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Thlc thc¡l! flrlt oon¡ldlcrs thc rGX.f-åEEoolatlon

of tbe proteolytlo cnuJt¡tc pepaln tn aquesua solutlon.

Aeeoolat!.on behavlour waa etudl!.cil quaLttatlvoly by thc

tcohnlguc of sËdllmentatlon veloolty. Quantltstlve studlla¡

rere Bot prooeetlodl wlth beoauec of oompltoatlona arf rlng

from the Buslreotcdl hetcrogÇnclty of paf¡atn rf.th Fagpcot

to sulphytnyl oontcnt. Conacqucntly thc heterogenelty of

Bapaln yes f,urther lnvoatlgatedl andl attempts rer. nadlc to

lcolate tvo lllffenent fonns of papatn Þy sleotrophoncsl¡

andl al¡¡onatognaphy.

Êcdllnantatlon gtuiltcÉ rere oondluotcd ln eevcnal

buffare. thc soh].lcncn optloal eyetcm of the ultraoantnl-
fugo ras uecdlr atrd Ëone optleal .dlletortlon cffooüs ln
sohllencn pattcnnr ånc d!,soucscdl !,a a ¡apa.nate appcndllrr

Rcvor¡lblc a¡eoolatlon ta¡ not dlatootodl cb pfr 4 andl tas

only s[ght at, plf /, buü Þeomc nortr markcdl Êt pE E rhtoh

Lr aca¡ the lrocleot¡rto ÞE of papaf.n. Oont¡rary to thc

ftnilf.ngr of pncvloua lnvcrtlgatonc, no dlseggrogatlon raa

obcervcdl la tbc prcstnço of oyatclnc or cthylcne dllælna

totra-aoctlo aoldl. thcrc la thue no ældlcnoc that paDaln

aa¡oolatc¡ tbnough dl t.¡ulphlila or nctal to prota!,n bonallng.

Ilotcvcr, th¡ ¡ulphy¡lryl rcegontc lodoaoctældlc anû

lodloaectfo aoldl Ìraro found to crcrt notloaablc and

oppoaltc dfcst¡ on thc crtcnt of aesootatloa, lndloatlng



11r

thc lnflucnoc of olrægcd! groupg acar thr ¡stlvc sltr.
Hcnsc lt æDcars lll,cly that tha ea¡oolat!.on bchavlour Balr

bs ao¡nplf.oatcd by tha eugpcoted hctcroßanalty d Paprtnt

1.6. thc rcportedt tandlcnay for thc aEt!.vc 8E group to

æt¡t !.n tro or EorÇ orldlatlon ¡tatc¡.

Íh¡ dlotcstLoa by phylloo-ohontsal qcthoös of
hotenogcnðlty !,n Dapatn hes not fcvloualy bcon aohløvci!¡

It ra¡ nadla poaalbls tn thtc lwcstlgatlon by oonb!.nlag

tbc rngyrËc rtth tha rcvor'¡lÞlc lnhlÞttolr Þ-oltloroncroupf-

Þcnscnc ¡Elphonte aoldt (p0Xe). It ras c¡peotcô that tht¡
anlonlo roegant roulil blndl to the aotlvcr 8fl-oontt!.nlng

for.n of Dapalnr pnodluolng a upcolos of, dllffcrcnt ohargc

fron thc tnaotlvc, Bott-BE cnøyüc. Hovlng-boundlary

olcetnopho¡rc¡lo ra¡ thcn ¡ppltcdl to aeparatc the tro forn¡.

In thc pH range h lo 7t P6!HS notllf,toatlon of

papatn always proðuacdl anothcr peek ln tbo clcotnophonetlo

pattcnn on thc tralltng cilgc of thc mala P6ek. Rcocat

thconlcr about cleotrophonosl ¡ !.n lnt;raotlng eyltæ¡ anc

uacd tn dleouralng f,oaturca of the nsvlng þoundart Ëa.

flbc t;o pçeE¡ bad ?GrJr slall.an ¡nobllltlea, but

by applloatlon of baek-eoEpÇnÉatcdl cleotrophore¡l¡ fon

âll houre thcy rcpo scparetcdl ¡ufflct cntly to allor a ganplo

sf the matcnlal eon¡t!.tutlng ths firont onc t'o be rtthdlrawn.

As thta ngtcnfat Þatl lorcr apeolflc cnsJ¡mto aotlvfty than
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dlld thc unfnaott.onatod aolutlon, hctcrogaaclty f e etrongly
f ndl.oatcd.

8laoc a prcparatlvc fnaotlonatron oould not bc
obüalacel by clcotrophoroela, thc lon-cxohange chrsnato-
graphy of Pcï{8-papaln on oarborrrmethyl cc11u10se t'a8

attcøptodl. ålthough eone ecparatlon of actlvlty ooounrcdt,

the nceolutlon of oonponcnta raa oyon poorer than ln
crcctnopho¡lcgle, Án attemptedl fractlonatLon of papaln

by oh:nomatog¡raphy on organonrrounl¡1-polyaacchartdle, a
speolfta obræatognaphlo natcnlal for sH-protafng, rÊ3

¿1¡o Enaucocssful. rhua, although ctrong evldenoc ha¡
bcen obtalned fon the cxlstenoc of eotlvc anrt lnaatlvo
fonme of papaln, no prcpa¡atlva firaottonatlon ra¡ cohlevcd.

In a oonoludl.ng ohapter, the ftndlngs of thia
Lnveatlgatlon arc dleousaed ln nolatlon to struotunel
faaturcg of thc aatlve slte of papaln.



flrfr tbo¡lc oentatnr ao netcrlal favtøu¡ly
rnÞnfttrd for a dlcgrcr on û1,Þ1,æa ln ray llalve¡rlty tnür

to tbr br¡t of uy L,norldgr md bcl!,lf, contalp¡ no

r¡tæ!,¡.l D¡lcvloe¡Iy rrttton by anotbcr ponron, orsopt rrhoe

üur rcf.araoa 1¡ ndlr fa thr tcxt.

t. C. flçaan
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1 a

(a) lfhc Flcldt of studlv

Rcscatoh on ehcnteally roaotlag protoln sy¡tcn¡

has bcca stt.nulatcd ln rcocnt ¡reara Þy adlvanoeg ln both

thc thcoly enal tcolrntquc of phyuloo-ohcn!.oal actho{l¡l .

fatc¡rest tn ttrlr topLo algo ¡tsnl fron tbc lnsrca¡tn8!

rccognltlon of ltg pos¡lblc rolo ln nctabslto prooa!s""a.

A vartety of rcaotf.ont Eay bc unilGrgonc by cvcn a purtftod!

protcla la aolutloar lnoludl!,ng gclf-ac¡ooLatloa to dlnsr¡ otl

hlghcr rggrrrgatce, and lntaraotlon rlth ¡ualI noleoulcË otP

lons otr thc Þuffcrlng nadllun.

ft ta nor oftcn raçerdLng to apply Rcr an{l

l4rovsdt ucthodls to an lnyeatlgatlon of thc rolutloa
propcrtlas of a protctn of rhloh lorc dctEllg of ühc prlmanyt

rcconelaryr rEü tcrtt.aqtr ¡truotnrê a¡FG Incra. Thc ohcd.oal

natuno of any lntcraotlon¡ oan than oftcn bc undlcretootl,

andl thf¡ lnformatlon nqy ln turn hclp to gtvc a olcarcr
plotuna of thc ¡truotunc of thc protctn enü !.ts bohavtsur

under phyctologtcal oonüttlon¡. Eraqlcs of thlc approaoh

aro thc rork otf rorncaü .01, !¡t'4r5 rho studtlcû thc Êseoote-

tloa of F-lactoglobul"ln by llght eoattcr.lng, claotro-
phorcrle, and oodtncntatlon vclooityr andl that of tcffrcy
a¡rd Ooat"e6 rho ugcdl aedtlncntatlon oqutllbrlun to studty

the agroolat!.on of la¡ulln. Bøth groupt of rorkorü tGr.

abtc to tilentlfl thc ¡peotcs prcscnt ln rcrrcr¡fblc
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cqulllbrtun ln tha ryrtan ¡tudtlaû and to obtatn thenno-

dlynanlc paranotcrt for thc a¡eoolatlon DGaotlon¡.

Buggeetlonc oould thsn bc natlc about thc typc of lntcr-
nolceular bondllng.

ft raa coarl,danelt ühat a slntLar rtuity of tht
actooLatlon bohavlor¡r of papaln, thc proteolytlo rnz¡nmo of
papeya latc-, toulð alas bc uacful. Corylcr assoolatlon

bchavlour of, Bapain andl fts mnoury dlcrlvatlvc haa bccn

rcpor.tcd by Slth !S ¡¡7. tretcr ln tbtr ohüptcr, aften an

lntroiluotlon to th. nolaoula! propcrttc¡ of pæaln, an

aeoount ts glvon of tha obtcotlvct of thc prescnt aturly and

tbc approash adoptcrl. lorovor tbc naln potnta of Lntsrest
aÞout tho a¡eoolatton bahavlour of papaln aan bc sumarlgcdl

a¡ foll,srs.

Flr¡t !.t rouldt be t ntcneetlng to oonparo thGrnos

rlynenfo ilata fon thc accoolatton ¡reaotton¡ rlth flgurac
that h¡vc bcea oÞtalned rtth othcr protclnt to ¡cc lf
dnflarlt!,e¡ cll.ct. flcoonðly, soura cvldlcnoe hac bcca

prc¡cntedl Þy gntth 
-gg !¡ for tho partlalpatlon o,f dlteulphfdle

and actal to pnotcln bondlng ln the aseootatfon. thtË

ru6gcata that tntormlcoular boadllng ln prpa!.n nay ooourr

through tha aetlvc eitc çhloh 1¡ tnovn to oontafa a rcaotlvc
¡ulphydryl guoop8. fn th!.s cvcnt thc Lnflucnoc of faetors

suoh a¡ pF andl aûdlcû tnhlbltorpa oE thc a¡coclatlon ooul{l

hclp to clucf.dlatc tÞa ohcnlrtry of thc aottve sltc.
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trhtrôlyr itr oniloretendllng of thc oqotllbrta rGt up la tlrc
aseoolatlon of papala oould Þc uscful ln tcattng curcnt
tbcorlcs about tltc tranaport pnopcntlss of ayotêmr tn
rcven¡lblG taaoolatt.ør cgulllbnlunl . Plpaln appcar¡ to
Þc a y6ry ¡ulteble ppototn fon ¡ueh test¡ bcaau¡c lt¡
a¡coolatlon oan bc oontrolladl andl tf ncoegsary Dnevcnte{l by

sultabla edlturtucat of thc pE of the solut!.on anË ths
prcccnoa of ocrtaln reegentsT.

A ¡rcvl¡r of th¡ propcrtle¡ of, papaln ts glvcn la
the ncrt ecotlon, at tha cnû of thtah ¡ons of tbc unaolvcll

BroÞlcni l.n papaln ohd.gt¡y arc polntail out andl thc

atruoturc of thls thc¡t¡ !.¡ outllnqd.

(r)

(t) Ehp PGpttdto Chrtn

Papaln l¡ a globular Droteln hfirfng e mlaoulap

rctght of ebout 2{ ræO9. îhc nolcculc 1¡ bcllcrrcdl ùo

oontaln about ?OO ant no aoÍd lc¡f ducs ln a rlnglc pætl.ilc

oh¡fn rndlr ae i rcault of nsoh tnrcatlgatton rsnrlcçodl by

Llght.At.elf O, æ¡t of thccc ¡rcsldlucc oan bc pleoaû la Euttc
long lGqucntcg. Thc anlno aoldl roquGaer of papaln ar far
ar fa Enorn at pra¡eat ta chovn ta FÍg. f-l(a).

thc foldtng of thc pclptldo ohrlu tc lar.gcly

lnflscnocil by tha Þo¡lttons of ùhrcc {l!¡ulphldc bonlls
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¡l.r-a.a-I l.u-lt.'Íir-C lt-ls'lrq'¡¡n -Clô'1t r-3. r -G tú'Clñ-C lu

Lg-Le.þr-Ct3-t p'l1a'l!a-3..'Îyt-clt-ctl-11!'tr-'glt-.rP-

C lr -1rp//5.r -âl ¡ -bú//V.t -l l.'Glñ':, I c i I t ¡.!'tll3 -1, ! AE-

Gtr-lh. -Gåð-¡tn's. r-lr.'Gl t-v. I -ctt -ct / -kq'r7''¡\r'ser-Ear

lt. -1yr -?ro -v¿ I 'ttt -lrn 'ûtt

--l'entativc amino aeid sc-

(a)

(¡)

I -t



4.

bctrocn b,alf-otrctlne rcgf.ôuae. Thc pocltloas of thcac

bondla havc rcocntly bccn looatcdl Þy hytnolyet¡ øf a pape!.n

rtcrlvatLvc oontafaf,ag lntaot dtlaulptrlâc brldgt"{1. Ecnsc

a rllagramratlo rcprcscntatton of thc f,oldlng st thc pcptlilr

ohatn t¡ nor poaatblc an{l le glven ln Ftg. f-1(U). îhc

gross ploturc of pæalrnlo tc that of a corÐact rcIecu1c at

oan bc observeð fnon tha foldltng þaots of thc ohaln to foru

c¡oh dtaulphtde brldtgc. One oan v!.¡uallsc thc ooclrrltraneo

of etrong cleottostatlo enil hyilnophoÈto fonocs along thc

potypcptlile ohetn prodluOlng an artrcualy oonpeot ¡trustt¡ro.

Suob s stnuoturo 1: ln aooord rtth optloal rotetloa

studtes of pepaln !.n dlcnaturtng ¡yatem¡ rhfoh eÌ¡o;ed that

çnIy I suåll thengo oooutrredl fn tha transltlon floa thc

natf ve to thc dlanatursdl ctatt{ 2.

(lr) îbc Astlvr $rtq

lfhc cxf stensc of a fnac ¡ulphydlrryl group ln thc

aotive ¡ite of papcfn hea bccn ectablf ¡lrcdt for mny ycert

endl bcca dlauonatratcdl tn eevsral uayl. PapeLn c¡hlblta
na¡lnsn prnoteolytlo astlvity onty ln tha BrcaoËco of botb a

reduetng ageat aueb aa oyatclnc anâ a nctal oorrylrr!.ng

agent suoh n¡ etbylcne âlamtac tctm-aoctlo aoldl (nrna)lt.

That thcsc aotlvetsr¡ ûo not aot as oocntylmat ças sbg{Er by

FLntslc andt ffitth8 rho ueadl a raituo!,ng and dtctonlølng

colemi to pr6panc paBaln ¡rhloh ra¡ aotlvc !n tba abaanec of
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ectlvat@!!. thaec obcervatlona auggeeted thc Brceonoc ln
rott.trü papeln otr a ¡ulpl\ydlnyl group ilrlch nust bc frocdl

fron e F6væ¡tË1y blookcdì atate ¡uoh as dlaulphtdlc or mctal

nengaptldc.

lfhc neoesaLty for thc free $ffi group ls ¡upportc{l

by tnhlbltlon gtudlee çhlsh have ghora that eulplrydlnyl

roagenta suoh aÊ prþyflrox¡rnêrourlban¡olc asldt (enUa)

tnhlb!.t the actlvo ens¡¡tile. In faot ganncr anC Ptrrltb

shorcdl tha tnhtbttlon to Èc an ahuo¡t llnear funotlon o,f

thc anount o PmiE adldlcdl, sd aleo dlcnon¡trated that papafn

aonÞlncü üth thta revcref.ble lnhlÞltor uag Proteotadl frsn
f.¡rcvorelblc lnhlbltlon ê.ã. Þy lonlafng radllatl*15'16 .

Fur.thclæorc, lrlnatte etu¿ll lraÎ7 )18 or tba papaln oatalyacü

hydnoly¡ls of eJathctlo ¡ubstratcs ôvor a uldlc ¡raago sf, ÞE

havc !.ndlloated thc partlolpatlon of a eulphydlryl grsuÞ ar6

an lontøcû oanÞoryl groupi Thc !.dcat!.ftoatton of groupe

by hcat¡ of, lontsatlon oalaul¡tad fro¡n tttratton pKts 1!
horevcr ssnttim¡ unrcllabblg, and tluytcrn*Zo h."
sonrcntcd that clthough tbc ox!.¡tæea of a¡ lonlzcû oa¡rbo:Wl

group la tbc aot!"vc slto lrcür ocrtrln, thc Ìrlnctlo cv!.dlensc

t@ltoatlr¡g an ffi group ts lcas sound.

Thc poct tlon of the aotlva SiH group ln tha Poly-
pcpttdo ohaln haa Þcon foundl bf hrdrolyrle of a pepal.n

dlcrlvatlvü la rhlch tha approprLate ay¡tef,ne negldluc ras

aX,tsylatcdt, uetng O{b-IaÞollcdl lodoaoetatc, to dtattngulsh



6.

lt fron the otherp half-oyetfne rceldtua"l{. Flg. r-1(b)
shore that the actlvc sII group ls at poaltLon zj¡ andÌ that
the dl!.aulphLdtr b¡rldlge between posl ttons 22 andt 159

probably bnlnga tt clocc to thc earbo¡rl group of ûhc

aepartlo aofdl neslttue ln po¡f t!.on i65.

lbø pantlolpatlon of an intdazole gnoup of
hlettdltnc ln thc oatalytlo meohanram haa neocntly becn

euggeeted fnom klnetlc reaultg2o.2l. Thf.¡ ldlca ta
euppontcd by photoahemioar tnsotlvation etudtl r"22 rhtoh aleo
lndlleatcd that onc tr¡rptophan reelduc uay be cggentlal.
The lattcn poetulate ia lntcroet!,ng stnoe thene fs a

tny¡ptophan noslûue at posltlon 26, adJaeent to thc aotlve
flH group, aadl anothcr at pooltron 165 rrrtor¡ nay alao bc

nsar the aottva eltc. rt ls mor. dfffloqlt to vlauallto
c!.thør of thc hlsttdltns nc¡ldluoa at potltlons lo6 rn¿t lZ5
Þclng aea:! tha actlvc sH group f,n tho foldleü struoturo
shora ln Fig. f-{(b).

It 1¡ oonsfdlercdl X.ftscLy that the aotlvc SH group

aota on the suÞstratc by fonnlng an aoyl rntorncdltate2J.
Lorc andl wlufae¡2b havc r.coentry Þnopogcrr a nsûhrn!.m ln
uhloh thc aoylatLon, or fonnatlon of a thlol cater, ls
f,olloucd by a dcaoylatlon, both etepa belng oatalyeodl by an

lniilazolo group. Aa lonlscCt oanbofyl group ls bcllqrÊdt to
aaslst deaaylatlon probably Þy lnteraottng rfth anothcn

Bant of thc substnatc moleoule andl thereby apco!.f,toalry
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orlcntltrg thc thlol ester bond. Thlg meohanlem 1a horevcl.

only tentatlve.

Tho aotrvs s gnoup of paBala rceots nuch faatcr
rlth tnhlbltors thsn doc¡ tha S gtoup of oyetctnc8.25,
an obccrvetlon rhtob lcit sn1th26 to auggest ilÉt lt ntgbt
cxf.Et ln thc enz¡nne l,n a "hlgh eneng¡y't bond of thc thtol
eeter typa. üoreven thla h¡rpotbce!.a hn¡ bean dtEooentcal

on thc baels of ohemfoal evidonaa that thlol octor¡ arc not
oleavedt uy Pttrnz7, andt stualtas of ths ultravioLot dltffcr-
onco epectra of papctn ln the p¡lceensc of an aottvator
(ayanldte) anct a thlot egter rcegent (hyaroxylailnc)26. It
teems nore llkcly that the hlgh roactlvtty sf tha aotlve
ffi group of Dapala 1¡ due to thc elcotron!,s cffoot¡ of
aetghbourtag groups on the ÇnrymÇ surfaoc.

(flr) Sulohun oontant

rbc ¡uLphur content of pepatn, rhioh te lnporÈant

ln vtcç of the culphydlryl naturo of thø cnlyna aaü thc
¡truotunal lnflucnoe of tha elleulphtdle brtdlgGrr he¡ provcd

dlffroult to dote¡rmf.nc. Elancntary analyslsSrlS ¡horcd

1.2- 1.fi of aulphur, oorrcalrondtng to I atoms of thls
clemont pen aolccule of papatn, Þut no¡t ¡raportad ¿lcter¡nfn¡-

tfons of tho numba¡r of half-oyetine nceidueo ln papaln lr¡vc
glven a ffgure of Laea than 8. lthc no¡t r.eocnt and

rcllablo anaryels apDeare to be that rcpon'tcü by o1e¡cr aad
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sníth29 whor ugtng an amlno aof.d anaryzer to eleter.nlne

oyetelo aold ln hydlrolyaateg of perforr[.o aald oxldlised
papaln, foundl 7.O ! O.2 moles pen nolc of papaln. Tha

Bame lnveetlgato¡rs have shown¡ uelng a eoLouredl illaulphtde
oorupounrt¡ that papaln oontalns 2.8 ! 0.2 gnoups Gapable of
undergotng a dleulphfde fnterchange neaotlon. rt le not
cLean why thla flgure shouldt dllffer from the nunbon of
half-oyetlne nesfduee, but Glazer andt Ëmlth have erqphacfzod

that the rlteulphldte lnterohangc nethod gfves hlgh neeulte
wtth sonÞ othen protelnø. Slnce no othcr sulphur
contafntng anlno acltl or lnonganlc eulphate could be

dletcotedt ln papaln9 the surphur anaryals f e also not fully
erplalneCl.

The dllstnlbutlon of half-Gyetlne nccldluce betrccn
thc neduocdt (eulphydryl) andt o¡dillzett (etaulphfdc) fornc
has alao been tÌre eubJeot of muoh lnvestlgatton. Ball¡
andt r¿lncnuro"olo flret reported a ¡reeuLt of one slf gr.oup

Þer rnolc of papaln by l0dttno tttnatl0n of Bapa!.n aad

fodoaeetatc-lnhlbf.ted papaln. lfhelr ealculatlone wero

baeeü howeven on an tnoonneot molecular welght for papatn,

andt aubeeguent recaloulatlon by KtmncL ancl smttbSl shorcd

that only o,6 to 0,8 equ!.valente of iortoaoetato neaetect.

Numenous other methodle have elnce ytelded a ftgunc þetrcon
seno andl '1 .o for the numben of eulphydnyl groupg l,n papaln.
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Flnkle andl SrnlthS eetlnatecl fnee SE gnoupø ln
papaln whteh hadl been actfvated by uee of a mtxed berl

redluolng andl delonlzlng column. When the enzyne ln
cluatee fnom thle oolunur ças treatedl rith eulphydlnyl

reagentar e.g, PffiB and lodloaeetanú.dle, lt was obeervedt that
o.4 to o.8 nolar ogulvalente of a reagent neaeted r"apldry

ilth papaln eonpletely lnhfbitfng lt. fhe eomblnlng natlo
varledl çlth the papafn preparatlon. rn the sanê paper lt
rae notcû that pnolonged traatment wtth PÌÍUB ln TV"

cthanol pnoduecdl a papaln dleplvatfvc eontaln!.ng 6 molar

cqutvalenta of the ¡¡ercurlaL. rt rae sonoludted that papaln

hadt 6 stl groupe, most of whloh Ecre $maekcdtt or burleil
lnside the enz¡rme. fn a latcn p"p"o29 horever thls htgh

oonblnlng natlo unde¡r sueh Êevcne oondlltlone rac attrlbutsdl
to reaotlons of PHIffB rlth othep groupo, auoh ag thc aleavaga

of dtlaulphlðe bonrta oonnentsd on by Ccof1 andt Mophr"J2.

Glaser and gmlthÐ estinated the SIT oontent of
papala by peotrophotonctrlo tttr.atlon¡ rlth PIIHB and

ï-cthgl nalelrnldle, antt by arupôromctrLo ef lvcr lon tltnatlon.
Thcy fouad that unrcitucctt papafn (i.e. papaln not euÞJectedt

to any aotlvatlnÉ! ptfooodure) oontalned O.i to O.h SH gnoupa

pcr nolcoulc. lrhc ÐH t!.tne tas not tnoreaeedl by dlenatuna-

tlon, thareby prcoludllng thc presËnec of masked lfF groups.

vrtth oolumn-Fedluasdl papaln the $H tltnc inereeeedt to o.5

to 1.0 groupø, thla f,fgurc aLeo belng unaffeeted by dlenat-
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uretlon. Sarnar aÐdl Pth114 Utrr" rl,so porforÉËit qrcotro-

plrotouct¡:to Pil[B tltrattonr of unncdluscâ papafn, andl founä

O.1 to O.5 8fl groupr pcr mle tn dllffcrcnü prtÞaratfon¡.

Qnc rcuerkablc fcaturc sf all thcec roaulta l¡
thc varlaÞtllty of ¡ulphydtrvl coatcnt ln ilfffcront papaLn

aarçIca, a flndlLng rhloh aasunoa üorc slgnifloanea ln vtc;
of thc pnoBontlonallty rhloh hac bccn notcd Þctreqn

¡utphyilryl aontcnt anil proteolytto aetlvlty d papa!,s8t{lr.

Ttrc eElphydlryl analyeos al;s rupport tho h¡rpothc¡f s that tn
natlva papa!,n rour of thc aatlvc ffi group¡ aro ln e

r.evcralbly blookcdl ¡tetc ¡hLob oaa bc rcctorod to thc

¡ulphy{ryl fo¡.n by ronc ncduofng agæte. Thcac pofntg rtll
bs dl.soussedl nopo fulty ln Ohaptæ fff ln conncotfon rtth
thc hatcrogenctty of ¡lapatn.

The nunbcr of, dll,sulphldlc bonôg ln thc lntaot
papata Eox.aôulc her beca dlotcnld.ncd by olaacr and $üttb29

by aqcrsnctrlo tltratlon rlth rt,lvcr altratc ln tho

Drcsoncc of eulpbt|,jc!3. Tht¡ aathsd! shorcdl 2.t¡ to 5.O

û1¡ulphlllc bonile ln natlvs otì nrctrdlcnaturodl papafa.

Horavor 5.8 atsulphLdlc bonda rcrü tftratsdl tn aold-tcaatuncd

papaLn.

It ts thcrctrora appancnt that tho ctruotum of
papata ncp¡rcscntaô by F!.9. I-{ r rhloh has 7 hal?-oysttnt
rc¡ldlucc foud.ng 3 Af aulphldtc blr[dlgcr an{l thc aotlvc 8Il
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ßPotrpr 1¡ !.4 acoordlaoË rl,th Eolt anelyroe sf thc cslphur

dll¡tr!Þutlon, but tt tg po¡rlblc that thcrc te oac Eorc

¡ulphur aton !,n Eapaln.

( fv) GomouaFr çf tb Honouur

A or.yatalllnc ncrour:.!,o oouplc¡ of papaln rat
flr¡t pr@a¡rctl Þy Ktmcl and! åd.thît. lht¡ oopounrit,

ncreurlpapaln, rag found to havo tho rryplrlsal fornula

ns(pæaro)a. rt las cnrrd,oelly tnaotlvc, but thc ucual

actlvattng agcntrr ey¡tclao end ßDTA, rcltorcit ths aotlçlty

Brc¡u¡¡ab1y Dy rcnovllg thc ncnouFy. A ¡tnuoturc of thc

foræ Prpatn-8-tg-8-Papala ras ruggcatcil tn aoosndenac rlth
thc rcll knoçn afftnlty of thc Eg2* lon for 8H gnoupa.

Borcvcn nat!.vc pepeta oontalna only a eæll p¡orpætlæ of

SI group¡ ncaottvc torardo rcagæt¡ lltss PEIB¡ tbc

fonmtl,on sf, a lllnprto ncroapttdla !,n hf gü ylclil¡ thcrtrorc

tcome unlltsely.

A I ¡l oouplcr of papatn rlth aæsurTr bar bcsn

proparcü by Flrrkts anil Sdth8 udng a ntrcdl bad oo1qußo

Attcnpt¡ to cryetalltzo tht¡ oo@oundl yleltcil only

Þrcatpltato¡ of thc I r2 dtcrtvattvc, ucrouripapaln. FlnÈLc

¡nrt Suf th aond.dlarci! that tbc XattGlt ta! Drobably thc

X.aaet ¡ol"ublc of ¡cvaraL poeslbla narout1r aotqpouads of
papaln. Klurcl andl tulth9 hayc ¡lnoc lcpontcdl that thc

üaroury oontcnt of a ncnourLpapaln B¡:speret!.oa appcatp¡ to
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bc varfablc anü ralatadl to the sprolflo cnzy-nlo aatlvlty.
f t rag sugga¡tc{l thet thc orlg!.nal mrourtpapatn nay noú

havc bocn a dllmr but !,n¡taadl nl¡cil e4tretels of Fæaln anû

the { ¡t ooqrlcr.

It nor .ccms r¡nl!.kcly that ln acnounlpapaln thc

ËGrouly t¡ boundl ¡paolfleally at the aotlvc ¡ltc. Rcecnt

X-¡"BÍ orystaltogræhto rortsl on Esrcurtpapaln has rhiln
tùet tho ccrourìtr t¡ not laoonponatedl lnto tt¡c Þæata cryltal
at clpcolflo ¡ltee. Th!.a lc not uns?estail alnoa thc

oorylcr te praparad Ln 7Ø et¡eno1. ft hes bccn ncatloacd!

ln ecotlon (1f[) that unitcr thoas oondttttons thc raaott.on

of PffiB vLth papata 1¡ app¡rcntly encPcct.flc.

(v) $o1utr gn Fnooarttc¡

Phyalaal etudllcE by ffi.th -gþ .et? havc shøta

that trloa rccryatalll¡cdl papaln gl"Gt clnglc pcaka ln tho

ultraoantrlfugo and ln tbc clectrophorae!.a 4rparatua.

Elcotrophorc¡ls of papaln ta uatval.ant Þuffara at an lonlo

etncggth of 0.1 ehorell tt¡ troelcotrl.o psint to Èc at

Þtr 8.75. lhlg htEü p$ lo oonctetæt ttth tha Prodloü,nrnoc

of baslo anlno aolds la Dapaln9.

Although undlc! ocrtaÍn oontlltlong tha rcdlt¡nenta-

tlon Þahavlou¡r of papaln lndlloatodl tlra p"ct+lco only of

nononËrtr the alyuc gancrally dtt¡playcil a tcndlsroy to

a¡aool,atc rcvcrd.ÞIy. lÎbt¡ topf o rtll bc takcn up ln
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clrapten rrr but tt must bc mcatlonedl at thtg stagc ühat

ffi.th .¿t .et fsundl the neagætr oyctelne and EDtf.â, to Þc

oapablc of aupprcEslng thc agsocfatlon undcr rorË

oonr!l.tlo[8. rt ra¡ thcr.cfo¡sr suggactell that lnternoloo-
ular ilteulphlda anlt nctal to Drote!.n bondtÊ F€rr forncdl !,n

thc as¡ootatlon of papaln.

lfbc nolooular rclght of pepaÍn ra¡ foundt to bc
21 IOOO f¡om aedllnentatlon andt eltff,ud,oa dtata obtalncil undter

noB¡-asaocf etlng oondltlone. Tht s 1g 1n *ccllcnt agrcc-
ncnt rtth the nolooular scfeht of 2or9@ foun6 frora anlao
aoldl analyalag. A dlctcrstnatton of thc moleoul.ar velght
by thc apÞroaoh to oqutl,fbrtun mcthod ln tha ultraoentrl-
fugc hae ylclilodt a flgune ot ZO)T}ë .

(vf ) 8om tn¡olvadl pToblc¡r¡

ïlhencaa tt oen bc roallzad fron thc fo¡ragofng

aocount that thc ¡truotutc o,f papatn L ¡ by Êo Eranr
oÞ¡ouro aad la bcttcr undlc¡rstood than that of nany protclna,
scvenal lnvcatlgatom have pofntcdl out ¡tll1 unansrcrcdl

gucat!.on¡ about tha ohcmfttry of thfa 6nr5/!tc. outetanûtng

ailËng thcsc arc ({), thc natunc of thc ilÞlookcdn gH groupr
apparcntly prGsæt tn e fraotlon of thc mlcourcg ln any
papatn raqlc, ana (a), tha obcnr!,oal .cguüroc of, evcnt¡
assootatedl rLth thc aotlvatlon of paBaln.
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( 1 ) Ëlooklnq of ths ffi Group

8lnac ühc ÊH tltrc orf pgeln prcpa!âtlon¡ saa bc

tno¡reasrd by rcaatf on rlth a thtoglyoollat" *"1o8r oxoerg

of a omall molsoslan thlol.Sr oF ¡otllun borohyCtrt¿c29, tha

blooked SH groups arà Bnobably ftr an orfdllzei! statc.
fhf t le further BtsIrportcdl by the obacnvatlon that thc

aetlvfty of papaln oaa be lnorcaecd Þy elcotrolftto
rcduatlon'7. Àgatn tf aotlvlty 1e uccd at an tndle: of
rulphydlnyl oontent, lt oan ba dtemsrctnatedl that papala 1r

rcvanelbly oxtiltzedl by hydnogen p€roxltlo andl nc<luocd agafa

by oy¡tetnclh'29, All theeÇ oÞeervatlonË seøm oond.¡tcut

ilth the cldlatlon of a aulphydryl oonBound to a dllaulphldlo,

a--vell rcoognlzedl reeotton. Horeven thc dllffleulty2S il.th
thlc acohant en 1¡ ln flndllng a Bartnerlng rulphur atou

rhloh ooElil forn a rlteulph!.dlc bond rtth thc cotlve ffi gr.ouÞ.

Scdlnsntatton etudtccT Þavc ahorn thst although

papaln undtengoea lraverelblo aasoolatloa thc predlond.nant

rpÇeles fn eolutlon mu¡t bc thc papaln nonomËr arsopt

pcnhape at pH valucs noa" lta lsoclaotrta polnt at sonocn-

tratfon¡ abovc o.5 g,/1o0 nl. Eenoo tnternoleeular

llteulphlrlc Èonitlng oâmot bc en l4ortant faotop tn tho

blookl.ng of SÍ gnoup¡ Ln papa!.n. Intranolooulan illgulphtdlc

bondlrU eccnË cqually unlfkcly ctnoc no elghth aulphur atout

hae bccn foundl cls;bcnc ln thc moleouLe. Ivlona elgn!.f-

locntly, sotlvator-frctr rcdluoadl papaln, prsparcd! by
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raüuotlon rtth ¡odll.un bonohyür!.üc or otr a thtogly.oollatc

oolunn, has bocn found to oontaf,n lcsr than ona rclan
cqul,valcnt of 8E Eroupl. Rcdluatlon of an tnürsnolcoular

dtaulphfda bondl ohoolil ylold, tro Sffi groupr. Oa the-othcr

hanll ühc pneacncc of a fourth dtsulBhfdc Þonll ln B@eln

roelü bc oon¡lgtant rtth thc rclultr ottcdt 1n acotloa (ftl)
for thc rulphur analysl¡ end EoËG of thc il!.eulphl{lc

a¡tt natloar¡

A nt¡ad {if;ulphldlc of thc ttpc FROTEIH-S-$-R,

rhcrc R Ls a ¡uaal uolæular Eçrleup ha¡ noocrtly becn

ücrorlbcd ln e stloptooocoal pnototnr*F. Glascr and

Sufthgg bavc polÃtrdt out that tha cxtsteaoc of a Þondl of
thf ¡ tylÞc ln papa!.n oould c¡plaln soræ of thc paeullarftlc¡
ln ths aot!.vatlon prooúrs. Horavcr thcrc eFE oxDGn.ncntal

rsa;on. fsr eloubttng thc fuportanoe qf thlr t¡rpc oû group

!,n papel,a.

Flr¡tr tB analy¡Le fon nü¡rd dlc¡lph!.dla tn papaln

ha¡ bccn parforacd Þy olazar anü gnÍ.th2g rho o¡litizedl

papr!,a rtth porfortd.o aaldl anil cxenlncd tho p¡.oduots Þy

paDcr olaotrephorc¡tg. tshc only proüuote rcrc orldl!.sotl

papel,a snû a ataatl amount o,f oyctcls aof d. Thue papaln

docs oontaln a nû.rodl dll¡ulphtile vlth oystcl.ne bqt !.t ras

concl.dcrot thst thc anou¡t rar too snall to aooount fop thc

vantabll,tty tn tlE tltra. $cooadllyr the ltctcotlon of lse¡
than ong ælar cqulvalent o{f gñ groupa after rcdluatlyc
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aotlyetlon 1! lnoonllstont r!.th thc fornretlon of PAPAI¡-BH

ar¡al R-SH. Although thte oould ba rattonallacdl by EÊãuE!-

lng the lattsn oonpound to ba volatlLo llke tho eorrcspond-

lng prodtuet of ctrcptoooooal pnotclnagor thc cxtplanatfon

of sonrâ other potntr rouldl baoomc dttffloult. Spcotf!.o-

allyr lt roulql bc dllfftoult to aooount fon the culphur

anafyclr of oolunn-ncdluocd P.p"lo8 rhloh sttll lndloatcd

a oontcnt of I sulphur atons pcr papaln nolccule, or fon

the rcvcr¡lblc Lnaotlvatton of borohydtnldlc-rcdluoed paPaln

by hydrogon pG¡:oxldlc, lf thc RSE cornpoundt hatl bccn loat

fron thc colutlon. Ilydrogen perox!.dc lnaatlvatlon ras

"Ìro"n29 
not to oeuta dtlme¡r!.satlon of popaln. lhus an

cxplanatlon other than lntcrnolcoular or nl¡cdl dllsulphl.dto

for.natlon le nogulredl.

rt hac bcen postulatedl sevoral ttmes26'28)29

thet thc tnaot!.vatfon of papaln l¡ay Þc dlus to oonvcnslon

of thc SH grouD to a hlghcr oxtdatlon statc corrüspontl!.ng

to a sulphcn!.o aoldl (nsou) or a eulphtalo aot.tl (ngO.oH).

Horevar no avldcnoc hac Þasn rcportcd to althcn support

or dtspute thlc h¡pothcgf ¡.

Thc poattlon l¡ funthcr oonpÌloetedl by thc llk,cly
cxlstenoc of anothcn o¡ldllsad forn of papaln çhloh oennot

be rcdluoedl to the sulphydlryl forn by thc qaual aotlvator¡.
Thte auggeatlon, rhloh rac flrst ba¡cd on the va¡laþfllty
ln tbc SH tltrs of ncduocdl Bapaln v111 þo oonsldcrcil norc
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fully xn ohaptor rrr. Raocntr.y sanncr anrl pthl shovrd

tbat lnaotivatlon of papaln by hydlrogcn porortccl4 and

x-Dor trradlatton{6, thoug¡r langcly revenelbre in the canry

atagcar bcooncr lr¡rcvcrstÞlc on prolongcd or €troarelçc

e¡t?osupc to thc ortrso of lnaotf.vatlon. Rceetlon rfth thc
sE groqp rag oleanry ehown to be tha cauea of fnactlva-
tlon by thc protcctlng cffeot of a aunbcn of sulphyalryt

reagcrtt fnoludtng PHllB.

To sumapf ¡o thl¡ flr¡t pnoblcn lt oarr be galû

thet tha aativc olto of papat,n oontalne a culphy.itfïtrl group

rh!.oh la partly frco anll pantly boundt ln othcr rlakagce
rhlob proÈably Gorrcgl)ondl to hlghcr ortdlatlon statc¡ of
aulphnr. Tìe nsturc of thoec llnkagcs tc not yot defrned.

(z) Usohant¡n of, Aottvatlon

Thc olosely related pnoblem of the mechanlam of
the aotlvatlon prooees le aleo baelo to an undle¡retandllng

of the modle sf aotlorr of papaln. Although the ueual

aottvatoner oystclne andl EU[A, undtoubtedtly aot by llbenat-
tng ln paÞain aotlvc 8H group¡ vrhlch havc beoone oxf dlzad

or boundl to uotal lons, there arc sons grounits for beti.ev-
lng that thta tg aot the only cffeot of actlvaton¡.

Ftrrkle andl tufthE found that the actlvtty of
oolumr-¡redueeð papafn was lnoteaeed by oyetalae addl.tlon.
Thfe ças notsn Þy sannen andt P!.b.11! wtro funthen shonedr that
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dlffcraat aulphydryl oonpounda aatlvatcd papaln to
dllffareat cxtcat¡. Thc lattcr authæs al¡o ahoradt that
the spcot'îr.a aotlvlty d papaln ln the absonc€ of oystefne

rae only about 6ú ot that found by Ftakle andt Sat th f or
papala of qorresÞondllng aulpllydlryX. oonturt çhen aaeayed tn
the Bneeenoe of eyatolneo sannen anil Plhl extendlcÉl these

obaervatlons to a oyetenatlo atudy of tha effect of
oystelne on the klnatto paranetcre for the papaln-oatalyeeð

hyilFolyelg of a a¡mthetlo pcrptfde. Phelr r€aulte shoïsdl

that aotlvatfon by cystofne wae not only due to thc
llbenatlon or Holrs S gnoupe ln papaln but aloo to en

laerca¡c !,n thc ratc of oleavage of the cnsflilo-Bubstrate

conplax. ft rag cuggcateû that an entrJrna.eubstnato-

aetlvaton oouplex wae foflEedl whleh rvas than cleaveil vlth a

hlgher rate oonstant than the enzyrîs-Bubetrate oorplex.

Howeven oonfllotlng evlrlcnoe haa been obtalned

by fuhtteken ancl Bende¡r]9 rho, ustag aottvaton-f,noc rcduoedl

pap"tn56, found llttle or no effeot of oyctetno on ktnatio
paranetene for papaln-oatalyeed hydlrolyaoge thua thc
aottvatlng etrfeot of thlola on papaln ts et!.11 not eatlrely
undlerstoodl. Even the neduotlve part of thls prooeEß nsy

not be a sf@le equfllbrlum nceetlon of the fonnr

2Pg +2Rffi + 2PgE+R88lRo¡

where F8o- dlenotes papatn wlth the SII gnoup reverslbly
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o¡d.dtr6d. Carty aad Ktneohenbauubo ooaalðctr that an

oqutltÞr,rLua of thl¡ ttæs t¡ not ln aooortl rlth tha facblc

Lnålbltfng aÎ?cot of a dll.eulphÍdle on paBaf n. Thcy heva

ruggeatad that tha aotlvatlon andl tnactfvatlon of papaLn

Eay p¡eocqcll by dltfforant noohanlene.

(c) Outl4ne of .thc .Proaent Ifivo¡tloatlon

Ag nætloncdl ear.l1cr, the lnttlal aln of thtr
Lnvcettgetloa rae to obtatn quantLtatlvc noleoular rclght
Itata ¡hloh nlght htlp to elueldlats thc nsohanlæ d
aeeoolatlon of papaln, Îhtan tt ças thoughtr ü18þt ylclll
lnfornatlon about grÕupt la tbe aotlve sltc and thc

nsohanf ¡u of aotlvatlon. tlmc tulth .g[ 3&7 fountl thet

tho u¡ual aotlvators of, papaln also euppneaced ltg revcn¡-

!.ble a¡sootatlon undlon ocrtaln oonðltloner lt appea¡cð thet

tho Þhcnomena d aotlvatlon ar¡dl aceooletlon of papaln Ectc

oloaely retrated.

