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Tat peptides inhibit neprilysin
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Dementia associated with human immunodeficiency virus (HIV) infection oc-
curs commonly in the aging population and amyloid depositions are noted in
the brains of patients with HIV infection in younger age groups. This suggests
a dysregulation of amyloid processing in the setting of HIV infection. The Tat
protein of HIV has been implicated in the neuropathogenesis of HIV infection
due to its neurotoxic and glial activation properties. However, Tat protein and
Tat-derived peptides were recently also shown to inhibit neprilysin, the ma-
jor amyloid 3 peptide degrading enzyme in brain, in a cell aggregate system.
This effect could contribute to the observed accumulation of amyloid in the
brain of HIV-infected patients. The authors report here that peptides derived
from the Tat protein, but not Tat protein itself, inhibit homogeneous recom-
binant neprilysin. This inhibition was found to be competitive and reversible
and therefore does not involve covalent bond formation. Tat peptides and Tat
protein were slowly hydrolyzed by neprilysin. Thus the accumulation of Tat-
derived proteolytic fragments may serve to inhibit neprilysin and increase
amyloid 3 peptide levels. Journal of NeuroVirology (2006) 12, 153—160.
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Introduction

Human immunodeficiency virus (HIV) infection fre-
quently causes a dementing illness, which is more
profound and frequent in the aging population. This
dementia is associated with neuronal dysfunction,
which is pathologically characterized as a loss of
synapses, shortening of neurites, dendritic abnormal-
ities, as well as neuronal loss (McArthur et al, 2005).
A number of viral proteins and host factors have been
implicated in this neuronal injury (Mattson et al,
2005).

Several studies have noted marked increases in
diffuse amyloid plaques in HIV infected brains
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compared to age-matched controls (Green et al, 2005;
Rempel and Pulliam, 2005; Esiri et al, 1998; Izycka-
Swieszewska et al, 2000) and in patients who had
been exposed to antiretroviral therapy (Green et al,
2005). It has been shown that some antiretroviral
drugs can block transporters on the brain endothe-
lial cells that are involved in amyloid 8 peptide (AB)
transport thus contributing to increases in Ag within
the brain. Neuroasymptomatic HIV patients have
increased expression of amyloid precursor protein
(APP) in neurons (Mankowski et al, 2002). Further-
more, cytokines such as interleukin-1, tumor necro-
sis factor-e, and interferon-« are elevated in the brain
of patients with HIV dementia (Wesselingh et al,
1994). These cytokines increase the activity of the
y-secretase, which processes amyloid precursor pro-
tein (APP) to the neurotoxic Ap fragments. Further-
more, similar to patients with Alzheimer’s disease
(Skoog et al, 2003; Vanderstichele et al, 2005), the
levels of ABs, are diminished in the cerebrospinal
fluid (CSF) of patients with HIV dementia (Brew et al,
2005).

Current antiretroviral therapy is targeted against
either the viral protease or viral reverse transcrip-
tase. These modes of therapy have no impact on
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Tat production once the cell is infected and provi-
ral DNA has been formed. This may be particu-
larly important in the brain where the virus may
be sequestered in glial cells and macrophages and
may evolve over a period of time. Hence understand-
ing the interactions of Tat within the aging brain
may be critically important. Tat is a nonstructural
HIV protein that is essential for viral replication. It
is a nonglycosylated protein formed from two ex-
ons. The first exon contributes to 72 amino acids
and most functional activities have been attributed to
this region. The second exon is variable in sequence
and size but in most HIV strains is 29 amino acids
in size. Tat transactivates the long terminal region
of the HIV genome to initiate viral replication (re-
viewed in Brady and Kashanchi, 2005; Jeang et al,
1999). However, Tat is released extracellularly from
HIV infected cells via a leaderless secretion pathway
(Chang et al, 1997). Infected glial cells produce much
larger amounts of tat transcripts as compared to that
of p24 or gp41. (Tornatore et al, 1994). Extracellu-
larly, Tat has the opportunity to interact with several
membrane receptors including low-density lipopro-
tein receptor-related protein (LRP) to which it binds
at multiple sites. Through interactions with LRP, Tat
blocks the uptake of both APP and A, which are the
natural ligands for LRP, thus potentially increasing
their extracellular concentrations (Liu et al, 2000).
Further, Tat has been shown to bind to the AB de-
grading enzyme neprilysin (NEP), which is extracel-
lularly localized on the plasma membrane, suggesting
yet another mechanism for accumulation of Ag in the
brain of HIV-infected patients (Rempel and Pulliam,
2005).

