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ABSTRACT:. Somatic angiotensin | converting enzyme (ACE) contains two functional active sites. Up to
now, most of the studies aimed at characterizing the selectivity of inhibitors toward the two ACE active
sites relied on the use of ACE mutants containing a single functional active site. By developing new
fluorogenic synthetic substrates of ACE, we demonstrated that inhibitor selectivity can be assessed directly
by using somatic ACE. This useful screening approach led us to discover that some bradykinin potentiating
peptides turned out to be selective inhibitors of the C-domain of ACE. The peptide pGlu-Gly-Leu-Pro-
Pro-Arg-Pro-Lys-lle-Pro-Pro, witlK(app) values of 30 nM and @M, respectively, for the C- and
N-domain of ACE, is to our knowledge the most highly selective C-domain inhibitor of ACE so far
reported. Inhibitors able to block selectively either the N- or C-domain of ACE will represent unique
tools to probe the function of each domain in the regulation of blood pressure or other physiopathological
events involving ACE activity.

Angiotensin converting enzyme (ACE(peptidyl dipep- two active sites has stimulated many attempts to establish
tidase A, EC 3.4.15.1) is a key player in the regulation of whether they may differ, leading each domain to control
blood pressure and cardiovascular function. ACE inhibitors distinct physiological functions. Such investigations were
are widely used for the treatment of patients with high blood mainly hampered by the lack of inhibitors able to differentiate
pressure, cardiac failure, and diabetic nephropatyTthe  markedly the two ACE active sited—19). By screening
antihypertensive effect of ACE inhibitors is explained not phosphinic peptide libraries, RXP407 was recently identified
only by prevention of FhQ formation of angiotgnsin Il (Ang  as the first N-selective inhibitor of ACE, able to differentiate
Il) but also by potentiation of the hypotensive effects of ine two ACE active sites with a selectivity factor of roughly
bradykinin (BK) @). 3 orders of magnitude2(). RXP407 was shown, in vivo, to

Bradykinin potentiating peptides (BPPs) present in snake block selectively the cleavage of the Ac-S-D-K-P peptide
venom were the first naturally occurring ACE inhibitors (21), a substrate mostly cleaved in vitra2) and in vivo
described §-9). BPPs were also the first compounds able (23) by the ACE N-domain. In contrast, blood pressure
to block potently in vivo ACE activity and prevent the blood response to exogenous angiotensin | was not affected by
pressure inqreases induc_ed by Ang | injection, by blocking rxp407 @1). These results suggest that the cleavage of
the conversion of Ang I into Ang 11(0-12). Structure- angiotensin | in vivo could be controlled solely by the
activity studies of BPPs were essential for the development -_yomain of ACE. To check this hypothesis, a search for

of the ACE inhibitors currently used clinically as anti- pjgp)y selective inhibitors of the C-domain was undertaken.

hypertensive agent4.3).
yp 9 9 The development of dual fluorogenic substrates of ACE,

Following these pioneering studies, the primary Structure o yowed with defined specificity for each of the two ACE
of human endothelial somatic ACE was determined, reveal- _ . . .
active sites, was a crucial step for the development of a

ing the unexpeqed presence of two h_omologous d.omainsscreening project. In this paper, the properties of such
(14). Each domain contains an active site, characterized by orogenic ACE s.ubstrates are described and their value
the presence ofa_12|nc_ metallopeptidase CONSENSUS s_equenc%’ eag identification of selective inhibito,rs of ACE is
and whose functionality was demonstrated by site-directed demonitrated Among the compounds that were screened
mutagenesislf). The discovery that somatic ACE contains : '
g s y we discovered that some BPPs displayed selectivity toward
: the C-domain of ACE. The potency and selectivity toward
Fa;A‘(’gg?sls 6%05&2%%%01”‘15_%;lltov?;‘fer?t“é?\%@z‘g; f(r33) 1 69083585. ACE of the BPPs that were the most studied previously
*CEA, D’epartement-d’lngaiérie et d’Etudes des Prates. (BPPa, BPPb, BPPc, and BPP2, Scheme 1) were determined.
§ Instituto Butantan, Depto. Bioquimica e Biofisica. The potential value of selective inhibitors of ACE is
1 Abbreviations: ACE, angiotensin converting enzyme; Mca, 7-meth- ;i in i i i
oxycoumarin-2-acetic acid; DpaOM3-(2,4-dinitrophenyl)--2,3-di- dlscu.ssed in light of new_resu_lts regarding the possible
aminopropionyl; McaAla, Mca-Ala-Ser-Asp-Lys-DpaOH; McaSer, fun_ct.|on of the two ACE active sites and the effects of ACE
Mca-Ser-Asp-Lys-DpaOH. inhibitors on the potentiation of BK.
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Scheme 1 concentration range, stable ACE inhibition requires incuba-
pGIW-Trps-Pro’-Args-Pro’-Gln®-lle-Pro>-Pro'  BPPa tion of the enzyme and RXP407 for at least 45 min. Such a

