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STUDIES IN ENZYME ACTION. . -

TN
S

Part | —Amylase from Cholam (Sorghum vulgarem
By V. N. Patwardhan and Roland V. Norris.

Since the discovery by Kirchoff in 1813 that a crystalline sugar
is produced by the action of ‘ vegetable albumin’ on starch and the
observation of Musculus in 1840 that sugar and dextrins are produced
simultaneously during this reaction by a process of hydration, no
enzyme has received closer study than diastase or, to use the modern
nomenclature, amylase. The results obtained by various workers
have been very contradictory in regard to some particulars however,
and even in the more recent work the same divergencies persist.

s Among the points in doubt has been the question as to whether amy-

lase is an individual enzyme or a mixture. Marker early stated that at

60" four molecules of starch yield three of maltose and one of dextrin ;

; _ , hydrolysis at 65 gave a reduced yield of maltose and at hizher tempe-

' _ I v ratures he found the proportion of maltose to dextrin to be as two to one,

He therefore considered the process to involve two enzymes, of which

, the one chiefly responsible for sugar production was more sensitive to

T i heat than the other.  Brown and Morris (/.C.S., 1890, 57, 458) also

e considered that two enzymes were concerned and these were named by

them * translocation diastase ' and * secretion diastase’ respectively; the

former acted only on soluble starch but did not hydrolyse starch paste.

Other workers have opposed this view considering that variations in

the property of the enzyme could be explained by physical changes
induced in the latter by the trfatment to which it had been subjected.

It has long been known that starch is not a single substance, but
is composed of at least two constituents, amylopectin and amylose
(Gatin-Gruzewska, Compt. vend., 1908, 146, 540; Maquenne and Roux,
Compt. rend., 1905, 140, 1303); this fact alone might be considered to
lend some support to the two enzyme theory. Ling and Nanji (/.C.S.,
1923, 123, 2666) have shewn that while the enzyme of unmalted
barley can hydrolyse amylose it is without action on amylopectin,
suggesting that the enzyme capable of hydrolysing amylopectin is only
developed on germination of the grain. In other words, it corresponds
to the secretion diastase of Brown and Morris.

Further evidence in favour of two enzymes is forthcoming when
amylase from sources other than barley is compared with barley
enzyme. Work on such lines has not been extensive, though the
results of Stone and Wright (/. Apmer. Chem. Soc., 1899, 20, 637) and
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of Waksman (/. Amer. Chem. Soc., 1920, 42, 293) on taka diastase, of
Chrzasez (Bied. Zentr., 1910, 39, 641) and of Baker and Hulton
(/.C.S., 192 1, 119, 805) on the amylase of rye are of much interest.

In 1923, while examining various S. Indian grains, Norris and
Viswanath (4 gric. ]. India, 1923, 18, 326) compared the action of barley
, diastase with the enzyme derived from cholam (Sorghum vulgare) and

shewed that their relative activity varied according to whether the sac-
ch?nfying or liquefying power was under consideration, cholam enzyme
bringing about much more rapid liquefaction of starch than barley
enzyme, though the formation of sugar was much slower. This obser-
‘vation supports the idea that two enzymes are concerned and that
the proportion in which the two components are present varies in
different grains. :

In the present paper the results of a more detailed examination of
cholam diastase are given, the direct object of the investigation

being to obtain more definite evidence of two enzymes being present.

Though the results afford but little fresh evidence™ of this view,
several facts of interest have emerged. These will be discussed at a
)~icr stagé but we may point out here that the enzyme of unmalted cholam
differs in at least one important respect from the enzyme of unmalted
barley. Ling and Nanji shewed that the latter is without action on

amylopectin and we confirm this result. In_the case of cholam,
" however, the enzyme from the unmalted grain appears to resolve
amylopectin into a mixture of two dextrins. '

To investigate whether amylase is an individual or a mixture two
lines of inquiry suggested themselves » (1) If there are two enzymes
in amylase the conditions of reaction might be changed in such a
manner that the two constituents would be affectgd unequally ; hence
the experimental conditions have been widely vgned and the results of
such changes closely studied: (2) A comparison of the produgts
obtained by the action of cholam amylase on potato st.arch paste with
those formed by the barley enzyme. These results will be discussed
in a subsequent paper. :

EXPERIMENTAL METHODS.

