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hydr•Bph•Ebic•@inside•Ef•@the•@m•Elecule•C•@and•@each•@segment•Ef•@the•@p•E1ypeptide•@chain

underg•Bes•@vari•Eus•@interacti•Ens•@with•@suƒÎ•Eunding•@s•Elvent•@envir•E‡oents•Ewhich•@may

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@nuctuate‡p•Bng•@wide•@range•Efs•Elvent•@p•Elarity•@during•@the•@f•Elding•@pr•Ecess•Efthe•@proteln•E

Theref•Bre•C•@it•@is•@imp•E‰¾t•@t•Estudy•@h•Ew•@the•@l•Ecal•@segments•Ef•@a•@pr•Etein•@m•Elecule•@vary

their•@structures•@with•@change•@in•@the•@solvent•@conditions•D

•@•@•@•@F•Br•@the•@p–¦•Ese•C•@it•@is•@use–t1•@t•Eexamine•@the•@the‡p•Edynamics•Ef•@the•@sec•Endary

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@stnlcture•@formation•@for•@small•@peptides•C•@which•@can•@be•@studied•@in•@detail•@by•@spectroscoplc

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒR•@•@•@•@•@methods•Di•gts•@lnfrared•iIR•jspectra•@are•@particularly•@usefUl•@fbr•@detectirlg•@and•@characterlzlng

the•@hydr•Egen•|b•Ends•Ee•E•fwhich•Eare•Eass•Eciated•@with•@the•@peptide•@sec•Endary•@structures•@such

asƒ¿•Dhelix•CƒÀˆêtum•C•@and•@s•E•En•D•@Many•@gr•Eups•@have•@stUdied•@the•@structure•Ef•@small

peptides•@in•@s•Eluti•En•@since•@the•@1950s•Di8•Ei9•@Maraud•@and•@c•Ewarkers2Pt22•@and•Ether•@gr•Eup23

have•@studied•@theƒÀˆêtum•@fbrmation•@in•@a•@few•@organic•@solvents•@fbr•@various•@deputies•@by

IR•|based•@examinations•D•@These•@results•@were•@compared•@with•@theoretical•@analysis•@and

discussed•@in•@terms•@of•@B•Eturn•@forming•@tendency•@of•@each•@amino•@acid•@residue•D24•@Recently

Gillman•@and•@co•|workers25•œ30•@have•@reported•@IR•@studies•@on•@intramolecular•@hydrogen

bonding•@fbr•@series•@of•@model•@peptides•@in•@dichloromethane•@solutions•D•@They•@have

examined•@various•@types•@of•@hydrogen•Bbonded•@rings•@and•@quantified•@thermodynamic

pr•Eperties•@f•Er•@a•@few•@sec•Endary•@structure•@f•Ermati•Ens•Ef•@small•@peptides•EThese•@results

provide•@a•@usefUl•@guide•@to•@a•@study•@on•@a•@fblding•@mechanism•@of•@polypeptides•D

•@•@•@•@On•@the•@other•@hand•C•@NMR•@spectroscopy•@has•@provided•@structural•@infbrmation•@about

rather•@large•@polypeptides•@in•@solution•C•@Since•@WUtrich•@and•@coworkers3•fŠŽrst•@reported•@in

‹T1986astnlcture•@of•@tendamistat•i75•@amino•@acid•@residues•jin•@solution•C•@a•@data•@bank•@of

protein•@structures•@deterrnined•@by•@NMR•@has•@accumulated•@more•@and•@more•@data•D•@In•@those

works•@NOE•@correlations•@have•@been•@refined•@by•@restriction•@of•@the•@dihedral•@angles•@of

peptide•@backbone•CƒÓand•“which•@are•@related•@to•@vicinal•@coupling•@constants•@between

amide•@protons•@andƒ¿ˆêprotons•@by•@Karplus•@equation•D32•f34

•@•@•@•@•@However•C•@the•@structures•@of•@small•@linear•@peptides•@exhibit•@dynamic•@natures•@on•@NMR

time•@scale•D•@Thls•@causes•@some•@ambiguity•@in•@structural•@analyses•C•@which•@is•@usually•@not

encountered•@in•@highly•@rigid•@structures•@of•@proteins•D•@In•@solutions•C•@small•@peptides•@can

adopt•@quite•@a•@few•@conformations•C•@which•@interchange•@with•@one•@another•@rapidly•@enough•@on

the•@NMR•@time•@scale•D•@Sometimes•@confbmlational•@analysis•@of•@such•@flexible•@molecules

has•@been•@attempted•@to•@define•@a•@single•@leading•@conformation•@in•@solution•C19•@but•@both•@NOE

ˆê3ˆê

correlations•@and•@coupling•@constants•@must•@be•@averaged•@and•@cannot•@provide•@direct

information•@about•@any•@of•@conforrners•D•@Even•@when•@the•@existence•@of•@some•@conformers

has•@been•@taken•@into•@account•C•@such•@studies•@have•@seldom•@provided•@quantitative

information•@on•@populations•@of•@the•@conformers•D2•h3S•f36•@This•@is•@because•@energy•@differences

among•@the•@conformers•@have•@not•@been•@fully•@characterized•D3•f•gO•@Moreover•C•@conformational

equilibrium•@of•@small•@peptides•@are•@significantly•@affected•@by•@the•@interaction•@with•@solvent•D

Exact•@understanding•@ofthis•@solvent•@effect•@is•@essential•@to•@the•@study•@ofthe•@folding•@process

of•@a•@polypeptide•@chain•C•@because•@solvent•@condition•@of•@the•@local•@regions•@of•@the•@polypeptide

chain•@may•@change•@drastically•@during•@the•@folding•@into•@a•@compact•@globule•D•@ln•@the•@early

stage•@of•@the•@folding•@process•C•@every•@local•@region•@is•@thought•@to•@be•@fully•@exposed•@to•@aqueous

environments•@and•@has•@enough•@flexibility•@to•@fluctuate•@among•@many•@conformations•D•@As

the•@folding•@proceeds•C•@the•@polypeptide•@chain•@gradually•@loses•@the•@conformational

flexibility•C•@and•@finally•@each•@amino•@acid•@residue•@adopts•@a•@unique•@set•@of•@dihedral•@angles•C

•‘•@and•@ge•i•C•@depending•@on•@the•@type•@of•@the•@secondary•@structure•@concerned•D•@Funhermore•C•@in

a•@protein•C•@three•|dimensional•@assembly•@and•@side•@chain•@packing•@occur•@through•@various

noncovalent•@hydrophobic•@and•@electrostatic•@interactions•D•@These•@processes•@are•@generally

accompanied•@by•@reduction•@in•@solvent•@accessible•@surface•@area•h•f•@of•@various•@local•@regions•@of

the•@protein•C•@which•@is•@the•@largest•@in•@the•@denatured•@state•@and•@the•@smallest•@for•@the

completely•@buried•@region•@in•@the•@folded•@structure•@of•@the•@native•@protein•D

2•D•@Content•@of•@this•@Thesis

•@•@•@On•@these•@backgrounds•C•@1•@have•@planned•@out•@the•@present•@study•@to•@elucidate•@the•@solvent

effects•@on•@various•@structural•@features•@of•@small•@peptides•C•@intramolecular

hydrogen•|bonding•C•@cis•|to•|trans•@isomerization•@of•@the•@imide•@linkage•@preceding•@the•@prolyl

residue•@•iPro•j•C•@and•@flexibility•@ofpeptide•@backbone•@around•@the•@glycyl•@residue•@•iGly•j

•@•@•@1•@have•@synthesized•@60•@kinds•@of•@small•@peptides•@with•@various•@length•@•idiˆê•@to

tetra•|peptides•j•@and•@different•@structural•@aspects•C•@e•Dg•D•C•@variants•@of•@amino•@acid•@sequence•@of

the•@P•|turn•@and•@N•|terminal•@modificants•@such•@as•@N•|acetyl•@•iAcˆê•j•C•@N•|tert•|butoxycarbonyi

•iBocˆê•j•C•@andƒn•vˆêtrifluoroacetyl•iTfaˆê•jpeptides•@as•@desc’¼bed•@in•@Chapter•@2•D

•@•@•@Chapter•@3•@is•@devoted•@to•@IR•@measurements•@of•@those•@synthetic•@peptides•@in•@CDC13
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solution•D•@•@The•@observed•@NH•Fstretching•@bands•@are•@assigned•@to•@intramolecular

hydr•Bgen•|b•Ended•iHBd•jstates•@and•@hydr•Egen•|b•End•|free•iHb‹uee•jstates•Ef•@the•@NH

gr•Bups•D•@On•@the•@basis•Ef•Ethe•@relative•@band•@intensities•EIhave•@c•Empared•@stabilities•Ef

HBd•@stmctures‡p•Eng•@the•@peptides•@and•@argued•@a•@c•Ent‰¾ti•En‘q•Em•@each•@structural

constituent•@to•@formation•@of•@secondary•@structures•@in•@CDC13•C•@which•@is•@likely•@to•@mimic•@a

solvent•@environment•@inside•@of•@a•@protein•D

•@•@•@In•@Chapter•@4•C•@I•@have•@dealt•@with•@NMR•@measurements•Ef•@s•Elvent•|dependent

P•Epulati•En•@changes•Ef•@the•@cis•@and•@trans•@is•Emers•@ab•Eut•@the•@imide•@b•Ends•@preceding•@the

Pro•@residues•C•@by•@use•@of•@five•@kinds•@of•@mixed•@solvent•@systems•C•@DMSO•|d6•^D20•C

CDCI3•^DMSO•|d6•C•@CDCI3•^acetonitrile•|d3•C•@CDCI3•^methanol•|d4•C•@CDCI3•^acetone•|d6•D•@I

have•@examined•@how•@the•@cis•|to•|trans•@isomerization•@couples•@to•@the•@intramolecular

hydrogen•@bonding•D

•@•@•@In•@Chapter•@5•C•@I•@have•@analyzed•@the•@chemical•@shift•@changes•@of•@amide•@protons•@fbr•@the

peptides•@in•@the•@CDCI3•^DMSO•|d6•@mixed•@s•Elvents•Elt•@has•@been•@f•Eund•@that•@the•@chemical

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚è•@•@•@•@•@shift•@changes•@provide•@a•@good•@measure•@of•@the•@extent•@to•@which•@an•@NH•@proton•@partlclpates

in•@intramolecular•@hydrogen•@bonding•D

•@•@•@In•@Chapter•@6•C•@I•@have•@analyzed•@chemical•@shift•@difference•@between•@twoƒ¿ˆêprotons•@of

the•@Gly•@residue•C•¢Sodƒ¿•E•D•@It•@is•@shown•@that•¢ƒÂƒŒƒ¿•Eis•@usefUl•@fbr•@quantifƒVing•@structural

flexibility•@of•@peptide•@backbone•@around•@a•@Glycyl•@residue•iGly•jin•@solution•D•@Using•@this

new•@index•C1•@have•@estimated•@some•@thermodynamic•@properties•@for•@the•@p•|turn•@formation•@of

the•@peptides•@and•@discussed•@the•@solvent•@effects•@and•@contribution•@of•@each•@arnino•@acid

sequence•E

•@•@•@Chapter•@7•@describes•@the•@conclusion•@of•@the•@present•@study•D•@Ihave•@compared•¢G

values•@fbr•@theƒÀˆêtum•@formation•@of•@the•@peptides•@among•@results‹uom•@the•@three•@kinds•@of

spectroscopic•@probes•@described•@in•@Chapter•@3•iIR•jand•@Chapter•@5•@and•@6•iNMR•j•D

Furthermore•C1•@have•@indicated•@propensities•@of•@a•@few•@dipeptide•@sequences•@for•@the•@pˆê‰Ám

structures•@in•@solution•@and•@compared•@them•@with•@statistical•@propensity•@data•@derived‹uom

X•|ray•@stnlctures•@ofproteins•D5

ˆê5•E

•“•œ“åŽl•³•GŠ™ŒqŠõˆøêG—ÙŽO•}“å—Ù“Z“åâI‘Ë•t˜F•e
•g•@IIƒ‹•@•@N•@P

•D•@•D•Dtftt•D•@ˆê•@ˆê•Gˆê

‡j
–¦ƒC

•@–å ‹A ‚àrX

•A•p
–Î‚«

•@•y“F•k

ˆó•g
˜h

”X•Aˆê

‹T

•A•AÕ–~
•@•@•v

‘ ’Ó

Chapter•@2
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Reagents•F

•@•@•@All•@the•@peptides•@•i60•@entries•j•@used•@in•@the•@present•@study•@were•@synthesized•@by•@several

procedures•@described•@in•@the•@following•@section•@and•@are•@listed•@in•@Chart•@1•D•@Starting

compounds•@for•@the•@syntheses•C•@di•|tert•|butylpyrocarbonate•@•i•iBoc•j20•j•C

N•|tert•|butoxycarbonyl•|L•|amino•@acids•@•iBoc•|Xaa•|OH•F•@Xaa•@•••@Gly•C•@Ala•C•@Nle

•iƒ¿ˆêƒÅˆêbutylglycyl•j•C•@Leu•C•@Ile•C•@Tle•ict•|tert•|butylglycyl•j•C•@MeAla•iƒnx•|methylalany1•j•C•@Pro•C•@Phe•C

Sar•@•iN•|methylglycyl•j•C•@condensation•@reagent•@1•|ethyl•|3ˆê•i3•fdimethylaminopropyl•jcarbodi•|

imide•@•iWSCI•j•C•@anti•|racemization•@reagent•@1•|hydroxybenzotriazole•@•iHOBt•j•C•@and•@4M•@HCI

dioxane•@solution•@used•@for•@deprotection•@of•@the•@Boc•|peptides•@were•@purchased•@from

Watanabe•@Chemical•@Industries•C•@Ltd•D•@Methyl•@ester•@or•@ethyl•@ester•@derivatives•@of•@the

corresponding•@amino•@acids•@•iH•|Pro•|OMe•@•iHCI•@salt•j•C•@H•|Leu•|OMe•@•iHCI•@salt•j•C•@H•|Yaa•|OEt

•iHCI•@salt•j•F•@Yaa•@•••••@Gly•C•@Ala•C•@Leu•C•@Val•C•@Phe•C•@Sar•j•C•@H•|Leu•|NH2•@•iHCI•@salt•j•C•@and

H•|Pro•|Leu•|Gly•|NH2•@were•@from•@Sigma•@Chemical•@Co•D•@Acetic•@anhydride•C•@acetyl

chloride•@and•@S•|ethyltrifluorothioacetate•@were•@from•@Nacalai•@Tesque•@Co•D•@A

tetrahydrofurane•@solution•@of•@400•^o•iw•^w•j•@methylamine•C•@a•@dichloromethane•@solution•@of•@O•D1

M•@N•|trifluoroacetyl•|L•|prolyl•@chloride•@•iTfa•|Pro•|Cl•j•@were•@from•@Aldrich•@Chemical•@Co•D

Solvents•@used•@for•@NMR•@and•@IR•@measurements•C•@chloroform•|d•@•iCDC13•j•C•@heavy•@water

•iD20•j•C•@and•@dimethylsulfoxide•|d6•@•i•iCD3•j2SO•j•@were•@from•@CEA•@•iFrance•j•C•@and•@acetone•|d6

•i•iCD3•j2CO•j•C•@acetonitrile•|d3•@•iCD3CN•j•C•@methanol•|d4•@•iCD30D•j•C•@and•@carbon•@tetrachloride

•iCC14•j•@were•@from•@Wako•@Chemical•@Co•D•@All•@the•@other•@reagents•@were•@ofthe•@highest•@grade

60mmercially•@available•D

Synthesis•F

•@•@•@Boc•EXaa•|Yaa•|OEt•@and•@Boc•EXaa•|Leu•|OMe•D•@One•@equivalent•@amount•il•@eq•D•jof

Boc•|Xaa•|OH•C•@H•|Yaa•|OEt•@or•@H•|Leu•|OMe•i1•B1•@eq•B•@As•@a•@HCI•@salt•j•C•@and•@HOBt•iO•D7•`0•D9

eq•D•j42•D44•@were•@dissolved•@in•@N•C•@N•|dimethylforrnamide•iDMF•jand•@the•@mixture•@was•@placed

•@•@•@•@at•@OC•D•@A•@1•Dl•@eq•D•@Amount•@ofWSCI•@was•@added•@in•@lO•@portions•@to•@the•@mixture•@with

stirring•D45•¨6•@The•@mixture•@was•@placed•@at•@room•@temperature•@and•@the•@condensation•@reaction

was•@continued•@fbr•@more•@than•@16•@h•B•@After•@volatiles•@were•@removed•@with•@a•@rotary

ˆê7ˆê

ts

•‰•••f

@•@•AƒM

evaporator•C•@the•@slurry•@was•@suspended•@in•@ethyl•@acetate•@•iabout•@50•@mL•@for•@10•@mmol

reactant•j•@and•@was•@successively•@washed•@with•@30•@mL•@sat•D•@NaHCO3•@aqueous•@solution•@•i3
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•@•@•@In•@order•@to•@reveal•@a•@scheme•@of•@the•@protein•@fblding•C•@it•@is•@important•@to•@know•@which

sec•Endary•@st‘¥cture•@can•@f•Erm•Eat•Eeach•@l•Ecal•@site•@in•@a•@pr•Etein•@m•Elecule•@which•@prepares•@a

wide•@variety•Ef•@l•Ecal•@s•Elvent•@c•Enditi•Ens•C•@v‰µng‹u•Em•@hydr•Ephilic•@suŒŒce•@t•E

hydr•Eph•Ebic•@c•Ere•Ef•@the•@m•Elecule•D•@F•Er•@this•EpurP•Ese•C•@I•@have•@used•@many•@kinds•Ef•@small

peptides•@which•@represent•@different•@structural•@aspects•Ef•@l•Ecal•@regi•Ens•EfŒŒe•@p•Elypeptide

chain•C•@e•D9•D•C•@ability•Ef•@hydr•Egen•|b•Ending•Er•@flexibility•Ef•@the•@backb•Ene•@dihedral•@angles•E

C•Emparis•En•Ef•@intrinsic•@pr•Epensity•Ef•@each•@l•Ecal•@sequence•@f•Er•@f•Erming•@regular

sec•Bndary•@structures•@in•@vari•Eus•@envir•E‡oents•@sh•Euld•@pr•Evide•@insight•@int•E•oe•Erigins•Ef

the•@pr•Etein•@f•Elding•@patterns•D•@In•@this•@chapter•C•@I•@have•@c•Encentrated•En•@inf•uared•iIR•j

results•@measured•@in•@CDCI3•@solutions•@fbr•@those•@peptides•D•@IR•@spectrum•@is•@one•@ofthe•@most

direct•@indicators•@fbr•@detecting•@and•@characterizing•@the•@hydrogen•@bond16ŒÚ17•@which•@are

related•@to•@theƒ¿ˆêhelix•CƒÀˆêtum•CƒÁˆêtum•C•@and•@so•@on•D•@Since•@NH•@stretching•@absorptions•@are

•Bbserved•@distinctly•@f•Er•@equilibrating•@hydr•Egen•|b•Ended•@and•@hydr•Egen•|b•End•|free•@states•Eit

is•@p•Essible•@t•Einspect•@the•@stability•Ef•@hydr•Egen•|b•Ended•@stmctures•Ef•@peptides•Eln

additi•En•C•@a•@l•Ew•|P•Elarity•@s•Elvent•@such•@as•@chl•Er•Ef•Erm•@is•@th•Eught•@t•Emimic•@the•@s•Elvent

condition•@inside•@of•@a•@fblded•@protein•@molecule•C•@where•@segments•@of•@the•@polypeptide•@are
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lb•DeiiN

embedded•@in•@hydrophobic•@atmospheres•D

Experimental•@•F

‘P

•@•@•@IR•@Measurements•D1‰¾ed•@spectra•Ef•@all•@the•@peptides•@were•@me•Red•@with•@a

BOMEM•@DA3•Br•@a•@Perkin•|Elmer•@System•@2000•@F•E–Êer•|transf•E•um•@spect•uomete•us•E

