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Abstract : Flve peptides related to human renin flap region have been synthesized. Two of them 

are ring cbsed through properly designed dlsulfkie bridges. Structure analysis Involving IR, CD 
and NMR techniques and recognition by antibodies raised against human renin support our 
assumption that in the protein, the flap region adopts a 6 and y turn leading to the carbonyl group 

of residue 83 (Tyr) interacting with the NH’s of residues 85 (Thr) and 86 (Gly). 

Understanding of protein function at the molecular level requires knowledge of the detalled three dimensional 

structure of the protein. Up to now, in spite of numerous structural studies including mainly X-ray diffraction and two 

dimensional NMR spectroscopy which require large amounts of material (i.e. me), the precise conformation 01 many 

proteins is still unknown. Attempts to overcome these experimental difficulties have been developed and are based on 

structure prediction and conformational investigations on synthetic peptides mimicking fragments of proteins. For 

renins, aspartyl proteases whii participate in the regulation of blood pressure, the situation is as follows : 

-the primary structures of human and mouse species are known1-2, 

-several models based on X-ray diffraction data of pepsins have been proposed3-4. 

-the flexible region named the llap is thought to be of major importance for the understanding of the biological 

activitys6 of the renins. 

Beside the conformational purpose, i.e. the elucidation of the conformation of the flap section, it was decided to 

synthesize peptides with the same sequence as the flap of human renin in order to verify the recent concept of using 

peptides, the sequences of which are small segments of proteins, as haptens. These haptens have been used for the 

detection of proteins predicted from their gene sequences, as synthetic vaccines and for mapping of natural epitopes of 

proteins. Many proposals have been made for desi(nting these haptens, including the choice of putative flexible 

segments7-* or of rigid and fixed segments s-10. The ftrst proposal Is based on the assumption that if antibodies against 

many conformations are elicited, some dones may produce antibodies which fit with the peptide segment included in 

the native protein. In the second case, the conformatbn of the hapten Is supposed to be very dose to that presented by 

the corresponding sequence in the protein, so that most dones produce protein-flttfng antibodles. In this case, it is 

very important lo check the identity of the hapten conformabn with that of the homobgcus protein segment. This can 

be achieved only if a crystallcgraphb structure or al least a homobglc three dimensional model is available. 
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Figure 1 . A stereoview of the three 

dimensional structure of human renin 

model. The ftap region is shown with a 

thicker line and with its side chain. 

Figure 2. A stereoview of the nap 

sectron (residues 78-91) showing that 

side chains ol Phe 97 and G/u 78, of 

Ser 89 and Thr 80 are respectively 

racing each other on the same side of 

the flap mean plan. 

The localization of the flap in aspartyl proteases is shown ln Figure 1, based on the human renin model of Blundell 1 

&tt-12. This model has been based on the crystallographic structure of rhlzopus pepsin from RhizopuS arrhizus. 

Figure 2 shows the detail of the model of the flap for human renin : residue substitution is not lhe Only deviation from 

the crystallographic structure as a residue deletion occurs when Qoing from the Starting pepsin to the reninS (Figure 

2). 

KWSISYGAGAShSGNAV......Endothiapepain 

T W S I S Y G D G S S A S G NV F......PenicFllopqxsj.n 
Figure 3. Alignment 

of the hap region of 
TWSISYGDGSSASGILA......PM~~~~~F~~~~~ several aspartyt 

DFTIHYGSGRV KGFLS . . . . ..kuse SuhmxilLary xen.j.n proteases. 

ELTLRYSTGTV SGFLS......Humnrenin 

Am 
ASASGL 

SYRLTLE 

T V S G F 

YRLTLE 

GTVSGF 

Figure 4. AUgnment of human renin and endothia pepsin sequences. 

(a) schema& representation of the a carbon ol endathia pepsin nap 

determined by X-ray crystallogrrqhk techniques, (b) alignment oi the 

human sequence on the a carbon of endothia pepsin and creation of a 

deletion, (c) the proposed model of the human flap a carbon for this 

study. The ctrctes represent the side chain ol amino-acid. 

This deletion can be acoomodated either by pulling the chain oriented 

toward the C-terminus of the protein, or by pulling the chain oriented 

towards the turn sectton (Figure 4). This latter possibility appears 

very unlikely as strong perturbations can be expected in the pre- or 

post-flap sections. A more piauslble operatiin causes a modification of 

the type of reversal of the peptide chain, going from a t3 to a y turn or 

vice-versa maintaining the overall dimensions of the flap (Ftgure 4). 