Aooondtngly thc fl.ret rtage ln thlg !.aveattgatlon

taË a qualttattvc rclnvcstlgat!.on otr the eedllnentatfon

behavlour of p¡pgln ln tho ultmoontnlfuge. Eltl s çort !.¡
dceorlbell tn Chapter II. A dllgoqeelon of æhG oPtloal

osrneot[on¡ rhfoh æpcar to bc pertlncnt to thc aoouratc

dtatenmlnatf.on of eedllrnentatlon aoefflclente of æal1

proteln moleoulee sueh ae papaln hae been plaood ln a

reparatc a¡rpendl.-.
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Bonc notabLc dttfforcnocs çËrc obeervcdl ln thc

ecdtlncntatlon bchavtoun of PaPaln from that rcportcdl by

üalth .Ê! ,¡7. In partloulan, tt te alrovn that thc

aot!.ve 8H group la not rcqul¡ci! for as3oclatlon and that

eyetclne anô BIIIA iltdt not affcot tho a¡aoalatlon of papaln

undcr thc oondltlone ¡tudlledt. thu¡ lt !.e dlonbtful

rÌrether aslooletlon etudtf t8 oen help to eluoltlatc thc

aqtlvatl,on proctss¡ Horcvcr tt Ia chorn that allght

ttlffanenocE tn tbc nature of, groups ncarr tho aotlvc st'to

oan Éotlocably !.6flucnoc thc aceosfatlon of papaln.

$lnoc tbc aotlvc 3H grroup of papatn 1g þellovc¿l to cxlst

!n othcr ohemLoal atatcl, lt ts thc authorr a oplnlon that

aqy stutly of ths a¡goolctloa bchavlour of Pgpaln ncgulrca

f,trat en unôÊrratanå[ng of lhat itlffc¡cnt ohmloal atatce

of DaDatn crlst cnår tf Posatblc, e scparetlon of thc

iltfferant fonmg. lfhc rcet of thle thsgtc 1¡ oonocrac{l

rlth an lnvestlgatton of thcsc toplcs.

Thr¡e ohaptcr III dteal¡ ülth cIpcr.lmênte dlcelgncdl

to dlcnongtrc.tc any Dos3lblc hate¡ogcnctty of papaln vlth

rcspeot to ¡ulphydl¡ryl oontcnt, by clsotrophonacla of a

papatn dertvatlvc prcpa¡cdl by rnodlfloatlon llth Þ-ohloro-

morourlbonErnc sulphonlo aoldl (pÛUS). lfhc reault¡ pnovldle

rtrong cvldlcnoc fon tha cxl¡tenoc of aulpltydlryl and rotr-

gulphydryl fo1.gra !n paPatn teolateû by the ueual ¡ncthodhl '
Horcver a olear-out prcparatfva fraotlonatlon oouldl not bc
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eohtcycû by elcctrophorcateo rt ;as oonsidlercd that thls
fal1urcn togcthcr ¡rtth aome othen peoularltlee fn thc
claotrophoned.e of papaln and Pol{s-papaln, reg a poealbre

¡lgn of a ehemfoally lnteraotlag eyetem. Aocordtngly
pant B of Ohaptcr fII ooqpntgcs ê dlasueelon of thc
olcotrophonetlo behavrou¡r of lnteraotlng Êystens, anå thc
po¡albIe rcl.evanoo of iomo thoortce to tho reculte
pre¡entcd earllen tn thc Ealac ohaptsr.

ch¡Btsn rv Í,Ë an aoeount otr attcnpte to ae¡rarata
papaln tnto tro forma by ohrouatography. Horevcr,

arthougb thc resulta of thls rork Íonr oonslctent vlth thc
clcstrophonctto rceulta, tho aepanatlon of aorçonenta rag
GVCn pooDGr than ln oleotropholesl.e. llhug thtø thaals
ruppoltc the h¡rpothcsls of sulphydryl hcterogenalty in
papaln but does eot provldle a pnaottoable nethodl fo¡l
f,ract!,onstlng papaln Lnto aotlve and lnaetlvo gpootee.

Flaally fn Ohaptc¡r V the oontrl.butlon of thc
prrcaent atudly to ca under¡tandlng of thc chcml¡trr of tha
aottva glta of papaln 1c dll¡ougecdlr
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(a) 9qúmrrv ol.Prcr?tous work

Fnou thc pncocðtng ohapter lt le cvldlent that

tha pby;lso-ohc¡¡loal atr¡dlcs of, papaln rcponted by $ßlth

¡! ¡|.Z for¡¡ the bacle for lnterprcttqg mueh of thc

chonLsal dlate on thls cÃEltmo. Thesc lnvcetlgatona rccog-

nlgod aaeoolatton bchavlour of papaln fron sadllmontatlon

vcloolty erp€rtlmcnti.

It ras founð that a¡tlvo ptpaLn La buffcr

¡ol.utton¡ of gE h.O and 5.b gavc a alnglo loillncntlng

boundtery¡ tba bchavlour rra! oharaotorlstto of a raDlilly

rwardþly arsoetat!.ng systm ( scc acrt acotlon) !.n that

thr ¡odllmantatlon oocfflolant Incrcagcdl ¡!.th lnoraa¡lag

protatn oonccatratlon ln dtlutc ¡o1utlon. At PE lt.O

thl¡ oonoantretloa dlcPcndlenoo of tho ¡cû!.ncntetlsn oooff-

tolcnt tar aboll¡hcd by the Protcno6 of, O.O2 tÍ oygtctnc.

It ¡rac thue lnfcrncd thet Papatn urrdcrlcnt a¡soolatlon at

pE b.O b¡r thc format!.oa of fntcnmolcoular dt¡ulphtdtc

bendta. !Îhc ncduclng egcnt eyatclne rouldl bc orpcoted to

Bupprcta fonnat!.on of thle tlæc of bondllng. At pE I thc

assoolatloa of Dapaln tas norc notloaablc, a aaoondt

fastcr.-povlng, poak bctng oÞEcrvedl !.n thc ce¿l!.nsntatlon

patter.a. Oonrldlorablc dlf sagg¡rogatlon taÉ apparent ln a

solutlon to ¡hteh O.O0l U EDTå' hadl becn adldlcdlr theneby

tndtoatlng the pantloleatlon of a nstal lon ln the asaocla-

tlon at pH 8. thc nctal !.on vae not ldlcntlflcdl.
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lhc ¡cdlltæEtatton bahavlop¡P of thc lt2 ntrourL-

papatn coÐIc tag aleo etnËÉ.ncd. At pE b thl¡ dc¡fva-

t!.vr SavG utrfm¿le1 scdlmcÈrtatlon pattern¡ il.th no atgn st
ârâoof.stton. Eorevsr at ÞË I narcurtpaBaln cfåtblto{l a

btrtoûal eeôlmmtat!.on pattcrn, the fast oonqtoÊÊnt bcf.ng lÐrõ

Bronlnütt sndt havtng a hlgher rc{lluentatlon coafflolant tbrn

ln the caÊa of papaln.

Fo¡ thc qavcrel ptaüons ustttoacdl ln thc le¡t
ehapter !.t ra¡ lntenôed to oonduet a dlatallod stuily by thc

acdllrcntatlon cgulllbr!.ua tcohatquc of tba a¡¡oE!.atlm

bclravtour oû ÞaÞalnn rsô tatar of thc mre fnvolvaü

aarcurl,pqa!.n ryetcm, tOrcvon, *l.noc soEG Et thc oonglu-

slon¡ llpm by $mttb -gü ê¡ ttrrc ba¡ed oÉ vÇly fcç obrlür?¡r

ttonr, !t cccncd aôvieablc to flrst cctabllsh rtth Ëe!.

ccrtalnty tha oondl!.ttone undar ¡trloh a¡aoolatton of papain

oeourrcd. gtdllnontatlæ valoslty atudlles rGrG thu¡ undcn-

tatsca to oÈtaln thtr quel!,tattvc !.aformtton.

(u)
Arrgplat4,nr Protêln Svtþt!û¡

Rcvcnd.bl,c agaool,atton o,f a protaln !.4 solutlon

san u¡uaIly Èc tlctcoteil ln thc nltraocntrtfugc by llctaræl.np

lng the rctglrt-evGrågô acülnantatlon ooefftotcnt (S) at

vanytag roluta oonocntratton (o). lfon-aacoctatlnE

Brotolne ahfi a nagetlvc oonocgtratlon dlcpcndlcnoo of g
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rcaultlng frron ?rydlrorlynamlo cffcota42. thc var!.atlon of
S rlth o oan be dleaorlbodl by equatlon¡ of the forn

I - eo({ - ko)¡ or t '#æ

rhcnc Bo la tha rcdllnantatlon aocfflolcnt at Ecrlo ootrooa-

tratLon of aolutc, and k ls a posttlyË conttant.

ft ls hovevor foundl thst for aonc protcln

syatcma thc scdt!.ncntatlon oocffloicnt lnorea¡cc vlth oon-

ocatratlon. Euoh bohavlour slgnlflc¡ the ooour¡rGnoa of

nevcralblc asgoo!.at1on-ü1sÊoelatlon ncaotlons of thc fo¡a

It t s prcs¡¡mcd that lnoreart.ng aoluts oonoentratlon cauact

a ncadJuatment of thc equlllbntu¡n ln favoun of thc largcn

aggregates rhloh sedlrûent faetcn, rctultlng 1Þ an lnoncasc

ln thc obcervcdl eedllnentatlon oocfflalcnt.

Clcarly ff adlJustncnt of tbc cgul.ltb¡lun ta slsr
ln sonpa^rlson r!.th thc ratc of separatlon by ¡odllnentatlon,

thcn ¡cpanatlon of thc eggpegatedl frsn ths mononcrlo for.m

o¡n bc cxpcotoô, glvlng tro bour¡dlarlc¡. On thc othcr
hanit, rtth raBldt cqutltbnla thle 1g not thc eaao. GtlÞoothj

has chorn that lf a ¡rapldl ncvcn¡tblc equtllbrlum favounr

thc dlncr to tha ncar c¡oluclon of hlghcr ollgoncra, only

a rlngJ.c ccûlnantlng boundlary rtth e poslt!.vo conocntratlon

f,
E-tsnP
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dcpcadlcnoc of sodllnontatlon qocfftotent rlll bo ob¡cwcd.

Horovcr !.f the equllfbrluE favourE ona paritloularr aggÌogatc

hlgher than the dlmcr, a blnadlal ccdlnontfng Èoundlary tlåy

Þe observedl ncgardlleea of tho nata at whtoh cgutllbd.um la
adlJuatedl. Thc Broport!.on of thc f,cetor. Goøpoaent ç1X,1

lnonoase ae thc aolute oonoentratlon 1¡ lnorcascd ånü a

nlnlnu¡m may be vlsiblc Ln thc eonosntnatls¡ gradllont ou¡lvc.

lfhc gra{llent howcvcr v1,11 not Clrop to Esro at any polnt ln
thc boundlary.

Thua to teet fon aeaoolatlon bshavtour ocP a

protcln by acdltmentatlon volooltyn maasuronenta ¡hcn¡l{l bc

nadlc of tro oharaotælett oc, vLs. bounrlary draBc anü

¡adlnontatlø oocf;flolent, both at rcvcral pnotcln GôÉGco-

tnatf.oE!¡ Reveraú.ble ageoolatlon 1a slgnlfiedl by clthen

a blnotlal. boundar"y tn çhloh the nalatlva else of thc fastor
pcat fnoroaaaa wlth lnoreaeil.ng eolute oonoeatnattonr or by

e atngle Þoundlary vhloh ls shoffi to glve a poalt!.vc

oonoantnatlon ilapendanoe of the sadtncatatl on ooefflotcnt.
A nunÈsr of thaorlcð oaa þc appltcd to dledluoc furthcr
dletatlo about thc aasoolatlon. Hlchol -gt .g!.f havc

ncntloncil noat sf thage tn a reoent raylcl.

It ta enphad.zcdl that thc scillncntatlon oocfflo-
lcat nefcrued üo ln the foregolng dllaouae!.on !,¡ ths vclght-
avGr¡ags godllæntatfon ooc'fflolent af tbc apeolcg Dresent
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la thc platcao r"gton44 of üha ultraoantrifugc octl. Thtl

quantfty !s ctrlotly found fron the rate of mq¡ærcnt sf a

Bof.nt whoøe rarl!,al posl.tlon la glven by thc agqtrc nooü

of thc ¡coond mo¡acnt of the ooncaatret!.on gradllcnt oorva45.

Oalaulatton of the porltlon of th!.¡ potnt tc however ao

laborlouE that tho uxLnun ordllnata cf tlre gfadlcnt ourtTil

[s usuaLly tatcca ac thc Þouadlary porltlon tn qualltatlve

apBlf oatt ona of ths ee¿tlmntatlon velosf ty n€thodl. Iron

eymretrloal graillent ourvea lltt1e orror le lnaurred by

uelng the marlmun ondllo"t"h5.

In thc preacnt stuily thc ¡edllmoat!.ng bounÄas!.tt

obacrvcdl rlth papa!.n at PE l+ andt pE 7 vêrG appamntly

eymctrtoal (trlg. If-l). Hcnoc thc poaltlon of thc

na¡lnu¡a ordlfnate bag þeen uecdl la thc dlctsrd,nat'lon of,

¡edlnentatlon oocfflotentg. At pE I rharc thc boundany

ras ænkcdly aeynmetrlaal (nlg. fI-5) tt¡c ¡Ìrapc hac bccn

luagtned to arlsa fr¡on tro eyæctntEal peakl. lFhs arca¡

of caoh rerc ncesunod at dcaortÞedt latcr |n thlg oheptcr.

1Fhe eedllnentatlon osefÌflol,ent of tÌlc ¡lcç pcat uae oalou-

latedt fron thc movament of Ltç uad.ræn æû[nata, an{l thc

faet p€ak ras trcstodl d.mll'anly vhencrcr sufflotcntly

Bromlnent to bc mcasufcdl.

(o) -
nønta1 oondl!.tlons

lfhera epo fcç publt,rùcdl ¡olublltty dtata on papaln,
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although 1ü hae bssn notadT that alcotrophorcslg of papatn

at pE veluos above 7 pnovedl ôlfftoult bcoau¡c sf thc lm
golublltty of thla onE¡rBG ln thc oold! ln the ncglon of,

lts lcoelactrlo po!,nt. In thc precent etudly Í,t uar

found that the crpcrlnantal oonrlltlont uaaü ln ultra-
aontntfugcl and 1n Later clcotrophonctlo studtcg (Gtraptcr

IXI) Íerc frequently dllotatadl by the lor solubfllty of
pepaln. Thc authonr e obscrratlons on the aolubl.llty of
papala arc thercfore auwrarlsedl ln Ísþ1e If -1 .

It lE getrolally adlvl¡abla ln tnansport Ërpcrl.-

nenta rlth ohargodl protclns to uac Þsffcr aoÌutlong of
loalo atnangth et Leaat O.lr Ln orldcn to rnlnlntrc ohargc-

¡cparatfon cffcot"!7. Thc solubl"llty of papaln dtoca not

alwayg per.mlt tht¡. fn tha pneccnt rtudy, tho htghett

lonlo strengths r.llorlng rGasonable eoLublllty of papaln

bavc bcen uacd trên though thle ncoeesltatcd thc uee of
dtlffencnt lonlo ttnengths et ülffcnent plÍf r. llhc

altcrnatlve rould havc bccn to usc a slngle, 1or loalo

etnength fon all erperlmcnto, þut thlc nlght havc pnodluoat

anomoloue ohalge-scparetlon effcot¡ at pH valuce far
belsu the lsosleotrlo polnt.
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IAEILB If-lrE=EEI-

Solublllt
(s/too nl

Buffcr
ugcful fon

*rr*rl- O.3-l .8o. ol3
o.olo

I[aTIIPOO

KH2POk

o.057

< 1.Oo.o27
o.018

o"tffir*
frn2Po4

0.17

*rI> o.5
l{o
dlata

o.oo5
o.or5

IvaTHPOU

KHercu
o.056

< o.5
t{o
{lata

o.01l
o.066

ITaTEPOU

EA2POb

o.{6

frtru O.5
tso
data

o.10
O"Olr5

ffaås
HAo

o.l5

-+< o.5-'l .5
o.02
o.oE
0.o8

Ila.åo

SaCI
EAO

o.llt

*rr*rr> o.5-2.4
o.10
0.1r5

NaAo

EAo

0.1It

Elco.9cdl.aooo {oo

Buffcn.
Oonpo¡1tlon
(nolarltte¡)

IpIt

( oontinucdt ) .. .
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llabls f f-l ( oont!.nr¡ed )

a Slor preolpitatlon oeourredl ov@r a perlodt of Zh houna.
f¡ fonto etrongth
Ao¡ Aoctate, Trirl 1rlrhydtro¡ynathyl-anlnonethanc
À + atga lnsertedt tn tha oolur+rr hcedod Hscdl.rr on nElae.ñ
dlcnotca eultablllty of thc buffer for aedlmentatlon or
eleotnophoneelB roBpeotlvcly. A, - algn duoteg
uncuÍ tabl lf ty.
I denotce that thc buffar wes ohocen aa tha nost sultablc
of that plf f,or sedfmentatton or alestrophoneail.a of papain.

-il¡r ¡Êatcd.

E¡planatorv lIotes -
sedllnentatton veloctty gtudlf er over a range of golutc

ggngGrytTatloa¡_nequlne a protoln to be ¡oluble-to about1þ (v/v) at 20oC. fhe lorcet eonoentratlon vhlEh oan Þc
uscil rlth ¡obllcrcn o'ptfo¡ !,¡ about O.lÉ.

"Ele_ot¡ophoncsls ln ùhc apparatus avallablo (aca
ctqpter vr) le beet oarrlcd orrt wLth appnoxlnateiy o.j1ßcolutl9nÊ¡ but eatlefaotony rasulta oañ-be ottalnäa aloonoentratlons ae lor aa O.lß.

*ril
Iqo
tlata-1.2

frl B

801

o.02 0.055
o.o20

I

--< o.l-1.0å
Tr.L s
F01

o. 086
o.o5o

o.05I
Eleo.Scû.roczooo

Buf,fcr
Oonporttlon
( nolarltt oe)

pE x
Buffcr
uacful fo¡r

Solubllttv
k/too nl)
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(a)

(r)
A t¡ploar senlea of photographs fnom a sed[menta-

tlon valoclty run at pH l+ ls shown Ln Flg. fI-i(*).
DetalLe of the methodra and cont¡rols ln eedllmsntatton

veloolty expentments and of the oaloulatlon of sedllmeata-

tlon coefïlotente ano glven ln cbapter vr. rn aceondanoo

vlth the ueual pnooedure, sedlmentatlon ooefflotents wera
eonnected to a standar.dl baalg corr€spondtng to a eolvent
rlth the vlscosf.ty and denslty of water at 2ooc. coprsg-
tlone were nade uelng the equatloJE

(t-ípro r) .r.. Ir-(l)
('t - P)

rhsre gp6rr, 1e the oor.neoted on standtand gedlnentatlon

ooefflolent,
g ra the ee¿rtmentatf on coefflctent undter tha

oondltlons of thc cxpenlment,

n "nd p aro trcspeottvcþ the vteooetty and dlenslty

of the eolvont at thc tarrpenature of thø

cxpentment,

n 2orr andl/ zort a¡:e thc Gorretpondlng quantlttce for ratsn
at 2ooo,

anri i te the partlal rpeotffo volume of the protcla
ln thc aolvsrt u¡ed.

saorr = g +-I l2Q rv
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Dataruta¡tlon of, thc rcgulmdl vf,aooslttcs anü dlm¡tt!,ca

l,a dcaorlÈtit Ln Ghaptcr lllt. Tha fle¡rrc qccd for ? rae
O.|2ttt saloulatcA&9 fron tbc a¡slno aoldl ooqoaÍ,tton of,

pqlala, TH,s ftggrrc nay be rltghtly lnacounatc d.aac

rubeoquonü rorklo hr¡ glvcn a rpvlccd c¡ttnatc sf tltc ad,Eo

aoli! aoqpod,tlæ. ßrror oould al¡o arlas fron thc
amurptloa ttret ? rar tho sarc tn alt bf,fcrc enft al a1I
protd.n oonoantratlon¡. Eoroycn prcv!.dd that f !,e not

too ûlffcr*rt ñon P AOrr, 
gAOr, oaloulatct Èou cquatton

lT-(1 ) 1¡ aot ¡on¡l.ttnc ta a ¡mIl
tloa of a fcr rc¡ulta udng it¡ otr

Dapetn gave the sanc ta.r, f,llgurca

Scvcrthclos¡ ln czBer!,nsnts at |aC

tton raa ap¡plleit to î þr aoauntu fF - .ooo5 r¡t/g¡¡/:clo.

cîror ln ?. Bvalua-

O.7âr andl O.75 for
çlt'bln O.O1 g.

a taEpcnatunç oolrcc-

(t ) ory

l[ha narlattoa rd.th tnf tf at aolutc oonoontratlon

of thc ¡tandapdl ¡sdl!.wntaÈf on ooofflolcat of pæal.n ln
aoctatc buffcr of pH 4.O1 aadl !,onLo atrcngth O.l l¡ ¡horn

ln Fl.g. Í,Í.-2. îhc oonocntratloa sf tho mgt oonocntr.atc{t

aolEttm ras ûctenql,ncü by pcftaotorctrg andl thc othcr
goluttoËr rora prsÞæad Þy df lutlon ú tbt¡ sot'utlon rtth
dlfffu¡atc. Dtlutlons uarr nadtc by retgtrt, ttrc dtcn¡ftlc¡
of, tll aqueoua galutl,ona bcLng tekca as I g/ñ. Ehc

crror ll,acs ahoyn sn ürc Bolntl tn Ftg, If-! ats 95ß
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fldualal llm!.ts caleulated fnom t¡lre nagreselon of thc

loganlthm of the boundtary posltlon on tlnc (see Chapter

1,1t).

ft cen be ascn frcm Ftg. fI-2 that, ovsr. uost of

tha eonacntratlon range O- t .51', S2or* Cleercasee rf th

lncreaef.ng e, Thue, revenslble aeeoolatlon of papaln

either doce not ooeur or fs Eo eltght that lt le naskadl

by hldrodlynamle efìfectg. îha three potnts rpÊprcBanteõ by

solt il etrcleg appeer to t@ly a sltght po¡d.tlve alopc at

low ooncent¡atlons. Ilowcver, theee po!.nts çorrcspond to

tleterqnÍl.natl.ong !.n tho æ nllltmetne 1lght path ultra-
oentrlfuge cal1. It t.s oonetdlenedl that, ln vlew of

optlcal corrootlone (eoe Appendl¡) çhlch agaumc luportanoa

rùen fO mt oelle are ueeil f.n the detcnnlnatlon of aedltmæt-

atton ooefflelente of emall pnotetns llke papaln, theee

potnüB shouLdl not be g!.ven undue enphaals.

The stralght 1lne ln Ïrlg. 1Í.-2 oorrcspondls to

the cquatlon

S2Or* = 2.46 - C.O59 e ... ¡ II-(2)

rhf.eh ls obtalnecl by a llnaar regneee!.on of g2'r, on o.

By the oonventtonal atatlstlcal methods5l the standiardt

erron tn tJre elope l.e aetlmatedl to be ! .CÛ5, and that ln
the i.nte¡.cept at o- o to be t .g59. An attempt çag

onlglnally mde to use thc prevloutly estl¡nated ttandland
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Grrors 1n thc lndllvldlual polnts to obtaln a refghtedl

rcglr'oÉBloa llnc fltt!.ng the polntÐ Ln Ftg. Ll-z. ffotreve!

thc usual methodl, that of we!.ghtlng the polnte lnverecly

aa the rquarg of theln standa¡dt 
"oooo"51 

r Tas founet to bc

!.naÞplloable becauBG tbc cstlmatcd standland Grrors coulü

not eatlsfactortly aocount fon the obecrvcrl la.rgo dleria-

tlons of poîata fron the rclghtedl regregston Llne. It
ta bcltorred that the opttcel dllstortfon sffeats dteousecdl

tn the åppendllx may have contnlbutedl to the exper.lnontal

esatter of po!.nte.

the extrapolatcil s!or, of (a.h6 t .g3g) s agreoe

rcLl f,lth tho flgure (2.\z !.Oh) I foundl by grnlth-et.¿|.7

for papaln at pH b ln tbe preËenoo of 0.02 U oyotctnc.

Howcvcr tha ncaulte dlffer fnorn those repontadl by &nlth

-e! -Ê¡ ln that they lnalloatc no aeeoolatlon of papaln at

pE b Ln the aÞeencc of eyetelnc, Although the evldlenec

proaentedl by the above authore fon asgoolatlon undlcn theac

eondltlonr Ías sl!.ght, rtnoc g2.r, çae dctcrnlnetl at only

tvo Þapafn oonocntretlona, üomc further fnveetlgatlon

sccmedl rapnantod to ecc tf, the tço sots of results ooul{l

bc rcoonallcd.

(2)
Euffcr Composltlon

lfo¡re eedtrnentatton stuellea wero thenefor.e oa¡nlcd

out nlth papaln at pE 14, but empLoylag lowen ternperatune

and dllffcrcnt buffcr oonpoeltlon. By anelogy rlth tho
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knorn Þchælou¡ of Ê-laotoglobullni en¿ lnauün6, Lt rar
thought thet ths uec of loç tæpcraturc nlght promotc

a¡¡oolatlon of papaln. fn addltlon, stnoc papaln tanils

to praolpltatc ln thc prêEGnoc of shLonidlc lon¡ (acc

labla lf-l andl ncfcrcnoc 4f ), therc res toilc bast c for
bcl!.evlng that lts aacoclatton mtght be more pnonounoedl ln
a buffcr sontalnlng ohl.orldlc lons.

Table ÍT.-2 ehowt aedltrnontatlon cocfflolents
obtalned unilen the followtng oondltlonas

(f ) at 5oC fn the samê buffen as that uacdl 1n obtaln-

lng the r.seultg of the pnørrloue scctlonn

and (Z) at 2OoO ln a buffcr of the ranc pII andl lonlo
atrcngth, but oontalnLng O.Og U aodltun ohJ"ortdc.

ISEÉÐI.EÉ

2.40
2.42

2.79
2.42

2

2

a 57
,6

+
G

+
a

o

oo9

a ozt,

2.61 ! .
2.57 ! .

ol 6
o2t

o.lo
o.h5

ffaAo
Eåc

o. 08

o.02
o.08

Ì1a01

lTaAo

lAo

5rt
5.3

19.9
19.g

o. 96
0.67

1 .19
o.70

g2or*

oalo. â
(s)

32ort

oba.
(s)

tsuffer
Compo¡ltton
(molarftl es)

c Toç(g/roo il) ( )

a g.leulatcd for oorrcnpondl!.ng papaln oonocntratton, at
zOoC, ln pune aeetate buffen of pH h.O andl lonlo
rtrcngth 0.1, by ucena of cquatton fI-(?).
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ït la EÊen that there te goorl agreemont betwaen

sedlmentatlon eoefffolcnte obtalned at 2OoC and 5oC fn
the Bame bnffer. Thua Ro aesoelatlon of papaln ln O.i l[
eocllun aeetate buffen of pH h te tniluceil by lowerlng tho

tt¡mponatune to 5oC. On the othen hencl the 82Or, flgunes

obtalnedl wlth the buffer eontalnlng O.08 M NaCl aro about

O.2 I hlgher than those obtainedl wlth the ohlontcle-free

Þuffer at oorreepondlng papaln oonoentnatlons tn the Ba!ilâ

qltnaccntnlfuge oo11 andl rotor.. Thls lnonease, whloh

appoarg to be greaten than expenlmental errop, could arLae

ln at leagt two waya.

(l) B!.ndlng of ohlorldto ione to the poettlvely ohangcdl

papala moLooule. Thle mlght oar¡Be aE lnoreaee ln the

sodtmcntatlon ooefftotent lf the bound lon were dtensen than

the eolvent5? oo tf the proteln molecule were enabledl to

chrlr¡k to a motre oompact ehape.

(Z) ¿ ellght amount of revor.slble aesootatlon.

G11bent53 h"" necently nepontedt a pronounoedt aoetate

buffen effeot on the aesoolatlon of human oxyhaomoglobln

Ln neutral anil øLfghtly aoldl eolutlon. Aggrcgated Gom-

plcxec appeaneËl to dll ¡eoetatc ln the prcaêncc of hlgh coÃ-

ocntratlons of acetlo aoldl at sonstant pE andt tonlo etr.ength.

Thta 1s nentlonedl beoaueÖ thc aoctatc-ohlonldo buffcr ugcct

ln obtalnlng thc data ln TabLe rr-2 f narrltabry Bontalnedl

Ic¡ç aoctlo aoid than dldl the pure aoctate buffcr, To tcst
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for thc ocÈurronoc of a ctntlar phsnoruenon ñth papatn

çoul{l requLrc vory prcatsc noasurcncnts o'f sed!!.nentatlon

cocfflolsnt¡ clnoc tbo !,noreeEe 1: Ðc, small.

(t) errcst qf, gv¡t?tnc

Írrom the reoults of the prevlous seotion lt
appear¡¡ poaslbLc, though unlrkolÍ, that the use of ea

aoetata-ohlorldle boffcn nay have pnæotcd tbe assoolatl.o¡,

of pæa!.n at pf, 4 ncporteü by Srnt,th gt ¡I7. (Ct¡c ooqorl-
tlon of thc buffcrr la not gtvea fn thls papc!¡ lt Is
ncfcrred to e; an aoatatc buffer of pfl h.O 'andl !.on!.o

atnengtb O.1 ). Effigven thc euggeetedt nrcohanlsrn of tnter-
molcoulan dlleulphtdle bondllng Bcenr tô bG tneonsl¡tcnt rlth
tha r¿sslts of thc preaant !.nvcatlgat!.on vhloh lndlloatc

ltttlo o!: no a¡soof.at!.on of papaln ln a ætlun aoötatc-

eoctlo aold buffcr at pH b. f t ças thencfonc dlcoLdcdl to
ro-luvestlgate thc rcportcil deorsaac tn gedtnentatloa

ooefflolont of papaln at pE 4 ou cystelne adllft!.on.

Flg. ff-J shora ¡tandandl scdlnontatlon ooefflo-
lcntg of, papaln detenmlnedl at a oon¡te.nt solute oonodrtna-

tlon (t.O7 g/tOO nI,) ln an aostetc-shlorfdo-aoctlo aoldl

þuffor õf, pH l¿.OO wlth oonoentrnattong of oycto!.nc venylng

fron EGro to O.OBM. îhc eolutlons çer6 pr€palre{l by nlrtng
Eonr oonoentr.atcdl etoek sôlutlons of papaln aadl oyetcf.na,

thc volumce bolng noarurcd çlth a nlcnoneter u¡rrlngc. 1[o
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prrtrcÈt autolyrt¡ of BaÞaln l,a thc prültnoc of thc ey¡tcinc

eotlvatorS, thc n|¡tunc¡ ¡rGrc urdc luncdllatcly þGforc

oomcncLng aaeh aoitluoatatlon Glpürrlnent. As a prsgau-

tton egalnd o¡lliatlon of oyrtclna, thc prcparatlon of

ant al! nrntpul,atLon¡ ltth thl¡ ¡olstlon törc oarË[cd out

ln a nltnogcn-flltcdt þof. tha ¡took oy¡tc!.nc lolutlon

üt! storc{t ta ¡ rcfrlgcraton uatlcr a altnogcn at¡nospherc.

ât thc bcglnnlng anü æuplctfon of thc abovt crpcrfncnt¡

Lt¡ frcc ¡ulBhyünyt oontcnt ra¡ ohcckoil Èy todllna tttræ
tlonil. It ;aa foundl that lc¡e than 6É of thc tnlttal
8Ii tltrc ta¡ lott dlertng thc løeGr¿l ûayg of atorago.

FlB. TÍ-! rhor¡ thet 8AOr, 1" rub¡tantlalf.y

uaalîsotcû by oyeto!.nc undlcr thc foregolag oondlttlonrt

thcrc batng only I ctll lno¡ca¡c of about O.l I as th6

ooaocntret!.on of oyatclnc l¡ va¡ptcü fnou taro to O.OB !t.

tfhf ¡ alnoat lnetgnffloant lnæca¡c !,c not ncoclttJnlly iluc

to aildtcdt oyatclnc es thc lonlo stncngth anit soallun ohlortdc

eonocntratton tcra not con¡tant !.n thls ¡et of crperlncnta.

Cyttclnc ra¡ addlcd tn thc form of thc nonc stable hy{lro-

oblorldtc ncutrall.¡cdt to pE l¡, rhlch ucant that aa tbo

oyatclno conocntratton re¡ vlrlc{l fron Etro to O.N iln the

aoô!.un ohlortdc oonccntratlon ohangcd film O.Ob to O.12 n

aait thc tonlo ttrangth ohangcû fron O.OA to 0.16.

glnoc oy¡tclne eddtltlon oaugcdl ao dlcorcaoo l.n

thc ¡tandla.rdl rodllncntatlon oocfflo!.ont of Papatn ln thc
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aoctatc-ohlorldlc buffon at pH t¡, thcrc la no ba¡!.¡ for
bcllarLng that LntcrmolcEula¡. df Eulphldlc bond!.ng ooourr

fn thf ¡ Èuffcr. The Þapatn ayetal at gH t¡ dlocs aot acæ

to ramant ¡ Ëora rlctalleil ctudlf by thc rodlncntatlon
cqulllbrlun ncthoil ¡lnoc any ÊsgÐsiatlon rhloh dtoeg oeour

ts harrlly detcataÞlc. Aooor{llngly tt ra¡ dacfitscl to makc

furthcr qual!.tatlvo studlloa at pE /. ft ha¡ þccn

nspo¡rtcð7r9 that a¡soolatLon at tbls plt lg morc pnonounocdl

crrcn thongh a elnglc pcak ls rttll obscrvad !.n thc
¡cûtncntatl on Battorn.

(ff ) $odltncntatlon of P-analn at uE 7

Flg. II-b shovc thc varlatloa of g2or, rlth
tnitlaX. aolutc oonocntratlon for Þapala ln phoephatc

buffcrs of lonla ctnaagth O.O5 andt pH 7.OO to 7.O5. $o1-

utlons rorc ÞrGparcdl by rclght-dllutlon a¡ dlosonlÞcdl for
thc oorno¡¡pondllng act of lrsne at pE h. thc polnta ln
Flg. fl-h TaFc oÞtelncdl tn tro gcparata aælc¡ of runt.
Tba flrat, lcpraacateil by olrolcc, re¡ tlth a ootnncrotal

papal.a prcDarettoa99 rhlolr tee latar: foundl by clcotrophor-
o¡1e to sontatn abost 4lË of lwun!.tlaE. gubccgucntly thc

¡cr'!.cÊ ras ræcataü urlng a pape!.n aanple prcrpaned by thc

author uclng a ncthodt (¡ao Chaptor TII) thlah harl bccn glroça

to glvc elootnophonctloally homogen€oua sail[rlec. the

aeoondl oct of rceult¡, t¡rproscntcdl by aquarc¡ ln F!.9. fl-brls
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.cüa to aglrce olo¡cly wfth thc flret. An lnarcarc of,

82Or; rf,th paBaln oonscntratlsn l¡ svldcnt ln both êaeoÊr

thq¡ lt appüâr3 that papatn undlc¡rgoce a rapfdl ¡'elycrefblc

l¡soalatloa undlcr thcce oonûf.t!.ona.

Ert:lapolatton of the ourve ln Flg. II-h tr; ?,ero

papa!.n oonoantratton !s dllffleult Deoause of the expenl-

nontal ¡satter: of polnte at ltm OonOentnatlon. Howeven

tt aprprars that t!Or, wouldt Þe approximately 2.5 S whloh

1g elo¡e to thc flgure z.h6 g .939 foundl at pE l¡. Ae vae

the caac at pE h thcra tçema to be a dlleoontlnulty ln thc

graÞh at thc polnt rtrclc Ê ahangç ÍaB madla to a longcr

lfgþt path ocll aall Ëotor. å,galn tvo ruils rcre dlone at

tbc tanc oonoentrattoa to conf!.ru that thc cf,feot las an

art!.faot anlt not atuô to a ohengc ln thc Þropcrtles of the

acûlmanttng natcrLal. Foüelblc oauËG¡ of tlttl dllsoontlh-

uity æc dlleouesçdl tn thc Appcndll:r.

Àlthough the assoolatlon of Bapaf.n at pE 7 etlLl
apÞGars allght, and thenefo:re dllffloult to stu¿ly guantftat-

lvely, thls cystün dtoes Betn a poeslble subJect fon funthen

lnveetlgatlon by ttrc scdlmentatlon cqulllbnf um teohnlque.

Eor¡rvcr lt wae dtcofdlc{l to ftrst prooeodl wlth se¿ltÍtentatton

Vclootty elrperlnente at pII I w?rloh, ae montloncdl !n sootlon

(a), arc Fçportedt to glve blmoilal reaotton Þoundlarteg çlth
papaln. Suoh a s$¡sten uould bc rnonc euf tsble for studlee

of the effeot¡ of speotfle neagcnte on the aseoolatlon
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nunsr!.cal penec,ntaga atrae! for thc two pcake rl,th no dlctall¡

of hor thc arca va¡ dllvldtcdl rhfoh prcvents an¡r strlot
conpanlaon wlth the rasults of tht pre¡cnt etudy.

(2) EffeatÞ qf, Aoilvatore endl InhlÈltorq
Wlth the ldea of galnlng somc lnfornatf.on about

the meohanlsm of aeeoolatlon of papaln lt rraa dsotdleû üo

aeoenteLn the effeote of, oertata actlvato¡ra and lnhfb!.tor¡
of papaln on lts eedlnentatlon behavlour at thla pH andl

lonlo stnength. The effeot of oystef ns andl of EIIIA ras

oonsldlerecl to be of lntcreet ln vLev of the neported

abtllty of these aoEpoundls to oause elteeoolatlon of paPa!.n

aggregatce aa nenttonedl !.n seatlon ("). !'urtherrnæe from

the cffeet of SII-BDGGIf1c tnhÍbltons on the aesoolatlon lt
waa hopedl to determlnc whethen the aetlve SH group wae

raquLrcd for aeeoclatlon of papaln. fhe alkylating

reegentø lodloacetantrle (f¿u) andl lodoacetlc acldt (IAÀ) u€Ft

oho¡en fon thte Bunpose fon the followtng re&Eons:

('l ) Thelr neaotlon rt th papaln 1s lnreverelblc ancl

erpcctfloally wlth the ffi gnoup25.

(z) .Àlthough vcry et rd"l.ar reagents, at pH I they shoulal

dllffcr ln ohangc. IAÀ gtrouldl podluee a negatlvely ohargod

eÍ,te (-8-CHA-OOO-) fn the papaln moleoule, whlle rAlT ehoulal

prodluoc an unohangedl slte (-ffi2-CONHA) . Thus a

oomparlson of theln effeots soul¿l be expeotedl to show

whether tbc aseootatlon wero eengttlve to the nature of

ohargcdl gnoups at thc aotlve clto of Bapaln.
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Thc alkylatcdl forms of papaln rane ln caoh oaac

prcper.cdt by lnoubatlng a tstxturc of papetn (l rnolc),

oyetclnc (t5 mota¡) andl EDTA (5 nolea) tn tr'ls buffcr (pH

I, r o.oa) ilth thc lnlrlbltor (p5 notc¡) at ]igoc for 6o

mlnutcc. ilorlc eystclac (tl noLcs) rac thcn edtdtcd ln
¡ooordlanoc rlth thc proocdturc of llho4con endl OtDonncltS6

aa a prseautûon age!.n¡t unspcolf,le alkylatlon. lhs
tc¡ultlng nlxturc, 1n thloh the papeln conorntratfon tas
approxlnatcly 1.2#, ra¡ thcn tranderr.cdl to dllalycia tub-

!,aB anrl dlalyecdl at tlo0 agetnct lO0 volucs sf trl¡ buffcr
for 48 hour¡ rith a ohange of, dfffuaate dtcr 2l+ houra.

Íhc lnhlbltc{l prspä¡rattoa¡ Ícrc a¡seycdl ln thc urual ray
( scs Chaptcn YI ) andl found to rctatn less than 4 of t¡.e

aotlv!,ty sf thc untr.eatcd ons¡nnc.

Thc ¡cdllnantatlon Battsraa obtalncrl çlth IÂA.-

and fåü- tnhlbftcdl papaf.n, sÀd rtth papaln ln thc ppcEcnoË

of eyatclne and EUIå a¡:c ahoçn !.n FLg. XÍ-6¡ togcthcn rf th
a pattonn obtalnad rfth untrcatcdl papaln, ft !.s evldlant

that thc aedlncntatlon pattcrn ls c¡scntlally unaffcctadl

by ttrc prcs"noc of O.OO5 t oystetnc. SlnLlally, aildlltlon

of O.001 U DDIIA has llttle on no cffcct, rhethcn thc Bolu-

tlon l¡ run ln tba ultnaoantr.lfugc !.nuncdllately aftcr mlxtng

on aftcr bclng tscpt for 24 houns at ZOoC. îhc latter
r.ceqlt la ln dlaagnecnent il.th the cffoot of 0.OO1 U EDfå.

roportadl by Sntth -gÈ .¡fÏ Ftg. If-6 hotevcr ehoçe thlrt thc
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scð!.ucntatlon behavfoun of papala tn thla Þuffcr l¡
narkadly lnflucnocd by lnh!.bltlon andl by thc naturc of thc

tnhlbttor. The tno lnhlÞltorc arc gecn to c¡crt opposlto

cffcotc, thc unehargcal !.nhlb!.tor (f¿¡¡) r.cduoLng thc PFd-

lncnoe of the lced!.ng chouldlcr whllc the snlonfo fnhlbf-
tor (IAÀ) !.norcacc¡ lt¡ pronlncrcc¡

(¡)

In srden to o*prcas thc aedl¡acrttatlon data on

Bapaln at pH I tn a gGrtt-guantltatlvc nanncr, thc obsorvcd

boundtan!.e¡ lcrc ttlvfdlodl tnto lyünetrfoal paake. lthc

ncthodl of aubillvls!.on u¡cd nac that outllncdl by Sçcdbeng

anâ Pcdlcr 
""o57. 

Frors eroh run the pantlor¡lar photogreph

ra¡ aclcotcil tn rÏ¡toh tbo el,oç pcak hadl movcdt (O.e6h t
.012) æ (d[¡tanac ln th6 cøÌl) frorn thc mcnlsous. Thu¡

thc rceolutlons of peakr ro¡pc eotnpepable andl orlrors dluc to
radll¿1 dltLutloa rcrc ra alnllar as po¡81Þ1c. An cnlargcd

dlrarlng of thc photographcit pattcrn ({ m ¡ 1 m along both

axcs) wag nade on gnaph papor fnom oompa¡etor mcasuramcntg

at O.5 nn lntervals, along thc nailtal a¡ls. Thc dlata ras

plottcdl a¡ (Bcalr hclght-baecllnc bclght) agalnat raitlaL

d!.gtanoe. A vcrttosl Ëtacotor of thc baolt paak ras thcn

dlrava and a X.eail!,ng cdlgc eymnotrf oal rtth thc tralltng
cllge rat oongtruotcdl. Thc ordltnateg of the eo oonstnuotcû

leadllng cdlgc rÊrc suþt¡aotadl fro¡¡ thoee of the lholc
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bounda¡r.y to obta!.n tha trelltng odga of the front peaE.