Wind•Bws•Bf•@a•@sample•@cell•@used•@were•Eptically•@p•Elished•@CaF2•@discs•@and•@sample

pathlength•@was•èxed•@at•@6‡o•EChl•Er•Eˆ¹‡pˆêd•iCDCI3•jw‚¨used‚¨s•E1vent•@a‹ue•ubeing

dried•Bver•@m•B1ecular•@sieves•@4A•@f•Er•@m•Ere•@than•@24•@h•EEach•@sample•E1•E25•@mM•@CDCI3

s•Bluti•Bn•Bf•@peptide•@was•@prepared•@by•@diss•Elving•@a•@few•@milligram•Efpeptide•@in•@10•@mL•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@the•@s•Blvent•C•@where•@uncertainty•@in•@weighting•@was•@less•@than•@10•“•EThe•@concen‚Òat•fons

were•@dilute•@en•Eugh•@t•Eneglect•@sel”¦s•Eciati•En•Efthe•@peptides•E

•@•@•@In•Brdert•B•@get•@dd•Efspectra1•Ebstructi•En•@such•@as•@m•Eisture•Eand•Ecarb•En•@di•Exide•@in“c•u•E

the•@main•@c•Bmpa‹ument•Efthe•@BOMEM•@DA3•@spectr•Emeter•@was•@als•Eevacuated•@so‚¨to

av•Bid•@interference•Bf•@residual•@H20•@vap•Er•@in•@a•@spectral•@regi•En•Ef•@antisymmetric•@N•|H

stretchings•Bf•@2•@cŒŒ•E1•@Abs•Erbance•Ef•@samples•@was•Ebtained•@by•@subtracting•@the•@p•àe

solvent•@spectrum•@measured•@under•@the•@same•@condition•D

•@•@•@Decomposition•@of•@IR•@Spectra•@into•@Component•@Bands•D•@Overlapping•@bands

which•@consists•@of•@more•@than•@one•@or•@two•@NH•@stretching•@modes•@were•@resolved•@by

least•|square•@fitting•@with•@a•@c•Emputer•D•@The•@baseline•EfŽ~e•@spectrum•@was•@taken•@to•@be•@a

fiat•@line•@estimated•@fr•Bm•@a•@higher•|frequency•@regi•En•@which•@is‹uee•@fr•Em•@the•@s•Elute

absorption•D•@A•@Lorentzian•@function•@was•@used•@for•@representing•@each•@of•@the•@bands

assigned•@to•@the•@hydrogen•|bond•|free•@•iHBfree•j•@NH•@groups•C•@in•@view•@ofthe•@fact•@that•@HBfree

NH•@bands•@of•@N•|alkyl•@derivatives•@of•@acetamide•@are•@well•@reproduced•@by•@a•@Lorentzian

fimction•D•@Each•@of•@the•@bands•@assigned•@to•@intramolecular•@hydrogen•|bonded•@•iHBd•j•@NH

groups•C•@on•@the•@other•@hand•C•@was•@represented•@by•@a•@Gaussian•@function•@which•@is•@adequate•@to

reproduce•@an•@inhomogeneously•@broadened•@band•C•@such•@as•@the•@HBd•@bands•D•@ln•@general•C•@it

should•@be•@noted•@that•@curve•|fitting•@involves•@some•@arbitrariness•@for•@the•@spectra•@in•@which

quite•@a•@few•@c•Emp•Enent•@bands•@are•EverlapPed•@With•Ene•@an•Ether•@in•@a•@narr•Ew‹uequency

region•D•@Under•@this•@circumstance•C•@there•@might•@be•@uncertainty•@in•@estimation•@of•@band

•E23ˆê

t•@•@•@•p•F

parameters•@of•@the•@component•@bands•D•@However•C•@if•@more•@than•@two•@bands•@overlap•@but

their•@peaks•@or•@shoulders•@are•@distinctly•@observed•C•@relative•@intensities•@of•@these•@component

bands•@could•@be•@estimated•@with•@a•@significant•@precision•D•@ln•@order•@to•@estimate•@the

precisions•@of•@curve•@fittings•@for•@some•@spectra•C•@1•@have•@obtained•@standard•@deviations•@of

calculations•@for•@relative•@intensity•@of•@the•@HBd•@and•@Hbfree•@bands•@for•@a•@few•@peptides

through•@independent•@six•@trials•@ofthe•@curve•@fittings•D•@As•@a•@result•C•@the•@standard•@deviations

were•@fbund•@to•@be•@4•|15•“fbr•@the•@estimation•@of•@the•@HBd•^HB‹uee•@band•@intensity•@ratios•D

Results•F

•@•@•@Ac•|Gly•|NHMe•@and•@Ac•|Sar•|NHMe•D

•@•@•@Figure•@3•D1•@and•@3•D2•@show•@IR•@spectra•@of•@1•D25•@mM•@CDC13•@solutions•@of•@Ac•|Gly•|NHMe

and•@Ac•|Sar•|NHMe•C•@respectively•D•@Distinct•@peaks•@at•@frequencies•@higher•@than•@3400•@cm•h

are•@assigned•@to•@hydrogen•|bond•|free•@•iHBfree•j•@stretchings•@of•@NH•@groups•D•@Of•@these

HBfree•@NH•@bands•C•@the•@band•@around•@3450•@cm•gi•@is•@observed•@for•@both•@Ac•|Gly•|NHMe•@and

Ac•|Sar•|NHMe•D•@Therefore•C•@it•@can•@be•@assigned•@to•@the•@C•|terminal•@NHCH3•@group•@for•@both

compounds•D•@ln•@addition•C•@the•@3419•@cm•hˆêband•@of•@Ac•|Gly•|NHMe•@is•@assigned•@to•@the

Gly•|NH•@group•@in•@an•@HBfree•@state•D•@These•@assignments•@are•@thought•@to•@be•@reasonable•@by

the•@fact•@that•@an•@HBfree•@stretching•@for•@the•@Gly•|NH•@of•@Ac•|Gly•|OEt•@•i3437•@cm•fi•j•@has•@a

lower•@frequency•@than•@that•@for•@NHCH3•@of•@N•|methylacetamide•@•i3469•@cm•h•j•@in•@dilute

solutions•@in•@CDC13•D

•@•@•@On•@the•@other•@hand•C•@broad•@band•@at•@3370•@cm•fi•@for•@Ac•|Sar•|NHMe•@is•@assigned•@to•@the

C•|terminal•@NHCH3•@group•@which•@takes•@part•@in•@intramolecular•@hydrogen•@bond•@with•@the

acety1•@C••O•@group•@to•@form•@a•@7•|membered•@HBd•@ring•D

•@•@•@Boc•|Xaa•|Gly•|OEt•@•iXaa•@•••@Gly•C•@Ala•C•@Nle•C•@Leu•C•@lle•C•@Tle•C•@MeAla•C•@Pro•j•D

•@•@•@In•@Figures•@3•D3•@to•@3•D8•C•@IR•@spectra•@for•@Boc•|Xaa•|Gly•|OEt•@•iXaa•@•••@Gly•C•@Ala•C•@Nle•C•@Leu•C

Ile•C•@Tle•j•@are•@shown•@with•@results•@of•@curve•|fitting•D•@For•@these•@peptides•C•@bands•@to•@be

assigned•@to•@hydrogen•@bonds•@are•@not•@appreciable•@except•@for•@a•@minor•@swelling•@in•@the•@lower

frequency•@region•D•@Therefore•C•@both•@the•@Xaa•|NH•@and•@the•@Gly•|NH•@groups•@of•@these

peptides•@do•@not•@participate•@in•@formation•@of•@the•@7•|membered•@HBd•@rings•D
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•@•@•@However•C•@for•@Boc•|MeAla•|Gly•Eˆê•ZEt•@and•@Boc•|Pro•|Giy•|OEt•@shown•@in•@Figure•@3•D9•@and

Figure•@3•D10•C•@the•@7•|membered•@HBd•@structures•@are•@thought•@to•@be•@more•@stable•@than•@the

other•@kinds•@of•@Boc•|Xaa•|Gly•|OEt•@peptides•D•@For•@these•@two•@peptides•C•@it•@is•@also•@indicated

that•@HBfree•@bands•@of•@the•@Gly•|NH•@groups•@are•@composed•@of•@two•@distinct•@components•D

As•@wi11•@be•@discussed•@in•@Chapter•@4•C•@Boc•|Pro•|Gly•|OEt•@and•@Boc•|MeAla•|Gly•|OEt•@take•@two

different•@c•Bnfigurati•Ens•C•@cis•@and•@trans•@is•Emers•@ab•EutŒŒe•@peptide•@b•Ends•@preceding•@the

Pro•@and•@the•@MeAla•@residues•D•@The•@NMR•@study•@in•@Chapter•@4•@show•@that•@the•@cis•^trans

ratios•@in•@CDC13•@solution•@are•@29•@•F•@71•@for•@Boc•|MeAla•|Gly•|OEt•@and•@33•@•F•@67•@for

Boc•|Pro•|Gly•|OEt•C•@respectively•D

•@•@•@Boc•|Pro•|Yaa•|OEt•@•iYaa•@•••@Ala•C•@Leu•C•@Val•C•@Phe•j•D

•@•@•@As•@shown•@in•@Figures•@3•D11•@to•@3•D14•C•@the•@7•|membered•@HBd•@structures•@are•@appreciable

for•@peptides•@with•@a•@sequence•@ofBoc•|Pro•|Yaa•|OEt•@•iYaa•@•••@Ala•C•@Leu•C•@Val•C•@Phe•j•@in•@CDC13•D

From•@comparison•@of•@relative•@intensities•@of•@the•@HBd•@bands•@of•@these•@peptides•@listed•@in

Table•@1•C•@it•@is•@found•@that•@the•@stabilities•@of•@the•@7•|membered•@HBd•@structures•@are•@in•@the

following•@order•F•@Val•@•r•@Leu•@•r•@Gly•@•r•@Phe•@1•@Ala•@for•@the•@Yaa•@residue•@in•@Boc•|Pro•|Yaa•|OEt

•@•@•@Ac•|Pro•|Gly•|OEt•@and•@Tfa•|Pro•|Gly•|OEt•D

•@•@•@For•@a•@comparison•C•@the•@IR•@spectra•@of•@N•|terminus•@modificants•@of•@Boc•|Pro•|Gly•|OEt•C

Ac•|Pro•|Gly•|OEt•@and•@Tfa•EˆêPro•|Gly•|OEt•C•@are•@shown•@in•@Figure•@3•D15•@and•@3•D16•D•@Relative

intensities•@of•@the•@7•|membered•@HBd•@bands•@are•@in•@the•@foilowing•@order•F•@Ac•|Pro•|Gly•|OEt•@•„

Tfa•|Pro•|Gly•|OEt•@•r•@Boc•|Pro•|Gly•|OEt•@•iTable•@1•j•D

•@•@•@Boc•|Xaa•|Sar•|NHMe•@•iXaa•@•••@Gly•C•@Ala•C•@Leu•C•@MeAla•C•@Pro•j•D

•@•@•@Each•@peptide•@with•@a•@sequence•@of•@Boc•|Xaa•|Sar•|NHMe•@can•@form•@a•@10•|membered

HBd•@ring•C•@in•@which•@the•@C•|terminal•@NHCH3•@group•@is•@linked•@with•@the•@Boc•@C••O•@group•D

In•@addition•@to•@the•@10•|membered•@HBd•@ring•C•@a•@7•|membered•@HBd•@structure•@which•@is•@the

same•@as•@that•@of•@Ac•|Sar•|NHMe•@would•@be•@possible•D•@But•C•@as•@shown•@in•@Figures•@3•D17•@to

3•D21•@and•@Table•@2•C•@both•@frequencies•@and•@relative•@intensities•@of•@the•@HBd•@bands•@are

dependent•@on•@the•@Xaa•@residues•D•@These•@facts•@suggest•@that•@the•@10•|membered•@HBd

structure•@in•@which•@the•@Xaa•@residue•@takes•@part•@is•@more•@probable•@than•@the•@7•|membered

counterpart•D•@Structural•@features•@specific•@to•@each•@Xaa•@residue•C•@such•@as•@restriction•@of

ˆê25ˆê

backbone•@dihedral•@angles•@or•@steric•@hindrance•@by•@its•@side•@chain•C•@wi11•@be•@more•@critical•@for

the•@10•|membered•@structure•@than•@for•@the•@7•|membered•@one•D

•@•@•@Comparison•@of•@the•@relative•@intensities•@of•@the•@HBd•@bands•@indicates•@that•@the•@stabilities

of•@the•@10•|membered•@HBd•@structures•@are•@in•@the•@following•@order•F•@Pro•@•r•@Leu•@•j•@MeAla•@l

Ala•@•r•@Gly•@for•@Xaa•@of•@Boc•|Xaa•|Sar•|NHMe•D•@This•@order•@is•@in•@agreement•@with•@a

decreasing•@order•@in•@stretching•@frequencies•@of•@HBd•@bands•@among•@all•@the•@peptides•@studied

as•@discussed•@later•D

•@•@•@Boc•|Xaa•|Gly•|NHMe•@•iXaa•@•••@Gly•C•@Ala•C•@Nle•C•@Leu•C•@lle•C•@Tle•C•@MeAla•C•@Pro•j•D

•@•@•@As•@shown•@in•@IR•@spectra•@of•@Boc•|Xaa•|Gly•|NHMe•@in•@Figures•@3•D22•@to•@3•D29•C•@the

frequency•@of•@the•@HBd•@band•@of•@each•@peptide•@is•@similar•@to•@that•@of•@the•@10•|membered•@HBd

band•@of•@the•@corresponding•@Boc•|Xaa•|Sar•|NHMe•@peptide•D•@On•@the•@other•@hand•C•@the

frequency•@for•@Boc•|Pro•|Gly•|NHMe•C•@3355•@cm•fi•C•@is•@significantly•@different•@from•@that•@for•@the

7•|membered•@HBd•@band•@of•@Boc•|Pro•|Gly•|OEt•C•@3321•@cm•fi•D•@From•@these•@facts•C•@the•@HBd

structure•@of•@Boc•|Xaa•|Gly•|NHMe•@has•@a•@10•|membered•@ring•@as•@that•@of

Boc•|Xaa•|Sar•|NHMe•D•@As•@indicated•@in•@Table•@3•C•@the‹uequencies•@and•@relative•@intensities

of•@the•@HBd•@bands•@are•@dependent•@on•@the•@Xaa•@residues•D•@The•@order•@of•@Xaa•@stabilizing

these•@10•|membered•@HBd•@structures•@is•@as•@follows•F•@Pro•@•rˆêˆêˆêˆê•@lle•@ll•F•@Ala•@1•G•@Tle•@lll•@Nle

l•@Leu•@•r•@Gly•@•j•@MeAla•@for•@Xaa•@of•@Boc•|Xaa•|Gly•|NHMe•D•@A•@decreasing•@order•@of

frequencies•@of•@the•@HBd•@bands•@assigned•@to•@the•@C•|terminal•@NHCH3•@groups•@is•@found•@to•@be

Pro•@•r•@MeAla•@•r•@Tle•@•r•@lle•@•r•@Nle•@•r•@Leu•@•••@Ala•@•r•@Gly•D

•@•@•@Boc•|Pro•|Yaa•|NHMe•@•iYaa•@•••@Ala•C•@Leu•C•@Val•C•@Phe•j•D

•@•@•@As•@shown•@in•@Figures•@3•D30•@to•@3•D33•@peptides•@with•@a•@sequence•@of•@Boc•|Pro•|Yaa•|NHMe

have•@HBd•@bands•@of•@which•@peak•@frequencies•@are•@similar•@to•@that•@of•@the•@10•|membered•@HBd

structure•@of•@Boc•|Pro•|Gly•|NHMe•D•@The•@curve•@fitting•@results•@suggest•@that•@another•@lower

frequency•@HBd•@band•@is•@needed•@to•@reproduce•@the•@spectra•D•@Relative•@intensities•@of•@the

HBd•@bands•@are•@compared•@in•@Table•@4•D•@Stabilities•@of•@the•@10•|membered•@HBd•@structures

are•@suggested•@to•@be•@in•@the•@following•@order•F•@Gly•@1•@Phe•@•pˆêˆêi•@Ala•@1•@Leu•@1•@Val•@for•@Yaa

of•@Boc•|Pro•|Yaa•@NHMe•C•@while•@those•@of•@the•@7•|membered•@structures•@for•@the•@same•@peptide

series•@are•@in•@the•@opposite•@order•F•@Val•@•r•@Leu•@•r•@Ala•@•„•„•@Phe•@1•@Gly•D

•h•f
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•C•T

‚à

•@•@•@Ac•|Pro•|Gly•|NHMe•@and•@Tfa•|Pro•|Gly•|NHMe•D

•@•@•@For•@comparison•C•@IR•@spectra•@of•@N•|terminus•@modificants•@of•@Boc•|Pro•|Gly•EˆêNHMe•C

Ac•|Pro•|Gly•|NHMe•@and•@Tfa•|Pro•|Gly•|NHMe•C•@are•@shown•@in•@Figures•@3•D34•@and•@3•D35•D•@For

both•@peptides•C•@the•@HBd•@bands•@are•@assigned•@to•@the•@10•|membered•@structures•D•@Figure•@3•D35

suggests•@that•@the•@Gly•|NH•@group•@ofTfa•|Pro•|Gly•|NHMe•@is•@also•@engaged•@in•@another•@type

of•@HBd•@structure•C•@a•@7•|membered•@one•D•@From•@comparison•@of•@relative•@intensities•@of•@the

HBd•@bands•@listed•@in•@Table•@4•C•@the•@formation•@of•@the•@10•|membered•@HBd•@structure•@is•@in•@the

following•@order•F•@Ac•|Pro•|Gly•|NHMe•@•r•@Boc•|Pro•|Gly•|NHMe•@•r•@Tfa•|Pro•|Gly•|NHMe•D

On•@the•@other•@hand•C•@stabilities•@of•@the•@7•|membered•@structures•@are•@in•@the•@following•@order•F

Tfa•|Pro•|Gly•|NHMe•@•r•@Ac•|Pro•|Gly•|NHMe•@•r•@Boc•|Pro•|Gly•|NHMe•D

•@•@•@Boc•|Pro•|Yaa•|Leu•|NH2•@•iYaa•@•••@Gly•C•@Ala•C•@Leu•C•@Val•C•@Phe•j•D

•@•@•@Figure•@3•D36•@to•@3•D40•@show•@IR•@spectra•@of•@1•D25•@mM•@solutions•@of•@peptides•@with•@a

sequence•@of•@Boc•|Pro•|Yaa•|Leu•|NH2•D•@ln•@these•@spectra•C•@a•@few•@HBd•@bands•@overlap•@with

one•@another•@and•@make•@it•@diffTicult•@to•@classify•@the•@NH•@groups•@into•@different•@types•@of•@HBd

structures•D•@Thus•C•@although•@differences•@in•@spectral•@shape•@are•@apparent•@among•@these

peptides•C•@1•@could•@only•@say•@that•@more•@than•@one•@kinds•@of•@HBd•@structures•@co•|exist•@for

Boc•|Pro•|Yaa•|Leu•|NH2•@peptides•D•@ln•@spite•@of•@this•@limitation•C•@it•@is•@meaningfu1•@to•@examine

an•Bther•@c•Euple•Ef•@discrete•@b•Ends•C•@each•Ef•@which•@is•@assigned•@t•E•Ene•E’Ûe•@HBfree

stretchings•@of•@the•@C•|terminal•@NH2•D•@ln•@general•C•@the•@antisymmetric•@and•@symmetric•@NH

stretching•@vibrations•C•@va•@and•@vs•@of•@the•@carboxamide•@NH2•@group•C•@exhibit•@a•@1arge•@frequency

splitting•@due•@to•@coup1ing•@ofthe•@two•@N•|H•@bond•@stretchings•D•@For•@example•C•@the•@va•@and•@vs

bands•@of•@acetamide•@in•@a•@chloroform•@solution•@have•@been•@observed•@at•@3534•@and•@3416•@cm•h•D

In•@an•@IR•@spectrum•@of•@Boc•|Pro•|Gly•|Leu•|NH2•C•@corresponding•@two•@bands•@are•@found•@at

3522•@and•@3410•@cm•ft•C•@respectively•D•@ln•@addition•C•@a•@band•@around•@3488•@cm•fi•C•@observed•@for

all•@of•@the•@investigated•@peptides•@with•@C•|terminal•@NH2•@group•C•@is•@reasonably•@assigned•@to•@a

HBfree•@NH•@stretching•@of•@the•@NH2•@group•@the•@other•@NH•@of•@which•@is•@hydrogen•|bonded•D

Therefore•C•@the•@intensity•@ratio•@of•@the•@band•@at•@around•@3490•@cm•fi•@to•@the•@band•@at•@around•@3525

cm•hC•@will•@be•@a•@good•@index•@of•@degree•@to•@which•@the•@C•|terminal•@NH2•@group•@is•@concerned

with•@the•@intramolecular•@hydrogen•@bonding•D

•@•@•@•@Estimated•@intensity•@ratios•@of•@the•@two•@bands•@resolved•@by•@curve•@fittings•@are•@compared

and•@listed•@in•@Table•@5•D•@The•@degree•@to•@which•@the•@C•|terminal•@NH2•@group•@participates•@in

•E27ˆê
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the•@HBd•@structure•@formation•@is•@in•@the•@following•@order•F•@Phe•@•r•@Ala

for•@Yaa•@of•@Boc•|Pro•|Yaa•|Leu•|NH2•D

1•@Val•@•r•@Leu•@•r•@Gly

•@•@•@Ac•|Pro•|Gly•|Leu•|NH2•@and•@Tfa•|Pro•|Gly•|Leu•|NH2•D

•@•@•@For•@comparison•C•@IR•@spectra•@of•@N•Eˆêterminus•@modificants•@of•@Boc•|Pro•|Gly•|Leu•|NH2•C

