HTLV-IlIg-producing H9 cells had ex-
erted a substantial cytopathic effect on
the YTAI population by day 6 in culture,
and by day 10 the YTA1 population was
almost completely killed. The addition of
suramin at concentrations of 50 pg/ml or
greater enabled the YTA1 target popula-
tion to survive and grow in the presence
of HTLV-IIIg. (At concentrations of 100
wg/ml or higher, the drug clearly blocked
the cytopathic effect of the virus but did
exert an inhibitory effect on the normal
target T-cell growth.) Thus, suramin can
block the replication of HTLV-IIlg in
permissive H9 cells and can also inhibit
the cytopathic effect of HTLV-III; on an
OKT4* T-cell clone.

Most of what is known about the clini-
cal pharmacology of suramin derives
from its use in the therapy of trypanoso-
miasis and onchocerciasis. After intrave-
nous injection, the drug combines with
serum proteins, and much of it circulates
in the blood (18). It persists in the blood-
stream for very long periods [for exam-
ple, Hawking (/8) has suggested that it
may be detected up to 6 months], and its
excretion in the urine is very slow. The
therapeutic regimens in use result in con-
siderable accumulation in the plasma
(frequently in excess of 100 pg/ml) (I8,
21). Indeed, concentrations as high as
340 pg/ml may be reached under some
conditions (/8). These concentrations
exceed those found to block the infectiv-
ity (Fig. 1) and cytopathic effect (Fig. 2)
of HTLV-III in the studies reported
here.

The capability of suramin to inhibit the
reverse transcriptases of animal retrovir-
uses was reported in 1979 (15), and we
recently confirmed that this agent can
inhibit the reverse transcriptases of di-
verse retroviruses including that of
HTLV-III (22). However, the drug is not
widely viewed as an agent with antiviral
therapeutic potential.

We believe the current results provide
a rationale for a carefully monitored ex-
perimental trial of suramin in patients
with AIDS to determine whether the
drug can inhibit HTLV-III replication in
vivo, and if so, whether clinical improve-
ment takes place. However, we wish to
stress several points. First, suramin has
a number of recognized toxicities in hu-
man beings (I8, 21). Renal damage is the
most common toxicity, but the drug may
be associated with other acute life-
threatening reactions, including shock
and coma. Second, it is possible that the
administration of suramin to patients
with AIDS could lead to side effects not
currently known, or to unexpectedly se-
vere forms of the known side effects.
Third, it is possible that interfering with
HTLV-III infection will not substantially

benefit patients with late-stage AIDS,
since at that point the damage to the
immune system might be irreversible.
Therefore, there may be a rationale for
using this agent for experimental trials
early in the disease. Finally, we believe
that the administration of this agent
should be undertaken only in a research
facility capable of monitoring the pa-
tient’s clinical, immunologic, and viro-
logic status.
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Optical Measurements of Extracellular Calcium Depletion

During a Single Heartbeat

Abstract. The impermeant dye antipyrylazo Il was used to measure depletion of
extracellular calcium and net influx of calcium through the sarcolemma during the
cardiac action potential. It was found that calcium entry occurs continuously during
the action potential and is under direct control of the membrane potential. The
inotropic action of epinephrine is accompanied by increased influx of calcium, while
strophanthidin enhances the twitch without altering calcium influx during the action

potential.

Calcium for activation of contraction
in the frog heart is thought to be trans-
ported from the extracellular space
across the membrane under direct con-
trol of the membrane potential (/-3).
Although a Ca®* current has been identi-
fied that contributes to Ca®* transport,
its magnitude and its time and voltage
dependence do not correspond fully to
those of the tension generated (4, 5). It
has been suggested, therefore, that acti-
vator Ca®* is in part released from intra-
cellular pools (6) or that it enters the cell
through coupled transport systems (7-9).
To examine these possibilities we used

an impermeant Ca?*-sensitive dye, anti-
pyrylazo III (10), to measure depletion of
Ca®* from the extracellular space. De-
pletion of Ca?* is assumed to represent
net influx of the ion, since equilibration
of the extracellular space with the per-
fusate is a slow process (time constant,
60 to 90 seconds) (11, 12). We found that
Ca’* enters the cell continuously during
the action potential and does so in suffi-
cient quantity to generate tension. The
rapid onset of the depletion signal and its
enhancement during the inotropic action
of epinephrine suggest that Ca®" influx
occurs, in part, through the Ca®* chan-



nel. Potentiation of tension with stro-
phanthidin did not increase the Ca®*
depletion signal, as predicted on the ba-
sis of Na* pump inhibition and Na™-
Ca?" exchange (9, 13-15). Our experi-
ments give a direct measure of net influx
of Ca’* across the sarcolemma during
the action potential and suggest that acti-
vator Ca’" enters the cell primarily
through a maintained or slowly inactivat-
ing Ca®* channel.

