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I. liTROBUCTIOI 

Proteins ar® substances of high molecular weight and 

great eoBiplexitj. Ovalbiifflin, for example, a protein with 

which this disaertation is priaarilj Qoaeerned, has a 

molecular weight of 45,000 anA contains about 400 amino aeid 

residues. In the mtiv© itat® th© aolecial® is known to he 

roughlj gloh\ilai» in shape, rather than fibrillar, &M so 

imist possess a foli.ed structure. This folded oonfigtiration 

is stahl« toward sottte chewical and ph:y«leal treatments, 

hut tinatahle toward others. Thus, ovalbtjsiii, with ©arefiil 

aanipulation, ©an he or^rgtalliged repeatedly withoiat damag© 

to th© molediil® as determined hj electrophoretio' and other 

teehniquds, let, when ovalbuinin aoliatioas ar© heated th® 

protein beeoiaes verj insoluble at its Isoelectric point, 

and it no longer can he orjstalllaed, in this eondition, 

the protein is termed "denatured". 

The profound ohange la solubility of globular proteins 

on denaturatiou Is om of the Impertaiit indications of dif-

f©reacts in atrueture hetw©€tn the iiativ® and th© denatured 

state, ?/iieh evidence, •aecimmlated frota studies of the 

phjsieal and chemical properties of native ar^ denatmred 

globular proteins, sueh a$ ehmng®s in viscosity, sedimentation 

rat©, and. soluhilltj, suggests that the cieBat«,r©d moleoule is 
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considerably wore asTmmetrio than is the native aolecule. 

fhe increased nir^str-y has generally !)©eii Interpreted 

to be a eoiis@<|ttene« of an unfolding of tlie protein raolscul©. 

However, measiiremefit of the length of the unfoMcd aolecutle, 

or of fh® axiftl ratio, ia often ooMpiioated Aggregation, 

fhe ttufoMod TOolsettles are partieularlj- stise«ptlble to 

aggregatloa, and so solmtlona of deEHtured protein asmally 

are mot cospos^l. simply of molecular If dispersed imfolded 

polypeptide elaalnst Tliis mkes tia® interpretation, of some 

data dlffioult since, for ©xaiipl©, the effect of aggregation 

on the axial ratio can not b© predicted quantitatively, or 

even fixe prestnee of aggregation clearly ©sta'bliahed In 

soil© cases. 

Among tli,Q techalques ftvailable for tiie iwestIgatlon 

of clentttapatlon of globular proteins "blrefringenc© of flow, - -

the on© selftctod for this dissertation seenis particularly 

aiiitable. Birefringence of flow is the dovtble refraction pro-

dueed In a liquid, optically isotropie at reat, when it ia 

aubjeoted. to a velocity gradient, Ilie ©rientation of the 

optle axis of the floiring solution with r©,gp#ot to the flow 

lines is aeaaured ofer a range of velocity gradient. Also, 

the raagnitud© of the blrefrlngenc© is Bieasm-ed mer the same 

velocity gradient pang®. Application of the theory of flow 

birefringence, derived for rigid ellipsoidal particles homo

geneous in length., ©nalalea a det.eriainatioia to be *iad© of 

the length of th© solmte molecule, as w©ll as of Its 
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latrin..sie birafriKgsnce, If tli© solute molecules are 

li,eterog©aeoias ia lengtli, sora© Mea can be formed as to 

the aiaoiiBt of polyilsperslty, 

•'T'f ©xperlmental «r«rk to be deserlbed eneoapaaaes the 

denatta'atlon of ovalbtimla by CD heat, at various pH 

values is tfe© acM region,. (&) heat, in the presence of a 

c&tionle detergent In the acid x'eglon, (?) heat, in the 

present® of urea, (4) heat, at various pi values In botli 

the aeld sM the alkaline region, in 85 per cent glycerol, 

and (5) tieat, in the presence of an anionic detergent In 

the alkalin© region. In 8S per a%nt gljc©rol» la the 

course of the work, flow orientation -and birefrifigenee 

aeasapsments w©.r« wade on more than separate solutions, 

and the result a of approximately 100 ar« described. 
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li. LITEftATTJEE SUlfEY 

ii • Pr 01 © in Bo ma t w a t i on 

The ehemistry of protein denatmration has been 

tliopo 1 ' .y and ably reviewed hj Ifttiratli and co-worlcer§ (52). 

fhe survey |>re,s«at@4 in the following pages Is not meant to 

'be eowpreliensiv® in so ope, Instead, iBvestigations which 

seemed moat pertinent in their relationship to the inter

pretation of flow birtfringene© atudies ar© rmiev&d, 

1, Heat d.enatia'atioB 

The kinetic a of denatwatloa of ovalbumin by heat, aM 

by ehemieal agents^ has been r©vi«w©€ by l.yring and Stearn 

(SO), fhe extent of ileiiatui»ation tisnallj bag beem d«terwiii@d 

by ppeeipltation-technifaes, based on the insolubility of 

denatured crallnmin at Its Iseeleetrle point. Changes In 

Gt}mT phyaioal properties, such ts optieal rotation, or 

ultpa¥ioi«t absorption, unfortianatelj, tiauallj sr@ not suf-

floi©nt;3.y large to be iisef^il in, following d^naturation. 

Chick and. Martin (18, 19, SO) ia a series of papers, have 

shown that h«at deaatmratlon is a.first-order reaction, when 

the denrntia'Atlon is carried out at eonstant i>H« Th© denattara-

tion reaction h&® an extraordinarily high teiapeimtup© 

coefflGient, The pat© of denatttpatioii. Increaaea aiarkedly 
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either wlfcfe inepeftslng hjdregBn Ion or with lacrsasing 

li:y<lro*7l ion eone©titration, and this auggtsfeg that' ©leofcri-

cally changed spteles way b© fc/aking part In th® reactloa, 

la sttpport ef tliis ld@a, I^wls {41) feuM the mte to pasn 

tlireugh a aialmuo at pH 6,8, at wMeh p©iat the hjAvQgm and 

hjdroxyl Ion eoneeritrations ar® approxlaatelj equal, It wag 

st«€'g©sted iJf BepoMart 16) that water ©ntars Into the reaction 

a® well, since dried O'lralbumln is aue'h raor® resistant to heat 

denataratloa th&n is stalbtjaln in solution^ &wA sine© h®at 

cienatiiration of tfee dried material <io#s n©t follow a first-

ord#r law* 

Bull (12) ©aletalatecl the axial ratio of heat-denattired 

ovaltramin t© "be 7.4, to 1, and that of the native raAterlal to 

he S,9 to 1. His 0'on©lusloas were deri'rM froai ^iscoaltj 

data oa ofaltjttmln dem&ttiried at 100® fei? 7 minutes at pH 8«0 

in 0»0g 1 phosp'hate 'bttff©r. The extent of d#nataration was 

87 per e®nt, a® estimated hj Igeelectri# precipitation* 

Smeh data lllmstrat© the iao-p@a@« In asynBnetrf resulting 

froffl, denattiratlon. It gtiomld be ©wpiaasiged that soltitioas 

prepared in this aairner m&j to© aggi'egated, and that tlie 

aggr©gatio» aaj affect the caleiilate# axial patios in a aot 

obvlems manner* In this eonsectlon, fhilippoff (60) has 

considered t!i© pr©l)l®a o-f aggregation in general, and has 

conoli*3.®d tljat visoosity tj.© Inereased, ^or decreased, as 

aggregation pi»0'Cee«lg, depending upoa the tfp« of aggregation 

present, 
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Bemtwed o^'albusiln wag prapared, uMei* eloa#ly 

controllM eonditions, hj laoPherson and Heidleberger (44) 

for investigatlsns of changes in fluiditf. of denatured 

ovalbwfflia solutions ©n standing long periods of tim©. Their 

sawpl®® w«r© prepared preguaablj with a ainlramffl of degradatloB 

msi»g aoid, alkali, and 1i«at as denaturing -agents. 'They were 

purified hj re-solution and re-preeipitation. ¥/heii these 

solutloa® wer« aged until fluidities •foeoaffle constant, thej w®r@ 

shows, "by 'lacpheraou and co-workers (45) to b® aggregated, th© 

agrregatea consisting.of § to SO noleeules. Salts in ®x©eag 

of (j.Og M, or exposure to 57® G ., decreased tli.« fluidity and 

increased the opaleaeenee of the acid-denatured ovalbumin, 

which previouslj had h®©ii aged to'constant fluidity. 

fhes© results are of general interest, insofar as flow 

orientation is eonotrned. The extent of aggregation in the 

above saiaples 1® relatively .small, considering that they were 

r©-precipitated and ag#d, Saaplea prepared for flow-orlenta-

tioa !s#asureaents, under th© most favorahl® conditions, might 

he expffeted to he *ig?r®gat0d to a negligible ®:x:tent, sine® 

theJ would not he precipitated from solution. 

PrecipitatM, heat-denatured ovalhiaiaiia, particularly 

wh©B it is .streteh#d, was ahowa. hj Asthurj and Bell (3) and 

hj Sentl and co-workers (68, 69) to give an X-ra^ pattern 

chtracttristlc of ^ -keratin. The demtured ovalbumin has a 

sid®-0hsiii spacing of about 10 1, and a back-hone spacing of 

4.5 to 4«6 A. This l-raj pattern Is laiieatlv© of an 
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orltnted strticture, ootaposed of extended polypeptide chains 

opltnted in an approaisately paralXel manner, aal Is good 

evldeno© tliat tmfoMing of-the globular protein, ovalbumin, 

tias oceiarred dOTing d«nat«,ratlon. 

2. Uvm. deo-atttration 

fh« deaaturatidji of ovalbumia, and other proteins, hj 

urea has received rather Intensive Investigation. Con

centrated .•«•©» solutions, for example 6 to 6 M, denature 

ov-albiralm and at the @mm tlae act ag solvents for the de

natured pspoteia, fh©s© solutions of denatured protein ar« 

suitabl® for study toy various pliysleal aeasurements such 

as dsjootic pr«ssur«, ultracsntrifugal analysis, diffusion, 

and vlscosltj. 

Gertaim proteins, sueli as am&rjiilii and exeelsin, when 

dissolved in 6.7 M .urea, were fouM by Burk (16), using 

osaotic preasure ffl«tliiaS.s, to be dissociated into units 

having atooiit one sixth, the Boleeular w«lgb.t of tlie nativ© 

proteia. Burk and (ireenberg (17) ah owed the taoleeular 

f/elght ©f ovalbumin to be unchanged under tha sarae treat

ment# Lllc©wls«# sediseatation, diffuaion, and vlscositj 

laeasureiaents Roth.en {6&} ladieated ttie ovalbumin to b® 

unehang#fi in uiolecular weight. William® and fat.son (72), 

o-a th© other hand, Relieved tliat 60 p-er cent aqu@oua ur#a 

solution eauseg oi/'albumin to dissooiat© into halves, as 

judged by ultracentrifugal analysis. However, this change 
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eoiiM also have been Interpreted as fearing resulttd from 

Inei'eaaeci asyntnetrj d«© to AenaturatloH. Olark (SI) has 

presenttd evidence^ from a sttM,y of the temperattir© 

eoeffloient of urea dsmturatioa of ovaHraaini, whieh in-

dlcat©8 that some splitting a&y occiar in concentrated 

urea, solution, Thms, there is evldenc® in the literatui?© 

fop, and against, dissociation of ©'ralbtiailn In eoaceutrated 

uroa solution, th« greater mmonnt of evidenoe favoring the 

id#a that dissoeittion does not oeeur, 

l«wrath aai Sauw^ (M), ant Meur&th and cso-work#rg 

(51) studied hor se-serum Sklhumln denatured by wea, and fey 

heat, and showed that the diffasion constant decreased 

with inorsaalng.OTfia concentration whereas tli« relative 

triacoslty increasei,. These findings ar© Indlcatlv# of 

increased aayamttry of the proteia aioleciil®, similar re

sults were obtalii«d when heat denaturation was earried out 

either in the preseaet of 3 1 urea, or at pH 3.2* Tfa# 

ur@a-^©iiatur©<l aolutloas of this protein w«r® fotiial to to© 

iioiiodiapers# at mre& eone©atrations above 0.5 1, wliersa® 

tli© lieat-d'enatured. solutions wer® p©lfi.isp«rs©. Tti® 

partleles beeam© elongated, with laer®asing urea coneentra-

tions. Asgtialng their shape t© hm tb.&t of an ellipsoid of 

revolution, tliei.r diwenalons approaohdd a major axis of 

560 A aiad a miner axis of 20 A, 

Sves in fairly eoneeatratesi urea solutions of 

ovaltotamin, however, a varia'bl« aHioimt of aggregation, which 
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reamlts ia li,©tspog#si®tj, maf.b® prestat. fhtig Mir sky 

(47), hj aa ultrmentTltug&l analysis, .found tta© paftiele 

weight ©f ©valbufflim in 9,6 I urea selmtioa to b® the same 

as o.f natiTft of-altowiii ia mqu&QUB S'OlutlO'ii in tli# 

a'b®«iiQ« ©f ttrea# Lowering the iw#s .oencentratlon, • bj 

dilmtioa, fasiilted in polf€isp®rsitf • At 6 1 urea 0011-

e#iit]patioa tli® partlel© weight was doubled, and Inoreastd 

ftiftliep as til.© eoaeeBt'ratlon wfts lowered t© 2 M» Tti# 

soltttiea again «pp#ar«i. seiiedlgpers# when th© tirea eon-

eentratioia w&« raiaed to 9 1. 

loplias CS6) found that the rate ©f deimttiratloa of 

evftllmmin 'by -area d«er«as6d with in.erea.sing temperature 

ov©'i» th& rang# 0® to 3f®, 1# conteMsd that the reaction 

has a. nefativ® eoeffieleat, aM Ramsdea (64) 

supported, hia.* lopkins Inttrpr^ted fh® unexpected ,n«ga-

tiire teisperatmi"© eoefficieat ia t©rii.g of a ppot®ln-tirea 

oo!5pl®E, bigklj dia8oei.at®d exempt in the pi*e.s.«no© of high 

e©ii6«atr&ttons of ur-e&p and of whiofe. tht dissociation 

ltter#a8«d with ris® ift teaip«i'iitttpe sufflcisnt to aecotmt 

for til© ©^8©pv©.d .dtmlnutiou ia rat.e ©f d«Ratui'«.tion» In 

tties® ®xp®rii!i#iat8, th« amouat of d«nat»i*atioii was deter-

fflln®# by dilntiott ©f tb.© tir@a, deimttired aolutlons with a 

large volume of eontainiug & small amoTint of 

atamonittB sulfate ©r a©.©tie acid, if mmnnmrj, to facili-

tftt® pr©©ipltati«, Clsrl (21), oil th® &m&T teal, • 

l)i*oia.glit forth #vid®ae«, oljtained tfj aeaswing -opalegene© 
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phot om® trie a I If diirlng dialysis of urea-denatured solu-

tlottg, suggesting that splitting of ovalbtimiG laair oeew 

along with denatwatlon. This oouM account for th& 

teiapemtwe co@ff*lei«nt, wli®a th.# ftaiount of de-

imtiiratioii is laeaamred by tht aaount of insoluljle mattei' 

f©p»e4. mpoB (ililmtlon of th# urea-d©ii«,tur;ed protein 

solution* Both, tk© 4#naturatioa and th© splitting reac

tions tiair© positiT® teaperat^pe eoeffielents, aeeording 

to Glapk, and the s©oon4 i® mom affected by imvmsB in 

tsmperatmrs tlias 1® the first. 

Wm and Tang C?4) la&v© shown that the rat® of ur«a 

deaatwatlon of o^altitanln is d«p©Hl«iit upon pH as w©ll as 

up ©a til® ionle 8tf>®ijgtli., fti® rat© was found to •&« at a 

Minifflmm at pi T+S and to rise rather steeplf on eith&v 

gld« of this f&lm«. It was swprisingly depeadent upon 

lonie atrtngtfe. For exaopl©, a 1 p©r o«nt aolutloa of 

ovalfeuMla in. 40 per oent ur®a solution at pH 7.6 Cun-

•bmffered) and 51® wag §2 p®r cent denatured after 2 hours, 

wfeerefts a siallar aolmtloa tip In 0 ,10 1 |)laoaphat@ 

bmff#r containing l»-0 M S'C^iiiia ohlorld©- waa 4 per cent 

deaatmred, and la 0,10 M pliOipliat® buffer eontalnlng 8,0 

1 sodi"usi ehlorld® was zero ©er cent denatured, as 

a®asnr«d hj ths-Aiaomt of precipitate foraed upon dilution 

with a large volttm© ©f l>mff©r«d water, 

Llw C^i) also observed a pronoun©®d ©ffeet attribu

table to th® pregenee of tottffor loss. On standlag 20 
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lioups an. •iin'btiffered ovalbumin solutloa was 80 p.©i» eent 

denatured, Alle a soliitlo-n bmffered at pH 6.,2 witli 

citrate l3tiff#p was only gt) per eeafc denatured, in 40 per 

©®nt ui'ea solution. The viaQositj inereaued with In-

creasi-iig amotrnt of denaturationi it showed « ninimist at 

•pH 6^,?. 

