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Biochemical properties of renin and prorenin binding
to the (pro)renin receptor

AHM Nurun Nabi and Fumiaki Suzuki

The discovery of (pro)renin receptor, (P)RR, has made the renin–angiotensin system (RAS) more multifaceted. Interaction of

renin and prorenin with this receptor has set a new perspective about the physiological functions, activation mechanism and

pathophysiological roles of renin/prorenin. Uses of peptides mimicking the structure of the ligands have been very effective

for determining structure–function relationship between the ligands and receptor. The probable pivotal role of decoy peptide

region (R10PIFLKRMPSI19P) of prorenin prosegment was suggested for higher binding affinity of prorenin to (P)RR than that

of mature renin. Recently, ‘hinge’ region peptide (S149QGVLKEDVF158) in renin/prorenin molecule has been reported. Both

renin and prorenin can interact with (P)RR through the ‘hinge’ region. Furthermore, it has been proposed that prorenin has

multiple binding sites whereas renin has a single binding site for (P)RR. To comprehend the activation mechanism of renin and

prorenin after receptor binding, it is very important to understand their interaction with the receptor. Several kinds of peptides

designed from the regions of the tertiary structure of renin and predicted model of prorenin facilitated the study of the in vitro

binding mechanisms for renin and prorenin to (P)RR. Here, a series of recent in vitro studies was reviewed to discuss a

possible binding mechanism of renin/prorenin to the (P)RR.
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INTRODUCTION

The renin–angiotensin system (RAS) has been accredited for the
regulation of blood pressure and electrolyte balance1–4 and thus can
trigger cardiovascular-related disorders. Renin is the rate-limiting
enzyme in RAS. This enzyme is secreted into the blood stream only
from the juxtaglomerular cells of the kidney in response to cellular
stimuli.5,6 On the other hand, prorenin, the inactive precursor of
renin, has been found to synthesize not only in the juxtaglomerular
cells but also in many other tissues such as the collecting duct, adrenal,
zona glomerulosa, eye, Müller cells, mast cells, ovary, thecal cells,
uterus, myometrium/decidual cells, placenta, chorionic cells, testis
and Leydig cells, and submandibular gland.7 Prorenin is secreted
from these tissues into the blood constitutively5,6,8 and its level
in the circulation is 10 times higher than that of mature renin.9,10

The precursor of renin is inactive, because the prosegment region
with 43 amino acid residues covers the active site of renin with
339–341 residues.11–15 Activation of prorenin can take place either
proteolytically or non-proteolytically. Proteolytic activation has
been observed in vitro by treatments of some proteases,16–21 thereby,
irreversibly removing the prosegment. The non-proteolytic activation
of prorenin has been shown under acidic pH or low temperature
(cryo-activation) that reversibly altered the stereo structure of
intact prorenin molecule into a catalytically active form.22,23 Also,
the ‘gate’ (T7PFKR10P) and ‘handle’ (I11PFLKR15P) regions in

the prorenin prosegment were indicated in vitro to be accountable
for the non-proteolytic activation of prorenin molecules through
protein–protein interaction.24 The (pro)renin receptor,25 (P)RR,
a new player in the RAS components, binds both renin and
prorenin.25–29 The (P)RR itself has been observed to be associated
with many pathophysiology of diseases.30–35 Considering the physio-
logical importance of the (P)RR, this review is focused on the studies
regarding the binding mechanism of renin/prorenin to (P)RR on the
basis of their biochemical aspects.

