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INTRODUCTION

Chanpes in the state of agpregation of the substance
making up protoplesm is known to be intimately related to
life, activity and death of an organism., 1In this connection
one need only refer to the works of Chambers (1), Addoms
(2), Marinesco(3), Feilbrunn(4), and Bancroft and Richter
(6), as a few of the pavers on the subject., These workers
draw their conclusions after making direct observation upon
the protoplasm of living organisms,

Such studies on systems as complex as protoplasm give
us hiehly significant information, Fowever, it is believed
that more fundamental knowledere of living processes must
come primarily from investirations on simpler systems con-
taining oure substances whose concentrations are known and
controllable.,

Protein systems vossess many oroverties of protoplasm,
especially when we consider ovalescence, viscosity, eass of
vrecivitation, ete. And when we realize, (I) that proteins
o¢cur as a major constituent of all 1living protoolasm, (II)
that most enzymes are known to be proteins or at least always
associated with them, and (III) that tke science of immun-

olopy is largely a study of orotein reactions, it becomes



clear why careful studies on pure proteins are important,
Lloyd (6A) states that the proteins of the cytoplasm
belong always to the classes of albumins and globulins,
It was with the above point of view that the present

work on precinitation of erystallized egg albumin was begun,



DITIZITION OF TEIMS

The terms, precipitation, arrlutinstion, denaturation,
flocculetion and coarulation are consiferably emnloyed
throurtout the literature on the chemisiry of »nroteins, and
unfortunately they have often been used rather looscly.

kor clearness the followings 7efinitions of these teuimso
will be strictly adhered to.in this work.

Precioitation is a reneral teriz that refers to any
sevaration of material from the colloidal state or from
true solution. WVhenever doubt is kel as to whethcr tte
agrrerated mass is reversible or not, the vrocess of form-
ation vill be c¢21led orecinitation., a vrecinitate may vary
in vroserties from a faint turbidity in solution, to a stiff
rel,

Acclutination is dsfince? as the formation of larger
arcrerates after precinitution has taken nlace, the aggre-
rates being 2lainly visible to the naked eje.

Denaturation is a chanre in vronertics of a native
soluble protein, broucht about by numerous»a;encies (heat,
acids, bases, alcohol, urea, ete,.,), such that tke »rotein
losecs its »roserty of heinr soluble in water or salt sol-
ution at the isoelectiric noint of the modified protein,

This chanre does not cauce precipitation unless the p¥ is

adjusted to the 1isoelectric voint, and only water or salts



are nresent,

Flocculation is that special kind of »nrecinitation
which must alwsys be 2receded by dernaturation., <whe floc-
culated protein then, is insoluble in water at the isoelec-
tric voint, but can be dissolved in acids or bases, the
oprotein separating out from the latter solutions by adjust-
ing to the 1isoelectric point again,

Coagulation refers to the complete process: denaturation

plus flocculation.

taV]



PFISTO2ICA

The treatment of tre literature revievwed may conveniently

be divided into trte followinr cubjects:

(I). Apenciec Causing Precinitation of rroteins,

(1I).St:bilizine Factors; Protection arainst rrecinit.tion,

{ITI).Adsorotion 223 Chemic.l Combination as Factors in
Precisitation and Stabvilization,

(IV). Ure of trc teshclometer in 2tudyin~ precinitation

«rd stubilins

for a more unified diccusgion in this review relerence
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rhe classical work of Chick and Martin (7) in 191C on
erystallized ecrs albumin, established the fact that the heat
precipitated protein is truly coagulated. Also by neasuring
the rate of denaturation by heat at constant oV, the reaction
ras shovn to be a monomolecular one for both egg alburin and
hemoslobin, The rate of the denaturation wus a function of
the concentration of the vrotein only. ihese workers con-
sidercd that the ususal method of measuring the temnerature of
coagulation was of value only if the conditions of heatinp,
tirme, protein concentration, etc., were accuratel; standard-
ized,

Lloyd (63) quotes Leveschkin, who renorted in 1922 that
denatured egg white flocculates in ten seconds, while two
thousand, two hundred seconds are required to coagulate the
native oroduct under the same conditions.

that the snecific ootical rotation of ege aldbunin is
increased by heat denaturation, was shovn by sarker (€) in
1933. Fe found that the measurement was a coanstant for a
given derree of denaturation, 1t was his belief that the
proteir denatured by various arenciec was very probvably a
different substance ian each carce,

Later the same worker (9) rave evideuce that the refrac-
tive index of pure ers albumin is increased slirhtly as measured
by the Zeiss interferometer, vwhich pives the refractivity out
'

to the seventh nlace. Fe considered that tre chanre in tie re-



fractive index suntorts the contention that a chanre in
chemical structure tas taken vlace, Citinp thie and previous
work of otkers, ke listed nine projsertics of e~r albumin which
are lnovn to change uwson heat 2denaturation: the =olubility, ana
affinity for watcr decreace; viscogity of the solution, s»ecific
ontical rotation, refractive indcxz, direstibility by vevsin

and tr;psin, are all increascd; nitropruccside reaction for

-SHE groups becores nositive; and immunolorical reactions, and

absorntion svectra are known to chan~e. Proverties wwhica do

not changce ars catanhoretic mobility and wolecular weickt, the

(L)

latter beine measured in urea solution,

Bancroft and uutzler (1C) claimed in 1221 %o tave succeed-
ed in reversing the denaturation of egg albumis, by teatingc the
coarulated err white in the presencc of ether, and further
gsubjecting tiis to the —medntizine action of notassiun thiocyanatec.
coarulable by heut, and gave the sazc 1. unolorical reactions

as the original es~ white.

Freezin-~.
In 1923, reirer (11) subjected ssg white to reocated

freezinc and thawing and found that the protein began to



gatter at the bottom of the corntairer., 1I the nrocess was
not rerveated tco many times the vroicin could be redicscolved
wken melted, but eventually an irreversible nroduct wus ob-
tainel,

D'yachtkovskii (12), in 1932 observed that altunin,
keroglobin, énd vanadium ventoxide sols are nrecinitated
after thawing the sols frozen at -5, =15, and -LC degrces,
but that they are completely stable if frozen at -182 derrees,
The suggestion was made that the stabilizing effect at the

lowest temnerature was due to the hicker rate of freezing,

Presgcure,

In 1914, Bridegman (13) found that ezr white could be
precinitated by pressure. Upon subjectires the material to
a prescsure of 20CC atmnosrtheres for Z0 minutes, he observed
a noticeadble stiffening; 6000 atmossheres gave it an apvear-
ance like curdle? milk%; at 7CCC atrmospnheres annarently
corrrlete »precipitation resulted. The process was accelerated
by lower tcmperatures,bbut avoearcd to be indenendent of the
time of a»nnlication of the pressure.

Basset, Macheboeuf and Sandor(l4) published the re-
sults of their work in 1933, in which they stated that the
gerurn of horse blood could also be preci-itated by hich

oressures, The minimum pressure for relification was 12,CC0C



atmospheres, Serum rlobulin jellied comvletely at 15,0C0
atmosphteres, while serum albumin remained limpnid at all

precssures up to the soame nressure,

Radiation a4nl Vitr-ation,

Irom the literasture one finds that practically all
known forms of vitration can play a nart in precipitating
albumin from solution. This section will treat these from
tke lower frecuercies to the hirher, and not chronologically,
Hopkins (15) oproved in 19CC trhat coarulation of pure
ere albumrin occurred from solution when the system was shaken
violently. Fe observed that the precinitated product rave a
reddish violet coior with sodium nitroprusside s did that
coagulated by heat. Three years l1l:ter, Ramsden (16) brought
out that adsorption at a surface or in a film results in
denaturation, and that the stiff foam of epr white formed when
the material is beaten 1is an irreversitle one, comnoced of thre
ccagulated aldburmin adsorbed in the film of the air bubhles.
Audible sound was found by Ilosdorf and CThambers (17)
to brine about precioitatior of 21bumin., IFreguencics of 1CCC
to 15,000 v.p.S. »nrecioitate albumin from soluticnh al-ost
instantly at ZO derrees,

That mechanicsl aritation and sound waves may be related



in their precinitatine cction is indicated by the work of

Wu and Liu (18), in 1921, in which is renorted the precinitation
of eggz albumin frowm colutions by exvosure to surnersonic waves,
When the solution was saturated with air, hydroren or oxygen
the alburmin waes precinitated in fire shreds enclosing ras
bubbles. o precivitation resulted when in gas free solution,
or when saturated with carbon dicxide or hydroren sulfide;
incidently in the latter cases no gas bubbles vere formed.

