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v " .SELECTIVE PISSION OF PROTEINS.

by thﬁ‘Alexaﬁder Blaclk.

Cyaﬁogen bromide'iﬁ known to be a chemical‘agent which cauSes
selective fluﬁlﬂn at mathlonyl bonds in proteins under mild acid
conditions anﬁ qﬁ room temperaturo. | Its:actiqn on three proteins,
horge—heart~cytochrome ¢, hprsenhearﬁgmyoglobin aﬁd bovine secrum
alhumin,zisvstudied h&‘séparation of the reaction products by means
éf gel filtration; followed by their amino acid analysis, and in the
caso of bovine serﬁﬁxalhumin, tryptic dlgcstxmn and fing gerprinting.

Cytochrome ¢, whiéﬁ cqnﬂains,twesmethionlne residues, yielded
thareo peptides, tﬁn of which vorrespond tb‘the Fragments expectoed
from the published . qequenca and are formed by fission of the paptid(
chain at both methmonine residue 'f Thq cher-appgars t@ feaulﬁ-frt
fission at one meﬁhiqg&gq‘locus, thét'néarééé'the'CutgrminuSApf.%ﬂé
peptide chain; A fﬁﬁr%ﬁ peptid@ should bé.present in the reaction
productslas a rc&ult oz complete fiassion’ dnd alth@ugh evidence is
g;ven for its. exlstence, it has noﬁ bean\lsclated.

Myoglohln, also cantaining twu methienlne residues, gaveifbur”

peptides, three nf whxch account for all the amino’ acid residues in

mycglobin and are. therefore the products of complete flsszon. The
fourth peptide ia accountad for by non~cleavaa of th@ methionyl
bond jczn&ng two of the previous fhree peptides in the 1ntact
protein, ﬁmberminal dna1y¢e$ of. the four peptides allow the- threé
peptides.obtaiged by comp1e¢9 fission to be placed in the order.of

their appearance in the intact protein.
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From its“methionihézcontenﬁ:éf foyk, hoviné serun alﬁuﬁiﬁ w&g
lexpected to pive ftve frayments. initiql S@pafatjﬁhs un'%ephﬁdéx
'16 75 indicated the prcsence Qf this number of componentg in éhe

reﬁetion'mixturez,' Hﬁwaver imprnVod sepafatiuna on coupled colnnns
of &ephadex G q00 and G 7; snggesﬁ that fifteen to twenty components
4are present, indicating 1ncamplate cleavage at ‘cach of the four
‘methionine re31dge% of albummn, From the latter %ep&ratxnn, three
fractions havé-been iscl&tedVWhich account fér'ﬁhe amino éaid
oompa%ition ‘and tryptie peptides ol the camplete protein. Two>ofh
the fractions appear to contain pure peptides of odlculated
moleculdrlwgights‘AO,QQO"and 15,000, FProm the amino acld‘cpm§g§§ti<
tryptic'pepfideg,and gel filtratian Sehaviour bf ﬁhe third fraétiﬁn,
it appewrs to cantaiﬂ three peptides Qf approximate molecular weight
10 000, Sydnopen bramide treatment of partialiy reduved albumin.m
gave a’ slightly simpler mixtnre of products fram whxeh a new peptide
of calculated~mblecnlar weight, 1z, 000; was iselated. Fingerﬁrint&
results sugpest that it is one of the pOptides pregent in thc previo
fracbion containing throe compenents. : Fvidenca has also heen abta&

'“frcm fingerprintinp far the exlstonce of two- af these compongnts .

JOjned together 1n a’ sinyla polypeptide eha&n.
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ﬁymﬁuﬁ iﬂf‘;f} £ prdmasy i‘ﬁ‘*“'ﬁiiu‘uui*;‘:l zmm wnmmm “us 5 6% m: E‘iéﬂ |
by e elusldaiion of the shrueturs of inewlin by Dys,

vl s«ﬂ.t%*@?, «m: kel in & §§€§. o e g;g;}gm@.gm axwl




1stechniqu@q uace ad ﬂy %nnger ﬁud als ca-workars hnvg h

tae maael far als aubqpauent work " Pﬂftxﬁl hyﬂrnlyhia )

