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. STUDIES IN NEUTRAL SALT ACTION. - -
Part I.—Diastase.

By D. Narayanamurt.

It is known that neutral salts are often of importance in enzyme
action. Enzymes being colloidal systems will naturally respond to the
action of electrolytes. ~Starkenstein, Bierry and Giaja (Comp!. rend.,
1906, 143, 300) and others have shown that animal diastase is inactive
in the absence of neutral salts. Hober (/. Gen. Physiol., 1928, 8, 265)
attributes the ionic antagonismobserved by him in enzyme  systems to
the colloidal part of the complex. Neuschloss (Kolloid Z., 1920, 21,
292) has drawn attention to the great similarity between enzymes and
lecithins. Itis evident thatelectrolytes mightact on enzymes in various
ways, namely, change in degree of swelling, electro-kinetic potential,
adsorption power, degree of dispersion, surface conductance, etc., and
as remarked by Bayliss it is difficult to formulate statements of general
application. This communication forms part of an extended series of

investigations yndertaken by the author to elucidate the mechanism
of neutral salt action.

Influence of neutral salts on malt diastase.—There has been much
controversy regarding the action of neutral salts on malt diastase. Hahn
and Hapruder (Z. Biol., 1919, 71, 287, 302) distinguished the effect of
neutral salts on malt and salivary diastase at three ranges, () optimal

m (6) acid side of optimal Py and () alkaline side of optimal
Py. In buffered solutions salts were without any effect at the optimum
Py, on the acid side at great dilution of the buffer and neutral salt,
acceleration was caused ; at higher concentrations of buffer, inhibition
was observed. On the alkaline side of the optimal Py at great dilution
of buffer and salt pronounced activation was caused, at higher concen-
tration this was less marked, but inhibition was never observed. The
decrease of the activating effect can, at higher buffer concentration,
pass into inhibition in the case of nitrates., They further observed that
the optimum Py is not changed (cf. however Sherman, /. Amer.
Chem. Soc., 1928, §0, 2532), that the enzyme wanders to the cathode at
the optimum Pyand that on the addition of salt it wanders to the anode,
when the isoelectric point is shifted to the acid side. Hence they
consider that the electrical nature of the enzyme is of no consequence,
and that the electrochemical dissociation theory of Michaelis finds no
application to malt and salivary diastase. ~Frickeand Kaja (Ber., 1924,
57, 310, 313) found that addition of neutral salts inactivated their electro-
dialysed enzyme. Patwardhan and Norris (/. Indian Inst. Sci., 1928,
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11A, 127) found activation with malted cholam diastase (alcohol
precipitated) and inactivation with unmalted cholam diastase at high
salt concentration. Eadie (Bioc/ken. /., 1926, 20, 1016) observed slight
activation at salt concentrations of about 1°62/. Narayanamurti and
Norris (/. Judian Inst. Sci., 1928, 11A, 134) noticed inactivation with
electro-dialysed cholam diastase at the concentration of salt found
most beneficial by Patwardhan and Norris.

In view of the above observations it was deemed necessary to
investigate the matter in more detail and the results so far obtaincd are
of sufficient intcrest to place on record.

EXPERIMENTAL.

The enzyme was prepared by Euler’s method (Z. physiol. Chem.,
1920, 112, 193) from cholam maltthe dialysis in collodion bags against
flowing distilled water being continued for tendays. A distinct advance
was also made by using electrolyte-free amylose prepared according
to Samec (Kolloid Beihefte, 1920, 12, 281) in place of ordinary starch as
substrate. The sodium chloride used was Kahlbaum’s analytical
reagent dissolved in conductivity water. All reactions were carried
out in silica vessels washed with hot dichromate-sulphuric acid mixture
and steamed before use.

Ovder of adding componcnis in preparing the reactron mixture.~It
is quite evident from the results shown in Fig. 1., that the order of
addition has a marked influence on the activity of the enzyme. The
neutral salt was most pronounced in action when added to the enzyme
before the amylose, thus recalling similar behaviour with colloidal
systems. This is to be expected from the nature of diastase action,
there being ample evidence 0 show that enzyme action ought to be
considered as a case of contact catalysis. It is well known that
adsorption has much to do with contact catalysis, and Frumkin (Natuye,
1926, 117, 790; Biockem. Z., 1927, 182, 220) has investigated the
influence of electric fields on the adsorption of neutral molecules. His
experiments indicate that adsorption is greatest when the adsorbent is
almost uncharged. He found maximum adsorption at a small negative
charge in the case of a mercury surface and a small positive
charge in the case of a silver surface. Later work by Obretschewa
(Biockem. Z., 1929, 201, 25) however,' has shown that the relations are
not so simple and that the concentration of the adsorbate must also be
taken into account. With higher concentrations the maximum is
slightly diverted from the isoelectric point. The adsorption depends
not only on the electrical nature but also on the degree of dispersion of
the adsorbent. This indicates that the decomposition of the neutral
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molecules should be gréatest near the isoelectric pg)}nt of the surface
concerned, which has been found to be the case in Mydrogen peroxide
decomposition at a variety of surfaces (Wrightiind Rideal, 7rans.
Faraday Soc., 1928, 24, 530N~ ..