The theory was that gas bubbles caused precioitation at the
interface similar to tha® occurring when albumin solutions

are mechanically shaken.

Young (19), in 1922, showed that 1irht rays of the
visible snectrum , denature albumins in many ways similar to
heat. Denaturation by ultraviolet light was dermonstrated by
Dryer and Fanssen (2C) in 19C7.

Clark (21) renorted the results of her studies on the
action of ultraviolct light toward er~ &lbumin, in the year
1922, in which it was found that at pH values beiow tte iso-
electric »noint the 1light did rot vrecinitate the protein. At
the reacvion of »¥ 5.6, 6.2, and 6.8, precivitation did take
vlace, but at p¥ 7.8 the solution onc. wore remained clear.
The corclusion wes that the action of ultraviolet light is
one of emission of electroas from the charged protein particles,

since greater disnersion results when the droteir is nositive,



and greater arerepation when the pvrotein is negative., Iliss
Clark scowed that a chanpe has resulted in all the tubes of
varyine oF, by the action of the 1lirht, since half-scturation
with (I™H,);S04 caused vrecipitation in all of them, Before
the exnosure, such treat-ent caused no such chanre,

Fernau and Pauli (22) observed in 1915 thet radium
emanations precivitated albumin, In 1922% , Ternau renorted (23)

that X-rays precipitate both albumin and ceric hydroxide sols,

Acids and Bases.

Chick and Iiartin (7) in 1%1C, showed that the BE-ion
concentration greatly influences the velocity of heat denaturation,
there being a minimum velocity at about the neutrality point
of water, p¥ 7, and a very ra>id increase of the velocity as
the ¥ -ion concentration ic increased. Towever in the acid,
part of the denatured »rotein wace €oluble, the total amount
nrecivitating out only when thke reaction was sdjusted to the
isoelectric point,

In 1912, tre sume workers {24) showed that alkali also
increases the velocity of denaturation in a manner analogous
to that in which acid increases it,

Lloyd (6C),after reviewine the work of Chick and Martin,
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and of Tlapner (73) on the effects of aciis, poir*s out that if
the temverature is sufficiently hirh, denaturation takes oplace
in neutrel soiutions; and if the ¥ -ion concentration is sulfi-
ciently hicrh denaturation can take vlace at 20 degrees or less,
Concentrated acid can also crowd trhe »rotein out of
solution, Schoorl (£5) in 1924 observed that 5 vercent erp
albunin in strong acid (2.07 ECl), bec we ooilescent after
a half hour in the cold, became very viscous after several
hours, 2nd osrecinitation took nlzce in about five tours,
Tris is similar to the action of rcalte in hirk cencertration,
vhich subiect will be Aiscussed later.

rhe coarul. ted 2rotein obtoined after denaturation oy

2
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allali mstasrotecin, according to *awk and Bereceim (26).

In a series o1 cuatitative cxoerimenrts on the behavior
of erp albumin towards a Lorre varist, oi ordinary laboratory
reagents, tunter (27) reoorted in 120.2 that the orotein was
>recinit:ted by concentrated FgS04:nd by the sulfonic acice
of the follo inr: Of=nahtrhol, di.ctlyl anilire, salieylic
acid, resorcinol, cuinol, and fluorescein,

Vallery (:8) in 191z precented dat. iniicatin~ th:ut
hextine with leost dicsociate? acids gives the rreztest asount

2itate from scruvn alburin colutione or from

[

of orotein

el

rec
2lbunin in the urine., “he rea=on civen for this vars that

during coapulation by heat the dirfcoci:ted ncide indrvce
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bydrolycsis of the orotein giving rise to soluble pepntones,
Thus acetic ccid was found to cive more coarulatcd nrotein
from serum ailbwrin in the urine than aid trichloracetic acid,
the latter being mwore dissociated.

Labes and Jansen (292) in 1950 studied the effect of
substitution in acetic acid unon the precinitating Hover of
the acid toward denatureld serusm 2lbuniz., The isoelestric
noint of denatured serum albumin is shifted toward a ore
acid reaction by/?-iodopropionic, dicrhloracetic, naenylacetic,
benzoic, trichlorccetic, and tritromoacetic acidcy at the sare
time trhe zonc of 2recinitation is broadened,

At the same time, Labes , collaborating vith Schuster

(30), revorted an intercsting stedy of the effect of sub-

)—u
O

stitution in aromatic acids unon the o~tinum orecivitas

,__
e
O
o

zone 0Ff denaturcd seruvm alburin., The eiffcct of subectitud

denends unon the nosition of the rsrours, Thus a nitro rroup
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on the »para wnosition in benzoic acil cau
arount of precinitation of the »rotein, and a rreater shif

in tkhe ontimum zone than a similar croun in the ortho cr neta

nosition, th kydroxyl or amiro crouns the revsrcs relation-
gshis holds, The cffect of oosition is exnluirel on the bhasis

0f the polar ctarccter of the benzoic acid molecule. Sulfonic
acid ecrouns substituted into aromatic radicals increase the

vrecinitatine power of the cowdounds,



Salte,

In ¢ review of the culject of orecioitation cf »roteins
Ly inorranic salts, obvertson (Z1) restates tne findinrs of
Pardy (32) that precijyritation of »nroteins end colsoids in
~engral may he of tvwo kinds: I, One is zccompznicd by a
decomoosition of the nrecisitatine arent, occurrine only if
thke »rotein Dossesees a cearre, In this case rel:ztively
small cuantities of the precipitating arent are recuired to
brine about oreciositation.,. II. The second kind, whether accom=-
panied by decomposition of the precipitatine arent or not,
ocecurs even at the isoelectric voint of the vrotein and
recuires relatively lorpge amounts of the protein, The first
type of precipitation is brourht about only by electrolytes,
and it avocars to be chemical in nature, but the second type
may be actuated bty certain non-electrolytes, for examole,
alcohol, "'he mechanism of the latter type scems to be a
dehydration of the orotein by the vrecioitant, which has
preater affinity for the water than has the protein,

Robertson, continuine with the subject of salt preci-
pitation, arain cited Fardy (2Z)., The latter noted that
denatured erg aibumin csn be made into an anion or cation
simply by chaneing tbe reaction of the solution, 1In aciad
the protein was positive, migrating to the cathode; in
alkali it was nepative, going to the anode, 1In both cases
the protein was vrecinitated at tre electrode toward which

it migrated. vVardy (33) observed that when the denatured



protein was electrically charped, it was very realdily nre-
cipitated by traces of electrolytes (1 gm. role in €0,CCO cc),
the cation being effective when the nrotein was negative,

and the anion when it was positive. This work of Fardy's
shows precipitation of the first type, noted above.

Similarly, Bodansky (24) quotes Loeb, showing that
gelatin combines with silver cations only when the p¥E of
the solution is above its isoelectric voint, the combination
being such that it canrot be reversed by washing with water,
Also it is only below the isoelectric point that relatin
conbines with ferrocyanide anions. Both of these ions vere
readily detected by color reactions,

Pauli (35) in 1899 showed that as a rule the »nrecini-
tating power ( second tyve of orecinitation) of a mixture of
calts is the algebraic sum of the separate elfects of its
components, in other words the effect is additive. Also he
noted that the »resence of salts lower the temnerature of
heat coapulation. Fowever in a later paper, 1903, he noted
that a number of salts that will not precisritate err white
by themcelves will eitber increase or decrease the prrecini-
tating nower of other sclts, This wae considered by Paulil
to be due to tre antaconistic el’ects of the arion and cation.

Citing Fardy, Robertson (31l) stated that both tyoes of

vrecivitation can tave »nlace by the came salt (of alkall



rnetals or of heavy metals). The salt will precipitate the
charred srotein; hirter concentration of e2l1t will rediscsolve
tre orecinitate, and finally with still rmore salt, precini-
tation will take place arain,

Cervello and Varvaro (36) studied the err albunin sol-
ution made by orecinitatine with salts of Fe, Cu, Vg, Zn, and
¥n, then adding rore until the precinitate kad Just red
The solution rave no characteristic tests for tre metals., ute
temnerature ot heat coagulation was raised in all coses excedt
the Zn and Fg solutions. In the case of the Fe, heat coapu-
lation is inhibited altorether,

Before we leave the subject of nrecinitation by elecctro-
lytes, it should te noted that thes izocelectric v»oint (voint of
rmaximunm nrecinitation) is snecificzlly influenced by differcn
ions, as one might exnect from a knowledre of the Fofmeister
series. uLloyd (67) gives a review of the literature, shtowinr~
that with casein solutiors, sulfosclicylate ions greatly shift
the isoelectric noint toward the acid cide; and thiocyanate,
iodide and bromide, less so. Acchate ions move this noint
only slirntly to the acid sidc, nearly coincidin~ with the
accedted value., Cations rove the isoelectric »noint vovirad

the al%aline ¢ids.