BenafetiFatleB of walbTOin in urea goliation. as well 

as toy beat is aceQapanled toy an imrtate In pH aooordltjg 

to tu, Liu, and 0hou US), fAio intefpreted this 

Chang® m proof of altemtion of acid or Isase-biuding 

power on deaattiFatlon. Smcli ehanges miglat be expected, as 

a result of taafoMlng aad disraptiag of th® bonds holding 

th© ffloleeiile together in a foMed eonfigaratioa. 

Ilotz and eo^-«ort«ers CS9) wade a wass-law aimljsis 

for conpetitive blading of ions bj ijoTiti®-sertiM albtiwln, 

ualng ««tb,yl opange-'bovlne sepiaia allsttialn eooplexes as 

referenc# solutions# flie binding; ability of boYine-sertaii 

albtirnia was found t©' Ij® slot^ly destroyed 'by'heating at 

55®, OP by ftxpoattTf to 0,01 1" sodl«w hirdroxide. Fr©a at 

high coneentratiefi'S was ahowo t© b® capable of rapidly 

dlsplaelng aotkyl from th# dye-protsin eoaiplex. 

ThB' displaciag ability ©f tlie urea reaeliM a maxlaiOT at 

about 6 * eoaeeatration# 

Pilas of urea-demtured oiralbtiain were atttdied toy 

Astbury and Dlekinson (5')« They fotiad th.® filais to 

possess an X-ray pattern similar to that of £ -•keratin. 
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a protein liaviog an ©xtemdad struotur®. 

S. Oatergeat dtnatiirafelen 

Many cafcienlc, and' anionic, dttargents ar® potent 

denatwing agents, fhes© ©oiipotmdg are, geaerallj speftk-

Ing, strongly bouM to proteias. fh«y ar® promialng for 

studf, sine® tUm proteia-detergent combinations can b« 

described with so®©#i.at mor© definittness than ean, for 

exampl#, protelm-urea or prot#lii-guanldlii« liydrochlorlde 

co-mbinatloiis. l)«t@rg«iit d®nat\iratloii Is of partie-ular 

Interest fer floir-blrefrlngesee ffleasiireiRtnts, Isecamse it 

Q&n be ©ff#eted at relatl'rslj low <let#rg©at coneentratioiis. 

This la advantageeus,. slno@ tb,@ refraetiir® Index of tM© 

solveat is mot serlottslf altered, and also the solutoilltj 

of th# deimtttrlng agent Is not likely to be ®xo®edeA* Aa 

an^ example, tli.© work of AnscR Cl) Is olted. H® showed 

that isoeleetric 'btef-'tiaiaoglobiii Is ©nlj slowly denatured 

toy 8 fl urea, irli©r®a# C3,0008 1 Dapenol P.C, denatures it 

rapldlj, as 3irf„g®d fey oolorlmetrio methodi. 

Both nmtlre, mM li®at-d®a*tTir€sd, ©valbttala form well-

defined complases with allcylb©nE®ne sulfonates 1B solutions 

slkallae to th® liO@leetric polEtj, according to I-undgrtn 

and, eo-ioti-ers (43).. fh@ natlv# protein oomtolnes with on® 

tlilrd its' wslght of detergeifit, la Mixtures containing 

rel&tlvflf large Riaounts of natlf® protein, and tM# heat-

deimtmrdil protein, eorabiiisa wltli larger amounts. Th.® 
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coitiplex#!! w«rt stMled ©leetrophoreticallj/. Wlaen.tlie^ 

fraetiom of de-t®rgeat was 0,3 or tBoj?©, th# pfoteia showed 

the ©Itctropliopetie "beliavlor of coupletelj dematur^d pro

tein t&mhimd with 'dttergdat» 

C«sr®-y.K ant F&brj (22) also observed' the greater 

ooffibinlag pow«r for dettrgeafc of d©iiat?ip®<i ovalbumin, as 

cowpape^. to native ©valb'ttaln. fliey Investigated th# change 

la, specific rotatloa. upon denatmratloa with Texap^oa (a 

laixture of sofldua alkyl srulfates), and concluded that 0»46 

gBi,' ©f detergent are fixed "bj 1. of native protein, 

and 0.7 gm, of ietergeat ar© fixed by 1.00 gm., of danatiired 

ppotela, 

Ptitnas and leuratli (63/ lBv@stlgat«c!, sodium dodeeyl 

si-ilfate osmple^gg. of hnrs9-B9miw albumin. 0©inplexes were 

formed on tlae acid, aa well as on. tli© alkaline side, of the 

Iseeleetrie • point. Coa.plete precipitation wag oljtalaefi 

within the Halts of detergeat-protela rati© of 0.2 te 1 

and 0,4.to 1« fli®j eoaelMfii tli&t precipitation is due to 

©lectfostatlc forcta, sine# it omurs only on the add aid® 

of flie Isofilectrie point, ard thm amoimt of detergent r©-

qair«d.-for eoaplst® ppeeipltatlos eorrespoads eloself to 

th® tot&l aoM-blMing oapaolty of the protein. They also 

slio?i«4 that aaionle detergtnts oatise deaatwatlon, as 

®©a.8\a'«4 bj pis© in vlseoslty, on eltbtP @M© -of the iso-

eleetFle point. I%© anlO'iale detergents, &re more ©ff#©-

tlv# »» demturants tts-aii is urea. For example, 0,1*7 M 
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aodlmm &.od.6Gjl sulfate Increased the Intrimalc viscosity 

of s®ruB albttmln to S5, and 8 ff mr©» Inereased it to 22, 

fi'ow a value of 4»S for the natlf© protein, 

lot all of the positive groups ©f aerum albmoin are 

eqmllj available for binding with afci:»aight' chain alkyl 

sulfate®, fill a was ahQwa by iMfUBh and SoBenb-epg {S8), 

in a. stMj of referslbl© 'blMiag, bj «'©aBs of ©qulllbrittai 

dialfslg. 

fwo disepet© coraplexes were identified by lenrafh 

ar^ Pmtnaw (53) la tli« hcvrse sepiaa al'bumia-sodium dodeejl 

sulfate system at pH 6.8 and. 1®.» Other coaiplex©® were 

observed at 20®, The first two oompldx®s oon.tain©d de

tergent anions equivalent to om half, aM all, retpso-

tl^ely, ©f ths cationie groups ©f the protein, fhe high

er complexes, of variable composition, w«r© shown to be 

©le<3troplio2?«ticallj asonodlsperae, up to a d@tergent-

pFoteln ratio ef 1, at rtilcli lev©! fr«© detergent appears. 

Putnam and ieurmtft (6^) atiggestei that the first eomplex 

result a fpoa a eoabl»&tl©n betwmn <i«t©rgettt aBlons and 

eatioale gi^oiips of tlie native protein, aM the s.econi as 

ft result of partial mafoldiag with liberation of additional 

eationle groaps. Mciltlonal reagent caused further in-

ci»eaa« in .viaeosity possibly as a consequence of nofi-poMr 

adsorptloa ©f detergent, ©r 'bj aon-gtoiehioaatrle asaooi-

atlon of detergent aeleeuleo with «11 of tli®' avallatol© 

grottps. 
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In a q\iantltatl¥© studj of hors® serum albumiri-

sodlum dod.0C.yl sulfate complexes futftam anfl leurath. (61) 

liave ascertained tliat preelpitation is governed h'^ the 

protein-detergent ratio, pH, tefnperatta*©, and ionie 

strength. The protein forffled by dissoclatioB of the pro

tein-detergent QOMplex wag shown to "be in a "regenerated" 

rather t'han the native state, as revealed "by diffusion, 

viscosity, aM ©lactrophoretlc studies# 

Bull (11) fouM .avldeijc® of l3lMing of sodium lauryl 

sulfat® tO' ovalbumin. In surface' filra meagur«95©nts, &.tA 

concluded that the two complexes formed contain 17 aiil 58 

mol@eule.a of detergent per molecule of ovalbumin* 

Boyer and oo-workers (10) Investigated tint® ©ff©o.t of 

fatty acids ana related co.mpounds on th© theraal at&billty 

of human, and bovln®, serum albumin "by olouti point, 

n©pheloiB«trlo, and vlsoometrid procedures.. They con

cluded that fatty acida stabiliEe the n&tiv© protein,, but 

not the denatured protein, against viscosity rlst on h,®at-

Ing, and that stabillg.ation arise® frois association of 

both polar and non-polar portions of the fatty acid anion 

with certain groups of the albumin aolecxil® In its native 

state, Boyer .and oo-workers (9) also atudled, th.® effect 

of fatty acid salts on the denaturation of human, and 

bovine, serum albuisln by urea or guanldln® hydrochlo.rlde, 

viscosity ris® being used as the criterion of denaturation. 

Low concentrations of fatty acid salts w®re found to 
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prevent the viscosity increase otherwise resijlts 

when the altoureia la digsolir«d la 6 1 urea, solution. Also, 

sodium eaprjlat®, added to ftlbtuiiii solutions prwlouslj 

denatured by 6 1 area, eaiased a prompt pronotiticed 

viseosity dtereas©, wliioh was Interpreted in teras of r©-

foMiag of tti« denatta»«d protein molecule. 

Fibers mad® fros ©valljttfflia treated with detergent, 

and drawn m»i#r at©an, were shoim by Palmer and Gaitin 

(55) to hme a ^-kera.tia eotifiguratioa, aM to consist of 

polfpeptid# .ehaias arranged par«ll«l t© t1i.t filier axis. 

ffi&f eoaeliadad thMt onm of th@ functiooa of the detergent 

is to unfoM. the corpuacml&r protein, 

4. SiiBf>ag m- •Aenatiarat ioa 

II«i,ng SOTfaee-toalanee techniqiiea, Btill (14) weastired 

tlie rate, of stir face denatmratloa 0f ovaltouwin monolajers, 

and fotmd it to d«cre«is« with Imereaslag protein con-

e©iitratlon. Eate ©f amrfaot deiat-ttration was ^.owa to to© 

stronglf d«p©M®nt mpon pH, proceeded laost rapidly at 

til® Isoelectric point. Bull (13) ©onclMed, that spread 

films of nmtiv©, lieat-deaatwred, and tirea-dsnattared pro

tein are similar in atruetiire, and represent tinfoMed 

molecmles in the form of an asfffl-metrie polar fllw, 

mechanism of siirfa©© denatmratlori, of cotarg®, 

maj 1)6 different from tliat of li,eat dtnaturatlon tn solmtlon. 

Ie?-ertli€l®ss, Bull* s dbstrvatlOB of deerfiftging rate of 
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denaturatlofi with inereaslng conctntratlon, ii of In

terest for flow-blrtfrlrigeBe© aoagttr&ffleiits. It hints 

that one condition wtiich ought to b® fulfilled Is that of 

low protein mmmntr&^ion diiring denatwatioii# 

fli« X-mj pmfcfcepn of protein aonolayers was deter

mined by Aatburj and eo-worlcers (4), and fouM to to# Ilk© 

that of ^-keratin* f fouml that the sid® oliaiiis 

pr0f@i»eBtlally orient 'Ctieaselves pepp«iiaieti3.mr to the 

plane of th# film, and that thm t!ilckn©as of th® aonolayer 

Ig a"bottt 10 A. 

6, Smlfh^.rfl gromp li'beratioia 

SulfhjAryl liberation is one ©f the min lines o^f 

cliemioal evidtnc® ampp^orting the conoept of trnfolciic^, of 

t1h© ovaltotiiin raolseiile- during denatu'ratloa, Satlir© 

ofalbtsiiin possesses ao detectabl® s'alfh'yd,rjl groups, 

Smlfiiyd,rfl group a are exposed upon deimturatlon by heat, 

as was fir at stioi«i by ArnoM (t) and by ale olio 1, ahaklng, 

and ttltrfiifiol®t padlatlon, as was shown hj IMrria (55). 

Other cli©ffll«al agents sueh aa wrea* guanlellae hjdroehlorld®, 

and detspgents mr© affect IT© sulfhydi^jl liberator a. fhej 

ar© of etpeelai Interest since thej are also good solvents 

for tiae demttired proteiH. 

Gmauitia® h;^roehlorid© It a moi*© powerful s«lfh.ycir^l 

gro-ap liberator than is tir«a, a.ooording to Clreea,steifi 

(53# 54). Sulflifftryl group liberation ineyeased, wltla 
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ln63P#aslng in-ea eoaeentratlon, witliout reaehlng & maximum 

^altw. lltb. guaBldin.© hydrocb.loi*id@, however, maxiiaum 

liberation was attalaed at about 5 M, and no further 

iroerafclon oecurrad at lilglaer eoii0entration,s. Thla raaxl-

Bmm SMOiiBted to about 1.28 p&r e®nt protein sulfhydryl 

e&lo'ttlated a® cystein®,; with a very mueh higher conoen-

tration of \a,r«a, 17 M, onlj 0.97 per cent was obtained* 

In contrast to the high, eoncentratlons of urea, and 

guaaidiB© salts, n.#®d@cl for irmxifflttiH, STal,fh-y(lrjl group 

li'berafclos is the lower concent rat Ion. of detergents, re

quired, as showa tsj Mirsky (48) who daoatured ovalbumin 

with Bmpoiiol, 'fhe Ionic detergents. In general, have been 

shown to be powerful denaturing agents. 

ffmnidlne thieoyanate. Iodide, and hromid# ?/©re shown, 

by Greenstein. (33) to be more off#otive in liberating 

swlfhjdryl p'oupa than was the ehlorid©. Th© carhonate, 

acetat®, and. sulfate were eompletely Ineffective even at 

6 M concentration. These data -poiat toward antagonistic 

action h«tw©«» th@ gaanidiniunt ion and the carbonate, 

smlfate, and aoetat# ions. 

Burk (15) ®t«dl®d the eff®ot of various compouadss 

on urea d#naturatloii of ovaltotiain, whleh he fol

lowed by meaas of sulfhjdryl liberation. Sulfates, awl 

aeetates inhibited liheration at .all oonoentrations of 

urea, lagn.esiua and laaagan^ae chlorides Inhibited in 

eoa.o«iitrat®d urea aolutloa, hut enhanced llberatloH. in 

dilute urta solution., ftydrochlorio aoid ©ahamoed 
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llbepatloB. in urea solutions of ofaltouiata, hut Inhibited 

litotratloa la urea solutlona of laotalbumia^. The effects 

of raagaesl'um etilopMe, llkewls© mre opposite on ovalbtifflin 

aM .laetaltottmln, 

Smh. divergent re stilts emphasise th® ootsplexlty of 

th® pFoblew* la raallty, little is known about the details 

of the aeehaKlgia of stjlfhjd,r7l liteepaticm by the actloa of 

•area, gmnidla.® salts, or of detergent a. It seems esrtaln, 

nevertheless» that sulfhydrjl groups are present, but 

liiace0ssil)l©, in the native protein-, aaS. ar© oade aecessibl© 

through ffee process of denatmrmtien... fhia vBsult seems 

Teasonabl® if it be ags'xiined that unfoMing takes place 

during the denaturation,^ 

B. Tlieorj of Plow Birefringanee 

1,, fwo^diiBeBgioaal orleBtatioa theory 

T&© theory of flow biPefringeno® haa bttn de'veloped 

prlaeipally 'bj Bo®4#r (?"), Peterlin 157), bi" feterlin 

and Stuart (fiS, 69),• and "bir Sttellsan and BJopnstahil {70}* 

Boeder* solved the problesi of orient at ion In two 

dliBsnsions.^ He assmaed tlie solute pai?tiol»s to b® long, 

thin rods oriental in one plan© under conditions of laiaiaap 

flow by a Telocity gradient, G, aini, disoriented, at tli.® 

saae time, 'by Bpownian motion. The disorientiag tendencj 

is ©xpreasad in terms of the rotarif diffusion constant, 

6 , He defined the orientation dlstributiom functioin. 
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P(d)= Limit 
t 

Here a i.s tb.© mimfetr of partleles p^r anlt ireliam© whos® 

axes lie Ijefcween. <p , 

fhe differential equation i«gerlbii^ the steady state 

#i#r#ln ^ do«'i not ehaage 'flth tiias CtMt Is, when the 

orlantatloo Indttcecl hj the velocity gradleBt is exactly 

eotaaterbalaneed l)j the disorientation induced hj th# 

B^rO'waian motion) is 

c/ P Sth'^ d - ^ 

e-
Sere oi '• B.o©d®p giv«S' graphical solutions for this 

©qiiation in tli© fora of graphs of ̂  as a fimetioii of ^ , 

as well as graphs of the extinctIOB angle, , aa a fiinetion 

of c< , ,fcM of tlie bireft'lBgeiice of the flowing 

solatlon, as a fimetioa of The extlnetioa angle is 

defined as the angle between th« optic axis of the flowing 

soltition And the flow lines* Tli® optic axis Is assumed 

to eolncld® with th® average position of th© taajor axes of 

the solut# particles, 'T'approaches 45® ait low velocity 

gradients, and 0® at 'hlgli gradientt. 

g. Three-dine-nsionfil orientation tlieorj 
'.IN n • II 11..1 1 IMI .A 

Boeder golv@A the threft-dliaenslonal case in a less 

eomplet# manner, and derived a forTaula for ̂  In terms of 

,(K, valid for small values of , 
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1/ I 4-^ C _ (I — f (—• X .. . ^ 
A = 2  • ? "  

Were ^ la expressed In radians, fh,© rotary diffusion 

oonstant, 9 , equal to q/oC , ean to© obtained from tMa 

equation. 