Influence of neutral salt concentration.—The foregoing observations.
suggest that the action of neutral salts on enzymes alters their electro-
kinetic potential, and consequently the adsorption and decomposition
of neutral molecules at enzyme surfaces. This receives support from
the results shown in Fig. I and also trom the influence of neutral
salt concentration. As will be seen from Fig. II, where the order of
addition was enzyme, neutral salt, amylose, the action of sodium
chloride on diastase varies with the concentration of the salt. At
concentrations varying from 1°66/V to 0'000166/V it had an inhibiting
action, while at 0°000016/V it had a slightly accelerating action. The
possible explanation of the different concentration effects seems to be
that the neutral salt at very low concentration reduces the charge on
the enzyme particle; this does not involve any great decrease in
stability, because before coagulation it must not only be discharged
but also desolvated. The adsorption of electrically neutral amylose
is thereby increased, thus accelerating the speed of hydrolysis. On the
other hand, with increasing concentration of the salt, probably the
charge on the particle is neutralised and reversed in sign, and
at still higher concentrations increased in magnitude thus cutting
down the power of adsorption. Though what has been outlined
above seems probable, it should not be forgotten that electrolytes
at very high concentrations may coagulate the enzyme particles and so
decrease the active surface. It has also been observed in the case of
other colloidal systems that electrolytes which at high concentrations
act as discharging agents may increase the charge at low concentrations
thus increasing the stability and probably the dispersion also. It is.
hoped that electro-kinetic potential and other physico-chemical mea-
surements in progress will throw light on this question. It must also
be mentioned that adsorption alone cannot account for the hydrolysis.
The activation of water has been a matter of speculation. Recently
Bancroft (/. Physical Chem., 1926, 30, 1194) has suggested that the ac-
tion of neutral salts shifts the water-equilibrium, and has adduced in-
direct evidence in favour of this hypothesis by which L. E. Bowe has
explained the beneficial action of neutral salts on acid hydrolysis. It
has been suggested that at the interface, an oriented layer of molecules
(Harkins, /. Amer. Chem. Soc., 1925, 41, 2083) may be largely composed
of monohydrol. King and Lassieur (Compt. rend., 1923, 117, 109)

~ have suggested that the monohydrol is a conductor of electricity while

polyhydrols are not; this indicates that water in the monohydrol form.
is more reactive. Briggs (Colloid Symposium monograpk, 1928, 6, 41)

finds ' that with alkali salts the surface conductance of cellulose
2
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increases with increasing concentration while the zeta potentia] falls :
in the case of thallium and aluminium salts, however, the surface
conductance also falls. He believes that the surface conductance is
to be attributed to the monohydrols and thus thinks that the water
equilibrium is favourably shifted with alkali salts.

Influcnce of neutval sall at vavious Py vanges.—The results given
in Tables I and II indicate that the neutral salt is practically without
any effect at the two P, optima, has an accelerating effect on the acid
side of the optimum Py and that inactivation is caused on the alkaline
side.

TABLE I

The optimum Py.

Ph, .. 602 557 53 &1 499 48 463 443 405 342
Activity in c.c. ‘
thiosulphate .. 44 53 60 54 62 57 85 48 41 o4

The reaction mixture contained 15¢c. c. of 0'58 per cent. amylose,
5 c. c. of enzyme, 5 c. c. of buffer of required Py and 5 c. c. of either
waier or 00000166/ sodium chloride. 1 c.c. of toluene was added
as, antiseptic.

