both are RNPs, both bind to anion-ex-
change columns (although they elute at dif-
ferent ionic strengths), and both sediment as
a 158 particle in glycerol gradients (6, 10).
Furthermore, RNase P and RNase MRP are
both RNA processing enzymes that make a
single endoribonucleolytic cleavage in their
RNA substrates, a function that could be
dependent on a common polypeptide. In
addition, both H1 RNA and RNase MRP
RNA have a site, approximately in the mid-
dle, at which cleavage occurs (6, 10). Wheth-
er a common polypeptide component of
RNase P and RNase MRP is responsible for
creating a labile phosphodiester bond and
possibly cleaving that bond remains to be
determined. It will be important to ascertain
the function of the full-length versus the
cleaved RNA species in each of these en-
zymes. Several other RNAs may be cleaved
and remain functional (15, 16).

Both RNase P and RNase MRP are pre-
sent in the nucleus and mitochondria of
mammalian cells and, at least in the case of
RNase P, are known to have the same
function in both locations. Since RNase
MRP is transported to the mitochondria
(10), it is possible that RNase P is also
transported to the mitochondria and that a
common protein is responsible for mito-
chondrial targeting of these enzymes.
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Synergism Between HIV gp

120 and

gp120-Specific

Antibody in Blocking Human T Cell Activation

ROBERT S. MITTLER AND MICHAEL K. HOFFMANN*

The human immunodeficiency virus (HIV) binds to CD4-positive cells through
interaction of its envelope glycoprotein (gp120) with the CD4 molecule. CD4 is a
prominent immunoregulatory molecule, and chronic exposure to antibody against
CD4 (anti-CD4) has been shown to cause immunodeficiency in mice. T cell-
dependent in vitro immune responses can also be inhibited by anti-CD4. Experimental
findings reported here indicate that CD4-bound gp120 attracts gpl120-specific anti-
bodies derived from the blood of HIV-seropositive individuals to form a trimolecular
complex with itself and CD4. Thus targeted to CD4, the gpl20-specific antibody
functions as an antibody to CD4; it cross-links and modulates the CD4 molecules and
suppresses the activation of T cells as measured by mobilization of intracellular calcium
(Ca}*). The synergism between gpl20 and anti-gp120 in blocking T cell activation
occurs at low concentrations of both components. Neither gpl20 nor anti-gp120
inhibits T cell activation by itself in the concentrations tested.

HE CD4 RECEPTOR EXPRESSED ON

lymphoid cells is an immunoreg-

ulatory molecule through which the
immune system regulates its function (1, 2).
Antibody reactive with CD4 suppresses T
cell-dependent immune responses in vitro
and in vivo. HIV, thought to be the caus-
ative agent of acquired immunodeficiency
syndrome (AIDS), is a ligand of CD4; the
virus uses CD4 as receptor to facilitate its
entry into cells (3-5). The possibility has
been considered that, through its interaction
with CD4, HIV may influence the host’s
immune response. After ligation with the
viral envelope glycoprotein gpl120, CD4 can
activate or suppress the function of T cells
(6, 7). CD4 may undergo phosphorylation
as a consequence of its ligation with gp120
)

HIV-induced pathology becomes mani-
fest after the virus engages the immune
system. We speculated that the immune
system may participate in the pathogenesis
of AIDS and play a contributory role in its
own destruction. We report experimental
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evidence to support this speculation. We
show that through its interaction with CD4,
gpl20 may target the CD4 receptor for
antibody that the virus has induced in its
host. HIV-specific antibodies can thus react
indirectly with the CD4 receptor and, like a
typical CD4-reactive antibody, may block an
early step in the T cell receptor-mediated
activation of gpl20-laden CD4 lympho-
cytes.