In 1923, reranau (23) noted that hryidroren neroxide and
ozoane oracinitute ¢lbwrin ard ceric hydroxidc cols,znd hydro-

‘s, vltraviolet ru,s, ond ®-roys
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The work oZf Tunter(27) recorded th e fact ti:t cotasmiux

dictrozate and browine vatcr will »nrecisitnte erps albumin (1223

Cosau (28) resorted ia 1924 thet io cauges nrecipi-
tation of clbuninc,

uf noscible iaterest in thicz conrection ic the Lindic-
0? sfTront (Z7), in 1911, that the action of sunligiit on sro-
teins and amino acids in alkalire solution, rave rise to the
forration of ammonia, volatile acids and nitric acid, Starch-
iodide narer indicated tte crescnce of hydrorcn secroxide in
golution., To test if hydrorcn vesroxide vas the cause of the
decomnosition, alkaline colutions of various »roteine and
amino acids were distilied in its nreserce. All tre nitroren
was converted into amonia and a sli~tt aount of ni
and fatty acids were formed. Effront surrested that the ver-

oxide oxidizes the amino grounss to hydroxyl rrouns.
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Organic Compounds,

Precipitation of proteins by methyl and ethyl alcohols
has long been known,

Lenesehkin (39) in 1923 made a study of vreciosit:ation
of albumin solutions, revorting that alcohol preciyitates the
albumnin reversibly, noting that the action is similar to that
produced by c2lts, Non-soluble substances such as ethyl ether,
chloroform, and benzene, which form emulsions in water, pre-
oclpitate the orotein but do not form an insoluble orecipitate
of albumin on the surface of the dispersed fluid varticles.

Fowever, rauli and VWeiss (40) renorted in 1931 that
alcohol precinitates rluten reversibly and ovalbumia non-
reversibly,

Jacobson (41) observed that benzyl alcohol precipitates
ere albumin and ventone irreversibly even in solutions con-
tainirg 1 peD.M.,(19:23),

The precipitation of hemoglobin by KC1l was found by
Jirgensens (42) to be aided by the presence of nethyl and
ethyl alcohols in all concentrations, while provyl alcohol
sensitizes the vrecinitation only when oresent in small
concentrationg, At higher concentration the latter acts
less and less as a sensitizine agent, (1927)

Kruyt (43) in 1925, ~ointed out that the alcohol con-

centration necessary to orecipitate a >rotein is et a mininum
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at the isocelectric noint., Ve cornsidcrcd this to be a nocescary
concequence of the lower dcrree of bkrdrction of the protein
at that »oint,

In 1929 Utzino (44) revortcd *“hat tre onaleccence of
albumin solutiowvs containine alcokol is irncrecaced by raising

tbte temnerature or by increasins the amornt of alcorol,

[

PR
o

Tre fire® “o rerort trat acelone rvrecinritates alLiuin
from neutral solutions vas eyl (45), in 191C.

Lloyd (€T) states that bhotilh alcozol arnl ucetonc cause
dencturation of »roteirs; also that temnerature doubtlecs:
plays an imnrortant role in the denaturation, since Vard; and
Gardiner demonctrated in 1210 to tthis rcaction does not
occur at terreraturcs lover tian 5 derrese,

The elfect of other non-electrolytes on the nrecisritating

oower of ethyl alcohol was studied by Mitolo (46) in 1¢Z

t

Fe rerorted trat in reneral trere was an enhancin~ sflecct,

tation, while ~lucose rreatly

[
3
[

Urea sli~htly increucses orec
increaces it, The precinitating vowersof various alcohols
werc in the order of benzyl aicohol and ohenol, the strongest,
then ethyl alcohol, znd meth;1 alcohol the we .lkect.

Labes anl Jancen (29) studied the effect of substitution
in nhenol, on its »recinitatine nowecr toward denatured serun
albunin, Vten onc rroun is introducs? of reth;l, nitro or
chloro, a mere ra»id »recisitation occurs over i vidfer rante
of oV than with nhenol alore. "hen two rrouns arce suksti-

tuted this sctio is even stromrer., VFowever, the sibstitution



of OF in the ortho position murkcdly decreases the vrecivituting
action, the para slightfly less, and in the meta nosition (re-
sorcinol), the precinitating effect is about the same os with
nphenol,

Liarie (47), usiner ethyl acetete, develoned a very sensi-
tive test which is nositive tor egr white at a dilution ox
l: 10,000, The ester is sujpernosed u~on tte licuiid in 2o test
tube, and if clhv in is nresert the white rine forms ~t the
junction of the tvo surfaces.

e Lirct to rerort that ures denstured elbumin vac
Soiro(87), in 19C0. water it wus studicd 1y Ha=ncden (48) in

ne are converted at

o
ct
(o]
f

1012, who statcd that coagsul.ble or
room temnerature into substinces havine srooscrtics of acid-
or allralil alrvia'n, denendinm~ on tre reaction of tre wedium ot
the tice, OStrong solutions of e~~ vhite are chan~ed into o
stiff jelly at ordincry temner.tures, tre Jelly ren iniaor even
atrter tre urca is warkeld awvay., JAnother interestine 2oint was
that TELO0CT und YH430N sreduce mony of tte cffeete of unren,
Fonking (49) in 193C obhzerved the sthritine faoct th.t
@enatrrotion by ureca hed a nsrabtive tomnerat re coefficient,
if the termoor ture was ¥Feont bclor that of heat dernaturation,

Thus at O deprees zfter L hr,, a riven emerizert yiellcd

D

86425 of the albumin in the denatur
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& form; ot £Z derrces,

694,203 at 27 derrces, 61,00 In th
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considered that tre red-violet color »rocduced by codium nitro=-

aruseids k.7 heen croved to a sonecific teot for o denaturation,
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Accordingly he used the tect to observe the denaturing
action of various substances on crystallizel e~ albunin
solutions., Those which were vositive vere netryl-, ethyl-.
and butyl urea, uwnsgyrmumetrical diretryl- and dietihyl urea,
thiourea, acetanilde, formuamide and urethane, The following
were nerative: gymnetrical diethyl uwrea, acet 1- and metiy]
acetyl urea, biuret, allantoin, semicarbazide, alanine,
nhenylalanine, valire, leuvucine, cysteine, benzamide, creatine,
caffeine and asjsaragine,

Ponlkins »nointe? out that althournh urea denatures
alburia, it also »entizes the denaturced Hrotein even at the
isoelectric Hoint., Precinitation is obeerved only uwron

d
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lutias with water,
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It is well lnovmn that elburnin heated with sufficient
acii or base will rnob flocculate at all., Althourh these aren-
cies increase the velocity of denaturation, they also stablilize
tbe denaturcd »rovein vntil tre reaction is adjus
isoelectric voint.

The wor of Forltins Just discussed above stows that

4

urea alco denatures, hat stabilizes at the cars Tive.

.3

Yunaretto (B5C) obeserved trhat bothk sulfur dioxide and

-

Tormalldel;ce increzce the viscosity of ulbunin sols at 25 degrecc

and »revent their coarstlation Ly heact, Sinilarly, Cubin



(51),found in 1929 trat the ®E rance over vhkich flocculation
occurs from heat denaturation is sharper in the presence 0i for~-
aldehyleThis was keld to be 8 confirmation of the view that
flocculation involves the amino groups.

The work of D'yackt¥ovekii (12) has already been mention-
ed on freezing of alburin sclutions, Precipitation occurred
when frozen at temperatures a few degrees below zero, but
at -182 degrees the remelted solution was comnletely clear,

Fairbrother (62) in 1929 stated that the viscosity
of erp albumin is decreszed to a minimum value sometimes
as much as 40 nercent, by an X-ray dose of definite strengtth,
This decreace is vermancnt and no adspreciable subsecuent
coagulation occurs. Such albumin coarulates more slowly
than the original when brought to 61 degrees.