TABLE I

Maltose in c.c. thiosulphate
Py _ I
Without neutral salt. |' With neutral salt. Change in activity,
602 89 { 81 ! - 08
537 93 ! 9-2 ‘ |
499 93 * 94 f r ol
427 62 : ‘ 73 | s 11

Further support to the theory of diastase action outlined above
is given by the observations recorded by several other workers. Héber
observed that salts were without effect on the acid side of the isoelec-
tric point of the colloidal part of the enzyme complex, and had an
inhibiting action on the alkaline side. Sherman found that the
isoelectric point of barley malt diastase lies near its optimum P
Impure invertase wanders to the anode, and after kaolin adsorption
it wanders to both poles. Accdrding to Michaelis the undissociated
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indlecule is active in the case ofdnvertase. It has been shown by the
awthor (/. Indian Inst. Sci., 3829, 12A, 109) that tyrosinase acts best
near t&isoelectric point, iReiner has shown tHat frequently the end
reaction in” &tectro-dialysis is the isoelectric point of the colloid con-
cerned; this probably explains partly the increase in activity on electro-
dialysis and also the shift of the optimum P;; which frequently varies
with conditions. It was noticed by the author that the optimum P, of
cumbu diastase varies with age, and a similar shift has been observed
by Sherman (/. Awmer. Chem. Soc., 1928, 50, 2532) on addition of salts.
Hahua and Hapruder found that the optimum Py lies in a more alkaline
Py with phosphate buffer than with acetate. Rohman (Kollid Z.,
1926, 39, 159) found that the isoelectric point with a citrate buffer lies
between 44 and 4°6, in the case of a phosphate buffer between 54
and 5°7.

Divergent results have been obtained with different starches.
Stone (U. S. Dept. Agric. Bull., 1896, 34, 29) found potato starch to be
the most easily hydrolysed, then wheat and last maize. Sigmond
(Woch. Brau., 1897, 14, 412) found a similar sequence, but according
to Barnatzky (Karrer, Polymere Koklenhydrate, 1925, 43), rice-starch
is the most easily hydrolysed. Sherman and Baker (/. Amer. Chem.
Soc., 1916, 38, 1885) noticed that amylose is more easily hydrolysed
than amylopectin. Many have tried to correlate the varying amylopectin

content with the varying resistance towards diastase, but according to

Samec potato starch is richest in amylopectin and according to most
investigators it is the most easily hydrolysed. Moreover, Sherman
(/. Amer. Chem. Soc., 1919, 41, 1123) found that the different starches

' -on washing with dilute alkali were hydrolysed at the same rate. It was

found by the author that the hydrolysability of the different starches
decreased with increasing ash-content. Thus cholam amylose was
most easily hydrolysed, then potato starch, next rice and last maize.
So there is hardly any meaning in the assumption that the different
starches vary in composition. The differences may be entirely
attributed to the inorganic and other impurities accompanying them
and the physical characteristics of the s'tarch. The results are given
in Fig. III. Some unpublished experiments of the author also seem
to support the same view. Amylose wasfound to be hydrolysed at the
same rate as amylopectin. On another occasion amylopectin was
hydrolysed more easily than amylose and yet in a third separation

amylose was more rapidly hydrolysed. A systematic investigation of

the question has been undertaken.

. In this connection it is interesting to record the results of some

.experiments on the hydrolysis of amylopectin prepared by two different

methods. Samec’s method is wellknovs{n. The other method devised
by the author was‘based on the following considerations. Weimarn

Y - |
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has _sbown that b).'”mcm grinding of substances (sometimes with the
addition of an indifferent substance) at low temperatures even denatured
protein can be brought back into solution. Low temperatures
especially that of liquid air confer brittleness on the substance so th;&

it can be ground very fine, and the meal is easily peptised by water.

Starch bas to Le gelatinised to effect a thorough disintegration of the
granule before amylopectin is separated from it. For gelatinisation
either heating under pressure or chemical additions have been tried
and have the disadvantage of effecting chemical changes. It was
interesting therefore to effect the disruption of the granule by a purely
mechanical process. = Applying Weimarn's idea the starch was exposed
to the temperature of liquid air, ground finely in an agate mortar and
the treatment repeated several times; it was then dissolved in hot
water and the amylopectin separated by electro-dialysis. The results
given in Fig. IV, clearly indicate that the amylopectin prepared by the
liquid air method is more easily hydrolysed, it being immaterial whether
the comparison is made with or without buffer. ;

SUMMARY.

The order of adding the reaction mixture compounents has a marked
influence on the activity of the enzyme; the maximum effect of the
neutral salt is obtained when it is added to the enzyme before adding
the substrate.

Sodium chloride at a concentration of 0‘0000166V has a slightly
accelerating action on cholam malt diastase. At concentrations of
0°000166/V and above it has an inhibiting action. Sodium chloride of

0°0000166A in buffered solutions has an accelerating action on the acid .

side of the optimum Py, no action at the optimum P, and a retarding
effect on the alkaline side.

