determine whether the effects were due
to chemical toxicity or to viral infection.
Both the bottle cultures and the overlaid
cell cultures were observed daily for 14
to 21 days.

The number of viruses detected in the
sewage effluents ranged from 158 to 7475
per 100 liters and averaged 2118 per 100
liters during 1974 (Table 1). The largest
number of viruses was detected during
August and September, and the smallest
during June and July. Generally, the
greatest enteric virus concentrations in
sewage occur during the fall of the year,
which agrees with our data. The viruses
identified in the sewage effluent included
seven types, which varied in occurrence
with the time of year.

No viruses were detected in any of the
well samples, regardless of sampling
date during the 14-day flood period
(Table 1). Some eluates had nonspecific
cytotoxicity, which usually meant that
several blind passages in cell cultures
were necessary to confirm the absence of
viruses. The absence of any detectable
viruses in the well water concentrates in-
dicated that the virus count was reduced
by a factor of at least 10 (99.99 percent)
during percolation of the wastewater
through 3 to 9 m of the basin soil.

Our results indicate that human viral
pathogens do not move through soil into
the groundwater, which is significant, es-
pecially since the Flushing Meadows
Project had renovated wastewater con-
tinually for 7 years at infiltration rates of
about 100 m per year.

R. G. GILBERT, R. C. RicE, H. BOUWER
U.S. Water Conservation Laboratory,
Agricultural Research Service,

U.S. Department of Agriculture,
Phoenix, Arizona 85040

C.P. GErBA, C. WALLIS, J. L. MELNICK
Baylor College of Medicine,

Houston, Texas 77025
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Bovine Leukemia Virus Genes in the DNA of Leukemic Cattle

Abstract. Reverse transcripts of the RNA genome of the bovine leukemia virus
(BLV) as well as **I-labeled BLV RNA hybridize to the DNA of tissues from leuke-
mic cattle with the adult form of the disease but not to bovine thymic lymphoma or

normal bovine tissues.

Epidemiological and pedigree studies
suggest that leukemia in adult cattle is an
infectious disease transmitted from ani-
mal to animal (/). Viral particles pro-
duced by short-term cultures of buffy
coat cells from leukemic cattle (2) have
been implicated, by serological and
epidemiological studies (3, 4), in the etiol-
ogy of the adult form of leukemia in this
species and have been referred to as the
bovine leukemia virus (BLV). Experi-
mental transmission of BLV to sheep has

also resulted in the development of leuke-
mia in the recipient species (5). BLV is an
enveloped virus with many of the distin-
guishing properties of other mammalian
and avian leukemia viruses—maturation
by budding from the plasma membrane
@2, 3), RNA genome (6), and viral re-
verse transcriptase activity (6, 7)—and is
therefore a member of the family Retravi-
ridae (8). In order to test whether the
genes of BLV can be directly shown in the
DNA of bovine leukemia cells and to de-

Table 1. BLV-related sequences in infected and uninfected tissues.

Hybrid Relative
Source of DNA* Cytipt acceleration copy
factori number§
Bat lung cell line CCL 88
Cell line BLV-TblLu 4 X 107* 12.5 1
Cell line TblLu 5 X107 1.0 <0.1
Bovine tissue and a sheep tumor
BI434|,, leukemia-free herd, buffy coat cells 5 X107 1.0 <0.1
BH116||, leukemia-free herd, buffy coat cells S x 107 1.0 <0.1
BI196||, leukemia-free herd, buffy coat cells 4 x 107 0.8 <0.1
Commercial calf thymus S X 107 1.0 <0.1
Thymic lymphomal 5 x 107 1.0 <0.1
NBCI13** bovine lymphoid cell line 5 x 10 10.0 0.8
BF239||, multiple-case herd, buffy coat cells 1.7 x 1074 29.5 2.4
27-264, leukemic cow, lymph node# 4 x 107 12.5 1.0
27-252, leukemic cow, lymph node# 1.7 x 1074 29.5 2.4
Tumor from sheep experimentally 1.7 x 10~ 29.5 2.4
infected with BLVY
Other species

Rat, cell line NRK (20) 5 X107 1.0 <0.1
Mouse, BALB/c liver 4 x 107 0.8 <0.1
Guinea pig liver S X107 1.0 <0.1
Domestic cat liver S X107 1.0 <0.1
Dog thymus, cell line FCf2Th 1) 4 x 1078 0.8 <0.1
Pig kidney, ATCC (CCL 33) 5 x 107% 1.0 <0.1
Sheep liver S X107 1.0 <0.1
Human tumor, cell line A204 (22) 5 X 1078 1.0 <0.1
Rhesus, cell line DBS-FRhL-1 (23) 5 x107® 1.0 <0.1

*DNA was extracted from the indicated source (see legend to Fig. 1).
50 percent of the [PHIDNA probe has reassociated. The conditions for h

scribed in the legend to Fig. 1.
TblLu DNA/C 11, with the indicated DNA.