THE INTERACTION OF RENIN/PRORENIN WITH THE (P)RR

(Pro)renin receptor binds renin, thereby locally increases angiotensin
production.25 It is interesting to note that this receptor has also been
found to activate prorenin.25–29 After binding to the (P)RR, prorenin
undergoes a conformational change in the prosegment region,
thus opening the active site accessible to the substrate angiotensinogen
(Figures 1 and 2). The (P)RR mRNA has been reported to express
in many organs, for example the kidney, heart, brain, eye, adipose
tissue and vascular smooth muscle cells,25,34 and thus it may help
to accumulate renin and prorenin locally in tissues even though
lacking components of RAS, that is, in the heart and vasculature
wall.36,37 Therefore, receptor-associated both renin and prorenin
have been proposed to potentially activate tissue-specific RAS in
an angiotensin-II-dependent manner (Figure 1). As plasma prorenin
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level is higher than renin, thus it is suggested that prorenin may have
a major role in this regard. Moreover, such demonstration of catalytic
activity of prorenin could explain prorenin-induced pathological
effects in diabetic patients, where prorenin represent p95% of total
circulating renin38 and could develop and progress nephropathy in
diabetic animals with high plasma levels of prorenin.35

Further, binding of renin and prorenin to the receptor possibly
triggers their own intracellular signaling pathways independent of RAS
(Figure 1). Both renin and prorenin stimulated p42/p44 mitogen-
activated protein kinase (MAPK) activation and transforming growth
factor-b1 release in mesangial cells in the presence of renin and ACE
inhibitors and/or AT1 receptor antagonists.25,39 Moreover, prorenin
also activated p38 mitogen-activated protein kinase and simulta-
neously phosphorylate heat-shock protein 27 in cardiomyocytes.40

Prorenin stimulated extracellular signal-related protein kinase phos-
phorylation through (P)RR-mediated activation of tyrosine kinase.41

Schefe et al.42 reported the transcription factor promyelocytic leuke-
mia zinc-finger protein as a direct protein interaction partner of the
C-terminal domain of the (P)RR, which is translocated into the
nucleus and represses transcription of the (P)RR itself, thereby
creating a very short negative feedback loop.

BINDING PROPERTIES OF RENIN AND

PRORENIN TO THE (P)RR

The schematic representation of the binding properties of renin
and prorenin to the recombinant (P)RR has been shown in Figure 2.

We observed higher binding affinity of rat prorenin for the (P)RR
compared with that of rat renin molecule in vitro using rat recombi-
nant (P)RR expressed in the baculovirus expression system.26,43 Their
values of equilibrium dissociation constant (KD) were 8.0 and
20.0 nmol l�1, respectively (Figure 2a). Rat prorenin was also activated
by receptor binding. The values of Km (Michaelis constant) of renin
and active prorenin, for the substrate sheep angiotensinogen, indicated
that even after binding to (P)RR, both renin and prorenin had similar
Km value at 3.3mmol l�1. As Km decreases, the enzyme’s (renin)
affinity for the substrate (angiotensinogen) increases. On the other
hand, receptor-bound renin had higher molecular activity
(10 nmol l h�1) compared with the free form of mature renin and
receptor-bound activated prorenin (1.25 and 1.1 nmol l h�1).26

In addition, 90% of rat prorenin (at 2.0 nmol l�1 of initial con-
centration) bound to (P)RR overexpressed on the membrane of COS-
7 cells and the KD was estimated 0.89 nmol l�1 (Figure 2c).29 The Km

value of receptor-bound activated prorenin was 1.0mmol l�1.29 Differ-
ences in the KD values of rat prorenin bound to the immobilized
receptors on the synthetic surfaces and the membrane-anchored
receptor could be because of the presence of some other associated
proteins that might have stabilized the (P)RR on the membrane.

We also showed that overexpressed human (P)RRs could bind 50%
of human prorenin (when initial concentration of prorenin was set at
2.0 nmol l�1). The KD was determined at 1.8 nmol l�1 (Figure 2c).29

Receptor-bound rat and human prorenin showed 30 and 40% activity,
respectively, in comparison with the activity of trypsinized prorenin
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Figure 1 Renin–angiotensin system (RAS)-dependent and –independent pathways mediated by renin and prorenin associated with the (pro)renin receptor,