long time precludes the observation of the equilibrium before

pGhu' '-Gly'*-Leu®-Prot-Pro’- Argt-Pro’-Lys*-Ile>-Pro>-Pro'  BPPb depletion of the substrate. Thus, inhibition studies with

RXP407 were performed by equilibrating increasing con-

Sl - 10_ Yy_ 8 7_ 6_ 5_ 4_Flad. 2 1 B . . .
pGlut-Gly - Leu’-Pro’-Pro’-Gly*-Pro*-Prot-fle’-Pro®-Pro  BPPe centrations of RXP407 with ACE (45 min) and then initiating

pGlu'*-A sn’-Trp*-Pro’-Hiss-Pro’-Gln®-Ile*-Pro>-Pro'  BPP2 the reaction by adding the substrate to determine the residual
free enzyme concentration. Due to the slow dissociation of
EXPERIMENTAL PROCEDURES RXP407 from ACE, it was possible to neglect the effect of

substrate addition on the equilibrium position and to observe
Materials. Human wild-type somatic ACE and ACE stable steady-state rate on the time scale of monitoring.
mutants, containing only one functional active site, were Inhibitor concentrations were selected in order to observe
obtained through stable expression in Chinese hamster ovarya full range of inhibition percentages.

cells transfected with appropriate ACE cDNAY). This When the inhibition experiments were performed with the
material was kindly provided by Professor P. Corvol of the ACE mutantsK; values were determined using the method
Institut National de la Santet de la Recherche \cale, of Horovitz and Levitzki 81). All K; values reported were

Unité 36. Expression and purification of ACE were per- reproducible withirt-5%. When wild-type somatic ACE was
formed as previously describedq). Mca-Ser-Asp-Lys- used,Ki(app) values were estimated from simulation, as
DpaOH (McaSer) substrate was prepared following the described below.

procedure described for Mca-Ala-Ser-Asp-Lys-DpaOH  SimulationsTheoretical inhibition profiles of somatic ACE
(McaAla) (20). BPPa, BPPb, and BBPc peptides were from with the different inhibitors were simulated by using the
Bachem. BPP2 was synthesized by solid-phase synthesisprogram DYNAFIT from P. Kuzmic 2). This program

using the sequence previously repor(2d). describes the system under consideration by a set of kinetic
Enzyme Assay#\ssays were carried out at 2& in 50 equations that correspond to substrate cleavage and inhibitor
mM Hepes, pH 6.8, 200 mM NacCl, and M ZnCl,. binding. ACE was modeled as two independent sites, each

Continuous assays were performed by recording the fluo- site being able to cleave the substrate with specific kinetic
rescence increase at 390 nia,(= 340 nm) induced by the  parameters. Comparison of thg, andk.. values obtained
cleavage of McaAla and McaSer substrates by ACE, using for the cleavage of McaAla and McaSer substrates using
black, flat-bottomed, 96-well nonbinding surface plates ACE mutants with the values determined with somatic ACE
(Corning Costar France). Fluorescence signals were moni-(data not shown) was consistent with this hypothesis. The
tored using a Biolumin 960 photon counter spectrophotom- six equilibria used to model ACE are shown in Scheme 2.
eter (Molecular Dynamics) equipped with a temperature In this scheme, E1 and E2 refer respectively to the N- and
control device and a plate shaker. The substrate and enzymec-domains of ACE.