Mitolo (46) reported that caffeine inhitits alcotol
precipitation of protdin from concentrated solutions of
ovalbumin, but that in dilute albumin solutions it aids
precinzitation.

The effect of temmerature on stability to alcohol
and acetone has alieady been noted (6F). =PRelow 5 degrees,
these csolvents do not derature albumin at all.

Chick and Martin (65) showed in 191C that egp albumin
crycstals pressed dry until they contained only 20 percent
vater could be heated for five hours at 120 degrees in a
current of dry air, and still be soluble in water, Towever
when beated with stcam ttey became completely insoluble in

a few minutes,



wepeschk¥in (5Z) revnorted (12z2) thit a hirh calt

concentration slcwec? un the rate of deaaturaticn by heat.
Jirpensens (54) note? that hich cult concentruticins stubil-
ized er~ a2lburmin arainst nrecinitation Ly zlcohols,

Teorell (LZ) in 19ZC observed that methyl, ethyl and
vroayl alconol caused a lower turbidity in serum aldbuuin
which vas keated in its presence than vhen heated in acueous
solution only. ‘“ris was conszidered to e a »Hrotective actio
exerted by tre alcotorc. Protection was in the ordcr of
decreasing ctrengthe: pronyl, ethyl und weth;Y alcchkol. 7o
influence wus obscrved on cor albumin.,  Teorell fourd that
turbidity by hcatin~ decreaced with increasing acetate bulle

) measgrc;ent
concentration., Ve currested that the nephcloﬁetrlchpid not
necessarily give the amount of aldbumir nrecinitated, dbut may

be nartly or wholly a reasurc of difference in the state of

Beilincson (56) shovwed in 1929 that tre Aenaturation

of serum zlbumin was greatly »nrevented by the 2rzesnce of

]

[
n

suerocse or of cl cerol in hier concentrations. whe wethe
wig 0 brin- tie heute? sorvtion to »W £.8 and titrate with
catur.te? amnoniur sulfate to a stunldar? turbvidity. The
nrotective actio~ with sucrcse vw. o 21so crecved by nitroren
determinatiors on the certrifu~ed orecinitate,

Teuberes vas stated by Beilirescon in the above zoser,

to kave renorted that*t iany of tha btydrotroric calte exert a

a

r

cl



protective action on »nroteing tovard hecut coarulation,

> 4

h
Iwanows™y (E@) i1 1923 studicl the elfect of eliccrol

g

]

cn tre formation of 2llali albu-inate freoo e~~ albuiin,

of the albuirin Zrom colution

(=0

[

also on relative nreciritutio:

b, aonium sulfate, the latier bLeins measurcd by the ne-b-
glozcter., Te concluded that glycerol docs rot hinler
formatio~ of trs ul¥ali ~1hu-ina
arairzt ~rzeini

In 19z, Dbuddles (59) renror%e? trtat colutions of cryc-
tallized err zlhumin rcore etabhilize? to heat coarul tion by
Mlucose, frretouce, man-oce, cuerose on? wannitol; «rd Tralb

clucose protecteld the zlbwmin from coa~uvlatlion by utltraviolet

li~kht, =iz netbeld oo to run nitroren dztermirations on thz

filtr . te frov tre bteat conrilu-, after featine Zor ton wminntes

2 ) [N R I e EISN RS- N T B 2 - -~
in gt ice Yindices of zine chlovids on =2rrwm albu iw (19:14),
-, - - I FO PO 4 i RN B -
It vas onzerved th% helreun =1t concertrotions of 2 x 1CTR
—~

-0 = e e . — . oA “ e .
and & x 1C T, the woniiit; ol the In -ion varn rrecter than

- - .~ - L A : . er & Atk ~ 3 - . . L .~ 2
voe exdect d ard Shat it vag wittio fhie ronpe Urat tie zine

cerlorids worel?l:s »rotects albu ir erxiast co rulotion by heas

. ) . ) e
Qbazsrv.tions have Lgen wode on the ot uirici ShiltsteR e
- - e At o Lo Lo 4- - -~ .o
gsu~ere 07 collol2) gystes oty than Srhe sroteint, ror



of Joshi a»d wal (6l) t-.% ranc.onese Tioxitc =zols vwere ren-

dered more stable ny it

suerose vagc founl Y Sen (€) in 19.8, to stubiliz: tihe Ul

ides of zirconiurm, lanthanum, Zitrivm, cnd uvraniwnm, vhen treiz

precinitation is avternnted by ulkalies.

(TII). Adsorotion ond Chewicel Comtinction an Tuectors

n Ireecini

[N

Vater relutiorshize in Jlbwiin systens aziresr to be
very imgortunt, The wor of “ayda (6Z) in 1012 chouved that

there was a contraction in volums of the eystc:, alburin-rvas

vhen the fry aibuniv vog digeolved in weter, Te stuiice” tre
cranres in voluw e of an e = albur in-wuter-cediv: chtlorice
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of a vpartizlly dried ers~ alburin is greatly decrcuczi? by
decreusi ¢ the vater content, Thisg coulirig ihg vork of
‘artia (C7) alrvew?y diccvsced, Daker fur

observad that tie fca®t cou~nl. .tz albumin takes up about
0 nt as much vater at all relative rurmiditiczes o3 foce

native ¢~ albumin,

Thke minimumr alcokol number ot tre isoelectric »oint of

a orotein solution wus considered by krurt (4Z) to te a nec-

wla vl .LOJ

(8N
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essary result of the lower derrce of hydration of the »rotein,
corresponding to a lower charre, since the two are interrelated,

Teber and Versmold (<5) in 19Z1 renorted the resvits of
tneir work on cryoscopic measureucnts on esc albunin systerms
containing non-elcctrolytes, By calcul:tion of the volurme of
space occudied by the solvent, ovrotein and solute, it was de-
termined that the hydration space was found to ~ive the value,
1,25 to 1.26 ems, of hydrated matter ver eum, of nrotein., The
binding of glucose and glycerol attains a waximum with risine
crystalloid concentraticn, when about 0.CE4 moles of ~lucose
ard C,C4C moles of rlycerol are bound by 1 em, of tre alltusin,
"nder similar conditions urea is bound to a ruch largzr extent,
and even at 2 rolar concentraticon its binding does not reach
a maxirus value. On heat coarulation the bhydr:tion space di-
ministes C,1 om, ver e, of protcin. The authores thus b.lieve
that Sfrensen's idea of denaturation being incomolete dehydra-
tion is substantiated.

In 1927, hundéh‘%%gortod that tte sveetness of sugar

A

soluticns wos decreased by the presence of 0.CCE% to 3 ere
albumin,

Strong evidence trat plucose is adsorbed by e~p albumin,
was brourht out by de Anciaes and ‘Yrincao (67), who cstablished
in 1928 that the reducine vover of the mixture of the surar
and albumin was less than the sum of the reducing powcrs of

each one testesd cevarately. 4“his difference was ascribed to

adsorntion of the rlucose on tre albumin, The reducing power



- ~n

vas deterrnired by the retho’ ¢l ¥Yaredorn, If the albuxin
was firect dizsolved in a 5 vercent codiuvurm chloride solution,
tte adsorntion was alrmocst corpletely vrevented.

In the sare yeuar Boutaric and Eanss (68) ctudied the
bindine of eosin on mastic resian, pold sol, casein, and alb-

wzin. It was fourd that wren tre micelles vere tirown dovn

by centrifuration, no eocin was found in thc »nre itate, but
veen tre; vere orecijpitated by alurinus crloriie or bty teating,

and tten cenarate?, the rreatecr »nart of the cesin vwus Tourd
in the co0lloidal material.

Chick and Illartin (7) redorted a dccreuse in F -ion
concentration durin~ hecat coarulation of egp albuwnin when

below the isoelectric point, and a dccrease in QF -ions

ct
D
-

when above the isoclectric point, This was attridbuted to

a bindine of the aci? arnd base, resnectively.
The worls of Cervello and Varvaro (36) , already dis-

1

cusced, »noints to a combination of iocus of the heavy metals

"3

with albunin when the calts are added to the 2oint of re-
dicsolvine the initial »orecisitate, Such soluticne 2id not
cive the uvsual teste for the mnectuls,

Ito (69) in 1927, studied she conductivity of notassiun
ctloride, zinc chloride, and calciw: chloiide solutions unon
tre a12ition of er~ albriir., 1In all cases the «ided nroficin

4

a loweyivce of conluctivity, Tne cuttor concluicd

o
o+

brourht &

that t.is vas caused by the acisor-~tion of tre selt
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Galeotti (Z1) stowcd that at e rmoment vren orecioitation

L

(6}

rins, unon tre ad’ition of silver nitrate, the orecisitate

is of constant comnosition, containingy silver and the protein.

