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Abstract Several model peptides contaigm, B-dehydophenylalanindAPhe) in both Z and E con-
figurations wee studied fof-turn sability at the AM1 level of theoy. Both configuations d APhe are
well able to sbilize B-turns in the backbone.dwever, the B-turns for peptides bearing-XPhe are
enggetically mae stable than the E-counterpafise diference in engies between the global minima
of these peptides having the Z and Efmpmation of APhe, is dicited by the size and stereochemyist
of residueglankingAPhe. One distinct feate of EAPhe is that it pushes peptides to adoptpe Il -
turn with tre APheresidue in the (i + 1) position of the tuiThis unique feature may be exploited in
peptide design.
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I ] There has been a great interest in recent years in the use
ntroduction : e . ;
of a, B-unsaturated amino acids in peptide design, because
. ] . i ) _such residues are able to modulate the backbone conforma-
Am[no acid residues possessing a double bond in the sidgyn to produce stable folded structurée IB-turns anl o-
chain (@, B-dehydoamino acids) &e been found in pep-  and other helices. [6, 7] Rixermoe, a, B-dehydro residues
tides deived from microbes and fungi, [1, 2] fexample,  confer inceased resistance to peptide degtiad by en-
the antibiotics nisin, subtilisin, epidermin etc. [3, 4] Some zymes Among thevarious a, B-dehydroamino acids, most
enzymes ke histidine ammonidyase fom bacteia and  stydies lve centered oAPhe, perhaps because its synthe-
mammals, and pinglalanine ammonia lyasedm plants,  sjs isrelaively eay. Of the two possible sterecisomers of
also contai a, B-dehydroamino acid eS|dues.The mMoSt  Aphe, namely the Z and E formsi(f 1), all ivestiggtions
commonly occurring dehydroamino acids in nature arenge focussed only on the Z-isom@his is mainly because
dehydrophenylalanineAPhe), deydrotryptophan(ATrp),  synthetic routes leading to the Z-isomer are straightforward.
dehydoalanine QAla), dehydroleucine (ALeu), Very recenty, Ina et al. have published a method for the
dehydovaline (Aval), denydroproline (APro) and  gynthesis of the E-isome[8] In small peptides bearing a
dehydoaminoisdutyric acid (Abu). [2, 5] single ZAPhe,a Type Il B-turn stucture is generbj seen,
[9-11] while peptides containing more than orARZhe resi-
dues tend to tee a helical structer [12-14] The stability of
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Table 1 ¢  values for dif-

ferent types of-tums [17] B-turn Type 0 i+1 residue " 0 i+2 residue "
I -60 -30 -90 0
I 60 30 90 0
Il -60 120 80 0
I 60 -120 -80 0
1] -60 -30 -60 -30
lnr 60 30 60 30

these helices is dependent on the number of saturated arti)nposition in the turn, and has the CO group of the residue
acids separating the twoPhe residues. precedingAPhe in an H-bond with NHMe (Fig. 2b). Each of
We were interested in examining theoretically if the Ehe twop-turn sequences mentioned above could be formu-
isomer, like its Z counterpart, could induce the same conftated as ype |, Type Il or Type Ill and their mirror images
mational preferences in the peptide backbone and what Brge I, Type II'and TFype III' respectively. Very obviously
the differences in stability of peptides containing Z and Eien, the Z and E-isomers will prefer one of the fisturn
APhe. sequences and one of the six turn types.
The last aspect of stability between peptides possessing a
Z or E isomer ofAPhe is dependent on the nature of the
residue flanking the N and C terminals &Phe. The stere-
ochemistry (D or L) of the flanking residues will also ianuMethOdOIOgy
ence the stability of the Z and E fies. To find answers to the i . .
above issues, we have carried out a systematic investigafigtulation of the heat of formatioKi;) of the various pep-
of model peptides having 2Phe and EAPhe, with an em- fides was done on an SGI O2 computehaAML1 level of
phasis orB-turn propensity and stability. The following peptheory [15] using the MOPAC suite of programs (v 6.2) as an

tides were studied. interface in Sybyl 6.4 (Tripos Inc. USA). The AM1 Hamilto-
Ac-Gly-(Z or E\Phe-Gly-NHMe P1) nian was used, since it is known to reproduce hydrogen bond-
Ac-Ala-(Z or E\Phe-Ala-NHMe P2) ing best among thg other §em|emp|r|cal me_thods. [15]_ Each
Ac-Leu-(Z or EpPhe-Leu-NHMe P3) peptlde was built witlAPhe in the' (i + 1) or (i+2) position
Ac-lle-(Z or EAPhe-lle-NHMe P4) in turn Types I, 1l and IIl and their mirror images, wiphys _
Ac-Val-(Z or E)APhe-Val-NHMe P5) va]ueg taken from ref. 17 anq presented in Table 1: Two opti-
Ac-Phe-(Z or EAPhe-Phe-NHMeR6) mization metho.ds. were carried out. In the_ “constrained” pro-
Ac-D-Val-(Z or EA\Phe-Val-NHMe P7) cedure, the optimization was run by flagging ¢he) angles
Ac-Val-(Z or E)APhe-D-Val-NHMe P8) of residues in the (i + 1) and (i + 2) positions of Bhteirn to