(P)RR. After binding to the receptor, renin/prorenin carry out their functions either in angiotensin-II-dependent or -independent pathways that may facilitate

the generation of angiotensin-I or activation of second messenger, respectively. This implies that renin/prorenin act as agonist independent of angiotensin

generation. Anogen, angiotensinogen; Ang-I, angiotensin-I; Ang-II, angiotensin-II; PLZF, promyelocytic leukemia zinc finger; PAI-1, plasminogen activator

inhibitor-1; TGF-b, transforming growth factor; HSP, heat-shock protein; MAPK, mitogen activated protein kinase.
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molecules. Batenburg et al.27 found a similar activation of human
prorenin by binding to the human (P)RR with 6.0 nmol l�1 of KD,
using the receptor expressed in smooth muscle cells of transgenic rat
for this receptor. Zhang et al.28 reported the activation of rat prorenin

after binding to rat (P)RR expressed in the cultured vascular smooth
muscle cells.

By surface plasmon resonance technique in BIAcore assay system
(Figure 2b), we further confirmed that human prorenin molecule has
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Figure 2 Schematic diagram for the in vitro binding properties of renin and prorenin molecules to the immobilized (pro)renin receptor, (P)RR. Binding

experiments of these molecules were carried out using immobilized receptors at different conditions for example, (a) at 41C on the synthetic plastic

surfaces,26,44,45 (b) at 251C on the CM5 sensor chip for BIAcore analyses44,45 and (c) at 371C on the COS-7 cell membrane.29 Angiotensin-I generation

mediated by the receptor-bound renin and active prorenin (through local conformational change after receptor binding) at 371C and measured by the

standard Ang-I ELISA.26,29,45 Both rat and human renin/prorenin bound to their respective receptors at different conditions with different values of the

dissociation constant (KD), whereas prorenin showed three to four times higher binding affinity for the receptor compared with that of mature renin at each

binding condition used. rRen, rat renin; rPren, rat prorenin; r(P)RR, rat (pro)renin receptor; hRen, human renin; hPren, human prorenin; h(P)RR, human

(pro)renin receptor.
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four times higher binding affinity for the human recombinant (P)RR
than human mature renin.44,45 The purified recombinant human
(P)RR expressed in a cell free in vitro system was immobilized on
the surfaces of the CM5 sensor chip as described previously.44,45

Figures 3a and b show the bindings of recombinant renin and
prorenin to the immobilized (P)RR derived from the BIAsimulation
software and the KD values were determined to be 1.2 and
4.4 nmol l�1, respectively. Also, the data obtained from the BIAcore
kinetic study showed that the association rate of prorenin to (P)RR is
higher than that of mature renin (1.8�107 and 2.16�106 M�1 s�1,
respectively).44,45

HRP/DECOY AND ‘HINGE’ REGION PEPTIDES ARE THE MOST

PROBABLE CANDIDATES FOR (P)RR BLOCKER

The decoy peptide mimics the R10PIFLKRMPSI19P region of prorenin
prosegment was first indicated by Ichihara et al.30 who designed this

peptide based on the ‘handle’ region peptide (HRP, I11PFLKR15P) in
prorenin prosegment reported by Suzuki et al.24 Ichihara et al.30

demonstrated complete inhibition of diabetic nephropathy by admin-
istering this peptide in the streptozotocin-induced diabetic rats. After
that, many in vivo studies have investigated the effective use of the
decoy containing ‘handle’ region peptide as (P)RR blocker and
confirmed the regression of established diabetic nephropathy in
heminephrectomized streptozotocin-induced diabetic rats;46 attenua-
tion of the development and progression of proteinuria and glomer-
ulosclerosis and reduction of renal angiotensin levels in stroke-prone
spontaneously hypertensive rats without an effect on blood pressure;47

attenuation of cardiac fibrosis in spontaneously hypertensive rats fed
on a high-salt diet.48 Rat HRP also reduced the action-potential
frequency in rat brain.49 Human HRP prevented the proteinuria
and glomerulosclerosis that developed in human (P)RR transgenic
rats.31 Blockade of prorenin activation using decoy peptide in spon-
taneously hypertensive rats with high-salt diet has been reported by
Susic et al.,50 who also showed reduction of serum creatinine level,
decreased left ventricular mass and fibrosis, improved left ventricular
function by treating these rats with the decoy.
In vitro study also showed that both decoy and ‘handle’ region

