AMYLASE OF RHIZOPUS TRITICI, WITH A CONSIDERATION OF ITS SECRETION AND ACTION
By L. L. HARTER
Pathologist, Cotton, Truck, and Forage Crop Disease Investigations, Bureau of Plant
Industry, United States Department of Agriculture
INTRODUCTION

That certain mold fungi secrete amyclastic and other enzyms has
been known for a long time. However, much of the work in this direction has been centered around a few common forms, especially in the
genera Aspergillus and Pénicillium. In fact, the same organism has
been selected by many investigators who studied the same or different
phases of enzymic production. The literature on the subject is already
very large and has been reviewed and listed in many of the publications
of recent years. For this reason the writer will refer only to such articles in the body of the paper as are germane to the particular subject
under discussion.
Rhizopus tritici was used for this investigation because it is responsible
for large losses of sweet potatoes and other vegetables under storage
and transportation conditions. Its parasitism has been proved repeatedly by inoculations into sweet potatoes, where it causes a rot identical
in appearance with that produced by R. nigricans. Preliminary experiments were made with R. nigricans, which showed that it produces
amylase in abundance. No attempt has been made to duplicate with
7?. nigricans the experiments carried out with R. tritici. So far as the
writer is aware these are the first experiments of the kind conducted with
R. tritici.
Some of the work of other investigators has been duplicated as far
as the method employed would permit, the purpose being to compare
Rhizopus tritici with some of the fungi hitherto studied. Some of the
results of previous investigators were corroborated, while others were
not, which indicates that no sweeping generalizations regarding all
fungi can be drawn from the study of a single organism.
METHOD OF EXPERIMENTATION

The investigations were carried out mostly with the powdered mycelium,
although the diffusion of the enzym into the culture solution was not
entirely disregarded. For certain phases of the work extracts of the
mycelium were used. The fungus was grown on a modified Czapek's
nutrient solution or on sweet potato bouillon for most of the comparative
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studies. For some parts of the work Czapek's nutrient solution
was preferable, since it was then possible to cultivate the fungus in a
substrate of known composition. On the other hand, the fungus made
a luxuriant growth on sweet potato bouillon, and for experiments, such
as the influence of temperature on secretion, this medium was usually
employed.
The fungus was grown in 2-liter Erlenmeyer flasks containing about
750 cc. of the sterile solution, on which enough fungous felt was preduced to carry out several comparative experiments.
Preliminary experiments showed that the fungus grew poorly ou a
solution with sodium nitrate and cane sugar as a source of nitrogen and
carbon, respectively. Ammonium nitrate was therefore substituted for
sodium nitrate and glucose or potato starch, or both, for cane sugar in
Czapek's nutrient solution. The composition of the solution as finally
prepared is as follows:
Water
,
1, 000. 00 cc.
Magnesium sulphate (crystals)
. 50gin.
Potassium acid phosphate
1. 00gm.
Potassium chlorid
. 50gm.
Ferrous sulphate
.01 gm.
Ammonium nitrate
5. 00 gm.
Glucose, starch paste, or both, in varying amounts to suit the requirements of the experiments as a source of carbon.

The sweet potato bouillon is prepared as follows: To the peeled
potatoes add double the weight of water; steam for one hour, then
squeeze out the liquid through gauze; steam a second time, filter into
flasks, and autoclave for 20 minutes at 13 pounds pressure. The sweet
potato bouillon always contains a considerable quantity of reducing
sugar and starch paste.
Rhizopus tritici grew well on both of these solutions and produced a
thick, heavy felt in from 7 to 10 days at a temperature of 25o to 35o C.
The better growth was made on the sweet potato bouillon. Contrary
to what might be expected, starch paste was more efïicient as a source
of carbon in Czapek's modified nutrient solution than glucose. The
organism was grown in incubators, the temperatures of which did not
fluctuate more than 10.
At the end of the growth period the mycelium, which formed a thick
felt on the surface of the medium, was removed and washed in running
water for about 15 minutes. It was treated subsequently according to
Dox's (9) 1 modification of Albert and Buchner's <<acetondauerhefe,,
method. After washing, the mycelium was stirred constantly in an
excess of acetone for 10 minutes, squeezed as dry as possible, and treated
a second time for 2 minutes in a fresh supply. This acetone was removed
as in the former case, and the mycelium was treated with ether for 3
1
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minutes. When air-dry the mycélium was put into small flasks and
held at a temperature of 90 C. until required for use. Experiments to
be discussed later will show that the mycelium can be held at 90 or even
higher for several months without any appreciable loss in its ability to
hydrolyze starch.
The hydrolysis by the mycelium or extract was carried out in 150-cc.
pyrex flasks. A weighed portion of the mycelium was ground in fine
quartz sand and transferred to the flasks, to which was added a measured
quantity of the starch paste solution made in distilled water. While
the percentage of starch is not material, a 0.5 per cent solution was used
for most of the work. After the addition of 2 cc. of toluol to each flask
as an antiseptic it was plugged by a cork with a small groove at the side
to allow for the escape of the expanded air when steamed at the close of
the experiment. Hydrolysis was carried out at different temperatures,
the results of which are shown elsewhere.
C. P. chemicals were used in the preparation of the culture media.
The Irish potato starch was obtained from Eimer and Amend. The
sweet potato starch was prepared by the writer. Preliminary experiments showed that neither contained any reducing sugars. The sand
used for grinding the mycelium was purified by washing in distilled
water and then burning for an hour or more in a crucible. The water
in which sand so prepared was suspended did not reduce copper.
At the close of the digestion period the enzym was inactivated by
steaming the flasks in an Arnold steam sterilizer for about 15 minutes.
To avoid evaporation during the process of heating, oiled paper was
fastened with a rubber band over the cork and around the neck of the
flask. Before this method was finally adopted tests were made to determine the temperature reached in a given volume of solution in a given'
length of time. Table I shows the results of these tests, made with tap
water in Erlenmeyer flasks, with an initial temperature of 140 to 150 C.
There was a small slit at the side of the cork to allow for expansion, and
a thermometer was run through it, with the bulb submerged in the water.
TABLE

I.—Temperature reached by a certain volume of water when heated a given length
of time in an Arnold sterilizer {average of several tests)
Volume of
water.

Capacity
of flask.

Cc.

Cc.
SO
SO

IOO

IOO

IOO

IOO

IOO

IOO

IOO

IOO

500
500

500
500

Temperature.
0

C.

