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ABSTRACT

It previously was shown that several simple sugars, one corre=
sponding alcohol and & disaccharide irchibit the precipitation of egz
albumin brought about by heat at 70°C. and pH 4.8. Since no more
protein precipitated when the sugar was dialyzed out of the mixture
these experiments ware interpreted as meaning that the denaturation
of eggz albumin was inhibited rather than the precipitation of
otherwise denatured material.

Native egz albumin does not react with typlceil sulfhydryl re-
agents whereas denatured ezg albumin reacts with such reagents in
s quantitative manner. It previously was shown that sugars and
related caupounds also inhibit the lideration of sulfhydryl groups
in egg albumin brought about by heat. Since sugors do not interfere
in the reaction of free sulfhydryl groups with such reagents these
experinents weres taker as further proof that sugsrs and related
corpounds protect egg albumin against the denaturing effects of heat.

The measurenents of sulfhydryl groups in the experiments above
indicated a cysteine content of 0.59 per cent in denatured and pre-
eipitated egg albumin, Later mesthods of measuring sulfhydryl groups
have indicated a cysteine content of l.2 per cent in denatured egg
albunin which was kept in solution during the measurement, Adapting
these latter methods the present work has shown that 1.0 M glucose,

galactose, fructose or sucrose prevent about 30 per cent of the



sulfhydryl groups usuaily found in egg albumin heated at 50°C. and
pH 1.0 from appearing, This is further proof that sugars protect
egs albumin against scid-heat denaturation.

When gusnidine hydrochloride or sodium dodecyl sulfate is used
to denature and keep egg alburin in solution for sulfhydryl measure-
ment, the sugars glucose, fructoss, gulactose or sucrcse do not
affect the anount of sulfhydryl groups usually measured. This is
evidence that sugars do not affect the denaturation of ezz albumin
brought about by either of these reagente.

Since cherged groups in the protein nolecule ars usually thought
to be important factors in denaturation, it seeued possible that the
sugars covered up sore critical charged groupe and thus affected egg
alburin denaturation. Such a circumstance could be indicated
electrophoretically.

Electrophoresis experimcnts did not demonstrate any combination
between egg albumin and glucose, fructose, sucrose, or mannitol
detectable as a new component. This indicates that the sugars do not
in any way affect the charged groups in e;g albumin in preventing
denaturatione.

Egg albumin heated at 50°Ce and pi 3.0 showed two couponents
when analysed electrophorstically at pH 3.0 in glycine-hydrochlorie
acid buffer. One of these couponents was precipitated at pH L.8
and thus was indicated to be denatured egg albumin while the other

component was soluble at nH 4.8 and thus was indicated to be native

iv



egg albumin. The precipitable component was shown to form slowly

whan egz albuuin was heated in the presence of 1.0 M glucose, fructose
mannitol or glycine. Approximately the same amount of denaturation
eccurred in twenty-four hours in the presence of ylucose or mannitol
as occurred in twenty minutes in egg albumin alone when heated at 50°Ce
and pH 3.0, Electrophoresis was thus shown to be another means of
indicating that sugars and related compounds protect egg wlbuuin

sgalnst denaturation by heat,
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INTRODUCTIGN

Neuberg (1) in 1916 deseribed the characteristic ability of
water solutions of numerous salts to dissolve otherwise inscluble
materials, le called this property hydrotropic and pointed out
that & wide range of materials including the proteins were affected
by it., He described in particular several experiments with sheep
blood serum and egg yolk in which some hydrotropie salts, such as
sodium benzoate and sodium salicylate, maintained a clear solution
even when the mixture was heated,

Later, following the lead of colleagues who had shown that
several anticoagulants protected the biochemical properties of
diptheria toxin and antitoxin against heat, Beilinsson (2) proposed
to determine whether all the physicalechenmical properties of typical
proteins were preserved by the presence of such hydrotropie
materials. He worked with two protein preparations, 1) rabbit serum
and 2) five per cent egg albumin in physiological saline, and two
anticosgulants, 1) glycerol and 2) sucrose. The method of analysis
was titration of aliquot sarples with saturated ammonium sulfate
solution to a standard turbidity. By plotting the milliliters of
saturated armonium sulfate required against time of heating,
Beilinsson was able to show the followings 1) The stability of the
protein materials decreased ss the temperature increased, 2) The



stabllity increased as the eoncentration of the stabilizing agent
increased. 3) Sucrose was a considerably better stabilizing agent
than glycerol. In fact, rabbit serum saturated with sucrose was
almost completely stable for one hour at 62°C. and pH 7.1, and egg
albumin saturated with sucrose was stable for one hour at 75°C. and
pH 7.1. Experiments, in which the quantity of nitrogen in the
protein precipitated at the isocelectric point (pH 5.3) was determined,
confirmed the results given above.

Duddles (3) in this laboratory expanded the work of Beilinsson
by using several hexose sugars and one corresponding aleochol as well
as sucrose., lenaturation and subsequent cosagulation of the protein,
ezg alburmin, was accomplished by heating at 70°C. for ten minutes
at pH 4.8+ The quantity of nitrogen in an aliquot of the filtrate
was then determined. The results showed the following:s 1) In all
cases the amount of nitrogen in the filtrate increases as the
concentration of the stabilizing agent increaseds 2) Glucose was
the best stabilizing sgent followed closely by fructosej egg alburin
saturated with either glucose or fructose was almost completely
stable to heat at 70°C. for ten rinutes at pH 4.8; mannitol was
fairly effective and mannose was slightly effective. 3) Glucose
stabilised egg albumin to coagulation caused by ultraeviolet light
at pH A.8. &) Coagulated egg albumin was not repeptized by satura=
tion with glucose and subsequent standing for twenty-four hourse.

The work of Beilinsson and Muddles merely proved that suzors



and sugar alcohols iniibited the heat coazulation of egs alburing
proof thal denaturation was prevented was lacking. Hardt (4)
approached the problem by using the fact, first de-onstrated by
Amold (5), that heat denatured egpz alburin does react with
sulfhydryl reagents whereas native egg albuzin does note Two methods
were used to neasure sulfhydryl groups: 1) The method of Roaner (6)
using iodoacetate and 2) The method of Todrick and walker (7) using
phenolindo=2=-6=dichlorophencl, The first method seeued more reliable
but the second method confirmed the results of the first. Denatu-
ration was caused by heat at 70°C. for fifteen minutes at pH 4.8,
The following observations were rade: 1) The nurber of sulfhydryl
groups liberated decreased as the concentration of sugar, ranging
from 0.045 K to 0.450 ¥, increaseds 2) Glucose was the best sta=
bilizing agent with fructose and mannose following; mannitol was
not nearly so effectivej arabinose was zs effective as fructose

or mannose but xylose was slightly less effectivs. 3) Both
arabinose and xylose stabilized ezz albumin when a method of
analysis similar to the one e:ployed by Duddles was used, but xylose
was less effective. L) Egg alburmin was more stable at pH 8.6 than
at pH L.8. 5) The effectiveness of glucose or fructose in stabilie
zing egg alburin was not improved by exposing the protein to contact
with the sugar for periods up to ninety-six hours before denatura-
tion by heat. 6) No protein-carbohydrate corbination could be

denonstrated,



The work of Beilinsson, Duddles, and Hardt had demonstrated by
three very different methods of analysis that several sugars inhibit
to a greater or lesser dogree the denaturation and subsequent coagu-
lation of egg albumine Yet the nature of this inhibition had not
been explained, Hardt had found only 0,590 per cent cysteine in
denatured coagulated ezg albumin using the iodoacetate methode This
value agreed quite well, however, with the results of several other
workers (L) including those by Mirsky and Anson (8) who gave values
of 0,56 per cent and 0,616 per cent cysteine for egg albumin with
two different respective msthodse Lster, however, Anson (9) showed
that 1.2 per cent cysteine could be measured in denabured egg
alburin dispersed by the denaturing agent, He achieved this result
with very different titrating agents, each in the presence of
several different denaturing agents, all of which kept the denatured
protein in solutiones %The fact that very varied procedures yield
the same titration value is strong evidence that only sulfhydryl
groups are being titrated.® (10). Since twice as many sulfhydryl
groups were revealed by these methods as by the rethods used by
Hardt with coagulated egg alburin, Anson (11) had sugzested that the
inhibiting action of sugars should be detertined by some of the
latter methods to make sure of the validity of the previous worke
It was with this sug-estion in mind that the first portion of the
experimental work wus undertaken.