1The Ct,; is the C,t value at which
ybridization and S, analysis are de-

#The hybridization acceleration factor is the C,t,, of BLV [*H]DNA with
§The relative copy number refers to the frequency of BLV-

related sequences per cellular genome normalized to that found in cell line TblLu infected with

BLV.
New Bolton Center.

[[The herd and cow designation of the Universit;

y of Pennsylvania School of Veterinary Medicine at

1 f 9 Provided by Dr. M. J. Van Der Maaten, National Animal Disease Center, North
Central Region, Agricultural Research Service, U.S. Department of Agriculture, Ames, lowa.

#Leukemic

cattle referred to the University of Pennsylvania Clinic, New Bolton Center, by a veterinary practitioner.
**Cell line established from peripheral lymphocytes of a leukemic cow.
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termine the relationship of the virus to
other mammalian leukemia viruses, we
have utilized the techniques of nucleic
acid hybridization.

To obtain large quantities of virus,
BLV was successfully transmitted to a
cell line derived from bat lung, TblLu
(American Type Culture Collection,
CCL 88), that has been shown to be per-
missive for the replication of various

mammalian leukemic viruses (9, 10).
The infection was initiated by cocultiva-
tion of the bat lung cell line with fetal
lamb spleen cells producing BLV (/7).
We have found that relatively little
single-stranded DNA capable of hybrid-
izing to viral RNA is produced by the en-
dogenous reverse transcriptase reaction
in the presence of actinomycin D. Simi-
lar observations have been made with

Fig. 1. The reassoci-
ation kinetics of BLV
[*H]DNA in the pres-
sence of DNA from 100
BLV-producing and
nonproducing  cells.
[*H] Cytidine - labeled
DNA was synthesized
in the endogenous re-
verse transcriptase re-
action with detergent-
disrupted virus. The
BLV used in the re-
action had  been
banded on a sucrose
gradient prior to use.
The reaction mixture 20+
(24) contained two
modifications: the mag-
nesium acetate con-

% HYBRIDIZATION

centration was 20 mM
and no actinomycin D
was added. After in-
cubation at 37°C for 2

1073 10-2

Cot (mole x sec liter™")

hours the product was deproteinized and further purified by fractionation on hydroxyapatite and
chromatography on Sephadex G-50 (24). The specific activity of the PHIDNA was 1 X 107 count/
min per microgram. The BLV [PHIDNA had a sedimentation coefficient of 8 on an alkaline
sucrose gradient. The amount of the viral genome represented in the [PHIDNA as measured by
its ability to protect BLV ['*I]JRNA from ribonuclease digestion is 25 percent when the ratio
of DNA to RNA was 40. Higher ratios of DNA to RNA did not appreciably increase this value.
Nuclear DNA was extracted from cells as described (25). The hybridization reaction mixture
contained 0.01M tris (pH 7.4), 0.4M to 0.7M NaCl, 2 x 1073M EDTA, 0.05 percent sodium
dodecyl sulfate, 4 mg of nuclear DNA per milliliter, and 2 or 12 ng of BLV [PH]DNA per milliliter.
Hybridizations were initiated by heating the reaction mixtures to 98°C for 10 minutes, cooling
on ice, and incubating at 65°C. Samples (0.05 ml) were taken at various times and were analyzed
with the single-strand nuclease S; (25). Cot values (C, is the concentration of BLV [PHIDNA
in moles of nucleotide per liter and 7 is the time in seconds) were calculated (26) and corrected
to a monovalent cation concentration of 0.18M (27). BLV [*H]DNA at either 2 ng/ml (OJ) or 12
ng/ml (O) was reannealed with DNA from cell line TblLu. DNA from NBC13, bovine leukemic
lymphoid cell line (&), BI434 normal buffy coat cells (M), and cell line BLV-TblLu (&) were
tested for their effect on the self-annealing reaction of BLV [PH]DNA at 2 ng/ml.

