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r,'

. and xyway crystallography, are at their 1imits in proteln

PR

-

_cammon~skaleton centerad at tha ca, to this 15 attached a
e carbonyl group, an pmino gruup, a prctan and a slda chalng

'.'e gi@e chaln is the mnly.variant,_ﬂvery arina aaid except

g cine is asymmatr*c and is designated’ eﬁther D or L, basad o

. u_ n giyneralﬂ%hyde aﬁ the raference comnound“ Only the

_arm is found in ﬁrotelns. Thrennine and iselauciné shaw ;.f

reoisomerisi ahndt the Ca and ﬁhia is 1abe11eﬁ according_  

Jm VSes & strmct sanse of handedness ugan the strnctures'

the t are buiit wp frbm tha amino acida. The atoms of tha

'-siqr chainsﬁ;re named frum tha ca as per the conventxon of’

E&sgllﬁ (figura Y. Glyclna is unique in that it has notﬁ__'.a

_handad aensa. The. hyﬁragan smda chain alsa allaws it to he |  °_3~ o

used where chains,maat and - spaca is limited qr where
flexipbillity is reézifag,_ﬁxampaes can be found whene o
a~helices pa¢k tagether, in turﬁ’canfarmationa and in hlnge'

regmnns_between protein domains.t® At the opposite_and of_??:

-

LA




%

e

—-.’rﬁ“_‘?‘.g C ’ - .._D‘O
- .

gids.
- hydrogen. Statcing at C,, the firkt heavy atom is 1ahalled=ﬁ"

branch:; the branch with ths 3
- Whera branches are similar, { ; o

" Looking down othe previcus bobhd, - the first bravch reached in
‘a GlQGKWlBa xotation from iﬁHQ’clbek is: labbeled Lo

"axn atums and bonds.g A n ;Ty atom is any atom no'-

Beta, the sgcond Gamma, the thiyd Delta and so on. The
naming of bohds between heagyj=”amb follows in numerical
order. Branches are numbered ycoording to the size of the
ost abtoms being labelled L. -
A clockwise rule ds used. |

(Ieucme} PR _"'f*_l'."*-_-(lsnleq;:me) o
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.....

' ﬁ  the seale pralina is tha»most 5tereoconfnrmad anino- aaid. In:;l

:__proteins tﬁb phi ang&e is stuck at -?0 and the amina

R

_&erminal is unable to hydrogen hond.‘ Proline is. founa mhera ?f

| tbe peptide chaxn-need& to be turned ‘o, itself M*'fI:*:‘ all
"__the aminu aq1ds could be placad in such wall defined |

' categorias, protain atructnre would be no more—tnan a mattar-

uf common senﬁe. Huwever the rulea cf qagmetry ar

""always failad\because praﬁ&dmé can ac&ommuaate stareo

"non-cdhfoxmity or apparent energetic instability o a ;

aurprising degrea. This is. bacause, through avolution, thﬁ  f:.

twenty amino acids have been se;ected thhnut.tha loss nf
 Qasaent1a1 fanctions ar the agdition of radundancies..ﬁhus

-each amino acxd serves & multzpl1city ef purpases.

Figure I shows ‘the amino scids classafied accordzng to thair

polaritiea.~mhe peptide bund is-tha same thrqughout &ny
'_proteln anﬁ it is the side chains that produce A pratein's
_unlqua prapartles. Kauzmann“proposed the 011 drop theory tn

explaln how'the hydrophnbicities of the axde chains nrganise

a pratein« The hydrophobic classi%icaticn of the amlno aclds /
is useful for predicting their positions in prcta;ns. R 5

fl'?

_fclassiflcations aacardlng ?o steric abnstraints are also | %

made. Amino aclds agqregatad in the cantre of a proteln haj

- to pack against eauh other efficiantly.ﬁ Inefficiant packing

.e

¥ i -
,l"' R

: thermodynamics used o ﬁngrﬂpwhole amlnn acid béhavxour have '

' may oppvse the hyﬁrophobic intﬁractibn in aqueous sd&vants._'*

. AF physinlagical pﬁ the aminp acida lysina.ana argin;ne



% _ axe naqatively ¢harged. These ammnb acids axe found at the

?':fwand thlﬁ ‘has hean a magor stumhling hlock in scme prqtaln l’

D TR & o B &

",'surface of proteins whare fhay help salvaﬁlon or they ara

. buried as pagt of a catalytic site infthe pratean. Tha#

1. 3 Peptade structura :

: cell rihasoma. The primary struatura cf any peptzde ms
':_deﬁined as its amino acid aaquencs and no’ prate;n has yat
’ hﬁen faun& in nature that is branaheﬂ.

e

[

will be posltively charged, &spartlg aémd an&'gluﬁamiﬁ aaid

-envxronment of & side chain in a cell of a pﬂbteun can be - ;’

o

very different froh the hulk phase of the anlvent. These

':;mlcrnenvironments are d;fficult ta maasure or apprnxzmate

‘researah. - --:_ s C. ;

The lnformatzon for a proteln sequenae is starsd 1n a 11near CL

. fashlon on DHA‘.It ls txanalatad into protéin v1a RNA agﬁzﬁei:m

kd
[Ty :“)

Thus primary

\l

atruatures aan he faund by sequencxng pfoteina or DNA.;-3 .  '@1. _:

anventlonally sequences are written start;nq at the amlno
/temimlﬁ o o e e ; R
The local structures found in pfateina that L&e st&bilised
hy the interactions of nalghbourinq amino aalds are defined
as - second&ry, The three dimensional ahgpe and the _
interactions cf amina ac;ds distantly “elated on the prxmary

structura are defined by the tertiary Etructure. Finally the

- associatian of prateins with ather pr¢teins, 11g&nds and

présth@tlc graupa is defined by the quaternary shructuwa. In
tne four definiﬁlons of structure theﬁe is an implied

g



Figurp 3 (a), (b) amd~{¢) are dlagramatic representatidns of :
the peptide bond. CL represents the ¢, atoms. In‘%a} the
~nitrogen has an unused slectron paixr: %n a 2p ¢ oital..The -
axyggn 2p orbital is hybridised forming a C-kfaouble pond .
- représented by the shadeg area, There is ‘thug rotation: ahcutif
the £~N bond only. In (b} the sltuﬁtion is similar dxcept -
that the ni# fpgen electrons are hybridised and oxygsn has a
flonq pair wr-its 2p-orbital. The c-ogsingle ‘band canhrotata.r_
In {c) the .resonance struchtire thnught +t¢ oocur is drawn. -
*Botx ‘the oxygen and nitrogen lone pairs ars delocalised -« -
anr ss thewgand {shaded aren). Therd is no rotation about Q=
©-N.%/5 The most stable. @rrangemant of tha ca atams is E

he Trans canfigurationig_ o Lo _ e

i e
i £1

L@



Figure 4 The dimensions of the planar peptide bomd. The. Cgf . . .

atoms are Trans to one~annt2 r. Bopd lengths are in A units.

‘and bond angles in degrees.

o o T L

“
ety
L
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o Figure § The phi and psi conventions for the votation of .
~ planar peptide bonds arcund the C, atom. By the current . |
.. convention phi and p=i _are-_as??igned the value of 180 .‘_"}-{f;'_'

|

Yo

" ith amino

 Repeat _ o
- acid residue

~ distance”
- 0.72nim
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"aﬁﬁ-;fﬂ-----'  j“ e (;&“f"  _{ ' f711T.?

h:l.erarchy, the primary and sacondary stmmturés cleal with
sequem:e a.hd 1ocal interacticna wha,la the tar:tiary ami’
quatprnary struct:uras deal Hi‘t:h thezk :t,hree-—dimansmna}. -: ] :
sms;ghrra af a prm:eim i '_ L " N _
1.4 Peptide bond R ’( R o

i &
1

'I*he peeptide btma 15} fcmag by a ccndensata.on react;u.on s

hei:ueen tha am.no {group nf one amino acid and tha carhaﬁ:g
teminal uf anuther. ‘,E‘he peptide hond m planar du‘e ta the
delocalisation of mectrans ( f:.gg.y 3 3; ved mal:i_ng a.nd cerey
prcvz.ded ‘the flrst sa‘t of- standardxsad Eoﬁd fengths anei

angles far the peptlde ;bc\hd‘r" (fz.gure 4} . z&dbosa the peptz.da' '
) bond th.a Cm of residue n and the Crx of residue n+1 are 'Jfrans-

to one anoti‘aer ( i:.gure 4} ‘I'he; ‘I'rane'. mﬁfiguraticm has hecan :

calculated te be aboui,; BKJ mo3 mara é-t:able than the c.{&

;Earm.%"" *I'he o is also a. gm{cal mo,d"* anergy barrier tc : 1 -

(afatatmn. Desp:.ta th:j;é, measuremants have shown thai(:d prolma'_‘:ﬁ_'-‘

can form ‘the cia bond W:i.‘!:h a probahi}.ity of 30 peraent. :

'z;'nus 1:{ \-m::dynamlc s‘cahn.h.ty i ncrh the only requirement fo::'_.;

ghe existance of the Trans form. 'I'he peptide hcmd if:s

nomally assumed tn b ,glp.nar RN &ltheugh thera a?mek &rguznents

for slzght dz,stortlons ¢f the plane.’ﬁ Generallm non-planar "

S
T

peptide bond :a.s -assumed when such &n ussumption i:rmqﬁ s:'

,

bettar agreement hetween angrgy calcmlatmns and the _{:.’_-P}I

‘.I_

measured ewdenee. '.t'h:.s assumptwnﬂ is supported rz;y nuclear

\’_"i'.'l.-‘. C

o

magnatm resanance spin«-spin caupling constants mth cyclm

peptides and high resalution x-ray results.‘. In general :Lt



| | o | 13
1s assumeﬁ that the peptlde bonﬁ is Trans with raapect to o
tha Cma and ig planar. This restriatidn of md?ament abaﬁt
 the papt;da hond only allows two degrees Qf freedom of

; ratationw" out the C, defined as phi and psiJQEigure 5)-

éaufséwhv a peptida chain ¢an be mappad out using these twa

hond anglea, Hote that in the cdhventional ‘method nf quotxng

P2

‘the phi and psi anglea, phi is qaoted first.- V'p o S
1odad Ramachandran plot _ I
The Ramachandran plgt is ﬂhown on flgure 657 Ik plnts the
'  _ ratatian of two peptlda planes about Cu in a ﬁlpaptida.; - 5.
. _ Ramachandran calcnlated sterically allnwed and disailcwedrf, _?
'  :m -;a' ' values for phl and pﬂi baaed upon van der. Waal*s radli._anth .
..... resxduas infthe model had a B on the side\ﬂtjlns. From- the - &%
examlnation af xﬂray crystallographa it baul @ jclear that in  -{.
prateins the atnmlc @J\tacts were closer. The eﬁfact nn the |
plot of the claser appraach of tha at@ns wag to inareasa the
g hiaa of the allowad canformatzonal araas.’ln figure 6 the |
ancraased allowed feg\ons are hatehad‘ qu "’ glycine-glyﬁine ’+
&ipeptlda the plot wo d be symmetrxqﬂl about phis=0", psimﬁ .
h?cause it ¢an form the 1aft- and r;ght-handed verslans of ’
any allowad conformations ‘with equal ease. The disallowad
' regmona dnly occur whare thare ia stareochemlcal hindranée L
betweén carbonyl and aming groups. This ig tha case at
. ~180 ,G and at. 0* ’ —180 W In the former: the aarbnnylﬂ come ”'
o0 clase togethar and in the latter the hydrogens of the

~N-H graups interfers. An asymmetriﬁ amino aa;ﬁ mntroauces | o



. pigura. 6 The Ramachandran plot of phl versus peiina - L
dipeptide. The two enclosed, unshaded, irregularly shapead - h
. areds occur wherse there is no steric hindrapece. They énclose
~ _the values for the a~helix and the B~shetet oL The shaded -
- areas are sterically hindersd structures found in proteins .
© by X-ray crystallography and, left handed helices. o

"?
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4.

.twn strlps ara dlsallaweﬁ by thess faﬁtors*: they 119

- batwaan phi valuas of 80 and 180°  and’ ps; ‘values of —80

: regianSx

ARU

&

f4 .

} assgmatry 1ntn tha plat. The rightrhandeﬁ canfnrmations are o
posaihle whike the leftwhanded confurmations are genarally
'g-nota This is8 becauss ratatzun about phi causes thart; of tha f@
'.=secon& ras;due to 1nterfére'steréachemically wzth the :

”'carhonyl of the first resiﬂue,

$imilarly by rntation ahnut psi the amino graup af regidua

"3 n+1 interferea with the side. chaln nf residua n. In figure 6

&

and’ —13& . The remaining qhadrant in the top left of the

‘plot has three. axlawed ra@ionSa TW 1arga regimns q;@resant
E the B ‘and rightwhanded heli&a1 sautions and one sm&&lem H

' 1mft~hanﬁed helical saction. Generally the alatributions of

angles faund in pﬂotains are clushered around the aliaﬁ&d

P

ﬁ('

- Io maximise the distance betwesn the carbonyl group and side

chain, ph; can be fixed at wﬁo - By dnmng hhis and rotating
pai tha whﬁ;a range af right-handed heliaas are 90931b1a.
Thué the plet -can be used &= pradiut Iikely structures.

1.5, %acondary structure R R

ﬂkendfew Eald of myoqlﬁbin' “The arrangaﬁant Seéms tc be

e totally laaklng in the kind of: regularities which one

"antx¢ipates.““ mhis was because prior to the 1ow~reﬁdlutian
E'._ x—ray atructuza of mynglobin, predimted prgte*n struatures
'hased on analuqiea Exom mathematzcs and chemistry wera '

o

- Bimple and regular geometrlcal shapes. eammanting on

\\ .
\‘-

)

=



calwlEy o

| haémbqtbbln, Perutz avan aaked himself ‘f the @aarah for -1 ':?
ultimate truth could rea@ly hava revaaled “su ﬂ deaus and
vxscaralwlmuxlng an objguet?he gince then the reg lazlties aﬁ
prctein struytura havafiecome hetter apprauiated* Hhe

o

ﬂcuumulatlon of knowle&ge of prctain stractura hma requlred s

1]

a whale new. voeabulamy for its anatomy and taxahamy. Tna

_ &ivarsxty of protazna%zs bewildaring and a agxuctuxal

' classificatian was=no£\pnssible without a knawladq@ of o
sacandawy structgxeahnaqﬁlax secondaxy structuraa ware the _ ”

s ‘%ﬁiiﬁb and ‘Coray in 1951 pruduueé

first to’ ba clag?

the first a-hedh - iy et nodels™. This was followad. ..

Jr"‘

by tha atru@hu?u vffthé q&l’égan heliy of Ramachandran‘“
-nthar serondapy struguure» are all variatiana on thaae

\ﬁ themas “and inoluda sﬁﬁp»tures saah as turns and pnckets.- |
The' deslgnatﬁnn of spcondary structures in proteins is -

partly subjactive, Each naw prntein x~ray atructure producas -

dxiferennes 1n the ‘basic patterns of. secondary struatnres.
For tbis reasnn it has not heen passibléjta prov;de a '
standard 5ht of definitions. Tha prohlem is that ﬁh
daiinitions of bgpd angles and rules of applimation have to
-~ he flexxble enaugh to aucount far the dev;atians saen in K

proteins while ‘being strict anouqh to e?factively exalﬁde

ngnﬂcanforming atructures. The farmulatian of such rnles has __  '

been suggasted savaral timas and is onqaxng.m

SR

EEi A c Lo T
.. : : - o
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. the helix ag are’ cB branchad amino aaids. In. proteins

1 5 1 Helices i\ o N o SR

. The a-halix 1a the classza\secandary struature“‘*“’and is

tha mast stahle.m TE fbrﬁa part\of a semles of halicaé

defznad by thair repeating phi and psi angles. The exv1u81ve o

use in natura of L—amino acids forces & rightvhan&ed
ahirality in almast all helical structures._ﬁetting phi at
ahout “§0” maximisea the dlstance betwean the aminc acid
slda chains and the carbonyl grpup in 1 paptida bondﬂfn
Rptatlng psi praduces ali tia xight*handad halicea as Ehe

ramachandran plot shuws (figure 6 Figure 7 dapiats the m,._

3m and w hellees.-' %.ﬁ - _ f",‘ 7.‘@;
L.B.L 1 ahﬂaxix _ _ _
anﬁelicas can be up to 2£ 1asidues in length, The amino

acmds L-alan;ne, L-glutamate, Lmlauamne and L~meth10nine

“tend to favour a-helix formation, L—proline is disxuptive ﬁu

a-haliues devia ? from the ideal. axes ean hetid up ta 20

, and tha hydrngenfhonaing pattarn 45 samatimes disrupted,
L—prnline has a restrlcted phm angla of ~70" and forces a
turn in the halix. It cannot: hydroqan band ﬁhrough its N-H-
. group and can be accammodated onlyvan tha first four amino
. acids. The a-heyix oftan alters at tha aarhonyl tarmlnal

-where it may tighten up to a Sm helix. anather frequent

. occurrence at’'s hellx tarmlnal iz g 1aftwnanaad confnrmea

- glycine.S __=. U B R e

N

-

..if:.
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z,In protains a—helicas often appear on the suxfaq? In thxs |

'posétian ane. side is in the axternal medium and one in the -
__hydrOphcbia interior- of the pmoteln and the seﬁgence has an
'amphlllc nature. To achiave this the 5equenee shows a_
_;perindicity with respect ta the side ahain hydrophﬁbicity uf -“
3 to 4 rasidues.*ﬁ’ __' ' N
1. 5 1.2 Sm, V- and W Heli¢es
The, . and Sm,hellcas are Grawn on figure 7. Tha 30 halix‘ks

- more tzgﬁtly coiled and less stable than the a—heli§¢ In | f&'_'

\protaxﬁs they are short and appaar at the c—tarminii ﬁf  §%
- a—heliaas where they force a tiqht turn‘ \then.the 1w hellx'r
and arhelix conformations mlx and form a Oy helix.®
| %hekﬁ-helix, another structura predicted by Pauling and

Corey in 1951“ ‘has not hean observed in many actual
_'prota*ns’eﬁ° .
{ 1.5. 1.3 The left—handed and collagen helices _
'Holdang phl at ~6Q° and rotatlnq p51 from ~30° towards 0’
hrlngs the carbonyls of the paptide backbone into aontact
§ith the N-H. groups of - the naxt peptlde bond and is -
”_'unatable. The next: stable structure is a. leftﬂhanded hellx '”__
at 120 . Polyprolina forms a 1eft~handed helix at thls value
(flgure 8). This structure in a single strand is called an

B e-halmx‘ Only a faw examples have been faund in glohular

pretaxns but iﬁ forms the basis of the prate;n collagen. The;.

© important prnperty of the 1eft—handed helix is that the

| " carbonyls and N~H qroups face. ouﬁwards and parpandicular to

v



W

Eig ure Z The hellcas dan be dascriﬁed by the number of amlna

_uaCld residues incorporated into one turn, the distance

. “traversed by 4 turn or the product of i ase two values,;
‘called tha pitoh.” The g-helix is the mest stable of the- |

helical structures. Tt is characterised by 13 atoms between

- each hydrogen hond and 3.6 amino acid residuss per turn

" (also called the 3.6;3 helix). The hydrogen bonds dre
-parallel to the hellcal axis and linear which maximises
 their strength,S o helix hydragen bonds are joined by 10

- atoms and the hellx turns on its axie with 3 residues. The

hydrogen bonds face ontwards and are not aligned with the
" helical axis.® The 7 helix hydrogen bonds are joined by 16

- atoms (4.49p helix). This structura is unstable and rarely_':
. seen 1n proteins._ - _ _ . c



'd‘

‘;the halix axis The orlentatxon of tha groups allows
“palypwalmna chalns tc form intarehaln hydrogen bonds. In ” N
'__ccllagen three chainb intaract 1n a right-hande& trxple g;

"_.hellx (flgure 3T This forms a stxong struature used far a

. 'variaty of functians mclmfing tandnns and skin in mammals._
1.5.2 -gheets | | |
'-fBHSheet structurea-were betier predxcted than the hellces

because the x—ray patterns showad r@peating diatanues along

K

o tha fxbmes of an axtandaﬂ structure. The possibilitias were

\

therefore reducedm‘ The basic structure of the B—shaet Was
:upredlcted to expla;n the structura og keratin f;hres. In :

k'l1951 Pauling and: CQrey produaed thair \Eaels of antlparallal

| - and parallel Bmpleateq sheetﬁ:“ (ﬁigures 9& and thm Slﬁa # _

groups an adjacent strands extend to the same aida Qf the

sheet and are in cloze cbntact. Sheets shaw a atatistical o

preference for matching aminn aclﬂS‘ hydrnphobia groups

"pair, oppasmte charges on side ahains pair and branched c9 IR
frasiduea pair with unbrancheﬁ c;. The anheat confgrmatian

phi and psi angles can be found in the top left quadrant of

. the Ramachandran pﬂat (figure 6) The energy minimum for the
B—sheet lS shallaw and this may explain why a atrand uf _

| Bwshaet can contain up to 15 reaidues while m-heliaes can he
35 residues in length.® The artiparallal sheets are more :'_ _

3 _stab1e than the parallal sheeta. Parallel sheats usually .*;‘3

‘contain large numbers of #trands and are found ln protein

cores protected from the aqueous madium of & cell.a Tha



. o

- Figure 8 Collagen (a) is made of three left-handed helices

o smmilax to the polyprcline ‘helix (b). The carbonyl and amine

- groups face outwards in the left-handed helices and the :
- peptide chains can hvdrogen bond with each other. The three

 nelices dre wound in a right-~handed trlple helix. In (a) the

amino acid positions 1, 4 and 7 are in tlose contact with

 neighbouring chains and there iz only room for a glyclne

- .residue. Positions 3, 6 and 9 can atcommbdate proline as

there is no requirement for the aming’ group ta hydrogen

bond. Pasitiuns '2,.5 and 8 can accept a variety of dmine

" acids.? This model ‘explains the repeating aminc acid -
seguénce of “(glxclne«xﬁprollne)~ found in collaqen (x is

__any-aminpgacid) _

o ora sly i
Wy Hbont (X}
¥ brgien

by

Fe—§ Angstroms—s>y
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Figure g.Antiparallel and parallel B-sheets are named
- according to the orientation of the adjacent peptide - '
o gtrands. In (a) and {b) the direction of the peptides (N to
- C-terminal) is marked by an arrow. Antiparallel B-sheet is
., characterised by pairs of widely spaced hydrogen bonds
alternating with clogely spaced pairs. In (a) the amino
. acids on the top surfdecs (comling put of the plane of the -
‘paper) are hydrophilic, for saévation in the medium, and the
 bottem surface is hydrophabic.® Tie pavallsl B-sheet :
“hydrogen bonds are evenly spaced but slanted. Parallel ‘
sheets are usually buried: inside a protein gore and the
-amino acids are therefore predominantly hydrophebic.® =

(@ .
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......

Thls explalns why tha dmstrlbutions of

than antlparaﬁ?/f#
phi and p51 8 lma of parailel sheets in protelns ara _-.~H

smaller than “'e antmparallel dmstributaons.“

o Y

Hlxad sheets at Tare, prohably becausa of tha dlfferent ph1
anﬁ psi angles required. In pratelns paralle1 and the
parallel portlons of mlxed sheets are normally burmed under

.‘an a-helix, e _fﬂ o ' 7” _'1'_=¢
hntxparallei sheets are expased to he solvent on one '   §'}
surface. To aacommodate thls they exhibxt a perladiclty of . é
1n the hydrophoblclty Qf the qequenceﬁ _' R __:_' - '§ 77-“

1 5 3 Structures with nOnnrepethaive ph1 and psz angles o

Regions in a prote;n that dafy tha.iabel af hellx ar ﬁ-sheet

have been classed un@er the general descrlptlon of cﬂll.x.

'_ iwhis arbitrary ass;gnment LS mlSlEHdlﬂg as. _the structuras_ '

are not the same ‘and are often very-lmpartant in a proteznfsf' o
fﬁnctxon. Non—repetitlve structure5 are by definitmon | i

-.;_ragions where the phi and psi anglas are nat regularly -

.rapeated. ‘The posmtion, ature and valuas of ‘the phl and ' ﬁg/f*%g@;;
psi, angles of each amlna acid are far more impartant 1n _f .f“L¢3
these structuhgg tna1 ih repetitmve atructures Where tha PR :

",overall nahuré oty éuenca is the qverrldlng factor‘ LT

Purns, bulges, hng%&ﬁled‘pockets halrpxn bends, ordgred o
but unclassxfled st%ucéures, reqxons of random structural '#?7

ffluctuatlon and unknown struatures are all GlaSSlfled as

: nonwrepeti%ive structure. The flrat tnrae Qan be g;ven more -

o

Loz
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& i

jheading of random coxl.;;w.”

