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ABSYRACT

Proteclytic ensymes from microbioclogical sources such as
B, subtilus or A, orysas bring about the digestion of casein with
accompanying formation of a milky appearing solution, Such is
cbserved vhen Taka-Diastase is added to a clear, nesutral solution of
cagein, This study was eoncerned with the nature of phosphorus
liberated during casein proteolysis by Taka-Diastase, The quantities
of inorganic and 1N trichlorossetic acid soluble phuph&nn released
were determined, Proteolytic activity was simultansocusly follewed
by increase in eptical density at 280 mu of the acid seluble hydroly-
sate and by change in its specific conductivity. Both rate of
spevific conductivity increase and inorganis phosphorus liberation
indicated a two step reaction, The first step preceded onset of
milkiness whereas the second followed, Increases in optical density
and tetal acid soluble phosphorus when compared with digestion time
were linear, Proteolysis and all forms of phosphorus liberated
showed identical dependemcy upon concentrations of ensyme, substrate,
and hydrogen ion, Therefore these variables are believed to be
directly associated with one and the same proteinase,

These experimental results suggested that the initial reaction(s)
preceding miliiness involved the disappsarance of 4 -casein, Further-
mere that this was also csused by a proteclytic ensyme catalysed
hydrolysis of the phosphodiester and some psptide bonds of this






frection, Also, at a much slower rate there was scme hydrolysis of
monophosphate groups to produce inorganic phosphate ions,

The reaction(s) following milkiness was regarded as proteo-
me catalysed hydrolysis of the phosphorus and nitrogen bonds
of she X -casein fraction, The use of a specific phosphodiesterase,
i.e, snake venom from the diamond bask rattler (Crotalus adamanteus),

en casein brought about the reaction(s) of step one, The disappear-
anse of 4 -casein only, following incubation, was demonstrated by
eslectrophoretic analysis,
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I, INTRODUCTION

The proteolytis hydrolysis of casein has been investigated with
various ensyme preparations for the purpose of gaining infermation
about protein strusture, mechanism of reaction, or the role of the
protein in nmutritiea,

Some sources of entyme such as from cultures of Bacillus subtilus
(38) or Aspergilius orysae (35) bring about the formation of a milky
appearing digest after addition t0 a clear neutral solution of casein,
Studies on the proteclytis changes with respect to nitrogen products
during this transfermation have besn made by Lieser (35) and the re-
sults seem Lo indicate that a $wo step reaction is invelved, Electro-
pheretis analysis during the reaction shows that /A <casein disappears
prior to milkiness and subsequently o ~casein is attacked (37),

Since casein is one of the most prevalent phesphoproteins and
dus %o the scarcity of previous study, it seemed logical to investi-

gate the mature of phesphorus liberation during proteslysis,



II, HISTORICAL

A, The Occurrence of Phosphoproteins
Phosphoproteins are found in abundance in embryonic tissuss and

in the food for the young, The phosphoproteins of milk and eggs have
been the most extensively studied, Vitellin, ovalbumin, and phesvitin
are the outstanding phosploproteins of eggs, The nature and properties
of thess proteina have been summarized in several bools (62), (8L),
(28). Casein, found in milk, has reccived the most attention of all
the phosphoproteins, Reviews have been writtem by Sutermeister and
Browne (18), Matsbkin(L5), and alse by McMeekin and Polis (L5).

Phesphorus in Cagein and Ite Freotions - Casein has becn prepared
by several different methods, Nemmarsten (2L) employed asetis aeid

fer iseleciris preeipitatien and his purified product centaimed 0,85
percent phosphorws, The casein prepared by Van Slyke and Bosworth
(86) by using smsonium hydroxide for redissolving and ammenium emlate
%o remeve calciwm centained only 0,71 peroent phospherus, Zoller (3)
reperted that whole casein prepared by using a mixture of five percent
hydreshleriec and mitrie asids contained 0,78 percent phosphorus,
Casein was leng oensidered a pure protein, Im 1927 Linderstrge-
Lang and Kodama (39) by extraction and precipitation methods demen-
strated that casein is a mixture ef several proteins, Later
Lindsretrem-lang (k0) swsceeded in separating casein into three



different frastions that differed in phosphorus content. The pere
esntages were 0,96, 0,52, and 0,10 respectively. Cherbulies and eo-
werbsrs (L), (5), (6) principally with the aid of five percent
ammenium shloride and acetone preoipitations prepared a mumber of
easein fractions and subfractions of phosphorus comtent ramging from
0.55 %o 2,32 pereent. Oroh (22) by the use of urea, phemol, and
alochelis ammenia sucoeeded in separating team caseia frectioas of
Mwu content. ranging from 0,65-0,90 percent,

Nellander (51) found three peaks when be eleetropheretisally
analysed whole caseim of 0.86 percent phosphorus, Je named them o-,
(>-and Y- casein based on their decreasing mebilities, Varmer (85)

was the first to follew the frectiomation of casein by elestrophoretic
analysis, Frem unfreciiomated casein of 0.86 percent phosphorus, he
prepared the ol~ ami O -fractiems with a phosphorus somtent of 1.0
and 0,61 peroent respectively. Gordon and co-workers (20) affirmed
Abe seme phosphorus eentent in o« and & -caseins, In 1950 Hipp and
ceaworiers (29) detarmined the phosphorus esntent offeasein as 0,11
peroent, They also prepared of = and 4 ~casein by a new alochol
mothed that analysed 0,98 percent and 0,55 percent phospherus
respectively, The phosphorus contemt of [ -casein elosely resembled
that of the alechol soluble protein of casein separated by Osberne
and Vakeman (57) ia 1918, By &ry. grinding of oaseia Cehen (8) in
1943 produced a water seluble fracticn of 0,68 percent phespherus
and an insoluble fraction of 0,85 peroent,



Phosphopeptones ef Casein and Fractiong -~ Postermak (66) im
1926 4sclated a phesphopeptone from a two to three day tryptic digest