concentrations for the experiments were chosen so as to

remain well below 10% of substrate utilization and observe Scheme 2

initial rates. Concentrations of substrate solutions, prepared K,

in dimethyl sulfoxide, were determined spectrophotometri- El+ S==E1S 1)
cally usingezzgnm= 12900 Mt cm1. The kinetic parameters kot

Km andk. for the hydrolysis of the substrates McaAla and Kon
McaSer by the ACE mutants were determined using the E2+ S<=—E2S 2
direct linear plot method 26—27). This method allows .
determination of confidence intervals kg:andkea/Km (28). ea
The same approach was also used to determine appasént E1S E1+P )
K for the cleavage of McaAla and McaSer by somatic ACE. Keatz
These kinetic parameters were determined using a substrate E2S—E2+P (4)
concentration range of-580 uM. A correction factor for Kon
each substrate concentration, determined experimentally, was El+1<—=Ell (5)
used to correct for the inner filter effect, as described before
(29). on,

Inhibition Studies.Inhibitors were dissolved in buffer E2+1 WEZI (6)

containing either the McaAla or McaSer substr&e=(Ky,).

The reaction was initiated by addition of ACE. Enzyme  Simulations using Dynafit require to explicitly set all
concentrations were chosen in order to observe steady-stat&inetic constants. With the exception of RXP484,values
rates of hydrolysis over a period of 40 min. Data were were set to 1O8M~1 s for all equilibria. ko values for the
collected for 25 min, every 10 s. For BPP peptides, no sign substrate hydrolysisk{s: and ko, equilibria 1 and 2 in

of slow binding was evident from the progress curves. Scheme 2) were set according to the Michaelis méggh
Experimental conditions to study lisinopril were previously = (konKm1,2) — Kean,2 FOr inhibitors, kinetic constant&t; 4)
described 30). In the presence of RXP407, there is a time- were calculated according kgis 4 = konKiz 2. In the specific
dependent decrease in the steady-state rate, which is aase of the RXP407 interaction with the N-domain of ACE,
function of the inhibitor concentration, suggesting the thek,,value was determined experimentally. Twelve progress
occurrence of a slow-binding inhibition mechanism. Pre- curves, observed just after the addition of somatic ACE on
incubation experiments indicated that, given the RXP407 solutions containing the substrate and the inhibitors, at
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Table 1: Kinetic Parameters for the Hydrolysis of the McaAla and S_Omat'(? ACE. To exemplify this proper_ty, a nu_mb_er_of
McaSer Substrates by the ACE Mutants, Obtained by Using the simulations were performed to determine the inhibition

Direct Plot Method profiles that should be observed with these substrates when
McaAla McaSer somatic ACE is inhibited by compounds able to differentiate

Kont (M) 41 (38-46) 39 (37-42) the two active sites (_)f th_is enzyme. These simulatiqns_V\_/ere
Kmz (uM)P 46 (45-48) 36 (35-38) performed by considering the case where the inhibitor
Kear1 (571 15.9 35 displayed &; value of either 1 or 10 nM for one site and a
keao(s™) 159 12.9 Ki value of 1uM for the other one (selectivity of 3 or 2
Eﬁﬁmggﬂfﬁuﬂ}b 8222 gg:gig:ggg 8:22%%%%3 orders of magnitude, respectively). As shown in Figure 1a,b,
o (STl)c ‘ 4074 3896 the titration profiles using the McaSer substrate are extremely
Koit2 (S7Y)° 4624 3587 dependent on the inhibitor specificity. Such profiles can thus

