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This work describes the optimization and adoption of an assay system for the Human
Immunodeficiency Virus (HIV)-protease, whose inhibition plays a central role in HIV therapy.
The HIV-protease, which is an essential enzyme during viral maturation, has a specific cleavage
site of eight amino acid residues (SQNY*PIV). Adding two amino acid residues at the
N-terminus and enclosing the resulting sequence by a dye-labelled lysine residue and a
tryptophan residue leads to the substrate (K(dye) CGSQNY*PIVW) in which the fluorescence
of the fluorophore is efficiently quenched by the intrinsic tryptophan due to a photoinduced
electron transfer reaction. After cleavage of the substrate by the target enzyme, the dye and the
tryptophan residue are separated, effecting a significant increase in fluorescence intensity.
Measuring the fluorescence versus time enables an online-monitoring of the enzyme activity.
With this method, a HIV-PR concentration of 107°M is detectable within minutes, which is
comparable with commercially available assays using doubly labelled substrates based on a
fluorescence resonance energy transfer. We were able to further increase the sensitivity to the
subnanomolar range by using confocal single-molecule spectroscopy.

Keywords: Proteolytic  enzymes;  HIV-protease;  Photoinduced  electron  transfer;
Single-molecule spectroscopy
1. Introduction

Acquired Immunodeficiency Syndrome (AIDS) is one of the most destructive
epidemics. More than 25 million people have fallen victim to AIDS since it was first
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recognized in 1981. Almost 5 million people (700000 children) were newly infected
by the Human Immunodeficiency Virus (HIV), the causative agent of AIDS, in the year
2005 [1].

The HIV-1 protease (HIV-PR) plays a central role during the maturation of
HIV-1. It acts as a dimer and belongs to the aspartic proteases. The enzyme catalyses
a number of cleavages within viral precursor polyproteins yielding individual functional
proteins [2]. Inhibition of the HIV-PR leads to immature, non-infectious viruses [3] and
thus has become an important element in the antiretroviral therapy [4, 5].

Different fluorescence-based assays to prove the presence of a specific protease have
been developed so far. The fluorometric assay described by Wang and co-workers
is based on intramolecular fluorescence resonance energy transfer (FRET) [6, 7] and
uses a quenched fluorogenic substrate, labelled with a donor dye (5-(aminoethyl)-
aminonaphthalene sulfonate, EDANS) at one end of the eight amino acids containing
the cleavage site and an acceptor dye (4'-dimethylaminoazobenzene-4-carboxylate,
DABCYL) at the other end. After the cleavage of the peptide substrate by a protease,
both chromophores are separated. This disruption of the FRET system enables the
direct monitoring of protease activity by measuring the 40-fold increase in donor
fluorescence intensity within a few minutes. Matayoshi ef al. detected the HIV-Protease
at a concentration of about 107* M [7].

Alternatively, the substrate can be labelled with the same dye at each end of the specific
cleavage sequence [8—11]. Under aqueous conditions, the fluorophores form non- or
only weakly fluorescent dimers [12-14]. The formation of non-fluorescent dye dimers
has also been successfully applied in DNA assay systems [15, 16].

It is apparent that every chemical modification of the substrate leads to an altered
affinity of the substrate to the enzyme, and hence, the detection sensitivity of the assay
is changed. Therefore, the number of modifications should be kept as low as possible
in order to design high-affinity molecular probes for proteases. Furthermore, peptide
probes with two labels require site-specific labelling with two extrinsic fluorophores.
The synthesis of peptide substrates with two modifications in a distinct manner is still
time-consuming and expensive. The purification of such substrates needs to be carried
out accurately. Incomplete labelled probes, i.e. probes with only one extrinsic
fluorophore, lead to a higher background level and to a lower signal response, and
this hinders a highly sensitive test.