The basic experiment to demonstrate a
synergism between gpl20 and immuno-
globulin (Ig) isolated from an AIDS pa-
tient’s serum in blocking T cell activation is
shown in Fig. 1. Human peripheral blood T
cells enriched for CD4" cells were treated
with an antibody reactive with a monomor-
phic determinant of the T cell antigen recep-
tor (T1). This antibody, WT/31, activates T
cells to proliferate when immobilized on a
solid support (9) and can induce them to
mobilize intracellular stores of Ca?* when
cross-linked with a second antibody, anti-
mouse IgG (Fig. 1A). T cells failed to
mobilize intracellular calcium when treated,
before stimulation with WT/31, with gp120
and the serum IgG fraction from an HIV-
seropositive individual (Fig. 1B). Neither
treatment with gpl120 alone nor treatment
with IgG from an HIV patient alone had an

inhibitory effect on intracellular Ca>* mobi-
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lization mediated by WT/31. Both reagents
were tested in various doses ranging up to
2000 pg/ml for gpl120 and up to 30 wg/ml
for the immunoglobulin. In the absence of
antibody WT/31, neither gpl20 nor anti-
gp120, alone or together, in high or low
doses (gp120 at 1.5 and 1000 ng/ml; anti-
gpl20 at 100 and 10,000 ng/ml) caused
noticeable change in the basal level of intra-
cellular calcium (10). It would thus appear
that ligation and cross-linkage of the CD4
receptor with gpl120-—anti-gp120 complexes
might be the cause of the inhibition of the
calcium response observed in the presence of
gp120 and IgG from an AIDS patient. Via
gp120, the gp120-specific patient IgG may
take the role of a CD4-reactive antibody.
Cross-linkage of the CD4 molecule with
CD4-specific antibody has indeed been
shown by others (11) to inhibit anti-Ti—
mediated Ca}" mobilization (Fig. 1C).

We speculated that by generating anti-
bodies to gpl20 the immune system may
play a contributory role in the generation of
HIV-dependent immunodeficiency. To test
this hypothesis, we screened HIV-positive
sera for gpl20 reactivity, as measured by
indirect immunofluorescence, and for the
ability of the sera to block Ti-mediated Ca?*
mobilization in T cells. Immunoglobulin
preparations from the sera of 14 AIDS pa-
tients contained gpl20-reactive antibodies,
and all 14 preparations synergized with
gp120 to inhibit Ca}* mobilization in nor-
mal T cells. Control sera were obtained from
patients infected with other viruses: human
T cell lymphotropic virus (HTLV-1), cyto-

Fig. 1. Inhibiton of Ca?* mobi- A
lization in peripheral blood T 500

cells by gp120 and gp120-reac- 1
tive antibodies. CD4" T cells
prepared by negative selection
(12) were loaded with 2 pM 400 1
Indo-1 (Molecular Probes, Eu-
gene, Oregon) (13). Calcium
mobilization was carried out in
a two-step process. T cells
(1 x 10%) were incubated at
room temperature for 5 min in
100 pl of RPMI containing 250 200
ng of WT/31 (Becton Dickin-
son, Mountainview, Califor-
nia). RPMI 1640 (900 pl) con-
taining 2 pl of rabbit antiserum
to mouse IgG was added to the
cell suspension, and calcium

300 -

[Ca®], (nM)

Table 1. Reactivity of gp120 in sera from virus-infected individuals. All sera were heat-inactivated and
centrifuged for 1 hour at 100,000g. The Ca3* mobilization assay was performed as described for Fig. 1,
except that gp120 at 150 wg/ml was used to incubated T cells.

100 Mt:e@é& nﬁ:@

0 246 810

Number Suppression of Ca}* mobilization (%)
Virus in lljum'f of at various serum dilutions
. Cr O .
parient sera sera with Untreated gp120-treated
serum tested gp120
reactvity 1:100 1:1000 1:100 1:1000 1:3000
HIV 14 14 5-17 3-9 60-90 60-90 35-80
Cytomegalovirus 4 0 3-7 NT 2-12 5-8 NT
Rubella 5 0 3-11 NT 0-5 NT NT
HTLV-I 4 0 6-13 5-11 6-11 5-14 2-7
Hepatitis B 2 0 3-7 NT 7-10 4-13 NT
megalovirus, rubella, and hepatitis virus. ~Fig. 2. Titration of 4007
Control sera gave negative results in both gp120 in gpl20-anti-
Table 1 gpl20—dependent inhi-

tests (Table ) L bition of Ca?* mobiliza- _

We determined the sensitivity of T cells to  tion. Indo-l1-loaded T & 3001
suppression caused by gpl120—anti-gpl20in  cells were treated with £
terms of gp120 dose and antibody concen-  gp120 as described in &° ]
tration. Significant inhibition of Ca} " mobi- Fig. 1, washed twice, O 4,
.. . . and incubated with pa-
lization can l?c achieved with gpl2Q as low  ient serum 1£G (30 pg/ |
as 15 ng/ml in the presence of antibody to  ml). Thirty minutes lat-
gpl120 (Fig. 2). The end point dilution of i:r, ahe cigs were Stimu(i 1008t