These flanking residues were selected in order to prd¢hé-€. held fixed) in the Z-matrix, while all other degrees of
the effect of size and branching on the stability of the Z aff§édom were optimized. In the “unconstrained” case, every
E-isomers ofAPhe. degree of freedom in the molecule was optimized. Minimi-

For the above peptides, tfgeturns can be conceived. Thezation was run with the EF algorithm to a GNORM of 0.01
first (Ac-X-APhe-X) with APhe at the (i + 2) position (Fig.and the PRECISE option. Since it is well known that all semi-
2a), would involve the CO gup of Ac in an intramolecular
H-bond with the NH group of the residue succeedife.

In the secong-turn (X-APhe-X-NHMe),APhe is at the (i +
NH $O
|

o (O~NH—X

o Lo
CHs X H |

co ¢=0---"H—N

|

NHCH; X CHy

NHCOCH;
a b a b

Figure 1 The two stereoisomers af, B-dehydrophenyla- Figure 2 Schematic representation @turn (a)APhe in i+2
lanine (a) Z-isomer (b) E-isomer position; (b) APhe in i+1 position. X = Gly, Ala, Leu, lle,
Val, Phe
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Table 2 Global and local minimum energy conformations obtained by ‘constrained’ minimization of model peptides having
APhe in Z and E configuration

Peptide APhe in Z configuration APhe in E configuration AAH; [a]
Gl. Min. Local Min. Gl. Min.
(up to 1 kcal-mott)
P1 I’ (i+2) 1.1 (i+2), I (i+2), Il (i+1) 1.1 (i+1) 2.2
2. 11" (i+1), 1l (i+2) 2.1 (i+1)
P2 1.1 (i+1) - I’ (i+1) -1.0
2.1 (i+1)
P3 | (i+1) I (i+1), I (i+1) 1.1 (i+1) -3.9
2.1 (i+1)
P4 Il (i+2) I (i+2) I’ (i+1) -4.0
P5 I (i+2) [ (i+1) I’ (i+1) -3.5
P6 I’ (i+2) 1.1 (i+1), I (i+2) I (i+1) -2.5
2.1 (i+2), Il (i+2)
P7 | (i+1) I (i+1) " (i+1) -2.3
P8 Il (i+2) [ (i+1), I' (i+2), 1P (i+1) Il (i+1) -1.9

[a] Difference in heat of formation between global minimdl (i+1) and Il (i+2) have their related meanings. No local
of peptides having\Phe in Z and E configuration. minima within 1 kcal of global minima were obtained for
The abbreviation | (i+1) refers to TypeBiturn with APhe at peptides heing APhe in E configuration.

the (i+1) position of the turn. Thus, I (i+2), Il (i+1), Il (i+2),

empirical methods underestimate the barrier to rotationdifference in energy between the global minimum energy
peptides, the key word MMOK was used to allow for a moenformers of the peptides witkPhe in Z and E configura-
lecular mechanics correction. Stable points on the potentiahs AAH,) correlates with the size of the side chain of the
energy surface (PES) of the molecule were identified by riamino acid flankingAPhe in case of aliphatic amino acids.
ning a FORCE calculation and were confirmed by the pré@3ius for Gly, this differencedAH,) is 2.2 kcal mot (Ta-
ence of all real frequencies. ble 2). In Ala, with a small hydrophobic side chain, this dif-

For each peptide, the global minimum referred to in tference for some unexplainable reason is smaller at 1.0 kcal
next section is the lowest energy structure from among thel! (Table 2). For ay-branch substituent like Leu, this
twelve possible conformations built from twbturn se- difference rises to 3.9 kcal mio] while for B-branching as
guences, each in three turn types and their mirror imagesn lle and Val it is 4.0 and 3.5 kcal mlolrespectively (Ta-
ble 2).

A bulky side chain as in Phe, is not seen to destabilize the
E-form greatly. The difference in the global energy minimum
of the Z and E-forms/AH,) is of the same order as seen in
Gly (Table 2). This is because the flat aromatic ring is able to

L i o find a conformation that minimizes steric interaction with
Minimizaion with “constraints APhe

In Table 2 is given the global minimum and local minim, Anqther feature that is apparent in Table 2,is that the E-
within 1 kcal moft of global minimum of the various pep_Qteremsomer aiPhe strongly prefers the (i + 1) position in a
. . ; ' : Type I B-turn, while ZAPhe seems to adjust well at both the
tldles P1-Pg) thth lAthe Im glanfth colnflljgtljratllqns. Orrl1ly IO'(i + 1) and (i + 2) positions, with no specific choice of turn
EZerr?I(r:]éT;duepr;d sin((::z tr;:e pc:)puIZt?oﬁ ;c ;?;ngu(g]s gail://g type. The latter tendency agrees well with what has been
the Boltzmann factor exg{E/k.T)) with energy higher than% derved in crystallographic studies of some related peptides.