Here, we present a new assay format taking advantage of fluorescence quenching
by the amino acid tryptophan. In the past, it has been shown that properties of some
fluorescent dyes are affected by several amino acids. For instance, the fluorescence
quantum yield of Fluorescein [17] and Bodipy dyes [18, 19] is decreased by tryptophan
and partly also by tyrosine and methionine. Lately, the influence of amino acids
on fluorescent dyes absorbing in the visible red region was examined [20]. It is
advantageous to use these dyes instead of blue or green absorbing dyes because of the
reduced background of biological samples in the red region. The major sources of
background are fluorescence of impurities and elastic (Rayleigh) and inelastic (Raman)
scattering. Both Raman and Raleigh scattering are dramatically reduced by shifting the
excitation to longer wavelengths as they are proportional to 1/A*. Furthermore,
low-cost, energy-efficient, robust, and pulsed (collecting lifetime information,
see below) diode lasers can be used for excitation. These advantages led to the
development of new fluorescent dyes which are absorbing and emitting above 620 nm
but still having a sufficient fluorescence quantum yield [21]. Especially oxazine
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derivatives like MR121 have been used in many applications, e.g. ultrasensitive
detection of DNA [22-25]. Recently, the possibility of quenching the fluorescence of
MRI121 with tryptophan was applied to detect single p53 antibodies in human blood
serum [26].

In this article, we report on the development of a new method for the detection
of HIV-PR activity based on single molecule detection applying self-quenching
substrates. These oligopeptide substrates containing the cleavage site of HIV-PR are
labelled with only one chromophore at the N-terminus, and thus, the synthesis and
purification of the dye-peptide conjugates are much easier. As a fluorophore, we chose
the red-adsorbing oxazine derivative MR121 and the boradiazaindacene derivative
Bodipy 630/650, which are both efficiently quenched by a tryptophan residue located on
the other end of the cleavage site, via photoinduced electron transfer (PET). Due to
digestion by the HIV-PR, the spatial contact between fluorophor and quencher gets
lost, and a fluorescence increase can be monitored. To increase the sensitivity even
more, the fluorescence signal was not measured via a standard fluorescence spectro-
meter but using a confocal microscope. Small detection and excitation volumes reduce
the background considerably. Detection volumes in the range of 1fL allow the
observation and the characterization of single molecules in concentrations of about
107°-107"> M. These molecules generate a fluorescent burst with a high signal-to-noise
ratio whenever diffusing through the focus. Since that method is also capable of
detecting small subpopulations of molecules with slightly shifted spectroscopic
properties compared with the majority, it is possible to differentiate between quenched
uncleaved probes and cleaved fluorescent probes via different burst intensities.
The great advantage of single-molecule detection is the derivation of the spectroscopic
properties of single molecules and events, and not the properties of ensembles. It is
additionally possible to collect the lifetime information of the different molecule
fractions in solution obtaining an accessory discrimination criterion. This is achieved by
Time Correlated Single Photon Counting (TCSPC), where the time between
a fluorescence photon (start signal) and an external trigger signal (stop signal from
the pulsed laser source) is measured. Details of the setup and the data processing are
described elsewhere [27].

2. Experimental

2.1 Fluorescent dyes and conjugates

The oxazine derivative MR121 was kindly provided by the group of K.H. Drexhage
(Universitdt-Gesamthochschule Siegen, Germany) as free carboxic acid. The dye
was converted into a N-hydroxysuccinimidylester by an equimolar amount of
N-(3-dimethylaminopropyl)- N-ethylcarbodiimide hydrochloride (EDC) and N-hydroxy-
succinimide (NHS) in acetonitrile. Bodipy 630/650 was purchased as NHS-ester from
Molecular Probes.

The peptide KCGSQNYPIVW was synthesized by the peptide synthesis unit of the
German Cancer Research Center. The cysteine residue provides an alternative
possibility for labelling the peptide via a maleimide derivative of the fluorescent dye.
However, these data are not presented in this article.
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For coupling the fluorophore to the lysine residue of the peptides, 20 uL of the
activated dye (0.1 mM in acetonitrile) was added to an excess of peptide, dissolved in
50 uL of carbonate buffer (0.1 M, pH 8.3). The solution was incubated for 6 h at room
temperature and then purified by reverse-phase (Knauer, Berlin) HPLC (Hewlett-
Packard, Boblingen, Germany) with octadecylsilane-hypersil CI18. Separation was
performed in 0.1 M of triethylammonium acetate, using a linear gradient from 0 to 75%
acetonitrile in 20 min. Molecular weights were determined by mass spectrometry. Yields
of approximately 70% were obtained. The dye—peptide conjugates are stable for several
months if stored as aliquots frozen at —20°C. The inhibitor Idinavir was purchased
from Merck (Darmstadt, Germany), and the expression and purification of the HIV
protease are described in the literature.