Experiments on the hydrolysis of different starches, and amylopect-
in prepared by two different methods are described.

The mechanism of diastase action has also been discussed,

The author has pleasure in expressing his indebtedness to Prof. R.
V. Norris for the keen interest taken during the course of this work
and the constant encouragement given,

Department of Bio-Chemistyy,
Indian Institute of Science,

. Bangalore.
[Accepted, 21-2-30. ]
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IL—THE NATURE OF AMYLASE. I
By D. Navayanamurii.

Experiments on the purification of amylase by electro-dialysis and
the resolution of the enzyme into two components by electro-osmosis
were described in Part I (/. fudian Inst. Sci., 1928, 11A, 134). The
enzyme subjected to electro-ultrafiltration has now been studied, and
{urther cvidence in favour of the two-enzyme theory follows also from
ultrafiltration experiments.

ELECTRO-ULTRAFILTRATION.

This elegant and very useful process, devised by Bechhold
(Z. Elcktrockem., 1925, 31, 496), depends on the following principle.
The collodial solution to be purified is placed on an ultrafilter
from which the dissolved crystalloids are drained by suction; simulta-
neously an electric current removes ions and transfers water to one of
the electrodes. It is thus a combination of electro-dialysis and ultra-
filtration, and has the advantage of quickly removing all ionogenic and
crystalloidal impurities from colloidal solutions. This is of fundamen-
tal importance when studying the action of salts on enzymes. In the
case of oxidases it should be easy to settle the much discussed question
whether manganese and iron, either as inorganic salts or part of the
enzyme complex, are necessary for the action of these enzymes. Such
a study is now being conducted by the author with tyrosinase. Itis
claimed that under favourable conditions the removal of electrolytes is
about 180 times as rapid as by dialysis. Furthermore, bio-colloids
liable to attack by micro-organisms can be quickly purified, and instead
of dilution taking place concentration can be effected. Another
advantage is that the process can be so conducted that the solution
remains neutral or becomes acidic or alkaline ; Bechhold has used it

with great success for the purification of glue and gelatine, the ash after .

purification consisting entirely of silica and ferric oxide. The following
experiments with amylase are the first of their kind with enzymes.

The A pparatus.—The electro-ultrafiltration vessels shown in Fig. 1
are made of special porous porcelain and resemble the ultrafiltration
apparatus of Bechhold-Konig; they are covered with an ultrafilter
membrane, and differ from ordinary ultrafiltration vessels in having

an electrode of deposited platinum underneath. The deposit extends

up the sides of the vessel in several places in order that electrical con-
tact may be made by means of a tightly clamped collar,
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Deposition of the membrane.~The dish is placed on a rubber
washer in the funnel and 6 per cent. collodion poured to the brim,
excess being poured back to the stock bottle by rotating the dish till
no more drops fall. After drying in air for 5 minutes the dish is given
two more similar coatings and then allowed to dry for 15 minutes before
immersing in water for gelatinisation of the membrane. The flask is

coated in similar manner by dipping in a beaker of collodion and apply-
ing suction for a minute.

Purification of the enzyme-—The enzyme solution is placed in the
dish and distilled water in the ultrafilter flask, suction being applied on
both sides. The electro-ultrafiltration was effected at 30 volts, tapped
by means of a potentiometric arrangement, a milliammeter in series and
a voltmeter in parallel being included in the circuit to follow the course
of the electro-ultrafiltration. The ammeter reading became constant
(almost zero) in the course of seven hours when the current was allowed
to pass for an hour more to remove the last trace of electrolyte,
Neutrality disturbance was avoided by having a more powerful
suction at the anode than at the cathode, which being smaller is in the
flask. In some experiments acidification was avoided by reversing the
direction of the current every 2 or 3 minutes.

The results obtained with cholam malt diastase, partially dialysed
according to Euler, are represented in Fig. I1. The solid content of the
cholam diastase solution was 4'8 times that of the electro-ultrafiltered
solution. The activity of the enzyme being proportional to its concen.
tration at low concentrations the electro-ultrafiltered solution might be
considered to be 4'8 times as active as the dialysed preparation. It is
evident from the figure that the curves are not similar, that representing
the electro-ultrafiltered solution being autocatalytic in form. Whether
this has anything to do with the two-enzyme theory of diastase only
future experiments can decide. It must also be mentioned that the
increase in activity obtained is not as great as in electro-dialysis.

Experiments are in progress to study the effect of denser membranes

and the most favourable conditions are being sought.

ULTRAFILTRATION.