1 kcal mot!, in theensembl®f conformations, is miniscule. [7]

. . : The effect of stereochemistry of the neighboring residues
The difference in the heat of formatioh/H,) between the on the stability of Z and E-isomers is also markedly pro-

global .mi”‘”?“m of qach pgptidg wiiPhe in Z and E con- nounced. In the peptides Ac-D-\ARhe-Val-NHMe and Ac-
flgurgtlons is also Ilsteql In th!s tablg. ' Val-APhe-D-Val-NHMe, a D-isomer at both the N and C ter-
: It is seen that all peptldes'WMSPhe in the Z configura- minal ends ofAPhe has a stabilizing effect on tBdsomer
tion are more stable than their E counterparts. However, %Etive to the pant Ac-ValAPhe-Val-NHMe as seen in Ta-

Results and discussion
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Table 3 Global and local minimum energy conformations obtained by ‘unconstrained’ minimization of model peptides
havingAPhe in Z and E configuration

Peptide APhe in Z configuration APhe in E configuration AAHT [a]
Gl. Min. Local Min Gl. Min. Local Min.
(up to 1 kcal-mot?) (up to 1 kcal-mot?)
P1 y G1,APhe & G3 - 1. 11 (i+1), Inw G1,y G3 - -1.7
2.1I'(i+1), y G1, Invy G3
P2 I (i+1), Inv yA1 & A3 1. InvyAl, yAPhe 1. 1P (i+1), Invy Al & A3 1.1l (i+1), Invy Al -1.3
2.InvyAl & A3 2.yAl InvyA3 2. InvyAl, y APhe
P3 " (i+1), Inv y L3 1.1 (i+1) 111 (i+1) y L3 -2.4
2.1 (i+1) 2. InvyL3
3. 11 (i+1)
4.yL3
P4 Invyll & 13, yAPhe Invy 11 & 13 Invyll & 13, yAPhe Invy 11 & 13 -1.9
P5 InvyV1,yAPhe - Invy V1, yAPhe Invy V1 -1.9
P6 1.1P (i+1), Inv yF1 & F3 1l (i+1), Invy F1,y F3 Invy F1 & F3,y DPhe Invy F1 & F3 -2.2
2. Invy F1 & F3,y APhe
pP7 y DVal & V3 1. Invy DVal, y APhe II" (i+1),y DVal y DVal & V3 -1.3
2.1 (i+1),y Dval
3. II' (i+2), y DVval
P8 Il (i+2), InvyV1 1.1 (i+1),yV1 InvyV1,yAPhe Il (i+1) -1.6
2. InvyV1
3. Invy DVal

[a] See comments under Table 2. The abbrevigti@d means &-bend at Gly 1, InwG1 denotes an invergebend at G1.
Also see definitions under Table 2

ble 2. This effect is slightly greater when the D-amino acidfisund either as a global or local minimum. For these pep-
placed at the C-terminal side APhe. tides, it seems that the most stable structuresydmends.

It must be mentioned that quite a f@aturns for these The peptideBoc-Ala-EAPhe-Val-OMe has been shown by
peptides are not stationary points on their PES. This washiMR and empirical energy calculations to adopt two con-
dicated by the appearance of small imaginary frequenciesétutivey-bends. The authors have not ruled out the possibil-
the FORCE calculationvide suprg. This could be a resultity of a Type IIB-turn conformation wittAPhe at the (i + 2)
of the constrained minimization. It is possible that these position in the turn for this peptide. The structure of the pep-
turns will be stable conformations if these sequences are fidg precludes the adoption ofaturn with APhe at the (i +
of larger oligopeptides or proteins. 1) position. Based on the results for “unconstrained” mini-

mization, it seems that for small peptides both Z and E forms
of APhe may lead to structures with eitBeurns ory-bends.
Unconstrained Minimization However, for larger peptides or in the presence of a struc-
tured environmenti.g. receptor/enzyme) it is likely th
For all peptides unanimously, the minimization with removairn structures may prevail.
of constraints produces structures that have much lower ¥fhereverB-turns were observed (as global or local minima,
ergies than in the constrained case. Here too, the Z-isonvéits APhe at the (i + 1) position) for the other peptides, the
are more stable than their E-partners. The global minimumyp values of residues involved in the turn deviate from ideal
energy structure, local minima restricted to 1.0 kcal’moValues, mainly because some of the residues are additionally
above the global minimum and difference in the heat of fderced into ay-bend or an inversgbend. The appearance of
mation AAH,) between the global minimum of the Z and Ey-bends and distortion of tH&turns is partly because of the
isomers are summed up in Table 3. absence of a structured environment in these calculations.

From Table 3, it is seen thftturns are not always theSome distortion of3-turns has also been noted in
global minimum conformation for some of these peptidesystallographic studies of peptidesvirg lle and Val on
and sometimes appear as local minima. The most notadjtber side ofAPhe. [7]
cases are for the peptides Ac-L&sRhe-Leu-NHMe R3) and In contrast to the previous results with “constrained” mini-
Ac-Val-APhe-Val-NHMe P5), where noB-turn structure is mization, the peptides bearing/ARhe in an unconstrained
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