1.5.4 Turns ' <x

gbzreverses its dlrectzan. E-Turns do this with four amlno
"-acids and gamma turns raquire three.® Turns are 1eas hf""/
| conspiauous in eray analys;s than hellces becaug q % phi

__and psi aﬁgles are not repetltlve. In: globular pr -r;ﬁz

i
ahout onentp1rd of the sequence is takan up by turns. Turns

o are polmk compact structures in which the amino aCId 51de
fchains fdba aﬁtwards. They' combine aw, Bw, laft—handed i:
glysine conformatlons and varlaus hydrogen bondznq patterns .

' ta give an enarmous range af structuraa even w:th 3 or. 4 -

: the'liﬁlts for atomlc,cnnﬁact-radii set by Ramachandran.,

Hydrogen bonds were deflned as cantacts between amide

tha hydrogen bond angle devzated no more than 30° from -

'llnear._mhese definltions Bad been used for the successful

:modelllng of helices. conformations w1th hydrogen baqﬂs'-

separated by three amino acids v \e calculated. Thrae types

- 'were predicted ‘and labelled I, II'and IIL. 'I‘he stability of
_turns has since been shawn to ba great enaugh for the

requirement of the hydxogen hond to ke droppedP and they are

solvent mclecules. Nemethy and Scheraga hava shown that

"""""

@

residues. 'Venkatachalam“' in 1968, predicted turns by uszng-:

_nitrogen and- oxygen atoms wmthzn 2. GA and 3 28 unlts where:ﬁV

often found on the surface of proteins hydrogen bonde (to .\\'

\

L4

_ accurate degcrlptxons; the 1ast two are diacussed under the.'”

--¥-§ turn is deflned as’ a s;te where the polypeptlde chaln :  L

w

I

e, et o e i iy e oo

oy g s



' .-_"(fa.gure 10). : . B ,

9standard Ir Ix, III turn dgfinltians requlre’same changes in¢33m
ﬁ ,thair dxhadral angles to a¢commudate‘tha hydragen‘b?nd,pﬁ“_;si-
- The thrae types haﬁa mirrcr 1mages ﬁenoteg by, ;P I‘ an&"3?
; 2

_IIxf; Type I and II turns differ by a rotatlnn 180'_in3

-:'the saconq p51 angle (figure 13], Tha typa iIE turng %?nﬁt

af the same phi. and psx anglesﬂas a 3m halix. Turns can aﬁ-

_he defined?ln terms ‘of the directmon chaﬁges fo;ha Peptlda S
_ hackhone that thay effectg“ The ph1 and psl and végtor ?}faifg

'definitibns ure equlvalent and tha Ghoice dapgnds upaﬁ tha

- typa of’analyszs. -,@w.,

3 'gteric raquiremamts wiéh respact to thé&r sequence.”ﬁast
important tm a turn 13 tha'change of d¢rw¢tien Qhat Trans
«'prclzne forces on ﬁha peptide backb@ne. Praliﬁe forces a
'.{ahange in directlon that co hcides w;th the hydrogen hand

LB

fnnformaq 31&@38 I, II and III 1nvariably place p&blmne in

.fﬁéﬁltlﬁn 2 and the pype xI' turn p;acas it atfpoaiﬂion 3% fj“h

‘\~ ra ; ) ) _ y _..n -

J_Turns are pivotal in prdteln strkcture\ rnay mark %hﬁ enda

of sheets ana nPliceS ahd they jain seqpndary at%uctural

_-alements togetner« mhelr locatxon 9n the prctain surﬁaae ;«j;;;_

I

h]fof the seaondarfﬁﬁtructures, turns hava t@e‘mast faatmdlous e

RN v ot
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i

Ei._ggr,__;,_ ‘I‘ypea I (a) and IL (b) B—turns d:.ffer by a ro'tatcmn of
1807 in the peptide bond betwean residues 2 and 3. These
- structures are typlcal of the B-turns in :t:hat they reverxge the
‘direction of the polypeptide chain within 4 amino acids.® g-turns
are compact structures and place definite steric demands on their
‘anine acids, Types T and IT turns usually have a proline ai: '
pusitwn 2 and glycine at pomtwn 3. _ :
¢



| fit the label of helix or sheat._ e‘ls can be classified i

e : TR | - . |
| l 5 5 BmBulges R P . . :
- s

u'The ﬂwbulqe is a ragion betwaen two'intermélecularly

'hyaxcqen honded B-gtrands whera two or more r951dUe£ on one
" sfrand are dpposite a single residue on the other.f The 5
'extra amino e cause & bulgmng whlch results in a bhnd 1ﬂ
. the.ﬁ-conxormatmon, The angle dapends upon the nunber of fﬁ
':reslduas in the bulge.--__ e ﬁ}
| 1.5.6 Coil structumea q - |
Theqterm coil structure is applied to anythinq that doas noti

,1.

. lnuo two groups' thosea that are genulnely random and B E

| fluctuatxng and those that thave an unrlaq&zf;ad ordered |
structure such as the turns ah& pocketa. The former f :E
fluctuating ox. randam structures are terme& random cai%; r
. Thxs type of utru@ture has heen modelled by hhe behavim;rlbf :
pept des in e guanidine hydrnchloride. &nother term, - _“ o
statistlcal coil refers to structures seen in sclutmons_%
that produae coﬁformat;onal averaginq ”"”‘Wha assumptmon 19_ >
that 1n‘the sqlutlon_therg are-populatmqns of recognised
structures. | o o |
"Genuina random coil can: be recognlsed from x—ray
arystallographs by an absence of any alectron dansmty or the
| presence of dlffusa electron denSLties.‘ The causa 15 dus ta :
_mntion of the regions over tha tzme course of a day oL, so._ '
The motion can be random or is mausad hy alternatibn betweanﬁ.'

'different conformations. Soma aide ehains, such as



'~i§bléﬁéine and 1ysihé,'shéw-a réducﬁibﬁ'in theiriexpédtedf":

alaetron densmtiea caused by rapiﬁ mbvemants from a stable
_ aanformatlun._mha regxonﬁ af actual mob&lmty and disarder
'_ may be greater in tha solubzlmsad peptide as the

crystallmsatmon 1ntroduces a kias to the reault. The |

r disardared regians are functional as shown by naemoglobin .

x~ray work;“ In the tran51tlon between the oxy and deoxy _
farms, the salt brldgas in tne 1atter are ordered but in the
former they~are amsordered‘ However 1t is nqt always_
pnss;hle to run x~ray crystallographs to 1dent1fy thase
regicns and themr identlfication can be a problem.;_s

: 1.5,7 Factors affecting secondary structure g

| .B.701 salvent o ' ST |
Iﬁ solution, pratelns are sulvatea and the nature af ‘the
‘solvent is impcrtant. Salvents that can compete wmth the
- peptide backhane hydragen bonds can dlsrupt helicas, pH
alters the charge balance of the sida chains and apalar-
salvants can disrupt the 1;pcphili¢ oore cf a protein.-
l 5.7.2 Water "
Water exists as a liqumd &t 25°C because of its abillty to
 hydrogen hond with itself.“ This pgoducea an extended |

natwnrk that holds the watex molacules together, The

hydroqen honds are transzent, 1ast1ng in the order of. a

;’~ten$h of a billzonhh of a sadend, and ara con#tantly forming :

’ and breaking.” The sﬁlvat;@n of pr@tains in an ﬁqueoua “_T

_ medlum is a.qamplex prac&ss and one ovep-which thexe is

. _.\:‘Il;w ﬁ R .. .' “ e

[}



N

-‘currently much dabate* Some of tne water malecules

™
Y

f.surrounding a protein in solution can be ccnsiﬂaraﬁ a pnrt

of its structure, Water affscts the confarmatlans af exposed :

side chains, the stablllty of the term1n11 of secondary

: structures, tha 1;Rpphillu/hydr0pholic partmtlon of thg

resiﬁues during folding and some activa sxtes. = _
Those waters that are actua‘ly baund to the protein arec
conszdered part of the structure. R=ray diffxactian

pinpoints the occupanwy of water at, partlcular sites.by

“measurlng the prnbabllitv of flndinq a waﬁer molecula at a

partiuular site. Prediatlng the watar occupiad sites %nth

- the Monte Garla q?a?istical mmael &hows a gaod aarrelatzon

- with erafﬁmeasured sites“ Watara found in a proteln core

are used as packxng'to £411 apace. The Water mclecules have ST

Sa hlgh energy relative ta theohdlk phase solution but they

lower the overall energy oﬁythe protein. Hydraqen bands _”

' _.betwean the carbonyl groups af a prute;n and water ate

- stranger than those batween water and toe amind greups. The

B

- fivet hydratlon layer araund a protean is more ordered than

. the second: by tha thlrd or greater Iayers the bulk phase

'_order is seent, )
., 1.5.7.3 8ide chains - . P 0o
| ‘:sequence. In turn the uniéhenesﬁ G ath am;nd acid reaults

3 from 1ts sida chain. For 1% of the anino acmds Levztﬁ” has“””“

£

4

J

"3§The unmquan@ss of a pwatalnwis at* —ﬁﬁ%hble to the pr:mary

l’r"

- found a weak but s;gni;maant preference for ﬂertain

=

- L

]

W




7fcnnformatxonsuuhrginine is the>odd ana cut. On the hasis of
'-.steric hlndrancas and elactxostatlc interactlons the ' '0._-7
3  prefezencea are to be axpected.,: - B
" rhe Bebranched and. aromatic amino acids, vailne;ilaoiaucane,_
_fthreonine, phenylalanine, tyraszna and tryptophan all favaur .
~ B-sheet canfarmatxons. These side chamns are bulky but they
can bé. accmmmodated 1nto B~sheatf The short chaxn palar |
 re$idues, sarina, asparhia aald and . aspdragine, r;efer
"reversa turns,_This 1& hacause they can hydragen band hack
tm the chain and are ahle o remain on the pratein surface,_
Glycine and prollna are alsn eommonly fonnd in turns as tha
*-1aw starma hindrance of the glycine allows a 1eft~handed
conformatmcn and prollne can raverse the chamn direcbian. gQ
._2mhe rast all favour a-helix. Thms qraup of amino acids, b
_lexcept for arginine, has short apﬁlar cha1n§. : Jgf-'
| The 1nverse trend of the aminc acid preferenaes is also
.explalnahle in the same terms. The ﬁ ~shest group ia t00
' bulky for. the a—hallx or can Aisrupt the hydrogan banﬂmng.
_Glyclne is too conformatzanally unconstramned to be able to.
 stab1lisa a halix and prollne is completely disruptive.-**
]Prol;na only farms qna hydrogan bond% this is disruptiva{tn
~ B-sheet, Chargaﬂ groups in a Brsheet could ﬁorce strands
'_;apart by electrostatiu repu151on._Apa1ar side’ chains aannet
oceur at tha surﬁam>/J% protamns, thus axzzgginq themnfrom /
turns. The aromatmc néture of hist;ﬁ&ne males it apolaxr, =~

- while the charge gives it polamty anﬁ it Shm J«ittle e



_angles qovexnmng

propensxty for any struature. Cysteine aan aiso be polar and

5apolar and it has & 1aw atati%tacalft:obability of being

found in turnsg Unfortunately these ‘trends are no ROre. than

that. Evalutlon has whlttled down the number of amina aaids

' requlred to the bare miniium with the result that the
 maxinum sﬁruatural patential is gained from each one.
-?a &ummarise' "I general, the impression one takes away
| frem thls kind af examination is that the protein is

--balancmng 20 many factors at the same time that there are

always ways ta ¢ompensate for any lnleldu&l problem.'@he

3tudles of indlvidual parameters uncovem only weak

: ragﬂlarltias 1n spite of the strength of the overall pankiﬁg

con&traints."‘

1.6 aaconﬂary structural pradicticn methods :'.Jj  .

'A secondaxy structure has to fzt into ong. of the braad

categories now re “ghiﬁéd* hellx, turn, sheet or ooil. The

1 .
crys*alloqraphlc measurements of sgoondary structures show a -

_great deal of variatlun from the 1dea1 The problem of

"GAaﬁsifxcation then arises. Currently-the d951qnatlon is

© 'dorfe in a number of ways, Kabsch and Sa-nders;'lLﬁ pravided a .
:comprehenslva set. of Tules basad uPnn hydragen bondxng .

' patterns and phx and 951 angles. This works well for regular'
.structures but breaks down at the often eraqular enqg af a

LStructure. It“hlbo suffers fram the fact that slight

M
eir definitions. The X-ray. :2> TR

¥
a
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-”inaccuraczes in the angles maasured can greatly affeat the .

-rasult, Lwitt“ i{;cludas t.he .mter-c dn.stances tc: reduca '

 the 1aVel af douht._For same work the deS;gnatxon of

secondary structure is quallﬁatnve. then. a prediction method -
'15 evaluated it is only valla for tha definltlons within'
which it has been set up. Despite the prohlems kY predictxon -
 .mathod is needed beaauae DHA technclogy has produced
_sequences for whmch the:a is no x-ray structure. The
- sltuatian is worsened by the faat that the crystallisation '
“of proteins is a slow and difficult process.”3  |
liﬁPredxctlva methoda depend upon statlstxcal analysls,._i-' i
: '1nformation theory, stereachemical theary and statistical
ihmechanical calculatzons. The 1atter three orlglnate from thaH 
".qurk by Liguori et al“ and.Ramachandran and assume that
_ptoteins fold to. a ﬁrea energy mlnlmmm. By using the J |
”technlques encompassed by each fleld the alm xs to prediat

tha Lowest energy confnrmation. The results of the anergy Ea

'f\ .
LN .

aalculations have proved so far to be unfruitfu 0* two :

raaaons‘ the volume of calculation required QJL aveﬁ'smmple
malecules and dszmcultxes w;th the appllcatlon of the |

| quantum theory to chemical prﬁhlema. The most productlve

, IQchQdaSG far hgs begp thg.statlstxcﬁl_approacg: EhQW,
"erQuénciés of-zmind-acidé~in*parﬁibdlhrisédundérﬁﬁ”'
.strubtures are measured and the 1nformatlon ultinately

' produces a value for the propensity of an amina acid far a

given structure. It has already been pomnteﬁ out that these

=

o



' statlstiaal carrelamlons praduce anly general ﬁrends and
therefore rules have te be aet up ta apply the statistical
h 1nformation. Th;s is tha way that the Fasman and Chou

predictive methads 6perate 27,20 :f“' o -
l 7 Tertiary. structnre o a.}yfv.ﬁ

o .:

Biology‘stands on a threshold that cannot be crmssed W1thaut7f

| firat dmscoverlng tha forﬁes tﬁat fald and stahmlise: 7
5 aproteins and qthar macromnleaulaa“ Much nf the work in
B malacular biolagy'relmes upan a Pitwandwmiss apprOach
? because of our 1nab11;ty to predlct the behavmnr of
| macromalecules. Wlthout such pnadiatxve abilltlas ma;or

7 academic advances in medical tecnnolagy and bmotechnalogy

‘o wmll not be fbrthcoming.:WithILt theNQg:zgn af pratexns and'

"  tha manipulatian of mnlecular structure\ will’ be-pass;bla,_¢

 For- these reasons the study nf prntemn ﬁtability and faid;ngfff

:%%/K;s attracted huge 1nterast,_ R  ' - ’;'-“n,ﬁﬂ

Meaburemants of the stabal;ty af whole pratains are hasaﬂ

upon the enargies of dlsruptlan nf nativa prateina.”’A :
denaturlng smlutman Qf a protein cantains essentially twa

populations of mplecular speames, the native and denatured.

It

| Tha number of lntermedzata forms has beeﬁ foﬂnd to ba xéw., |

The tolding ané stabxlxsataon of a protein is thererbre a

' cooparative praness. The nonwcavalent forces raspansible areV 

n @ " ot Cd

‘dlscugsad‘ S “;r:l; o .., . . - (:. - . .. ....D
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.? 1 Whe hydrophoblc effect

a3
: The wark by Kauzmann showed ‘how the ‘amino acidé\oﬂ, e
glabu&ar proteln p&rtltlon 1n an aqueous aclutlon to produce -"
| a central hydraphobic core surrounded by & hydrophlllc o

w\

“\ extericr”' When a protaln comes into. contact with-ﬁater the _
hydrophabxc amlno acid side cnaxns aggregate and fores the
hydrophil;c side bhains znto the solvent. Watar is excluded -

fram the ‘centre which becomEs predomxnantly apalar. Thls _:_

proVLdas an 1n1tia1 organlsing force. for foldmng. Thms "oil S

J drop" theoryﬁﬁ'ls driven by entropy, The 1nsertman Of & -
hydrophobmd“szde cHain. into. water forces a hreak in tﬁé
 _ water’s hydrogen bonded structure and the solwent molacules o
furm an ~ovdered cage or clathrate structure araund the:;'
hyﬂraphabia qraup. The pa51t1ve enthalpy changa frﬁh ‘the  ?"
breaking Of~hydrogen bonds is offset by a nagatxve enthalplu."_-
$ange due to. the settlng up nﬁ London foraes between the o

grqlar graups and water.” The attractiVE farces of apolar

Lo “ .
molecules for each. other is s;mllar in magnitude to- the

','attractlon of apolar grcups fo: water, The driv;ng force for_}"
* the removal of the nydrophobic side cpa;n ;s_therefq;g_not |
entnalpid;;instead the_aggregatian_of the hydrdbhbhiéiﬁide
:éhainsTinc£QQSea the*entropy'df the water by”desﬁrofihg'ine .
clathrate structure. The aggregatzon moves ta minmmise the -
f"surface area of cantact with water, For: every side chaln |
'remQV@d from wnter the 1nureased entropy rasults 1n the

'releasa of about aka-molﬂ of free anergy.“'A corallary of



JUC | - | J& _ _ f @.:{J 54. =
~{: th1s is that the stahllity ot a protein shouaa degend in -
_' part on the data gazned fr&g simpla experxmants that _
.'_:ﬁetermlne the §oluh&lmty of hydroaarhons in water._@kesa-'s
*:fisimpla studxes have bean extended to measure the frea energy :
- of transfer of amina aciﬁa from Water to apnlar organic ]: |
'solvents 23,32 The Wark hy %aldw1n“ on thls carrelﬂtes well ’
'with ‘the pos;tians nf amina aclda in a protein as determlned

‘.from K-ray crystallography. Thera are however numerdus l,u:_[_

1_: examp1es of hydrophobic amlna aa;&s that oeuur on protexn

-extermar surfaces. More wark is required if diract frea:
'*-energy measurements fram salutlun studies are to be

Tr

”*.'extrapOlated ta proteinmﬁ*. _

| S 1.7.2 Electrostatzc interactlnns AR |
.“ The electroatatlc 1nteractions in protains cover a wzde_”'
ffrange of effacts with ' dlfferinq spatlal and; geometrlc
gdependenczes. Of these, the best nharagterised are sqlt _

-i- brldges, hydrugen bonds and van ‘der Waalfs forces.“ where  

| 15 evidence that the pattern ot close packlng seen 1n51de'

| _the hydraphobmc care of a protein is dlctated by the '

'-.neceéalty to £i11 the care tc remQVe water and to ensure the _f--:

;asymmetric di&trlbutlon of electrans araund nuuleii The

asymﬂatrlc distrlbutlons cause enﬁhalpmcally favourable «7%- 

London foraes 1n a protein core where the atoms are in closa

' %”praxmmlty. These interactlbns are electrostatic in naﬁure

. but exist hetween normally apalar amina auids. They are _%

'I

'stronger than van &er Waal'a forces and are aﬂtha&plcally



2_ﬁﬁp_7jpolar, The alectrcstatic forces in a prote1n ‘are the most
o ﬂﬁlmportant after the covalent linking nf the prlmary
-;structure‘*’. -'1 _3'L__- | .'}

"‘The strangth of an electrostatﬂc 1nteract1on depan@s upgn

- kx\.% .. _x&

[ e

equiwalent te hydrogen bonds. Thay are categérlsed as weakléyf ?

: J

A
i

Cits enthalpic ;avouraballty Direct measurement is oftan not

possible nd quﬁntum sﬁatistical equat;ons are used.

1. ? 2.1 Charge—chaﬂge interactions

_The caxbonvl ﬁnd anino termlnals of a protain ara nearly

: ffully ionised at physzolegical PH and are charqed. Slmllarlyc '
:-Lhe ﬁida chamns of aspartxc acid, glutam;a aald, aystgzne,«-_-"

tYr°$%nar-lY51ner.arginine-ana hiStldlneI:an carry charges.®

i3

 These amino acids are found mainly at the surface of a

LR

| "protein'wheré-ﬁﬁey intéraat”wiﬁﬁ;éachiéﬁhér'dr with“water. _

’Tyrasina, arginlne, lysmne an& glutamic acld have apoiar

. slde chains that=and in charqed graaps. To accommadate thms i

=the apolar chain is burledabeneath the fqtein‘Eﬁxface ana

‘£he- charged. group is extended 1nto thg/ alvent. cnaxgeﬂ
‘groups inside the core of a protezn aﬂé found within 4k

'Zunlts of anather apposlte charge or are hydrogen handed. At

active sites in peptides the aharged gr;gps xnrm importaﬁy
ligands such as the binding 0f 2,3 diphcsphaglyaerate in !

. deaxyhaemoglcbin. TP* force of attraatjan between two

charges 15 invcvsely propartlonal to the ﬁistange between

them and is spatlally anismﬁﬁapiczﬁ

o~ o E"n\\°_

17':
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;,1 7424 2 Dipoles b _ : ) _
-_The baze otz dipole moment alcng a, ‘bond dapends ‘upon” the f

_'dmfferenﬂe ln Lhe eiectgﬂﬁégatmvmtaes of the twa atoms‘”

'_hydrogen 2. 13,_ arhcﬁ 2:55,Asu1phur.2,53, mxygan 3{45 andJ_A'

' nitrogen 2 98.;‘hérefcré all the‘cbvaleht béhds in'a=§ro£9in .

. have & permanen du@ole, alheit small. The magnltudes of the
dxpala moments.'_'protelns vary between 0 35{rand 0. lOe

The 1ower v&lues are faund in the allphatic chaln bonds and

tha hmgher vaiués are found in the pdlar sxda chglns.“ The

P

aramatmb %i&ﬁ chamﬁé/hé\hr at value& around 0. Lﬁe . mha *f”ﬂw“
| exlstence of the bond polarltias mﬂan that the~érnmatic =
roups hava quadropuie mnm@nts smmilar to- benzeneﬁ
/1 7.2 3*The Jnteractlcns of charges wzthxdlpeles ___,: y
'The existenqe of gy“~ogposite chargas close to one anotheé
causes a dlpole, The sepmraticn of the amlnu and carboxyl
_termanal charges in an muhelax sats up a dlpole along the
length of a peptlde. In addltmon the dipnles fram each »
-_hydxpgan_bond are allgned and the rgsult is av;arge net
dipole. Counteracting this-tpere“a;g?usualiy positive and
negatively charged Side chains fbﬁﬁd at the carhoin and-'
' am1na terminals raspectivaly to stabilise the helix i
In a protein the strangth of interactxon of dipcles and |
__charges is spatmally anlsotropic with respect to the dlpaia ”

., moment. To maxlmlse-thepxnteraatxonwtharefoxe the:gaqmetry



. S e . e
4 : *,_, Foe g

fJ

oFf. the dipole and chaxge are fzxed, Which in*turn is a means(

':'_:af spata.ally orqams,lng the two™ _' f? o S Q o
 1 7 2.4 The lnteraatzan oF aipoles | L  ;  o  ﬁ_”; - o
1e7. 214.1 Hydrogen aonalng L _:fﬁﬁ)i *;_;}ﬂ  f Fiﬂéfgt_f'ﬁfg
_The hydragen hbnd is stabie and dlsréptzoﬁfrequlres ;,r'L'._.. |
_approxlmataly 10 to 30 kJ mo:l.“1 and is ahant ten times mnre'f%ﬂﬁ3f 

"stable than ather dipnle—dlpole :a.nterac:tions‘ls The hydrogea

| atom has “a sufflciently pQ51t1ve charge tc dlsplace -

elactrcns fram the acceptcr anﬁ éhere 1s some covalent

| 39nnr group hﬁve Been 1dentif1kd in neutron s atterinq and !"

