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Confirmational Analysis of ~-Turn Structure
in Tetrapeptides Containing Proline or Proline Analogs
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GraduateSchoolof Engineering,KyotoUniversity,Kyoto606-01,Japan

Abstract: In order to evaluate the influenceof cyclic secondaryamino acids on the stability of ~-turn
structure,we have preparedAc-Gly-L-Xxx-L-Leu-Gly-N(CH3)2(Xxx= Aze, 4-memberedring: 1, Xxx =
Pro, 5-memberedring: 2, Xxx = Pip, 6-memberedring: 3). The NOE cross peaks that support $turn
structure were observedin 1-3. The NOE cross peak betweenboth terminalsof the syntheticpeptides,
however,was observedonly in the NOESYspectraof 2. This result indicatesthat 5-memberedring side
chain in prolineplays a veryimportantrole in the formationof ~-hairpinstructure.

@ 1997Elsevier ScienceLtd.

Prolineis quiteoftenobservedat the (i+ 1)positionof 13-tumstructure.1 In the20proteinicaminoacids,

proline is the only amino acid whoseCa-N bond is a part of the pyrrolidinering. This cyclic side chain
imposesstrongrestraintsonpeptideconformation.It is knownthattheroleofprolineis notonlyto controlthe
peptidestructurebut also to exposethe recognitionsite for the protein-proteininteractionon the surfaceof

protein.2,3 Recently, we have prepared the Oligopeptides involving nonproteinicaminoacid, focusing‘n ‘he

newuniquestructureof artificialpeptide.Forexample,it is ofparticularinterestto comparethestructuraleffect
of nonproteiniccyclicaminoacidwiththatofproteinicprolineonthe~-tumconformationstabilizedby intrinsic
hydrogenbonds. In thispaper,we wishto presentthe structuralfeaturesof threetetrapeptides1-3havingL-2-

rrzetidinecarboxylicacid (Aze,4-memberedring)(4),L-2-pyrrolydinecarboxylicacid (Pro,5-memberedring)
(5),or L-2-piperidinecarboxylicacid(Pip,6-memberedring)(6),respectively,at the (i + 1)positionof peptide
sequences.
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Syntheticroutes to the tetrapeptidesAc-Gly-Xxx-Leu-Gly-N(CH3)2(Xxx= Aze; 1, Pro;2, Pip; 3) are
shownin Scheme1. Thesepeptidesweredesignedas follows;(i)Glycineandleucinethathavenonpolarside
chainswere adoptedas the componentsof the tetrapeptidesequences,since these amino acids seem not to
interferewith the ~-tumconformationinducedby cyclicaminoacid. (ii) Acetyland dimethylarninogroups

wereusedforN- and C-terminalprotectiongroups,respectively,to monitorthe hydrogen-bondinginteraction
of amidegroupsin ~-tum structure. Allpeptidespreparedby the conventionalsolutionmethodin Scheme1

werecharacterizedby NMRandmassspectroscopicmethods.4
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Scheme 1. Conditions:(i) Z-Cl/2NNaOHaq.,(ii) HONWTMPCI,
(iii) NaHC03, (iv) Boc20/lN NaOHaq,(v) Et3N/EtOCOCl/-15“C,
then 50% HN(CH3~aq.,(vi) HClkiioxane,(vii) WSCM-IOBT,(viii)
H2 gas/10%Pal/C,(ix) AC20, Abbreviations:Z-Cl; carbobenzoxy
chloride, HOSU;IV-hydroxysuccinimide,DIPCI; NJV’-diisopropyl-
carbodiimide,BOC20;di-tert-butylbicarbonate,WSCI; l-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide,HOBt; l-hydroxybenzotriazole.
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Figure 1. IH NMR chemical
shifts of the amide protons in
peptide2at25‘C in CD2C12as a
function of the logarithm of
peptide concentration.Gly] NH
(0); Leu3NH (A); Gly4NH (X).