4hat analysed 5,86 percent phosphorus, ibout the same time Rimingten
and Kay (T2) 1selated a phosphopeptome in the same mamner that cone
fained 3.8 percent phesphorus, In 1927 Postermak (66) amalyzed the
phosphopeptons siructure that hs had isclated the previous ysar amd
stated that it contained three moles of Qolmcino , three moles of
serine, three moles of glutamic acid, and six moles of aspartie acid,
Iipmenn (41) 1n 1933 showsd for thy first time that phospherus
was attached %e the hydroxyl group of serime in casein, His phesphe-
peptens prepared by tryptis hydrolysis of casein contaimed 3,3 pere
eent phesphorus, Levens and E111 (36) were the first werkers to show
what axino acids might be attached to serins phosphate, ZThey isclated
& dipesptide compesed of serine phosphate lndlglutanic acid and proe
posed the strusture to be either phosphoseryl-glutamic acid or
glutanyleserine phosphate, .
Three groups of workers published further findings during the
yoar of 1941, Lewndes, Macara, and Plimser (L2) isclated am oota~
pepiide frem easein tryptis hydrolysate comtaining two moles of
glutanio acid, twe moles of phosphoserine (5,67 psroent phosphorus)
ene mole of dicarboxylic acid (probably aspartie), and three moles
of wnimowa simple amine aeid (probably isoleucins). Rimingten (68),
(69), (10), (T2), from his vork en tryptic phosphopeptonss, sugrested
that the essential phospherus linkage im casein seemed to De between



phesphorie acid and serine, Serine appeared 4o de united iam peptide
linkage with ether amime acids, predominately glutamis and possibly
iseleusine, He found the phosphopeptens with 7.k percemt phosphurous
%o be composed of five moles of glutamic acid, four moles of serine
and three moles of phosphoric acid, Damodaran and Ramachandran (9)
prepared a phosphopeptone by peptic followed by tryptiec hydrolysis,
The barium salt of the phosphopeptons isclated analysed L.3 peroent
phosphorus,

| Mellander (47) 1solated a trypsin resistant phosphopeptons as
the barium salt frem luman milk casein, Ha later (48) stated that
& large vpu"b of the phosphorus in human casein 1s eonverted by
intestinal proteolytic engymes to phosphopeptones of 4.9 percent
phospharus content. Mellander (L) also determined that human milk .thole
casein contains frem 0,25-0.12 percent phosphorus,

Bfoolet and Shinn (5L) by oasein tryptic digestions and frectional
mupiiatm obtained what they belisved to be a nlati.n}l.y pure
oct;popudo, The auino acids preuu"h Were ons mole of serins, two
moles ef phosphoserine, tws moles of isoleucine, two moles of glutamie
agid, and eme mole not identified, Vheam the peptone was treated with
a phosphatase, seryl-gintamic asid was liberated, This was the first
indioation of the phosphoseryl-glutamic acid residus in casein,

Crystalline phosphessrine of 15,80 pereent phosphorus comtent
was first obtained and eempared with a synthetiec sample by Agren, De
Verdier and Glomset (1) 4m 1951, The following year De Verdier (10),



similarily, $solated and compared phosphothreonine from casein digests,
Ho also published the same year (11) the finding that bovine casein
contains 6,3 percent phosphogserine and 4,9 percent phosphothreonine,

| The only work reported on phosphopaptones of separated caseln
fractions has been that of Peterson, Harrington, and MoMeeldn (64) in
1954, They isolated a phosphopeptome from the tryptis digsst of

8 -casein that contained 3,0 percent phosphorus, Perlmann (59)
reported that relatively short polypeptides were formed whem & -casein
was digested with a phosphodiesterase followed by phosphomonoesterase,
oA —casein (63) gave similar produsts when it was pretreated with a
phosphodiesterase follewsd by & combination of phosphamencesterase

and a pyrophosphatase,

B, Enzyme Studies Related to Phosphorus Linkages in Casein
Proteolytic Enzymes and Phosphorus Liberation <= In 1695 Sebelien

found casein to be completsly solubilized by trypsin but made no
investigations with regard to the pature of the phosphorus liberated,
However, in 11398 Biffi, a student of Salkowsid, exbended this experi-
ul‘ by pﬂdﬁiuting about 27 percent of the soludbiliged phosphorus
with magnesis mirxtvrs and presumed the rest to be erganic phosphorus
(65).

Bayliss in 190k stated that early tryptic actiom on casein pro-
dused a gread increase of electrical conductivity and with Plimmer

(65), a year later, reported on the rates of ssparation of phosphorus
frem casein by trypsin, pespsin, papain, and alkali, By utilising



tannic acid as protein precipitant, they soncluded thad the total
asid soluble phesphate was splis off in a way similar to that of the
acid soluble nitrogen and cerrespended in the early stages to the
eleotrioal condustivity increase, Pepsin was wuch slower and never
oompletely solubilised the e¢asein phosphorus, Papain reacting in
noutral media produced results similar to trypsin,

Rimington and Kay (72) extended their studies to distinguish
orgenie from inorganie phosphorus selubilised during proteolysis,

No inorganie phosphorus was found using pepsin, but with high amounts
of trypsin all was eventually converted. During three to five hour
digestions at pH 8.k and 37°C. total phosphorus was liberated at a
nﬁ oomparable to amino-nitrogen production, The ergamic phosphorus
released approached & maximum slowly and then diminished. Inorgande
~ phesphorus prodused during this time was censiderably slower than
any ef the other forms,

Mattenheimer, Nitchsmamm, and Zahler (ki) tested the possible
phospho=liniage splitting power of remninm, Crystalline renmin did
3ot show any phesphorus liberation activity, unless 4t was activated
with thermostables ultre-filtrate ot erude remnin or milk,

The Effect of Phosphatases on ‘hole Casein -~ Phosphatases are
ensymes thas catalyse the hydrolysis of phosphorus oompounds {3L),
With respect to organic phospherus compounds (73) the phosphatases
may be specific as to whether the limkage is in phosphomoncesterase,
phesphodiester, phosphoamide, pyrophosphate, ex acyl phosphate




combination, Further subclassification is based upon optimum pH,
and/or need of metal ion activation, However, other phosphatases are
quite specific for ene or more substratss only, Fhosphoprotein
phosphatases (not ¢lassified by any suthority) are thusly specifie for
substrates sush as casein, vitellin, and phosvitin, They do met seem
%o be active en singly bonded orgencphosphorus eampounds.