Calcium depletion was determined
from measurements of transmitted light
at three different wavelengths (Fig. 1).
The measurements were made in a single
sucrose gap chamber in which strips of
frog ventricle 0.5 to 0.8 mm in diameter
were mounted with one end attached to
an isometric force transducer (/). Light
absorption by the strip and the perfusate
was measured by shining a beam through

the movable, transparent walls of the ‘

perfusion chamber. Gentle compression
of the strip between these walls reduced
artifacts that might have been caused by
the motion of contraction. Contraction
artifacts were further reduced by using
Ringer solution with a low concentration
of Ca?* (0.05 to 0.2 mM) and by sum-
ming the depletion signal at a given
wavelength with signals measured simul-
taneously at 600 and 788 nm [antipyry-
lazo III has an isosbestic point at 600 nm
and is transparent at 788 nm (/6)].

Figure 1, A and B, shows changes in
absorption occurring during the action
potential before and after addition of
antipyrylazo III. Without dye (Fig. 1A)
the three absorption measurements gave
a flat weighted average signal. In mus-
cles perfused with dye-containing solu-
tion (Fig. 1B) there was a pronounced
Ca®* depletion signal during the action
potential. The signal returned to baseline
long after repolarization or relaxation of
the tension. Although the contraction-
induced optical signals at 600 and 788 nm
are about 25 percent of the Ca®* signal,
the weighing procedure suppressed
them—generally by a factor of 10 or
more (Fig. 1A), yielding a signal virtually
free of contraction artifacts (less than 5
percent).

Figure 1C shows that the weighing
procedure produces a similar Ca?* de-
pletion signal even when the uncompen-
sated contraction artifacts are compara-
ble to or larger than the Ca?'-related
signal. Such records demonstrate that
the weighing procedure can suppress
fairly large contraction-induced scatter-
ing of light. However, to attain optimal
accuracy, we performed experiments
only with those preparations in which
the uncompensated contraction artifacts
were markedly smaller than the Ca?*-
related signal.

The wavelength dependence of the
Ca’* depletion signal was measured rou-
tinely (Fig. 1, D to G) to substantiate that
the dye in the extracellular space had an
action spectrum similar to that of the dye
in a cuvette. Signals at 540, 660, and 718
nm had similar wave forms, but the
signal was inverted at 540 nm (below the
isosbestic point) and was larger at 660
nm than at 718 nm (Fig. 1, E to G). In
Fig. 1D these findings and those from
other wavelengths are compared to the
Ca’*-related difference spectrum mea-
sured with samples of the perfusate in a
cuvette. The experimental points are in
agreement with the spectrophotometric
measurements (continuous curves) when
scaled by factors that determine the cali-
bration of the Ca®* depletion signals. As
a first step in the calibration procedure
we determined the optical path through
the extracellular space from the increase
in absorption that resulted from admis-
sion of the dye-containing perfusate. The
Ca?*-induced difference spectra of the
perfusate were then normalized to repre-

Fig. 1. Sample mea-
surements of extra-
cellular Ca?*. From
top to bottom each
record shows the ac-
tion potential (V)
measured across the
sucrose gap, light in-
tensities  (AI/l) at
three wavelengths (in
nanometers), a weight-
ed average of these
three signals (3), and
twitch force. (A and
B) Measurements in
the absence (A) and

Vi
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0.1 mN

sent a cuvette with the same optical path
(0.015 cm). Finally, the changes in ab-
sorption measured during the twitch
were scaled to give a best fit with the
curve (0.6) representing a 400-u.M reduc-
tion in total Ca?* concentration. For
example, the values corresponding to
peak depletion were multiplied by 17.8 to
match this curve. This indicates a net
Ca?* depletion of 400/17.8 uM = 22 uM,
or 28 wM considering the nonlinear Ca®*
binding of antipyrylazo III.