In the earlier communication (loc. cit.) evidence was adduced in
favour of the theory that diastase consists of two components, one
responsible for liquef:}ctlon and the other for saccharification of starch ;
in one series of experiments a complete separation of the liquefier from
the saccharifying component was effected. Ultrafiltration experimefxts

described below give further support to this theory.
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used for the ultrafiltration experiments reserving the rest for comparison.
Compressed air was used and samples collected at 15-20 and 40-50
kgms. The two fractions were tpsted fqr their liquefying and
saccharifying powers, results being given in Figs. IV, V, VI, and VII
and showing that a partial separation of the two components has been
effected. The liquefier is probably of a higher dispersity (cf. /.
Indian Inst. Sci., 1928, 11A, 134). Experiments are in progress to
study the possibility ofa complete separation of the two components by
suitable choice of membranes and pressures.

SUMMARY.

Electro-ultrafiltration as a method for the purification of enzymes
has been tried for the first time. Electro-ultrafiltered diastase is more

active than the ordinary dialysed preparation.

The kinetics of starch-hydrolysis by the electro-ultrafiltered
enzyme differs from that of the dialysed preparation. The possible
significance of this to the two-enzyme theory has been indicated.

By ultrafiltration a partial separation of the two components of
diastase has been effected.

Ultrafiltration experiments‘indicate that the liquefying component
is probably of a higher dispersity than the saccharifier.”

In conclusion the author desires to express his grateful thanks to
Prof. R. V, Norris for the kind interest he has taken in this work.

Department of Bio-Chemistry,
Indian Iustitute of Science,
Bangalore.

_—

[Accepted, 21-2-30.]
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Bh. S. V. Raghava Rao. Price, As. 8,

Part XVII.—I. Contributions to the Study of Spike-Diseasa of Sandal {Sentalum
Album, Linn.). Part VII. Factors Influencing Diastatic Actlvity. Bv
B. N. Sastri and M. Sreenivasava. I[I. Part VII[. Chemical C-
sition of Tissue Fluids from the Leaf. By M. Sreenivasaya and
Sastri. III. Part IX. Chemical Composition of Tissue Fluids
the Stem. By M. Sreenivasaya and B. N. Sastri. IV. Note on
Starch-Liquefying Action of Sandal Leaf Extracts. By B.N. Sa
Price, Rs. 1-4.

Part XVIi1.—Studies on Soil Actinomyces. Pact I1I. Staodardisation of a
Method of Counting Soil Aclinomyces. By M. Ganesha Rao &
Subrahmanyan. Price, Rs. 1-4, .

Part XIX.—I. Biological Oxidation of Sulphur. Part II. Effect on the Yo " ora ot
Activated Sludge. By C. V. Ramaswami Ayyar and Rolayg v, Norris.
1I. Biological Oxidation of Sulphur. Part {II. A ,S,'tﬁphur-Oxidising
Organism from Activated Sludge. By C. V. Rai’wagwaml Ayyar.
Price, Rs. 1-4,

Part XX.~Contritutions to the Study of Spike-Discase of Sandal (Santalum Albwm,
Linn.). Part X, Seasonal Studies on Healthy and Parially Spiked
Trees. By A. V. Varadaraja Iyengar. Price, As, 12.

Vorume XIII (A)—1930.

Part 1,—Some Peculiar Low-Lying Soils of Central ‘I'ravancore. By T. R. Narayana
Pillai and V. Subrahmanyan. Price, As. 12,

Part IL.—Formation of Haterocyclic Compounds from Ethyl Carbathoxythiocarbamate ,
By Praphulla Chandra Guha and Shanker Rao A. Saletore. Price ,
As. 10.

Part 111, —~Petrol-Water Emulsions. By C. Varadhan and H. E, Watson. Price, As. 12,

Part IV.—1. Studies on Dextrins. Part I. Actioa of Amylase from Cholam (Sorghum
Vulgare) on Potato Starch. By Vinayak Narayaa Patwardhan. JI.
Amylase from Ragi (Bleusine Coracana). By V. N Patwardhan anpd
Nuggehalli Narayana. Price, As. 12

Part V.—Soil Survey of the Natkantha District {Limbdi State) and its Significance .
By C. V. Ramaswami Ayyar, Price, Rs. 1-8.
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Part VI.—Dilatometric Studies in Bnzyme Action, By M. Srecuivasaya and B, N.
Sastri.  Price, As. 12.

Part Vil.—I. Studies in Neutral Salt Action. part 1. Dinstase. By D. Narayana-
murti. 1I. The Nature of Amylase. 1I. By D. Narayanamurti.
Price, Rs. 1-8.
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