fhe ppobleia of orientation In three dimensions of 

rigid ©lllpsoMg of re'^olutloa was sol'^ed by Peterlln and 

Stuart. Tlielr dlstrltjutloii fuactlon, P, depends on oC 
. 2 ^ , 

and on S, mtwm H= £«-JL—and ps-a/b, the ratio of th© 
/ 1 . 

major seml-axls, a, to tlie miner seal-axis, hicZ-Q,/^ 

as In Boeder>8 treatsent, 

Their differential equation is, 

^F_ / Cos^4 ii ̂  s-ia ^ _ 
d. ^ 9(f> z £~ 

a = 1— .2. -!• J. iL [ / 9/S / ^^2-

^ la th® angle hetwmen th& m&jc?r axis of mn Indl-

vldtml partlol® aad an, axis parallel to tiae concentrle 

cylinder sxi«V anl ^ Is the angle 'Ijetwee-a the prolectlon 

of th® aaajor &xls of the partlel® on a plane perpendicular 

to tb© eyllader axis and the flow lines of the solution. • 

A llmltlag forw of the solution to this equation, 

forc<^<'1.6, is 

Thia aelutlon Is praetloally identical to that of Boeder 

for sfflall values of . 
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Until lately, the thsories of i'eterlln and S fmr t  

have been of limited applicability, because of the larg® 

ftfflotmfc of labor Imolved in obtaining solutions for t!i.® 

flew orientation equations, exeept for the limiting oase 

where Cx^ ia smll, Eeoently, Sotiemga, Msall, aad Gadd 

(67) solved the eomplieated simultaaeeus «qtiatioii.g in^olired, 

by use of the lark I lleetro»lc Gomputmtov at larYmrd 

llnl¥«i'sitf. fliej give tables ©f tli« extinction angle, X » 

•as a funetioa of0(^ {0 to 200) for various axial ratios 

.(1 to inflalty), aad th.0 orieixfcatioa faotor, f, as a 

fmnotion of <^(0 to 200) foi* v&riotis axial ratiO'S (1 to 

infinity), draplis made from tties© data were ased for 

calomlation® of Isngttj., and for th© fimctloa , defined 

later# 

Appljing the fef-rin (§6) eqmatlon, relating^ with 

the dimensions of th® ©lllpsoid of r@irol«tlon, permits a 

oaleulstion of th© length of tlie solmt© particles to be 

mad© from flow orientation a©&siireiii@nta. The Perrln 

equation, a Uniting equation for rotary Browaian mot ion 

about fh@ minor setnl-a.xis, b,. for th® oas# a ^ §b, is 

A _ 3 AT + Z 1^1 

Her© k is th© Boltzmaim constant, T th« absolute tei^era-

tuF©, ^ tlie ¥isG08lty of the solvent, aal a tlie aajor 

semi-axis• The expression In bracketa is relatively in

sensitive to variation in tia© axial ratio, a/b. In 
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practlo«, tb,© ratio eaa be astiuated froai viscosity 

ffle&auraiaejata., qt approximated arbitrarilj. 

S. MagmittiAe of blyefringeiio# 

Peterlia aiid. Stuart obtained, for th« birefringene© 

of tlie flowing gelutioa, th© relmtlmship. 

Here n is th® refraetiv® index of the aelutioa at rest; 
MM. 

^ is th© voluiB© fpaetloa of the ellipsoids of revolution 

glaring rise to'the feirefringeiie#? optical 

anisotropf faster Aep'erKlliig on the pefracti'r© iBd©x of th® 

solvent j n^, and oa the principal refractiv© indices, 

and lig, of the ellipsoidal particles^ f (OC, a/b) is a 

coinpllsated orientation faetor. B'©!?'if a lues of ^<(1.5, 

fhe factor « Is a function of the axial ratio of the el

lipsoids, for long'rods, e 0.5; for spheres, 6 =• Oj 

for flattened discs, e = -1, 

4. fQljdisp er sity 

The optieal anisotropy factor has the forra, 

aadroa (66) has InvestIgated th© effect of poly-

dlgperslty of lengths on th© extinction angle, and on th© 
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birefplTigeiie©, He derived the followi-ng relationships. 

fringeiac© ef tli« flowing soltition, specfciv«lj, eontainlng 

i solute eowponenta, each wifh. its ohaFasteriatic diffusion 

coastant| {tie - the birefringence prodtieed by the 

tlie itli eowpOTOnt alone. 

0« lipplication of B'low Birefringen^fi© to Preteins 

Flow "blp©f3?li3gene© has been tised to a limited ©xtent 

in atTidylng pure liquids siicli. as beasane and ©etyl alcohol# 

lost of tli.e applieations of this teehntqu®, however', h&v& 

not been *'it1a liquids of as^ll moleotalar siz# but rather 

with high fflol#oular weight autosfcaneeg in solvents allowing 

negligibl© Qritntation,, in ooaparison to that of the solute. 

SOB© representative saterials wliieh have been Investi

gated' are polyraothaorylafce, polyatrsfie, nitrocellulose, 

pectins, viscose, amy lose, ami ftibbtr. fhe method has 

Tbeeri used to detemine the length of protein moleeules 

ia the undemttii'ed state, at for exAntple, myosin (49, 

50) tobaceo roosaic irirtia (46), fihriaogen (27), &&±n (31), 

gelatin (26), Helix heaocyanln (70), aad horse-antibody. 

Here % aM H- - n ar© the estinetios angle and the bire 
0 o 

ith ©oHipoaent alon©%l is the ©xtinction angl® prodiiced hj 
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globulin (70). fh# tla.@0Tj ot flow blpefringeac®, as 

well as Its application to proteins has been ©xcellently 

r e v i e w e d  b y  i d s a i l  ( 2 5 ,  2 4 ) ,  

Th«r® are only a few reports in th« literature dealing 

with flow tolrefriiigenc© of native alburain®, or of denatured 

albmwina. lativ© ovalbinain,, la ftfwous solution, was shown 

hj Boehm and Signer (8) not to produoe birefringenc® of 

flow, presumably becaus© thM melesul© 1® too short* 

Similar results w»r© obtaiaed toy ,Jolj aad Bsrbti (?7) using 

horse-a®r«Bi albumin. Sdsall aM Foster (iSj w®r« able to 

measur® tb,e length, 190-g()0 A, of aativ© hma&n, and bovine-

seruffi albtnain bj Riaklisg nisA sureaeat s la eoneentratei 

glycerol aolutioms. 

fhere is a lesser amount of piatjligheia work dealing 

with the eJianges in floi? blr®friiig®nee rtsultiiig from 

heating., or efeemical treatmtnt, and iBnefe ©f it w%a don® 

using th© iitiscle protein, lajoslr. Von Ifmralfc aad Blsall 

(49) found that th© flo?# blrefringeaee of mjoaln solutioaa 

can to® aade to disappear upoa addition ©f u.r®a, iodides, 

or thiocjanates, and tliia change ¥«» Interpreted in terms 

of a breakdown of elongatedxpartieles lato fragments too 

small to toe ©riented, Lilcewls®, other oonpoundg not 

ordinarily classed as potest denaturing agents were shewn 

bj Idsall and M®hl (89) to b® effecti-re in destroying tlie 

flow toir«frliigeiie« of myosin solutions* 

feedericq (S2) measured the diraensioas of ov&lbuain 
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partlelea resulting from den&turfttion at 100® for ,50 

aintites is 0,4 to 1,2 S hydrochloric acid solution, and 

obtained lengths of 900 to 2S00 A» O^'albtnain denatured 

at room tantperatiar# with th« anionic detergent, dod-ecyl 

heazeae aodliwi sulfomte, ga¥® lengths of 1900 to 2400 

A. fh#"magnitmd© of the birefringence was lower la th© 

solatlong eontaiaing detergent, and so a rather high 

eoncentr&tion of prottln, 2,5 to 5 per o®nt, was used, 

A lower coaoentration, up to 1,6 per cent., was employed in 

th® solutions denatured•with hydrochloric aeld. F^ed«rlcq*s 

•solutions appear to have been highly aggregated, in general, 

and th© lengths givea should to© interpreted as helonging 

to tinfolded, but aggregated, oiralbiiniiii molecules, rather 

than to uofoMed, molecularIj dispersed polypeptide chains. 

Owrlng ,the ootirse of this experlaental work, an 

invegtlga-tlos of the flow birefringenc® of thermally 

denatured horse-serum albuffiiia hy Joly and Barbu (S7) was 

reported. Some of th#lr experimental restilts are. qua 11 

tatlvelf siiallar t© thos® obtained with oualbmcilii d©scrlhed 

in. this dissertation. 

Jolj and Barhu obtained lengths of ?.60-4C)00 A depend-

iiig mpon th© ooiidltlons of d#naturatlon. Their experimental 

Gonditions did aot permit mtasurements of particles less 

than 550 A ia length. For a gl'ren protein coaeeatratlon, 

pH, and tlw© of heating, length, was fotmd to Increas© mdth 

temperature of heating. For a given protein concentration. 
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pH#, and tefflperafctire of heating, lengtli was foimd to In-

cr©«s® with tlni© of heating. Lengtlas Increased in th® 

plf rang® 6,7 to 8.0. Hardlj aaf birafringenc© was 

apparent In soltttlon® whloh had tjeen fieitt®d 10 aiimtes at 

pi 0.6 to S.B, QT 10 iBlmtes i» tli® pi rang® 8.4 to 10.6. 

sine© th#ir aeasmreffleiifeg w©r« mad© in aqueous solmtions, 

as were tho«# ef Fr®a«riet (S2), it was jiTO«8sat»y to us© 

rattier high protein coseentrations, as 'high as S per oent, 

in »an.|- of their ©xperlsent#. 

^oly Barljtt interpret their data, not in'toras of 

mfoMing of polypeptide olisias, but r«th#r in terms of 

sub*iaiorosO'Opi© fil&aents produced toy the unsymmetrical 

aggregation of denatured protein aoleoules hj means of 

ionie and iran d®r waal.'s type toonda, , fhey assume thit 

th« pr©t#lii m-olecmlea becoa© p®rtttrto©d., as a r#stilt of 

thermal mgitation, and groupings ar« thius exposed #ilch 

ar« a^ail^bl#•for s«bsequent int©r»ole®mlar bonding. 
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III, OF FLO» MEASIlK 'J^ITS 

A. Descrlptl©». of ilppftratus 

Flg-aro 1 Is an OT©r-mll view of the apparatus used. 

A 1ft) w«tt low pressur® mercwf vapor lamp (general llee-

trlc Co,, AH-4), tlie source of lllOTlaatloa^, ia hOMsad In 

a wat«r-'i5-ool©d. -shield. - The light "beam, is colllmated by 

means of a slit and a cylindrical lens between Aieh is a 

green filter mrving, as a taonoobrotaatlzer, The light pas

ses throiagh a Polftroid dise, of the qwmlity used in 

polariging laleroscopes, and enters th© solution, eontained 

'between tlie eyllaiers^ toy waf of th© Ijottora wicfiow and 

emerges thromgh, tlie top wiadow* Both windows t*®re aone&led 

of all tout a trace of birefriag©ne® b®for« assemblliig, and 

are set into raountliigs whieli ar© intend®# to keep them free 

of strain, Tlie upper optical assembly holds a ratBOfabl® 

q-uarter-wave plate, rotatable throiagh approxliiately 90®, 

and a Polaroid analyaer, of th© saw© qualitj as the polar

izer, fflotmted on a olrciilfAr seal© gradtmted In d®gr«es. A 

afstem of worm and bevel gears permits ro-tatlon of the 

aaalyger sinultaneously with the polarl»«r, or Independeiitly 

of it. After leaving the analyzer, the liglit 'fjeam passes 

to th« observer hj way of a telesoope foeussed on the upper 

window. 
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Plgure 2. Concentric cylinder assembly. 
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Pigur® 2 shows ;trie parts of the cenetntrle ojllnder 

assembly, eoBslstlng 'of an' outer cjllMer wfele'b. Is Jaeket#d 

for clrcttlatlon of tliermostated water., &n iimei» oyUnder, 

and. a top .plat© WM0I1, whmn-in plae®, is a«parat«d from th® 

outer ejllnder l)f a paper gatlctt. All of th® metal parts 

are of stttliile§s-8t#el. The •base-plat® of the outer cjlirider 

agaefflbly is si«ta'Oh.a'bl©, tout ordinarily is not removrnd ex

cept for cleaning between runs on tolutlona of different 

cKaraot«r. Anntilar groovea and projeotions In tli© tapper 

p l&t®,  aM in  th#  top  po r t ion  o f  t he  inne r  c j l l nde r ,  f o rm  

an air lo^ek wliieli pr«v@at8 liquid frow entering th,® bearing. 

The dli.f«et#r of the iimer oylialer 1® 6•20 ojn.j . length 

of fhe inner cylinder la 6.50.effl.; length of path in fhe 

liquid, froffl th© top 'of the toaa© pl&ts to the bottoii of th,® 

•upper plate, is e.fB cai, flie gap betw#®!! th.© ojlindsrs is 

0,099 eti. fh.® veloelty gra£a.lsnt in s©©,""^, for th© ap

paratus 'is equal to 5«40 times the speed in revelutions 

per minute, fhe eritioal speed, abof© whlcsb tijrtiulenc® 

develops,' is glir©n toy (7000} ( ^ )/ p , where ^ Is the 

viscosity Qt the solution in poises, and ^ Is iti density. 

A standard Ward-Leonard eircu,it 4g tised to control the 

speed of tbo ir^ner ejllMer. fhe mdtor Is 0:eiipl©«a, to the 

inner cylinder- by weaBs or ft flexible drive aM th© speed 

of rotation is measmred with » strobotroa. Mtteh of th« 

coBstrttotion is patterned after th« ©qtii,pBieat of Msall 

and oo»w0rk«ra (E8) and details of eonttruotion can to# 
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ThM gap width selected, 0,099 ©w., is a ©oaprowlse. 

A narrower width wo-ttM I3# raer® s«ltabl#, from th® stand

point of Indreagiug thm twt'bnl&m% limit aB.d so pensitting 

high.©!* gradleats to bs ©iapl0j©dj. and less staltatol®, fron 

the staadpolat of inereasing the error du# to reflectloss 

of th© iaeldeat beam froa th® sld®s of the cylinders# 

polaroids were found to b« superior to. eonventlonal 

Ii0©l prlsffls. In the optleal asseaiblj, fh©y are ®aal®r 

to mount, hmm ex^stlltnt ©xtliaetidR properties, and d 

not cause a shift in direct Ion of the #Bierg®Et beam, as 

ilcol prisms oft®a do, fh® latter Is advantageous, in 

reducing reflection errors, and la otherwise producing 

superior iitm^ges, 

B. Method of Making Mtasureaents 

1, orientation .artgl® 

fhe space between the oonoentric cylinders was filled 

from below with th© d@a«r«t©d saapl® with particular care 

heing taken to »¥Oid eatrapia«iit of air bubhlea, fhe inner 

cylinder was r@¥olv®d alowlf to faeilltiat# attalnaeat of 

thermal equilibrium, #tich required ahout twenty minutes 

ti»#, after which »lnor adjustments of the oylindrleal lens 

were laad©, if neeessari', to iiaprov® th© image. All of the 

runs were performed at 25,0® 0. +• 0,3*^. 
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fti# ©rlemtatio-n aagle was ioimd as follows? With 

the laner ojllnder at rest, tli© polaroidit w®r® accurately 

opsaaed and locked so they comM b© rotated slffltiltaneouslf. 

I'lth tA© Inner eyllMar i*e¥olviiig at a d«flnit®, pr©-

t^termliiM sp©@d, th® folapoids were rotated until a mini-

ffiuia ia light iateasltf appeared* Th«i»d ar# four such. 

•ffliaima. in a eempXet# revolution of tto.® loektd Polaroids? 

tli©y ay© ass0eiat®d with two paptlemlar direct ions in tlie 

flowing solution, fh«se two directions correspond to th© 

•Rtaxiiiwii- anA the ffliaiaraffl' p^fpaetive indiees in the flowing 

aolutisa, wbleh in turn &re agsooiat#d with th» average 

poaition of the nia|op and miner ax®s of tb@ solute partl-

eles, assmmed to b« ellipsoids of rtvolmtion. 

Siiailai* aeastti*0««nt 3 vmrB m&dm at tli-e same speed of 

rotation, "bmt witli. the ejliiider revolving in tli« opposite 

sent®,. An. av«pag® value of X ms obtaintd fro® th© 8 rtad-

lags of til# ffiiaiiaa (4 in ®aeh @ense of rotation) in th.® 

following »anri®i'5 Arltlimetleal i.lfftrences were tal:«n of 

eorr®sp©nding positions of tlie miaiiia for rotation in th® 

two senses, tk© averag® lialv#^ and auto traded from 45° to 

get ma average valm# of ^ . The precegs ms repeated for 

several spetdt of rotfttlou, aad thus a rang© In velooitj 

gradient was ©overed. 

This m«tli©«l of detarfflinlng^ is of particular advantage 

filwn aolmtioas of low birefringence are studied, lith smeh 

solutioaa it was feimi, presuHiablj becaus« of reflections 
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aslng a partleiilar ralnimia in the -two s®naes' of Fotafclon 

msLj to® seireral degrees different from that obtained 

wslng tb.© Bsiniffltt® at right angles. Tb© procedtir® used 

is this diasertatloa of measuring all four laimlraa ia both 

senses of rotatioa l«ads to more accurate values of ^ 

than are found using only one mlmiiauai in both senses of 

rotation. ?fe© mmthoA of meastiring all of th® fflinlwa 

gisaerallT has not Iseen ©laployed. Judging from the con-

strmotton of the apparatus d«serih#d in the literature, 

«inc# the analj'ser and polari^.0r w®r« usually aot designed 

to h© rotat&hl® through aueh laor© th*n 90® when locked 

together. 