'fx~ray ﬂrystallographs of proteins.ﬁ Normally the dqnor 1s a~

hydraxyl oz amlno gfbup. The most cpmman acceptor 1n

_protelns ‘is the carbonyl of tha peptldﬁ bond. A 11ﬁea11ﬂ

jhydrogen hond is. hhe most stable arrangemnnt. The dipale |
_ stﬁangth uf the bond Varles wmth ﬁhe cQslne af the anqle ¢f _

- of the strgpgth af a 11near hyﬁragen bond 2 mherefore
“hydrdgen bonds can be nonﬂllnear, are still stable._The

nanqle at 25" allows an qugen atom to acaept twn hydrogén

bends and this is often seen. -

LK

'deviatxﬁh from 11near« A hydrogen bond hent by 25” has 96%

tructures, like the awhaléx and antiparaliel Bwsheet,a hose

0

. N y - . .
an analy51s of hydrogen bonds found in proteinw has led to a

-serles of generalia:ﬁ;ans about them.” The list is asuf3 ;?-'

e

= - o {\

Wl) Almost all groups capabla of - hydragen boﬁéing,\ ¥ so.g“  L



'"-termin&l._

. 3Be

= the maln ¢hamn carbonyls aﬁd

2) In secaﬁdaxy structuﬁa
| amlnn groupa age bonded

%O aach other..-' 3.1~’

'_-3) Palar side chazns areTmapable of formang mare than one
'hydragen b@nd, &spartic ac:d, glutam&p acid, glutamine and

_ asparaglne can. fbrm up to f[ur, arginine can form five. sade "

oo

-awtended natwurks of hydroqen\_" s, ”.H  -: 'm%j__f
_74) Interzétions between the sxég ¢haina and the main éﬁain s
\__usually volve serine, threonlsk aspartic acid and -
};-asparaglne. Thése hyﬁrngen bands &Fe aften usad t&4;ia up |
froe. peptiua bond. groups at the teﬁ@inli of a—hg%imea-;

' 5) In helices, t%g inﬁeractmons of side chﬁmns wmth ‘the main .
'f chd&n are damlnated by SQrine aﬁd th:aonlne whicﬁ fAEm a R
".hydrogen\bond ha maln ¢hain carbonyls. | |  ' ﬁ%p "

.} ) siﬁe chains at the amino termmnal of\an awhelix moye

' \
ﬁ_frequertly form hydrogan hcnﬁs £han thosé at the carhoxyl '

;3} In oraer to accommodate the saaond hydrcgen band the
aarbonyl groups are tzlted. o o fl _\= _
: 9). Same a-helices‘are found 'in proteins hand. Tha hydwagen ; .
?7ubonds o uhe-aut31de af the hend afe 1anger‘than those on
cthe lnﬁlde ' | ' B

- 10) In ﬁmsheet the hydroqen hond dev;atmons fram l;naar ara

similar te those ﬁound in hellues. There is a significant

I
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- decrease in the numher of double banding arrangements aroun& S

" carbonyls. SN
11) The. mnternal and solvent hydrogen bonding in a protein
is an 1ntagral part ef the structure. e o

.Hydroqen bonda are the strongest and most cbv;aus

dlpole—ﬁlpole 1ntaractmons seen in protezns but they are not-'-

thé only posslbmlmties. The strength of 1ntaractmon dapends -
upan tha distance hetwaen the centres of the “two dipole E
'fmoments znvblved and the angle at whzch they relate ta ‘sach
.ather. . | . .

1 72 4.2}Weak polar interactions - o

 The weak polar int eractzqns seen in prote;ns span a wide __

; range that dgpends upon ﬁifferent distance and geometrlcal
1parameters, The. prote&n core is atabmlised by the u
hydxaphobic effect“ ‘This brlnga atoms into close praxlmity
w;th bne another in the corak The proximmty of the stoms
then ailows the posslhllity of a myrmad of London foxces“ .
3batween normally apalar side chains. This praduaes an L ._
attractzvm multipole woment: between the;atoms. Added to thms o
are van der Waals forcas and the 1nteractlons of aromatlc '
groups.-ma maximxse the stability to be,gained frpmttnese
éffects the part;cipéting groﬁps'must be spatially o )
organised. Thus the pankiﬁngf these side ¢hains'is”not?j¥
'_randamo'wha condlusion_is that the weﬁk eié&tnostatia ﬁorces_

- that ooour between normally ﬁpol&r Side.dhai'“ dn@inaﬁga_'




'--They are nat random and will dlraat the precxse positiqn of

'hpacking in the core“ . "_; a
1.8 Fd&dlng of tha peptide chaln _ _ :
'&nfinsen showed that the priﬂary seqaence prnvides all the B
| infarmation required to fold a pratein 1nto jits native
‘#tate. This was dode by denatur;ng rlbanucleaae A and then
allowing'lt-to renaﬁure in a solution sxmilaz to ite normal :
' :physialogical envznenmant. Reversible denaturatian is 3 .
:z'property shown by nost prate;ns tested s0 far, The rext, and"
as yat unsolved questlon is how the falding praaess ﬁccurs.
_Tha question is allied to that of the prediatxan af tertlary]
:stxucture. o . _ o _ . L
There is no azngle pxcture of. protemn folding that fits all :
._of the evidence. Any dxscuss;on Of folding can at hesﬁ only
'present_the_trends.in_currgnt thinking. Toxaummgr;se what-is:,;
__é hatiy debated isSue: "in-shert' prdtéin foiaing'has beéﬁ
defined a8 a spontanaous kmneti¢a11y oriented process with
the steps. 1aca1 folding, followed by long xange
1nt§racti?ns{ and then rearrangement. The questiqn of
- disulphide bond farm;ticn'reméins etill to be aﬁawaréﬁ ““‘ 
If & native structure 1ias at an energy winimum, eitner fﬂ
' global or 1acal, folding might be a random search through
" the possible confurmatmons to a low energy state, .
Prote;ns renature in time periods that vary fxom ‘seconds to
 hours. & wandom search under therﬂodynamia contral through

- all the conformers pdssible does not.fit this tlme soale. &

Lo
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K small protain has about 10““ posslbilxtmes to saareh __ﬁl _
- through“ and wnuld take mmllenia to fald. The ccnciusion 15 : ;
“that folding-is under kinetic aontrol. Glohal and local . o
'__minlma have dlffarent kinetlc requirements. Tn fold ta a:L”
: :local mxnimum a specific pathway is raquired as the vast |
' numhar of potentmal daﬁfcrme s allows a protein enqugh space
to fold to several ninima w;thaut any preferencé for a _f
.paxticular one. Tha native structura is thnnght therafo”e tu
k Me at a glaba] free energy mnmum.M A kinetic mechanism

.then would &%monstrate “one ox several pathwaysw In both
:iaaaes thera*should be. ldentiflabie 1ntefmed1ates, n.
'_fmetabolic studies it is pbssible tb stop a pathway at a =
f'particular pomnt 850 that the concantratlon of an _

'Lntermedlata can be inareased. In: prot91n rolding the_.j”;

g prnblem.has hean to identlfy intermadmat&a as they are

transient, in vary Tow ¢oncantratian and \\stabla. It ig

._passmhle £o moniter folding to a 1Imited eﬂgent.”i_ 5
. Techniquem 1nc1ude the additinn nf ﬂluarascé%~ markers alang
- the - sequence in ordexr tp mﬂasure changes in dgstances
between reaidues” and changing the pH. to arre;% Jthe
'folﬂing* From such studies folding has beeh shéwn to sectr
in two stages. a fast ;f&tial phase and & rate 1immting slow
. stage™. alding,hwldgéh the gap betwean the in*aractlons of 3
- nelghbouring amnino: acids in secondary stracturea and. tha
'_zlong@r range 1ntaractiuns of the folaed pratein. It would be

'expacted that thera should be a hierarchiaal ptbﬂeﬁs




"nmnteractiona are directed. e

__iﬁvolved whereby over tlme successq¢aly more aomplex

y

;The currently accepted hypothesls is thﬁt tha flrst event-an" "
- falding is elther a hydrophobxu collapae or ‘thei formatlwn af" g

lacal secondary structural.lnltlatlon smtes 39

1. & 1 Early events in prateln folding E

T A.B. 1 1 Hydrophabxc collapse

1_:The aggregatiun of the hydraphabzc side chalns is a twoﬂstep

 pracess. The first is nonnapeeific and is analogous to

mxcelle tprmatian. The second is & speclflc arqanlsatlun Qf

'\

'-the side chainsuinto a molten glahule state. The nature,ofﬁ
'the-hydrnphobic 1nteractlons ‘has baen investlgatéd'ﬁith-1 -

”hcarhonlc anhydrase. The structures abserved were transient :j

and their half llves, in the crder af seccnds, wers

'measurad‘ Initially nydrophabic alueters were observsd, tua-*"

: of 0 03. seconds. These aggregate—to a rxa&d hydrophoblc

core, thw of 140 seconds, and the hqtzve ?hruﬁ 1:9 appears

i
at 600 saconds.” The molten glubule stata is a ﬁbmpact

f_hydrophobic structure whieh shows exﬂensive seaondary

_structurem&en 1nvestigated with circular d;ghraism.” It 15_ B

as compact as ‘the native protein but there is a qreater

‘amount of fluctuation. The protemn iﬁ still diffarent from:

“its native state aven with the Iarga aecondary structural

"'-‘—-—-.__. o

- content of the molten globular state, These rasults can ba _"
':related to the specifmc nature of waak apolar azde chain :

~interactions discussed_above. - - o

Lo



1801 z Initiation sitea } | o
.Fatenﬁial hyﬁrcgen banding qroups, in particular the , '
:carhonyl and amide groups, 1n protein seaandary 8> acturas
:have to cnmpete wmth water for the;r hydrogen bonds, It vas :
'tnought that the-cooperative effaat of a whole protemn}was |
the factor that allowed the backbone to win thz.s e
-.compatltmcn.“ Tha dzscavery of margzﬁally stable secandary
'jstructureg 1n small peptida fragmants was an unexpacted
result. Small peptlde fr&gmants can’ fold 1ntn Q“hEllaan _
fB-shaets and turns 38,45 They are marganally stable and in “ 
 equi1ibr1um wath ranaom coils.“’ﬁ%th this revelatlcn it is
:naw env;aaga&‘that alang the unfnlded prﬁtan, sectlons are
'capable of autanomnus secanuary ﬁgructural ﬁormation. These f:
'fliakerlng regions can form the lnlti&tlbn 8it&h for further
:foldinq 39,38 Chance callis;ons for instance inarease thair -
'local atabillty thereby allcwxng Eurther grewth%‘This model '
is sametzmes called tha framework model“; The small )
eecondary structures may not he natmva but they wauld be-

able to dire&t folding. The'seaandary struéﬁ\ al nature of

-{the Lnitlatlon sites means that 1nit1a11y the hdrt-rangeo
.zlnteractions petween nelghbouring amlno ‘acids jare
.dominantaﬁ The model allows early falding pathways o be :
non-speclflc. quer&l pathways reduce the imp'-tance of any
one amxnn acid and, from an evalutionary point _
o

limit the damage done by mutataons.” B
B 8 ; o W{t‘: -.,.-:_ ’ }'
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 ."  framework model is the fabt that R

el

£m 1'peptida fragments are aapable of formlng sacon&ary
'j}fﬁbtﬁk@a. Tne next queStlon is what aef
ijrov;de goad 1n1t1ati%n sites? In isola_w

X

ﬁar:y* strl.wtures__: h
meﬁhé a—helix 1s
less stabla than other strurtures,” Conversely the _

i st#bmlmty of early 5tructures nay not be 1mpurtant as theyff.*
are ﬁranaient z 1ow stability also allows incorrect f
'structures ta ba reversed.“ The ﬂ-turn isan excellent J-: ?J
_candidate a 5: dlrects lnng-range 1ntera¢t1ons By reversmnq”
“the chain.® Turns require no intaractlons 1ongar than -~

_,betWQen four nezghbourzng amino aalds and fhey ara stéble.“.

N Thay occur at ‘the junatlon,behween SEchaary structures in

Teprnteins and it is not dxffxcult ta sea hpw a. twa-stranded :

:;_antlparalla“ ' heet aauld ha inztla ed by a turn._ pe III_1?'"

I=*tﬂrna have phi. and. psi angles 1denEIcal to. thosaﬁnf a. 33, :

| hallx and\%here is not a 1arge jump 1n engrgy Qgtween thaﬁ

n-and an m—helax. 5%9 Bﬂturns are . pavotal as tpey\git at a
crossraads hetwean the sheets and heches. They also ha“f
fastidions sterlc requlrements such as the correct.
 pos1t1aning of prolines. Thls nakes them. vulnerable to 11 -”
mutations.® ' -

_The hydrnphohmc cluster is also a p0551b1e initlatlon
candidate‘ The specifmcmty of aggregation wnulﬁ ‘vary
dapendent upon the amino acid saquence.;io Matheson and

Scheraga have caleulated that fuur or five resldues ar$ the

Ca



- manlmum number far a hydrophobic packet ta 1n1tiate e
o : ‘._: :

foldzng @

i, 3 1 3 Spaclf&c mnteractlons . L
i,

The malten glohule and the framework moéel 1mply that ;_"'H
prote;n foldlng is dlctated by'a 11m1ted nunbear of
non~spec1flc 1nteractlnus that llmlt a.proﬁain’ _
canformational SQ&GB. It is possihle ta an«%fﬁgﬁ a. more
specxfic machanlsm“’where the 1nteraction§/w’uld be o

dlrectad for example hy the correct dlsulp'zde bond

- formatlcn. ‘The low. frequency of oscurrence of diaulphida_3
\. ‘bridges. and the rate 1imiting step for their corxect
Oformatlon havefguled out such mpdels.@ 1Jf'ﬁ;~_' S
| A 8 1 4 cvnclusions about early events in Proteln foldlng
Tne enthalpy changes of a. denaturlng protein, assumiﬁg that  9?
this 1s the same aﬁf;oldlng in’ reverse, h;vewshawn that '
\\ durxng the foldlng FE small protalns the numbar of -n
s&ntermediates is sm%hl. Thus folding must be & cocperatmve
pracess;” Larger protelns denature in sevéral dﬁscrete  _v~
-coaparative blockb. Separatlng aut the 1ndividual
| _contributzans from eaah type of 1nt¢raction is not passible.
- The-low population of the intgrmediatea in the folding |
procéss observed does not mean that a: slmpla twn—state model?rl
is corract' Measuxamants of the foldlng intarmedlates}wlth \
‘nucmear magnetlc reson?nce and prateases show that they are

'dszerent from the native and denaﬁured states‘“ﬂfﬁ
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' Ovarall the evxdence for ‘the edrly events iﬁ folﬁlng~ﬂictate 
that theﬁa is one path or a 1im1ted number of pathways, ﬁhe o
. 1nteractlons betw&en amlno aclds are inztlally local and ja”  
nondspeclflc and result 1n the farmatlon of a molten o
glabular state and or fllekaring secondary struatures:“ The _ 

| mechanlsms are by 1o means mutually exclusive and it is

POSSLble that a hydraphobic collapse prUVL&es a surface upon-

wh;ch fllckerlng 1n1t1ation atrumturesccan forrs, such as an

amphlllc helix.®,” . | \%@§. r |

1.8. 2 Late events in proteln folﬂxng e ﬁ?3_' R G _'

Thé early foldlng events occur 1n times of ﬁhe ordar uf j' _“
Seqnndé‘or 1955. There is a fina »late hase that has been =

ﬂ sy?wn to be rate lxmzt;ng.“ The BV1dence far this comes |

| df;om &enaturation experiments. The slow phase carresponds to

a tran51tion among two or more denatured states.(§:'

_:transltions are thnught to be the rssult of Cis~T
ﬁlsomerlsm;at proline residuasam%“ The rate of cis~T:an$ :
inﬁércénvéésians can vary'by a-faétar of ten dependiﬁg'ﬁpcn-

;the ‘amino . aCld found on the proline amino terminal. The rate 
in actual globular protelns is unknown,® The evidence
suggests.that an 1ncrea$e 1n steric hindrance from the amiﬁd: :
terminal side chain'indreages it. o | )

71 9 Prediction of tertiary struc re

Quantum theory can be used to pradict ﬁhe.confarmatianS-ofa

| :small mglecuxas,_such~as ammania,'iﬁ'thé;vapqur phase'by-"'

findihglthe 1owest gyérgy~donformatipﬁ; A computer program
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dqps a global energy searah.“'The quantum méchanlcal

‘aperators used in phys;cs have ta be. altered because the

'jftime scales for the mnvaments of nuulexfhare far 1onger than |

C e

"tnose for sub—atamxa particles. “The gaatim mechanical

-approach nnvolves huge numbers o£ calcuiatlons even far

 'sma11 molgcules, making 1t 1mpos$1bly long for use wltb

'5prote1ns& Foxfinstanca 1f three phi and psm angles are

:allnwed per rasldue, a 149 amlno acld sequance ‘has 148“

":'conformers to search through“'without cons;darzng the side

'chaln angles. At a rate of a nanusecond per trial 1t,would

-.taka approxxmately 10 100i}ears to try every one. $Wn S

;_'approachas to red}ce the: Aumber of caleulatlnns are used.

K _-.t-.h'a _1até_si:-- -_'sa;t?;;_ew

»the—art anergy funct;on can he buzlt

a 1ntu an alga/ithn ¢r an energy functmon based. upan the o

' tertlary structureﬂof a prctein can. be modiried.. in both

!

_'easas successCﬁas qeen 1im1ted. In the aacond casa a8’

structure hs helnq ?Sed tn predlut itself in- the hope of

'findlng the key +o &alculatlons for unknown structures. For=g_

“both there are multxple anergy mlnima found uluse tu the

*]fnative conformatlon and choosing between_them is a-

_problam.”

The notion of randomnass has obsessed modern physzcs for
some tmeBz because it poses the question~ does predlctian

depend upon our own limatatlonﬁ or upon some—principle that -

makeg_lt impossible? Simon de Laplaca used Newton’s laws to

| say that prediction would be possible forever. Newton’s laws



:'are determznmatia witp everything in its place. Quantum o

. mechanics and. the Helsenberq Prmacxple have 1ntroduced the

 tarms“ 'Thms has not ya* happened and is prubably nah

 coacept of probabxlaty and randcmness. The notlans affahaoa

o

- and randamnese ‘have bacame unxfying prinCLPIes in sclence.”_ :."

* was prapaaad by pirac that w;th quantum mechanics the L

'whule of chamistry aauld ba reauced Lo azmpler physftal 'jg"

- possible because Ln sc;énce the number af axloms for-a

' theory are reduced to the minimum by Occan’s razar. To_

'affect the transxtlun from physics 5 Qhemistry it-wag

F'can be 1earhc here in hiachemistry. Tha use of. Ocﬁam'a raznrj7::'é

L]

”1such as hydrophobmcity and sclﬁed

’necQSEary to mndify the standard Hilbert geometrv uf quantum 
.mechanlas._whis change, had to. in¢1ude con¢epts alien ta |

:physlﬁal m&hculations such aL. electronegatlvmty. & 1assan o

-,1has excluaad.mmpantamt biach&mmc%l concepts from chemlstry,_:_'

$ffects. In biachemastry .

; the searah 15 o for a thacry tai'redict prctein 5tructures,:3'
from.the pw fary sequence, that. c&n encompass all. pcﬁsxble

| 501vents, pH values antt temperatures. an energy minimising

computer praqram,“hgsed upcn quantum mechanlcs, to achleva

. thas goal w;ll only bea possible when quantum meahanmcal o

principles are adapted to biachemxstry.“ Thls approach is

g'the one that should eventually prevail In the absance of

&ﬂhms theory, the aontlnued experlmental appraach la the only'

aption. avallableb - __zf= o o

#



| .10 Relavance of pclypeptlde models ?ﬁf:  '} H'E"i T&%f.A
- The speed and simpllclty of pruduclng short peptmdeé ugxng
i;.salxd phase peptide synthe51s makes them-ldeal-exper;mentgl_ :
.modals. They can be used to measura the speaafxa f '_ _
:contrzhutlans of short— ana mediumrrange interact&nns, they B
”are small endugh to allow extensmve energy caleulatlonﬁ and

: -they can be used to test falding modein.“ The lnltial

o _hypothas;s was that snort peptldes were 1ncapable Gt formlng

-organised structures in aqueous aolutlon as the competmtlan o
_w;th water for hydquen bonds was thought to be too great.“__?
'Thlﬁ haa been fuund to be untrue. and B—tnrns have haen found |
in. peptldes with as few as 4 amlna acida“:«amﬁeliﬁes and _
- ﬁ-canformations are ail found in a range of salvents wzth a
:vawiety of sequences cyclic peptmdes were urlglnally use&  '
_ aa %hese pept;des‘have no carhoxyl or amlno termlnal :
effects* Tne 1imitation 19 that there are conformatlanal
constraints on the side ahazn geometrias that are o 1  g.;
"7inapprapriate fur protein mpdels. Llne&r aligotldas are now,:y
“fuse&a” Small llneaz peptldes are flexxble mm&euulea and "
gasily. interconvert between structures.” This aﬁn be':l.
:'controlled to some degree by cham, mg the phyalgé—chemlﬁal
. env1rnnment. One applicatxon of polypeptlde mo&aJs is. in ;%   
guest~host experlments.“ A e N
- 1%20.2 Guestnhmst axperiments _ o i ” _. '
Homowoligopaptides ware the first 1xnear peptzdes ta be .

":'analysed“ The analysis of the results was. facliitated by L

(’" i
I
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the regularlty of the chemical groupa bean maninored. An2g w  o

faffshoat of thzs was the gueBt—hoat experlment, In these

5experiments a homo-ollgnpep ide ls chosen and lta &nnerent

| -guest aminc acld is then substltuted 1nto thensequence.and PN

~acid is expectéh to rﬁsult in a confarmatlcnal transltian, BN

Tx-depe$dinq on the structural preferenca of" the guest

secnnﬁary structure under speaiflc ﬂOhﬁlt10n$~iS meabured,
b

.