(IV). The Uze o0® the Neohelometer in Studyins Frecinitation

and Stavilization.

Kober (7C), in 1913 »ublished a ncnheloretric method
£ determinire 2roteins in mil. Fe used a three nercent
solution of sulfosalicylic acid as the orecinitating arcnt.

llention has alrecad, Leen made of tre work of Teorell
(55), on tte usc ¢of tlhe nentelomster in studyin~ the 2rotcctive
cion of alcohols on serun nroteins to heat; also, trat of
Ivanows! (5€) on the stabilization effect of plycerol on ere
albumin toward -~reci-itation by ammoniunm sulfate.
trese worveis re-orted any studies on the nature of the »ro-
tective zctiorn: vhether the nevhelomerric measurerents
stow differences in cchual anounts of »rotein in the »recini-
tate, or merely chanres in the degrec of disdersion of tre
sase avount of nreci~itate in all cases, or a conbination of
both factors

The valus of the nenhecloneter was discuscel in 187
by Vells (71), in a critical revicw of tre literature on

turbidity measurerentse., Ve stated trhat tuvrbLility is a wmecasure
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cf other factors in ~232ition to concentration., Fowever it
vas surrested that thore is ~oocd rezcon to cxmect that tre
othter variables would be of interest wulso, If the limitations
of turvidity mezsure~ents arc recornized, he concidered that
the use of the turbvidimetric instruments can be invaluadie,
ssecially in wor¥ thst requires quick observatiorns vithout

distirvine eensitive sdjvestients in trhe system. Then too,
minute amovats of material can be estimuted which curncot be
weirted on the most sencsitive balance

Tlells further concidered trat cert.uin linitations wust
be recornizecd. In the absence of suitable stundards of tur-
vidity, which can be nrenarcd in any laboratory, it is now
imwossible for diiferent workers to dunlicute turbidity meac-
urevents, VWave lenpth ard intensity of liecht, shave of instru-
ment, size of cuns, rate of mixirpy of solutions, ete., tave
been found to elfect rcadinrs consiferably.

Anone the "other variables™ wtich Wells mentioncd was
an observation made by Techhold and Tebler (72) in 192%Z,
viko found that »narticle size has on influence in the tur-
bidity as measurcd in the nentelometer, They »revared bariun
sulfate sols in glycerol and etiiyl elcolol, the varticle cize
ranginge from 2.Zm to 4 mM. Vith increacins size of wicelles,
tre turbidity ircrcascs ra»idly u» to narticles €CC mpy in

size, then it falls of runidly ot firet, trten izore slowly.



EXERITANT AL

Uee alburnin vas prepared in the pure crystalline
form by the method of Sfrencsen (74), and kept in concen-
trated solution under toluene in tte refriperator., 7The
more dilute csolutions were prenared by diluticn of the
stock solution, and then checked by dujdlicate nitroren
determirations using the rmicro-Kjeldahl method, modifi-
cation by Allen (75).

Ior nevhelometric studics the bBausch and Lomb nevhel-
ometer attachment was used, vwith clear-~lass flanred cu:s,
to be placed upon a bhlack movable Lase in the Dubosque

colorimeter, with fixed plunrers,

(I). Standardizatvion of :evhelometer,

A solution of egg alburin vas orepared, containine

0.,120C nems., N ver m1,

e

Tre standard csusncnsion 'vas »renrare? alweys ws follovs:
Fron a 1C nl, micro-burcectte, 1 ml, of the alove uwlbimin
solution was mcasurcd into & clean, dry £C .1, Erlenmeycr
flack, <hen, 9 wl, of water was added to this from another

burette, and the contents viere mixed well by genxtle rotation,

care bein~ ta%en to 2revent the formaticn of air bubbles



which cause denaturation. Then b wl, oi a C,zL{C molar
solution of sulfosalicylic aocid was added from a pnivette
by allowing it to run down the side of the flask., Again
the contents were mixed by rotation., A turbid suspvension
resulted which was stcble for cbout 1C minutes, cfier
which tire a pralual agslutination develoned,

'he "urknown™ susoencion was ovrenared in the sane
way, excent that the volure of albunrin solution was varied,
and that of viater adusted so thut the final voluue of tre
suspenéion was the sae: 15 ml.

To keen conctant any rradual chanses in turbidity
efter trhe addition of the sulfosalicylic acid, the stan-
doard vas made un new with each "unknown" and tre acid wos
2dded o)} means of two 5 ml, oinettes, simultaniously in
the stondari and the "unknorm™,

“he neohcloncter cuvs were rinced ont once with the
suspension, then #illed to the flanre, After wiping off
the outeide of the cups with a dry cheesecloth they vere
placed in the nenheloneter and adjusted so that the plun-
gers wers in the ceanters of the cuss., “he standard was
nlaced on the left and set at 20,0 rm.; the unknoin, on

ths ricrtt,
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order to tuve a roalirg of a very dilute "unkaown", the
readinr (within experimental error) corresponding to the
standard at 20,0 mm, can be obtained by multislying the
observed reading by 1C. The observed reading for each
sample tested was taken as the averagse of five different
settings of the "unknown",

In Table. I are the results of the standardization,
Each recorded nepnhelometer reading is the average of four
sepvarate determinations on entirely new susvensions, “The
pH was measured in a few of the susvensions, by the guin-
hydrone electrode, and it was found to be pE 1.25. it
was a constant, regardless of the amount of albumin present.

Pig. 1 shows the relationshin between the total
mens, N in the susvensions and the nephelometer readinrs.,
1t is obvious that there is no linear relationship between
the two. The lors of both values were then tabulated,
Table II, and plotted as shtown in TFig. II, A verfectly
straight 1line results,

"he eguation for the curve in Tig. II was obtained
in the following manner. A straight line curve is of the

rgeneral form:

1l). a = nbec
If we let,
a = log R ; = log W ; end n and ¢ be

constantse,

cC
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Table I.

Standardization of the Nepheiometer.

Standard susnension, "Unknown"™ suspension.
1 ml. alb. soln,,i0.15 mris. N), x ml, alb. soln.
9 mi, water. 10=-x mlL., water,
5 mi. 0.2 ., sulfosalicylic acid. 5 ml. ¢s. acid.

Set at 20,0 mn.

eries X 10 - x w R 0. Ave,

Yo, [ml. alb. |(ml. Fa0) | (total (nenh, [petns,|Deviat.
soln.) mems. N) | read.) of R.

al 0.15 ml. 9.85 ml. | 0.0225 mg,| 167.0mm. 4 +0.7 mm

2 0.25 9,75 0,037¢% 98,8 4 £3.,3
3 0.50 9.50 0.075C 42,2 4 *0,7
4 0.75 9.25 0.1125 27.5 4 +0.3
b 1.CC 9.00 0.1500 19,3 4 +0,2
6 1.25 8,75 00,1875 14,3 2 £0,.4
7 1,50 8,50 0.2250 11,7 4 *0,.4
8 2,00 8,00 0.3000 8.2 3 0.2
9 3600 7.0C 0,4500 6,5 3 0.1
10 5,00 5.C0 0.75C0 3.5 1 -
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fable 11,
Perivaetion and Use of the Formula,

(Data from i2ble 1).

exies | Log oW Logy o R ki Vicale, - Vo
I0,. (vxnovn r~s, [(mrs, T by [Rrror by
nitroren) | formula). [Foruula,
pal £,352-10 | 2.223 Colnib mead 0.0240 2rs| #6.55%

2 Beb74=10 L.0ub 0.C.75 0.0E574 -0.:3

3 8.875-10 1.C30 C.C750 C.C7C0 +1.70

4 9,051-1C 1.42 C.1125 0.1093 -2.,87

5 9.176-10 1,86 0.15C0 0.1474 -1.75

6 9,273-10 1.165 0.1875 0.19C5 +1.60

7 9.252-10 l.C0ce 0.2250 0.2247 -0.16

8 9,477-10 0.914 0.2CC0 0.3023 +C.77

o 9.,655-10 0.740 0,45C0 0,427C -5.86
10 9,875-10 | 0,544 0.75CC 0.6225 -17,0 *

By formula, ave. % dev, ¥2.4

* fThis figure was omitted in the calculation for

the mercent average deviation. Arglutination wasz very marked,
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""here R is the observed nevhelometer reading of the

unknown in mm,, and W is the known mems., N in the total

unknown susvension, Then, substituting,

2). .

log R=nlog W + ¢

To solve for ¢, the curve extrapolated through the

point (x) on the graph, where log W=0, gives

3).