Slnac thia tratllr4 edge appcarcd ln all sases to bc

a¡mmetntoal rfth tha obecrvcd leaillng cdlge of the pattärn,

no furthcn subdlvta!.on of the finont poats tae attmptcdl.
Tha erea of eaoh pcak wac then noeauredt r!.th a planlnrter.
Îo nlnlnlsc pcraonal btac la saleetlng the posltlon of
the btceoton sf the Þaok peakr thc polnt eeleetod tag thc

bounilary poeltf.on ncadl frorr thc graph ueedl ln dletc¡mlnlng

thc sedllmentatlon coefflelent of the baok peak (ecc

Ghapten Vf ). lfhug thc dtata frora aXl other photograph¡

from ths run çae uscd ln ocleotlag thla po¡îtloa.

The eedlmentatlon ooefflelent of thc Þaok pcâh

va¡ tlctcsnlneel fn the usual çay ¡lthough the crpc¡,.tnrcntal

cnror ras lnæltably langcn than ln thosc orparlmentg

rhloh yleldledl a sysmètrloal poak. In petterns ¡uoh aa

thoee obtalneil ylth paBatn at pH B, ln çhloh therc ls not

a dll¡tlnot n!.nlnun þetreen the tro pcal;e, lt f a of Fonc

quantttatlvs elgnlfleaacc to dletcrmlnc thc wefght-evcragc

ea{llnentatlon coefflofent frsm thc entlnc gradlcnt ourve.

Iloræen çhen only qualftatlvc lnfonmatlon on ths arsoola-

tlon ls rcgulradl, the nethodl ¡¡sed ln thc Pneacnt studly has

thc a{lvantaga of ncoagaltatlng Laaa aaloulatlon and bclng

ln 6oms ra.yg trorc llluEtnatlyc. It nu¡t be approotats{l

horovcr that the peak arêar obta!.ncdl 1n tht B Fay ar.a only a

EGanÞ of dlcgonlbtng thc ¡haBç of the þounrlany snd.{Lg-.pg¡i
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.!r!91Ê8.

Tho araa ËotÉurmonta Éo obtalncô fron thc

crpcrlnoatc dtoecnl.bsdt 1n Ecatlons (t) ar¡d (Z) ane Fcplls-

aa¡tcd tn Flg. If-7 rhlch alao ghora ths acdlnentatlon

osefftotcnü¡. fa thtc dllagram the arcas of the lnêlvlðual
pcaka luve beaa plotteit agalnet tha total area of thc

oolrrcgllondlt,ag pattcrn. Slnoc all the photographa rerQ

takcn çlth thc sahlltron dt!.aphragn sot at thc Batsc angle

(E¡o)¡ the total srea ls p¡roportlonal to thc papaln

oonocntnatlon ln thc pl.atoau rogLon of the 4c11. ThÍs

tn tuna le proportlonal to tùre tnt tl.al conasntratlon

cxoupt fon amall dtlffcrenoe¡ ln nadl&l iltluttonr or ellght
praolpltattoa of Dapafn rhloh ooourred ln sotgo aolutlons.

For the two Læe¡t papain aonoent¡ratlonar only Eedll,mcnta-

tlon ooafflolanta have baen cvaluatodl. Tbe peaks

appcancdl rcaaonably qrmctrt oal , andl no at teru t wa s mad c to
gubdfvlalc thc't¡ elnce the dlata¡ betng oÞtalncdl at a

{llffcncnt oer¡trLfugaL ff elil stlcngth ln a dllffcrent 4e11,

oould not bc oonparcal çfth that from othen rEtrBo Llnec

havc bcca dravn ln F!.g. ff-7 oonncotLng Bolnts dlerlveü

fros orpertmsnts rlth aaoh partt.oular ae{llmenting gpeotc¡

l.c. papata, I.Aü-nodllftcrl papalnr ffiü fAA-notltfte{l papaln.

Ffg. If-7 lllu¡tratcc ln a scnl-quantltattvc nËnner thc

Eamo featunae çhloh çtra obscrycdl qualttattvoly fron thr
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rhapas of, thc peaks, nancly that thc c¡tcnt of a¡¡ool¡-
tlonr aa Judged fro'm thc ¡rclatlvc e¡rcas of the peats¡

(saotlon (¡)), lnorca¡ca wlth tncrca¡lng Dapatn oonoøntra-
tLoa, lc a,ppa¡cntry r¡naf,fcoted by addedl cyatetnc or gûTA,

1¡ dcsrcased by fâM-6sd!.floatloa, and lnoreaecû by fÂA-
nodllfloatf on.

Íhe appar.nt ¡cdrmentatron cocfftolent dtarlvcil
fron tho fegt peak !.s tn all oasêa about 5.tr g. Thc

lntrln¡le ccdtmentatton eoefflolent of the rangcet âEgreg-
etc ln tbo solutlon oannot be les¡ than tnre58. slncc
thte aadlucntatfon ooefflolent of the Largcat eggregatc l¡
horc than trloc that of the papaln monoman (2.5 B), ltc
tuoloeular relght nuat also bc monc than t;lac that of
papalnr asauur!.ng t'hsre l.s not a groEs øhrf.nkage or a
oonflgunattonal ohange eufftolent to n¿tke the frl.stlonal
ooefflalrat59 of tha aggnegatc reae than that of thc
nononor. rn othen ronds, aggr.cgatea langar than a papaln
dlncn are aLmost ocrtalnly fornrad ln thle cyatem.

lfhc ab¡cnoo of a dlstlnct mlnrmun ln the conoÇn-

tratfon gradlcnt eurrr ra of lntc¡rest efnac FuJtta60 hr"
ghorn that a aLmplo agsoolatlng cyatan of thc form

JP + P{ r J)2J

trlx.l Exvc a ntnlnun ln thc eadlmcntation vcloofty pattora
provldled that thc oonocntletton of ollgoracn !s EoFe than
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onc fourtocnth that of the Eononcr. (The Lowcst neocasÊ

a¡y oLlgonæ sonocntratlon ls leaE than thle fon noct

valuee of Jr aE can be aeoentalacdl by aubntLtutrng numerl-

oal vaLuos of J ln oguatlon l¡,8p of the above reforcnce).
FuJttat e theory negLeota dLff uelon andt oonetitcna only
vcry rapld reaotl0ne. the flrat of thoae aeeunptlone

llmltc apÞl.troatlon of hls theorry to the pr.eoent problem,

but ln eonncctt"on rlth the seoond one tt t s llkely that thc
tnolualon of klnotto tcrne could only enhance the predllotcdl

rceolutloo6l . Ne?crthelece at least tl¡rce reaaons ao6!r

Poaslble for the absonos of a mlnlnuu ln the sedlmenta-

t!,on pattorns of papaln.

(1) llhc total protat¡ conocntratloa ls etlll Þctor
that nequlredt to Drodueo I nlnlnum (1.e. by X'uJttara

üheory tbe equlllbrtun oonoentnatlon of orLgoner Ís stlll
Xoee thaa onc fountecnth that of thc nononan).

(Z) Ihc nlnlnum is oblltenated by dttffurlon.
(¡) rntcnnedtate orlgomcns s¡tst ln the eyctcn. Rao

and Kcgc1"a62 ehôuodl that al.though a monomell-trl,mcr cgulli-
brlun ylcldc a blnorlal ¡adlnentatfon pattcrn, a noaorrcr-

dllnen-trlmen sy¡tcn rtth ættably adlJugtedl panamctcre

nlght ¡hor only a alnglc pealr.

A poaetblc ncaao of dtcotillng ;hcthæ thc fl.rat of
thc abovc DoaËons appllcs ln the pnaeent oarc te by fiàËEur-

lng the erGe of the slow p6ak at dttfferont pepaln eoncentra-
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tfons. IÍtohol andl Bethunc58 have strwn that 1n a raptdlly

nersnalbly aecoolatlng syetem, the erca of the baek peats

!.n tlre eedlmontat!.on pattcrn 1a fndcpendlent of protd.n

coneentratf on pnovtdcdl the latt€F f I greaten then thc

oonoentmt'lon at wtrloh tho m!.nttn¡E oocure. Although tlt!.c

¡+esult rnae foruulatctl for a ettq0le monomer-o1lgo!f,or

cqul.llbrtun, lìtlahol srd noy65 obaervcdl a eonsteat bacts

pcak crea f,n the sadlmentatlon of sulphatase A rhen lt ra¡
oonaldlore{l that eovcral speoLcg pnobaÈly ooorlstcil ln
cqul1lbrl.un,

Refenenee to Flg. ff-7 shows that oonetant baek

peat a¡rea was not obeervedl Ìvlth papaln. lfhls oouLdl

tndf oate that the papa!.n eonoentratlon 1e stlIl below thc

value nequtredl fon a núnfmunr oF ft nlght be a conscqluenoe

of the anbltrany rnthod of subdltvlelon whloh wae useil.

However two othen enpLanatlona whtoh ehouldl be oonefdqredl

ane (l), that the aeeooiatton reaotlon ls not eufftetently
fast to nafntaln equlllbrlum at all pofnte Í.n the oellt
and (Z) that I rron-âseootatlng or dtfffcrently aasoclatlng

t@urlty îa preecnt. the latter cxplanatlonr çhloh bea¡¡

a poeetble analogy to the oaec of F-laotoglobr¡Un5¡ aleo

pnovlilcs a fourth poealble rcaton fo¡t thc fatlura to
obscrvc a ¡r!.nlnum ln the satllmntetlon pattern of papaln.

(h) Slsc anrl lÍaturc of tlrc Arlrccatca

It oan bc gatdl fron thc aËove illæue¡t,on th¡t thc
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pory'mrluatlon of papafn st pH g and lonlo etrength o.oa
appanontly ¡rrelde aggregates La:rger than the dttmcn.

Ilorever, thc fallune d peake tn tJre ecdttmentatton pattarn
to resolve, togethen wtth unoentalnty aÞout the natc of, thc
aseoolatfon or the preeenoe of dlfrenently assoofatlag
lryurrtlce nake fur.thcn formulatton altffloult.

The actfve giH gnoup qf papaln f s orøarly not
requfnod for ageoolatton elnce tho IAA lnhlblted ûo¡rlvatl.ve
aEcoolatcs monc tihan dloee untreated papatn. trhe rAil
der{.vatlvo bowever shors a dleoreaeeð tendenoy to assoolate
rhloh olearly lnrlfoatoe that the nature sf ahemlcal groupa
near the eottve efte of papala exente an dfeot on tte
assoolatlon at pH 8. rt haa, of oourso, not been ehonn

that the poaltton of, the a¡b¡tltuted g¡oup6 is elgntflaant.
Papaln at pE I l.s etlll below fts ieoeleotntc polnt¡
aooordingly the lntr.oductlon of a negatlvely oharged group
lnto sny part of the nnoleoule prcËa.bly nedluoce lts net
chargo. Thc rerFulslve fo¡roo between netghbourlng moleauler
aay thua be nedluocdt, regulttng ûn lnoreasedl aasoolatl0tr.

SLnoc tþe rcaEionta oyatelne and ED{IA, rhen prceont
la 2 to to fold mora:p eroesa, exent no d.gnlflcant offeot
oa the aaaoolatton of Þapalnr thonc lE nor no bacta for
Þell.evlng that tate¡rnol,coular dllaulphlde on netal to
pnotcln bondta ane fonmod, Furthe¡' øvtdcnoc agalnat üre
peltlalpatlon of a netal lon fn the aeEoclatloa l.e provtdtedt
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Þy the rcoulta of e srpcotrographfa t¡aoc nctal analyrLa

oar.r!.adl out6lr on a oonîcrol¿l papaln srnplÊ thloh had

Èecn ehoçn by thc author to uadlcngo essoslatt.on at pE 8.

Thc only ucùala foundl rcro elunlalr¡n (o.OlÉ) änd oelelum

(o.Oo4g¡. 8lnsr elr aluutnluar oontcnt of O.o{ø ooprsr-
pondlc to only one rnetal aton tn I J nolcoulaa of papaln,

It la unlltscly to algntfleantly affest thc acsoolatloa

þchavlour. It may yct tnanEpl.re that hldnophoÞle foroc¡
!86 rG;ponalble fsr thc ar¡oolattsn of papaln ea thcy

tppce¡r to ba for that of tn¡ul1n6.

(c) Conolurton¡

lho nafn flnillnge of thla ohapten oen bc

sumnæf zc6 a¿ f ol.Lors.

(l ) $edtmentatton of papatn ln aeetatc Þuffon of plf

b andl ton!.e atnength 0.{ nevealed no elgnlffaant Lndltoa-

tlon of aseoelatlon.

(Z) Slrnt.lar oxl¡enlnente at pE 7 showedl slteht
asaocfatlon of Bapatn. the bchavloun tag shanaotenletlo

of e rapldlly reÍerslbly ataoelatlng eyetem ln rhloh no

partlaula¡ eggregatedl speolea ls favoured othcn than

poeelbly the dlmer.

(¡) FaBsln undlorgo€s oonsldtenablc rroveralblc assoo!.rF

tlon at pH I probabty yteldllne some aggfegatoe largen than

the dlner. Thle bchavlour le nanlfceted es a pronounccdl

lcrtllng ahouldlcr ln tha rrûlnentatlon pattcrn. It la noat
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unl1¡(61y that lntormoleoula¡ dtlaulphldte on netal to
protcln bonde arc fo¡'med ln the assoof atfon. Horcvcr thc
naturc of ohwrtoal gnoupfngs nea.r tha aotfve alte of
ÐaÞa!.n excrta an l.nflucnco on it,e aeaoslatlon at pH B.

Íbua, ovotr thc pE rangc atodtetl, aE¡oclatlon of
ptpaln lnorca¡es rlth lnorcaelng pII, booonlng moat

pnonouaood r¡ the l¡ocleotrlo polnt Ls neanedl, fhls
auggaata that aleotrostatlo nopulslon may bc op'poclng thc
foncc¡ rhloh pnonote ac¡ootatton. Furthcr !.nformatton

oa thc a¡roelatton of papaln at ÞE 7 andt pE E ooulil

probably Þc oÞtalnsil fron acdlnentatlon equlllbrlum
rtudlto¡. Horevcn oonpl.loatlon¡ are tntr.odtuoed by thc
faet that tbc acsootatlon 16 so gncatly fnfluenoad by a
ltlght ohange ln the natuno of onc egoup ln tha aotlvc
gltc. Aa noted ln chaptcr r tha¡re aro g¡rounds fon belicv-
Lng that thc astlva sH gnoup of papaln oan extst ln dfffcr-
ent orfdatlon etates ln pnoportlone vhloh very emong glvan
preperattons. rf tJrese dlfferent o:rldlsed forrag of paTraln

ehouril dlffen ln thelr propeaglty for unilengoitrg aesoola-

tton thcn lt rouldl be extrouroly dllfflcuLt to obtaln rGêll-

lrufu!. quent!.tatfve data fo¡r the aesoalatton reaotrons.

Quantttatf,vc atr¡d1c¡ of, thc assoefatfon bchavtour

of pepaln ralrc thençforo not prooecdcd rlth. rneteadr rÊ
ncnt!.onedl ln chapter. r, tt wae cleoldedl to tnveetlgatc thc
Hore fundlamental problan of thc hetcrogenstty of papatn.
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Aooordllngly the next ohapter dteals çlth ettcrçtr ûo

dlcmonatrate heterogenelty !.n papatn by elactnophoncat¡ oû
ü ohenlcally ¡nodllf!.ed dlenlvatlva, anll to fraetfonatö
papaln f.nto s¡lphydry] anil non-¡ul.phfllr¡rl folnn¡.
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fiIAPfEA III - P.àRIF A

Frcvlou¡ futilanoa for Sqlpbfduyf Ectcrogtne!.ty tn
Papala.

Oholoc of a Sulpbldnyl Rcagcat.

ConÞaratlvc ÉX.eotrophorctlo Studlc¡ of Papaln a¡¡l

P6tS-P¡palË.

(tr) Rc¡uttr
(tr) Dlsou¡cfon

(t) Bor¡nitary thaÞc¡

( a) nfcEtrophorotlo üobtlltlc¡
( tlf ) mangc oaloutatlone

tsaçk-Osmpcneatcd trFlcstrophorc¡l¡ of Pepaln üril PO[8-

Papaln.

(f ) &ttntnet!"on of tha Stattonary Bouailar!.ct

(rr) oompenratloa

( rrr ) smpltns

OonolueloB¡.

(¡)

(r)
(o)

(a)

(e)
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(e)
Paoala

ft rag nantlonedl ln G?raptcr. I that the

sulpbydnyl oontent of paBaln ha¡ baen found to vary
Èetrcen toto anil .T.O molan equfvalonte tn dllff cncnt

prcparatlon¡. FLnklc andt Snlth8 observadt that thc
gpèotflo aottvlty of papatn Lgolatcd froa dlffercnt
batahcs of latc= rae also varlable ancl that a rough

propontlonalt,ty exletod bctwccn cpeolflo aetlvtty anË

sulphydryl aontent. f t ça¡ poetulatcdl that uy paprtn
prcÞaratlon eontefnr molcoules of tro t¡rpc¡l an aottvc
8fl-oontr!.nlng øpoof ce, and an lnacttvc øpcolcc lt!.ffcr.lng
fron the forncn ln t¡lrrt lte 9H group he¡ Þcconc lrrwcr!-
lbry lnaetlvatcdl. 'lPhc proport,lon of prolcourc¡ oonttln-
!.ng 8E g:rroupr rouldl thua dlctcrntno tho eotlvlty.

lhe above hypoùhcafs rag f,ornulated only for
p&paln aalæloe rhloh hadl bcen aubJceted to a prlor
aotlvattng prooêdlurc, slnoe thc eulphyilryl analyaec ÍÊrG

oarnlaËl out on sol,uma-rcüuecil papalnr âtrd aotfvfty
nËrlurêmente rcrG Berformadl ln the prGscnoe of thc uaual

aotlvetorg (O.OO5 M oyetclac anll O.OOI X EDTA). Horavor

reocnt rork by Sannsr and Pthllb h". aleo shorß a llnsar
Ctepcnilonoc of aottvÍty on rulphydryl oontent, ln tht s
oeac for papaln nÈrloh had! not besn eubJcotcdt to ar\y

rcduolng or aottvatl,ng prooôeluno. Thlg rceult al'co vaa
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lnterprctcil ln tcrma of thc cxtstcnae of aotlvc gH-

oontafnlng enal lnaotfvc¡ ÂoE-ËH fonmc of papetn.

Glascr andt fulth29 ¡ù¡orcdl by ¡rcduolng papeln

rtth codfun borohydtnlatc thet the proportl.onelfty bctvcca

aotlvtty andl aulphyilryl oontcnt no longcr holrts lf
rcdluatlon of ¡truotune-stablllztng dlt¡r¡lphtdle brtdgea

ooours. fn pnolongcdl reduotfon of paÞaln thc naxlnun

aotlvlty ocourrcdl yhrn thc SH tftrc ras about O.85 to
l.o nola¡ cqutvalcato. Furthcn rcdluotl.on oauac¿r a nrop

ln aatlvlty. llhua thc tpcof,f!.o aotlvlty of Bapaln tc
proportlonal only to thc nola¡r oontcat of aotlvc gH groupa

(1.c. to thc Bropontfon of molcoutca havlng froc SH

groupr Ln thclr aotlvc eitca).

Dcrrpl,tc thtg analyttcal andt cnayalo srldtcnos

for thc cxl¡tonoc of aetlvc and inaotlvc forrne of, papalnr

therc havc bcen no rcport¡ of hetcrogcnclty ln rconyat-

atllzcd papaln bc!.ng dlcmon¡tratsdt by phyalqo-ohamlael

ncthod¡. Tcohnlguco rhloh have Þccn uccdl for thc cxemln-

atton of papafn lnoludlc scdtfncntatlon volooltyTr olectro-
Dhorcsls both ln froc aolutlonT enA on etar.oh gclæ, and

oatlon crohangc olr¡ronatography both on a polynstha-

snylatc nc¡tn8 end on oarÞox¡rmcthyl eollulo¡ r2a.
Although roBG of thc¡e nethodle havc revcaloá ailSht
tnacoa of tnpurltlcrn no rcpalatton lnto tro ¡ub¡tantlel
conponcntg haa bccn aahlcved. In adilltlon¡ lrffiruno-
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ohcnloar ¡tqdlce65 of rcory¡talltcod papaln aadt norourl-
p¡paln hayc rcvcal¡d e honogenour ant!.gcn-anttbodly ayctm
Þy a nunbar of erttcnta lneludllng oonrplotc pnoetp!,tatton

a¡ vcll aa oomplctc fnhlbltloa of thc cnzyt¡G. It ls
thus appereat that any dtffepcnoea thlelr cxlet bctracn thc
aotlvc and lnaotl.ve fonns of papain arc vâtùy slfght,
probaÞIy not cxtendlng be¡rondl the ohcmtoel ctatc of thc
actfvc SH ßr"oup.

thls ehapton dleaonlbea thE rteteotlon of hetero-
gcnelty tn paBal.n aften ohcmloal nodltftoatlon rtth
Irohlononcrourlbenrcnc aulphonl.c sqld (pCf¡S). It ua¡

oxpcotcdl that thls anlonlo rcagcnt çou1dt blndl to thc

aotlve, 8ll-sontalalng forn of papa!-n, produolng a ¡paoto¡

of dlfffcrcnt ohargc fron the lnaottva, Êor-9H Gnzffie.

(ft fÉ rca¡ronablc to cuppoec that tha itLffercnt fornt of
pepaln origlnally havc the 6anc oha:ngc etnoc cleotno-
phor.csla Chorc alnglc peakrT. ) Hovlng-Þounüary clcotro-
phorcals rea thcn appllcd to ccpanatc the tto forne. It
has baen rcportcdT tlrot clcotno¡lhorcela of narourfpapaln

of mlptnloel formula Hg(Papatn)a ahoçedt a doublc poets

pattertn. Howcvcr as ncntloncd ln olraptcr f , tbc roao-

tlon of paÞatn çlth Eo!¡cuny 1¡ obaourc and ¡pparently

unspeolflo. Eanblln and Bttt66 hr"r rcocntly dcnon¡tratcil

the capsolty of papaln to blndt thncc mcreunlo Lons pcr

noleaulc. lFhus e morc cpeolflo ol:ganoncrounlel raagcnt

hae bscn uecd ln thc B¡rcaeat ctudy.
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(¡) Gboloc of e Sulphydlrvl Reasont

The aln of ohemloal ¡aodllfloatlon of Dapaln raa

to altcr thc chargc oE caoh raolcoulc of aottvc papaln

thoroby nrklâg! lt dLffcrcnt frou that on thc lnaotlvc
fo¡m. À ohange dllffcrcnoe f r raedtly ilctcotaÞlc, anll fn
façouraþIc oa¡ea n?ÈËultablc, by clectrophoro¡l¡ ln frec
Eolutfon. rt ra¡ therefora dcgl.rablc that tha modtifyîng

roagcnt ghoul¿l have thc follorlng propcnttras.

(t) It atrouldt rcaot oaly Ìfth gII groupa.

(Z) ft ahouldt oarrt a dltffcrcnt ehangc from that of
tha 8H group ln tha pH rangc ll to 7 (1.e. rhcrc papa!,n

!.e rnost solublc).
(¡) It ehouldt Þc readtlly eolublc tn buffcrs of pH 4

X6 7r thoe enabltng noellflqatlon to ba ca¡r¡rl¡rl out la
thc nncecnoo of aotlvato¡a of Dapaln by adtd[tfon of en

ÊxocEa of reagsnt. It lE clearly Gcocntlal to
aot!.vato thc papatn seßplc beforc uoillfloatlon stnoc

a largc propontlon of the SE-group! în a glvcn Bapaln

Drcperatlon aro Eovcratbly blookcd (acc Chaptcr I).
(4) Uoafftoatton choulâ be nevcralblc fn order to
allov eny fraotlonatlon to be foLlorcdl by aotlvtty
EGaguPcmcntt.

(¡) lbc cxtcnt of urodlf!.oatlon ehould be ncasurablE by

an analyttoal ncthod.
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organoueneurlal reagenta futfll, the orltenla of
belng ¡rwcrslbre LnhlÞttora and erÊ speotfte for thc aatlvc
9II gnoup of papaln provlded tho oondlf tl,one of rcaotlon
ars Bropenly oontnorredS. Pcllg vae ohoasn ln prcf,crcnoe

to PIIMB aa !.t lg mor.e gorr¡br,s67 snd oontaln¡ e eurphonlo

aEldl g¡roup whloh chor¡lil be negatlvely changcd at ptr r eB

lor ae 468, wbore sE gnoupg arê pnadonlnantly unohangcð.

onc dllaatlventage of Pol{s nel-atlve to PIIMB le thc greaten

dlffleulty ln eetlnatf.ng the blndllng of the forno¡r
neagent by Boyerre epeotrophotometrlo rnethod67. Both

rcagenta undlcngo an abeorptlon ohangc on oomblnatlon rlth
8E groupe but Trlth PCUS thc ma¡lnun ohangr occure ln g

eLlghtLy dlffercnt opeetral reglon where abeonptlon by
protelna le much greater (cec Chapten l,l.I).

(a)
pem$-Rçeptn

(1) Rosultg

El.cotr.ophonotto pattenne obeervcil wlth papaln

and P6Èt8-pâpal.n ln thc pE rangc þ to z a¡c ¡horn fn Ftg¡.
rrr 1-4. Thc photogr.aphc ahoçn re!¡c eaoh obtalncil aftcn
thc boundlary hadl movcdl thc entlnc optlaal Length of the
scll. Apparent nobllf.tlee of thc varlour p€aks a¡c gtvon

ln Tablo rrr-1 , rhloh aleo reoordta spaotrophotonetrlo

anelygea of Þound PCìf8. In ths c¡amlnatlon of a p¡rotaln
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for hetenogenelty lt 1e advlsablc to oonduet erectro-
phorealg ovon a range of pHts, ashaa been done tn the
praaent studyr slnoc thc exterrt of resolutlon often ctependls

on tha pHr lonlo etnength and chenloal oompoolttorr of the
buffcn69.

Befo¡ro pCMfl_lnocllflcatlon, papain wae actlvated
by tncatlng an approxlnetelr ,l% solutlon of the enu}rn€

vlth a l0-fol.d moler oxcesE of cygtetne (O.OO5 l¡ ln the
aattvatton nlxtunc) and a 2-fold nol.er exce6s of EDTA, all
aolutlona belng nade up ln acetate buffer at pH ! and

lonte strcngth o.1. To thla solutlon at room tempenatune

ça¡ thcn addcd one of the eane pH oontalntng 1+ to .J tlmea

ühe quanttty of PCMS neoeegary to neaot wlth art the sH

groupa ln the solutlon. The eolutlon wae lmrnertlately

tnansfenlred to cllalyste tublng and dlalyeed at Gâ¡ bo0 for
2 ûaya agarnst ho to 100 volumcs of dllffusate, wlth a

changc of rllffusate after 2h houre, to renove exoesg

ncactante anÉl ¡s¡-protetn pnocluats. The dlffueate, whlch

vae of oourse the buffer to be usect ln electrophor.esla,
eontalndd 3 x 10-5 M PCMS to BuIlpr.eBB dlseoolatlon of the
prpaln-PcMs conrple¡c. trtihen perrnlttêct by sotublltty the
oonccntretlon of olther papafn or P0lfis-papaln wae about

o.5 g,/1oo tîL fn the frnal solutlon. rn som€ ea-nry experl-
nente thene were ml.non dllfferenoee to the prooecture. Thess

ale lecordledl ln footnotes to Table f f f-f . Detatle of the
pcthoüs andl contnols ln electrophoneels a:re given ln
C:lra ton tlì[.



Sls. -IIf-1 Elootrophoreclr of Papaln and F61[8-Papala
at pH f.

Too Ror

lllddlle Ros

Þsttom Fos

Papain ln aoctatc buffer pE h.O{, lonlc
atrength O.1. ElcotroBhonetlo pattc¡rns
afto¡' mlgratlon for ïO mtnutcs at a fteldl
streneth otr 6 .2 voLt/øla.
( a) Aãcendttng llmbt (b) Dcscondllng llmb.

P0MS-papaln ln aootatc bsffen pH b.OOrlonlo stncngth 0.1. Eleotrophonetlo
pattcrns after nlgratlon fon 558- utnutcs
at a ftcldl etreuth of 6.2 volt/aa.
( c) Á.aocndllng l,fñt¡ (a) Daseoadtng Llmb.

Papaln, .tneatcdl-wlth oystclnc (tO note¡)
+ EDIå, (2 noloa) ana dlalf¡cdt to ncmovc
thcee neagents, ln aoetatc buffcr pH h.OO¡
loato etrongth O.l. El,estrophorctlo
pattornB aftar nl.gratloa for 527- nlnutc¡
Çt- a flcld etrcngth of 6.J volt/on,(c) Âsaendtlng ltñu¡ (f) Dcsocnd[ng ltmb.
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lla. IIf-? Elcotrophorcal d aî Papaln andl POI{9-Fepala

at PII !.
leu Ror

Papatn ln aoctatc Þuffar pE 5.O1, loalc
atraagth 0.1 . EX.aotrophorctlo pattcrnr
¡ftcr ulgnatlon for fp6 n!.nutca at a flcldl
st¡rcngth of 5.9 voltlæ,(a) Arocndttng llmb¡ (t) Dccocndlng 1lmb.

f,rdrllc Bor
Pú1t6-Papatn ln aoctatc buffcr. pH j.OZ, lonlo
atrcngth O.1 . Elcotrophonctlo pattcrn¡
aftcr nlgEatlon for l+OO mlnutc¡ et a flclô
¡trcnrth of 6.1 volt/cm.(o) Àãocndtlng llnb¡ (a) Dcgecndllng 1tnÞ.

Bottgn Bqr
P0M9-Papal.n, ¡rrcÞerc{l rtthout prlor tr.cat-
ßcÀt of, Bapaln r!.th oystclac or EÛTAr ln
asrtatc Þuf,f,cr BH !.99, lonla atrength
O.l. Elcotrophonctte pattaras aftcr
nlgnatlon fo-n lrO9 nlnutea at a flcldl atncngth
oî-5.8 volt/on.
(c)-¿aocndltng llnb¡ (f) Doaocndlng llrnb.
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Fl4r rIr-J Elsotrophore¿la of Papeln and P0Bf8-Papatn

¡t Þltr 6.

[on Roç

-

Papaln ln phouphatc Þuffer pH 5.98r lonls

Bottan,Bsf,
POì[8-papaln ln phoephate buffer pH 6.00,
tonle etncngth
Pettcrng dtsr
at a fl cldl strc
(o) Aaecndlng lÍ



12

12

\/\/

.rjjrg-:::;:-',---¿



!.e. fIf=L Elcotropho¡ro¡l1 of Fapaln andt PÓï[8-FaBalB

at pF 7.

lop Ror

Bottom Bor
PCrUE-Papaln ln
!.oaLa rtrongth O
pattcnn eftæ nt
et a flald! ttrcn
(o) A¡Ecndlln8 1l
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Thc apparaRt clcotnophorct!.o nobllltlc¡ rcoordtedl

ln lablc III-I rr.a obtalncil fron thc natoÊ o movcnüat of
¡la¡lne ln thc rah]úcrcn pattcnne. Blaoc tho thcorctlo-

ally corrcot po¡ltlon to u¡s lc that of thc ocntrolüel

ordlnatcTo, thc rnprrcnt ¡roblt!.ty flgurca obtafnaä a¡c for
by?oth¡tloal ¡ymrtrlaal. Dcaha rlth natlua fn thc Ëaüt

po¡lttonr ¡r tho¡e of tbc ob¡crvcl! ¡¡cak¡. Tha ¡pcolflo
oonduet¡so¡ u¡cdl ln tbc oalsuX.atlon of clcatrophoretlo

nob11ttl,""7l ra¡ that of tha protaln ¡oLuttoa Dtagcdl ln
tho clcotnopho¡rc¡ls oell. Uaually tbl¡ ¡olutloa ooncl¡todl

of thc allalfrGdl protct a ¡olutlon dlllutcdl rf th vatarr oF tn
thc oa¡c of aoctatc buffcn¡ dlllr,rtc aocttc aeld, ltr ondlel.

to ¡rcdluoc thc al¡c of thc $-Þong{l¡¡¡l. fhl¡ proocdlurrc

enabLc¡ baÊk-ooËpcnaatlon (sos ¡cotlon (a)) to bc applf.cd,

but alco has thc cffcet of, naktag thr appa¡cnt ¡nobfllty
flgurco f,non thc ascenlltng and dlcsocndltng ltnbs liorc

sla!.I.an than *puldl othcnrlac bc tbc sa¡c (1.c. lf, übc

cpcolflo oondluotanoc of thc dllalyscrl proteln solutlon tctc
u¡cd )72.

(rr) 4t¡qg!¡ton
(r)@

, It oan bc lGGn fron Ftga. Iff 1-f that PCHÛ

nodllflsatlon of Dapaln pr*olluocs an ortna Düak ln tho

clcotrophor.etto pattarn oB tho tnall'lng sldc of, the aaln
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pcak. Thlr Îc ln aooordanoc rlth tha fornatlon of thc

axpectcdl produot, oonalettng of tro êlffcrantly ohargcdl

øpcofcs, by oonbfnatlon of thc sulphyâryl forn of papal,a

rlth thc ncgatlvcly chargcdl rcagcnt. Re¡olutlon of
ü¡Ëponant¡ oas bc eoea norG olcarly !,n thc aeocndlLng

pattcnne than ln thc dlagocndllng oncs ot!.ng to the usual

graillentr of oondluottvlty rhloh prodlr¡oa aher?er poalre ln
thc a¡scndtlng llnb of tha cLcstnophorccla ocltTJ.

- Slnoc a ahange ln clcotroBhoretto noblllty orn

arlsc fron a ohanga ln cf.thcr cff,cotlvc oha¡rge or fnlotlon-
al oocfftolent, lt rat necossary to cllnl.nata thc l,attcn
posclbillty. å,oaortltagltrr ecdtnentatlon vcloolty runt
;trG aondluotcdl on sol'utlsns of papaln anil PûWÉLpapaln at
pE h, afnoc a dllfforènoa ln frlctlonat socfflolcnt oan

rca¡onably bc crpeetedl to prodlucc a ohango ln scdllmcnta-

tlon ooafflelcnt. It ras foundl that both solutlons gayc

a!.nglc Beakt ln ths ultraccntnlfugc tnö, a6 ehorn ln
TebLe III-1, the aodlncntatfon ooefftotcnts rer6 nearly

thc rearc. Thuc thc {llffcrgnsG in cleetrophorctlo

behav!,our. nuet arlËG fron ¡ iltffarcnoc ln ohargc.

$lnco tbc PÖT[8-BodlLfloetton of papatn as dag-

srlbcdl ln cectlon (f) l¡ a tro stage rcaotlon, oontrol

c¡psrtnantg rcne oanrlod out to ¡soertât,n thc cffcat of
caah step lndtivldually. Ftg. IIf -1( c) chots that aotlva-

tlon of pageln, not follolcð by P0HS-nodllfloatfon, {loea
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aot prodlnoc the extra Þoek ln thc elaatrophorctls pattcr:n.

Flg. III-2(c) ;hore that çhcn PQ$$-nolltff aatlon ls oanrlodl

out rlthout prtor aotlvatlon, thc e*tna pcek pnodtueedl lc
not as large aa th¡t fornodl by thc u¡ual ncthod (Ftg. xrr-
e(E)). Thf r l¡ oon¡tatcnt çith crldcnoc altcdl ln
Ghsptup r for an lnsraaar ln tho ælplrydkyl ooatcnt of
papala upon aotrvetlon. fhe c¡tent of nodlf,iaatton a¡

Judtgd fron the ehapc of the pcaÌ sas also foqnd to bc

lc¡¡ rhEn usl.ng a þapai.n preparatlon that hadl bccn gtorcû

for aomt tlne. As papeln ls knonn to loae aettvrty on

prolongcdt atoragc8r tt ls not eurprlslng to flad en

apparcnt dlco¡rcasc ln lts frcc sulphydtlyl oontsnt.

lha cppsaranoc of a dloublc p6ek ln cLeotropho¡-

c¡la ls not eoaclustva pnoof of hctcroganelty clnoc

lntcraEtlon equlllbr!,a ln solutlon aan glve rlec to a b!-,
nodal rcaotloa bounilary fnon only a slnglc nao¡rsnolaculc.

Ðyatcaa of thla tlrpe aro rtleoueecd ln Part B of thl¡
ohoDtar çhloh alro dlceonibea somr tcatc fon ne¡stloa
bounderf c¡ ub!,oh rcro appltcdt to tlrc pr.cscnt ayetæ. It
1g aL¡o o lntcrqst that thc aaeondllng bounûarf of, ua-

noôlficd papaln ha¡ a ¡maL1 tratllng pcák rfúoh ta
rPpa¡pcntly retalnci! aa a mall thtrdl poak ln tha POHE*

nodllflctl DncÞa:ratlon. rn sonc ex¡rerlmonte, cepcotally et
ÞE l{, thf s pca}c dlavalopodt a rplky äppoaranoo (ntg. fff-
t(a)), ty?toal of conveotlon, after aavoral hours of
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clcûtrophorcsle. Thlt ocounrcd üren though thc hcat

outDut of thc eleotr!.a ourrcnt rae alrays Lc¡r than o.15

ratte/o.o, enÉt tharcforc u¡rlltscly to o¡usc thcrmal

oonvsot!.or7b. rn ddtttlon lt ra¡ obrcrveô that tlrc mall
t¡ralllng Bc& novor aonpletcly eaparatcd f,ron thc naln
pcakr wctr aftcn 2l¿ houns e'f clcotnophorad¡ ( aoe ¡eotloa
(a))r !d that a furthcr lcory¡talll¡atlon of papatn had

Eo offcot on tha clgs of thte poak rhon thc ¡alqplc rar
rubfcoteû to slcotnophorcst¡. ft ls thcrsfora unllkcly
that thl a malI püäts rcprc¡cnt. an twurlty Ln papa!,n.

Horcvolr ri r!11 bo scGn ln Pant B, the aboyc oÞ¡crvatf,onr

oan ba lntenpretodl ln terng of an fntcraotlng eyotcm.

(z) Breclropþot¡¡tle ugbtttfile¡

At pE l+ end pH 5, tha appencnt clcotnopho¡rctto

nob!.l.lty of tho lcedtfng poafr ln the alcctrspb,onctf o pattcrn
of Pt1llE-papaln lg only allghtly lcea then that of
Ennodllficd pepaln. fhta ruggest¡ that e largc pnoportton

of the Dopaln nolaoulcs arc uneff,cotcrl by P0f,8. Thc

analytloal ftgunca fon bound PClf8, although rubJcot to
ooneldcraÞle cr"orr for raarons crplafncd ta Ohapten VI,
aleo lnátaate tho blndllng of or¡ly a fraot!.on of a nolar
cqulvalcnt of P0H8. rtltÞough tbc rohtllty f,lgurrae at

ÞEt ¡ 6 andl 7 shou a dlcercaso f n thc nobllf ty of the naln
pcak of FH8-pepala relatlve to that o,f, papaln, t t ls
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posBlblê that aecoolatlon reastlons ocour ln thcaa sols-
tlon¡. rn ohaptcn rr it ra¡ aboçn thaü aasoatetton of
papafn ça¡ fgyour.cdl Þy an lnorca¡e of pH bctwccn b end g.

Furthcrnoro, thc eleotrophorotto patt6rn6 of unmodttftcrl
paBaln at pEts 6 andl 7 ehow obvlous acyrwnotny vhloh ooulit
be dluc to sËlf-asgoolatt.on of papaf n. In vlcu of tha
posstbll!,t'y of euoh oonplloatlona at pEr a 6 endt 7 t onlr
data obtalnorl at pHf c l¡ aüd 5 has bcon ueedl for thc
appro¡lnate ohargc oaloulatlone nadc tn thc ncxt tcotloE.

(lff ) CheFec Çatoulatt on¡

Aa¡unlng that aaoh boundt p6tg nolcoulc oa¡rlo! â

unlt ncgatlve oha,rge at pHr c dlorn to h, the d[ffcrenoc ln
ohangc betwçen the tço molecuLan spcofes apparcntly
prcscnt ln P0lls-pepaln shourdl be a ncasuro of tha nunbon

of POlMs moleoulc¡ boundr to caoh molçoulc of modlftsd
papaln. Thle ln turn nouldl ehoy the ar¡nrber of cngwc gtr

grot¡ps Llbcnatcdl ln thc aot!.vatlon of e papaln moleoulc.
In Chapten X analytloal q/l¿leaoc raE oltadt nhtoh lndtloatcil
that only one 8H gnoup was l!.bsnatcd unde¡r thcsc
oondlltlone. Howevcrr analftloal nothodls oannot dtctfa-
gulah bctrcen, fon crmprc, a pnoteln ¡anpla ln çhtoh 90,É

of tha noreaulcs oontaln onc BE g:roup, andt a sanple ln
rhloh ,+51ß ot thc molcoulce sontala tro. glnoe thls
lnfomatlon la potcatialry avatlablc f¡om the cleotro-
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phorctlo renulta, tt l¡ of fatcreet to dlctcrnlno thc

ôlffonenoe Ln oharge wh!.oh rosLdl gtve rlec to thc

ob¡crved dllfferenoe 1n nobt].ltlee betroen the tço peals

ln tho slcotrophoretlq pattorn of, PGîÍS-ptpalD. Oelou1a-

tlon of oharge fnom rnoblllty hao boen nadle on thc baala

of tro theorlea, ¡lnoa neltbcr le frree frorn arsurptlo[Bo

('t ) c9nlnr p ùf ethoô

Glorlnf s mcthodl of ohargo oalouletlonTS ncqulrcr

that a 3hæ6 fo¡r the pnotcln bs cnvf,eagadl ln ordsr to
pakc apÞro¡l¡nate allowâ¡roo for tho Eetardatlon of thc

Drotetn Lon by lta ovn lon atmotrphene. The most gencral

fora of Oon!.nf e equatlon, aÊ crprogsad by V4111o76 ra

6114r (1 +r<r +r<lrf
r(rr)(t +rrn1)

. f (hrf,) .6

rrr-( 1 )

g-
F

aa.aa

rhorc q

l¡

fl
!

rt

!.s tba nct ohargc on thc protel.n

ls thc cleotrophonetlo noblltty
ta ths vlsooslty of thc sslvont

lc thc raålu¡ of ¡ cpharc havlng thc aano volunc

a¡ thc molcgula.r volune of the p''oteln tn
¡olutlon
le the avoregÇ radtus of thc buffctr loa¡
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[¡ tho DcÞyc*Euokcl. oon¡taat ilaflacdt by

cguattoa (tg) of rofor.onoo 75

1¡ I funotlon rhlqh eorrçst¡ fo¡r dl¡tontlon

of tbo oLcotrto f,lcldl by tho protcln lon vhloh

l,r esauncll to Þc 'ton-Goträuotlng. Y¡.luc¡ of

¡(rr) sra tabnlatecl tn rafcpsnoo 75

1¡ a f,unotloar ¡l¡o taÞulatatl ln rcfrnaaoe 75

çhloh eonrcot¡ fop aayustat¡ry of thc protcln ac

crprËæcô Þy th¿ arlel ratlo Ë nf a oyllndlrlcal,

or rod-lllcr molceulc. F€F ¡phcr'lsel

protclar f(K n*) ¡ 'l asd r 1¡ thc aotual radlua

of thc nolooulc

Ls a ðlmensloaal oonatant choaan to glve q ln
unltg of poaftlvc Elcotnonlo chargee.