The alkaline phosphomonoesterases (cptiwum pH 6,6-9 L) from bone,
kidney, ox spleen, and intestine have mot shown pohsphatase activity
on wafractionated casein (23), (75). But in 1946 Harris isolated an
ensyme from bull frog eggs (Rana catesbiana) and lecpard frog eggs
(Rans pipiens) that liberated at pH § inerganic phosphorus from casein,
vitellin, or heated egg yolk, Glycerophosphate and monmophenyl phosphate
treated in the same mamer gave Bo such reaction, 8Since this enzyme
had not been previcusly deseribed, he callsd it phosphoprotein phoge
phatase,

In 1547 Axelrod (2) discovered an enzyme in the unfrectionated
Juice of citrus fruits (oranges, lemons, and grapefruit) that released
inerganis phosphate from casein ad & pH of 6,0, In an attempt to
elassify the emxyme, he Srbated ol -Mmu, A ~glyserophos~
phate, and p-nitre phenylphosphate in the same mammer, The first
three substrates yielded some hm'gule phosphate, but the last one
did not. NMagnesiwm ion showd erratic activition, He decided that
the ensyme whisch produced imorganic phosphate was an acid phosphomono-
esterase, He alse found ribenuclsase, acyl phosphatase, and apyrase
activity in Shese fruit Juices,






I8 was reported 4n 1549 by Feinstein and Volk (13) that an ensyme
ia rat spleen eplit inorganis phosphbate from casein, Magnesium ion
astivated the ensyme whose maximm activity was at pH 6,0, The enzyme
would not produce inorganic phosphate from phosphoserine under the
same conditions, Inhibition with sodium fluoride preduced the re-
duction of inorganic phosphate but the appearance of acid-soluble
adtrogen was unaffectad, and there was no accumulation of organic
phosphorus. They consluded that there was an ensyme acting upon protein
phesphorus not requiring proteelytic activity,

Norberg (56) failed to confirm the resulis of Feinstein and Volk,
In 1950 he sed out to demonstrate the existence of an independent
phosphoprotein phosphatase enstyme and %o find its distribution in the
different organs. He isclated an ensyme from rat spleen that at pH
5.8 released inorganic phosphate from casein and phoavitin, He found
high activity also in brain, adrenals, sex glands, and kidney, Low
astivity was found in heart, skeletal muscles, red bone marrow, and
srythrocytes, However, he was unable to demonstrate this activity
on either canin-phuphopopim or phenyl phosphate under the same
conditions, He comparsd heat lability, pR sensitivity, optimm pH,
and metal activation debavior ef this ensyme with that ef acid phos-
phamcncesterase, meutral pyrophesphatase, adenyl phosphatase and
glusese-6~phosphatase, HBe found thess properties were not comparable
~ with any of the other snsymes and concluded that he had imolated a

phosphopyotein phosphatase,
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Foote and Kind (16) isolated an engyme from chick embryo in 1953
that wmas astive at pH 5,8 in releasing inorganic phosphats from
oasein and phosvitin, However, 1t was inactive against &8 -glycero-
phosphate, fruotose diphosphate, phesphoglyceric acid, adsnosine trie
phosphate, serine phosphate, and sodium pyrophosphate, Hener they
regarded the entyme as a phosphoprotein phosphatase,

Two enzyme. preparations werse deseribed by Mattenheimer (L3) 1a
1953, one was from rat liver and the other was from hog stomach, The
rad liver preparation preved to be the most active en ﬂ-glyuro-
phosphate, hﬁ active on whole or ol -casein and inactive onm phospho~
peptone; therefore, it was regarded as a phosphomonoesterase, The
hog stomach extract was not astive on any of the bond type substrates
but caused phosphats liberation frem whole casein, o ~casein, casein
phosphopeptenes hence 1% was regarded as a phosphoprotein phosphatase,
Farthermore, addition of catheptic ensyme extract did mot enhance
phosphoprotein phosphatase activity; consequently it had no relation
%o nor dependensy upon the latter,

In 1954 Sundararajan and Sarma (76) showed that an ensyme pre-
pared from ox spleen would liberate at pH 6.0 inorganie phosphate
from oasein, phosvitin, and vitellin, When attempting te classify
their ensyme, they foumd that only a 1ittle dnorganic phosphate was
released After imcubation with glyserophosphate and none from casein
phosphopeptons, They believed this preparation was not an acid
pholpt;onmmm. In another repert the same year (77) they



anneunsed a preparation of rat spleem, free of agid phosphomono-
esterase, At pH 5.8 equal ameunts of inorganic phosphate from whole
sasein, o{-casein, and 3 ~casein were hydrolysed, It was alse astive
upea phosvitin, but mot upom glycerophosphate, Singe &t #plit phose
phorus from «casein, 4% was eliminated from the list of phospho~
menocesterases,

Twe phesphatase ensymes, one frem petato and the other from calf
spleen, were reported by Thoai, Roche, and Pim in 1954 (81), The
potate preparatien at a pH of 6.0 split inerganic phosphate from
whole casein, O -casein, phosvitin, ovalbumin, and a casein phosphe-
pepiide, It had no effect on eassin-phosphopeptone or diphenyl phos-
phate, Se they cencluded that the exuyme was & non-gpecific phes-
phemoncesterase, not magnesium ion activated., The ensyme from calf
splecn had its optimm pH at 5.5, It catalysed the hydrolysis eof
imerganic phosphatée frem whole casein, Of -casein, phosvitin, ovale
bwmin, and easein-phosphopeptone, It had mo effect on casein phos-
phopeptide er A -glycerophosphate, It did bowever split phenol frem
diphenyl phosphate, The anthors decided that the calf spleen enzyme

Was an acid phoaphodiuw. |

The Effect of Phosphatases on Casein Fractions ~- Gertrude
Perlmann has rether extemsively investigated the effsct of phosphatase

ensymes on ths separated fractions of casein, Hey results have helped
to explatin why in certain instances phosphatases heretofors mentioned
have not released inorganio phosphate from whole casein,



12

In 1952 Perlmamm (61) reperted that {-casein was about L2 pere
cont dephosphorylated in the pil renge of 5.6-6.6 by prestate phoe-
phatase, The o «casein when thus dephospherylated deercased in
selubility and showed several new samponents electrophoretically,
Prostate phosphatase had mo effect on S.casein, but upon 2k hour
exposure to whole casein 12 percemt inarganic phosphorus was freed,
When ol-casein and /A -sagein were remixad so that S -casein exceeded
30 percent, entyme inhibition developed and ineresased properticnately.

At the Symposium on Phospherus Motabolism in 1952 Perlmamm (62)
revealed that intestinal phosphatase usually regarded as an alkaline
phosphatase, utul]j released phospharus from the phosphoamide
1inkage n-q%-O-a at either pX 5,3 or 9,0, but only slightly at pH
7.0. This bebavior was found vith such substrates as N( 7% =chlorophenyl)
" emidephosphate, ovalbumin, and of ~casein, With o -casein digests at
pH from 5.3 to 10,0 (optimums at 6.1 and 8,L) 10,0 percent of the
phosphorus was readily liberated.