4).

5).

6).

c=1log R=0.200

Point (y) on the graph gives

log R=1.840 ; log W=8,700-10 =-1,3500

Substituting 3), and 4) in egquation 2),

Equation 2) then becomnes

log R=-1.185(log W) 4 0,200

This gives for Fig, I,



+1,1€5
7). RW = 1.995

A somevhat more convenient modification is the fol-

lowing:
0,300 - lo~ R
8). W = antilog 1,165 ]

which was found to hold to £2,4 %, over the range of 0,02
to 0,45 mgms total nitrogen in 15 ml. of suspension, as
will be observed in glancing at the last three columns in
Table II. Using the same instrumeht and cups, there is no
doubt that the formula will hold for determination of alb-
uriin in pure aqueous solutions of the crystallized product.
A standard solution made up from a new batch of crystals
and compared in the nephelometer with a standard of the old,

gave the same readinge within Limits of error,

(II). "Protective™ Action of Alcohols on Nephelometric
Turbidity of Albumin Suspensions, when Precipi-

tated by Sulfosalicylic Acia,

Qualitative experiments indicated that the turbidity
of albumin suspensicns ( made as in the standardizotion
experiments), was greatly decreased by the presence of
methyl- , ethyl-, and pronyl alcohols, elycecrol, glucose,

fructose, mannose, ralactose and mannitol. Since it is

36



known that the surars and mannitol onrotect e~~ alburin from
heat coagulation (56), (£9), that the alcohols decrease the
turbidity from heat »recinitation of serum albumin (53), and
that glycerol decreases the turbidity upon the addition of
ammonium sulfate to albumin (58), these qualitative obser-
vations were thourht to indicate a new angle of aosproach to
the same problem of vrotective action.

The author believes that previous work voints to the
imoortance of the hydrox;l grous in thke stabilizing action
of the added substances. Conseguently the simnler alcohols
vere studied in the vpresent wor',

The action of methyl alcohol was studied first, The
standard susj’ension was vrevarcd as in the standardization

exnerirents, Tre "unkaown™ susvensione €ll contuined the

"

sare arnount of albunin as the standard (C.15 mrmzs, 17 in 15 1.,

of susncnsgion), but varyine amounts of alcotol. Thke mixzing
was always carried out in t'e followins order: 1 w1l of tre
glbwzin soluticn(C.15 mene, ¥/ml), was adle? to the flack;
x ml. water was al’e?, mizel) by rotation of the flash; (9-x)

rnl, of 1C x, alcohol «?de’; 'wixe? b, rotaticn; 2t once £ ul.

=
e
Q
&)
Q
e
7]
©
0]
(]

of C.& 7. sulfocsalicy ( ninetted into the standard

ard "unlnovn" simulivaneovsl;, mincd, and redd.,

e results for meth;l alcolol Follow i Table ITI.



Table III.
Effect of Methyl Alcohol on
lephelometric Turbidity.
(Pptn. by sulfosalicylic acid).

Standard suspension, "Unknown"susvension,
1 ml, alb, soln.,(0.15 mgs., N). 1 ml, alb, soln,
9 ml. H,0. x ml. E0.
5 ml, 0,2 M., sulfosalicylic acid. 9-x ml. 10 M. CE30H-
Set at 20,0 mm. Contains 0,15 mgs, WN.
w is obtainecd by the formula,
calc.,

w= antilog(o.zoc - log R
1.165

usp.] Final R W w-w % To. E:41 ]
To. | molarity |(neph. calc, cale.|(pro- Trial
CF40F read.) | (mgs. W) (mgs. ¥ tection
"protection™)

1 0,17 M4 | 20,0mn 0,1433mgl. 0,0067mg. 4,47% 3 1.25
2 0,33 19,3 0.1477 0.0023 1.53 2 —_—
3 0.67 20.1 0.14z4 0.0076 5,07 1 —
4 0.84 19.0 0.1492 0.,0008 C.53 1 P
5 1,33 20,9 0.,1378 0.0122 8,13 i —-_——
6 1,67 22,5 0.,1z292 0.0208 13.87 1 1.35
7 2.67 26.6 0,1126 0.0374 24,9 2 SRR
8 4,00 33.6 0,0923 0.0577 38.5 A S
9 4,67 36.8 0,0854 0.0646 43.1 1 —_—
10 6,00 56,8 0,0593 0.0907 60.5 2 Q127
11 |12.0c (&) 75,6 0.0465 0.1135 76.7 1 _—

41 ®lese 0.0525 | 0.0925 65,0 1 [3,2




3Y

Fotes concernine the table,
nro.aLly
*miolarity" isAthe incorrect term because of exnected

volume changes., Fowever the assumption is malde that the
difference would rot be over 2 35, which is within the error
of the nephelonetric measurerent.

(a) Made by adding 9 ml, of 20 L., CH;UH to thc cusons.;
slightly turbid before addirne the sulfosalicylic acid.

(b) Made by adding 9 ml, of the C.P, CIz0¥ to susnnc.;
very turbid before adding the acid.

(c) leasured by the guinhydrone electrode.

Assuning that the turbidity as measured in tte nevnh-
eloneter gives the actual amount of vrotein in susvension
by use of the formula, methyl alcohol shows marked protective
action against the vrecionitation of pure ergr alburin by
sulfosalicylic acid, the action increasing with increacsing
amounts of alcohol up to 12 rmolar, The chanre in »H is
hardly sufficient to account for the decrease in turbidity.

In exactly the care manner, ethyl alcohol, pro»yl
alcohol, ethylene rlycol ard glycerol vere studied, ‘he

results are shovnr in the next four tables,.



Table 1V,
"Protective" Action or Ztihyl Alcohol.
(Pptn., 02 2lb, by sullfosalicylic ccid).

Standard and unknovn sucnencion=z, the same as in wahle III.

fusvencionf rincl {olarity R Percent
p 0. C.FrO0H (nepvh, read.){™rotection”
#1 Cel7 il. 2042 T2, E.40
3 2 0,20 20,0 4,73
) Ca.€7 2360 15,81
4 2,00 od,C 59 40
5 4,C0 56,46 60.4
6 06.C0 65.2 4.8
7 9,7 * 4.0 68,4

* Hine ml, of 95 > CgFg0F r~as adied to the suepns.;

slirhtly turbid lefore adsing the e, acid,

. . .U
these results cho a slirhtly rreater rise in protect-
s oo . \ . \ S e v
ive action »t the lower concentracions thoen those with £Uz0Y,
However, the maxinun "nrotection" is slicrhtly less, with tte

concentrations uced,






Tadble V.
"Protective™ Action of Propyl Alcolkol.
(Pptn, o2 ai1b, by sulfosalicylic acid).

Standard anrd unknown suspensions the sare as in Table III.

uspension |[kinal Lolarity R Percent

o, Cg Ty VE (neph, read.)|"Protection"

#1 0.17 N, 20,1 mm, 5,06 %
2 0.23 22,2 13.0
3 0.67 31,3 24,2
4 1.33 54,8 59.2
5 2,00 37.0 42,2
6 2,67 29.4 31,1
7 3:35 24,9 20,4
8 3.67 23,0 16.0
9 3.87 36.0 41.9
10 4.00 41.6 48,5
11 4,67 167.C 84,2
12 6,00 400, 91,9
13 8.0 * 10C0, 96,4

* Nine mls. of C.P., propyl alcohol used to give

this concentration.

vne observes that orosyl alcohol has a maximun
"protective”™ action et about 1.Z% molar aicohol, then a min-
imum at 3.67 wolor, followed by a very steep rise, reaching
almost comnlete "protection™ at the highest concentration

used. “he suspension # 13 was practically water clear,

41
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Table VI.
"Protective™ Action of Ethylene Glycol.
(Potn., of alb. by sulfosalicylic acid).

