
somes are telocentric (Table 1). 

Hybrid cultures were initiated by mix- 
ing together 2 X 106 mouse and 2 
X 106 human cells, in a 1-ml volume 
of glucose-free Hanks' solution. Ultra- 
violet-irradiated Sendai virus was added 
to one-half of the suspension of mixed 
cells to enhance contact between cells 
(6). The cell suspension that was not 
treated with virus and the Sendai-treated 
cell suspension were each plated into a 
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100-mm Falcon plastic petri dish, and 
the mixed populations were maintained 
in growth medium (minimum essential 
medium, 1 percent nonessential amino 
acids, 10 percent fetal calf serum) for 
48 hours, at which time the medium 
was changed to HAT [growth medium 
+ hypoxanthine (1 X 10-4M), ami- 
nopterin (4 X 10-7M), and thymidine 
(1.6 X 10-5M) + glycine (3 X 
10-6M)]. Both mouse and human 
parental cells showed toxicity with ces- 
sation of growth in selective medium. 
After a latent period of 4 weeks HAT- 
resistant clones were first observed, and 
only in the petri dish containing ultra- 
violet-irradiated Sendai-treated cells. 
Twelve independent clones were isolated 
from this petri dish during the 6th 
week after mating. Eight clones have 
survived propagation in HAT for at 
least 6 months, and have been observed 
in regard to karyotype and enzyme 
characteristics. 

Karyotypes of the hybrid cells dur- 
ing the course of propagation were pre- 
pared according to methods previously 
described (7). From earliest observa- 
tions the hybrid cells had a karyotype 
consisting of almost the entire mouse 
genome with only one or two human 
chromosomes. Table 1 shows the char- 
acteristics of the karyotype of the 
mouse parent, clone 1-D, and of the 
hybrid cells close to the time of iso- 
lation. Four of the 21 hybrid cells ana- 
lyzed had no apparent human chromo- 
some. The remaining cells had included 
in their genome a chromosome mor- 
phologically similar to a submetacentric 
member of the human group E (Fig. 1). 
There were four cells which had, in 
addition to the previously described 
E group chromosome, one to two other 
chromosomes, morphologically different 
from those normally seen in clone 1-D. 
These presumably human chromosomes 
were, with one exception, also submeta- 
centric members of group E. That the 
total numbers of chromosomes in the 
hybrid cells were essentially the same 
as those of the mouse parent is attribut- 
able to the loss in the hybrid cells of 
a mouse telocentric chromosome. 

The association of the human sub- 
metacentric E group chromosome with 
thymidine kinase activity was suggested 
by our inability to find this chromosome 
in 116 hybrid cells presumably lacking 
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in 116 hybrid cells presumably lacking 
thymidine kinase since they had sur- 
vived transfer to media containing 
BUDR. Because the hybrid clones were 
isolated by virtue of their ability to 
grow in HAT, we assumed that these 
clones were thymidine kinase positive. 
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Human-Mouse Somatic Cell Hybrids with Single Human 

Chromosome (Group E): Link with Thymidine Kinase Activity 

Abstract. Mouse somatic cells lacking thymidine kinase were mixed in culture 
with human diploid cells lacking hypoxanthine guanine phosphoribosyl transferase, 
and hybrid cells were isolated and maintained in a selective medium containing 
hypoxanthine, aminopterin, and thymidine. The hybrid cells at the time of isolation 
had karyotypes consisting predominantly of mouse chromosomes but with one 
human chromosome, a submetacentric member of group E, apparently giving 
thymidine kinase to the hybrid cell. However, after long-term propagation in 
the selective medium this chromosome has been lost, although cells continue to 
show thymidine kinase activity as demonstrated by the incorporation of 3H-thy- 
midine into DNA in the hybrid cell. The hybrid cells have only mouse electro- 
phoretic variants for glucose-6-phosphate dehydrogenase, lactate dehydrogenase, 
and malate dehydrogenase, suggesting that the human genetic loci for these en- 
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the hybrid cells were well labeled, in- 

dicating thymidine kinase activity. 
After approximately 4 months of se- 

rial transfers in culture, the karyotype 
of the hybrid cells had evolved so that 
in some of the hybrid clones the human 
submetacentric chromosome was no 
longer present. Table 1, column 3, shows 
the characteristics of the karyotype of 
these hybrid cells lacking the E group 
chromosome. The chromosome number 
had decreased, reflecting the loss of 
human chromosome(s). At this time, 