The mechanism by which Tat inhibits neprilysin
is not clear. Because the cysteine rich domain was
considered to be the inhibitory region, possible
mechanisms that have been considered include tight
noncovalent complex formation with the active site
of neprilysin with cysteines of Tat, possibly complex-
ing with the active site zinc or formation of a covalent
dimer by cystine bond formation (Nath and Hersh,
2005).

In this study we have examined the interaction of
Tat protein and Tat derived peptides with purified
neprilysin extracellular catalytic domain. We find
that Tat-protein itself does not inhibit neprilysin; but
that Tat-derived peptides from the cysteine-rich re-
gion of Tat are potent inhibitors. The mechanism of
this inhibition is explored.

Results

For these studies a recombinant human neprilysin
was obtained as its extracellular catalytic domain
by secretion of the enzyme from HEK 293 cells
as described in Materials and Methods. The en-
zyme was judged to be greater than 90% pure by
Coomassie staining of an sodium dodecyl sulfate—
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Figure 1 Purified recombinant NEP analyzed by SDS-PAGE. Re-
combinant extracellular domain of neprilysin was purified as de-
scribed in Materials and Methods and analyzed on a 10% poly-
acrylamide gel stained with Coomassie blue.

polyacrylamide gel electrophoresis (SDS-PAGE) gel
(Figure 1).

We made numerous unsuccessful attempts to in-
hibit neprilysin activity with intact Tat protein 1-72,
testing up to a concentration of 333 ug/ml in prein-
cubation experiments and 33 ug/ml added directly to
the assay. In these experiments the Tat protein con-
centration was 300 times higher in preincubation ex-
periments and 30 times higher in the direct assay than
used by Rempel and Pulliam (2005) where they noted
inhibition of neprilysin activity in their aggregate cell
system. Similarly, we attempted to inhibit neprilysin
activity with intact Tat peptide 1-101 added to the
assay, but again were unsuccessful at concentrations
of 1.0 pug/ml and 5.0 ug/ml, which are 10 and 50
times higher concentrations than used by Rempel and
Pulliam (2005).

We next tested a series of Tat peptides that spans
the entire 102 amino acids of the Tat protein (Table 1).
Shown in Figure 2 is the inhibition profile for the full
set of Tat peptides. It should be noted that the in-
hibitory peptides span the same region of Tat found
to be inhibitory by Rempel and Pulliam (2005), and
include the cysteine-rich region-containing peptides.
We measured the concentration dependence for the
more inhibitory peptides, which is illustrated in
Figure 3. These peptides show a hyperbolic response
typical of inhibitors that follow classical Michaelis-
Menton kinetics.

Because neprilysin contains cystine residues and
the inhibitory peptides contain cysteine residues, we
considered the possibility that these peptides inhibit
by forming a covalently linked mixed disulfide with
neprilysin. If this occurred, inhibition would be irre-
versible under our assay conditions because the cova-
lently bound peptide would not be able to dissociate
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Table 2 Reversible inhibition of neprilysin by Tat peptide 21-35
(ACTNCYCKKCCFHCQ)

Rate of hydrolysis

Peptide amino acid consensus Tat peptide  Tat peptide (nwmols/min-mg
sequence code name sequence Assay condition neprilysin)

MEPVDPRLEPWKHPG 5113 1-15 Neprilysin alone 1.24

DPRLEPWKHPGSQPK 5114 5-19 Neprilysin + 20 ug/ml peptide 21-35 in the 0.44

EPWKHPGSQPKTACT 5115 9-23 assay

HPGSQPKTACTNCYC 5116 13-27 Neprilysin + 0.2 pg/ml peptide 21-35 in the 1.13

QPKTACTNCYCKKCC 5117 17-31 assay

ACTNCYCKKCCFHCQ 5118 21-35 Neprilysin preincubated with 20 ug/ml 1.08

CYCKKCCFHCQVCFT 5119 25-39 peptide 21-35 and then diluted 10 fold into

KCCFHCQVCFTTKGL 5120 29-43 the assay

HCQVCFTTKGLGISY 5121 3347

CFTTKGLGISYGRKK 5122 37-51 Note. Assays mixtures contained 20 mM MES buffer, pH 6.5,