Ac•|Pro•|Gly•|Leu•|NH2•@and•@Tfa•|Pro•|Gly•|Leu•|NH2•C•@are•@shown•@in•@Figure•@3•D41•@and•@3•D42•C

respectively•D•@Remarkable•@difference•@in•@spectral•@shape•@can•@be•@seen•@among•@these•@three

peptides•D•@This•@means•@that•@these•@peptides•@take•@such•@HBd•@structures•@that•@are•@perturbed

by•@changes•@in•@electronic•@or•@steric•@conditions•@at•@the•@N•|termini•D•@These•@HBd•@structures

are•@probably•@13•|membered•@ring•@connecting•@the•@N•|terminal•@C••O•@to•@the•@C•|terminal•@NH2

group•D

•@•@•@Ac•|Pro•|Leu•|Gly•|NH2•@and•@Tfa•|Pro•|Leu•|Gly•|NH2•D

•@•@•@Difference•@in•@IR•@spectra•@is•@apparent•@between•@Ac•|Pro•|Gly•|Leu•|NH2•@and

Ac•|Pro•|Leu•|Gly•|NH2•@shown•@in•@Figures•@3•D41•@and•@3•D43•C•@respectively•C•@and•@between

Tfa•|Pro•|Gly•|Leu•|NH2•@and•@Tfa•|Pro•|Leu•|Gly•|NH2•@in•@Figures•@3•D42•@and•@3•D44•C•@respectively•D

This•@means•@that•@a•@replacement•@of•@amino•@acid•@positions•@in•@the•@sequence•@influences•@the

types•@or•@stabilities•@of•@HBd•@structures•D

•@•@•@Ac•|Pro•|Leu•|Gly•|OEt•D

•@•@•@Figure•@3•D45•@shows•@a•@spectrum•@of•@Ac•|Pro•|Leu•|Gly•E•EOEt•@in•@CDCI3•D•@A•@distinct•@peak

at•@3423•@cm•fi•@and•@a•@shoulder•@3447•@cm•fi•@are•@assigned•@to•@two•@different•@HBfree•@NH•@groups•D

Referring•@to•@spectra•@of•@Ac•|Gly•|OEt•@and•@Ac•|Pro•|Leu•|OMe•C•@the•@higher•@3447•@cm•fi•@band•@is

assigned•@to•@the•@Gly•|NH•@and•@the•@lower•@3423•@cm•fi•@band•@to•@the•@Leu•|NH•C•@respectively•D•@On

the•@other•@hand•C•@broad•@bands•@around•@3350•@cm•h•@and•@3288•@cm•fi•@are•@assigned•@to•@the•@NH

stretchings•@of•@two•@different•@types•@of•@HBd•@structures•C•@10•|membered•@and•@7•|membered

rings•C•@respectively•D

Discussion•F

Frequencies•@of•@HBd•@bands•D
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•u•A
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•@•@•@Figure•@3•D46•@shows•@a•@relationship•@between•@HBd•@NH•@stretching‹uequencies•@of•@the

NHCH3•@groups•@and•@intensity•@ratios•@of•@the•@HBd•@bands•@to•@the•@corresponding•@HB‹uee

bands•D•@The•@plots•@are•@divided•@into•@some•@categories•@by•@taking•@into•@account•@of•@structuraI

constitutions•@of•@the•@peptides•D•@Results•@fbr•@Boc•|Xaa•|Sar•|NHMe•C•@Boc•BXaa•|Gly•|NHMe•E

and•@X•|Pro•|Yaa•|NHMe•@are•@shown•@in•@Figures•@3•D47•@to•@3•D49•C•@respectively•D•@Correlation

given•@by•@R•@fbr•@these•@plots•@were•@improved•@by•@such•@categorization•D•@This•@means•@that

comparison•@of•@HBd•@frequencies•@is•@usefU1•@to•@assess•@HBd•@structure•@formations•@which

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@involve•@the•@same•@hydrogen•|bond•@acceptor•@and•@donor•D•@When•@an•@NH•@group•@partlclpates

in•@hydrogen•|bonding•C•@the•@NH•@stretching‹uequency•@shi•‰s•@to•@a•@lower•@frequency•D•@For•@a

given•@•@pair•@of•@hydrogen•|bond•|donating•@•@and•@•@accepting•@•@groups•C•@degree•@of•@the

lower•|frequency•|shift•@will•@mainly•@depend•@on•@geometrical•@fit•@of•@an•@intervening•@residue

which•@is•@a•@part•@of•@the•@HBd•@ring•C•@and•@the•@backbone•@flexibility•@around•@such•@residue•@may

influence•@strength•@of•@the•@HBd•@structure•D•@Therefore•C•@a•@linear•@relationship•@in•@Figure•@3•D48

supports•@that•@all•@the•@Boc•|Xaa•|Gly•|NHMe•@peptides•@studied•@take•@the•@same•@type•@of

10•|membered•@HBd•@ring•D

•@•@•@Figure•@3•D50•@shows•@a•@similar•@relationship•@fbr•@HBd•@structures•@which•@involve•@the

C•|terminal•@NH2•@groups•D•@Here•C•@it•@is•@fbund•@that•@degree•@of•@the•@lowerˆê•^equency•|shift•@fbr

the•@NH2•@group•@is•@influenced•@by•@modification•@of•@the•@N•|terminus•D•@The•@replacement•@of

the•@Boc•@group•@with•@the•@acetyl•iAcˆê•jor•@trifluoroacetyl•iTfaˆê•jgroup•@shifts•@the•@NH

stretching•@band•@to•@the•@lower•@or•@a•@little•@higher‹uequency•D

•@•@•@7•|membered•@HBd•@ring•D

•@•@•@As•@described•@before•C•@the•@stabilities•@ofthe•@7•|membered•@HBdŒŒgs•@are•@found•@to•@be•@in

the•@fbllowing•@order•FAc•|Pro•|GIy•|OEt•„•@Tfa•|Pro•|Gly•|OEt•†•@Boc•|Pro•|Va1•|OEt•„

Boc•|Pro•|Leu•|OEt•„Boc•|Pro•|Gly•BOEt•„Boc•|Pro•|Phe•BOEt•†Boc•BPro•|Ala•|OEt•D

•@•@•@As•@also•@mentioned•@befbre•C•@such•@7•|membered•@HBd•@stnlctures•@are•@appreciable•@only

when•@the•@Xaa•@residue•@is•@Pro•C•@as•@in•@Boc•|Pro•BYaa•|OEt•D•@This•@is•@due•@to•@the•@unique

structure•@of•@the•@Pro•@residue•C•@the•@side•@chain•@of•@which•@is•@covalently•@connected•@to•@the

nitrogen•@atom•@of•@the•@peptide•@backbone•@and•@one•@of•@the•@dihedral•@angles•C—dpr•B•j•C•@is•@fixed•@at

around•|65•i•F‚Æ10•B•j•D56•@Another•@dihedral•@angle•C•@’VPro•j•C•@is•@also•@substantially•@constrained

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒ••@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚Ì•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@

within•@the•@narrow•@ranges•@from•|70•@to•|20•@and•@from•{60•@to•{160•D561t•@is•@known•@that

theƒÁˆêtum•@structure•C•@the•@most•@probable•@candidate•@ofthe•@7•Emembered•@HBd•@ring•C•@can•@fbrm
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•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒ••@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒR

when•@the•@two•@dihedral•@angles•C‹èlk•C•jand“QPro•j•C•@adopt•|70•@and•{65•Crespectively•E19

Because•@dihedral•@angles•@fbr•@any•@other•@residue•@are•@thought•@to•@be•@‹ueer•C•@other

Boc•|Xan•|Gly•|OEt•@peptides•@except•@oneäwX•·••MeAla•@cannot•@form•@the•@y•|t‡o

structure•@to•@a•@significant•@degree•@in•@CDCI3•D•@In•@addition•C•@some•@bulkier•@residues•@such•@as

Val•@and•@Leu•@occupying•@the•@Yaa•@position•@of•@Boc•|Pro•|Yaa•|OEt•@render•@theƒÁˆêtum•@srmctures

more•@stable•C•@probably•@because•@the“apro•jangles•@are•@fUrther•@constrained•@by•@steric

hindrance•@ofthe•@bulkier•@side•@chains•D

•EFurthermore•C•@stability•@of•@theƒÁˆêtum•@is•@likely•@to•@be•@dependent•@on•@hydrogen•|bond•|

accepting•@abilities•@of•@C••O•@groups•@in•@peptides•D•@The•@y•|tum•@structure•@of•@Ac•|Pro•|Gly•|OEt

is•@more•@stable•@than•@that•@of•@Tfa•|Pro•|Gly•|OEt•C•@and•@much•@more•@stable•@than•@that•@of

Boc•|Pro•|Gly•|OEt•D•@Trifluorination•@of•@the•@acetyl•@group•@will•@reduce•@the•@proton•|acceptlng

ability•@of•@its•@carbonyl•@oxygen•@owing•@to•@the•@considerable•@electron•|withdrawing•@property

of•@the•@trifluoromethyl•@group•D•@Therefbre•C•@the•@hydrogen•@bond•@is•@weaker•@in

Tfa•|Pro•|Gly•|OEt•@than•@in•@Ac•|Pro•|Gly•|OEt•D•@On•@the•@other•@hand•C•@destabilization•@of•@the

ƒÁˆêtum•@fbr•@Boc•|Pro•|Gly•|OEt•@is•@thought•@to•@be•@attributed•@to•@steric•@hindrance•@by•@a•@large

tert•|butyl•@moiety•@of•@the•@Boc•|group•C•@which•@would•@spoil•@favorable•@interactions•@when•@the

peptide•@takes•@theƒÁˆêturn•@structure•D

•@•@•@10imembered•@HBd•@ring•D

•@•@•@Stabilities•@of•@the•@10•|membered•@HBd•@structures•@are•@fo

order•F•@Boc•|Pro•|Sar•|NHMe•@•„•„•@Boc•|Leu•|Sar•|NHMe•@4

Boc•|Ala•|Sar•|NHMe

Boc•|Pro•|Gly•|NHMe

Boc•|Tle•|Gly•|NHMe

Boc•|Gly•|Gly•|NHMe

Boc•|Pro•|Sar•|NHMe

Boc•|Pro•|Phe•|NHMe

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@und•@to•@be•@in•@the•@following

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Boc•|MeAla•|Sar•|NHMe•@•j

•r•@Boc•|Gly•|Sar•|NHMe•@for•@the•@Sar•|containing•@peptides•C

•j•@Boc•|lle•|Gly•|NHMe•@1•@Boc•|Ala•|Gly•|NHMe•@l

l•@Boc•|Nle•|Gly•|NHMe•@1•@Boc•|Leu•|Gly•|NHMe•@•„
1•@Boc•|MeAla•|Gly•|NHMe•@for•@the•@Gly•|containing•@peptides•C•@and

•@•„•„•@Ac•EˆêPro•|Gly•|NHMe•@•r•@Boc•|Pro•|Gly•|NHMe•@g

•@•„ˆêdˆê•@Boc•|Pro•|Ala•|NHMe•@•r•@Boc•|Pro•EˆêLeu•|NHMe•@1

Tfa•|Pro•|Gly•|NHMe•@•r•@Boc•|Pro•|Val•@NHMe•@for•@the•@Pro•|containing•@peptides•C•@respectively•D

•@•@•@The•@Pro•@residue•@occupying•@the•@Xaa•@position•@in•@Boc•|Xaa•|Sar•|NHMe•@is•@more

suitable•@for•@formation•@of•@the•@10•|membered•@HBd•@ring•@than•@any•@other•@residue•@at•@the•@same

position•D•@This•@superiority•@of•@the•@Pro•@residue•@is•@remarkable•@for•@a•@series•@of•@the

Sar•|containing•@peptides•@but•@less•@remarkable•@for•@a•@series•@ofthe•@Gly•|containing•@peptides•D
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The•@dihedral•@angles•@of•@the•@Pro•@residue•C•@qpro•j•@and•@y•ipro•j•C•@can•@also•@fit•@to•@the•@P•|turn
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3523cm•fi•iNH2•ianti•j•F•@HBfree•j

3486cm•h•@•iNH2•ianti•j•F•@HBd•j

3523cm•fi•iNH2•ianti•j•F•@HBfree•j

3483cm•fi•iNH2•ianti•j•F•@HBd•j

3498cm•h

2•D7

14•D1

1•D3

17•D0

1•D8

16•D6

1•D4

16•D7

L1

17•D9

1•D2

11•D9

3523cm•h•@•iN•@H2•ianti•j•F•@HB•@free•j•@1•@•D7

3480cm•fi•iNH2•ianti•j•F•@HBd•j•@10•D1

3498cm–•1

3524cm•h•iNH2•ianti•j•FHBfree•j•@5•D4

3487cm•h•@•iNH2•ianti•j•F•@HBd•j•@13•D2

3501cm•|1

3526cm•h•@•iN•@H2•ianti•j•F•@HBd•j

3490cm•E•f•iNH2•ianti•j•F•@HBd•j

3503cm•h

8•D6

11•D1

5•D2

13

9•D2

12

16

9•D6

6•D0

2•D4

1•D3
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Chapter•@4

NMR•@Study•@on•@Cis•|Trans•@lsomerization•@of

a•@Proline•@lmide•@Bond•@of•@Small•@Peptides•@in

•@•@•@•@Chloroform•|DMSO•@Mixed•@Solvents
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•@•@•@•@•@•@•@•@•@Introductlon•F

•@•@•@Among•@all•@the•@peptide•@bonds•@in•@proteins•C•@only•@the•@peptide•@bonds•@preceding•@prolyl

residues•C•@usually•@called•@proline•@imide•@bonds•C•@can•@adopt•@cis•@as•@well•@as•@trans•@forms•D57•g3

This•@is•@due•@to•@the•@unique•@structure•@ofproline•@in•@which•@the•@side•@chain•@covalently•@connects

with•@the•@nitrogen•@atom•@of•@the•@peptide•@backbone•C•@forming•@a•@pyrrolidine•@ring•D•@A•@steric

hindrance•@between•@the•@6•|CH2•@group•@of•@the•@ring•@and•@the•@a•|CH2•@group•@of•@a•@preceding

residue•@is•@thought•@to•@destabilize•@the•@trans•@form•@to•@a•@considerable•@degree•@and•C•@as•@a•@result•C

reduce•@significantly•@the•@difference•@in•@stability•@between•@the•@trans•@and•@cis•@forms•D

Therefore•C•@the•@proline•@imide•@bonds•@can•@take•@both•@the•@cis•@and•@trans•@forms•@comparably•D•@•f

•@•@•@In•@native•@proteins•C•@however•C•@the•@proline•@imide•@bonds•@take•@mostly•@the•@trans•@forms•C

while•@both•@isomers•@exist•@comparably•@in•@unstructured•@polypeptides•D6•e•@Thus•C•@the

cis•|to•|trans•@isomerization•@of•@the•@proline•@imide•@bond•@is•@thought•@as•@an•@important•@process

in•@the•@course•@of•@protein•@folding•D•@ln•@an•@earlier•@stage•@of•@the•@folding•@pathway•C•@every

segment•@of•@the•@peptide•@chain•@is•@thought•@to•@be•@fully•@exposed•@to•@surrounding•@aqueous

environments•@and•@have•@enough•@flexibility•@to•@fiuctuate•@among•@various•@conformations•D

Under•@this•@circumstance•C•@the•@proline•@imide•@bond•@also•@will•@not•@be•@restricted•@to•@the•@trans

form•D•@As•@the•@folding•@proceeds•C•@the•@chain•@gradually•@loses•@the•@conformational•@fiexibility

and•@adopts•@some•@regular•@secondary•@structures•C•@which•@have•@some•@intramolecular

hydrogen•@bonds•D•@Formation•@of•@these•@secondary•@structures•@is•@sometimes•@accompanied

with•@the•@cis•|to•|trans•@conversion•@of•@the•@proline•@imide•@bonds•D•@Then•C•@it•@is•@thought•@that

some•@interaction•@or•@solvent•@condition•@favorable•@for•@a•@specific•@intramolecular

hydrogen•|bonded•@structure•@may•@also•@drive•@a•@polypeptide•@chain•@to•@take•@the•@right

configurations•@of•@the•@proline•@imide•@bonds•@during•@the•@protein•@folding•@process•D

Therefore•C•@it•@is•@important•@to•@investigate•@a•@relationship•@between•@the•@hydrogen•|bonding

and•@the•@cis•|to•|trans•@isomerization•@of•@the•@proline•@imide•@bond•@in•@various•@solutions•D

•@•@•@In•@Chapter•@3•C•@1•@have•@characterized•@a•@few•@types•@of•@intramolecular•@hydrogen•|bonded

•iHBd•j•@structures•@for•@various•@proline•|containing•@short•@peptides•@in•@CDC13•@solutions•@using

FTIR•@spectroscopy•D•@For•@instance•C•@Boc•|Pro•|Gly•|OEt•@forms•@a•@7•|membered•@HBd•@ring

with•@the•@Boc•@C••••O•@group•@linking•@to•@the•@Gly•|NH•C•@while•@Boc•|Pro•|Gly•|NHMe•@forms•@a

lO•|membered•@HBd•@structure•C•@in•@which•@the•@C•|terminal•@NHCH3•@group•@takes•@part•D

•@•@•@The•@present•@chapter•@is•@devoted•@to•@analysis•@of•@proton•@NMR•@spectra•@of•@several
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proline•|containing•@peptides•@which•@1•@have•@measured•@in•@mixed•@solvents•@of•@CDC13•@and

DMSO•|d6•@at•@various•@mixing•@ratios•D•@1•@examine•@how•@the•@cis•^trans•@ratios•@of•@the•@proline

imide•@bonds•@vary•@with•@change•@in•@solvent•@environments•@and•@discuss•@how•@the•@cis•|to•|trans

isomerization•@couples•@to•@formations•@of•@various•@types•@of•@HBd•@structures•@which•@have•@been

identified•@in•@the•@preceding•@IR•@study•D

Experimental•F

•@•@•@Sample•@Preparations•D•@Both•@CDC13•@and•@DMSO•|d6•@solvents•@were•@dried•@over

molecular•@sieves•@4A•@for•@more•@than•@24•@h•@before•@sample•@preparations•D•@Each•@of•@the

peptide•@solutions•F•@Boc•|Pro•|Sar•|Zaa•@and•@Boc•|Pro•|Gly•|Zaa•@•i2•D5•|10•@mM•j•C•@and

Ac•|Pro•|Leu•|Zaa•@•i1•D25•|2•D5•@mM•j•C•@was•@prepared•@by•@dissolving•@the•@solute•@in•@the•@two•@pure

solvents•C•@and•@then•@the•@two•@solutions•@were•@mixed•@at•@various•@ratios•@in•@NMR•@sample•@tubes•D

All•@the•@concentrations•@were•@dilute•@enough•@to•@neglect•@self•|association•@of•@the•@peptides•D

Residual•@H20•@contents•@ofall•@samples•@were•@less•@than•@5•@mM•D

•@•@•@•@NMR•@Measurements•D•@One•|dimensional•@proton•@NMR•@spectra•@ofpeptide•@solutions

were•@measured•@with•@a•@JEOL•@EX400•@Fourier•|transform•@NMR•@spectrometer•@at•@room

temperature•D•@A•@45e@sampling•@pulse•@with•@a•@total•@repetition•@of•@5•D0•@sec•@was•@applied•D

Data•@size•@collected•@with•@16•@or•@32•@scans•@was•@16384•@points•C•@and•@the•@spectrum•@was•@Fourier

transformed•@without•@a•@window•@function•D•@Chemical•@shifts•@ofpeptide•@amide•@protons•@in

the•@mixed•@solvents•@were•@standardized•@by•@a•@residual•@DMSO•@proton•@signal•@•i2•D49•@ppm•j•@for

both•@solutions•@in•@the•@CDCI3•^DMSO•|d6•@and•@those•@in•@the•@DMSO•|d6•^D20•C•@a•@residual

CHCI3•@proton•@signal•@•i7•D24•@ppm•j•@for•@solutions•@in•@pure•@CDC13•C•@and•@a•@residual•@HDO•@signal

•i4•D63•@ppm•j•@for•@solutions•@in•@pure•@D20•D•@For•@other•@kinds•@of•@mixed•@solvents•C•@proton

signals•@of•@a•@residual•@CH3CN•@•i1•D93•@ppm•j•@in•@CDC13•^acetonitrile•|d3•C•@a•@residual•@CH30D

•i4•D78•@ppm•j•@in•@CDCI3•^methanol•|d4•C•@and•@a•@residual•@•iCH3•j2CO•@•i2•D04•@ppm•j•@in

