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ABSTRACT. RXPA380 (Cbz-Ph@[PO.,CH]Pro-Trp-OH) was reported recently as the first highly selective
inhibitor of the C-domain of somatic angiotensin-converting enzyme (ACE), able to differentiate the two
active sites of somatic ACE by a selectivity factor of more than 3 orders of magnitude. The contribution
of each RXPA380 residue toward this remarkable selectivity was evaluated by studying several analogues
of RXPA380. This analysis revealed that both pseudo-proline and tryptophan residues ihahd B'
positions of RXPA380 play a critical role in the selectivity of this inhibitor for the C-domain. This selectivity

is not due to a preference of the C-domain for inhibitors bearing pseudo-proline and tryptophan residues,
but rather reflects the poor accommodation of these inhibitor residues by the N-domain. A model of
RXPA380 in complex with the ACE C-domain, based on the crystal structure of germinal ACE, highlights
residues that may contribute to RXPA380 selectivity. From this model, striking differences between the
N- and C-domains of ACE are observed for residues defining thpdgket. Of the twelve residues that
surround the tryptophan side chain of RXPA380 in the C-domain, five are different in the N-domain.
These differences in the;’Scomposition between the N- and C-domains are suggested to contribute to
RXPAS380 selectivity. The structural insights provided by this study should enhance understanding of the
factors controlling the selectivity of the two domains of somatic ACE and allow the design of new selective
ACE inhibitors.

Angiotensin-converting enzyme (ACE) in vertebrates is a has only one active site, which corresponds to the C-domain
zinc metallopeptidase involved in the release of angiotensin of somatic ACE {3). In this study, the structural require-
Il and the inactivation of bradykinin, two peptide hormones ments for the remarkable selectivity displayed by RXPA380
that play a key role in the regulation of blood pressure and were determined by developing several analogues of this
renal and cardiovascular functionts—4). ACE inhibitors compound. Using the germinal ACE structure, the binding
have been on the market for more than 20 years, with of RXPA380 was modeled into the C-domain. This model
successful applications ranging from mild hypertension to offers a structural basis to tentatively explain RXPA380
postmyocardial infarctions( 6). Somatic ACE contains two  selectivity.
active sites 7, 8), and most of the currently available
inhibitors used in clinical practice interact with these two MATERIAL AND METHODS

active sites to a similar exter@g)( On the basis of these facts, Enzymes N-domain and C-domain mutants of human
we previously proposed to develop inhibitors able to dif- o~ombinant ACE have been described). (The term
ferentiate these two active sites, as a new generation of ACE-_qomain mutant describes an ACE form in which the

inhibitors. The first N-domain-specific inhibitor of ACE,  \_qomain was inactivated. N-domain mutant corresponds to
RXPA}O?, was |dent|f|eq by sgr.eelnlng_phosphlnlc peptide o0 ACE in which the C-domain was inactivated.

libraries @). A C-domain-specific |nh|b|_tor of ACE’ RX- Enzyme Assays and Inhibition Studi€svalues reported
PA380, was recently reported). In vivo experiments i, taple 1 were determined using, respectively, ACE
demonstrated that with these two novel domain-specific ACE C-domain mutant{(C)) and ACE N-domain mutank((N))
inhibitors it is possible to prevent the angiotensin | conversion K; values were deltermined as describéd)( Enzyme aﬁd
without affecting bradykinin cleavagé@. Thus, such ACE inhibitors were incubated for 45 min before the initiation of

inhibitors may find new Fherapeut?c applications in _the the reaction by substrate addition. Assays were performed
control of diseases mediated mainly by angiotensin II at 25°C in 50 mM Hepes (pH 6.8), 200 mM NaCl, and 10

over.production, such as atheroscleroﬁ&).( Sinc_e these uM ZnCl,. Continuous assays with the fluorogenic substrate
studies, the 3D crystal structure of germinal ACE in complex Mca-Ala-Ser-Asp-Lys-Dpa-OHwere performed as previ-
with lisinopril inhibitor has been solved ®). Germinal ACE ously described(4).