8. Birefringtuee 

Blrefrisgenc# seasur©meats, using a qmrter-wre plate, 

w@r# mad# in th® manner of Seaamoat. Birefringence of the 

flowiag aolution is given hy th© «x:pr©sslon, 

n -n - A \ / l&Q a, 
6 O . 

Here A i@ the phase angle whoa® deterrainatloa will b© 

described,A Is th# wavelength of the Incident light in 

vmuQ, and d is th« l©iigth ot the liquid path' traversed. 

For th® apparatus used in this-dissertatien, 

= ^••60 * 10"® ^ 
® © 

fh« phas© aiigl®,A , -ma found as followai valiios 

w®re ©xaaiMd over the entirt rang® in speeds# for rotation 
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iB a @m&%. An average was tak«a., for a p&r-

ttoiilar stt ©f mlnlaa, If tk© rang# lis.^ wer« not oor® 

thafi 10°, ftee toupled, crossed Polaroids wert set at 46° 

pitta fch# average# and uneouplid. A qmrter-wav© 

plate 'was lastrted below th® analyser, rotated until 

mittlBniit intensity was observed, and then left in this 

position, A 0li#©k was jaad# bj rotating tia© anslfser In

dependently df tlie polarlaer .and verifying tli© original 

setting ©f til© Iwired, Folaroidg, Thereafter, in deter

mining A, onlj th® aoaljser wat r©tat««l, the qmrter-'W^v« 

plat® aa€' tMe pelariser rewalning fix^ed, Tflian th# ritng© 

in X was greater ttea 10®, laor® than oa« s®ttiiag of th# 

Qimrter-witv® plat© waa ii®©«3sarj.. 

When-til# inner cylinder ia rotated, th@ aolutlon 

b#o.ora©s aaisotropits, and a mtasTar® of the aniaotropy is 

obtaiaed fro®, ^ , tlie irastoer of degrees the analyser muat 

tjs rotattd to obtain again a ralniauii in light^ Intenaitj. 

WmA&wpmenta of A war# aad# oirtr tlie safu® rang# In Telocity 

gradients as wer« \i8®d in measiariiig/^f la ©ff©et, the 

®©tlh.od treats tli« flowing solution as though it w«r© a 

mniaxial spt3ttro-©r|-stiil of birefringenc© n -n , 
© o 

C. GalQulationa 

1# Length of 3#lmt« particles 

L#iagtli® of solute partiolea were ealcttlated from th® 

©.xperlnental values of K , deterislned at various v«lo«3lty 



www.manaraa.com

• SB** 

gradients, using th® data of Soheraga, Idsall, and Smdd 

(6?), and. th# Peirln (56) ©qmtloa relatintg rotary diffusion 

cofistant to the dlaensions of fclit partiel®, the tables 

given hj Sclieraga, Idsall, aal Sadd a plet was aad© of /" 

as a fimetlon of (X for p equal to S()» Her© - q/q I 

^a/b; 0 is th« gradient.; " ^ la th© rotary dlffmslon 

const«iat| £ seml-siajor axis? and b is the seal-

mlaor axis, of the ®llip®oid of rsfolutlon. 

This plot allows «¥aluatloii of values of OC to b© smde 

froia experimental valtaes of ^ • flies® -ralties of <X , in 

t\ir», are required for th.® dstermlnatlon of lengtlii through 

•ttse of the Perrln. ©qtiatioa described on pag® 22 . Thl.u 

©qmtioa, aas«t»iiig 60 and witb the lengtli ®xpr#0sed la 

Angstroffl ttalts ©an to® wrlttaa as, 

1^ = 5?8 X 10"^® or 

=• mQ X 10"^® ^ 

Her© hJ is tbe viscosity of the solvent In poites# and T la 

tlie abaolute teiaperature, Aeoordiagly, a plot was made of 

1 aa a funotlon of <7 ^ froa this relationship, and this 

plot was used in deteratinlng lengths from valtaes 

rived from the exparisiental valties of 

2, The fmnetioia-^/f e ' \ 

fh® aagnltud® of th© birefringence of the flowing 

solution,, at a given value of X » depead,® upon the extent 
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of orientation of tla^ solute particles, as well as upon 

tlieir consent ration aM their intrinsic "birtfringence 

fo oorr#ot for th© extent of orient at ion,- a plot wag first 

itiad® 0f tlie orientation factor, -f, as a ftxnctloB of o(, (for 

^ =• 50) froffl th« tables of Selieraga,- Idsall, and. §add, 

(67)» For th# ®jKp@rim®ntal values of ^ corrtsponSing values 

of f were taken froai this grapli, aad âlusa of A /t c 

caleulated. The latter quantiti.es are shown on t!!i.e ourvea 

of length a® a. fuaetioa of or of pi. 

In the expression ^/fc, « is arbltrarilj taken as 

@qml to th© total coBOeatratioa of protein ia gms. per 

100 ml,, of aoliation. It ia raeogai^ed tiiat not all of the 

protein, preatnt nectssarily is soatribntiag aignlfleantly 

to the birefringtno®. "The anoTint of protein contrlbttting 

to the birefrlnge.iic@ can not ®.aslly t>® dctSf-alned* 

The Hiagaitmd© ©f A/f o, thus# is proportiosal to the 

blr«frlng®iic© which would be frodiao#d, at mit ©oneentra-

tlon, if the solute p«rtlcl©s war© eompletelj oriented. 

Over a range In gradients,e siiotiM be eonstant if th® 

soliit® consists of rigid particles, homogeaeow.-® \fith 

respeet to length, ellipsoidal in shape, ftnd ahowiag no 

interaction during flow blrafringene© mtmstarements. Lmt 

of oon.staiiej of the fmnotioa Is takea a® an iafilcatlon of 

polydlspersity in a given saiapl©. Changes in mgnitud© 

of the fmetion wotild to© difficult to interprtt quanti

tatively, for different solutions, sine® th® effects -of 
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aggregafeloa ar® mot otovloma, and likewla# th.© amount of 

iemtufatioa may vsltj tTGm sampl© to samp3.#, 
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. MMIMATKM OF SAMPLES FOR FLOW BIRIPRISCIMOB BlASlRlMllfTS 

Dllmt© aqtieous solutions of ©valbumin ar© too fluid 

for adequate flow Ijlrefrlngeace aeagurement© In. the ap» 

paratwa used, Ttarbulence, with its quantitativelj tm-

pp©dietable effects on orientation angle and birefringence, 

sets in l3'ef0i»e a fafflciently high gradient can be attained, 

to orient the solut© partielea satigfaetorlly. Oonseqiientlj, 

it was necessary to augment the viseoslty of the protein 

aoltitlon, CJlyoerol was oiiosen for tliis ptjrpoae sine© it is 

optically- inactive, ohewicallj neutral, of small molecular 

s1e6, aad cowpatlbl© with, ovalbiaiaiii, 

Two proceiures were used for preparing the samples» 

In the first prooednre danatiiratlon wag brought about in 

aqmeous solution, Three-tiaes crystallised ovalbumin -wag 

dissolved in water, or in buffer solution, and tbe cheraleal 

agent added. Tb© latter was, for ex&mpl®, a dilute solution 

of hjdrochlorie acid, ^aodlttm hydroxide, or detergent. Tbe 

solution contained in a test tub® was heated, with fflanmal 

stirring for the first two raliwitea, in a eonstaiat terapera-

tiare bath, after wbieli it was diluted with. 96 per cent 

glyotrol to a final glycerol content of 70,.0 per eent. 

It wag filtered through, a fritted glass filter of eoarge 

texttir© to refflOTe fragments of floating cl©nat'm*ed ovalbumin, 

and eentrlfuged at 2o, ^00 tlaes graf ity for several mintates 
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to TBmmB traces ©f suspdndei debris »nd m&m.j of thm air 

but)tol0 8. Finally, tlie s&mpl® was deatrated in. & p«ai»-shaped 

separator J funnel, witli the aid of a water aspirator,, aad 

was then ready to fee placed in tli® birefringem® of flow 

apparatus. This teoliiilciu® was used la ototai»iiig data for 

Figures 5-18 laclugiv©,. 

In til© gecond prooedare denatttratloa was toromglit about 

in the presence of gljeerol*. flir®®-tlm© eryatalllmeci 

ovalbtaiain urns dissolved la wat®r, 95 p«r e®at glycerol ai

ded and the solutien iiiix@€ by inverting it in a stoppered 

test till?©, Tfe© eheialcal reagent, smeb as dilute hja,r0-

ohlorle aeid solution, w&s &M«tl carefully witliQut laixlafi: 

f/itli fh« more dena# glycerol seltttloa of ovalbtnaia, th© . 

test tulj© ateppsred, tilted to p^railt th® reagent to flow 

over & larger area of glycerol solution, and then rapidlj . 

inverted to mix the contents. Solution eo»pogitlo«s were 

arranged so that th® final compositloB e©»taln©d 85,0 per 

cent glyosrol., Tli© solution was h@at©d, wltfe, •manual stlr~ 

ring for th® first tliree minutes, la a constant teaperattar® 

bath, cooled, filtered, centrifiaged, aM d,ea®rated as in 

procedure, fhls proeedmre was used in obtaining 

tlie data of Figures 19-f>6 Ineluelv©* Tim® was mBmsumd 

frojB th© instant th® teat tub# wm iiaa®rs®d in tbe ooustant 

teapsratmre bath., in bofh metlioda. About two iiliiut®g w®r® 

required for the aqueous solutions to e®»© to bath temp

erature, and about thre® mlmtes for tli® glycerol solutions. 
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Tlie pi valuet given tbroiighomt the dlastrtatlo-^ were 

talen laa@dlat®lf after oompletion of the flow blre-

frlngeuo® m©aiiap®»ea1is, 

prectdtire was developed when it beoaa® 

olear froa tli« experimental work that aggregation of th% 

denaturtd proteia womld to© th« greattst obatael® la ob-

fcalniag eorreot leagtlis of th© unfolded meltoul©. 

Densittirafcloii was Indue@<i In ©valtaala iissol¥#d in glyeerol 

soltttloa the protein edneentrfttlen, during deaaturatlon, 

w«s thus advantageously low®r«d. Tb® higli vigeosltj of the 

gljc«r0l solmtioa, during denatiiration, aided in reducing 

aggregation; there is sow© mMem& wbleli auggesta that 

glycerol retards aggregation for othar reasons alao* In 

tlies© solutioaa, a ntlniBial ionle gtrengtli was employed, 

to leaatn aggregation, by tasing socHtiai hydroxide or 

droG'tildrlo aoit solutioas t© produc© th& desirei pH, rather 

than Ijf the vtm of standard bufftr aol-utloiii. 
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F, MPISIMLMAL AISWM'S 41D BIB01SS1O1 

A» H«at Benaturatlon In Aqmeous Solution 

1, De'imtqr-ation, in the-pfl  raage l.»0 * 4.0 

Figttre ? su'-finarlaes lie&t denaturafcion in aqtieoua 

solution at various pi value® fpon 1»0 to 4.0 (obtained 

with glfelBe-hydroelilorio acid brnfftrs), fhe golmtions 

were li«at©d, oooled, and diluted with glye«rol to 70 p«r 

©tut gljQ®rol ooatent before aeasttrlng th® ©xtirastlon 

angle and the birefringenc©, E&cli length, at a gi^en pi, 

was calotilated froia weaaurea at (I /T ©fual to 2,3 
-1 

(gradient of 5500 sec* ). fliis gradient is atsotit the 

highest obtainable in smh solutioaa witAout danger of 

tiartalene©, All/of tli# solmtiong tisM in obtaining data 

for Figure 5 as well a-a all the otbers investigated througli-

out the dissert at ion were free- .of visible pr-eeipltation 

even after addition of glyoerel, 

T!i® data demonatrat© the depeMtae® ©f apparent 

lengtli upon h::7drogen loa oonesntratiGii duriag denattirat lon» 

The lengths shown ar® not necessarily those of unaggregated, 

unfolded aolsomles. For exmaipl®, the lengtli of arouol 

1600 4 at pH 4,0 is longer than that of a maximally ex

tended single pol3''peptid« elialn fro«. protein of Bioleciilmr 
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Figure 5. Denaturation in the pH range 1.0-4.0. 
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w®lgM 45,000. Still greater lengtlia can to® obtained, 

siaply by fetatlag for lengtr pariods ©f tia®. Aggregation, 

mv&ljp ffltist b® ppesont under 'sueli eonditioas. 

2, Denaturatlon^ at |)H 2,5.| yapjing ..time, Q»6 .per eent pro

tein 

.Pigure 4 r#pp«s®nts a tlai# ®tu4f of fi«BAtiiratioTi at 

pH 2,3, which pH is in the region giving wln.irauia Icngtha, 

(s©e Figw® Z) and h.ene« may possibly al.s© he m region of 

minimum aggregation, fhe numlsers %elow tli« elrclea are 

values of the function, A/t e, deaerl'bed ©m pag® 36 f lack 

of oonstan.0j mer a substantial rang® in velocity gradient 

indicates !i®t®rogenl©ty la l«ngtlia of solute particles. 

It is evident that the greatest ohaag® in length occurs 

la til© first S mlaiit«s of heating. The pr©gresslv©ly 

enbaneed dtviatlon from ©onstanoy ®f l«agtli (over a several-

fold increas® in gradltat), wltli incrt&slog tla® of heat lag, 

1.S caused bj lacreasiag poljfiisptraltj. 

fh® ;pr®seiitc« of poljditperslty csould b# explaisM IB 

several ways, two ©f whiclh. will b® outlinet "h^re. (1) 

lapid unfolding of the raoleoulsa t© about ®00 A is followed 

toJ relatively slow aggregation t© glv© particles of various 

lengths. .Jit the saia® tisx®, further slow unfoMlng, of tli® 

free, or aggregated, ®xten<i«d molecule® e©uM ]pro5.ue@ lengths 

of individual ©xteaaded iiol®eul®s ifhicli are l©.iig«r than 6C50 A. 

C2) Rapid unfoMliig to about 600 A lengthg. ©ecurt, with no 
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subseqti®life aggregation. Length of the mnfoMed wol®ctal©s 

Increases with iacreaalng heattiig tine. Pol^l®p©rsitj 

is the conaequnm of ttneven unfolding of aol©eml«g, or 

of til® pr©s«:ae# of 'liT^lrolfgls produets, of divers® slsea, 

ffiixed witli the unfolded moleoulea, lxp«ri»ental results, 

to l3t dtaeritoed tteoiigho-at tti® dissertatioa, generally 

support the first explanation ratiitr than the 8«ooai. 

GonsMerliig Figure 4 again, all of the samples,, ex

empt th© 5 alnmt® on®, exhibit d#or#asiiig length with In-

ereaslug gradient, fliis is beat ©xplaiHed., as a first 

approximation, as resulting from poljdiaperslty onlj. 

fh© slight upward treM in the 6 ailirat® sainpls proba

bly is not signlfleant» poutol# rafraetlen'of a flowing 

solution is anallest at low gradients, and aM®r these 

Goiwlitloiis th® error ia ^ , and. therefore, in l«n.gt!i which 

is ealemlat#4 from X is greatest du® to aptirlous blr#-

frlngeoe® Introdneed toy rtfleetiona of isoldent light from 

til® walls of tlie apparatus, 'iith tli# apparatus u@®d ^ is 

invarltttoly raised by these refl@etloas, and so th® calcu

lated length is lowered, arA -^/f c raised. 

Ml:tt irc-s ©f ethyl clnnafflat# aM, mineral oil wer© used 

to ©stln&c® the error InX dw to reflections. $mh. 

solutloaa w®r@ weaklj- tolrdfringent and gav© values 
0 o 

of 46.1 laatsad of the #xp«et«d 4g • flaua, 'for weakly 

birtfringent protein solutions, ^ values in the neighbor

hood of 46® eouM certainly b# 1® too high. 
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Figure 4. Denaturation at pH 2.3; varying time, 0 , 6 %  
protein. 
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Figure 5. Birefringence of samples of Figure 4. 
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Soffl© idea of th.© /^values Involved can, l>® a©en 1B 

Figure 5, from wMeh th® A/t ® valw#s of Pigur® 4 w«r« 

calcTilated-, In laest cases, the ©rrer la X i® probfttolj of 
A O 

not ffiucsh eonsequeii®® for ̂  neastarea^iits of mor® ttian fi . 

5* Peaatugation at pH 8>?|, , vmrylog tla#, 2.4 pgy 'ee-at 
proteizi 

fh© eo'setntpatloB of ofaltottrain pj?t,a®nt dwing d®« 

nafcttratlott is an laportant variatol® lafImenclag tht length, 

as can be seen la figure 6.. in wMohi t!i.® initial eoncentra-

tion la four ttaes as great as that of Figure 4« fhe 5 

minwt© taraplt at tli« feigli@r eoii0©n%i*atl©fi is aor# h«t«ro-

geneoms, aafl longer, ttian tb,® eopr«iponding one at t!i« 

lower eon®©atrati©!);.* 4ft®r 240 almt®! ©f heating, th® 

length.® fotrnd at low gradient t ar® gemt&T than ISOO k* 

fhtse lengths ar© loagep th&n woiald ®x|)®et#d fren 

single, maximally extended e^altouiiln elialaa Cappi»OEiaat©ly 

1400 A, assuming a pol^eptid® spacing of ,5,5 4), la spit® 

of Any hjdrolysli which occwrtd a» A Fesmlt of |>-r©loiig®-A 

heatlag.- Mtmll^-, there war®'partlol«a ©wii'longtp than 

1600 4 present f as @vldem«<l'by orl@nt«.tioii wbleli comM b« 

induced in soa® of tii# solutions stt&plj by retatlng th® 

innep oyliMer msttugilly through several 4egp©@a." 