Y Lum 1ﬂt9¢h aratuzn givas. gqul Qﬁptiﬁe; in: whmah the\

ﬂmlﬁa n iu ﬁ@uueno& c n Uu dﬁterminam by gnu %feug C
déﬁépmxn b&on wna wmla@ Aeld "nulys1a.','f;u ﬂ&puiaeq -
'ﬁ’f“ﬂ r‘rl*am%g: ‘.Ln Q¥ (LP:%“ b}' ’tlwa 1-??()3«?‘*{"{331 Di 0 Ve ‘L“‘Z‘I.)}l.}j‘_}‘l&) Co

papti&a nbtamﬂed 03 alffgranu muthe& of 1ydrqusiég*:

'%eeondary struct&re.‘

Aﬁ prasaut airaat infarmstian nbdut aeaomdnry ﬁnd
 %¢§%1«?§ gtvuature Ban anly be abtcinw& ny th@ apmlicatmon‘
of X=ray ai.:e;tmamon. x-:n ¥ eanalysie of ¢ kerntin
‘_fibres led tﬂ the nronuqﬁl of tho ‘pleated shaet struciure 3
j(“suling and Qaray,l951}. Tha <ﬁ, helix was ovi inally
| ﬁug@ﬁnt@d to walhiﬂ th mowe ¢cmpact strueture of %‘

- keratin (bauling,caray and Brﬂnaan, 1951). Qup@ortinp

';fevidence far the R heiix wnq aroviaed by tha d?ut@?ium

exchnﬁpe methoa ai ﬁvi&t, Jahnnaen, Lindarqtr¢m-ang
‘an& V%slow (1954) and a¢qo by the Oﬂti@ﬂl ratntian atuaies‘
'of'Xang ﬂﬂd ﬁ@ty (1§$7) Howaver aefinitxve eviacnca

£or the existence of ck helio@s in QIObulﬁF nrateins was

B firqt provided hy tha three aimenaional ?Ou?iar Synth”ﬂig L

"7f@am ﬁh@ Xurny dwta of Lendraw, niaharson, ﬁandberg,._
"Hart, Daviee, ?h&lllps nnd Shora (1960). |



-d- “f c- L

Tertiﬂry structure. )

N @artiﬂry strucuural iﬂvethgnhlons Ters iﬁiﬁl?ﬁ a by\
’ﬁﬁ@:Amrﬁy cryatwlﬁm rap&y a¢ nmerm waalﬁ mva lmbin ot é,
*b A 1avei mf wewolu*ian (Kandﬂ&u, Bauo, D&mtzlm, 'a%wigh,fﬁ”l'
: wyekoff, ana Pnlllxa$,1Q)b).. : mha resuﬂug lﬁdlcﬁﬁbd uhe}
pnlyneptiaa ahain oaﬂiafmntlcn wltain the molanule. ‘
‘aantinued reiinamant lea dlﬁﬂ o »h@ ﬁraquu worL a% o 1.

E raaalu%ian has mﬂdu passible the 1acatxan af mes& af hha

‘ tmms in the pratoin (Lﬁndraw, Watsan,\ ?andbev&,>ﬁiakersan,
i ;thliiﬁs aud %hurc 1961). 5uea lnﬁiWﬂtL detail hes

alEeﬁad cnlaulwt¢on Qf ﬁiﬁAVﬁrlGus iﬁﬁ@ﬁ& amaa dzatancﬂsand"
80 previded tne fmrqt praat cf tﬁe bonde: involved, in
mW1ntﬂxning ta@ %or iary qtruetura.,‘ GDMDE?L&QH with

the iﬂﬁﬂmblﬁtb chemicﬂl stuuiea on épnrmhwhnliimyoylobin
«h?ﬁ allowe& thv firgt farmul tzon Of thc Qr1Mdry, secoaaary

;qnd t@ptinry struaturos of 8 pratain.