Compound SynthesiSynthesis of inhibitor RXPA380,
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Table 1: Selectivity of RXPA380 Analogues toward ACE C- and
N-Domain Mutant
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(OH)CH]Pro-Trp-OH), is shown in Scheme 1. The aminophos-
phinic analogue of phenylalaning, was synthesized and
its enantiomeric resolution performed according to the
protocol of Baylis (5).

A mixture of (R)-aminophosphinic acidl (3.19 g, 10
mmol) and HMDS (6.3 mL, 30 mmol) was flushed by Ar
and heated at 11TC for 3 h. At this temperature, 5-acetoxy-
cyclopent-1-enecarboxylic acid ethyl est®) (2.38 g 12
mmol) was added, and the resulting solution was stirred for
4 h at 90°C. Then, the mixture was cooled at 70, absolute

1 Abbreviations: HMDS, 1,1,1,3,3,3-hexamethyldisilazane; NMP, 1-
methyl-2-pyrrolidinone; HBTUQO-benzotriazol-1-yIN,N,N',N'-tetram-
ethyluronium hexafluorophosphate; TFA, trifluoroacetic acid; Cbz,
carbobenzyloxy; DCM, dichloromethane; DIPEMN,N-diisopropyl-
ethylamine; TIS, triisopropylsilane; Et, ethyl; Ac, acetyl; THF, tet-
rahydrofuran; DMSO, dimethyl sulfoxide; Me, methyl; Bads;tert-
butoxycarbonyl; Ad, adamantly; Mca, (7-methoxycoumarin-4-yl)acetyl;
Dpa, N3-(2,4-nitrophenyl):-2,3-diaminopropionyl.
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EtOH (10 mL) was added dropwise, and the resulting mixture
was stirred at 70°C for 30 min. The solvents were
evaporated, and the residue was dissolved in 5% NaHCO
(15 mL) and hexane (15 mL). The organic phase was
separated, and the aqueous phase was washed twice with
hexane (2x 15 mL). The aqueous phase was acidified with
1 M HClI to pH 1 and saturated with NaCl. Extractions with
AcOEt (3 x 5 mL) followed, and the crude product was
obtained after evaporation of the solvents. Purification by
silica gel chromatography (#230 mesh), using chloroform/
methanol/acetic acid, (7:0.3:0.3) as eluent, afforded 4.07 g
(yield 89%) of pseudo-dipeptide 5-[(-1-{[(benzyloxy)-
carbonyllamind-2-phenylethyl)(hydroxy)phosphinyl]-
cyclopent-1-ene-1-carboxylic acid, ethyl estgy s a white
solid: 3P NMR (81 MHz,ds-DMSO) 6 46.45, 47.41.

To a solution of pseudo-dipeptic(1.37 g, 3 mmol) and
NiCl»*6H,0 (1.07 g, 9 mmol) in THF (12 mL) and MeOH
(7.5 mL) was added NaBHO0.56 g, 15 mmol) portionwise
for 30 min at—30 °C. Then, the mixture was stirred a0
°C for 10 min. After the end of the reaction time, the mixture
was evaporated and the residue was partitioned with AcOEt
(25 mL) and 1 N HCI (20 mL) (to pH 1). The organic phase
was separated, washed with® (10 mL), and dried with
NaSO,. The crude product was purified by silica gel
chromatography (#6230 mesh), using chloroform/methanol/
acetic acid (7:0.3:0.3). After purification, 1.25 g (yield 91%)
of phosphinate 2-[([®)-1-{[(benzyloxy)carbonyllaminjp-2-
phenylethyl)(hydroxy)phosphinyl]cyclopentanecarboxylic acid,
ethyl ester 4) was obtained as a white solidP NMR (81
MHz, ds-DMSO) 6 45.99, 46.21, 48.87, 49.27.