So. S
93-0
69. 0
89-5
96. 0
65.0
79- 5

Time.
Minutes.
I
2

The loss of water by the use of the method described above was less
than 0.1 gm. in a flask of 150-cc. capacity containing 100 cc. of solution.
25120d—21
3
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After the flasks had been heated for 15 minutes the contents were filtered
through a fine quality of absorbent cotton to remove the mycelium and
sand. Filter paper was first tried but was finally rejected in favor of the
cotton for two reasons: (1) The solution filtered slowly, thereby introducing considerable error as a result of evaporation; (2) it removed
much of the nonhydrolyzed starch. After the filtrate cooled, the reducing
sugars were determined volumetrically, according to the method of
Clark (8). This is a quick and accurate method for the determination
. of small amounts of reducing sugars by titrating the reduced copper
without removing it from the residual copper solution.
The results of starch hydrolysis set forth in the discussion of the
following experimental data are expressed in milligrams of reducing
sugars in a given volume of solution or in total reducing sugars formed.
The results are expressed mostly in milligrams per 10 cc, because 10 cc.
of solution are usually employed in making the titrations. If the quantity of reducing sugars in 10 cc. of solution is known, the total reduction or that portion of the starch remaining nonhydrolyzed can be
calculated.
It is evident from the method employed that no account is taken of
products intermediate between the starch and reducing sugars. It is
likely that such products, for example dextrins, are formed in all cases,
but the determination of the reducing sugar meets the requirements of
the problem in hand, which has for its object mainly to show that a
vigorous starch-splitting enzym is formed by Rhizopus tritici, and also
some of the conditions upon which the production of this enzym depends
and how certain environmental factors may influence its activity.
Various modifications of these methods were used in certain of the
experiments, but such changes in the methods required to meet the
needs of the experiments will be explained in sufficient detail when the
results of the experiments are presented and discussed.
It was shown by Dox (9) that a considerable autolysis of the fungus
mycelium actually takes place. In some enzym experiments where
hydrolysis is measured by the amount of reducing sugars formed, a
considerable error is likely to be introduced if a correction is not made
for the autolysis of the mycelium itself. A number of tests have shown
that the amount of autolysis produced from 0.25 gm. of mycelium suspended in 50 cc. of distilled water varies from 1.20 to 7.39 mgm. per
10 cc, with an average of 6.38 mgm. Where a considerable amount
of reduction of the starch is involved, this amount would not introduce
a very considerable error. On the other hand, where the total hydrolysis is small a considerable error in the final results might be introduced.
In all experiments, except where the results would not be influenced
one way or the other, the autolysis of the mold was determined and
deducted from the total reducing sugars formed in the system.

Amylase of Rhizopus tritici

Feb. 15,1921

765

EXPERIMENTAI, DATA
HYDROIvYSlS OF RAW STARCH

Preliminary experiments showed that Rhizopus tritici produced an
enzym which hydrolyzed starch to reducing sugars. This fungus is commonly found as a cause of the decay of sweet potatoes in storage and
along with R. nigricans probably is responsible for the greater percentage
of decay attributed to the Mucoraceae. In just what form they utilize
carbohydrates when growing on the sweet potato is not known, but
that they are responsible for certain carbohydrate changes in the host
directly through their own activity or by stimulating the host to do so,
or both, will be shown by investigations now under way.
Most of the previous work with amylase secreted by fungi was carried
out with starch paste or soluble starch. This obviously is not the form
in which it occurs in the host, and although the enzym might digest
starch paste, it is not safe to conclude that it would act on raw starch, or
if at all, to the same degree.
Ward {24) concluded from the appearances of the starch grains of the
Irish potato that they were not acted on by Pythium, while Hawkins and
Harvey {14)y on the other hand, found from a chemical determination of
the total starch present in the sound and rotted portions of the same
potato that the starch content was actually lower in the latter than
in the former. That all fungi do not behave the same as regards their
action on starch is evident from the fact that Hawkins (13) found that
neither Fusarium oxysporum nor F. radicicola apparently alters the
starch content of Irish potato. It is evident from the results of the
authors just cited that no general conclusions can be drawn for all fungi
from the behavior of any one or more fungi. The first experiments,
therefore, were designed to test the comparative hydrolysis of raw starch
and starch paste. The results are given in Table II.
TABLIî

II.—Results of hydrolysis of raw starch expressed in terms of reducing sinjar (average of several tests)

Mycelium.

Gm.
0.10
.20
.20
.20
.20
.20

Water.

Starch.

Time of
hydrolysis.

Cc.

Per cent.
0-5

Hours.
S-o

•5
•5
•5
•5
•5

18.O

SO
IOO
IOO
IOO
IOO
IOO

i7- 5
17-5
17.5
17-5

Hydrolysis in milTempera- ligrams
per
ture.
10 cc. of solution.
0

C.
27-5
27-5
27-5
27. ç
27-5
27-5

1.06

5- 945
7.38
7.07
6.28
9. 12

Total
hydrolysis.

Source of starch.

Algm.
5.30
59- 45
73.80
70.70
62.80
91. 20

vSwcct polillo.
Do.
Do.
Do.«
Irish potato.
Do.«

o Starch macerated in sand before hydrolysis was started.
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While an examinalion of Table II shows that both raw Irish and sweet
potato starch are hydrolyzed, no large amount of invert sugars are produced after hydrolyzation is carried on for 17.5 to 18 hours. Criiidiiig
the starch in fine quartz sand does not seem to influence the amount of
hydrolysis appreciably.
That starch paste is more readily hydrolyzed than raw starch is evident
from the results of the following experiments. Two sets of flasks were prepared to contain 0.2 gm. of powdered mycelium. To one set were added
100 cc. of sterile distilled water and 0.5 gm. of raw sweet potato starch,
and to the other 100 cc. of water containing 0.5 gm. of starch paste. A
third set contained 100 cc. of water and 0.2 gm. of mycelium but no starch.
Toluol was added as an antiseptic. Hydrolysis was carried on for 18
hours at 40o C. In the set with water and mycelium 1.98 nigin. of reducing sugar, representing autolysis of the fungus, were found per 10 cc. of
solution. This amount of reducing sugar was deducted from the results
obtained from the other two sets. Reducing sugars equivalent to an
average of 1.20 mgm. per 10 cc. of solution were obtained from the raw
starch, while 27.^5 mgm. were obtained per 10 cc. from the starch paste
solution, or an amount more than 23 times as large.
INKLUIÍNCIí OI? AGH OF MYCHlvIUM ON POWKR ()I<A HYDROLYSIS

To carry out any considerable number of comparative experiments at
different times the mycelium must be produced in quantify and kept for
some time. Before such material could be used for comparative studies
it was necessary to determine whether the mycelium lost its power of
digestion with age, and if so to what extent.
The mycelium was grown in large flasks on sweet potato bouillon.
At the end of 8 days' growth it was removed and prepared according to
the method already described. Hydrolysis was carried out at different
times at a temperature of 27.5o C. for 19 hours by the use of 0.25 gm. of
powdered mycelium. A starch paste solution was prepared which contained 53.4 mgm. of starch per 10 cc. of solution. This sterilized starch
solution was tightly stoppered to prevent evaporation and contamination and was stored at a temperature of 90. Two days after the mycelium
was collected the first experiment was conducted. Fifty cc. of the starch
paste and 0.25 gm. of the mycelium finely ground in sand were used in
150-CC. pyrex flasks, with 2 cc. toluol added as an antiseptic. Two flasks
with mycelium and starch paste and one control flask containing mycelium and 50 cc. of water were used in each test. The amount of autolysis
was deducted from the average of two closely agreeing samples. The
results appear in Table III.
There was a slight decrease in the amount of reducing sugars in the tests
of the last three months. From the results it seems safe to conclude that
the mycelium may be kept for several months without any appreciable
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loss in reducing power. These results are in accord with those of Dox
(9), who found that mycelium may be kept almost indefinitely without
losing its activity.
TABLIî

III.—Amount of reducing sugars produced by ilie same samples of mycelium used
at different times
June 10.