peptides from rat and human inhibited the bindings of rat and human
prorenins to their respective (P)RR on the membrane over expressed
in COS-7 cells, with a Ki of 6.6 nmol l�1.29 Moreover, human HRP
prevented prorenin-induced activation of extracellular signal-related
protein kinase 1/2 in COS-7 cells expressing the h(P)RR,30 rat HRP
decreased not only mesangial cell proliferation but also the expression
of transforming growth factor-b1 mRNA and phosphorylation of
extracellular signal-related protein kinase 1/2.51 Also, HRP inhibits
the development of retinal neovascularization through interfering
non-proteolytic activation of prorenin in experimental retinopathy
model of prematurity.52 Satofuka et al.,53,54 using the same model,
showed that the HRP suppressed the pathological angiogenesis,
leukocyte accumulation and intracellular adhesion molecule-1 with
vascular endothelial growth factor expression; reduced retinal gene
and protein expression of inflammatory mediators.

On the contrary, other investigators reported that HRP/decoy
peptide affected neither prorenin binding to (P)RR expressed on the
vascular smooth muscle cells nor Ang-I generation,27 it could not
block prorenin- and renin-induced extracellular signal-related protein
kinase 1/2 activation through (P)RR in monocytes,38 it had no effect
on hypertensive nephrosclerosis in Goldbatt rats55 and HRP failed to
show its effect on prorenin transgenic mice.56 A few of them have also
suggested a different mode of action of the HRP other than (P)RR
blocking and thus, disregarding the possibility of HRP binding to
(P)RR. The major differences regarding the HRP/decoy hypothesis in
the context of clinical studies are still to be explained. The probable
explanation could be the differences in the experimental approaches
used along with the doses of the peptides, and of the variation among
the physiological conditions of the experimental model animals and/
or their species.27,30,38,49–51,53–56

These incompatible results with decoy peptide containing HRP
have led us to further investigate the effects of decoy peptide on the
binding of renin/prorenin to (P)RR in vitro. We found that not only
renin/prorenin but also the decoy containing HRP directly bound to
the recombinant (P)RR as shown in Figure 4a and Table 1. The
binding experiments with other peptides designed from the predicted
tertiary structure of prorenin prosegment for example, L1PPTD4P

L1PPTDTTTF8P and L1PPTDTTTFKRIFLKR15P were also carried out
and their KD values were determined as 3.19�104, 52 and
7.56 nmol l�1, respectively.44,45 These data unveil the fact that
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Figure 3 Binding of renin and prorenin to the immobilized receptor using

the surface plasmon resonance (SPR) technique. Method for the

immobilization of the recombinant human (pro)renin receptor, h(P)RR, has

been described by Nabi et al.44,45 Figures (a) and (b) represent the typical

binding curves for renin and prorenin to (P)RR, respectively constructed

using the association and dissociation rate constants by BIAsimulation.

These curves were evaluated and the dissociation constants (KD) for the
binding of renin and prorenin to the receptor were estimated at 4.4 and

1.2 nmol l�1, respectively.44
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I11PFLKR15P-containing sequence show higher binding affinity for the
receptor (Table 1). Also, when the decoy was co-incubated with prorenin
and flown at a rate of 10ml min�1, reduction of resonance units in the
BIAcore sensogram clearly indicated binding inhibition of prorenin to
(P)RR by the peptide. It is interesting to note that decoy peptide also
inhibited binding of renin to (P)RR. The decoy inhibited the renin and
prorenin binding competitively with the Ki of 16.7 and 15.1 nmol l�1,
respectively measured from the equilibrium state analysis.45