Fig. 2. Hybridization of BLV 705 ["**I]RNA
to DNA extracted from normal and leukemia
buffy coat cells and from normal TblLu cells
and cells infected with BLV. The 70§ RNA
from banded virus was iodinated by a modifi-
cation of the Commerford method (28) as
described by Colcher et al. (29). The specific
activity of the [*IJRNA was 1 x 107
count/min per microgram. The hybridization
reaction mixture contained 0.01M tris (pH
7.4), 2 x 107*M EDTA, 0.05 percent sodium
dodecyl sulfate, 10 ug of yeast tRNA per
milliliter, 2 ng of ["**I]RNA per milliliter, 5 mg
of DNA per milliliter, and 1.0M NaCl. Hybrid-
izations were initiated by heating the reac-
tion mixture to 98°C for 10 minutes, cooling
on ice, and incubating at 65°C. Duplicate sam-
ples (0.05 ml) were removed at intervals; the
extent of hybridization was determined by

30 -1

20

% HYBRIDIZATION

3 o7
10 Cot (mole x sec liter 1)

digestion with ribonucleases A and T, (29). The BLV [***I]RNA was hybridized with nuclear
DNA extracted from: BLV-infected cell line TblLu (®); cell line TblLu (O); NBC13, bovine
leukemic lymphoid cell line (O); and B1434, normal buffy coat cells (W).
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the Mason-Pfizer monkey virus (/2) and
the guinea pig leukemia virus (/3). Con-
sequently, we have purified the double-
stranded viral DNA synthesized in this
reaction, in the absence of actinomycin
D, and have used it as a probe for the
hybridization studies. Double-stranded
DNA probes can be used to detect viral-
related sequences in the cellular genome,
as previously shown for the DNA virus
SV40 (14) as well as for the mammalian
(I/5) and avian leukemia viruses (/6). In
such studies the presence of viral-related
DNA sequences is detected by measur-
ing the effect of unlabeled cellular DNA
on the kinetics of self-annealing of the la-
beled DNA probe. Cellular DNA’s that
contain viral-related sequences increase
the rate of self-annealing of the probe,
and thereby decrease the Cyt,, of the reac-
tion (see Table 1, footnote t). The DNA
from BLV-TblLu, but not from the un-
infected bat cell line, decreases the Ct,,
of the BLV [PH]DNA self-annealing reac-
tion by a factor of 12.5, from 5 x 1073 to
4 x 10~*., For the purposes of com-
parison (Table 1), we have normalized
the frequency of viral-related sequences
in the cellular DNA’s tested to that of the
BLV-infected bat lung cells. Buffy coat
cell DNA from leukemic cattle of differ-
ent multiple case herds or tumor tissue
from leukemic cattle referred to the Uni-
versity of Pennsylvania clinic contained
from 0.8 to 2.5 times the number of cop-
ies of BLV genome per cellular genome
as compared to the tissue culture infect-
ed cells (Fig. 1 and Table 1). Further,
DNA from a tumor in a sheep experimen-
tally infected with BLV also contains nu-
cleic acid sequences related to the BLV
genome. In contrast, buffy coat cell
DNA from cows in leukemia-free herds
or commercial calf thymus DNA had no
effect on the self-annealing of BLV
[PHIDNA. Thymic lymphoma in cattle,
unlike bovine leukemia, has not been as-
sociated with BLV infection by serolog-
ical and epidemiological studies (I7);
our results support this conclusion in
that the DNA from a bovine thymic lym-
phoma lacked any detectable sequences
related to the BLV genome.

To explore the possibility that BLV nu-
cleic acid sequences not represented in
the BLV [*H]DNA probe are present in
the normal bovine genome, BLV
[25]JRNA was also used as a probe. The
hybridization kinetics of this probe with
buffy coat cell DNA of a leukemic and a
normal cow, as well as from the BLV-in-
fected and uninfected cell line, TblLu, are
shown in Fig. 2. Although hybridization
did not reach 100 percent because of the
more rapid rate of DNA:DNA reas-
sociation as compared to RNA:DNA
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hybridization (/8), the BLV ["ZI]RNA
hybridized only with the DNA’s from the
tissues of the leukemic cows and from in-
fected cell culture lines. We conclude
from these results that the BLV genome
is not endogenous to the bovine cellular
genome.