21 refers to the ACE mutant containing only the functional N-terminal P& used to identify either a C- or an N-selective inhibitor,
active site and 2 to a functional C-terminal active site. Conditions: 50 With a selectivity factor of 1000 and 100, respectively.
mM Hepes, pH 6.8, 200 mM NaCl, and A8 ZnCl,. ® The confidence Similar simulations, but performed with the McaAla substrate
limits on the kear and keafKm values are indicated in parentheses. (Figyre 1c,d), revealed that the inhibition profiles differ much
¢ Calculated values, as described in Experimental Procedures. less than those generated with McaSer. Thus, depending of

the experimental uncertainties, it might be more difficult to
different inhibitor concentrations, were recorded. A global getermine with confidence whether an inhibitor, displaying
least-squares fit of these progress curves providg@nd 3 selectivity lower than 2 orders of magnitude, is N- or
Kot (32). The kon value determined for the interaction of C.selective using the McaAla substrate alone. These simula-
RXP407 with the N-domain of somatic ACE was 410* tions led us to consider that it would be convenient for
M~ s, _ ) screening tests to determine systematically the percentage

The Ki(app) values reported in Table 2 were obtained as jnhipition for any compound using both McaAla and McaSer
follows: Initial values ofKi, andKj; were set to simulate  gypstrates. Inspection of Figure 2a,b demonstrates that a
progress curves, using experimental inhibitor concentrations. c.selective inhibitor is manifested when the percentage of
A similar progress curve was calculated in the absence of jnhibition observed with the McaSer is higher than that
inhibitor. Steady-state velocities were determined from these gptained with McaAla. The reverse situation is typical of an
curves. For each inhibitor concentration, the percentage of N-selective inhibitor (Figure 2c,d). In the case of an inhibitor
inhibition was calculated as the ratio of the steady-state displaying a selectivity factor of 100 (Figure 2b,d), the
velocity in the absence and presence of inhibitor. The initial simulations indicate that the inhibition profiles obtained with
values ofKi, andKi; were varied until a good agreement  the two substrates should exhibit, at some inhibitor concen-
between the simulated and the experimental inhibition curvesirations, differences in the percentage of inhibition of 30%.
was obtained. TheKi(app) values reported in Table 2 Thys, this approach based on dual fluorogenic substrates
corresponded to the most satisfactory simulation (displayedshould allow to identify with good confidence inhibitors
in Figure 3a,C). ThIS procedure makes dIffICU|'[ the estimation d|sp|ay|ng Se'ectivity of at |east 2 Orders Of magnitude_
of the uncertainty orKj; andKj,, as these values were not Validation of the Approach with RXP407, an N-Selezti
obtained from a regression analysis. The uncertainty on the|yibitor of ACE. The phosphinic peptide RXP407 is the
Ki(app) values was estimated as described below. For a sefjst potent inhibitor of ACE that was reported to be able to
of estimatedKi, Kz, the uncertainty ok, was determined  gjferentiate the two ACE active sites, with a selectivity
by simulating a curve that crosses the point showing the tactor of about 3 orders of magnitud2Qy. The experimental
largest deviation from the model, in the region corresponding iration curves obtained for the inhibition of wild-type ACE
to the titration of site 1. A similar calculation was carried by RXP407 with McaAla and McaSer are reported in Figure
out to determine the uncertainty dfy,. In all cases, the 33 (closed circles). The higher percentage of inhibition, when
uncertainty orKi(app) reported in Table 2 was lower than e sybstrate used is McaAla, is consistent with the fact that
50%. RXPO7 is an N-selective inhibitor of ACE (compared with
RESULTS Figure 2c,d). As shown in Figure 3a, inhibition curves can