Preparation of enzyme.—The process consists of two steps : (1)
Malting the grain from which amylase is required ; (2) Extraction and
precipitation. ' .

(1) In their researches on the malting of cholam, Norris and
Viswanath (1923) have given the optimum conditions. Before
germination the grains were steeped in cold running water for 30-36
hours and were spread on a bed of moist sand; the germination being
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conducted at 20-25°.  In three days the seedlings showed nearly has

an inch of plumule when the germination was arrested by washing out

the sand and drying the seedlings in the sun: The air-dried seedlings
were maintained at 50° during 72 hoursand then at 70° dunng 24 hours,

being finally dried at 100°. The dried plumules and radicles were

removed by light crushing and blowing, and the grain powdered.

(2) The method of extraction and precipitation suggested by Ling
and Baker (1895) was used for obtaining the enzyme. The powdered
malt (200 gms.) was extracted with 600 c.c. of cold 20 per cent. ethyl
alcohol for 24 hours and filtered ; 1,500 c.c.of 95 per cent. alcohol
was slowly added with stirring and the precipitate allowed to settle
during 24 hours when the alcohol was siphoned off, the precipitate
being washed and dehydrated with stronger alcohol and finally with
ether. It was dried in a vacuum over phosphorus pentoxide at the
ordinary temperature. Enzyme preparations were obtained in this way
from barley and cholam, both malted and unmalted.

Sometimes when using amylase from unmalted barley considerable
difhiculty was experienced in filtering the cuprous oxide precipitate
owing to starch remaining in the reaction mixture. In such cases we
used Peter’'s method of estimating unreduced copper by standard
thiosulphate (/. Amer. Chem. Soc., 1912, 34, 422), filtration being
thus avoided. ' :

The degree of liquefaction was determined by one of the following
methods :—(2) The reaction mixture (10 c.c.) was boiled and treated
with 20 c.c. of 95 per cent. alcohol to precipitate the non-saccharine
substances ; the precipitate was allowed to settle, washed, dehydrated
with stronger alcohol and absolute ether, dried at 100° and weighed.
(6) The change in viscosity of the reaction mixture itself was measured
at intervals, Ostwald’s simple viscosimeter being used; this gave
results identical with those obtained by method a.

EXPERIMENTAL.

1. COMPARISON OF AMYLASES FROM MALTED
BARLEY AND MALTED CHOLAM.

The reaction mixture was composed of 40 c.c. starch paste (2 per -
cent. potato starch), 10 c.c. enzyme solution (0*251 gm. enzyme in 50
c.c.), 30 c.c. water and 1 c.c. toluene.

After mixing the solutions, 10 c,c. was immediately transferred to
a viscosimeter maintained at 3o° and viscosity readings taken at
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regular intervals. The remainder was kept in a thermostat at 30°
and in 10 c.c. portions the sugar was determined at regular intervals.
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TABLE L.
Barley Malt Amylase.
I . . m‘
Time in mins. Sugﬂ; gﬁgeidn } mgms. of | Viscosity; g:: of flow in g 5 £
, e N 8
s & N I =
0 165 ;
15, 94 100-2 . W Q S
3 580 1075
60 69'5 106-2 § \ \
~ 100 76'8 106°0 S
240 837 \6
L3 . h
TABLE IL. S
Cholam Malt Amylase. . @
~ R
NS
. Ti%e in mins. Sugar formed ; mgms. of Viscosity ; time of flow in. ' lc m
maltose in 10 c.c. secs.
_ 53
0 0 s N
15 33 1360 Q0
30 55 128'8 ~ \
60 114 17-8 L
100 18:4 1120 -.g
' o
| 5,
The xesults are plotted in Figs. Iand 11, showing that the amylase A
- ol : e,
from malted cholam is less active in sugar production than the amylase S
from malted barley ; but for the same amount of sugar produced in the o
same solution much more starch is liquefied by malted cholam amylase o)
than by the amylase from malted barley under strictly comparable ' \
conditions. On comparing the conditions existing in both solutions \
after hydrolysis for 30 minutes, it will be seen that ten times as much
maltose has been produced by the barley enzyme as by that from S S S S 3 S Q
LR . ; © N e 9 - " R
cholam. The viscosities of the two solutions are not, however, widely N

different showing that the degree of liquefaction has been of the same «—swbyy w asogrvL/
order in both cases.