June 25.

Sept. 26.

Mgm.

Mgm.

Mgm.

Mgm.

233- 1

208. 55

205.4

204. 9

Feb. 20.

Mar. 5.

Mar. 18.

May 7.

Mgm.

Mgm.
225. S

Mgm.
222. 65

216.337

INFLUKNCIÎ

THE

DIFFERENT TEMPERATURES ON
ACTIVITY OF THE MYCELIUM

OF

AMYU)CLASTIC

Although it was shown by Table III that mycelium may be stored at
27.5o C. for a number of months without materially aiTecting the activity
of the enzym, it can not be concluded that it can be kept unimpaired at
any temperature. As a matter of fact, the following results show that
the hydrolytic power of the enzym is somewhat impaired when held for
a time at a high temperature.
The mycelium for these experiments was produced in six 2-liter ilasks
containing about 750 cc. of sweet potato bouillon. At the end of the
growth period the mycelium was made into one composite sample and
held at a temperature of 90 C. for 18 hours. A sample was then removed
and its original hydrolytic power was determined. The remainder was
divided into three lots, one being stored at 90, one at 35o, and one at 60o.
To determine the original hydrolytic power of the mycelium two
0.25-gm. lots were weighed out and ground in fine quartz sand. To one
flask containing enzym powder were added 100 cc. of a 0.5 per cent
starch paste solution and to the other 100 cc. of sterile distilled water.
After the addition of toluol as an antiseptic both were digested for 18
hours at 40o C. In the former 2.2 mgm. and in the latter 33.46 mgm. of
reducing sugars were found in 10 cc. of solution, or a total of 22 mgm.
and 334.6 mgm. in 100 cc, respectively. These figures will serve as a
basis for comparison of future tests of the same lot of mycelium stored
at different temperatures. (Table IV.)
TABLE

IV.—Amount of starch hydrolized by mycelium stored at different temperatures
for a given length of time
[Iexpressed in milligrams per 10 cc. of solution]

Temperature.

Original sample before After 12 days' After 39 days' After 73 days'
storage.
storage.
storage.
storage.

0

C.

9
35
60

33-46

29. 649
35- 148

39. 429
37- 740

22. 428

21. 4OO

37- 448
30. IOO
17. OOO
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The results show that the hydrolytic power of the mycelium stored
at 6o0 C. at the end of 73 days is somewhat more impaired than that of
mycelium stored at 35o and 90 fpr the same length of time. On the
other hand, the results indicate that the mycelium may be safely stored
for a considerable time at 90 and 35o without materially afTecting the
enzym.
KFFIÎCT OF TEMPERATURE ON THE IIYDROI.YTlC POWER OP THE ENZYM
It is generally understood that enzyms are more resistant to heat
when in the form of a powder than when in suspension. Kjeldahl (ic?)
found that the action of amylase at 00 C. was very slow but increased
rapidly with the increase in temperature up to 600 and at 700 became
insignificant. Similar results were obtained by Durandard (11), who
reports that the optimum temperature for the hydrolysis of rice starch
by an extract of Rhizopus nigricans to be 45o. He obtained some
hydrolysis at 100 and four times as much at 45o as at 300. It diminishes rapidly toward 55o, becoming very feeble at 60o and nothing at 70o.
The writer found likewise the optimum temperature for the hydrolysis
of potato starch to be about 45o, with a gradual decrease above that
temperature, becoming practically nothing at 60o. Effront {12) concludes also that the temperature has no other effect than to reduce the
diastatic power, and the nearer the temperature approaches 70o the
greater is the reduction. White {26) found that certain enzyms in dry
oats, among them diastase, were not injured on heating for 4^2 hours to
1000, but that an exposure for one hour at 1300 did destroy the ferments.
That the amylase contained in Rhizopus tritici is destroyed at a temperature of 60o C. is shown in the following experiments. Five-tenths gin.
of mycelium was extracted for 24 hours in each of two flasks containing
150 cc. of sterile distilled water at a temperature of 90. The contents of
the flasks were then filtered, and 100 cc. were pipetted into 250-cc. flasks.
Both flasks were exposed for an additional 100 hours, one at a temperature of 60o and one at 90. The contents of each flask were then diluted
with 100 cc. of a 1 per cent starch paste and hydrolyzed for 18 hours
more at 40o. At 60o and 90 the reducing sugars formed per 10 cc. of
solution were on an average 1.36 and 36.36 mgm., respectively. Although
a little reducing sugar was formed, it is believed that it was derived by
autolysis of the mycelium during the period of extraction.
INFLUENCE OF GLUCOSE ON THE IIYDROIyYSIS OF STARCH
The stimulating and retarding effect of certain substances, especially
those identical with or similar to the products of hydrolysis, have been
subjects of investigations for a long time. Hill (15) found that glucose
interfered with the action of maltose, and Armstrong (1) pointed out a
number of cases where the reaction products inhibited the action of the
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enzyms. Kellerman (17) found that the alkalies without exception
seemed to be detrimental and the metals generally injurious to the action
of Taka diastase. From the results obtained by these and other investigations it is evident that many substances influence the rate of action of
the enzym. The data shown here are the results of a single experiment.
Four flasks marked a,b,c,d were prepared, each to contain 0.25 gm. of
powdered mycelium. A second lot of flasks was prepared, and into flask
a were added 100 cc. of a 0.5 per cent starch paste solution; into flask b
125 cc. of a 0.5 per cent starch paste and 0.625 gm. glucose; into flask c
125 cc. of a 0.5 per cent starch paste and 2.5 gm. glucose; into flask d
125 cc. of a 0.5 per cent starch paste and 6.25 gm. glucose. After thorough mixing, 25 cc. were drawn from flasks b, c, and d, and the reducing
sugars were determined volumetrically. The contents of flasks b, c, and d
were then poured into the corresponding flasks containing mycelium
and digested for 18 hours at 40o C, with the results given in Table V.
TABLE

V.—Amount of reducing sugars before and after hydrolysis
[Expressed in milligrams per 10 cc. of solution]

Sample.

a
b
c
d

Reducing
Reducing
sugars present
sugars original- at
end of the dily present.
gestion period.
O

. .

S3- 040
181. 580
438. 386

42.
86.
216.
472.

476
899
080
108

Increase in
reducing
sugars.