To a refluxing solution of phosphinat(0.92 g, 2 mmol)
and l-adamantyl bromide (0.65 g, 3 mmol) in CEQ0
mL) was added silver(l) oxide (0.56 g, 2.4 mmol) portionwise
over 1 h. After the solution was refluxed for 24 h, the solvent
was removed in vacuo and the residue was treated wit Et
(10 mL). The resulting mixture was filtered through Celite,
and the filtrates were evaporated. The residue was purified
by silica gel chromatography (7230 mesh), using CH@
i-PrOH (9.8:0.2) as eluent. After purification, 1.05 g (yield
89%) of phosphinate 2-[(@)-1-{[(benzyloxy)carbonyl]-
aming -2-phenylethyl)(adamantyloxy)phosphinyl]-
cyclopentanecarboxylic acid, ethyl esté&) (vere afforded
as a colorless gum?*P NMR (81 MHz,ds-DMSO) 6 49.00,
49.35, 49.42, 49.72, 51.32, 51.45, 52.94, 53.54.

To a stirred solution of fully protected pseudo-dipeptide
5 (0.47 g, 0.8 mmol) in MeOH (5 mL) was addle 4 M
aqueous solution of NaOH (0.7 mL) dropwise. The reaction
mixture was stirred for 2 h. Then the solvent was removed,
and the residue was diluted with water and acidified with
0.5 M HCl in an ice-water bath. This aqueous solution was
extracted with AcOEt (2x 10 mL), and the combined
organic layers were dried over PO, and concentrated. The
residue was purified by silica gel chromatography-230
mesh), using CHGIMeOH (9.6:0.4) as eluent. After puri-
fication, 0.42 g (yield 94%) of building block 2-[(R)-1-
{[(benzyloxy)carbonyllaminie2-phenylethyl)(adamantyloxy)-
phosphinyl]cyclopentanecarboxylic acig) (vas afforded as
a white solid: 3P NMR (81 MHz,ds-DMSOQ) ¢ 51.07, 51.54,
51.77, 52.28, 53.02, 53.33.

Fmoc-Trp(Boc)-Wang resin (0.2 mmol) was suspended in
NMP (3 mL), and the solvent was removed after 15 min of
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a2 Reagents and conditions: (i) HMDS (3 equiv), 14D, 3 h, then2 (1.2 equiv), 90°C, 4 h, then EtOH, 70C, 15 min, 89%. (ii) NaBH (5
equiv), NiCk (3 equiv), MeOH,—30 °C, 30 min, 91%. (ii) 1-AdBr (1.5 equiv), A® (1.2 equiv), CHJ, 24 h, reflux, 89%. (iv) 0.5 N NaOH/
MeOH, 12 h, rt, 94%. (v) bN-Trp(Boc)-Wang (0.9 equiv), DIPEA (9 equiv), HBTU (3 equiv), NMP, 24 h, rt. (vi) TFAKCH/H,0/(i-Pr)SiH

(90:7.5:1.25:1.25), 3 h, rt.

shaking. The resin was treated with a solution of 20% (OCHy), 110.7, 112.5, 119.2, 122.0, 124.9, 127.3, 127.8,

piperidine in NMP (2x 5 mL) for 15 min and was then
filtered and washed successively with NMP x75 mL),
CH,CI; (3 x 5 mL), and E2O (2 x 5 mL). NMP (1 mL),
diisopropylethylamine (0.35 mL, 2 mmol), phosphinic tri-
peptide 6 (0.22 mmol) dissolved in 1 mL of NMP, and
HBTU (228 mg, 0.6 mmol) dissolved in NMP (1.5 mL) were

128.4,128.7, 129.3,129.4, 130.2, 137.2, 138.3, 139.4 139.6
(aryl), 157.0 (G@CONH), 174.6 (CCONH), 175.1 COOH);
3P NMR (101 MHz,ds-DMSO) 6 53.8; ESMSm/z calcd
for C33H37N307P (M + H)jL 6172, found 617.3.

RXPA380 analogues$, 10, and 11 were prepared and
isolated similarly to RXPA380 by using building block Cbz-

added to the resin, and the reactor was shaken for 24 h. AfterPheéP[P(O)(OAd)CH]Pro-OH ). For the synthesis of

filtration and successive washings with NMP 45 mL)
and CHCI, (5 x 5 mL), the resin was treated with 5 mL of
TFAJICH,CI/H0/(i-Pr)sSiH (90:7.5:1.25:1.25) o3 h at