)hase from hybrid cell show- these cells were growing vigorously in 
of the expected mouse chro- HAT, achieving confluence weekly 

h the single human submeta- following a 1: 100 split. When these 
E chromosome indicated by cells were transferred to medium con- 

taining BUDR no growth was observed 
for at least 10 days, after which, in sev- 
eral of the clones, nonclonal but signi- 

the presence of thymidine ficant populations of BUDR-resistant 
ie hybrid celr l clone l-D cells began to overtake the cultures. 
cells were exposed to 

rH- Autoradiographs from these hybrid 
nd autoradiographs were 

nds aoradgingrh ere clones growing in HAT show that these 
Ils growing in monolayer on 

'isgw in 10monlFayeon cells, despite the lack of the submeta- 
slides in 1 00-ml Falcon centric group E chromosome, main- 
dishes were incubated in tained the ability to incorporate :H- 

taining 5H-thymidine (6.7 . . 
ith a final concentration of thymidine, indicating the continued 

presence of thymidine kinase activity. 
smedium) 

for 6 hours. 
Ti e The only human genetic material 

washed in saline, fixed in 
wlasedin saine fix'ie in which gives the hybrid cell any advan- 

ol-acetc acd fixatve and tage in the selective medium is that pro- 
The preparations were 

viding thymidine kinase for the cell, 
i aceto orcein, dipped in so that it is not surprising that a relevant 

-2 emulsion, exposed for 1 chromosome is retained. There may be 
,veloped. The mouse parent -eloped. .The mousepare more than one genetic locus involved 
thymidine kinase were un- in conferring thymidine kinase activity 

whlrporate74 H-th ner intof to the hybrid cell, but certainly the sub- 
metacentric E chromosome contributes 
one of them. During the first 3 months 
in culture the submetacentric chromo- 

acteristics of the karyotype of some was found only in medium select 
hybrid cells. some was found only i n medium select- 

................. .. ing for the presence of thymidine kinase 
Clone Hybrid Hybrid and was absent in medium selecting 

1-D (early) (late)t . 
---- -----____-_-_ against cells with this enzyme. We be- 

lieve that the human chromosome in 
29 21 22 

our hybrid cells is the same one de- 
scribed originally by Weiss and Green 

4956 48-54 48-53 (1) as a member of group C but which 

52.45 52.05 50.50 is now interpreted by them to represent 
also a submetacentric member of the 

64- 
5-10 4-8 E chromosome group (8). 6 6,7 7 

6.55 6.86 6.31 The earliest karyotypes of these hy- 
brid cells obtained at the time of clonal 

1-6 1_5 2-5 isolation consistently showed a small 
3 3 2 population of cells growing in selective 

3.24 2.95 2.86 medium which did not have the human 
0-_3 group E chromosome. In subsequent 
1 subcultures the proportion of cells lack- 

ing the submetacentric chromosome in- 
38-46 37-43 39-44 creased so that karyotypes from most 
43, 44 41, 43 41 recent subcultures of some hybrid clones 
42.52 41.14 41.32 
42fut 4h.14 43__ _ growing in HAT do not include this 

st to fourth subcultures. Cells chromosome in any cell. The absence of 
ulture whose karyotype does not 
submetacentric marker. the relevant chromosome from cells 

growing vigorously in HAT and which 
are unable to survive in BUDR suggests 
that the pertinent genetic material may 
have been translocated to a mouse 
chromosome and therefore incorporated 
into the mouse genome. We have no 
cytological evidence for a translocation 
chromosome but the presence of thy- 
midine kinase in these recent cultures 
makes such an event likely. 

Thymidine kinase activity has been 
induced in lines of the mouse parent 
cells by Kit et al. (9) through the intro- 
duction of vaccinia virus. Presumably 
the enzyme was made according to 
specifications in the viral genome. De- 
spite numerous attempts to isolate cells 
which revert to the thymidine kinase 
positive state and extensive use of this 
particular mouse clone, there has not 
been a single instance of spontaneous 
reversion to wild-type enzyme function 
reported (5, 9). The absence of activity 
of the enzyme in these mouse cells is 
therefore assumed to be due to deletion 
of the structural locus. Confirmation 
that the thymidine kinase in the hybrid 
cell has been specified by the human 
genome awaits elucidation of the na- 
ture of the thymidine kinase in the cell. 

Shortly after isolation of the hybrid 
cells sonicated cell extracts of each hy- 
brid clone were analyzed, according to 
methods previously described (7, 10) 
for enzymes whose electrophoretic mo- 
bility differed in the mouse and human 
parental cells. The hybrid cells have 
only mouse electrophoretic variants for 
glucose-6-phosphate dehydrogenase, lac- 
tate dehydrogenase, and malate dehy- 
drogenase, suggesting that the human 
genetic loci for these enzymes are not 
represented in the hybrid genome and 
are therefore unlinked with thymidine 
kinase activity. 
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