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Ont of the hypotheses advanced as an explanation of * watery-
whiteness *’ in eggs is that there is present 1n the albumen of such
eggs enzymes of proteolytic nature, by the action of which the protein
Fecomes disintegrated, thereby decreasing in viscosity.

Txperiments designed to test this hypothesis were commenced as
far back as the spring of 1933, but the results then cbhtained were
considered insufficient to substantiate the view, and the experiments
were discontinued.

A publication appeared recently however by A. K. Balls and
T. L. Swenson of the Bureau of Chemistry and Soils, Washington
D.C. (1934), in which the claim was made that a proteolytic enzyme
is present in egg-white, particularly in thick albumen, and that
** the disappearance of thick white from eggs in storage is due to a
slow proteolysis catalysed by tryptic proteinase ’’

In view of the fact that the methods employed by these authors
appeaved in our opinion to be open fo criticism, it was decided to
investigate the problem using a suitable technique.

In the first place, a repetition of 2 illstiitter titration method
employed by Bails and Swenscu convinced us that the accuracy is
insufficient for the detection of such small changes as were to be
expected. In mno instance could 1ucreases of the order observed by
the American workers be recorded; the end-points were mnever
particularly sharp in such large volumes. Attempts were made to
increase the accuracy by titrating to a definite pH standard in a
comparator instead of ‘‘to a faint but true blue which required a
little practice to recognise > but without much success.

The choice of the above method for the purpose of the investiga-
tion would seem moreover to have heen singularly unfortunate.
Recognising, as it does, any increase in carboxyl groups, it would
fail to distinguish between lipolytic and proteolytic activity. The
presence of an active lipase in hoth egg yvolk aund egg white has been
demonstrated by I{oga (1923) among others.
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ENZYMIC ACTIVITY OF EGG-WUITE,

Any attempt to detect the presence of small quaniities of proteo-
Iytic enzymes (proteases, ereptases, etc.), i egg albumen demands
the employment of a sensitive micro-nmethod which s specific for
determination of peptide cleavage. Of the various methods avail: le,
the well-kmown formol titration technique appeaved to us to be the
most suitable. Using decinormal carbonate-free sodium hydroxi
coutained in an automatic micro-burette graduated in twentieths of =
cubic eentimeter, and titrating to a standard pH value (p  8-4) wi
the help of a (lole-Ouslow comparator, no difficulty was experienced
in attaining an accuracy of +£0-02 c.c. This is clearly evident frowm
the protocols recorded.

ExpERIMENT AL,

Having in our previous experimeunts (not recorded) employed
ouly the one substrate gelutin, which 1s frequenily used in the
determination of tryptic activity, and obtained uegative resulls, it
was decided to extend the scope of the investigation by including such
substrates as casein and peptone and by working over a wide p
range, any erepsin-like fermeni would he expected to attack casemn
and peptone but not gelalin. No search was made for lipolytic or
other types of enzynie.

Allwnen solutions.

Various numbers of eggs were used us recovded, either new laid
(1 hour old), fresh or old from white lLeghorn pullets, intensively
housed and all fed on a grain and mash ration. The albunten was
separated into the two portions, thick and thin hy the sieve method
of Holst and Almquist (1931). 3 c.c. portions of either fraction were
diluted to 10 c.c. with waler and ailowed 1o stand for 30 minutes at
359,

T the majority of these experiments, the precipitated mucin was
centrifuged off after shalking the diluted solution with glass bheads,
thereby avoiding the difficulty of removing a represenlative sample
of the digestion mixiure by the pipette, and excluding the possibility
of precipitated particles adsorbing the indicator.

It is noteworthy that the proportion of thick to thin albunien did
not appear to be markedly different in normal and so-called watery-
white eggs, except those which were very stale, leading us to suspect
that physical varations in organisation of the protein phase mayv he
intimately hound up with the phenomenon of watery-whiteness,

Nubstrates.

Two and 5 per cent. casein solutions were prepared in the usual
way by grinding the protein with the requisite amount of alkali, and
diluting to volume. The pH was adjusted if necessary to §-4.

