momycin A;) in the presence of natural
DNA is best rationalized as an expres-
sion of the degree of binding of these anti-
biotics. The degree of binding is a reflec-
tion of the G+C percentage of the DNA
under observation. This mechanism is
different from the mode of binding of ami-
noacridines (quinacrine) to DNA, where
the binding to DNA is not sequence spe-
cific but the variable quantum efficiency
of fluorescence is a function of the base
composition at the binding site. The pro-
duction of R bands by the G-C-specific
fluorochromes supports the suggestion
that nucleotide sequence arrangement
along the chromosome plays an impor-
tant role in determining the display of flu-
orescent bands (3, 4, 6).

Further qualitative examination of
chromosome banding with these and oth-
er fluorescent probes should provide ad-
ditional information on the mechanism of
chromosome banding, and also may lead
to a better understanding of the structure
and function of chromosomes.

J. H. vAN DE SANDE
C. C. LiN, K. F. JORGENSON
Divisions of Medical Biochemistry
and Pediatrics, Faculty of Medicine,
University of Calgary, Calgary, Alberta,
Canada T2N IN4
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Hyperphenylalanemia: Effect on Brain Polyribosomes
Can Be Partially Reversed by Other Amino Acids

Abstract. The effect of a single injection of phenylalanine (2 mglg of body weight)
on brain polyribosomes, which increases the number of inactive monoribosomes, per-
sists for 2 to 3 hours. A single injection of seven large neutral amino acids after
phenylalanine administration results in a reversal of the effect on brain polyribo-
somes with a resultant decrease in monoribosomes to near normal levels. The other
common amino acids are apparently not limiting during hyperphenylalanemia, be-

cause an injection of these did not increase recovery.

A single injection of phenylalanine
leads to a shift in polyribosome profiles
of mammalian brain tissue and increases
the number of monoribosomes (I-3).
The monoribosomes are apparently in-
active and accumulate as a result of a de-
creased rate of the initiation of protein
synthesis (3). In addition to the effects on
protein metabolism, a state of hyper-
phenylalanemia produces a rapid and ex-
tensive decrease in the intracellular con-
centration of several amino acids in brain
cells both in vivo and in vitro ). The
amino acids which are most affected are
the large neutral amino acids which are

cotransported with phenylalanine. Alter-
ations in the intracellular concentrations
of these amino acids have been sug-
gested as the mechanism by which phe-
nylalanine decreases protein synthesis in
neural tissue (¢, 5). If this amino acid im-
balance is directly responsible for the in-
hibition of neural protein synthesis, then
the administration of the proper amino
acids to hyperphenylalanemic animals
might restore the normal balance and re-
verse the inhibitory effect on neural pro-
tein synthesis.