" With respect %o 5 —casein Perlmann (59) demcnstrated that prostate
phesphatase (an acid, men-magnesium ion activated phosphomoncesterase
of optimam pE 5.8 to 6,0)did net liberate any phospharus, Neither was
inorganie phosphate found when 8 ~casein was treated at pK 8,2 with
purifisd phosphodiesterase from ratltlo smake venom (Crotalus adamanteus),
Nowsver when 3 -gassin was pretreated with the snake venom phosphodie
esterase at pll 8,2 followed by prostate phosphatase at pH 5.6, from
54.0-72,0 peroent of the phosphorus in /4 -casein was found comverted
%o inorganic phesphate, This led Perlmamn to conclude that /5 -casein



mtni.ne& phosphorus linked principally 4n ths diester form,

Perlmann (60) in 195L pointed out that A —casein contains a
certain mmber of phosphate groups with ionizable hydroxyls which
eontribute to ths net chargs and tims to protein electrophoretic
molbility, Such groups are readily attacked by the suitable phos-
phatases. Thess sonditions are mod fulfilled with 3 -casein,
Dephosphorylation of this protein frestion results in the formation
of trichleroacetic acid soluble mitrogen (N, P, N,) products,

In anotler publication in 1954 Perlmann (463) showed that LO
percent of A ~oasein phosphorus was removed by prostate phosphatase
at pH 5.8 %0 6.0, but tiat none was given by purified phosphodie
esterase from rattle enake venom at pE 8.5, Fowsver when o -casein
was first pretreated wiih phosphodiesterass at pH 8,5, then adjusted
to pH 6,0, and incubated with prostate plus intestinal phosphatase
78.0 percent of the total appeared as inorganic phosphate, Intestinal
phosphatase caused reaction on the phosphoamide linkage, This result
was considered as hydrolysis of the phosphodiester bonds fcllowed by
1iberation ef phosphorus from the resulting phosphomonosster groups,
Yeast pyrophosphatase alone with Mg*" at pH 7.2 did not free any
inorganie phospherus from c -casein, But combination of yeast pyro-
phosphatase together with prostate phosphatase at pH 6.0 released
$9.0 percent of the phosphorus in o -casein, This was regarded as
action upon phosphoanhydride bonds followed by phosphomoncester
cleavags, FPerlmamm reasonsd from these results that 10,0 percent of



the bonds in A -casein are phosphomonocester, 20,0 percent are pyro=-
phosphate ester, and 40,0 percent are phosphoamide ester.

The Source of Proteolytic Enzyme == Taka-Diastase is prepared

from & culture of the mold Aspergillus oryzae according to the

patented process of Talamine (79). The mold culture grown ou wheat
bran is extracted with water, Taka-Diastase is precipitated from
the wmter solution by addition of alcohol to 70 percent, The dried
product has been reported to contain at least twenty~three enszyme
systems (50), The isolation of proteclytic ensymes from the preduct
has been reviewed by Lieser (35).

Some acid phosphatases have been reported to be in Tah—bnm.
Usava (&2) showed in 1932 that Taia~Diastase contained a phosphomono-
esterase of optimum pH of 3,2-4,0 on monophenyl phosphate, The same
year he demonstrated (83) phosphodiesterase activity om diphenyl
phosphate a% pH 5,i %0 5,6, Neuberg and co-workers (52), (53), have
demonstrated that Taka-Diastase also contains a pyrophosphatase active
on trisodiux pyrophesphate at pH 3.2-4.0,
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III, EXPERIMENTAL

A, Bquipment Used

Thermostat == The constant temperature bath was equipped with a
reservoir bottle to maintain automatically a constant level of water,
The thermoregulator (Fisher-Serfass Electronic Relay) controlled the
temperature at 29.9° 20a° C.

@lassvare == All pipettes and glassware wers the Kimble Glass
brand,

Timer «- The reaction periods were timed with & Meylan stop-
watch,

pH Meter == A Beciman model H 2, glass elsctrode, line operated,
pH meter wvas ussd in making pH measurements, |

Dialysis == All dialyses were carried out in visidng tubing on a
retating external dialyzer constructed in this laboratory.

Spectrophotometers == 1) A Beckman model B spectrophotometer
was used for analysing for total and inorganie phosphorus, The
instrunent was calibrated for percent transmittance or optical density
units, 2) 4 Beclman model DU spectirophotometer was used for analysis
of acid-soluble proteclytic products absorbing at 280 mu, The instrue
ment was calibrated for percent transmittance or optifal density
wmits,
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Semi-micro Kisldahl ipparatus -- The 50 ml, digestion flasks
and a rotating digestion rack (manufactured by American Instrument

cg.). were used for digesting %otal phosphorus er nitrogen samples,
The distillation apparatus was the modified type used in this
laboratory,

Conductivity Bridge =~ A model RC~1B conductivity bridge
(mamufactured by Industrial Instrument Co,) was used for resistance
and cenductivity measurenents,

Conductivity Cell ~= A twe ml, capacity conductivity ocell
(Perkin-Elmer Corp,) was used for measuring resistance, The bulb
section sontained platinum eups which were commected through side arme
%o caps, The cenductivity bridge was eommected to these caps, The
0ell censtant is 0.4893, |

B, Materials and Selutions
The Enzyme Source -= Taka-Diastase is (marksted by Parke, Davis
& Co,) a ysllow, amerphous, mom-hygrescopic powder analysed for 1,51
porcent nitrogen, 0,21 percent phosphorus, and 0,10 peroent moisture,
It was readily seluble im water and produced a olsar, yellewsbrewn solue

ton, . _

fho Casein Preparation —~ Casein was made according $o the di-
rections of Dum (12), The air dried product contained 4.8 percenmt
meisture as deternined by evernight drying at 105°%C, It analysed for
15.5 percent mitrogen and 0,82 percent phesphorus (both expressed en

a moisture free basis), Electrophoretic analysis demonstrated that
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the preparation was the same as that of arner (85) both in number
of compenents and their mobility,
Casein Stock Solubion == Six grams of the above air dried casein

was weighed into a 100 ml, volumetric flask, Seventy-five ml, of
water vas introduced im small portions until a smooth paste formed,
To tids 20,0 ml, of 0.2 N, sodium hydroxide was greadually added, with
shaidng, until a clear solution of pH 7.0 was obtained, The liquid
was nade to volwme, filtered, heated on a boiling water bath for
f£ifteon minutes, and 4 orystal of thymol was added as a preservative,
The solutien was always stored in the eold room at 5.0%,