The goliitiens w©f« int«jas®ly birefrlrngsat. Gowparisoii. 

o f  P i g u p e s  7  a n d  5  i l l « , ® t r a . t e s  t b ®  s n i e h  g r e a t t r w l u e i  

obtained at tli® higli®i» cori0#nti*atioa. 
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Figure B. Denaturation at pH 2.3; varying time, 2.4^ 
protein. 
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Figure 7. Birefringence of samples of Figure 6. 
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fUe results art most reallstieallj ©xplalned as 

Msuiting f?Q® gt*«at®r ftggTegation is the solmtlons of 

hlgli.#r protein ©oaeentration dwlng demturatlon. An 

a l t e rna te  feypo tbes l s ,  t ha t  the  unfo ld ing  p rocess  i s  v b t j  

mttcli. eoneentratioa dependent,, does not a©em promising, 

4fc the same time, tlie question ©f wbefher 'unfolding to 

greater lengths i'S taking, plao# eo.no«rr#ntly wltli aggre

gation would 'be very d,x"ffictalt. If not impossible, to 

anaw©!? by Anj ®:xp®'rl««ntal teoknlques b©W available. 

4» imter&etloa gtu4y at pg 8,»3 

It was assttmed, in deriving the thaorj of flow 

orientation, that tb.® solute partlclea act entlrelj in^' 

deptMer.tl^ of taeh, ottiej?. during orientation. To establish 

tfia validity 'of this asauaptioa for th# ovaltoufflla solutions 

being ls*«sti a an aqueoms sol-atiom was denatured, and 

tlien diluted with bmff^r soliitlort to irarlons ©oneant rat ions 

of ovaltaffllQ totfore additloit ef glye®rol« 

Figar© ,8 shows the outoom.© of fbls teat, Inmsmaeh as 

tli.e lengtlis found, at the various dlltttlonsai?« quite 

similar, lntei»a0tien must be negligitol®, Tto.ls coaclusioa 

it siippo.rted hj blr#frlng®ne© mBM-BUTements; there is an 

almost linear relationship between A and o-raltotimin con-

centratloa. It aeeiaa certain that the effects of interae-

tlon Awing flow bir#friiig®no© ffieasuptinents &r« tmiaiportant 

, eoBipared te tlios® of eoncentratloa during dtnaturatlon. 
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Figure 8. Interaction study at pH 2.5. 
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S. Penatuyatloa at pH 1.2| yarjlag protein eoncentratlon 

0©natiiratioii «out it Ions were sought wtiich would lead 

to lengths Interpretatol® In tefwg of toifoMlng, mcorapli-

cat#d by aggregation* Sine© Icsw eonetntrations of pro^teln, 

a coiiiJ.tloii for iiiinlamia mggi»egatioR|, ji«ld correapondlnglj 

low •birefringenee aM, therefore, high r«fl»etlon errors, 

it was hoped tliat high, soment^atlons of pfotein eouM be 

eaiployed, 

Th.« results of a conoentration atudj at pH 1.2 are 

shown in Figmr© 9# The denattiratlen process clearly is 

eoncentration depeadent, anfl: pol^ydisperslty is prominent, 

©Ten at tlie lowest concentration, Goaparison with a correa-

ponding gasple of Figiir© 4, at pi 2.5, shows mucli greater 

l©ngfb.s at the low®r pH. 

these long lengths wowld not have been anticlpat©d, 

on the basia of net oharge on th© protein moleeule. Tb.© 

protein shouM have its maxisiuM ebarge in this pH region, 

and it wottM be expected that the fflolectales would repel 

#aeli other and aggregate to a rainiaial extent as a result 

of lat^rmolecular repulsion, and at tlie amm tiae, unfold 

to a maximal extent as a reattlt of intrawolecttlar repulsion. 

Hear thm isoeleetrlc peint, howmrBr, laek. of oharge on the 

raoleciil©. without doubt. eBhanees aggregation. 
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Figure 9., Denaturation at pH 1.2; varying protein 
concentration. 
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B. Heat awl Betergent Benatligation in Aqueous Solution 

!,• P#na.tm'attea at pll 2.2; vayying time > detergent pfeaent 

Itiopeaslng tb© aet charge on fhe raoleeulea of de- • 

nafuFed protein, paptieularly through binding of detergent . 

ioBg, ftppear#€ prewlsiag as a P'Osslli.le aid in reducing 

aggregation. Soa® eatloaie detepgeats for iiistaB.ce ar» 

firmly bomM by ofaltoufflin, withotrt ©atisi*^ preeipitation, 

©Tea at pH values 'below the iao®l©etrlc point, and therehj 

increas® its positiTe charge. Z#pli.ii*aB. is such a detergent. 

It 1« an aUtjl 'dlmethjl bensTl ainmeriintti eMiorid© , with, the 

alkyl group eontalnlag 8*14 mrhon atoms• 

pig«r©a 10 and 11 represent lieat denaturation of 

OTaltaai.ii for varying timo, witA different detergent-

prottiB ratios, at pH 2.i, These soliatiena were sparkling 

clear after li®&tiiig, and this ©xeeptloa&l clarity suggested 

that the solutions sight show less heterogenletf than usml. 

fb© lengths and toirefrlngese-® In Pigtir®. 10, with the lower 

d@t#rg0nt«prot®lii ratio, are about the »&mB as thos-e of 

Pigiiro 4. witli no detergent, Tlie sawples eootaining deter

gent a.pf?®ar slightly store li,o,®og©n©ows, how®¥©r, than, the 

ones withottt datergent. ''The samples eontalnlr^ hlglier 

detergent ratio. Figure 11, shof,' ©'rldene© of. distinctly 

leaa aggregation. The blr©frliig©ne« of the © jalimte saaple 

of Flg\ir« 11 was too weak t© acagtire,- tlaroughottt aio$t of 
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Figure 10. Denaturatlon at pH 2.2; varying time, 
detergent present. 



www.manaraa.com

-57-

Laiagth,A 
mx) 

ym 

Ovalbumi..' '"gm./lOO EUL,) 
. • c*'ation ,r irial 

% •.-.1,9 A 
Glycerol (.weight persentt3|?;e',. 

D^iatiiratiori Fiaai 
,  C 7 0  

;;;<0ph.iran/f;valbuiriin. 0,32 
Temperature IjDO® , 
pK (gl'.'^cine buffer) 2*? 

1200 

1000 

30 k o 
240 

-£L. 
200 _a 

im 15 Mln. 

5 Mln. -0— 

l*{o O 
110 

4CX) 
0»4 X 9 

•fe /•••• / n / 4 
2.0 

Figure 11. Denaturatlon at pH 2.2; varying time, 
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tti.© rang© of velocity gradient, &M ae the two points given 

m&j bs too low, becamae of reflectioa ©rror. 

Again, in both of these samples, the Itngth of aboiit 

600 A seems sigBiflcaat. fbls leagtbi is about th® same 

as that obtained in tlie absene® of detergent, and this 

suggests that th® over-all effect of th# 'detergent on 

length is due prlneipally to iiitei'iaol#oular repulsion, 

tending to reduce aggreg&tioa b«t'«e®ii »oleemles. 

fh.© function Zi/f o Is 4©eid«dly of lesser iiagnlttid© 

in Fig-are 11. Sine® addition ot the r«latiir©lj sfflall 

quantity of 4#t©rg©nt would not affaet th.® refr-aetiir® index 

of th® solvent maoh, it a®®Ris likelj tbat tb,® loweriag of 

A /f Q ia du® to changes in the principal refraotiv© 

indices of the aolut® particles (set pag« '69l* 
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2 ,  Oeaatmratioa at plj eXfeet of detergent 

fh.® experiments of Figure IB were de.slgnied t© deteraine 

th,© ®ff®et Qf i«pfeli»a.n on 4eimtttr«d o^alMialn. On® sample 

^was a 0,,60 per mmt solmtion of ovalbtialB h®at«d for 60 

minutes before diltitloB with. glye®r©l..' fh© otli^r was a 

0.75 p#p cent solution of ovalbumin heated for 45 lainutes, 

a.ft®r whisli « § p#r c®nt aoliitloB of Kephiran waa aM@d aM 

tlae heating continmed for 15 minutea mores before dilution 

with gljctrol,; fh©' fiaal protein eoneentratioa was the 

saw# la botb. mmpleu* i long heating tiiae was selected to 

insttre thoromgh. dtnaturatlon*' 

i&#t@rg©nt is beiind hj feh® denatured omlbumln, aa 

Judged by th« laucli lo^«r blr®fri»geiio® and ^/f c values. 

Lengths for the twa samplea, aev®rth©l@ss, are approxi-

laately equal.. fii@ alightly higher leagtlia for the sample 

Qontaitting detergent might b@ dm# to Its lisTlng been 

heated for 45 ainut-®a at a higher eoneentratlon than th® 

other. 

Sampl#® eontalning det©rg«iit during the entire period 

of heating gave dlstlnetlj lower leagth® than these of 

Flgiare 12, sad gav® ^/t  o vaiuet lower than thos© of th« 

garapl© of Figure 12 ooatalalng no detergent (data GOt sho?m,). 

Thl.s ©ould mean tliat d®t«rgeat 1@ bomnd at the start of 

deaaturatlon.^. aM legg-ens aggregation between, raolecules by 

•augmenting their eharg®. Detergent^-ftdd«d after the 
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Figure 12. Denaturation at pH 2 . 2 ;  effect of detergent. 
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ofalbmrnln bas denatured to a large extent Is also 

tJOTiisl, as la evMenfc from Flgur® 12, bmt dees not mum 

the formed iaggr©gat«s to disaggregate. 
S 

^• D®a&ttaratlQn at pH 2.5| ^B.rjlng proteia eancentyatloa 

A cone tut rat Ion study, at pH u.sl.iig tlie same 

d@t®i'g©Ht.-protein patio, thromghout, Is represented 

t}y Flgiar# IS. A ihort beating ti«e of 5|- mlmxtma w«® 

It was li©;p©d that mfoMlsag w©«M Ise autostantially 

oofflpl©tt4, a»d aggregation, not a oetiplieatlom# iaal©r these 

COM it ions.# 

fhe 4#©©jii.@ney ©f length, on eoneentrntlon again ln» 

dicatea aggregation is preaeat, leveFtlielesa, the sample 

eontalaing 1,S0 per eeat ewalbmula during 4®Ratta»atioii, has 

ahotit th.® ««»© length as does a 0,60 per eent sample with-

omt detergent, whieh impliea that aggregation h&s b®®ii 

iaipeA<ei aotlceahlj by the E^phiran. fh© slight domwaM 

trend of lengths in. th© 1,80 p©r mnt aampl© Indicates that 

soae p©l7iil0|jersitj is preaeiat, and miggests that the «n-

aggi'sgated, and •ttufoM^d aoleettl© is soM@what shorter than 

60Q AI ;p«rhap®-©00 ,A wouM he a fair ©stiiaat© of th© 

length, k aai^l® ^©ntaiiili^ 0.60 per eemt ofAlhiiinia aM 

having th© aa«© «l®t«rgetit-protti*i r«tio as th© ahovo 

saiipl®® had rmj weak hirefplageae# . and so r©llahl« p®ad-

lug8 ©oiald aot he mad® on It, 
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Figure 13. Denaturatlon at pH 2.1; varying protein 

concentration. 
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G. H©at and Urea DsnJfeturatloB 

1* Qenaturation at $7^;. v&rjlng t ime, protein cdii" 
0 eiil'Fa 11''S "rWS''' pi """ " "" 

Uenat-uratlon of proteiBs bj -area has !)««» eoasMered 

quit© ©xtenalvtlj In the literature* Soa# of the e^idenae,. 

derlfed from. ttltrao«iit:rlf'tigal and osaotlc presaura aeasmre-

meatSj has b«®ii lnt'#rprete€ to mean tteat ovtalbumln In 

coneentrated aqueous solution wafolds to give a mono-

disperse soltitlon of soiute pmtlelmg. Urea, accordingly, 

appeared to 'he an Inportant ohemleal agent to use In 

stiadflng denatiiratlon hj iB©an,8 of flow toir«fi»ln,gene® • 

Figure 14 gives the lengths Pesnltiag froa denatwra-

tion fdr relatively long periods of tia© at 57® in 6.9 S 

wta "h&wlxig a pi 7.S {ph©sp>iat« buff#r). *Pb.«se eonQ®iiti»a* 

ted urea aolutlons were diluted with glyceipol, 'befope 

making the orientation run®, giving a fiaal glycerol 

oonteat of 70 per o«nt eomidering only tfe© glycerol and 

water, 

Proaounced polyciisperslty is appar#Et In all of th.© 

sawples, Likfiwls®, a oonoentration at«dy at tB.e same pH 

a.nd teHiperatur# reveals much heterogenietj, as Is clear 

from Figure 15. Evidently, the experimental coMitlons 

selected w«i*© not conducive to tlie prodttetioa of laoiio-

ganeous solution a. 
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Figure 14. Urea denaturatlon at 37° C.; varying time. 
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Figure 15. Urea denaturation at 37 C.; varying protein 

concentration. 
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Figure 16. Urea denaturatlon at ?7° G.; varying pH. 
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It was observed that a®lutloBs pcssesalng a higher 

pH than th.os© uaed la#!*©, a® w«ll sa^thos® aad® usisg veronal 

buffer instead of phospliate "buff©?, develcjped less haziness 

on standing. Aeoortlngly,' ovftlbuala was denattired at pH 

7,0, and at pi 9..;3, at 57®©» Fig-ar© 16 shows that eon-

spictiously ghorter lengths ap© pr©dm<s®d at tlie higher'pH, 

and this most likely repreaeiits Idas aggregation, since 

©xteasive hydrolysis, whieh also eomld produee short 

lerjgthsj is not anticipated at this pH and tewperatyo*©. 

Again, the first ©xperiaental point of th® etWF® at pH 

9.S wat kn©m te to© tO'O low, isecaus® of reflcetlon error, 

and s© eiHpliasls was plaeed on th.« a«.*t two points, upoa 

ifeieli iBueli moi»e relittnc© way ba placed, 

2 ,  genaturfttioii at pH 8«0; ' yftrjlfig ijrea oowtcentratloa 

Figtirea 14, 15, and 16 mr© eojiesrned witb. d#natw&» 

tion ®.t S7®G, in urea solution, tm relatively long peifiMs 

of tlM, Flgtir# If, in contrast, deal® witli dematOTation 

at 100®G, for bJ minutes in, i&) undiluted ¥eroml buffer, 

it) diluted T«ronal buffer, and {&} uBdilmted veronal 

ImffBi* 2,0 «, S.,0 1, sM 4,0 1 in mr©a. 

Gl®arlj, th© eonc©ntr«.ti©n of buffer ions iiiflm®rie@a 

the lengths, fliey are shortest at the lower oonoentration 

of buffer I . this is in -aoe«rd witli th© frequently obstrved 

effeet of lonie strength of aalts on the preeipitation of 

protein in heated soltttion. 
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Plprure 17. Urea denaturatlon at 57 0.; varying urea 
concentration. 
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laereaslQg concent rat lens of urea redue® th© lengfclas, 

in spit# of th« fact fhafc th# ©fftotlveaess of urea as a 

denaturing agent rises witli its .ooiiC'entration. as judged 

hj fiscoslty rise and sttlfh^^ryl group liberation, fhis 

Is interpreted t© memn tlmfc tbo aetioa ©f urm resmlts 

prineipally la mstraialng the forraatioa ef aggregates• 

Unfortmately, It was not posslbl© to emploj higher eon-

ceiatratioiig of wr«a than 4,0 1, since th© blrefrlBgenee 

was already verj wtak at this concentration. 

Lowering of the hlr®ft^i»g©ne# of ovalbiAwln solutloaa 

In th® presenos of high coneentrations of urea probably 

has & different origla tha,a that pretueed by relatively 

STieh lower eeaeeat rat ions of detergent, In the latter 

eas@, binding of th® d®t®rg@nt to th€ ovalbumin may 

result ia & emmplex whose double refraetion is less than 

that of the denatured ©falburalu. This could b@ s^cplained 

easily, if it wer® aasuwed that th® alteyl residue® of th© 

d«t#rg«nt m©leeul«s lateraet lat«rally with the sld®-

•Ghtins 0f th@ aiaiiio asid re-gidues of th® partially extend

ed of»lb«»la fflol«oul#s, th®r@bj increasing th® refractive 

index, la * dlreetion perpendicular to th® length of th© 

p©lypeptid® «5halii and* thus,, reducing th© birefringtno®. 

lith oono«Btrs.t©d urea solutieng of ovalbumlii,. weak blr«-

frlngenc© e«ld ¥0ry likely b© du® wore to an unfavorable 

inereaa® is refraotlve index of the aolvent, rather than 

to oomplex f©mat Ion* 
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St p-gnatoration at pH ^>6;. varflng pToteIn Qoaccntratlon 

Heat d«rmtupatloa led to lalnlaal langtlis at pH In tli® 

region 2-5 (see Plgtti*® S), and It wa» ©f Interest to kaow 

wtieth®!* the pr®s«iie© of urea woilM eaus® fmptli.er ©xtsnalon 

of t!i© heat d.®aat\ip#d aiolectil# In ttiig pi rang®, Flgur® 

18 shows ths results of beat deB&turatioii at pH I'itli 

2#0 1 ur-sa In glyela© "buffer, tislng two eonotntfatlons of 

•ovalbumin. 