The injection of neonatal mice with -
phenylalanine (2 mg per gram of body

Fig. 1. Sedimentation profiles of brain poly-
ribosomes isolated after injection of various
amino acids. Noninbred Swiss albino mice (6)
received intraperitoneal injections of phenyl-
alanine as described (3) at a dose of 2 mg/g of
body weight (65 ul/g) from a stock solution
0.1 containing 30 mg of L-phenylalanine per mil-
liliter of saline; control animals received a
comparable amount of saline alone. (A) Saline
was injected 60 minutes before the animals
were killed (the same profile is found if saline
is injected 90 to 180 minutes before killing).
(B) Phenylalanine was injected 60 minutes be-
fore the animals were killed. (C) Phenylala-
nine was injected 120 minutes before the ani-
mals were killed (similar polyribosome pro-
files were observed for at least 180 minutes
after injection with phenylalanine). When two
injections were used, the second injection was
0.1 given 60 minutes after the administration of
phenylalanine. The second injection consisted
of a mixture of the seven large neutral amino
acids (7) (3.75 mg of each amino acid per mil-
liliter of saline, injected at a dose of 0.075 mg
of each amino acid per gram of body weight,
or 20 ul/g). (D) Phenylalanine was injected 60
minutes before a saline injection (20 ul/g); ani-
mals were killed either 30 or 60 minutes later.
(E) Phenylalanine was injected 60 minutes before the seven amino acids were injected; the ani-
mals were killed 30 minutes later. (F) Phenylalanine was injected 60 minutes before the seven
amino acids were injected; animals were killed 60 minutes later. Brain polyribosomes were
isolated as described (3) by homogenizing brains with a motor-driven glass-Teflon homogenizer
in TKM buffer solution (50 mM tris-HCI, pH 7.2; 25 mM KCl; 5 mM MgCl,) containing 1 mg/ml
of bentonite. The resulting homogenate was centrifuged at 8400g for 15 minutes at 4°C. The
supernatant fluid containing the polyribosomes was removed and sodium deoxycholate and
Tween-40 were added to a final concentration of each of 1 percent. The polyribosomes were
then purified by gel filtration through a Sephadex G-200 column (1.1 cm by 10 cm) at 4°C. The
brain polyribosome preparations were then layered (approximately 2.0 Egs, units) on a 5.0-ml
linear (0.7 to 1.5M) sucrose gradient in TKM buffer and centrifuged at 190,000 for 105 minutes
in a Beckman SW 50.1 rotor at 4°C. Duplicate gradients were run for each condition in each
experiment. After centrifugation the sucrose was removed from the top of the gradient by a
peristaltic pump, the optical absorption at 254 nm (E.s,) was continuously monitored with an
ISCO model UA-2 ultraviolet analyzer, and the area under the monoribosome and polyribo-
some region was determined (3).
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weight) (6) results in an increase in the
proportion of ribosomes present as
monoribosomes in neural tissue (Fig. 1).
The effect on neural polyribosomes
reaches a maximum at 30 minutes and
persists for at least 180 minutes without
any significant recovery. The effects of
phenylalanine on brain polyribosomes
are shown in Fig. 1, A to C. The lack of
recovery for up to 3 hours after injection
allowed us time in which to attempt to re-
verse the effect of phenylalanine on brain
polyribosomes.

Since it seemed reasonable that most
or all of the large neutral amino acids
might be limiting during hyperphe-
nylalanemia (¢), were employed various
mixtures of all these amino acids in at-
tempts to reverse the effects of phenyl-
alanine. The injection of a mixture of sev-
en large neutral amino acids (7), at a dose
of 0.075 mg of each amino acid per gram
of body weight, resulted in a decrease in
the number of ribosomes present as
monoribosomes and a concomitant in-
crease in polyribosomes (Fig. 1, D to F).
The maximum effect occurred about 60
minutes after injection and resulted in a
partial, though never complete, reversal
of the phenylalanine effects. The effect
on polyribosomes could be quantitated
by determining both the areas under the
monoribosome peak and the total ribo-
somal material, and expressing the mono-
ribosomes as a proportion of the total
ribosomes (Table 1). The 50 to 60 per-
cent increase in the number of mono-
ribosomes that occurred after the admin-
istration of phenylalanine decreased to
17 to 20 percent (Table 1) after the in-
jection of the seven large neutral amino
acids (7). The dose of the mixture of the
seven amino acids was apparently very
important, since neither smaller (0.05
mg/g) nor larger (0.10 mg/g) concentra-
tions could achieve the same amount of
recovery as was obtained with 0.075 mg/
g. The larger doses may not have been ef-
fective since high concentrations of most
of these amino acids have inhibitory ef-
fects on brain polyribosomes (2, 8).