However, this implies modifications of the orientations of the side-chains 

of one of the hairpin strands. Thus, the localization and the type of the 

reversal is one of the key for the determination of the flap structure. 
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Table 1. Physical chamcteristics of the peptides. 

Sequence HPLC capacity aminoasid 
factor:k analysis 

PePtide 1 5.1(27%CH$N) 
TELTIAYSlUlVSORS 

peptide 2 3.95(U pb CH$N) 

ALRYSTGTVA 

PzPurfc 9 4.3(328cH3CN) 

ALllIlYSKilVW.4 

PePtiP 3.3(17%CH$N) 

CLRYSTGTYC 

Thr 4.05(4); 
Glu 0.98(l); 
Leu 3.03(3); 
Arg 1.01(l); 
Tyr 0.97(l); 
Ser 3.08(3); 
Gly 2.02(2); 
val 1.02(l); 
Phe 0.95(l). 

Leu 0.99(l); 
Arg 1.02( 1); 
Tyr 0.95(l); 
Ser 1.05(l); 
Thr 1.99(2); 
Gly 1.03(l); 
val 1.01(l); 
Ala 1.98(2). 

Leu 1.98(2); 

Thr 3.04(3); 
Arg 1.01(l); 
Tyr 0.970); 
Ser 2.08(2); 
Gly 2.02(2); 
val 1.02(l); 
Ala 1.96(2). 

Leu 1.01(l); 
Arg 0.98( 1); 
Tyr 0.95(l); 
Ser 1.08( 1); 
Thr 1.95(2); 
Gly 0.97(l); 
ValO.95(1). 

Leu 1.98(2); 
Thr 3.05(3); 
Arg 0.97(l); 
Tyr 0.98(l); 
Ser 2.05(2); 
Gly 2.02(2); 
val 1.01(l). 

The peptides homogeneity was controlled by HPLC in 

isocratic and gradient elutbn modes al 214 and 254 nm; 

the capacity factors (k’) are given in Table 1 as well 

as their amino add analysis. 

Peptides were tested by EUSA for their ability to be 

bound by nine human renin antisera (HRas). 

Wells of plastic microtiter plates (Falcon 3915 Pro- 

bind, Becton Dickinson Labware CA, USA) were coated 

with 50 pL of peptkfes (5 @ml) In Trts-HCI buffer 0.1 

M pH 9.6. 

Plates were first incubated for 30 min at 37°C and 

overnight at room temperature. After WashinQ three 

times with Tweencontalnfng phosphate-buffered saline 

(PBS-Tween 0.1% pH 7.4), 50 uL of serial dilutions of 

antisera in PBS-BSA 1% pH 7.4 were added In peptides- 

coaled duplicate wells and Incubated for 2 hours at 

37°C. Plates were washed three times again with PBS- 

Tween O.l%, and wells were then treated with 50 uLof 

alkaline phosphalase-labelled sheep anti-rabbit IQG 

diluted 1:500 (Sigma, MO, USA). Incubation was carried 

out for 1 hour at 37%. 

Additional extensive washing with PBS-Tween 0.1% 

was followed by incubation with 150 uL of alkaline- 

phosphatase substrate (2 tablets/10 ml of Sigma 104- 

105) dissolved In 0.1 M Glycine-NaOH buffer pH 10.4 

contalning M&l2 and ZnCl2 lM/L. The enzymatic 

reaction was allowed to proceed for 2 hours at 37’C and 

stopped by addition of 50 uL of Na2CG 1.5 M. 
Absorbance was read at 405 nm in a Titerteck muhiskan 

ELISA reader (Flow laboratories). 

Titer expression : Optical density was multiplied by the 

maximal dilution giving an absorbance three limes as 

hiah as the negative control (consisting of pooled normal 

rabbit sera diluted 1 :lOO). 

Attempts to identify the conformation of the five 

peptides were made In two different solvents DMSO, and 

TFE. Clearly, from infrared spectroscopy (FigUr0 6),as 

the spectra show strong differences in the Amide I band 

region : two Amide I bands in DMSC and a single Amiie I 

band In TFE, It can be conduded that the conformations 

in both these solvents are different. Now, what are 

these conformational differences? 