To evaluate the aggregationeffect of the peptides, IH NMR spectra for 2 were recorded over the
5,6 FiWm1showsch~ges inchemicalshiftsof theconcentrationrangeof 0.55to 20mMin CD2C12at 25 “C.

amide protons in 2. Each chemical shift of the three amide protons in 2 was almost independent of
concentrationat or below3 mM. Thustheundesiredaggregationof thepeptidewasnot observedbelow3 mM
of 2. IH NMRsignalsfor 1-3wereassignedby DQF-COSYandNOESYspectrain thephasesensitivemode
at 2.5 “Cin CD2C12.7The IH NMRspectraof peptides1-3showthepresenceof a minorcomponent(<15Y0

of the majorcomponent)probablydueto cis-trarn isomerizationahoutGlyl-Xxx2peptidebond.g Theminor
componentwasnot analyzedconformationallyin thisstudy.

The results of NOESY experimentsfor 1-3 were summarizedin Table 1. The NOESY spectra of
peptides 1-3 showNOE cross peaks typical for ~-tum conformation(category(i) in Table 1). NOE cross
peakscharacteristicfor a TypeII ~-turnconformationwerealsoobserved(category(ii) in Table 1).9-11NOE

crosspeaksthat indicatetram conformationwithrespectto Glyl-Xxx2amidebondwereobservedforpeptide2
and 3 (category (iii) in Table 1),12.13whereas the NOESYspectrumfor 1 showed no NOE cross peak
indicatingtram conformation(Glyl CaH-Aze2CWf)or theoneindicatingcis conformation(Glyl CaH-Aze2
Calfy The mostsignificantdifferencein the NOESYspectrafor 1-3is thatNOEcrosspk betweenmethyl
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Table 1. SelectedNOESYConnectivitiesObservedat 2.5“Cin CD2C12.”

categories
peptide

1 2 3

Leu3NH - Gly4 NH Leu3NH - Gly4 NH Leu3NH - Gly4 NH

Leu3CaH - Gly4 NH Leu3CaH - Gly4 NH
(i)b

Leu3C“H - Gly4 NH

Aze2CaH - Leu3NH Pro=CaH - Leu3NH Pip2CaH - Leu3NH
(ii)c

Leu3NH - Leu3CaH Leu3NH - k3 CaH Leu3NH - L(N3 CaH

(iii)d — Pro2C8H- Glyl CaH PipzCeH- Glyl CaH

(iv)’ — AcetylCH3- NMe2CH3

a The NOESY spectrawererecordedon a 500 MHz NMRspectrometer.b The NOE signrds
typicalfor a ~-tumconformation.cTheNOEsignalstypicalforTypeII &turnconformation.
dThe NOE sign~s typic~ forGIY1-xXX2transamidebond. eTheNOEsignal~tween N- ad

C-terminals.

protonsof acetylgroupat theN-terminal
and methyl protons of N(CH3)2at the
C-terminal was observed only in the
spectrumfor 2 (category(iv) in Table 1
andFigure2).

It is clear from NOESY
experimentsthat peptides 1-3 form &

turn conformation, however, the
distances between both terminals of
peptides1 and 3 are longerthan that of
2. This suggeststhat peptide2 adopts
an unambiguous antiparallel confor-
mation at the N- and C- terminals,
whereaspeptides 1 and 3 incompletely
adopt ~-hairpin structure (strand-loop-

strandarrangement).14 Furtherworkon
the analysisof peptides1-3 (VT-NMR,
VT-IR, X ray analysis, etc.) is in
progress,and the details will appear in
futurepublications.
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Figure 2. Portionof the 500MHzNOESYspectrumof 2 in
CD2C12at 2.5“C recordedin the phasesensitivemode. The
NOEconnectivitiesbetweenacetyl-CH3anddimethylamino-
CH3 (Table1incategory(iv))arehighlightedin curcles.
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