2.2 Spectroscopy

All absorption spectra were recorded with a Cary 500 UV-Vis-NIR spectrometer
(Varian, Darmstadt, Germany) in standard cuvettes at room temperature. Steady-state
emission spectra were measured with a Cary Eclipse fluorescence spectrometer.
To avoid unspecific adsorption of the molecules to the glass walls, the cuvettes were
coated with polyethylene glycol before. In all measurements, the concentrations were
kept strictly below 1uM to prevent re-absorption and re-emission effects.
Relative fluorescence quantum yields, @y, of the dye-labelled peptides were measured
with respect to the fluorescence intensity of the free dye under otherwise similar
conditions.

2.3 Single-molecule experiments

In the following, the confocal detection scheme, which can be applied for
Fluorescence Correlation Spectroscopy (FCS) and for detection of individual
molecules in solution, will be explained. The laser beam of the pulsed semi-
conductor laser diode (10-80 MHz at 635nm; Picoquant GmbH, Berlin) is circularly
polarized for isotropic excitation in solution using a 1/4 wave retarder and cleaned
by an excitation filter (640 DF 10; Omega Optical, Brattleboro, VT). Passing a
telescope leads to a wider beam diameter. After reflection by a dichroic mirror (640
DLRP; Omega Optical), the sample was illuminated through an oil-immersion
microscope objective (100x, Olympus, 1.4 NA; Tokyo) yielding a diffraction limited
excitation volume. Fluorescence emission is collected by the same objective
transmitted through the dichroic mirror for separation from Raleigh scattered
light. The beam is focused onto a 100 um pinhole, and after passing two emission
filters, focused on an APD (AQ 141; Optoelectronics, Canada) for detection. For
acquisition of the fluorescence lifetime, each photon detected is correlated with the
subsequent laser pulse which is fed into a single photon counting PC-card (SPC-
630; Becker & Hickl, Berlin) as start and stop trigger, respectively, to determine the
time between the laser pulse and photon detection (TCSPC).
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Figure 1. Working mechanism of the self-quenching peptide substrate. The peptide containing the specific
cleavage site SQNY*PIV is labelled at the N-terminal lysine with a chromophore. Its fluorescence is quenched
by the C-terminal tryptophan residue due to contact formations. Upon cleavage by the HIV-PR, dye and
tryptophan are separated, and the fluorescence intensity increases.

3. Results

3.1 Mechanism

A highly sensitive protease assay via tryptophan-quenched peptide probes based
on photoinduced electron transfer (PET) was recently applied to test for exopeptidases
below 10~'° M concentrations [28, 29]. In this manner, it was also possible to detect the
relatively unspecific endopeptidase trypsin, which cleaves peptide bonds in the middle
of a substrate in the picomolar range. In the following, the design of a substrate for
a protease with different recognition sequences, and the applications concerning the
detection and the search for resistances will be described by means of the HIVI-PR.
The basic idea of the experiment is that the fluorescence of suitable fluorophores is
efficiently quenched by tryptophan residues via PET [20]. Except for tryptophan itself,
all other amino acids do not quench, or do so only at rates that are substantially
smaller. As the recognition sequence for the HIVI-PR, the sequence around the
cleavage site of the matrix and the capsid protein within the Gag or Gag/Pol poly
protein was chosen [30]. The basic sequence motif SQNYPIV, necessary for the
recognition process, was labelled on one side with the red fluorescent dye MR121 and
Bodipy 630/650, respectively. The other side of the peptide was elongated by
a tryptophan residue acting as the quencher molecule (figure 1).

A spacer (cystein-glycin; CG) was incorporated to ensure the required space for the
protease. The dye is coupled to the side chain of an N-terminal lysine residue by means
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of an NHS ester method, whereas the N-terminus itself was acetylated to avoid double-
labelled products. Equilibrium fluctuations of the backbone lead to conformations
where the fluorophore and the tryptophan come into contact. The incubation of this
substrates with recombinant HIV-PR leads to hydrolysis of the peptide bond between
the tyrosine and proline (SQNY*PIV) residue and therefore to a spatial separation
between the dye and the quencher molecule. The formation of static charge transfer
ground state complexes (static quenching) due to hydrophobic interactions [31] and
collisions between tryptophan residue and chromophore is therefore less probable after
the cleavage reaction. This in turn leads to prevention of the PET between the
fluorophore and the quencher and to a measurable increase in fluorescence intensity.
Several different cleavage sites have been reported for the HIV protease. We choose the
sequence SQNY*PIV because this sequence is relatively inert to other endopetidases
due to the proline residue. For example, this substrate is not digested by blood serum.