¡(rr r)

r(x,$)

radl o

In ordlcr to ftndl thc ncoclge¡ry molcoulan ûtnon¡

stons for thc papaln noleeulc, thc fnfotlonaL ratlo lt/tr)
ra¡ oaloulatcdTT filotu thc scttuentatloa oocfflottnt et

lnflnlte dtlotfon (a.tl6 g)r tha nalcoular rcî.ght (ef rooO),

andl thc Þartlal ¡peolflc voluaa (o.7zk nr/g). A frxs-
ttonal ratlo of t.l] ra¡ obtrlnod!, rhfoh, fnon tht
eonüoun llnc¡ calculatcdl by OnotcyTS oouldt corrccpoad to

clthor s 15ft h¡dretcdt ;phcrtoal nolcouler o! an cnhtünatcdl

rodl-lllrc nolcoulc rlth s¡tel retlo (8) - 5.h. Oaloulc:

tlon¡ Ícra nadlo f,ol thctc tvo cttronc forps þut lt ¡hould
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bc raallzedt thet thc papaln moleeulc mqy heve a ehapc

lntermeËllate bctwcen tbcse cxtrcmee or may pocelbly bc

dllge-llkc. fhe l1nltattons of thle methodt a¡e thcncfore

appar6nt.

Fon a spberlarlr hydratetl papatn moLecul"e, the

noleoular radllue r le 2o.6 R, and (q/v) x 1o-5 ln an

acetate buffer of lonlc stnength O.1 was ca.leulated to bc

1.15 at pH l¡, ancl 1.11 at pII !. (Ttre ellght dllffenence

le elue to dlffe:rent vlecosttlee of the two buff"re). For

a rodl-LLker unhydlratetl papaln moleoule, the egulvalent

apherfcal radluc le'18.1 l, ana f(rfrf;) was foundt by lnton-

Bolatlon of tlata ln lable'll of nefenence 75 to be'l .h5.

Hcnco (ql$) x f o-5 vas aalaulatedl to be 1.38 at pFf h andl

1.t3 at pH !i. The ohange calculatlons made fnorn the q/v

natlos for both rnodlelc are glvon at the endl of thfe
sectlon.

(2) Lonsevronthf g llethod

From the Kolnausch negulatlng functlon theory

for etnong alcctnolytcaTg¡8o anû ftrst-ordlen Donnan

ühcory81, Longsworth82 calculatedl the concentratlon ohangc

(a o) acnoee the e. or buffen oonoentratlon bounitBF¡rr

8Ic equatlon 1a

ao-,ry - 1r ¡.ro .... III-(2)
2t -B
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rhcnc rgr rO andl Dn are tha rclatlvc noblltttcs of the

Bnotcln fon, buffen oatlon andl buffar anlon res¡rcottvaly,

"od 
OË ts the pnoteln oonoentnatlon ln the lnltlal solu-

tlon. Thlc oonoentnatlon la ln cqulvalent,e per lltrc.
Ecnoc lf an lndlcpcndleat measur€nent ls nadlc of o, thc
proteln concontr.atlon td e/1OO mt, tt oan rêadtlly be

rhown thet the oha.nse (e) on tho protaln lon lc glvcn by

q=fr,*;of,) aaaaa rrI-( 5)

;hcrc Il le tha rnolcoulan rcfght.

An oquatlon analagor¡r to IIX-(2), though ellght-
ly norc aortplloatedl, can bc dcnlvedl for the ooncentna-

tlon ohanga aorocs thc 8-boundlary. Both cquatlonc üeG

lncraot orlng to the I!,s¡ltatlons of thc Kolpausoh thcory

uhcn appltcil to reak cleotro1yt""82. Thie unee¡rtatnty

le greater. ln the oaec of thc 8-Ëoundlal'y slnoc thc

pr.oteln uobl,lfty nay Èc dl!.fferent on ctthcn alilc of !.t ar

a rceult of, dllffcnenoea ln tbe pII andl lonlo etrength of

thc solutlon. Conscqucntly, oalculatlsns fon papaln

rcrc uadle only for the € -þoundlæy'

ffhc nunbor of fnlngea ln tbe é -boundaly uas

Ecarurcdl on a photograph tn Bùlêh the papata pealr had

n!,gnateit rsll olcar of thc boundtaly. (lnf s neasu¡êmant

ça¡ of oourse dlone fon e trun ln whloh the statlonany
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boundærløa hadt not bccn rtdluocd by thc ncthod to bc

dlcconlÞcal tn ¡cotlon (d)). llhc cpor. ln thla É6â!r¡.c-

EGtrt la con¡fdterad to be Lc¡g than O.2 f¡:lngee whl6h

oopctponds to a 516 cruor ln A c. A slnlle.tP Ëcatur6ncnt

on thc 8-Þoundary ¡outdl havc bcen ¡uÞJtêt to about half

thts tpror, but tha !.ncrÊa¡G ln crparlnental prcolsloa

roulll bc off¡at by the othetr faôtor¡ rhloh havc bcon

nont!.onsdl¡ A o ;ag ooavortcdl fno¡u fntngce ln thc clcotro-
phorcala oall ts rcfraottYo lnlc¡ lnoræcnt8}, tncn to

nornallty of ¡odllr¡n eoctatc uolng rofraotlvlttag dlctcr-

nlEcd at ooo by LongsrorthS2. The aobllltte¡ of tha

buffcr !.ons rcrc alco founð fron ths lttclttooc8b, lhlla
that oî thc protcln tae obtalncdl fræ ttre clcotlPopho¡reale

cxpsntmcnt. Ths tattGr tel corrcotcd fron 1oc to ooc

(tnc tcrnpcratur:.c at rhtoh thc othEr noblllty data f,èFË

oUtatncaEh) aeeunlng the only tlgnlffoant oorrcctlon over

ruoh a amall lengc to Þc that for vlsoosltyE5. Tho

¡¡olsoula.r rslght of Bapaln rac talcn a¡ 21rOOO, end tha

rclght oonocntratlon ncqulnedl ln cguatton fII'! ra¡ fouadl

by rcfraotomctny. tha ratlo (o/*)¡ 1o-5 obtalncdl for
Ên rrpcr.lncnt rlth papatn at pH l¡ tae t.h8¡ for onc at

pH 5 the Eatto tas 1.55. lfhcle ratlos ¡rcrc thcn uacdl fo

oaloulatc ohangc¡ rhloh anc givcn ln fable ÎI.-2 togcthcr

rlth ohargca oaloulatcdt by €tor!,nr s ncthod.
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Bcaslt¡

Table ffl-2 ¡hor¡ ¡rc¡u1tc of èaoh of the forc-
golng mcthoða fon thc oaloqlatlon of ths dlffersaoc ln
ohargc Ëctrccn thc tro cpcoloa ln PC![ts-papqln. It nae

e¡auncd that lnc q/þ r¡tlo fon papatn waa unchangcdl Þy

P0![8-nodllfloatlon.

tsABI¡S ffl-2

o.50
o.75
o.36

o.65
o.5l
o.59

o.52

o.b1
o.61
o. ro

o.r2
o.l,t2
O.r2

o.b5

O.r3
o.78
o.56

o.75
o.5g
0.b5

0.59

Ê/15
s/zz
s/zl

h.of o.56
o,55
o.26

ù.oo
b.oo

ß/26
s/16
n/y

5.O2 o.47
0.58
o.2g

11.99

5.OQ

Avonaga of 6

nodl¡apbenc¡

Longa;roltht ¡
tethoil

[¡rx to5 I
*2/rot+,/scapHRun

l{ô. €}orlnt e totho{l
Ac

I A p - pr - [¡z for glgggjilLÐg lLnbr Ef nee only tbo
aoccaôlnß Þattcra y1.aldeil tço ncaeeraÞIo poakl.
Elaerhorc ln the oalouletlons .([gggg4f!1ggmoblllttca hrvc bcan uccd!, ctnoc tha ¡pco!.flo
oonductancc le E4own nore aceuratcly ln thc
de¡oandtlng ltnb7?.
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rt ls sccn fron Tablc rrr-? that tha salculatedl
dllffcreasa ln oharge betwccn thc two apparent naln
oonponcnte tn PúX[9-papa!.n 1e ebout O.5 valenoe unlt¡.
Tha nuubçr of P6fis noleeurs¡ Þoundt to a noleoulc of
papaln muat bc a¡ fntcgor. rt thsreforc appoarr that
cbalgc oelouratlons arc not a aetlsfaotory noans of dtctcr-
nlnl.ng thlg numbcn although thcy euggcat that lt ia
urrllrcly to Þe MorG thaa onc. rt l¡ po¡slble that thc
blndl.ng of a Pcug noleoulc to papaln affecte thc loal¡a-
tlon of nclghbourlng groups ta the rnzJrne r.ceultlng ln a

nat ohangc dlsereaae of lcas than oBG¡ Howevcr thc
orlsulatcdl ohargce ln TaÞlc I'-2 ale too tentatlve to
allow any tleflnlte oonolugions about suoh,faotona.

(a)
peoaln

ås ncntloncdl earlf cn, the appcaråno? of tro
pcaka ln üho clectrophonctlo pattcrn of pcHg-Þapatn l¡
not unanblguou! proof of hctenogenclty. rt ras thc¡rcfonc
dlcoldleil to conduot prolongeû electrophoreels runr urfng
baer-eonÞcnaatton ln tha hopc of bctng abLc to nako a
prËpå:fatlva fnaatl0natloa. rn beok¡oottrþÇtrtatcd clcotro-
phoreal¡ thc novæant of the novLng Þoundlary lr oountG!-
aoted by cauelag a eloç flow of bsffcr tbrough thc oclL
ln thc oppoelte dltrcetlon. rn thtB ray cleatnophoncala
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ean bé contLnr¡edl fon nuoh longer tl¡uoc wf thout the pealc

nlgnatlng out of tho optloaL part of the oell. llhfe

toohnlgügr as appl!.eel to the preecnt studyr antatleil

tlrrcc etops: (f ) ellnlnatlon of the etatlonal'Í þoundla¡-

leo, (f t) oompenaatlonr' andl (rrf ) sanpil.ng.

(r)

It te rell known that ln an oleotnophorecle

c:rpcrlrnent thene ooour, ln adldlltlon to the movlhs Þoondlar-

Lec, two gtatf.ona¡y boundlarlc¡, thosc arc tha 8- âFd

E - boundlarÍee (ln trre aeocndltng anû dteeeendlng ltubt
rc¡lpeotlvaly). They arlac f¡rom dtlf,fereneee 1n tho

ncgulatl+g fuôctlonga of the pr:otcln antl buffer goluttonc

pnlor to elcetnophorcalr, and oomprtae changee ln tonoan-

üratlon of a1l lonlo spcolc¡ preecnt above snd bcloç the¡n.

the prcsence of etatlonery boundlanlcs oonetl-

tutes a proble¡n fn baats-oonpeneatedl eLectrophoneale,

¡lnoc a flow of buf,fer Ln thø dlnectton opposlte to that

of alcotrophoretlo mlgnatlon bnlnge the t-boundlary lnto
e lho rcgulatlng funetfon B of a eolutXon le dtaflned by

B¡ TrllF1

rhcrc ont cqulvalcnt oonocntr.atloa of lonLo spccle¡ I
lr[! lonlo noblllty of lonlo epeolec !,

andl ùhc sunnatf on c¡tendlÊ ovar all, ton¡ La the solut!.on.
E har the propenty that !.t rematsa con¡tant at any

tf;:tiiåtg1rtl""1 
ln the eLeotrophone¡ts ocll thnougbout
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thc bottom ¡cotlon of thc coll. Cor¡vcotlon thcn cn;oa.

Itua to thcra bclng tro aolutlons of illffarcat dlanc!,tt at

thc ¡auc lcvcl la thc ocll. Bcfonc attamptlng baokp

oo¡cpcn¡etcd alcotrophonc¡fc lt ls thcrçforc ncooeaary to

cllnlnatc the 8-boundary by nalrlag the regulat!.qg

funotton¡ of thc protcla solutlon and dtlffusate cqual.

fn tho pna¡cnt etuðy thl¡ ra¡ aehlovcil by dllluttng thc

pnotcln eolutlon d,th thc unlonlscdl on vealrly !,onLllng

portton of thc buffcr (of. Longrnorth and! üaoloo".72).

lfhe ncoar!ùry ûflutlon faotor çac dlduocd frou

a rûca3uræcnt of thc E-boundlâry ln a prer!,ou8 run

togothcn rlth r Ecasurcnont sf the ncf¡raotlvc tndìc¡

lnorcrncnt (A n) of all thc lons ln the protcln aolutlon.

Thc Lottcn guantlty rae obta!,nad by dtffcrcntlaL rcfraoto-
nct¡ry ( rcc Onantcr VI ) of tho protcLn eolutlon ualng thc

roakly Lonlrlng portlon of thc buffcr (Altute aoctlo

eaLdt aolqtlons !,n thc preacnt oaaos) aa thc rsfcrcnoe

¡olutloa. Iflth thc æ¡unptlon of oongtant rclatlvc lo¡
noÞllttlca, lt oan bc ahowa thgt all lonlo epccLcc anc

dlllutcd at thc,8-boundany by tbe tanc faoton, uhtoh ls
thc natlo of tba rcgulattng funotfon of the lntttal
pnotcln ¡oLutton ts that of thc afffogataT5. Hcnoc

thlg faotor (f) uugt Þc glvcn by
(a n)*t ton¡fr (Antåtr1 lor, - (A n)ô-bounüany . t. rrr-(b)
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Dllutton of the tnltlal protcln ælutfon by thle faotor
shouLdl thenefore make the negulattng funetlons of thc
pnoteln aorutlon and dlffueate cqual, thencby clfnlnat-
tng the ð- andl € - boundlarlcs ln a seoond rurre

The abovc rnethodl cas foundt to þo guttc
euooceeful 1n removlng the statlona¡y boundarles. Hoç-

êvep, slnoe a ellght ornor 10ad1ng to ovon-dlllutl0n
pnoclucea oonveotlon ln the seoond run, lt prsvcd nore
pneotloable to uBe a dllutlon factor oeloulated to leavc
a 8-boundary of about 0.5 to i.O frfngeo. (fo ao thle,
the requlred nefrastl,ve indcx dcorement lg aubstltutert
ln equatton III_(4) tn plaoe of (An)6_bounda¡ry). å
ô-bounda¡y of thfs stse vaa founð to saugc no peroeptlÞlc
oonveotlon ln the aaoendtag llmb dturlng tbc u¡ual, 24 hour
duratlon of an orperlment. The cleeoendlng llurb bowevetr

alraye oonveotod aftcr about 12 houns.

(rr) Comoensatlon

vllhen the poaks hact moved tha cntlne oBtloal
length of the clectrophoncsle cerl, Þack-oompcneatlon raa
conmenced by er.owly wtthdtrarylng buffen from the corrpart-
ment abovo the dleeoenitrng rlnb. rn sonc experlmente a
slphon was ugedl fon thle punpose, lrr othene a nreohanloa].

oyllnge. The baok-oohpeneatlon vas applladl lnternlttcntly.
Flg. III-5 shora clcotrophorctlo pattenns
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obtalncd ç1th papaln andl PtïS-papaln after pnolongedl

clootrophoreels wlth baol-corupeneatlon. Flg. fff-6
ehowe tvo photognaphe obtalned ðurlng the seme eleotno-
pb.orcelB run urlng PGü8-pepaln¡ (a) wea obtalneil befone

oompsaeatlon ras oonmeneo{ln (u) was obtatnedl aften 18

hours of lntcrmfttent beG*,-oonpeneatlon. It lE olea¡

that the illotanoe betweea thc üso matn peaEa lnoreaeos

dlunlng båoE-oonìpensatcd eleotrophoreals. Ilowerscn lt cen

be Boon from Flgs. rII-5(b) ana 6(b) that cvcn aftsr a

total eleotrophoresl¡ tl¡nc o1 24 houns thcre fe gtlll no

rcglon of oonetant ooneentnatlon betvcen thc peaks. Àr

rtll be Êecn fron part B of thls ahaptcE, thle fs a

poeslbl,e slgn of an lnteractlng protcln eyatcm.

(rrl) gamprfne

' .Àlthough baok-oortÞBngatcdl elaatrophoneels of
pcft[s-papaln dttdl not proiluce E(nnplotc reeolutlon of thc
tro naln pealca, thc acBanatlon vas cufflclent to enable

thc wLthû^e¿ral of a sütp1o rcppceênttng essontlally thc

¡pcol.cs dlsappca¡rlng acrose tho leadlng peak. Of tha

buffcrs ueedt fon bastr-oonpensatcdl aleetnophoneela,

aoctatc of pE 5 and toalo rtrength O.l gavc thc bcst

rc¡o1utlon and waa thercforç uscdl for aarrpllng er¡lerf,-

ncnts. Fig. III-6(b) wae obtalncdl fnon a run ln whtch

sanpLtng rae oe^rnlcdl out. å.fter the dtstnlbutlon eÌrown
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had been attalned, thc ounnent ra¡ tur.ncd off, thc þotton
¡octlon of tha oert lsolated fnon thc mtddlla eeatloa to
neduoc convootlon, and a e¡rrlage nesdlle rovered to tho
Ievc1 dcnotcdl X fa Ftg. ¡Il-6(¡). Thts opcnatlon rar
nonltorcd Þy moana of thc eohrlcrGn optloal ¡ystcü ,tth
the oyllnelrloal reng removed. (The necdlle oan bc Ecrn
Fo¡po aleanly rhen thls ls donc). The oyllndrlaal lcn¡
ras thcn ncplaocd encl the oahllersn pattonn ob¡e¡,rtcd vhlle
a sanple of the solutlon ßaklng up thc front peak rar
tlthilrawn thr.ough the needlla by a neohanf caL e¡rr.tnge,
and collectodt ln a trap ( ¡cc Flg. IIX-7),

å aamplc of thc r¡nf,raatlonatodt lnlttal coLutLon
ra! rcoovcrsd f¡ron tha Þotton acotlon of the ocll. Both
eanplca rêrc thcn analyeodt fon bound pCIfrúg lÈ thc qpestno-
photometcn anct rerc eeeaycdl in tha usual rql, ( acc Ghaptcr
vr). Thc resulta of thesc analyecg ltr tro fraotlona-
tlon crpenlnente arc ehorn la Taþls rrr-r rhtoh alm
recorda thc aÞpa¡ent pcroontago oosposlt!.on oaloulatcd
from thc nunbcr of Raylefgh frlngce endc! caeh paak.

ft oaa Þc tôGn fpom ÎaÞLe IIf-l that ln both
axpcrtnanta a scpenatlon of astlvfty oooulrrcdl andt çag la
the c4cotcdl dllncotlon l.o. lndttoatlng a loçer opcof.flo
aetlvlty for the spoclee, bcll.cvedt to be RoD-sH papala,
tllseppcartng aenose the fnoat Þeak. rt e¡houldt be notedl



To mcchanical
syringe

- 
Needte ctamped
to cett rack

Syringc needl
( hote in side to
minimise convection )

Ilie.,l'i,hod of uii'i;it¡lL.-¿iri'¡itlg sairl'.:-'l-es fl'(liil -lìillì

el- ec -i,,r' t--tltitlr:e; sj s c e-"1-1. .
Ft o:. J.Ii -7



78.

TABLF III.T

Run No. E/33 ß/t7

a Spcotfto aotlvlty.1e crprasecdl ae the proteolytlo
coefflctent (o.l) (deflned ln Ohapter VI) fon tho
lrydtnoly¡l¡ of ri-bcnsoyl arglnine amldte (gâ,4),

that aetl.vl.tles rero neasunedl t.n the preaenoe of O.0O5 U

oy¡telne and O.O01 il SDTÀ. Unclen theee oontlltfon¡ thc
PCç19 lnhtbltedl enzyme lc rc-actlvatedl.

Thle eeparatlon of actlvlty, perslstlng sfter
oomplotlon of the electnophoreala expcrlmeat, lr etnong

and appa:rently unanb!.guous evldlenoe fon heterogone!.ty.

Hoveven, the deteetlon of some neslctual aetl.vtty ln the

front B6aI. auggeste that the Leacllng oouÞonent nay not be

elmply an lnactlve, unnodlfled form of papa!.n. Undlue

omphacls ehouldnot be pLaaodl on tho dllffcncnocs ln bount

It9
o.96
o.13

o.65
1.06

72
o.hg
0.r4

o.69
o.69

Unfraotlonat sd Solqtlog

Bound PC'!fi8 (no1c¡./no1e papaln)
Speotflc aottvftya

Fnont pcaL

Anca (pcr oent)
Bound PCMS (molee,/mole pepatn)
Speolflc actlvity
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POUS between fraetlone elnoc the accuraoy of theee

dletenmlnatlone 1s pnobably poor (see Chapter VI).
Ittevertheleee tt seemg clear that both fractlone oontalu

boundl PClfÊ. Thle 1s also dffftoult to neconolLe wlth
the h¡¡potheels of a elnpLe electrophonetlc ecpËratlon

between an actlve papaln speeles lnhtblted wlth PCMS and

an tnaotlve unnocllflecl epeoles.

( e) Conclu¡lone

The naln flncllng of the work cleeonlþedl ln thle
ohapton 1s that shemleal" modlfloetlon of papaln vlth
PCIfS glvee a pnodluet compntetng tço speoles çlth tltffer-
ent ohanges. It hae been shown by eanTpllng after
Br.olonged electrophoreale that el"eotrophoretl.o s€paratlon

1e accompanlecl by a eoparatlon ln enaymlo aet,lvlty.
Theee reeuLte are consletent rlth the h¡potheete that
papaln, as nonmally teolatedhl , contelne an aotl.va, BE-

contalnlng speclee andl an tnaotiye, Roh-SH forn.

Some observatf.one heve howevcr. been maclc shloh

ruggcat that hcterogcnelty nay not þc thc only faoto¡r

lcsponalble fon the eleotrophorctto behavlour of PCUS-

papaln. Aooondllngly, Pa:rt B of thle chaBtcr conprlsce

a dllcoue¡lon of the ef,feots of yarlous tyBee of lntor-
aotlon on thc elcotrophorctlo bahavloun of pnotclna. It
rllL ba socn that ¡onrc fonms of lntenactlon, lf aupor-
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lupoaedl on heterogenclty effeota, eouLdl aooount for thc

obsenved eleotrophonetlo behavlour of P0}l$-papal.n.

Howeven lt ls tllfftoult to show whethe¡r any of thcsc

lateractlons deflnltely oeaun ln tlrc pr.cgent eystør.

ft 8üeutg utü.lkely that a ppcpârratlve fnaetlona-

tlon of P0lfi$-papatn san þs ach!.eve¿l þy eleotrophorcela

ln frac ¡olutlon slnoo oaly lncomplete ecpanatlona havc

bcen obtalnod¡ âtrd tho ncthodl hae tbc ¡dldlt'lon¿l dta-

adlvantaga that only ¡mall srnplc¡ oan Þe rceovsrsdl. It
raE thorofore dlcoltlcdl to attcmpt a fnaotlonatlon þy Lon-

cxchangc oh¡nomatognaphy. Thla teohnlguc alao glves e

¡epanetlon of protelna havlng dlffcncnt ohalgc propcrttcË,

rnd le rsadlly adtaptabla to largo aoale opcíatlon. åa

aeeount of attcnptcdl fraotlonatlons by lon-cxohangc

chnomatoglaphy ls glvcn tn Chapter. IV.
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( r) f atleot'lotlæ
(Þ) üø¡¡-trûrel ftrotlophor¡rlr
(o) f ænorltrtfoa rwt ?rotrl,**ËË?os letærot!,onr

(l) rurorr
(tl) @l!,crtlæ

{t) h'otrtu¡-Pætdn fatæeotl,aüt
(t) r¡rory

(gr ) ,áopllortlon
(r) os¡aleú,oal
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( a) f ntnorluet!,oq

ft has bccn cnBharlzcd ln rcocnt papele andl

¡rcvl"""1 '2t86 that a alngre naoronolceulc, lf LnvoLvcct tn

ocrtaln tJrpcs of cqulllÞrla 1n golt¡tLonr otn Slvc rlra to

uoro than onc peak o¡r zonc tn trannport oçcrlnantt.
thuo la any clcotrophorctlo fnvcatlgatlon of hctarogcn-

stty !.t lc !,uportant to conglilcr tha poral.blllty of !.ntcr-

aotlon¡. Tharc oan ba lfttlc dloubt that tbe Púf8-Dapaln

gystæ ls hetcrogoneous !.n vtc; of thc aotlvlty !cpc!å-

tlon bnought aþout by clcotrophorcgi¡. IIoçæcrr rr
nentloncü tn Part A of tble ohaptor, hctenogcnclüy dloes

not lmredllatcLy acoount for all thc crpcnlmental obscrva-

tloa¡. îhc follorlng, æpancntly anouoloua, sseondlary

eff cots oan Þe 1l ¡tcdl.

(t) pnolongcdt clcotrophoreals of clthcr papaln o¡r

Itc Pt'MS-rlcnlvatlvc gavc peaka of oomplex alrepc¡ (scc

Ftga. III-5 andl 6).
(Z) Tbc clcEtrophorotlo pattcrns of both Þapaln

andt P6tl[9-papaln ahorcd a sna1l tral].lng pGeX rhloh nseor

corpletcly scparated fnon thc matn poak Grvcn aftcr 2h

hoor.g mlgratlon. Thc gbape of thls ptlk raa oftcn euolr

ag to tnülcatc a nlltl oonvcotlvc ill¡turbaaoc.

ß) Conpletc rcsolutlon of tho tço peak¡ ln tho

cleotnopholctlo pattenn of PG$S-papaln lllil not oooulr 1.!.
the rcfreotlvc lndcx gradlcnt betrecn the pealra nwGr



82.

becane Eüro.

(l{) Àpprorlmatc oaloulatlons of thc oherga difffcr-
onoe oorrâspondlng to tha dltffsllcnoo !.n appercnt cloetro-
phorette nsblltty betrecn thc t;o Golfiponcntg fn PGII8-

papaf,n lnpilcd a rllffcrrnoo of lcss than a e!.ng1e valcnoe

unlt pcr Bapala aolaoulc.
(5) Attcnptea clcotrophorctto fnactlonat!.onc ahovcdl

that thc f,agt conponent of PGÎlS-¡¡apaln had sone eot!.v!,ty.
It ;a¡ c¡rpcctadl that oaly the ¡1oç oomponcnt rould bc

aottYc.

The purposø of the rest of thl¡ chapter ls to

oonaldlcr posslblc causce of the abovc offcots andl to
dlocorlbe attempte rhlch rerc nadlc to obtaln expcnlncntal

cvldlcnee for son6 t¡pca of ohcm!.eal fnteraotlon¡. Intcr-
aotlons havc bccn dtlvldtodl Lnto tro groupe, onc ln thlch
the pnotcln noleoulc undlcngoca an lso¡nertratlon or ¿

roactfon rlth thc Eolvcnt mcdt.orn, thc othcr ln rhloh therc

1¡ an aasoelatlon Þetrccn Éacromolceula¡ lonr. In
thconlcs rhtah hava becn for¡¡ulatcdl to llosot!.ba thc

clcotrophoretl.o behavloun of roaotlng tyrtcml, a clnpltf!.-
oatlon rhtch haa always bcon nadlc ls thet olootnophorc¡!.¡

ls talcal l.c. thc alcotrle ffcXd straagth l.¡ e¡euncd to

bc ooastant aonoss tha novl,ng bounüÊpÍ. îhl a ¡¡suuptlon

lc unr"call¡tto ¡lnoc gredlrnta of oonduotfvlty, andl

hcno¡ of flcldl atrength, ooour aoroÉÊ eny norlng
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þounda¡ya7. lh,ua, bof,orc pnoccoäing to thc elcctl,o-
phorcalr of lntrreotlng ayatcma, a Þrlcf outllnc rrll Èa

gfven of cffcot¡ arlalng f¡on non-tdtcal clcotrophorc¡!,¡
ln a bctanogoacous but non-lntcnaottng protcfn ryctæ.

( b ) ![on¡I tl eÈ El eqtnonhonqFt ¡

Thc Dolc thcory8o for atrong clcotrolytc
slcEtrophoreaLe oan rlth ncasonablc tuatf.ftoatton bc

applloil to çaLl-buffcredl p¡roteln ayatæ¡ rhorc vartatlonr
tn pH ¡ntl lonlo atrcngtb anc ¡nall88. ¡1¡crty75 b¡c
appLlcdt thf e thcor.y üo a h¡rpothotÍ.oal ul¡turc of tço
protclnc, anð oeloulatcd tha natu¡rc and magnltsdlc o tho

rlcvl.atton¡ of clcctrophorc¡fg fnon thc sæally a¡¡uncdl

ldcal cerc. As rcll a¡ thc fornatlon of ¡tattone¡ry
boundartas ln aoaondlancc rlth thc Kohxraueoh ncguratfng

funetlon thcory, dcvlatl,ona fnorn ldlcel bchavlour rGFc

nanlfcatcrl ln th¡lco tayr.
(r )

Thc aaEca.dlng boundar.lae rrapt through larger
volrmca ühan ilttl thc rlcsocndlng bounüattcr bcoau¡c of thc
gneatcr ftcld etr.engtb bctrcsn thc B-bountlary and thc
aroondlng boundlany. Thc noÞlltticr of thc tro protcln¡
rûrc ln thc natfo Ztl t but on thc asocadlng slalc thc

nEtlo of thc volunca s?cpt through Èy thc bosnale¡plr¡ raa

lces than 2¡1 rhllc on tha Ílccooadlng aldc lt ra¡ EoFc
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than 221.

(a)

Bcoauec of ¡upcrt@oaod oonoantnattoa grarlfcnt¡
of bnffc¡r snal protcln ton¡ the refraotfvc lndar ohargo

aoroa! thc fa¡tcr novfag Þoundaly ra¡ too grcat ln both
thc a¡eendllng and dlccoonallng pattcnnr. fhe crr.or üaô

oalouratcil to Þcoonc lece at hf.gh lonlo ctrcngtha bqt
grcat¿r ulth buffcr. lona of htgh rnoblllty.

(5) thapoe of tnc F,.caxg

' No quantltativs asacgstsant of thc eha c¡ of thc
pcakr ooulü þc nads. rt ;at hoçcvor cvlûcnt fnon thc '
vartatton ln tho caloslataû flcldl ctrcngth that botb
pcatse ;ourd bc spcetød to rprcad uorc Ln thc ilarcondtlng

ltnb andl lc¡g ln thc acecnd[ng ltnÞ then !.f dtffu¡loa
aronc wa?e Dêslronrlblc for Þounða¡ry sprcadlng. Âlbcrttr
ruggcstcd that gradllant¡ of oonductlvlty anû Btr nleht
sar¡Eo thc movlng boundlanlcs to dlevtetc fron tha Gau¡alan

ahapc produocd by dllffuslon aLonc.

îhesc non-i.ûcaltty dsvlationa rtll, d.l rxsrt
solnc lnf,lucnse on thc clsotrophonotla bchavLour of FOH8-

papaln. Hcnoa oarEulattone of rclatlvc noblltttoe anû

¡lereontago apaa¡ f¡rqn EoesurGtacnte on tha aaooadu,ng

pattcrn a¡E unrcllablc. In adtHtlon, although lt ta
unLlkcly that dcvlattona of tyÞe (f) Gen aooount for thc
unu¡ual ahapce of !,ndlrtdlurl poaks, tt ocrtaLnly oannot
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bc arpcatcd that poe$.a 1111 rsnal.n Gaur¡la¡r ovcr Xoag

Þcrfodl¡ of clcotrophorca!,g.

(o)

( I ) ttrçorv

å clnplc tJpc of ohemloaL rcaotton rhloh oaa

oonplloatc thc eleotropborcgla of a proteln À lt ün

laonenfgatlon.

1.c. A + C

rhana thc cl.cotrophorctlo nobllltles of å, andt 0 ürü

difforcnt,
!!ho ryttca

å+B + c

lc nathmatlqaUy cqulvalent to thc fo¡rmer oerc provtilcd

tbat thc ooncantratfon of B 1s sufflelontly oonctant

througbout thc cystø to en¡uro thet the for.rerô rcaotf,on

ræelns etscnttatly flntt-ordcr89. Bhls oondtltfon l¡
fulftlle{l lf, for cxanple, B ts n+ ln a buffenadt ¡ystcnn

on lf ths conocntratf,on of B fa la:agc oonpar.cd to that of
A anal 0.

Àny protcla la en aqucoug buffc¡.oril ncdllun lr
tnvolvcdl t,n a varf oty of rapldl cgu!.Ilbrta of thlc t¡¡Bc

anð ln thl.s sonse all novlrg þoundlalÍos ln ünanapont

exparlnente are roaotLon bounderl.cg9o. In nost oatr!,
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howøvcn, guoh noaotlons arG rapldl¡ thua A a¡dl O caoh

traycl ;tth thc sane avcrage on ooastltucnt veloolty anô

only a alngle maxlmun úLL eppcar ln the sohllcncn

pattornSg'91. Thc oaso rhene LntcroonverElon of å end o

tc very slos le aleo alnple ln that thc bchav!.our É11

not dtlffer muoh fnom that of a troä-lntcraotlng, tro-
eonponent aystem.

Ihe tntcrmcdlLate carü rhcrc tho dupat!,on of tho

cxpcrl.nront te of the sanè ordlcr of nagnltudlc a¡ ths half-
tine of the raaotloa 1¡ pore lnvolvedl, but uacful

predtlotlon¡ havs bccn madtc fron nunerl aú.89r91 ,92 a¡dl

appnorlnatc analytfo9S golutlons of the appropniatc

dllffcrantl¿l cquatlons. It haa bcon proposcrl that ln
auch systcms thc lnltlal sh¡rp GlaucsÍan bounda?y nay fllat
¡pIlt tnto tro poatce vhloh, aa cXcd¡trophoresls Brosccdlc,

gnadually ôacncaoe ln el¡c il.th thc oonoomttaat grorth of
a oentral poak. Thus thc cohllcnon pattern nay ahor

oBG, tço or tlurce peaks dlcpencllng on thc ratoe of neactlon

andl thc tlna fr.on thc ata¡rt of, eleatrophoncalg. Aeoendl-

!,rrg anrl dlcaoendtng pattsrns noed not neoo6sal!11y bc

onantlographlc, wËn for ldlcal oleatnophoneals, but ln
tha oaac¡ co fa¡r solve¿!, thc ssesntlal fcaturce a¡rc thc

lslnc ln both llnrbs.

Anothor oasc roqulnlng spoolal oonrldcratton
ooourô when thc reactlon wl.th a oon¡tltuent of ühc þuffcp
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ts guoh ac to olgnlfloantly ohange thc ooneentnat!.on of
thts oonstltucnt. Thls neaotlon 1o no longer forraally
analogous to an leoncrlzatlon, Cann and Goad9h t"r"
rcoently dllsoueeecl the electrophor.oele of pnotelns rhloh
nsvarrl"bly neact wtth rnall, unohanged noleeulcg suoh at
undltasoef atcd buffen acldl. It çag ehovn that, vlth
proparly choeen values for parametens euoh as thc nuaben

of boundl eold moleauleg and thc cgulllbrtun oonstants,

tha thaory oouLd pnedlot rcaolutlon fnto tro nornlng pcaka

dlenpltc fnstentancoua Fe-Ëatabllahnent of cqulltbr!.um.
Erplonatony ealoulatlons llluatnatedl how the tholc
epeetrun of errperimentally reoognlzed t¡rpca of novtng

bo u ndl a^ny el eotrophore tt o ¡ratt erna, both enant I ogr.apht o

andl Rotr-Gnêntlographlo, nay ln prlnolplc a¡lse fron thc
rapld, revcrsfble f ntsr"aot!.on of a slngle maolronolequlc

rlth an unohargcd eonstltucnt of the eolvont medllu¡n.

(rr) Anplloatlon

On the bacle of thc folLor!.ng ob¡ervatlona tt
1e oonsliler"edl that pnoteln-buffer lnteractlone of thc

tJrpe dleear.lbedl pnobaÞly dlo not play an lmportant rolc
!.n the elsotroBhorecle of papaln anrl P0tfiS*ÞEÞâltr.

(t) Slrnllan patterns were obtatnetl ln buffcrs of
dlffcrent ptr between 4 andl 6, anit oyen tn buffer¡ sf
di.ffe¡rent eompoeltlon, vÍs. aoetete or phoaphatc (see
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Flgs' fII-1 to 5). Thus tha pattorns arc not vcry
scneltlvc to the eonaentratfon of undlesoslatcdl aqatlo
aold.

(Z) ¡pa¡t fnom gFeate¡r apneaittng ln ühe dtesoortd-

lng l!.nb ea Ê nesult of noa-irtcal clcotrophoreatc, tbr
asooncllng and deaocndllng bounda¡tce have elmller rhapoe

at pEr e below 6. The cann-Goadl thcony prerltota non-

cnantlog¡raphlo þoundlarte¡ exccpt whcn the protetn blndt!
lange nunbene (of thc ordten of lOO pcr molooulc) of,

unoharged moleculoa. Howcven lt ahould be reall¡aâ that
dlevlatloae fron cnantlography tn thc oleetropbonctlo
pattenn of P0tl[B-Papaln ntght bc ha¡rdt to iletcat vhcn rupo!-
lmpoesdl on an alneady heterogeneous boundany. Furthen-

morer laomartsatlon reactlone a¡rc qulte eonpatlblc ç1th
enanti ognaphl o bound anl. ea.

(¡) Sleotrophoneele of unuorllftcð papaln ln thc
samo buffare ãs wenê uaed for PffiS-plpaln gavc c¡sont!,a1ly
unlnodlal patterna. It ts unl.lkely that the oapaof.ty of
the papaln rnoleauLe to blndt aoetle aoldt would bs muoh

altenedl by comblnatlon wfth å el.ngle POIS molcculon

espeelally alnec thfe conblnatlon appear.g not to Þc

aoconpanledt by aBy gtroee oonffgunatl0nal changa ln tbe
papaln nrolceule. Horever features whf eh appeer tn tho
electrophorette patterns of both, euah as the emaLl

tralllÂg p6ak, oouldl be dlue to pnoteln-buffen lnteraotlon¡.
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9ush a ¡neohanl*n mlght bo able to eooount fon rnlld

oonvectlve dleturbanoeg elnoa thle effaot hae becn prË-

dltotcd fon ovelbunln and bovlnc srrum a.lbuml.n ln aostatc

þuffers9b.

Cann and coad85r9h havc polntedl out that ün

unamblguous methodl of dletlngulahlng betwecn lntenactlon¡
and trua heteroganelty la to lsolate the matenlal constl-
tutlng a partlcuLar boundlary¡ thls pnotcln 1e then

subJeoted to electnophoreel e undlen oondltttons Ldcntloal

llth thogo uscd ln the lnltlal separatlon. Partloular

oajro must bc teken to onaure the eamc ooncentnatlon of
protel.n anrl thc aene gpealflo aondqetanoe of the buffcr.
Â slnglc poak undcn thego oondltlong Fouldl shor thet thc

or.lglnal. oeparatlon rae due to hatcrogcnelty. It tao

hovevcn not pnaotloable to apply thls teat to P0'lúS-pepatn

Elnoc an tnondllnste number of pnspanatlve runs wouldl havc

baen noo€rsary ln onder to !.eolatc enough protoln fnon

the front peak to use at the Bame oonoentratlon fn an

anal.y"tl oal electnophoree!. I run.

A forqn of crpcnl.nent dlcnlt¡ad by Oaan a¡rd Phelp

ln thstr çsrk on Þovlno Ëorum albumtn ra¡ u¡sð to tcst
for the ooounnenoc of an 1¡ononlgatlon r.eastlon ln PCUÊ-

peBal,n. Thc abovo authore ooaduoterl pnolongerl cleetro-
plroncg!,s vlth baek-compenaatlon to glve a reaBonabls.

ê5
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Bepanatlon of tha two poaks. The curnent was thon turnsd
off for sevenal houns dlunlng whl.ch tlme the onLy ohangea

apparent 1n the boundary shapea ware those e:rpectedl fnom

illffualon. on ne-a,pplylng the eleotnle fleld however,

one or two new peakã were obeenveel between the extetlng
onêB¡ It wae propoaed that the eepanatedl componente

unclerwont an leomerefc lntenoonverston durlng the lnter-
nuptlon. rtlthough oann96 raten dlsea¡ded thle lnterpne-
tatlon ln favour of the acetle aeldl blndLng theory, there
aeems no reason to doubt that the above behavtoun wouldl

aLgo be obeenveil fon a proteln undtengolng an leomerlza-
tlon neactlon wlth a harf-ttme of the same order as the
duratlon of eleotnophonesl g.

Testg of thre ty?e vene aa¡rrled out aftcn baolr-
oompeneated cleotnophonesle of papaln at pH 5 anã pCMg-

Þapaln at pHf a l¡ andt 5) uetng lnten¡.uptlon penlodle of about
2l+ hou¡re. No ncw peaks were obsenvedl when the eleotrto
flcld ¡as agaln apptl.ed forn .5 houna. Thue f somenlzatlon
le not lndleated. Hovrevor, the øenelttvlty of thls test
ras probably poon ln vlew of the oonsldenable broadonlng
of maln pealce durlng 2h houre of eleetrophoresl e an¿l à

slmllan perlod of dltffuglon, BmalL new pealre wouldl

therefone have been dllfftoult to cletect.

To summarlze, lt Êeeme crea¡' that the bfnocral

bounctary of P0MS-papeln le not due to !.aonertzatlon on
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DFotcln-buffcr lntsraotton¡. rLrsrrrr!.ng ho¡cvcr that tbc
nal,n fcatunce of thc bounitary can bc attrlÞutcd to
hctcrogenalty, 1t 1g pocslbla that !,atcraotlona of thcsc

tyBca qouldl oontrlbutc to thc unusual ahape: of the

lndllvldual peak¡ aftcn pnolongcdl clect¡rophore¡te. fn
parttcular, tnte¡raatlons may be lcrponalblo fon ¡mall

tralltng ghouldlcr¡ vhloh probebly htndte¡r ncsolutlon
bctçecn the nafn pcall. Unfortunately, erparlncntal
proof of lntcractlon phcnoncna La rltff!.oult to obtat.n !.a

a systün ¡uoh aa tha prcecnt onc ¡hane any lnteraetlon
cffoota arc ¡upcrl¡npoccal on and la¡rgely mackedl by affeett
of hctorogcnelty.

(ü ) hotcln-Frotqf.+ Interaattona

( t ) trcorrt

In a heter-ogcnsou! ¡ysten auoh ag P0M$-papaln,

therc a.na trc t¡rpaa of a¡eoolatlon rhloh nust bc oonaldlsncdl¡

(t) thoeo bctrcan llkc notr.aoulc¡

À + A 
= 

AZ (on hfghcr eggrogatès)r

endl (a) thoce bcttccn unllkc nol.eoulce

A+B = C

Buoh a rsaotlon dlffcra from the pnoteln-ùuffer t¡4rc

dllgauoccd fn tho La¡t ccotlon ln that both rceotanta arc

ilon-dlalysable andl henac rlll bc tnltlalXy eonflnedt to
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thc ËüEü pant of tbc oleatrophorcsla eË11.

