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Abstract: Starting from a pyro-glutamic acid residue, which has a natural cis amide bond motif, and extending 

the chain appropriately from its Cr atom, a type VI p-turn mimetic can be designed. The stability of the model can 

be enhanced by making a Spiro compound linking the Cy atom to a previous N in the extended chain. Three out 

of a possible four values defining the p-turn are constrained by local cyclisations giving a well defined and rigid 

model for a type VI p-turn. 

The occurrence of cis peptide bonds in peptides’ and proteins2 has been receiving increasing attention 

recently. Methods have been proposed and tested to synthesize peptides with this characteristics. Here we 

present the design of a peptide with a mandatory cis peptide unit and with specific secondary structural features. 

This follows directly from earlier studies’ in this laboratory which showed that peptides with bridged rlactams and 

N-terminal ~lactams have unusual properties in terms of the constraints imposed on them by the lactam rings on 

the two degrees of conformational freedom e and w. These studies indicated that (a) in a bridged Tlactam sys- 

tem, the conformational parameter yr is constrained to a value near -120’ for an L -residue and +120’ for a D-resi- 

due and (b) in a pyro-glutamic acid residue (Glp), which is an N-terminal rlactam the conformational parameter e 

is constrained to around +120’ for a L-residue and -120’ for a D-residue. 

Here the results of these two studies are combined and extended to 

propose a type VI p-turn model. As a Glp residue (figure 1) is 

characterized by a tie amide bond in the ring, the problem is to 

ascertain whether starting from such a motif the peptide chain can 

be extended appropriately in both directions to produce the desired 

secondary structural characteristics. This can be done by visualiz- 

ing the CXr’OLNHC” of a Glp residue as a peptide unit C’WONHC? 

with the sidechains at both the C% being fused at Cs. Now, 

depending on the way the chain is extended at the Cr of Glp (C$ 

say) and Ca of Glp (Cg say), viz. depending on the chirality at these 

CQ, different conformational characteristics are obtained. 
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These can be easily derived ’ and figure 2 shows all possible combinations of this central motif along with 

their torsion values about the Cq-C bond (I++) and N-Q bond (es). The logical extension is to see which of these 

units with obligatory cis peptide bonds forms interesting secondary structures 

Flgure 2 : The peptide chain can be extended at Cq to NH2 and at Cg to COZY and can have four possible combma- 
uons of torsions about Cq-C’ (I+$) and N-C3 (b) bonds depending on the chirality at Cq and C$ Thi~_follow~ horn 

the fact these torsions p+f2 and I$~) are also defined wthru the ring and are constrawad 10 be dose to 0 TherefOP 
WIN have values close to +120’ depending on tie chiality at 

seven by (L.L). (D.D).(L.D) and (D.L): the ('@,kd V~UES are 

p-turns are stable secondary structural features found in proteins and peptides defined over a length of four 

amino-acid residues, encompassing a tripeptide unit, which cause a reversal in the direction of the peptide chain5. 

Conformationally, these turns are defined by the ($,V) values of the two central amino-acid residues. In the case 

of small peptrdes (like naturally occurnng hormones)f3-turns have been implicated in the bio-active structure6. 

Consequently there has been a great deal of interest rn making p-turn mimetrcs ’ especially of the well known 

p-turns (called types l,ll,lll and their inverses) which are characterized by all Warts peptide bonds. However with 

the recent increase in reports of p-turn conformations in small peptides wrth a cis peptide bond between the 

middle two residues, interest has also focused on such cis structures Earlier analysis* of amino-acid sequences 

in proteins containing a cis peptide bond has identified two P-turn types called Vla and Vlb for which approximate 

conformational parameters (e2,V2) and (es,vs) were defined. More recentlyg, crystal structures of small linear 

and cyclic peptides have revealed that conformational parameters ($~,~~),(~,t+rs) are closer to (-60,120), 

(-120,60) for type Vla and (-100.120), (-12040) for type Vlb. We have used this definition In the paper. 

Clearly, from figure 2 the cases represented by (a) and (b) may be able to form p-turns as their constrained 

dihedral angles v2 and I& match approximately the required value for a type VI p-turn or its inverse. In particular 

case (D,D) given in figure 2(b) has conformational parameters close to w2 , 4 of a type Vla p-turn. 
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Flgura 3 : ~~~a~~af searchmg 
Using m&m&r dynamics simUfabxts. of a 
frfpwtkle qsfam whii included case 
@,D) Of figum 2 rewaled fife minima 
within 2.S kcaf!mol of each oher. The sim. 
Ulabon~ ware performed from three diffw 
ent star&g pokxs for a fmat time of 150 
picosecronds. BIE minfmii ccnfonna- 
lions (a)+q are given in dewsasing order 
of enatgy. Condonation (a) has (QI,u/) 
ValUSs typical of ty&w Vfa p-turn. From 
the &alive dispositions of the hydmgen 
subsfit~enfs on c$ and fhe N preceding it 
it is cfear hont tha npure &at only for con- 
fwmaricn @if MO B Spiro compound ai 
CT he made. 

Indeed confarmational searching using molecular dynamics simulations (with a valenCe force fWd’“) on a tripep 

tide which included this case (i.e. D,D ) with its obligatory cis peptide motif indicates that one of the fiie minims 

located is in a type Via p-turn with its a~endant 4~1 ~y~f~gen bnd as shown in figure 3. 

An interesting extension to this is that only in the type Vla p-turn 

conformation (figure 3af can a Spiro compound be made which 

connects the C$ and the previous N by a five-membered ring. 

Such a ~nforma~n in its minimised form is shown in figure 4. 

This motecule is expected to confer additional conformational 

stability as the torsion angle about N-C% (i.e. I&.) is also con- 

strained and is dose to the required value of a type Vfa 6 turn or 

its inverse as the case may be. In this system 3 out of the 4 

(QI,Y) angles needed to define the p-turn i.e. (p2 , y2 and I& have 

restricted values owing ta local cyclisations. These COnforma- F&m 4 : Minim&d confotmatian shOW- 
‘ng a spko compound from ffgwre 9a as a 

tional parameters in the minimised conformation (figure 4 ) are 

~12’ -65.3’. qr2= 132’; I& -t2f’ and I&= 71’, which is in excel- 

lent agreement with crystal structures of small peptide& 
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Thus, an effective type VI p-turn mimetic can be made starting from a Glp residue which is a natural motif 

for a cis peptide bond and extending it appropriately from its Cr atom. Such a system will have torsion angles 

conducive to form type VI p-turns. The stability of the system can be enhanced by making a Spiro compound. 
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