To quantify the quenching efficiencies of the substrates for the HIV-PR, the quantum
yields of the probes relative to the quantum yields of the free dyes were determined. The
quantum yield is the ratio of the number of photons emitted to the number absorbed.
The fluorescence intensities of the free dye and the probes were measured and corrected
with the absorbences to take different concentrations into account.

l;Probe 14I)ye
= . 1

Qrel EDye AProbe ( )

The MR121 labelled substrate exhibits a quantum yield of 0.19 in HIV-PR buffer.

This means that the fluorescence intensity is reduced due to quenching to 20%

Relative fluorescence
nN
1

LN DL LA LA DL LA R L DL DL L LA B |
0 10 20 30 40 50 60 70 80 90 100 110 120 13
Time (min)

Figure 2. Relative fluorescence signal of the substrate Ac-K(MRI21)CGSQNY*PIVW (8 x 1077 M) at
680 nm vs. time (Ag, =650 nm). At 2min, 2 x 107¥M (a) and 2 x 107°M (b) HIV protease is added. As a
control experiment, the inhibitor Indinavir (107°M) is added, before addition of 2 x 1078 M protease (c).
Measurements were carried out in 0.1 NaOAc buffer (pH =4.7) containing 4 mM EDTA and 100 mM NaCl
(HIV-PR) at 25°C.
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compared with the free dye. Therefore, a cleavage reaction could induce a maximal
fivefold increase in fluorescence intensity.

3.2 Digestion of the substrate recorded with standard fluorescence spectrometry

Incubation of the MRI121-labelled substrate (8 x 107'M) with the HIV-PR —
2x 1078 M and 2 x 107° M in HIV-PR buffer (0.1 NaOAc buffer, pH =4.7 containing
4mM EDTA, 300 mM NaCl and 1 mg mL ™! bovine serum albumin, BSA) at 25°C—Iled
to a threefold increase in fluorescence intensity due to the separation of quencher and
dye and the disruption of the PET system (figure 2). The fluorescence intensity was
monitored over the complete time period.

The substrate was also digested with the exopeptidase carboxypeptidase
A (CPA, 107°M) in Tris/HCI buffer at 37°C. CPA cleaves every peptide bond step
by step, beginning at the C-terminus to the N-terminus and therefore separates
quencher and dye. Indeed, proline residues cannot be digested by CPA, and thus the
substrate is not completely digested. However, the tryptophan residue is removed, and
the increase in fluorescence intensity is also threefold but occurred within seconds
(data not shown). The increase in fluorescence intensity is not as high as predicted by
the quantum yield, which can probably be explained by the tyrosin residue (providing
also a measurable quenching property) that is part of the dye-containing fragment of
the cleaved probe in both cases. In order to prove that the cleavage is due to the activity
of HIV-PR, a control experiment was accomplished. Here, the HIV protease was
inhibited by Indinavir, which is a drug for the anti-retroviral therapy, and incubated
with the MR121-labelled substrate. An increase in fluorescence intensity was not
observed (figure 2c). This control experiment also shows the potential of the new
probes to test for resistances of the HIV protease from special HI-viruses to distinct

10

o]
1

Relative fluorescence
ESS ()]
1 L

(d)

T T T
0 20 40 60 80 100 120 140
Time (min)
Figure 3. Relative fluorescence intensity of the SubB630 (4 x 1077 M) in the presence of (a) 2.5 x 10~ M, (b)

2.5x 1077 M, (c) 2.5 x 107'°M, and (d) 2.5 x 107" M HIV-protease. Measurements were carried out in HIV
buffer (without BSA) at 37°C.
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HIV-PR inhibitors. This in turn provides important information for the anti-retroviral
therapy (ART).