åa rlth lsomenløatlona, the funilarncntal facto¡r

rhloh dctcrm!.nas thc naturc of the pattcrn ie the ratc
of produotfon of a clrcala¡ by le-cqutltbratlon oo¡rpared

to thc dllfferenoc ln tran¡port ratca bctrccn qpcor""l.
ågaln thc slmplcst oasc ts that tn rhtoh ths forçarü and

rsrcrso rcaotlont arË vcry rlor¡ thrn aaah rpcolea

nlgratc¡ rlth !.ts orn noblllty and ths eonocntnatlon
gradllcnt booonaa ncarly lcro bctrccn thc pcakg. The othcn

cxtrcnc oeae e¡l¡t¡ ;hcn thc cqulllbrlun la ma!.ntalncil

by ¡'apirl rcaqttont. thf ¡ ha¡ bcen thc eubJcot of most

thco¡rctloal erploratlon arrd thc proacnt drlgcusslon rlll
bc oonffncil to thlr oalcr Tho problcn of dtcduotng

boundary ehapea for thc caaa of lntcrncdll¡to rcaotfon
natc¡ la vcny oonpllaatcd. Bcthuna and Kcgcleg6{ havc

tuggcatcdl that thc fnolueLon of ktnct!.c tcrme aan bc

crpeotcdl to Þ¡roadcn thc oaloulatad sohllcrcn suryo andl

lnp¡rovc rcaolutlon. fhls lccnÊ ùo ba euprportedl by

nuncnloal oaloulatlona naûc by Balford andt Belfordl9T fon
tbe ¡cdfnentatfon of a dllnerlrlng ayatcn. Thesc authors
predl!,oteil that onG, tro, on threc eohllcron pcaks ntght
bc obeenvable dcpcndllng on the ratc of thc rcaotlon.
It 6cêËe rcll cstabllshcdt that a napld dllncrlsatlon
glvca only one pcakttSt6o.

Aa mantlonodl ln Chapter rI, tha tbeory of
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ûtdltaontatlon fn rapldlly, rcvcr¡tbly aeaoclatlng eyatcnr

ha¡ bccn axtcnelvcly !.nveatlgated. Eor6vcn, oautlon ls
nooeEsa¡y 1n applylnß ttrc 6aE0 thcsnles to olcotrophon-

alfa, flr¡t beoau¡e sadtnentetlon L¡ forurally analogouå

to clcotrophorcsla only 1n the dlcaecndltng ltmbz, and

acoonrlly bcsau¡o thc asn¡nptton of a gncater nlgratlon
valoolty fon thc aggrcgatcdl spcolca rhlqh ls Justlflably
nadlc for godlnontatlon ta unltkcly to be t¡ruo la
clootrophorcgl ¡.

ollbcrthS ana otlÞcrt anü ücr¡kln¡98 ho" oalou-

l¡tcil thaonctlaal a¡cendlfng and dlc¡sendltng Þoundary

rhapoc for thc alcqtlophorc¡l¡ of ryatcme ln rhloh aggoole-

t!.ona bctrcon qlthqt l!,tc on unjllke maorornolcoulee ocouro

Thclr thcony, rhloh nagLcota ôlffuslon end non*tdcaX.

olaatrophoreela, prcdllot¡ tlrat for tba self,-aËsoolatlon

of a pr.otc!.a Ar tbc boundtary ln onc ltmÞ ahouldl broadlen

raptdlly rhlle beconlng hyaer.Eha¡p ln thc othcr llrnb.

For thc Þlnoloor¡lar aesoelatlon of two unlllsa nolcoula¡

A and B, a varlcty of bounilaty ¡hapae oen bc pnedlotcdl

ilcpcnûlng on tbc ralatlvø veloottLc¡ of Â, B andl O, thc

rolatlve oonccntratlonr of A a¡rd B, and tha cquLllbrl.on

oonstant. Tro boundlaric¡ u¡ually sppoar ln caoh llnb,
though onc may be blmoôal glvlng the appea?anor of a

total of three. AB vould Þc expectcd for a oonc6ntrat!.on-

dlcpcndlent rcaotlon, thc þoundlarlce are alraye äotr-
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Gnmtlogrephfo sln6a la thc aeoanding ltnb thc dlroctlon
of mlgnatloa !,¡ toçerd¡ a norG rlllutc rcgton vhlto ln
tha dcgocnittag llnb it l¡ torand¡ a ncglon of htgher
Çonoonttratl0n. For o¡anplc ln ono qultc rlmplc oa30 tht
purc f¡¡t oomponcat tcndlg to glvc e gcpe¡atc peax in thc
eeocndltng llnb, rhllc thc punc slor aonponent tcnde to
reparatc out ln tha dcsocnrHng Llnb.

(fl) âpo1loatfoo

îhcrc ta ruff,iarcnt rrnira.nfty Þctnccn tba
boundany fcaturcs pncdllotcdt Þy tbc Glrbort-irsnlcinr thcory
rnd thosa obrçnvcdl rlth pc$g-pspatn to çarrant sonr
osn¡ldcratloa. fn partlcular, if an iateraotlon vcra to
ooonr bctrccn cnuoilfftcdt papaln andt pclfis-papaln, gtvtru
rlec to a ncaotlon Þoundälvr thc dllfferoace la apparant
noÞlllttc¡ of thc tro obeçrvcd peaka mlght rell bc leeg
than thc dlffcronco ln thc lntrln¡lo raobtrltlce of ühe tvo
oonponantt. Funthcrmolo thc oonoentratlon gradllent

bctracn tha tro peak¡ oo¡ldl not bc a¡pcotcd to beoonc

rËrlor and onc on both of thc noving bounderle¡ rouldt not
rcprcrcnt r puro oonpoac¿t. Thc lattcr feoton oouldl

eoooqnt for'tha rc¡ldlual aotlvlty ln thc front pcak.

thc appa¡rent ab¡cnoc of hypcn¡herp bounðer!.ee,

rhloh arc pncdllotcdt ln thc ¡yctclms oonaldoretl by otrbert
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andl Jentslns ma¡r not be too eignlflsant eona!.deri.ng that
thetr thcory ncgleotr boundlaly aprcadlng due to non-

ldeal eleotnophorcsf.s or dllffr¡clon. Of poeolbly none

elgnlflcanoc ls the abgcnoe of thc ¡lronouneed ÀoR-

enantlography ¡lrctlleted fon Gllbcrt-,ilerrktn¡ eyatems.

Funther evldtence agalnat the oocurrence of Þlmoreoular

aosoolatlon ln thc pneeent system 1c provltled by the
gecllmentatlon behavlour of PCMS-papaln rcportcd 1n Part

À of thle chaptenc Thc bounalapy ghapc and gedltnenta-

tton oocfflolent observed rtth PC!trS-papal.n vonc neerly
tha remg a8 rlth papaln, ;hleh pneeludc¡ thc Ooaatblltty
of any grcat ohangc ln thc cxtcnt of alsoolatloa. Hoy-

ovÊn, thls ¡sdlnentatlon regult tas obtalncdl only unilcr

on6 ¡et of eondltlon¡ (pE h, 18oO). Ecforc tllaoanrllng

thc caEoefatlon h¡rpothcala, lt tould bc arlvlsabÌa to
rtudly thc ccdlmentatlon of PCHEI-paÞaln at othen pÌlt s

and at thc Benc tompcraturc as rea uscdl for elcctno-
phoncale, vlr. loO.

Onc othcrf rtEpcr!.nont rae donE to tcet for thc

oscurpanoc of fntcnaot[on offeot¡ ln tÞc elcotrophoretlo
rnalysoa¡ e rllffenent !.nhlbltor, lodloacctlc aoldt (IåA)r

ras uscd anil thc papaln dcnlvattvc aubJectcdl to elcotno-
phonest¡. A rllffapcnt papaln denlvattvc sould !64gon-

ebly bc cr¡peotod to hava dlf.ffer"ont aEsostatlon bchavlour.

Funthe¡rorê, IAå. bag the advantage of belng a¡r irrevortr
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lblc ¡ulphyünyl rcagcnt thur naklng tt unneccrlary to

¡ralnteln a gnall conoentratlon of fncc tahtbltor ln the

buffcn eolutlon. lfhc usc of 5 x {o-5 U Pffis tn the

bqffcr for the elcotnoÞhorc¡le of PdtS-Þapaln tac ln Éomc

ray! unda¡lrablo slnoa lt te tllffleult to predllet what

cffeote mlght anf ss ff lt wcnc to lnteraot rcalcly wlth

othen gteoups 1n papal.n. lFha Gflbcrt-ilcnkln¡ theony docr

not seom to bc appltcablc ln thla oaso beoauge the PGil8

1a unlformly dlstFlbutod thnough tha ocll, rhtlc thc

Oann-Goad theory has bccn dlgvclopeü o¡r1y fon lnteraotfou¡

çlth unohargedl buffcr oonatltucnts rhogc gradlcnt¡ of
conocntratlon dlo not novü tn thc clcctrfo flcld.

Eleotrophonesle of IAÅ-Þepaln ra¡ conductedl at
pH 7 where the oarboryllo aoldl group eoulcl be erpectedl

to axlet tn thc an!.onlo form. trodllfloatton was oarrlcd

out ac dlaeorlbedl ln Chaptsr f I, andl aB asÉray ravcalcdl no

aotivlty ln thc nodlfÍodl cnE¡núo. The reeulta of the

clcotrophoreala erG eboça lzr Flg. III-8. Oon¡rarlson

il.tb Flg. III-14 rhors that thc boundany al¡apee rcsenblc

tbo¡c of P0H$-papeln at pE 7 e¡oept thet thc elor

compoacnt ln thc aascndln8 Pettona of the lattcr l¡
heritly dlaecnaable tn thc IAA ilcrlvatlvo. Thc apparont

uoblllülç¡ of thc Dcaks års, hotreYcn, onLy elfghtly Lsts

than thoea of un¡¡ottiftedl Þrpaln andl ctgnlflcantly htghcr

then thosa of P0h{8-pap&1nr
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ft thus sc€ns dloubtful rhcthen lA-A-nodllfleatlon

was sucooeeful ln lntrodluotng a ncgattve sharge on to a

stgnlflcant pnopontlon of thc Bapatn molcoutec at pH 7.

fn these olrounstanoee the cxpcr.lment 1a of llttIc valuc

for. compa¡leon betwean the trAA- andl PG[jfS- lnhtbltedl forrna

of papaln. Slnoe earÞo:ryl groupo of protelns ar6 uaually

compLetcly lonlzcd at pHra above 5,599, lt le attfftoult
to crplaln the eleetrophoretle behavlour of IAÀ-PaPala.

A poselble ratlonallzatlon couldl bc that thc lonløed

S-earbo¡y¡nethyl group weakene the aold dllesootatlon of e

nelghbourlng group, aueh as a hletldtnc ¡restdlua whloh

rould be expeoted to rtlseoctate between pH 5.5 and 899.

(e) conclueton¡

f n goneral, the forcgolng dllscuselons eupport ühe

Eon@lÌ¡¡lon erpreeeed ln PartA of thlc ohapten that POì[9

mo{llfloatlon of papatn ylclde s pnodluot çlth chargc

hctcrogenelty. The naJor d!.fforenoeg ln the eleotnophor-

ctls bchavlour of papatn andl P0}t$-papaln arc evldently

brought about by the cxLetenoc ln the latten of tro
dlfferently charged for.na, onc of whlch oarrlos a sllghtly
Loscr po¡ltlve ehargc ln vcakly aeldlc eolutlon then dloo¡

papain. Although eleotrophonceie of both papatn andt

P0M8-papaln rcveale some othor pcoulla.r!.tlce, !.t !.s

appa^rent that meqhanl¡me ln tenms of lntcna-etlona or
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dlevlatlons from tdeal. eleotrophoreslB or bsth ean be

suggeste¿l to account for afl of the experlnental oÞserva-

tlone. However, tt 1s ttLffloult to obtaln experimental

measures of the magnttude of suoh factore, oxeept ln the

caae of protel¡1-proteln aesoelatlons where eedlmentatlon

veloolty erpenlments at {oC wouldl be ueeful.

Anothcn potentlally uaefuL nethod rhlch hae not

baen ueed la the preaent çor.lß would be to oondluot

cleotnophoresls at vanloua concentratlone of eo3.uto ag

fa¡ as pcrmlttcdl by solublllty anrl tho sens[tlvlty of

thc optleal eyetcmc of thc appanatug. The t.ntcraetlon

cffcote rhlcn have bocn dlsos6ge¿l s¡c aLl concentratlon

dtcpendleat by vlrtue of elthcr equlllbrlun on klnetlo
conaldleratlons. Thua lt ntght be posslblo to tntenprct

any ohangee tn the electrophoretla behavlour. Ifowever,

dcvlatlone from fdeal eLectrophores!.e beeome lees at lov
pnoteln concentratlons anil allowanae must be nade for
thls.

One prlnolplc whloh 1s well llluatrated by thc

dleousef.on of lnteractlone ls the lmportanoe of fnaetlona-

tlon axperlmenta andl tcetr fon ehemtoal or enz¡mto

dlfferenoet 1n conJunot'lon rlth any olectnophoretlE

¡epa¡natton. Thle le thc clea¡eet ray of ehorlng rhethcr

I Eê¡)aratlon of pcehe reeulta fnom heterogenelty or fnom

t ntenactloas.
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( a) Introiluctlon

Thc clcotrophorcsls rcaulte pnerentcdl ln Chaptor

IIX provldla etroag cvl.dcnoc that P0t8 nodiftoatlon of
papaln ylclds a prodluot oonE!.attng of tro dltffcncnt

ohar.ged ¡psclcs. Thua¡ ae ncntloned at thc anll of Patt

A of that ohaptcn, lt vas thought that a s€pa:ratt on of

oonponantr mlght bc eohtsvodl by ton-cxahango ohnonato-

graplry. thls lg a ncthodl for the fractlonatloa of
protcfna rlth dtlffcnont ohangc oha¡aotenlstt"rloo, rnd

acBaretlon¡ anelogout to tho¡o gbrowcdt ln clcatnophon-

crl¡ havc þccn rcpontcdloltlo:Z. Protatns of lorcr
claotnophoretlo noblllty rcno cLutad norc caally from a

oolsnn natcrlal of oppocltc ehalgc.

Prwloue ohronatogra hlo ronts oB pepaln el¡o
gfvc¡ BoEc bael¡ fon attcaptlng thc fracttonatlon of a

guttablc papafn darlvatlva. F!.nklc and 9nlth8 oa¡rrtcdl

oet ohromatogreDhy of DaBaln ugtng thc polyuethaorylatc

rcrln IRC-5O. Papaln andl mcrcurlpepata ;êrG caoh clutcil

e! â alngle Pcats at DH 7. At pE 6.'l r howcvcrr papaln

ta¡ clstcdl ar a ycFy Ènoad Bcak a¡rü la ronü fraotlon¡ hadl

a hlghor ¡pcolf,lo aotlvlty than that of the saæla applf.crl

to thc colunn. thtr Lnpltcit somG ¡cparatLon of astfvc

fron lnaotlvc âtrEyücr Horcvcr. lt raa algo founil that

soasldlcrabla autoLyrll (1 rc. aclf-octaly¡eû hydrolysl¡)

of Drpe!'n tool plaoc ûurlag thc cxpcr!.nont. f n f ¡ot tbe
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ânlno aotd conpotttlone of firaotloas clutcdl at illffcncnt

atagce rêra also elgnlfteantly dlffeircnt. thug tho

anrlohmcnt !n gpeolflo aotlvlty ln aomc fnaetlons Eay only

bava bcan Clsc üo ecParatt.on of lataot papaln nolco¡¡lc¡

fron autolyecd f,rreg$¡ntg. Hsvcrthclc¡s the rosulta

auggoet thet a 6uoocË¡fel ccpenatlon nlght þe obtalnadl

by Oh¡ronatography of papaln tn thc prcacnoc of an lnhlbltor.

llonc rooently, Sluytcrñe¡2o sondtuotcd ob¡ronato-

g!ãphy of Papatn on os:pboryuEthyl oollulosc (6t[-

oclluloea). The tsohntque ças uccdl aa s cr!.tcr[oa fon

thc punlty of a Bapaln Brslta¡ratlon to Þc uacd for klnctlo

atudlf cs. Papaln rao clutat Þy a etcpr!'lc ahatuo ln

buffcr oonocntnatlon et a oonetant pfl (5.O), thd a rlngLc

pcal oh¡omatogram ¡ras obtalnedl ln rhloh total protoln

and carJrnfo aotlvLty rcrt ssporlúPoaablc.

Thts ohaPtcr 0ca1¡ nalnly rlth atternpta to

fraotlonato papaln lnto aot!.vc anä lnaotlvc cpcolce by

oatlon¡orshangc oþronatograplrÍ otr Cü-gqllulose Colunns.

lFhc ucc of a eulphydlryl-cpaolflo oolumn 1¡ al¡o dlesol'tÞedl.

îhc ncxt ocotlon !s aa aocount of thc pnlnalplc¡ of lon-

trghangc ahnomatography ånit ùhc rqva ln rhtoh thc bcst

por¡lblc tccolutlon can bc lchlevcd.

(r)

Chronatog!'ephy of protclna on Lon-c¡ohengs
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natc¡plal¡ s¡ually regulrca the cetaÞll¡hpcnt of clcatro-
EtatlE bonde bctrccn ohargedl ¡ltc¡ on thc adl¡orbcnt phaao

andl oppogltcly ohargcdl elto¡ on tho protola nolcsulc¡.
rn comc oarca non-clcotnogtetlo foroçs nesr rlar¡Er
lnportanoc. Thc oclIulo¡l.o fon-cxohangcra ana parttou-
larly sultablc fon thc ohromatography of protaln¡ elnoc,
by vfntuc of thclr lor ohargc denalty and hydrophflfe
natura, they havc ltttlc tendcnoy to oaurc ücnatura-

ttoal oo.

Dtf,fcatlal erutlon !.a gcnorally aohlcvoô clthcn
by raCluolng the ohargc on the pnotcln aolcoulc by a BE

ohange, or by dlcorcaelng tlrc cffaotlvanc¡ã of criating
Þondts by lneraa¡lng thô sett ooncantnatloalol. pnotctns

of dllffcnant ohangc, ohargc dtenatty oE Ehargc dtat¡r!.bu-

tlon aay dllff cn ln thclr nequir:,cmenùa for clutlon.
rdcelly en clutlon proocdune ahouldt elror aûcorptloa
cgulllÞrlun at ell, ttna¡ to aohtgçe tho na¡lmum potenttal
rcaolvtng poro!. Ilorcvcn, ln vlcv of thc rangc of
af,îfnlttcs q¡ually cnoounteredl ln pnotcln ntxtu¡rcs somc

ürena of progrc¡¡lvcly tncrcaelng thc eluttng porer le
u¡nalLy cnploycd. Funthcrmorc snoh a tsohntquc har.p¡ to
prcvont thç ñtalIlngt of bandte uauarLy obaorvcdl rhen a

alnglc cluant lg uacdl for tÌrc ohnonatagraphy of a substanoc

havlng a Frcundlloh or Langnufr t¡npc of adtaorptlon lgo-
thonmlol. fhc clutlon rcthod no¡t frcc f,ron artlfaotaloo
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ls that of gradtlent ctutlon ln rbrsh thc oonpoeltlon of
tho buffcr !,s lnorcaacd ln ctutlag porcr graduatry and!

¡mootlrlf.

A eultaþly tlcstgncdt gradtont bnlnge thc bounlt

pnoteln¡ gnatlually lnto adronÞtlon equtllbnlum. Tha

faatcr thc lnorcaËc ln elutlng poren the sooner lc tho

attalnncnt of oondltlong that pnevcnt re-adeorBtlon and

nulllfy thc cffeotfvenc¡s of thc ramalntng portlon of ths
oolunn. Thua lf thc gradlcnt t,s madc Eoro gradlual to
pcrnlt thc uac of, e longcr portloa of tha coluun ln nult!,-
atagc artoonptlonr an lnprovoncnt rn rceorutlon oen ba

c¡peatcd. -

(o)

fn cleatrophoncsfe thc beet reeolutton of pOMg-

papaln Tal aoh!.evcdl then uelng aoetatc buffer of pE J,
a aolvent tn rhiah papatn lc cteble and gutte solubls.
xt çag thencforc dteofuleil to attcmpt oh¡rouatogrephy at th!.a
plf uelng a gnadlcnt of lonto strength. $lnoc both papaln

and lta POMS tlonlvattve &po poaf ttvely ohangcd at pH þ,
thc setlon axohangGr olil-ocllulogc wag choacn ar thc
adtoorbont.

3hc lonlo atrcngühe naqulncdt for ad¡orptlon and

clutlon rcrc dlctennlncct by batohil.se altaorptlon crpcnt-
nenta. Thc follorlng ¡olutlonr rc¡rc prrpårcdlr
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(l ) four aoetatc þuffa¡s of pH 5.OO havtng ionlo
atrcngths (aff aodllu¡n aoatate) of O.Ol ¡ O,l r O.Z5

andl O.5r

(a) an cqufllbratcd suspenefoaloo .of GTf-oellulo¡a
(lZ se/nt) fn oaeh of thc abovc buffcne,

andt (¡) a oonosntrated (oa. 1.#) papatn eolutton ln
dllsttlladl raten agalnet whroh r.t wea rrlalyceä fon 2,1

hour¡.

lllxturce of adtcorbcnt suapcnelon (5 É)r the oorreeBondllng

buffe¡r (¡ ¡nf ), and papaln ¡olution (O.p rnt) rcno stlrnodl
at roon tmporaturc for 2-3 nlriutce then cantnlfugcdt to
ecttle the arlcorbcnt. lfhc optlcal dens!.t!.as of thc
¡uparnetant eolutlons rcr6 uroaeuncdl et ZT8 W, thc
app¡ropn!.ate buffer belng uaadt aa the referenoo eolr¡tlon.
optloal dcnalty ncaeuncnant¡ rorc atso nadlc on bla¡lc

colutlong fnom vhloh thc atløo¡rbent cuø¡lcneloa rae oralttedl,

en cqual volumc of buffcr betng adltlcil lnatcadl.

thc blndlng oapaolty of tho OH-oelluloae for
papaln ln caah buffcr vas thcn oal.oulated ln tcrrns of
thc illctrtbutlon eocfflclent (C) wfrf eh !,a ateflnedl Þy thc
rcLatlonloS

A-
that ad¡orbant

oaloulatlon of c ncgutree a knoçledtga of the voldl volumc,

or volqnc of llquld pha¡c heLrt bçtreen the pantlolea, ln
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a glv6n neas of adcorbont. FoF thc prcsent purpoaö,

thc nanufacturcrtc dataloh (r.e. that I gr¿rn of, dlry scrl-
uroao ylckle I rü1 of ¡attlort bed voruura of ¡rhlah tlú !¿
votû volurna) war assumcdt to Þc sufflo!.ontly aoou¡ratc.
Fron thle ft folloça that the 6o mg of addedl adronbent

ooor'tp!.og a volune of o.f8 ml, of whlch o.i9 nl [e volrl
volune. fhus, the total volume of rlqufd phaec ln thc
neaotlon nrlxture f e (,IO.Z - O.hB + o. 1Ð¡ or 9.9 ill.
Henog ...

wt. of papaln la liquld phacc ln
sontaot rlth aû¡orbent parttoloc

( arÞlt¡r-
ary
untts)

o O.l9 I)

rhenc Ð 1¡ thc opttoat dcnc!,ty of tha auperaatant.
AnA ...

Tyt. of papaln ln adlrorbent phaec *,lO.Z Do - 9.9 D

( smo
uatts)

ls thc optloal ûan¡lty of the {O.? ul of bla¡rkrhcro Do

colutfon.

Thcreforc lO.2 Do - Q.9 I)
o.lg ItC-

Tablc fV-l ehowa thc opttoal dlcnelty neeBurementt and

approrlnate dll¡tnlbutloa oocfflotents ln oaoh of thc
buffens.
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varlatlon ln tÞe-flgunce ln th!.s oolumn l¡ natnly ducto thc u¡c of Z ûlficrant papata aoiotfons ondlffcrcnt dty¡.

*:d:1ffi.å'oÍ#;!r,ros
oac) l¡ u¡cdl. thcc 25ft fo 60.f'lowc!¡ Fon
lffcncnoa le not lupottaat.

Dlstnlbutlon ooefflclcnt¡ batçccn 2 anå , r!.
tho mo¡t favourablc fon clutton slu'onatogo"phyloS. Eor-
Gvcrr to aohlcvo hlgh rs¡olutlon tbc pnotctn ¡hourit bc
appltcdl to tha oolqnn ln a boffcr rhloh allor¡ rtrong
btndllng¡ tht¡ !âaorear a rongcr: pontlon of, thc oolunn fo¡r
nultl-rta,gc !G-âdlaorptlon dunlng clqtlonlffi. Thac tn thc
!,nltlal qcrlncnt¡ il,th papalnr thc cnz¡na rat appllail to
thc aolumn ln aoctatc buffcr of pH 5 andl loalo etrcngtb
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O.1 r and elutedl þy a gradual laoreasc 1n lonle atncngth
(as eodtfum eoetate) at thle pH. rS. oheek on the eolub-

tltty of papaLn t.n guch buffere at 2oA (a sllghtIy loucr
tampenature than wae ueeil ln ehro¡natognaphy - soo

Chapten VI) ehowed! tt to be about O.1oÅ tn the A.Zj loalo
rtnength buffer. and about O.O5lt at, lonle strength O.5.

thLe eolublltty wao oongldleredl eatlefactor.y for ohrona-

tognaphy slnoe the mcthodl fon ileteot!.ng papatn ln thc
cluate (1.e. ultnavlolet abeorptlon) le appltcable at

low conoentnatlong. The elutlof¡. oonÉlltlons found in the

abovo nanner erc elrnllar to those Blnoo nepontad by
gluytenmrozO, who elutccl papaln from GM-oellulosc by a
stepvtsc ohenge fron O.{ to O.7 lonlo etncngth tn acetatc

Þuffen of pl 5.

(a)

(1) Gr.edltent Elutton

Fig. IV-l ahore gradllont eÌutlon olr¡lomatogreme

for Þoth pspatn andl F0H9-papalrr. A OM-o€ltr ulocc oolnun

(f e o¡¡ ¡ t o¡n illametcn) ra¡ ugcdl ln both cxperlnentc¡

a 5O ng load! of ansyuc üe! eppllcal r¡ O.ú eo]-atlon in
aoctatc buffcr of ÞIf 5r lonf.c atrength O.lr Ên¿! oluted

by an aDpnoxinatcl.y llnca¡ gFadllcnt to O.h lonla
atrcngth br¡ffsr ovÊr e volune of 2OO ral. Thc gradlcnt

t ¡ lDuctratadl ln the ohromatogFan by meaaunernentc of
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rpüolflo condluotance ;h!.oh wcre nadle on the eluatc

fraottona. fhe pnotcln peske arc ehown by optloal
dlenalty Eeasuronents both at 25h qr, neoondedl by a flor
anaLyrar attaóhcd! to thc ba¡c of the oolumn, andl at

278 Ëp (ttrc abconptlon naxlnun for papaln) meaeuned on thc

fraottons. Detail¡ of the ehromatognaphlo teehnlques

and lnstluncntatlon erö gfvan Ln Chaptcr llÏ.

It ean be sèen fnom Flg. fV-1 that no âpparont.

¡cparatlon of P0MS-papaln was aohtevedl, elnoe lt gave a

ohronatognaphlo pnoflle onl.y alfgntly broadlen than that
of, papaln. lfhe mall ahouldcr oa the tnalllng erlge of
the latten le almoet oentalnly dlue to the levelllng out

o{ the lonto strength gracltent. Wlth PCIÍS-ÞaÞaln,

pnoteln bcglne to æpoar ln thc cluatc ea.rllen (1.e. at

¡¡nelle:r aLutlon volu¡aes) than vlth papatn unrlcn thc san€

oonËl1tlone, whf.oh le ln aooondlenoe wlth the h¡rpotheef e

that the ayerage poalttve oharge on the moleoulea 1s legs.
frwevcl', FOH$-papaln ls clutcd [n a elngle pêalr rhloh
gl.vcr no tndlLeatlon of hetcrogenclty.

llVhcn a nore gradlual gradllent, from O.2 to 0.5

Íonlo atrcngth, uar uecCl fon thc ohronatogrrephy of POHÐ-

Bapatn tho oluts¿l pcak vae sllghtly bnoadlcr but etltl
ghowsd no appanent rosolqtlon lnto oomponente. Howcvcn,

a¡¡ayg of a fæ lldlely aepanatedl fnacttonr revoeled e

¡ltght fraotlonatton of enst¡mfo aotlv!.ty. The cpeolflo
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aottvtty of F0ilS-papaln (nereurcdt ln thc prcecnoc of

O.OO5 t oystctna andl O.OOI M ED|[A) rar hfghcr by about

25fi In an ea¡ly fnaatfon, andt loçer Þy about 2ú Ia a

fraotlon oomtng aftcr tho optloal dlcnslty maxfnunr thaa

that of an unfraotlonetcd aanpla. fn vfcv of thls
lndlLoatlon of ccparet!,on lt ra¡ dco!.dled! to ooutpa¡e thc

oh¡ronatognaphto pnofllct, both for total protcln aadl for
ensyulo aotfvlty, of papaln and Ptt[8-papaln undlcr

oondlltlon¡ of maxlnun nceolviËg porar¡ 1.c. ualng a

slngla cluant r.ethcr thâB a grad!.cnt.

(rr) Uee of a 81ns1c Eluan!

Flga. fV-2 andl 5 ghor tha rceulta of ehronato-

ß"aphy of papaln end PÖ1[S-Dapaln rcepcotlvcly on slnlla¡
0il-6s11o1oce columns (1t-12 oa Long x 1 cm rtlanetcr) ln a

tlnglc cluant, y!.ø. e ¡odllun aoctate-aoctlo acld buffcr
of pll 5.0 andl lonle etrength O.2. thc eolldl ltnee ¡troç

the opttoal dlenelty otr thc cluatc fraotlone, andl tho

olnclee nepreeent enr¡rmlo aotlvltloe oaleulatad e¡ tho

flnet ondcr rate oonEtant (fr) for the Wilrolysla of BAA

undler thc ¡¡eual aondltlone ( aec Ohapter W ). f n the

Lnset grapbs above thç ohronatographlc proflles, ths

6roBBoB repneeent speotflo enzyrnlo aott.vttlcs of ths

f,raotlonr aseaycd endl thc hortzontal þrokcn llne roppes-

cnts the gpeotflo aotlvlty of the unfnaetlonatedl cample.
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In ncttha¡e oarc dloca thc optloaL tlcn¡lty outrvc

lnrlfortc a ¡ro¡olutloa of thc protcln tnto tvo oøpononts.

fhc mall pcsk cluttng alrcadl of thc naln Pcak ln taoh

sÌrronatogru ooçDo¡pondl¡ to a ooilponcnt rhloh ras aot

rctardlod by tho oolunn and rhLoh illffcredl fron paPatn l,n

that ft¡ abeonptfon æcotrun had no na¡lnum at 2/8 n¡¡t

lnatcad rhoulng a rtoaily !.noncaac la axtlnot!.on belsr

tht¡ revclcngth. thc naln optfoal ôen¡lty pcake fo Uotn

ah¡onatogran! arc ¡lnllan, although that for P0ü8-papafn

1¡ flattor andl d.lghtly lca¡ snnactrlcal. å narkcdl

illfforcnoc ls hovave¡r obgcrved tn the actlv!.ty grapha.

lfltth paDaLn thc aa¡lne ln thc aotlvlty antl total Brotctn

turrcr appno¡lnatcly oolnoldlcr but the carly fneotlon¡

hsvc lovcr Ç¡aofflo aottvlty than ths laücn fraotÍ,ono¡

lhc oppocltc trcnil ls ehorn by P0ü8-papalr, the gpcolflo

eotlvlty Þatng hlghcr ln fractlonc oon¡tl.tutlng thc

lcaålng cdlgo of thc pcaB. Furthçrmorc the ns¡lnun ln tha

aotlvlty curys ooourt Þcfore thc naxf¡nun ln ths totel
psotcln ou¡nc. g!.th both sanpXes, tbc gpcclflo eotlvlty
ftgurca obtalncdl at vcry 1oç protc!.n oonoentnat!.on¡

(optf oal dloa¡lty balo; o.1) hava not bcen plottcdt. ![hc!.r'

unocrtalnty 1¡ oonsldla¡radl to bc too langc ortng to thc

htsh rclatlvc crror ln thc rlctamlnatlon of lw
actlvLtlca and 1or protcln oonsçntrat!.ons.
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(c) Dirsu¡glon

( 1) hldtanEc for 4ctaroEcncttv

Tbc ohnonatogran fon unrnodtlflodl Þapaln oa Oü-

scllurosc (rrg. IV-2) xe ln loEC ra4¡cet¡ alnxlar to that

obtatnsdl by Flnklc anil tulth8 uelng a polyncthaorylatc

¡r¡Eln oolu¡m anil phoepbatc Èuffcn of pE 6.1. lFhc¡c

lnvcstlgator¡ alro oÞcarvcü a sltght fraotlonatlon of

aotlvtty, tbc ca¡Iy f¡'aotlong ahortng lloÞlcüeü speotflo

actlvlty enil thc latar fraottone greater ¡¡pcolflo aotlvlty
oonpancdl rlth thc unfirast[onatedl aolutlon. Às nentfoncd

!n EGotton (a), lt rec oons!.dlerodl that thc aotlvtty
fraattonatlon çaa at lcast partty dluc üo thq acpanatlon of

¡utolysedt fragnantg fron lntaet PapaLn uolcoulaa. It t¡
po¡slblc that ¡lnfla¡ bshavtour uay havc ooounncd ln thG

prcccnt atudty, egpcolally rlnoc thc papatn sanplc hadl bccn

¡torc{l for tcyüral tsonths (tn tna forn of a oryetalllzcil

¡u¡pcnelon - aec Chaptcr VI) bcforc use tn tho cxpcnl'-

ncnto dlc¡orlbctl ln the la¡t loettoa.

It la borevcr ltgnlfloant thet tho aotlv!'ty

freotlonatlon oÞEcrycû ufth P0H$-papatn la ln tha oppoolts

dllraotloa. Thc gpcotfto aotivlty rar hlgbcst ln thc

f,raot!.onr constltutlng tho front of thc psak vhcEar by

analogy rlth Flnklc anti 8m!.thre c*Pellmcntr8, autoly¡cd

fragpcnts of papaln nlght ooourr âtrd lolcr at thc proteln

na¡lmun rhCnc thcrc should bc a grcater pncdmlnanCc of
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lntaot pol,eculca. fht¡ rerult !,¡ oonol¡tcnt çlth thc

hy?sthc¡l¡ thet ln PúfS noôlfloeùlon thc po¡ltlvc oha¡gc

on aottvc papaln noleoules Ls medc lc¡s tha¡r th¡t on

!,naotlvc nolcoslcg. lhc forrncr uould thon bc lcùardd

lc¡¡ by tha ffi-ocllulo¡c oolunn.

(rr)

Aeounlng that pnotcln satlonE of h!.ghar

elootrophorctle noblllty ghoulâ be rctardlcdl mg¡rü by the

octlon-c¡ohangc oclluloacr t'hc apparent trenafcronac of

eatlvlty torapllg ca¡Lle¡r fraotlonl ln thc ohnonatography

of F0tS-¡rapaLn oo¡¡paredl to papaln lg analo8ou¡ to thc

nc¡ulte of preparatf.vc clcotnophoreals whLoh ahorcdl ühat

no¡t of thc aetlvity of POHS-papatn raa assoclatcd rlth
thc oomponcnt oonetltutlng thc ¡loran ¿lcotlophonctls

paah. Tbc clutlon volr¡no at çhlch tho optt.oal dlcnalty

naxtmum reÊ rcachcû ça¡ approrlnatcly thc 8a¡[6 ln tho

ohronatography of paÞaln andl FÚlt$-papaln. fhlË gGêEt

analogot¡a to the obscpYatloa that thc clcotrophorctls

Eobtllty of thc naln pcak rae appr:oxlmatcly thc sme for
both papafn anð P0ilS'p¿paln at thts pU (fatlc ffl-1).
ßhc c¡plaaatlon ln Þoth oasct l.¡ bsllcvcd to bc that a

Iargc Dnopontton of, Þoth uodltflcil anil unnodllfledl papala

sonslrts of thc ¡ane oompoacnt, t Eotr-$H fom of ÞaÞeln'

The ahapc of thc ohrornatogrsphlo profllc of
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F0Ì[S-papa!,n (Flg. IV-¡) provldlat s muoh lees convLnolng

dmonstpatlon of hoterogenelty than dloea lts eleotro-

phonctlo pattona (o.g. Flg. TI.I-2). Ît must Þc

apprealated hoçevor that tho eleotrophoratlo patte¡rns

ars dltfforcntlal plota (do/a* y- x) rhloh are al'waya morc

ßcnÈttlye to ohangee ln el¡apc than are plote of conocntra-

tlon g. dltstenoor otr volune tn the oagc Of ohromatography.

Aosordlln1Ly¡ ln Ftge. fV-h(a) and (U) are plottedl ffrst
Itenlvatfva ohromatognams for Bapaln andl PQM9-papalnt

obtalned by gpaphloal dlfferentlatlon of thc optleal

ðonstty ourqrcg ln F'1g4. fV-Z andt 5 r'e¡rpeotlvcly. The

6hengc tn optloal denstty (an¡ Yas oaloulatadl for eaoh

20 nl !.nonemont f.n efflucnt voLute (AV)r ¿rrdt the quantlty
AÐ
L-? ha¡ been plotteil agatnct V, thc nsan Yalut of thc

effluont volune 1n the lntcnval AV. Dlffenenttatlon

waa oaplcd out [n thts tay fo¡' the leadltng edlge of thc

naln peak ln eash oaBo, f.6. fnom the polnt at rhloh

clutlon of the naln peak oonmcnoeg up to the opttoal

dlcnelty naxlmun.

Thc dlcnfvstlvc ouflrcg so obtal.ncd thor ßono

ctnllarlty to thc claotlophorctt'o patternÉ of paPaln aädl

Pottg-papeln at thto pfl (Flg. III-?). A mall laadllng

Dcak 1¡ Bc6n tn þoth clr¡tlon ttcnlvetly6 ourv6. üralogout

to thc trafllag ono notlooð ln olcotrophorc¡lg. In

addtltton, thc naln dtsntvattva pcaE, though not rymctrloa.l
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ln clthcr ca!G, ¡hot¡ Eorc tcndlcnoy to apllt into t*o
pcatsa !,n the caac of Pcilüg-papaln (ntg. rv-h(b)). Thue,

hctorogenolty of POMS-ÞaDaln lc tcntatlvcly lnpllalt by

thc eLutloa dlcr'lvatlvc ou¡wot.

Wln¡or andl goh"ragalo6, and Fln¡on and $tohol107

havc obsenncdr both fon as¡oolatlng and ho[-âBEoolatfng
protcln ayatama, illstlnct aarloglcs bctçccn dtcnfvatlve

ourvc¡ of Scphadlcr gct flltnatlon ohl.æratograna and

ultnaocntrlfugc cehllcrrn patternl. Brlcfly, thc ¡lnlla¡'-
ltlas arls¡ beEaugc both tcohnlquot tcnd to acpalata

protalne of dllffcncnt norcoulan ¡lsc. rt thcrforc rccar
rcalonablc to cxpcot &n analogy bctrcrn !,on-orshrEgG

ob¡omatography antl clcotrophorc¡ta both of rhlch Ercùhods

taail to ¡cparato protcln nolacuLcs of dtffcncnt ohargc

ilcnslty. It ahould bc notod holovcr, that tn thc gcl
ftrtratton çsrts ncntloncd, thc teohnlque of frontal analy-
¡l¡ ra¡ uecd, l.c. thc protctn e41c çe¡ fsdt sontlnuou:ly
on to tha colsnn sntll a oonstant oonoentratlon of
protetn ln thc offluent rac ettalncil. Thfe tcohntguc

l¡ ncoctEary for enlr quentltet!.vc thaor.cttoal fntcrprcta-
tlon of shromatographto bchavtour slnos tt la thc only ray
1a rhloh thc eonocntnatloa of Drotcla fn the rtqu!.d pharc

lnstdle thc colunn ean be oontnol], ca2t1o7 .
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(r)

It oaa bc acsn fron FLgs. IV-2 and 5 that
hlEhçr æeclflo aottvltlee of papaln wcro obtalacd fn
the latcn fraetlons of unmorlffLcdl papatn than ln the ca¡ly
fracttone of FCI[{S-papaln. Íhue, aã a nethodl of scparat-

lng aotlvc papaln fnon lnaotlve molecules a.nd pos¡lbLy

autolyscû fragments, oh¡omatography appaars to Èo norr
suooseeful wtth unmoillfledl ¡rapaln. fn nelther oase

hovcver le the aeparatlon eufflolontLy olear-out to
provldlc muoh hopc of uelng lotr-oxohangû ohronatography to

obta!.n ganplee of aotlve andl tnaotlve papaln.

Tha oonaletlons to bc dlrerrn from the loæ
clehange ohromatography dcaa¡rtbadl ln thta ehepter aro

that oonflrmatory cvldcnco has been obtalned for thc

cxl.stenoc of tro iliffe¡'ent ohangcd spesles la P0Mg-papaln,

but tåat thc ccparatlon of theec apeolea res lces dllstlaot
than 1n clcotrophorcalo. the lattcp occu¡rrenoo may ba

easoolatcil wlth thc natunc of groupa fn the negton of
the pnoteln aurfaea thloh la affcotcrt by PG.llS-nodlffloa-

tlon, I,c. thc aotive alte. 11 thls reglon [e negatLva-

ly ohargcd ln unmorltfÍcd papaln, as nay wcll be the oasc

ln vl"cw of cvlrlcncc oltedl tn Chapter I for tbe exletenoc

of ea lonl¡cd oarboxyl group !.n thc acttve sttc, Lt

proÞabl.y hao lltt1c tondleney to btndl to the oatton

orohangor. In thls cvent thc oluonatognaphto þcbaYlou¡r
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of papaln nlght not bc muoh eltarsd by P6lfls-nodllfloatlonr

Oaa tll¡adlvantagc of both clcotrophonesl¡ andl

fon-c¡ohangc ohnonatography tn thc prcEent oase fe that

¡cparatton ls dlatcmincil Þy a dllffarenoc !.n oharge whloh

tr small ln oomparlaon ;tth the total thatgc on the papaln

nolcaulo. Horc auoocas mfght be aohtwetl by a Bcparâtlon

ncthodl bascd on ohcmloal lltffarcnoo;. fhus thc next

!€otlon dlcaonf.bea attempts to ecparatc the eulphytlnyl and

non-aulphyilnyl fonna of papaib by the uee of an ailsorbent

havtr¡g an afflnf ty fon gulphydlryl corrpounde.