KGLGISYGRKKRRQR 5123 41-55 100 M glutaryl-Ala-Ala-Phe-MNA, ~0.1 ug aminopeptidase, and

ISYGRKKRRQRRRAP 5124 45-59 80 ng of neprilysin. In the preincubated sample, the Tat peptide

RKKRRQRRRAPQDSQ 5125 49-63 21-35 concentration was originally 20 pg/ml but was diluted to

RQRRRAPQDSQTHQV 5126 53-67 0.2 ug/ml in the assay. Similarly the neprilysin concentration was

RAPQDSQTHQVSLSK 5127 57-71 originally 8 ug/ml but was diluted to 80 ng/ml in the assay.

DSQTHQVSLSKQPAS 5128 61-75

HQVSLSKQPASQPRG 5129 65-79

LSKQPASQPRGDPTG 5130 69-83

PASQPRGDPTGPKES 5131 73-87 activity determined. As shown in Table 2, although

PRGDPTGPKESKKKV 5132 77-91 the concentration of Tat peptide preincubated with

PTGPKESKKKVERET 5133 81-95 neprilvsin inhibits th b th 60%

KESKKKVERETETDP 5134 85-99 prilysin inhibits the enzyme by more than 507

KKVERETETDPVDQ 5135 89-102 when included directly in the assay, the neprilysin

Note. The peptides shown in bold are inhibitors of neprilysin
activity.

from the enzyme. On the other hand, if the inhi-
bition were simply the result of inhibitor binding,
it would be reversible. We thus conducted an ex-
periment in which neprilysin was preincubated for
up to 30 min with 11.4 uM (20 pug/ml) Tat peptide
21-35 (code number 5118). The enzyme was then
diluted 100-fold into an assay mix, and neprilysin
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activity was essentially the same as if no Tat pep-
tide were present when the peptide was diluted 100-
fold into the assay. This experiment shows that the
Tat peptide can dissociate from neprilysin by simply
lowering its concentration. Thus Tat peptide inhibi-
tion of neprilysin is reversible and does not result
from disulfide bond formation.

Because the Tat peptide acted as a reversible in-
hibitor, we determined the type of inhibition by mea-
suring the effect of the Tat peptide 21-35 on the
Ky and Vipax of the neprilysin reaction. As shown

Tat Peptide

Figure 2 Inhibition profile for Tat peptides. Each peptide was tested at a concentration of 20 ug/ml with 100 uM glutaryl-Ala-AlaPhe-
MNA as substrate in 20 mM MES buffer, pH 6.5. The numbers of the peptide corresponds to the Tat peptide sequence (see Table 1).
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Figure 3 Inhibition of neprilysin (NEP) activity by Tat peptides.
Neprilysin activity was measured in the presence of the various Tat
peptides. Assay mixtures contained 100 uM glutaryl-Ala-Ala-Phe-
MNA in 20 mM MES buffer, pH 6.5, 0.1 ug of neprilysin, and the
indicated concentration of Tat peptide. The reaction was measured
fluorometrically as described in Materials and Methods.

in Figure 4, inhibition by Tat peptide 21-35 was
competitive.

We next determined whether the Tat peptides
21-35 (ACTNCYCKKCCFHCQ) and 33-47 (HC-
QVCFTTKGLGISY) were substrates for neprilysin
by measuring their hydrolysis by high-performance
liquid chromatography (HPLC). We compared the
hydrolysis of the Tat protein or Tat peptide to
Leu-enkephalin, a known endogenous substrate for
neprilysin. We found that 25 uM Tat peptide 21-35
and 20uM Tat peptide 33-47 were indeed hy-
drolyzed by NEP. This is illustrated in Figure 5. We
also determined if intact Tat protein 1-101 could be
hydrolyzed by neprilysin. As shown in Figure 5, the
intact Tat protein is in fact hydrolyzed by neprilysin,
but very slowly relative to Leu-enkephalin. Table 3
summarizes the rates of hydrolysis of the two Tat pep-
tides and intact Tat protein, and as a reference the

900~
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Table 3 Rates of hydrolysis of Tat peptide 21-35 (peptide 5118),
Tat peptide 33—47 (peptide 5121), and Tat protein 1-101 compared
to Leu-enkephalin

Rate of hydrolysis in
pumols/min-mg neprilysin

Peptide (Rate relative to Leu-enkephalin)

Tat protein 1-101 0.003 (0.022)