Luck and co-workers (12, 13, 15) performed a considerable amount



of work with the heat stabilization of husan serum albumin and
bovine serua albwiin during “orld !Y‘ar II. They worked rostly with
25 gram per cent protein solutions because that was the form in
whlch the huran serum albusiin was namufactured and distributed for
use by the Arued Forcess A rapid micro-zethod of analysis was
developed in which the solutions were heated in thin-walled capillary
tubes and the "cloud point" time observed (12)s They found that the
baslc, requisite structure for stabilizing properties was an anion
with a non=polar groupe The maximum stabilization was attained with
sults of fatty acids 7 to 8 carbon atonis in chain length and in a
concentration of about 0.15 Ke Cations with the saze non=polar
groups increased the susceptibility of serun alburin to heat denatu-
rations It was shown that these effects were the sare on both sides
of the isoelectric point of albunine The strength of the acid group
did not markedly affect the amount of stabilization since the
relative effect of the sulfonic and carbaxy acids with alkyl groups
of the samne chain lensth was sbout the suise Viscouetric studies
showed that the fatty acids prevented viascosity increases in heated
solutions of albumin thus demonstrating that the fatty acids stabie
lized native and not cdenatured proteine Ultrafiltration studies
perzitted the determination of the amount of bound fatty acld anion
in a solutlon caitsining both serum albuzin and the sodium salts of
lower falty acidse It was found that the w.ount of co:bination of
fatty acid anions with serur albumin increased markedly with an



increase in the chain length of the futty acide The amount of
caonbination of caprylate was decreased considerably if the albumin
was denatured by urea prior to the addition of the caprylate.
Electrophoretic studies (16) demcnstrated a specific interaction
of the fatty acid anions with albuwin with an increasing aflinity
in ascending from butyrate to caprylate.

Lundgren et al. (17) had demonstrated the formstion of
carplexes between ezgz albunin and detergents of the alkylaryle
sulfonate type in solutions alkaline to the isocelectric region.
These complexes exhibited well=defined electrophoretic boundaries
whose robilities ranged between those of the protein and detergent.
Putnam and leurath (18) were able to show two corplexes between
horse serum zlbumin and purified sodium dodecyl sulfate which had
well=defined electrophoretie boundaries. The formation of these
corplexes was cdependent upon the weight ratio of protein to detergent
rather than on thelir absolute concentrations. This finding had been
confirmied by precipitation and viscosity studies on horse serum
alburin and sodium dodccyl sulfate mixtures. Although no complexes
of protein and non-ionic materials had been demonstrated previously
it was this work of Putnam and Neurath which prompted the second
portion of the present work, that is, an atteipt to deronstrate
conplex for:ation betveen egz albumin and various sugars by means

of the electrophoresis apparatus,
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Native ez albuiin neither gives a detectable nitroprussice
color for sulfi:ycryl grours nor will 1t react with such rdld
oxidiziag ezents as porphyrindlin, ferricyanide ion, and tetrathioncte
ione ‘hen ez alburin 1s denatured by heal or by & nuber of other
ptysical and che:dcal egents, it readily gives a nitroprusside color
test for sulfhydryl groups and will react with several reagents in a
quantitative manners Consequently the measuretent of sulilyydryl
groups can be used to deter.ine the avuount of denuturation wiidch has
tai:en ploce in a given atount of ez albuzine As mentioned previously,
tnson (19) has developed several pethods of reasuring sulfhydryl
groups uhich indicate tidlce the mu:ber of sulfiuydryl groups that
previous rethods have shioume It was the purpose of the first part
of the experimental work roported in this dissertation to adapt the
methods of Anson so thrt the effect of suscrs on the aount of

donaturation of e;; clbuin could ba cbserved betters

AT IALS

All inorzanic cherdeals met either CoPe Or AC.S. specifications
and were products of elther the J.T. Bulier Chemical Canpany or Beker
and Adamsone The surars used were C.P. products of the Ffanstlehl

Chemical Company. The simple suscrs were the nuatural isouerse



Several saples of eg3 albw:in were prepared by the method of
Kelvdck and Cannon (20)e All were recrystallized three times and
then redissolved in & rdnirmm arount of water, Part of sone
preparations was kept for extended periods of time under toluene in
the refrigerator. All solutions were dialyzed apoinst distilled
water to rexove sodium sulfate (which wes occluded with the crystole
line egg albuxin) before the solution was used in experinents.
Pialysis was done both at room temrerature and in the refrigerator
but in all cases w3 contimied until the specific eonductance of the
albuzin solution was less than 2 x 10™% mho. After dialysis,
solutions were kert urnder toluene in the refrigeratore The final
concentration wus determined by nitrogen analysis (21) or (22)e

Tne methods developed by Anson (19) utilizing potassium ferrie
cyanide were the slmplest to performy the reagent was readily
obtainable and stable in solutione Cther procedures developed by
Anson with p=chloro=-mercuribenzoate and tetrathionate ions were used
by him only to confirm the results which he cbtained with potassium
forricyanides In several procedures using the latter reagent the
results were obtained by developing Frussian blue from the ferro=
eyamide previously foramed when ferricyanide reacted with the sulfe-
hydryl groups of denatured e;zg alburine The amount of Prussian blue
wag deternmined by taking a reading in a suitably caiibrated photelo-
mater.* It was necessary, therefore, to have a solution of potassium

forrocyanide which could be used as a reference standard.

# A photoelectris colorimeter.



Three procedures were used for acking potassium ferrocyanicde
stock solutions during the course of this worke 1) The potassium
ferrocyanide contained three moles of water of erystallization and
had & molecular weight of 422,33, Thus, 1.0553 g. mace to 250 rl,
resulted in a 0,01 ¥ solutions 2) The same lot of potasslum
ferrocyanide was heated to constant weight at 105-110°C. It was
then assured to have no water of crystallization and a molecular
weipht of 368.272. Vhen 1.84,12 g, was rade to 100 ml. a 0.05 ¥
solution resulted, Sodium carbonate in a concentration of 0.2 per
cent was added to this solution &3 a stabilizer, 3) For the greater
part of this work the amount of potassium ferrocyanide in accurately
welzhed sanples was determined by titration with standard potassiua
permancanate solution (23)e From this titration the muterial was
calculated to eontain 101.6 per cent Khl"e(c:i)é * 3 H,0, indicating a
partial dehydrations Therefore subsequent stock potassiun ferro=
cyanide solutions were made of 1,039, ge of this salt diluted to
250 mle to zZive a 0.1 I! solutiones These solutions were stabilized
by 0.2 per cent sodiun carbonate. Fresh potassiun ferrocyanlde
stock solutions were usually made monthly; all solutions were diluted
to 0.CC1 M for use as reference standardse

Potassium ferricyanide solution was riade according to the
directions of Anson (12)s The stock solution was O« ¥ and say
ferrocyanide present was oxidized by treatment with brozdine, The
ferricyanide solution was stored in the relrigerator and usually
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1.25 ml, of the solution was diluted to 10 ml. to rake a 0.05 ¥
solution for use, The stock solution was tested occesionally for
ferrocyanide with ferric sulfate and subsequent develcpient of
Prussian blue.

Perric sulfate solution, used to develop I'russian blue from
ferrocyanide, was msde according to Folin and Vslmres (25).

Sulfurie acid in & concentration of 1.0 K wis mace and staendard-
ised, It was used to stop the axidising action of potessium ferrie
cyanide when the amount of sulfhydryl groups was to be determined by
the developuent of Prussian blue.

Two buffers were used curing the course of this work: 1) a
neutral buffer, pi 6.7-6.8, consisting of equal molar parts of 1 M
NaHaPQ, and 1 K KapiPQ,, and 2) & buffer, pi 6.3, consisting of one
part 1 M NaguPO‘ and three parts 1 M NaHzPO,‘. The pH of each of
these buffers was measured on the Beckman pli moter.

TCCTICR NATURATICN

In the procedures doveloped by Anson (1§) involving the develop=
ment of Frussian blue the usual reagents were as followss 1) Q.5 ml.
of two rer cent egs aibwuin or 1.0 nle of one per cent egg albwaing
2) noutral phosphate bufler varying ia awount from two drops to 0.2
ml. depending on the procedursj 3) ferricyanide solution which
varied {ruu ona drop of 0.5 M sclution to 0.5 mle of O¢1 K solutiong



L) and the denaturing acent which could be urea or sodium dodecyl
s.lfite. These reagerts were allowed to stand togyctlier at 37°Ce for
a suitable len;zth of time verying from one minute for sodium docdecyl
sulfate to five zinutes for urcas This period of time wu:s to per:it
the reaction between cdenatured egs albwiin and ferricyanide to occur
st a neutral pile The reaction was stopped by the adctition of 0.5 ml.
of 2 N sulfuric acid, then water was added to a volure of 9.5 ml,.,
and finally O.5 zmle of ferriec sulfate was added to develop Frussian
blues, After twenty minutes the amount of Prussian blue wus deter=
xined by use of a “photelometer’using light transmitted by a red
filters The Hellige=Tiller ‘photeloreter set &t 6G0 mu wus the
instru-ent used in the present work for ressuring the ecancentratlion
of Frussian blue,

As indicated sbove the ususl aount of egy albusin wis 10 nge
which, upon denaturation, reacted with ferricyanide to form one rl.
of 0.CC1 M ferrocyanide, Therefore, amounts of ferrocyanide frou
one rle to 0.0 ml, were used with a finsl volu-e of reagents to ten
rle to prepere a standurd curve. The procedure was as followss To
peasured quantities of 0.0C1 I potassium ferrocyanide weres aided
02 mle of buffer, piH 643 cr pil 6433 0.5 tdle of ton per cent sodium
dodocyl sulfate; from one drop to 1.0 rle of 0.05 ii ferricyanide}
water to nine rl, and finally 0.5 5le of 2 N sulfuric acid and 0.5
mle of ferric sulfates After twenty nimtes the per cent transcise
slon wus reasured in the Hellipe-Tiller ‘photeloreter at 66D mue



Such curves were run several times during the course of the work

always with the same resulis, The presence of egz slbumrin did not change
the values when the experiment was srranged so that the denatured
xaterial and ferricyanide could not resct.