! ;
any changes measuradg“ "The insertlon of the guest amlna _ k:“f

. /

residue “” R e

--Lualanina olzgopeptldes are. uaeful hosts becausa thld ammno

b

acid. haa bean found in laftw-and ri@ht~handed ﬁellces and S

e,

B»sheeﬁé o Lwalanine thh L—vallne 1s ganeraliy fraa frum i

’side reaatmcns in SQlld phaﬁe peptlde synmhesise&‘rt haa

'”tne d;sadvantage that in aqueous‘ﬁo@utluns the salubxlmty'of

-_polyalagzne 15 1oww Fnr th s \ qsaﬂfmany WQrkers use amlno

Land carboxyl termznal sa%ub;lia@ng&graups. Fufn  ¢-[*

pcly~L~a1an1ne cf ? amino - aczds or mcra a—heiiu and B~sheets
“nave been saan. ‘The aalvent, cnncantratmnn, pH, solubmlmsing e
group and temperatﬁrb all” have an effect 5,57 The N

Ny

B—s ructures are responsible for %he Jow salubility nated  _

'_for these peptldes. In aQueous and polar solvent, Lhe

pc1ari ' nf the salVant causes aqgregation of the peptlde ey '*ﬂg

"ﬁ—strzctﬁxe and a decrease in salubzllty. The assacmatlon of
~the p ptlde chaina is dlsruptedqby small amauuts af acid“ E

and.fluoraalcohals.ﬁ Short: paptldes are unstable and there

% I



is an equlllbrlum set ip batween randnm aoll anﬁ ardered
' : ’ [ ’

stxuctureb in &Qlﬁtlﬂﬁbw S \
1. 11 Laucmne angd 1soleua1na dlscusslan E B

._'L—lsoleualne and L*leuclne are. both hyﬁrophabzc amlno aclﬁs -fh

3LW1th alipggtia szde chains. They both have the sane ﬂ~'_ h

" mo1ecular wzzghts and dmffnr in the positlon of the mathyl
 1gr$up. Tbis difference affects the structures in which the .
 -two soeur ., Leucina is found 1n mnhelmx and anheeﬁ” and ; |
 stat1st1cally in prote;ns 1t has a preference fnx tha helix.
:The substituted Cn of the isoleurlne makes iﬁ a hellx |

| *breaker” and it i found in Brsheets.." | | | |
-ﬂTha 1nsertlon of leuaine and 1$o1eucine as guest amlno aclds

11n a poly—Lwalanlne host paptide causes the farmation af

ffa—struatnras.w Poly—L—alanine aggregates into B-aheets at

'-concentratlons as low as 0, Bmg/ml.69 complete diaruptian of

. the 5—structure occurs at o. olmgfml aﬂd partial aiaruptxon

| atarts at D 1mg/ml.“’whe insertion of a guest amlno aclﬁ
5f_ 1nto polwawalanine results Ln a decrease in the {“
'=a*structurax propensity of the pegtidg Thms o¢cura
.guest , 8 In te:ms uf B—forming prapensitias, &-alanine is
atronger than L-leucine which ia strongar than o
- Luiﬁcleucine.“ It short range interaatlons hetwaen tha _
:y-amino acids were tha dominant faatnrs in Bmformation, the
 reduaed Bwform;ng patentxals of the guestwhost peptldes
Wnuld not be expected to drop. mhe donclusian 15 that the  -:'
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" short range interactxans are not daminant. The relative

?7_sizas of tha side chalns,” prabably & ﬁo the steric

"canstraints imposed on the chain by aggregatlon, are

1mportant ccnsideratlons,
1.12 The aims of this wnrk

The 1mportance of: an understanding of the nature of protaxn

'folﬂlng has haen spressed, The framewcrk nodel of folding 30
' relxes upon ﬁnltiatian saquances of amlno acids thatuform

_inaxp;ent seccndary struatuxes‘ A candldate for nltlation

sitea is the hydraphoblc pocket.“ Previous work in thlS

_'1aboratory on a series of haxa»L—alanlne host peptides
Usubst;tuted wzth LwValine showed that TFA Huvaliala)saOH
formed a hydraphobiu pocket in methanolic sokutlons. Othg:

'fmndlngs were that the c~termina1 substitutions of guesﬁ

[

amlno acids were better thaﬁwﬂwtermlnal substltutlons at

forming ﬁ-stxuctures.“=Thls wark aims ‘o extend the study

':'with a serias of homologous L-alanmne hexapsptide guest

'amino aLads substituted with Lﬂleucine and L—isolaucine,

These amino acids form a ser;es of hyﬂrophobmc aliphatic

- side chains with L~valine. They dlffer in. size and the
~ position of the side chain C hrangh*ng o e

” another aim of the wcrk was to develap a method fer

j prmducing deuterated L~alanine by the reductian of

L—cysteina with Rahey-Nickel that had adsorbed deuterlum. B

The deuterated 4~a1anine is a useful tool for 1dantify1ng  1'

;interacticns w1th L»alanlne 1n a synthetic peptlde. For
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‘ *'_f;example it could be incorporated lnta L~va11ne—L~a1anines,

_whera deuterated L-alanlnes cculd be used £o 1dent1fy the
intramolecuiar znter&cthna stgﬁmlzsing the hydrophoblc o

- pockat hy means of a nuclear nverhauser experimenta



'  2.1 solid phase peptide synthesis

© 3. DISCUSSIOH OF - THE mamﬁéns

 The synthasis of peptldes 1n solutmon mften requirea the :.f
'! crystall1sat19n of the intermediates at each stap.? The
?'methqd can bé_iatofibué and.timéeconsﬁmihé; It ;# used tdi”
' prodﬁcé amounﬁs of-peptidé-in the ordéﬁﬁof;kilngramsé Iﬁ;_“ ”
1963 Mﬁrtifield re?dlutionised’pépti&a sfnthesia wiﬁnihié
_solmd phase synthesms method s Wphe fundamental premlse of
'_solld phase pept;de synthe51$ is that amino acids can be:

assemhled 1nto a peptlde of any desired SEquence whlle one" .

“end of the aha;n 1$wattached to.an mnsoluble support" ;> The

peptida is then cleaved from the suppor* and. 1iberated into

solutlon. The solid phase synthesis intermedlate steps e

 involve washes in solvents With different polarlties.

Chanqlng the polarities of tbe solvents swelliﬂanq%shrinks

the resin support Whlch is useﬁ to purify and Arash

N peptide. Solzd phase peptlde synthes1s pfov;des sPeed

.

i
I
L

convenmence and the p9551b111ty of automatlon. The processf {‘  f

‘can praduae in the order of tens of’ grams efflclently. For-

analytical Work only m;lllgrams are. required and solld phqse-’

_peptlde synthes;s is therafore ideal The sqhame for aolld

phase peptlde synthesis (flgure 11) is spllt into

f“estariflcatmon, deprotectaon, coupllng and cleaﬁaqe stepa.

lﬁThe coupllng and deprotentlon are. repeated untll the o® _.'

saquence is finished. anally the peptxda is cleaved from
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;E;_,_ggg_._;;, An ovara%l view of solid phase pep’c:.&e synthesls usn.ng
- £=Boc amino acids .54 p= polystyrene~div1nylbenzwene copolymer

resiny R= amino acid side chain; DIPC= N, N~

ds.isaproPY.lcarbc'inmldif BCC: can be L.E"E!d instearl c:f DIPCJ.

a.



'the re51n and purified using HPLC‘ f : :.  . j."F~ -f= ;fi-
Tha chem*stry of SDlld phase peptxde syntheszs dict;§§s that

the ester llnk between peptlde and reain,_and the side chainﬂ.: 
blccklng groups must be more stahle than tne Nhterminal |
protechlan graup (figure 11Y. This ensures that these bonds f~
are not 1ab11e durlng N~termina1 deprotectlon. The relatiy
strengths of the three wall be chosen acaordlﬁg to the

requ;rements of the synth391s.“ The . 1abi11ty-nf the estar

llnk dependq upon the Piectronfden51ty around the a-carbonyl- ¢

oxygen. @he ChOlQe of an ester is determxned by . the length
ni peptlde and - tha amino aclds. Longer peptldes requira a_'”
stronger ester 11nkage. The t»a mast commonly used
N—terminal prntecting grcups are fluorenylmethoxycarbonyl
(ana] pd tert-Butyloxycarbonylf(;rBoc) Fmac xs convenlen%i.-
-becauseikieavage of. the peptide fram the resin can oacur ln h
trifluoraéetmc acid (TFA), ‘needed’ to remove the L-Boc '
proteatlng group.“ The ﬂ;sadvantage is the zncreased cost _
of the Fmac synthes;s. ‘t-Boc 15 the mOSt aammon protectlng :
grﬁup put cleaVage requlres nore strlngent condltlnns ﬂ”“'“h
The soild support haﬂ to show chemlcal stablllty to tne
reagents used. It also has to have enough physical stabalm y':
for manipulatxon, izltratxon, and cantinuous swelling and
_shx'a.nking in the aolvents. o | __ |
_Solld phase peptmde synthe31s by 1ts nature is amenable to -
systemisation ang uhls reduces the chanaes (=34 error. The

,major ‘loss of peptlde yiald in llquld pﬁase synthesms was
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"“oue to the- trans£o£ of materialﬁhatweon containerJ “““ solld
phaae bepﬁlde syntnosis xsggorried out in one. oontgfnor '
'whmchnre&uoos this 1osa. Howovor thero 1§ tho danger of 1oss
";at each stgp by 1noomploto reaction and side roactaons@*h @
'o_small accumulated 1oss &t each step An a oynthes;g can
'?rosult rn A 1arge loss overall o Thus tho extent of each
:couplzng roactxon is checked at each step. & major 1055 can B
, be ovolﬁed by”ensuring that the reagents are dry and that
_nYdLOIYSiB of peptzdo bonds doea not occu:.._:k_..v
2.1 1 Solid ph&Se poptide syntheszs usmng
,}gg;;rautyloxycarbonyl amino acids -

o

--Solld phaso peptide synthisis {SPPS) us;ng ;rBoo amino ao;g%

In-T

"iwas the: ﬂethod of- ChOlCE in the work reported hore and ise

'dlsoussed 1n Fore detall. grﬁbo synthesxs uses a polystyrene

. resin croaslzﬁked wmth 1% dlvznyl bonzone. Nuolear magnetiogv.

' resonando has shown that in this state the ‘core of tha hoads
B ls oquxvalent to the bulk solution phase and thoro is fio.
_ovidenoo of maorosoopic :u.nsol.ul:ai11}:.19*I‘E“"‘M Some poptmdes
precipitato wpon oleavage from the resin 1mply1ng a positivo
'_solvatlon effect caused by the reszn.“ The polystyxone

”polymor roquiros aotivation before tuo f;rst amine aoid can - )
be attachod. This is done by ohloromethylation. Tho oxtont -
of mothylation affoota tho res;n g appllcation. Peptides of

| 15 res;dues or less ara best synthesised thh 1.8 millimoles
of. ohloromethylated s;ﬁps per gram 5. For 1ongex»peptides a

‘decrease in this substitutien is requlred.” The e

e



' chloromathyl reactian uwem chloramethyl methyl ether, )
JStrong Garcinogen,_and cammarclally available :
;chlaromethylated resins are nnrmally used._The resin 15
'-stqred balow room temyerature as the chloromethyl groups can
__react ta forn 1ntercha1n hridges whmch incraase the ¢
crossl;nklng factor.-"i' _':V' B f e -?*:j;'
':'2 1.1.% Estarlflcatlon of the fzrst ‘amino acfﬂ ‘to the
__.palymamc support - o A s k "

The flz%t amino acld is attached to the chlurcmethylate&

" sites in the resin (£igs ouwe 11). The reaction is a

:nunleaphillc attack on the partmally pas;t1Ve carbon af tga}".”
' ﬂch;aromethy1 by the amino: acid’s a—aarbnxylld ;acid. The ""';'_g
':reaction is carrled out in dlmethyl fnrmamide to pgamate ' |
'_nualeophmllc reaatxons‘ Puta551um fluaride is added as. a
|  cata1yst.ﬁ The presence of free chloromethyl groups on ‘the
 resin pgomotes side reactlons and xt 15 important to ensure Q_  ”
a hlgh lavel of aﬂ**rlfmcatlon.“‘mhe substitution 1evel aan'
be manltored Wlth the GlSln Test.” A poor percentage .
' subst1tut1on of the chleromethyl groups requlres that the
..resin ba subjected to esterlficationfagain. Onae complete _-”
the N-terminal deprotectwn ot the 2tk amino acid can.

._ . begin .



- 2 i 1 3 Deprotectlun-af the amlno&tarminal of the peptida

fl%;f:'

.

The deprotactlnn is’ affected with a. solution of TFA in Dcﬁ.;

mpe resin is lnitlally washed 1n the acid solutjon for & -

E short time to emsure that thexe is no macrascnpic dilutlon

in. the baads, Ethanedlthzol is added to scavenge for'

mgztrbutyl carbocations,? Tha daprotectlon leaVEb the TFA uf

salt of- the amlna termmnal and o neutrallsataon stap 15 :

LT

usad* Thls 1eaves tho amina termlnal free for cnupllng to_fi--

K\Eha next amino ac;d.:wWQ smdé reactmons occur durlng and

afteﬁ deprotection gflgures 12 and 13y Tﬂése smde reactio&# i

hotn reduce the yieia of phptlda. I the

trifluaraacetylation (fxﬁure 12] occurs on a reﬁldue near

]r

the end of the syntheqisaa sequende tha resultant incompiete_ .

p@ptide may be dlfflcult to separate later fmam “the desired

-producta Flgura 13 sho the reaction that-texmmnatas@-.

.  paptides by the formatloﬂ’of dlketoplperazlnes,“ The

_reaction rate is 1ncreased in the prasence ‘of weak aclds and

is particularly a problem after the cnupl;nq of the first

amino acid, To rpduce the risk of fhese side reactions: the

e

deprotectibﬁ”feaction-timézis minimised;'the acid is'fiushed'

out before the addltlon of. the base, the acid is dlssolved'

in Dcﬁ because DHF promates the side reaations and aempleqa 

f neutral;satlon is ensurad by rxnaing with TEA flrst to stop '

'Iany ailution af the base.“ These steps are necassary to

avold,;arge-lassas tnat resu;t fram tha accumilation of

Y 2

B L

Ty e
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” sma1l losses at each step Tq ensure camplete dmprotectlan a
  sma1l sample of the rasln is tested qualxtat1Vely with tha
-'Kaxser test,? The qualitatmve approach is adequate bacause
lﬁ is sensitive to 0.5% of the avaliahle amina graups. }j""
21.1.3 The ccupling of amina aalds : c
«'Gﬁ%g activate the carboxyl group of the 1nrom1ng amxnc auid 1t
'._1s.converted to. Qn O—acyl-lsourea by ‘treatment wmth acc, a}?

f'symmetrical anhjdride or an active ester {flgure l&},ﬁ The

”  -acylureas produced are sparingly suluble 1n DMF and

:ulnsoluble 1n DGM 68 EMF ls a better solvent than DCM even
.thnugh lt promotes N—acylurea farmatlon, useless to khe

caupllﬁg a4 BllsoprOleGarbOdle;ﬁe is becqm1ng more W1dely

S

' - useq because 1t is 2 llquid and nat solmd at roam S

temperature, its acylureas are soluble in DME and 1t has a
‘similar react;V;ty to DCC.*

7To ensure ‘complete coupling excesses of the amlne acid and

3carbodiimide are added. The salvent volumes are kept to a:f"

mlnamum to waxinise the reactant éoneentrag;on. When the
| o—acyl—isourea pathway does not give a quantitative reactlon

the active ester path with 1—Hydroxybenztr1azole (HOBT] is

-uommpnly used’ (flgure 14) . In.geﬁaral racemlsatmon is a slow .

_'process and over several hours 1s not a praL?em in tme

_t syntheses. If dlfflGhltles are experlenced and 2 CQupllng L

requires reactlan times above elght hours, the reactlon 15 -j-“_:

o ooy _
' rastarted w1th ffash reactants. o
\\.

5
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' The termination of peptlaas by trifluoroaaetylatlon;

gﬁizgq q§pratect1unq5 p= pé;ymeric support; EtHg— tertlarf

it o ;
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Eigg_g_li The cleavage of peptmdes by the formatlan of a ..
dlkatoplperaylne.54 = polymerlc suppqrt, R= amino acld side
chain. - : . . .
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_ ﬁThe symﬂetriéal anhyﬂrlde coup& ng rou£e {fi§ﬁ§e.14)7§s
*;}thaught to ocour tu somé extent 1n normal ncc ﬁouplmngs as a'- 
| side reactlon. To promote 1t the sto;chlometxy of Lha addad
_reactants is changed. The reactmon is not always suxtabla f _
far use m DyF but when us&d eaﬁ‘take ‘in thé ordem. of twenty

mimutes for ﬁoma coupllngs -. - | ': -
 Tn reduce ylald 1asses all qmupllnq must ldeally pranaed to - -

100% completmnn.-' u.5 times excess of amznp acid 13 added

2

* The Kalser nlnhydrzn test® is used tn i?
ensure that tmé ﬁgee amlno group; detected after the -

P

d%ggotact;onﬁaze all reacted.? In the avent that a aoupllng

':_dues net fééﬁh\pompletlon after several attempts, the   ' '
1unprotected peptides are acetylated thus termlnatlng thelr
”“contlnued grmwth.“ Deletlon pept;des ocour when an '_ ﬁ.5

: N-termlnal am&nc grgup misses & couplipg stap Because it wasﬂ'

- nat &eprotegte#’ér it was trifluoraacetylated (fzgura 12).«  :

' Dgigtion peptmdes dlfferlng by .ong or two amlno aax&s from |

ﬂ?the desmred product can be dlffzcult to separate from the

| prodnct._ The achlevement of & complete coupling reactlon is.

_ the 51ngle most impor*ant step 1n the synthesls “”“:  __ :;  ._ﬁ

_To prnduca 8 sequence the deprbtectmon and couplmnq steps o

::Jare repeated uszng the" ﬂeslred ammno aclas. Tt should be

noted that, althbugh a rnutlne prmcedure, BOlld phase |

peptlﬁe synthesis is not without its difflcultles. SYnthesas»_

R

havq Fapy ccmpllcatlng aspebts such ‘as unﬁayourable

conformatlons af the 1ntermed1ate peptldes.ﬁ Once-_



k  M =
synthesised the 1ast &mino terminal is deprotected, the T
 -peptide 15 washed i‘ QCM and - athyl ather and ‘dried in a

| stream af nltragen 'mhe flnal stage of the synthesxs is ta
" oleave the Q%ptide from the résin. ’

2. 1. 1. 4 Cleaﬁage of the. peptide from tha resin _ .
fhe cleavaga aqent is llquld hydragen fluollde {HF) Daspitaf 
the{petentzal hggard 1t i the most uanvenlent mannel of.
cleaving pepeides from: reslns ds it removes side chaln

 blccking groups at the same time “”“”“ A full deacrlptlon af'

’ the HF %reatmeﬁt 1s given in. the appendix. In outllne the -

dry ice-mn-methanol to =-2° ¢. The prissure is . deareased and a. -

. ! _
reactlan vesael w;th the resmn andwi stirrar are caoled thh_

' mlxtura of dry HF wath 10% anlsole is conﬁensed nver into.
the resin. The anisole is an aromatic compound that traps
carboaatlons The hydrogen fluoride treatment 1asts for 45
minutes at-2" Q. The Tip is removed under vavuum and *
dzsposed of. _ L
The free peptlde and resmn mixture 15 washed in a aintered
glaas funnel with ethvl acetate to remove. the anisale anﬂ
 the peptide praclpitates out of solutivn. It is aissolved
 _and washed through the sinter with TFA and acatonmtrmle.
2.2 Purmfzcatlon of peptldes with high pressure llquid
-chrnmatography .
The - cruda peptide contains 6eletion peptldes and 1mpurxtzes
from ;he synthesis, A ghaf%& éasily syntheaiseﬂ_peptxde tnat'
‘showed no ipaomplgte cnup1ih§s{¢aﬁ be 70590% pure afté?

o
ol
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Jmclaavage. The degrae of purity reqaired will depend upon the_.;

'*_use‘“ For cnnformatlcndl Wurk max;mum purity is Eequlred

: and’ high pressure 11quid ﬁhrqmatoqraphy (HPLC) 15 used to -
achieve thls . ‘

HPLG columns have a high sample capaulty and are capable uf o

:wiéﬁétandlng pressures of 3000 bar to 4000 barg64 The -

' tachn1que is fast and esficient and has 'a high resolution in. o

: analytlcal and preparatzve systemsu The number of
theoretiual platas of a calumn is lnversely proportional ta .
‘the si;éyéf the partlclas. H?Lc smlmd phase partlcle sizes |
ﬂ.:ara 5£i0wm 1n dlametar and ‘the size dlstrlbutzon 15 smallw__
: The law pinding capacity of sillca is 1mproved by the
”attamhment of allphatzc hydrocarbons.“_ ' o
| 11&& is unstable in- solutions abave pH 8, the bonded phase:
- can bind sample cortaminants vary strongly, acmd chlorldes
"exaﬁe the steel 1n the pumps and tubing, tha support phaaarf
pores are easily blocked and the hzgh pressures usad change
atha G lamn packlnq markedly over trmq’“ To maxlmlse tﬁe S
'_resoLutlon of a column, conskant recallbration is essantlal.

'all solvents and samplas mist he filterad before use,

: JSQIVEﬂt pH must be .ﬁnitbrEd, strongly binding: contamanants

 such as aromatic campouﬁds nust be removed, a guard aolumn -
must be: attached tosrenove. 1axga partzcles and the system

. 'mhst be flushed between runs. 5““" . _
‘  The separation of small hydrophobin paptidéé ﬁas peen found
 :h§>Immto and Yamada“‘anﬁ Dnnlaﬁ\et al”-ta be apt;mal on a

LY



_. %6,_:
_ﬁmme pha'ée €,, column using a nmn-elu‘t.ing 0.1% 'I'FA/wfatef*.'._ -
(buffer A) solutinn with an elutlnq solutlar of 50% | ?
: acetanltrxle in D 1% TFA/waﬁer (buffer B). The TFA is added f:
as a counter ion. for the peptide. ThE'TFA and. acetanitrile A
- are lyophillisable and the wates can be. remDVEd by. fraeze -
| drying, Thﬁ%?makas TFA the 1dea1 cholce of caunterion a4 Thé“;
 -¢01umn eluant is monltnxed at 190nm whlch detects the _
_peptiﬁe-band._whe sokvent syatem.ls transparent at this

R

'wavelengtn.@ The bagis for separation on reverse phase

&

| ‘systems is hydrmphablcity.” A gradlen; 15 run ta. determinn

- ﬁaontaminants from the cleavaga pracess anﬁ deletion

H-fthe-percentagé nf buffer B for elutzon. Thzs separates.the-
¢
”'_fragmenta. In tha elutlon of short peptide sequences that
'-gave aqmplete aauplings, the largest peak 13 usually the
product. The percenthge of acetonitrile at whlch the major f
peak elutes, determined fzom the percentage of buffer B andf
denoted X, “is uSEd for an 1socrat1¢ ran accordlng to the _
method of Imoto and Yamada." The first isomfat;a run is at
an ace Onltrlle conuantratlon.ot x-z% ThlS is varied ﬂl
: slight y to optimlse thg resalution. Tha technique can |
-separaﬁb diastereQLSQma;s and deletmon peptxdes.@ Ar “"f'
= advantage ig that the system is then ready o be\saaled up
to a preparative calumn‘“ | | . |
Praparative HPLC systems are a t&ademoff between thé' ;
superior resolucion of smal; 1aw—capagity analytlaal c&lqmns"

and larger less sensitive pxepafaﬁiQe.calumng. The best -

O



' -___ﬁ(_ :

pfarran@ément is ‘one where the analytical and preparat

_aolumﬁ bonded phases and lengths are as: smmxlar to. aakh

'r other as ppssible. The isocratlc conditlons optzmlsed on the_'

{analytical aolggn/aan then be appliad directly t&ithe

-preparatlve é&stem. The product can be’ tested for éurlty oh -37

an analytlcal H?Lc column, by- thmn 1ayar chromatography,
“infrared and nuclear magnetlc resonance..-'

2. 3 N&clear magnetlc resonance'j_ _' _=--ﬂ}'
;Nualear magnetlc rescnance (NMR) measures the absorptmon of
-_radzo frequency electromagnetzc radiaticn by-a samp;e placed

__in a. magnetmc fleld The resu}t is a plot of the intensmty

- of. the absorption agalnst tha frequency. certaln nuc1e11 are
N

tireaponsible for the ubserved absorptions. o AL
5A11 nucleid centain chargas and by splnnzng they giva rise
.'jto magnetic dlpqleS-o$ qnadrupoles, deamqnated_u. & spin
-ﬁumberfli, is calculatéa-h§ sgmming tha'nuﬁber 6f-prbtons
and neutrans.” An even numbar makas I equal to an integer
:or 0, ;n ‘Bad number nakes I a half integer and,when tbe |

nunber of protons and-the number of neutrons are both-even I

” _is 0. The isotopes' ‘H, “F 130 and “P have Iﬂi/a_and a

ey
unlform distributlén of charge which prnduces a dipala. For

nucleii with I equal to or greater than 1 the charges are
not uniformly distrlbuted and they produce a quadrugole

moment. The value of I determines tha npma£§ of orlentatlons

a nucleus can assuma 1n a magne?&u field and equala 21+1 2

u

87
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: E$gu;§“;§ The precesslon of a nucleus in =a magnetic fleld. A

precessing nucleus can absorb radlo freguancy electromagnatic
enerqgy, transnitted at right angles to By, prov1ded the frequency

- of procasslon squals the radio frequency g

Ly

e oseecsss
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' #;gg_a_lﬁ Irradlation of the sample promcotes nucleil to the upper

energy state. In (¢) no more energy camn be absorbed. To return

- nucleil to the lower gnergy states and therefore ta return the

system to (b) and (a), enerdy must ba dissipated. Some is
transffaered o the surroundings (spin lattice relaxation).

Nucleil transfer their energy to other nucleil (spinmspzn -
relaxatiogl and the uvaleii swop places as shown by the arrows on
the left.

. Er—»‘
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3_Protnn RMR is the most csmmon chalce in prbtean WGrkabecausa

'-farganxu chemlstryp‘mh;s discusszon will concantrate ot thlsf.

 branch of NMR as it pertamns te tha work presanted. _f.l

of the abundance of the %H and lts ubiqultﬂus prSence xn

_Figure 15 shows that a protan can alzgn its magnetlc dlpglb:;”
_w;th or against the’ applied magnetzc field. Thera is a

 slight overpopulation of tne low energy - state. As the

magnetic flald is anreased the enargy gap between the +1/2

| '-ustata arid the *1/2 state 1n8reasea.~; - “-33 o

.':grequency {figure 15). In a NMR machmne electramagnetic

In a maqnatlc freld the nucleus precessas at a partlcular [

ﬂﬁiatlon in the form of radla waves is passed through the'__kﬁff?f”

sample whxch xs kept Ain a constant applled magnstlc fléld._

~ The magnetic camponant of tha rad;c waves is at riqht anglea

'ta the applied field Bo (figure 151 M: certgj.n/aévelengths,
/
the frequency of msclllatiun of. tne Z/éqgiatad magnet;c

- iield will equal the preaessional ﬂpfquenay which produces

_an absnrption maxxmum." As tne sample mhsorhs energy the

e

pogulatmon of nucleil in the high energy state will become
filled (flgura 16). Thare are two mechanisms for .
“*ransfarrlnq the nucleus frqm the high ta the low enerqy
state. n spln-lattice relaxation the ehaggy is passed tn
the molecular lattlue and the efficiancy of the process ‘is -

_praportlonal to_the-half-l;fe, T, of-the hmghfegergy_state.