Taka-Diagtase Stock Solution == The pre-determined amount of dry
powder was woighed en an anslytical balance, and dissolved in redis-
tilled water, The final cencentration was expressed in terms of milli-
grems por milliliter of digest, Fresh solutions wers always prepared
Just prier to use,

Fiske-Subbarow Phosphorus Reagents -« These were prepared, with
niner modifications, as described by Ksbat and Mayer (31),

1,0 Yormal Trichlorcasetic Acid.~~ One hundred sixty-three grams
(Zastman) tSrichloroscetie acid was weighed out om analytical balance
and trensferred quantitatively to a 1.0 liter velumetric flask and
diluted to the mark,

5,0 Normal Sodium Hydroxide -- One hundred grams (Fisher) sodimm
hydroxide was weighed out on an amalytical balance, transferred quanti-
tatively to a 500 ml, velumetric flagk, and diluted to the mark,
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0,5 Normal Sodium Hydroxide == Twenty grems (Fisher) sodium

hydroxide was weighed out on an amalytical balance and transferred
quantitatively to a 1.0 liter volumetric flask, and diluted to the
mark,

10,0 percent Calecium Chloride -~ Ten grams of (Mallinckrodt die
hydrate) calcium chloride was dissolved im an ammonium chloride butfer
(prepared as below), diluted to 100 ml,, and saturated with (Fisher)
caloiwa hydroxide, This reagent was prepared at least once a week,
stored in a pyrex bottls, and filtered just before use,

“ash «e A one to five dilution with distilled water of
the above 10.0 percent calcium chlaride solution was made,

- 0,05 ¥ Sulfurig Acid == This was made by diluting 5.0 ml, of
(Baker) 5.0 N sulfuric acid to 500 al,

Ammonium Chloride Buffer pH 9.0 <= The buffer was prepared by
diseolving 26,7 gn, (Fisher) mmmonium chloride in 60,6 ml, of
(Du Pont) concentrated smmoniwm hydroxide and diluting to 1,0 liter
with distilled wmter,

Brom Thymol Blue —~ The indicator for neutralisation in inerganie
phosphate analysis was prepared by dissolving 0,04 gm, brom thymol
blue in 100,0 ml, of 95 percent ethanol, |

C. Experimental Methods

Sonorel Digsstion Progedure -- in sppropriate volume of 6.0 per~
cont casein was pipetted into one am of a bifurcated test tube, and
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inte the other arm was placed an equal volume of engyme solution,
When these wers mixed the resulting digest concentrstion of enzyme
was expressed in terms of mg./ml, of digest, The reaction vessel
was placed in the thermostat 20 mimutes before mixing, Digestion was
begun by tilting the two-~branched tube back and forth ten times,
The tine of initial contast was taken as zero digestion time and noted
by starting the stop watch, Suitable aliguots were inactivated at
specific inteorvals by pipetting them into two volumes ef 1.0 N tri-
chleroacetic acid, During a period -o.t ono-half hour these samples were
shaken perlodically and then filterad through Whatmanm 42 filter paper,
The filtrates were analyzed for total acid soluble phosphorus, ine
organic phosphorus, and acid-soluble protaolytic products as desoribed
belaow,

1, The Influence of Enzyme Concentration == A series of digestioms
were parformed with 4be dntilal concentration of casein always 3.0

percent, Amourts of Taka-Diastase producing 2.0, 4.0, and 8,0 mg/ml,
of digost for each experiment was talmm for study,

a) Analysis for igid-Soluble Proteolytic Produsts ~- The liberation
of acid-seluble split producta, other than phosphorus, was deternined
on the above trichlercasetie acid filtretes, The sero time sample
was set for 100 percent tranmmission er sero optical density im a model
ﬁ Beolman Spectrophotometer and the succeeding time samples eompared
at 280 mu against the blank, The resulting changes in eptical density
are reported in Table II and shown in FPigure 2,
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b) inalysis for Imorganic Phosplate =- The inorganic phosphorus

was determined by a procedure similar to that described by Borberg (56).
Pive milliliters (occasionally 3.0 ml,) of the protein-free filtrate
was pipetted into & 15,0 ml, conlcal centrifuge tube, The aliquot was
peutralized by dropwise addition of initially 5.0 N and finally 0.5 X
sodium hycroxide to the green color of brom thymol bdlue indicator,

One milliliter of 10,0 percent ealcium clloride in 0,5 ¥ ammonium
chloride buffer at pH 9,0 and calcium hydroxide saturated was added as
precipitating reagent, After 30 minutes the precipitate was centrifuged
and washed with 5.0 m1, of a one to five dilution of the precipitating
reagent, Finally the precipitate was suspended 4n L,0 ml, of 0,05 ¥
sulfuric acid and the inorganic phosphate determined by the method of
Fiske and Subbarow (15), The milligrams of inorganic phosphorus was
obtained from a Qtandard pliosphorus solution treated in the same manner,
The results are recorded in Table II and showm in Figure 1,

c) Analysis for Total Acid Soluble Phosphate - The procedure
described here, with minor modifications, was described in Hawk, Oser,
and Sumerson (26), Tive milliliters (occasionally 3.0 ml,) of the
above proteinefree filtrate was pipetted into a 50,0 ml, mdero-Kjeldahl
digestion flask., A glass bead (to prevent bumping) and 2.5 ml, of
5.0 ¥ sulfuric acid were put inte the flask and heated on the micre-
Kjeldahl digsstion rack until charring and fumes appeared, 7The nmploa
were cooled 90 seconds, treated with & drop of 30,0 percent hydrogen
peroxide, and heated again until the celor disappeared, The peroxide
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treatment was repeated until the color was gone, Thrse milliters

of distilled wator was added to the cooled flasks and thoy were boiled -
momentarily, The flasks were cooled, rinsed into a 25.0 ml, volu~
metric flask and the total acid soluble phosphute determined by the
Piske and Subbarow Methed (1L), 4 blank and a phosplorus standard
were run in the same manner, The results ars shown in Table IT and

Pigure 2,

2, Influence of Substrate Concentration —= A series of incuba-
tions were conducted where substrate concentrations of 1,5, 3.0, k.5,
and 6,0 percent casein were prepared from stoock solution, The digest
concentration ef Taka-Diastass was atways 4.0 mg,/al. The acid-soluble
proteclytie products, imerganic phosphats, and total acid soluble
phosphate were determined as described previously, Resulis are given
in Table IIT and Figure 3,

