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DESIGN OF A NATURAL cis PEPTIDE BOND MOTIF TO FORM TYPE VI B-TURN MIMETIC
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Abstract: Starting from a pyro-glutamic acid residue, which has a natural ¢is amide bond motif, and extending
the chain appropriately from its CY atom, a type VI B-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 B-turn are constrained by local cyclisations giving a well defined and rigid
model for a type VI 8-turn.

The occurrence of cis peptide bonds in peptides' and proteins? has been receiving increasing attention
recently. Methods have been proposed and tested to synthesize peptides with this characteristic®. 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 y-lactams and
N-terminal y-lactams have unusual properties in terms of the constraints imposed on them by the lactam rings on
the two degrees of conformational freedom ¢ and y. These studies indicated that (a) in a bridged y-lactam sys-
tem, the conformational parameter v 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 y-lactam the conformational parameter ¢

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 B-turn model. As a Glp residue (figure 1) is
characterized by a ¢is 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 CYC3O*NHC® of a Glp residue as a peptide unit C"CONHC®

with the sidechains at both the C™'s being fused at CP. Now,
Figure 1 : A pyroghuitamic acid (Glp) resi-

depending on the way the chain is extended at the CY of Glp (C% due. The CTCPOENHC® unit can be
gou 8N ﬁ'cg” a dipeptide sysnarr;
e i i irali with the side chains of

say) and C* of Gip (C$ say), viz. depending on the chirality at these Cg Pt T . 3

C%'s, 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 C%-C bond (y,) and N-C§ bond (¢3). The logical extension is to see which of these

units with obligatory cis peptide bonds forms interesting secondary structures.

-§L Zc-‘L _—5‘) ZL ‘i ZL ﬁ
2
NHz COH

Figure 2 : The peptide chain can be extended at C$ to NHp and at C§ to COH and can have foucr‘ possible combina-
tons of torsions about C$-C’ () and N-C$ (¢3) bonds depending on the chirality at C§ and C§ This follows trom
the fact these torsions (2 and ¢g) are also defined within the ring and are constrained to be ck?ss to 0 Tt!erglore
when defined as part of the peptide backbone, W and ¢ will have values close to +120° depending on the chirality at

¢ and C§. For combinations of chirality at C\g and C§ gwven by (LL), (D.D).(L.D) and (D.L): the (W2, 03) values are
(a) (-120°,120"), (b)(120",-120"), (¢} (-120".-120") and (d) (120,120°) respectvely

B-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 chain®.
Conformationally, these turns are defined by the (¢,y) values of the two central amino-acid residues. In the case
of small peptides (like naturally occurnng hormones)B-tums have been implicated in the bio-active structure®.
Consequently there has been a great deal of interest in making B-turn mimetics 7 especially of the well known
B-turns (called types 1,IL,IIl and their inverses) which are characterized by all trans peptide bonds. However with
the recent increase in reports of B-turn conformations in small peptides with a cis peptide bond between the
middle two residues, interest has also focused on such ¢is structures  Earlier analysis® of amino-acid sequences
in proteins containing a cis peptide bond has identified two B-turn types called Vla and VIb for which approximate
conformational parameters (¢2,y,) and {¢3,y3) were defined. More recently?, crystal structures of small linear
and cyclic peptides have revealed that conformational parameters (¢2,y2).(¢2,y3) are closer to (-60,120),
(-120,60) for type Via and (-100,120), (-120,80) for type VIb. We have used this definition in the paper.

Clearly, from figure 2 the cases represented by (a) and (b) may be able to form B-turns as their constrained
dihedral angles y, and ¢; match approximately the required value for a type VI B-tum or its inverse. In particular

case (D,D) given in figure 2(b) has conformational parameters close to y; , ¢3 of a type Vla B-turn.



Design of a natural cis peptide bond motif

{D,D} of figure 2 revealed five minima
within 2.5 keal/mol of each other. The sim- -

of enargy. Conformation (a) has {d, ) 3
values typical of type Via P-um. From

the relative dispositions of the hydrogen

substituents on CF and the N preceding it

itis cloar from the figure thatonly forcon- o 7

formation {a} can a spiro compound at
C3 be made.

il
~IEET
Figure 3 : Conk tonal hing SN -
using molecular dynamics simulations of a §
tripeptide systam which included case a

ulations ware performed from three differ- \
ent starting points for a total tme of 150 -
pi ds. The minimised conforma-

tions {a)-{e} are given in decreasing order G

Indeed conformational searching using molecular dynamics simulations (with a valence force field®) on a tripep-

tide which included this case (i.e. D,D ) with its obligatory ¢is peptide motif indicates that one of the five minima

located is in a type Via B-turn with its attendant 4->1 hydrogen bond as shown in figure 3.