CDC13•^acetone•|d6•@were•@used•C•@respectively•D

•@•@•@In•@order•@to•@assign•@all•@resonances•@ofthe•@peptides•@and•@classify•@them•@into•@signals•@ofa

few•@isomers•C•@COSY•@•itwo•|dimensional•@correlated•@spectroscopy•j•@and•@NOESY

•itwo•|dimensional•@nuclear•@Oberhouser•@enhancement•|exchange•@spectroscopy•j•@spectra
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were•@measured•@with•@a•@JEOL•@EX400•@or•@a•@Bruker•@AM600•@spectrometer•@at•@room

temperature•D•@The•@matrix•@size•@of•@each•@data•@collected•@with•@8•@scans•@was•@256•@x•@2048•@and

the•@spectrum•@was•@obtained•@by•@Fourier•@transformation•@in•@both•@dimensions•@with•@a•@sine•@bell

window•@fUnction•@•iCOSY•j•@or•@a•@squared•@sine•@bell•@window•@ftmction•@•iNOESY•j•D•@In

NoESY•@measurements•C•@300•|750•@msec•@of•@mixing•@time•@and•@a•@decay•@of•@1•@sec•@were•@taken

between•@successive•@scans•D

•@•@•@Analysis•@of•@Cts•^Trans•@Ratio•D•@All•@the•@NMR•@spectra•@measured•@were•@analyzed•@with

an•@NMR•@analysis•@software•C•@Alice•@2•@for•@Windows•D•@Clearly•@separated•@signal•@pairs•C

which•@are•@assigned•@to•@the•@cis•@and•@trans•@forms•@of•@the•@proline•@imide•@bonds•C•@were

integrated•@to•@obtain•@the•@population•@ratios•@of•@the•@cis•@and•@trans•@isomers•D•@For•@every

peptide•@with•@a•@sequence•@of•@Boc•|Pro•|Gly•|Zaa•@•iZaa•@•••@OEt•C•@NHMe•C•@Leu•|NH2•j•C•@for

example•C•@the•@signal•@pairs•@of•@methyl•@protons•@of•@the•@Boc•@group•@•iBoc•|CH3•j•@and•@ct•|proton

of•@the•@Pro•@residue•@•iPro•|ct•j•@were•@used•@to•@estimate•@the•@cis•^trans•@ratios•C•@where•@tlrie•@results

from•@the•@two•@signal•@pairs•@agreed•@with•@each•@other•@within•@a•@few•@percent•D•@Similarly•C•@for

every•@Ac•|Pro•EˆêLeu•|Zaa•@•iZaa•@•••@OMe•C•@Gly•|OEt•C•@Gly•|NH2•j•C•@the•@signal•@pairs•@of•@methyl

protons•@of•@the•@acetyl•@groups•@•iAc•|CH3•j•@and•@the•@Pro•|ct•@were•@used•D•@On•@the•@other•@hand•C

each•@of•@Boc•|Pro•|Sar•|Zaa•@peptides•@•iZaa•@•••••@OEt•C•@NHMe•j•@has•@four•@distinct•@imide•|bond

isomers•C•@because•@each•@of•@the•@two•@imide•@bonds•@preceding•@the•@Pro•@and•@Sar•@residues•@takes

the•@cis•@and•@trans•@forms•D•@ln•@order•@to•@estimate•@the•@relative•@populations•@of•@these•@four

isomers•C•@the•@signal•@sets•@of•@the•@N•|methyl•@protons•@of•@the•@Sar•@residue•@•iSarˆê•i•HV•jCH3•j•@and

Boc•|CH3•@were•@used•D

Results•F

•@•@•@Assignments•@of•@NMR•@spectra•@ofAc•|Pro•|Leu•|Gly•|NH2•@and•@related•@peptides•D

•@•@•@Figure•@4•D1•@shows•@a•@400•@MHz•@proton•@NMR•@spectrum•@of•@2•D5•@mM

Ac•|Pro•|Leu•|Gly•|NH2•@in•@DMSO•|d6•@at•@250C•D•@ln•@this•@solution•C•@two•@different•@signals•@are

assigned•@to•@each•@proton•@of•@Ac•|Pro•|Leu•|Gly•|NH2•D•@This•@fact•@indicates•@that

Ac•|Pro•|Leu•|Gly•|NH2•@in•@DMSO•|d6•@takes•@two•@different•@configurations•@whose•@rate•@of

change•@to•@each•@other•@is•@slow•@enough•@on•@NMR•@time•@scale•D•@All•@the•@resonance•@lines•@were
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assigned•@by•@a•@COSY•@spectmm•C•@shown•@in•@Figure•@4•D2•@and•@4•D3•D•@Cross•|peaks•@between

amide•@protons•@and•@ct•|protons•@of•@every•@residue•@•iFigure•@4•D3•j•@are•@classified•@into•@a•@maj•@or

and•@a•@minor•@configurations•@according•@to•@their•@relative•@signal•@intensities•D•@All•@the•@other

cross•@peaks•@can•@also•@be•@classified•@in•@the•@same•@manner•D•@The•@two•@configurations•@are

reasonably•@assigned•@to•@the•@trans•@and•@the•@cis•@isomers•@related•@to•@the•@proline•@imide•@bond•D

It•@is•@well•@known•@that•@the•@cis•|to•|trans•@conversion•@of•@the•@proline•@imide•@bond•@is•@slow

enough•@even•@on•@the•@NMR•@time•@scale•D•@Therefore•C•@the•@trans•@and•@the•@cis•@isomers•@will

give•@different•@sets•@of•@signals•@for•@each•@proton•@resonance•C•@as•@observed•@in•@the•@NMR

spectrum•@in•@Figure•@4•D1•D•@This•@assignment•@to•@the•@two•@isomers•@is•@confirmed•@by•@NOESY•D

Figure•@4•D4•@and•@4•D5•@show•@NOESY•@spectra•@of•@Ac•|Pro•|Leu•|Gly•|NH2•@in•@DMSO•|d6•C•@where

both•@cross•@peaks•@of•@NOE•@•iin•@positive•@phase•C•@marked•@by•@•gN•h•j•@and•@exchanging•@pairs

•inegative•@phase•j•@are•@observed•D•@NOE•@cross•@peaks•@between•@the•@acetyl•@group•@and•@the

prolyl•@protons•@are•@good•@indices•@of•@the•@cis•^trans•@isomers•D•@ln•@the•@cis•@isomer•C•@a•@prolyl

ct•|proton•@•iPro•|ct•j•@and•@the•@acetyl•@methyl•@protons•@•iAc•|CH3•j•@of•@the•@acetyl•@group•@are•@put

spatially•@close•@to•@each•@other•@within•@distance•@of•@3•@A•C•@while•@the•@distance•@between•@the

prolyl•@•iS•Eprotons•@•iPro•|di•@and•@the•@Ac•|CH3•@protons•@is•@far•@apart•D•@The•@reverse•@is•@true•@for

the•@trans•@isomer•C65•@The•@maj•@or•@configuration•@of•@Ac•|Pro•|Leu•|Gly•|NH2•@in•@DMSO•|d6

provides•@NOE•@cross•@peaks•@between•@the•@Ac•|CH3•@and•@two•@Pro•|6protons•C•@therefore•C•@it•@is

assigned•@to•@the•@trans•@isomer•D•@On•@the•@other•@hand•C•@the•@minor•@configuration•@is•@assigned•@to

the•@cis•@isomer•@because•@an•@NOE•@belonging•@to•@the•@Ac•|CH3•@is•@observed•@with•@the•@Pro•|ct

proton•D

•D•@Figure•@4•D6•@shows•@an•@NMR•@spectrum•@of•@1•D25•@mM•@Ac•|Pro•|Leu•|Gly•|NH2•@in•@CDC13•@at

250C•D•@All•@the•@resonance•@lines•@were•@assigned•@by•@a•@COSY•@spectrum•D•@ln•@the•@CDC13

solution•@each•@proton•@shows•@only•@one•@signal•C•@which•@is•@assigned•@to•@the•@trans•@isomer•@by

NOESY•D•@Two•@singlet•@signals•@at•@5•D23•@ppm•@and•@6•D62•@ppm•@are•@assigned•@to•@two•@amide

protons•@of•@the•@C•|terminal•@NH2•@group•D•@The•@5•D23•|ppm•@peak•@is•@assigned•@to•@a•@syn•@amide

proton•@of•@the•@NH2•@group•C•@because•@its•@chemical•@shift•@is•@close•@to•@that•@of•@a•@syn•@amide

proton•@ofacetamide•@in•@CDC13•C•@5•D25•@ppm•D•@The•@6•D62•|ppm•@peak•C•@which•@is•@assigned•@to•@the

anti•@amide•@proton•@of•@the•@NH2•@group•C•@is•@at•@a•@remarkably•@lower•|field•@than•@the

corresponding•@anti•@arnide•@proton•@of•@acetamide•@in•@CDC13•C•@5•D40•@ppm•D•@These•@results

indicate•@that•Enly•@the•@anti•@amide•@pr•Et•En•@inŒŒe•@C•Etermina1•@NH2•@gr•Eup‹¨icipates•@in•@the

hydrogen•|bonding•D
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•@•@•@•@•@•@•y•@•@•@•@•@Ptˆê•@•AŽ¯Šš•@•D

•@•@•@Assignments•EfNMR•@spectra•EfB•Ec•|Pr•EˆêSar•|NHMe•@and•@related•@peptides•E

•@•@•@Figure•@4•D7•@sh•Ews•@a•@400•@MHz•@pr•Et•En•@NMR•@spect‡o•Ef•@2•E5•@mM

B•Bc•|Pr•EˆêSar•|NHMe•@in•@DMSO•|d6•Eat•E25•DC•EAs•@menti•Ened•@in•@the•@expe•uimental•@sect•fon•E

B•Bc•|Pr•BˆêSar•|NHMe•Ecan•Etake•Ef•Eur•Edistinct•Ec•EnŒÜgurati•Enal•@is•Emers•@which•@have•@different

cis•^trans•Dc•Enfigurati•Ens•@ab•Eut•@tw•Eimide•@linkages•@at•@B•Ec•|Pr•Eand•EPr•EˆêSar•EIn•Erder•@t•E

classify•@all•@the•@signals•@int•Ethe•Ef•Eur•Eis•Emers•C•@NOE•@c•EƒÎelati•Ens•@are•@analyzed•@f•Er•@the•@f•Eu•u

distinct•@signals•Ef•@the•@Sarˆê•iN•jCH3•imarked•@by•@N•E•E1•|4•j•EFr•Em•@the•EbseŠ×ti•En•@that

N•B•D1‹QdN•B•D2•@signals•@have•@NOE•@c•E•Ess•@peaks•@with•@the•@Pr•Eˆêƒ¿pr•Et•En•i4•E57•@PPm•jwhile

neither•@No•D3•@nor•@No•D4•@does•C•@both•@signals•@of•@No•D1•@and•@No•E2•@are•@assigned•@to•@the•@trans

is•Bmers•@ab•But•@the•@Pr•EˆêSar•@linkage•D•@On•@the•Ether•@hand•C•@tw•Edifferent•@signals•Ef•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@B•Bc•|CH3•@pr•Et•Ens•C•@at•@l•D32•@and•@1•D38•@PPm•C•@are•@classified•@int•Ethe•@cis•@and•@trans•@isome•us

ab•But•@the•@B•Bc•|Pr•B•@linkage•C•@respectively•C•@by•@referring•Et•ENMR•@spectra•Efrelated•@peptides

with•@the•@B•Bc•@gr•Eup•D•@Fr•Em•@analysis•Efrelative•@p•Epulati•Ens•Efthe•Ef•Eur•Eis•Emers•@by•@b•Eth

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚Â•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚èthe•@Boc•|CH3•@and•@the•@Sarˆê•i•HV•jCH3•@signal•@intensities•C•@the•@following•@assignments•@are

•Bbtained•FN•B•D1•G‚©•Ens•{tr•Ens•C•@N•E•D2•Gcis•{‚©ƒ¿ƒÅ•ç•C•@N•E•E3•G‚©•Ens•{cis•Eand•@N•E•E4•Gcis•{cis

‚Ì

1somers•D

•@•@•@The•@ciS•Vrans•@ratios•@of•@Ac•|Proˆê•FLeu•BZaa•@in•@CDC13•^DMSO•|46•@mixed•@solvents•D

•@•@•@Figure•@4•D8•@sh•Ews•@changes•@in•@relative•@signal•@intensities•Ef•@the•@trans•@is•Emer•Ef

Ac•|Pr•BˆêLeu•|Gly•|NH2•@with•@s•Elvent•@mixing•@rati•Es•@in•@CDC13‚ÌMSO•|d6•@mixed•@s•Elvents•E

Different•Aresults•Bbtained•Efr•Bm•@signal•@pairs•Efthe•@Ac•|CH3•C•@Pr•Eˆêƒ¿•C•@Gly•ENH•Eand•@Leu•|NH

protons•@agree•@With•@one•@another•@within•@a•@few•@percent•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚Ì•@•@•@•@•@•@•@•@•@Figure•@4•D9•@sh•Ews•@changes•@in•@p•Epulati•En•Ef•Ethe•@tr•Ens•@is•Emer•@with•@s•Elvent•@mlxmg

rati•Bs•@in•@the•@tw•B•@kinds•Bf•@mixed•@s•Elvents•C•@D20•^DMSO•|d6•@and•@CDCI3•^DMSO•|d6•Ef•Er

peptides•@With•@an•@Ac•|Pr•EˆêLeu•|sequence•EIn•@the•@D20‚ÌMSO•|d6•@mixed•@s•Elvents•EŒŒe

cis•^trans•@ratios•@fbr•@all•@the•@three•@compounds•@are•@almost•@independent•@of•@the•@solvent

mixing•@rati•Bs•D•@In•@the•@CDC13‚ÌMSO•Ed6•@mixed•@s•Elvents•Eh•Ewever•Ethe•@trans•@is•Emers•@of

the•@three•@c•Bmp•Bunds•@increase•@with•@increasing•@CDC13•@fracti•En•@in•@the•@mixed•@solvent•E

Their•@ratios•@of•@the•@trans•@isomer•@in•@pure•@CDCI3•@solutions•@are•@different•@from•@one•@another•E

These•@results•@indicate•@that•@chloroform•@as•@a•@solvent•@more•@or•@less•@facilitates•@cis•|to•|t•uans

is•Bme‰¾ti•Bns•Bf•@the•@pr•E1ine•@imide•@b•Ends•Ef•@Ac•|Pr•EˆêLeu•|OMe•EAc•|Pr•EˆêLeu•|Gly•|OEt•E
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•y

•A

and•@Ac•|Pro•|Leu•|Gly•|NH2•D•@The•@IR•@studies•@in•@the•@preceding•@chapter•@have•@shown•@that

these•@peptides•@form•@some•@intramolecular•@hydrogen•|bonded•@•iHBd•j•@stmctures•@in•@CDCI3

solutions•D•@Among•@all•@the•@possible•@HBd•@rings•C•@particularly•@important•@are•@what•@involve

the•@carbonyl•@group•@preceding•@the•@prolyl•@residue•D•@These•@HBd•@rings•@are•@considered•@to•@be

closely•@related•@to•@the•@cis•|to•|trans•@isomerization•@of•@the•@proline•@imide•@bond•D

Ac•|Pro•|Leu•|OMe•@can•@take•@a•@7•|membered•@HBd•@ring•C•@and•@Ac•|Pro•|leu•|Gly•|NH2•@is•@likely

to•@form•@a•@13•|membered•@HBd•@ring•@in•@addition•@to•@the•@10ˆê•@or•@7•|membered•@rings•D

Formation•@of•@these•@HBd•@rings•@has•@been•@confirmed•@by•@IR•@spectra•@as•@shown•@in•@Chapter•@3•D

•@•@•@•@Four•@isomers•@of•@Boc•|ProetSar•|NHMe•@in•@CDC13•^DMSO•|d6•@mixed•@solvents•D

•@•@•@•@Figure•@4•D10•@shows•@changes•@in•@relative•@signal•@intensities•@of•@the•@four•@isomers•@of

Boc•|Pro•|Sar•|NHMe•@with•@solvent•@mixing•@ratios•@in•@the•@two•@kinds•@of•@mixed•@solvents•C

DMSO•|ddD20•@and•@CDC13DMSO•|d6•D•@With•@decrease•@in•@solvent•@polarity•C•@the

trans•{trans•@i•@somer•@becomes•@dominant•C•@while•@the•@cis•{trans•@isomer•@decays•@gradually•D

•@•@•@•@A•@similar•@relationship•@among•@the•@four•@isomers•@of•@Boc•|Sar•|Sar•|NHMe•@is•@shown•@in

Figure•@4•D11•D•@As•@compared•@with•@he•@case•@of•@Boc•|Pro•|Sar•|NHMe•C•@the•@trans•{trans•@isomer

of•@Boc•|Sar•|Sar•|NHMe•@is•@not•@so•@dominant•@and•@dependence•@on•@the•@solvent•@polarity•@is•@less

marked•D•@The•@IR•@results•@have•@indicated•@that•@Boc•|Pro•|Sar•|NHMe•@takes•@the

10•|membered•@HBd•@structure•@more•@abundantly•@than•@Boc•|Sar•EˆêSar•|NHMe•@in•@CDC13•D

Therefore•C•@the•@cis•|to•|trans•@isomerization•@of•@both•@the•@Boc•|pro•@and•@Pro•|Sar•@linkages•C•@are

facilitated•@by•@forming•@10•|membered•@HBd•@structure•@in•@solutions•@of•@lower•@solvent

•D•@polari•@ty•D

•@•@•@So—Êvent•@effects•@on•@the•@cis•|toˆê‚©ƒ¿•V•çisomerization•D

•@•@•@In•@Figure•@4•D12•C4•D13•C•@and•@4•D14•@show•@the•@similar•@plots•@of•@Boc•|Pro•|Sar•|NH•FMe•@in

other•@mixed•@solvents•C•@CDC13•^acetonitrile•|d3•C•@CDC13•^methanol•|d4•C•@CDC13•^acetone•|d6•C

respectively•EIn•@Figure•@4•E15•C•@the•@populations•@of•@the•@trans•{trans•@isomer•@of•@this•@peptide

are•@plotted•@against•@molar•@fƒqactions•@of•@CDCI3•C•@x•icDc13•j•C•@in•@the•@different•@mixed•@solvents•D

Since•@only•@the•@trans•{trans•@isomer•@is•@compatible•@with•@the•@10•|membered•@HBd•@structure

•EfB•Ec•EPr•EˆêSar•|NHMe•C•@it•@is•@suggested•@that•@the•@degree•Ef•@decrease•@in•@p•Epulati•En•Ef•@the

•@•@•@•@•@•@•@•@•@•@trans•{trans•@isomer•@at•@a•@given•Gt•icoct3•jis•@related•@to•@the•@ability•@of•@the•@solvents•@to•@break•@the

•@

1nt•uam•Elecular•@HBd•@structure•EFu•Ühe‡o•Ere•C•@if•@the•@same•@trans•{trans•@percentage•@is
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plotted•@against•@the•@dielectric•@constants•@of•@the•@mixed•@solvents•C•@s•C•@which•@are•@calculated

from•@the•@dielectric•@constants•@of•@the•@component•@solvents•C•@some•@solvent•@specificity•@is

reversed•@as•@in•@Figure•@4•E16•D•@That•@is•@the•@solvent•@ability•@to•@form•@a•@hydrogen•@bond•@with

the•@peptide•@by•@breaking•@the•@intramolecular•@HBd•@structure•D•@Regardless•@of•@the•@high

dielectric•@constant•@and•@1arge•@dipole•@moment•C•@acetonitrile•@is•@the•@weakest•@hydrogen•|bond

acceptor•@among•@the•@five•@polar•@solvents•D•@On•@the•@contrary•C•@DMSO•@and•@acetone•@are

powerfUl•@breakers•@ofintramolecular•@hydrogen•|bond•@ofa•@peptide•D•@Methanol•@is•@thought

to•@act•@as•@both•@a•@strong•@hydrogen•|bond•|acceptor•@and•@a•@donor•D•@However•C•@its•@effect•@is

mild•@at•@its•@low•@fractions•@in•@the•@CDC13•^methanol•|d4•@mixed•@solvent•D•@This•@fact•@suggests

that•@methanol•@prefers•@a•@self•|association•@to•@a•@hydrogen•|bonding•@with•@the•@peptide•@in•@the

chloroform•|rich•@solutions•D

•@•@•@The•@cis•|to•|trans•@ratios•@of•@Boc•|Pro•|Yaa•|Zaa•@in•@various•@solvents•D

•@•@•@Figure•@4•D17•@shows•@changes•@in•@the•@population•@of•@the•@trans•{trans•@isomers•@with•@the

solvent•@mixing•@ratios•@of•@the•@CDC13DMSO•|d6•@mixed•@solvents•@for•@peptides•@with•@a

Boc•|Proˆê•@sequence•@in•@common•D•@Similarly•@to•@the•@results•@for•@peptides•@with•@an•@Ac•|Pro•|

sequence•@shown•@in•@Figure•@4•D9•C•@the•@way•@of•@increase•@in•@population•@of•@the•@trans•{trans

isomer•@is•@clearly•@related•@with•@types•@of•@HBd•@structures•@which•@the•@peptides•@can•@take•D•@For