A ooiaparisoB of the satapl© of Figure 4, eoutaliilng 

0,*60 per ©eat ovalbtimiii dwing Semtwation, wltti a cor-

rtaponding sawpl« of Flgui'# 18, eontalning 2,0 1 tirea, 

sliows th© lengths to- b® approxirastely fhe sam®. fhls 

similarity suggests onoe Bore that the length ftr©ia»d 600 

A m&j to® that ©f an unfolded, mnaggregated polypeptide 

cMin. fhig length appears glgnifleant, in vi®w of its 

frequent appearance, as an apparently limiting length, 

under diverse ooMltioas of denaturatloa in aquedtis solu» 

tioii. An implication la that oao® the bonds feoMing th© 

protein molecule together lis its natife configuration ar© 

broken, th® roolecul© sxtenAs t© abemt 500 ©r 600 A in 

length, regardlesa ©f the oharg® on th® raoleeul®, aM re

gardless of whether th« denaturing agent is heat or som® 

chemloal »g«iit auoti as ur©a. 
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Figure 18. Urea denaturation at pH 2.6; varying pro
tein concentration. 
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B'. I®at Benaturatloa In S5 Per Cent CSljc«rol SoXution 

1. D#imt«ratlon in tiae range 0.7S»11,0 

The se.eoM procedure .of page 40 » namely, that of 

denatwatioii In Bi per e@iit glycei'Ol solution r&tlifir than 

In hqmms soMtleiij, w&s e«ploj#d in prepaying sample® for 

Pigtip«i 19-S6, Ineltt-iive., Mvantag©.® of tlila rn©tliM orBT 

'^3>:F§t prooediAge. In Minimialiig a,ggp©gation, are 

®,numerated • on pag® 41 * 

• Fig'ur®'IS sti»«arlges the length data for denaturatlon 

o.f ovalfenfflln, la 85 p«r eent glj©«rol, over tb® pi rang© 

0.7S«-11,0,. I&gnitmde of A/f e . ai^ of A C la parentb.©ses) 

Is 0lio'wn-, ©xe«pt la tlie neiglibGrhoed of pi around 2. fh© 

•values of A/ f e ar® omitted for this region, sine® thej 

are nofe rtliable, px'lrietpallf beeaus© of the uncertalntj 

In f, wliieh Is a fmiietlos of ^ , wtilcli, 1e Is not 

reliatol® tjeem-Qs® of reflection errors. Inasmuoh as etliyl 

clnnaiaatse-minepal oil .mixtures- wbleli shoaM h&v& given a 

7^ of 45®, gav« of 46,1®, th® experiraeatal values of 

^ arotiBi, 45® , la the protein solutions merm arbltmrlly 

coprecled hj sutetpaetiag 1® froa them., befop® prcjiceeding 

to ealomlate leagfclis. fhes® l«iiftlis are tlie least reliable 

of ftny ahowtt, ant wbtj protjably still &.T0 too low. 

An ©xo©ll«Bt oorrelatlon exiats between tti© sliap© of 

th© ouPv« la Figure 19, Ijelow pH 4, and ttiat of Plgui*® S 

(wh,#r« d«»afciirati0ii was bpouglit about ia aqueotas s.ol«.tion). 
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Figure 19. Denaturation in the pH range 0.73-11.0. 



www.manaraa.com

.74-

V 

" It must be reaiaia^senid tliat tbt data of Fig«r« 19 «i*® aot 

t© be accepted ,as a pepresentatien of liialtlng leagtlst of 

the denatured ©valtowaln laoleettl®, slae« tli# %ttmt of 

g®v®i»al v&rlrtl®® suoh as pi, tin®, eoneeatratloa, and 

Ionic strengtli on th# relatlf® pates of the unfoMlngi 

aggi'®'g®'fc5-011,, aM., in some eas©.s, !iylr©lftle reactiea.- ar# 

merged together. 

Th© «xt«nd#d leogtlia foiii»l la tlie ii«lglilJorliood of the 

lao«l«etrle peiat (alsout 4'.6 * in wattr) seem reasonable, 

as the r«gult of Interaolecular interaetien hj virtue of 

van der Mml fore®®. Becreaslag' lo-agths wltli imreasing 

Cor with -decreasing) pH wo-ttM he aatleipatei. -on t!i@ "basis 

of l«-8i®aM aggregation dme to tb« pre-sane® of iacrtaalag 

negative Cor poiitivo) eli.&rg® on tlia .»olmt# particles. 

fliere is no hint of inereaslng Itugtlis dm© to Intramolosttlar 

repulsion, as a resmlt of inortasing positive Cor msgative) 

oliarg«-@xe®pt at very low pi. fh# long lefigths ©"btained 

1i«r® can Tb@ attribmted, instead, to lii©reas©d ioiile 

s:tr0ngtli Qf the solution. The protein amy already liav© 

attaiB@d its inaiiiaujii poaitiv© chaipge around pS 2 aM 

additional tifdroshloric acid, ne®d«El to lower th® pH, wotild 

tb-®-n onlf attenuate aggr®g&tloa» la support of this idea, 

it was fouM that an ovalbmmia solmtioa at pi 2,0 ai^ 

coBtalaing sodima elilorid© smfficitnt to laalc® th® ioale 

streiigtb siwilar to that of a lifdrdelilorl® acid so-lution 

of pH 0.7S,. beeam® ttighly aggregated, wtieo li«'at«d for 15 
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alntites at 100^ C., and was.too visoo-aa for f low-

orientattoB meaiuremcnts', 

.ItiaiaaB :aiMl ao-workers (71) in a st\sa.j of the forming 

proptrtlea of o¥albmiln.. Interestingly, enouga, obtained a 

ourve rather similar to that of FiguF# It, ©xsept that 

tli„©y fount a rise in foaming- properties ftt ,ferj high pH. 

A coryesporiding rise in lengths was not aeen In Figmf« 19. 

Iven at pi! values 11,6-lg, wmry short Idngfhs were fQund 

ATid onlj a trae« of to Ire fringe no®, 

fht p©s'-»ible «ffeet of cliarge on agg-regation is 

wcj-yttij of ejca-ffiinatiOR# Oons-lderlng only the magnitude 

of tk® set charge of th» deiiatmi*®4 ovaltsmain -®ole0«le„ and 

disregarding th.« binSiag .©.f iona oth«p than hydrogen, 

th®r« 1B REASOB to expect less aggregation at high pH than 

at low pH. Ma pS arouM 1, the smxlauw positit® ehsrge 

aiaounts t© 57 ©ationie residuts p©i^ mol#e«l#.. fhe net 

positive eharge it also 37,. assttslag that ©arboxyl, 

hydro-xyl, and sulfhfdryl gromps ar® -unlotilgea» 

Th® total neg&tim eh&rg© is not aa mvt&in at pH 

around 10, for ©xampl®, principally heeaus® of the un

certainty la the n-ttsihei* of amid# groups hydpoljsed dmr-liig 

heating,. There ai»® 48 frte cai»hoxyl g.rottps, aM 31 

potentiallT tme earhoxjl groups as amides. Tyrosine and 

eysfcelo© rdsidiies soaM contrlhujfe# IE isor^ negatif©, 
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ebmrgts* flius, total negative charge could 1j® as 

Mlgli as 91 p®r iioleciil®j and the met a».gative ohafge T? 

per -noletml#, assaialng that tlie gmnldyl gpomps time not 

lost their ehurg## With 'non® the a»M® hydrolysed, 

th« net negati¥# eliarg©, would tee 46 per aoleeul©. Tlils 

posalbl® iralm© of ?? net negative eharges arouM pH 10 

is eonsMepably greater than the mt positive charge of 

S.7 aromi^ pfl 1, aad oould explain., in part,, th® lesser 

a.aomnt &f aggregation touM. at lilgH values of pH, 

2, .Delist tar at ioB at pH QnQg; Y&Tjing protgln .peaeentratloa 

4 eo'ise®nti?atl©ii studj'., ovtr a larg® range In coa-

eentratloij teeiaed to 'b# a Mcesaapj step 1.33 clai'lfylng 

the denattamtloa pfoblea st low pM* Th® results of nmh. 

a .study ar© presented In .Figure 20. I®r6, denattiration 

wai carried ©ut at pB 0,9S with, over a ten-fold variation 

la of-altomalii eoneontr&tloia* 

fli«.T©rf pronoiiaeed d».p®M®n0© of length m oon-

c«ntrati©.ii is stroag evldene# of polydltp®rsltj. Even at 

t h . a  l o w « s t  e o n o e n t r a t i o R ,  0 . 0 4 9  p e r  c e n t ,  w h i c h  i s  v e r j  

mmh leas thaa has been U8«d In aost of the other ©xp®rl-

wents'siBe'S at this low ooB©.©atratlon blrefringenc© 

ug'ttall'i' is too w®ak t© p«rsiit ffl«asur«»eiit, th©r® i@ much 

li«ttrog®a®lty as 8.«©n from the lack of ©onstaaey of 

l«ngtk wltli lBor#aslng gradient. It - s®ei»8 very likely, 

then, that th® lengtlis •given for fhls low pH region, In, 
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Figure 20. Denaturatlon at pH-0.93; varying protein 
concentration. 
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Plgurea 20 aM 19, ar® not thoi® of Indlf'lditAl aolee«l©s* 

3* Interaetion study at pH 1«I 

It was deslratol® to atoertstlii t© what (&:Kteiit later-

aotiott of solut® particles during flow orientation 

ments has deceptively alt©red the lengths• To this end, 

an iwestigatioe of Interact Ion was mad© at pH 1.1, An 

85,0 p@r cent glyaerol aolution. oontainsing Qf&lhnmin aM 

b.filroGlilorlc aeid heated. Flow birefringence a»a.siar©-

sients were .aacl© on tills solwtlen, its...w®ll as on two otlitrs 

made from it' toy diltitleii witli aa 8S«0 p®r eeut glycerol 

solution oontaining only hydro^shlorlc aeid. 

According to Pig'ure El, InteraetioB is of no prsetie&l 

consequence ©ven In the most eonc«fs.tr&ted ©olutio'ii studied 

Interaetion al«ost •-ttiiquest ionably ean safely "b® disregarded 

in analysing the data of this dissertation. 

4« Deasttirmtion at pH 0.9?; yarying time &M teaperftturd 

Pr#i?loms experiments havs preved. that denaturation ia 

rapid f moat of tli® r©aoti«m oecurs in th© first f«w ainut® 

of heating at lOO^G. It a®eas logical that, fey varying th# 

experinuntal eoMltiona, liiaitlug eondltlena oould b© 

found which are relatively favoratol© for unfolding, aaA 

relatively unfavorable for aggregation, 

Penaturatieii was, thtrefore, «fftcted &t 0©^, 50®, 

O 0' 
60 , aad TO ' .0, as shown i.n Flgwes 22*2&, lrielmaiv©« This 
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Figure 21. Interaction study at pH 1.1. 
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50° C. 
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Figure 25. Denaturation at pH 0.95; varying time at 
60° C. 
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Figure 24. Denaturation at pH 0.95; Varying time at 
70° C. 
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Figure 25. Denaturation at pH 0.93: irarTlng time at 
25° C. 
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Figure 26. Denaturation at pH 0.93; yarying time and 
temperature. 
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tim»tmpera.ture la suHiaarlzed la Figure 26. 

iBoreaasd tla® of heating, and Increased temperature, 

produce iiier«aa«(i polydlspersity# Pi¥« minutes heating at 

50® 0, gives wb*t appears to b® a hoaog-eneoms isyste®, aM 

th® 500 A lei^th. Is most reasoiiablj lottrpretM as btlong-

ii^ to unfoMed, ©ssentlally ti.naggr@gat®d, polfpeptit# 

ehftlna. 

At 25® C,, denattarati©!! proo«Ma isor# slowly 

than at th® higher t«^eratur«a. Aft®r S| houra, a llwlt*. 

lag length of About 450, 4 bteowi®® prealnent* fhe funetlon, 

A/f © Is eoastant, within ©xperlaantal ©rfop, for this 

taaiple, aad It la prcjblemat'leal to,i«elde.. by comparlsoii 

wlth.th© S nlHut® sample at' S0®0, • whether the §0 A 

dlff®i»®iiea between tlisa is slgnifieant, fhe blrsfringene® 

waa rsnsonablf high In the 1#0 how fampl© at 25®G,, aM 

altbottgh th® left ©nd of th& curt© should lia reality, b© 

dlsplae«<i upward .somewhat, tia« esa«atiml ©oastaney of 

length, with iHCFeRslng gradieat eotiM signifj tli® pye^eae® 

of uafoM«d, unag.pi»egate<i molesml®s of gllghtly ahdrter 

length than are present in seltjtieii aft«r 2| hours, there 

might, thtig,, be ©vMsaee her® for an Intireas© In length 

of an unfoMtd woltoul© . with no aggregation apparent. 

6* fheeretieal .:glstributioQ of l-engtha 

SttperpealtIon of th® 60 lalnuts sample at 50°, the-15 

alnut® laapl# at SO®, and th® S lainute sampl® at 70® fro®-
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FigttP«s ti, U?'f aM 24,' resp#etlfely, shows th® lengths 

to .-"be m&rlj' alike, and the funetion ^/f e as w©ll»- All 

af the sample# art,, no do-ubt, aggregated. Th© good oor-

relatloa suprestg that -th® distribtttioti of lengths is 

ahout the same, aal, that the aggregatloa is of the same 

tfp® In the wrloiis saiaplos» 

Most, logically, interactloa between extended poly

peptide chains w©uM he ©xpeeteA to lead to lateral ag-

gp©gatl0iJ, almm m&nj polMr and noa-polar groups dlstri-

btat«d along the chain are capable of lateraotlng« A head-

to-tall a.ggi'ogatloa.. intelviBg heading at a sl»gl© point, 

does not a€f®ffl likely, aad neither doe'a aggregation to 

form a large three dlmensloiiftl net-lllc® atriactur©. 

Several dlstrlhrntlons of solute partieles couM, of 

co«rs®, deaerib© t-h# pol^igperaity of the $0 mlatit® 

gawpl# of Plgttre 22, la to redme© the amo-ant of 

caletilaftOB in¥olf#d .in eiirva fittlfi®, graphs w©!*® aad® 

of X &3 & fametton of sy/t. In 20 per eent intervals, 

df solat© partiel«a SOO A %mg. with partioIts 700 1, 

900 A, 1000 A, aal HOC) 1 long. The bett fit ocoiirs .for 

80 aM 75 per ©eat, 600 A partieles mlxtd with 20 and 25 

per 00Et, ratpeetlTslf, of 1000 A. The^se data were calcu

lated hy th® iBethsd.# of pag® 24 and ar® shown in Figur# 87, 

?h©y d© not elaiwi t© reprtsent the actual distribution, 

hut diO gi¥© an idea of a apeolflc distribution which fits 

th« ©xptriaental data. 
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Figure 27. Theoretical distribution |of lengths; sample 
o f  F i g u r e  2 2 .  
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Figure 28. Theoretical birefringence; sample of 
Figure 22 . 
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ls Flgtir® 2Q ia SIIOWB tli© ttneoretieal tolrefringena®, 

tor thf san® -dlgtrllj-utIons, as well as the ©.jcperimenfcally 

obtaiaad. !5lrefring«sBe# f©r tA# 60 Blnu,t;@ aa®pl© of Flgw® 

2Z, Th# erfiiaat© la In arbitrary units, the experimental ^ 

emrf© m.& plac®i so a® to lie near tli® calculated oiirves 

for easy eoaparigon. In thes# salcalatieas of theoretical 

bir®friiig®.iie©, as wsll as ia tTaos# of lerigth. distribution. 