Peptide 21-35 0.005 (0.036)
(ACTNCYCKKCCFHCQ)

Peptide 33-47 0.060 (0.43)
(HCQVCFTTKGLGISY)

Leu-enkephalin 0.139 (1.00)

Note. Rates were calculated from the data in Figure 5.

rate of hydrolysis of Leu-enkephalin is given. It can
be seen that Tat protein is hydrolyzed at ~2% the rate
of Leu-enkephalin, whereas Tat peptide 21-25 is hy-
drolyzed at ~4% the rate of Leu-enkephalin. On the
other hand, Tat peptide 33—47 is a good substrate, be-
ing hydrolyzed at ~43% the rate of Leu-enkephalin.

Discussion

Rempel and Pulliam (2005) reported that Tat protein
and Tat-derived peptides from the cysteine-rich do-
main of the Tat protein inhibit cellular neprilysin
in a human aggregate cell system. This system was
composed of all the cells of the central nervous
system (CNS) and is reported to contain neurons,
astrocytes, microglia, and oligodendrocytes with ac-
companying myelin within an extracellular matrix.
The consequence of this inhibition was an elevated
level of amyloid B peptide. In addition, the authors
were able to show an increase in A burden in
HIV-1-seropositive patients, suggesting a correlation
with neprilysin inhibition. In the present study, we
have confirmed their findings that cysteine-rich pep-
tides derived from the Tat protein are inhibitors of

+ Tat peptide
21-35

500 375 250 125 000 125 250 375 500

[Glut-Ala-Ala-Phe-MNA]", mM*!

Figure 4 Lineweaver-Burke analysis of the inhibition of neprilysin (NEP) activity by Tat peptide 21-35. Assay mixtures contained
variable concentrations of glutaryl-Ala-Ala- Phe-MNA in 20 mM MES buffer, pH 6.5, 0.1 g of neprilysin, ~0.1 ug of aminopeptidase, and
when added 30 pug/mL (10 uM) of Tat peptide 21-35. The reaction was measured fluorometrically as described in Materials and Methods
with rates expressed as nmols/min. The data are shown plotted according to the Lineweaver-Burke equation.
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Figure 5 Hydrolysis of Tat-101, Tat peptide 5121, and Leu-
enkephalin by neprilysin as analyzed by HPLC. Reaction mix-
tures containing phosphate-buffered saline, 1 mg/ml BSA, 0.1 mM
dithiothreitol, the indicated substrate and neprilysin were incu-
bated for 2 h at 37°C. Samples were analyzed by gradient HPLC
as described in Materials and Methods. (Top) Reaction with 25
uM Leu-enkephalin (a) No enzyme, (b) 20 ng of neprilysin, (c)
200 ng of neprilysin, (d) 2000 ng of neprilysin, (e) buffer only.
(Middle) Reaction with 12.5 M Tat protein 1-101. (a) No enzyme,
(b) 200 ng of neprilysin, (c) 2000 ng of neprilysin, (d) 20,000 ng of
neprilysin, and (e) buffer only. (Bottom) Reaction with 20 uM Tat
peptide 33—47. (a) No enzyme, (b) 200 ng of neprilysin, (c) 2000 ng
of neprilysin.

neprilysin. On the other hand, we were unable to
reproduce their finding that intact Tat protein is a
neprilysin inhibitor even though we tried several dif-
ferent types and sources of full length Tat protein. We
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suggest this apparent discrepancy might arise from
the fact that Rempel and Pulliam used a human ag-
gregate cell system containing a number of proteins
including neprilysin, whereas we used homogeneous
recombinant neprilysin. Thus it is possible that in the
human aggregate cell system, there are proteases that
degrade intact Tat protein to generate inhibitory Tat
peptides.

The mode of inhibition of the Tat peptides is shown
to be reversible and competitive. We estimate from
the data in Figure 3 that the K; for all of the Tat pep-
tides is in the range of 10 uM, which indicates a good
affinity relative to neprilysin peptide substrates. Al-
though a concentration of 10 uM Tat peptide might
at first glance seem high, a known physiological sub-
strate for neprilysin, Leu-enkephalin exhibits a Ky
of ~50 uM (Hersh and Morihara, 1986) and it too
is not found in high levels. In addition, because a
number of Tat-derived peptides are inhibitors, these
could produce an additive effect, making their effec-
tive concentration higher.