42. 476
33- 859
34.500
33-722

It seems evident from the results of a single test that the presence of
glucose decreases the activity of the amylase, since the total reducing
sugars formed in sample a is considerably greater than in samples b, c,
and d. On the other hand, the closely agreeing results of b, c, and d
indicate that the amount of glucose present at the strength used in this
experiment has no effect upon the hydrolysis of the starch.
RKIVATION

OF QUANTITY OF STARCH PRESENT TO AMOUNT OF HYDROLYSIS

This subject naturally involves a Consideration of the law of "mass
action/ ' and in the literature on this subject there appears to be no
agreement of opinion on the question. The investigations show that so
far as enzyms are concerned so many factors influence the reaction that
no definite conclusion can be drawn. For example, Brown and Glendinning (4) showed that when the concentration of the enzym relative
to the starch in the early stages is very small, the amount of starch
hydrolyzed per unit volume will be very large compared with the amount
of the combination of starch and enzym. If the concentration of the
unchanged substrate remains very large in relation to that of the
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combination, the latter will remain nearly constant in amount and equal
amounts of starch will be hydrolyzed in equal times, the curve being a
straight line. On tfte other hand, when the concentration of the starch
has been greatly reduced, the amount of the combination and accordingly
the hydrolysis will follow more closely the law of "mass action." Similar
results were obtained by Armstrong working with lactose, maltose, and
emulsin. Other investigators have found various factors influencing the
reaction between the enzym concerned and the substrate. For a full
consideration of the theory involved in "mass action'' the reader is
referred to a discussion of the subject by Bayliss (2).
The data submitted in Table VI are the results of a considerable number
of experiments which were varied to suit the requirements of the problem.
In the first series of experiments the amount of enzym power (0.25 gm.)
was constant and the volume of the starch paste solution was varied. The
time of hydrolysis was 19 hours at 32o C.
TABLE

VI.—Total amount of reducing sugars and reducing sugars per 10 cc. of solution
in different volumes of a 0.5 per cent starch paste solution
Sample.

Volume of
solution.

Afgm.

Cc.

a
b
c
d.. . .

Reducing suc- Total mluciiiK
íirs per 10 cc.
stiRats.

IOO

39. 984
25. 864

ISO
200

26. 600
16. 400

SO

A fçm.
199. 92
258.64
399. OO
328. OO

In sample a the reducing sugars per 10 cc. is considerably larger than in
sample d, while b and c are about the same. In total reducing sugars
found there is a progressive increase up to and including 150 cc, and then
a slight decrease. While in sample a some starch yet remained noiihydrolyzed, it is likely that on approaching the end point the rate of hydrolysis was slowed up. It is probable that a shorter period of hydrolysis
would have given a different curve and that the total reducing sugars
formed would have paralleled the reducing sugars per 10 cc
Somewhat similar results were obtained when the total volume of solution (100 cc) and the amount of enzym powder (0.25 gm.) were constant
but the quantity of starch paste was varied. A 1.5 per cent starch paste
solution was used in the dilutions, enough distilled water being added to
make a total volume of 100 cc.
The time of hydrolysis was 19 hours at 32o C. The average results of
parallel tests are shown in Table VII.
The results show an increase in reducing sugars with the increase in the
amount of starch present from sample a to sample c, inclusive, and then
a slight decrease. In sample a, although the end point had been more
closely approached than in any of the other samples, some starch still remained unhydrolyzed. If it were not for the results obtained in samples d
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and e, it might be assumed that the accumulation of reducing sugars
acted as a paralyzer to further action of the enzym or, as has been suggested by some investigators, the enzym entered into combination with
the products of the hydrolysis and consequently became inactive.
TABLIî

VII.—Amount of 1.5 per cent starch paste used, total reducing sugars, and reducing sugars per 10 cc.

Sample.

Totals volVolume of
stiRume of solu- starch paste. Reducing
ars per 10 cc.
tion.
Cc.

a
b
c
d
e
f

Cr.
IOO
IOO
IOO
IOO
IOO
IOO

20

40
60
80
IOO
00

Total reducing
sugars.

M g in.
21. 240

M cm.
21. 24

35- 632
37. 842
33-498
32.551
5.198

356- 32
378. 42
334- 98
325- 51
51.98

In the series of experiments reported in Table VIII different amounts of
a 1 per cent starch paste solution were used, and enough water was added
to make a total volume of 500 cc. One-fourth gm. of enzym powder was
added to each set of flasks. The time of hydrolysis was 18 hours at 40o C.
TABLIî

VIII.—Amount of 1 per cent starch paste used, total reducing sugars, and reducing
sugars per 10 cc.

Sample.

a
b
c
d
e
f.
g

Total
volume of
solution.

Volume of
starch
paste.

Reducing
sugars per 10
cc. of solution.

Total reducing
sugars.

Cc.

Cc.

M cm.

M cm.

500
500
500
500
500
500
500

20
SO
IOO
200
300
400
500

3-1850
6. 3050
8- 9375
10. 4000
11. 9600
12.1550
8. 1575

159. 250
3I5-250
446. 875
520. 000
598. 000
607. 750
407. 875

The amount of reducing sugars per 10 cc. increases with the increase
in the amount of starch from sample a to sample f and then decreases.
An approach toward the end point might here also account for the lesser
amount of hydrolysis in the more dilute solutions if the total reduction
in sample g, which contains the largest amount of starch, was not actually
less than in several of the other samples.
A final series of experiments was carried out in which the total volume
of 0.5 per cent starch paste was varied but the amount of enzym powder
(0.25 gm.) was constant. Hydrolysis was carried on for 18 hours at
40o C. (Table IX.)
There was a decrease in the reducing sugars per 10 cc. and an increase
in total sugars as the volume of the solution increased from sample a to
sample e, and then a reverse of the process.
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IX.—Volume 0/0.5 per cent starch paste solution used, total reducing sugars, and
reducing stigars per 10 cc.

Sample.

Volume of
starch
paste.
Cc.

a
b

SO
IOO
200
300
400
500

c

d
e
f .

Reducing
sugars per
10 cc.
Mgm.
45. 16
37-64
28.28
19.74
14.42
9.80

Total reducing
sugars.
Mcm.
225.8
376.4
565. 6
592. 2

576.8
49O. O

IS AN END POINT IN HYDROIvYSIS RICACIIIÎD?

Theoretically an end point should not be reached without shifting the
point of equilibrium of the solution. As a matter of fact, to settle the
question is difficult by any method, since there may be intermediate
products between starch and reducing sugars which are not revealed
by the iodin test and do not reduce copper. The experiments were made
with extracts of the mycelium. The mycelium (1.5 gm.) after powdering
was extracted in a pyrex flask for 24 hours at 90 C. in 300 cc. of distilled
water. The extract was then filtered. Two hundred fifty cc. of the
extract were then diluted with 250 cc. of a 2 per cent starch paste solution. After thorough mixing 20 cc. were drawn off, 2.5 cc. concentrated
hydrochloric acid were added and the mixture was hydrolyzed by boiling
for 2.5 hours. The solution was neutralized with sodium hydroxid
made up to 200 cc. with water, and the starch present was determined
as reducing sugars. A preliminary test showed that no reducing sugars
were present in the original starch paste solution. After hydrolysis
reducing sugars equivalent to 104 mgm. of starch per 10 cc. were found.
The solutions were mixed on May 22 and hydrolysis carried out at
45o C. Reducing sugars were determined approximately 24 hours apart
for several days thereafter with the results shown in the Table X.
TABLE

X.—Amount of reducing sugars at different dates and equivalent in starch
[Expressed in milligrams per 10 cc]
Reducing
sugars.