Boc•|Pro•|OMe•@and•@Boc•|Pro•|Sar•|OEt•@with•@no•@possibility•@of•@HBd•@structure•C•@populations

of•@the•@trans•@configurations•@at•@the•@Boc•|Pro•@linkages•@are•@independent•@of•@the•@solvent

mixing•@ratios•D•@For•@Boc•|Pro•|Gly•|OEt•@with•@an•@only•@possibility•@of•@the•@7•|membered•@HBd

structure•C•@the•@trans•@isomer•@increases•@only•@to•@a•@small•@extent•@with•@increasing•@fractions•@of

CDCI3•@up•@to•@1000•^o•iv•^v•j•D•@The•@increase•@is•@much•@more•@great•@for•@Boc•|Pro•|Sar•|NHMe•@and

Boc•|Pro•|Gly•|NHMe•@both•@of•@which•@form•@the•@10•|membered•@HBd•@ring•D•@These•@facts•@are

consistent•@with•@the•@present•@IR•@result•@that•@the•@7•|membered•@HBd•@structure•@of

Boc•|Pro•|Gly•|OEt•@is•@•pess•@stable•@than•@the•@10•|membered•@HBd•@structures•@of

Boc•|Pro•|Gly•|NHMe•@and•@Boc•|Pro•|Sar•|NHMe•@as•@shown•@in•@Chapter•@3•D•@Further•C

Boc•|Pro•|Gly•|Leu•|NH2•@which•@forms•@a•@13•|membered•@HBd•@ring•@is•@also•@directed•@to•@the

trans•@isomer•@as•@the•@CDC13•@fraction•@increases•D

ˆê96ˆê

•D–|

ƒh•A•C•D–]•@FŒ¿“¼•E•v

ƒh‹—“]‘J•E–³•È‰–ƒh•v•`•|ˆã•f•u•uƒŒ•D‚ÞŽf•ÌŠÓ‚Þ‚ÖâÄ‘ö•g•••E•A•D

i
•¾
ˆê•CåQ•X—••p•Rƒg‚µ‘NŽª•“•P•¾—«•ú•O–O“]ˆêŽË‚µ•g—î‡eáS—«Žä‰¶”nˆø‘™‘••ëŒE‘Ê•Ð“Ö‡u—_ƒM•R•T“Y•EŒ›•v‚«•É



•T‘Á•D•~•‘•A‹ù‰\“Ð‰_•[ƒW“Ü•v•T—ë–B•I

Ž¬•A•A•@•@•C‹I•I

•D•D•C•A‰y•wƒÄ‘I•DˆÈƒ•

•@•fi

ˆê–â•Ã“ñ
—••ˆ

•A1•ä

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@

Dlscusslon•F

•@•@•@As•@mentioned•@above•C•@the•@population•@of•@the•@trans•@configuration•@of•@the•@proiine•@imide

bond•@increases•@with•@increasing•@fraction•@of•@CDC13•@in•@CDCI3•^DMSO•|d6•@and•@other

CDC13•Econtaining•@mixed•@solvents•D•@In•@addition•C•@to•@what•@percentage•@the•@trans•@isomer•@is

attainable•@is•@dependent•@on•@the•@type•@of•@HBd•@structure•@which•@the•@peptide•@forms•@in•@a•@CDC13

solution•D•@From•@the•@combining•@analysis•@with•@IR•@results•C•@it•@is•@indicated•@that•@the•@stable

13•Band•@10•|membered•@HBd•@structures•@facilitate•@the•@cis•|to•|trans•@isomerization•@of•@the

proline•@imide•@bonds•@more•@effectively•@than•@the•@7•|membered•@HBd•@structure•@as•@shown•@in

Table•@6•D•@These•@7•E•E•C10•C•@and•@13•Bmembered•@HBd•@rings•@are•@considered•@to•@be•@similar•@to•@the

secondary•@structures•@of•@a•@peptide•@segment•CƒÁˆêt‡o•CƒÀˆêt‡o•C•@and•@ct•Ehelix•C•@respectively•D

These•@secondary•@structures•@require•@the•@proline•@imide•@bond•@to•@adopt•@the•@trans

configurations•D•@Therefbre•C•@the•@effrlciency•@to•@facilitate•@the•@cis•|to•|trans•@isomerization•@of

the•@proline•@imide•@bond•@is•@in•@the•@fbIIowing•@order•Fƒ¿ˆêhelix•†ƒÀˆêtum•„ƒÁˆêtum•D

•@•@•@Mixed•@solvents•@used•@in•@the•@present•@experiments•C•@CDCI3•^DMSO•|d6•@and

DMSO•|d6•^D20•C•@cover•@quite•@a•@wide•@range•@of•@dielectric•@constants•C4•D9•|78•D3•D•@Moreover•C

chlorofbrm•C•@DMSO•C•@and•@water•@are•@significantly•@different•@in•@ability•@as•@a•@hydrogen•|bond

acceptor•@or•@as•@a•@donor•D•@It•@is•@we11ˆê‡qown•@and•@also•@co–Ê‡oed•@in•@this•@work•@that•@water

and•@DMSO•@act•@as•@a•@powerfUI•@breaker•@of•@thg•@intramolecular•@hydrogen•|bond•@of•@the

peptides•D•@Therefbre•C•@it•@is•@thought•@that•@any•@intramolecular•@HBd•@structures•@of•@small

peptides•@are•@destabilized•@under•@DMSO•|rich•@solvent•@conditions•C•@but•@it•@is•@difficult•@to

obtain•@direct•@evidence•@fbr•@this•@by•@IR•@studies•@because•@DMSO•@itself•@has•@a•@strong

absorption•@in•@the•@frequency•@regions•@of•@N•|H•@stretching•@of•@the•@peptides•D•@Compared•@with

water•@and•@DMSO•C•@chloroform•@is•@much•@more•@mild•@in•@perturbing•@the•@HBd•@structures•@of

the•@peptide•C•@owing•@to•@a•@lack•@ofahydrogen•Bbond•Baccepting•@group•@and•@to•@the•@weakness•@of

its•@hydrogen•|bond•@donating•@ability•D•@Therefbre•C•@the•@CDCI3•^DMSO•|d6•@and

DMSO•|ddD20•@mixed•@solvents•@are•@thought•@to•@be•@usefUI•@in•@mimicking•@solvent

•@•@•@environments•@of•@local•@segments•@of•@a•@polypeptide•@chain•C•@where•@the•@solvent•@conditions

will•@change•@variously•@during•@the•@protein•@fblding•@Process•D

•@•@•@In•@the•@fbllowing•@chapter•C•@I•@will•@show•@that•@the•@chemical•@shifƒ‚changes•@of•@amide

protons•@in•@such•@mixed•@solvents•@are•@usefUI•@fbr•@evaluating•@extents•@to•@which•@the•@NH

protons•@ofpeptides•@are•@related•@with•@the•@intramolecular•@hydrogen•@bonding•D
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Figure•@4•D1•D•@400•@MHz
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Results•F

•@•@•@Chemical•@shift•@changes•@with•@solvent•@mixing•@ratios•D

•@•@•@Figure•@5•D1•@shows•@how•@the•@chemical•@shifts•@of•@the•@NH•@protons•@of•@Ac•|Gly•|OEt

•iGly•|NH•j•C•@Ac•|Gly•|INHMe•iGly•|NH•@and•|NHCH3•j•C•@Ac•|Sar•|NHMe•iˆêNH•FCH3•j•C•@and

N•|methylacetamide•iˆê•FNHCH3•jvary•@with•@the•@CDCI3•@fractions•@in•@the•@CDCI3•^DMSO•|d6

mixed•@solvents•D•@Large•@variations•@of•@the•@chemical•@shifts•@are•@observed•@fbr•@the•@Gly•|NH

of•@Ac•|Gly•|OEt•@and•@fbr•@the•@NHCH30f—Òmethylacetamide•D•@These•@results•@can•@be

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒR•@•@•@•@•@•@•@•@•@interpreted•@as•@fbllows•D•@Since•@DMSO•@is•@a•@strong•@hydrogen•|bond•@acceptor•C1t•@ls

reasonable•@to•@assume•@that•@these•@amide•@protons•@are•@intermolecularly•@hydrogen•|bonded•@to

DMSO•@and•@yield•@higher•@chemical•@shifts•@in•@pure•@DMSO•@s•Elvents•EThen•@the•@decrease•@in

the•@chemical•@shift•@with•@increasing•@fraction•@of•@CDC13•@in•@the•@mixed•@solvent•@is•@attributed•@to

break•Ef•@the•@peptide•|DMSO•@inte‡o•Elecular•@hydr•Egen•Eb•Ends•ETheref•Ere•Eachemical

shift•@change•@given•@by•@the•@Gly•|NH•@of•@Ac•|Gly•|OEt•C2•D172•@ppm•C•@can•@be•@taken•@as•@a

standard•@fbr•@the•@amide•@proton•@exposed•@to•@the•@solvents•@at•@the•@mid•@position•@in•@the•@amino

acid•@sequence•D•@A•@standard•@for•@the•@terminal•@amide•@pr•Et•En•@is•@given•@by•@the•@NHCH3

amide•@pr•Et•En•Ef•@N•|methylacetamide•C2•E374•@PPm•EF•Er•@the•@NHCH3•@amid•@pr•Et•En•Ef

Ac•|Gly•ENHMe•C•@the•@chemical•@shift•@variati•E–Ê•Em•@pure•@DMSO•|d6•@t•Epure•@CDC13•@is

slightly•@smaller•@than•@the•@standard•C•@and•@the•@variati•En•@f•Er•@the•@NHCH3•@amide•@pr•Et•En•Ef

Ac•|Sar•|NHMe•@is•@fUrther•@smaller•@than•@that•@of•@Ac•|Gly•|NHMe•EThe•@IR•@spectra•@in

Chapter•@3•@sh•Ewed•@that•@Ac•|Sar•|NHMe•@f•Erms•@the•@7•|membered•@HBd•@structure•@in•@a•@CDCI3

solution•@to•@a•@considerable•@degree•C•@while•@Ac•|Gly•|NHMe•@takes•@it•@less•@apPreciably•E

Ala•|containing•@peptides•D
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•@•@•@•@Figure•@5•D2•@shows•@solvent•|dependent•@changes•@ofthe•@chemical•@shifts•@ofNH•@protons

for•@four•@different•@Ala•|containing•@peptides•D•@From•@comparison•@of•@the•@chemical•@shift

profiles•@for•@each•@individual•@NH•@group•C•@remarkably•@small•@chemical•@shift•@changes•@are

observed•@for•@NHCH3•@amide•@protons•@of•@both•@Boc•|Ala•|Gly•|NHMe•@and

Boc•|Ala•|Sar•|NHMe•D•@This•@fact•@suggests•@that•@the•@terminal•@NHCH3•@groups•@mainiy

participate•@in•@intramolecular•@hydrogen•@bonding•@for•@both•@peptides•D•@These•@HBd

structures•@are•@thought•@to•@be•@the•@P•|tum•|like•@10•|membered•@HBd•@rings•D•@The•@Gly•|NH

protons•@of•@Boc•|Ala•|Gly•|OEt•@and•@Boc•|Ala•|Gly•|NHMe•@exhibit•@chemical•@shift•@change

which•@is•@somewhat•@smaller•@than•@the•@standard•C•@but•@they•@are•@thought•@to•@participate•@in

intramolecular•@hydrogen•@bonding•@to•@a•@very•@little•@degree•C•@compared•@with•@the•@NHCH3

groups•@ofBoc•|Ala•|Gly•|NHMe•@and•@Boc•|Ala•|Sar•|NHMe•D

•@•@•@Peptides•@with•@Leu•|related•@residues•D

•@•@•@In•@Figures•@5•D3•@to•@5•D6•C•@simiiar•@profiles•@are•@shown•@for•@a•@series•@of•@peptides•@with

different•@amino•@acid•@residues•@at•@their•@•ii•@•{•@1•jˆêth•@positions•D•@The•@Leu•@and•@lle•@are•@amino

acid•@residues•@found•@in•@natural•@protein•@molecules•C•@while•@Nle•@and•@Tle•@are•@not•D•@As•@can•@be

seen•@in•@Chart•@1•C•@these•@four•@residues•@are•@different•@from•@one•@another•@in•@bulkiness•@at•@the

P•|carbons•@ofthe•@side•@chains•@which•@are•@n•|buty1•@•iNle•j•C•@iso•|buty1•@•iLeu•j•C•@secˆê•i•{•jˆêbutyl•@•ille•j•C

and•@tert•|butyl•@•iTle•j•@groups•C•@respectively•D

•@•@•@Similarly•@to•@the•@case•@of•@Ala•|containing•@peptides•C•@the•@terminal•@NHCH3•@groups•@are

found•@to•@be•@mainly•@involved•@in•@l•@O•|membered•@HBd•@formation•D

•@•@•@MeAla•|containing•@peptides•D

•@•@•@Figure•@5•D7•@shows•@similar•@profiles•@for•@the•@trans•@isomers•@of•@MeAla•|containing

peptides•D•@For•@all•@of•@them•C•@the•@imide•@bonds•@precedent•@to•@MeAla•@can•@take•@both•@the•@cis

and•@trans•@configurations•@and•@usually•@the•@trans•@isomers•@are•@superior•@in•@solutions•@with•@all

the•@mixing•@ratios•@ofthe•@mixed•@solvent•D

•@•@•@Also•@similarly•@to•@the•@above•|mentioned•@peptides•C•@the•@terminal•@NHCH3•@groups•@of

Boc•|MeAla•|Gly•|NHMe•@and•@Boc•|MeAla•|Sar•|NHMe•@take•@part•@in•@the•@formation•@of•@the

lO•|membered•@HBd•@structures•D

Pro•|containing•@peptides•D
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•@•@•@Figure•@5•D8•@shows•@the•@profiles•@for•@three•@different•@Pro•|containing•@peptides•D•@Here•C

only•@results•@for•@the•@trans•@isomers•@about•@the•@proline•@imide•@bonds•@are•@plotted•@for

Boc•|Pro•|Gly•|OEt•@and•@Boc•|Pro•|Gly•|NHMe•C•@and•@results•@for•@the•@trans•{trans•@isomer•@for

Boc•|Pro•|Sar•|NHMe•D

•@•@•@The•@smallest•@chemical•@shift•@change•@is•@observed•@for•@the•@NHCH3•@amide•@proton•@of

Boc•|Pro•|Sar•|NHMe•C•@thus•@the•@largest•@degree•@of•@10•|membered•@HBd•@formation•@is

suggested•@for•@Boc•EˆêPro•|Sar•|NHMe•D•@This•@observation•@is•@consistent•@with•@the•@IR•@spectra

in•@CDCI3•@solutions•C•@which•@have•@shown•@that•@Boc•|Pro•|Sar•|NHMe•@is•@second•@to•@none•@in•@the

relative•@band•@intensity•@for•@the•@10•|membered•@HBd•@structure•@among•@all•@the•@peptides

studied•@•ithe•@second•@largest•F•@Boc•|Pro•|Gly•|NHMe•j•D•@ln•@addition•C•@for•@the•@NHCH3•@amide

protons•@of•@Boc•|Pro•|Sar•|NHMe•@and•@Boc•|Pro•|Gly•|NHMe•C•@the•@chemical•@shift•@profiles•@are

very•@flat•@even•@in•@the•@solvent•@ranges•@with•@CDC13‹uactions•@between•@70•“•iv•^v•jand

900•^o•iv•^v•j•C•@where•@other•@amide•@protons•@so•@far•@described•@exhibit•@distinctly•@sharper

transitions•D•@This•@is•@probably•@because•@the•@10•|membered•@HBd•@structures•@of•@these•@two

peptides•@are•@so•@stable•@that•@even•@DMSO•@cannot•@break•@them•@completely•D

•@•@•@Funhermore•C•@Figure•@5•D8•@also•@indicates•@that•@Boc•|Pro•|Gly•|OEt•@forms•@a•@7•|membered

HBd•@structure•@in•@CDC13•D•@This•@means•@that•@the•@Boc•@C••••O•@group•@is•@connected•@with•@the

Gly•|NH•@forming•@the•@7•|membered‰Ág•C•@while•@the•@Boc•@C••O•@group•@of

Boc•|Pro•|GlyrNHMe•@prefers•@the•@terminal•@NHCH3•@to•@the•@Gly•|NH•@as•@the•@hydrogen•|bond

partner•@and•@forrns•@the•@10•|membered•@HBd•@ring•D

•@•@•@X•EˆêPro•|Gly•|Leu•|NH2e

•@•@•@Figure•@5•D9•@shows•@profiles•@for•@Acˆê•C•@Bocˆê•C•@and•@Tfa•|Pro•|Gly•|Leu•|NH2•D•@Among•@four

different•@amide•@protons•@in•@their•@sequences•C•@the•@Leu•|NH•@and•@the•@anti•@amide•@protons•@of

the•@C•|terminal•@NH2•@groups•@exhibit•@very•@small•@chemical•@shift•@variations•D•@Therefore•C

these•@three•@peptides•@will•@form•@both•@13ˆê•@and•@10•|membered•@HBd•@rings•C•@in•@each•@of•@which

the•@Leu•|NH•@or•@the•@anti•|NH2•@group•@is•@linked•@wnh•@the•@N•|terminal•@Cˆêˆêˆê•fO•@group•D•@Among

these•@three•@peptides•C•@chemical•@shift•@variations•@for•@each•@amide•@proton•@are•@different•@from

one•@another•D•@This•@means•@that•@the•@extent•@to•@which•@each•@type•@of•@HBd•@structure•@is•@formed

is•@different•@from•@one•@to•@another•@peptides•D•@The•@differences•@are•@due•@to•@different•@abilities

of•@accepting•@hydrogen•|bond•@among•@three•@kinds•@of•@N•|terminal•@C••O•@groups•C•@Ac•|C•@••O•C

Boc•|C••••O•C•@and•@Tfa•|C••O•C•@respectively•D•@For•@instance•C•@it•@is•@suggested•@that•@the
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13•|membered•@HBd•@structure•@involving•@the•@anti•|NH2•@group•@is•@the•@most•@stable•@in

Ac•|Pro•|Gly•|Leu•|NH2•@and•@the•@least•@in•@Tfa•|Pro•|Gly•|Leu•|NH2•D•@This•@is•@probably•@due•@to•@a

strong•@electron•|withdrawing•@property•@of•@the•@trifluoromethyl•@group•@which•@results•@in

deterioration•@ofthe•@Tfa•|C••O•@group•@as•@a•@hydrogen•|bond•@acceptor•D

•@•@•@Ac•|Pro•|Leu•|Gly•|NH2•@and•@related•@peptides•D

•@•@•@In•@Figure•@5•D10•C•@solvent•|dependent•@changes•@in•@chemical•@shifts•@of•@some•@NH•@protons

are•@compared•@among•@peptides•@with•@various•@lengths•D•@The•@Leu•|NH•@group•@of

Ac•|Pro•|Leu•|OMe•@is•@indicated•@to•@be•@involved•@in•@a•@7•|membered•@HBd•@ring•D•@For

Ac•|Pro•|Leu•|Gly•|OEt•C•@it•@is•@suggested•@that•@the•@7•|membered•@HBd•@ring•@concerned•@with•@the

Leu•|NH•@is•@more•@favorable•@that•@the•@10•|membered•@one•@with•@the•@Gly•|NH•D•@lt•@is•@likely•@that

the•@13•|membered•@HBd•@structure•@is•@mainly•@formed•@for•@Ac•|Pro•|Leu•|Gly•|NH2•D

Discussion•F

•@•@•@Crˆ¸er“Ÿon•@forjudging•@HBd•@formation•D

•@•@•@The•@present•@NMR•@observations•@indicated•@that•@the•@chemical•@shift•@variation•@in•@the

mixed•@solvents•@from•@pure•@DMSO•@to•@pure•@CDC13•@provide•@a•@measure•@of•@the•@extent•@to

which•@an•@NH•@pr•Et•En•@takes•@part•@in•@intram•Elecular•@hydr•Bgen•@b•Ending•D•@The•Bbserved

chemical•@shift•@variati•Ens•E•¢6•C•@f•Er•@every•@amide•@pr•Et•En•Ef•@all•@the•@peptides•@s‰Ádied•@are

listed•@in•@Table•@7•@to•@14•D•@Furthermore•C•@the•@ratio•@of•@the•@chemical•@shift•@variation•@of•@each

amide•@pr•Et•En•@t•Ethat•Ef•@a•@suitable•@standard•@is•@estimated•D•@l•@have•@ad•Bpted•@several

standard•@is•@estimated•Elhave•@ad•Epted•@several•@standards•C•¢•i5•irefi•C•@f•Er•@analysis•Bf•@the

different•@NH•@pr•Et•Ens•EF•Er•Einstance•C•@the•EYaa•|NH•@amide•@pr•Et•Ens•EfAc•|Yan•BOEt‰¾ˆê

Gly•EAla•ELeu•EVal•EPhe•jare•@used•@as•@standards•@f•Er•@analysis•Ef•@all•@the•@c•EƒÎesp•Bnding