The Tat peptides can bind to the active site of
neprilysin and block substrate entry. On the other
hand not all of the inhibitory Tat peptides are good
substrates for neprilysin. From the data in Figure 3
and Table 3, it can be seen that Tat peptide 33—
47 and Tat peptide 21-35 are similar in their inhi-
bition profile (Tat peptide 33—47 produces 1.5-fold
more inhibition at 20 ug/ml), yet Tat peptide 33—
47 is hydrolyzed by neprilysin more than 10 times
faster than Tat peptide 21-35. This apparent discrep-
ancy is related to the complex substrate specificity of
NEP (Hersh and Morihara, 1986; Quay et al, 1994).
The sequence of the peptide determines its ability
to bind to neprilysin and to serve as a substrate, but
these two parameters don’t necessarily correlate. This
is illustrated by the finding that the peptide Z-Ala-
Leu-Ala is cleaved ~8 times faster than Z-Gly-Leu-
Ala, yet the glycine-containing peptide binds with a
two-fold higher affinity (Hersh and Morihara, 1986).
Both of these peptides are cleaved on the amino
side of the leucine residue. The biologically relevant
concentration of Tat in the extracellular space re-
mains unknown. However, serum concentrations in
the nanomolar range have been reported (Westendorp
et al, 1995). Thus the concentrations of Tat in the
close vicinity of HIV-infected cells would be expected
to be several fold higher. Further, Tat is more effi-
ciently released extracellularly in low serum condi-
tions (Chang et al, 1997) such as that present in the
brain. Further, Tat transcripts are present at much
higher levels compared to gag transcripts in glial cells
(Tornatore et al, 1994).

The ability of the Tat peptides to inhibit neprilysin
in the initial rate assays used in this study would
not be expected to correlate with their ability to
serve as a substrate, because the Tat peptides are
not significantly consumed in the brief time inter-
val used to conduct the initial rate assay used in this
study. Because Tat peptide 21-35 is rather slowly
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hydrolyzed, it would remain available longer to in-
hibit neprilysin, whereas Tat peptide 33-37 being
more rapidly hydrolyzed would act as an alternate
substrate inhibitor, with its inhibitory potency de-
creasing as it is hydrolyzed.

We have confirmed in vitro a direct protein—protein
interaction between Tat peptides and neprilysin. In
vivo, other factors could facilitate or diminish this
interaction. Peptides derived from the region 17—
47 of Tat inhibit neprilysin activity. These 15-mer
peptides contained anywhere from 2 to 6 cysteine
residues. All the peptides without cysteine residues
failed to bind to neprilysin, whereas those with a
single residue showed minimal binding. These find-
ings suggest that the cysteine residues are critical
for binding to neprilysin and that the site of loca-
tion of these residues within the Tat protein may not
be that important. However, we clearly demonstrated
that the cysteine residues of the Tat peptides are not
involved in covalent disulfide bond formation. The
most likely explanation is that the cysteine residues
of the Tat peptides interact with the catalytic zinc
and block catalysis. Secondarily, the rest of the se-
quence of the peptide determines whether it is slowly
or rapidly hydrolyzed. The relatively large size of Tat
protein likely makes it a poor inhibitor, as neprilysin
is known to prefer small substrates and to not work
efficiently on proteins.

In this study, we used Tat protein derived from a
single strain of HIV clade B virus. Interestingly, each
of the cysteine residues are highly conserved in clade
B virus, hence our findings are widely applicable to
clade B virus. In clade C virus that infects the largest
populations in Asia and Africa, the cysteine residue
in position 31 is mutated to a serine (Ranga et al,
2004). The impact of this mutation on binding to
neprilysin needs to be determined.

Processing of cellular proteins to produce bioac-
tive compounds is a well-established phenomenon;
examples of which include pro-MMP (matrix met-
alloproteinase) to active forms, proinsulin to insulin,
and the processing of APP. Further, it was shown that
under neuroinflammatory conditions, SDF-1 (stromal
cell derived factor-1) may be cleaved to produce a
neurotoxic molecule (Zhang et al, 2003). However,
such processing of viral proteins to produce toxic
peptides has not been shown before. Tat protein itself
has been shown to be neurotoxic and may be cleaved
by MMP-1 to form smaller peptides (Rumbaugh et al,
2005). The biological properties of these peptides
had not been studied before, except that peptides de-
rived from the arginine-rich region have the unique
property of being efficiently transported across the
cell membrane to the nucleus, a phenomenon also
present in the intact Tat protein (Ma and Nath, 1997).
This property has been exploited to drag other large
proteins into cells, a phenomenon termed protein
transduction (Schwarze et al, 1999). We now report
that peptides derived from a viral protein can ac-
quire new properties that could be detrimental to the

host. In particular, we show that peptides from the
cysteine-rich region can bind to neprilysin and in-
hibit its function. These observations may have im-
portant implications for viral pathogenesis and also
for vaccine strategies, particularly subunit vaccines.