This indicates that two enzymes, amylase and amylopectinase
exist in different proportions in the extracts from malted cholam and
malted barley and is confirmed whett the enzyme from ugmalted grain
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is examined, sugar-production with cholam being much less than when
enzyme from unmalted barley is used. Under identical experimental
conditions the enzyme from unmalted barley produced nearly 166
times as much sugar from soluble starch as the enzyme from unmalted ~
cholam did in the same period. These two results appear to indicate
that in cholam the proportion of amylase to amylopectinase is less than
in barley.

2. EFFECT OF TIME ON A SOLUTION. OF MALTED CHOLAM
ENZYME.

Before conducting the hydrolysis for prolonged periods it was °
* considered advisable first to ascertain the extentto which activity of
the enzyme was affected when kept at 30° in solution. ‘

Starch paste was prepared from 0-869 gm. with 150 c.c. of water;
0'0243 gm. of precipitated enzyme from malted cholam was shaken
with water and made up to soc.c. Mixtures A and B were made up
as follows :—

A contained 75 c.c. of starch paste together with 25 c.c. of fresh
enzyme solution brought to 30° with 2 c.c. toluene.

B was identical with A except that the enzyme solution had been
kept for 24 hours at 30° in presence of a few drops of toluene, prior
to usage. .

The mixtures were kept in a thernfostat at 30° and the sugar
formed in them at different intervals determined. The results are
given in Table III. ' .

TABLE IIL
: T T
Time in mins. ¢ Mailtose in mgms. Time in mins. " Maltose in mgms.
i ‘ '
30 i 4:53 ; 30 4-53
60 | 85 j 60 68
140 r 10:76 120 963
245 | : 180 11-33
1415 ; 25'49 { 1680 ] 209
; :

The results show that the activity of the enzyme is affected only -
slightly by keeping it in solution for reasonable periods at 30°.
2
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3. EFFECT OF TEMPERATURE ON THE HYDROLYSIS OF
STARCH BY CHOLAM MALT AMYLASE.

Eight portions of 10 c.c. 2 per cent. starch paste with 7°5 c.c.
water were made up and brought to the respective desired temperatures;
2'5 c.c. of 25 percent. cholam malt extract were added to each.

The figures representing the sugar production and liquefaction
after 30 minutes of hydrolysis at the temperatures studied are represent-
ed in Figs. III A and III B. The results show that if the temperature
is raised the rate of hydrolysis first increases, then attains a maximum
and finally falls again in the normal manner. Both liquefaction and
saccharification appear to be almost equally affected by the change of
temperature. The optimum stage is between 50°and s55°.

) -
4. INFLUENCE OF SALTS ON THE HYDROLYSIS OF
STARCH BY CHOLAM MALT AMYLASE.

In all the experiments described under this heading the enzyme
was shaken with water and the extract dialysed against distilled water

either for 24 or 48 hours and then made up to a known volume for use., .

The fact that the enzyme was dialysed will not therefore be mentioned

in every experiment.

It is well established that amylases of animal origin are almost
completely inactivated by dialysis and that the activity is readily
restored by the addition of certain salts, particularly chlorides. In the
case of the enzyme derived from malted grains, however, there is con-
siderable disagreement as to whether the activity is lowered in the same
way by dialysis. Some authors (e.g., Eadie, Biockem. J., 1926, 20,
1016) maintain that this process has no influence at all on the activity
of barley malt amylase. The present experiments do not support the
latter view as dialysis has always resulted in a reduction of activity
which could be restored by the addition of chlorides. The activity,
.however, is not reduced to the same extent as with amylases of animal
origin. The following experiment was carried out to show the effect
of adding sodium chloride in various Proportions to a dialysed prepara-
tion of cholam amylase.