Yaa•hNH•@amide•@pr•Et•Ens•Ef•@a11•@peptides•@with•@Yaa•D•×d•@the•@NHCH3‡pide•@pr•Bt•Bn•Bf

N•|methylacetarnide•@and•@b•Eth•@the‘k‡pd•En•BH2•@amide•@pr•Bt•Bns•Bf•Eacetarnide•Eare•Etaken

as•@standards•@f•Er•@analysis•Efpeptides•@with•@these•@gr•Eups•C•@respectively•D•@The•@v‚Êes•Bf•Bne

•@•@mlnus•@the•@resulting•@rati•Es•E•y1ˆê•¢•–re•Ø•C•@are•@assumed•@t•Ebe•@relative•@rati•Bs•Bf•@being

involved•@in•@the•@intram•Elecular•@hydr•Egen•@b•Ending•@f•ErŽ~e•@amide•@pr•Bt•Bns•Eand•Elisted•Ein•Ethe

fifth•@colurnn•@ofeach•@table•D
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•@•@•@As•@a•@criterion•@for•@j•@udging•@whether•@an•@NH•@proton•@is•@involved•@in•@the•@intrarnolecular

hydrogen•@bonding•@to•@a•@significant•@degree•@or•@not•C•@1•@take•@a•@value•@of•@O•D5•@for•@•m1•|A•i5YA•i5•qref•j•n

for•@the•@time•@being•D•@On•@the•@basis•@of•@this•@criterion•C•@the•@possible•@HBd•@structures•@are

depicted•@in•@Chart•@8•@and•@9•D•@Here•@the•@stable•@HBd•@structures•C•@of•@which•@•m1•|A•i5VA•i5•ireb•n

values•@are•@1arger•@than•@O•D7•C•@are•@indicated•@with•@a•@bold•@arrow•D

•@•@•@Boc•|Pro•|Yaa•|OEt•F7•|membered•@HBd•D

•@•@•@As•@shown•@in•@Chart•@8•C•@all•@peptides•@with•@a•@sequence•@of•@Boc•|Pro•|Yaa•|OEt•@form•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚Ì•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚Ì7•|membered•@HBd•@rings•C•@which•@are•@thought•@as•@the•@y•|t‡oˆêlike•@stmcture•EIt•@ls•@lntrlgulng

that•@the•@Val•@residue•@occupying•@the•@Yaa•@position•@significantly•@stabilizes•@thisƒÁˆêtum•|like

structure•C•@in•@contrast•@with•@little•@effect•@of•@other•@residues•@at•@the•@same•@Yaa•@posŒŒon•D

Furthermore•C•@theƒÁˆêtum•|like•@structure•@is•@shown•@to•@be•@more•˜table•@in•@Ac•|Pro•|Gly•|OEt

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚è•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚Ì•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚Ì•@•@•@•@•@•@•@•@•@•@•@•@•@•@than•@in•@Boc•|Pro•|Gly•|OEt•iChart•@9•j•D•@This•@is•@probably•@due•@to•@mlgratlon•@ln•@sterlc

repulsion•@by•@replacing•@the•@N•|terminus•@from•@a•@bulkier•@Boc•|group•@to•@an•@Ac•|group•D

•@•@•@Boc•|Pro•|Yaa•|NHMe•F•@10•|membered•@vs•@7•|membered•@HBd•D

•@•@•@All•@peptides•@with•@a•@sequence•@of•@Boc•|Pro•|Yaa•|NHMe•@form•@both•@the•@10ˆê•@and•@the

7•|membered•@HBd•@rings•D•@Except•@for•@Boc•|Pro•|Val•|NHMe•C•@the•@10•|membered•@structures

are•@found•@to•@be•@dominant•D•@Figure•@5•D11•@shows•@plots•@of•@the•@•m1•|A67A•i5•iref•j•n•@values•@of•@the

terminal•@NHCH3•@amide•@protons•@against•@those•@of•@the•@Yaa•|NH•@protons•@for•@five•@kinds•@of

Boc•|Pro•|Yaa•|NHMe•@peptides•D•@A•@competitive•@correlation•@can•@be•@seen•@between

formations•@of•@the•@7•|membered•@and•@10•|membered•@HBd•@stmctures•D•@ln•@view•@of•@this•C

Boc•|Pro•|Gly•EˆêNHMe•@forms•@the•@10•|membered•@HBd•@ring•@most•@exclusively•D•@This•@is

probably•@due•@to•@fit•@of•@the•@Gly•|residue•@to•@the•@•ii•@•{•@2•jˆêth•@position•@of•@the•@type•|II•@P•|turn
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Introduction•F

•@•@•@•@So•@far•C•@1•@have•@found•@a•@few•@types•@of•@intramolecular•@HBd•@structures•@for•@various•@small

peptides•@in•@CDC13•@in•@Chapter•@3•C•@and•@then•@found•@that•@the•@cis•|to•|trans•@isomerizations•@of

the•@proline•@imide•@bonds•@of•@the•@peptides•@are•@facilitated•@by•@formations•@of•@the•@HBd

structures•C•@directing•@toward•@more•@stable•@secondary•@structures•@as•@written•@in•@Chapter•@4•D

Furthermore•C•@solvent•|dependent•@chemical•@shift•@changes•@of•@amide•@protons•@have•@been

analyzed•@using•@the•@CDC13•^DMSO•|d6•@mixed•@solvents•@in•@Chapter•@5•C•@and•@it•@has•@been

shown•@that•@the•@magnitudes•@of•@the•@chemical•@shift•@changes•@are•@consistent•@with•@the•@degrees

of•@stabilities•@ofthe•@HBd•@structures•@estimated‹uom•@relative•@intensities•@of•@the•@IR•@bands•D

•@•@•@•@The•@direct•@evidence•@of•@the•@hydrogen•@bonds•@is•@only•@given•@from•@the•@IR•@spectra•C•@but

the•@measurements•@of•@IR•@spectra•@were•@diffricult•@for•@the•@DMSO•|containing•@solutions•D

The•@NMR•@measurements•C•@on•@the•@other•@hand•C•@can•@be•@conducted•@with•@much•@less

restrictions•@ofsolvent•@and•@provide•@various•@inforrnation•@about•@the•@secondary•@structures•@of

the•@proline•|containing•@peptides•@under•@polar•@solvent•@conditions•@such•@as•@in•@the

CDC13•^DMSO•|d6•@mixed•@solvents•D

•@•@•@In•@the•@present•@chapter•C•@1•@wi11•@notice•@the•@glycyl•@two•@ct•|protons•@for•@assessing

fiexibility•@of•@peptide•@backbone•@around•@this•@residue•@by•@NMR•D•@ln•@protein•@molecules•C•@the

two•@ct•|protons•@of•@some•@Gly•@residues•@are•@found•@to•@have•@remarkably•@different•@chemical

A60dct•E•@shifts•@from•@each•@other•D66•f69•@The•@two•@ct•|protons•@can•@have•@such•@different•@chemical

shifts•@if•@they•@are•@placed•@in•@magnetically•@non•|identical•@environments•@sustained•@long

•Denough•@on•@the•@NMR•@time•@scale•D•@The•@different•@environments•@will•@be•@mainly•@caused•@by

difference•@in•@position•@between•@the•@two•@ct•|protons•@relative•@to•@nearby•@C••O•@groups•D

Therefore•C•@the•@chemical•@shift•@difference•@between•@the•@two•@ct•|protons•@of•@the•@Gly•@residue•C

A6edat•C•@will•@provide•@useful•@inforrnation•@about•@flexibility•@of•@the•@local•@backbone•@structure

around•@the•@Gly•@residue•@of•@a•@peptide•D•@However•C•@little•@attention•@has•@so•@far•@been•@paid•@to

Aseda•E•@except•@for•@a•@limited•@number•@of•@semi•|empirical•@and•@ab•@initio•@calculations•D•f•g•f2

Therefore•C•@A•i51zia•E•@has•@been•@little•@utilized•@for•@analysis•@of•@conformational•@flexibility•@of

small•@peptides•@to•@our•@knowledge•D

•@•@•@In•@this•@work•C•@proton•@NMR•@spectra•@of•@various•@peptides•@have•@been•@measured•@under•@a

wide•@range•@of•@solvent•@conditions•C•@and•@it•@is•@shown•@that•@magnitudes•@ofA60da•E•@of•@the•@Gly•@or

the•@N•|methylglycyl•@•iSar•j•@residues•@can•@be•@specific•@indices•@of•@the•@B•|turn•@structure•D

•@•@•@•@••••m1ses11ptˆê•D
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•E153ˆê

‹Á•E•D

using•@these•@A60dof•@indices•C•@some•@thermodynamic•@properties•@for•@the•@P•|tum•@formation•@of

the•@peptides•@are•@discussed•@in•@terms•@of•@solvent•@effects•@and•@contribution•@of•@each•@amino

acid•@residue•@in•@a•@sequence•D

Experimental•F

•@•@•@NMR•@Measurements•D•@Methods•@of•@NMR•@measurements•@and•@assignments•@are•@the

sŒÏeas•@described•@in•@Chapter•@4•D•@ln•@sh•Ert•C•@all•@the•@chemical•@shifts•@were•@standardized•@by

using•@a•@residual•@DMSO•@pr•Et•En•@signa1•i2•E4g•@PPm•jf•Er•Es•Eluti•Ens•@in•@CDCI3‚ÌMSO•|d6•@and

in•@the•@DMSO•|d6•^D20•C•@a•@residual•@CHCI3•@proton•@signal•i7•D24•@ppm•jfbr•@solutions•@in•@pure

CDCI3•C•@and•@a•@residual•@HDO•@signal•i4•D63•@PPm•jf•Er•@s•E1uti•Ens•@in•@pure•@D20•EF•Er•Ether

ldnds•@of•@mixed•@solvents•C•@a•@residual•@acetonitrile•i1•D93•@ppm•jin•@CDCI3•^acetonitrile•|d3•C•@a

residual•@CH30D•i4•D78•@PPm•jin•@CDCI3•^methan•E1•|d4•C•@and•@a•@residual•iCH3•j2CO•i2•E04

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒ_
PPm•jin•@CDC13•^acetone•|d6•@were•@used•Erespectively•E

•@•@•@When•@a•@peptide•@has•@m•Ere•@than•@single•@c•Enfigurati•Enal•@is•Emers•@ab•Eut•@the•@imide

linkages•C•Bnly•@the•@result•@f•Er•Enly•@the‚©•Ens•Eis•Emer•@is•@discussed•EAssignments•Efall•@the

NMR•@signals•@have•@been•@c•Enducted•@by•@COSY•@and•@NOESY•@as•@desc•uibed•@in•@Chapte•u4•E

•@•@•@ABX•@spin•@systems•D•@ln•@this•@chapter•C•@1•@will•@discuss•@chemical•@shifts•@of•@two•@glycyl

ct•|protons•@•iGly•|odct•f•j•@of•@each•@peptide•D•@The•@Gly•|ot•^ct•f•@protons•C•@in•@general•C•@give•@eight

distinct•@lines•@which•@are•@characteristic•@of•@A•@and•@B•@protons•@in•@an•@ABX•@spin•@system•@•isee

Figure•@6•D1•j•D•@These•@eight•@lines•@can•@be•@divided•@into•@two•@analogous•@sets•C•@each•@ofwhich•@is

composed•@of•@four•@resonance•@lines•C•@and•@are•@hereafter•@donated•@by•@subscripts•C•@A•C•@B•C•@C•C•@and

D•C•@a•C•@b•C•@c•C•@and•@d•D•@The•@resonance•@frequencies•@are•@given•@as•@follows•F73

•@•@•@•@ƒŒA••ƒÁ•{•m•i•{2Jlgem•{‚Ý•{•vˆê•j•^4•n•{Dl•C

•@•@•@•@Vt3•@•••@V•@•{•@•m•iˆê•@2•|Xgem•@•{•@•^•{•@•{•@1•D•j•^4•n•@•{•@Dl•C

•@•@•@•@Vc•@•••@V•@•{•@•m•i•{•@2•EJgem•@•{•@•v•{•@•{•@J•D•j•^4•n•@ˆê•@Dl•C

•@•@•@•@ƒŒb•••@ƒÁ•{•m•iˆê2Jlgem•{‚Ý•{•K•j•^4•nˆêDI•C

•@•@•@•@Va•••@V•@•{•m•i•{•@2urgem•@ˆê•fˆê•@•v•{•@•fˆê•@J•D•j•^4•n•{Di•C

•@•@•@•@YbˆêƒÁ•{•m•iˆê—S•Cmˆê‚Ýˆê•vˆê•j•^41•{Di•E

•@•@•@•@Vc•@•••F•@ˆêi7•@•{•@•m•i•{•@2•Elgem•@ˆê•@J•{•@•h•@•vˆê•j•^4•n•@ˆê•@Di•C
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•@•@•@•@ƒŒa•••E•@ƒÁ•@•{•m•iˆê•@2urgem•@•f•@•v•{•@ˆê•@Llˆê•j•^4•n•@ˆêDi•C

where•@v•@is•@the•@average•@ofthe•@eight•@frequencies•D

•@•@•@•@•@V•@•••iVA•{•@1ib•{•@Vc•{•@1•^b•{•@Va•{•@1ib•{•@Vc•{•@Vd•j•^8•C

Jg•C•D•@is•@a•@geminal•@coupling•@constant•@between•@the•@two•@ct•|protons•@•iGly•|oc•^ct•f•j•C•@•^•{•@and•@•vˆê•@are

vicinal•@coupling•@constants•@of•@the•@Gly•|ct•@and•@Gly•|ct•f•C•@respectively•C•@with•@the•@Gly•|NH

proton•C•@Di•@and•@Di•@are•@given•@by

•@•@•@•@D•Iˆê1•^2•E•m•o•i•¢‚è•{•i•¢•V2•j•p2•{•i•vg•Cm•j2•n12•C

•@•@•@•@Di•@•••@1•^2•@•f•m•o•iA•h•@ˆê•@•iZVI12•j•p2•@•{•@•ilge•D•j2•n•fi2•D

Here•C•@A•@v•@and•@zV•@are•@the•@differences•@in•@chemical•@shift•@and•@vicinal•@coupling•@constant•C

respectively•C•@between•@the•@two•@ct•|protons•@and•@given•@as•@follows•F

•@•@•@•@A•@V•@•••@1•@•^2•@•f•@•m•o•i2Di•j2•@ˆêˆê•@•i•vgem•j2•@•p•@i2•@•{•@•o•i2Di•j2•@ˆê•f•@•i•v•C•C•D•j2•p•@in•n

•@•@•@•@•@•@•••@1•@•^2•@•f•@•m•o•i•@vAˆê•f•@izb•j•i•@i•Et3•@•h•@vc•j•p•@•f•^2•@•{•@•o•i•@v•C•@ˆê•@vd•j•i•@vb•@•Eˆê•@v•C•j•p•@if2•n•C

•@•@•@•@ZN•jr•••••@•o•i2Di•j2•@•fˆê•@•i•^gem•j2•pi•^2•@ˆê•@•o•i2Di•j2•@•fny•@•ilg•C•D•j2•pii2

•@•@•@•@•@•@•••@•o•i•@VAˆê•@iib•j•i•@ixti•@•f•@vc•j•p•@i•^2•@ˆê•@•o•i•@v•C•@ˆê•@vd•j•i•@vb•@ˆêˆê•@v•C•j•p•f•^2•D

Then•@the•@chemical•@shifts•@of•@the•@two•@glycyl•@ct•|protons•@and•@the•@vicinal•@coupling•@constants

are•@given•@by

•@•@•@•@4•••oƒŒ•@•{•iƒ€ƒŒƒO2•j•p•^ƒŒ•fo•C

•@•@•@•@6•D•@•••••@•ov•@ˆê•@•iA•@W2•j•p•^•@vo•C

•@•@•@•@‚Ý•••m•o•iƒŒA•{•@ƒŒ‚à•{•@ƒŒ•Ž•{•@ƒŒb•jˆê•iƒŒ‹••{•@ƒÁb•{•@ƒŒ6•{•@ƒŒ•fd•j•p•^4•n•{•iƒ€ƒm72•j•C

•@•@•@•@•v•v•E•••m•o•iƒŒt‚Ö•{•@ƒŒb•{•@ƒŒ•fc•{•@1•Cil•j•jˆê•iVa•{•@ƒŒ•fb•{•@ƒŒ‚à•{•@Vd•j•p•^4•nˆê•i•ÚL•^72•j•C

Where•@vo•@is•@the•@frequency•@of•@externally•@applied•@magnetic•@field•C•@400•@MHz•@in•@the•@present

measurements•D•@Then•@the•@chemical•@shift•@difference•@between•@the•@two•@ct•|protons•C•@A6•C•@is

given•@from•@observed•@chemical•@shifts•C•@6i•@•••@•i•@Vo•@ˆê•@Vi•j•^•@Vo•C

•@•@•@•@•¢ƒÂ••ƒÂƒh6ˆê

•@•@•@•@•@•@•••••@1•^2•f•m•o•i6A•g•@6D•j•i•@6B•@ˆê•@6c•j•p•f•^2•@•{•@•o•i•@6a•@ˆê•h•@6d•j•i•@6b•@•fˆê•@6c•j•p•f•^2•n•D

•@•@•@•@AB•@spin•@systems•D•@ln•@both•@cases•@of•@the•@Gly•|ot•^ct•f•@in•@D20•|containing•@solvents•@and

of•@the•@N•|methylglycyl•@residues•@•iSar•|ct•^ct•f•j•C•@two•@ct•|protons•@exhibit•@signal•@splitting•@into

four•@distinct•@lines•@as•@seen•@in•@Figure•@6•D1•D•@This•@signal•@splining•@is•@characteristic•@of•@an•@AB

spin•@system•D•@The•@four•@resonance•@frequencies•@of•@the•@AB•@spin•@system•C•@referred•@to•@as

peaks•@1•C•@2•C•@3•C•@and•@4•@in•@the•@order•@of•@frequencies•C•@are•@given•@as•@follows•F•f3

•@•@•@•@ƒŒ1•••@ƒÁ•@•{D•{•i•Eƒm•xem•^2•j•C

ˆê155ˆê

•@•@•@V2•••@V•@•{Dˆê•@•ilgem•^2•j•C

•@•@•@V3•@•••@V•@ˆêD•{•@•iJgem•^2•j•C

•@•@•@V4•••@ƒŒ•fˆêDˆê•i•Eƒm•xem•^2•j•C

where•@v•@is•@the•@average•@ofthe•@four•@frequencies•C

•@•@•@•@V•@•••iVl•@•{•@V2•{•@V3•{•@V4•j•^4•C

•vg•C•D•@a•@geminal•@coupling•@constant•@between•@the•@two•@protons•C•@and•@D•@is•@given•@by

•@•@•@D••1•^2•E•o•i•vg•Cm•j2•{•i•¢‚Ì2•p1•^2•D

Therefore•C•@the•@chemical•@shift•@difference•@between•@the•@two•@protons•C•@A6•C•@is•@given•@from

observed•@chemical•@shifts•C

•@•@•@•@A6•••@A•@ut•@Vo

•@•@•@•@•@•@•••••@•o•iVi•@ˆê•@V4•j•iV2•@ˆê•@v3•j•pi•^2•^vo

•@•@•@•@•@•@•••••@•o•i•@6i•@ˆê•@64•j•i62•@ˆê•@6•C•j•pi•^2•C

where•@6i•@is•@a•@shift•@of•@the•@i•|th•@resonance•@line•D•@Then•@the•@chemical•@shifts•@for•@the•@two

protons•@are•@given•@by

•@•@•@•@a•••@•o6i•@•{•@62•@•{•@63•@•{•@64•p•^4•p•@•{•@•iA6•^2•j•C

•@•@•@•@6ˆê•@•••@•o6i•@•{•@62•@•{•@S3•@•{•@6•C•p•^4•p•@ˆê•@•iA5•^2•j•D

Results•F

•@•@•@NMR•@spectra•@of•@peptides•@with•@an•@ABX•@or•@an•@AB•@spin•@system•D

•@•@•@Figure•@6•D2•@shows•@400•@MHz•@proton•@NMR•@spectra•@of•@some•@Gly•|containing•@peptides

and•@Boc•|Pro•|Sar•|NHMe•@under•@the•@same•@solvent•@condition•@at•@25•gC•D•@ln•@the•@Gly•|aL•^ct•f

region•@of•@Ac•|Gly•|NHDivle•C•@a•@doublet•@signal•@which•@is•@split•@by•@vicinal•@coupling•@of•@the

ct•|protons•@with•@the•@Gly•|NH•@proton•@is•@observed•@with•@J•{•@•••@•v•D•@•••@6•D2•@Hz•D•@This•@fact

indicates•@that•@the•@rwo•@Gly•|ct•^ct•fprotons•@of•@Ac•|Gly•|NHMe•@are•@magnetically•@equivalent•@to

each•@other•@on•@the•@NMR•@time•@scale•D•@For•@other•@three•@peptides•C•@on•@the•@other•@hand•C•@the

signal•@splittings•@of•@the•@Gly•|ct•^ct•for•@Sar•|ct•^ct•fprotons•@are•@found•@to•@be•@characteristic•@of•@the