Spectra similar to those in Fig. 2 were
recorded after the twitch tension was
markedly suppressed by hypertonic so-
lutions. Tetramethylmurexide and arsen-
azo I (I7, 18) produced similar Ca**
depletion signals but were found to be
less sensitive than antipyrylazo III.
These results suggest that this technique
reliably measures the time course and
magnitude of Ca’* depletion from the
extracellular space.

Onset of the depletion signal occurred
in less than 10 msec (compared to 100
msec for the onset of tension) (Fig, 2A).

presence (B) of anti-
pyrylazo III. The con-
centration of Ca?* in
the perfusate was 0.05
mM in the prepara-
tion represented in
(A). This matched the
free Ca?* concentra-
tion in the preparation
represented in (B), in
which 3 mM antipyr-
ylazo I1I was added to
Ringer solution with a
total Ca?* concentra-
tion of 1 mM. The
Ringer solution also
contained 116 mM
NaCl and 3 mM KCl
and was buffered to

b3 At v,

Force

pH 7.0 to suppress any signals resulting from H* fluxes. Magnesium, which would reduce
sensitivity, was not present in the perfusate. (C) Similar depletion signal, obtained when
uncompensated contraction artifacts were equal to or greater than the Ca®*-related signal. (D to
G) Wavelength dependence of the Ca?* signal. The continuous curves in (D) are differential
spectra of the perfusate obtained by reducing the total Ca?* concentration from 1 to 0.8 mM
(0.8) and 1 to 0.6 mM (0.6). The symbols correspond to Ca** depletion signals measured during
the twitch at discrete wavelengths in normal Ringer [(®) peak depletion and (x) initial rate of
depletion]. Data points were scaled to obtain the best fit with the continuous curve (0.6)
representing a 400-uM reduction in Ca?*. Measurements were taken at 540 nm (E), 660 nm (F),
and 718 nm (G). Comparison of (B), (C), and (G) shows that, while the contraction artifacts at
600 and 788 nm vary in shape and magnitude from experiment to experiment, the Ca?* depletion

signal maintains a characteristic shape.



Fig. 2. Effects of
membrane potential
and drugs on the
extracellular Ca?* de-
pletion signal. (A)
The rate of Ca?* de-
pletion (3) was maxi-
mal within 10 msec of

S Vm Im

Force

depolarization (V)
and before any force
development. In (B)
and (C) V,, is the
membrane potential
measured with a mi-
crpelectrode and 71, is
the “membrane cur-
rent. In (B) the deple-
tion process is
promptly terminated
when the action po-
tential (trace 1) is

stopped by clamping the membrane potential back to the resting potential (trace 2). In (C) the
Ca®* depletion signal is maintained for the duration of the depolarization. (D and E) Effect of
107°M epinephrine (D) and 10~®M strophanthidin (E) on the depletion signal. Each panel shows
action potentials measured across the sucrose gap, the Ca®* depletion signal, and the twitch
force recorded in the absence (traces 1) and presence (traces 2) of the drug. Although both drugs

potentiated the twitch, only epinephrine enhanced Ca**

wavelength of 718 nm.

The rate of depletion was highest at the
beginning of the action potential, de-
creasing slowly during the plateau. The
peak depletion value was reached before
the onset of repolarization. After termi-
nation of repolarization, reaccumulation
of Ca’* generally had a small rapid
phase, but most of the Ca?* seemed to
return to the extracellular space long
after relaxation was complete. This sug-
gests that the first step in sequestration
of Ca* is uptake of Ca?" into an intra-
cellular compartment.

Both the depletion signal and devel-
oped tension were abbreviated when the
action potential was terminated prema-
turely by a voltage clamp pulse (Fig. 2B).
On the other hand, prolonged depolar-
izations showed that Ca®* did not return
to the extracellular space until repolari-
zation had occurred (Fig. 2C). These
findings indicate that transsarcolemmal
transport of Ca’* and development of
tension are under direct control of the
membrane potential.