May 23
24, 9.30 a. m
24» 3-30 P- m
26
27
28
29
30
31

June 9

56.
79.
84.
99.
103.
105.
108.
108.
108.
108.

5^
236
518
968
092
364
866
866
866
889

Equivalent
in starch.
52.
7378.
92.
9597.
101.
101.
101.
101.

560
689
602
970
875
988
245
245
245
267
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The results show that the amount of reducing sugars steadily increased
for the first 7 days but remained practically stationary thereafter. At
the end of 18 days a small amount of starch yet remained nonhydrolyzed.
To determine whether the addition of a small amount of starch would
stimulate further hydrolysis, 100 cc. of the solution described on page 772
were mixed with 100 cc. of an approximately 0.5 per cent starch paste
solution. A small amount (20 cc.) was drawn off, and the actual amount
of starch was determined. The remainder was hydrolyzed at 45o C.
After acid hydrolysis reducing sugars to the amount of 1,568 mgm.
were found in 200 cc. of the original solution. Of this amount 1,088.89
mgm. of reducing sugars and 27.33 mgm. of nonhydrolyzed starch
(equivalent to 29.38 mgm. reducing sugars) were brought over to the
solution when the dilution was made, making a total of 1,118.27 nigm.
reducing sugars. Deducting this amount from the amount originally
found (1,568 less 1,118.27 mgm-)> the result gives the amount of reducing
sugars added in the form of starch, or 449.73 mgm. This is calculated
to be equivalent to 418.2489 mgm. of starch. To this amount should
be added 27.33 mgm., the quantity of nonhydrolyzed starch present
before the solutions were mixed, making a total of 445.58 mgm. starch
present in 200 cc. of the solution when hydrolysis was started. After
hydrolysis had gone on for 24 hours a sample was taken, and the reducing
sugars were determined, which gave in 200 ce. a total of 1,516.6 mgm.
There was no starch left in the solution according to the iodin test.
Since in the original solution there were 1,568 mgm. of reducing sugars
present, 51.4 mgm. (equivalent to 47.8 mgm. starch) remain unaccounted
for, except as intermediate products between starch and reducing sugars.
Parallel experiments, which will not be given in detail, gave similar
results.
The evidence brought out shows that an equilibrium is established
in the solution before quite all the starch is hydrolyzed. Also that if
more starch is added and the solution is diluted the starch finally disappears so far as its presence is indicated by the iodin test.
So far as these and many other results go, an end point is reached if
the disappearance of the starch alone is considered. Viewed from the
standpoint of reducing sugars found, an end point is not reached. Many
experiments not designed primarily to demonstrate this point have
shown that no starch, as indicated by iodin, remains in the solution after
a definite length of time. On the other hand, starch is shown to be
present in some solutions by the same test after a considerable time.
It was also shown by experiments that if an end point was not reached
at a certain temperature, namely 45o C, the starch would completely
disappear in 24 hours by shifting the solution to a temperature of 35o.
Perhaps an explanation of some of these facts may be found in the
results of other investigations. The results of the above experiments
show that all the starch was not accounted for as reducing sugars,
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although in such solutions no starch was present, if judged by the iodin
test. This difference might be explained by the presence of dextrins as
intermediate products. Brown (j) claims that in the action of diastase
on starch the reaction ends when the composition of the product is 80.8
per cent maltose and 19.2 per cent dextrin. Maquenne and Roux (21),
however, suggest that the equilibrium of 80.8 per cent maltose and 19.2
per cent dextrin referred to above is due to insufiicient activity of the
enzym and that if malt diastase is activated by acid in small amount
the whole of the starch is found to be converted into sugar, so no dextrins
remain. Bayliss (2) found that the amount of maltose produced in the
first stage was greater than the equilibrium position of Brown and
Heron because it was allowed to proceed for a longer time.
Although the writer did not use a temperature above 40o C, this
temperature might have had some bearing on the proportion of sugar to
dextrins, in accordance with the interesting results of Brown and
Heron (5).
These investigators found that the dextrinase is more injured by a
temperature of 68° C. than the amylase. According to this theory they
explain the fact that when starch paste is acted on by diastase which
has been exposed to a temperature of 68° there is less maltose and more
dextrin formed than when the enzym has not been so heated. This
raises the question as to just where the influence of temperature makes
itself felt. Furthermore, facts which might bear upon the question
were brought out by Tammann (23), who reports that an increase of
hydrolysis was obtained in a stationary system by altering any of the
other conditions of the equilibrium, such as the addition of more amygdalin, renewal of the products of the reaction, raising the tempera tu re,
or increasing the dilution. In Tammann's work the retardation would
virtually be due to the accumulation of the products of the reaction.
GROWTH AND IIYDROIyYSIS IN A SOLUTION OF STARCH PASTK

The remarkable power of Rhizopus triiici to grow on almost any kind
of medium is evident when we consider that it can be isolated from a
great variety of decayed substances. Its ability to hydrolyze starch in
a solution poor in nutrient material was tested several times by inoculating a starch paste solution made with distilled water. While such a
solution would contain nutrient substances in addition to the carbohydrates introduced in the form of starch, a considerable growth would
hardly be expected, but, nevertheless, a fair growth was made and
hydrolysis of the starch went on.
The experiments were made in Erlenmeyer flasks containing 500
cc. of a 0.5 per cent starch paste solution. Some of the inoculations were made with bits of mycelium and spores and some with spores
alone. Growth was slow at the outset, the colonies being submerged
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at first, a felt forming later on the surface of the liquid. The solutions
were tested for reducing sugars at the beginning of the experiments,
but in no case were any found. The fungus must then of necessity have
either to utilize the starch directly or first have converted it into some
simpler form. From time to time some of the liquid was drawn off,
and the reducing sugars were determined. The results showed an
increasing amount of reducing sugars present with each subsequent
determination, from which it is evident that the fungus hydrolyzed the
starch in excess of its needs. If the growth continued long enough the
solution which was milky in color at first finally became clear, showing
that practically all the starch was hydrolyzed. Many experiments in
the course of these investigations likewise demonstrated clearly that the
fungus hydrolyzed the starch in the solution, although reducing sugars
were already present. Furthermore, the hydrolysis of the starch in a
solution of starch and glucose began very soon after inoculation, which
suggests that the enzym diffuses into the solution soon after the beginning of growth. This subject will receive further consideration in the
discussion of an extracellular enzym.
EXTRACEUvUIvAR KNZYM

The results in the following experiments show other interesting facts
in addition to the production of an extracellular amylase. Two nutrient
solutions a and b, differing in the source of nitrogen, were used. Solution
a had the following composition :
Water
Magnesium sulphate (crystallized)
Potassium acid phosphate
Potassium chlorid
Ferrous sulphate
Sodium nitrate
Starch

i, ooo. oo
.50
1. 00
.50
.01
2. 00
10. 00

cc.
gin.
gm.
gm.
gm.
gm.
gm.