Thus, these observations revealed that prorenin has higher binding
affinity for (P)RR compared with that of mature renin and the decoy
sequence of the prosegment has been suggested to have an essential
role for the prorenin binding.44 The decoy binding with high affinity
to (P)RR explains the probable reason for high-affinity binding of
prorenin. The binding inhibition of decoy for renin to (P)RR still
remain to be elucidated, as it is lacking the prosegment sequence.
Based on these annotations and on the tertiary structure of renin
as well as predicted tertiary structure of prorenin, the possibility of
having a common site in both renin and prorenin through which these
molecules can interact with the (P)RR other than the decoy peptide
sequence was hypothesized. A new sequence (S149QGVLKEDVF158)
that localizes in the flexible junctional region between the N- and
C-domains of renin/prorenin termed as the ‘hinge’ has recently
been reported to have such pivotal role for renin/prorenin binding
to (P)RR.45 The KD for the binding of the ‘hinge’ peptide to (P)RR
was five times higher than that of the decoy and estimated to
be 17 nmol l�1 (Table 1, Figure 4b). The ‘hinge’ showed higher bind-
ing affinity to the (P)RR than that of another peptide
(A248KKRLFDYVV257) from the C-domain of renin/prorenin mole-
cule. Like the decoy, ‘hinge’ peptide also reduced the resonance signal
of renin/prorenin binding to (P)RR in the sensogram of BIAcore, and
equilibrium state analysis revealed this paradigm as a competitive
inhibition with the Ki of 37.1 and 30.7 nmol l�1, respectively.45 There-
fore, these data proclaimed that not only the decoy peptide but also
the ‘hinge’ region peptide together accounted for the higher binding
affinity of prorenin and hence, prorenin molecule has at least two sites
whereas renin has a single site through which these molecules can
interact with the (P)RR.

EFFECTS OF ALISKIREN, HRP/DECOY AND

‘HINGE’ PEPTIDES ON RENIN ACTIVITY

Aliskiren, a new orally direct renin inhibitor, potently inhibits the
renin activity and thus lowers angiotensin II generation in vivo.57–59

Also, aliskiren bound to the active form of prorenin in vivo.60,61

On the other hand, this renin inhibitor did not blunt bindings
of renin and prorenin to (P)RR, whereas it significantly decreased
the mRNA expression of (P)RR in the kidney cortex of diabetic
hypertensive Ren2 rats.61

A peptide like renin inhibitor was first reported by Szelke et al.62

Peptides derived from the bovine pepsinogen (17 residues at the
NH2-terminus of bovine and 1–16 residues of the porcine pepsino-
gens) were found to inhibit pepsin activity in a milk clotting assay at
pH 5.5 with high values of Ki.

63,64 Cumin et al.65 demonstrated that a
peptide which is located in the region corresponding to 9–20 in
human renin prosegment inhibited the renin activity. Its Ki value was
500 nmol l�1. The Ki value is equivalent to the dissociation constant of
enzyme–inhibitor complex. We observed that the renin activity either
in the soluble free form or in the receptor-bound state of renin/
prorenin was not inhibited by the decoy (11P–19P) and the ‘hinge’
(149–158) peptides at 80 nmol l�1.45 Thus, both the peptides at range
of and/or less than 80 nmol l�1 did not have any effect on the catalytic
activities of receptor-bound renin and prorenin. Therefore, these
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Figure 4 Direct binding of decoy and ‘hinge’ peptides to the immobilized

receptor using surface plasmon resonance (SPR) technique in BIAcore assay

system. Figures (a) and (b) represent the typical binding curves for the

decoy (R10PIFLKRMPSI19P) and a new ‘hinge’ (S149QGVLKEDVF158) region

peptides to the (pro)renin receptor, (P)RR, respectively, constructed using

the association (ka) and dissociation (kd) rate constants by BIAsimulation.
These curves were evaluated and the dissociation constants (KD) for the

binding of these peptides to the receptor were 3.5 and 17.0nmol l�1,

respectively.44,45

Table 1 Dissociation constants (KD) for complexes of various kinds

of peptides with (pro)renin receptor, (P)RR44,45

(P)RR associated with anti-221/235 antibody

Peptide KD (nmol l�1)

L1PPTD4P 3.19�104

L1PPTDTTTF8P 52.0

L1PPTDTTTFKRI11PFLKR15P 7.56

R10PI11PFLKR15PMPSI19P(decoy peptide) 3.5

A248KKRLFDYVV257 4.07�104

S149QGVLKEDVF158 (‘hinge’ region peptide) 17.0

I11PFLKR15P: ‘handle’ region peptide.