Two per cent. gelatin was prepared by dissolving commereial
gelatin in warm water (60°) and adjusting the pH.

2 per cent. peplone was similarly prepared from Parke, Davis
U Al i< M 2 - ’

& Co.. *° Bacterologic Pepione ’

A few drops of toluol were added and each stoppered solution

kept iu the ice hox when not in use
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Buffers.

A range of phosphate and of borate buffers were prepared from
Clark and Lubs tables; the solutions were not, however, diluted a< a
high buffering power was desired.  In the comparator a borate b er
of pll 84 was eniployed.

Trypsin—A\n active trypsin solution was prepared from pigs
panereas according to Cole (1926). s activity  was fested upon
casein (see control experiment No. 4).

A glyeerol extraet o pancreas was also prepured  and this
trypsinogen utilised 1o cheek the activity of the enterokinase para-
tron (caletfied milk method).

Enterokinase was prepared following Balls aid Swenson (1934,

An Frepsin solution was prepared by grinding pig's intestinal
nivcosa with sand and water, straining and filtering,  Its activity
15 demonsivated m control experiments Nos. §§ and 7.

Formol Solution-Thix was made up according to Cale (1926).
Ove drop of 1 per cent. ulcobolic phenolphthalein solution heing
added per c.e. and sufficient sodinm hydroxide solution o hring to
pil 8-4. The reaction wax caretully adjusied cach lay.

litration. Tecligue. = The digestion mistures were 1nvariably
muade up Ly mixing, in small stoppered fasks, 10 c.c. of 1he diluted
ege albumen, 10 c.eo of substrate solution and 15 c.eo of bulfer and
adding 4 drops of toluol, an amcunt previously  determined s
sullicient to inhibit hacterial activity.

In cases where kinase was used, | c.c. of this solution re; ced

I c.eoof buffer. The huffering power was sufliciently <trong to enable
this fo be done withoul affecting the final pHoof the mixtures. e

solations were left 1n a constant temperature water bath at +37v.

An aliquot of 10 c.eo was withdrawn for titration al zero time.
To this was added 10 drops of 1T per cent. aleohalic phenolphthalein
solution and decinormal sodium bhydroxide run in until the colour
as seen in the comparator matched the standard of p 34, Five ¢.c.
ot formeol solution was now added and the misture again tiiraled 1o
pll 84, the quantity required heing a divect wersure of ihe amount
of amino nitrogen present.  The delicacy of the titration was such
that a difference of one drop, equal 1o 0-02 ¢, could he easily
distinguished.

AMMter a time interval which varied in different experimentis from
I 10 24 hours a second sample wax removed and stmilarly titrated, a
final simple betug taken at the ¢lose of the experiment. The titration
differences between the zero and first and second time intervals are
recorded T the protocols,

REsvrrs,

Control Feperimends,

The control experiments of Table  served {o demonsirate the
reliability of the method as far as reproductivity of rvesulis wuas
conceriied and the absence of hacterial interference.  liven in the
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presence of enterokinase no proteolysis occurred in the various
substrates after 24 to 46 hours, which justified the conclusion that t

increases in amino nitrogen observed when egg albimuen or enzyine
solutions were present could be uttributed to the action  the lutter.

Erepsin was active upon casein and upon peptone but had no
effect upon gelatin,

The use of casein as a substrate by Balls and Swenson can 2
crticised on the grownds thut it fails to distinguish between erepsin-
like enzymes and true proteases (e.g. trypsin). The conclusion arrived
at by these authors that a *‘ tryptic proteinase '’ is presenl im eggs
is not justified by their data, if one discounts the reported auxiliary
effect of entero-kinase. In some cases no increase occurred on the
addition of kinase, in others, slightly higher titration figures were
recorded, but considering the limitations of the method these figures
do not, to our mind, carry much convicetion.

Autolysis F.eperiments.

‘Were a protease responsible for the breakdown of egg albuwmen,
leuding to the condition of watery-white, it would be expected that
measurenments of amino nitrogeu in such albumen solutions, suitably
buffered, would reveal the presence of such an enzyvme especially when
incubated at a teniperature of 37° for periods ranging frow 6 to 24
hours.