- The spectral_}iﬁa_width'ia inverséiy-propnrtional to TL.7* .
The line widths in gases and liguids are acceptable but in



7w1dths are toq NALEOW. Tﬁe sacond Pnergy transfer is between'

 aJso gaverned by a halfmlzfa Tz. aollda shbw & bwaaden;ng af:;?

'effects. For proton spectroscepy, pratan transparent  ”¢ ’

_5

ES

S a

n}jcrystalﬁ and sdllﬂs, whlch have 1ong Tl values,}the llne-g”
'nualemi callea 5p1n-sp1n relaxatian, and its- afflciency 1s =

" {he hands from thxs process. Samples are nost effmczently o

: analysed in solutlon as this optlmises the T1~and Tz

saiut;ona are requlrad s6. that anly a speatrum of the sample S

is measurad ngh purlty deuteraﬁed splvents are tsed but -

o

 1nev1tably they preduce strang proton 1mpur1ty peaks fram

jfrequency at whlch an absorptlon maxlmum has occurred. First-

volatmle, saluble in @rganlc salvents and the protons are

” nanrdeuterated molecules. Deuterated water oY carbnn
-'tetrachloride are ‘the most. common solvents as they are cheap o

 and- relatively nonwvolatlle._'

The posmtlan af a spectral line Js~proportlonal~te the_

u

thsrefore a standard must he chosen and genezally thls 15 }"

. tetramathyl silaneq\It is inert magnetlcally lsotroplc,

it

--strongly shielded. It thus has-a sharp peak upflald fram the
point whersg. mast sample pratons would: shaw. Bﬁ&canVantlan, o

samples are m&asured as a dlsPlacement £rom tﬁ@ standard. A

peak GOHz fram the standard peak in a 60MHzZ fiald has a ff'

~chemxca1 shift value of 1 part per mmllaon. The chemlcal S

‘shift. Value is constant regardless af the applmed magnetxc |

£ie1g” and depends upon the extent of snleldlng or _ "
deshieldang of the nucle;i by-the electruns. Two protmns

Y



'fcund in 1dent1ca1 environments will have the same ¢hem;ca1
“ shift value,_ .h'i.' ﬁ'; e B - _
"The electron density surrcundlng a nucleus ﬁepends upon 1t5'f_
: exectronegatav1ty and- ‘the proxzm;ty of otﬁer groups‘? In ’
NMR the- %resence of the magnetlc fla}d 1nducea elect*cn
' movements that oppose the applled fmeld 72 A hiqh electron
-dens;ty w111 reduce the size of magnetmc field experlenced

. by a nucleus. ‘This in turn affaata thﬁ'frequency of

'::absorption and tha p051tzon of peaks. _tlary and secondary
_.confnrmations brlng dlfferant ehem;aal groups into close
proximzty and the patterns -of shmeldlng and deshzeldlng are .
camplax. In a fluctuatlng random struﬁ+ure the chemical
) shift values are an average of all the dlfﬁerent chemical :u
'env1rnnments.@ Any deviation from the average valﬁes :
implies some deflnlte structure° The 1arga number of factors.
'__that alter the chemical shift and the ability of high
resolution NMR to discrhmznate the differences, maka 1t an.:
 1nva1uable taoi ."_ e ; : s T
  Nuc1ei1 withln three atomlc bonds of one another are- capable .
of coupling thalr spxns._This leads to anythlng from 51mple
ﬁirst order patterns to compllcated second order pattewns of
-_1nterfer1ng groups.“ The advantage this lends to analysls
s that for & known. compnunﬁ the spin-spin cnupllng pattern
can be predmcted Thls 1nformatxon can then be usad to

a551gn peaks in a spectrum The shifts actually saen 1n the

positldns of peaks give znformation abaut the chemlcal
A H : _




L'envzronments af thasa groups whiah can be related %o .

| prntons are within 54 unlts'of dné another.

:TWﬁ~ and threew dlmen51onal NMR teuhnlques have been |

' conformationi?_'  '_' '- -*; 7_3'71ﬂ-’1:. -‘3;;;:%p5_ '

"?he nuclear'0verhauser effert {NOE) 23 a means nf |
*1dentifying pratona 1n elase proximzty to one another .; o
5fbrought ﬁogetner by fol&;ng. Tha NOE is ﬁhserved when . _?_5 

PN

developed ta map pratein structugg and oversoma kthe p*oblems

e one—dlmensional NMR. Modern NMR alms #o prcduae x~ray o

'ffcrystallographlvullke waps of protelns and’ this has ‘been

2. 4 UItrav1olet and vi51b1e llght cmrcular dlahroism

;"c;q&ular dlchrnlsm provzdes infcrmatlun abcut ths average ;3 N
. g
: stata of seconéary structure exlstinq in solution based upén

- chrqmopharagm--tha paptlde bends, aromatic slda chalns and e
- ﬂlsﬁlnhgde bonds. “The transmtions of the rasanating e

-chrémophore analysis" 29 Pratelns have thrae ultrav;olet Tf ;

ahromophcric electrons result in aptlnal acthitYa Thg _ -; __gf

&
carbonyl graups (~C=0) have elecﬁrans that vmbrate 1n an

. asymmatrfc envxranment.“ There are . two tranaitiens

'_transitlan %s from a nnn—bdndlng orbital to ahx_ anﬁibondlng

' as&nclatea with the -C=0 groups. Near 190nm the elebtrqns
:Tare lifted from an molecmlar orbxtal to a w”“antzbandlng

orbltal and th;s lS designatad a% w-w'. Near gzonm the T

r]-

_orbitial, daslgnated n~ﬂ* e &he transltions ar@ affected By
“the é&nformation of the paptlde bond The arapatiu and '

[
. =

o)
-~
‘-‘_‘————-,—.*—mnv_—. .z
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o accomplished far & few small peptides s _;QWJ . ?T'?;;fl_ 'f”- i* 
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o

_,d;fferentlally by the peptlde bond.“ cmrcular dlchrozsm
x

'E;gg;g_lz El and E, are the electrlc vectars of circularly

. rotated by ¢ and the l;ght is elllptlcally polarlbed. 74,

L ks { R

;disulphide bridge chromophares absorb betwean zaunm aﬂ *1”.

BDOnm. Th@ peptldes used ln thls work did not‘contaxn

F

'«aromatlc groups or. dlsulphlde bonds and a dlscusslon of

-
. i

these ch;cmophareé is thanefore omltted Figure 11 shows how

'”left and rmght clrcularly polarlsed 1Lght is absorbed

(CD) measures the dlfferencqnbetwaan the absorpt;nn of tha_f

s " . .
gt . o

" L . L a d
. R : . S - R ) sy
; W . : : C .
L3 [ R P . X . .

” ) .
. il
ﬁ (@
L
) Fa .
Y o

ve mediun (a) By and By
travel at the same velocity and the w

polarised light. In af optlcally Lnaclt ;
tor By + B, vields,

. unchanged plane polarised light ‘in the plane P. In an optxcaily

active medium containing assymetric molecules (b) the vectors . By
and E, travel at different velocities. The resulting veator is

N
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- confarmatlon of peptldas in solntlon. CB measurements are

'-_'as the degree of ahsarbance of the 1eft can be graater or

'-_The atudles wePe based upbn the abiiity of poly~L-¢ysine to

.'1$"

' ;effect causes elll tj?al polarisatlon “”“ CD measurements _,"

- are convarted to a wtandard value known as the molar

Qlllpthlty.“’CD band5>are sensmtive fo the peptxde hon&fs ; T}$ _;

_- structural env;ronment and ara used to measure the o “f;"' e

- therefaore arn aVerage of all the seuondary struetures present_f 

in a solutmon,” Elliptlcatles can he peﬂiwive or negatxve

' 1ess than tpat of tha ﬁhght The chanqe in elllpticlty

through a. pBSltive max;mum at a lower wavelength than the

next neqative mznimum is defxned as’ a p081t%VE wotton
Heffact.ﬁ- Tﬁé change through a negatlve nmﬂﬁﬂmm in f;__'_

:elllpt1c1ty at a 1ower Wavelength than ﬁﬁ& ﬁfgt pcsxtiVelw
- maximum is deflned as- a negative cotton effect.W 

5D1ffarert secondary structures have been studied w;th cn-mJSf o

undergo conformatlonal dhanges in bOlﬁthnS of dlfferent pH
-values.” Greenfleld and Fasman generatad a set of |

theoretzcal,cn curves-fur_afhallx, B—sheet and random

- eoil.”™ The theoretical curves'fit the éxperimehtal curves: . o

of paly-L~1y31ne wzll Greenfmeld and Fasman also computed
- curves for peptide solutions where there was no one .
predomlnant conformatgpn.“ Thesge curVEs are used as.‘

_references for 1dehﬁi£ying CD %eatra."

o T ! : - LR
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‘_mhe cnaracteriat;c a-helix e curve (figure 18) haﬁ a split -

w-w' tranaztion with a pnsmtlve peak=at 191nm and negat;ve

__mim.mum at. 205nm “"5'“ Tl‘ie minimum at 220m is due to the
-“n-ﬂ" trans;tlan €47 The ellmptmc;ty values and-the exact :

'-posmtians of cutton affects w111 be influenced by the chaln

'”Vlength and’ salvent ™ DeSplte the varlatlons of the

onaentatmnns, length, s:aet chlrallﬁy;gnd the numhetmgf
j;shaets 0 Ehik variatzon neans that the optical pE bpert;es
_ nf B-structuras are not constant. The use of a refgx

*cuxve is thereforé 1immtedian 1ts appliuatlan.?

1alliptic1ty valtgs (table 1), the poaltxons of the maxlmum

and minlma of the referenCe durve are a rmilahle maans of

1dent1£ying €D curves of a»hel;ces,-‘

'_ﬁustruqturas, imlike the ahhelix,eare not rastricﬁed to one S

or avan a few states. They vary with respect to their cha$n

.i\);

ence . ._ .,‘_':? .

'Paly-LwlySLHQ, uaed ta test ﬁha refarence B—structure curve e
:_(flgurd 18), forms an antiparalle& sheet: strumture.w Table'

1 detailé the valqes of elllptlcltles seen in the cp of

| p-structures. o s

R

-The randam call assumad by pelymnmlysine 1& attalned at a pH

i

wheregthe side “hajnﬁ of the aﬁino doids are ch@rged and the

- paptide la-rlgid‘“ Poly—h~lyslne ﬁﬂ thla Btuﬁb prbduces a

cD speotrum that fita the camﬁﬂted random coil curVe“ ) 'i_:

; [

(figura 18). “%tatmstical coil"® dapcribes CD aurves that

reshilt from an average of aeveral structuras in soluﬁion. '_m

The ass;gnment af co spectra to. "statist;cal coxlﬂ or. random



t'ﬂ ._

80
| coil because the results do not £it m--m@ﬁmm séaondax?y
ﬂstrumtural categorxas must Pl éane wztn care. The danger is’

' that by desmgnatinq StruCturij as random coll or |

i"statistlcal"cuil“ other uncwésslfied struaturea !111 bé

curves for their idant#} . ;9;\ ”%e'struct_;es‘tnemselves
. {é'_b\

are nat regnlar mnd aht ﬁ'-anwe“ﬁéigurve is therefare not : 

'pnaﬁlbla, aaah Siﬂuhulﬂh must be *reated sqfarately, This is

'%111u$ﬁ ted by an axampla :r which an a~%7ﬂix~llke cD curve   '

was ;ﬁbwn éb be due tn a Bﬂhamrpzn struct Ira. joining-two=

_ (figure 205.ua

z 5 Infrared spectroscopy
The most uéhful infrared frequencies £br nrgania chamistrys
-are batween s66em™ and 4000cm™, The te frequency is
?fappliad to the unit am“ as it is the ¥ ciprogal of the
 wava1ength énd therefare directly prophrtlnnal to the
Vfrequenay.# Infrared radiatxnn causes fwo effeets the

!
-'vibrat;nn uf particular groups within a malecule and the

o

s
" ) . : o

o
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rotation of moleculos in spaoe. In the solzd phase only _
.fvioxation occurs. In solution moleoules can also xotate and
V1hrato. The energles anolﬁéd are quantlseﬁ and produce a.
'spaotrum. vzhratlon refers-to either the strotohmng Qr.
benﬁlng of bonds.az stretonlng 1$ a rhythmical movement

within a bond that changes the 1nteratom1o distanoes.:

Bending ohanges the angle between two onds centred - around a

_ oommon atom or is the movement of @ group of atoms withln L

g'molooule with rospeot to that molooule. In 1nfrared

spectroscopy only those stretohlng modes that cause’ a ohange

in thé gzpale moment of the molecule are observed. S %f-

: stretchlng oauses an oaoillatinq elgotric flold that can
~ interact with infrareﬁ radiation. The frequenoy of

'“absorptmon is proportlonal to the relatlve massas of tho

atoms involvod, the bond foroa constants and the geometry of

the atoms,“ GiVenmthat each atom-has three dogrees af
- freedom, . the number of vibratidns:and.rofations.inoa

. molecule are vast.” The effective number is reduced because

many ave equivalent or do not cause inffarod'obsorption.]rhof_

B overlapping and coupling'of vibra*ions‘throuéh bends |
produces a speot*um contamnmng bai&s-rathe&-than shﬁrp
peaks.™ T; o if/ N 35. | R
For the purposes of oaiéolg%_gﬁflt is. aosumed that the
stretonlnq and bondlng of a bondg is analagous to. the
strotchmng and bending of a sprlnq with a welght at each'
:ond. By using this model and akglylng Hookofs-law,_the _

it
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£

éné:giés of vibratlons Withln a bond can e caluulatedﬂ From

82

'this the ahsnrbance bands in lnfrared spectra ‘can be(i'
assighed :o sﬁeclflc chemical groups. The complaxity‘;f a  7'
spectrum makes it unique for a- particular compound or N
_chemidal-group” and 1nfrared-speqtra_are-usad_for ..;
:f'identlfxcatioﬁ;“ | o o
Infraggd transitions are sen51tive to the envirbnment in
- which chramophores are placed” and canformatzonal changas :
__cauae shlfts in the position of 1nfrared bands. The. 1nfrared-
spectra of prot91ns and paptxdes are dominated by the

”_pepti&e bond anide group. The bands that they produca are'

_unparal‘eled 1n their effectlveness as detectors of hydrogen;-'

bonds and their positmons are. affected by the cqnformatlonal

.anvironment of the chromophdres 44,7

\'.. % .«r-

ﬁThe ass;gnment of the amlde bands to partlcular chromophores_' 

' and secondary structures in proteins reliea upon evidence
from N—substiﬂhted amino acids Speotra,““” the cross o

"correlatlon of NMR determlned structures and the deuteratlon
of - graups contalninq exchangeabie protons;“ The amide |
chramophcres are named as. follows: A(1600~15000m4),
stloocm“gg_, 1(17coexsoocm~1) , 11(1600-,1500;::11-1) ;
(13b04-1zodcm41), IV (800-6000m™), V(750~s'60cm~1) ahd-

' vxceoocmﬂ) Tables. 2, 3 and- 4 summarlse the secondary

' -structures assigned to ﬁhsltlons oﬁ these bands.

. The amlde I and v bands are the most conformatlonally

: senaxtlve.“ The amide V band is used to discrlminate



az-—-helix from rax}dom cbil as both appear at the same o
Wavelangths in the am.de I band.. A aonclusmn about a |
- .'structure requ:.res the overall eﬁridence from several of the
' -_bands and ccmrelat:.on with other techn:.quas such as NMR and
__CD. A5 fwell as tha amde bands 'F:.here are chromophares |

aasocz.ate& wz.th" the s:l.de cbains o:f:‘ the amino amds (table
. 5} T _ . .



0 [non-hydrogen bonded —NH groups

hydrogen bonded ~NH groups -

-

TN groups n alpha holless o

_ 'I'n__te_rmoieq_ularly hy_droga’n%boride’d_ o
|B-structures. The band frequency .
- |decreases with Inoreasing hyfiregen bond

TA~turns with 41 "ﬁﬁdr'og‘en bonds e

~[randote colt

B340,69 |



1860 or

greater

bondnd ~C=0 groups

non-hydrogen bonded and weakly hydrogen

1590

hyurogan bonded -4...—.:0 groups

e _'r.

ar:)

' 15?0

B-tume

53

"

1660~ 1
16657

1540~
1650p

_ 15185_ a

[heiioes .

3

A

1856
1636

1620

1626

intermoiecularly hye!rogan bonded
:li-eonforrnatlona S

. - 80,

16500 |

a—pla_ated sheat

n

1880a:1". .

K7

1663~
1642

1553—

- 1E8B |

antiparailol B-sheel

16'3,59 |
16908

T

barailel- ﬂéshé;et--_

86,49,60, |
79}

1636

random col

59,80,77,

79 |

1686 |
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' *ﬁ Daute\pte _amxha ac;ds as structural analysis taals
) Infrared ane NMR afg twu majar analytlcal techn&quea in -
pep‘t:l.de CONE '

_1nformat10n comes from proton Spectra, Deuterlum is nog
paramagnetlc and: ﬁherefare does not produce u 51gnal . The
| presence of deuterlum 1n amlno acid residues 1n Rnown |
pcsitlons would affect the multlplzclties seen in a

¢ spectrum. A study of the alfference between the narmai a i

studles. Much of the pro$91n NMR _~”@”’

 ;the deuterated s&ectrum is a means of assianing peaka in a o

R

prctain. At points of close cnntact'a deuterium wauld change lf

:'an NGE rgsult.73 Anothar use of deuﬁeratad amino aclds in.
"peptldes is in, 1nfrared WDrk.-The posztmons K:e absorptlon

'bands &re affected by ¢hanges in the forge constant af

3_chromopharic bnnds.“ Tha deut&ratuon of chrampphore§ wxll

-"-éugnt:ty afﬂa £ the pas:l.t.:l.on of a'band by changmg thef* bond
_'force constant This. is a way of ldentlfyinq infrarea
f_bands.” Deuterated aminc aaids therefnre pravmde a general

.,'_y_-‘.

“tcol far 5truetural analysas. w-"



3.1 Mﬁtermals T e :

-

“The . tertxary—hutquxyaarbony? «hamlno acids, triflqara&ﬁij \
g .

acld, S—henzyl-L-cysnelne and 1—hydroxyhenztr1agole wexg’

‘.‘.GJ .
dlvmnyl benzene copolymer re51n (1§,¢rcsslxnked eontainlng

supplied by Fluka Inc. Chlcramethylated polystyrene 1%

p Qmeq c14/g), 2,@,2 trlfluoroethannl and. . e SR
P . __DQ

N N—dicyc1ohexylcarbudaimlde¢Wére purahased frqm slgma } ﬁ-'n

chemlsal co. xsopropanoi was purchased rrom BDH Labor&tary '

|Reagents Inc..Technical grade dlchlaromethaae, analytlcal |
grade dlmethglfnrmamzde, acetonmtrlla and tyletnylaglne were
purchasq@ fram Saarchem Pty Ltﬂ. The DCM was d%atwlled cv&M

i

pc~ass;um carhohata, 4& mnlegular sieve, was purahased ﬁram'

Herck chemlcal CB. 45 . aallulose acetate ana taflon _:J*f”

J'

filters for HPLc Were su?mi;eﬂ by Millipore Corp.
kY

camphorsulfonic acld was ppllea by Dr. Frit* Carlspan,'p"fu
CSIR, Pretérma. The nighes+ commerc;al grades of sSiventa 3'
were ‘used For the specﬁrascopy. methanal was supplleﬁ by BDH
xa%afgtory Raagenta 1nc, ethanol, propanol and butanql were
supplled by Mersk Fhe%lcal c:::.r The sPectrosnoﬁid aoivents
were drmd m.'{:h desiccated Nagsa,,. 'I‘ha ethanal wasq reflmxed
with magnealum ang 1od1ne accdrdlpq to ﬁhe rmtnad qﬁ/
nge}\“ Thln layar plates (TLC) were Durcﬁﬁked from Meruk

Chemlcal ca, The reverse phase Cek HPLC sulumms wére from

o

o

‘Brownlee Lajis R ,;
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a2 5o11d phase synthesgy of meathlnninewn~alanlnen '_":"

':The SF?$ metha& of Marki et al” waa used for the synthasls
.-of meethionmne-n—alanlneﬁ (mat(ala)s} Thls methud ia &8
TVariation af fﬁé Merrlfield system“““ that uses ;rch amine
;aczds. 2. 769 of ehloromethyl resmn, a 2.5 times excess of

: 't-Bacwbﬁalanine dlssolved in DHF and & 5 times axcess of KF

$p
hours and hnan left overnlght at s0°C. aAfter goolang the

were plaeed into’ B réhhd bottcmed flask, stirred for four _f ’
|

':resin was washed int q}

1y aomx DMF

' é) 50ml 50% DMF/dlstilled water

'3) 120m1 distilled water -

4) 30ml 50% methanol/water

§5);me£handi'3 times-- | #

6) DCH 3 times. | ) |

7Y parts 5 and 6 were repeatedith ee timas. _ “

'8) The resmn was dried undax vauuum and stored and the

-extent of the esterification was man;tarad‘ﬁy the Gisin} |

'test” and. fmund to he 6 Emeq/g. This was a 66@ sqpstltuéiun |

Qf the 1meq Q#ﬂ/g reszn and the caupl;ng could pracaed.,

3 2. 1, The Glsin Test |

The et used wag a mndificatlcn of the Gisin test. Tt o

_differad from tha orlglnal in that methanol washes to shrink |

uthe resin WEre lnqluded.



o SRR e
rﬂl) A aample of- the res;n wasvfemﬁved and %emghad,_typi¢ally
'10 tu 20mg were used. The resmn was placad igio a”slntered
glass funnel and swollen with DCM. p = |
- 2) The resln was uéutralised with 5% dllsnpropylethylamlne _ .
in DCH for 1 mlnute and this step was repeated. Thé resin
- was then'washed with DCM fqr 5 mmnutes and rinsad three
ftimes in methanol, _ C '

3) The resin was rea¢tad y;th a 0.1% picric aaid solution in;
ncm for 1 mlnute. The plcrlc acid treatment was repeated

The axcass picric acid was washed away by rznsinq
alternat&vely m;th DCM and methanol ThlS was - continued -

| until the rircés were alaar. These washas we;e discardeq

_41 mha reauted piarate was eLuted by washmng the resin |
lternatively with dllsapropylethylamlne snlution {step 2)
and methanol The washeapwere paoled and tbe volume o
frEGQrdad, narmally 5 to 1Dml ware ca}%ééted. A 1M )

bl

&ilsopropylethylammne-plcrate 301ut1on has an extinctmun

”_coefflcxent nf 0.145 at 353nm aﬁa this- Was used to catbulatef.

number af asterxfleq sites an the resin. Each esterlfmed
mite on the resin readts with - ona picraté lon and therefore
 the stomehmometry of the reactlon is 1:1. DCM has a hlgh_
'absorbanﬁe at zﬁanm and, the readings were dane with"
dilutuions of the pxcrate solutmon xu 95% ethanol suah that
the final ﬁoncentration nf DCY aid not excesd 20%.