3. Influence of pH ~= 1 geries of digestions was carrled out

aftor the pH of the casein stock solution had been adjusted to 6,6,
7.0, and 8,0, The digest concentration wae alu#ys 3.0 percent for
casein and 4 mg,/ml, for Taka-Diastase, The acid-soluble proteolytic
products, inorganic phosphate, and total acid eoluble phosphate were
determined as described above, The results are reported in Table IV

and Pigure L,

li, Phosphodiesterase Pretreatment «- Ten milligrams of lyoplilysed
venon' from the rattle smake (Crotalus adamanteus) was dissolved in

*The recelpt of a complimentary sample from the Ross illen Reptile
Institute, Silver Springs, Florida, is gratefully ackmowledged,
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10,0 ml, of 0,01 M, magnesium chloride solution, Three milliliters
of this was added to 25.0 ml, of 6,0 percent casein at pH 7,35,

After incubation for six hours, the pH had dropped to 6,95. Three
®11111ters were then removed and treated with 6.0 ml, of 1,0 ¥
trishloroacetic asid for total and inorganis phosphate analysis upon
the filtrate, At the same time a 20.0 ml, solution eontaining 200
ng. of Taka~Diastase was added to0 the remaining 25.0 ml, of digest,
Frem then on the progress of phosplhorus liberation and proteolysis
wags measured as previously desoribed, The results are listed in Table
V and shown in Figure 5,

5. Conduetivity Changs =« The resistanse change during hydrolysis
was recorded at 15 mimute intervals en a 3,0 percent and L mg,/ml,
Taia~Diastase digest at pH 7.3. The specifis conductance was calocu-
lated and is recorded 4n Table I and Figure I,
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TABLE I
CHANGE IN CONDUCTIVITY DURING CASEIN PROTEOLYSIS

Digestion Time Reaistances Specific
nin, ohms, Conductance®
mhos,
o 388 1,26
15 386 1,27
30 31 1,28
L5 318 1,29
€0 378 1.29
75 374 1.3
0 312 1.32
105 369 1.33
120 367 1.33
135 367 1.33
150 367 1,33
H ecsscoecesnscscocsnsenccnsense
165 36 1.3h
160 359 1,36
195 359 1.36
210 358 : 1.37
225 358 1,37
2,0 35L 1.38

*Pound frem dividing the cell constant 0.45893 by values in column 2,
#%e = « Peint where epalescence began,
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TABLE V

THS EFFECT OF CASEIN PRETREATMINT WITH PHOSPHODILSTERASE
FOLLOWED BY TAKA-DIASTASE DIGESTION

Digestion Time, p*g&hom Liberated Proteolysis
min, organic o.Dh,

A,::/-I « am/mll
1ee 3608 10 18 0197
t 20 | (v} 0 0 0
15 10 11 0,143
30 15 12 0,303
60 17 16 0,628
90 35 22 0.936
120 Lk 23 1.170
150 LY 36 1,400
180 (1 Lo 1.63
210 72 LS 1.8
2L0 89 60 1,99

® DH deoreased from initial 7,35 to final 6.95
#_ _ _ Point where opalescence began,
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Figure 8. ELECTROPHORETIC PATTERNS (TRACED) OF,A CAS-
EIN; B PHOSPHODIESTERASE TREATED CASEIN.

ASCENDING DESCENDING

in 1 # conc. in 0.1 M phosphate pH 7.0, 0.05 M
NaCl, 6300 sec., pot. grade. 7.15 v./cm.

1>

in 1% % conc., 0.1 M phosphate, pH 7.2, 0.05 M
NaCl, 5610 sec., pote grad. 9.14 v./cm.

{e )
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IV, DISCUSSION

The following discussion will be concerned with the release of
the various forms of phosphorus during proteolysis of casein by
Taka-Diastase,. The factors influencing the phases of investigation
that will be eonsidered aret 4i) Methods of phosphate analysis,
B) Gensral observations during phosphate release and proteclysis,
C) Influence of ensyme concenmbration, D) Effect of substrate concen~
tration, E) Optiwmm pl, F) Casein proteclysis in relation to phosphate
ldberation, and ) Test of reactions in step one with phosphodiesterase,

A, Methods of Phosphate Analysis

The Method for Imerganic Phosphate Analysis == The method of Fiske
and Subbarow (1L) for inorganic phosphate determination was mot directly
applicable, Vhen ths trichloroacetic acid soluble phosphorus of a
digest aliquot was ¢reated with the molybdate reagent a white precipitate

formed which contained most ef the phosphorus, Other workers (43) have
suggested that with such samples ths small molecular weight organis
phosphopeptides may be removed by preliminary adsorption upon Dowex 50
(k percent oross-linked), Such was tried with Dowex 50 (12 percent
eross-linked) available, but 4% did not alter the above observed inter-
ference, Trishloroacetic acid ooncentrations in the filtrate up to

16 percent were tried and no improvement was moted, Numerous modifi-
oations in treatment of the filtrate were tried and thess insluded:



one hour time elapse befere filtration, addition of 5.0 N sulfuric
acid to lower the pH before filtration, addition of l@m hvdro:ido
to dissolve the molybdenmm precipitate in the filtrate, five minute
heating of digest aliquoet with trichlorcacetis acid on boiling water
bath before filtering (59), ccoling in ice bath 15 mimutes before
filtering (13), use of sodiwm tungstate with trichlercacetis acid (77),
and addition of acetens with trichleroacetic acid before filtratien
(30). All of these were wnsuccessful in preventing or redissolving
the uwwanted precipitate caused by addidion of molybdenum reagent %o
the trichlerocacetis acid filtrate,