Seven flasks were arranged each containing 135 c.c. of starch paste.
Quantities of water and sodium chloride solution as given in the table
were added and the mixtures kept in a thermostat of 30% § c.c. of the
enzyme (0°08 per cent.) being then added to each, Saccharification
and liquefaction were measured after 30 minutes,
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TABLE 1V,
Effect of Sodium Chlovide on Cholam Malt Amylase.

Sog}%‘%f}‘ ;T‘i:;f’c' Water, c.c. Mgms. goi g:ltose in , Mgms. ch.gpt. in 10

I :

0-0 50 128 65°6

s ! &5 140 618

ro 40 204

IS , 3s 194 042

z0 f 30 16:2 2

30 2 20 162 61°0

40 j 10 152 850

hd {

The results show that under the conditions of this experiment the
effect of sodium chloride is most pronounced at /V/500.

Besides sodium chloride other chlorides were studied, the salts

.being added in their gram-molecular proportions, namely, barium

chloride, 1°0000 ; cupric chloride, 06457 ; potassium chloride, 0°35806;
sodium chloride, 0°2808 ; ammonium chloride, 0°2568.

The reaction mixture was composed of 10 c.c. starch paste (2 per

cent.), 10 c.c. enzyme (0°'1726 per cent.) and 5 c.c. water with the
respective salt. The results are given in Table V.

TABLE V.
Comparison of Chlorides ; Cholam Malt Amylase at 30°.

Salt Mgms. of maltose in 20 c.c. Mgms. of ppt. in 10 c.c,
BaCl, ; 113 66°1
. KCl ' 12'5 65'5
NaCl 12°5 655
NH,CI 12'5 . 656

Cupric chloride poisons the enzyme and the hydrolysis does not
occur.
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It will thus be seen.that there is little difference between thé&

various chlorides, and that they affect liquefaction and saccharification
equally. :

. The experiments with sodium chloride were repeated with amy-
lase from unmalted cholam, for which purpose a reaction mixture was
prepared from 10 c.c. starch paste (2 per cent.), 5 c.c. enzyme solu-

tion, the salt solution (0°4408 per cent.) in the quantity tabulated and
water to make the total volume 20, c.c. in each case.

The reaction was conduoted at 50° and is extremely slow ; the

readings were taken after one hour and the results are shown in
Table VI. )

-

TABLE VI.
Influence of Sodium Chlovide on Unmalted Cholam ‘Amylase.
NaClin c.c. ' . 0 o5 10 20 30 40 °Sp
Mgms. maltose in 20c.c. ~ ... 162 ¥176 - 176 16°2 14°2 117

Hence the effect of salt is very small, and increasing amounts
depress the rate of hydrolysis. There is considerable evidence that
the influence of salts on dialysed enzyme solutions is modified to a

marked degree by the hydrogen-ion concentration and the nature of .

the impurities present. Further work on this point is in progress in
this laboratory.

Influence of Amino-acids.

A number of experiments have been made by various workers on
the effect of amino-acids on the rate of hydrolysis of starch hy amy-
lases (Sherman and Walker, Amer. Chem. Jour., 1921, 43, 2461), and
show that to obtain consistent results three factors are involved, ()
purity of the enzyme, (4) quantity of sodium chloride and phosphate,

and (¢) control of the hydrogen-ion concentration by means of buffef
solutions. *

_ We have observed all kt.hese conditions and have obtained results
with malt barley amylase in agreement with those of Sherman. - We

then tried the same experiments with malt cholam amylase in the same
concentration of amino-acids. e '

. R

. The reaction mixture was composed of 20 c.c. starch paste (2 per
cent.), 20 c.c. Mcllvaine buffer solution, Py 70, 10c.c. enzyme, 10 C.C.
sodium chloride (0'055 per cent.) and 10 c.c. water containing the
required quantity of the amino-acid. The reaction was allowed to

. proceed at 30° and the sugar determined as usual at the end of one
hour. The results are given in Table V]I,

129
TABLE VIL. -

Influence of Amino-acids on Malted Choam A myMe.
(C.c. of KMnOy4 required for 20 c.c.)