Figure 7 shows the ‘H NM spectra (NH regions) of peptides 5 and 1. That the NH resonances cover a wide range of 

chemical shifts ls a flood lndicatlon that we are dealing with an ordered structure. As already mentionned above, the 

finding of a Ho Arp62---Ha Thr67 NOE, which corresponds to position j and j+S. st@Qests the presence of a 9 turn for 

peptide 1. This condusion is confirmed by the temperature coeffiihts of the NHs (Table 2 and Figure 6) and by 

the NOE data (see F&rre 9) obtained on the cyclic compounds. As for peptldes 2 and 9, although no interstrand NOES 

could be detected, the strong similarity of the NH’s temperature coemients (Figure 6) su99ests that they adopt 

basically the same conformation with, however, a higher mobility of the two strands. The proposed model for p and 5 

is presented in Figure 9 which also shows the detailed structure of the turn. Indeed, the bw temperature coefficients 

of the Thr85 NH (see Table 2) and OU (-3.4. 10 -3 for peptide 4) compared to the others OH’s temperature 

coefficients suggest that all these protons are engaged in hydrogen bonds. All these resuhs. together with examination 
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.,&cular models allowed us to propose a turn which strongly resembles that already reported by Gferasch BI i3L2’ 

for cyclo(Gly-Pro-Gly)p which is stabilized by a Ser64 CO-Thr65 Mi hydrqen bond. 

FIQLWO 6. Infrared spectra of 

peptides~and~inDMSO(a)andin 

FE(b). 
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Figure 8. Temperatures coeflicients ol 

common residues NH group. (+) peptide 1, 

Wpepride2, (4peptide2, hipeWe 9. 

H3pepude. 

. . b TFF -CD studies 

As mentionned above, from infrared data it was suggested that in TFE the conformation of the peptides differs from 

that identified in DMSQ. The CD spectra of the five peptldes are shown in Figure 10. From the IR (posh& of Amide I 

band) and CD (intensities and positions of the extrerna) spectra ft can be stated that peptide 1 adopts in TFE an Q 

helical structure. Similarly peptides 2 and 3 have CD spectra characterbed by an a helical contribution which depends 

on the length of the peptide : the shorter it is, the bwer the a wntributbn. This interpretation has, however, to be 

taken with care as it is known that some cyclic peptides whkh posses two fT turns show CDgg spectra which are 
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TabI4 2. Tsmpw~we coethama d peptide NH resmanm L (&AT x10 3). 

Rsiduo Popcidel Peplid 2 Pepb 2 Pops 4 PopcidsI 

Thr 77 

c&or -3.3 

Cyr ci 

Ala 78 

lnu76 .3.3 -2.3 -2.0 

Thr or .4.6 

Cyr of -3.2 -6.2 

Ah 60 

L&l 81 -2.7 -2.4 -3.5 -2.3 -6.2 

Arg 82 -2.9 -3.5 -3.1 -4.6 -6.3 

Tyr 63 -3.0 -2.0 -3.1 -2.3 -3.0 

ser64 -5.0 -5.3 -5.4 -6.5 -11.6 

Thr 85 -2.7 -2.5 -2.7 i3.0 +3.6 

GlY 66 -2.3 -2.2 -2.3 0 +3.7 

Thr 87 .3.2 -3.4 -2.6 -6.5 -7.5 

vid 66 -2.7 -3.2 -2.7 -5.2 -6.1 

sorol -3.6 

cys or -5.9 -6.2 

A&I66 -4.0 -4.5 

a.y 90 .3.2 -4.1 -7.6 

PheW -3.4 

Cyr ci 

A!.a 91 

Leu62 .4.6 

ser63 -3.4 

Figure 9. The proposed model of 

human renln flap (-----I hydrogen 

bond. M observed NOES. 
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similar lo that of an a helical polypeptide. Nevertheless, the far UV (190-200 nm) CD spectrum (strong positive 

extremum a1 193 nm), together with the modifiilions of the spectrum when going from a 10 to a 17-peptide rather 

favor the presence of a heliies. As for compounds 4 and 5, besIr& a small positive contribution around 240-250 nm 

attributed to the disulfide bridge, their CD spectra could suggest an unordered structure for peptide p and a bw 

helical contribution for peptide p. The latter case illustrates the above remark concerning CD spectra of cyclic and a 

helical peptides as the presence of a disulfide bddge precludes the formalion of an o helix. The CD spectrum of 5. 

which also resembles that reported by Auena and Luls@ for a peptide which adopts a hairpin structure, is then in 

accordance with the conformation identified in DMSO by 1H NMR studies. Therefore, owing to the similarity of their IR 

spectra (Amide I band centered around 1674 cm-l) we conclude that peptides z and also 4 adopt in TFE a hairpin 

structure but with rather poor interstrand hydrogen bonds as suggested by the hfgh wavenumber position of Amide I 

band. 