Solution b differed from a in that the sodium nitrate was replaced by
5 gm. of ammonium nitrate.
The chemicals were first dissolved in the water by steaming, after
which the starch was added and the entire mixture was sterilized by
autoclaving.
The growth in these two solutions was remarkably different. In a
the mycelium was mostly submerged, while in b a thick felt was formed
on the surface. Solution a produced in 16 days of growth a total dry
weight of 0.0298 gm. ; b, 0.7198 gm., or about 24 times as much. Both
solutions were inoculated on October 27. The reducing sugars and
starches were determined at stated intervals thereafter, as shown in
Table XI.
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XI.—Amount of reducing sugars and starch present in solutions a and b at stated
intervals of time
[Expressed in milligrams per 10 cc. of solution]
Solution b.

Solution a.
Date.

Reducing
sugars.

Oct. 27

O

20

5-3

31

21.7
46. 0
61. 4

Nov. 3
q
7. . . .
IO
12

3 (controls)
12 (controls)

...

65-3
75-0
75-8
0
0

Starch.

III. O
103. O

83.O

59-0

41. 0

.38. s
25. 2
23-4

Reducing
sugars.

Starch.

O

106. O

5-8
34- 6
35-2

go. 0
47.O
24. O
25.O
23.8
22.8
21. 6

21. 6
14.0
7-7
6.0
0
0

From Table XI it is seen that in two days reducing sugars in excess of
those used by the fungus were produced with a decrease in the amount of
starch. In the a solution the reducing sugars gradually accumulated to
the end of the experiment, while the amount of starch decreased, showing
that the fungus did not use a corresponding amount of the reducing sugars
formed. On the other hand, in solution b the reducing sugars increased
up to November 3 and then decreased to the close of the experiment,
while the starch decreased rapidly to November 3 and very little thereafter, which suggests that hydrolysis was slowed up as it approached
the end point and did not keep pace with the demands of the fungus
for reducing sugars. This condition is reflected in the amount of dry
matter formed, which is about twenty-four times greater in solution b
than in solution a. The amount of starch in the two solutions at the
close of the experiment was practically the same. It seems, then, that
an extracellular amylase was promptly secreted by the fungus and that
it hydrolyzed the starch in excess of the needs of the fungus in one case
(a) to the close of the experiment and in the other until November 3,
when the reducing sugars consumed exceeded those produced by the
hydrolysis of the starch.
Why the difference in the composition of the two solutions plays such a
fundamental rôle in the growth of the fungus can not be answered. As
previously stated, solution a derives its nitrogen from sodium nitrate
and solution b from ammonium nitrate. The growth in the latter case
was many times greater than in the former. Since solution a was virtually Czapek's nutrient solution, it was tried at the outset for other
work of a similar nature and was later modified by the substitution of
ammonium nitrate for sodium nitrate. The solution so modified gave a
luxuriant growth of mycelium. Solution a, however, apparently had
no inhibitory action on the amylase, so that hydrolysis of the starch went
on unhindered.
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RKMOVAIv OF AMYI^ASI^ BY KlI/fKRlNG

The enzym powder was extracted for 24 hours in sterile distilled water.
The contents of one set of flasks was filtered through absorbent cotton,
which removed the fragments of mycelium, and the others were fdtered
through four thicknesses of No. 1 Whatman chemically prepared filter
paper. A quantity of this filtered extract was then mixed with an equal
volume of a 1 per cent starch paste solution and hydrolyzed for 18 hours
at 40o C. At the close of the period of hydrolysis the reducing sugars
were determined in the usual way. The average of several parallel
experiments showed that when filtered through cotton, 172.51 nigni.
reducing sugars were formed in 100 cc. of solution but that only 129.32
nigni. were formed when filtered through filter paper.
INFLUENCE; OF TEMPERATURE; AT WHICH MYCELIUM IS GROWN ON ITS
POWER OF HYDROLYSIS

The investigations of the writer and others have shown that the
optimum temperature for the activity of amylase is about 45o C. and
that activity is reduced by higher and lower temperatures. Since these
results, however, were obtained from mycelium grown at one temperature, the question was naturally suggested whether the temperature at
which it was grown did not influence the amount of amylase produced.
The mycelium was grown on sweet potato bouillon in 2-liter Erlenmeyer
flasks. One set of flasks was incubated at 90, one at 29o, and one at 40o.
At the close of the incubation period (10 days) the mycelium was removed
from the flasks and treated with acetone and ether in the usual way.
The mycelium from the flasks held at the same temperature was made
into a compound sample and stored at 90 until used.
The hydrolytic power of the enzym was determined by the use of 0.25
gin. of powder in all tests but two. With the smaller amount of enzym
powder hydrolysis was carried out with 50 cc. of a 0.5 per cent starch
paste solution; with all others 100 cc. were used. The time of hydrolysis
was 18 hours at 40o. At the close of the experiment, the enzym was inactivated by steaming for 10 minutes. The results are given in Table XII.
TABLIî

XII.—Results of hydrolysis of starch by mycelium, grown at different temperatures
Temperature.

Millicratns reducing su pars per
10 cc.

0

C.
9

29
40

39. 700
26. 854

9- 933

The results show a very striking influence of the temperature on the
production of amylase. A temperature of 40o C. represents about the
maximum temperature for growth and 90 the minimum, while a good
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growth occurs at 29o. At first thought one might suspect that at the
higher temperature the enzym diffuses out into the solution more readily
than at the two lower temperatures, and, indeed, one can not say such is
not the case. If the hydrolytic capacity of the enzym corresponded to
the growth of the fungus in the nutrient solution, as it does not, such a
theory might receive strong support. The poorest growth is at the
lowest temperature. At 90 the mycelium was mostly submerged, and
no fruiting had taken place. On the other hand, at 29o and 40° a thick
felt had formed, with some fruiting, though less at 40o than at 29o.
QUANTITATIVE REGULATION OF AMYIyASI$