An interesting extension to this is that only in the type Via B-tum
conformation (figure 3a) can a spirc compound be made which
connects the C§ and the previous N by a five-membered ring.
Such a conformation in its minimised form is shown in figure 4.
This molecule is expected to confer additional conformational
stability as the torsion angle about N-C% (i.e. ¢p) is also con-
strained and is close 1o the required value of a type Via Blumn or
its inverse as the case may be. In this system 3 out of the 4
{0, ) angles needed to define the B-turn ie. ¢ , v, and ¢y have
restricted values owing to local cyclisations. These conforma-
tional paramelers in the minimised conformation {figure 4 ) are
$u= -85.37, wax 132" $3= -121" and yy= 717, which is in excel-

lent agreement with crystal structures of smalt peptides®.

Figure 4 : Minimised conformation show-
ing a spiro compound from figure Sa as a
type Via B-um mimetic,
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Thus, an effective type VI B-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 CY atom. Such a system will have torsion angles

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

Acknowledgements: The authors wish to thank SERC (U.K.), ICI Pharmaceuticals (U.K.), and the Nuffield Foun-
dation for funding and resources.

References

1. (a) Bairaktari,E.; Mierke,D.F.; Mammi,S.; Peggion,E. J.Am.Chem.Soc. 1990,112,5383 (b) Mierke,D.F.; Yama-
zaki,T.; Said-Nejad,0.E.; Felder,E.R.; GoodmanM. J.Am.Chem.So0c.1989,111,6847 (c) Kessler,H.; Anders,U.;
Schudok,M. J. Am.Chem.Soc.1990,112,5908

2. Stewart,D.E.; Sarkar,A.; Wampler,J.E.J.Mo/.Biol.1990,214,253

3. (a) Sukumaran,D.K.; ProrokM.; Lawrence,D.S.JAm.Chem.Soc1991,113,706 (b) Smith,G.D.; Zabrocki,J.;
Flak,T.A.; Marshall,G.R. Int.J.Peptide Protein Res.1991,37,191

4. (a) Paul,P.K.C.; Burney,P.A.; Campbell,M.M.; Osguthorpe,D.J. J.Computer-Aided Mol. Des.1990,4,239. (b)
Paul,P.K.C.; Osguthorpe,D.J.; Campbel,M.M. J.Chem.Soc., Perk. Trans. 11990,3363.

5. (a) Venkatachalam, C.M., Biopolymers1968,6,1425. (b) Rose,G.D., Gierasch,L.M., Smith,J.A.,Adv. Prot.
Chemn.1985,37,1.

6. (a) Schiller,P.W. In The Peptides : Conformation in Biology and Drug Design; Hruby,V., Ed.; Academic Press:
New York, 1985; Vol 7, 115.

7. (a) KahnM.; Wilke,S.; Chen,B.; Fujita,K. J. Amer. Chem. Soc. 1988 ,110,1638. (b) KahnM.; Wilke,S.;
Chen,B.; Fujita,K.; Lee,Y.H.; Johnson M.E. J. Mol. Recognit. 1988 ,1,,75. (c) Olson,G.L.; Voss,M.E.; Hil,D.E.;
Madison,V.S.; Cook, C.M. J.Amer.Chem.S0c1990,7112,323 (d) Hinds,M.G.; Welsh,J.H.; Brennand,D.M.;
Fisher,J.; Glennie,M.J.; Richards,N.G.L.; Turner,D.L.; Robinson,J.A., J. Med. Chem.1991,34,1777

8. Richardson,J.S. Adv. Prot. Chem.1981,34,167.

9. Vitoux,B.; Aubry,A.; Cung M.T.; Marraud M. Int. J. Peptide Protein Res.1986,27,617

10. Dauber-Osguthorpe,P.; Roberts,V.A.; Osguthorpe,D.J.; Sharon,R,; Stem,P.S. Proteins:Struciure,Function,

and Genetics1988,4,31