3o attexpt was rade to keep the loric strength constant ir the
experirents reported in this part of the dissertation., Several reagents,
i.e. buffer, dotergent, and potassium ferrisyanide, which hed an
effect on the fonic strength were presantj the variability in the
emounts of these reagents present from experiment to experiment made
the maintenance of a constant ionis strength inexpedient. Purtheruwore,
Inck and coworkers (13) had found that fonic strength was not an
important factor in their work with heat denaturation of serum albumin,
Such an assuzption may be questionable.

CNATURING AGEXNTS

le Urea.

Urea which was the denaturing sgent in some preliminary experi-
ments was used as obtailned,

A fow experiments were carried out using urea as the denaturing
agent but these experiments were discontinued when it was discovered
that egg albumin precipitated at the time of the Prussian blue
develoment. Purther, the large quantities of urea needed to bring
about denaturation made it an inconvenient experimental procedure.
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2. Guanidine ilydrochiloride,

Zperiments with guanidine hydrocliloride used ferricyznido as a
titrating a_ent and the nitroprusside test to indicate the cnd-point.
The typical procedure was as follows: To 0.5 ml. of two per cent e:g
albumin there were added Q.1 mle of bufler (pH 6.8), measured
quantities of ferricyanide, and l.2 ge of guanidine hydrochloride.
After three minutes in & 37°C. buth the solution was cooled in 4ce
vater and then ons drop of five per cent nitroprusside and one drop
of twenty-seven per cent aimonia eddeds The first tube 1n which no
pink color develored indicated the asount of ferricyanide necessary
to abolish ali SH groups.

Guanidine hydrocliloride wes made from guanidine carbonate 4in
the ranner described by Anson (19)s Several sazples were prepared,
each tirme from 100 g. of guanidine carbonates Except for the first
preparation in which a metal propellor stirrer was used, all samples
wers prepared with glass stirrers. With the exception of the first
sacple thees preparations of guanidine hydrochloride conformed to
two criteria stated by Anson (19)s 1) "The color given by egg albue
nin and nitroprusside in guanidine hydrochloride solutione===eghould
not be increased if ons drop of 0.1 N cyanide is present, 2) The
sa:e amount of ferricyanide should be raquired to abolish the nitroe
prusside test of denatured egg albuwin in guanidine hydrochloride
solution whether the ferricyanide 1s sdded before or thirty minutes
after the addition of guanidine hydrochloride." Anson (10) had



suggested that when these oriteria are not met it is probably due to
metalliec impurities in the guanidine hydrochloride which promote
oxidation of protein sulfhydryl groups by oxygea in the air.

When guanidine hydrochloride was used as a denaturing agent,
potassium ferricyanide solution was used as a titrating agent for
sulfhydryl groups with nitroprusside as the indicator of the end=-
point. Accordingly, the concentration of the potassium ferricyanide
had to be accurately known, the concentration of the stock solution
being determined by a method given in Treadwell and Hall (24). For
actual use in these titrations 0,25 ml. of O.40 M potassium ferri-
cyanide solution was diluted to 50 ml. to make a 0,002 M solution,

3. Sodium Lauryl Sulfate.

A detergent, sodium lauryl sulfate, prepared by the Amend Drug
and Chendcal Company, 117-119 East 24th st., New York, 10, N.Y. was
used as the denaturing agent in many experiments. This was made up
at room temperature as a ten per cent stock solution. In referring
to it hereafter the more exact term sodium dodecyl sulfate will be used,
Anson (19) had used Duponol PC which, although consisting mainly
of the C;2 eompound, sodium dodecyl sulfate, was a mixture of the
C10~C)g oompounds, It was felt that the more homogeneous product
would be more satisfactory than Duponol PC,

he Heat.

In addition to the methods utilizing urea, guanidine hydrochlo-
ride and sodium dodecyl sulfate as denaturing agents which keep egg



15

albumin in solution, Anson (28) developed a heat and acid denaturing
prooedure (which did not coagulate egg albumin) that revealed as many
SH groups as the chemical denaturants, In this procedure 1 ml., of
1.0 X hydrochloric acid was added to six m), of two per cent egg
albumin which was then placed in & 50°C. bath for five minutes, The
mixture was cooled in ice water, a slight excess of 1.0 N sodium
hydroxide added, and finally diluted to one per cent concentration

of ezg albumin, The sulfhydryl groups were detected by adding ferri-
cyanide to buffered one ml, aliquots of the diluted mixture and after
five minutes at 37°C., developing Prussian blue in the usual manner,
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RESULTS « PART QNE

l. Denaturation by Guanidine Hydrochloride.

To determine the effect of sugars, egg albunin solution was made
2 M with respect to either glucose or frusctose and guanidine hydro=
chloride was used as the denaturing agent. The procedure was then
the same as described previously. Neither of these sugars had any
effect on the quantity of ferricyanide needed to abolish the sulf-
hydryl groups revealed by guanidine hydrochloride. The titration
was the sane whether egg albumin alone or egg albunin which had been
made 2 M with glucose or fructose was used, Storage of the egg
albunin and sugar mixture overnight in the refrigerator did not
change the titration value., Titration of an amount of cysteine
hydrochloride equivalent to one ml, of one per cent eggz albumin gave
the same value as for ezg albumin alone.

Since previocus workers had indicated that fructose and glucose
were the most effective sugars inhibiting the denaturation of egg
albumin by heat,the experiments with guanidine hydrochloride were
not continued with other su;ars.

2. Denaturation by Sodium I'edecyl Sulfate,

The experiments in which sodium dodecyl sulfate was the
denaturing agent used the procuction of Prussian blue as the means
of analysis. In the earliest experiments a direct comparisoa between
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egz albumin in the absence of sugar was rade with eg: alburin in the
presence of sugar. The total volume of reagents at the tire of the
reaction with ferricyanide was 4.0 ml. Etperiments were carried cut
with 0.2 ¥, 0.5 M and 1.0 M glucose and 0.5 M and 1.0 M fructose at
the time of the ferricyanide reaction, Fifty mg. of sodium dodecyl
sulfate and 0,01 mM of ferricyanide were addeds The reaction waas
allowed to proceed for about one and one-half minutes before 1.0 ¥
sulfuric acid was added, A blank containing egg albumin and sugar
but no sodium dodecyl sulfate at the time of the ferricyanide reaction
was usede The values obtained for egg alburin and sugar were the
same as the values obtained for egg alburnin alone. In every case,
however, in the presence of sodium dodecyl sulfate alone only about
eighty to eighty-five per cent of the sulfhydryl groups that should
have been rresent were revealed, This aount was not increased when
the time of reaction with ferricyanide was increased to five minutes,
Although these results are low according to Anson's standards,
Mirsky (26) reported this quantity of sulfhydryl groups utilizing
essentially the sae methods used by Anson. Anson (27) in commenting
on this report said that he has "Found an occasional sarple of
recrystallised egg albumin which had a low SH content.®

The Ififty mg. of sodium dodecyl sulfate, which was used in the
experiments above, was not only enough to denature ezz albumin but
also to keep it in solution when acid ferrie sulfate was adcded at the

end to develcop Prussian blue. The question arose as to whether
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snaller amounts of gsodium dodecyl sulfate, which would still
conpletely denature ezz albu:dn alone, rizht permit the protective
effect of suzar to be exhlbited. ixperiments to deteruine the least
anount of sodiun dodecyl sulfate which would coipletely denature egg
albuiin showed that twelve rge. was the siallest quantity that could
be used in a total volums of 1.7 ml. at the tire of the ferricyanide
reaction. Additional detergent was added after the reaction had been
stopped with acid to keep the ez alburin in solutions Ten minutes
reaction time with 0,025 X! of ferricyanide was allowed. The concen=-
tration of sugar at the time of the ferricyanide reaction with SH
groups was approxirately 0.6 M. Neither glucose nor fructose affected
the amount of denatured egg albumin,

It becare apparent in these experimeonts that the sugars as well
88 e;g albunin were reacting with ferricyanides GSome experiments
were then carried out in which tubes containing 1.0 rl. of ferro=-
cyanide (the equivalent of 1 mle of 1 per cent egg albumin) and sugar
could be compared with tubes containing egg elbw.dn and sugare Ten
mirmites reaction with 0,025 m¥ of ferricyanide in a total volume of
S.0ml, and & concentration of glucose and fructose of 1 X was allowed.
No protective effect was demonstrated whether the amount of sodium
dodecyl sulfate present was 50 mg. or 12 mg.