Table & shows the amounts of reaqents used anﬂ the time for:_ 

aach“couplinq._ror bee caupllnga a_a,ﬁ tines mnlar expesses -
. L . T b . . X ‘Q\ sy



82 ¢
_df ﬁgﬁaéﬁamiﬁo';cid was dissdlved.in the mihimnﬁ voiume 6f:{ |
‘DMF, The aminc acaﬁ was added to the resin With a" 2 5 tlmes Lf'
-mclar nee exaess (added as a 1m€solutlon in DCM} and anough
BeH to alurry the resin. mhe vaactlgn mixﬁura was shaken for
four hours. at tha end ‘of this tima the extent of react;on
was monltored with the Kaiser test. o
l-hydroxybenztrlaznle aoupling was required (table 6} far
fwh;eh a s-tlmes_excass of hydroxybenztrxaque (HOBT) was
uﬁéd*4whé:déprbﬁactian.ﬁethod involved the fbllbhinquééhési'
1) DCH twice - o | ' | |
2) mathannl 3 times -
3) parts 1 and 2 were-repeated
4) DcM3times\ | o | |
'5) 60% TFA thh 5% 1, 2, etnanedithiol in DCM. for 5 mmnutes
_6) Tha TFA . solutxon was flushed aut and replaced wmth fresh o
'TEA sclutian. The redctlan vessel was shaken far half an
-haur. ._ . : _ . “ S .
7) 5% 1 2,ethanad;th101 in isapropanol twlce- _ _
Sf The resin was neutralised with 103 triethylamine in DeM
$) methanci 3 tlmes ' '
10) Dcm 3 times _
11) parts 2. and 10 were. repeated._ '
The flnashed peptide was deprwtected and dr;ad under vauuum. o
;It was pieaved from the reain.with ﬁF (see appendlx for 5_; N
methodr.“ The. HF cleaved pepﬁide agd—res;n werk washed with

i
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Y Y] % yeliow - |Boo2tsiay resin
086} a8 '] 4 lyaliow _ |Boe-3(ala)-p&.
S 088 481 - il 4lyeliow  |Boc—4{ala)-resin

—

4

a

4,740 - 48} . LT . yellow  iBoc-5{ala)~resin
187 e 11;{ L

1
2

4 1 oss] __1.z8 yaliow - |Boc-5(ala)-resin -
8

vellow . |Boo-Blala)met-resin '

Table § The synthesis of t~Eoc-l-met(L~ala), by selid phise

. peptide synthesis., HOBT and t-Boc aming @cids were added in =
'a 5 times molar excess over the number '-oﬁ“-g_gtex*i_.fia&-s:r.t.e__s_, -

DCC was added in a 2.5 times ’\‘xces-s_x. -

LA

'_'l;e‘fu(aié.}.w .

(Ala) e ol

 Key S
1) HF.H.Pepilde,OH. / _'

- 2) TFAH.Peptide.OH '_g/f. c

Table 7 -?i'-éj.d'.s' of _pepﬁides based upon ."the-weighﬁ-'bf the" ", |

- freeze dried product after purificatien with HPLC..

e - LT ST T e e

&7

© ety 1. eeal _os8| 382l o o e
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e S D et
3éthyl:écatate-in a.sintéréa"élésé.funﬁéi én feﬁbﬁé.the”"' 5 |
anlsole. The cleaned peptide was then alssolved and wasged "
' through the slnter wmth TFA and several acetcnmtrile washes.
: Tha salution~mas rotavaporated and. freaze—drled. 0 61@ or
 tha dry crudp peptlde was collected. The maxlmum yield
posg‘ble was 0 95q and therefcre the. Yleld was 64%. The
;peptide was ready to be purified by HPLC«_
3.3 Pur;f;cation of peptides by RPLC _ i
'5A speatra Phyaias HPLO solvent dellvery system with a E;'
revarae phase Cis column were used. for the HPLC. The-calump_:
'.eluant was- monitured at 190nm by a Biorad ﬂv;chord.
_'nan-eluting solut;on of 0.1% TFA in ‘water and an eldting
gsolvent of 60% acetonltrile in 0.1% TFA wag used accardlng
to the_ﬂétggd of Imoto an& Yamada “‘_-  "I '
;Q§e pepfldes purifled wera. HF H. met(ala)s.on,

b

'-HF.TTLT_ l{,a:l.a),ﬁezf.)H., HF. H. (ala) .'Leu, HF.H., J.le(ala)s.OH and

: |

| HF.H (ala)glle OH. The leucine and :.soleuc:l.ne peptides nad | V%
been prev;ously :ynthesised“ The yaptlde yialds after
purlficatlon are given in table L. The purity pf the |
'paptides was assessed from the collectxve results of tha'

'HPLC, MUR ajd infrared. r@"

# e 5 * o o w

4.4 Nucleax: magnetia eson&nce Spéﬁtra
oﬂé dmmensmonal prot =QMR spectra of the

- TFA.H. met(ala),s.aa, TFA.H. 131a’}a1a)5.on, TFa. H (ala) /Leu OH, S
TFA. H ile(ala}ﬁ.OH angd- TF&CE {ala)alle ﬂH were recéided ot a o

_Bruker %pzoo spectromgger at 200.13 MHz 1J1Ik031As$1gnments-



Peplids conoentration In m

el

o |.Sﬁ!t&ﬂoﬁ.8 )

 {TFAH.Leu~

TFAH. (ala)s]

TFAHEE  [TFAH.@D .
e OH - T

Imethanal

Jleu.OH-

0' Bo

(ala). .OH

g.62)

sl

.88 ]

lethanol ~ -

T0:59

%.9.58

0.53 |

e propanol -

D84

- : . . ':'\ﬁjae ]

0.858 |

lputanol

01‘55 »_.—"_ .

Q.53 1.

. 0«55

25% TFEjethanol

G 0.56 |

0871

0.51

. 50% TEElethanal -

0.684 |

063

0,80

178% TFE/ethanal

0.56]

0,69

- 0.60

-

Adueous solutiony

0.81

0.60]

water -

0.55

0.50

ph4.9

0.1M phosphate byl -

: AR

T 054 |

- 0,62

R Te.

0,58

0;58 N .

0.55

0.57

el

- 0,82

ipHe - -

0811 -

0.52

0.8

.62

mHeg

O.iM sod.oarb, . |

g.58

0,50

0.62 1

pH10.0

.

_0.,.55_ S

0.61

. 6.1M sod acetate

- 0.61

0.53

0.54

080 |

T 0.50

L pH 5‘0

fi

Q.68



iSolutions

Peptide cancentration In majml.

TFA.H.Lau-
) {aia)g OH -

TFAH.(ala)g | TFA TN

AleuOH -

(aja)é.

|methanal .

067

0.65

075 o

: 0.47_

gthanol

']oa*z_

(.49

(.85 |

0.74

propanct

. 0,78

0Fs]

058 |-

© lbutano} .

- o0.80)

0,49

0.71

.52

' [25% TFE/ethanol |

0.60

- og.48 ]

5671

50% TFElethanol | .

"0.78 |

0& 72

_f.81

0.7

.64

- {78% TFE/sthanol
e

Q.67

a.57 |

3 0.88 |

o]

96




were made using the ahamical shxft values and spln cnupling

systems of the aninc ac;ds publlshed by Wuttrich 7 A

' further ﬁlscusslon of the NMR analys;s is glven in the

+*

results and disaussian sectlcn T I ;:_"'
3 5 Ultrav;olet circular dichroish spectroscapy - :r_. “f -

The cp spectra of TTFALH. 1au(ala),.GH, TFA.H. (ala)aleu OH,-

- TFA. H ile(ala)s.OH and TFA.H. (alajﬁlle OH . hetween 190nm and

. 2601m yere recorded op a Jasco mndel Jzu Recordmng

Spectrepolarlmeter. The spectra were run 1n Water, 0. lM
buffer salutions at. pH values between 5 and 10, methanal, .

Qrcpanol butanol and a series of TFE solutlons 1n ethanal.

g The peptlde conﬁentratzons for each soluthn are ngen in

_solutléﬁ are. shown in table 9.

E table 4. The readlngs takan were transferrpd to a
ffapreadsheet-and_the molar elllpticlties ‘calculated, The |

o plats'nfﬂellipticity'agaiﬁst wavelengtﬁ were proguced by

running a 5 point smoothing program according tu the methoﬁ

af Sav;tzky and Golay.®

'=3.6 Infrared spectrogcopv . - - _-- e

The infrared spectra were resqrded on a Jascc Arzuz
Spectrometer.r501id pﬁdse Kﬁr dlsc speatra wera recormed for
TFa.H.leu{ala),.OH, 'I'FA H.{ala},leu.0H, TFA.H. ilqg(&la})yOH ’
and TFA.H. (ala),lle GH. KBY and. Kecl cells Were used ﬁor the :

11qu1d phas@ spgctra‘ The llqula phases were measurad in

methanol, ethanol, . prqpanol, ‘butanol - &nd a Eerles af

"“/ethanol so*utions. The peptide goncentr&tmons af each

. o §

. {A.\



CH; |

Aia A |
Agx“‘\_f.

,j.___ﬂ;;

?Hﬂ .
CH:

He I

Aampﬁa"g)x

=

o8 .

ﬂEjguge g; The spzn system$ of the nonwlablle pxotons in Bm.-

*alamne, L--leucine and. L-isoleucme »



Sy _ o
c se 9§ .
'_3 7 'the Ranay nlckel reduatlon of cystelne to alanine i
Thls experlment almed to redume cysteine with deuterlum to
- produce & monodeutera%ed alanine. This wnuld labsl any |
: partlcular alanine in the hexapeptlde and’ permlt 1ts
idantificaﬁlon 1n the NMR speatrnm ..
A desulphurmsatlon pracedura for phthaloyl amino aCidb was
'publmshad Ly Balenovac and Fles.” Wha techni que had ta be .
- adapted fo¥) amino acids and ;rBoc amino acids.'__ |
Wne Raney E%erl was made acuardlng to the methoq pﬁblished
| ”by ngel 2 It was decided to desulphurlse - ' _ R
h S-benzyl—h~cyst91na accor;\hg to the method of Balenovic and ' 
"Fles.ﬂ 0 002 moles of the cysteine der1Vative were - _ w0 |
‘  dlssolved in 100ml of a refluxing medivm and refluxed fur  N
'four haurs with ﬁg of Ranay I»h'm:h:«s:.‘l..r Inztially, and accoxdlng
to the pubiished method; 106ml af abaolute etnanol Were

- used. It was found hﬂWEVer that tha hest ;esults were
obtamned w1th dilute ammonla su&uﬁion in ;ater. ‘The raflux
 mixture was left at raom temperatura overnight. It was then
flltared and washed with 50cm® of absolute ethancl The
 £11trate and vaShes were mxxed; rotavaporated and R

| freeze-drled. The reaction praducts was analysed by thin
layer «chtomatography (TLC) using a 5. 5/3/1 5 |

‘ n~butan¢l/acet1c aaid/water solvent system,” The amino .
uacids were detected by spraying the platea Wlth ninhydrin

~ and-then. heatlng them in an oven at 50 cc Rf\Valuas of

standards and the reactlon prnducts were recmrdad.



'__ slgn of impurltiaa 1n the peptldes praduced. Tha'_ . ' .“::_

*

]

: 4.;RESUﬂ$S AHD DISCUSSION L _ _
Aol Tha“an&}ytical HPLC. of the leuclne/alanina and

‘l¥§sulaucine/aianlne pepitdes shawgd a sinqle peak for each

éne. The 1nfra rgd and NMR results showad ﬁhare to be no

| purlficatlon or mach peptide was therefore sucessful._'
4.2 Huclear magnetlc resnnance results | ' )
':Ehe D0 =LI-I NMR spactra of TF& H. leufalajs..oH,
TFA H (ala)gleu OH, TEA.H 11e{a1a)s.OH and TFA,H.(ala)sile OH
(tablas 10, 11, 1‘, 13) are ev1denca for the purxty of the
pePtldes as there are nu 1mpur1ty peaks and the peaks o

\

carrespond to those expected 7 The nomenclature for*the

slde chains ot Ihuclne, 1soleuc1ne and alanlne 15 glvan in

The chemical shlfts of ths peptlde protons (tabﬁeibla ll'h'

12, 13) were assmgned usmnq tﬁe values given by Wuttrlch.”'

Where oomplax order multiplic;tlas occured in the spectra  -4

such’ as the 1so1euc1ne Hﬁ in table 12, “the pattern was .

analysed and the chamlcal shlfts were glven as the avarage"z .

-of-the two ra} peaks.” This was not posazhle for some

multzplicl 'es, for example the isoleuﬁlne Hy, whare the 2
pattern was hot discernible from the.speatrum. In these_

‘cases the upper and “Lower :tizﬁr?-rs of the combined peak

_ represantlng the EUlthILCItY was measured and 15 given as

_ the chemmcal shlft.

AR



ML__LQ ‘J“FA.H Leu(ala),,.OH mm Resulta. F

. randam cou chemcal shift values see refer@nce 73.
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Table 12 TFA:H.Ile(ala);.CH NMR Results.
enical shift values see re

o f

© random coil ch
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 dable 13 TFA.H.(ala),Ile.OH MMR Results
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"_;_Generally the chemical shift values for the protans in the

'-~fuur peptide NMR quctra are close ta the random QDll value$ -
' (tables 10, 11, *2, 13} Bi Thls sugg-éﬁs that those pratuns _j
: are not inqgrpurated into any secondary séructures. There “
’ \Ta however notable exceptlons €0 this trend. In the spectra
of the cvterminally substxtutea peptldes (TFA H (ala)gleu OH
~and. TFA H.(ala);ile.oH) an alanine *He is deshielded by .
0. 3lppm (tables 11 and 13) In the spectra of the N—termlnal
:suhstituted peptldes, TFALH: 1eu(ala)5.oﬁ and -
TFA H. ile(ala)s‘OH, the 15c1euc1ne and leucine ﬂi

.‘a are hath shielded by 0. asppm (tables 10 and 12) Therefore

tha shieldrng or deshielding effects are asso¢1ated with tha-_-

rposmtlon of the aubstxtutlan of the ghest amino acxd, The
smeming or dashielﬂmq could be caused by the formation of
atructure ;mply;ng that the pasition of the guest affects _

'-;the structure farmé@ The ahifta are however small and may'
'_not be signlflcant. other snieldlng effects include the B
sh%elulng of the msmleualne M, P and T protona in -

'TFA.H.(ala),ile.0H and.the M proton in TFALH. ile(ala)ﬁ.

- and are que to the formation of some structure._ _

In. uhe NMR spectrum af T?A.H met(ala)s.OH two peaks, at

',*?ppm ‘and 3.2ppm, were evxdance for impurities in the

_ sample, Each peak, as measured fxom tha 1ntegrdtxon,

'?:rapresentedfane protan and they were therfore due ta

s;gniflaant cnntamination of the aampla Thera are a great
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A9, 76 mast of the.peptldes in’ aquecua salutlon formad

o,

_many pa aible 1mpur1ties that. could explaln these peaks,- T

such as ~0H groups or a ~CH group attached to an amlde;?___

: They show that the purlflcatxcn was not sucuessful The

peptide proved tu be very dmfficult tn dissolve even aftek

Ny
the addltion of a few drﬂps of HLl or. ammonla to the . %_

aceton;trile HPLG buffer- This insolublllty made the
pur;flcation diffiauit. | 2
4.3 Ultraviwlet clreular dlcth1sm resulta
4.3 1 Aqueous solution results 3 - S
The aqueous salutmon CD murves (fzgures 2;\Do 29) all show
negatmve T txansitions at 195nm to 200nm. The n~-g*
transztians are 9051tive or close to zero. These .T .g!
charactarlstics are typmcal of paptides in.a random nr o

“statlstlcal cail“ ’“”3”“ Baalng an analysls upon the =f'f

Greenfleld and Fasman curves for statistlcal uolls, figure'ﬁr B

random c011. The only enception is the curve for o

TFA.H. (ala)nleu.QH in 0. 1M sodlum ¢arbonata, pH 10,0 (flgure

random coil &\Ima NMR spectra showed, section 4 A, that the
peptibks formed random coils althgough there was some o
av1aenca that sume atructure may have formed in Dg:, Tha
water ep- results aonflrm that random coils were the SR

predumlnant structures¢ _ a~j-

I

'g;"statlstical coils™. with 20% to 40% B—structure and the reshﬁ-g

| 25) wh;ch.formad a "statist1cal coil" of, 20% a*hellx and 80%.
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%.3. 2 Alcohalic solutfon results -

L,

“1The CD'curVEs of the alcaholrb~solutlons (ﬁlguresiﬁﬂ £o 33)4'

Efall into. two ‘groups: the TFA H. (ala)glle OH,;-- e

_TFA.H ile{ala)s.OH and TFa.H. (ala)ﬁleu OH results conform to'

'tha referenaa spectra for either secondary structures
1

B '(flgure 18) or “statlstxcal c01ls“ curves (flgure 19).7 The~ .

. TFALH. 1au(a1a 5O results d;..ffer from th.ose af the other

three peptzdes. -

'.In methanol the TFA H. (ala)sleu.dﬂ, TFA H. 1le(ala),.0H and .

.TFA-H (ala)sile OH cn curves are all slmllar [flgure-sn)
.:They are ¢haracterised by strong negative P transltions

'_with elllptlcxtxes batweex -20 000 and ~27, OQG

':deg.cmzjmol-l. The DT trans:tlans around 210nm are close

to zero. Thase results are c]osest in elllptlcity values and
B

-*;shape to a statastzcal coil curve wzth & maxture of . 30%

”B~structure and BO% ranﬁom coil {flgure 19) 7 The

TFAJ; 1au(ala]5.0H curve (figure 30} differs from the ather
'three altogether and does nat fit the curves for the =
:“racognlsad secondary struatures or "statzstical colls“'“ﬁ"5
The structure ia thereﬁore unclassifled and di&tinvu from
that assuned by the other three peptides.;

In‘athanol, propancl and butanal the TEA.H (ala),xle.oa and
TEA. H, (ala)aleu oH cp curves (figures 31, 32 and 33) show '
strong positxve w—w transltlcns and weakly negative n—w

: transztlons& Their nur«es are 51m1]ar to those publiahed for

'Bﬁstructures.“f” Based_upon ?ha value of -the 7" transmtlon

T



._\-_ - R Y " . . ] - . . .

. tha TFA.H.(ala)s%ﬂe.OH ;s tﬂe strongest Bustruature former - _
"cf the two lnféthanal mﬂh propanul. The deV1a 1015 of these. -
- curve§ fram tha reference ﬁ-structure €D can ba explalned in
two ways‘“ The ourves, could he due to "stat;sticalfcalls“
of random coil and B—S'tructure mz.xturs:s.“ From Eigure 15? .

- the percentage ﬁ—structure of TFA. analajﬁleu OH wauld be in |
'ethanol 70% tﬂ 80% and in propanol and butanal in excess af

80%. In TPA.H. (alagﬁlle.OH the B*structure parc:entage would
be 100% in ethaﬁol and batanol and -about BO% 1n propanol.-_ o

ane othei axplanatlen relies apon ‘the assumptlon that as

B—shaets grow in the number Qf strands they lncorporate,_

- ﬁhere is a decreasa 1n the magnltuda of the e~ transmtian

 _and an 1ncrease in the magnitude of the n=m* transxtloﬁﬁ”:

'.mhe w-w”/n~W' ratio for TFA H. 1en(ala),.0H and - o

| TFA.H (ala}slle OH increases as the alnuhol allphatmc chq;n

1ength increases (flgure 34) . For. both peptadea, therefore

there is the posslbillty that the sheat sizes dacrease as
the . alcahoi polarlty denreasesn Tbe TFA.H. (ala] ile.OH 51zé
 _decreaseE are greatex than TFA. H.(ala),leu oH and this WQuld

_Zlmply'that its B-sheets are smaller‘:Basad upon ‘this,

TFL.H. (ala)sleu GH fnrmed multi-auranded antlparallel o

'B-sheets of between four to twenty strands in ethanol (table .

') 7 In ethanol the’ TFA A, {ala)gileAOH formed smaller or
"slnqle extanded B*chamns“ "o =f T 'ﬁ

_In tha alcohol solutions tha TFA.H 1le(alg}g*0H CD curves

Y

: (fxgures 31, 32 aﬂd 33y flt "statistlcal a01l“ cubves of



"-'"statisuical coil" contalns about 40% B»atructure, 1n

. .r}

| e | ~123
B—structure and ranﬂnﬂ roml {flgure 19)‘“ In ethanol the

e

pﬁopanol and butanol the amoant of B~structure is reduced to

L]

h tween 20% an& 40%. ; -

The TF&-H 1eu(ala)5.0H‘mathano1 CD curve was n&t m;asslfzed
and WaS. due ta an unknawn structure. The TFA;H leu(ala)ﬁ.OH _“
cD curve in éthanol (flgura 3;) showa a pos:txve w-w ‘

trunsxtlcn, simllar tc.B—structures, and tweo' negatiVé

ﬂ_‘transitlans at 203nm and 215nm, SLmilar to anhallcal GD ‘9’*

The curve. @093 nuf *lt the puhlished "statistlcal 0011“3*":“
- s u

curves for mixtures of B—structure and a~helix'“ Iﬁ S

o ) .
[

propanol and butancl (flgures 32 and 33} there ié an
1ncxeased acnentuatlcn of the 208nm mznimuh.and the posltive"
w-w tran31tion is lost., Thua in ethanul, prapanol and |
butanol, as in méthanol, “the TFA H. leu{ala)b.OH D differs
from the three ot@er peptxdes %fd the reference curvas. The

double minzma Jn ethanol 1s simllar to fhat, seen 1n previous -

' work on TFA. H. *va.:l.(r:lil.at],.;..r.:uH.‘52 TFA H. val(ala)s.DH was fmund to

form a hydrophoh;c pocket in agueous and methanol. solutiéns
(Dr. A Nei in print, Bmapolymer5;1991). The - prcpanol _' %ﬁ T“
‘spectra’ of TFA.H. val(ala),.OH ‘and #Ta.H.leu(ala)s.OH are « °

| '1 3130 Slmllaru“ L-leucine and nﬂvaline are both branched a‘hL o

tne gamma and beta 31de bhalns darbons respemtlve@yq ThlS

- 51m11arity in theirh%tructuras could[allaw them to fanm

similar secondary structures. Thereﬁore the

- TFA. H 1eu(a1a)5.0H resulta ceuld be due o the fnrmatian of
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_ alqoholic sﬂlutloni . ;-53__.”-g

o

::me'type of s;uwaﬂnxre seen 1n.TFA H. val%ﬁia)5.0H 1n -

. (__‘; Y

- &, 3 ggTrifluaroethannl/athanol solutlen CD rasults

"fTFE acts as_a hydfogen bond donor and solv&tes peptldes. It 3_” .

' '~u5—atructure._;; '~~l_'-ajg e S - ”ﬁzéﬂ

“.4i1reduces lnterwmoleuular hydrogan bgndlng thereby ﬁlsrukﬁdrg

with TFE can be usad to measure the stah lity of

Bmstxuatures.? Therefare the tltratlon of peptlde solntlons v

it . . . . k)

- gx ’ (‘

?}The TFA.H (ala),leu. an”and TFA.H. (ala)sile.OH CD TFE

tltration auryes are s;milar (appendlx) As Wlth their

T X

".:”alcohoilcb resulté there BAre ﬁwa maans cf analysis based

gfupcn the compnsltzon O%P"Statlstlcal coilﬂ or upém tha gﬁ;

\;

f'_possible SLZES of B-sheats formed. In ethanol (flgureﬁal)

o 4 Ll
__TFA H. (ala)sleu oH ﬂnd TFA.H Iala) ile OH formed S 'ﬁéﬂ_”"Ffr'

B*structures._ln tha tmtratlons of ethanol wzth TFE the €D

"_curvab formed 1aa¥9d simllar ta the “statistlcal COll“

'curves af Greenfxq;d anﬂ Fasman.? Using these curves, the

possible percentaqe gecondary st}uatural aompasitxcn Qf the

.'“Stﬁtlstical coils“ are. glvan in table 14. The 25% and 50%

LFE cuncentration curves for bath peptxdes ‘match: the

published "statlstlcal coml" surves Well,ﬁ The ?“9 TFE

i

: "statlstlcal caxls“ can be analysad 1n twaﬂways.-ﬁased upon

*fthe g7 transxt;on valnes they. wnuld contaln 100$ f'?[;

) ﬁ~structure.?5 Based upon thern*ﬁ* tran51t10n the B*content

;. waulﬂqcuqﬁaln 40% to 20%. 76 Thls aﬂa1y51s\

11so applies to

o

- the' TFA.H.(ala)gile.DH TFE curvn Which could*.cntaihfruq%?5 

ot



the n;ﬂ* trans;tiﬁn, The TFA H¢(a1a) leu QH TFE curve fats
°. the 40% ﬁ~structure "statzatlcal 0011" curve (figure 19)

withbut any contradlatien from the two. tran51tmons._u

Therefnre thg IFE has }eas cf an effect upan‘the

Tha- plat of tng VdrlatIOﬂ 1n the w-w-{n-w 'tranaltlon ratlos

! :against tha TFE canuentratlons (figure 3?) for

_“TFA.H (aia}sleu OH and TFA.H (ala)ﬁile OH shows Lhatm -

f'exgaptin :5% TFE, the numepﬁcal valuas of. the ratips lie

betWeen 1 %ﬁd 4 for bath peptldes. The - 75% TFE rat os riﬁE
}h._ .