RXPA380 analogued? and 13, the preparation of phos-
phinic precursors Chz-AlH[P(O)(OAd)CH]Pro-OH and
Cbz-hPh&[P(O)(OAd)CH]Pro-OH was required. The syn-

room temperature. Filtration and evaporation of the filtrates thesis of these adamantyl phosphinates was carried out
afforded the crude product which was purified and separatedaccording to the procedure described above for building
into four diastereoisomers by RP-HPLC (SPPS yield 96%, block 6, starting from the Cbz-protected aminophosphinic
purity (decided by HPLC) 63%). RXPA380, the active analogues of alanine and homophenylalanine, respectively.
component of the above diastereoisomeric mixture, corre- Finally, pseudo-tripeptidesand9 were prepared according
sponds to the first eluted fraction in RP-HPLC and to 40% to our previously published methodolog¥6j. Each dias-

of the total amount of tripeptiddd = 29.74 min; gradient
t = 0 min (65% A, 35% B)t = 23 min (65% A, 35% B),
t = 40 min (60% A, 40% B); solvent A= 0.1% TFA and
10% CHCN in H,O; solvent B= 0.1% TFA and 90% Ckt
CN in H,O): *H NMR (250 MHz,ds-DMSO) 6 1.39-1.67
(m, 2H, CHCH,CH), 1.68-1.90 (m, 4H, G&,CH,CH,),
2.41-2.59 (m, 1H, P@ Pro), 2.672.87 (m, 1H, CHCEI-
HPh), 2.96-3.27 (m, 4H, CHCH{Ph, PCHC Pro, CHCH,-
Ar Trp), 3.91-4.10 (m, 1H, NP Phe), 4.424.58 (m, 1H,
NCH Trp), 4.93 (dd, 2HJ) = 12.9, 21.7 Hz, OE,Ph), 6.90-
7.42 (m, 15H, aryl), 7.56 (s, 1H,MTrp), 7.65 (d, 1H3Jun
= 13.7 Hz, N\H Phe), 8.31 (d, 1HJ4y = 9.7 Hz, NH indole);
13C NMR (63 MHz,ds-DMSO0) 6 27.6 CHCH,CH,), 28.3
(CH, Trp), 28.6 (PCHCH,), 32.5 (PCHCHKCH,), 34.6 CH.
Phe), 39.4{cp = 103 Hz, IZH Pro), 45.4 (PCIEH Pro),
52.8 €Jcp = 94 Hz, NCHP Phe), 54.4 (BH Trp), 66.3

tereoisomer of pseudo-tripeptides presented in Table 1 was
found to be correct by MS analysis. Further spectroscopic
and analytical data of all new pseudo-proline phosphinic

synthetic intermediates are supplied as Supporting Informa-
tion.

Molecular Modeling The molecular model of the interac-
tion of the phosphinic inhibitor RXPA380 with the catalytic
C-domains of ACE, based on 3D structures of the germinal
form of this enzyme complexed with lisinopril (PDB code
1086) (2), was achieved with the program CHARMM
(version 27) 17). We used the CHARMM force field version
22 (18). The geometrical and nonbonded parameters for the
phosphinic inhibitor were derived from ab initio quantum
calculations with the program GAUSSIAN989). These
calculations were done at the MP2 level of theory using a
6-31+G(d,p) basis set.
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An initial model of RXPA380 was built with the Insightll
software (Accelrys Inc.) The initial position of RXPA380
in the catalytic C-domain of ACE was obtained by super-
imposing the main chain of the phosphinic inhibitor on the
corresponding atoms of lisinopril in the structure of this
molecule complexed with the germinal form of ACE. This
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the fraction eluting first was the only one endowed with
inhibitory potency. Interestingly, initial modeling studies of
RXPA380 showed that only one diastereocisomer of this
compound can be easily accommodated in the active site of
the germinal form of ACE. Furthermore, this diastereoisomer
of RXPA380 can be superimposed on the structure that