It was &satKB.®d that th.® ^blrnfrlngeaee ©f oo«pl@telj oriented 

1000 4 part idea is iteixtieal t© that of completely oritnttd 

Pi A partieles# Again, th# 'blrefrlnge'iio® curves &r© not 

with, th# idea Qt proving that a -specific dl®tri-
• ( 

"butloa is present, but rather only to ahow that (le-or®a®lng 

fallies of A/f o ean "b# '©xpleinsd ia t®r»g of poljdisperaltj. 

i. Denatmrafeion. iii th# pH rftn^e 9«5~1.Q| varying ti?8® 

aad oemc^nt-gatios 

..©•©•aat-mratioB ©f evalbmnin at hlgb pi, for ex-aapl© 

arowiJd ,pH 10, 1-a l«ss aoi»f)lio«t«d hj aggregation tTaan, It 

is &t A low pH# for Instanee around pH 1« It appeared an 

lnt-#r®sting region to study# Inasamh as it still tmn 

hoped that experimental conditions eomld to® found whereby 

Mgh Qoa@©ntratloni of ovallmiBlii could "b# efeployed witla-

out dftngdr either of <5.;. rregatlon or of interaction-, Fig®''© 

29 siaJimarlzes the data for a c-one©ntration study at pH 

9»5**10, 

fh# Indivldtt-al qmtvqm (not shown) of length, as a 
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fimatidtt of Ct/J /f, from which Figur© 29 was coapoaed, 

emh show evideme of polfdispersity, even at 5 mlmites 

he&tlag time, and so soae aggregation presuniablj is 

pr«8®at ia all of the samples, • fh@ leagtha fm th® S 

ralRute tanplas ©f Pigyti*« 29 ai»#, thua, soae^at i©ag#p 

than wotild be expeeted f©r th« iiiiaggr#g«it«A raoleeul®* 

fher® is. as u»exp©et®d tfend, in Figiar# 29, of d«« 

ereasiag l«gth with laereaslng coaeentration. In all 

prevleus eeneentpatioja studies, at pH values helow th® 

l®o®l®etri0 point, iner#&gliig © one ® at rat ion g Ataring da-

naturation resiiltad ia Increasing lengths. It is COB-

o€lvabl®, of eomrs®, that wnfoMlng might h® inhibited hy 

Interaetloa toetweto partially Tirifold«<i mol®oules.. Howevsr# 

this explanation smma UQllt«lj, la view of th® almost 

negligihle lateraotien fouart daring flow oi*i«Btatloii in 

Figure 21. As a crM# approxiaatioa, Flgtir« i9 ©•aa b® 

iaterprtted to wmmn that th« d«natttr«tlon is essentially 

ltt{t#p®nd«3at of .coneentrmtlon. s.t th«8« high pH values, 

fh© data of figiare 29 wem ooll«ot®d in a scattered, 

faghloa, and so it Is aot likely that aomt of th© ourves 

are ©utipelj displaced dti® to sorae consistent error in 

a®asttr»ffl®nt or ia tsohnlqu® of prepiarlng samples. Some 

unavoldfthle vafiatioas m.j for ®o®© .of the dis

crepancies, however, in a not ohvlotts naaner. For example, 

there was a marked lowering, in pi, on heating, these samples, 

whleh amottiited to about 0,7 pH units. A faint odor of 
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Figure 29. Denaturatlon at pH 9.5-10; varying time and 
concentration. 
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amraenla netleea dmrlisg h©afclfig stigf®»ts that som® of th« 

ehange Is due to liydroljais of aaldes. To kmep th@ final 

pH about the oame in th© samples, tli® om «jontainiBg 0.60 

per ®®nt ovalfctMln ceatained g5 p®r e®tit more sofiiuin 

hylroxia,# than did tfes ©they tw© samp lea, «M so th# iomie 

strength ia sligMly liighei' in tills saapl®. 

7 • Denatugation at pH 10»86i y-aryiiag ti'ne aM. teaperature 

The promising results ef Flgur© 29 amd© it desirable 

to denature at a sllghtlj liiglaer pH^ to take poislbl© fur

ther advantage of Increased eharg# in rtdtieing aggregation. 

AccordlagIf, a teoperatur# study was aad# at pH 10.25 

at temperatures of 70®, 80®, 90®, 100® G» fh« results 

are shown in Figures 50, 51., SS, and ar« tuwmarlsed la 

Figure 55. 

polydiaperslty appears at l#ngt!is ©f §00-600 Aj the 

limiting lengtli ia arouhd. 4S0 A, Using conatansy ©f length 

as a .eriterioa, tli©r@ is legs aggregation .in thes© samplea 

than in most others described in this dissertation. If tb® 

90® sampl©' truly is uimggregat#d. throughout ttie first IS 

mitiutea ©f heating, then the rate ©f uiifoM;iiig Is being 

m®a-sur#d, unoowplioated by - aggrsgat loo. Denaturatloa is 

slow at 70^5 only ttie 60 »inut© saraplt liad TO«aauratole 

b ir 0 fr ing« nc «•. 

ftm A/f e of 790 for tlie 5 wlHut® sawpl© at 80^® la 

undoubtedly too Mgb- beoaua© of reflection errors. It 
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Figure 53. Denaturatlon at pH 10.25.: varying time and 
temperature. 
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It was obtatoM usifig the f ¥&lu® oalculattd fro® the 

correspandiag experiasntal ̂ ¥alu« of 44»I®» . At a lower 

Talue of 2,9, was wbieh @xo®eda tlie 

tli«©i»®ti€s&l Halt tJj aora tliaa'0,6®« Issuffilng that the 

eorr-ect valu® for A /f &t Q ^/t equal to 4*i, Is 310 

la®t®&4 .of ?tO gl¥«s an f value of' O.Otg?, mnd: a eorres-

powdlBg / of 45,C3®, The leagtb ealeulatei from thia-ii 

BT5 A, rath«r tlii.a.tlie 896 A ishown, aal it wouM umem to 

be closer t© th# trw#- length, than is 295,A». 

8, 0gRfttliration at pH g«§i Farylag time 

Heat denatwration, la 85 per ©tnt glfeerol, in the 

PH r^gim 2"$ 1b of ®p«elal Interest» Distinctly shorter 

tMn are femntd in mnj other pi region studio, 

ar@ fottud hmm* figures 34 and 36 represent heat denatura-

tloa at pi g»4S aM 2,&B, mM malhrniln ©.oneeatratlons of 

0,59 and 0,79 per eent, respectively. Sine® th© lengths 

are ahort. the blrefrlagsnoe Is lew, toeeaase of r«latlvelj 

poor orientation, and it was aee«ssarj to tis« higher 

0on0®nt.ratlens thaa usual* 

p©lydl.sp#rslty "beeoTOs aetieeable at lengths of 300* 

400 A, which l«pll®s that th© uaaggregated, tinfoMed 

polfptptld® chal.n mmy be of eren short©r length. fh& 

fuBOtlea ^/f c. has rather high tralttes for these 

Sftntpl#®* fr®¥lomslf J,, as in Flgor® SO, oertain txtra-

ordittiirll'y high v*l\ies of A/f .© w©r« interpreted aa a 
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Figure 34. Denaturation at pH 2.45; varying time. 
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©oasequane# of r«fleetioii errors. Howtver, ia th# 5 

fflintit® sample of Figtspa 35, the fRagaitM® of^ ranged from 

5®, at $ /f of 8.8, to 15® at 0 tf /f of 8»,4., lv®n th© 

lower valm# of Is usually high ©nougii to preelude 

significant refleetion ©rror in the apparattts usM#. Th® 

spread, Im reading@ of mlnlitWBi intettsity, for the two a®na©s 

©f rotation lik@wt«e is verj small &M this^ tO'©, is 

iMieative of negliglhl® refleetlon error» 

•fh& high ^/f e values ©an he interpreted in aweral 

wajffl. For ©xafflpl©, tin.c® th© laoleeults mMer censlderation 

are only &pprox.ifflat®ly 500 A long,, and so ar« only partially 

extended, a high intrinsic hlrefringenc# would not hav® 

he«n antioipated-ttBless pcjsslhly the glycerol in an 

t«i®xplalii®d way forms a oowplex, of high intrinsic bir©-

fringenee,, with th© protain# fh®r© is some evidenot,. in 

the llteratur®, of the solvent propertids of polyols on 

ovalbumin, and so eowplex fcjrmation with glycerol is not 

sntirely implauslhl®« Another explanation for hlghA^ f c 

vftlufs, invokiag aaomrit of deRatttration, Iraplies that with 

th© WO A ,l«Bgths a fflmeh higher pere@ntage of denat-aration 

ia present than oesurs, for ejtanipl©, with th® 500 A, 

lengths fottwl In soa® of, th« other pH regions studied. 

fhlg explanation does aot see® too likely* 
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1, l®at ami Bttergeat De.riat-uratloii In 85 Pep Gent CJlyeerol Solution 

1, gaaatttpatloa at ,pl lO.SS^ y&rwim tiwe, aetergent 
'pr#8#at 

Pr®Tlo«.8ly, It was shows that the eationi® d®-

teygemtj, Zephlran, lnflu©no«8 h«at d«naturatloia of otralbu-

min In aQ««©us solmtlon. T'tisPt ai*® good iadleatlons that 

d®t«rg®nt cation is bound to tbe d«imttir©d ovalbuffiin there

by reduelng aggregation., pr-esttumbly by lacr«aslng the n®t 

positive eliarg# ©a th,® protein. In aa analogems mammr, 

th& aaioalc d«t«s»g»iat, dodeojlbenzene sodiura amlfonate, is 

bouad ^ in spite of uafavorabl® conditions of tilgfe pH, It 

was deairabl# to learn how stieb. detergent binding affects 

ti©,a.t daaatmratioa ia 85 per cant glycerol solution* Of 

QouraSf binding- of auioaio d«t®rg«nt weuM take place even 

m&r§ at low pi, tout ameli eoHibiimtion usuallj 

leads to preoipltation whieli it is imperative to avoid in 

flow-or'ientat ion Bi«a mpement a» 

flgtir© S6 abows li®at denatiirmtioa at pH about 10,5 

ai^ a deter-gsat-pToteia ratio of 1*0» fbe lengths obtained 

ar® tiaifora, and perliapa sllgMly sfeort«p than th.os« 

fotand in Flgur# 32 for dsaaturmtio-R at pH 10,g6 ixi th© 

absene# of d©terg«,at,. Mven After #0 aiimtss of li®ating 

tb.® goltation ttill appears tio»og®i3tous, inaofar as 

oonstaaoy of length i,a. a tegt? this is umsml. (In. the 

5 mimt® san»pl#, the lin® was arbitrarily drawn through 
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the.final psint. It was assuited to b© th® most aootirat©; 

th© otliar threu, certalaly, are too low.) 

The '^/t e values in figure S6 &r© lowered as a 

•coRa«Qm©nc® of th® ppesene© of d©tei*g©,iitjuat as th®T ape 

at low pi In ioltttions oontaliiiag kiephir&n, Irmsattcli as 

th,® cl#t«rg®at8 reputedly ar® powerful dsaatiiring agents 

even-at low e obc eat r&t ions of d©t®i*ge'nt, thla is taken to 

mean that I® lass for a. glv#n length, ratfeer than that 

«l®:nfttm»atloK is lees eowplet© In th© pi»eg@BO© of detergent* 

P* Heat I3©»«tnri.ti©n in the Prssese® of 0miil4iiae Salts; 

'fttloglyoollie Aeid; and, Foraaldehyd© 

1 #  Q m n i d l m g f t l t  s  

Smnldiae liydroolilorid#, asl gtaanidin® thleeyamte 

wftj*® tried m dtaatwii^ agents, fheae oompetiMs are of 

pai»tiemlap Interest, laasmuoh aa thmj have "been pepopt^d 

to be potent sulfhjdi'jl liberators, and so pi«6sw.ml)li also 

cams© extensife mnfoMlag, neither was fouM to Ij® suitatjl® 

for'ienatiiFlng, preparatory to flow orientation aeaswe-

merits, bseaus© of th® tendency of OTaltouiain solutions 

containing tliea to become cloudy on ata.nd.lag,. an! par

ticularly on heating. 

#. 

E, fhiogljoollio aeM 

Ee&t d®B€t«ratlon at pH .2,2 la aqueous soltitloct 
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coRtalaing thiogljdollic aeld gme highly aggregated 

soliitions eontalnlng long solute particles* fhls pH 

1® in the, reglcsn giving miaiaiun. lengths, as s®«n la Figwr© 

5.'; Tliiogljeollle acid is of interest, sln,c® It hat th® 

ability to reduce dismlfid® linkages. Such rafiuctioa 

could possibly lemd to longer leiigtlig of the unfolded 

moleeul© if' theg® linkages were m barrier to ©xteB^aida. 

fh® aggregating ^action of the tMogljcollic aeid would 

neem to b® laost reaaosablj @xpl&iii«l on the Msia of d#-* 

ereaied positive eharg© on tb© protein due to bindiug 

of the negatively eharged tbioglyoollat# anion. 

3* Foyffi&Meh.'yle 

Ooffl'bi&ation of ovaHjamlo with, dttspgent, at suitabl© 

pi, was shown to lead to l®ssen«d aggregatioa. ffe# flow 

birefpingene® of ataela. oorapltx®®, h.©w®ir«i*, la distinetlf 

low#r tlian that of the prottin alone, Oth«3? compounds w0P© 

aotight whicli would increase tb® ntt oliarg® on the ppoteia, 

and still not lower th# birefringanc© sigslfie&ntlj* 

Popfflaldebjd,® seemed to t)« a gooi, ehoiee, since as the 

result of its action on th® ataino groups of thm proteiiS; 

th® negative charge is inep#ag©i toy OB® Tinlt for" eaeh 

foraaMehyde aoleoul® which reacts. At th# gaw© tiia® the 

foi*maM#h.y4«, after reaotioii, wouM not toe expeeted to 

appreciably elaange th© 'blrefrlnge.fie®, 



www.manaraa.com

¥1. GlIfifiAI. BISGUScIOI 

Sea© additional cofflinent is In ord«X', "by way of 

ooaparleon wltli th® work of this dissertation, on the 

Inveatlgations of Prederi^q iS2), &M of Jolf a»l Barbu 

(37) \fhl©li are disemased in tli© Literature S-m»v©y« 

i'r©derie<i ealoulated lengths hj application of a 

llsiiti]^ ©qtiatioii, 

~ X „ / 

/ z O  

and th© Perrin ©qtaation, Ttos, for a gl¥en smr§ple mpoa 

which .iB©a3iii»#iients of J- were -md®, only th« valu® of ̂  

otJtainet by extrapolation to i©r© gradient was •ta.ssA 

in ealcialatiug the Itngth.. 

f'his proeedtir© suffers from th© «llfad¥aiits,g© that 

the pfesenee of polydisperalty can not "b® detectea. For 

exaaiple, on© of the saiifjles coBtalniag ©"rAlbmmin and 

laeeoaal was reported hj Ftrndmrloq, t© hav© a l©ngtli of 

8400 4. tlowmer, applieation of tlie solutioas of Seheraga, 

Ed sail, ami <I»M for the ® qua t ions of Peterlln and Stuart, 

aai the Ferrln oqimtlon, asswaiag aa axial ratio of go in 

®aeli cat©, suits In a length, of 3600 A at the lowest 

gradient and 2"0 > A at the Mgliest. 

Th.is variation of ealeulated, leagtb. from 3600 1 to 

2300 A would toe eonsldered as ©vldtnoe of oonsiderabl® 
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polydisperaltf.. in this dissertation, and not much 

i»«llaiia« b® plaeed ©vta in the 2500 A valu©. Poi» 

0xmpl&, im the 60 miirot© sample of Figure 2B, th# length 

varies i'rofa 850 A. to 700 A ov«y the rang© in gradient 

eaploye4» This variatioa, at first consideration, would 

not eeeia to to® in vl#w of'th® coraplexltj of the 

aateriftl toeing iwrestigat^d# Mo-mwer, the ©xperimental 

data can b# 'rtth^r w«ll matehea toy assuaing the solute 

consists 0f 80 per &@nt parti'Ole'S 500 A long and 20 per 

cent partiele® 1000 A long. fhuSj tli© preponder&nc# of 

SQlnte particles in the aoliation might ©ag'ily be of 

length 500 A rat'htr than, of length 700 A. for 'sueh reasons 

greater ©aphasis has 1)6611 placed on solutions containiog 

sol lit© particles whicli appear to tse !ioai©g#ii@©ti8 in length, 

than on those showing ©vidsnc© of poljdispersity, 

Jolj and Barttt lased the relationship of Edsall, Foster, 

and Soli^ln-berg iM7) and. the Kuhn (40) formula. The latter 

SAT 

fh© former relationalilp gives i^alwa eorresponding ' 

clos«lj to thos® of ielieraga aM eo-workers in the rang® 

X = , 4S® to 25°« . (It wag set up assTiaing that B^oeder's 

th.r«e-diraensiosal case'ia valid, for values of<^^b©low 0, 

and Ilia two.-<iJ.a«isaioiial case is valid for values of • 

abov® 20)« fhe'Xulin «qafttlon gives values of length about 

15 p®r oent higher thaa those obtained with th.© Perrin 
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eqmatloo, assunlng &a axial ratio of 60. 

and Baflju did a.,ot inelud© enough of theii* 

original data to p®r»lt calcttlatioii of lengths at various 

gradients to test for polydlsp«p@ity. fbey aasuaed that 

the amount of polydltpersity *as negligible, and that the 

lengths laeaaureil mere- those of solut® pairtlclea occurring 

with m&xlmum fr«queney. fh#se mavmptimB probably &r® 

not Jttstified, but do not alter the eonelusions thej ha¥e 

d.rmn from their ©xperimtnti. 

P0ljdis|)©rsity, in th# deimtured .pret@in solutions, 

siay oome about as th© result of aggregation, or of hydroly-

sis# fher® is reason to hellsve that aggregation la of 

more i j-ortane® In th© solutioas staled than is hydrolysis. 