Standard and unknown suspencsions the same as in Table 1II.

uspension |[Finel Folarity hal rercent
No. CHg0H-CTg0F (nevh. read)| "Protection™
#1 0.67 . 21.0 mn, 8.47 %
2 2,00 21.9 1l1.6
3 4,00 26.8 25,8
4 6.00 4Z,8 50.7
5 10,7 * 190. 85.7
*

¥ine mls., C.P. rlycol was uscd to give this con-

centration,

Yere again, the recults cshow the came vhenowenon,

In general glycol is weaker in its acticn than any of the
alcohols studied so far, excect at tue highest concentration,
In Table VII,on the next page, are shovn the data
for the effect of glycerol on the albumin suspension. Slight-
ly greater "protection™ is observed in the case of glycerol

than in that of glycol, when equal molarities are com-
vared, he effect of glycerol and of methyl elcohcl are

similar. :
All the resulte in the last five tables (III -VII,inciusive),

are plotted in Tig. III, giving a ncrepective on all the

data.



Table VII,
"Protective™ Action of Glycerol.
(Potn, of 2lb. by sulfosalicylic acid).

Standard and unknown suspencions the same as in “Table III,

uspension [Final Molarity R Percent
Yo. CEFeOF-CHOH-CT207 | (nenh, read)|"°rotection”
#1 0.67 1. 20.7 mm, 7.40 %
2 2.00 25.3 2l.4
3 4.CC 32.3 36.4
4 6.CC 59.2 61.8
5 8.2 _* 115, 78,2

* Nine mls. of the C.P. glycerol was used to give

tkis concentration.

From an insvection of the curves in Fipg, III, it
is plain ttat the factor which is being reasured,increases
with increasirg concentration of alcohol, as a general
rule., The peculiar curve shown by »ronyl alcohol has no
explanation that the writer can offer. If the curve is
continued from x to y, a smoothe curve results,

The experiment with methyl alcokol was reveated,
using this time twice the amount of albumin (0,30(C mgns,
T in the total susvension), The results are shown in

Table VII1

43
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Table VIII.
Effect of Figher Concentration of Albunin
on the "Protective™ Action of llethyl ALcohol.

Standard Susvension. "Unknown Susnension.

1 ml. alb. soln.(0,15 mgs ¥/ml.); 2 ml. alb, (total, 0.2 mgs
9 ml, FZO. X ml, HzO.
5 ml, 0.2 M, stlfosalicylic acid;g-x mL., of LO M, CEgUE.

5ml, 0.2 I, ¢s, acid,
Set at 20.0 mm,

usvension|[Final Ilolarity R Percent§g§1
To. CHxOH (neph. read.) "Protection™
#1 0.67 M. 8.8 mm, | 4,60 %
2 2,00 11.0 21,0
3 4,00 16,6 44.2
4 5.23 21.8 55.6
5 10.66 ' 36.8 71.5
6 12,1 * 43.0 75,0

' Bight mls, of 20 li., alecohol used to make this,

* Bight mls. of C.P. alcohol to make this,

Upon comparing the above table with Table III, it
is seen that the same percentage"protection" occurs, re-
gardless of the different amounts of albumin in the two
series of experiments. The effect, then, is independent
of the albumin concentration for the:e two concentrations
used, The above results are not plotted in :rig, III,

because they correspond closely to the CHzOY curve already

plotted.
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70 obtain additional information, the attempt was
made to check the nenhelometric studies by the determinations
of total nitrogen in the filtrates from the suspensions
vrepared as for the nepheloneter, both with and without
the alcohols,

The method was as foliows: A suspension containing
5,063 mgms N in the total 15 ml. was made up in each case.
The suspension was allowed to stand five minutes ( the
nephelometric readings required an average of about 8 min.),
then filtered through qualitative filter paver, The first
5 ml, of the filtrate was discarded, and a 3 nmi. alicuot
of the rest analyzed for I by the micro-Kjeldahl method.

The results of the exveriments follow, Zach recorded
value for % mems, ¥ in the filtrate is an average of two

sevarate determinations on entirely new susvensions,

Table IX,
Conmparison of N detns., of the Filtrate with Tevhelometric
"protective™ction in the Presence of Alcohols. (ppt. by ss, acid)

5,063 mems., ¥ in total susvension; 3 ml, aliguot for detn.

Kjeldanl Nephelometer
Suson. Fo. |Alcohol [Molarity!% I in £1t.| %"protection™
n Tone 0.C0 M. 1.24 % 0,00 %
2 Methyl | 5,33 0,85 50.0
] Ethyl 5,23 0.28 €4.C
4 Propyl 7.1 8.48 95.0
5 | Glycol | 9.5 | 0.84 &1.5
6 tlycerol 7.2 8.16 72.2
7 Controlw 100,0 1CC,Q0







The "control™ in the table consisted of only the
aqueous solution of 5,002 mrms,l in the albunzin, no alcohols
or sulfosalicylic acid present, The"’ protection by the
nentelometer"” was obtained by inscection of the Fige III,

¥rom Table IX, it must be concluded that the "pro-
tective™ action of the alLcohols, as measuwed by the nevh-
elometer, is only apparent. 7The albumin is almost quantita-
tively precipitated by the sulfosalicylic acid, both alone
and in the presence of thke alcohols, but the alcohols
lower the turbidity considerably., rroonyl alcohol and
glycerol do stow vrotective action bty the N determinations,
but the actual protection is only 10 % of that calculated
by the nephelometer method,

Some doubt may justly arise as to the féirness of‘
comparison on the two suspensions; the Kjeldahl determin-
ations were made on those conteinine 5.062 mgms. N ner 15
ml,, while the ne bhelometer was used on those having on!y
0.5 mgms. N perjggiml. Fowever, the auttor atte:pted a
few K determinations on suspensions containing C.ZCO mpms.

N per1iélm1., tavine 20 ml., aliquots, with similar results,
though such small amounts of N were difficult to check.

Another criticism may also be broucrht ur, in that
the time of filtering for suspensions containing the more
viscous alcokols was very lonr, takine upwards of an hour
in some instances., 1In the continuous vresence of the sulfo-

salicylic acid, it is poscible that there is a pgradual increase
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in turbidity, and aiso in actual amount of aibu.:in in the
vrecivitate after such a longe tinme.

Therefore a check was made on the effect of time on
the turbidity. A sinple sus»ension was »renared, containing
6,00 molar glycol, O0.15 mems, N in the 15 ml. of suspension,
and precinitated bty the usual strencth of sulfosalicylic acid, and
was read at once in the nepheloreter, comnare? with the
standari., 7The reading was 44,4 mm, After half an hour a
new standard was »revared, and tre glycol suspension read
arain, he readiner wus exactly 44,4 2. as before.

Therefore, the writer believes he is justified in
concluding that the nephelometric observations on the eifect
of the alcohols are measurements alrost entirely of factors
other than true vrotective action. Differences in narticle
size may have sonmethine to do with the observed ovhenomena,
ac vas sucrested by the work of pechhold and Vetler (7:).
Eowever this sees doubtfwrl, since the filtration readily
renoves the sucaenfed »narticles in all cases, 1t apoears
to be a tenable hypothesis that the degree of swelling or
hydration of the susocnded oarticles would ex»nlain the facts
more closcly: the nore tre swelline, the clearer the crs-

nencion,



49

(TIT). Teat Frecinitation Studied by the Terhelomcter
and I'itroren Determinaticnh iethods,

The experirents were extenied to keat sreciitation in

checkin~ the nertelonctric meca~urcments with nitro-~on deter-

izitate, 1t was

.

winations on the f£iltrote or n»nrec

Hh

fourd that

v

a »H of 5.2 rave a stvatle susmencion, when a colution con

in~ wlbuzivn at the coancentraltion of CL.7CL0 mrmc, T in 2C wul,
of total wolume (exnerivents of TNud’les (59)), was keated at

70 degrecs for 1C uinutce.
In each of *tvelve larrc tect tibos was Dlaced & ml. of
sodiunm acetatec-acetic aci? hulffer rsolutiorn (C.137 moles Ta2ac.

and 0,051 woles Fic. ver liter), sulficicnt albu:rin csolution

A4 . . -~ 1 ' B 4- .~
ntroduced, tren water vug

[

so that there was C.7050 nrres, I

rmcasured into tre tubcs =o that witr a siven velume of the
10 .. alcokol =zd’ed tre total volume was 2C il. The sgolutions
were orenarcd in trislicate, A, 2, and T, After heating all
tte tubes at the szve tire in coter bath ot 70 degrecc for
1C minutes, A w7as deterinined in the nerhelorneter, comrared
with the usual sulfosalicylic acid standart susisencslion; and
B and C were filtered, an” the filtra
for nitroren by the micro-Kjeldahl method.