H Wi ; ated with WT/31 an

antibody activity was also determined at low rabbit  antiserum  to Time (min)

concentrations. Using an unfractionated pa-
tient serum, we found an end point dilution
below 1:30,000.

A further indication that gp120 directed
gp120-specific antibody to the CD4 mole-
cule was discovered in experiments designed
to study antigenic modulation. When pe-
ripheral T cells were treated with gp120, the
detection of virus envélope protein by indi-
rect immunofluorescence remained relative-

4
0246 810 0246 810

Time (min)

mobilization was measured by flow cytometry with an EPICS model 753 flow cytometer (Coulter
Electronics, Hialeah, Florida) (12). To determine the effects of gpl20 and anti-gpl20—reactive or
control antibodies on Ca?™ mobilization, we modified the procedure: T cells maintained at 37°C were
incubated with gp120 for 30 min at 37°C before Indo-1 loading. The cells were washed twice and
incubated for 30 min at 4°C with or without patient serum or IgG fractions prepared by protein A
chromatography of patient or control sera. T cells were then incubated with WT/31 and cross-linked as
described above. Unfractionated sera were ultracentrifuged at 100,000 for 1 hour to remove immune
complexes. (A) WT/31 + second antibody (@); WT/31 alone (A); second antibody alone (). (B)
Additions before WT/31 and second antibody were gp120 (2 mg/ml) + anti-gp120 (patient Ig, 50 pg/
ml) (#); gpl20 alone (@); anti-gp120 alone (A). (C) Additions before WI/31 and second antibody
were biotinylated, anti-CD4(OKT4D, 5 pg/ml) + avidin (A); WT/31 + second antibody alone (@).
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mouse IgG and subject-

ed to the calcium mobilization assay. The follow-
ing additions were made together with anti-
gpl20 (50 ug of patient IgG per milliliter):
WT31 plus second antibody (@); the same plus
gpl20 (15 ng/ml) (V), plus gpl20 (45 ng/ml)
(M), plus gpl20 (150 ng/ml) (A), plus gpl20
(450 ng/ml) (#).

ly unchanged for at least 24 hours. Howev-
er, when gpl20 addition was followed by
administration of gp120-reactive antibody,
the resulting antigen-antibody complexes
modulated within 1 hour to form caps that
cleared from the T cell surface within 2
hours. This microscopic observation was
supported by flow cytometric analysis (Fig.
3). In one experiment, T cells were treated
in short sequence with gpl20 and anti-
gpl120 (Fig. 3A); in another experiment, T
cells were treated with gp120 and incubated
for 1 hour at 37°C before the antibody was
added (Fig. 3B). The fluorescence profiles
are similar in both experimental settings.
However, if T cells were exposed to gp120
and anti-gp120 and left at 37°C for 1 hour,
we found a considerable loss of fluorescence
intensity consistent with the modulation of
antigen-antibody complexes from the cell
surface observed microscopically (Fig. 3C).
The observation was confirmed by a con-
comitant loss of CD4 fluorescence intensity.

Our data support the idea that humoral
immune responses to HIV infection may
indirectly cause the suppression of T cell
activation. These data differ from those of
Kornfeld et al. (6), who showed that gp120
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in the supernatants of HIV-infected T cells
can activate normal T cells to mobilize calci-
um in the absence of gp120-specific anti-
body. This discrepancy cannot be resolved at
present. We have tested two different prepa-
rations of gpl20 (one of which is a fusion
protein) and obtained the same results with
both. However, unlike Kornfeld et al. (6),
we did not use supernatants of HIV-infect-
ed T cells as a source of gp120. In agreement
with the findings presented here, Ledbetter
et al. (11) showed that a monoclonal anti-
body to CD4 inhibits anti-CD3—mediated
Cal* mobilization in resting T cells when
CD4 is cross-linked before the administra-
tion of anti-CD3. We have confirmed this
observation with WT/31. These studies sug-
gest that ligation and cross-linking of CD4