ﬁﬂ@ﬁ g& gtruature,

ey

Th@ ph@nemsma mf vasnciﬂtmon ﬂnd @ﬂxnciation ﬂmoﬁ

 ffgratPin mol@oulms has ba@n known ciﬂﬁe tha wn rlv warh nn

| tna ultrenuntr txmn of nreﬁeins._-j“ 1@ recent
litevatura on hh@ digqaei@tlnn Gf n, widb b5 ngc Qf
-giabular pratein@ heg ugg@qt@ﬂ ﬁn avarvll b&alo ie&l'ﬁ
imnartqncc gov tha:suhunlt. tvu@ture |

e beah documanted evidence. for quaﬁarparyastructure



O BURREN ;-\8 - L
"Liﬁ ﬂratwin 13 prmvia?d by t%a haemmglobins in uai@h

‘ mfjtaa nqtura?ly ncauriny tatramar cnn ua braken aawn imte

‘Tﬁ¥twa p@ivs a laanticn, an 1nu.i“ whu ﬁartm Ty strueture

‘of Lhev¢ and $ ﬁhmlﬁa @nd th& mannuw of *tb ir;ﬁascai%tign“<;’7
to glve taw qustwrnavy ghruﬁﬁurﬂ o bﬁ@ﬁ'ﬁﬂ&ﬁﬂ by the

7'xwray wurk Qf ?bﬁuﬁ Zy Bauﬁmaﬂﬂ, &uiii,, hvlﬂheﬂﬁ nﬁ willf71‘ﬁ

»”T(R96Q)* ﬁhﬁla tha chlaie& a%a&a% do h»vc Some mxygen

:b';&ing gapac;ty fuil ﬂhyglclagiaal Qﬂtivtiy i cnly
 ; hmwn by hb 1mtaﬁa tﬂﬁramar., The Lbﬁi& 0F, the
‘L'ha maplehin ﬁeﬁrqmar can ba s,aﬂrstm& hv pﬁ slﬁeratian

on by etu@qura ﬁe mh@h.1; Howav&r the A qna B chains Qi L

5 fingultn rannira mbumical reﬁuaﬁien af Lne @igulphiﬁe

J’bﬁiﬂwau bafava saﬁnr ﬁicﬂ aym hﬁ nahiﬁV@ﬂ tlenwarquAQ)
Mae Isolad ted. thi$? hﬂQW no hormonal &ﬁti%ity, inilarly

'kﬁé aeﬁivitygﬁf,u\ @hymut$y§$iﬂ-ra@u;waaubaa aasoalation

sf“ﬁgﬁaé“aiffevan@ ﬂisﬁ&pﬁiae 1imwaa‘cﬁéing«{mseqam,lgaéy,jy |

‘The wouk on the % globuling (Porter,1962) has shown that

‘i;thﬁj Qﬁﬂtﬁlﬁ ﬁwa pairﬂ Qf atmijﬁr eﬂﬂiﬂ ﬁcinéé.in tﬁ3 -

lduﬁﬁaruﬁry 3#»&5%&?@ wy d¢ru1gh16ﬁ bonds. - Mhe separgﬁéd \.
ohaing dhow dlfferent, portisl netivitles, . Activation
">0f pﬁ&aaﬂbmxgﬁéptiﬁﬁﬂa A hy tmypain inVGvag‘diaruptien
'af & ammnaﬁx fa?ma& fmcm ﬁHth &ife rﬁvﬁ cﬁ- ing (Brmwn,.>
’gvsmv§ @%ﬁéashmalsm, Jalv&, Yﬁm{ﬂ%@i and Neurath, 1961)
J.@: ragﬂaamﬁagyvanta 1ﬂansulpnuﬂﬁg@ h@g h¢61 @baerve&