be simulated (continuous lines) that reproduced fairly well

Theoretical Model of ACE InhibitianThe kinetic param-  the experimental data obtained with the two substrates. From
etersKy, andke for the degradation of the new fluorogenic these two simulations, the sarKgapp) value (7 nM) was
substrate Mca-Ser-Asp-Lys-DpaOH (McaSer) by the N- and estimated for the interaction of RXP407 with the N-domain
C-domain ACE mutants indicated that this substrate is more of ACE. However, theKi(app) values determined for the
efficiently cleaved by the C-domain than by the N-domain interaction of RXP407 with the C-domain were slightly
of ACE (KeafKm Of 0.36 st-uM~* for the C-domain and  different, 4 and 1uM (Table 2). From direct binding
0.089 st-uM~* for the N-domain; Table 1). This selectiv- experiments with tritiated RXP407 Ky value of 9 nM was
ity is mostly due to a highek., value displayed by this  determined for the interaction of this inhibitor with the
substrate toward the C-domain, as compared to the N-domainN-domain of wild-type ACE 80). A K; value of 2-3 uM
(12.9 versus 3.578). Interestingly, this new fluorogenic  was obtained for the interaction of RXP407 with the geminal
substrate, when used in combination with the previously form of ACE, a form containing only the C-domain of ACE
reported fluorogenic substrate Mca-Ala-Ser-Asp-Lys-DpaOH (30). Thus, overall the comparison of th&, or K; values
(McaAla) (20), turned out to be a convenient tool for previously reported with th&;(app) given in Table 2 led us
screening tests aimed at identifying inhibitors able to block to suggest not only that McaAla and McaSer substrates can
selectively either the N- or the C-domain active site of be used to identify easily selective inhibitors of ACE but
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Ficure 1: Simulated profiles for the inhibition of somatic ACE by either C- or N-selective inhibitors possessing a selectivity factor of
1000 and 100. The inhibition profiles are those expected when using the McaSer (a, b) and McaAla (c, d) substrates.
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Ficure 2: Simulated inhibition profiles of somatic ACE. Panels a and b display profiles when the substrate is either McaSer (blue curve)
or McaAla (red curve) and when a C-selective inhibitor possesses a selectivity factor of 1000 (a) or 100 (b). Panels c and d display profiles
when the substrate is either McaSer (blue curve) or McaAla (red curve) and when an N-selective inhibitor possesses a selectivity factor of
1000 (c) or 100 (d).
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a ' [T T ‘""'._'_"“'"" Table 2: Potency and Selectivity of BPPs toward the N- and
i | AN . ] C-Domains of Somatic ACE
80 —r """ ', """" E'.‘-"""""__ Ki(app) values (nM)
60 | I L ’ | _ McaAla substrate McaSer substrate
E | . : ."" . ] N-domain  C-domain  N-domain  C-domain
Fol e 2 U W RXP407 7 1000 7 4000
- : - % : 1 BBPa 100 1 100 (80) 1(0.5)
i : e | ] BPPb 10000 30 8000 (9000) 30 (25)
20 - I i - ] BPPC 80 80 80 (55) 80 (70)
I ; 1 BPP2 200 15 200 (220) 15(2)
0 F sl sl il sl d aKi(app) values were determined from the simulations that best
1 10 100 1000 10* 10° 10° reprocgch)g()j the experimental data. Values in parentheses were deter-
linh] nk mined with ACE mutants, containing a single functional active site,
b 100 . . . . using McaSer as substrate.
I s ]
80 | - | IR SR ] RXP407 exemplify how the use of these dual fluorogenic
i | 1 substrates can easily identify mixed or selective ACE
2 60 [ ; | | ] inhibitors.
;: I Potency and Selecity of Bradykinin-Potentiating Pep-
40 | ! . - tides.From the experimental inhibition profiles obtained with
I ] BPPa (Figure 3c, closed circles), it can be seen that the
20 8| | | ] percentage inhibition at low BBPa concentrations%0 nM)
I ] is higher with McaSer than McaAla (70% versus 30%,
o® ol vl v e i ] respectively, at 10 nM BPPa). On the basis of the above
0.1 1 10 100 1000  10°* 10° considerations, these results revealed that BPPa preferentially
[inh] nM interacts with the C-domain of ACE. Experimental data were
C 100 ey e g 1 rather well reproduced by the simulated curves (Figure 3c,
[ | L4 1 continuous lines). From these simulatiokgapp) values of
80 - : —— _ 1 1 and 100 nM were estimated for the interactions of BPPa
i - _ 1 with the C- and N-domains of ACE, respectively (Table 2).
60 - | = * ] The K;(app) values estimated for the other BPPs, using the
£ i |/ 1 same approach, revealed that BPPb and BPP2 also behaved
£ ol | / _ b as C-selective inhibitors of ACE, BPPb exhibiting the highest
i ¥ ! - ] selectivity. BPPc turned out to be a mixed ACE inhibitor.
o0 L Sl e | B k Comparison of theKi(app) values estimated with the ap-
P proach outlined above with th€; values determined using
ot I R T ACE mutants, containing a single functional active site
0,1 1 10 100 1000 10* (Table 2, values into parentheses), confirms that our approach
[inh] nM provides indeed a fairly good estimate of the actual inhibitor