Materials and methods

Tat proteins (1-71, 1-86, and 1-101) were gener-
ated from their cDNAs and purified or were obtained
from the NIH AIDS Research and Reference Reagent
Program (Rockville, Maryland). The HIV-1 clade B
consensus Tat 15-mer peptides were also obtained
from the NIH AIDS Research and Reference Reagent
Program. Stock solutions of intact Tat proteins were
prepared in phosphate-buffered saline (PBS) with 1
mg/ml bovine serum albumin (BSA) and 0.1 mM
dithiothreitol (DTT), whereas Tat peptides were pre-
pared in the same solution containing 10% dimethyl-
formamide (DMF).

Recombinant human neprilysin was obtained as its
extracellular catalytic domain through secretion of
the enzyme from lentivirus transduced HEK 293 cells
(Shinall et al, 2005). The medium from these cells
was collected after 5 to 7 days of culture in serum-free
medium, concentrated ~10-fold, and then dialyzed
against 20 mM Tris-HCl, pH 7.5. The dialyzed sam-
ple was applied to an anion exchange column (Source
15Q quaternary ammonium resin; Amersham Bio-
sciences) in 20 mM Tris-HCI, pH 7.5. Neprilysin was
eluted with a linear salt gradient from 0 to 0.5 M NaCl
and the active fractions pooled and further purified
on a Superdex 200 16/60 molecular sieve column
(Pharmacia) in 20 mM Tris-HCIl pH 7.5. Peak fractions
containing neprilysin activity were pooled and con-
centrated. The purity of the enzyme was determined
by SDS-PAGE on a 10% gel.

The inhibition of neprilysin by Tat protein or Tat
peptide was tested by two methods. In the first
method Tat protein or Tat peptide was added di-
rectly to the neprilysin assay mixture and activity de-
termined as described below. In the second method
Tat protein or Tat peptide was preincubated with
neprilysin and then an aliquot was removed and as-
sayed for enzyme activity. In this latter protocol the
original concentration of the Tat protein or Tat pep-
tide was diluted 100-fold in the assay reaction.

Neprilysin activity was determined with the fluo-
rogenic substrate glutaryl-Ala-Ala-Phe-4-methoxy-2-
naphthylamide (Li and Hersh, 1995) in a continuous
assay. In this assay the glutaryl-Ala-Ala-Phe-4-
methoxy-2-naphthylamide is cleaved by neprilysin
torelease Phe-4-methoxy-2-naphthylamide, which in
the presence of an aminopeptidase is converted to the
fluorescent 4-methoxy-2-naphthylamine. Reaction
mixtures (200 ul) contained 100 uM glutaryl-Ala-
Ala-Phe-4-methoxy-2-naphthylamide in 20 mM MES
buffer, pH 6.5, and included ~1 ug of purified recom-
binant human puromycin-sensitive aminopeptidase



(Thompson et al, 2003). The formation of 4-methoxy-
2-naphthylamine was measured continuously in a
SpectraMax Gemini XS plate reader (Molecular De-
vices) at an excitation wavelength of 340 nm and an
emission wavelength of 425 nm. Measuring the re-
action in a continuous manner permits linear initial
rates to be determined as compared to the two-step
assay used by others in which the reaction is run for
a fixed time period, stopped, and then an aminopep-
tidase is added. In this study the rates we determined
were proportional to the amount of neprilysin in the
assay, the reactions were inhibited by phosphorami-
don, a specific neprilysin inhibitor, and the addition
of more aminopeptidase to the assay had no effect on
the rate.

In order to determine the type of inhibition pro-
duced by the Tat peptides, we performed a kinetic
analysis in which the substrate glutaryl-Ala-Ala-Phe-
4-methoxy-2-naphthylamide was varied in the pres-
ence or absence of Tat peptide 21-35. The data were
plotted as 1/rate versus 1/[substrate] according to the
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