The reaction of ferricyanide in alkaline medium with reducing
sugars is the basis for their quantitative measurement., This reaction

apparently still proceeds to a very snall extent at pH 6.8, In an



19

effort to recduce this reaction without affecting the reaction between
ferricyanide and sulfhydryl groups, & buffer pH 6.3 and only 0,002 m
of ferricyanide were used in a total volume of 5.0 mle A reaction
time of two minutes proved to be sufficient for measurement of all
SH groups in egg albumin, Experiments were then carried out in which
tubes containing sll reagents except egz albumin but with sugar could
be used as blanks for tubes containing egg albumin with sugar.

Blanks containing all reagents with egg albumin and sugar but no
detergent until a ferricyanide reaction had been stopped were also
useds The sugar concentration at the time of the ferricyanide
reaction was 1 Me Again, neither glucose nor fructose nor sucrose,
had any effect in protecting egg albumin against denaturation by
sodium dodecyl sulfate as measured by the amount of sulfhydryl groups
revealed,

The concentration of egg albumin in the experirents immediately
above was only 0.2 per cent at the time of reaction with ferricyanide.
Experiments were next carried out in which the concentration of egg
albumin was 1.0 per cent, sugar was 1 M with 10 mg. of sodium dodecyl
sulfate and 0,002 m{ of ferricyanide in a total volume of 1.0 ml. A
reaction time of five minutes was used. Practically no reaction
between ferricyanide and reducing sugar occurred under these circum-
stances., Experiments with glucose, galactose, and sucrose showed that
none of these sugars in a concentration of 1 M inhibited the denatu~
ration of egg albuxin,
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3. Denaturation by Heat and Aeid,

The first agid-heat denaturation experiments were carried out in
an open test tube wit;h occasional shaking. The full amount of sulfe
hydryl groups was not detectable, however, and it was found that all
the sulfhydryl groups could be detected regularly if the denaturation
was carried out in a Thunberg tube in which the atmosphere vas
replaced with nitrogen. This procedure was carried out with egg
albumin made 1 M with glucose. This made the concentration ef sugar
about 0,86 N at the time of denaturation. Under these circumstances
only about seventy-nine per cent of the sulfhydryl groups werse
revealed, Yhen the procedure was carried out with a 1,0 ¥ glucose
concantration at the time of denaturstion, sixty-nine per cent of
the sulfhydryl groups were revealed. In order to be sure that this
reduction in the amount of sulfhydryl groups was not due to oxidation
taking place during the denaturing procedure one ml, samples of acid-
heat denatured egg albumin were allowed to react with ferricyanide in
the presence of 0.5 ml., of ten per cent sodium dodecyl sulfate. The
smount of sulfhydryl was then the same as for one ml, of one per cent
egy albumin denatured ocaly with sodium dodecyl sulfate.

This modified acid-heat denaturation was carried out in the
presence of 1 M galactose, 1 M fructose, and 1 ¥ sucross, the concen-
trations present when the acid-heat denaturstion was accomplished.
The average amount of sulfhydryl groups revealed in the presense of
each of thess sugars 1s as follows; 1 X galactose 70 per cent,



1l M fructose 7, per cent, 1 M sucrose 72 per cent,
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In all experiments ferricyanide reacted with sulfhydryl groups
to form ferrocyanide. In some experiments the ferricyanide ion
reacted in a suall degree with the reducing sugar present foruing
more ferrocyanide. V‘hen the amount of sulfhydryl groups was detere
mined by developing Prussian blue from ferrocyanide, the undesired
action between ferricyanide ion and sugar could be compensated for
by blanks contalning sugar but no egg albuxine. When the sulfhydryl
groups were determined by using ferricyanide as a titrating agent
with the end=point being indicated by a negative nitroprusside test,
any reaction between ferricyanide ion and sugar occurring at the same
time could not be measured., Thus, it was possible in experiments
with guanidine hydrochloride as denaturing agent that the sugars could
have prevented some denaturation but it was undetected because some
ferricyanide reacted with sugar in a side reaction. It seems highly
unlikely, however, that the reaction of ferricyanide ion with sugar
would be exactly equivalent to the mmber of sulfhydryl groups
protected by the sugar. This is indicated particularly when it is
noted that fructose reacts more readily with ferricyanide ion than
glucose btut prevents about the same amount of denaturation, Yet in
the presence of either sugar, titration for sulfhydryl groups in egg
albuzin was the same as for egg alburin alone. I was concluded,
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therefore, thut sugars éid not prevent egz albuzdn denaturation
brougit about by guanidine hydrochloride.

Exhaustive experimentation failed to demonstrate any protective
effoct by glucose, fructose, galactose, or sucross sgainst denatu=~
ration brought about by sodium dodecyl sulfate even when the ancunt
of denaturing azent was et a mini-um and the concentration of sugar
was as high as 1 M. Advantapge was taken of this fact in the experi~
rzents with heat denaturation in the presence of sugar to show that
the decroase in sulfhydryl groups measured was caused by inhibition
cf denaturation and not by air oxidation of these reactive groups.
Thus aliquots of every egz albumin eolution denatured by heat in the
presence of sugar wers subjected to further denaturation by sodium
dodocyl sulfate, If the full number of sulfhydryl groups then could
be detected in thess aliquots it was a clear indication that ne
reactive groups had been lost through air oxidation in the denatur=
ation procedure and subsequent handlinge Thersfore, any diminution
of sulfhydryl groupa detected in heat denatured egsg albunin was the
result of the protective effect of the sugar present at the time of
denaturation, not the result of air oxidation of sulfhydryl groups
during the denaturation procedure.

In the first heat densturation experiments the procedure
described by Anson (23) was carried out in an open test tube with
ocoasional shaking during the heating period. Subsequent measurement
of the sulfhydryl groups in a one mle. aliquot of the solution never



rewealed the full amount of sulfhydryl groups. This was unchanged
by further denaturation by sodium dodecyl sulfate prior to the
addition of ferricyanide, yet denaturation by sodium dodecyl sulfate
of the starting egg albumin solution revealed the proper amount of
sulfhydryl groups. It was concluded that soms of the sulfhydryl
groups were being destroyed by air oxidation during the heat denatu-
ration process., This was indicated experimentally when the heat
denaturetion was performed in a Thunberg tube after the atmosphere
had been replaced with oxygen-free nitrogen. The full mumber of
sulfhydryl groups was detected recularly when this technique was used.
All subsequent heat denaturation experiments with sugars present were
performed in Thunberg tubes following the latter technique.

Hardt (L) showed that the length of time (a few minutes to 96
heurs) that sugar was in contact with egg albumin had no influence
on the amount of protection against heat denaturation. This effect
was indicated in a negative way when sodium dodecyl sulfate was used
as denaturant, No protection was shown whether sugar was present
for a few minutes or twenty-four hours before egg albunin was denatu=
red, ‘then egg albumin was denatured by heat and acid at 50°C. the
offect wvas very evident. No difference was detected whether the egg
albumin was in contact with sugar for some time before acid was added
or whether the sugar and acid were mixed together and thus added at
the same time that the heating was begun. Thus, the protective
action is shown to take place almost instantaneously even in a very
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acid solution (pH 1.0 or less, approx. O.1h4 N HCl).

Although one of the principal criteria of denaturation
traditionally has been precipitation at the isocelectric point, the
processes (denaturation and precipitation) are separable. In the
work of Duddles (3), which depended on ecagulation of egg albumin at
the isoelectris point (pH L.8) as a quantitative measure of denatu-
ration, it was a question whether sugars prevented heat denaturation
or prevented the precipitation of otherwise denatured ezg albumin.
Since egg albumin heated in the presence eof sugar did not precipitate
when the sugar was dialyzed out of the solution, the evidence indicated
that sugars did prevent denaturation. Hardt (4) utilized another
eriterion of denaturation, the appearance of sulfhydryl groups, to
indicate even more definitely that sugars prevent heat denaturation
both at pH 4.8 and pH 8.6, The appearance of sulfhydryl groups is
one of the earliest detectable changes in the denaturation of egg
albumin and therefore is a more unequivocal indication of denaturation
than 13 coagulation. The rethods for measuring sulfhydryl groups
utilised by Hardt indicated only half the sulfhydryl groups that
Anson (9) later showed to be present, Utilizing a method developed
by Anson which reveals all the sulfhydryl groups in egg albumin, the
present work has demonstrated that in the presence of 1 ¥ concen=
tration of several sugars at pH 1.0 only about seventy per cent of
the available sulfhydryl groups are revealed, Thus, the present
work and previous work in this laboratory have shown that the
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protective action of sugars sgainst heat denaturation of egz albumin
is demonstrable from pH 1.0 to pH 8.6 at temperatures for any
specifie pH which are sufficient to completely denature the protein
in the absence of sugar.