In 1950 Norberg (56) indicated having experienced similar diffi-
eulties, He introduced the pretireatment of trichloroacetic acid
filtrates vith a reagent consisting of calcium echloride dissolved in
smmoniva chleride buffer saturated with gcaleium hydrexide at pR 9.0,
The reagent accomplished a successful separation of imerganioc phose
phate from erganie phosphate as an imsoluble apatite, To ascertain
the reliability of this procedure varicus lmowmn combinations of
imorganic phosphate with casein and also a standard phosphate series
alone were tested, These results ompared within experimental errer
with those of a direct Fiske-Subbarow analysis upon standard phosphate
selutions, The results are shewn in Pigure 6, VWhen it was found
4hat the imorganic phosphate eontent of a digest aliquot exseeded the
range of the standard curve a ocerrespondingly smaller digest sample
wag taken,
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Method for Total Acid Soluble Phosphate ~« The method adopted for
dotal acid soluble phosphate analysis is described essentially by
Hawk, Oser, and Summerson (26). IS was found that no color would

develop when thae quantity of trichloroacetic asid filtrate wag in-
ereased and treated with proportional amounts of reagents unless the
final volume was also correspondingly increased, For some determina-
dions the liberated phosphorus was so low that it was desirable to
take gamples large snough to contain a more accurately measurable
quantity of phosphorus, It was found quite satisfactory to do so
provided the same amoumps of reagents and final velume fer color de-
velopnent were maintained,

B, General Observations

Proteolysis - As noted previously (35) and in these experiments,
when 3.0 percent casein was treated with Taka-Diastase (2-8 mg./nl.)
ab pH 7,0, opaleseence commencad after one to two hours, Thirty
mimutes thereafter the digest took en the appearance of milk, Protec~
lytic activity measurements of this process by alcoholie potassium
hydroxide titrations, rate of turbidity formation, viscosity change
(35), and eleotrophoretio changes (37) have offered the hypothesis
that a two stage reactionm is involved,

In addition to the aforsmentioned measurements, specific cone
dustivity changes during preteclysis suppert this hypothesis, The
results are given in Table I and plotted in Figure 1. The increass
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in eondustivity may de regarded as the result of the increase in
eharged species (18) upon hydrolysis of bonds and groups in proteins,
Figure 1 shows a linsar conductivity inorease until the opalescence
time is approached when for a period no changs occurs until after
milkiness has appeared. It may be noted (mors details later) that
simultaneous inorganie phosphate liberation followsd the same pattern,
I% suggests that imorganic phosphate might well be determined by the
much simpler resistance measurements,

Another standard method of proteolytic activiiy measurement is
the determination of trichloroacetic acid soluble hydrelysis products
by optical density o~ percent transmittance change at 280 mu im the
Beciman ultraviolet Spectrophotometer (55). The progress of protec-
ﬁd.m determined in this manner on all samples involving the
measurement of total and inorganic phosphorus liberated during digestion.
Hence all curves involving phosphorus liberation are accompanied by
the corresponding plot of optical density increase at 280 mu, These
proteclysis plots do not show two atage reaction as suggested in the
previous experiments, Instead they correspond more closely to the
non-protein nitrogen measwrements made earlier (35), However there
{s another remarkable and yet unexplained phenomens, This is that
during initial stages of casein proteolysis with lower ensyme ooncen-
trations there is a negative abscrption of aromatic residues (such as
tyrosine or tryptophan), Christensen (7) has observed the same with

trypsin, chymetrypein, and plasmin and found 4% to be only applicable
to casein sudetrate,
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Phospharus Liberation During Proteolysis = The following ob-
servations come from an inspection of Tables I, II, III, IV, V, and

Figures 1, 2, 3, L, and 5,

In practically all experiments the total acid scluble phosphorus
relsased was produced at essentially a constant rate during proteolysis
by Tala-Diastass, Hence the protein phosphorus (precipitated by trie-
chloroacetic acid) retained was linearly related by negative slope to
the digestion time,

Ads previcusly mentioned the inorganic phosphate liberated in
most casss showed the two stage reaction being involved in casein
proteolysis, The increass was linear until incipient opalescence and
after onset of milkiness assumed & higher rate of liberation,

The ¢rganic phosphate liberated during proteolytic degradation of
casein can be seen from Figure 5 to be initially liberated at a con-
stant rate until onset of cloudiness when the value dropped to a
ninismm before resuming an increase again, This was in accord with
the observations of Rimington and Kay (72) who stated that organie
pbhosphate approached a maximum slowdly and then diminished,

Comparison of Ppoteolysis and Phosphorus Liberated —< The formation
of aoid soluble phosphate and hydrolytic products of casein in most

cases eccurred at a oonstant rate, Rimington and Kay (72) found sotal
phosphate and amine-nitrogen liberation to be linear functions during
tryptic digsstions, The inorganis phosphate lliberation rate has ale
ready been compared with eonductivity changes, Curves in Figures 2,
3 and L support the two step reaction hypothesis found by ethers (35).



C. Influence of Enzyme Concentration
One of the criteria for catalysis by ensymes is that generally
imitial activity is proportional to ensyme concentration in the .

presence of adequate substrate (21),

The proteolytic measurements of optical density change at 280 mu
as shom in Table IT and Figure 2 satisfy the above eondition, There
is of course the notable negative absorption at lower enzyme concen-
trations that awaits further explanation,

The total acid soluble phosphate released as shown in Table II
and Figure 2 similarly supported the criteria of rate of release being
essentially linearily proportional to the amount of Taka-Diastase used,

However the astivity concerned with release of inorganic phos~
pbate did nmot indicate the single linear dependency as the above,

AV whatever exzyme concentration tested the two stage release was
evident but it became less apparent at the lower cencentrations, The
ouset of cloudiness and eventual milkiness followed the identical
dependency described above,

These observations seemed to suggest that phosphate liberation
was apparently a result of the proteclytic degradation of casein by
virtue of its parallel ensyme concentration dependency.

D, Effect of Substrate Concentration
In most ensyme catalysed reactions the veloocity increases,

but not propertionately, when substrate concentration is made greater
(27). ‘hen all ensyms melecules have become converted to enzyme-



substrate complexss, maxinmm velocity is attained and becomes inde-
pendent of substrate concentration, Occasionally a dimimution i4n
velocity may be caussed by further increase in substrate concentration,

The results of this variable on proteolytic aetivity and phos~
pbate liberation are reported in Table III and Figure 3, The data
shows that when the ratio of nbctrato to enzyme concentration was
constant the total and inorganis phosphate as well as the optiscal
density changes had the same rate curves, This may be comstrued as
evidence for the same ensyme being operative in phesphate liberation
and proteolysis, .