. ta eri b dn ?Wa‘fa s {V&ﬂ%ﬂ:aﬁ @n& Rum9?96 2y 3 highly



xg;aativv uﬁstmble munamar am@ ) 1@5@ ﬁqﬁivb qtabla

fﬂfj;acuiuzﬁy ax Y,

‘rmawm Wﬂiﬂﬂ“ﬂ

. “?}[ﬂna xlp*fln 1961; ﬁmalusﬁn%mﬁslﬁb4)a T“ hﬁ“ “gén

ﬁtetramar. . in tbu mﬂgﬁrity cx“an%ymag,iﬁguivity seams

‘:f%o dupfnd oﬂ thh ms eiﬂt:an a;ﬂ_haativa quhuniug. | Tﬂﬁ

7’aln.ﬁﬁﬁwiﬂ“ﬂuﬁaﬂi qubuniu L

"Coll ﬂlhﬂl na nha,pﬁatﬁsp T&iuiﬂ 1) gh@ dineri*fxﬁ

«c?;r-;-wmz

~1_\Qemmngﬁr&t@d With ﬁha ﬂldﬁl%ﬁ@q (G”&ﬂig ?ﬂmng‘ﬁﬂﬁ ﬁcreckerqjﬁfii

'3a 96 } thqt thﬁ“@ 1ﬂ3$&ivﬁ m&ﬂama?% ¢nﬁ@§amﬁ Lo #iv» a

351V3 t?iﬁﬁ“ whlgh appears o oaatﬁmn ond g Q%G active 5;@3{*“**

”ifaﬁater new tri@ﬁr, A,;*J;-ff%’f“yi;ﬁ%;-.‘;5 ;3 -
aa ex%mpla s&ow uhaﬁ quatﬁvnﬂry gﬁvucﬁuwe is
‘?mhﬂaHV@ﬁ in praﬁpin aava%ing 8- wida ﬁf%*é QE aﬁysielcpidali
 &§ﬁlV§ni§S thaufa ﬁ&%;ﬁ w#@ ama &imfe?a&c ! 1u ﬁh@ tyﬁas
of %avtiwfy auninmﬁ} ann iﬁ mh LP mmﬂ EiJ@fs' 3mtimn tc

‘:give ﬁ\ ggat@rnsyg gtrucﬁvvﬁ. ‘,;huﬁ~ﬁh@~ﬁ?tnﬁ Qf

- ﬁm%@qan% avidéneﬁ‘gugg i g* 'mb fé? he ﬂ%}ﬂ“ih& @f

ey Eamulﬁy @rﬁ 3i&§‘g vgr,i iﬂﬂ?ﬁi?&«%ﬁbuﬁﬁﬁm whie% mny ar

x* vfmﬂY nmﬁ b@ Ldun‘ Z 1;“1& b““ﬁh QV ﬂﬁy Q? ‘Q ?G“ﬁps

.A;mmnqiﬁ”véa ﬁa bﬂ iMﬁGfﬁAﬂﬁ ia ha praa rvntlan nf ter%iary o

ben&tu@m imelﬁﬁiuw Q&Vﬁiﬂnﬁ aisulgﬂlae bﬁn@s, ta piva Q:;;;;;i

| u‘h, fn“i 1.? B0 mvo *%«{é e‘%ﬁmﬁy *mu *cu"}.c%

'Q: X—r&y d@termiuﬁtiQn 6f mrotain atruature.AQf- ’liﬁ
,: Altheugh prﬂy Qiffraﬁtien Qan yiel& ﬁhe require&
Aginfarmatien Qﬂ primary: aaaanaary and uertipry atructureg

faﬂ wﬁian th@ prap@rtieg Qf pwuteinﬁ &ﬁnana, it haa aart@in 3




e

”“»f;*’?inhgrgﬂt difflaultiaq nﬁﬁ 1im1tqbiansﬁ w

e Taa ori?inﬂl Knrmy wark.nn prutaias was G%FPLOQ aut

=mcsleoulw @vﬁer 1n it% nstural fi%roug stata.‘.‘ Wata th@

ﬂ7*g&ebular @rataiua hawever tﬁia mmleaulﬁr order whlen is -

{7fnaeasaary far3ﬁwrﬂy 9nﬂ1ysis is iny Qﬁt%iﬁed with

‘,fff‘cryatalline pranaretiﬂns”fﬁ

In &aaitinn ta the requmremant

. far a‘erystalline mret@in'ﬁha ignmarmhﬁus rawlacemant

;'“\ateahniqua for- obﬁaini7"

» afay data damands the evnizaﬁility

',‘u"*' )

'1“~Qf thrﬁe er mara &ifferaat gryth1s, 1ﬁ9nti°”1 axeﬁnt er

K  uiemn1l aefined regians mf differimg electron ﬁensitv due ﬁﬂ

¢ the nreaemce nr 9b5$nae af 9 haavy etmmi This ﬁf%ﬁtin?