That there is an association between sugars and egz alburin
which stabilizes the native molecule toward heat seems likely. Such
an sssociation has not been demonstrated directly, however, and if
there is one it is sufficiently weak so that it cannot be demonstra-
ted in the presence of twelve mge. of sodium dodecyl sulfate, the
minimum anount necessary to bring about complete denaturation of e;z
albumin, Neither can an association between sugar and egg albumin
be demonstrated in the presence of six M guanidine hydrochloride.

It is not surprising, perhaps, that sugars are not effective
inhibitors of denaturation by guanidine hydrochloride when it is
noted that fatty acid anions (particularly C, and Cgy chains) which
were indicated by Boyer, Ballou, Luck and coworkers to have consider-
able stabilizing action in low concentration against heat denastura=-
tion of serum alburin (13) were completely ineffective in the
presence of 6 ¥ guanidine hydrochloride (14)e Further, Boyer, et al.
(13) found that sugars and alcohols were among compounds which had
only slight stabilising properties for serum albumin against heat.
On the other hand, preliminsry experiments showed that although egg
albumin was protected in soms degree by caprylate in low concentrations
other proteins were rendered mors heat labile in the presence of



caprylate.

The work of Luck et al. (13, 15, 16) may partially explain why
sugars are ineffective against the denaturing action of sodium
dodecyl sulfate. Their experiments showed that at very low concen-
trations the effectiveness of fatty acid anions as stabilizers of
serur albumin increased as the chain length increased up to (212.
They were able to show that this effectiveness was paralled by an
increased affinity of the longer chain fatty acld anion for serum
albumin, and at higher concentrations, where the maximum stabilie
sation is produced by C7 and Cqy acids, the protective effect of
sodium dodecyl sulfate has been supplanted by its denaturing action
and ability to keep proteins in solution. The affinity of long chain
fatty acid anions for proteins appears to be due to both the
negative charge and the non-polar chain and is so great that it
cannot be replaced in any noticeable way by the relatively weak

non=polar affinity of the sugars.
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EXPEIRI!ZNTAL « PART TWO

Since the present investigation and previous work have indicated
that the inhibition to denaturation by sugars occurred over a wide pH
ranges and required only a short period of exposure to the specific
sugar, it seemed possible that there was a definite corbination
between egg albumin and the sugar., It was thought that such a
definite combination might have electrophoretie properties different
from those of native egz albumin, Several investigators (17, 18)
&lready have shown that a muber of detergents show definite conplex
formation which can be demonstrated electrophoretically with various
proteins including egz albumine. These detergents are charged
molecules but the corplexes have electrophoretic mobilities in
between that of native ezg albumin and that of pure detergent. Since
such was the case it seemed reasonable to suppose that a definite
coubination between egg albunin and sugar might result in a slower
moving fraction, since sugars are not charged and do not rigrate in
an electric field.

CATERT

The chemical reagents and the egg albumin used in the experi-
ments described in this section were the same as those described in
Experimental-Part Cne,
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SCLUTIONS FOR ELTC TROPHORISIS

Native egg albumin, mixtures of egg albumin and a sugar, and
egz alburdn heated either alone or with a sugar or related compound
at 50°Ce for various periods of time were examined slectrophoretical-
ly at one or more of three different pH levels. The pH levels and
buffer systems were: pH 5.1, 0,034 M acetic acid-0.l M sodium acetate;
pH 6.8, 0.025 M monosodium phosphate=0.025 M disodium phosphate}
pH 3.0, 0.5 M glycine=0.1 M hydrochlorie¢ acid. Ionis strength
was kept constant at 0.1 and all experiments were performed at a
temperature of 1°C.

In those experiments in which egg albumin was heated for various
periods of time with a sugar, the concentration of sugar indicated is
that present at the time of heating., Except for those experiments
marked, no dialysis (see below), the amount of sugar present during
the electrophoretic analysis was negligible.

Approximately two ml. of egg albumin mixture was usually diluted
to ten ml. with buffer before dialysis was begun. The protein
solution was then dialyzed at room temperature against 100 ml. of
buffer for one and one=half hours followed by dialysis against two
fresh 100 ml, portions of buffer for three hours each. The dialysis
was carried ocut in a cellophane bag made from one inch tubing (Visking
Corp.) with either the bag or the buffer container turning slowly.
Finally 200 ml. of buffer was added to the third 100 ml. portion of
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buffer and the dialysis continued overnight in the cold room (3-5°C.)
without stirring. This buffer was then used to fill the electrode
vessels. The conductivity of both the buffer and the protein solutien
were measured and found to be approximately the same.

Although a definite combination between egg albumin and a sugar
might exist in the presence of an excess of the sugar, such a
combination might decompose if the excess sugar were removed. Since
sugars readily dialyze, the proteinesugar mixtures in some experi-
ments analyzed electrophorstically at pH 5.1 and pH 6.8 were not
dialysed. These mixtures were made with buffer of twice the usual
concentration so that the final solution had an ionie strength ef O.l.
These experiments are indicated by the notation, no dialysis.

Ne nitrogen analysis was nade on the final protein sclutions
which were examined electrophoretically at piH 5.1 and pH 6.8, Since
the concentration and volure of the initial egg albumim solution
and the volume of the final solution used for electrophoresis wers
known, the approximate protein concentration could be estimated.

The protein in ene milliliter aliquots of the final solution examined
electrophoretically at pH 3.0 was precipitated by the use of one
milliliter of twenty per cent trichloracetic acid. After thorough
wvashing with ten per cent trichloracetic acid the precipitate was
analysed for nitrogen by a semi-micro Kjeldahl methed (22) and from
these results, the protein concentration was calculated., Since the

buffer at pi 3.0 contained a relatively large amount of glycine, it
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was necessary to sepzrate the rrctein from the bufler before making
a nitrogen analysis to cetermine proctein concentrition.
The Molisch tost usiag thymol (29) was made on scveral solutions
as a qualitative test for the precence of reducing suzar,
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The electrophoresis arparztus used in these experiments wus an
analytlicel moving=bouncdery instrument, Model 33, made by the Feridne
Elmer Corporztion. Thls instrument conteined the usuzl three section
electrophoresis cell with 2 x 15 x 50 mm. channels which required
about two milliliters of protein solution. The schlieren scanning
system of Longsworth (30) was used to record the roving boundaries,
Both electrode vessels wore open to the atmosphere, A concise
description of the general experimental procedure is given by
Adberty (31).

The apparatus was new when the experiments at pH 5.1 and pH 6.8
were macde and a canductance cell capeble of being used with the
sn:all quantities of protein needed for the electrophoresis cell was
not yet available. Since the conductance of these solutions was not
measured neither the electric fleld strength nor the mobility of the
boundaries could be calculated for experirents made at pH 5.1 or
pil 6.8,
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RCSULTS « PAKT TVO

EIZCTROPHORESIS gt pH $.1

Both DPuddles (3) and Hardt (4) have shown that sugars protect
egg albumin against heat denaturation at pH 4.8, the iscelectiric
point of egg albumin, Therefore the first attempt to demonstrate
a definite conbination between egg albumin and sugars by electro-
phoretic analysis was carried ocut at a pH near the iscelectric point,
that is, pH 5.1+, Figure I shows comparable patterns of egg slbumin
alone, a mixture of egg albumin and 0.1 X glucose and 0.1 M glucose
alone. The concentration of sugar was that present during electro-
phoresis, Although the patterns show the usual small inhomogenity ef
erystalline egg albumin, the only new peak is one caused by the
diffusion of glucose at the initial boundary. The patterns give no
indication of a combination between egz albumin and glucose which
has a different electrophoretic mobility from egg albumin alone.