Whereas the oxazine derivative MR121 is establishing a ground-state complex with
the quencher molecule tryptophan, and the fluorescence is mostly static quenched, the
bora-diaza-indazene derivative Bodipy 630/650 (Aaps=625nm and Ag, =640 nm)
is partly dynamically quenched [20]. The two different quenching mechanisms could be
distinguished from each other by investigating the influence of the quencher concerning
the fluorescence lifetime of the dye. In the case of dynamical quenching, the
fluorescence lifetime is reduced due to an additional relaxation rate of the excited
state which can be used as a second detection criterion besides the fluorescence
intensity. Therefore, we synthesized and investigated a Bodipy 630/650 labelled
substrate (SubB630). According to the astonishingly low quantum yield of 0.13 in
HIV-PR buffer (without BSA), a 10-fold increase in fluorescence intensity was obtained
by incubating the substrate (4 x 107’ M) with the HIV-PR (2.5 x 10"¥M) in HIV-PR
buffer at 37°C (figure 3). We removed the BSA from the buffer because the relative
hydrophobic dye could interact with proteins leading to an increase in fluorescence.
With this substrate, it was possible to detect the HIV-PR in a concentration of 1071M
with a twofold increase in intensity within 2h (figure 3c). The unequal intensity end
levels in the data are likely due to insufficient stability of the HIV-PR at 37°C.

To check whether the enzymes active site is responsible for the increase in
fluorescence intensity and to exclude unspecific adsorption of the enzyme to the
substrate, which could also lead to an inhibition of the quenching process, we inhibited
the HIV-PR with Indinavir and repeated the experiment (data not shown). No increase
in fluorescence intensity was detected.

3.3 Assaying HIV-PR applying single-molecule spectroscopy

Generally, both dyes used here are appropriate for confocal single-molecule
fluorescence spectroscopy offering a higher detection sensitivity. For this, the dyes
were excited with a pulsed (80 MHz) laser diode (635nm), and the fluorescent bursts
were detected with an avalanche photodiode (APD). The time information between the
laser pulse and detection of the photon for extracting the fluorescence lifetime was
determined via TCSPC. However, for the single-molecule experiments, we applied only
the Bodipy 630/650 labelled substrate, because the MR121-labelled substrate is worse
quenched and shows no change in fluorescence lifetime.

Because of the fact that the reaction velocities decrease with decreasing enzyme
concentrations, long-lasting reaction times had to be realized. To detect single
molecules in solution, the substrate concentrations have to be in the range of 10™° M;
otherwise averaged values of the spectral characteristics of the molecules in the focus
are obtained. To realize a high reaction velocity, the cleavage reactions were carried out
with relatively high substrate concentrations at 20°C. Thus, a comparable high number
of substrates are cleaved, and, compared with the reference, a good discrimination is
possible. Directly before the measurement the reaction mixture was diluted to yield an
adequate concentrated solution in order to detect single molecules. To avoid
adsorptions of the enzyme or the substrate on the surfaces, the reactions were carried
out in small glass vessels coated with polyethylene glycol (PEG). The coverslips used for
the single molecule experiments were also PEG-coated. This is essential for the
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experiments when applying the Bodipy 630/650-labelled substrate, otherwise the probe
will adsorb to the surface due to its hydrophobicity. For this experiment, the substrate
(2x1077M) was incubated with variably concentrated HIV-PR (8 x 107'°M to
8 x 107" M) over 24 h at 20°C. Before measurement, the reaction mixture was diluted
1:100, to separate single bursts within the multifluorescence intensity trace (figure 4).
In a control experiment, the HIV-PR (8 x 107'°M) was inhibited by Indinavir
(5% 107" M).

Plotting the number of the detected photons within a certain time interval (binning
1 ms) versus the time leads to fluorescence intensity traces. After the reaction of the
enzyme with the Bodipy 630/650-labelled substrate, the fluorescence intensity increases,
and thus the intensity or the total number of the fluorescence bursts. A burst is the sum
of photons within a peak. To quantify the results, a burst analysis was carried out.
For this, a threshold was defined to distinguish the signal from the background.
The sample with the inhibited HIV-PR shows approximately 35 fluorescence signals per
minute over a threshold of 50 kHz, whereas this number increases significantly when the
inhibitor is missing (approx. 600 signalmin~'). Even at a protease concentration of
8 x 107" M, around 100 signals with maximum count rates over 50 kHz were detected.
Although there is no significant increase in the overall intensities (sum of all detected
photons) of the three samples, the numbers of high fluorescence bursts differ up to
a factor of 18, which clearly demonstrates the advantage of applying single-molecule
spectroscopy. Furthermore, the fluorescence lifetime of each fluorescence burst can be
determined separately. Plotting these data on a histogram gives a fluorescence lifetime
derivation of the respective sample (figure 5). This method also allows the detection
of the enzyme because of the shift in the lifetime in the case of a cleavage reaction.