"‘,A'requiremant fcr suztoble nhysiaal states af tﬁe prntein hns ﬂ1f5

};in the past provaa tg he a real atumbling b&ack.:‘ -The uue 5;; 

: *;’at cvvatﬁllina prateins has given r1&$ t@ thﬁ obgectiaa that

: tha ﬁanfarmatian vithin tha crystﬂl migﬁt be &iffarent fﬂom

A';the aanfarmnhion nf ﬁh@ nvtiva protein 1n diluta galntian-,

Tha farae of this critiaism has heen ra&nae& by tke

'-9aemanstraticn by nasehar gnd Rimharas (LQ&;) %hat

eryatmliine ribonﬁcleasa ha enzymaﬁic actmvity._.l.

whan the diffra&tien aatg has ba&g ccllectea

'ccnsiaerabie e«laulntinns are requir@ﬂ iar the ?auriar*

“”ﬁ“ﬁ”.yggynthesia. ; mhis prabiem bemames mora inﬁeﬂse as the

f' ?ﬁﬁQ1utiQﬂ incraaﬁasﬁi It is et ﬁhlg pﬁimt ta&t aall borstieni

- h@twaﬁn the arystallagrspher ﬁ@ tﬁe prntaxn ahamist is

o ~1maqt fruitful. With tha aimnlev mnleeules the’ infarmﬁtian



ARRtY | ”_11 “i;ﬁf;""\ , S
'wfiabtainaa eﬂn genarnlLy he interﬁretea in aﬁly One w&y, :
}howevar the 1nrge prmtain mnlecules 1nvmlvw 80 many |
unhnown @wrameters Lh?t th@ aetarminatian af 5trueture
whca& aleqtron density. earrasnunda to the diffrsctien o
’ patﬁarma ab&ainﬁa is & 1@ng aﬁ& tadimus‘prueaas 1&Vq1ving ~13-?5
o muah trial and. eliminatinn af nasaibla struahurés. Ii the
‘”nrotain chemist can suag&st ralatianahima wiﬁhin the
:ﬂ‘maleeule whieh dﬁﬁén& on. a narhiaular snntial Folding af a
| 'ﬁha palyneptiﬁe ch«in this nracass Qﬂn be gpﬁatly simnlified.
- - Xmrtay 1nva$ti€ﬁtians «r& eurranﬁly iu arapraa; on .
chymafry@ainag&n (Kraut,1$64), éhymatrypain (Blaw,1Q643,
lyaczyme (ﬁteinrauf; Reddy, and Diekerson, 1962), ribunuclaaae
‘(Avey, Garligle and . Shukle 1962), ﬂﬂd inaulin (Einaﬁain,

:  } MgG&vin and Law,lgﬁj), ) Hggt gf thesae inv@stiﬁaﬁmans ape

o 8 A=G R 1@7@1 of. resmlntian. Unfortunately 1# 1s not

| "untu a resolution of 1.5 o 2 3 isachieved that the wml’ah
of datail neaees&ry o pinpaint aignzriuant 1ntergctiona

within the melaaule ig thainaa. ; ?vpn at this resclution
the camnlete primary structure can not be aaﬁermined by =
‘phyaieal mathods aieua einaa 1t is impaasible to aiatinpuish;zii
_ between tna side ahﬂins of” %uah raﬁiduﬁa as alanine and a
4 1ygine unleqs tha frae mQVement of the olde chain is B
reatriated by. intprauﬁian with anothor gart gf taa gﬁmt@in L
'.mnlenula. _f Tnuq enmplet# struaturql daterminatian requiresf;fg

. the aambinetian af ahemienl aad pthiqal methaas.
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JpQHTQWG OF WRIFAR¥ STRUGTUR&

?na aifficultias eneounﬁerea with,xuray nnslysis
‘:mean that chemical ghudy remains one of the most 1maortﬂnt' 4
Kmethods for ubtnining knowl@d?e of proteins. - hls |
‘.limno?tanae hns bshn enhaneed by . thé prcwing avidenae thﬂt
'aeconanry, terﬁiary qnd 50 quaternary atnucture are ,
‘*5aependeﬂt on primary atruature alone. cvxck (1958) in
hig hypothasia thnﬁ nucientide sequanqes in’ nunﬂaie nolds _
' determine speuifiQ aminc aci& sa@uenees of nolypaptide ¥~5~ 
‘f_ehpins maintained bh&t-faldinp of tha~p91ypent1de ena&nff
'was sinﬁly & funatian of ‘the arder of the amino acida, »
"It has heen praved raeently, et 1east for. a feow relativoly E
'1 simnie uratain molenuleq, that the native structura is ’ |
the most probable thermodynamically and that the. ',‘_J
' atabilisinp 1ntara¢ticna are entiroly aua o the vhamicnl
'properties af tha 11near sminn ﬂcid seQuenaea

mhe aurrént theorie$ of protcin bicsynthesia meaiat&a‘

by pnlyribasomes imply hha initisl formatian of ) liﬁear S

»5Taminn neld sequanae.A uxperimenta on the nun-unifcrm I},‘ N
' 1abelling of haemoglobin (Dintzis,1961; Bishop, Leshy amd