Renin and prorenin binding to (P)RR
AHMN Nabi and F Suzuki

95

Hypertension Research



indicate that the peptides at lower concentration only blunt the
interaction of renin/prorenin with the receptor.

INTERFERENCE OF RENIN BINDING TO (P)RR BY THE DECOY

Inhibition of the decoy peptide for prorenin binding to (P)RR is
understandable. On the other hand, the binding inhibition of the
decoy peptide for the renin binding is an anonymity that needs to be
clarified. Prorenin binds to (P)RR and then it is non-proteolytically
activated25,26 through local conformational changes at least in the
prorenin prosegment.25 During this process, not only the prorenin
but also the counter parts of prosegment in the receptor must alter
into a stable receptor–ligand complex. Such local conformational
change should also occur in the (P)RR when the decoy binds to
the receptor. Therefore, change in the tertiary structure of the (P)RR
after interacting with the decoy peptide might be the most probable
reason for the inhibition of renin binding by this peptide. Many
studies have reported conformational changes of receptor and/or
ligand and/or both that may alter their biological responses. Paige
et al.66 revealed conformational changes in estrogen receptor by their
relative changes in the affinity of the peptides. The binding of agonists
to G-protein-coupled receptors is characterized by high- and low-
affinity binding states with active ternary and inactive binary com-
plexes of the receptor.67 It has been suggested that a specific interac-
tion between the third and the seventh transmembrane helixes may be
a major determinant of AT1 receptor isomerization from an inactive to
active conformation.68 Binding of a5b1 to urokinase-type plasmino-
gen activator receptors causes a change in the conformation to block
the functions of this complex by short b1-chain peptides without
affecting a5b1-mediated fibronectin binding.69 Therefore, the decoy
peptide blunted the interaction of renin with (P)RR possibly by
changing specific space within the receptor.

PERSPECTIVES

The (P)RR has replenished the interest of the investigators in the
field of renin– and prorenin–angiotensin system that helped to shed
light on the physiological role of prorenin. Many in vivo studies have
demonstrated the role of non-proteolytic activation of prorenin
mediated by the (P)RR in the pathogenesis of diabetic nephropathy
and retinopathy as well as in the activation of tissue specific RAS,
which might lead to the onset of hypertension. The importance of the
decoy peptide, a precursor sequence from the prorenin prosegment,
for prorenin binding to (P)RR has been reported. Both in vivo and
in vitro studies have demonstrated that this peptide inhibits non-
proteolytic activation of prorenin by restricting the binding of pro-
renin to the receptor. Further studies may help to understand the
counter part of decoy peptide present in (P)RR and its mode of action
in blocking renin/prorenin binding to this receptor. Moreover, ‘hinge’
region peptide, a common sequence both in renin and prorenin, also
indicate the plausible reason for the renin binding to (P)RR. This new
peptide could also be a better blocker for the (P)RR to inhibit the
binding of renin and prorenin to the (P)RR. More studies are needed
to substantiate the fact that this ‘hinge’ region peptide, as a (P)RR
blocker, can attenuate the pathological conditions by inhibiting the
(P)RR-stimulated activation of renin and prorenin either in an
angiotensin-II-dependent and/or -independent pathway in vivo.
In addition, it is yet to be elucidated whether the decoy and ‘hinge’
peptides can bind to the recently reported shedded (P)RR70 and thus
attenuate the interaction of renin/prorenin with this receptor. Hence,
using those peptides mimicking regions of the structures of renin and
prorenin, it would be possible to explain comprehensively the detailed
binding mechanisms of renin and prorenin to the (P)RR.
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