It seemed natural to look, m the first place, for such antodiges-
tion of egg albumen alone. Autolytic aclivity of tissues usually
proceeds most rapidly in a slightly acid medinm. Tests were however
performed with thick albumen solutions buffered at reactions ranging
from pH 5-5-6-0; 7-5-8-0. No action was observed at any pH
although these eggs were shown to contain an active erepsin as sub-
sequently reported (see Table IT, trial 12).

Autolytic proteinases seem, thevefore, to he definitely abhsent
from the eggs under consideration 1n our experiments.

I order to meet the possibility that a profeinase was preseut
but that egg albumen was not a suitable substrate to reveal its
activity, experimeuts were carvied out in which ege albumen was
added to gelatin solutions buffered at pH 78 or 8-4 and with, or
without, the addition of kinase. No increase of amino nitrogen could
be demonstrated (see trials 1, 9 and 13 ). The egg concerned in trial
1 was a *“ watery-write ” as undersiood by the trade.

That the majority of eggs do contain an erepsin-like enzyme
particularly associated with the thick albumen was clearly proved by
the use of cusein or peptone solutions as substrates. The activity
is not great and requires a micro-method for its demonstration. The
enzyme would appear to he associated in normal ecgs with the thick
albumen fraction; even in a five-months-old egg o feeble action was
found in the thick white but none in the thin. In eges having
Hlonting air cells, this enzyme was demonstrable in both fractions
(see trials 6 and 8). In the case of trial 6, the albumens from two
eges were wixed and a greater activity found in the thin white th
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the thick Tt mmust be remarked . however, that b oene :ﬁ these euos
onlyv oo swsll guar Ay of thieh white failed o puass (he sieve, 1=
Possible ihat o diu<ion of the enevine had oreurred from thick to
thin.

Lt = mignificant that protealvsis was observed upon pepione and
viesein s substeates withoul the addition ol enierakimuase,

As opevards the pll optim, the prebminary trials Nowo -1
appenrved to ndieate @ ogreater aetivity ot T8 than ar 340 I
was devided, therefore, 1o olserve the activity of ndividusd
adbumen selntiors, pooled e tao coess over o sallieiestly wide pll
P,

'|‘|n'w vesiltx e recorded D teials TG and Figs b and
+ representing o composite of the deal changes olmersed o the

\ll\'hm oexperiments

11 =2eerms clear that twa n-wium ol naxinnnn wetvily extsts the
S EIFR YR xhcuinl\ lecalised o h[l v the other spreading over the
range pHo To0-m-00 0 U\ terniedinte rerciions w certain amonnt of

activity u-nl:l =l heddetoctod,

HCosecms o s aore dikely that twe separale engyvies g
different nptima are concerned. o this ~upgestion s horne ot by the
reater relovive aenivily e the I T-0-2-0 repion T the case repre-
cetedd by Pigs Uowo sueh diflerenee corusrine o the aflier two coses,
s well known thad o mixtore of fwo enovimes having sliffereid
optitaa will offord an extended pi-activity enrve exlithiting 1wo
hmps. A an exaniples the pll-activity curve of pepsin acting upon
eeg albumen (Novitheop 19190 s been selected and repreduced twice
apon the same graph paper ~o that the iwo coeves e svinmetiiea iy
alboni the pont of thenr nlersecting, This gives w |t\]1ll hetieal vase
comparable with the condilions obraining o oegg white,  Liis seen
Mo e S il the overlappine resnlts a0 composite cueve,
exhibiting two maxima and an extended fmervening ranee of lesser
actvity,  We consider, thererore, that the cwrves of g 4 may
each  Le  resolved nio two o pariially averlappng  contporents,
representing two enzyviies whose optig Ie at appreoximiely 1 50D
ad To0-800,

Ph=ovsaan,

meveral records are to e found i the Hterature of tnvesOgutions
pon the enzvniie acbivity of oo e o many cases the results
wore ol Whaimhigton s,