FiIGURE 3: (a) Inhibition profiles of somatic ACE by RXP407 when  potency.

the substrate used is McaAla (red curve) or McaSer (blue curve).

Closed circles correspond to experimental data. Continuous linesDISCUSSION

display simulated profiles obtained witk values of 7 nM and

1-4 uM, corresponding respectively to the interaction of RXP407  Despite the huge numbers of biochemical studies of ACE

with the N- and C-domains of somatic ACE. (b) Profiles for the - o rformed over the last 3 decades, very few convenient

inhibition of somatic ACE by lisinopril when the substrate is . . .

McaAla (red points) or McaSer (blue points). (c) Profiles for the synthetic fluorogenic substrates have been deve_loped for this

inhibition of somatic ACE by BPPa when the substrate used is €nzyme 20, 33, 34). Due to the key role of ACE in human

McaAla (red curve) or McaSer (blue curve). Closed circles health, most of the research was directed toward the study

<:0r:gisaloontflt to eéperitnr:fntall data-fcfntiréu%g I:]nﬁs gcl)sr?éasy gml;rllatedof the physiological substrates of ACE, namely, Ang | and
roriles optained wi i values o an , :

Pespectively to the intelraction of BPPa with the C- and N?domaigns BK. W_e prewously_ reported the use of McaAla as a

of somatic ACE. convenient fluorogenic substrate for routine ACE assa@k (

On the basis of simulations, we also suggested that dual
also that reasonable estimates of their affinities can be fluorogenic substrates endowed with a slight difference in
determined, as far as a good agreement was observedselectivity for the N- and C-domain of ACE, like the
between experimental data and simulations. McaALa and McaSer substrates reported in this study, would