ELYCTROPHORSSIS gt pH 6.8

I is well known that two protein camponents which are electri-
eally inseparable at one pH can often be separated at another pii.
The next attempt to demonstrate a definite conbination between egg
albumin and sugars by electrophoretic analysis was carried ocut at
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Figure 1. Electrophoretic Patterns of Native Egg Albumin,
Egg Albumin with Glucose and Glucose .
(pH 5.1; 0.1 M acetate buffer; /2 = 0.1

Ascending Descending

—

Native Egg Albumim, (18,000 secs.; cemnc. ca. 1f)

D e i —

Native Egg Albumin in 0.1 M Glucose. No Dialysis.
(15,183 sees.; cenc. ca. 1.0%)

-— -

Glucese Omly, 0.1 M, No Dialysis. (15,183 secs.)



pH 6.8, Pigure 2 shows comparsble patterns of ezg albumin alone, &
pixture of egg albumin and 0.1 M glucose, and a mixture of egg
albumin and O.1 ¥ glucose heated at 50°Ce for six hours. The amount
of sugar given was that present during electrophoresis. Again the
snall inhomogenity of erystalline egg albumin at intermediate pH
values and the peak caused by the diffusion of glucose at the initial
boundary 1s shown. No new peak indicating a combination between
egg albumin and glucose is visible, however. Figure 3 shows compa~
rable patterns of egg albumin heated at 50°C. for six hours with
0.1 ¥ glucose at pll 6.8, with 2,0 M glucose at pH 3.15 and 1.0 ¥
sucrose at pH 6.8, The amounts of sugar indicated were present at
the time of heating, no sugar was present during electrophoresis.
Again the patterns are like native egg albumin, alone.

ELT HCRT. a

1. Components Froduced by Heat.

Since electrophoresis at two pH values on the alkaline side
of the isoelectric point of egg slbunmin showed no separation of a
possible sugar-protein combination the next experiments were made
at pH 3.0, Figure 4 shows patterns of native egg albunin, egg
aldburin, pH 3.0, heated alone and with 2.0 M glucose for twenty
minutes at 50°C. Figure § shows putterns of egg albunin, pH 3.0,
heated with 2.0 M glucose for one and one~half hour, three, and six
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Figure 2. Electrophoretic Patterns of Native Egg Albumin, Egg
Albumin with Glucese, Egg Albumin Heated with Gln‘uo.
(pH 6.8; 0,025 M phosphate buffer; 72 = 0.1)

Ascending Desceading

PO —— —_—
Native Egg Albumim. (7000 secs.; cenc. ca, 1.0%)

- —

Native Egg Albumin in O.1 M Glucose. No Dialysis.
(6300 secs.; conc. ca., 1.0%)

— e
Albumin Heated at 50°C. for 6 Hrs. in 0.1 M Glucose.
No Dialysis. (5300 secs.; conc. ca. 1,0%)
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Figure 3. Electrophoretic Patterns of Egg Albumin Heated at 50°C.
for Six Hours in the Presence of Glucose and Sucrose
at Different pH Values.

(pH 6.8; 0.025 phosphate buffer; 172 = 0.1)

Ascending Descending

—_— >

’&Alm Heated at pH 6.8 im 0.1 M Glucese.
( secs.j comc. ca. 1,0%)

_ >

Albumin Heated at pH 3.15 in 2.0 M Glucose.
( secs.; conc. ca, 1.0%)

_

wlb-l.l Heated at pH 6.8 in 1.0 M Sucrose.
( secs.; cenc. less than 1,0%)
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hours at S0°C. Figure 6 shows patterns of egg albumin, pH 3.0,
heated with 2.0 M glucose for twenty-four hours at 50°C. and the
supernatant and precipitate of such a mixture after adjustment to

PH 4.8, These patterns indicated that heating egg albumin, pH 3.0,
at 50°C., whether alone or with 2.0 M glucose, resulted in two
components. The presence of glucose, however, altered the quantity
of the two components produced. Thus egg albumin heated alone for
twenty minutes resulted in a high fast moving peak and a low slow
moving peak, [Egg albumin heated with 2.0 M glucose for twenty
minutes resulted in a high slow moving peak. As the period of
heating was increased the height of the fast moving peak increased
until at twenty-four hours the patterns were much like those of egg
albumin heated alone for twenty minutes. Although the fast moving
component appeared to have the same mobility as native egg albumin,
separation of the components of a heated egg albumineglucose

mixture by adjustment to pH 4.8 showed that the fast moving component
is the precipitable component and, therefore, is denatured egg albumin,
The slower eomponent remained in solution at pH 4.8 and presumably
is native egg albumin, Table I gives the mobility of the somponents
shown in Figures 4, 5 and 6,

The protein solutions which yielded the electrophoretic patterns
given in Figures &4, 5 and 6 were tested for the presence of sugar by
the qualitative Molisch test (29). The results for native egg
albumin and egg albumin heated with 2,0 M glucose for one and one-half
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Figare 4. Klectrepherstic Puﬂ.mu of Native Egg Albumim, Egg
Albumin Heated at 50°C. fer Twenty Mimutes, Aleme
and with Gluceee.

(p 3.05 0.5 M glycine-0.1 ¥ KC1 buffer; 72 = 0.1)

Aseending Descending

Native Igg Albumin,
(9000 secs.; 6.31 volts/cm.; cenc. 0.86%)

Egg Albumin Heated at pH 3.0.
(9000 secs.; 6,30 volts/cm.; 1.09%)

Egg Albumin Heated at pH 3.0 in 2,0 M Glucose.
(9000 secs.; 6.27 volts/cm.; cenc. 0.76%)



Figure 5. EKlectrophoretic Patterns ef Egg Albumin Heated at
50°C. for Varieus Times in 2.0 M Glucese.
(pH 3.0; 0.5 M glyeine-0.1 M HC1 buffer; 72 = 0.1)

Ascending

r
L

Ninety Minute Heating at pH 3.0.
(9000 secs.; 6.30 volts/cm.; cemc. 0.79%)

r
1S

Three Heur Heating at pH 3.0.
(9000 secs.; 6.27 velts/cm.; cemc. 0.76%)

g
L

Six Hour Heating at pH 3.0.
(9000 secs.; 6.42 volts/cm.; conc. 0.97%)

k)
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Figure 6. Electrophoretic Patterns of Egg Albumin Heated For
Twenty-four Hours at 50°C., pH 3.0, in 2.0 M Glucese,
and of the Supernatant and Precipitate Resulting Upon
Adjustment to pH L4.8.

(pH 3.05 0.5 M glycine-0.1 M HC1 buffer; /2 = 0.1)

Ascending Descending

«-—

Twenty-four Hour Heating at pH 3.0.
(9000 secs.; 6.29 volte?cm.; conc. 0.76%)

Wus

Supermatant at pH 4.8.
(9000 secs.; 6.29 volts/cm.; conc. 0.32%)

Precipitate at pH 4.8.
(9000 secs.; 6.29 velts/cm.; conc. 1.03%)



TABLE I
THE MOBILITY OF THE CQPQUEINTS SHO.N IN FIGURES h, 5 AND 6.

Katerial & Treatment ¥obility (cafevolt=l.gec,~1.10~5)
Ascending Descending

Slow Fast Slow rast

Native [gg Albumin +6.30 +5.83

Heated 20 ¥in. +6.,00 *o” 05.29 ¢5082

2.0 M Glucose :

Heated 20 kin. 6.12 647 573

2.0 ¥ Glucose

Heated % Mine 5073 6017 5.38 5087

2,0 M Glucose

Heated 3 Hours 5.50 6012 3095 5.n

2.0 M Glucose

2,0 X Glucose

Heated 24 Hours 5.65 6.40 539 6.18

Supernatant 5.69 5.8

Precipitate Sels7 6.36 5.12 6.00




hour and twentyefour hours were negative. Egg albumin heated with
2.0 ¥ glucose for twenty minutes, three hours, and six hours gave a
trace test, The last buffer solutions against which these protein
solutions had been finally dialyzed all gave negative tests, These
results indicated that a protein-glucose cormbination stable to
dialysis was not formed.

2, Separation and Study of Components Produced by Heat.

To indicate more definitely whether the two components found
when egg albumin was heated alone were the same as the two components
found when egg albucdn was heated with 2,0 M glucose, the slectro=-
phoretic runs shown in Figures 7-10 were made, The mobility of the
components found in these runs is given in Table II., Figure 7 shows
patterns of native egg albumin and egg albumin, pH 3.0, heated at
50°Ce for twenty minutes. Figure 8 shows patterns of the precipitate
and supernatant resulting when the heated egg albumin was adjusted
to pH 4.8 These patterns togsther with the mobilities given in
Table II show that when egg albumin, pH 3.0, is heated at 50°C. the
resulting fast component is precipitated at pH 4.8 and therefors, is
denatured egg albumin, while the slow component is soluble at pH 4.8
and presumably is native egg albumin. This is true in spite of the
fact that the precipitable fast component has the same mobility as
the initial native egz albumin while the soluble slow component moves
more slowly than the starting material. Figure 9 shows patterns of

egg albumin, pH 3.0, heated with 2,0 M glucose at 50°C. for six hours



Pigure 7. Electrophoretic Patterns of Native Egg Albumin, and
Egg Albumin Heated for 20 Minutes at 50°C., pH 3.0.
(pH 3.0; 0.5 M glycine-0.1 M HC1 buffer; 72 = 0,1)

Ascending Descending

Native Egg Albumin Without Heat.
(9000 secs.; 6.40 volts/cm.; cenc. 0.93%)

Egg Albumin After Heating.
(9000 secs.; 6.35 volts/cm.; conc. 1.27%)
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Figure 8., Electrophoretic Patterns of the Precipitate and of the
Supernatant After Adjustment to pH 4.8 of Egg Albumin,
Heated for 20 Minutes at 50°C., pH 3.0.
(pH 3.0; 0.5 M glycine-0.1 M HC1 buffer; 72 = 0,1)

Ascending Desceading

‘___.—l

Precipitate at 4.8,
(9000 secs.; 6.3h velts/cm.; conc. 0.64%)

-k

Supernatant at pH 4.8,
(9000 secs.; 6.39 volts/cm.; conc. 1.07%)







Figure 9. Electrophoretic Patterns of Egg Albumin Heated For
Six Hours at 50°C., pH 3.0, in 2.0 ¥ Glucose, and
of the Supernatant and Precipitate Resulting Upon
Adjustment to pH 4.8.