Wohlgenmih (THEYY repovied Ahe presence of o prodeolyvlie
viizvie 1ege-vally hur was l‘.ll<.]!u‘ o moenstrale any such arfivily
ey albumen. Topa (19237 denies the presenve of a trynsin-like
enzyvme 10 volk, delectine, on the other hand, o cof-ineansnlasahle
creptic activity,  Pee white, he considers, comfaine o filrin tic
enzvine 1n small amennt,  Addifional refevences are guoted by s
and Swenson,
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A hypothesis which makes some appeal to us 1s that the cause
nay be sought in an upset of the Leund- to the free-water mtio.
Pro’relns are known to combine with a certain proportion the
water in which they are dissolved in such a manner that this quantity
of the solveut is bound or eliminated in such a way that it no longer
participates in osmotic phenomena. Any release of this bound water
causes a diminution 1 the viscosity of the system. Tle point 1s
.suscephhle of experimental investigation and “should be considered
in any attempt to explain the occurrence of ‘“ watery-whites 7. St.
John (1931) has found the bound water in thick ege white to be
no less than 26 per cent.

Regarding the whole problem from a detached standpoint, il
appears to us that many tacit assumptions have been made which
require e\penmenhl proot or disproof. Speculation based on false
premises is obviously useless. Phystco-chemical possibilities have not
received the attention they would appear to merit in such a problem.
1t seems to us that the first point to be elucidated in an approach
to the problem 1s the actual nature of the difference between the
colloldal systems of protein in water comprising the total white in
normal and watery-white eggs. The function of the mucin = pears
to be to preserve a structural organization in the white as beuween
the albumen and the other members of the colloidal complex, but
how this function is dischavged is obscure. Some disorganization
seems to take place in *‘ watery-whiteness .

One cannot help recalling the somewhat similar problem of
gluten dispersions in water. The protein from a ‘‘ strong »’ flour
forms a highly viscous colloidal solution, that from a “° weak ”’ flour
a less viscous one. The reasou for this behaviour is not known. Even
a highly viscous solution undergoes a more or less rapid spontaneous
decrease in viscosity without, as far as can be ascertained, any marked
or obvious change in the protein; the action of enzviues has been
definitely excluded.* Our knowledge of protein systems with their
possibilities of hydration, dissociation and polymerisation is still so
meagre that much work will have to be done before such peculiar
changes as that above mentioned can be understood. It is along
these lines, however, that we feel the solution of the waterv-white
problemy will ultimately be attained.

SUMMARY.

1. The enzymic aclivily of solutions of thick and thin albumen
from normal and watery-white eggs has been studied, using a miero-
titration method determining peptide cleavage in terms of the
increase in amino nitrogen.

2. Thick or thin albumien aloue at pH values ranging from 5-5
to 8-5 suffer no autolysis at 37°, neither can any protein-splitting
enzyme be detected at any pH by the addition of gelatin as substrate.

* Since this was written, an_ article has appeared by Blagoveschenski and
Yurgenson (1935) in which it is claimed that there is present in wheat flour an
enzyme whicli exercises a definite solvent action on these proteins by virtue of a
disaggregation rather than an hydrolysis. Tt is claimed that there is no
increase in amino-nitrogen during the process. It would seem highly desirable
that egg white be studied in a similar manner.
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3. The work of Balls and Swenson is criticised ou account of
insufficient sensitivity of the method employed and the fact that it
Is such as would fail to distinguish between an increase in acid
groups due to lipolytic and due to proteolytic activity. Moreover,
the use of casein as a substrate is incapable of differentiating protease
from erveptase activity.

4. The presence in egg white of at least two erepsin-like enzymes
having different pH optima (approximately 5-5 and 7-0-8-0) has
been dermonstrated.

Whether or not these enzymes play any part in the development
of ** watery-white ”’ is uncertain but for veasons discussed i would
seem unlikely

‘< b

Some ohservations upon ‘ watery-white 7’ in eggs are recorded
and the problem subjected to a short discussion.
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