Inhibition Profiles with Lisinopril. With lisinopril, the two represent valuable tools to study the interaction of selective
inhibition profiles observed with the McaAla and McaSer inhibitors with wild-type somatic ACE. Mutants of somatic
substrates were superimposed (Figure 3b). This superimposiACE containing a single functional active site were devel-
tion is in agreement with the results previously reported by oped and used in studies aimed at identifying selective
Michaud et al., showing that lisinopril inhibited the N- and inhibitors. While these mutants simplify the interpretation
C-domain ACE mutant with a similar potencl9). The very of the inhibition studies, there are many circumstances where
different inhibition profiles observed between lisinopril and the use of somatic ACE may be more appropriate, such as
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working with somatic ACE from different sources. Also, as BPPs may affect their potency and selectivity toward the
the occurrence of some cooperativity between the two ACE N- or C-domain of ACE. If the nature of the residue in
active sites has been discussed in previous studies, investigaposition 4 of these peptides, in addition to their signature
tions of such a cooperative mechanism obviously require to sequence lle-Pro-Pro, seems to play important role in their
work with somatic ACE 85). As shown by the present study, potency and selectivity, the contribution of the other residues
identification of selective inhibitors of somatic ACE is ef- cannot be ruled out. Thus, extensive structtaetivity
ficiently achieved using dual fluorogenic substrates (McaAla studies would be required before drawing definitive conclu-
and McaSer), with no requirement of ACE mutants. Due to sions about the role of each residue. Indeed, preliminary
its simplicity, such an approach constitutes a valuable study of several BPP analogues did not provide clear
screening test to identify selective inhibitors of ACE from a relationships between the structure of these peptides and their
large array of compounds. However, several aspects of ourability to differentiate the two ACE active sites (unpublished
approach should be taken into consideration. First, kinetic results).
parameters were determined to describe the cleavage of The availability of highly potent and N- or C-selective
McaAla and McaSer by the ACE mutants and somatic ACE. inhibitors of ACE, such as RXP407 or BPPb, may contribute
By comparing the values of these parameters, we concludedo the efforts aimed at discovering whether the ACE gene
that the mutant parameters can be used to describe thejuplication is associated with particular functions for each
cleavage of these two substrates by somatic ACE activity. domain of this enzyme in mammalian speci&4) (As shown
In this specific case, somatic ACE can be modeled as two by this study, RXP407 or BPPb modulates significantly the
independent active sites. This step was essential in order todegradation of McaAla and McaSer, despite the weak
simulate inhibition curves and, as shown in Figures 1 and 2, difference in the relative specificity of the N- and C-domain
exemplify the influence of the substrate selectivity on these of ACE in cleaving these two substrates. Thus, depending
profiles. The second step of our approach concerns theof the relative specificity of the N- and C-domain of ACE
experimental determination of the inhibition profiles, using in cleaving physiological substrates, RXP407 and BPPb
the McaAla and McaSer substrates. Inhibition curves that could potentially in vivo control their metabolism in a
do not superimpose reveal the occurrence of selectiveselective manner. In vitro, the two ACE domains were
inhibition of each somatic ACE active site. Finally, simula- proposed to hydrolyze with the same efficiency Ang | and
tions were performed in order to determine whether the BK (15, 17). However, ACE substrate selectivity is regulated
experimental observations could be reproduced theoretically,by chloride in a complex manner, the C-domain being the
using the set of equations reported in Scheme 2. The most sensitive to chloride concentratidf(17). From these
observation of a reasonable agreement between experimentajonsiderations, it seems imperative to check whether in vivo
and simulated inhibition profiles, as observed in this study, a selective control of the Ang | or BK metabolism can be
affords the conclusion that there is no cooperative processachieved by a selective C-domain inhibitor such as BPPb.
during the binding of the inhibitor to the two active sites of BPPs, as well as synthetic ACE inhibitors, potentiate the
somatic ACE; thus(; values can be estimated. Under this effects of BK. Among different mechanisms explaining this
condition, the estimatel; values from the simulations are property, the inhibition of ACE, the most active player in
in reasonable agreement with the values deduced fromthe inactivation of BK, has been consider@l Our results
experiments based on the ACE mutants (Table 2). In contrast,on the BPPb selectivity suggest that the inactivation of BK
if experimental inhibition profiles could not be reproduced ¢ouid be achieved by blocking only one ACE active site.
by simulations, this may indicate the occurrence of a more pjarcic et al. recently discussed new mechanisms to account
complex process, such as a cooperative mechanism for theor the potentiation of the BK effects by ACE inhibitor36—
interaction of the inhibitor with the two ACE active sites. 38) These authors invoked a cross talk between ACE and
This study demonstrates for the first time that some BPPs the BK B, receptor, induced by the binding of the inhibitor
are highly selective inhibitors of the C-domain of ACE. to ACE. In this respect, it would be also of great interest to
Among the four BPPs examined in this study, BPPb turned study how the BK interaction with its Breceptor is
out to be the most selective inhibitor of the C-domain influenced after binding of either RXP407 or BPPb to ACE.
reported so far. As compared with the three other BPPs, the - pdditional structure-function studies will be necessary
higher selectivity of BPPD is explained by a very low affinity o decipher the structural elements in the BPP peptides that
for the N-domain of ACE. BPPb displays&(app) value of  are critical for their selective interaction with the C-domain
8—10uM for the N-domain, wheredsi(app) values varying  of ACE. In the meanwhile, the structure of BPPb may
from 80 to 200 nM were de;termlned for th_e interaction of provide a starting point for developing nonpeptidic com-
BPP1, BPP2, and BPPa with the N-domain. The presencepounds endowed with high potency and selectivity for the

of a lysine residue in position 4 of BPPb, instead of glutamine ¢_qomain of ACE that may lead to a new generation of ACE
or proline at the same position in other BPPs, may accountinnibitors.

for the lower affinity of BPPb for the N-domain of ACE. In
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