“above zd far both TFA, (ala)sleu OH and TFA H (ala},;le,0ﬁ§

' Tha sudden\% anges ln the magnltudes nf ﬁhe.whm“fn-w

transltions between 50% and 75% TFE 1mply that tha .iE?' i:J¥

ffﬁ? & seen 1n the cn aurves changed radlrallyﬁ Thé
"o RS S

Bwstructgre b;%ed apun the ﬂ*ﬂ' tranSLtion or 40% hased on "I?*

3. '
= . :

= ‘I‘FA H. (&l&)ﬁile.OH ﬁ-s*tructure than the TFA. m(alaysleu on. v

_ . ? are 90551b1y llnked to thé smzeé of ﬁ~sheeg 5
and theref&re the smallest B-structures accumred in ?5% N } ;
TFE.” Baaed upon the ¢p curve (Figire 31), o e

LE ' .(ala]51eu OH. in ethanol formed antlparallel s ':*Q

_é—structures withuggﬁr to twenty strands;” In TFE the <D
'«'aurve.changes altogether to that af a- “statlstical coll“ |
W1th a high content of randam coil (apnendlx].“ The CD f: 
fresults shcw that in TFE the TFA-H talajsile.oﬁ [appendix) :
:malntained the predom;nantly B*structure Seeﬁ in ethanol, )
iunera it formed a "51n§1a_extended ~cha1n“‘ Thereforé 1n.

‘%rﬂ ancaﬂuf&tlanﬁ abave 50% the TFA H (ala) 1eu.0H B~sheet$




ow

k]

. haa

are solvated apd the structure is laﬁt. The
TFAbh§(a1a)511e.0H in ethanol Zormed a:“aingle extended

A\

S8 efﬁect. above 75% TFE a chaﬁga did o&cur ta

,':TFA H (ala)smla DH as the w~w“/n~w ;atio was reducad while
'ﬁ{accordzn% to ﬁhe CB curvas ﬁvstructure was maintainad. It is

pussible that the E—structures in pure TFE and zn 35%, 50@

"-anﬂ ?5% TFE were dlfferant. O ;__g ;'_"{' 7 S

4
L

- Far bahh TFA H (ala)slau.OH and TFA.H (alajslla.OH two
' B e
:analyses nf the alcahnl and TFE serles cD curvas were .

' possib1e° ‘one accaraing to the comp051txon of - "stat;stical

\“‘.

:_aoils““ anﬂ the other according to\ghe slze éf B-sheats,ﬂfi

ﬂm

5The two are not mutually exalusive but*what is ylaiﬁqis that

':H_'tha d&fferent pOSSLblé mnlecuiar varzat;ons af B-s ructures

ake the applicatﬁ;n of any one mathad of analysls 1im1ted.

:ZThe unclassif;ed a/§ curve of TFA*ﬂ 1eu(a1a)b.OH seenﬂﬁn the

ethanol CD (flgure \E] is changed by titratinﬁ with TFE. xn

Ny
. the 25%, 50% and 75% w?E aolutlon CD curveﬂ (fmgura 35) the

B g double minlma disagfears. These_rurvea are similar to

'"statlstical qulS“ Wlth mixturas of random moll ana

Bmstructura.ﬁ If "statiatxcal co;ls" bccurred, the

- TFA. H.lau(ala},.OH in 26% ang 50% TFE selutlons uauld hEVE B

cnmprised 80-100% ﬁwstruature and the 75% TFE aaluﬁm@h would

~ have aontainad 6&»89% ﬁ-cantent..whe pure TRE curve aoag not

fnl&nw the uatatistical cmil“ trend and . the shructurea

: formed yere of an unknown nature. The wmﬂ*/nwﬁ' ratios for

K

BLchzgn" or small ﬂhshéets” and thﬂrefare solvatmen by TFE |

Ca



< OFALH. 1le[ala)s.0H fnrmeﬂ a "atatxstlcal coil“ contaxn;n“

'_”Increasing the TFE conaentratlon ahove 25% therafore

N S

_:3ltha TF&;H 1eu{aia)a.0H TFE titratinn Py (figure 3?} dlffer-; -

- _from the c-termznally substltutéd pept&dés If “statisthaf ?f?_3
' af

'_-ﬁ"struc‘ture { f:t.gure 35) BO. thet J,nc:raase «in the. ?r""i'r*jn-—ﬂ“ ;
._'tyan51tian was nat due to shaet size decreases but aome ? .
“other conformational change. Thxs change could be due topﬁhé  i,
;”psolvation ‘of a hydrophobia packet by TFE. R  " z
'{ The w~wﬁ/n-w transition ratlos of the TR H.zle(ala)ﬂ onl FFE

“;:txtrawaon cu (fxgure 37} 8o not vary greatly but thls hlpasjf

f,;slgnlficant changes 1n the CD curVes (flgurg 35). In eth:nalﬁ"”'

'¢f30% ta 40% B—strusture and random.coil (table 14) . Fram3

curve 1n 25% TPE (flqura 36) the ﬁdcontent is between &0% |
80% In 50% 75% &nd pure '.{,‘FE solutiqns the cn curves\)

';f(rigure 36) shnw negatxve W“W and pos;ﬁive ner" trana;t;on%

by

_and fi neithef the referenceugacondary struntures (figure E
‘3

18) nor the "statmstlral coil" curvas (figura 19)\"”°".  -

R
ny

*'&isrupts mFA H.zle(ala)s.ﬁn Bwstructure. In the highar TFE. hﬁ

o

_acncentrataanﬁ the structure formed was unknown. P

(e}

L T



- to mozsture in the xBr.” The ‘mide B bandn can be

"""""

- - -; ;_:_. P L  ”f'f¢" o o ..-131 _1_f
| 4.4 Infrared résults T R
 .4 4. 1 Solid phasa 1nfrared resulis .:'ﬁ S _ _ _
”' Tabla 15 shows tha results of the soli& phase KBr infrared |
._ spectra for TFA H- 1eu(aléﬁg.0H, TFAiﬂ (a&a) leu.OH, “L
:_ZTF&;H ila{alaJS.OH and TFA. .Tala}smleﬁbn. The non—amlda
'fchrnmophores are. assmgned accor&xng ta table 5. The amide A .
 bands for the fbur peptldes all fall w1thin the rangaf'
-iassmgned to intarmolecularly hyﬁrogen boﬁded '
: istrupturas'“ﬂh“ The band frequency decreases w:tn an
| Increasa in the hydrogan bond strength,? 1mp1y1ng that the
’_leunineialanine peptxdes form stronger hydrogen bonds than

" the isoleuclne/alanlne peptlﬁea._whis is- consistent with the"“_.ﬂ'

. fact that Lwleuclne has been fcund to he a strongar
B-structure fo"ner than L-isoleuclne.“ Thﬁ amida A _
shoulders at 3425cm“ in the leucine peptides could be due',i"'_’
attr;buted to free amlne groqps , 8 Thd amide T, II and III;
| peaks for all four peptldes are due to intermoleaular R
"hydrogen bonded ﬂ-structuraa “‘”JW““” Tha TFA.H. lle(alaJS.OH :
. ané TFA.H.(ala)dle. oH amide V bards (7zoum-‘-, 7oocm-=) can bs -ﬂ
| a551gned to extended B~conformat10ns.”*" T o
._ TFA. H.leu(ala)n.dﬂ and TFA.H. (ala)sleh.on amide V band )
- ;raglon has peaks at 730qm4; '7&::01:1:1"1 and azoem* (tabla 15] '5
" The . Gznam” peak can be attribntnd to a-helmx“““ or skeletal
.'deformation.aﬁ The absence of an amde ::: peak mear 5400w

- and shoulder at 15léem™ for cuntirmatlan ruleS*nut the



:g_;:;_l.g__;_ Salid Phase KBr Infrared Reaults Q,f

TFA H./gﬂf{des LOH

S

) lntermoleculir hydrogsn

- ssd]'.lded struc;tura

1a050-3100p

[B078p_

2050-3100p

3080p

Fra_e -Ni-lgroupa* —

133

. |2080s - T

29788 -

2978p _

—GH stretoh

{8025p

~CH antisymmetrieal

f2esp. -

12920p

2950p

_Istreich

116209

,'18306

(186808

16808 '

|86 results and

'|16608

16608

1600

16608

1dlscussion

- {16408

116503

1620p

“[ieeop

16408

_|1810e

T |1820p

mE

1650% o

1550¢

116708

_156ﬁs,f"

16308

— [16gBp__

15408

158808 .

15005 -

115209

1520p

1520p

{15108

15008

1440p.

1450p

~{1480p

} Alanyi mathy{. deformations

1380

1380p

B 13709

1880p

|ang GH ot-CH ™

~NH in plane bending mode

1360p _

[symmetrical bend_ihé

|

1200p

12008

12005 _

112000

_|See resutts and discussion

1170p

" Ti170p

1180p .

1940p

Alanyl methyl rocking modeg

~ |1140p

11808

{11400

10800 - -

lbackbons and side chain - _‘\\

bt}

Istretehing

Tios0p

"11050p .-

1050p.

¢

"~ Aweak —OH detormation

980p

_|seop

T

Different C-C stretch Ing

960p.

modes

800p

830s

840p

[8d0p

~GH racking modes

___j8oop

780

720p

720p

720p

7008

700s

l720p

- 7°03 

" [Rkeletal detofma%lon.
& _

Key

620p |

- gshoulder
ppeak .

LAS= TFA.H.lou(ala) OH
AbLe TFAH.(al2)Jol.OH

__ (A= TFAM. Ile(ala)g.m!

A8l TFAH. (eﬂa)sﬂa O



fheiical possihlllty.P Therefore the amzde W—bands (720cm*

O

$

__ana ?DOum“) represent chonformatlons.-“ v!f - i” . oy

-'1590cm“ amide I shoulﬁers, whxch ident}fy ant;parallel

’B—aheet Y are absent fram il e apectra (tabie 15} nor

do. tha peaks carresPond to the parallal Bﬂshaat

R I

”:jfrequenc;ea.” The peptldes are probahly therefore: in some o

:_0thar intermalecularly nydragen bmnded extended

'antructures, The shoulders of the amlde bands suggest that3t_ﬂ

| -there are small populat;ons uf other conf@rmatlons present.*-

_ whe amzde rﬁleﬁocm“ and ammde Ir J;s)zz:\n:m'**L to 1540cm*’

shoulﬂera 1ndiaate a randam or- unclassifled structura“”ﬁ9 

'-the same am;de I shoulders alsn'lnﬁlcate B-p%ﬁated sheet.”.;f



a
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4, 4 2 Lmqnid phase infrared results

i a3

_4 4.2 1 Alcohul solution results o __L__ . 'é

The 11§u1d phaae spectra produced veny stronq amlde I and %;

'bandsé Thn high absarbance of the alcohols and the.iow :

_ cancentratmens of peptldes neant that the_ﬂther amide banas

Fu

. did not. appear..t- _§-  j\{ | | ]
' The methanal TFA.H (ala)slau.ﬁﬁ1amide T peak 1nd1aates .

random caiﬁ” and " ﬂxﬁénded hydragﬂn bonded Bustructure“ f'~'

'(table 17) The W¢dth af the peak implles that there was a B

;varzety of strﬁctnres present. The amide 1z peak {1590am4)

im attx;hutable to hydrogen bunded structure.“ Exaapt for :
E an amiﬂe Ix shaulder (15605m“) and a aharper amlﬂe I peak,i
.*:the methanal T?A H, leu(alayg.oﬂ 1nfrareﬁ spaatrum (table 17y
 _'15 similam ta tha TFA.H. (ala) 1au.0H speutrum (table 16).

mhe TFA.H 1eu(a1a)ﬁ.eﬁ thereforéh*ormed one predomlnant '
structuré different from the TFA. H.{ala)alau.OH.

' TFA H. (ala)azla OH and TFA.H. 1¢a(a1a)5.0H did not produce

usable amide I and II spectra in methanol. T f.

'irmhe TFA.H leu(ala)B.OH ethanol amide I peak (16500m“) ‘can -be

'-zattrxhutpd to random m:a:i.l“‘9 o a-helix“”””““'(table 16). The_

~amide IT -peak (15500wr1) could-be-dua to a-helix, a7

-ﬁ-pleated shaet“ or Bwturns‘” However there are no

shoniders in the apectrum to contlrm “the presance of these

'structures ‘The sharpness of the amlde I band implips that a

ef;nite structure and not random coil was prasent, The

'_naturea.of_thgse hydrogen hcnded structuxas are urknown.



: %%__. _ ____3_,.€_3., o _;__.: }?_ . ';“fﬂ;; EUTOR
'ffThe TEAH. 1eu(ala}g.aﬁ propanol anﬂ butanol amide x%peaﬁs” i ”
}1(16290m“j shnw the prex%nce of 1nﬁermolacular1y malecular 3:;: 
5 'hydrogen bonded Bwstructare (Labla 5).3 The amide ;I paak |
' (159&cmﬂ) of the propanol salutlon 1ndi¢a£es hydroqen '_ -
° bonding,? The. analysis of the hroad buhanol amide IL band
1 £3 the séme as that for ethanul.uwhe dumlnant structures in ,
prapa?ol and butanol, as in- methanol an& ethanoli are jf'
lutheref&ra unknown. mhere is an}lncrease in the number of
“ amiﬁa I :dnd II shuuldars ln prapanol and hut&nol when B
-_:comparad tn athanol and thus an 1ncrease in smai’ _
-:'populatmans of other struatures. ‘These 1nc1ude pcssible |
| ant&parallel a*sheet“““ and randnm coil,’““ Thaae results _53'

' gare consistenh wnth a,

_;partlaily brcken aawn ny
'1,and bntanbl¢ ' . = f_

. e /
__Zn tha TFA.H.(&la},leu OH ethanol apect?bm (table 17)r thﬂ E

amlde ar peak#&lBSOcmﬂ} and the ‘broad dhmde I band dhd

iy .
LR
:i.vtasmtr_m“1 shouldar““” aan be ass;gneﬁ to ahtlparallel _ya ZERj
. -.-.-‘fo
Brsheetm-and/orsrandom:c011’““ﬁ°’9 he prapanol ana '
butanol apectra- {(table 17) the amide I (peaks (1&20% and

'llsaocmﬂ‘raspectlvely} are sh _.:They are accompanied ny _"

_1690cmﬂ-shou1ders and oan be trlbuted to antlpa*allel

" fﬁwsheets.m»“ This ig conflrmed in butanol by the amide II'
peak (1530—154Dam“).” In prupanol the amide IT peak - |
(159ncm“) is due to hydragen banded struatuxes.” The

sﬁouldars (16&0cm4,1540cm“) are &ua to randum cail.? The'

3



B o S Y
r'asuits? suggest -i:hét‘ ;ht'ibarallél 'B;shéeté “were pr‘ésefit ins :.
the alcohol aolutmonv Wlth random coil.;This i in keep;ng ~
w;th~tha “statzstical coil" implied by tha co spectra.

The ethannl, propanol and butahol 1nfrared spectra nf

TFA H {ala)slle.ﬂﬂ (table 19) amlda I peak5 (cantred aﬁ
162Gam*) 1nd1cate that axtanded 1ntermolecularly hyﬁxngen

Yﬁb

honded B~sheets wera prﬁsent oL The amide II bands:

‘:i'

(betwean Lsancm“ and 1560cm™) afb attribufabla to Bwpieated_
sheet 7% Am;de T 16903m”~shouldars are absent fram the o
spectra, xmplylng that shaets were not" antlparallel.f'ln “
athanal the amide I band ;s broad indlcatlng a variety of .
structures. Tha am;de I and Ii bands 1ndicate ‘the  “ 1 _'
_posslblllty nf pazallal ﬁ*sheets” or random coil:™ Only
very large 1nsolub1e parallel sheats are stablw’and are an
'unlmkaiy 90551bility‘ The predomxnant structures in ethanol
were tharefore ﬁ-structures and random cail. The amide I
peaks xn the prupanol and hutanol speqtra are Sharpar than
in ethanol ;tabla 19] meanlnq an lncrease in the relatlve
sizes of the B-structure popu;atlon. ‘Bach spectra contalned -
shnulders caused by small papulatlons of dszerpnt o
'confnrmatigns whmch can ba assigned structure accmrding to
table 3. The resulta seem to be contradlctory as there is
extanded, antermoiecularly hydrogen bonded, ﬁwstructure _
present but 1o, evmdencg of ant;parallel sheets. This  ; o
supports the CD results which suggested that the E ;"

TFA. H (ala)sile OH formed “single extended B—chaln“ “
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- "I‘he akmide T peaﬂcs of ﬁm H.{ala)slau.OH (t;abla 17) and o

o {;TF& H (alaqnzle ol (table 1H}ehat§ show a 31m1iar trend. Tﬁe

“"an& therafore inureased peptxde solvation.‘i

_amlﬂe I; »hculders, whlch rulea nut antiparallel

"_amlde T hand.” The peptlde therefare formed a hydrogen

{amlde I band in @thannl 1s wxﬁe and starts at J.t:‘a&;x:lmu“jl -In
““;Prﬁpanol and but&nol the peaks nar@ew and ara shmfted """
:-?towards 16341&'::&"1 This is a shift: away fram random coal”

' -ftawards Bmstructure“ as the alauhol almphatmc chaln : F _

u-in the wMﬁ*/n»w' ratlos of the cb traESLt{jns {flgure 349
;Hand nay he caused by a,decrease in the size nf B—shesas”

 f'Th1s wauld be aaused by the 1owering of the 391Vent poiarlty

F)

 The sharp TFA. K.Lle(ala)s.mi ethanol &mid%]‘. peak. (lélOGm"‘)
iis due %o hydrogen bonded carbonyl gréups (table 18) "

7broad amide 1T, peak covars & W1de variety qf

'1ncraases Ln 1ength These changes correspond to an Ancrease L'

structure.“ﬁ”‘“” Thare are'no 16900m* amida I or 15'_1.6:::\1“1 o

ﬂ.

B-sheet""’ e and a—-hellx 44,77 B-l-turns are ru.;l,ed au.t by the

banded structure in athanol “the sharpnesé of the amide I |

'-peak implies a lim;ted variety of aanformatﬁons. There were

X a

 'sma11 populations of other sﬁructures, 1nc1ading randam J

GDll 775 indmcated by the shoulders. The amlde I bands Ln

: .pmpanol (z.sm;cm-ﬂ and .‘Dutanal (164001&"") are attribut&ble

. II peaks (lsaocm“-lssocm“) and 16906m“ amide I shoulders

_are evidence far antmparallei B—sheets“*“**”g

e
to. 1ntermdlecu1&r1y hydrngen bonded B-structures, whe amlde\s“‘
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:g_gl_:%g,,L_ TFA H Leu(ala),,,m{ Alcohol Solu*t-:l.on Apu.de :l: and II
ands N

v

1 v 1 1850s | 1700s | 17005 | 1690s | 1640s | 1680s | 16908 { 16%°
" T ie70s | 1680p | 16908 | 1680s | 1620s 116708 | 16808 | 16708 |
1.1860p | | 1660s | 1640s | 16004p | 16B0s | 16605 | 1660s
118308 | .1ear s l1e20+p | J -+ 18408 | 1620p | 1630p |

S N _Jkﬁa_ﬁ v N
CH | 1590+p | 1540 1590+E§¥*?§?ﬁ§L'-159oa | 1800~ | 1890~ .§ 1590% | .
1660s | 1850p | 1570s | 1580- | 1840+p | 1570+p | 1570+p | 1585~ |
I 15505 | 1590+p | 1530s | 1580s -| 15508 [ 1526 |
| 15405 | 1520s j ) 15008 | 1540s |

) 700‘ -

Banda

L | 1590p | 1580p | 1690+p | 186508 | 1690+p | 1B70+p | 1680+p | 16G0p
' 1580s |.1620s | 1570s | 1540~ | 15608 | 15608 | 15508 | 1580s
| 15508 | 1830p. | 15305 | 18408 [ 1Ba0s | . ] -
1540s | 15208 | 18208 | -} - . 1
R 1 15108

+high intgnsity p peak . _ -
wlowintansity sshoulder . . -~ . e

i



1680'\'.'3

T é?‘"f-

r)

n. | 1860s

18805 |

. Eﬁhlr&.__ TFA.H&J.E( alaﬁ 5001{ Alcohol sglutz.on Amide I and II DR
Bands - _ . _ _ . o

18708

16408

- 168708 |

16608

| | 1630p.

16608

_1640s

1810p

3630- |

160U+p

L R

1800~

15504y |

.15?05"

| 1580~

1800

15680+p | 1

! 1530s

1550~

9 _550.+p |

1B70+p

18608

. 1530p

1530p |

18508

_ 165850s

15208

1718408

R

Bands ;

Gl

| e60wn

1680Ws

mabl&la TFA H (ala)g.:.le OH Mcmhol Solution Am:.c};e ﬂI and 1T '

16708

16505'

16405 | .

1660 .

1630~ -

1620p

16204p | 16

1 18204p |

ii

1550~ |

B8O

'lﬁﬂﬁ-*

—{550p

1680p

16560+ |

15008

15404p

15808

1540s 1




\ -

_'are due” to hydrdgen bonded carbonyl qroups and near 16300m4'];_

,peaks are between J.t=5l:n.‘mm‘1 and 16}3!.:)::.m*'JL Y

| x4 2.2 wmf:t,uoroethanolfethanol t:: trat:l.ons results L

- In the TFE/ethanol tztra%xon spectra, the amide II peaks of_*

TFA. H.Cala)sleu ‘eﬁ xtables 17) and mFA.H.(a:La),ua OH (table

119) are a1l above 1550cm“ and have a hlgh intensity. Thls

can be attrlbuted to a predominance uf hydrogen bonﬁéd

-caxbanyl graups,” In 25% TFE, the peak&agre broad aﬁa _
pinclude the posslbility of B—plaated sheezf” mhe amlda T
Voo

ues below 1520am4. -

o tﬁey are aue to s—-sheets,ss ,49 The TFA, H (alaisleu OH svectra

'ggshéét,”.hot seent’ in the TFA.H. Lazﬁih_

hava.lﬁgocm”'amlde T shoulders, due Fc aﬂtlparallel

ie OH. The numernus L

vqther amlda I and II shoulders of;Eﬂ&,Fwn peptldes can be '

”_a551gned structure uaing table 3. The 166fcm™ and 15500M4 ;

{l ) r]

'ahoulders are due to random Coil.7ee. - L S

_In the TFA H (ala),leu‘hg TrE titratxan lnfrared spectra, N ,

the amide I and it peak frequencies Ehlft from 1600cm4'and

R 159”°m“ t° 1630“”“ and 1560°m“ raspaatlvely as the TFE f“_'

concentfatinn 1ncreases (table 17). The shlfts are

'associateﬂ w:th a decrease 1n the strength of - xntermomecular

gy

hydrogen bending.63 The 75% TFE solution is an exEEptinn;to

this. This cozncldes with an 1ncreas@ of the w—wg/n—w' cp

(L__
transltlon rataa in 75% TFE (fxgure 37). Therefore 1n thls :

solution tﬂbﬁé lE an 1ncrease in the hydrnge§ bond strength o

. associated with a possmble decraase in B-sheat 5126, The

'lncreased hy?maagp bond;jtrength may-be A result of the
. YA VT S S IR

Ty



R R

7Jpapt1de—T?E bonding and wuuld.“ndlcate that the TFE sblvated  ]
:_peptide nhalns and dlsrupteﬂ the Bwsheeié -,,  ~

'_The TFA H_(ala)sxle GH am&de I anﬁ II peaks show no trends _
, in thelr frequencies with changﬁs in the TFE concentratlons._:_

fmhara 15 an 1ncraase 1n ‘the 1ntens;ty of tbe 162ﬂcm“ peak

. in the 75% TFE{athannl solutlon when comparedxte the 50% TFE
\ .