The free dye shows a lifetime of about 3.8 ns. The Bodipy 630/650-Iabelled substrate
(K(Bodipy 630/650)CGSQNY*PIVW) incubated with inhibited HIV-PR (reference)
shows a reduced lifetime of about 2ns, corresponding to the model of dynamic
quenching. The reaction mixture of SubB630 with HIV-protease in a concentration
of 8 x 10~"" M contains two species: one with a lower (2.8 ns, quenched probe), and one
with a higher (4.5ns, cleaved probe) lifetime. Therefore, the lifetime determination is
also an appropriate tool for discrimination between cleaved and uncleaved substrates.

4. Discussion

Here, we present new self-quenched enzyme substrates for the specific detection of
HIV-PR. These substrates are also appropriate for using highly sensitive single-
molecule detection methods. The fluorescence of the applied substrates is quenched by a
photon-induced electron-transfer reaction (PET). If the target enzyme is present, a
peptide bond within the recognition sequence is cleaved, quencher and fluorophore are
separated from each other, the fluorescence intensity increases, and the fluorescence
lifetime is altered in the case of the Bodipy630-labelled substrate. The increased
fluorescence intensity is detectable in single-molecule experiments via an increase in the
number of signals above a certain threshold. When single-molecule spectroscopy was
used, the HIV-PR was detected at a concentration of 8 x 10~'' M. The advantage of the
presented substrates is the usage of the naturally occurring amino acide tryptophan
as a quencher molecule. This fact avoids the time-consuming synthesis of dual
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Figure 4. Fluorescence intensity traces after 24 h incubation and dilution (1:100) of the samples containing
the substrate SubB630 (2x 107'M) and (a) 8 x 107'"M HIV-PR inhibited by Indinavir (reference),

(b) 8 x 10~""M HIV-PR, and (c) 8 x 107'M HIV-PR. Two seconds of a I-min measurement is shown, and
the time binning is 1 ms.
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Figure 5. Fluorescence lifetimes of the samples plotted vs. the frequency for (a)pure Bodipy 630/650,
(b) K(Bodipy 630/650)CGSQNY*PIVW 4 HIV-PR inhibited by Indinavir (reference), (c) K(Bodipy 630/
650)CGSQNY*PIVW +8 x 107'M HIV-PR, and (d) 8 x 107'"M HIV-PR. C=cysteine, G = glycine,
S=serine, Q=glutamine, N =asparagine, Y =tyrosine, P=proline, I=isoleucine, V =valine,
W =tryptophan.

labelled probes. Due to the minimized number of modifications within the probe, the
affinity of the enzyme to the substrate should often be less altered. Compared with the
commercially available probe which is based on FRET, the new substrates exhibit easier
synthesis and fewer modifications.

The Bodipy 630/650-labelled substrate shows the general application of dynamically
quenched substrates in the detection of proteases taking the fluorescence lifetime
information into account. The detection sensitivity is considered to be comparable with
the sensitivity delivered by the intensity criterion. The combination of both information
could lead to lowered detection limits as already demonstrated for DNA assays [22, 25].

The inhibition of the HIV-PR with a 50-fold excess of the inhibitor Indinavir proved
that the new substrates are generally appropriate for testing new inhibitors. The
mutation rate of the virus is very high due to the high failure rate of the reverse
transcriptase, and the absence of a proof-reading function. Therefore, a fast and
sensitive test for the resistance of the HIV-PR is very important to optimize the
treatment. Before screening inhibitors for already resistant proteases, it has to be
verified whether the substrate is adequate also for the respective resistant proteases, and
eventually the substrate has to be modified.

The next step to establish new peptide substrates is the further increase in sensitivity,
for example due to binding of the substrates to surfaces. A major goal would be the
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direct detection of the HIV-PR activity in the blood serum of HIV-infected people to
obtain an alternative to the diagnosis by RT-PCR and to detect viral parts in an early
stage, when no antibodies are present. Therefore, the sensitivity must be increased
by a factor of 1000 and the interference between the substrates amd other proteases,
which are present in blood sera, and their inhibition must be tested. To summarize,
we have demonstrated the potential of the new class of self-quenching peptide
substrates for assaying HIV-protease and testing inhibitors with standard fluorescence
spectrometers and also single-molecule spectroscopy.
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