(s)

EldlJann and .rellunlo8 havc nccontly reported

thc preparatlon of onganomcreurl¿-poXyoaochanlder Ê

oolumn material wtth a epeelflc afflnlty fon eulphydlryl

oompoundle, andl have useil tt to ecparate aulphyclnyl fron

non-Bulphydlryl ¡rnotefns. the funotlon of onganonercurtaL-

polyaaoohartttc ls ba¡ed on the neverelblc neactlon betncan

8Il pnotelna andl an organomerourtal gnouptng flunly
anch.oredl to a crogg-llnkctt dcxtnan. the etruetunc of

organonrcrourl¿X-polyBaooharldle Is tlluatratedl ln Flg. IV-5

çhloh ¡lso ehovs thc rncthodl of ayntheala andl modle of

aotlon of thle natsnle1.

The abovc autho¡rs foundl that protclns oontalalng
gH-groups rert, ln oontrast to non-gñ protelne, neadltly
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bsundl to ool.umn¡ of thtg natcnlal. and ooul,rl be elutedt ln
an aottvc, unohangcd etate by mell nroleoular thlole or
othcr eonplexlng agenta hav!,ag afflntty for urcrsnry.

å nunbcn of pnoteln nlxturea rere fnaotlonateû by the uea

of or.ganonoFout:!a.l-polysasoherldle. Of parttaular
lntereat ;Êre the fnactlonatlone of, (t) bumen se?r¡n

albunln orlglnally oontafnlng O.58 nola¡r equlvelente of
8u-gtroups lnto nenoaptalbumln wlth ,l .O 8H-groupB pcF

noÌcouLe andl an elbumtn without tttnstable ÉlIl-grorpB¡

and (Z) a orudla aarnpls of urrase orlglnally oontalnfng

15.6 molar equlvalents of 8H-groupe lnto tro fl.aotlons,
onc çlthout 9fi-groupa andl tha othen contat.nlng aotlve

rnzyßc rtth an BH-tltrc of 25.2 groupo pcn tnolcoulc.

Slnoe ths problcm of sepatattng papafn lnto aulphfdryl..

andl non-¡ulphyrlryl f,orma apBeenE to bear. a oloac analogy

to thc abovc ¡aparatlons, 1t reø dlcolded to attonpt
ohnomatography of papala on opganoËoncunlal-polyaaooharlda.

Emertnental endl RcauLt¡

Organoncnourl al-polycaooharldl e wat tynthcel aedt

fnon,Sephadox @-29 by alkylatlon, thlolatlon, and oomÞlna-

tlon ilth 516 bts-aootatouerouFtmethyl-dloxane ag deeerlbod

by EldtJrlrn andt Jelluralo8. The produot ses oharaotenieüal

by ncana of haanoglobln rhtch, ln aocondanec wtth the

rssults of thc aÞovc authona, Ías ¡hoçn to be cxtnactsd
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fron aolutlon ln 0.O'l M phosphata buffcr of pH 7.6r and

rclcaccdl ln the pnesence of O.O! ü oystelne.

Fon eæertmente wlth paÞeln lt uas Goneldlenedl

neoeccary to flrst actlvate the enzJ¡me 1n orden to frec

thc SH-gl3or¡p8 for blntlng to tho column materlal.

Pa¡raln eolutlonE wo¡lc therofore treatedl wtth çystel'ne

(2O noleo, ooncentratlon .oO5 lÍ tn the aotlvatlon mlxturc)

andl EDTA (h moles) Juet befone usÉ; theee oonpoundle werc

then nemovedl by gel flltratlon on a colu¡nn of Scphader

0-25 (coaree gnadc) cqulllbratedt wlth tho appnoprtatc

buffer.

Prcltmlnary batohrlae c¡Bcrlmcntg on thc btnalfng

of papala to organomerourla.L-¡rolyeaooharldc ahorcô a

pa¡ptlaL blndlng of papaln fnon aolutlon ln O.O1 U

phoephatc buffene betwccn plI 6.0 and 7.6. The boqnal

papatn tas oompletely llboratod by oystctnc or EilfA at

a oonoantratlon of O.O5 Nr ardl substantlally ltbcratcd ln
0.Ol H aoetatc buffer at pH 4.O. the¡e neaultr ¡ccmcð

oonaletcnt rfth the blndllng of a frectlon of thc papafn

nol,ceulos to the adeonbent ln a ¡lmllar Fanncr to othc¡

sulPhJrd'nyl' Protclo"l O8.

Ch¡omatography however provcd gu!.tc qnsucoco¡-

ful. Thc oolEun netalnedl all but a allght traoc of

Þapa!.n Eanples applfsdl ln O.Ol ll phoæhatc b¡¡ffer¡ of
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pH 7.6 or 6.0. Strongen elr¡ante suoh ae aaotate buffer
of pH l¡, EDlÂ,, or oyetclnc eoluttons eaoh nenovecl Bonilc

pnoteln but the total recovory rag etlll leee than 50É

of the lnltlal eanrple. l[o explanatl.on oan be offer.cdl

for thts apparently unrpeelfle blndlng of papaln to
organomerounlal-ï¡olyeaccharlde. ElttJann and .lcl1unlOS

obeerrrcd netentlon of Dotr-$H albumtn on columns of thle
netenlal whleh had been equlllbneted rlth dlstllledt waten

on1¡ but thls appanently unspectffc adleor.ptlon wae not

obeeniredl În o.01 M phoeohate buffêrgr

In vlew of the laok of auceees wlth oh¡romato-

Braphy, attemptE were made to fraotlonate papain by

batehrlee h!.ndlng andl elutlon on onganomercur.tal-

polJrsacoharlde. It çac founil that no illffenenee ln
Epeolf!.o aettvlty oourdl be deteetett between papaf.n whlch

¡rae not bound to the adsorbent at pH 6.O or 7.6 and

papaln çhloh beoanc boundl and vae laten eluted at pH h.O.
Funthen fnvestlgatlon showedl that papatn whleh had not

been subJectecl to any aotlvatlng pnooedlune Ìras þound to
the Bame extent aa ras aetlvatedl papaln. f n aeldltlon,
paBaln lnhlblteil wlth lo¿loacetle aelcl ças also extracted

from solutlon to the eane extent.

It thus appea:pÊ that the blndlng ot papaln to
orgenomercurltl-pOlysacchanldle !.e not through the actlve
Slf-gnoup Þut le probably unepeolflo. Consequently no
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¡eperatlon of thc sulphydryl ancl non-eulphydryl fonna of
papafn oan be erpeotcdl fron thc uae of thle adgorbent¡
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Itho pFlnolÞal oonoluslona arnlvcil at ln Brcrlsu¡
ohaptor¡ oan bc ll¡tcdl as follor¡.

( t ) Oondtltf one for thc ooournGnoG of rcvar¡lbÌo

arcool,atlon of papata fn eoluttons of pEt s bolor lt¡
lsoelcotrlo pofnt havc bcon arocntalnoû.

(Z) Thcrc fE no FGason to beltavc that assoe!.attoa

of pap¡ln rcgulre¡ tha fonnatlon of trntcrmol,coular

dlleulphtdlo or nctal to protcin bondl¡.

(¡) Pepaln, as usual.ly lsol'ated, oompnlaec at

lce¡t t¡o ¡fnllar nolooulan gpcolc¡ ¡hloh apparcntly

dll,ff,er ln the ohcnlcal ¡tate of ona ¡ulphur atom andl ln
cnEynto actlvlty.

Funthor ûctall¡ of tbaec aad sonc othcr oonolu-

alons baçc bean g!,vcn ln tha aBpnoBlrlatc ahaptetrE.

Hovovcr., ctnoc nuch of thta çonk ha¡ bccn eonccrnetl d.th
derlvattvcs of Þapaln ln rhloh thc aotlvc 8H group rar
oonblnodl rLth t.nhlbltlng rragcntr, thc rccult¡ algo

provfdlc ronÇ lnalght lato thc ohonlrtry of ths aotivc oltc.
It tac ncntloncd ln tha lntrodluotony ohaBter that thcrc

ls ¡t111 ronc doubt olrar tb.c poeclÞIo ohcnloal stateg of

thc aottvc 8H lrrogpr andl thc ohæ!.oel scgutnocs of cvcnt¡

rhlah brtng about actlvatlon ¡nð lnaotlvatlon of Papatn.

tho Þunpogr of tht¡ conolsdllne ohaptcn ls to oonsldlcr

rhat lnformetlon aÞout tha¡c pnoÞlctnt oen be ilcdluoodl

fron thc prcssnt ¡tuty.
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(e) IcçhaFf ø, or A*tl.vatton

It ra¡ ¡horn ta the oosrlo of alcotrophorctlo

aaaly¡ar dlceanlbedl ln Ohaptcr fII that thc p¡roportlon of
prpata nolaoulcs reastlng rtth PóUS, að fudtgod f¡rou thc

rlsc of tho ¡1or Dcâtr ra¡ lnorpaa¡cd thçn Brpatn rat
trcatoil rlth Wetalnc snd EDÎA bcfom nodltfteattoa. fhls
sbscrvetloa auprport¡ Þrcqrlou¡ cryldlcaoc ottcâ ln Oh¡ptcr. X

that tha u¡uat aotivators of Þrpatn LlÈolate rcvcnclbly
rblootscdr gH g¡roupr pprrcnt !.n ¡ona of thc casymc

noloculcr. Ehc b]-ookcd 8If gFoupr src eppallcntly !n ¡¡
o¡lôi¡adl ctata ¡lncc thc onrynto eotlvlty of papatn t¡
lnoroasc¿l by rcdluo!.ng proecdlunc¡ ¡nå dlcoroaecdl by

oxlttatlon8tll¡t?9.

Obfcctl.ons haæ bcan polntcd out ln OhcBtar I
to thc Þoedbtltty of eny tsnorn fo¡rn of llt¡ulphldlc Þondllng

tn protclalr l.ü. lntrmolcculæ, Lntcruolcaulan, or of

thc ¡nt¡ca (ProtclE-8-8-R) tmc, oonetltutt ag tttG

rcvareibly ort¿l¡cdl form of papaln. Furthcr cvldcnac

ag¡fn¡t thc a¡!.stcacc of the ftrat tro ty?ar 1¡ Brovldcd

þy rc¡ult¡ of thc prc¡cnt rtudly. Aotlvetlon Þy rcdlEotfon

ø1 an tntnuolcoula.r ltl¡ulph!.ito bond to tuo 8fl grpospl

rcüËE unllkcl.y on tho ba¡la of appro¡lnatc oaloulatlonr

naåc la thaptcr IIX f,on thc lltffctronoc ln ahergc Þctrcca

thc tso uela cleotnophorctlo oonponcnta of P6ÏË-ÞrDaLn.

lfbcsc reaulta, though lndcflnttc, rcro norc conel.etsnt
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il.th thc lnoorponatlon of onc POMB nolceulc than tro lnto
tho eotlvo pepaln nolcoulc¡ tfllth ncgar{l to fatcr-
rnolcsulan dlteulphldlc bondlsgr thc ncault¡ of Chaptcn II
oonf,lru p¡revloua flndttnge that Þapaln cx!.ets prcalonlnantly

aü a Eonomcr at,thc oonooatratlonc anll pHt¡ u¡cd for
ensyulo atudfee, andl shou eleo that undcr oondllttong

rhcne sggrcgatlon doca osour thls ty?e of bondlng 1¡ not

tha cauac.

(r)

Stnec thc aetlvc 9ff group ôf pepaln la rcadlllf
oxld!zøã, tt lt eurpnlrfng that püpaln docs not forn
dll¡u1phl.ilc,-llntclt aggrcgataË ar dlo soma othar protelnr

auoh aa ErÊarcl@ 
"nd 

a soyÞcaa Drot6l;r{lo. rhfc Þcha?-

lour oouldl bc cxplelnetl horever lf, gterlo hlndranoo oF

claotro¡tatto rcpulsfon by thr ¡Ì¡r"oundllng protcln surfaoe

Ìorc to prevcat formatlon of a tllculphldc bond betwcon

tha aotlvc altss on tro nclghÞourt.ng nolcsnlc¡. Stcrlc

blnür¡nac of thc eotlvo sltc of papala hac pravlo¡¡Bly

bccn ruggcetcdt to ooour by Klr¡ohenþaun'|11. Fron ¡tudlt,o¡

of gterlo andl sequcntlal suþstnatc spcclflolty ln Papaln-

oatalyaodl psptldlc ¡ynthcËcË, hc pogtulateil that th¡
aotlvc cttc nay bc al.tuatcdl ln a oavlty or ltwagatlon on

thc cnsyno Lnto rhtoh thc substnatc must ?Lt,.

tsbls oonocpt aocns oapablc of aooounttng for
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othcr obccnvatlons nadc ilur!.ng tbc pnceent ctudly. Speol-

f,toally, lt mlght cældn rhy the lon-crohange ohnomato-

gnaphle bchavlour of papaln lac not Ercatlf altencil Þy

PtlS-Eodtlfteatlon, andl rhy thc aotlve 8H group of papatn

appËarcdt not to bfndl to organoncrcurlal polysaooha¡fdc

(scc Chaptcr IV)'

(o)
Dtet¡lphlde for thg ELocEa.d sII Group

the pnopoaal ncntloncdl tn Cbapter f that thc

eottvc 8E grouB of Papaln rnay undengo oxldlatlon to a

statc euob aü a ¡ulphenlo aolt! or Eulphlnlo acld not

sssuncs greatar elgnlflcâBGc¡ Therc 1c arrldlcnoe that

lono cna1l r¡olcoqles eontaf.ntng stcrloally h!.ndlcrcdl SH

groupË a.rc nore ltkcly to undcngo oxtdatlon to prodluota

othan thaa rtlmcnlo dlruLphldêÉ. Fon e¡anple tho

oompounda

fls c czHs
ç

an!
c00H

oan be o¡ldllsød fn hlgh yleldla to thc aulphlnlo aota112

anil thc dtf-sr¡lphlnlo aotü115 o"rp"otlvely. In addttton,

htgh ylcldts of sulphonte aoldls oen bo obtalnc¡l by Ìtydtnogcn

pcro¡tdlc oxldlatlon of tortlary meroaDtan¡111¡!115. It 1s



'12\.

by ns Ëarns ecrtaLn that ¡tarlo hlntlranoc lE an lnportant'

faotor tn all of the abovc rcaotlonc. Nsvcrthelcse, lf
lt oouldl bc ahorn that onganlo oxyaoltl state¡ of gqlphur

c¡l,gt ln tho fnaotlvatadl forms of papalnr therc çouldl ba

otrong groundl¡ for bclfc\rlng that the aetlve 9II group

1s unfavouraÞly ¡ltuatcdl for !.ntcrnolecula¡r dll¡ulphldle

Þondllng.

Of the above mcntloncdl groupo, vit. aulphcnlo

aoldl (-eon), aulphtalo aotd (-9o.oH)r andl aulphonla aoldt

(-8oz.oE)r thc ftnst Ls pnobaþly thc or¡].y onc rhloh

oouldl conetltotc a gggggg|þ]f o¡ldllzed form of pepaln.

Ltttla 1¡ knoçn of thc pnoPertlos of frcc sulphento aolda

alnso only onc ¡uoh oom¡roundl ts aufftclently etable to bc

l,¡olatadt, vl!. 1-a[tlrraqulnone aulphenlo aoldtr âtrd thl¡
probably o;cs lte ¡tablXlty to a substentlally rea.rnangcd

ty?c of ¡truotuno'l'16. HoÍcrver, othen oompoundla oorrèEp

ponallng to thc suLphcnlo oxldlatlon etate oan bc nedluoed

to dtl.sulphfdtcs Èy ncroapt"orllT uo¿ vouldt thcrefonc

proÈably givc rlge to an ËH group ln thc pnesonoc of a

largc nola.r GrGGtß of thc neroaptan. Accortllng to

Fendtlnanô.gt ¿'8, a eulphfntc aoldt oouldl algo glvc nl,as

to an SH group r¡ndlcn thcsc condlltlona, but Rctdf s Eono-

granh{17, although glvlag sevsnal nothotle fon the

radluoti.on of sutph!.nlc acldla, makoa no refencnce to thls

rcaotlon. For thc prasent, rulpl¡lnfo aold 1111 bc
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oonËtd€rcdl a poÉslble oxldlatlon etatc ln both reverelbly

endl lrnevsretbly tnaottvatød papafn. It 1e gcneral].y

aooeptedl that redluetlon of a sulphon!.a aold group to an

8Il gr"oup naqulrea tho uae of nore porerful nedluolng

agante than menoaptan¡ fa aqueous solutlon118.

F¡rom the reculta of the prceont etudly lt ts
poeslble to epeoulata about the magnltudle of ehargar

oarrled at vartous pHts by groups ln the aotlve eltc of

nodlflctl andl unnodllf,Led papaln. Only tcntatlvc
euggeetlone about the nature of groups oan be nadle on

thla baet¡ elnoe lntcreotlona ;lth nolghbourlng groups

often oauBe the lonl.zatlon oharaoterlgtles of groupe ln
protelna to dllff er f¡rom thosa ln almpler moLeoul ,s99'119.

Ifowcvcr, a¡ there aro no catablf shedl ncthode fon ths

dloteotlon of culpheulo or gulphtnlo aoldle ln pnotelnatS,

somc speoulatlon Le probably wonthwhllc.

(f) Rpvqngtblv Inaetlvated lapalf

The followlng polnta are notad whloh suggcat

that thc acldl dleeoolatlon of the neverelÞJ.y oxldtlzcd flñ

group Ln papaln 1s not grcatly aLtenetl Þy ncdluotlon to

the euLptrytlnyl etate.

(t) Wbca paÞatn, Þcforc cleotnophorco ¡ at plf l¡,

va¡ trcatcdl tith oy¡tclnc andt EDI[Â, thccc aotl.vators thon

bclng rcmovcd by ð1alya!.c, lts clcgtnophoretto nobflLty
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showedl only a vary dtght dlaercagc sonpa.rerl wtth un¡re{luccü

papatrn (ratte rrr-1 ).
(Z) It wac chovn ln Ohaptar fI that the extcnt of

aesoolatlon of Bornc papaln dlenlvatlveg at pH 8 tas ln the

ontler

f {ApBaDelr >
unreiluoadl
ÞrÞaln

oyetelnc
rcduocû papaln ) l¡U-papaln

If, es appea.rø llltcly, a¡¡oolatlon f s enhanocd by thc

prcroncc of an anlonlo g:t'oup ln thc aotlvc slter thc above

acquoaoc lnplles that thc ohargc sarrtedl by a papaln

noleoule at thla pH 1s not subetantlally effeotedl by

aotlvatlon. Houoverr the epatfal pogltlonE of ohangedl

groups nay aleo bc lnpontant ln ¡rhtoh oase a Gonpe¡laon

of papaln wlth a dlerivatlve lnto whf oh a oanboxruethylenc

gtpoup hae been eubetltuted would be unJuetlflcd. llonô-

over lt le attfflouLt to dleoldlc how muoh ehargc dlffcrcnoc

cxleta betwoen tho above spealea¡ cleotrophorcsla of XÂA-

Þüpaln at pH 7 surprf elngly lntlloated very llttlc oharge

itlffensnce from papaln at thtB pH (aee Chaptan fIIt
Part B).

If thr rcvenrlbly orlill¡cil fom of tho aottvc

9fl gnoup clocs havc slnilar lonlsatlon ohanaotcrt¡tl.oe to

the frcc ûH gnoup thon lt ls unllkcly to be a culphltrlo

aold. Sfmp1e gulphlnlo aolde ans atnonger than oonct-
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Donala8 aanboryllo aald¡12o. HcvcnthcLcg¡ thc prc¡tnoc

of a ompoundl auoh aa aa lntcrnal cgtcr of a ¡ulph!.nlo

aeldl nrlght atlXl Þc po¡clbls. 9!.nL1a¡1y thc ¡u1Phcnfo

Itatc, though alnoct t¡Rknorn a¡ tho frcc aclð ln ¡!@Xo

nolaoulcr, nl,ght erlst fn a pnotaln ln thc forn otf an

fntcrnal G6tcr. llhc foruat!.on of tho aulphenyl oxldlap

t!,on statc ln tonc pnotelns ha¡ bacn poctulatcal2l'121¿

to aocount f,or the neEults of oxldlatlon çlth lodllna.

FracnEcl-oonratl21t122 found cvldlcnoa for thts ¡tate ln
natlvc, but aot !.n dcnaturodl, tobaooo mo¡alo vlru¡ protclh

aftcr loülne ortdlrtfon of tha 9H groupt. Thlt oould

egaln bc a oaeø of cterfo hlndranoG pteúrenttng tha forme-

tf on of, Al¡ulphldlc bondl¡. It rould be !.ntenortfng to

flnd rhcthan Élcnatuncü Dapaia rsuldl fora dlLsulph!.dta-

l!,nhô{l aggrsgatc¡ on orldtatlon rlth, fon lnatanocr todl!,nc

or hytrogcn pcroxlüc.

(ff ) IlncvaT¡¡l.bLv Inactlvat?dl Papaln

llhe olcotnophoratls nc¡ulte of thc p¡ra¡cnt atuily

oonflrn prÇvtous flndllnga olteû ln ChaBtcr I that rnoct

ÞaÞaln prclraretloa¡ contafn a ¡ubatantlal pnoportton of

nolesuleE rhloh dlo not rcaot çlth aulphÉryl rcagcnte auoh

a¡ PCüS wcn aftcr aqtlvat!.on. llhc negults also lnelleate

that the ohargee oa¡¡rlcil Þy ell smþaltflet fonng of papaln

aro ycry glmllar. For eranplor clcetnophoncsls of
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oystelnc aotlyetedt Bapatn at pH h ahovedl no apparent

scpanatlon of aotlve and lnaot!.ve forme (Flg. IfI-'t(e)).
gcparatlon beoame appar6nt howcrver lhon tha aotlve fora

naa oomblntdl vtth thc reagent PCilg rhloh oarrfcs an

to¡rtgedl eulphonlo acldl grlouXl. lfhcec obscrvatlonl ¡uggcst

that, ltke thc r6crc!.bly lnaottvatcdl formr lrlrlcvcrslÞly

fnaotlvateil Bapaln doos nst oontaln e ttrongly aoldllo

denlvatlya (auoh a3 e sulphlnfc or gulphonlo aold) of thc

¡ulph¡¡r atout ln the aotlvc efto.

lFo ¡utu¡la¡l¡c thle dlgouest'oa lt can bo eald thet

thc prcgent etudly provldc¡ funthc¡r ældcaoc that astlya-

tLon of papain lLbcratea, tn G6¡îc rnolceulec, frcc glf

groups fron bondlng qrhlol¡ ls not of tho Lntramolcoula! o!¡

Lntcrrnoleoulan itf. culphl.dlc t¡fpo. Ilotevcr thc aoüual

neturc of both thc rcvçnc!.b1y andl lrr.cycrslbX.y lnaotlvatodl

gtatc¡ r.crnalna obsourc. ff thc dllffcrcnt nol.caular forml

sf pa.Þaln oouldl bc aepanatað |t nlght bc pogtlÞ!4 to dlcoldc

fron oornÞa¡atfvC rtudllce rhat dltff,cncnett c¡lgt. DctGr-

nlnatlon of tttretlon sur:rrot and spsetr&l charaotcrlstlo¡

ntght þc uscful [n th1! raÊpoot. tlnfontunetely howcrcrt

thc fnaotlonatlon of Papeln !.nto il!.ffapont eBeoles ha¡

bcon foundl to Þc an aücraldl pnoblær
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( a) Pap¡Ln

(l) oo@cnof al 84x,ca

In ùht tnftlal etagcs of thta lnvcatlgatlon,

trloo rccryat¿Ll|.¡ct Ecpa{n rag oÞtalnetl fnon 8t"gna ChcmL-

aal 0o.55 Lot nr¡nbcr Pl{lB-6O laa r¡lott for lnvcattgatlag

the affeot of oyatetao on thc aadllncntatLon of Papaln at

pE l{r andl lot number W2v59 tat uatll f,or soËc of thc

crpc¡rlnrents on thc acdlncntetlon of papala at pH f.
Papatn for. all oth;r c¡Benlmcnts ;as pnapa¡cdl aa reported

ln part (rf ) of thf,s gcotlon.

Thc ebovc ooümcrolal eanplca rGrG foundl to havc

;peotfLo aotlvltles of, l.O ¡nd O.9 rcspcottvcly (cxprclgcû

ac tha pnotcolytlo oocfftolcnt (nt), dlctarmlncdl tn thc

nanacr rlcsorlbsû latcr ln thls gcotlon). Elcotrophorc¡ls

¡borod batoh nunbcr P5?.P-.59 to oontatd 2-# of lmpunf ttcr
tttb noÞtllty at Bñ l¡ ltlffæent firon that of thc ualn

oompoacnt.

(rf) Pqcpa¡atloa

Folloving tbe dlleoovcry of lnpunltlog ln a

oomcrolal pepeln pncDaratlon, all furtlrcn samBlas rcrc
prcparcit from ôrlcdt paBaya late¡ ( a gffü fnorn Wallcr¡tcta

Laboretorlca, Hcr YorL) Uy thc ncthod of ßl.mrcl anil

gil!,th4l . îhc sanplcs ?crc rcorystalllzcû ttr¡'cc ttnca

fron {ltluts ¡odlum shlorldle oolutton ag dcsorlbcü by ths
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aÞoçc author¡. À! r proerutlon agaf n¡t oontmfn¡tlon þy

hceyy aotal' f,onen tbc ¡aeoaü of thc¡o rr€py¡talllsctlon¡
ra¡ fnon a ¡slr¡tlon oont¡lntag O.OOI H E[IIå, (dl-aodllun

¡alt). Pepa!.n re. ¡to¡rsd at oúfo0 a¡ r orygtalllzd
suspgnrl,oa ln O.O5 I rodllun aoetatc eolutlon thc pH of
rhtoh haå bcrn adJuatcd! to h.5 Þy elldlltlon of hy{rootrlorlo

loid.

Fneghly prcparGd papafn acnplcc bad ol valuo¡

oû 1 .1 la 1.i. å.ot!,vf ty va¡ lo¡t elovly dlurlng rtoragc

undlct' the abovc conillttona¡ ganplaa rhloh hall bcon storodl

for' ¡cvcral nonth¡ hed o., valuce of O.5 to O.6. Elactro-
pborct!.o an"alyses of eøvcral batohcs of Bapa!.n prcpancd

f,ron lttox revcalcdl no traoe of thc lapurltf ee dletcatedl lu
tha oomcno!.al aan¡rlc.

(lrr) Ag¡¡v

Slnoc tho cpcolflo aotlvlty of pepaln ssplc¡
La varlablc enil rclatd to thc tuX.phydllyl oontcnt, lt l¡
olcarly naoossiri¡y to dlctar.mlnc tho rpaotfl,s aotlvlty otr

any samplc aB a mcaasrc of thc pr.opontlon of aotlvc rnrtruc

Drc¡cnt. lfhus, fræ tbe rc¡ult¡ o¡f Flnllc andl futth8,
thc cn v¡lr¡cc of 1.1 to 1.5 lnûloate that about 50-60É of,

thc prpatn nolcaalc¡ ln caoh ÞlaÞaratloa ræG ab1c to Þc

aatlvatcil to thc ¡ulpbyilryl fo:rn.

Papala ;er artayail by uaacurlng tho nats orf
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hydnolyal.r of o-bcnroyl-I¿-¡¡g1¡¡1nc amlrlc (Am) qndcn thc

eondlltlona ôesorlbcdl by Klmcl andl mttfrtt. ÍFhc llbcn-
atcd annontsm lon rae cattnatcdl by tltratlon rlth alhal!.

ta 90É cthanol eoLr¡ttoä ea itccorlbüd by Davta and gntth125.

lha protaolytio oocf,flelcnt (or) fc dteftacd ae tha flnst
ondcr natc oon¡tant for thc hy'rlro1yct.e, expncaecd ln
äeotnrl logarltMr, dllv!.ild by tbo enz¡mü oonocntratlon

ln ullltgrans of protcln nttnogen por nlllllf,trc of !cro-
t!.on mlrturc.

5 üI vsluaetrlo fX.¡¡k¡ rcr.c s¡adl aa thc rscaotloa

vcs¡cl.c ln¡tcaã of thc 2.5 ¡cl slse naoommendladl by Davt¡

and Ênlth. Àlthough thte rcgulrca thc u¡e of dloublc

quanttttsc of all roagcatr, lt has thc adlvantaga that trloa
a6 na¡\y 0.2 m¡. canplae oan bc taEcn foæ enaly¡la rlunlag tÞc

raeotlon. Thla pcrmlts thc oonatructlon of norc ppcêlsc

ratc curros. ïIaually about 15-2o ¡alnplo¡ Tcrc tttratod
ôurlng thc coursc of thc hydtroXytlo, and dluplloatc acsayt

Þy thl¡ ncthodl alrsy; gavc thc tdnr rpeotflo aatfvlty to
rtthLn aS.

In dlctcrn!.nlng thc aotlvlttc¡ of obromatographfo

f,raotlonr, rosordlcd ln ¡eotlon (a)r(ff) of Ohapter fV, rotsc

sacnffloc ln pnootslon ree ncoclsery ln ordlcr to arãay

asch a largc nunbor of ¡anplca. Ecrc 1 al FÊaotloa

mlrturce ;c¡e madc up andl onXy lr eanpltg 1610 talccn for
tltretlon ovür thc rcaotlon Dcnl,odl of , hourr.
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(u) gthc¡r ilatcllal¡

orBcnsoyl-I¡-arglnlâc anl,llc ras an FAi gradc

Oalbloohcm pnodluEt ¡tatael by thc nanufaoturcr to bc frcc
of armonlun ¡aX.t¡. Lot aunbcns 66028,1 anal 5023, r€Fc

ucÉd llurln8 thc oourrc of thl¡ rork. p-Ohlorononcurl-

Ècn¡aac sulpbonte aoldl çr¡ oÞtalncrl ta thc ltthlrm aalt
fron ú. I,tght andl Co. Isdoasctlo aotdl, lodloaoetamldlc,

anû cystclne hydlnoohlorldlc rrcre B.D.E. labonatory

neagonts. Oarborymethyl eollulos€ ras a pr.odluot of
Blo-Radl Labonatorlce anil wa¡ eupplfedl by Calblochø,

auppltcrta lot numbe¡r {O5hlO. All buffcr ealt¡ rcrc of
analytlcal rcagent gradc andl øolutlona rcrê medlc up !.n

glaerdll atf llcd ;ator.

(o) oH H¡aegr€mcnt¡

pE ncaruncnents Ícre na{lc at 25oC uaing a

Balll.omctcr ptr natcr, typc P1fl4. Olas¡ slcotrodlcs ro¡.c

etanilariltcedl by uoan¡ of O.O5 t potars!,un hydnogon

phthelatc solutlon, the pII of rhlsh ça¡ takcn ts Þc

4.0051 26.

For ronc sf thc praDrrattvc vonk a dllnoot rraü-
Lng Phllfp¡ pH netcr, t¡rpa PR$þOO, ras ugcdl andl mca.urÊ-

ncnte rcrc aadc at noæ tampanaturro

(a)

Pa,pala golutfoas rcrc proparcd! by addltag thr
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loqulrcdl enoulrt of oryltd.lf,¡cd cnl5r6o rur¡pcar!,on, thc

conocatratlon ,of rhloh rar Lnæn apprortnatclyn to r
buffcr eolutlonr Ênd ülalyctag ovürnlght at hoO agatnrt

a larga axsc¡s of thc æpnoprlatc buffcr. 18/52 Vlnkln8

tuÞ!.ng re! usËd fon qll dlalyocet thir'tuÞlng ha¡ bcca

ehsrn to be lwo¡ncablc to tnsulln moleoulca of nol.acular

çclght 600o127.

Wlran uelng buffsr¡ tn rhloh Þæatn rEr dlff!.-
sultly aoluble, thc cnsyac rr¡ ffn¡t dllaaolvcil by dllalyalr

agatn¡t çatcp ,rt boG. Thc rosultfag aolutlon ras th¡n

dllaly¡od agalnet Þuffcr for at lca¡t !6 tæurr rlth a

ohanga of dltffu¡atc aftcr lE hoqr¡. AnJr prcotplüate ra¡
thcn rcmovcð by ocntrlf,oglng at about 25OO r g fon 1O

nlnutes at 5-lOoC.

(e)

![ro ncthodl¡ rcrr routlncly cnployodl for thc

dlctcrmfnatl.on of papaln oonocntratlona, caoh bclng u¡aful

la ¡ oartala oonooatratlon Fengc. Rcfraotonctny ra¡
u¡cful fon p¡rotctn oonocnt¡ratlon¡ abova O.l S/1OO u.l and

up to Z g/tOO tt, andl spcotnophotmotry for Drotcln GoD-

oontr.attons bclov o.O5 S/f Oo nf and dotn to o.ooï s/
IOO El.

Rcfrpqtmc!Fr

t dlffcrantlal nofraotmctcrp of, thc tyfpc
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dlescntbcd by cc€ll andl ogatont28 ras usêd. Thc tnstnuucnt

ra6 oe.1!,unetedt29 uslrrg gtabdarlldl eolutlone fon whloh

aseurata rofraotlvc lndlex dlata 1a c\rallablø, Í1,2. aodltun

oh]'onldletF rna 
"ooon""13{ 

.

Eocstroohotonctnv

Opttoal dcn¡ltlog trGrc mcaaunEð ln 1 a¡n ellloa
ocllr rtth cfther a Unfoan 8P5O0 or a Beoknan nodlel DU

apcotnophotmeter, the latter havlng a photomulttpll,cr

attaohncnt. Thc ¡¡ltraylolct abaorptlon apeotnum of, papatn

;ar fo¡¡nd to havc a¡r a¡tlnstlon Ëerlmqn at 278 npr tba

seßo tevalcngtlr aa that rsportcd by Glazer and fuf.thl'z.
åooondllngly mca¡urcneats for oonoentr.atlon dlcternnlnatlon

wGtlo madlc at thte vavclength.

Both of thc abore nethodls rcgulrcll atandlandllra-

tlon tn ordlcr to obtaln papaln ooneentratlone fn abaolutc

un!.ts. llleno-eoalc trJcld¡h1 nttrogon analyals wag uacdl

for thtg pulrpoao, tha taohntquc bolng a ellght nodt.fl,catloa

of üoKen¡lc anü s/allaocte ¡lnoocdorr"{J5. fhe ücohn!.quc

ra3 Dreetl¡cô rlth ¡t¡niler.d a¡nlno aold and pnoteln

¡olutlonc unt!.l thc rcrult¡ wê¡p6 nepnodluolble anú acsurate

to Éth!.ø 4 of thc thaonetloal flguresr

For atandlarûf zatlon of thc routlne methodr, an

approrlrnatcly 1.& papala solutlon ln aoctate buffer of
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PE h, lonLo rtrcngth O.,l rar eaalycall ln trfplloetc for
nltnogcn, rlth appnopntetc {llff,uaato Þlanh¡. lfho

rcfraotlvc tndcx tnsrsncnt of thc rrüc tolutlon ra¡
Écarurcdl ln thc rcfractonctcr, andl optlcal dlcnrtty
nraaurcmcnta rerG nadc on othor golutfon¡ ûllutedl yolu-

nctr!.oally fron tbc onlglnal onø. U¡Lng trlmcl andl

fulthr"15 ftgonc of 16.1?t for tha nltrogcn oontcnt of
pa ¡ln, thc rcfraoti.vo lnorcncnt of ; 116 Þa,paln solutton

rae cstlnatcü to bc 0.OOl90. (gnrth & gLT s¡cat a valuc

of O.OOtEl¡ fon tlrc oorncnrpoarl!.ng quantlty, but a¡ !.a tho

prc¡cnt oaeo thls ra¡ Ëaeedl on nl.trogcn rnaly¡e¡ y!,tb an

r¡tlmatcd æror øt 4). the ¡pcetflo axttnot!.on æcff,-

loicnt, o173" (rÉ corutlon)' rar found to Þc 23.4.

Pncrrloue rcporfcil dlctc¡qnlnat!.ona bavc glven f!.gunac of
25.O at 278 w152. end atr at 28O nulSl+.

(r)

Tho rcageat PHHB, rhloh g!.vcr rlsc to tha

D-Ðcrourlbcn¡oatc !.on l.n solut'fon, 1¡ cm¡eonly uccil for
the c¡tlnatlon of ÊH groups ln pnote!.nsby utll!,eLag

ncthotts dlcso¡lbeit Þy noyen6T or 9a1a -el ¡11t5. thecc

ncthodr dcpcnd oa thc fnorcarc tn aÞaorËanoc of, thc

orgenoncronrlal at 250-255 ry on bl.nittng to an 8tr gnoup.

8lnee protclns and tbc fncc orrganoncrsurtal aL¡o absonb

elgntftoantly at thccc ravclcngth¡ the ÞrcDrlrtton of,
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approprletc bleak¡ l,¡ csacatlal.

Ehc uoc sf aa analogoue ncthoil to c¡t!.natc thc
protcln-bound PCIIS ln a ¡olutloa of PdS-noAtftcil papaln

borwcr lntrodluocs tbc follorlag oonplloatlon¡.

(1) fhc lnorcaac tn c¡tinotlon at Z5O nrr Þy PCtHg

on forntng a nsroaptldtc Lt onl'y aÞout one thlrtt that of
plilA67. À gneater !.narcem ts obtelncdl llth PC[Áfl at

24O Ep, Þut at thf¡ ravclcngtb aDrorptLen by papaln ls
ploport!.onately hf ghcn. Bcnc¡oh anû Eoncscbl É bro,
oonmontc{t that PilB lt tba only ucrau¡rlal wTr!.oh gtvcr rlac
to en adcquate ab¡orÞaaoc lnorcalc ln a utef,el ;pcctral
nogloa (25A-255 W l¡ a roglon of nlntnun ætlnot!.on for
Erny protctne),

(z) În tho prc¡cnt studty lt çar Büoetrarr to
o¡tl¡eata bound PCU9 ln ¡ pnotctn aolutlon eftcr dllalyal¡
or cyen aftcn a f,reotlonatlon prooodlurc. Thl¡ 1¡ noro

dltfffsult then ths rpcotrophotonctrlo tltratlon of gE

AFoEpa þeoauec approprl,ate Þlank sol.utlon¡ oannot roadlly
Þc p¡reparcdl.

(¡) It rag ltcetnodl to eattaatc thc tf,ggülgg of r
nolc of, boand PCIIS Den molc of p*paln. Claarly thle
rcqulree gncaten aoouraoy than dloas thc catLnatlon to tho

naerc¡t lntagcr of SH gïoupr ln protctar rtth scvcral

3U€h g8ouplo
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lhc follæIng nethot 'rar erployeil to avoldt thc
usc of blanlr solutlons. Thc optloal dtcnslty of the

noiltflcd papaln solutlon ças Eoa¡urcd at ZTB ap and at

zkG rg ilth dtffusatc ae the rcferenoc solutlon. lfhan,

acgleotlng thc abeorptlon by bound PGtfB at zT8 lqs67, the

thcorctloal optloal dlenctty of papaln et Z4O raU tf, ao

þlnding had ooeunred var read from a Brcvfou¡ly dctcrmlnctt

oaltbratlon graph of D246 I. DZTA fon snmodlflsdl papatn

(ftg. W-l ). Thc abeorbanoc ohange of papaln at &O ry
rag thu¡ asacntalned. The moLan ooaocntn¡tlon of bor¡nd

POU8 rae aalculetcdt fron thts by uslng the Íncrc¡ncnt ln
molar extlnotfon oocff!.otont for oystelns (6.Ê x iO-5 at

24O mF) actenmlne¡l by spcatnophotmctnlo titnatlon of a

ctandla¡d eyeteLne eolutlon rlth P6ïû9. llha nola¡r

oonocntnatlon otr Bapatn üaa oonputedl from !.ta optloal.

dlcnrlty at 278 r,¡t þy uslng thc prevlouaty detepnlnct

spcolf!.o cxtf,notlon oocff,tolcnt andl a nolooula:c rotght of
21'OOO.

9lnee the tneroÊso ln optfoal danelty due to
thc bindl,ng of a frast!.on of a Eólcr cqulvelent of PúUS-

la ¡nnall relatlve to thc optloal dcnalty of paBatn at

2ll0 q¡, lt le very dllfftoult to obtaln aoouratc rceult¡.
Asaunlng an unoürtalnty of O.OO5 tn a¡r optleal dtsnrttt

lmatcdl ctrror ofnaasuronent of tha o¡'dsr of O cat
Pousl

the nethodt l¡ aboEt ! O.1 ln
nJ

¡ratlo of O.5.
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Thla lt ccrtalnXy an undcncatlmate as eûvcral othcr
aouroca of crnon havc bccn aaglcotaâ.

(t) It has been ageuncdl that no ohangc ocoure ln
thc Eclatlon¡hlp botrcen OrTg *d DaqO for Þapatn other

than that dlue to ncaotlon úth P0ü9. Eowevcr, Flg. IfI-l
abova that ¡llght ohangee ooouryed whon a papaln ¡olutlon
ras etoncdl for. tro roekg at 4oC 1n tha absenoc of Pt'tþig. A

stnlLar gr.aph of Dr5g L. D*TA ehowedl ncob nÍrrc pnonounood

ohanges vlth tlne. fhfe ls probabLy not eurprtsfng slnoo

Mycrre andl AberncthyllT ¡*" obeenveü ¡nankedt ohangco tn thc

natlo orf optloal denalty at 25O np to that at 28O n¡r fon

PapaLn as e nøeult of 1-¡¡y lnnadllatlon. f t wae øuggeetedl

that thaec changea ÍGre dluc nataly to dleat¡ruotton of tnyBto-
phan, a naaatlon beltørrcd to bc an o¡tdlatlonl58. Slmtlar

ohangea nlght thereforc oeour eloçIy ln pepatn solutlone
by ray of atmoephert,o oxldatlon. The observcdl s¡raotral

ohanges, togethen çlth the maller ertlnotton of bound

PCM8 at 25O np Þreoludcil ucc of optloal rtonrlty EêRËuFo-

Bcnts at tht¡ tevcl.ength for c¡tlnatlon of Þound PúlBo

(Z) tt thetc rerc any form of btndtr.ng of PCMS to
papaln othcr than neroapttdte formatlon, blgh re¡ul.tc woulô

be obtalned. Thc usual methodt 
"67r1J5 

r""*o" only thc

anount of nrenoapttdo elnoc thc total oonoentratlon of
merounlal 1g nadle the s&ne fn both the unËnosn and the

bl,ank coLuttona. lEhe lnorsago !,n absonÞancc oan then bc
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ettnlbutcd to organomcrEu¡rtal vhloh ls bound ln thc

Dnotcln solutlon but froo ln thc þlaal solutlon.

(:) gtnoc papaln colutlont rütrü aotlvatat rtth
oyatcl.nc beforc F0I[.S-modlflaatlon (Otraptcn IfI ), thc
¡oluttonc bofonc dlfaly¡la oontalnaä appnoolaÞle ahounts

of a cyaüclaa-P0K$ cornplcx. ff thlr oonplct çcra not

oonpletEly remoycd by dllalyaic, lt woul{t adtd to tha

optloal ôcnelty of thc'boundl Pú1[6 glvlng hlsh nc¡Elt¡.