I'ne resultes for metbyl alcokol are shovwn ia "able X.
The column hezded "urws. ¥ in oot. by neskh, ec." rives valuecs

“

calculated by .ceans ¢of the eguation,

9). W= 1,383 Jantilos (C.3CC - lor ﬁ

1.180




where

elometer readinr~ in ..

vy

w is the nmems.

T in the »ot.;

which corrects for tre difference iv

and tke unknowin.

Effect of i'ethyl Alcohol on Feat Precipitation.

Table X.

R is the obscrved nech-

and trte 1.223 is the dilution factor

volwrnes of tte starndard

(Measured by 1T detns. and by nevheloreter).

2F 5,2

(o]

in 20 ml.

heated

at 70 C, for 1C nin, Tach value ave, of dvnlicates.

Expt.[Seried rinal R lems., N In ppt. | Percont of tota
Ro. To. | ¥olar {(nenh. by by by by
~ Ale.].read.) Kjeld.| Nephel. KJeld. | Kephel,
Control
f1 Hau 11.1 mm{ 0,3441|0.2135 4€,€ 44,59
s 2 M/4 8.4 0.456c0.,2967 64.6 56,2
1
3 L/1 5.7 0.6554| 0.5497 94,4 77.9
4 2.5 M| 5.8 0.7¢62|0.5224 100. 77.0
1 HgO 16,4 0.29¢c]0.2255 45,1 51 .0
2 /10| 16.3 0..052]0.2265 41.9 7242
2
3 M/4 10.1 0.257C]0.2287 50.6 48,1
4 M/1 6.1 0.6339]0.519C 89,8 3.6
1 H,0 11.0 0.5206|0.2L55 45,5 44,8
2 M/10 | 10.5 0.2870/0,.2275 4c.7 46,5
3
3 /4 8.8 0.2200]0.38C5 45,4 54.0
4 M/1 5.9 0.6323|0.5335 89,7 75.7




In the susvencicns contairing 1 M and 2,5 L.. alcohol,
arrlutination was obrerved at the end ol the heat treatient,

The table shows two new facts: the first is that CTgdY
accelerates the heat precinitition of efe alburin, the action
increzsing(with concentrations above C.lil), with increasing
anounts of alcokol; tie other is that in the case of heat
nrecis>itation the nenhelometric method arrees fairly well
with thke Kjeldahl method. The latter is sur»srisicg, since
the susnensions of albu~7in are prepared by two entirely
different methods. Vhere disapreecment occurs in the table,
it is a question whether the nerhelometer or I detn., rethod
is more accurate, 1In filteriny, for the M detn, it was often
fourd® thet it was difficult to ret a clear filtrate; further-
nore, filtration often caused sligtrt meagnical denaturation,
which would introduce consilderable error where such small
quantities of N are vresent,

The disagpreernert between the two methods at the kicher
amounts of albumin in trhe preci-~itate id& to be exvected.
The fipgures in Table II show that when the formula is anolied
to susvencions containine 0.75 mpms of nitroren in 15 ml,

value )

thke calculated)\is 17 % too low,

The same exveriments were carried out using glycerol,

as a different tyve of alcokol. 4he results follow in Table

XI..



Table XI.

Effect of Glycerol on Feat Frecioitztion,

(Measured by N detns, and by neontelometer).

vT 5.2

s 0,705C mems., N in 20 rl.

0

Feated at 70 C, for 10 min. Each value

the average of

duplicates.

xpt. [Seriec]|Final R Mers, I in vot, Percent of total
To. No, [Molar.fnenh, in ppt.

Ale, | resad.) Jeld. [ Neph. KJield. Teoh,

71 Hqe0 11,4 mm|0,2999 | 0,3061 42,5 % 43.4 %
2 b/ 4 9.6 0.2894 | 0.3540 41.0 50.1
f 3 2.6 .| 24.5 0.2580 | 0.1644 36 .6 23.3
4 5. M. | 56.8 0.0648 | 0.0789 23.4 11.2
1 1:70) 12.7 0.2370 | 0.2795 47.7 39.6
2 M/ 4 14.1 0.2950 | 0.2621 41.8 37.2
@ 3 2.6 &.|23.8 0.2342 | 0.1643 33.2 23.3
4 5. M, }47.0 0.1529 | 0.0925 22.6 13.1

These results confirm Beilinsson's observation (56)

that glycerol stabilizes egg albumin apsinst heat coagulation,

The nepheloreter givcs the same comclusion, however the ab-

solute values do not agree by the two methods.,

In kich con-

centration of glycerol, the nenhelometer gives lower results,

This may be the same type of nhenomenon as was observed in

the exveriments with sulfosalicylic acid, since the turbidity

increases more stowly than the absolute awount of albumrin

in tre vreci:itate,
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When the nevhelormeter readines ure plotted against the
observed mpme, N by the Kjeldakl method, in the presence of
methyl alcéohol and of rlyceroi, Fig. IV is tre result. Per-
haps if a larrer nuruber of exneriments were carried out usirg
otker non-electrolytes, such as erlucose and acetaldehyde, the
curve may be of rgreat value in studyino, by the nepkelometer,
the effects of suck non-electrolytes on heat precircitation,
The nenhelometer method is by far the easier of the two neth-
ods.,

A single experiment was carried out with ethylene
glycol on heat »orecisitation., Table XII contains the results,
obtained by use of tte nephelometer, only., The assumption
is rade that glycol foliows the same curve as in Tig. IV,

the I values being tak%en directly from the curve.

Table XII.
Effect of Ethylens Glycol on Feat Pptn,
(Detnd. in dunlicate by the nevoh.)
»E 5.2 ; C,705C memes, M in total

)
of 20 ml1. ; heated at 70 for 1C min.

eries Ilo,[Final R lgms. I 1n |Perceat X
Molarity | (neph. read.)|Precinitate. in Pot.
rflycol.

il HgO 1z.4 ma, 0.297 mgs.| 42.1 %
2 11/4 14.1 0.286 39.2
3 M/ 1 9.8 0,350 46.8

4 2.5 M, 6.5 0.590 €3.7




as juldreld by the neohelometric metho?, The ccceleratine
e?’ect, howevsr, is 1 vhan that for ethl alcohel.
IV). Conclusionz.
1. The nephelometecr can be ed in deter:iining minute

anounts of vure, acueous cpo 2lbumin, when sulfosalicylic
acid is used as the nreci>itating arent., The formula has
been worked out, and fcund to be accurate to 2.4 nercent,
over the rance of albumin concentration containine C.Ci to
0.45 rmgms. nitroren in 15 1. of susnension,

2. Then alcohols are oHresent in awounts altove 1 molar
the formula is valuelesc for determinisg actral arounts of
alburcin, with suilfosalicylic acid as tte oHreci~itant,

3. In the presence of about an & molar concentration
of metkyl-, ethyl-, and oronyl alcorols, ~l,cerol and rlycol,
the turbitity shown by sulfosalicylic acid nrecinitation de-
creases about 68 to 97 percent, dencndin~ on the alecotrol, At
the care time, the -~rotein is nearl; crantitatively Hrecinitate
With pronyl alcokol and rl;cerol, slicht srotective action ic

oteecrved hy nitroren deteruina

[t

iong on the Filtrate, hut tre

&)

D

arount of orotection ic far below that which would account for

tre decrease in turbidity. The surrection is mude that ciffer-

o]
[N

ences in »nurticle ze ray exdlain trke decreace, but more likely



a difference in the degree of hydration of the sus»endec?
varticles is the cause.

3. ilethyl alcohol and plycol accelerate the heat
precivitation of erg albumin at »¥ 5.,2. The effect ic
weaker with eglycol than with rmethyl alcokol.,

4, Glyceérol vrotects the albumin from vprecinitation
by keat at pH 5,2 . This confirms the renort of Heilinsson
(66) ,who obtained his results by a different method.

5. A com»sarison of the nenhelometer method of neas-
uring heat precisitation of albumin, and the micro-KJjeldahl
method , wes made,. <vhe methods agree, in that a high tur-
bidity corres»onds with a high amount of precivitate, and
conversely., Eowever, the absolute values by the two methods
do not check as well as one would like.

The findings in the comvarison of the two methods
make it nrobable that the observations of Teorell (55), who
found a decreasc in turbidity in heat vrccisitation of

serum albuwnin in the »resence of alcohols, revealed true

6o 1t is vrobable that with a few additional ezper-
iments on the comrarison of the nenhelometcr readings an?
nitroren determinations, the nenheloreter can be made very

useful in studyine the protective action of non-electrolytes.

on nroteirs,
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