ABX•@or•@AB•@spin•@systems•C•@respectively•D•@Spectral•@patterns•@for•@the•@two•@ct•|protons•@are

different•@among•@the•@peptides•D•@This•@is•@caused•@by•@difference•@in•@both•@configurational•@and

conforrnational•@restrictions•@sustainable•@on•@the•@NMR•@time•@scale•C•@as•@discussed•@in•@the

following•D
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•@•@•@•@Boc•|Xaa•|Gly•|OEt•@•iXaa•@•••@Ala•C•@Nle•C•@Leu•C•@lle•C•@Tle•C•@MeAla•C•@Pro•j•D

•@•@•@•@In•@Figures•@6•D3•C•@chemical•@shift•@obtained•@for•@each•@of•@the•@two•@Gly•|ct•^ct•f•@protons•@of

Boc•|Ala•|Gly•|OEt•@are•@plotted•@against•@solvent•@mixing•@ratios•@of•@three•@kinds•@of•@mixed

solvents•C•@DMSO•|d6iT•j20•C•@CDC131T•jMSOˆêˆêd6•C•@and•@CCIofCDCI3•D•@The•@shift•@values•@of•@the

two•@Gly•|ct•^ct•f•@protons•@are•@different•@from•@each•@other•@under•@all•@solvent•@conditions

investigated•C•@but•@chemical•@shift•@differences•@between•@the•@two•@protons•C•@A6eda•C•C•@are•@smaller

than•@O•D1•@ppm•D

•@•@•@•@The•@similar•@tendencies•@are•@observed•@for•@other•@related•@peptides•C•@Boc•|Nle•|Gly•|OEt•C

Boc•|Leu•|Gly•|OEt•C•@Boc•|lle•|Gly•|OEt•C•@and•@Boc•|Tle•|Gly•|OEt•C•@as•@shown•@in•@Figures•@6•D4•@to

6•D7•D•@The•@IR•@spectra•@of•@these•@peptides•@in•@CDCI3•@solutions•C•@shown•@in•@Chapter•@3•C•@have

indicated•@that•@Boc•|Xaa•|Gly•|OEt•@peptides•C•@except•@MeAla•@and•@Pro•@for•@Xaa•C•@do•@not•@form

7•|membered•@HBd•@structures•@to•@an•@appreciable•@degree•D•@The•@A60dct•E•@values•@listed•@in•@Table

15•@for•@these•@peptides•@are•@diffrerent•@according•@to•@side•@chain•@bulkiness•@of•@the•@Xaa•@residues•D

For•@instance•C•@a•@bulkier•@lle•@residue•@precedent•@to•@the•@Gly•@residue•@makes•@the•@A60dat•@value

larger•@than•@the•@Nle•@and•@Leu•@residues•D•@This•@is•@more•@obvious•@for•@the•@bulkiest•@Tle•@residue

which•@yields•@the•@largest•@A6cti•Dt•@value•D

•@•@•@•@In•@Boc•|MeAla•|Gly•|OEt•@•itrans•@isomer•j•C•@which•@can•@form•@a•@7•|membered•@HBd

structure•@in•@CDC13•C•@the•@solvent•|dependent•@changes•@in•@chemical•@shift•@ofthe•@two•@Gly•|ct•^ct•f

protons•@are•@slightly•@larger•@•iFigure•@6•D8•j•C•@but•@the•@A60d•D•E•@value•@is•@at•@most•@O•D23•@ppm•D•@ln

addition•C•@Boc•|Pro•|Gly•|OEt•@•itrans•@isomer•j•@which•@is•@also•@found•@to•@take•@a•@7•|membered

HBd•@structure•@in•@a•@CDC13•@solution•C•@exhibits•@iess•@remarkable•@solvent•|dependence•D

Therefore•C•@the•@magnitude•@of•@A60dof•@is•@not•@related•@with•@formation•@of•@the•@7•|membered•@HBd

structure•C•@which•@is•@thought•@to•@be•@like•@the•@y•|turn•@structure•D

•@•@•@•@Boc•|Xaa•|Gly•ENHMe•iXaa••Ala•C•@Nle•C•FLeu•CŽMe•C•@Tle•C•@MeAla•C•@Pro•j•D

•@•@•@•@The•@solvent•|dependent•@change•@in•@chemical•@shifts•@of•@the•@two•@Gly•|ct•^ct•f•@protons•@of

Boc•|Ala•|Gly•|NHMe•@shown•@in•@Figures•@6•DIO•@is•@larger•@than•@that•@of•@Boc•|Ala•|Gly•|OEt

shown•@in•@Figure•@6•D3•D•@Other•@Boc•|Xaa•|Gly•|NHMe•@•iXaa•@•••@Nle•C•@Leu•C•@Ile•C•@Tle•C•@MeAla•C

Pro•j•@peptides•@show•@the•@similar•@solvent•|dependencies•C•@as•@shown•@in•@Figures•@6•D11•@to•@6•D16•E

The•@A61zictt•@values•@of•@these•@peptides•@increase•@with•@increasing•@fraction•@of•@the

lower•|polarity•@solvent•@component•@in•@both•@the•@DMSO•|d6D20•@and•@CDCI3•^DMSO•|d6
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•E157ˆê
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mixed•@solvents•D•@Among•@these•@peptides•C•@Boc•|Pro•|Gly•|NHMe•@and•@Boc•|Tle•|Gly•|NHMe

have•@particularly•@remarkable•@solvent•|dependent•@changes•@in•@A60d•Di•@values•D

•@•@•@The•@increase•@in•@A6ct•^ct•C•@values•@in•@the•@range•@of•@lower•@solvent•@polarity•@is•@expected•@to

be•@related•@with•@f•Ermati•En•Ef•@aƒÀˆêturn•@struc–Qthe•@hydr•Egen•@b•End•Ef•@which•@is

characterized•@by•@IR•@•iChapter•@3•j•@and•@NMR•@•iChapter•@4•C•@5•j•@studies•D•@The•@relationship

berween•@the•@ASodof•@value•@and•@the•@type•@ofHBd•@structures•@is•@discussed•@later•D

•@•@•@Boc•DXaa•|Sar•|OEt•iXaa••Ala•C•@Leu•C•@MeAla•C•@Pro•j•E

•@•@•@Similar•@pl•Bts•@f•Er•@f•Eur•@kinds•Ef•@B•Ec•|Xaa•|Sar•|OEt•iXaa•|Ala•ELeu•EMeAla•EP•uo•j

peptides•@are•@sh•E‡oin•@Figures•@6•E17•@t•E6•E2•cbvi•Eusly•@the•@s•Elvent•|dependent•fchange

•Bfthe•¢6•Bd•D•C•@value•@f•Br•@B•Ec•|Pr•EˆêSar•|OEt•@is•@much•@m•Ere•@remarkable•@than•@th•Ese•@f•Er•@othe•u

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒR•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒRthree•@peptides•D•@Since•@B•Ec•|Pr•EˆêSar•|OEt•@has•@n•ENH•@gr•Eup•@which•@c•Euld•@pa•ut•fc•fpate•@ln

hydr•Bgen•|b•Ending•C•@such•@change•@in•@the•¢6•Ed•E•E•@value•@with•@1•Ewe•uing•@s•Elvent‰æty•@is•@not

attributed•@t•B•@the•@intram•Elecular•@hydr•Egen•@b•Ending•C•@but•@sh•Euld•@be•@att•uibuted•@to•@an

acquisiti•Bn•Bf•@s•Eme•@regular•@backb•Ene•@stmcture•@which•@is•@stabilized•@under•@l•Ew•fpola•uity

conditions•D

•@•@•@Boc•|Xaa•|Sar•|NHMe•@•iXaa•@•••@Ala•C•@Leu•C•@MeAla•C•@Pro•j•D

•@•@•@•@Similar•@plots•@for•@four•@kinds•@ofBoc•|Xaa•|Sar•|NHMe•@•iXaa•@•••@Ala•C•@Leu•C•@MeAla•C•@Pro•j

peptides•@are•@shown•@in•@Figures•@6•D21•@to•@6•D24•D•@From•@IR•@•iChapter•@3•j•@and•@NMR•@•iChapt
‡‚

5•jstudies•C•@it•@is•@sh•Ewn•@that•@these•@peptides•@fr•Em•@c•Ensiderably•@stableƒÀˆêtu•un•@st•uuctu•ues•@ln

CDC13•D

•@•@•@S•Blvent•Ddependent•@changes•Ef•¢6aƒmƒ¿•Ef•ErAla•|c•Entaining•@Peptides•E

•@•@•@•@Figure•@6•D25•@shows•@solvent•|dependent•@changes•@in•@the•@A6ct•^•D•E•@values•@for•@four•@ki•|nqs•@of

Ala•|conT ”‚•‚‰‚Ž‚‰‚Ž‚‡•@peptides•D•@The•@data•@are•@plotted•@against•@dielectric•@constants•@of•@three

kinds•@of•@mixed•@solvents•C•@DMSO•|d6•^D20•@•icalculated•@range•@of•@a•@78•D3•|46•D7•j•C

CDCI3‚ÌMS•BˆêƒS6•i46•D7•|4•D9•j•C•@and•@CCIalCDC13•i4•E9•|2•E3•j•EExcept•@f•Er•@B•Ec•|Ala•fGly•|OEt•E

the•@A30d•D•C•@values•@•firicrease•@as•@the•@solvent•@dielectric•@constants•@decrease•C•@and•@magnitudes•@of

their•@changes•@are•@different•@from•@one•@another•D•@For•@Boc•|Ala•|Sar•|NHMe•C•@a•@Fte•Dep

transition•@V •‚?•@the•@A6ct•^•D•C•@values•@is•@found•@in•@the•@s•@range•@of•@30•@to•@5•C•@and•@for

Boc•|Ala•|Sar•|OEt•@such•@a•@steep•@transition•@is•@seen•@in•@the•@lower•@g•@range•D•@The•@different
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chemical•@shifts•@of•@the•@two•@sarcosyl•@ct•|protons•@are•@due•@to•@their•@different•@structural

environments•@which•@are•@sustained•@long•@enough•@on•@the•@NMR•@time•@scale•D•@Therefore•C•@the

A60dd•@values•@will•@tell•@about•@how•@rigid•@the•@backbone•@dihedral•@angles•@around•@the•@Sar

residue•@are•@in•@solutions•D•@Thee•@large•@increase•@in•@the•@A•iE5t•^ctt•@value•@in•@the•@solvent•@with

lowering•@polarity•C•@observed•@for•@Boc•|Ala•|Sar•|NHMe•C•@indicated•@that•@the•@dihedral•@angles

of•@the•@Sar•@residue•@become•@more•@restricted•@through•@formation•@of•@a•@certain•@regular

secondary•@structure•C•@probably•@the•@P•Eˆêturn•D

•@•@•@•@A•@large•@increase•@in•@A•@60dct•C•@is•@also•@observed•@for•@Boc•|Ala•|Sar•|OEt•@in•@spite•@of•@absence

of•@HBd•@structure•D•@The•@fact•@suggests•@that•@some•@interaction•@different•@from•@the

intramolecular•@hydrogen•@bonding•@operate•@to•@restrict•@the•@backbone•@dihedral•@angles•@of•@the

Sar•@residue•@in•@Boc•|Ala•|Sar•|OEt•@as•@for•@Boc•|Pro•|Sar•|OEt•@mentioned•@before•D

•@•@•@•@Boc•|Ala•|Gly•|NHMe•@also•@shows•@a•@similar•@solvent•|dependent•@transition•@of•@the

A60d•Dt•@value•C•@but•@the•@increase•@in•@the•@A60ƒRŒû•@is•@much•@smaller•@than•@that•@of

Boc•|Ala•|Sar•|NHMe•D•@The•@IR•@results•@have•@shown•@that•@the•@P•|turn•|like•@10•|membered

HBd•@structure•@of•@Boc•|Ala•|Gly•|NHMe•@is•@as•@stable•@as•@that•@of•@Boc•|Ala•|Sar•|NHMe•D

However•C•@the•@smal•@ler•@A•i51ziat•@value•@of•@Boc•|Ala•|Gly•|NHMe•@indicates•@that•@the•@backbone

structure•@around•@the•@Gly•@residue•@of•@this•@peptide•@is•@more•@flexible•@and•@thus•@the•@observed

A•iflx•^ctt•@value•@is•@the•@average•@of•@the•@values•@of•@a•@wide•@range•@of•@conformations•@occurring

during•@the•@observation•@period•@of•@NMR•D•@As•@being•@well•@known•C•@the•@NMR•@time•@scale•@is

very•@long•@with•@a•@time•@resolution•@from•@several•@milliseconds•@to•@a•@few•@seconds•C•@while•@the

time•@scale•@for•@breaking•@and•@reforming•@of•@the•@intramolecular•@hydrogen•|bonds•@in•@solution

will•@be•@much•@shorter•@than•@the•@NMR•@time•@scale•D•@Therefore•C•@the•@A60dof•@value•@provides•@an

index•@of•@rigidity•@of•@the•@backbone•@structure•C•@e•Dg•D•C•@an•@extent•@to•@which•@a•@peptide•@backbone

is•@restricted•@to•@the•@P•|ttirn•@geometry•D•@The•@P•|turn•@geometry•@is•@expected•@to•@yield•@a•@large

intrinsic•@A6ctict•E•@value•D

•@•@•@•@Leu•|peptides•@series•D

•@•@•@•@Figure•@6•D26•@shows•@the•@solvent•|dependent•@change•@of•@A•iSct•^•D•C•@values•@for•@a•@series•@of

Leu•|containing•@peptides•D•@The•@differences•@in•@transitions•@of•@A6ct•^d•@values•@between

Leu•|containing•@peptides•@are•@similar•@to•@those•@for•@corresponding•@Ala•|containing•@peptides

mentioned•@above•D
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•@•@•@•@MeA•pa•|containing•@peptides•D

•@•@•@•@Figure•@6•D27•@shows•@the•@similar•@tendencies•@for•@a•@series•@of•@MeAla•|contaming•@peptides•D

In•@these•@plots•C•@results•@for•@the•@trans•@isomers•@about•@the•@imide•@bonds•@preceding•@the•@MeAla

residues•@are•@indicated•D

•@•@•@•@Pro•|peptides•@series•E

•@•@•@•@As•@shown•@in•@Figure•@6•D28•C•@a•@series•@of•@Pro•Bcontaining•@Peptides•@exhibit•@the•@similar

tendencies•@as•@mentioned•@above•D•@But•@a•@magnitude•@of•@the•@solvent•|dependent•¢ƒÂ‚µƒ¿•C

change•@f•Er•@B•Ec•|Pr•EˆêSar•|NHMe•@is•@c•Ensiderably•@larger•@than•@th•Ese•@f•Er•Ether

Boc•|Xaa•|Sar•|NHMe•@peptides•iXaa••Ala•C•@Leu•C•@MeAla•j•E

•@•@•@•@To•@search•@the•@most•@probable•@structural•@candidate•@fbr•@Boc•|Pro•|Sar•BNHMe

resp•Ensible•@f•Er•Ethe•@largest•¢6•Ed•B•Evalue•@in•@l•Ew•@p•E1arity•@s•Elvent•E1•@perf•Ermed•@M•Elecula•u

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚çMech‡pics•@calculations•iMM•{•j•D74•@The•@result•@indicates•@that•@a•@type•|II•@P•|tum•@structu•ue•@ts

the•@most•@stable•@structure•@fbr•@Boc•|Pro•ESar•|NHMe•iChart•@l•@O•j•EIR•@spectra•@supPort•@the

f•Brmati•Bn•Bf•@this•@type•Ef•@10•|membered•@HBd•@stmcture•C•@and•@have•@indicated•@that•@the

stabilities•Bf•@theƒÀˆêtum•@structure•@is•@in•@the•@f•Ell•Ewing•Erder•FB•Ec•|Pr•EˆêSar•|NHMe•„•„

B•Bc•|Leu•BSar•|NHMe•†B•Bc•|MeAla•|Sar•|NHMe•†B•Ec•|Ala•|Sar•|NHMe•iChapter•@3•j•E

The•@chemical•@shift•@analyses•Ef•@their•@NHCH3•@amide•@pr•Et•Ens•@have•@als•Eindicated•@the

similar•@order•@fbr•@extents•@to•@which•@theƒÀ•Btum•@structure•@is•@fbrmed•FBoc•|Pro•|Sar•|NHMe•„•„

B•Bc•|Leu•|Sar•DNHMe•†B•Bc•DAla•|Sar•|NHMe•†B•Ec•|MeAla•|Sar•|NHMe•iChapter•@5•j•E

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒ••@•@•@•@The•@superi•Erity•Efthe•@Pr•Et•Ethe•Ether•@t‡qee•@residues•@in‰¿ng•@t•Ethe•ii•{1•j•fth•@poslt•fon

in•@theƒÀˆê‰Ám•|like•@structure•@is•@c•Ensistent•EWith•Ethe•@wellˆê‡q•Ewn•@fact•@that•@the•@Pr•Eresidue

apPear•@at•@the•@same•@P•Esiti•En•EftheƒÀˆêtums•@in•@pr•Eteins•@with•@the•Eveäwelmingly•@highest

probability•D4•f5•E7

•@•@•@•@A•@large•@s•Blvent•|dependent•¢6•Ed•D•E•@change•@is•Bbserved•@als•Ef•Er•@B•Ec•|Pr•EˆêSar•|OEt•E

‡pdthis•@magnitude•@is•@larger•@than•@th•Ese•@f•Er•Ether•@B•Ec•|Xaa•|Sar•|OEt•@peptides•Elt•@is

pr•Bbably•@because•@B•Bc•|Pr•EˆêSar•|OEt•Ecan•@take•@a•@backb•Ene•@st‘¥cture•Ewhich•@is•@als•Elike•@the

ƒÀ•Dtum•C•@without•@help•@of•@intramolecular•@hydrogen•|bonding•@but•@with•@help•@of•@some

s•Blvent•|driven•@interacti•Bn•@relating•@t•Ethe•@c•Enf•Ermati•Ens•Ef•@the•@peptide•Ee•E9•E•EdiŠÙrences

in•@c•Bmpactness•@and•@in•@electric•@pr•Epe–Êes•@such•@as•@dip•Ele•@and•@quadrupole•@m•Bments•E

betrveen•@the•@confbrrnations•D

•@•@•@•@•@Alth•Bugh•@the•@magnitude•Ef•@changes•@is•@srnaller•@than•@that•@for•@B•Ec•|Pr•E•ESa•u•gNHMe•E
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Boc•|Pro•|Gly•|NHMe•@exhibits•@a•@distinct•@solvent•|dependency•@of•@the•@A60dctt•@values•D•@For

Boc•|Pro•|Gly•|OEt•C•@the•@solvent•|dependent•@change•@is•@not•@appreciable•D

•@•@•@•@•@ct•|Helix•@forming•@peptides•D

•@•@•@•@•@Figures•@6•D29•@to•@6•D31•@show•@solvent•|dependent•@A6ctict•E•@changes•@for•@Bocˆê•C•@Tfaˆê•C•@and

Ac•|Pro•|Gly•|Leu•|NH2•C•@respectively•C•@and•@Figure•@6•D32•@compares•@those•@changes•D

•@•@•@•@•@The•@result•@for•@Boc•|Pro•|Gly•|Leu•|NH2•@is•@similar•@to•@that•@for•@Boc•|Pro•|Gly•|NHMe•D

This•@fact•@suggests•@that•@Boc•|Pro•|Gly•|Leu•|NH2•@keeps•@a•@backbone•@structure•@around•@its•@Gly

residue•@which•@is•@similar•@to•@the•@P•|turn•@structure•@of•@Boc•|Pro•|Gly•|NHMe•D•@The•@chemical

shift•@analysis•@of•@amide•@protons•@for•@Boc•|Pro•|Gly•|Leu•|NH2•@has•@indicated•@that•@the•@Leu•|NH

is•@mainly•@concerned•@with•@intramolecular•@hydrogen•|bonding•@and•@thus

Boc•|Pro•|Gly•|Leu•|NH2•@prefers•@the•@P•|turn•@structure•@to•@other•@HBd•@structures•@•iChapter•@5•j•D

•@•@•@•@•@Tfa•|Pro•|Gly•|Leu•|NH2•@shows•@a•@similar•@solvent•|dependence•C•@but•@the•@magnitude•@of

the•@A•i51•Cict•E•@change•@is•@a•@little•@larger•@than•@the•@one•@in•@Boc•|Pro•|Gly•|Leu•|NH2•D•@The•@chemical

shift•@analysis•@of•@arnide•@protons•@for•@Tfa•|Pro•|Gly•|Leu•|NH2•@suggested•@that•@the•@Leu•|NH•@is

also•@involved•@in•@the•@B•|turn•@formation•@to•@a•@slightly•@larger•@extent•@•iChapter•@5•j•D

•@•@•@•@•@Being•@different•@from•@the•@other•@two•@compounds•C•@the•@A60dct•C•@value•@of