( e ) Ecd t ment afi. on

(l) Erpcetmental

A Splnoo Modlcl E ult¡aacntrtfuge cqulppcll rttb
a phacc pletc a¡ tho ¡ohl'lGrcn dlapbn¡¡¡n ça¡ uscdl fon all
tcdllncntatloa vcloolty crpcrlnentÊ. Iltrcn the pnotatn

oonoont¡.atlon rac abovc 0.F g/too nt, solut!.ons çarec

plaoeil ln a 12 nn 1lght path oclL andl ccntnlfugedl at

59780 r¡prae tn an ñ¡n-DÚ roto¡p. llo lnpnove the dleflnl-
tlon of optloal pattcnne at lorer pnotctn oonocntnatlon¡

a 50 nm llght path oall ln an rrfu-gm notor wag uscdl.

fhc latter cxÐcnlncnt! rGrc noatly ooncluotcd at a notor

¡poedl of llh77O r.p.n. çhf ah le ¡llghtly þcLor thc retcdl

nerlmun for thc rotor, beeause ¡apphlr.c çlnilorc bad to bc

u¡edl to bnlng thc wctght of thc ocIl up to that of thc
oountarbalancc. 9ltght dlffcncnoo¡ !.n thc nca¡urcd

scdlnontatloa aocffloients rGDa foundt bcttocn thc tro
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ttr?c¡ of runl, aadt lonG pocelblc rcesont a¡r¡ dlf acugEc{l

Ln thc appcndll¡.

Doub1c ¡eotor ocllø worc usedl to glvc a baEt-

ltnc ln the sohltcrcn pettcnn ln oaee dlctalledl Ecasurc-

ments of tho boundlary lhaPc rorc rcqulncdl. Thc roton

tcnperature weÊ oontrolledt by mcan3 of thc nanufaotu¡'onf s

ÈRotOr Tompcsaturc Indtloeto¡ and Contnol Unltn at oloac

to 2oo0 o¡scpt fon the tro c:rpenlmentÊ ilona at 5oo

(Ohapter fI, ¡ootlon (a), (t)). lsupcrature ta6 r6eorilctl

sevcral tlnos dlunlng caoh ¡luni va¡:latlont uçrÖ nürer

grcatcr than ! o.1oc.

Photognaptry sas commenoedl aË loon ae thc

sohLlencn peak wet oompletely vlslÞls¡ andl ten or twclvc

photographs wc¡lc takcn et I m!.nute !,atewals. KollaE

tyle ff-O pl.ates r€tre uaedl, the optloaL ¡yetem belng

fltteil çlth a Kortats Wnattan ftlter no . 77A, (grecn).

All opttoal pattt BÊ ;cra Ìûoagulrcdt on e toolnakcrr t

nlo¡rosoop e139 oqulppclt rlth a prof cotlon vlcrer and a

rtagc havtag 2-d!.ncn¡lonal novcmcnt. Fhotognaph¡ wcra

allgnod along tha ncnl¡ûus lnagc rhloh ¡ral assune¡l to bc

par"pendttcular to thc dtircotton of ¡cdllmantatlon. Thc

radllal po¡ttton of thc ncnlaogl rar dlctcrnl.ncd fon tha

flrst andl laat photognaphg of a run to 6nsu¡c that no

lcakagc hadl ocounreð fronr the ocll.
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(tt) oaloulatlong

Sedtncntatlon aocfflcl.cnt¡ ttrc cvaluatcil from

tho elope of thc llna nclatlng the logarlthm of ths

boundlary poeltlon to t!.n¡e. Ehlg prooedurc la baseel sn

tho cquattonl4o

9- rn-(t )

rhcrc S lg thc saillmentatlon ooefflof cnt, G) le the angular

velootty of the noton ln padltans/seo, r ls the dllstance of

the nraxfnum ordtLnatc of the bountlany (gea Chapter II)
fron the axfs of rotat!,on, anc! t le thc ttrne ln eeoonde.

thc ¡edlnentatlon aoefflalent obtalaedl fnom cquatlon

fn-(t) has thc unlt¡ ssoondla Þut le usoally oorvertcdl to

Svcdbcrg unlto (s), rhare { I - 1o-1' BoG¡

tho elope of cach log i g. t llne vas oalcutated

from a Loast equarcs regreeslor,51 of 1og i on t. In

ondlcn to dllatingulsh Þetçcen randlom fluotuatlona andl

cyetcnatlo trcndla tt raÊ Btccsrary to havc aomo cstlmatc

of thc error la the dctemlnattoa.of, cedlnontatlon ooeff-

lclentc¡ fherefona thc gtandlardl ernor of oaoh slope

wae oeloulated by thc noutlnc statlstloal mathodl, andl

multtÞltcdl by thc appnopnlatc rts faotor to gLve t.tn;c 95ß

ftdualal 1tntt51. thlc lattcr quantl.ty rcprcecnt¡ tho

1 ffnft¡ tlthtn çhteh 95î6 of an lnftnltc nunbo¡r of dlotcr-

J
o)"-

cllni
-F-
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nlaatlon¡ of (a fsg 7/A¡) souta bc cxBcstatl to 11c.

llhlc GDDoF ra¡ thcn u¡c{l to oonpute thc clrorr lo 8AOr"

rhorn on thc graphr ln Ohaptcr f I. îhe nclatlvo crrronr

ln r¡ (oaloulatcil by tlnlng rlth ¡ atop ratoh thc pcrloil

for 5OO on Eroro revolutlons of thc oilonctcr)r alrd in thc

oonrsotlon faoto¡r¡ u¡ad tn cquatlon If-({) a¡o rmall !,n

oonpa¡'lson rlth that fn (d log ìrlat) detcrntnedl by

ompa:rator noaauncncnt s.

(¡) Vleoosltlc¡ anit Dcnsttle¡

Vlrooaltlcs andl dlcn¡ltlco of buffcr. ¡olutl.ons

rcrc rcqulred for tbc oorrcotton of ¡cdllncntatlon

oocfflolcats to ctandard oondlltlons by ncang of cguatlon

1¡-(1). Thc vLgoo¡lty oonncotlon faotor oan bc spllt
r,nro tr; oarta (1.c. fr.r-* . H,, )" and s!,nea thc

f,aotor r-r va.rler llttlc vlth tanpcraturc for aquconr

¡elt solutloa¡ bctçccn 2ooc and hooc{l#t, lt ra¡ son¡ldtcr-

crl ¡uff!.olcnü to tsno¡ thl¡ faotor et onc tanparaturc oÉy.
tr'or thc aoctatc rndl pbospheta Þuffcrr u¡cdl, (+ - 1) andt

(f -lrr) ÍcFc caloulatcd by eumatlon of f!,guroa f,on thc

lnallvldt¡¡aL oonrponcnt¡ ae dlc¡orlbcd by gvcdlbarg an¡l

Pcdcn¡calhl. thc ¡lcqul.rcdl vl¡ooe!.ty and dcn¡f ty dlata

fon çetc¡r at venlous tcnpcnatunc¡ rorÊ algo obta!,ncd fræ¡
gvcdÞcrg andt Padlonsonr ¡ boots5o. fiovcvon, f or, rxpGrl-
mcnt¡ at 5oC vbcrc a la¡gcn tcnpcraturc oorrectlon çao
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frcqulrâ¿t, e Eorlc qp to detr louroc rar urca142

S!,nee thâ noocrsa¡ry data for trf e Þuff cn¡ and

solutlona of oy¡tclnc qouldl not bc founû tn tha lltcra-
ture, tho {lcn¡ltlca and rclatlve vlaaoeltlca f,or thcsc

¡olutl.ons rorc dlctcnmlncfl oxpcnlmcntelly by usc of
pyononaterg anal en ogtveld vl¡oomctcr rcapcotlvely.
f,hcac expcrlnent¡ ÍÊf6 oarnrad out et zjoa. Ths vlÊeo-
ncter ra¡ of thc t¡rpo Bi¡ {88 for rhfoh tho kinetle Gaorgy

oorrcotlog oouldl bc ncglcoted fo¡r thc purposo¡ of, thl¡
lwcetlgatlon.

lbe trlg buffc¡!. solut!.on (pH B.@, lonlo
rtrcngth o.o2) hart the oonpoettron ehorn tn Taþlc rr-i.
Oyrtelna goluttons rclle Dncparcd by nl.¡lag cqulvalcnt
amounts of oyatclnc hydtroohlorLdlc and ¡adtlum h¡rdroxldlo,

anâ thus aontalnedl equar molar conocntratlona of oyctclno
and sodltun ohlonldle. slnoc oystclne ràË adklctt tn thle
fo¡rn rhoncvcn uacdl ln tha pregcnt atudty, sor.rccttona for
godllum ohlonldlc have not bcen subtraotctt. Tha crparl,-
ncntellv obtalnedt iten¡lty in ¡remcntg (Ap) and rolattvc
vleeosltfc¡ (;i) arG aet out ln Tablc lilf-l .'b
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ÎABLE \II-l
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1.O12

1 .OOil
1 .Ol2
1.026

.ool5

a

a

a

oo21

oob,
o086

.Otl+7 lfnl¡ + .OZ HOI

.oz5 cy

.o5 0y

.1O GY

+ .O25 NaCl

+ .O5 HaCl

+ .{O [aCI

3-
h

25oc)A
å/Í37

oa)Solutlon Courpo¡lt1on
(nola¡rttrci)

Cy¡ oyatclna, Trler trts-hydÌ¡'oryucthyl-anfnoncthanc

(f) slcotropho¡Q¡tg

ElootrophoncglÊ uas oonduotcd ln a gplnoo üodcl

Il Elcstrophsnc¡t ¡-Dlffuelon ln¡trunent. f n ordlcr to
allor clnultanoour photography of ueabLa pattorns fron
both tbc Raylclgh lntcrf,arenoc end ¡ohlleren optloal
eyatoma, ths nanufaoturcrf c ohanncl ¡oleston flag rao

rcplaoctl by onl rh!.ch atidl not obsogre the rcfcrcnoc frlngca
(acc Flg. YT-Z).

Erpcrlncnts rerc Þcrforncdt at ioC la tho standlalrü

¡t¡c (tl El) ocll. AII oonpa¡tncnta of thc ocll acaÇnbly

rorc opcn to thc at¡nospherc. The f!.cld strcngtlr appltcdt

çar usually aÞout 6 vott /*, and tha ocll aaecnbly rea

alraya tested for loaks e6 dc¡orlbed ln the nanufaeturerf ¡
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lnstr.uotlon nanual lnnerllatoly aftcn fornatloa of the

bourda¡lea. The bounäarica, for.medl at thc enda of thc
ocntrc soatlon of the oell, ÍcrÊ bnought tnto thc optloal
path by slowly ülthdlrarlng buffer from the oompa¡tncnt

above thc aeoendllng llnb rlth a maohanloal a¡rnlngc,

'Ihe syTlnge EraB then nemovedl fron the eolutlon, thc

lnltlal boundlary photographs taken, anal thc cl.cotrlo
ournent tunnad on and adJu;tedl.

The photographlo syatern rae openated manually,

5 on 6 photognaphe from caoh eel1 ohannel be!.ng obta!.netl

rhlle the peak movedl fnom one end of the vlewtng Ecrocn

to the other. Photognaphe rerÊ taken on ehect fllm,
elther Koclak Pnooeee paa (now out of produotlon), Kodlak

Royal Pan or Korle].lth Pan. OptlcaL patterns werc

noasunecl on the pr"wtoualy desonf bed toolmaRanr a mlGro-

Êcope, thc neferenee fr'lngeø betng ueedl fon allgnnent of
both tho Raylelgh lntetfencnoe andl sehlleren pattenne.

( l) gondqctanae Ueaeuremeat¡

Thc sDcolflo oondluotanoe of a protefn golutlon

!.e requlrecl for the evaluatlon of éleotnophoretlo

nobll1t1""7{. Condtuotance neasurerrente were madle 1n

the eleotrophoresle çate¡r bath a,t lo0, Tlth a cclI
s!.rîllar to that dleecrtbedl by MyeolB{45 fon neasunements

on ernall yolunes of lleluldle. 0n1y h nf of solutlon çaa
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ncqulrcd to ft.ll thc acll rhloh hadt a ocll oongtant of
-4t.51 @-1, dtetcrn!.nad at OoO ilth the atanila¡dt potaaglr¡n

ohlonldlc ¡olutlone llcoomcndctl by fonca and Bradeharlhh.

Rcslctanoc¡ rcr6 ucasureô et 5 fnegucnelc¡
FtEglng fron O.5 to'lO ta vtth a ll-dcoadlc rc¡f¡tanoc ant

oapaoltanoc Þr'ldlg"th5. rn aooordenoc rlth the reoorprca!-

cil proocduncl46 tr," truc ¡lcal¡tanec wet founit by art?!-
polatlon to l¡rfinttc frcqucnoy. onapha of B g. 1l J¡
and R g. 1 /î ,rn" dravn for thl Ë pur?osc, thc norc nca¡rly

ltacar ourrc (usua[y thc lattcr) bclng cxtnapolatedt.

For. gonduotanoo nceaurrncnts on chnomatographlo

fraotlonr rlunlng gradlcnt crutlon cxperlnenta, lcoa roru-
tlon vac aval.lablc but lc¡¡ ¡lrcol¡lon rar roqutrcû.
IIcnee a Phlllpg oondEotlvtty brldgc, t¡rpe c$ bz\g/ol Ea¡

uacô la eonJunotton rtth a Phtllps tlæe PR 95l Z/O1 ocll
havlng dlpplng clcotroilcs and rcqu!,ring onLy Z nrl of
colutfon for a Ecaturcücnt. Tho oetl oon¡tant ra¡
0.770 qE-1 r rtrd mcaauncmentr rcrG madtc at only onc

frcqucnov ({.o ko).

( t) Obnæatocnaphy

(1) þrcoçratron of, Ogtun4¡

Oil-ocllulo¡c ras rashsd rf,th elkall andl rlth
aoldl, thcn cqulllbnated rlth thc approprlate buffcr bcfonc

orrl@. Fo¡r cxpcrlnant¡ nlt,h P0ll8-Depatn thle buffcr



147.

oontalncdl 3 r lo-5 u Pow8, aa rlld all aorutlona uaodl in
the elutlon, fon thc purpo¡c of supprGsalng pocetblü

dllesootatlon of the Brotaf,n-P0il8 oompLax. Organo-

ncrourlel pory¡aoaharldc war thonoughly raahadl rlth thc
appnopntate buffcr befona uGr aE rcoonmondlcd by EldJa¡ln

andl .trellumlo8.

å, retcn-Jaoketed obromatograDLy oolunn of about

I sn f,ntcrna1 dlanctor vas u¡cd. lfhc oolumn ças oool.cd

by olroulatton of çaten thnough the ratc¡-Jaokct from a
ncfrtgcrated rator bath kopt at AoC. Ths oolunaa Í116
paoÈcdl at roon tenrperature, a ellght Drcgsurê (Z-, tA/
êqrln. ) bct ng appl.lcrl ln the seac of, thc CM-oclluloac,

ùhon oooled andl washed vlth sevcral hunctredl nllltrltres
of, buffar to dteeolve afn bubblcs.

(tf ) Loedtas anat E¡ruttns.,lgondf.tlonr

apaln raa appltorl to the top of the oolunn as a

Itlalysedt ¡olutlon (oa. O.Z g,/'lOO ul) ana allowcû to dtr.afn

fnto thc oolunn rlthout appltoatlon of prrraurs. Thc

Loail ças navcr. gr.oatcr than 50 mg of Dapain on aa arerragÇ

solunn aontalnlng about 1.5 g of dlFy Cil-qel1nlosc. Thc

oolunn ç¿s lrwncillatcly conaeotcd to a buffcr rcacnyolr andt

fcedl rlncr andl aB loon aa thc selLuloec re3 oovcncð to e

dcpth of 1 En (1.e. aufftolcnt to Juat kecp lnmoraedl the
dellvory tfp of the fccit t!.nc) an alr-tlght Jolnt at the

top of thc oolumn [ea ¡calcd.
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tha flor rate rag ailJu¡todl to 6-9 ntZtr for
cpar!.ncnts rlth OH-oollulo¡c. Eufflolcnt prearuno to
ualnteln thls flos rate vaa prsvldlrdl by nountlng thc

buff,er ¡¡ccorvolr approrfnately a ft abovc the top of thc

Eolunn. TThaa gnadllcnt olutloa ra. roqulrcü, thc buffc¡l

rcaorvolr raa rcplaocdl Þy a atmplc Llncan gradtent form-

!.ng llcrtcc €otsDrtnlng 2 l6cntloe'1 flaslts mountcd at tht
lrñtc levcl en{l oonncotcdl by tuÞ!.ng to nalnta!.n hytlrortatto

cqulllbnlun. Oonocatratct beffcr ra; plasod ln onc

fla¡k sndl aa cqual quantf.ty of etartlng buffor ln thc

othar, úlqutrt rlth{lnarn f¡'on thc Lattcr (1.c. thc

nlrlng ohmbcn)¡ rhtoh rae cttrrcð eonttauoualy by neana

of a aagnctlo atlrncn, rhoul.d then lnonoaac llncally ln
eonsantrettonl oo.

(flf) HonltorLns andt Gollectlon of Effluent

thc aolumn cfflsent was contlnuougly monttoredl

Þy pa¡sago through the flor ocLl of aa I aoo lÍodlol Uå

reoordllng ultnavlolat aneLyrcr. Thla laatrqmcnt EGaDurG!

cxtinetlon at 25\ tW. A oheok rlth thc Bcoknan s¡rectre-

Dhotonetor ¡horcil thc rcgult¡ to bc rcalonebly aoouratc

Drovldsi! that allosanec ls natlc for e gradlual.ly l,no cat-

lng 'rbaccLlncr cbeorptlon duc natnly to atr bubþlsc oonlng

out of ¡olutton ln thc flow oclI. lFhc flor analygcl ra¡
paltloularly uscf,ul for eroortalnlng cl.qtlon oondltlonr

rhcn a oancful anaLysl¡ of thc fraotlons va3 not ncqu!.r'cdlr



149.

Equa1 fnaottone of approxlnately 2., ßL Ícrê

oolLeatcd ln test tubos uctng a drop sountlng dwloa

attaohcd to a fraatlon colleotor. thle coLlector ça!

kept tn a nefrlgenator of the ¡howoaae oabtnet tJrpcr åItil

by uae of a fan to ofrculate the ain fn the oablnet thc

freotlona rere kept at about 6-8oC. Thc efflucnt
yolunc wae deter,nfncô by wetghlng eaoh batoh of 1O

fraotlons and subtnactlng an avenage ta¡e fon thls numbcr

of test tubee (Aeterntnedl fnom the weight of 1OO tubee).

To mlnlnlgo nandom eryorÊ a llnear gr"aph of effluent

volume g. fnaotlon nr¡mben ras dlrarn andl usedl to flndl thc

offluent voluno for any glvan fnaotloa.

Optteal dlen¡!.ty mcagurÊnentr rsrc mado on

poolcdl gamples of tro fnaotlonl tn the Bcoknan apectro-

photonetcr. The olrronatoglam obtalnedl ln thl¡ ray 1g

more reLlablC than that fron the flow analyzor beoauae

tho aþgorbanoe of papain [e nea¡rly thrcc tlmcs aa hlgh at

278 up aa at 25h ry. In attdlltlon, lnpurlttca abeorb

lsee andt no oonneotlone havc to bc madle for the ohanging

bagcll nc.



(a)

(u)

(e)

(a)

E¡pcr.lucntel ÉT!.danoa for an Effaot of Ûltreosntrt-
fugc Ccll enit Botor on thc [aa¡uncdl $cd!'nantetlon
Oocfflolcnt

Po¡¡!.blc Oau¡ea of Ûlf,fcrGnoos bctlccn $cdlncntatlon
Cocff!.clcnts Dctortrt.ncÍl ln Dlffcrcnt Ccllg anil

Eotor¡

( I ) notor lf mparatura Callbratl'oa
(lf ) Refcneaoc Ellgc Poattlon¡

(rrr) Angular Voloolty of Reton
(fv) Effeot of Ocll lhlokacgs

(t) Uagnlf!,oatton Facton of Camera Lcna
(z) Dlstortton of opt'toal Patterne

llhcory of Oonrcotlons to 8ohllorcn Data

(t) €lcouctrtoal Effcot¡ of L!.ght Bcnd!.ng aoû

Rcfraotfon
-(rr) Thc Egulvalaat Løvcl

Evaluatton of Corncotlonr

(t) Gconctrloal Effeot¡ of L,tgbt Eendting enil

Rcfraotlon
(tf) fhc Equlvalcnt l.,cvcl

(tff) Bcsulta andl Dt.¡ou¡¡Loa
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(a) -

CocfiÊlol,rat

fa OhaDtor fI lt rep notaû that dll.soontlnultlcl

appcarcdt ln graph¡ of g?Or, I. lnttlal ¡o1uta oonoentna-

tton et thc polnt rhcrc a ohdagc ta¡ neåc to thc longor

llght Path ocll. EYcn though thc aenG tylc of lll¡ooatl.n-

ufty ra¡ obeervcd Þoth at pH b ûnd ln tço acpa¡atc gælc¡

of runa at pH fr lt ra¡ at f,lrot su¡Bootad that thla
cffcst ?et r ¡:àndo¡t arror. lfo aEocrtaln thoncforc rhcthcr

thc oaloulatctt 95fi ttituolù1 llnttr rcre rcallstts c¡ttnatc¡
of cxpor"lncntal Brrotrr a aunÞcr of scdllncntatlon oocfffo-

loat dlctcrulnatlonr rerG oatrlcd! out on a olnglc ÞaPala

¡toots solutton. lfaÞlo .t-l ¡bory¡ pccults of ln¡oh ¡ct¡ of

lug¡ for Þapaln at Pfr 4 mtt at Bfi f .

fôEE-ô¡t
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2.77
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+t
+
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.o27

.o%

'o26
.o%2.7t !

2.V2 t .o5g

o
o

1
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I

2

2

2

2

2

a ba
b5

b5

+-
+-
+-
+-
+-

.6!J

.9Io

.Ol5

.025

.o3z

a

a

.ll6

.ho

o
o

I
,
7

8?orr t ggfi f'1'Tlnct
(aaye)

gaorr ¡95fi f'l'rlnoe
(aave)

PeÞatn (o.7e e/too nt) ln
Pbosphatc Þuffer PH 7r I - O.O5

Pepatn (o.68 g/roo nt) ln
âoctate buffcr ÞH hr I r O¡1

r llnc firm dlrtc of f;tr¡t nun ln acrl.c¡.
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It eppcarr from labLc å-l that dlay to dlay

rllffercnoe¡ batr""u 92Or, ftgurcr can bo aooountoû for ln
tc n¡ of tnc 95É fliluolal llntta, caah of thess bclng

oo¡nputedl fron a gpaph ln whleh tha eoattcn of polnt¡ l¡
pr¡rat¡Rably duc to cxpcrlrnental error ln ¡neasurlng tho
photogrephe (soc Ohaptor Vf ). tfhe neaulta also demon-

¡tratc thc otablllty of papaln rlth negardl to ohanges ln
aedllmentatlon ooefflolant ovor the pcrlod requlroû fon a

¡enles of ruas. thc obcenvedl ohangoe ln 8r.r, anc all
Ises than the O.l g dltsoontlnulty whteh ooournedl on

ohanglng fnom onc ocll andl notor to thc othcn.

1o rletoot a dlapcndlonac of ge.r, on thc ocll a¡rd

noton, tdcntloal aolutlons rsra oentrlfugcd 1n dllffcncnt

oclle (1e m ana lO rm ltght path) on tbc 6ano or

tucoeaslvo dlaya. fbrec euch pa1rg of crpcnlmcnt¡ verc

dlonc, ono caoh rlth papaln at pII l¡ and pH J, and one rlth
boytne lsrun albumln (AS¡) at pH 7.!. The ne¡ulta æo

chorn ln lfaÈlc A-2¡ tha r.esulta for papatn hayc also bccn

lnoludcdl ln thc appropr.latc grapha ln Clraptcr II (Flg¡.
ÍX-2 anil II-4).

It 1g sccn tbat tn ceoh paLr of expcnlmenta

tho etandlar{l eedllrncntetton oos'fflef ent 1e about O.l g

hlghcr ln thc E than Ln thc Ð rotor. ?hc dlffenenoc

appearr to bc outa!.ctc thc estlnatcil llntte of cxpcrlnontal
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SEEEA3

r a Dfffarcnt Gcllt aqlLBotorç

I Buffcr oonpoeltton¡ O.OO4 U XHzPOhr o.O2 [ natËPO¡,r

O.ihe il ila0l.

omor fn eeoh oerô. llhc nc¡t ¡catton oonprLlcl I oons!.dl-

cnatfon of pogelbLe oausea of thls ôlffcranoc¡ one cush

orr¡Ëc, vt!. thc spt!.oa1 cffcot¡ of ocll thloE,ncrcr !.¡

dlcoue¡adl ln nona detall ln thc rc¡t of thl¡ apparldlx.

(u)

gha oÞaervc{l dlf sarepanclos alght bc lnaglnadl

to anl¡c fræ any of thc foll.orlng GaqÊea! (l) lnoorraot

z.t8 ! .ol5
z.ji É .69,1

2,65 ! ,ql|
2.?' ! .916

h.a5 t .655

b.i' f .651

D

E

D

F

D

E

12

,o

12

to

12

,o

vc/15

trc/fr

sa/9
EA/51

va/28

trc/29

PaÞaln (o.loF)
ln aoctatc pH l¡,
I -O.1

Fapata (o.t+#)
ln PhoaÞhatc DIITr
I * O.O5

BsA (o.rß) fn
phorrphatrr
ÞE 7.Jr Ir0.2

82o.t
t ggfr r.t.

RotorCcl1
Thl okncse(m)

Run
Ifo.Solutlon
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taupenatunc oaltbratton of elthen r.otor, (tf ) tnoorrcot
po¡ltlon¡ of thc refcrsnoo edgee 1n elther oountsrbalanoc

rhcn psgltloacd !.n the roton, (fff ) an offeot otr changtng

thc angular vcloolty of thc rotor, and (fv) an effeot
of the thlokneag or optloal ltght path of the oell. Baoh

of, thara pocglþllltfc¡ çaa thenefone ooneldlercd.

( 1) Rolor fqrnerature Oalf bnatloB

Eoth rotona were tanperatunc eallbratcil, ualng

thc ôano thenmometcn, clurlag the oourEc of thc crperlnonta

dleeontbe¿l !.n ccotlon (a). thls ra¡ oonrldtcncil ¡dlvisaÞIc

ag thc roton thcmt¡tor oharaetarLatlos arc llablc to
ahango rlth tiac. ft !.s csacntfal' that thlc oaltbratlon

bc accunate to rlthtn O.O5oO orc! tho cntlrc tcmpct,atr¡rç

rengü uscdl ¡lnoe thc vleooelty o,f aquoout aolutlons var.ler

by abouf # Þor ornttgnarte d"gor"l47 and tbo gadttnontatlon

oocf,fl"olont lg thsncforc aubJeot to thc sanc varlat!.on.

(ff ) 4cfcncnqc $lrlgg Porltlonr

thc porttlon¡ of thc refcrcnoô cdlgca ln thc

oountcrbelanoc çhen po¡ltloncd Ín saoh rotor' roro dlctcnnfn-

cdl a¡ folloçg. Tho longeat a¡l¡ of thc rotor rer utcaaurcd

to O.OO.I fn. llth oellpcre antl thc ccntrc to cdge ôlstanoc

yar msuncd to þc half of thlc. Thc ôl¡tcnoc from thc

cdlgc of the roto¡r to eaoh rcfansnoc cdlgc rae thcn ncecurcdl
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on tbc toolnakenrs mf.croscopc (Chapter W). trbon thcsc

data the dlletanoc of eaoh nefenenec edlge fnom the oentne

of rstatlon çaa oaloulateô. Fon ths D notor thc avcnagc

dt¡tanoc of the lnnor and outcr referenoa edlgea from thc

ocntrc ças 6.490 ora¡ f,on ths E notor lt wae 6.503 on.

Ths ittBonepenolca betreen theso andl the rnanufaoturerrg

etatcdt dlletanoc (6.5OO on) ooulct not oause any slgntfloant

crr.o¡rr in the sedllnentatlon cocfftolGnt.

Str.ctohlng of thc roton at hlgh epeede 1g known

to be a faotor affeotlng thc poeltlons of neferencc adges.

Sshachnanl4S haa founll thet the ncfcronoo cdlgcs Eot¡c

outrarËls about O.Ob on whcn a t¡rpe ån-D notor aooslcnatcr

fnon 5OO0 to 59780 rrp.lao fhe astlnatcd oeatrtfugal

flold ln tbc rcglon of thc Þoundlary çouldl thenefora be ln
crror by about Q.Tfi, leadllng to an crron of lees than

O.O2 I tn a sedltnentatlon ooefflolent of 2,5Ê. lhe

reeultlng dlsorepanoy botwceo SAO'¡, fl8ures ln the tço

rotor¡ wouLdl oentalnly be Ìega than thlar elnoø ths An-E

notor 1111 aleo þe str.etohcdl to ËoInG extent ;hcn rotatl.ng

at a apcedl of t+11770 r.Prrto

(f rr) 4asulal vcloc!.tq,,of Rotror

A rotor gpced of 59780 lop.til. tag usedl fon thc

D notor, anl \l+77o r.p.m. fon tho E rototr. the apBercnt

scdtlncntatton ooofflolent, dletermlnedl as dleeorl.Þcdl 1n
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Chapter VI, mtght yary wlth the angular veloolty of thc

rOtOr lf lt Wer.s Dr€ssurrg dlependent Or sO etnongly GollgGtr-

tratlon dlcpcndlent that lt oouldl bc affcctedl by dllffcrcnoct

ln radtlal rtllutton at illffcrcnt angulan volocltlês. fa

clthor oaae a vartatlon of scdltm€ntatlon ooefflofent should

bc dleteotable dlunlng a part!.oular runr Þeeauec aa the

boundlary morca dlown the oell, nadllal dltlutlon ooourt andl thc

avcragc prossuFe on the ecdlnentlng noleoulca tncrcasal.

Taklng ts an o¡amp1c ths aecllnentatlon of papaln

(0.5 g/too nl) at pH tl tn the D noto¡'(eec Table à-2, llun

rg. uc/t1)t tho va¡tatlon of ¡edlncntatton soeûflolent

dluntng thc oxpcnlmcnt çar thenofore oomputed. lfhe

ucthott uacö uag al¡¡tlan'to that dceonlþcdl ÞY ¿luertyih9

rho saloulatctl an avcrpago aedllnentatton oocfflo!.ent (gt) up

to thc t,lmc of eaoh photograph by use of the eguatfon

öt a 'l
r¡zt rn (f;) .... A_(t)

rhcnc t lc thc total tlne of cedtlnenüatton (oorncotcdl for
¡cdllnentatlon oaournlng whlls thc notolr' ;ae bclng aooclen-

atcð)r ç !s thc dlatanoc of thc nanllotls from tha ocntrc

of rotatlon andt thc othcr tcrms grc e. ilcftncd tn GhaÞtc¡l

1II. In thc preecnt oaacr thc boundlary po¡ltloa on thc

flrat photograph was usedl ln¡tcad of the ncnl6cul Po¡ltlon

elnoc tha tlme beforc the f!¡ret photograpb ra¡ tal,cn raa
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not known. The eo calculatedl eecllmentatlon ooefflolcntc

vanloil randlomly wlth ttme by the order of ]ß ot 1e86.

Tlrcnc ls thus tro rçaaon to belleve that the determlnatl.on

of gadllnentatlon eoefflelente of papaln le etgntftoantly

affected by pressure or oonoentnatlon dlependlenoe.

(fv) Effoct of ceL1 Thlokneqg

(l) ilasnlftaatlon Fa,ator'-of Canera Lçna

Stnoc thc aohllcran optloaX ¡yatdË çhon foougc€d

on tho mldl plane of the t2 run oeIl lg foousaod on I

rllghtlg illffcrcnt plane tn thc 5O m oo11 ( sce ncxt gcotlon

aail Flg. A-Z), thc Booa!.btttty of a dlffsrence I'n tho

oancna lcne nagntfloatlon faator waÊ Ooneldc¡leð. Howevcrt

rbcn the E rotor ras posltlonadt !n tbc rotor ohambcn tftft

a nulcd illao andl holtler on tbc spaccr rtng suppllcdl by thc

¡aanufaotu¡cr, the optlos Yaro ett[ obÊelr1¡ed to þe Ln a

goodl foou¡. A detcrnlnatlon of the magnlfloatlon faoton

ßavG thc ¡anc flgunc çtthln I pert ln 75O ae that found

grcrrlouely wlth the samc dtso and holdlcp, but no tpaotr,

ln thc D rotor.

(2) Pl¡tonttoa of Optloal Pattpnn¡

In tro reoent papGrt Fontt and Forit'l5oú51 havc

dadluocdl oørtaln oopeotlona rhloh choulal be appllc¡l to

ultraccntnlfuge eahllercn pattcrnt. Oaloulatoi! acdllucnta-
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tloa or dllffurløn oocfflolcat¡ æc rf,fcotcdl, I{o c¡len!,-

ncntal vorl*loatlon rea trGllontsdl by thc aÞor¡s authorr¡

but thcl¡r oaloulatlon¡ for a lUnpothctlca-l BBA golutten (of

oonocntratLon 1.22 ytOO nf ) predtletcdl an ob¡crvad

¡cdtlncntatlon oocfflotcnt 1.r6fi hlgbcn In r lO m acll
than ln a 12 nn ocll. Furthcrmorc lt æpcarcdl lltsely that
tho oorucot!.on¡ rntght Þc larger for a fa¡ter dff,fualng,

¡l.onon scd!.pentlng protcln lllcc pepat.n.

fhl.¡ apDonlll¡ thcnafonc dcal¡ rlth thc cælana-

tloa of thcac oorrcotlonr and thclr cvaluat!.on for thc

data ln Tablc A-2. Xt r!.11 bs üGca that thc prcdl!.otcll

dllsoncpanelss arc of tho se¡ßü rlgn as thosc founå c-pcrl-
ncntally but orc only onc third to onc hatf the nagnltr¡dc.

(o) îhco¡v otr Corncstlon¡ to gohLtcrca Data

Fordl a¡ld Ford ¡boçcdl that tro tJrucs of ülstortlon
ero prcscnt in otncrra recor{lcü gobllGrcn pattcnns of
nefraotlvc Lndla¡ gradllcntt ln thc ultraocntrlfuge call¡
(f ) gaüGtrtoal cffcot¡ of ttght bcndtng anü ncfiraotlonl5o,

end (rr) tho rcqul,valent lcvclF phcnomco"olSl.

(r)

lhtt flrst cffcot arlaee bcoaugc layt of llght
cntcllng normal to thc loçar ccIl tlndor æc bcnt by tho
¡rafraotlvc f.nflat gnadllcnt !.n thc oell aad thcn a¡c
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ncfraotcil on cnterlng and loavlng thc upPctr gcl.l rlndlc
(rtg. å-'l( a) ). Fo¡:d enû Fordl choucd by gcæctrlcal oon-

rtnuotfoa tbat tho appancnt ¡radtlal pooltlon (x) ln thc

oal.1 Ln¡gG rcoondlcd by the oamara ls sllghtly dllffcrcnt

f,rm tbaÈ rhloh roulll bc rcoordlcil for an undlørlatcd ray.

îho rppercnü dl rpleocmcat l, ¡ proportlonal to thc ¡rcfraot-

tvc lndta¡ gnadlcnt (*P andt hcnoa rcault¡ tn ùLltlng of

thc photographcdl rohl!.cren pealce. llhc dllr.cotlon of thc

dlrplaecaont, rndl hcnEa of thc paa*' tllt, dlçpcnila on thc

ühloÈne¡s of thc oo11. For thc cra¡rplca oonetdcreüî50,

thc pcek rag oaloulatcd to tllt for.ra.rd¡ (1.s. ñay fron

ths oantne of notattsn) ln a 12 ür'r ocll¡ rÊd baolrrardt¡ ln a

3O m osll. Durl.ng a acdlncntatlon vclootty arpcrfncnt,

tn clthcr tyBc of aoll, thc pea.k¡ rlll not only bnoadcn

a¡ thc rofraotlvc !nilax graûlent¡ ileonaarc by iltffulloa,
Þut elso tttt lc¡s. lbcrcforc, axpcrlncntally oÞtalncil

¡cdlnentatlon oocfflo!.cnt¡ v111 Þe rltghtly lor lf
ilctcrmlncdl ln a 12 m osll andl ú!.Shtly htgh tn a 5O m
ecll.

(ft) tha Eaulvs.lant l¡crcl

Blnoc a ltght ray travcrsc! a ftrnltc r-oootrdll.natc

[ntc¡val ln pasrlng through thc oclL, tbc oane¡rr-FGoordödl

rlcflaotlon frm thc sohllcrcn basellnc ts dçtonnlneil Þy

thc rcfraotlvc lnilc¡ gradllent la thc çholc ooorôlnatc



t wf'tR coi,LlMÄllrto tttls
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(a)

l)i¡8r¡¡nr illrrrlntin¡ tho benrling nnrl ¡cfrnclion

lor rlollecterl rnYr.

v
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I rctr

â

cal Iút
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!i (b)

I

A rli¡lrtlr rnrxlilitl voni¡r¡r rrf thc rlirt¡rntrr rtærl h.t
livc¡¡rr¡r irr hir nnnlyrir of tho eller.t of li¡lrt cttrvnlum rrr tho

¡nitiorn of u.hlicro¡¡ m¡rlor li¡xr.

llr. A-t Orl¡ln of tro ktnd¡ of atlltortlon of rohltcrcap¡t{crn¡ (fron Ford anlt Forltl5orl5l ).
(a) nuc to gconctrlcal cffcotr of llght bcadtng
ead rcfFaotlon, thc oorncotton 8- ha¡ to bc
appllcd to thc ocll lcvcl. Dcttllctt lnagtrru
of thc cntlrc optloal eyctcn rlc ncocllalt to
dcnlvc tht¡ oorrcotton.
(t) Stno¡ thc llght rry outrro! .¡rd ttrvcl¡
through lcgton! of iltffcrcnt !.ñrotlv. tnô¡¡
la thc o.ll, thc rc¡ultlag ltcvtrtlo¡ oo!!c.poad.
to tho rcÈrottvc lndcr gredlcnt aot rt tb.
otoll-loooFlt.ll cat!!/ lcvol C. but ¡t thaicqutvelcat lcvcln D.
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lntcnral Þctracn thE cntranoo andt cxlt levall. Svcna¡onî'0)
,|5t 

ncoognLscll thc accdt to dcâuoc tbc po¡ltlon of a

elnglc læsl rho¡s rcûnaotlvc lnilcr grcüfant rouldl glvc thc

saÉo dlsflcattoÀ at that Stvan by thc l-ooðldl!,natc lnterv¡l.

travæ¡tdt. By qprorlnatc nathotg hc dlcdluccd thlt thl¡
Écqul,valsnt lcvclr rat ¡ltuatcdl bclor thc oarncrâ-tltoordlail

ontry lcvel þy a dlt atrnoc 8" cqual to about onc thfrdl of

tocll, tbc ¡ ooordllnatc lntorvsl bctçccn thc crtt lcvcl

of a ray and lt¡ oamara¡-rcoordlcd antry Leval ( ssc F!,g.

r-t(b)). t, thur rgpreacnte thc df¡taaoc bctlcca thc

centrerlasondlcdl i¡rfl ths aotual ocll Iæcl rhcrc a Da:ntlou-

ler rcfpaetlvc tndcr gçadlcut cxl¡t¡. 8l,nac Soell l.
elcerly greatcrt fer rcgtonc of hlgh Eafraotlvc graillent,

8n 1r gFcatcat at thc top¡ of Pcalr ard ls¡¡ at othop

lwcla. Thlg lcad¡ to a ekerlag of golrllorsn Pcalr¡

rcfcnrcdl to aa 'flclnor ¡Èsrncaci54.

ßhc dl!.ctlnotlon Èctrccn tbl¡ ty?c of dllstortton

and thrt ilc¡snlbcdl ln (l) nay not Þc luncdlatcl¡r a¡rparcnt.

fhc cquivelcnt lcvcl ct?cot ar!.¡e¡ Þeoau¡c thc ltght rayt

ln Þee¡lng through thc ooll, ourYcc end thcrcforc travelr

througb levelo of varylng rtfraotlvc lndlol gradlcnt' lfhc

gcouatrtoal optloal bcndtlng ¡nû rcfraotlon oûf,cot trke¡ no

rasount of thc pttb folloradl by a llght ray ln thc ocll'
only sf thc nesultlng dlcvtatl.on. Bo long eE a ray 1¡

dtsvtatail thcnc 1¡ ltkcly to bl an Gûrnor in !t¡ osnetPs-

rcoor{lcd catry løtcl.
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Onc ray of apprcotatlng the dllffGronec f,e to

tnagina r glvcn i!øvlatlon, !n tc¡lgs of thc anglc bctwccn

tha path¡ of e ray on cntcrlng anil loavtng ths oallr teklr¡g

plasc ln ocll¡ of gradually ilooncaatng thlokncss. Thc

cqulvalcnt lcvaL dlt¡plaocl.¡ent, bctng Eppnoxl'nately

proportlonel to ôoa', {lcorca¡e¡ etaadltly r!.th ûcsreaslng

oclL thlokncËs. Ëorovcr, thl¡ l¡ aot thc oa66 fon tha

dllgplasmant, 8¡, dluc to geonetnloal offcotrn rbloh Ís
proportlonal to tbc dll ¡plaoæcnt of thc llght nay at thc

!ôht!,orrn dl,æhlags. Ford ¡ndl FordllSo h"rr" ¡troçn that

thc ratf.o tt/OoO, lr¡orca¡cg sharply for vony thtn oclll
(of X.e¡s than tO m lfght Bath).

EnonssoalSJ n"" slroyn that wcLncr crornc¿s !,c

nlnlnl¡cll ff thc osmcre lcns !e foou¡ecdl not on thc n!.dl

planc of thc oell but on a Blans aLtuatedl oac thlrdl of thc

ocll thfokncgs b{tlor tTrc lowcr ourfaoc of thc uppctr llndlfr.
florsvcr, tn ædlar to rcsonô tbo tnuc po¡ltlon of ths

ncnf EOut, thc oame¡ra lcA¡ has to bc foou¡¡cdl on thc nli!

Dlanc of thc oc[l5', Slncc thla lsttcr eontt!,tlon 1¡

orlttoal ln Arshlbalü andt oqutLlbnlr¡n rorkr Bld planc

foousstng tB cuploycdt tn mo¡t ultnaoentrffugce lnoludlng

that uEadt [n thc preacnt otudly. Tha oamora lcna ras

foougccdt by Bcans of, thc rslcdt tllao aontloncd !.n thE

pncvtous ¡estlon. fhc thtaknc¡a of, thl¡ dtlso andl ltr
poaltlOn ln tha holdö1l ¡rc ro dccigncd that çhcn !t ta
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lnetallcdl ln an An-D rotor atteohod to the drtvc lhaft,
the rullnga a¡c at e pogf.tlon orpttoally cqulvalent to tho

ntdl plano of a 12 nun aaLl ftlledt wlth water anll havlng

quarta rtÞdoç¡.

Elnoc Fædt andt Forûr r optloal oornestlona havc

bcca fomulatedl only for optloal ayetene cmployfr¡g nldt

planc foouaalng, lt ra¡ lnportaat to.a¡ocrtaln thc posltlon
of focu¡ fon ths 3O nm ocLl. lFhc ill¡tanoc Íar ucaauncd

( rcc nc¡t aaot!,on) fron thc uppcr oolllnattng lcn¡ to thc

top ¡urfacc of thc ocll rlndow for cach of the tvo oal1

anll rotor acccnbllct uhcn lnctallcdl ln the ¡oton ohanben.