The results of many investigations have shown a quantitative regulation of certain enzyms of various fungi. Brun ton and MacFaydcn (7)
found that a bacterium produced diastase when cultivated on starch
paste but not when grown on meat broth. In the latter case a peptonizing enzym was produced. Pfeffer {22) found that in several mold
fungi the secretion of diastase depended upon similar conditions, and
Brown and Morris {6) claim a similar regulatory action with barley, in
that when readily assimilable substances were supplied the secretion of
diastase did not take place, but when no such substances were available
diastase was formed at once. It was likewise found by Wortmann (27)
that certain molds had the power of excreting a starch-dissolving enzym
when starch grains were the only available food and that no secretion
took place if sugar or tartaric acid was offered to the organism along
with the starch. More recent workers have arrived at similar results
with different fungi. Went (25) showed that Monilia sitophila secreted a
number of enzyms, some of which were produced only when the particular substance on which they act was present in the culture solution.
Others were produced when substances chemically allied to the products
of hydrolysis were present. In general, however, he concluded that the
secretion of enzyms was not a hunger phenomenon, since those fungi
which were best nourished produced the most enzym. Dox (9), on the
other hand, demonstrated that for Pénicillium camemberti, at least, the
enzyms were secreted regardless of the chemical nature of the substrate.
He found that by cultivating the fungus on a particular substratum the
quantity of the corresponding enzym may be increased, but that no
enzym not normally produced by the organism could be developed by
any special method of nutrition. Katz {16) in 1898 published the results of the regulating action of certain chemical substances in the
solution of the regulatory secretion of amylase by P. glaucum, Aspergilliis
niger, and Bacillus megatherium and found that while the amylase secretion was not prohibited by the presence of substances chemically allied
to starch, their effect was greatly to inhibit it. He found that the different fungi did not respond exactly in the same way and cites as proof the
results with A. niger and P. glaucum. The presence of sugars hi the
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solution had a much less inhibitory effect on the production of amylase
with A. niger than with P. glaucum. Similar conclusions were reached
by Duclaux (JO) with P. glaucum and A. glaucus, though he considered
only the enzyms which diffused into the culture medium. The investigations of Kylin (20) with P. glaucum, P. biforme, and A. niger corroborate in a general way the results of other investigators. He found no
qualitative regulation of the enzyms studied by him (diastase, invertase,
and maltase), though a quantitative regulation was conclusively proved.
With P. glaucum the regulating secretion of diastase was greater than
with A. niger. Knudson (19), on the other hand, demonstrated a qualitative regulation of tannase with A. niger and P. sp. These fungi produced gallic acid by the fermentation of tannic acid when the latter
was added to a modified Czapek's nutrient solution, but if supplemented
with sucrose no tannase was formed. A number of other substances as
a source of carbon likewise failed to stimulate the secretion of tannase.
Young (28) studied the inulase formation by A. niger in a nutrient solution and found a well-marked quantitative regulation of the production
of the enzym. He showed that inulase was produced in greatest amount
in the mycelium (extracellular enzyms not studied) when inulin was
used as the source of carbon but was likewise produced when other carbohydrates were employed. The substances most closely allied to inulin
were most efficient in the production of the enzym.
The results of the writer's experiments which follow demonstrate also
a quantitative regulation of amylase in nutrient solutions. Sweet
potato bouillon and Czapek's modified nutrient solution (see p. 762)
with glucose and starch in combination or alone in varying amounts were
used as substrates.
In all these experiments the fungus was grown in 2-liter flasks containing 1,000 cc. of solution. At the end of the growth period the mycelium
was removed and prepared in the usual way, according to the "acetondauerhefe" method of Albert and Büchner, the mycelium from the flasks
of each series being mixed together to make a compound sample.
EXPERIMENT I.—The fungus was grown on Czapek's modified nutrient
solution with glucose or starch or both as a source of carbon. The
cultures were incubated for 8 days at 32o C. Hydrolysis of starch was
carried out for 19 hours at 32o by using 0.25 gm. of enzym powder in 50
cc. of a 0.5 per cent starch paste solution. (Table XIII.)
TABI<3

XIII.—Source of carbon in Czapek's modified nutrient solution and ajnount of
hydrolysis by the enzym powder per 10 cc. of the substrate
Series.

Starch.

Glucose.

Gm.

a
b
c

5

25120°—21-

0

5
5

5

0

Reducing
sugars.
Mgm.
26.19
34- IO
39-28

78o
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EXPERIMENT 2.—In this set of experiments sweet potato bouillon
was compared with Czapek's modified nutrient solution, the latter containing different amounts of starch and glucose as a source of carbon.
The reducing sugars were determined in each series before inoculation
and after the fungous growth had been removed, the enzyms in the solutions being inactivated at the end of the growth period by autoclaving
the solutions. The cultures were incubated for 10 days at 35o C. The
hydrolytic power of the enzym was determined by the use of 0.25 gm.
of powder in 100 cc. of a 0.5 per cent starch paste solution. Thé time
of hydrolysis was 18 hours at 40o C. (Table XIV.)
XIV.—Source of carbon in Czapek's modified nutrient solution, amount of
reducing sugars before and after the growth of the fungus, and the hydrolysis by tlie
enzym powder

TABLE

[Expressed in milligrams per 10 cc. of the substrate]
Reducing sugars.
Starch.

Series.

Hydrolysis
by enzym
After reBefore inoc- moval
of fun- powder.
ulation.
gous growth.

Gm.

a
b
c
d..

t;

O

5
Not determined a

O
112.186
112.83O
220. 570

6-599

40. 900
16. 882
92. 863

13.21
5.16
6. 05
24.14

« Solutions a, b, and c were Czapek's nutrient solution; d was sweet potato bouillon. The reducing sugar
in b and c before inoculation was glucose.

The starch was not determined, but it wras shown to be present in series
a, c, and d by iodin before the solutions were inoculated. When the
fungous growth was removed the starch had all disappeared in series a
and d.
From the results it is seen that the largest amount of hydrolysis took
place with mycélium grown on sweet potato bouillon (d), where reducing
sugars and starch both were originally present. On the other hand there
was considerably more hydrolysis with mycelium grown on starch alone
as a source of carbon (a) than where glucose was used alone (b) or in
combination with starch (c).
The reducing sugars in series b, c, and d were considerably less at the
end of the growth period than at the outset, showing that the fungus
made use of reducing sugars or had converted them into other substances,possibly alcohol, acids, etc. No starch remained in the solutions.
In series a the starch had entirely disappeared, but a small amount of
reducing sugar was present. In this case also the fungus had either used
a considerable amount of carbohydrate or had converted it into other
compounds.
The fungus made the best growth in series d, but it was good in all
and f ruited abundantly in each of the solutions.
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EXPERIMENT 3.—In the following experiments, Czapeck's nutrient
solution was used for series a, b, and c, and sweet potato bouillon was
used for d, the reducing sugars (glucose in b and c) and starch being
determined in the solutions before and after the growth of the fungus.
The digestion period was 12 days at 35o C.
In these experiments no account is taken of the amount used by the
fungus or that converted to other compounds by it.
The digestive power of the mycelium was determined by using 0.2
gm. enzym powder in 100 cc. of a 0.5 per cent starch paste solution,
which was hydrolyzed for 18 hours at 40o C. (Table XV.)
TABLIî

XV.—Amount of reducing sugars and starch in solutions before and after the
growth of the fungus; also the hydrolysis of starch by enzym poivder
[Expressed in milligrams per 10 cc. of solution]
Before inoculation.

Series.

a.
b

Total reducing Reducing
sugars after sugars before
digestion of
digestion
starch.
of starch.

43. 62

No starch in
solution.

c.
d

153- 60
449- 55

After removal of fungus.
Starch
present as
reducing
sugars.

O
112. 19

43.62

112. 64
272. 56

40. 96
176. 99

Total
Reducing
Starch Hydrolyreducing
sis of
before presentas starch
sugars after sugars
by
digestion
reducing
digestion
en
7. y m
of starch.
sugars.
of starch.
powder.
29.47

IO. 69

36.56

O

33-97

75-15
182. 25

144. 00

18.78
O
41. 18

38-25

9. IO
.78
•39
11-54

These results accord in general with those of the previous experiments,
series a and d having the greatest hydrolyzing power and b and c the
least.
EXPERIMENT 4.—The foregoing experiment was repeated, the solutions being made to contain roughly the same amount of glucose and
starch. The hydrolysis of starch by the enzym powder was determined
by using 0.25 gm. enzym powder in 100 cc. of a 0.5 per cent starch paste
solution and hydrolyzing 18 hours at 40o C. (Table XVI.)
XVI.—Amount of reducing sugars and starch in the solutions before and after
the groivth of the fungus; also the products of hydrolysis of starch by enzym powder

TABLE

[Expressed in milligrams per 10 cc. of solution]
Before inoculation.
Series.