These seven amino acids appear to be
those primarily related to the effects of
phenylalanine on brain protein syn-
thesis. An injection of the 12 other com-
mon amino acids (9) was neither able to
reverse the effects of phenylalanine nor
to enhance the reversal occurring with
the seven large neutral amino acids alone
(see Table 1). Several concentrations
of the 12 common amino acids were
tried (0.01 to 0.03 mg of each amino
acid per gram of body weight) with the
seven large neutral amino acids, but
there was no enhancement of recovery.
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Table 1. The effects of various amino acids on brain polyribosomes. Some mice received a
single injection of phenylalanine (or saline, control) before they were killed, while others re-
ceived a second injection (of the seven large neutral amino acids, or the 12 amino acids, or both,
or saline) (see legend, Fig. 1). The area under the monoribosome peak as well as the area for the
total ribosomal material was determined from the polyribosome profiles after sucrose density *
gradient centrifugation as described in Fig. 1. Results are expressed as concentrations of mono-
ribosomes as proportions of the total ribosomal material + 1 standard deviation. The numbers
of independent experiments, each carried out with duplicate gradients, are indicated in paren-
theses. The increase in monoribosomes is reported as the difference between the mean experi-
mental values and the saline control values, expressed as a percentage of the control; for ex-
ample, 60 minutes after the injection of phenylalanine, [(0.277 — 0.171)/0.171] X 100 = 62.0

percent.
Time between Time
first injection between Ratio of Increase
and second Second second monoribosomes in mono-
injection or injection injection to total ribosomes
killing and ribosomes (%)
(minutes) killing
(minutes)
60 (control)* 0.171 = .014 (6)
60 0.277 £ .005 (2) 62.0
90 0.257 1) 50.2
120 0.253 = .010 (2) 48.0
60 Saline 30 0.277 = .004 (2) 62.0
60 Saline 60 0.281 = .025 (6) 64.3
60 7 amino acids 30 0.236 = .017 (2) 38.0
60 7 amino acids 60 0.201 = .012 (3) 17.5
60 7 amino acids 90 0.207 = .007 (2) 20.7
60 12 amino acids 60 0.275 = .005 (2) 60.8
60 7 + 12 amino acids 60 0.214 = .006 (3) 25.1

*First injection was saline; all other animals received phenylalanine as first injection.

optical absorption of each at 254 nm.

It appears that a balanced amino acid
mixture, containing all of the amino
acids cotransported with phenylalanine,
may be necessary to restore brain poly-
ribosomes to near normal levels. When
single amino acids of the large neutral
amino acid class (methionine, trypto-
phan, and leucine) were injected, we
found no measurable reversal of the ef-
fects of phenylalanine. The necessity for
a balanced amount of all the large neutral
amino acids, and the narrow range of
concentrations that was required for
even a partial recovery, are probably re-
lated to the inhibitory effects that several
of the large neutral amino acids have on
brain polyribosomes and protein syn-
thesis (2, 8). We do not know why all of
the effects of phenylalanine on brain
polyribosomes cannot be reversed. Per-
haps there is an optimum concentra-
tion of each large neutral amino acid
in the mixture that would allow full
recovery.

It has been proposed that a loss of
amino acids from the brain may be asso-
ciated with the inhibition of neural pro-
tein synthesis and the effects on brain
polyribosome profiles (/, 4). Because
these seven amino acids can apparently
reverse the effects of a single dose of
phenylalanine on neural polyribosomes,
it will be of interest to determine whether
the large neutral amino acids are equally
effective during the more chronic condi-

+The ratio of the

tions of hyperphenylalanemia which can
be experimentally induced through inhib-
itors of phenylalanine hydroxylase (10).
Perhaps these amino acids will be able to
restore some balance to the mammalian
brain for protein synthesis and other
metabolic reactions. Conceivably, a bal-
anced diet of certain amino acids could
have some application in avoiding the
mental retardation that is associated with
hyperphenylalanemia and phenylketon-
uria in humans.

JosepH V. HUGHES

TERRY C. JOHNSON
Department of Microbiology-
Immunology, Northwestern University,
Medical and Dental Schools,
Chicago, Illinois 60611
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Congenital Transmission of a Papovavirus

of the Stump-Tailed Macaque

Abstract. Stump-tailed macaque virus, a newly recognized papovavirus of the
SV40 polyoma subgroup, was demonstrated in kidney cultures from each of five
stump-tailed macaque fetuses in the second half of gestation and from six adult
stump-tailed macaques. Such regular presence of virus in the fetus is an unusual fea-

ture for a papovavirus.