Asparagine Alanine  Glycine {-Leucine  Hippuric acid
Amino-a;cid 25 2°6 14 025 2.2
Control 34 34 34 0'4 04

The experiments show that hippuric acid alone had any accelerat-
ing influence, all the other acids examined having an inhibiting influ-
ence on the rate of hydrolysis of starch by cholam malt enzyme.
Asparagine, alanine and glycine when used in the same concentrations
with barley malt amylase accelerated the rate of hydrolysis. An
extensive series of experiments is necessary to explain this anomaly.

Influence of Bye-products ; Maltose.

It is well known that the rate of hydrolysis of starch by amylase
diminishes considerably after a certain period, one explanation being
that accumulation of bye-products may inhibit the hydrolysis. The
influence of this factor in the case of cholam amylase was therefore
investigated.

Two solutions were examined at 30°, namely, (e) the control,
composed of 50 c.c. starch paste (2 per cent.), 15 c.c. enzyme solution
(0'32 per cent.), 35c.c. water anei I C.C. _toluene; and (4) the same
solution with 0°55 gm. of maltose dissolved in the water. :

The results are given in Table VIIIL.

. TABLE VIII.
Influence of Maltose on Cholam Malt Amylase.

Mgms, of maltose in 10 c.c.

Time in hours

A B
_ |
2 ) i ' 203 518
4 ; 320 12:08
24 ; 66'7 351
48 . 786 49-88
95 90'3 64'8
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) ) Effect of° H-ion Concentration
The figures in the third column have been corrected for the amount

of maltose.originally present, and show that there is a decided inhibit. on Sacchar. {/P'caﬁon .
ing action produced by maltose as with the barley enzyme. 12p=

i
5. EFFECT OF HYDROGEN-ION CONCENTRATJON ON THE

HYDROLYSIS OF STARCH By CHOLAM MALT ENzYME. 77

Experiments on the effect of hydrogen-ion concentration have y
been made by other workers and a Py of 4’5 found to be the optimum

~
Q

the cholam malt enzyme have yielded Interesting results,

reaction for barley malt amylase. Expenments on similar lines upon /

(@) Cholam Malt Extract (unpurified).—Solutions were prepared

()

containing 25 c.c. starch paste (2 per cent.), 5 c.c. extractand 20 c.c.
buffer mixture with varying Py,

These were examined at 30° and the reaction continued during 30

<o

minutes with the results given in Table IX,

TABLE IX.

Infinence of P, on Sugar Production by Cholam Malt Extract,

Py .. 52 507 48 466 448 43

N

C.c. KMnO, for 10 c.c. 53 495 57 63 58 59

The figures in the second line are corrected for the reducin
power of the malt extract added. The Py value was determined elec.

trometrically and the buffer solution used was prepared according to

Mcllvaine, e.g., a mixture of 0'2 molar disodium phosphate solution
and o'1 molar citric acid. .

N

-

(6) Precipitated Amylase from Malted C/zolam«-—Amylase was pre-

pared by precipitating a 20 per cent. alcoholic extract with 9 r cent.
alcohol and was used dry. Solutions were prepared conminisnzeso c.C.

™

starch paste ,('{ per cent.), 25 C.C. enzyme (0°1028 per cent.) and 25 c.c.
water containing the desired amount of A/100 hydrochloric acid.
Hydrolysis was carried out at 30° and readings taken after fifteen

n

minutes.
The Py values were determined colorimetrically. Normally the
curve would be expected to show a slow rise, a flat maximum and ) !

Percentage hydrolysis after 15 minules.—>
(49
—

then a slow fall, but in the present case the sudden irregularity between
Py 55 and 4'5 is noteworthy, and was repeatedly confirmed. To
eliminate any possible effect of the action of the chlorine ion, V/100

sulphuric acid was compared with A/100 hydrochloric acid as the 7 6 5 . 4
acidifying agent with the following results. r —>
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‘o Fig. V.
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Liguefaction by Malted Cholam
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TABLE X.
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The readings were taken after fifteen minutes. Considering that
the method gives results accurate to half a drop of permanganate, it
may be concluded that the sulphuric acid series show the same abnor-
mality, but the range of P, value over which it occurs differs a little

from that of the hydrochloric series.