These results are consistent with the
acquisition of the BLV genome by leu-
kemic cattle as a result of the horizontal
transmission of the virus from some oth-
er species. The BLV [PH]DNA probe
was therefore used to examine the cellu-
lar DNA of other species for the pres-
ence of BLV-related sequences. Some of
these species live side by side with cat-
tle and might thus be the source of BLV.
None of the species tested contain nucle-
ic acid sequences related to the BLV ge-
nome (Table 1). We conclude that the
BLYV genome is not highly related to any
of the endogenous type C viral genomes
of the species tested. Similar results
have been obtained by Kettman et al.
(6). and are consistent with immuno-
logical studies showing a lack of relation-
ship of the major BLV structural protein
to that of other mammalian type C virus-
es(7,19).

In summary, we have shown by nucle-
ic acid hybridization that the BLV ge-
nome is not endogenous to the cellular
genome of normal cattle. The etiologic
agent causing lymphosarcomas or leuke-
mia in this species is an infectious virus
derived from another as yet unknown
species. This is, therefore, one species
where eradication of the vectors for vi-
rus spread should lead to prevention of
the disease.

ROBERT CALLAHAN
MiICHAEL M. LIEBER
GEORGE J. TODARO
Viral Leukemia and Lymphoma Branch,
National Cancer Institute,
National Institutes of Health,
Bethesda, Maryland 20014
DonAaLD C. GRAVES
JORGE F. FERRER
University of Pennsylvania School of
Veterinary Medicine, New Bolton Center,
Kennett Square 19348
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a-Methylphenylalanine, a New Inducer of Chronic

Hyperphenylalaninemia in Suckling Rats

Abstract. a-Methylphenylalanine reduces the phenylalanine hydroxylase activity
of rat liver by 75 percent. Daily injections of this substance (plus phenylalanine) into
rats from the 3rd to 15th day of age had no obvious toxic effects, and maintained a
plasma concentration of phenylalanine comparable to that of phenylketonuric sub-

Jjects.

The first report of an agent, p-chloro-
phenylalanine, which could effectively
diminish the rate of clearance of ingested
phenylalanine, appeared in 1966 (/).
Since then rats treated with p-chloro-
phenylalanine provided the most promis-
ing animal models (2) for phenylketo-
nuria, the condition of mental deficiency
associated with the absence (from genet-
ic causes) of phenylalanine hydroxylase
(3). A general problem in imitating the
consequences of this absence of an en-
zyme in experimental animals is that the
agents used to inhibit that enzyme are not
completely specific. p-Chlorophenylala-
nine, for example, decreases the activity
of tryptophan hydroxylase in the brain
(4) as well as that of the phenylalanine
hydroxylase in the livers of rats, and
thus one might question whether the vari-
ous cerebral abnormalities observed
were caused by the hyperphenylalanine-
mia itself. The new inducer of hyper-
phenylalaninemia described here, a-meth-
ylphenylalanine, has a different chemical
structure, and its side effects, if any, are un-
likely to be identical to those of p-chloro-
phenylalanine. The study of rats treated
with a-methylphenylalanine is thus im-
portant because abnormalities in com-
mon with those in rats treated with
p-chlorophenylalanine are the ones most
likely to be specifically associated with

hyperphenylalaninemia, the common
metabolic effect of the two agents.

The hepatic phenylalanine hydrox-
ylase activity was determined (5) in an as-
say system supplemented with substrate,
pteridine cofactor, and dithiothreitol.
The activity of liver extracts was not
inhibited by the addition of 0.8 to
8 mM «-methylphenylalanine in vitro
(nor did the extracts catalyze the con-
version of this analog to a-methyltyro-
sine). However, the phenylalanine hy-
droxylase activity in the livers of adult
or immature rats injected with a-meth-
ylphenylalanine decreased. Since the
purpose was to maintain hyperphenyl-
alaninemia throughout early postnatal
life (in the rat the first 15 days), we
determined the response to various
doses of a-methylphenylalanine on 6-
day-old rats—an age when the phenylala-
nine hydroxylase content is about 60 per-
cent of that in adult liver (5); maximal
inhibition occurred with 24 umole/10
g (Fig. 1). Additional experiments in-
dicated that at least' 20 hours were re-
quired to attain this minimal level. The
content of cerebral serotonin (254 and
205 ng/g) and that of 5-hydroxyindoleace-
tic acid (303 and 324 ng/g) in two of these
rats were not different from those in two
control rats (249 and 243, and 318 and
342, respectively) (6). [In contrast, the
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