This dllgtaaoc ras 6.2 ma ¡hontcr fon the long llght path

ocll and roton. Thc epproxlmatc gcomotrloal anrlyela ln
FLg. å-2 lnilloatc¡ that thc foourring la thcreforc aleo vory

oloac to thc nfd plano of e 5O ma oell. It rl11 Þc

acaunsdl fsr. the purpotâ of cvaluatlng oorncaülons ln thc

aert ¡eotlon that thc oamsre lcn¡ rae f,oou¡scdl on thc nlil
planc of caoh of the oell¡.

Ford ana pord151 hava potntcd out thc llnltatlont
of Bvcnaaonra approxtmatc analycl,e, and havc tlcvt¡crt I
nunerloal nathodl fon oonÞuttng morc ffiaot cqul.valont

Isvcl oorrcotlone for Gausalan aolrltoron oul¡yca. fhey

havc cborn that thc ourvcr arc tlltedl towarüs the a¡l¡
of, rotatlon andl aro illgüontcdl. Thc oonncotlona bcoona

mall.cr. rfth auooe¡stvc photographg ln a sadlnentatfon
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veloofty run aa the peak epncadle. thua, etçenlmentally

obtalnedl scdlnentatton ooefflolents aro too hlgh, Fon

12 w eolle thesc oorreotlons tendl to eanoçl thoee dluc to
geonetnloal gpttoal benülng anél refnaotlon, but for jo ur
oclt e the tro oonncotloas æo usuarry ln the Barne ilt ncotlon.

(d) Eualuetlon of, Oorreat!.ons

(r)

Fordl and Foritl5o hr"" ghovn that thc dlleplaomcnt,
ô¡, (aray fr.om tho ætg of notatton) oî a potnt ln tbc
oÊrnorr-Feconûcdl ¡ohll.eren Battcnn f s gLvcn Þy thc relatlon

I
--EI 1-(r-8-#il-ft,#=

rhcnc I

o

r

o

. ¡.. A-(z)

ls ùhe rlcvfattoa sf, the light ahoct at thc cchl!.ar-
cn dltapluagm (oonneotedl fon dlavtatlon dluc to thc
¡olvcnt).
lc tho ô!.¡talroc firor¡ tho top of thc uppêp ocll
rtnðor to tlrc prtnolpal Blane of tha uppcr oollt-
natl,ng 1oaa.

l¡ thc fosaX longth of thc uppôr eolllnattns 1enr,

endl oan bc cguatcd to the optloal lervcn ann for a

oorrcotly foouscct oBttoal aystcn.
la hal,f of, tbc lnaldla thlokncaa sf thc ocll.
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ltr l¡ the thlcknces of the upper oell rlndtow.

T=C+W+G+F
nn f s the nefnaotlve lndlex ôf the oelL ¡vl¡rdow natcrlal.

endl nO la the refr'actfvc lndle¡ of thc 1tquld.

Tbe requlrcd conatantE in equation A-(2) ycrr
detennlnodl ae foillorr.

G¡

Thls dllatanoc ças found by etretohtng a ootton
thteadl bctweaa thc upper ooll vindor eadt the upper ootllnat-
!.ng lene. lFhe threadl ras Barked andl ncaguneû ilth a

rulcr. The ohanber sldtc of thc upper oolltmetlng r.eaa

Gan, to a oloac appno:lmatlon, bs tat<cn as the prlnotpal
p1"..156. fn thls wåy G çae fouad to bc \.Te îor the {Z m
eelL ln the D rotor, andl h.{O on fon thc JO nm oell ln thc
E rotol.

F!

rhe spaelng (r) of Raylelgh frlngss obtalncdt vtth
an frÐty ocrl wae urcrl to gtvc a value of F tr Hor rhenc l[u

ls thc mcgnlfloatlon of thc oyltndrioal lcna, ucrng thc
equattonlST

Frl{o .rb

^
.... ¿-(¡)

ràcrc h ls tho dlt etanoe between the gllts tn the lorer
rlndow lroldar

ard Å le the wavclcngth otr the ltght ueedt.
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lrhen the oyltnclnlcal lene nagnlflcatlon waÉ¡ foundl by

photography of a ruredl plate at the plane of the eohllenen

rltaph¡agm (o.f . Van flolcte and BaidwtnlSS).

å, fnlngc epaolng of (z.Tg ! .oz) t 1o-2 fin rao

found¡ glvlng a flgune of (2O3.5 ! 1.5) o* fon F tr llo.
lhe faoton H" wae foundt t,o be 3.F67 ! .OOZ. Ilenoc F ls
(97.05 ! 0.5) orrr The emore quoted an6 atandtard oFrora

obtalned fnom l.lnear regneeslone whloh wene ueed to obtaln
the dllctancee betwoen frlngas on ruLlngs.

0¡

Thc manufeotunerts eteted dtlatanoeg wero

ooncldlcFed to be gufflolently acounate. Thue C = O.6O on

or {,5O on dependllng on the ocl]" usett.

W¡

1lhc thlokncee of thc oell walr Ìras neaeuned vlth
a nloroncter anel found to be 0.51 o!0r

trTtr!

The refnactlvc lndllosa of quantr and aapphlne

rerc taken ae 1.5lrlr an¿l 1.7o9 reøpeotlo"ly{59"

nf,t

An seenagc flgure of 1.5j, sao usedl for thc
refnaotlve lndex of thc llquldl in the oeLl. This repres-
snta thc rcfraot!.vc lndtcx of waten et 2OoO 0.].3U) to
uhloh hae been addcdl half the rcfraetlve lnonemont fon e

A.5Í6 papatn eol.utlon ln sostate buffen of pII 4 andt
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lonûo ctlrngth 0.'l .

fn thls tay thc follælng valucr sf
obtalncü fræ cquatlon ¡-(Z)

t*/,

(r) 
"/, 

* ( + h.o ! o.t)¡lo-! for a 12 nn aeII ilth quantc

vlndlw¡, 1lr an ân-D rotor.
(a) '*/, * (o.o J o.t ) ¡ ro*i for a ]o m oorl il.th rapphtrc

Itndor¡, tn an An-E roton.

Stnlt ar flguncr rGFo oÞtalncd by Fordt andl Fordlf SO¡ thc
parttoular f!.gure ilepcnô a of oourso on thc son¡tant¡ of,

tha opttsaL ¡y¡tæ.

Ío obtaln tha somcotloa e, lt res thca noecrr-

ary to kncr 8, thc dløvlatf,oa at thc cohl!,crcn dllaphragn

of thc llgffi ¡hcct Þaadng through a pantloula¡r ecl.l lcvcl.
I varlca rtth oall 1avcl (x), but osn bo ealoulatcil for
rDf, r-ooordtl.aatc fnom the helght (l) of thc ¡ohllcpen owFyc

aÞovc tha baasllnc. Thc cquatl,on uecd{6o t"

l=tt oot I .... A-(4)o

;hcrc to La thc ÞrcvlourLy dotcrmlncdl nagnlf!.oatlon faotor
of thc oyltndlrtoal lcnt, and I 1r thc {tlaphnagn anglc.

Elaso all ¡cdllmcntatton qocfflqf cnt¡ ;crc oÞtalncil

fron Eôasuræcnta of the nqrcment of thc na*tuum orûf.n¡tc

of thc ¡ohllGrcn cutrc, lt ras ¡uf,floLcnt for the pncatnt

rcrc
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purltolcr to oalouratc t, onItr fol tha uarlnun ordtlnatc.
FurthcrmorGr to rcdluoc the anor¡nt of oormpt¡tatlon, Eeaau¡lc-

nonte ræo nqûc only on thc ffrat and last photographe

aî a partloula¡r FEÊr Bhc dtffsncnoe ln t* valuas ter
thcn cx¡lnoeecdl ar a fr.aetlon of thc ilf stanoc novedt by thc
pcats to doúluca tbc coueotfon to be applled! to thc

¡cdltnentatlon oocff!.olcnt. tr'ordt and Fo¡rd1 5or151 adoptcir

tha Ëenc pnocedlunei

(ff ) Thr Eouivalept Lavcl

Fo¡rd änd Forû151 havc çhoçn that thc tltetortlon
of oausslan aohll¡ren psake duc to thc equ!.valcnt lcvcl
cffeot nay to a sl"osc ayprox!.natfon be oalor¡lated tn tcrna
of onc dllncnelonLca¡ panamctcr, t.

2 o0.6o65
4.9

a .... A-(l{)I,- e

rhcnc a ls thc ecll thlEkncsg ln om.

2 o0.6065 la the Gaugatan tnfleotlon leg Ln om.

(1.c. thc dtt¡tanoc aonose thc Oauaslan ourvc at

thc appanent lnflcotlon lcYcl).
2\ n I¡ the total rcfnaottvc lndcx ohangc duc to

sonocntnatlon

and ,n 1¡ the rcfractt.vc l¡rdc¡ of thc golutlon.

Tho .auo autho¡rs havc nadc thcor.etloa^I' oalcuLÊ-
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tlonr for tba dcpcndlcnor on L of panmetcr¡ raqu!.nød for
thc oopcotlon of eohllrFGn ðata, lfhcac para¡¡atsrs

tnoluda thc ncgattvc (1.!. torarda thc osntrc o'f notatlon)

dllsplao@cnt¡ t¿, rt thc epparcnt lnf,lcotlon Isvcl of tha

blacotor or oontrc ll,ne of thc pcak. Íb,c tarm Ëappatcatts

Lr ttocdl Þcoauao lt le only the dlletortedlf sanü¡rrFrcoordodl

¡ohlLcrqn Dattcrn rhloh oan bc ob¡ervcdl andl neaaurcdl.

fiolevcïr thc dlletontcdl pattcrn¡ ln most orcca co oloscly
¡rcscnÞIo th¡ oorroet pattcrnr that oonreotlon¡ baccdl on

tho dl!.ncnston¡ of tha dlletortoü Battsrn atc ln relatlvc
crro! by a lorcr ordEr of nagnitudal5l.

1[he follorlng ncthodl tae therefsre uecdl to
avalþatc cqu!.valent lcvcl oorrcotlon¡ fon thc dlata ln
Tablc A-2.

at

Ac baforc thc ocll thlokneaa res takca to bc

that statedl by thc nanufaoturor.

2 oo.6o6rs

ft reg flr¡t naocacrFy to {latcrmlne thc lnflco-
tlon lcvcl o,f thc photographed sohllcron ÞGatsr vhloh ra¡
a¡gumcdl fo bc Oauaalan. Thlt rar aocmpllshed by

ncarurt ng thc balght of tho nr¡lnun onrllnate abova thc

bascLlnc andl utlllglng the faot that thc f nfleotlon lwcl
of a Gaucslaa ourva le found ct O.6O65 tlmes thc pcak

hclght. The Gau¡¡f.an tnflcctLon leg rae then mcasurcdl
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on thr photograph enil eonvcrtc€l to ttg value Ln thc ooX.l

uctng thc nagnlfl,oatton faotor of thc oanera lcn¡.

Aa¡
lfhc rafraotl.vs lnorenent of t'he protcln at thc

þcglnnlng of tbe run Íeõ knoçn firæ !,ts ooncentrstlon.

Radtal dLlutlon corrootlon¡ rorc applledl to flntl Aa at

tha tlnc oû a parüleular photograph.

al

?hc rafnaot!.vc tnllc¡ of tha goluù!.on ln thc

rcglon of thc boundlary ra¡ tak,cn to bc thc gun of thc

rcfraotlvc lnäcx of rater, thc ncfnaotlva lnorsnont of thc

buffcr oouponcnta andl haLf the rafnaattvc lnora¡snt of

tbo protçln. fhc f,lIlst of thccc tcrmg maitc up 99.8-f O0É

of, E.

L raa thu¡ ov'aluate{l frør cguatlon A-(lr). glnoc

thc rolatlonahlp Þctrcan I¡ and 6ê Ís exprceecdl la F'ordl

andt Fordtt" p"p"rl5l only by a ç4a11 graÞhr an anlargcd

tnancpa:pcnoy of thl¡ lIlu¡tratlon wss uadc. llha Eraph

ra¡ thcn Blottedl on Ê lange eoalc fnon oowarator neasurrt-

ncntc on thfa trangpartnoy, lhs valuc of, 8e thss obtalncll

waa ln oauselan ur.tt¡15f and was oonvcrtot to oontlnçtnce

by nuttlplylng by the faoton 2 uo'6o65¡r.hlq2.

As ncnttoncd pnsuLou¡ly ô¿ 1¡ thc dlsplaoomcnt

of the sohllcn€n ocntrc lLne at thc appanent lnfleotlon
lovsl. tha rcqultced dlarplaoomont at thc aa¡lnuu orôLnate,
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rlrloh ras the polnt uca¡snaal ln all ccdllmentatfon soeff!,o-

lcnt dlctcrnlnetlonr, rae oþtalnodl l¡y dllvldtr¡g 8e by

0.6065. At il.th thc other oomeotlon, Eoaaurcment¡ rrrc .

nadlc only fon thc fLrst and last photograph¡ Ln a ¡eun,

tha rllffaronoo ln oonreetlon terus oaloulatett as i
pcrocntaga of inu af ctanoc movcd by the pcekr and thc

lrnc pcroant oonreotlon apBllc¿l to the ¡cdlncntaüton

oocffiaient.

(fff ) Resut,ls anfl Dtgeus¡lon

Tho neeults obtalncd by applylns thc tro
oor¡reotlon¡ to thc dlata ln îablc A-2 g¡ro ¡horn !.n Tabrc å-I.

ÎABLE A-l

-

or" Elstu9l

2.6, ! .o
2.72 ! .o

z.tg ! .o16
z.bg t .65t

t5
55

,n.r4 I .6J3
h.a9 g .gii

+0.15
-1 .22

+O.18

-O.99

+o.J9
-1.2j

-0.1 5
-l .22

-0.07
-O.99

-O.26
-1.2j

+0.6$
o.o

+O.50
o.o

+4.25
o.o

2.1i8
2.51

2.65
2.75

\.2t
h.53

ï .o16
5 .g5l

! .o.5¡I .ot
f .oj,
t .o|.;

úe/15
va/36

tJo/5a

va/r1

úo/zg
va/29

g2ort
oomsotcd

Ner fi
Corr.

4.2
(vÃ)

o.l
u6)_

gaort
unoorrcotcdl

Run
fro.

C.'l ¡ Oorrçcotton fon llght bendtlng andt r.efnaot!.on.
0.2 t tsqulvalcnt lcvcl oonrcstlon.
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It 1r rcea fron Tablc å-] that thc oorreotloaa,
though all trce¡ than thc cttlmatcd crpcrlnontal orror,
Ë!t ln ¡ucb a dlL¡rcotton aa to ¡rcåuoc tha ob¡crveû dlteonap-

atrotcs. Hovwer thc nagattudc of thc oonroottons la only
ono thlndl to one half that of thc ob¡crvcdl dl¡orcpanolce.
Bctter oorrclatlon bctreen thcory aÂd crpcnlmcnt nlght
bc oÞtalned lf soac ¡rcflnsnant¡ rc¡rc naåc to ùhc ncthol!¡
for æaluatlng oorrootlon!¡ À aunbc¡ of orttlolo¡ oaa

þc nado otr thc ncthoila r¡scd! !,n thc Xl¡rcacnt ¡tgaty.

( t ) Thc valtaitty of applying aonrcotton¡ ba¡cdl oE

BcarurpGrlostc on only the flnat end laat photographe la
qucctlonablo. It socms reatonabla¡ for thc purposc o,f,

nalrtng a e6all Bsnosnt cor.neotton, to aaaunc thc ocntrl-
fugal flcldl ts be oonst¡nt durtng thc nun, thut naklng thc
¡cülncntatlon oocfflolcnt Droportlonal to thc dllttanoo

t¡ravcllod by the peak ln r¡ntt tlms. IÍowcyer, a larger
Grror may be lnour¡rcd 1n asaumlng that tha oonrostlon tenuc

ve¡ry l.lnca¡ly nlttr tlnc. ff, for fastanoc, troat of thc
ohangc fa I, ol 86 tak,c¡ plaoo dlunlng the tlme for thc

flnst fer Dhotogna hs tho mcthsd uaedl soulü Þa lnoonrcot.
Strlotty, e- endl Ee ehouldl bc cvaluated for ovcry photo-

graph anal ths oornootcd Ï valuct Dlottçd ae 1og ï g. tlno.

(Z) EVcn thc oorreatedl eedlnentetloa aocfflolenta
aa¡r ba eubJeot to a fcu tenthe of a pcnocnt crron dlue to
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Þclng oaloulatcd frm thc rats of movctacnt of tha max!.laum

ordlnato rethcr than thc polnt gtvcn by thc Bquare root

of thc acoondl nonent otr the gradlont ourÍc¡

(¡) fn the cn¡aluatlon of the equlvaLcnt levcl
oor.reotlon, thc ôcpendlenoe of 66 on L la ellghtly illffcrcnt
f,f nbaekgroundl gradllentcB are ooneideredl. Thcge Êr.

clcvatlone of the achllcren baeellne arlclng from

prcaôurc sffegts rhf ch prodluoa nefnactlvc lndle¡ graillcnt¡

andl ocll dllstortlro"{5{. Hæevor, Fondl and Fondt havc

oeloulatedl thls eorrcotlon only f,or optloal pattcrna

obeorvcd ülth tholr ultnaoentnlfugc at 59780 r.p.IBr Slnoe

no dlata vonc gvallab1c fon thc ultracentnffuge usodl ln thc
prc¡ant atudly at thls speedl on fon clther ultnaoentnlfugc

at hh77O !.p.t[., lt TaB nGGesBåIpy to ncgleot baokground

gradllontc. For valuas of L bcloç about O.7, aB werc

those for thc oxperlmente 1n Tab1e A-3¡ ths dlfferônooa

Þctwcen ts oaloulatcrl çlth andl r!.thout baekgnound gradlcntc

appGar to Þe ellght (ecc F!.g. 7 of ncfcrcnoa {91 ).

(¡) Sona orror mu¡t bc lnounredl la attcnpttng to

setlnatc 8¿ fnon L alnoe the relatlonehlp betrcen then

hae only been publtehedt grapblaa].ly. f t rouldl bo usoful

to havo thle clata 1n BoÉo moro ecounate form.

ß) Fondl ana Fond151 havE erryhasløed that no

aooouat hao baen talrcn of onlglaal noh-horl¡ontal entry

of thc ltght ray lnto the 11eu1¿1. Thla oouldl be oaueeû
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Þf nlrrltgnnrst of the optl.cr!, r,!r¡tø or by pac.tgar
dlf ¡toptt'Em d thc ultmoratrtf,ugr ¡clr at h!.gh e¡llot.
fLc 1f6þÊ Ècn!!,ng edl rcfpcEttos coüF¡oülou ûroulü aot ba

rûfcetoû Drqfdlod r ¡E.lvrat Þascllnc !,r obtrtnodl but
dll ¡tart!,oa {tüc to üho cgut,vûcat lcrcl eff,cEt rosl.d bc

fs¡iror¡td. in vrcr of thl¡ f,aoüon lt f ¡ not mrprlring
th¡t rny attæpt to oorrcst rrparln¡ntel, dlata rhouil!
yf oldt rn uadlerroorrrotlee.



l.

2.

5.

b.

5,

6.

7.

8.

9.

1O.

11.

12.

17r.

NEFMEB{CES

L.Il. I{tohol, J.L. Bothunc, G. Kcgelcc andl D.Ir, Hc¡¡r

ln E. Ncu¡'ath (cdftor"), illPha ProtctnrF, Vol. Z)

ÂoellaEûle Prcca, Ncv Yonk, 196hr p. 5O5.

f,.ìfl. Flohol, Aust.il.Bol ., Æ, fuZ, (lgg5).

B. lforncnd¡ R.rf. Wlntcrþotton anft g.f. lFlnaehcff,

J.tn.Ohcm. Soo. , .03, 5161, ( t96o).

R. lFovncndl andt g.N. flnacheff , J.å¡n.Chcnr.8oo. , M,
5168, (r96o).

B. Touncr¡Àr f,. IÍalnbcrgcr endl g.[. t!.nashcff, J.AB.

Gbcm.soe., &' 5i75, (t96o).

P.Xl. Jeffrcy an¿l J.N. Coatca, Bloohcmlatry, !.n prcae.

E.L. ûrtth, t.R. Klmol tndl D.U. ÊroÍn, .I.Blo1.ChÇn.¡

3€iL, 5!3, (tg¡4).
E. J. Fl nkl e and S. L. 8nl th, J. Bl o1 . Chcm . , Æt 669 ,

(rg5s).

S.L. 8lnlth and J.R. KlnneL, LE P.D. Boyar, H. Irardy

and tr. ü¡rnÐaok, (cititona)¡ rtshc Enz¡mcsil, Vol. J¡

Âoadlcnlo Prcea, l{æ lorhr 196Or p. 135.

l. Llght, R. Fratcr, J.R. Klnncl endl E.L. fln!.th¡

Pnoe.I{atl.Aoedt. Sol .U. 8. , fr, 1276, ( t g64) .

A. Ltght andt R. Fratür, unBubllshcdl Tolrk sltcdl ln
rcfcranoc lO.

R,L. H111, E,C. $ahya¡rts end E.L. fuitth, J.Blol.Chern.,

E\, 57a, (nEg).



13.

I lr.

15.

16.

17.

18.

19.

20.

?1.

22.

21.

2u.

25.

26.

27.

28.

17\.

J.R, KLmcl end E.L'. fulth, J.B!.o1.Ohc!ü., Æ2,, 515t

(r95b).

T, Sanner andt À. Plhlr Í.Btol.Chem. , Æ9,, '165t (tg6ll.
å. Plhl and !f. Banncr, Bloahln.Blophyg.Aota, 20, 537t

( tge!) -

A. Ptlrt end f . Eanncr, Radllatlon Ro¡ca¡ohr 151, 27¡

( tg6l) .
À. Stookel,l arrd E.L. 9ni.th, t.Blol.Chen. ) 227) 1)

(r9i7).
E.L. 8l¡tth an{l H.t. Partcr, il.Bto1.Chom. , Æ¡ 1J87 t

( rg¡s) o

H. LtndLcy, Bloohl.n.Blophya.åota, !!, 235¡ Ug6Z).

I,,A.AE. 9lu¡rtcrman, Bloohlm.Blophfs.Âota, $1, 5O5 o

( t geb).

6. I¿orc and A. 'llyltllan!, B!.oahcn.t., 9.6, 19br (tg6¡).
gun Yu-kun end î¡ou Ohcn-Lu, Solontla Stnlcêr l3r 879r

( tle5¡.
'([. Lorc andl å. Wlll1ane, Bloohcm, 1., ú., 189, (tg6¡)"

o. Lowa andl A. Wllllane, Btoehan.J., 96, 199, (tge5).

A. Llgbt, Blochcn' and Blophyg.Rcs.0om., 7J, 781,

(tgøl+).

E.L. tlnlth, t.Blol¡Ohcm., Æ, 1192, (195A).

lf . ganncr aadl A. PLhl, Bloohln.Blophya.Àota, $l¡ 171,

(tg6z).

A;H. Glaran, Dootor¡l Thesl¡r Unlvcral.ty'of Utaht

196a.



29.

JO.

t|.

t2:

3r.

tll.

3r.

36.

37.

J8.

39.

4O.

Irl .

175'.

A,Ii[. Olascr and E. L. fuith, iI. Blol.Oh€n. , .@Q, AOI ,
( rg6¡).

A.K. BalL¡ aÍrð g. Ltncteavcr, ¡faturcr:l$,r 51].¡ .(lgtg).
J.R. Klmcr andl E.f. gnlth, ¿îdvanocs rn Enz¡nnol.r $ùr

267, (r9¡7).
R. oqall ¡nd J.R. foPhca, Adtvanecs ln pnotaln chem.,

l¡, 255 r (tgÎg) .

R. Ccoll and .T,R. taPhcc, Bloohem.J. , 19,, 2¡¡4, (1g5il .
itr. Dncnth, J.Ì[. Janaonlue, R. Koekock, J. Ua:rrlnk,

.f. lunnl,L end B.G. Tfolthcra, ü.Hol,Blol ., 2, ,9g,
(tg6z).

E.L. Snith,endl D'M. Efovn, unpubL!.¡hcdt rork sltsil la
rcfcrcnac 9r

t. SoeJlna anll ff. Shlmura, nt. Bloohan.(fotyo), bE, 260)
( tg6r ).

T. Eata andl 9. tateuahlta, Hcu. Bcsaarsh fnet. Foodt Sol.
(Kyoto Unlvcrelty) , ![o. 5, 65 t SgSl) .
Ece also Cham. Abgtn., .Ig, f OZgf , (ßF5).

lfl. Fcrdlnandl, W.ff. Staln and g. Moorc, ü.Blol.Chen.¡

fuq,, 1r5o, (ßasl ,

df.n. lhftatcn and H.L. Bcndcr, rt.åm.Chcn,goo. , Ð.,
27g.8, ( 1965¡.

R'P. Ganty and D.H. Ktn¡ohcnbaum, Btoohln.Blophy¡.A,otar

Êã, btr6, ( tgoh).
J.R. X!.mmcl and E.L. futth, Blochcn.pnopa. , á,, 61 ,

(r956).



42.

hr.

4b.

u5.

b6.

47.

l+8 '
49.

50.

51 .

52.

51'-

5u.

55.

'176.

8sc fon Gxample H.K. Sohaohnan, aültnaoentrlfugatton

tn Btoohomf.rtryil, Aoadcmlo P¡rc¡s, Ifc York, 1959¡

Po 90.

o.A. G!.lbort, PFoo.Roy.Soo,r .ôl5g, 3?7, (tg5g).

Sce for c:ßanpLc A.K. Sohaohnan, roferenoc h2r p. 68.

*:O. Golclbeng, J.Phyr.ChGn. , 52., 19lat QgSrj.
Seo for cxa¡oplô H.K. Sohaoh¡aan, nefcncnoê 42, D. 66.
T. 9vedbeng ahdl K.O, Peiloraen, HTho üItnaoentnlfugctr,

Gla¡ondon Prelc, O¡fordl¡ 19bOr Fo 2j.
T. Sredbeng âtrd K.O. Pedlcngenr rofernenos b7t p. *.
E.L. fulth, A. Stookcl,l and ü.R. Ktmrclr if.Btol.OheÍl.r

Æ7¡ 5r',t, (tg5h).

l. Sverlberg and K.O. Pedleracn, nefencnoø 47c Þ. l+b5.

K.A. Brswnlce, rt8Èatlsttoal lfhco¡ry anil llethodlology

Ln Solonce a.r¡dl Eaglnecrtngtt, Wlley, Nev Yonk,

1960, Ghapter 11.

C. Tanfontl, îrPÌryaloal Ohcmtatny of Hacromolcoulcer,

lf!.ley, Ner York, 196I r p. TTj,
G.À. Ollbcntr PFoo.Bfoehem.Boo.¡ publtehedl ln Bloohom.

tr., gji, 56P, (tg6¡).
.T.w. ñLnball¡ R.L. Kranen andl E.E, Rclil¡ .t.âür.chorn.

9oo. , &I ,l1gg, ( tgat ) .

Twlec r.aonyatal.llsod papefn obtalnedl from gLgna

Ohcnloal Co.¡ St. Loula¡ Hlecounl, U,8.4.

E.O.P. lthonpron andt I.J, OrDonncll, Btoohin,BtopÌ¡va.

lotar åfu ll47r ( t g6t ) .

56,,



57.

58.

59.

60,

61.

62"

63.

6h.

65.

66.

67.

69.

69.

,|.77.

T. SvcdtÞeng anil K.O. Pedercen, referenoo 47r p. 296.

L.W. Hlohol and J.Ir. Bcthunc, Natunc, 729, 88Or (f g65).

9ee fon example H.K. SchaeÞnan, neforenoe 42, F. 2'16.

H. FuJtta, rMathemEtloal Theæy of Sod!.montatlon

AnalyoLat{¡ åaeilcmlc Preee¡ ñor York, 1962, Fr 2'12.

J,L. Bethune ånd G. Kogelee, J.Phye.Chen. , 6,, '1761¡

q1961).

M.S.N. Rao and Cl. Kegelee, JnAùn.Chgm.Soc., -Eg, 57?/4.,

( tg5g) '
L.iV. ![tchol and A.B. Roy, Blochen¡tatry, !, 386, (1965).

tpeotrographlo aneJlyÊte fon tnace metala oarrled out

by Austra1tan ülnenal Dcvolopmcnt Labonaton!,cs,

Parkslcle, South Austnalfa.

B.V. Íagan, R.K. Bnown andl E.L. 8mlth, unpubLlshed

obeervatfona olted ln referenoe 9.
W.F. Herblf.n and P.E. Ritt, Blochln"Blophye,Aota, $1,

b89, (rg6h).

P.D. Boye¡r, .fnå¡tr.Chem.Soc., fÉ,, UI.31, ('1954).

Sec for exanpla G. Kontun, Vl. Vogel andl K. Andlrusson,

rDlseootatlon Constants of Organlo Aclds ln Aguooua

$o1utlonF, Buttorworthe, Londlon, 1962r p. h66.

R.A. ålbcrty, ln E. Ne r¡rath aail K. Balley ( eitltore) r
rrThe Protelneo, Vol. lAr åoadlomfo Preee, Nev York,

1955t P. 536.

I,.G. Longarorth, J,.åm,Chem.Soo. , Ø,, 175j, (lgLl).7O.



71 .

72.

7J.

7h.

75.

76.

77.

78.

79.

80.

81 .

82..

8J.

th.
85.

178.

$ec fon examplc R.À. Àlberty, referencc 69r p. $Oi.
L.Cl. Longørorth andl D.¿.. Macf nnoa, rI.Aß.Chgm.fioo.r

&, 7o5t (rg4o).

R. A. Albentyn .f .Chem.Edt uo . , ?5t 619 ¡ ( t g4A ) .

See for examplc R.A. Alberty, refenenoe 69i p. 5Ol.
!f .H. Gortn, ln H.lL. Abnameon, t.S. Moyen and M.H. Gorln,

ItEleotnophoroel s of Protclnsn, Relnhotdl Publtahtng

Conp., New York, lg[Zr pp. 121-1j2.

3.F. Va1lio, nT.Ph¡re. 8Þð 0o11old Chen., åL 135t (tgh9).
1. Srrerlbeng and K,O. Pedlersèn, nefenenoe h7r p. 18.

J.IJ. Oncleyn AtrD. N.Y.Asact.Bc!.., L1, 1Z'| , (tght).
F. Kolnaueoh, Ann.PhyE. .68, 2Og, (f 8g7).

V.P. Dolle, JoAn.Chem.soo., fr, i119, (t9l+5).

F.0. Donnan, Chem.Revg., jlr 7jt (tgZh).

L.G. tongeworth, J.Phys, and Collolit 0hem., 5J-, 171 ,
('tg[l).

I,.J. Goettng, ådvanoê! ln Pnoteln Chem., .1_1, l+29¡ Ugg6).
J,C. Nlchol, if .Arn.chom.soc. , 72,, zj6| t ( tgSO).

R.A. Roblneon andl R.H. Stokos, rfBLeotr.olyte Solutlonaw,

Buttervorthe Publloatlong LtdÌ., Londonr'l9g9r p. 126.

J.R. Cenn and ìltl.B. Goad, ånoh. Bloohem.Blophye¡r S,9,r

171 , (tgot¡).

I,.Cl. Longaworth, ln l[. Ble¡r (eetltor), oElcotnophone-

eleo, Àoadcmlo Pncae, Ncs York, 1959t þ.91 .
Ir.G. L,ongaro'rth" nefercaoe 8J, p. 115.

86.

87.

88.



89

90

a

a

179.

P.C. Eoholten, A.roh.Blooh,cn.Blophy¡. glr 568, (tg6f ).
&.TÍ. illohol; J,L. Bcthuaot &. Kegcloc aad 8.L,. Ecac¡

rcfarcnoc 1, Þ. ,25.
J.R. cannr J. c$. Etrkrædt sn¿l R.A. Brotrn, Anoh.Blooheü.

Btophye. , &,, jT t (1gjl).
.f.n. Cann tndl H.R. Ballcy, A¡oh.Bloohqe.Blophyr¡!1,

576t ( ry6r ).
K.E. Van Holdle, .f.Chcn.ph¡ra. , JlL, 'lgZZ, (tg6Z).
rï.R. Oann and W.B. Ooadl, .f.Blo1.Ch6nr., .f!Q, lbEr

(rge5).

t.R, Cana and R.A. Phe1p:, ¡f.åm.Cben.Soo., 72, \6TZt

{tgztl.
t.R. Orprr J.Blo1.Ch6E, , 8I.2, A8{O, (f ggO).

Cl.G. Bclford end R.L. Bclfæilr il.Ohcn.Pbr¡rs., fr, 1926,
(t96a).

Cl.A. Ollbcnt andl R.C.Ir. Jcnklne, Pnoa.Roy.goo. ¡ Æl¡
t+2o, (rg59).

J. 9tclnhandlt and E.H. Eat son, Advanoc¡ in protctn

chon., LÍ!, 152, (lgrg) 
"

E.â. Pctcrcoa and II.A. flober, in S.P. Col1o;tgts andl

¡[.O. Kaplan (eôttora)¡ rtcthod¡ ln Eu¡molog5f,,

Vol. 5t Áoadmla Pncte, Ssr York ¡ 1g62, p. j.
J.E. Ooatea anô D.H. Elrnmonü¡" Ccrcal Chcn., ågn 2F¡6t

(tg6r).
W. Lcyto tn¿l R. 6onôko, Bloohlm.Bfophys.Aota, fi,

5OO, (tgel).

9f.

92.

95.

911.

95.

96.

97.

98.

99.

I OO.

f o1.

I 02.



'l 05.

1O11.

105.

1 06.

I 07.

1 08.

I 09.

1{0.

111"

112.

11 5.

I 80.

H.K. Boardnan, ln H.F. Llnakens and l¡f.V. Tnaoey

(edf tore)r tfModlsrne Methorlea tler Pflanzonanalyacr

(Uodern Methode of Plant Analyste), Band 5r
gpnt nger-Verl ag r Berl I n-Oot t I ngen-Hcl d elb eng , 1962 ,

P. 159.
ttron Exohangc Matcntalstr (catalogue endt teshntoal

dtata), tslo-Raü Laþonatorlca, Blohmonð, Callfornla,
1961r Po 22.

E.O.P. Thonrpeon anû I.J. OtDonncll, Auet.J.BloI.Sol. ¡

ü, 591¡ ( lg6o) .

D.J. tfllnzor a¡¡d H.A. Sohenaga, Bloohenletny, l, i265,
(tgørr.

D.J, TVf nzor and L.VJ. I{lohol, Blochlm.Blophye..Aota,

J9þ, 't, (t965),

L. ELdJarn andt E. Jellum, Aota Chem.Soand., !2, Z6iO,

( tger).
J.U. Oneeth and L.IV, Nlchol, Blochem.ü., fr, 2I'O,

( r96o).

D.R. Brlgge andl W.J. TYolf, A¡rch.Bloohem.Btophya., TZt

127 ¡ Qg57) .

D.H. K!.reohenbaun, ArehnBloohcm.Blophys. lgJ. 2Ug,

( tg6¡).
IY.B. Prloc andt S. 8mlIcc, J.Ohcn.8oo. , 2858, ( f 9a8),
II. åpltzeoh and O.A. Baucr, Ber. (Dcutsohc Chenlçohc

Geaellsoheft), !1, qoh5, (t9o8).

8ac algo Ohem.abctrp,, J, bllz, (tgog).



lllr.

115.

116.

117.

1l 8.

119.

'|.20.

121.

122.

125.

724.

725.

181 .

B.J. Beoker andl P.L, Stodlchoudler", Rco.Trav.Chln.,

52, ta37 t (t953) ,

ff.dr. Baokcrn Rao.Tnav.Ghln., lb, 21jt ('lgtg).
fr.Z. Ircohcr andl E.M, Fardly, J.Ong.Cheñ.r .âQr 475,

( rggr) .

E.E. Rcldl, åOr.ganlo Chenf,etry of Bfvalent Sulphurn,

Vol. 1, Chamloal Publlehlng Oo. fnc., Nor Yonk¡

1958, Chaptcr 3; p. 262.

8co for eranplc F,G. Bordlvcll, ËOrganto Chaurlutnytr,

taolltIlan¡ l{cr York t 196!, Þ. lr81 .

C. Tanford!, Âdvancaa ln Protcln Chom., 7J, 69, UgøZ).
W.E. Truoc aadl À.M. turphy, Chcm.Rcve., .LQr 69,

(rg5r ) .

H. Fraenkel-Oonratr J.Elol.cbowr., Æ, j7j¡ (tg55).

H. heontrcl-Oonratr lb R. Beacsoh tS ¡¡ ( cilf tons),
tf Bulfur f n Protclner, Acadlcrnle Pr:css, ficv Yonk,

1959r P. ttg.
L.Ìfl. Ounnlnghan andl B.J. l{uenke, .f.Blol.Chem., &8,

thh7, (¡959).

In.Il,. Ounnlnghan and D.J.. Nucntse, J.Btol.Chen., 275,

1711, (r96o¡.

ff.C. Davie andl B.L. Smlth, la D. Ollotr (edf tor),
üÌlcthodla of Bloohsnloal Analystan, Vol . 2, f nter-
BoÍonoc Publlaherl, Fcr Yonk'. 1955r p. 224.

V. Oolil, *pH l[cacuremsntÊ]r, tsethuen, Londlon, 1956,

Þ. 118.

{26.



127.

I 28.

129.

1 50.

151.

112.

135.

I5lt.

1t5.

136.

117.

118.

159,

182.

I¿.0. Oralg, T.P. ElnS andl Â. StraEhen, {f.Am.Chem,8oo.;

22, 5729 t (tgS7) .

R, Ceol1 and A.G. Ogeton, J.ftoÍ.Instn., Æ,r 253¡ (t951).

Callbratlone Íere oanrledl out by Dni P.D. rlsffrey,
ilF. M.L. !úar.tln artd l[r. D.J, Fcnnell. îhelr
aeel ctanoe ls gnatefulLy aoÌ<nowledged.

B.F. Stamm, ,I.Opt.Soo.ânct.¡ 4gr 788, (195O).

L.J. Ooetlng andl M.S. Monnlo, ,f.Am.Che¡n.Soc., 27.,

1998, (t9h9).

A.l{. Olazer and E.L. gmlth, J.Blol.Chon,, ZlÉ, 29\8,

(t9er ).
H.A. ùlotrenzlc andl H.8. t'9aLlacc, Aust.Chem.ï., Z, 55¡

(rgrk).

4.H* Hook andl 4.0. Boycn, oheokcnef note to neferencê

4l .

U. Eala¡ F.H. Whlte anil C.B. Ânflnsen, Blochl¡n.

Blophya.Acta, Jf, lt17o (tp¡g).
R. Bcncgah andl R.E. Banesoh, ln D. Gllok (cdlton)r

wHethodls of Bloahentoal Analystcr, Vol. 1O, Intc¡-
Bolonce Publf shene, Now Yonk, t962t p. lr5.

L.g. tyert an{l J.L. Abernethy, Raillatlon Researalnt Æ,t

tfut (tg6h).

8,8.G. Banron, .T. åmÞnoee andl P. tohnaon, Radlatf on

Reeearob., ?o 1Lr5¡ (t9¡¡).
üaaufaotureü Èy Optlaal ùfeasur'!"ng Toola l,tdl.¡ }Ial.dlcn-

hcadl, Englanû.



lho.

ll+1.

142.

tb5.

lh4.

1\r.

l¿t6.

1|{7.

t h8.

I ll9.

150.

151.,

152.

153.

15b.

15r.

156.

185.

Bec fon oramplc If.I{, Sohachman, ¡r€iferenoe \2r Þ. 75.

!f . $redbeng and K,O. Padcrsen, nefenênsc b7, p. 57.

R.A. Roblncon and R.H. Stokca, nefe¡rencc 85r p. \57.
K.dr. Mysc1e, .I.Phys.Chem., Ø., 1081 , (1961).

O. Jonos andl B.C. Bradlehaw, J;Anr.Chem.Soo., ü,, 178O,

?tg'Ð.
Conduetlvlty Brldgc, T¡æc 6bO1 , nanufactuncdl by Etloo,

Norywoodl, South ÀustraLle.

Éloc for. e¡ampl.e R.A. Robfnson and R.H. Stokca, refcr-
cnoc 8$, p. 9r.

Soc for e¡ßamplo t.F. Spenoen, ttAn Expenlmental. Cour.gc

of Phyaloal Chenrlgtnyn, Vo1. 1, G. BelL and Sons

I¿td. , Irondlon , 1929 t p. 117 .

H,X. Schaehnan, ¡refenenqe l+Zr p. 19.

R.å. A¡"Þerty, t.Am.Ohem.9oo. , 7É,, 3735, (tglh).
T.F, Fond and E.F. Forcl, J.PhyE.Chem., .69, 28h3¡

( rg6tr) .

T.F. Forct and E.F. Fondl, J.Phya.Ch€n., .@, 2849¡

(tg6h).

H. tvcnseon, Kollold 2., j|Q, tht, ( t 9¿lo).

H. Svenseoa, Opttoa Aota, {¡ 25¡ (tg¡4).
O. Tlalner, ,{,nn.Ph¡rg., !9r 105r (tggl).
L. Grop¡ren, fual.Bloahem., Z, hOf , (tg6h).

F.À. tcak,lns andl H.E. TYhlte, trFundamentals of Optleer,

MoGnal-HllL, Net York-lloronto-London, 1957t Þ. 65.



157'-

1 å8.

159.,

160.,

184.

R.I¿. Bal,dlrtn (tg6l), pcroonal eonnunloatlon to
IÞ. nf.H. Ooatal..

N.E. ltan Holdla tnd R.Ir. Baldlrtn, Í.Phyg.Ohstn., @r'
:l]lhf (rgEg).

Il.A. Iaange , HB¡ndlbook of Cbanr!.atrt'', Ilandbook PuÈIl-

ahora fno,, Sandluslcy, ohlo, t9lr6, p. 1O7.

8cc for c¡ample A.L. ecddlas an¿l R.B. Pontiue, !,n

.4. Tlol,oabcngcr (c¿fton), Fîaohnlgua of Organto

Ohcnlrtryn, lfol. I, Pæt 2, Intcr¡otsnac Publtshcr.e,

frsr Yorkr t960r.pp¡ 977-9112.



F6æfiffi åFgfBr#If

ilÞættsa¡ål,oa çf Frycts lste Aståv.ç rsd Xnret*,w Þcol,r¡û
lf.ö¡ Srcaa rû4 ¡f"& Ooltr* ¿,urt.f,&.t.r gÊr tin (lg6t).

lã¡t'sas't of, r DüFt[l pprrc,at¡! ¡t r ædtag rt fÈr tprt¡'r1iu
tto&æ|,*rl 8od,eùy ts å#elrtürr Sr¡niuy tgf$+ ''

Xst[ sdpy ry*drü"



Swann, J. C. & Coates, J. H. (1965). Fractionation of papain into active and 

inactive species. Australian Journal of Science, 28(2), 81. 

 

 

 

 

 

 

 

 

 

 

 

NOTE:   

 

 

This publication is included in the print copy  

of the thesis held in the University of Adelaide Library. 

 

 

 

 

 

 

 