Standard buffer solution prepared according to Mcllvaine was
then used and solutions prepared from 20 c.c. buffer solution of
varying Py, 30 c.c. starch paste (2 per cent.), 7°5 c.c. enzyme (0°1028

per cent.) and 2°§5 c.c. water.

The reaction was conducted at 30° and, readings taken after
fifteen minutes with results given in Table XI.

TABLE XL

Effect of Py on Hydrolysis by precipitated Cholam Malt Amylase.

0. 2/M 0. 1/M citric Saccharification | Liquefaction

PO A P, {per cent. m. of ppt. in
Na=FPO. acid c.c. " hydrolysis) | ° 10 ebh)

16'5 35 7-05 521
135 65 662 10°20 0-1336
1271 7'9 . 615 13-75 0-1420
116 84 596 1403 0-1416
11-2 88 582 14:96 01128
109 91 560 16-37 00766
10-4 9'6 526 16°79 0-1400
99 10°1 507 13:38 0-1154
94 10°6 486 13:38 0-1180
89 111 467 11-23 0:1330
84 11'6 4-50 13-28

78 122 [ 434 1375 00858
73 12-7 410 1375 0-0884
68 13-2 3-92 9-16 0'0910
63 13-7 378 521 0°1008
58 142 365 2:73 0-1046

&.» -

)
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These results show most clearly that an abnormality does exist
between the Py intervals 5°26 and 4°5, and it was therefore necessary
to dialyse the enzyme before use. After dialysis the enzyme was added
to the reaction mixture in such quantities that the concentration was
the same as in the previous experiment. The results are given in
‘Table XI1.

TABLE XII.
Effect of Py, on Hydyolysis by dealysed Cholam Malt Enzyme,
Saccharification . .
Py (c.c. of KMn0, after quuefatholn (gm. of ppt.
15 mins. for 10 c.c.) In10c.c.)
e
—
526 31 0'1108
5-07 34 0:1066
486 355 ‘ 0'1012
466 3-55 0-0860
448 3:05 © 00790
4.34 2'% ......

A comparison of these results with those obtained from the once
precipitated enzyme is.illustrated in Fig. VI, and shows that the enzyme
does not exhibit abnormal behaviour after purification by dialysis.
The curious point arising from these three series of experiments is
that this anomaly between Py 52 and 4°6 is only shown in the partially
purified enzyme. Both the crude malt extract and the enzyme purified
- by dialysis gave normal curves with an optimum Py lying between
4'86 and 4'66. Another point of interest is that in the case of the
precipitated enzyme, the abnormality was exhibited equally by both
liquefaction and saccharification curves, a fact of importance in con-
sidering the two-enzyme theory. The phenomenon is being further
investigated.

6. EFFECT OF ENZYME CONCENTRATION ON RATE OF
HyYDROLYSIS.

The experiment was conducted at 30°% witl, 5 c.c. portions of 2 per
cent. starch paste and varying quantities of a 0-2162 per cent. solution
of cholam malt amylase, the reaction mixture being diluted to 20 c.c.
and the time allowed for the reactipn being 60 minutes. The results.
are given in Table XIII and illusérated in Fig. VII. :
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* TABLE XIII.

Influence of Enzyme-concentration.

No. = Enzyme soln. c.c. Water ¢ G OgOKM“(). for
C.C.
’1
1 l 1 14 -
| -
2 ' 2 13 2:2
3 | 3 12 31
4 ; 4 11 3:45
5 i s 10 400
6 ? 6 ? 9 435
7 : 7 8 - 475

The rate of hydrolysis increases with increasing concentration of
enzyme, the curve being, as one would expect, almost a straight line
In the earlier stages when there is excess of substrate.

SUMMARY AND CONCLUSIONS.