Figure 2, D and E, shows measure-
ments of extracellular Ca?* depletion as
the force of contraction was potentiated
by epinephrine and strophanthidin. The
epinephrine-induced enhancement of
contraction and action potential were
accompanied by increased Ca?* deple-
tion (Fig. 2D), while potentiation of ten-
sion by strophanthidin did not signifi-
cantly alter the rate of Ca’?* depletion
(Fig. 2E). These effects were always
reversible. In five different ventricular
strips epinephrine enhanced the peak
Ca?* depletion signal 2.16 + 0.68 times
(mean =+ standard deviation) and the
twitch tension 1.87 = 0.63 times, while

176

influx. The signals were measured at a

strophanthidin increased the twitch force
1.94 = 0.50 times but did not affect the
rate of Ca?" depletion. These findings
indicate that, while the inotropic effect of
epinephrine is mediated by enhanced
transsarcolemmal influx of Ca?*, the po-
tentiation of tension by strophanthidin is
not. These results do not, however, rule
out an altered Ca?* balance between the
sarcoplasm and internal Ca?* pools or
slow elevations in baseline intracellular
Ca’* activity (19) induced by the drug.
Our results show that Ca?* indicator
dyes, when used as extracellular probes,
can rapidly and accurately monitor the
time course and magnitude of Ca®" in-
flux after stepped changes in the mem-
brane potential. The rapid response of
the dye to changes in Ca?* provides a
major advantage over the slower elec-
trode technique (20, 21). Simultaneous
measurements of absorption at three
wavelengths appear to eliminate prob-
lems arising from motion-induced light
scattering and make it possible to moni-
tor the time course of the Ca’* depletion
signal not only after prolonged activity
(22) but also during contraction. Unlike
the electrode method the optical tech-
nique measures an average value of Ca**
depletion throughout the different parts
of the extracellular space. Thus it seems
likely that the depletion occurs first in
the subendothelial fraction and only later
(and to a lesser extent) in the space
between the trabeculae (23, 24). It may
be that part of the Ca" signal is related
to movement of Ca’* between the vari-
ous components of the extracellular
space and to inhomogeneous distribution
of dye. It should be noted, however, that

Ca?* depletion occurred very soon after
the onset of depolarization (Fig. 2A).
Furthermore, the rate of depletion re-
mained fairly constant during the hours
of experimentation. These findings sug-
gest that the dye must readily penetrate
to the portion of the extracellular space
that is adjacent to the myocardial cell
membrane.

It should also be noted that the con-
centration of the dye was such that local
changes in total Ca?" concentration
could be large without exceeding the
linear range of the dye-Ca?" interaction.
The change in absorption produced by
reducing total Ca?* concentration by 400
wM was only slightly more than twice
that resulting from a 200-wM reduction
(Fig. 2D). This implies that the optical
technique would not distinguish between
a large but localized depletion and uni-
form removal of the same amount of
Ca®* from the entire extracellular space.
We believe, therefore, that this tech-
nique measures the total amount of Ca?*
in the extracellular space. The final level
of extracellular Ca** depletion ranged
from 15 to 50 wM per beat. With an
extracellular space of 25 percent this
corresponds to an increase in cellular
Ca®" of 5 to 17 wM. This value is mark-
edly larger than most estimates of Ca®*
influx based on “*Ca fluxes or voltage
clamp currents (/3), and it appears suffi-
cient (25) to account for the relatively
modest contraction measured in our
Ca?*-poor (0.05 to 0.2 mM) solutions.

Maximum rate of depletion of extra-
cellular Ca?* occurs shortly after depo-
larization (Fig. 2A) and is enhanced by
epinephrine (Fig. 2D). This suggests that
part of the depletion is attributable to
entry of Ca®" through the slow inward
channel (26, 27). There is, however, a
discrepancy between the published time
course of the slow inward current (28,
29) and our finding that Ca?* depletion
continues throughout depolarization.
This suggests that inactivation of the
channel is much slower (30, 31) or that
Ca?* influx aoccurs by means of a slower
countertransport mechanism. That stro-
phanthidin did not increase Ca’" influx
as it potentiated the force of contraction
puts some limitations on the contribution
of a Na*-Ca®" countertransporter to the
influx of Ca®* during a normal twitch (9,
14). However, if potentiation of tension
by strophanthidin occurs secondary to
a slow increase in baseline intracellu-
lar Ca?™, this technique would not detect
it. ‘