7xschweet 1969), bact(erialwx amylase (Yoshida ﬁnd Tanita,' |
1960), 1ysozyme (cenfield aud Anfinsen,lsﬁjk'und m.cali '- 

nroteiﬂ (Galdatein A.,Brown B J.,1961) suggest. that

' syntheaig gturts at the Nmino tarminal end and ﬂroceada

‘1Alinear1y to the carbnxyl onde

wue phanamena of reverqiole deneturatian 1nVO1ving




- "“-ﬁinterast fer some camqid&rqbi@ t1M$: hgmavar ﬁhe first

'C\[Jrevargimlﬁ inggti?sﬁlaﬂ by al@svage Qf QGV&lent banas wag:
t;;highar thmn that aﬁpeetaa fram o eam@letaly ranaem
H”*T‘;syntheﬁis af @n neﬁi?“ iﬂauliﬂ melaeula (K&ﬁsﬁyﬁﬂﬁiﬁt&f;j}Fg

‘”f;irihenualaase (White 1960).3;

"tdf,) bB g ggmpla‘hély r{?ﬂd.()m angin Qentqiﬁiﬂ{’; nc} :.-;ecm’sd“ry

“}'51 - 13 -5,5Lj ?f’

' ?8?31@1 gltaratien oF ﬁae &eruiary gt?uctura hna bean cf

ﬁ}demongtrated wiﬁa 1nsulin (lean anﬁ War&law§1960), fhﬁ;;

.m #;ﬂ$tivity vegaineﬁ, ﬂlthau?h f&i?ly 1¢W'W38 eensider&bly

- rearrangement af ﬁae reauqoa disulphide brldgeﬁ on’

';oxiaatimn.,; Whis hss bépn fnllawed by tha eemnluta ahemieai

"-‘.v-,'::““;';:‘Fukuda, ‘zametska, Suvuki onid mm: 1964) S
S $im11ﬁr r&verﬁlbie inacﬁlvatian has baen abtained with ff%f

:ﬁamhe peauqea farm WQqshmwn

o ﬁt-ruature The orig.zmn, suggcstmn that the inoresse ;m

;ij}qativity av@r th? qtatiatidnl axpactaney fer the n@tive

""_aanfiyuratinn w&s due te tbe grea&nne-af mara than on&

:‘~¢enfiguratiaﬂ pasaessinp eﬁzymiﬁ aetivity h&q aimae naeﬁ

v-;f&ismraved (Whit? 1961) by ghmwing that gha reactivatad

;matariel w»a identiael with tha native pratain zdentity

"tlfaf reauti?atea 95 whita 1yanvyme and tae native pratain

‘fhas been ghown by “pgﬁain and Gnldberger (196}).f{ ”rypsin i; e
'-(Epatein nna Anfinasn 196?), §epsinqgen (Frattali, Btainar,ifgi’
o ',mnar mcz ?‘dalhcah 1963) aml tm mmh Ziar er takp-amyln ae A;fﬁ;,g}_}.

‘V“l‘i(mm“m’ Takagl, Haeds Mc‘i Imai 1961) are alam mseﬂmwa s
J ﬁ:fan QXidatien ef the aamplétaly rw“ﬁﬂm nhain. R
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”;fitq two subunits whlﬁn aantainﬁa mnly hﬁlf af the helicnl

; content of tae ariglnﬂl moleaule (quejimﬂ nnd Yang,1963)