(pH 3.0; 0.5 M glycine-0.1 M KC1 buffer; 72 = 0.1)

Ascending Descending

e

Egg Albumin and Glucose.
(9000 secs.; 6.22 volts/cm.; conc. ca. 0.6%)

Supermatant at pH 4.8,
(9000 secs.; 6.L0 volts/cm.; conc. 0.66%)

Not Recerded

Precipitate at pH 4.8,
(9000 secs.; 6.4L0 volts/cm.; conc. 0.83%)



16

Figure 10, Electrophoretic Patterns of Egg Albumin Heated For
Six Hours at 50°C., pH 3.0, in 2,0 M Glucoee, and
of the Supernatant and Precipitate Resulting Upen
Adjustment to pH 4.8.

(pH 3.0; 0.5 ¥ glycine-0.1 M HC1 buffer; /2 = 0,1)

Ascending Descending

e —

Egg Albumin and Glucose.
(9000 secs.; 6.33 volts/em.; conc. 0.52%)

> S S

Precipitate at pH 4.8,
(900C secs.; 6.06 volts/cm.; conc. 0.36%)

il
Supernatant at pi 4.8,
(9000 secs.; 6.38 volts/cm.; conc. 0.81%)
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TASLE 11
THE MOBILITY OF THE CGPULNTS SHUWN IN FIGUL'S T=10,

Faterial & Treatuent Yobility (em?evolt=lesec.~le1C~5)
Ascending Descending
Slow Fast Slow Fast
Native igg Alburdn +b.12 +5.75
Heated 20 !4n, +5.65 6.16 +5.,02 5457
Precipitate 5.59 6,06 493 5ek9
Supernatant 5.69 5.05 5.93
lzi;gt:‘d%ufx:s 6.1, 6.68 5.66 6.32
Supernatant 6.02 5.60
Precipitate 6.0
feated 6 Tiers 545 606 WL 562
Precipitate 5.59 6.33 5.0 5.72

Supernatant $.70 &80
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and of the supernatant and precipitate resulting whea this mixture
was adjusted to pH L.8. Again the fast component is precipitated at
the isoelectric paint of egg albumin while the slow component remains
in solution. Because the mobilities of the components shown in
Figure 9 are different from those showm in Figures 7 and 8, a second
electrophoretic pattern of egg albumin, pH 3.0, heated with 2,0 ¥
glucose at 50°C. for six hours is given in Figure 10. The mobilities
of the components shown in Figure 10 are approximately the same as
the mobilities of the components shown in Figures 7 and 8, Although
the mobilities from one electrophoretiec run to another are not
“constant, the results given in Tadbles I and II1 show, in general, that
the presence of glucose does not change the mobility of the two
components resulting when egg albundin is heated,

3., Effect of Two Sugars, Two Polyols and Glycine on the Two
Components.

Figure 11 shows patterns of egg albumin alone, pH 3,0, heated
at 50 C, for six hours and for twenty-four hours. Figure 12 shows
patterns of egg albumin, pH 3.0, heated with 2.0 M glucose at 50°C.
for six hours and for twenty-four hours. Figure 13 shows patterns
of egg albumin, pH 3.0, heated with 2,0 ¥ mamitol at 50°C. for six
hours and for twenty-four hours. These results indicate that glucose
and the somewhat related polycl, mannitol, have about the same pro-
tective effect for egg albumin against heat denaturation. Figure 1l
shows patterns of egg albumin, pH 3.0, heated with 2,0 M, fructose
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at 50°%, for six hours and for twenty-four hours., These results show
that fructose does not protect egz alburmin against heat denaturation
as well a3 glucose or mannitol. The patterns after heat for s&ix
hours with fructose are asbout the same as after heat for twenty-four
hours with glucoss. Figure 15 shows patterns of egg elbumin, pH 3.0,
heated with 2,0 M glycine at 50°Ce for six hours and for twenty-four
hourss These patterns show only one principal component and, since
1t is a slow moving canponent, this is taken as evidence that glycine
completely protects egg albumin against denaturation under the
circumstances of these experiments. Figure 16 shows patterns of egg
albumin, pH 3.0, heated with 2,0 X glycerol at 50°C, for six hours
and twenty-four hours. The patterns are elmost identical to those
shown in Figure 15 thus indicating that glycerol offers practically
no protection against heat denaturation as carried cut here. The
mobility of the components shown in Figures ll-16 are given in

Table IlI,



Figure 11, Electrophoretic Patterns of Egg Albumin Heated
Alone for 6 and 2 Hours, at 50°C., pH 3.0.
(pH 3.0; 0.5 M glycine-0.1 M KC1 buffer; f/2 = 0.1)

Ascending Descending

'||IIIIIIIIIIIIIII lIIIIIIIIIIIII'i’\~.I
Six Hour Heating,
(9000 secs.; 6.43 volts/cm.; conc, 1.32%)

|

-

Twenty=-four Hour Heating.
(9000 secs.; 6.41 volts/cm.; conc. 1.21%)

'y

P -
'«
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Figure 12, Electrophoretic Patterns of Egg Albumin Heated For
S

ix and Twenty-four Hours at 50°C., pH 3.0, in the
Presence of 2,0 M Glucose.

(pH 3.0; 0.5 M glycine-0,1 M HC1 buffer; //2 = 0.1)
Ascending

Descending

— .

Six Hour Heating.
(9000 secs.; 6.35 volts/cm.; conc. 0.86%)

Twenty-four Hour Heati.nﬁ )
cm.; conc. 0.88%

(9000 secs.; 6.38 volts
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Figure 13. Electrophoretic Patterns of Egg Albumin Heated For
Six and Twenty-four Hours at 50°C., pH 3.0, in the
Presence of 2,0 M Mannitol.
(pH 3.0; 0.5 M glycine-0.1 M HC1 buffer; 7/2 = 0.1)

Ascending Descending

e

Six Hour Heating.
(9000 secs.; 6.38 volts/cm.; conc. 0.92%)

(S

| =SS i

Twenty-four Hour Heating.
(9000 secs.; 6.40 volbsﬁcm.; conc, 1.02%)
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Figure 1,. Electrophoretic Patterns of Egg Albumin Heated For
Six and Twenty-four Hours at 50°C., pH 3.0, in the
Presence of 2,0 M Fructose.
(pH 3.0; 0.5 M glycine-0.1 M HC1 buffer; #/2 = 0.1)

Ascending Descending

——

Six Heur Heating.
(9000 secs.; 6.41 volts/cm.; conc. 0.92%)

e

Twenty-four Hour Heating.
(9000 secs.; 6.35 volta?cm.; conc. ca. 1.0%)
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Figure 15. Electrophoretic Patterns of Egg, Albumin Heated For
Six and Twenty-four Hours at 50°C., pH 3.0, in the
Presence of 2,0 M Glycine,
(pH 3.0; 0.5 M glycine-0,1 M HC1 buffer; /2 = 0.1)

Ascending Descending

Six Hour Heating.
(9000 secs.; 6.38 volts/cm.; conc. 1.07%)

T

Twenty-four Hour Heating.
(9000 secs.; 6.38 volts?cm.; conc. 1.17%)
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Figure 16. Electrepheretic Patteras ef Egg Albumin Heated For
Six and Tweaty-feur Heurs at 50°C., pH 3.0, in the
Presence of 2,0 M Glycerel.
(pH 3.0; 0.5 M glycimne=0.1 M HC1 buffer; /2 = 0.1)

Ascending Descending

I -J\

31x Hour Heating.
(9000 secs.; 6.41 volts/cm.; conc. 1.20%)

-

Twenty-four Hour Heating.
(9000 secs.; 6.34 volts?cm.; conc. 1.2,%)

L ¢
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TABLE IIX
THE ¥OBILITY OF THE CQ/PONENTS SHOWN IN FIGURES 11-16.