..:sclution. This can, be att ributed te an 1ncrease‘1n &he

J

zfpo ulatioh of imtermolacularly hydro@zﬁ ﬁ@ndﬁd

: f-ormatlnns.”*” Tha 1ncreasad inten51ty is as§001ated )
a-w1thw§y)iné%ease in_the w—w'/ﬁ-ﬂ' cD twansition ratans ) ' '5?
] (flgure 37) Therefore the causes af the changa in the ratlo a
are different fxom those in TEAH. (ala}alau;oﬂ.-,:_f o C
In Egs TFA.H:leu(ala),.OH TFE{ethanol tltratinn spectra o
_(table 15), th am;de I peaks are beuween 1600@&“ and

- flGZGém* ani the amlde II péaks are abGVe 1ssecmﬂ 'Thms

indlcakes :ydrogen bonded carbonyl groupa,“ In. TFE the . peak )

.

| i at 1630¢ T and- wouid normally be: attrlbutad g6

'aintgrmoledula x1y hydrogen bonded B~structare ) Hawever as’
 TFE dzsrupts these 1nteract:pns th(,source of the peak 1s;5;"':
..prasumably due to some nther structure._mhere are am@de I

-_,shoulders at léQme4 aﬁ&;between 1630cm and 1640cm4 %;i,ﬁ‘

-indlcatlng small papulation offantiparallel B-sheet: L ;3 .
.supportedsby-amide Iz shoulders\ ear 15306m4 ™ The Hh% SFE

: ' ' - ' L -

> oad,-mmply;ng a varlaty

solution aside I and IT peaks are

_"of structuras. These results, with thi possible exceptlon of .

the TFE solution, do not suppdré‘the 1dea from the e '{f-_;

N A . R S



%pectra (figure 35) ihat “statzstxcal chzgﬂ WEﬁe presentﬁin
uthe TFE titratians s there is scant. evidenc? of '_' r
ﬂ-structuxe, Instead t.he rasul'ts ma.y b shoving that, as the
TFE cancentratian mncreases there s solvatlnn ofgﬁ
'hydroPhobia packat with the resultntnat the varxaty at .'_ B
:structure present increaaes._f o |

oThe ammda T and II peakﬁ of the TFA.H. 1le(ala),,03 _
 _TFExethanol tmtratlans (tabfé 13) ara duea o - “..7 : ’&?7? _
'intarmolecularly hydrégen ban&ed a—structure.“ The 75% TFE

' and pure TFE :1.t~39t:u'.m~.'“‘L sheulﬁers in conjunctian with tha Qﬁ%%&i'

. ammde I%paaks imply that antlparallal B—sheet was
.prasent'“ﬂ%“’mhare are amlde II shoulders at 55&cm4
indlcating Bwpleated sheaﬁ” but no ammda II aiak
aonfirm the chain ﬁrientatlons.” Except for the 25% TPE

lders to

each spectra spAWEd vaxiety af struﬁturas, indicate& hy E
__the 1arge numben\of shqulders, which can b assmgned _
_acq%:dzng to table 3. Tha structuras include random aoil?’““
'-whmﬁu is in aggéemant with the CD curvea that*mmplled tha '
preagnce of “statlstical ca%ls" of ‘randonm coil and .
.B~structure._mha amide IX pesks show an increase in )
frequengy as the TFE concentration increases. Thls 1mplies L
that the hydrogen ‘bonds formed. bename stronger. TFE dzsrupts .
| 1ntermolecular hydrmgen bonding and-the #ffecﬁ abearved most
_ therefora be- due ta aalventwpeptlde ot intramoiecular

aydrogen bonds. - Y

Al
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s T Co us
4.4:3 Inﬂrared peals 1ntansit&ea SR % .. o e
':Tabﬁes 20 tb ﬂ3 shaw the intensitmes n? tne major paaka in
nuthe solutlan phase 1n£ra?§g Included in the tables are
) those peaks attxibuted o the aﬂino term;nai chramqphores, _
;.to free aarbonyl groups‘and the ami&p I intensities at _: L
 _1623¢““ and. 1600cm“. ‘The amide I valuﬁs were uhosen bacéu#é "
' the former lia in the region due £8 free carbonyl groups and
-.'the 1attar are due tm,nydrcqen honded graug“x“ The ratias |

s of- thesa two ara shown for ‘the TFEféthanal tltration ser;as. :

' ;Tha 1ntensities were measured-an esch spedtrum frum an

'absorptian mxnlmum common *a all at 2&'1':(.\131&1‘JL _
In the TFE/ethanol titrations of '.:m,ﬂ\(as.a)sleu,on, L
TEA, H«il&(&l&)g-uﬁ and TFA. H (ala]alle.nﬁ, tha lauﬁam“ peak ;ﬁ(*
Q'inten51t1es decreaaa as tha THE concentration increases
H(tables 21, 22 and: 23} and there ara né_iszocm“ peaks. Thms
}mplxes same s¢milar1tyiin Lhe‘ﬁehaviau#\vf.mhese three N .
| pep?ides. The 1900cm“ trend>1s not sden. in the’ '"'_"' ;? o
WAL H 1eu(a1a),,.on: TFE sarias (table 20) and :.t hag 193?1cm-=
peaka implying éhat 1ta benav1our @as dlffarent from the
- other thrTﬁ peptxdes. In tha series of~&1cohal solutlans,,:.-
both the TFA.H. (ala)leu.0H snd -rm.u.(a;a),;ue.en 192ncm-sr?
peak intensitmes decrease from ethannl‘?a butanol ﬂpisru'
trand does nat ocaur in the TFAH. 1au(ala)5.wﬂ 0K
TPFA. Halle(aia)5.dﬂu The CD results for TFA.H.(ala;glau OH
_an& TFA . H.(ala)sila OH both showéd strangng-struuturés in. o
the’ alaohol solution’ saries. TFA. H i@a(ala}aacﬂ was found to )

[



344

;.farm “spatxstical auils" with a predominanca of ran&om cuil
.and TFA H 1auta1a35.oa formaﬁ undetermlnad structuras. The""
;:dlﬁfaxﬂnces 1n the structures seén in the GD results are -
-gthereﬁqra supported by the patterns of infrared paak
7 intena1ties. I _ S :

Lwhé ratios bﬁ the 16000m4 tn 1620¢M* ﬁéak intensltles o
;shaulﬂ qive an 1ndieatlon of the relatxve numbers of o
 ;hydr0gen bonded ta nanhhydrdqen hmndaa carbanyl groups _
;'(tables 20, Zl, 22 and 23) T?E 13 axpected to ancrease the “”f
f"amaunt of solvant—pept;de hydragen b\pﬁlng‘@ Tha ;«; _'
ECY H.ile(ala)s.OH aud TFA.H. Lew(ala).OH ratios increass’
:(tables 22 an& 29) as tha TFE concentxation increases. Tﬁia.i @
fshaws that there 1s an incraase in’ peptide~TFE hydrogen fi§  "
ﬁ:bundlng and=€hexa;ore tpe paptlde mnlecules were well - |
fiaulvafed by TFE. Thms ik canslstent with the 1aea that
%TFM H. 1@u{a1a)a.aﬂ farms a hydruphohlc pogket in ethanol

whivh iﬁ disxgpted hy the Tﬁn SOlVaﬁlbn..' | ”_5ij'
’3’ L R .

'q’. - Q‘;;‘ X ; . . ] . . . ) n
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_ah;g_gg 'L‘F@.H Leu(ala},.orl Alcahal Sr.:lutibn Inf;:ared. Peak .
Intensities“ = _ , _ e T

[Methanof | -

{Ethanol
|Prapanal’
 [Butanei |-
. TFEEthanol
~ 128% TFE
B0 TFE | -
TE%TFE ] 411 7
- TFE -t .;. DR )

R I RS T
N R IEE
o 4l W) 17| esl
e sol. o f 4] 20

© [sdiu. ol
IMethanoi | m0
IBthafol | . 40|
. |Propanal - 89
(Butangl = 48|
TRE/Etharol 1Itraﬂo1 o
126% TFE 24
{50% TFE | 81
175% TEE | 28
TEE  F 6




‘ E:a;lg;g__a; 'I‘I"zé,.m(ala),,leu OH Alcohol Salu-t:ion Infrarad Peak
B Intensities’ S

-Malhanol A . 5 ' NN R . '
Sthdnol - .20 ) 2] [ U T T A
|Propanol | 88y 28| 18 - t&f -} O '

- |[Butanol . f- &1 17 (. e8! 7] . BL | a{
- TRE/Sthanoftitration - - [ [ .t o ) | :
laew s I sl oa] 28} & RS 141 8
BO% TFE | '42] 90| @8 481 | 5| | " yai g4l
. lyeoeTFE ] 8z 0 81t 28|  18l. - 1. 44| . | 8| 22|
- {TFE | cee| eof 8{ i - ] 8] 12 a7

=t
=]

b
-

| Solion
Mathaneo] -
Ethanol | -~ 28
- |Propanck{ 831 &8
- - |Butanel 44 78]
C|TRE/Ethano! tirstioh - | -
[B8%TFE | 8541 71 18] .
IBO%TRE | g8 a7] 1.7
7% TFE ] 20 251 1.8
qrEE. | 18l e24] 1.5




m_hlg_a.., 'ma H. ila{ala)s..on A.lcohal “Sc.l.ution Infra _ a Pfélc
= xntensit:.es N o T ]

Methanel | e S e
Etanol [~ 88| o7l 2| [ 46 d4fcy | 84l

C |Propanct {* 851 17t 14 o |
Butanel | B3{ 214 2ai{-. 8] -~ &8{ 1|
. TPE/Ethanol fitration A KON ISR RSN PO .
|2E%TFE [ a3 1 ar] a8 gl b 18] 23
lso%TPE | sal zr] 28] 18] 12} | 18] #t]
|7e%TEE | 88| 28] sl 1g 7. IR

OFE 1 a8~ 28] wof 48| - |- 'B1 10 47]"

. |Propanol | - _
CButanol | " R -
(TEE/Ethanal titration. - |
les%TFE | 22] 22| 1.0}
50%TFE-] . g2{. =88 1.7
- |78%TFE | 80 50| w7l
[TEE . oo 8| 17| 2]

-t
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zntens

iﬁles

.Z_iqP

H_ ( ala)szle OH Alcohol s::lutmn Infrared Paak

- Methan:nl ‘

- Bthaital

261 .

Propanol

15

- Batanel

i (o

. TFEEthan

of :itraﬁon'-. B

o AessTRE [

T 28

— S

180% TFE_

25

12

4

e TF’E K

26 |

R

_-“..14

B

.TFn.- L

_ Methanat

2]
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78
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AN

Butanol

86 |

6_[ fitration
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25 |

.."'1‘_2" o

- |80% TFE

e

42

. ju?

{76% TFE |

181

27
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T 5 The Raney nlakel desulphurisatlon of L—cysteine o
;In absolute’ ethanol there was no evidance of o
"”zdasulphurlaatlon of the-S*benzyl~L-cystezne, prubably due to

"Jsoluhillty prdblems. Several 501Vents wera tried and the
.'-’must succesaful was a 5% ammanla in watar solution with az
-  times excess. af Raney nickel.” The RE values ‘of the * _
-;~_pr0ducts of the desulphurlsation, on TLC\platas aluted Wlth

: _n-butanulfacetic acmd/watar {60 25@@0 v/V}p? shawed an -

-__.ihtense alanlne spot and a weaker cysteine sPnt (table 24).

The products appaarad as a blue powder due to a%}no acld

'eomggexes with nlckel. Tha nrude recovery was 60%. The

'“ ”pub1isned recovery for pthaloyluamino acid desulphurmsations

: was 40% Sl The desulphurmsat;on of gggger—cysteﬁne rasu&
;1n a praduct that turned ninhyﬁrln blua implymng that '

k3

gained hy pursuing~a methad for ;Psaa ammno aald

'ﬁeprotectian had oacurredu There wag thug ngthing ta be fj"

'desulphurisatianal o '_ '”; SR f." .
 f_The rcute to ba taken £or produclmg dauterated -
-“'Boan-alanine was therefore to desulphurlse _
F.S—banzyl~b~uystemne with deuterated Baney n;ckel ta "g' .
_separate the L—a;anine Erom the reaation mlxture and tohx_ 
bocylatéﬁthe puxe L—alanlne.“ The next, and unfin;shed
stap, is tha davelopment of a mathod f@r separatlng residual :
,Lwcyste1ne from. tha L~alan1ne praduced, possibly on an ion
j_exchange ¢a1umn using the dlfferent pK values af the amino : 

aclds. N
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m_hlg_gi Raney NiGREl Desulphurzsation of

. S~Bengyl-L-Cysteine in Ammoniated Watsr.

- The product of the desulphurisations werd run on TLC plates,

using 4 5.573/1.5 n-hutancl/aeetic acid/water solvent - .

- system. The plates were run and then sprayed with ninhydrzn -

~and developed in an oven at 50°C.93using a-5.5/3/1.5 = .
n-butanocl /acetic acldiwater salvent system, The plates were

Crun and then sprayed - - ¢

1w1th nmnhydrmn and develaped in an oven at 5Q° c.Cj

' Yhe intensity of the product
: Rt vaiua, 0.3, was ‘much lower
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5. cozsrcwsxons 0

ﬁ There is a wzde range of p9331ble B—structure mplecular
¢'var1at10ns and for thls reasan the extxapolaticn of _
f_B*structnre results has baan shawn ta ba. unrallahle,” The o
;*results af the Work reported here show this to be true. The_.
1-results also show that the position and type of amino aczd |
| 1n a sequenme and the solvent all affacﬁ secondary

g strpcture. There 15 thus a balance hetweén position,

| structural propansity and en(?ronment. ﬁé-- _ _
_;}EFA H. (ala)aleu OH and TFA H.‘ﬁ;g)glle.QH-formed ﬁﬁra'Stablejf
'ffB~aheets than tneir N-termlnaliyfsubstituted-homologués iﬂ"#-;
alcbholmc solutlon..lsaleucina has ‘been reported to be a__f 
 weaker, B-aheet former in the EDlld phase than 1auc1ne soss
The results show that this 1s not the case in alcohol;c e
solut;ans for these peptldes as 1n alcoholic 501uﬁ
"TFA.(ala)Hlle;on formed more stable B-structure t:han _
:TF&.(alajsleuaoH. This may be due to steric problems w&th -
 the in?ﬁrporation of 1soleuc1ne re&&@ues intm axtended o
aggregﬁtﬁq sheets. Possibly thus TFA. (ala)sllp molecules -
formad"ﬁmaller B—sﬁructures or aven "single extended
-B—chaihs“ while TFA (ala)slau OH formeﬁ 1arger
'1nterﬂ'1ecularly hydrogen banded sheets. The sheets could

have. hjen ‘solvated and dlsfupted oy TFE. ‘a process that

woula ave left szngle ahains unaffected. Tha increased

F

=B—she%_

fﬁrm;nq ahillty of the c-terminally sabstltuted .
| _peptzﬂas, over theif N-termmnally substituted connterparts,

v tas
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is best ‘shown y TFA. H-:Lle(al ),,oa and TFA.I-I (a.:l.a),na on. )\
E’F&.Hulle(aﬁ))sion formed “st t:u.stical cculs" with a. _ _'
dom:.nance OF randcm cb.ll whll TE‘A.I—I. (ala};ile .OH formed the
strcng‘ést ﬁ—structureau Therefore TFA H. :Lle(ala)s OH dld not
banefit from the-. B—foming propens:.ty of the :.soleucme :
mgidue hecause of :uf:s pasa.t:.on. '.I?he 1ncreased ataba,l:.ty of _
theq\c-vterminal susbt:.tutmn is :m agz:eement with previous

mrk_aa :nt has been postulated +that the ‘f}:ructural e »\?

&, i
propensa.ty of the am:l.no acids :,n a sequence wholly

de‘termn&s 't:he secandary stru:;”‘{:ura.” The results reported
for this wark shqw that the ?bsmmn of: the aminb ﬁcld is

s

important as we-.ll o 2 ﬁ- e TR
'I*he balance of amnp ac:a.d %fbs:twn and’ ﬁtructural propens:tty
was’ further shown by the\\ir#'& H.leu(ala),.OH and = |
T?A H-llé(&l&)saﬁﬂ resultshi Hexa-L-alanine was :Eound to form
Br-shea'l;s ina Variety of ,@olvents“ : Both L—leucj.ne anﬂ o
L“lSQléuf!'.Lne at the c—teﬂm:.nal re:.nforcad th.e ﬁ—structure
while 'I'FA H 1eu(ala)5.o?' ccmpletely disrupted i'i:.. | ' :
QTFA.H leu{ala)g.OH behqfved edlffarenﬂy £rom the ot:her three
peptides. ‘I'he o results ware similar to those of prevmus
worla ‘with TFA 1, valﬁ( alﬂ" QOE}“ and J.*IﬁL J.$ posszble that |
TFA. H. leu(ala)g *fm \:F y h;(dropnob:.c pocket in palar "
"’_-}jb'z‘md in TFA.H. val(ala)s.OH 62
tﬁ' the B—-struc:ture of '

solvents similar to @L
TFA,H ile(ala);-DH disz _ S
hexa-;,L-«alanina but foms random coil, nc:t a pot.l:et ‘The

L

hydrophobic pocl:et in TFA.H. val(ala)s.OH is stabllised by an .
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..1nteract1an between the lsopropyl side chaln of the . L-valine :7
at pusit;an 1 and the Lﬂalanlne methyl group - at pos;tion 5 |
There is a hydrogen bond between the carbonyl of residue 3
iand tha amlne of 6 (Dr. A, Nel, submltteé for publlcatlon in
:Blopuiymefs, 1991}. F.\ model shows that such an 1rteractlon |
ig pnssible Wlth an L—leuclne side chain but there are '
'sterlc problems with an L—isolaucmne side chain. This

: explains why t TE&«Hdlla(alajs.OH did not behave in the

1o
'same Way as TFA.H lau(alajs OH. .- = kr )
3 The hyﬁrcphobmc pocket has been suggested by Matheson and

"Scheraga“'as a prlme candidate for 1nitiatlon af prote;n -

-

 folding. The spgr aneous 1mpos;tion of order ln a structure .

 1mp11es a negative free enerqy. The Glbbs free enprgy B
'equatlon {AcaﬂanAS) shows that the resulting decrease in :
entropy, from the 1mposition of order, wnrks against thxs.'
_Yhe. hydrophoblc packet ‘brings’ apolar groups- together :
Qallowing London for¢es between them“ and it brings the
paptlde bond amlnes-and aarbonyls tugether for hydrogen
-banﬂlng ‘The free energy releasad from these electrostatxc
1nteractions provide —&H that/may drive the procasa of
| initiatxon.F Proteins are 5ynthesmsedf; \the ribasomes fron
the amino termlnal and it is logical to expect “that
1n1t1at1on structures wnuld be directed hy amlno aclds at

hthe N—termlnal-'whus the flndlng that TFA H. leu(ala),.GH, an

N—termlnally substituted guest—host peptide, possibly fnrms
a hydrophobic pocket rupports thzs theory. = i
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..7 1 Hydrgaen Fluoride cleavage of the Peptxdq from the Rasinj

-'HF is highly anrrosive, At reacts exathermlcaily w;th watar o
ana 5 P°teﬂtlally lethal if inhaled..The HF treatmeritrof Jf:

'“the peptida-resmn mast. therefora always be caxrxaﬂ nut 1n a .

';fume nood anduﬁteps must be taken ta ensura that the

f,apparatus and‘beptida-resxn is dry s The apparatus material

:'muaﬁ be resigtant o HF and st be able o withstand 1aw

-:temper m&;es. Raference 64 1lsts tha commeraially availabie -

';matarlair,_rigure 38 showg tha apparatua usea fbr HF

_[cleavadﬂu The methoﬂ;deta;led retérs ta figure SB, tha

. Y
. bracketed numbers rafer ta the stopcocks anﬁ tha letters to .

the var1aus vessals.

“1? 1. 1 Drying and bistlllation of the nfm'f”'

_'(1) whs azased and vasSBls (B} and (C) ‘were isolated w;th-;g'

'gta) and (4} respa¢t1vely. A teflon magnatic stirrer and a_”ff:

KAQ

few gram m% ﬁaﬁ“were adﬁed ta (&j cOEgrwas the dry;ng o
agant %or &ﬁﬁlgas‘ (A} was screWéd intu place and {2} was 

| openad tmhallow manamater rea&ings of the prassure in tha HF.

'1ﬁ§a (7) was alasea to ensure “that the hlgh vacuym pump.

_.was, undar no aircumstances, able to sﬁck water ffém the tap

- vacuvm. (6) and (5) were apenad to allcw the water vacuum ta

'suck air and the tap was turned on fu Ly. {5) was then .

”7turned 50 that the vacuum line and (A) were evacuated.

- meraury‘ . " &‘ . .. o ‘:} L.

.Evacuation continued until the presaure was ahout ﬁaomm of ;7'



e | | | C o164
.fA):was immersed in dry-ice-and ethanol contained"in a -

W

: jthermas. This was Started 5 minutes bafore the HP was

f-_ﬂistllled over. {2) was tprneﬁ 50 that. (A) was apen o the

- m&nomater but closed to the line and the reaction vassels

- ((B) and (C))v,The system was checked for leaks by

"monitoring the manoneter reading, which remained: canstant,
"The water pump WHS vented by turning (5) and then turned 'ﬁy
ofE.. The HF uyiinder was opaned and HF was gently distzllad
over by opeging (1) slawly. Enough HF was distilled over fqr
two to three cleavages (about 1oml of HF per 0. zmillimales
  of peptide“} The vacuum was allowed to drop unt11 a Sllqht
f;vacuum was 1eft The 1evel of the dary 1cejethanol bath Wa* J
“maintalned auch tnat (a) remained 1mmersad. (1) was then |
 lc1osed. The HF was ready for use.: .€ R
(B) anﬁ_(C) in f;guve 38 are the reacﬁnon vassels. The L
B method Wlll cnly deal with (B) aa the éame instructxons-'
._apply for (Ty as well A teflon st;rrer har and anxsole
(L. Oml per 0 Zmllllmoles of peptlde) were placed 1nto (B)
and it was ‘secured onto the HF lina. (A) was p&aced into a 1
11tre beaker cont inlng water at room tempexature. a _
magnati¢ atirrer was placed ghder this to stir the HE. (B)
" _was then cogled for 5 minutas ;n a dry lce/ethanol thermos._
As a precautlon tap (7) was check 0 ensure that the hlgh
_”vacuum pump wasg 1solated. The watat pump was turned on, (6)
upened and (5) closed to the air. (3) Waa turned\to open (B).

. to the vacuum iine and (2} was turned ‘to open the manometem



S

I . _-‘

7_toﬂ(é%gand;clase it to (A) Using tha manometer to chack,

_'the tap vacuum ran untii a strang vacuun was attained. The

'vacuum was nct run “for 1ong as tha anisole distils over. (51

-:was turned to isol Fe (B} and the water: vacuum was swathched ﬁ?

_ 0££. (3) Was open@} to allaw passage of tye HE betwean (B)

 and ta) (2) was tuLﬁed slow;y to»allow the HF tu dlgtll

' across. The HF was not ‘allbwed ta boil over and 2) was '_fcg

;_adausted 50 that therq,w& a ﬁteady &rop in the vaculm. 1ﬂm1

 .af HF per 0 2 millim01es nf peptlde were distxlleﬁ across.

~

_(B) was then 1salated with (3) an@ (A) was 1salated w;th

?(2} | . _
l"l 2 Clagvaga oi the Peptldo-Resin

Ba¥ :

_;(B) was 1mmersed in & heaker W1th crushad mce and water and

~a magnetic stlrrer was used to stir the contents of (B)._-_

Periodically a torch was shone thraugh (B) to ensure that

“the resin Was suspended in the HF and that the anisole was
'meltad The resin was red in'tha presence nggnisola. 1n tha'

_absence of anxsole, caused by either its salxdlfying or .

- dlstllling cff the res;n turns blue.“ A 45 mlnute reaction

_at. 0 c was used.

_At the end of the t;me

il - ;
{} was cloaed, {5) was opened to -

""'\.--'-:_.

connect the water vacu -fand {*‘ and +the line was evacuated. :;

(3) &@s ppened slnﬁiy ¢ allow the HF to aistil oft. The

resin was aspirarad and atzrred unti& ﬁf became a aream

u ) R T

'calour.
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| (B) was chilled 1n4éry idh and ethéﬁoi and 3 )'wészéﬁrﬂeﬁ ﬁof 
:-:allow air“ta he sucked into | (F} The watar was turned aff :

_lfaand\(ﬁ) closad. Once (D) was chllled {7} was opened and (5}
f_;turned ap l/&th of a turn to close‘bfﬁ the Iine and access

- ¥o the a;r. The hlgh vacuum pump was turned on and (5]

f”*- apaned tu the 11na.iThe Iine was then evacuated for 1 hour.'

------

_R\""

(ﬁj was then turned to vent tha hiqh vacuum Qump and 1sn1ata_

':tha line. Tha hlgh vﬁ¢uum pump was turned off and (7)

..cloaed'-mhe line wgﬁ venta& by slcwly turnimg (5) to the

. alr. Thls

cleavage,:

 ¢¢&55 clayred the lmne of HF and (B) mne resln
\1 - R :

} and pept_'e Were rempveﬁfand tha anlsala washed away in a-  '?
; _sin:2;p/ gla§s fuhnel With ethyl acetate, The line was
7_was q with acetone and could then bé used for the next B

@
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_n rggin._Sgg seqtion 7.1

Egnxa&;zwﬁihng"_g Tha. HEF 1lﬂe and apparatus used o ;éa?e;
~ paptides, synthesised uging £~Boc sminolacids, (from the
or-a discussmon

of the methoda

'Hiigﬁ ©water
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