starting structure of the complex RXPA38C-domain of lisinopril adopts in complex with ACE (see below). In this
ACE was then refined by energy minimization and molecular diasterecisomer, carbons and ¢ of the pseudo-proline
dynamics with CHARMM. To preserve the structure of the residue possess ti$andR configurations, respectively. The
protein during the relaxation of the complex, harmonic pseudo-proline-containing compounds reported in Table 1
restraints were applied to the atomic positions of several setsare presumed to have the same configuration. Those contain-
of atoms. The harmonic constants were set to 100, 5, anding a pseudo-alanine should possessSlmanfiguration at
0.5 kcal mof* A2 for the ions and their chelating residues, the level of the pseudo-alanine residue. This absolute
the atoms and the residues of the protein situated at a distanceequirement for potency of th8 configuration for the P
greater tha 5 A from the inhibitor, and the atoms of the residue of ACE inhibitors has been reported previouah.(
inhibitor and those of the residues of the protein at a distance Replacement of either pseudo-proline or tryptophan resi-
lower than 5 A, respectively. The initial step of the relaxation dues in RXPA380 resulted in compoundsand8) that are
protocol consists of an initial 2000 cycle of adopted basis less selective, as compared to RXPA380. This loss in
Newton—Raphson energy minimization. Then 100 000 steps selectivity is mostly explained by the potency of these two
of molecular dynamics using the Verlet algorithm were compounds toward the N-domain of ACE. Compouridsd
undertaken. The integration step was set to 0.0005 ps. The8 inhibit the N-domain more potently than RXPA380. The
temperature was gradually increased by 25 K each 1000 stepsole of pseudo-proline and tryptophan in the selectivity is
to reach 300 K. This molecular dynamics run was followed further demonstrated by compour®l which is a highly
by 5000 cycles of energy minimization. The resulting potent, but nonselective, inhibitor of ACE. Altogether, these
structure was then analyzed. During the calculations, the data demonstrate that pseudo-proline and tryptophan residues
nonbonded interactions were modeled using a Lennard-Jonesn RXA380 are rather well accommodated by the C-domain
function and a Coulombic electrostatic term with a non- active site, while they are much less tolerated by the
bonded cutoff of 13 A. The dielectric constant was set to 1. N-domain active site. The role of tryptophan in the specificity
is further outlined by compound® and11, two compounds
RESULTS AND DISCUSSION that are less specific than RXPA380. Compoub@snd13
Chemistry The classical approach to the preparation of are poor inhibitors of the N-domain, confirming the detri-
phosphinic peptides, based on the Michael addition of a mental role of the pseudo-proline and tryptophan residues
nucleophilic phosphonite to the appropriate acrylate, did not for N-domain binding. However, these two compounds also
allow preparation of Cbz-PM&P(O)(OH)CH]Pro-OEt (com-  display a weaker potency toward the C-domain, as compared
pound4, Scheme 1), an intermediate required to synthesize to RXPA380, an effect that reduces their selectivity. These
RXPA380. These negative results have led us to develop aresults show that the C-domain of ACE exhibits a preference
new strategy, outlined in Scheme 1. This strategy relies onfor a pseudo-phenylalanine residue in the inhibitppBsi-
the use of allylic acetat®, instead of an acrylate, as an tion, as compared to a pseudo-alanine or pseudo-homo-
electrophilic synthon which presents an enhanced reactivity phenylalanine.
toward the Michael addition of phosphoniteThis procedure ACE C-Domair-RXPA380 ModelThe model of interac-
gave high yields of the Cb¥[P(O)(OH)CH]dehydro-Pro-  tion of RXPA380 in the C-domain ACE active site was based
OEt synthon 8). After the chemoselective hydride reduction on the crystal structure of lisinopril in complex with germinal
of the double bond ir8, compound4 was obtained as a ACE. One remarkable feature of the bound conformation of
mixture of four diastereoisomers. Interesting? NMR lisinopril in this complex concerns the values of thend
analysis of this mixture revealed the presence of two pairs y angles adopted by the lysine residue, respectivel®
of peaks in the spectrum, at a ratio ©f70:30. This ratio and 149. Such values explain the bent conformation of
implies that a certain regioselectivity occurs during hydride lisinopril in the ACE active site (Figure 1). Interestingly,
addition in3 that leads to an excess of the less crowded anti these values correspond to theandy values observed in
isomers of4, as compared to the syn isomers, an effect that the standard proline residue. This explains why the pseudo-
has previously been observed in similar 1,4-unsaturatedproline of RXPA380 can replace the lysine residue of
substrates when nickel boride is used as the reduction agentisinopril without particular conformational adjustment (Fig-
(20). The same ratio between the different diastereoisomersure 1). This bent conformation places the free carboxylate
was also observed in the HPLC profile of Cbz-BHP(O)- of lisinopril in a favorable orientation for interacting through

(OH)CH]Pro-Trp-OH, with the active diastereoisomer (RX-
PA380) corresponding to 40% of the total tripeptide quantity.
Full spectroscopic data for RXPA380 are quoted in the
Supporting Information.