The presence of stump-tailed macaque
virus (STMV) was first recognized by
thin-section electron microscopy in each
of 15 kidney cultures from normal stump-

tailed macaques (Macaca speciosa)
which spontaneously developed an in-
tense cytoplasmic vacuolated cytopathic
effect (CPE) upon a few in vitro passages

Table 1. Development of STMV cytopathic effect and immunofluorescence (IF) in kidney cul-

tures of fetal stump-tailed macaques.

Fetus
Pas-

Cytopathic effect and viral IF at week*

Age
(dais) S8 1 2.3 45

8 9 10 11 12 13 14 15 16 17 18 19

1238 84 Pr
P-1 L
P-2
P-3
P-4
P-5

424 97 Pr

P-6

1281 118 Pr

329 123
P-1 -
P-2
P-3
P-4
P-5
P-6

133 Pr
P-1
P-2
P-3 - -
P-4
P-5
P-6

| %1

588

+e+ + @+ |

*— and + refer to negative and positive CPE, respectively. Negative IF is indicated by an asterisk, and posi-
tive IF by a circle around the CPE symbol. Two passages in week 17 of observation are mdlca:ted by arrows.
The STMV-immune serum used in IF tests was reactive with STMV antigens but not to antigens of SV40,

BK virus, and polyoma virus ().
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of the cultures (/). The virus was identi-
fied as a new papovavirus of the SV40-
polyoma subgroup on the basis of its
morphology, intracellular distribution,
antigenic relationships, and DNA size
and structure (/-3). Because the virus
was found in kidney cultures of all ani-
mals, young and old, as well as in kidney
cultures of a near-term stump-tailed ma-
caque fetus (¢), we examined the possi-
bility of consistent congenital transmis-
sion of the virus. Kidneys and other tis-
sues of five fetuses of the stump-tailed
macaques and kidneys of six adults were
cultured and monitored for virus expres-
sion. In addition to finding the virus in all
the adult kidneys, we isolated STMV
from every fetal kidney. These findings
indicate that STMYV is consistently trans-
mitted congenitally from one generation
to the next. This feature of STMV biol-
ogy is an unusual one for papovaviruses
which, so far, have been known to be
transmitted only as horizontal infections
acquired in postnatal life (5).

Five stump-tailed macaque fetuses of
gestational ages between 84 and 133 days
were obtained from the Biologic Re-
sources Laboratory, Chicago, Illinois.
The gestation period for the stump-tailed
macaque is 164 days. A total of 21 tis-
sues—kidney, lung, and skin from each
of five fetuses and placenta and brain
from each of three fetuses—were exam-
ined. Cultures initiated by trypsinization
of minced tissues were maintained, with
and without serial passage, in Eagle’s
minimum essential medium (Earle’s
salts) supplemented with fetal calf serum
(10 percent) and antibiotics. In order to
ensure against accidental contamination,
primary cultures from 13 of these tis-
sues, derived from three fetuses, were
prepared in duplicate sets. After the first
week, one set of cultures was monitored
in Baltimore, Maryland, and the other
set was monitored in Covington, Louisi-
ana. Cultures from kidney, lung, skin,
and brain grew vigorously and were seri-
ally passed once every week or 15 days
for the first few passages; those from pla-
centa grew very slowly and subsequent
passages were less frequent. Cultures
were monitored weekly for CPE (/) and
periodically for STMV-specific nuclear
immunofluorescence (IF) (2), for up to
130 days. At the end of the study and
when indicated by the occurrence of
CPE, cultures were screened for virions
of papovavirus morphology by electron
microscopy (EM) after negative staining.
At present, no cell line is available for an
infectivity assay of STMV.

The details of observations and tests
on the five fetal kidney cultures are sum-
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