Addition of waler 10 the TFE s&tins does not induce any conformational modifications except for peptides 1 and 9 

for which a decrease of the u helical content is observed leading IO CD spectra which cfosely resemble that of peptide 

9 under identical conditions (Figure 11). This observation leads to the conclusion that addition of water favors the 

formalion of the hairpin structure. This latter point Is of great interest wilh regard to the synthesis of peplides 4 and 

L and particularly the kinetics of formation of the S-S bond. In water, i.e. the same solvent as that used in the 

cyclization procedure, the linear peplide adopts a hairpin conformation with the thiol groups close to one another 

favoring the rapid formation of the disulfide bridge as described in the experimental section. 

B 

M- 

.20- 

*lo- 

o- 

-10 - 

-20 - \ -’ 
L’ 

Figure 10. CD spectra 01 the lrve peplides in TFE 

(c - 0.1 mg/mL; cell path 1 mm). 

I -- )pePtids 1.I A )pePlide2. 

( n )pePW2.(- )pePlid8l. 

( ----)peptide 5. 

Flguro 11 . CD specfra of pepldes 1 f andi Y) 

TFEIH.$ (c - 0.1 m@mL; cell path 1 mm) 

( --)pePlide 1. (- ) PepMe 2 

I ----+mptide 3. 
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The ability for the peptides to be bound by a collection of nine polyclonal human renin anlisera was tested by EUSA and 

the results are summarized in Figure 12. Peptide 1 was not bound by any antiserum, so il doesn’t appear in the 

results. Clearly antisera R14, R15, R24, R25 exhibit significant binding towards both cyclixed peptides. It can bs seen 

that recognition of cyclized haptens is always higher than that of the linear ones. In the same antisera, recognition of 

10peptides is signifcantly higher than that of the 1Cpeplides. Antisera Rll, R21, R22, R26 and Done are clearly 

oriented towards other parts of the protein. 

R14 R25 R24 R15 R21 lk.m R22 Rll R26 

Antsera 

The main comments related to these results can 

be outlined as foflow : 

-Cyclic peptides are better recognized than the 

linear ones. 

Shorter peptides are belter recognized than 

the longer. 

-The bngest, linear, unbalanced stranded 1. is 

not recognized at all. 

These results support the hypothesis that the 

native conformation of the human renln flap 

closely resembles that which exists in the 

cyclized peptides. The disulfide bond thus 

imposes a secondary structure on the molecule 

that correspond to the renin model in this 

region. The fact that the peptides are 

recognized by all the renln antisera indicates 

that the flap overlaps an immunopotent region 

figure 12. Recogrulion d Lhe peplides by polycional human renin anribodrer of human renin. This epitope can be assumed lo 

be Ihe common part of all these haptens, that is 

the ff turn. However, as the peptides have to adopt a fixed conformakon to bind, an additionnal entropy is lo be paid to 

bind the linear haptens ; the longer the peptide, the higher the energy required for immobilization. 

From the above investigations, it can be concluded that the flap of human renin possesses the same conformation as 

that of the cyclized peptides. What is this conformation? The flap is a b hairpin with a loop region of four residues 

leading lo lhe carbonyl group of Tyr 83 interacting with me NH’s of Thr 85 and Gly 86. In lhe peptides examined, the 5 

hairpin loop structure is strongly stabilized by an appropriale disulfide bridge as revealed by the human renin antisera 

recognition. Such peptides appear to be excellent models for studying the slructuraf features of 9 hairpin structures; 

they also can be used for the epitope mapping of proteins In view of obtaining specific antibodies. 

m: We lhank Dr. T. Blundell for the communication of his human and submaxillary renins models. 

This work was supported by INSERM and CNRS. Our lhanks are due lo Pr L Maury for giving access lo the infrared 

spectrometer. A. Padilla for NMR programs modificatbns and M. Passama for technical assistance. 
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