'f 1xsuace5s h»s haea rannrtvd (Haavik and Hatefi 1961, Green,

Ai1962) 1n attamﬁta tc rﬁaonatruat thp more enmnlicatea
‘éleqtran traﬂsaort ctiviﬁy 1?om uh@ aompanént molerules.
.lmhm Q.amli nyruv»te aehydraﬁﬁnatian ecmplex hns ba
.lveaolv96 into threc nompanants an& than recanstitut@d 1nta
ian aative multienayma aampla (Kcike ﬂnd Roed 1961). ~In
.r1959 thrau grauﬁq (Anqevin ﬂna Lauifer, 1959, Anderer,
7;1959 mnq witﬁmanslgag) r@narted the rever ible dins oaxetian
) af tanarrn moeeic 1irus nrotein 1nto aubunits.A “he

fﬁemonetretion thet the aubuﬂith noasesaad 11thle or no

- three ¢1ime3naicm9‘l oraer (m htmm., 1959) pz'ovitles ‘airect

"fevidansa @f the ultimnta aaﬁﬁna@ncg of this vory larpe
~»quqternary molvaule on uhG 9mino nai& sequﬁnce af thu

fnonatituanﬁ Prﬂtain'J ,

A

 tGﬁnet1a avolutian an& nrimpry structurehi_
' Tha firat evi&enee for a gﬁnﬁtio cantrol of nroteins
aome fram thﬁ mbservatinn thﬂt the 1n¢ia@ua@ of the -

ﬂiSﬁPbﬂ ﬁhnnylkatmnurma, du@ tm thv pnsenaa of hhe enzyine

'-]inheﬂylﬂlanina hyaroryiﬂea,iollowed tha known gavetic

‘flaws. The- igalmtlon of the nunarmsl hﬂamcglebin%
'ﬁrﬁviﬁéa the Liret dafinita gvidenee iom dﬁ& P metic

central of prmte&n strueture (m&el 194?)



Wha wcrh Qf 1ﬂ&$3m (19?6) Oﬁ haamaglcoin S aﬂotiiﬁhtea 5?;

”"f¥ﬁ  the armmaﬁia axfacﬁs small eaang s 1n pﬁxmary qtﬁaeuuﬁe oa

k‘ 'h§Vw when hﬁ Mnaueﬁ Eha% the’ lathnl canseQﬂenaes of the .T§ﬁf;f
- s LT
;,hamszygﬁna giakle a&ll @ﬂﬁmia, iﬁ whia& %q@ dacaygenata&__xtﬁy-

“‘?Verythranytos firsﬁ aasuma o sidhle ahﬁpﬁ and tﬂ@n

rupture, w@ﬁ dup ﬁn r&glncgmant of a 1utamzc raaiﬁua 1n°fff:§€

the @ nhﬂin of ﬂ@fM?l ngemaglamin by & valine r@sidue

"”*>;;in hpamaglab;ﬁ 3. Th@ sever@ 1Lmi%e%xaas af mﬂmmaliaﬁ;f§§f f

’ ._;ﬂisclatﬂd sypraxiMPthly twa hunarad arﬁifieiﬁlly 1ﬁaucaa ,

| ] rayiana af the 1inenv sequénaa of nucieotiﬁe centﬁining

‘i:%@n&ﬁias howevar pﬂeelude an invmﬁnizatiam ai tha &xaat _f??¥5f
V”}relatinnshiﬂ bétwabn geh@ and Frimﬁry struﬁtura' |

o yoﬂtunﬁiuly ﬁh@ macrablal g@namprcﬁain 8?5t?ﬂ is

mnc& mowe amenghlﬁ ﬁe study. Ywnofsky (1962) hqs

mutaﬁua af tha trygtaphen %ynthet ae A pratein fram Bia - coli }{}'

Lﬁh tn&aé ha hﬁs bean abie ﬁo shaw a rslgﬁmmn beﬁwebn

A eading units af the ganaféﬂ_5épaeific amina aaia rasiaues w‘ »
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FIGURE 1.

A schematic illustration of the process used to order small
peptides in their parent polypeptide chain. dand T are used
as symbols for chymotrypsin or trypsin er their respective sites

of cleavage.
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FIGURE 2.

The mechanism of nitrogen to oxygen acyl migration involved
in the preferential acid hydrolysis of serine and threonine

peptides.
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FIGURE 3.

Mechanism of cleavage of cysteine and serine peptides by
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Comparison of the structures of histidine, tyrosine and
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Mechanism of selective cleavage of methionine peptides by

iodoacetamide.
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