1. A detailed comparison of malted cholam amylase with the
enzyme from malted barley has been made. The results obtained
confirm the conclusion of Norris and Viswanath that the cholam enzyme,
while relatively inactive in sugar production, is more active than the
barley enzyme in regard to liquefying power.

2. The variation in the ratio of the saccharifying and liquefying
powers of the enzymes obtained from different sources supports the
view that each action is brought about by a separate engyme, the
proportion in which the two enzymes occur varying in different
grains.

3-  Attempts to effect a change in this ratio, 1.e., to bring to hear
a selective influence on either enzyme, by varying the experimental
conditions have given negative results. Variations, in temperature of
reaction and in salt-content, within the limits investigated, have
affected both liquefaction and saccharification to the same degree.

Department of Bio-Chemistry,
Indian Institute of Science,

Bangalore.
[Accepted, 30-6-28.]
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STUDIES IN ENZYME ACTION.

Part I.—The Nature of Amylase.
By D. Narayanamurti and Roland V. No#sis.

Jt is well established that the diastatic hydrolysis of starch to
maltose is no simple process but rather a series of reactions. Know-
ing that enzymes are specific to a high degree, it is very improbable
that all these different processes (Oppenheimer, Diz Fermente, Vool. 1,
665) are catalysed by one and the same enzyme. It is no wonder,
therefore that during the past fifty years the view has been repeatedly

put forward that diastase, from whatever source, consists of at least
two enzymes.

»

_ Gritzner (Pfluger's Archiv, 1876, 12, 285) found that heating
salivary diastase for a short period at 80° inhibited the saccharifying
activity without affecting its power of liquefying starch. Wijsman
- (Rec. Trav. Chim., 1890, 9, 1) was the first to express the two-enzyme

theory in a definite form. From evidence based on some diffusion
experiments, he concluded that diastase is a mixture of two enzymes,
one hydrolysing starch to maltose and *erythro-granulose’, and

another which converts this erythrogranulose to leuco-dextrin and
starch to malto-dextrin.

. Pottevin (dun. Iust. Pasteur, 1899, 13, 665) arrived at conclusions
very similar to those of Griitzner. He found that malt-diastase, when
heated for a short period at*80° lost its saccharifying power while
retaining its capacity to liquefy starch. This has recently been con-
firmed by E. Ohlsson (Compt. rend. Soc. Biol., 1922, 81, 1183).
Frankel gpd Hamburg (Hofm. Beitr., 1906, 8, 389) claimed that they
had separated malt diastase intotwo components by dialysis, the sugar-
producing enzyme diffusing out and the liquefying enzyme remaining
behind in the dialyser. Reinitzer (Z. physiol. Chem., 1909, 61, 352)
working with acacia gum diastase made the observation that the
saccharifying enzyme was held back by Pukall filters, while the liquefy-

ing enzyme passed through. This is of some interest with reference
to our observation.

Chrzasez (Wock. Brau., 1911, 28, 510; ibid., 1912,29, No. 41~
44 ; #bid., 1913, 30, 4142 ; Zeit. Spiritus Ind., 31, 52; 32,520; 33,
66 ; 34, 545; 35, 630 and Biockem. Z., 1923, 142, 417 ; ibid., 1924, 150,
60) also recognised three distinct stages in starch hydrolysis, namely,
liquefaction, dextrin-formation and sugar-production. He could effect
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a selective alteration of any of these processes by alcohol precipitation,
application of high temperature, or ageing of the enzyme. He claims
to have effected a separation of the enzymes by fractional precipit-
ation with ammonium sulphate. He also observed that the relation
between saccharification, liquefaction and iodine coloration varied with
the origin of the malt.” Effront (Compt. rend., 1922, 174, 18) found
the ratio '

100 x saccharification power /SP

liquefaction power (LP>
to vary from o'1 to 2,400, depending on the source of the enzyme.” The
experiments of Windisch, Dietrich and Beyer (Wock. Brau., 1923,

Nos. 40, 49, 55, 61, 67) also suggest that the ratio SP/LP is not
constant for all malts.