Material & Treatment ¥obility (cm2evolt=lesec.~1.107%)
Accendiné Pescending

Slow Fast Slow Past

Egg Albumin Alone

Heated 6 Hours §507° "6.56 ¢5027 #6.01.

Egg Albumin Alone

Heated 2/ Hours 6.76 6.07

2.0 M Glucose

2.0 ¥ Glucose

Heated 24 Hours 6cw 6081 50‘58 6.‘5‘0

2,0 ¥ Hannitel

Heated 6 Hours 6.30 5.92

2,0 M VMannitol .

2.0 ¥ Fructose

Heated 6 Hours 5456 6.47

2.0 X Fructoee

Heated 2, Hours 6.00 6.88 5,64 6458

2,0 X Glyeine

Heated 6 Hours 470 he58

2.0 ¥ Glycine

Heated 24 Hours 5.92 5.31

2,0 M Glycerol

Heated 6 Hours 5055 6ou 5011 5093

2.0 X Qlycerol

Heated 24 Hours 6.93 5435 6.40




PISCUSSION « PART TVO
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PISCUSSICN =« PAKT TWO

In all the runs made at pH 5.1 and pH 6.8 there was a small
side boundary which was first pointed ocut by Longsworth (30) as
occurring in crystalline egg albumin preparations at intermediate
pH values. Longsworth, gt al. (32) have shown that although there
appeared to be some variability in the relative amount of the lesser
component from preparation to preparation, it was found in all
saxzples of egz alburin examined regardless of source or rode of
preparation. Perlman (33) has indieated that the phosphorus content
of the two components 1s different and that the mobllity difference
corresponds with this difference in phosphorus content. No other
differences in properties of the two components were found.

Normally non-euilibration of the protein with the buffer by
dialysis results in unstable boundaries or boundaries which do not
correspond to protein componentse One new boundary was thus formed
at the initial boundary site by diffusion of suger. This was readily
indicated experimentally and such boundaries were thereafter ignored
whenever undialysed or incompletely dialysed samples were used. No
other changes were detected,

Because electrophoresis of a mixture of egg ealbunin and gluecose
did not reveal any new protein corponent either at pi 5.1 or pH 6.8,
heat was applied to some mixtures with the hope of increasing the
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azount of the presured egg alburdn~sugar caiponent. Since the
protective effect of ougers had been deuonstrated enly against hest
denaturatlon there was no experimental indiczation that an ezg albumine
sugar combination existed except at higher tenmperatures.s The use of
hect did not alter the patteran and the conditions under which hoat
was applied were so mild that no or very little denzturation may have
taken place, (no of the runs was made with an egg elbumineglucose
mixture heated at pH 3,0 and 50°Ce for six hours. These conditions
later were shown to cause denaturation detectable with electrophoresis
at pH 3.0, but electrophoresis at pH 6.8 revesled no protein-sugar
conponent or anything indicative of partial denaturation of the egg
albunine This result follows the experience of several ether
investigators (30, 32, 34, 35) who have shown the mobility of
denatured egg alburin differs only slightly from that of native egg
albumine

Eectrophoresis at pH 3.0 revealed only one ecomponent in native
egg albumin following the experience of other investigators (32).
After egg albumin had been hoated at 50°C. and pH 3.0 two components
were visible and the experimental results (Figures 7 and 8, Table II)
show that the faster component is denatured egg albumin and the
slower component is presumably native ezg albumin, although its
mobility is slower than that of the original native egg albumin,
The presence of sugars obviously changes the quantity of these two
components resulting from a given amount of heat, but does not alter
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their mobilitye The experiments pictured in Fisures 9 and 10 show
tiat the faster eouponent produced im the presence of sugars azsin
ie precipituted at the isoulectric point of ey elbusin whereas the
slower courornent recains in solution, Elsctroghoresis has thus
becore arotlier neans of indicating that sugars do protect egz albumin
against hoat denaturatlon for a time, although eventually ihe esg
slbunin is dermtured. flardt (36) previousiy had shown tliat sugars
inhibit or prevent the formaticn of the "C* carponent which eppears
aftoer heating bovine surum or plsamu.

The mobility of the two couponents is not as wulorm &8 one
would like to be assured that they are the same corponents from one
run to another, Part of this non=uniformity may be due to unknown
experimental errors. Another explanation is indicated by MaoPherson
and Heidelberger (37) who enscountered extreme difficulty in cobtain-
ing successive preparations of acid-denatured ege albumia with
reprodusible propertiess Experimental substantiation of this expla=-
nation for the variation encountered is indicated when it is noted
that the mobilities of the components shown im Figure 9 (see Table
1I) which came from one preparation are relstively wniform, This is
true alse of another similar preparation showm in Figure 10 (see Table
1I)e The modilities of the cemponents of the two preparations are
quite different although sach vas supposedly prepared in the sanme
manner,

Protein denaturation in general is dependent in some degree upon



hydrogen ion concentration. Steinhardt (38) first explained the
influence of pH on the rate of protein denaturation as being the
result of the effect em the ionization of eritical groups. lLuck, et
8l¢ (16) have indicated that the protective effect of fatty acid
anions for serum albumin against heat is due, at least in part, to an
affinity for the charged groups of the albumin, a eondition detected
electrophoretically, It was shown also that the non-polar portion of
the molecule was important in the stabilising action. Therefore it
seemed probable that the stabilization was the result of the attrec-
tion ef different groups of the albumin molecule for both the polar
and non=-polar portions ef the fatty acid anions. Other investigators
(17, 18) have shown a definite combination of detergents with the
charged groups of protein materials. Again the non-polar portien of
the molecule is important in the affinity of the compound for protein
Since these materisls are relatively large molecules the view often
is advanced that the affinity for protein is great eneugh te force
the protein molecule apart at various points thus resulting in
loosening of the protein structure and theredby causing denaturatioen.
Because the charge state cof a protein has been indicated to be
important in the denaturation of the material, it seemed possible
that the protective effect of sugars for egg albumin against heat
might be due in part to an effect on the charged group which could
be demonstrated electrophoretically. Since sugars appear to have

ne effect on the mobility of egz albumin at several different pH
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levels it must be concluded that the protective effect is dependent
solely upon a coumbination with the none-polar side chains of the
protein, Although such a combination has yst to be demonstrated,
it secus reasonable, in view of the importance of the non=polar
portions of fatty acid anions and detergents, to believe that one
exists, Since only the non-polar portion of the protein apparently
is involved in the protective action by suzars, their relatively
low activity can be explained.

Putnam (39) has suzgested that the protective effect of sugars
m3y be due to the osmotic property of the added solute. However,
earlier work in this laborstory (3, L) showed substantial differences
between different sugars at the same molar concentratione The
present woric has shown that glycerol is much less effective than
glucose at the sae molar concentrations Such evidence does not
support Putnam's sugzzestione

Previous workers (2, 3, L) have indicated differences in the
protective efficiency of severasl sugars. The present work has
demonstrated smaller differences than were previously indicated,
probably because of the lower pH at which the denaturation was
performed, Both this and earlier work (2) indicate that glycerol
is a relatively poor stabilizing agent. In fact of all the sugars
and polyols tried in this laboratory (3, & and the present work)
glycerol has been the poorest stabilizing agent. There appears to
be relatively little difference in protective action between
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pentoses, hexoses, & hexitol, and a disaccharide, The apparently
excellent stabilizing action of glycine probably resulted from its
buffering action because in all cases, the protective compound was
added to egg albumin adjusted to pH 3.0 Sugars and polyols which
have no buffering action changed the pH only slightly. Addition
of glycine probably shifted the pH upward from pH 3.0 to a pH
where ez albunin is stuble at 50°C,



COM LUSICHS
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CACLUSICNS

1. The sugars, glucose or fructose, were shown not to have any
protective action against egg albumin densturation caused by
6 ¥ guanidine hydrochloride.

2, The sugars, glucose, fructose, galactose or sucross, wers shown
not to have any protective actiocn against egg albumin denatue
ration caused by a minimm amount of sodium dodecyl sulfate,

3. The sugars, glucose, fructose, galactose or sucrose in a
concentration of 1.0 ¥ were all shown to have a substantial
protective effect against heat cdenaturation of ezg alburin in
acid media (approximately 0.4 N hydrochloris acid), This
protective effect occurs almost instantaneously.

be No cambination of glucose and egz aldburin could be directly
denonstrated by electrophoresis at pHi 3.0, 5.1 or 6.8,

5. Egg albumin, pH 3.0, heated at 50°C., oither alone or with sugar,
resulted in two componentsj one coponent was shown to be denatured
egg &lbumin while the other conponent was shown to be native egg
albumine

6. The stabilizing effect of glucose, fructose, mannitol and glycine
on ezg albunin held at pil 3.0 and 50°Ce for six hours and twentye
four hours was dexonstrated electrophorstically.

7+ No stobilizing effect by glycerol under the same circumstances
could be demonstrated.
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