We believe that this technique pro-
vides not only an accurate and rapid
method for monitoring the time course
and magnitude of Ca?’ influx during a
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single action potential, but also makes it
possible to separate and measure the
contributions of various Ca?* transport
systems to generation of muscle tension.
L. CLEEMANN
G. P1zaArRrRO, M. MORAD
Department of Physiology, University
of Pennsylvania, Philadelphia 19104,
and Mount Desert Island Biological
Laboratory, Salsbury Cove, Maine
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Expression of the 3’ Terminal Region of Human

T-Cell Leukemia Viruses

Abstract. Human T-cell leukemia viruses (HTLV) are closely associated with some
human T-cell leukemias and lymphomas. A unique 3' region of the HTLV genome is
believed to be involved in HTLV-induced cellular transformation, although the
function of this region has yet to be determined. A subgenomic messenger RNA
transcribed from this region of HTLV has now been characterized. These results
provide direct evidence for the expression of a novel gene in HTLV.

The human T-cell leukemia viruses
(HTLV) types I and II are lymphotropic
retroviruses that have been isolated from
patients with specific T-cell malignancies
(1—4). Infection of normal leukocytes by
HTLV-I or HTLV-II in vitro results in
the transformation of mature T cells, as
shown by their continued proliferation
(5-8). The mechanism of HTL V-induced
leukemogenesis remains obscure. No
known viral oncogene has been identi-
fied in HTLV. However, analyses of
HTLV-I and HTLV-II nucleic acid se-
quences have identified a region, termed
X, whose function is, as yet, unknown
(9-11). The X region is bounded by env
and the 3' terminal repeat (LTR), is
approximately 1.6 kilobase pairs long,
and contains several open reading
frames. The conservation of the X se-
quence in both HTLV-I and HTLV-II
suggests that it encodes a protein that
may play a critical role in HTLYV replica-
tion or HTL V-induced cellular transfor-
mation, or both.

The HTLV-II-infected Mo-T cell line
was established by primary culture of
splenic tissue from a patient with a T-cell
variant hairy cell leukemia (/2, 13). Mo-
T cell RN A was assayed for the presence
of X-specific sequences by the hybrid-
ization-S; nuclease technique. Nucleic
acid sequence analyses of the HTLV X
region revealed three open reading
frames in HTLV-II (X-a to X-c) and four
open feading frames in HTLV-I (X-I to
X-1V) (9-11). Three of the open reading
frames in HTLV-I ate homologous with
those in HTLV-II, namely, X-II with X-
a, X-III with X-b, and X-IV with X-c.
Comparison of nucleic acid sequences in
the X region of HTLV-I and HTLV-II
reveals only 33 percent homology in the
first third of the sequences and an abrupt
shift to 75 percent homology in the 3’
two-thirds, where the homologous open
reading frames are located (10, 11). The
Hha I-Cla I probe prepared from cloned
HTLV-II DNA (see Fig. 1B) is a 431-
base-pair fragment that spans the junc-
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Fig. 1. Detection of X mRNA expression. (A) Hybrid-
ization-S, nuclease analysis of HTLV-infected cell lines
was performed by standard methods (23, 24). RNA was
extracted from the HTLV-II-infected Mo-T and JLB-I1

L

cell lines and the HTLV-I-infected SLB-I and SLB-1V
cell lines. Cytoplasmic RNA (30 pg) was hybridized to

the 5’ 3?P-labeled probe (see B) at 53° to 54°C for 12 to 14

- 105

hours. S, nuclease (BRL) (150 units) was used for a 1-

hour digestion at room temperature. Electrophoresis
was performed on an 8 percent acrylamide-8M urea sequencing gel. The size of the marker
DNA fragments is shown in nucleotides. The 174-base fragment is indicated by the arrow.
Control S, nuclease studies with RNA from uninfected cells and either HTLV probe reveal no
protected DNA fragment (data not shown). (B) Partial restriction enzyme map of the pHT-1
HTLV-I and pH-6 HTLV-II DNA clones. The 3’ long terminal repeat is shown by an open box.
The division between X and env sequences is indicated. The 5’ ends of the open reading frames
are shown for HTLV-I X-II, X-1II, and X-IV and for HTLV-II X-a, X-b, and X-c. The Hha I-
Cla I hybridization probe utilized for S; nuclease analysis is shown as a thin line below the map
with an asterisk denoting the site of 5’ *2P-labeling. The sizes of the HTLV-I pHT-1 and HTLV-
Il pH-6 probes are 396 and 431 nucleotides, respectively.
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