For ©xampl®, lengths invariably inereased (1) ifith increased 

protein donoeatration, C2) with inoreastd tine of heatiag, ' 

(S) with io.cr®as«d t@Bip®rature, (4) with inoreased ionie 

strength, and (6) T#h©n th« pH values wer® near the iso-« 

©leetrio point during denaturatton. Eaeh of these faetora 

would he exp«et©4 to atigment aggregation,, fhe extent of 

hyArol^'Sis would h« ©x-pected ^to h# increased hy factors 

(2) and {5), and ths others would not h® anticipated to 

bm iinpertaat in hydrolysis. In geiieral, hydrolysis of 

th® of&lbuiiilE aolecul® would le&d to shorttr »oleoules 

whieh would hav# a relatively snail influ®»oe on the 

orientatioa of the unhydrolfsed ovalhurain due to the nature 

of th©'weighting* 
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ftootip-homt this dls8«station, ©mp@rl®«ntal conditions 

w@F« sought whloh •would, result in solwtd pai-tlcles hono-

genaous In length, lofflogenesas solutions -were pi*odue®d 

Infaylftbly • onlf landtr those eoadltlons wlileh logleally 

i-oia.ld pes'ttlt In th# l#asfc amo-tmt of aggregation, and in 

the least aaottut of h.ydi»oljsla • Ttea, .wtien using'a 

relatively low ppot^la ooncentp.afcloB, aad low ionie strength 

flttflng clemtupatioa Cbot'fe of -woiaM tead to reduoa 

affyr#K«ti0n) tbe •.iROst tioaogeaeoas soliitiona wero ©btalntd 

after tlie shortsi* periods of heating and at the lower 

teii!p€rratiai»@s . wli.«n d^natijratl-O'n was carried omt at a given 

o''!. Foi* •this reasoa, it la to@HOT«d that air^rogation, and 

, are aegllglble la th«se apparently lioaiogtueoys 

selutloas. ' It sfouM, of le,. to® very isalrftbl® to know 

th« partlsl® •W'dlglit ©f the denatured oTalb-uailn In solution. 

At 'Vh-B present tl«© the,?© is a© satisfast^^y exp#pia®nti.l 

TO«tlioi. tor .obtaiiiimg'tills iaf^oraatioB, althomgli light-

seatteriag teefenlQtiss offej? tose h&pn foi» success, 

S.otli. fretarleq and Jolj and Bafbw their flow 

blrefpir iiii(ii.stj,r#ai«jati 1B AQUEOUO solution. PrederloQ 

«a®d ©©sesatratlons of 0,4 to 1,6 per mmt wh&a denatui»afcion 

was effeotei, by beating In aold. solution, and @onoen.tratlona 

as h.igb as b per e«.nt when des^ataratioa was "bro-ught about 

l3j detergents* iolj and tiaed eoBe«iit.f«tioaa mostly 

•of 2.9 per mnt is their «s.p«ri»«nt s. la. thla cllgsertatlon, 

wtieh ©f til® ie-mmtwatio» ,wt5 Isrotigfet about at a .eoncenti*ft» 

tlon of 0.S9 p©F e®nt in 86 p«y 0#at glycerol soltitioa, .aad 
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at 0,6 per e®nt wlien deimturation was brought about in 

aqufoma solutions* these lower eoncentpatlona ar© 

eonai€®r©d advantageous 'in m^n&ing extent of aggregation. 

I^p«.d©Fleq intfirprwtea, his data in terms of i>ath«r 

completely unfolded, partly aggregated ovalbumin moleatales. 

Joly and Bmrtoui on the othai' hand,lB.terpr«te€ their data 

in t®Pffls of aggpegatldB witlioiit Invoking the comept of. 

uafoMing# Vhej ooueluded tliat mnfoMing doea not ocour, 

.but that, dm® to tl3©Mal agitation, groups .ordinarilj 

positioned IB tlit inttrior of tti@ nolecule are ©xposeti, 

an# dxposftd gpotipiags are • Involved in formtiig bonds 

in th© aggr€>g»t«. Ill® data of this dissertation would 

seen t© stippopt a ooneept involving tinfoMlog to lengths 

©f ftpproxlmattly 5110 to 600 4, f©llow®d bj aggp«gatleu. 
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SWT-AIIY AS© COISLITSIOIS 

Isoeleotrie, native ovalbmialii In 70 per cent as well 

as in 91,6 per e«nfc, gljeerol soltitlon showed only a 

trace of blreft^iagenoe and no Bieaawable orientation 

angle* 

Solutiena centainicg 0'*6 to 2»4 per cent ©valtamln In 

glyclEe-hydroelalorle aeid btiffeips ^at pH 1 t© 4 were 

denatwed hj heati^ng' at lOQ^Q, tor perl^ls ©f tia© 

from 6 to g40 minutes, leaaiireaeats of orientation 

0 
angle, and of birefrir^eQee, were wade at i6 0. at 

varioua gradients, after addltien of glyeerol to a 

final eernesntratIon of 70 per eent, Selations having 

solute particles in the range 500 to 600 A in lengtli 

appeared liomogeneoiia, and the ethers polydisperse* 

Increasdii lengths were obtained with liior®aa©d time 

of heating, and with, increased, cdneentraticn of 

0-vu.lhumln during denaturation. Aggregation is an 

Important caus® of the polydlsperaltj. 

H®at denatwatloB at 100® for 5 raimiteo at pH 2 la 

th® presane# of a oationt© detergent, alkjl dinethyl 

benayl aamonlya ehlorid©, prodwoed apparently hoffio-

g#n©OMs golut© particles .aromni SOO to 600 A in length. 
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leat denatuimtlon in tli© preaenoa of fch© detergent 

r«S'alt«i, in a lesser aaiount of poljdlspfrsltj, 

4. ?fe© magnitwl© of the "blrtfrliig^ne# of htat denatmred 

solutions emtalalng tHe above catloalo detergent 

was dlstlnotlj lower than that of ovalbumin denatured 

in, its ab-S'tBO©, It Is si%ggest0<J that this is th© 

coBTOqu®iiO0 of a prefer«Btial arrangeneat of tli« 

alkyl r«sldti®s of the detergent aol^eulea perpend leu lap 

to the length of the- polypeptide oliala. Detergent 

added after heating t.M» ©valbumin selmtlon \tm also 

bettiA hj the protein, «8 Jud^ged toy the peiuetion in 

•bip©fi»iiigette«, Ibut was: not effeetlv® in reducing lengtli 

or polydlspefsiti, 

&, Heating- for ©i rolntites «t 100*^ in veronal buffer 

containing urea, 3 to 4 If in :cono«ntration, at pH 8 

r^smlted in €@erei.aed lengthB with iaor#as®d uroa 

eonc®.ntr«t iOB. Flow blr© fringe no# atasuperoents ar® 

not ©msily aai© in solmtiotta ef high urta content, 

tjeemia® of tlie ttnfa^opabl© high r«ft»actlv@ index of 

thd solvent. At the limit of th© sieagtireiaents, in 4 

1 urea ooliation, selmt© partiesle® of aljotit 700 4 lengtli 

were obtained. They were apparently homogeneous In 

length. At pi S,6 in glyelne-hydrocblorio acid buffer, 

beating £i alnutes at ̂ 100® in 2 M tirea solutiOB 

Msnlted in aolmt« particles, apparently liomegenaous 
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1» length, abo^t 600 A long# fh© oTer-all effect 

of urea ia heat denaturmtioa s#©ss to to# that of 

deeftaaing aggrtgatios. 

6# Denatwatios was #ff#ct«d in 0#39 p®r ©•©nt ovaltomsia 

solutions ooBtatnlng 8§ per mut gljQmol and HGl or 

laOH to obtftiR th® d©slr«d pH in the range 0#7S to 

11«0* Length® w#i»© a#«.sur#€ after 15 ainutea heating 

at 100®, In tli6 pH rang# 7#5 t© 11 •0, lengths de-

er«as#d tTom 1100 tO'S7S A, In the a«id rang#, 

l-tagthi of about SOO A w«3?« obtaln#i mt fE ¥alufs 

apomnd S. fh# l#iigt1ai TOI# ®t##plj oa ®lth#p aid# of 

this '^H ^alw| at pH 0,73 the length was ahomt 1100 

A, and at pfi 4 abomt 700 A# 

7. Highlj aggregated solutions were proaiieed upon heating 

for IS aiawtes at 100® and pH 0,93 ia 85 p-«fr oeat 

glyeerol aolmtioa. It a l©wer t©ap#ratmi*©, 50®mx&. 

ft short©r time of heatingjif $ »in^it®s, th© ®olTit« 

pmrti©l®s appeared hoaog©n#oms and shout .500 A long, 

8# Heat denatmration at pll S»5, in 85 pm emt glj0#rol 

solutioa rtsultet ia shortsr lengthsSSO 1, than ar® 

pro'dmosd at pH 0.93» Thea© ®«pl(i8 eont&iatd ® higher 

oQiie«iitmti0n of omlhrnltii,.- 0»S9 p«r @«nt, to faoilitat® 

a#ii®iir®a«iits» 

9» At pi 10#25 heating at SO® in 85 p#r 8«nt glje^rol 
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dlspers#, and apppoxlmatelj 460 A long. . Increasing 

t!i© • temperature t© IQO®, "b^it otherwise keeping tb.® 

deaatmratlon eonditlons tli® sase, gave t. limiting 

leagtli again AFomd 450 A. At this pi protein oon-

eentpatioB. fiwrimg denattiration Influenced the length 

less than at pi O.0S OF at pH 2.5. Aggregation, is 

mttol-i, less preaiaeiit at pH 10,26 than at the othar pH 

wluma studied. 

. fht result® of this dlsstrtation tme 'been, intsppreted 

en tlae "basis that anfoMlng of ovalbumin molecules to 

leagtlis ©f S50 to 500 A dmrlng denatupationi 

th® leagtlis ofetained depend on the experimental 

eofMlitioiis, Aggregation of th.« tmfoMed Hiolecules 

takes plao# readily. Interpretation of the data ar© 

0oiftplie»t@d by aggregatioa. 
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IX. APPllDIX 

A. Preparatlen of samplea and Viscosity leaaurementa 

1, Preparation of oyallmffiiii 

fhe O'ralbiiwln used was prepared from fresli egg  white 

by applying essentially the anaonium amlfat# procedure of 

Soi»6ason.. fh® oiraltommin wag precipitated three to tovtr 

tiaes witti amaoniiim sulfate at tfee igoeleetric point, 

dl&lyseti tint 11 'free of salts, and finally Ijophillzed. 

Almost th© entire ppeparatory proeedui*© was carried out at 

In a eoM-rooiB| o'ceaalonallf addition of reagents was 

wad© at room temperat^ire to elillled sawples, and pi»essure-

flltratloa was p'or formed, to clarify samples, Bwler tfie 

aam© eonditlorti,-

g, Ooaposltioa of sargpleB. for flow qfientation .aeasurementa 

Some oofflposltions of representative samples prepared 

hj the first proeednre of page -59 and Ijy tti@ aeeoM procedure 

•of pag© 40 ar© given In Tat)Its 1| S, and S* 

S, Vise OS it J measiiremeats 

fiseosity of the solvent at was determined using 

ft eaplllary viseometer* fh© aolfent eonpositlon was taksn 

to be that of th© final ' solution exoludlfif protein. It 
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waa fo-and that. In most eases, the gol¥en,t irlscosity 

coiiM be approxlmatdd sufficiently well, by assOTlni?:. the 

solf»iit eonsisted onlj of glycerol and water. 
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Table 1 

Coiaposltion of samples for Jieat deBatur-afclou la aqueous solution 

Buffer Gomposltion 

Pigisre 
0.100 1 0.100 1 4^^ Aqueous 

Pigisre «»pl #Ofalbuislii §lfolm 1101 Zophlran 

S 4,0 0.100 g® 14.5 al 0,5 ml 
3 S.5 ffl 11 is,5 ml 1,15 ml 
3 5,4 •11 » 18,8 Tnl 2.2 ral 
S 5.0 « a 12,0 111 S,0 ml 
3 2 • 2 » B I^.S lal 7,5 al 
S 1.4 n n 4.7 ml 11.5 ml 
S 1.2 « 0 al 16,0(0.67 If) 
5 1.0 » « 0 Bll 15.0 al — 

10 8.2 R ff 7.72ml 7,38ffll 0,S6 ml 
•11 2,2 a- 7.l5Tnl 7,l5al 0.70 Hi 
12 2,2 » M 6.00ml 6,00ml 3,00 lal 
IS 2.5 0.300 gffl 6 .O'I'tjI e.OOnl 3.00 ml 
IS 2.S 0.200 era 6.f.0ml 6 .Buial a,00 ml 
13 .2 « 3 a. 100 gilt ?.00ral 7,O0tal 1,00 Ml 

•Oontalns approxlmatelj 10" ffloi®ttii»e 
"»®After heating aad dilution gljcjerol 
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Table 2 

Ooraposltion ef saraples tor feeat and urea denattipatlon 
In aqueous solutloa 

Buffer 

Flgiare »^pm . «Otmltouinin «*«Co!iiposifclon pR Vrm 

14, 15 ( 0,g00 gi! 
i 0.500 gra 
\O#40O gm 

g.50 ml loHPO^ 7«5 
3.00 ml Kt2P0; 
9.50 ml fl20 

10 .,6 g® 

16 mm o,goo 8,10 al feronal- 7,0 
S0dim» 

6,§0 ffll HCl 

10 .,5 gffl 

16 • G.»200 14.20- ml ?6i*oml- 913 
cjod luffl 

0.9O ml IGl 

10'*5 gm 

17 7,9 oa.oo 10,70 ml fei'onal-
S^im® 

4 *-30 al 101 

M. 

17 7.7 0,100 g,41 ml feponal-
SoAi'oa 

4.SO al ICl 
8-,2i. al IgO 

m 

17 8»0 oaoo o-nal-Sod ima/ 
HGl - 10,70/4..30 

!Jr©a Oonc'n. » 
2,0 If, 5«C) S!, 
4*0 If 

18 2,6 1 0,100 giB 
\o.gC« gffl 

•Glycine/iei = 2,?. 
5/7 llrm Coac'n 
= t.O M 

•Contains approximately 10®| molstur® 
»4fter heatiisg and dilution with glycerol 

, EHoFO^ HSl, veroiial--s©diiim, 
and, "giTelnis ar© 0,100 M' 
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Composition of samples for beat de-mfcuration In 85 per cent glycerol aoltitlon 

HOI WaOH' 

Plgwre ««pH ^-Ovaltoumln HgO 1 
CoBcens-

? o liaise t ra 11 on 
Concen-

folume tratIon 

19 0.75 0.2' '0 gm 2.40 ml 5,50 ffll O.SO M -

19 ; 0,95 (),2«..'0 gm 5,50 Ml 2,60 Hi 0,50^ M «•» 

19 1.1 O.gCX) gm 2.40 ml ?,60 Ml 0,25 W 
19 1.65 0.2tM) ffm 2. on •'til ,*.90 ffll O.KX» M 
19 . 1.75 0,20C>- 2,^>0 ml P .90 ml « -

19 • 1.95 0.200 gn t i sr» ml 2.90 ml « -

19 2,25 0.200 2,90 ml S.t'O nl » - -

19 2,25 0.200 prn ?,oo ml 2.90 ral II 
• 

19 ?.l 0.200 gffl 4.00 ml l.SO ffll H - -

19 4,05 A), 800 gm 6,00 ml 0,90 ml « 
-

19 7,65 0,200 gm 5,00 ml .. 0.90 ffll oaoo 
19 7,7S 0.200 m 5,00 ml - — 0.90 Fll II 

19 ^ 0,200 gm 4,40 ml - - 1.50 ml ri 

19 9,6 0,200 gm 5,90 ml - 2.00 ml ft 

19 9.65 0 ,2m ga 4,00 ral - 1.90 ffll n 

19 9.7 0,200 gra ?,90 ail - - 2.00 ml n 

19 9.86 r» .200 gm ?.6u ml - 2.40 B1 n 

19 • 9,95 0.200 gffl 4.50 ml - - 1,75 ml ff 

19 10,15 0,200 g® 2.30 ml MW - S.60 ibI fi 

19 10,4 . 0.200 m 2,00 ml - - ?,90 ml ft. 

19 10,5 0.200 m 1,00 ®1 - 4,90 ml ft 

19 10,95 0,200 gffl 1,90 ml - - 4.00 ml 0,255 

•^Contains approximately lOfI moistyre 
«After heating 
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ilt pH 8.6-lCl', whSB heat denatwafeion was effected 

la agueotis <5t» in glycerol aolutlon in tiae preaeace of 

fopiaaMetijde, very short lengtlis wer© otJtalned* In sora© 

cases they wei*e too short to aeasiare. l©at •denaturatlon 

at pH 8,S«10 with stjbsegment addition of fermld 

at room t.®sip«r'attai»e, however, gave l«.i-igth,s about th'S 

game as tlios© obtained tram heat denaturatlO'ii in th© 

absenee of foraaldehyd®. At pH 1, forsalde'bjde 

did not ftppreelably affect heat denat'uratlon. 

These data suggest t'aat 'CP^ss-linka are formed by 

reaction of foi»maldeliy<le with pipotein dwrlag lb..eat danatura-

tlon at pH 8.5-10, and these bridges iitilbit enfolding. 

Addltloa &f foraald^li^® smbsequent t€5 heat denaturation 

probably results in reaetlon, hut without any apppeclable 

dlsaggi'egatioB takl'iig place as & petult of increased 

negatiir© etiarge, and withomt fnptber appreeiabl© extension 

of the already unfolded aoleoule, .4t pH ai*ou»i 1, heat 

deaattiratioa probablj precedes any appreciable reaction 

with forma.Mefeyde, and so unfoMlng and aggregation, ar© 

not iahibit®€* 
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