Inhibitor Selectiity and PotencyCompounds reported in
Table 1 were obtained as a mixture of either two or four

hydrogen bonding with the Ly% and TyP?° side chains of
ACE. This remarkable conformation of lisinopril also
explains why, of the four diastereoisomers of RXPA380,
only one could be superimposed on the lisinopril-bound
conformation and as well why only one diastereoisomer of
RXPA380 displayed potency.

diastereoisomers (compounds containing a pseudo-proline) The RXPA386-ACE model revealed the residues that

easily resolved by RP-HPLC. Evaluation of the inhibitory

surrounded both the pseudo-proline and tryptophan of

potency of these HPLC fractions revealed that, in each case RXPA380, the two critical residues of the inhibitor that
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Ficure 1: Superimposition of the structure of RXPA380 (carbon

atoms in green) with the structure that lisinopril (carbon atoms in
cyan) adopts in the complex with germinal ACE (PDB code 1086).
Hydrogen atoms are omitted. The figure was prepared with PyMOL

Georgiadis et al.

Table 2: Comparison of the Residues between the N- and
C-Domains of Somatic Human ACE Delineating theg Subsite

N-domain C-domain N-domain C-domain N-domain C-domain
GIn259 GIn857 Thr358 Val 956 Phe 438 Phe 1036
Ser260 Thr858 Asp393 Asp991 Tyr498 Tyr 1096
Asp354 Glu952 Glu431 Asp1029 Tyr501 Tyr 1099
Ser357 Val955 Phe435 Phe 1033 Phe505 Phe 1103

this definition, several residues that surrounded the tryp-
tophan of RXPA380 were observed to change between the
N- and C-domains of somatic ACE (Table 2). Of the twelve
residues listed in Table 2, only seven are strictly conserved
between the N- and C-domains. Examination of the model
suggests that significant changes in thé stibsite are the
replacement of two bulky and hydrophobic residues ’%al
and Vaf®6 in the C-domain by two smaller and polar
residues, S&" and The%8 in the N-domain. Such a differ-
ence in the § subsite composition between the N- and

software. C-domains suggests that the low affinity of RXPA380 for

the N-domain is not due to a more restricted size of s S
subsite that would prevent the accommodation of the
inhibitor tryptophan side chain. A more likely hypothesis
could be that the favorable interactions between the trytophan
side chain and those of \f& and Vaf®*¢ in the C-domain
are lost in the N-domain, due to the replacement of these
valine residues by S& and Th#>8in the N-domain. In the
RXPA380-ACE model, the proximity between the inhibitor
tryptophan side chain and A¥%°in the C-domain suggests
the possible occurrence of a hydrogen bond between the NH
indole ring and the carboxylate of A¥®’. Replacement
Aspt®?in the C-domain by GItf! in the N-domain may
lower the affinity of RXPA380 for the N-domain by decreas-
ing the strength of this interaction. Before the development
of RXPA380, it was proposed that the presence of hydro-
phobic residues in the,Pposition of the ACE inhibitor
should enhance their selectivity for the C-domalg)( This
proposal fits well with the selectivity displayed by RXPA380,
as well as with the presence of two valines in thesBbsite
102 of the ACE C-domain. However, as compared to several
Asp ACE inhibitors containing hydrophobic side chains in the
FIGURE 2: Residues forming the;Ssubsite of the C-domain of P, position, the reasons for the remarkable selectivity of
somatic ACE were defined as those located at a distance shortelRXPA380 remain uncertain. The presence of the pseudo-

than 5 A from the RXPA380 tryptophan side chain. For clarity, ina i i i i i
residues Hi%¥° and GI#%° are on}wlieteg. Numbered residues Wer)é proline in RXPA380 may impose a particular orientation to

those changing between C-domain and N-domain. RXPA380 is the tryptophan side chain that determines the inhibitor
colored by atom type, the carbon atoms being in green. The S selectivity. Definitive clues will require the determination
side chains are colored by atom type, the carbon atoms being inof the crystal structure of RXPA380 in complex with the N-

cyan. Hydrogen atoms are omitted. The figure was prepared with gnd C-domains (or germinal ACE) of somatic ACE, as well