Holmbergh (Z. Physiol. Chem., 1924, 134, 68 ; Biochem. Z., 1924,
145, 244) found that the iodide-ion accelerated dextrin formation by
liver diastase, but suppressed the saccharification. The experiments
of Hizume (Biockem. Z., 1924, 146, 52) indicated on the contrary that
the ions Cl, Br, NO;, SO, . . . affect liquefaction and saccharifi-
cation by diastase in the same manner. Fricke and Kaja (Ber., 1924,
57, 313) found that during electro-dialysis of barley malt diastase, with
increasing purification the liquefying power decreased with an increase
in the saccharifying power.

It was observed by one of us (Agric. /. India, 1923, 18, 362) that
cholam malt diastase is a more powerful liquefier and a weaker sac-
charifier than the corresponding barley enzyme. The experiments
lend further support to the two-enzyme theory and indicate the
presence in cholam malt of the liquefying enzyme in a greater propor-
tion than the saccharifying enzyme.

In view of all these observations, sometimes conflicting, efforts
have been made to arrive at some definite conclusion regarding the
nature of diastase, and a separation of the two or more enzymes by
some physico-chemical method has been attempted. Of such methods
electro-dialysis, electro-osmosis, ultra-filtration, electro-ultrafiltration
and adsorption seem to be the most promising. In this paper some
preliminary experiments on the purification of cholam malt diastase by
electro-dialysis and the separation of the component enzymes by
electro-osmosis are described.

EXPERIMENTAL.
Electro-Dialysis.

An electro-dialyser very similar to that of Fricke and Kaja (Joc.
¢it.) was used. In principle this consists of three compartments, of

-
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which the middle, bounded by parchment membranes, held the enzyme
solution. Through the outer cells distilled water was allowed to flow
continuously in a thin stream. The main laboratory supply (110 volts,
D.C.) was used as the source of current. Three thick arc carbons
served as anode and a platinum foil (1} sq. in.) was used as gathode.
An aqueous extract of cholam malt prepared according to Euler
(Z. physiol. Chem., 1920, 112, 193) was used and electro-dialysis
allowed to proceed for four days. The conductivity had then almost
reached that of the distilled water, but the solution still reduced 179t
Fehling’s solution. The anode cell solution also showed reducing

properties, while the cathode liquid was non-reducing. The Py -of the .
middle cell solution also changed during the course of the electro-
dialysis. Too great an acidification was however avoided by the
addition of a few c.c. of very dilute caustic soda, when necessary. , 150¢

After the completion of the electro-dialysis, the solution was
taken out, filtered from precipitated globulin and its activity compared
with that of a solution dialysed in an ordinary parchment beaker under
exactly the same conditons but without the electric current. The
results are represented in Fig. 1.

Regarding the chemical nature of the enzyme it is premature to
speculate; the solution of the electro-dialysed enzyme gave none of
the protein reactions but was strongly positive to the Molisch test,

e
S
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Electro-Osmostis.

Fricke and Kaja used electro-osmosis for the purification of
enzymes from other colloids. We have used this method in our
attempts to separate the two enzymes in:cholam malt diastase. It was
observed by Fricke and Kaja (/. cit.) that the liquefying power of
malt diastase decreased while the saccharifyiqg power increased with
the progressive purification by electro-dialysis, suggesting that the
liquefying enzyme might have migrated. Qur experiments seem to
confirm these expectations, for on electro-osmosis we found the ratio
SP/LP to be different for the different-fractions. The experimental
arrangement was as follows :—

Maltose pnoc[uced in Mgms.
S

0 7 2 3 77 5
The same electro-dialyser was used but it now consisted of five : Time in Aours.

cells. A, and A, (see Fig. II) were parchment membranes, C, and C,

membranes made of 6 per cent. collodion. The enzyme solution

(dialysed cholam malt diastase prepared by Euler’s method) was put

in the first chamber and distilled water in the other cells. To avoid

the possible destruction of the enzyme electro-osmosis was carried out

at about 20 volts, tapped by means of a potentiometric arrangement as °

shown in the diagram. The electro-osmosis was allowed to proceed

.
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