Total reducing
sugars after
digestion of
starch.

After removal of fungus.

Reducing
sugars before digestion of
starch.

Starch as
reducing
sugars.

a

3I-275

No sugar
used.

31-275

b
c
d

No starch.
144. 680

105. 41
108. 68
300- 37

0
36. OOO
223. 630

524. 000

Total reducing sugars
after digestion of
starch.

Reducing
sugars before digestion of
starch.

HydrolyStarch as
sis of
reducing starch by
sugars.
enzym
powder.

2.86

11.44

7.15

86.32

45-35
67. 60

107. 90

107. 90

0
18.72
O

1.27
I.24
22.94

14.30
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5.—This experiment was conducted in the same way as
experiments 3 and 4. The amyloclastic power of the enzym was determined as in experiment 4. (Table XVII.)
EXPERIMENT

TABLE

XVII.—Amount of reducing sugars and starch in the solution before and after
the growth of the fungus; also the hydrolysis of starch by enzym powder
[Expressed in milligrams per io cc. of solution]
Before inoculation.

Series.

Total reducing
sugars after
digestion of
starch.

a

47-97

b

No starch
used.
213.98
508. 56

c
d

Reducing
sugars before digestion of
starch.
O
122. 20

After removal of fungus.

Starch as
reducing
sugars.

47-97
O

120. 90

93.08

298. 48

210.08

Total reducing sugars
after digestion of
starch.

Reducing
sugars before digestion of
starch.

No starch
left.
No starch
used.

9-23

O

26. 19

33-93

O

5.78

44.72

80.08
73-32

124. 80
217. 62

144. 30

Hydrolysis of
Starch as
reducing starch by
enzym
sugars.
powder.

4.42
41. 08

An examination of the foregoing results shows a clear case of the
regulatory influence of the culture medium on the quantitative secretion
of arnylase. In every case where starch (series a) alone was used as the
source of carbon the enzym powder hydrolyzed several times as much
starch in a corresponding length of time as when glucose alone (series b)
or in combination with starch (series c) was used. On the other hand,
the enzym powder from sweet potato bouillon (series d), which always
contained reducing sugars and starch and probably other carbohydrates,
hydrolyzed considerably more starch than the powder from the a series.
This exception is hard to explain, since it was obviously impossible to
determine the exact composition of sweet potato bouillon. That it
was a better medium for the growth of the fungus was quite evident.
The quantity of felt was always greater than in any of the other series.
The growth in the a series was likewise better than in either the b or c
series, starch alone appearing to be a better source of carbon than glucose
alone or in combination with starch.
These results seem to indicate that within the limits of these experiments the solution which is best for the growth of the fungus is likewise
best for the secretion of arnylase, regardless of the source of carbohydrates. It is probable that it is not so much the source of the carbohydrate which influences directly the quantitative production of the enzym
as the influence it has upon the growth of the fungus on which the secretion of the enzym depends.
INFLUENCE OF THE AGE OF THE MYCELIUM WHEN REMOVED FROM THE
CULTURE ON THE PRODUCTION OF AMYLASE

It was shown by Dox, Young, and others that the greatest amount of
enzym is contained in the mycelium at about the beginning of the fruit-
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ing period. So far as the writer is aware, this fact has not been determined for Rhizopus tritici, and it was with the view of verifying it for
this fungus alone that comparative tests were made. In the experiments carried out by the writer two different culture media were used—
namely, sweet potato bouillon and a modification of Czapek's nutrient
solution with a 0.5 per cent starch paste as a source of carbon. In the
former case the mycelium was removed from one set of flasks 3 days
after inoculation, when fruiting was just beginning. The mycelium was
removed from the other set of flasks 10 days after inoculation. The
difference in reducing power in this case was not large.
On the other hand, when the Czapek's modified solution was employed,
the mycelium removed 5 days after inoculation (when just beginning to
fruit) hydrolyzed considerably more starch in a given length of time
than the mycelium removed 10 days later.
SUMMARY
(1) A vigorous starch-splitting enzym is secreted by Rhizopus tritici.
While some of the enzym is retained in the mycelium of the fungus, a
portion of it diffuses out into the substratum. The diffusion into the
culture medium begins soon after the substratum is inoculated, as was
shown by some of the experiments in which reducing sugars appeared
after 2 days in a nutrient solution with starch as the only source of carbon. The reducing sugars in such a medium accumulate in excess of the
needs of the fungus.
(2) The enzym is able to act on raw sweet potato and Irish potato
starch but much less energetically than on starch paste.
(3) The dried mycelium may be stored for several months at a temperature of from 90 to 35 o C. without much deterioration, but at 60o it gradually becomes weaker.
(4) The optimum temperature for the digestion of starch is about
45 o C. Above and below this temperature the amount of hydrolysis
becomes less, and at 60o it is completely destroyed in 100 hours.
(5) If glucose is added to a system the hydrolysis of starch paste is
retarded. The quantity of glucose added does not seem to influence the
results. With a constant amount of enzym powder the total reducing
sugars formed in a solution of starch paste increases with the increase in
the volume of the solution up to a certain point and then decreases.
(6) An end point in the hydrolysis of the starch is not reached without
altering the equilibrium of the system. This was done by changing the
temperature and diluting the solution. If judged by the iodin test an
end point was obtained, but a quantitative determination of the reducing
sugars did not account for all the starch. It is probable that in this case
some of the products of the hydrolysis were dextrins which were not accounted for as either starch or reducing sugars.

784

Journal of Agricultural Research

VOI.XX.NO.

10

(7) When the enzym is in suspension some of it is removed by filtering
through Whatman chemically prepared filter paper.
(8) The temperature at which the fungus is grown has a marked influence on the production of intercellular amylase. With an equal
weight of enzym powder it was found that mycelium grown at 90 C.
hydrolyzcd about four times as much starch in (he same length of time
as mycelium grown at 40o. The enzym powder of mycelium grown at 29o
was intermediate between the other two. At these three temperatures
the best growth of the fungus was made at 29o and the poorest at 90.
(9) The results of these investigations show that there is a "quantitative regulation'' of the enzym. The hydrolyzing power of the mycelium
grown on Czapek's modified nutrient solution was much greater when
starch alone was used as a source of carbon than when glucose alone or
in combination with starch was employed. On the other hand, if grown
on sweet potato bouillon, which contains both starch and sugars, a unit
weight of the mycelium will hydrolyze more starch than when grown on
any of the other combinations. The vigor of growth of the fungus was
correlated with the hydrolytic power of the enzym powder.

The results

seem to indicate that it is not so much the source of the carbohydrate
which influences the quantitative production of the enzym as it is the
influence which it has on the growth of the fungus 011 which the secretion
of the enzym depends.
(10) The enzym powder of young mycelium just beginning to fruit
was more active than the enzym from old mycelium.
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