‘o
v

Vv a1955 <
952

Glu

/

Thr®®

PyMOL software.

control its selectivity (Figure 2). The pseudo-proline side
chain is surrounded by the carbonyl of Ataand the side

as mutation experiments to complete the structural analysis.

In the lisinopril complex, thex-NH group of the lysine
residue is hydrogen bound to the carbonyl group off#la

chain of Hi$%. These two residues belong to a stretch of (Figure 1). The presence of a pseudo-proline in RXPA380
amino acids that is highly conserved in the N- and C-domains prevents the formation of such a hydrogen bond. The absence
of somatic ACE. Thus, interactions of the pseudo-proline of of this hydrogen bond should compromise the potency of
RXPA380 with this part of the Scavity should be similar ~ RXPA380. However, the rather good potency of RXPA380
between the N- and C-domains of ACE and cannot accountsuggests that the lack of this hydrogen bond contribution to
for the selectivity of RXPA380. Therefore, the selectivity the free energy of the enzyménhibitor complex might be

of RXPA380 might be explained by specific interactions counterbalanced by the conformational constraints imposed
involving the $' subsite. The residues forming thg Subsite by the pseudo-proline on the RXPA380 conformation in the
of the C-domain of ACE were defined as those located at a free state. Indeed, as discussed above, the conformation of
distance shorter timeb A from the RXPA380 tryptophan side  RXPA380 seems to fit well the structural requirements of
chain in the model (Figure 2 and Table 2). On the basis of the ACE active site.
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Identification of the first N-domain-selective inhibitor of
somatic ACE was achieved by screening of phosphinic
peptide libraries. The development of RXPA380 was based
on studies showing that some bradykinin-potentiating pep-
tides exhibit selectivity for the C-domain of ACE4). The
resolution of the 3D structure of germinal ACE offers the
structural framework for a structure-based design approach.
According to our model, substitution of thg&carbon of
pseudo-proline by alkylamino groups would permit develop-
ment of new inhibitors that will mimic the lysine interactions
of lisinopril (Figure 1). This model can also be used to drive
mutation experiments aimed at demonstrating the role of
particular residues in the ACE active site. As recently
discussed by Acharya et ab)( there are still many important
issues to address if we are to uncover the structural basis of
somatic ACE selectivity. These include the relation between
chloride binding and the position of the N-terminal “lid” and
the degree of interaction between the N- and C-domains in
somatic ACE. Our recent results showing that the inhibition
of either the N- or C-domain of somatic ACE prevents the
cleavage of Ang I, but not that of bradykinin, call for the
development of somatic ACE models or structures that can
be used to resolve these issu&6)( The recent discovery
that somatic ACE functions as a receptor which mediates
outside-in signaling43) also raises interesting issues. The
authors observed that inhibitors of ACE, such as perindopril,
but also bradykinin and not angiotensin |, are able to promote
an outside-in signaling. The mechanisms by which the
binding of ligands (inhibitor or substrate) to the extracellular
domain of ACE triggers intracellular events remain elusive,
but suggest that the somatic ACE structure may undergo
complex conformational shifts that are critical for its function.
Interestingly, comparison of the ACE2 structure between the
free and inhibitor-bound states reveals a large hinge binding
motion @4). Similar conformational changes are expected
to occur in ACE upon inhibitor binding. Selective inhibitors
of ACE should be valuable tools to unveil the details of the
ACE structure that might be critical to control its function.

SUPPORTING INFORMATION AVAILABLE

Further spectroscopic and analytical data of all new
pseudo-proline phosphinic synthetic intermediates and full
spectroscopic data for RXPA380. This material is available
free of charge via the Internet at http://pubs.acs.org.
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