But the apparent observation of increased substrate cencentration
invoiing an inhibitery effect with respeot to phosphate liberatien
and proteolysis is inconclusive, Similar expsriments by other workers
are not Inown with respeat to phosphate relsase but the proteclytic
data 1s contradictory (27). This aspect of the investigation bears
further extensive experimentation,

E, Optimum pH

In conmeotion with the effect of hydrogen ion activity wpon
enzyme catalysed reactions one should consider i%s influence on
stability of the ensyme, on ersyme ionisation, and also dissociation
of the substratse (17),

The effect of pH on proteclysis and phosphorus liberation are
tabulated 4n Table XV and plotted in Pigure k. 4 curve was net
drawn through the optical density values at pH 6.6 since there was
reason %0 suspect operational error in the instrument at the time
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the analysis was made, However the reliable values ciarly sube
stantiated previous optimum pH findings (17), An interesting additien-
al observation 4s that the higher the pH of digestion the more pro-
longed was the period of nmegative absorption at 280 mu,

The phosphate measurements seem t0 vary in the same manner as
the proteolytic, Hence if the influence of hydrogen ions upon enzyme
is as stated above the results support the belief that the same
ouyhu is operative in bdoth phosphate liberation and proteolysis,

Furthermore should one think that the previocusly described phos-
phoprotein phosphatases were co-active in this digestiom, then
certainly pE cptimm would be from §,8-6,0, Since Taia~Diastase
astivity in this renge is actually hydrogen fon inhibited (17) this
posaibility seems remote when considered together with the findings
reported in this study, All other phosphatases activity of Taka-
Diastase have been reported to have their optimmm pH at even lower
values than 6,0,

F, Casein Proteolysis in Relation to Phosphate lLiberation
Up to this point evidence regarding the mammer of release of

total acid seluble and inorganic phosphate together with proteolytie
data has been exsmined, It seems that the liberation of inorganic
phosphate together with formation of acid iomising groups meagured
either conductometrically or titrimetrically supports the hypothesis
of a Ywo step reaction, The first step seems to precede milkiness
formation whereas the second develops with enset of this digest



appearance, By electrophoretic analysis it has besn found that the
£ ~fraction of the substrate is totally consumed during the first
step and following milkiness the & ~pealk disappears, During initial
proteolysis the formation of acid soluble organic phosphate is most
predominant in comparison to the inorganic fraction of the total
amount liberated, Following milldness this relationship is reversed,
Hence the phosphate relecase so closely allied with formation of
new ionic species or mew acid groups can only loglically suggest that
groups or linkages involving plosphorus are associated with the
proteolytic process, During step one where the organis form of phos-
phate release is predominant and where principally B —casein is in-
volved, it suggests, as does alsc Perlmann's work (59), that the
phosphodiester and some peptide bond cleavage is principally involved,
Then following onset of cloudiness proteolytic degradation may
prineipally be concerned with phosphomonoester and peptide bond
hydrolysis of the K -casein fraction, Such would account for the
greater rate of inorganic phosphate production, conductivity change and
other proteolysis data,

G, Test of Reactions in Step One With Phosphodiesterase
If an engyme specific for the mature of the reactions of step

one were available, namely a phosphodiesterase with none or very little
proteinase activity, the preceding speculsation could be tested, OSnake
venom from the Diamond back rattler (Crotalus adamanteus) has been

found %o fulfill these specifications and was incubated at pH 7.; for
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six hours with whole casein, The results in Table ¥ and Figure 5
show what was predicted in the foregoing discussion, The pH of the
digest decreased, organic phosphate release was predominant, pro-
dustion of new ionic species was slight, and optical density change
demonstrated very littles peptide bond hydrolysis. 4in electrophoretic
pattern showed alteration in the 4 -peak only but unchanged of -fractien,
Then by addition of Tala-Diastase the onset of milkiness was ad~
vanced one hour as well as the increased production of inorganic phos-

phate, charged ionic species, and hydrogen ion liberating groups,
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V. SUMMARY

1} 4 method for separating inorganic from organic phosphate in tri-
chloroacetic acid filtrates of casein hydrolysates was developed,

2) The rate of liberation of inorganic and total acid soluble
phosphate during proteclysis was studied,

3) Inorganic phosphorus followed a two step reaction rate, The first
stage of slow liberation occurred before ths onset of cloudiness
and the second of fast liberetion developed after milkiness
appeared,

i) Total acid soluble phosphorus showed a constant rate of formation
throughout the period of proteoclysis,

5) Organic phosphorus was produced rapidly until the onset of eloudie
ness when the value dropped to a minimm before it resumed a slower
inorease,

6) The protein phosphorus decreased at a constant rate througheut
ths reaction,

7) Specific conductivity or measure of charged species developed as
a two step reaction, The first step was before cloudiness and the
second after milidness,

8) Proteclysis products and phosphorus liberation showed identical
dependency upon casein concentration,

9) The 1iveration of acid-soluble proteolytis products and all types
of phosphorus compounds from casein were similarly proportional
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to Taka~Diastase concentration,

10) Maximum activity for casein proteolysis and phosphorus libera-
tion both occurred at pH 6,6,

11) Optical density imorease at 280 mu or measure of $yrosine and
tryptophan residues libereted by casein proteclysis was essen-
tially constant at some initial periods,

12) The release of charged ionic species is related to formation of
inorganic phosphorus products because both followed the two step
type of reastion, '

13) Optdcal density and total asid soluble phosphorus increases seem
interdepsndent since they showed similar linear inorease through-
out the reactien,

1L) The eptimum pH of around 6,6+7.0 for maximum proteolysis and
phosphorus reloase eliminated the pessible participatiom of low
pH active and stable phosphoprotein phosphatase or ether phospha-
tases, ,

15) The negative absorption valuss scmetimes had during initial
proteclysis were affected by either oconcentration of enzyme,
substrate, or hydrogen ions, _

16) Total acid soluble phosphorus liberated during casein proteclysis
sampared closely with total acid soluble nitrogen formation
previously reported (35).

17) All evidence to date suggests that the initial reaction preceding
onsst of milikiness was the disappearance of /3 -casein by catalysed
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hydrolysis of its phosphodiester bonds and peptide bond gleavage,
Also simultaneously at reduced rate there was some hydrolysis to
liberate inorganic phosphate ions,

18) Cloudiness itself is believed to be dus to the relatively un-
ehanged & «fraction,

19) The reastion following milidness in the digest may be regarded
as further hydrolysis now operative upon the phospherus and
nitrogen bonds of A casein,

20) A specific phosphodiesterase preparation of snake venom accomp~
lished the same resulis as postulated to be in step one described
4in mmber 16 (above),

21) 4 phosphodiesterase pretreatment of casein demonstrated that only
step two as desoribed in mumbers 17 and 18 (above) resulted when
Taka-Diastase was added,
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