Ac•|Pro•BGly•|Leu•|NH2•@decreases•@in•@the•@region•@of•@the•@CDC13‹uaction•@over•@80•“•iv•^v•j•D

This•@result•@is•@probably•@attributed•@to•@the•@fact•@that•@Ac•|Pro•|Gly•|Leu•|NH2•@takes•@the

13•|membered•@HBd•@structure•@in•@CDCI3•|rich•@solutions•@rather•@than•@the•@P•|tum•@structure•D

This•@is•@supported•@by•@a•@comparison•@of•@the•@extents•@to•@which•@the•@anti•|NH2•@amide•@proton

•D•@takes•@part•@in•@the•@hydrogen•@bonding•C•@which•@indicates•@that•@Ac•|Pro•|Gly•|Leu•|NH2•@can•@form

the•@most•@stable•@13•|membered•@HBd•@structure•C•@which•@is•@thought•@to•@be•@the•@ct•|helix•|like

structure•D•@These•@facts•@suggest•@that•@the•@large•@A6cti•Dt•@values•@are•@characteristics•@of•@the

P•|turn•@but•@not•@of•@the•@ct•|helix•D

Discussion•F

•@•@•@•@Utility•@of•@A61x•^ct•C•@values•@as•@indices•@ef•@B•|turn•@formation•D

•@•@•@•@As•@mentioned•@so•@far•C•@the•@large•@ASal•D•C•@values•@for•@some•@Gly•@and•@Sar•|containing

peptides•@are•@due•@to•@the•@formation•@of•@rigid•@P•|turn•@structure•D•@When•@the•@peptides•@from•@the
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type•|IIƒÀˆêtums•iChart•@11•j•C•@the•@Gly•@or•@the•@Sar•@residues•@occupy•@the•i•f•{2•jˆêth•@position•@in

the•@turns•D•@The•@unique•@set•@of•@the•@dihedral•@angles•@of•@the•i•f•{2•j•Bth•@residue•CƒÓ••80•B•@and

y••O•æg”Res•@diŠÙrent•@ge•Emetries•Ef•@the•@tw•Eƒ¿ˆêpr•Et•Ens•@relative•@t•Enearby•@C••O

groups•@inŒŒe•@sequence•D•@Under•@these•@circumstances•C•@the•@twoƒ¿ˆêprotons•@may•@have•@very

diffƒqrent•@chemical•@shifts•@mainly•@due•@to•@the•@anisotropy•@of•@the•@diamagnetic•@susceptibility

of•@the•@C••O•@group•@ofthe•@preceding•@residue•E

•@•@•@•@On•@the•@other•@hand•C•@the•¢•iSa•^ƒ¿•Evalues•@fbr•@13•|membered•@HBd•@structure•@forming

peptides•@are•@c•Ensiderably•@small•C•@and•@the•@value•@f•Er•@Ac•|Pr•EˆêGly•|Leu•|NH2•@bec•Emes

smaller•@in•@CDCI3•@than•@in•@more•@polar•@solution•@such•@as•@80•“•iv•^v•jCDC13•D•@These•@small

magnitudes•@of•¢ƒÂ‚µƒ¿•Evalue•@are•@thought•@to•@be•@caused•@by•@altemation•@of•@HBd•@structure

‹u•BmƒÀ•Etum•@t•Eƒ¿ˆêhelix•@in•@the•@l•Ewer•|P•Elarity•@s•Elvent•EThis•@speculati•En•@implies•@that•@the

tw•B•@Glyƒ¿ˆêpr•Et•Ens•@have•@similar•@chemical•@shifts•@in•@the•@ct•|helical•@stmcture•EThis•@is

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@contrary•@to•@the•@case•@of•@theƒÀˆêtum•D•@However•C•@theƒ¿ˆêhelical•@structure•@also•@takes•@a•@unlque

set•@of•@dihedral•@angles•CƒÓ••ˆê57•B•@and–c••ˆê47•B•@fbr•@every•@residue•C19•@and•@the•@two•@Gly

ƒ¿ˆêpr•Et•Ens•@will•@be•@placed•@at•@different•@P•Esiti•Ens•@relative•@t•Eb•Eth•@the•@Pr•EC••O•@and•@Gly

C•|O•@9r•Eups•D•@It•@is‹È•E‡owhether•@these•@tw•EC•|O•@gr•Eups•@give•@diamagnetically

anis•Btr•Epic•@effects•En•@each•Efthe‡Šƒ¿ˆêpr•Et•Ens•@c•Empetitively•Er•@c•Encertedly•Edn•Ether

P•Bssible•@explanati•En•@is•@t•Eattribute•@it•Et•Elarge•@fluctUati•En•Ef•@the•@dihedral•@angles•Ef•@the

Gly•@residues•C•@which•@w•Euld•@remain•@quite•@1arge•@even•@when•@the•@peptide•@takes•@the•@ct•|helical

structure•D

•@•@•@•@The•@combined•@analysis•@of•@the•@IR•@and•@NMR•@results•@shows•@that•@Boc•|Pro•|Sar•|NHMe

makes•@the•@strongest•@S•|turn•@arnong•@the•@peptides•@measured•@in•@the•@present•@study•D•@As

menti•Bned•@bef•Bre•CŒŒe•@pyn•ElidineŒŒg•Ef•@the•@Pr•Eresidue•@resUicts•Ene•Ef•@the•@dihedral

angles•@of•@this•@residue•C•@ipp•C•D•C•@to•@about•@ˆê60e•C•@which•@is•@particularly•@fit•@for•@the•@P•|tum

backbone•D•f•g•E56•@Moreover•C•@the•@A6ed•D•E•@values•@for•@Boc•|Pro•|Sar•|NHMe•@are•@much•@larger•@than

those•@for•@Boc•|Pro•|Gly•|NHMe•D•@This•@is•@because•@the•@dihedral•@angles•@of•@the•@Sar•@residue

at•@the•@•ii•@•{•@2•jˆêth•@position•@ofthe•@turn•@are•@less•@fiexible•@than•@those•@of•@the•@Gly•@residue•@at•@the

sarne•@position•C•@which•@is•@probably•@due•@to•@a•@steric•@effect•@ofthe•@Sar•|CH3•@group•D

•@•@•@•@Estimation•@of•@AG•@values•@for•@P•|turn•@formation•@ef•@some•@peptides•D

•@•@•@•@In•@this•@section•C•@1•@make•@use•@ofthe•@A•i5ivof•@indices•@for•@estimating•@the•@free•@energy•C•@AG•C

for•@formation•@ofthe•@P•|tuiln•@structures•@ofpeptides•@in•@solutions•D•@As•@seen•@in•@Figure•@6•D28•C
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Boc•|Pro•|Sar•|NHMe•@shows•@a•@steep•@transition•@of•@the•@A60dct•E•@value•@as•@the•@solvent•@dielectric

constant•@changes•D•@The•@infrared•@spectra•@of•@Boc•|Pro•|Sar•|NHMe•@in•@CCIofCDC13•@mixed

solvents•@have•@shown•@that•@the•@population•@of•@a•@HBfree•@conformer•@is•@very•@small•@in•@CDC13•C

and•@completely•@disappears•@in•@solutions•@with•@CC14•@fraction•@of•@higher•@than•@600•^o•iv•^v•j•C

where•@dielectric•@constants•@of•@solvents•@are•@lower•@than•@3•D5•D•@ln•@this•@case•C•@the•@observed

A60d•D•E•@value•@in•@CCIa•C•@1•D593•@ppm•C•@can•@be•@taken•@as•@the•@upper•@limit•@at•@which•@the•@Sarˆê•@and

the•@Gly•|containing•@peptides•@take•@completely•@the•@P•|tum•@stmctures•D•@On•@the•@other•@hand•C

the•@minimum•@A60dat•@value•@observed•@in•@pure•@D20•@solution•@for•@each•@peptide•@is•@thought•@to

provide•@the•@lower•@limit•@at•@which•@the•@peptide•@is•@the•@most•@flexible•@enough•@to•@fluctuate

among•@various•@conformations•@within•@the•@NMR•@time•@scale•D•@This•@flexibility•@is•@facilitated

by•@a•@break•@of•@the•@intramolecular•@hydrogen•|bond•@which•@is•@replaced•@by•@an•@intermolecular

hydrogen•|bond•@with•@D20•D•@Such•@a•@state•@of•@peptides•@with•@the•@maximum•@degree•@of

conformational•@fiuctuation•@can•@be•@described•@as•@a•@random•@structure•D•@Therefore•C•@it•@is

reasonable•@to•@assume•@that•@an•@intermediate•@A•@6edctt•@value•@is•@a•@weighted•@average•@and

provides•@a•@population•@ratio•@ofthe•@P•|turn•@structure•@to•@the•@random•@structure•F

•@•@•@•@P•iP•|turn•@•jIP•irandom•j•@•••@•iA6ct•^of•@ˆê•f•g•@A•@6ct•^•D•E•iD20•j•j•^•i1•D593•@ˆê•@A•@60L•^ctt•j•D

Then•C•@the•@free•@energy•@for•@fotmation•@ofthe•@P•|turn•@stmcture•@of•@the•@peptide•@is•@given•@by

•@•@•@•@AG•@•••@•h•@R•@71n•m•iA6c•C•^ct•E•@ˆê•@A•@6ct•^ctt•iD20•j•j•^•i1•D593•@ˆê•@A•@6at•^ct•E•j•n•D

•@•@•@•@Figures•@6•D33•@and•@6•D34•@show•@the•@plots•@of•@AG•@values•@against•@dielectric•@conStants•@for

some•@Boc•|Xaa•|Yaa•|NHMe•@peptides•@with•@Yaa•@•••@Gly•@and•@Yaa•@•••@Sar•C•@respectively•D•@The

AG•@values•@indicate•@that•@the•@P•|tum•@structure•@of•@Boc•|Pro•|Sar•|NHMe•@is•@the•@most•@stable

•Damong•@those•@of•@all•@the•@peptides•@studied•@in•@the•@nonpolar•@to•@moderately•@polar•@solvent

range•D•@With•@somewhat•@higher•@AG•@values•C•@other•@three•@Boc•|Pro•|Sar•|NHMe•@and

Boc•|Pro•|Gly•|NHMe•@also•@form•@the•@B•|turn•@structure•@to•@an•@appreciable•@degree•@in•@the

similar•@solvent•@range•D

•@•@•@•@Solvent•@effects•@on•@AG•@values•D

•@•@•@•@Figure•@6•D35•@compares•@the•@AG•@values•@measured•@by•@using•@five•@kinds•@of•@the•@mixed

solvents•@for•@the•@P•|tum•@formation•@ofBoc•|Pro•|Sar•|NHMe•@•itrans•@•{•@trans•j•D•@The•@dielectric

constants•@ofmixed•@solvents•C•@s•C•@are•@obtained•@by•@taking•@averages•@of•@dielectric•@constants•@of

pure•@components•@with•@weights•@of•@mole•@fractions•D•@Dependence•@of•@AG•@values•@on•@these

solvents•@suggests•@that•@the•@solvent•@ability•@as•@a•@hydrogen•|bond•@acceptor•@is•@in•@the•@following

•E163ˆê

order•F•@water•@•r•@DMSO•@•r•@acetone•@•r•@methanol•@•r•@acetonitrile•@•r•@chloroform•D

•@•@•@•@Regardless•@of•@the•@high•@dielectric•@constant•@and•@large•@dipole•@moment•C•@acetonitrile•@is

very•@weak•@as•@a•@hydrogen•|bond•@acceptor•@and•@thought•@to•@be•@harmless•@to•@the•@peptidyl•@NH

group•D•@When•@the•@CDC13•^acetonitrile•|d3•@mixed•@solvents•@are•@used•C•@the•@AG•@values

increase•@gradually•@with•@increasing•@solvent•@dielectric•@constants•D

•@•@•@•@The•@AG•@values•@for•@the•@CDC13DMSO•|d6•@mixed•@solvents•@are•@definitely•@higher•@than

those•@for•@CDC13•^acetonitrile•|d3•D•@This•@additional•@destabilization•@of•@the•@P•|turn•@structure

by•@DMSO•@is•@mainly•@attributed•@to•@the•@strong•@hydrogen•|bonding•@ability•@of•@the•@sulfoxide

group•@of•@DMSO•D•@lt•@will•@accept•@the•@peptidyl•@NH•@group•@by•@taking•@the•@place•@of•@the

peptidyl•@C••O•@group•D

•@•@•@•@It•@is•@intriguing•@that•@the•@effect•@of•@methanol•@is•@rather•@similar•@to•@that•@of•@acetonitrile•@at

low•@fractions•@in•@the•@CDC13•^methanol•|d4•@mixed•@solvent•C•@but•@becomes•@similar•@to•@that•@of

DltvlSO•@at•@high•@fractions•D•@This•@is•@probably•@because•@methanol•@molecules•@tend•@to

associate•@each•@other•@in•@the•@chloroform•|rich•@solutions•@and•@can•@not•@afford•@to•@fully•@perturb

the•@intramolecular•@hydrogen•|bond•@of•@a•@peptide•D

•@•@•@•@Other•@thermodynamic•@propenies•@for•@P•|turn•@formation•D

•@•@•@•@Figure•@6•D36•@shows•@temperature•|dependent•@A60d•D•C•@changes•@in•@CDC13•@solutions•@for

Boc•|Ala•|Gly•|NHMe•@and•@Boc•|Pro•|Gly•|NHMe•D•@Simiiar•@measurements•@were•@conducted

for•@Boc•|Ala•|Sar•|NHMe•@and•@Boc•|Pro•|Sar•|NHMe•@at•@various•@mixing•@ratios•@of•@the

CDC13DMSO•|d6•@mixed•@solvents•C•@and•@the•@results•@are•@shown•@in•@Figures•@6•D37•@and•@6•D38•C

respectively•D•@Using•@these•@A50dof•@values•C•@temperature•|dependences•@of•@AG•@for•@solutions

of•@Boc•|Ala•|Sar•|NHMe•@and•@Boc•|Pro•|Sar•eNHMe•@are•@estimated•@and•@shown•@in•@Figures

6•D39•@and•@6•D40•D•@At•@every•@solvent•@mixing•@ratio•C•@the•@AG•@value•@for•@P•|turn•@formation•@of

B•Bc•|Ala•DSar•|NHMe•@gradually•@increases•@with•@increasing•@temperat–QIn•@additi•En•Ethe

slopes•@of•@changes•@become•@less•@steep•@at•@high•@DMSO•@fractions•@in•@the•@mixed•@solvents•D

For•@Boc•|Pro•|Sar•|NHMe•C•@similar•@temperature•@dependence•@is•@seen•D•@On•@the•@basis•@of

thermodynamic•@relationship•C•@AG•@•••@AH•@ˆê•@TAS•C•@enthalpy•@and•@entropy•@changes•@for•@the

B•|turn•@formation•C•@AH•@and•@AS•C•@respectively•C•@are•@obtained•@from•@the•@slope•@and•@the•@intercept

ofthe•@plot•@of•@AG•@vs•@T•@as•@follows•C

•@•@•@•@tNS•G•@•••@SB•|turn•@ˆê•@Srandom

•@•@•@•@•@•@•@ˆê•i•Ý•¢G‚Ì•^•Ýr•j
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•@•@•@•@•@•@•@•@•••••@ˆê•@•mslope•n•C

•@•@•@•@•@•¢H••Hpˆê•d•BmˆêŒ¤‡pd•Bm

•@•@•@•@•@•@•@•@•F•@AG•i298•j•@•{•@298AS

•@•@•@•@•@•@•@•@•••@•mintercept•n•@ˆê•@298•mslope•n•D

•@•@•@•@•@In•@Figure•@6•D41•C•@resulting•@values•@of•@the•@three•@thermodynamic•@fimctions•@for

Boc•|Ala•|Sar•|NHMe•@are•@plotted•@against•@the•@mole•@fraction•@of•@CDC13•C•@xcoci3•D•@ln•@the

range•@of•@xcDci3•@higher•@than•@O•D9•C•@the•@AG•@value•@for•@B•|turn•@formation•@of

Boc•|Ala•|Sar•|NHMe•@is•@negative•C•@which•@is•@due•@to•@a•@1argely•@negative•@AHvalue•D•@And•@the

P•|turn•@formation•@for•@this•@peptide•@is•@by•@1•D3•@kcal•^mol•@favorable•@than•@that•@for

Boc•|Ala•|Gly•|NHMe•@in•@CDC13•D•@This•@increase•@in•@stability•@is•@mainly•@due•@to•@a•@reduction

in•@magnitude•@ofthe•@entropic•@term•C•@TAS•C•@yielded•@by•@replacing•@the•@Gly•@to•@the•@Sar•@residue•D

Negative•@zNS•G•@values•@are•@thought•@to•@be•@caused•@by•@losing•@structural•@flexibility•@upon•@P•|tum

formation•@in•@which•@the•@dihedral•@angles•@of•@the•@residues•@concerned•@are•@fixed•@at•@optimal

angles•D•@As•@the•@DMSO•@fraction•@increases•C•@the•@unfavorable•@entropy•@contribution

attenuates•@considerably•C•@but•C•@instead•C•@AHbecomes•@positive•@so•@steeply•@that•@the•@P•|turn•@of

Boc•|Ala•|Sar•|NHMe•@is•@destabilized•@futher•D•@DMSO•@solvent•C•@by•@forming•@a•@strong

intermolecular•@hydrogen•|bond•C•@deprives•@the•@terminal•@NHCH3•@group•@of•@its

intramolecular•@hydrogen•|bond•@partner•C•@the•@C••O•@group•D•@ln•@this•@case•C•@formation•@of•@the

solvent•|peptide•@hydrogen•|bonds•@is•@expected•@to•@reduce•@both•@enthalpy•@and•@entropy•@to•@a
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Moreover•C•@the•@corresponding•@AG•@values•C•@each•@of•@which•@is•@obtained•@by•@subtracting•@an
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methods•C•e•f5•@the•@statistical•@propensity•C•@Pk•C•@with•@which•@each•@amino•@acid•@occurs•@in•@a•@certain

secondary•@structure•@•ik•j•C•@is•@calculated•@by•@dividing•@each•@probability•C•@fk•C•@by•@the•@averaged

probability•C•@•qfk•@•r•C•@for•@such•@occupation•@over•@total•@4741•@residues•@in•@29•@kinds•@of•@different

proteins•C•@Pk•@••fk•@•^•qfk•@•r•D•@The•@statistical•@propensities•@of•@a•@few•@amino•@acids•@for•@the•@•ii•@•{

1•jˆêth•@positions•@of•@the•@P•|turns•@in•@proteins•C•@Pi•{i•C•@are•@given•@as•@follows•F•@Pro•@•i3•D59•j•@•r•@Gly

•i1•D01•j•@•r•@Ala•@•iO•D907•j•@•r•@Val•@•iO•D572•j•@•r•@Phe•@•iO•D489•j•@•r•@lle•@•iO•D406•j•@•r•@Leu•@•iO•D298•j•C•@while•@the

propensities•@for•@the•@•ii•@•{•@2•jˆêth•@positions•C•@Pi•{2•C•@are•@as•@follows•F•@Gly•@•i2•D27•j•@•r•@Phe•f•iO•D776•j•@•„

Leu•@•iO•D430•j•@•r•@Ala•@•iO•D418•j•@•r•@Val•@•iO•D334•j•D•@The•@overall•@propensities•@for•@the•@two

sequential•@position•@in•@the•@turns•C•@Pi•{i•@x•@Pi•{2•C•@are•@in•@the•@following•@order•F•@Pro•|Gly•@•i8•D15•j•@•„

Pro•|Phe•@•i2•D79•j•@•r•@Gly•|Gly•@•i2•D29•j•@•r•@Ala•|Gly•@•i2•D06•j•@•r•@Pro•|Leu•@•i1•D54•j•@•r•@Pro•|Ala•@•i1•D50•j•@•„

Pro•|Val•@•i1•D20•j•@•r•@Leu•|Gly•@•iO•D676•j•@•r•@Gly•|Leu•@•iO•D434•j•@•r•@Ala•|Leu•@•iO•D390•j•@•r•@•mAla•|Ala

•iO•D379•j•n•@•r•@Val•|Leu•@•iO•D223•j•@•r•@Phe•|Leu•@•iO•D210•j•@•r•@Leu•|Leu•@•iO•D128•j•D

•@•@•@The•@P•|turn•@propensities•@obtained•@in•@the•@present•@study•@for•@small•@peptides•@in•@CDC13

solution•@are•@consistent•@with•@those•@from•@the•@statistical•@analysis•@of•@protein•@molecules•C

except•@for•@the•@Gly•|Gly•@sequence•D•@This•@fact•@means•@that•@the•@B•|turn•@forming•@tendencies

of•@the•@individual•@local•@sequences•C•@which•@are•@estimated‹uom•@IR•@and•@NMR•@measurements

in•@CDC13•C•@survive•@in•@environments•@in•@protein•@molecules•D•@This•@is•@probably•@because•@the
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