400
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Fig. 3. Modulation of CD4 on the T cell surface
by gpl120—anti-gpl120. (A) T cells treated with
gp120 (150 wg/ml) were immediately exposed to
IgG from AIDS patients (30 wg/ml) and fluores-
cein isothiocyanate—conjugated second antibody.
(B) The gp120-treated T cells were incubated for
2 hours at 37°C before anti-gp120 and second
antibody were added. (C) The gpl20-treated T
cells were incubated for 2 hours with anti-gp120
before the fluoresceinated second antibody was
added.
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downregulates T cell function before the T
cell receptor is engaged.

Whether or to what extent gp120-specific
antibodies contribute to establishing immu-
nodeficiency in HIV-infected individuals
cannot be determined from our results. It
appears conceivable that gp120 disseminat-
ed by HIV-replicating cells forms blood-
borne complexes with anti-gp120, thus ex-
posing noninfected CD4-bearing T cells to
continuous downregulatory signals that may
eventually lead to immunodeficiency of the
kind seen in mice after treatment with anti-
CD4. The exquisite efficacy of gpl120-—anti-
gp120 complexes in inhibiting T cell recep-
tor-mediated calcium flux may also be
viewed as favorable to a gpl20-mediated
autoimmune mechanism. It places this regu-
latory phenomenon in a dose range of con-
tributory reagents (gpl120 and anti-gp120)
that can reasonably be expected to occur in
HIV-infected individuals.
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Mutant Potassium Channels with Altered Binding of
Charybdotoxin, a Pore-Blocking Peptide Inhibitor

RopERrRICK MACKINNON* AND CHRISTOPHER MILLER

The inhibition by charybdotoxin of A-type potassium channels expressed in Xenopus
oocytes was studied for several splicing variants of the Drosophila Shaker gene and for
several site-directed mutants of this channel. Charybdotoxin blocking affinity is
lowered by a factor of 3.5 upon replacing glutamate-422 with glutamine, and by a
factor of about 12 upon substituting lysine in this position. Replacement of glutamate-
422 by aspartate had no effect on toxin affinity. Thus, the glutamate residue at position
422 of this potassinm channel is near or in the externally facing mouth of the
potassium conduction pathway, and the positively charged toxin is electrostatically
focused toward its blocking site by the negative potential set up by glutamate-422.

HARYBDOTOXIN (CTX) 15 A 37—

amino acid peptide found in the

venom of the scorpion Leiurus quin-
questriatus. This peptide inhibits, at nano-
molar concentrations, several types of K-
specific ion channels, including Ca?*-acti-
vated K* channels from many vertebrate
tissues (1), Aplysia neurons (2), and red
blood cells (3), and voltage-dependent K*
channels from lymphocytes (4). The molec-
ular mechanism by which CTX inhibits K*
channels is understood. The peptide inhibi-
tor binds to the channel with one-to-one
stoichiometry, and physically occludes its
outer “mouth,” thus blocking K* perme-
ation through the pore. This conclusion
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tham, MA 02254.
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emerged from mechanistic studies on the
high-conductance Ca**-activated K* chan-
nel from rat skeletal muscle, reconstituted
into planar lipid bilayers (5). Potassium ions
moving through the channel pore from the
internal solution can destabilize CTX on its
blocking site (6) and tetraethylammonium
ion, which blocks the channel pore from the
external solution, competitively prevents
CTX from binding (7).

Charybdotoxin also inhibits the A-type
K* channel coded by the Shaker gene of
Drosophila melanogaster expressed in Xenopus
oocytes (8). CTX inhibition of this K*
channel is mechanistically similar to the pep-
tide’s effects on the well-studied Ca?*-acti-
vated K* channel. Since cDNA clones of the
Drosophila K* channel have been isolated
(9), it is a good candidate for a detailed
molecular investigation of the CTX-channel
interaction. We therefore examined the CTX
inhibition of four natural variants within the
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