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 Engyme Activity of Xylaria Digitata.

This paper is 8 reﬁort of the fesults of an experimental.
'*-"V:stuay of the engymatic &etivities of tﬁe fungus Xylaria digitata
which causes the black root rot of the apple tree.

A pure culture of the fungus was secured by transféring a porf
tion of é cultﬁre, previously isolated, to a petri dish allowing the
fungus to develope and then transféring a portion of'the outer
edge of the growth to a tube of agar. The growth was examined at
tirmes and when no contaminatiOﬁ developed it was then ready for

. culturiné in sawdust.

Sawdust of an apple tree was placed in seven Erhlenmyer flasks
of 250 cec. capacity. The sawdust was then moistened with aistilled
water and #11 the flasks and contents were sterilized at twenty-five
_pounds‘pressure for about 45 mimutes. The flasks and contents were
then cooled and inoculated with the fungus from the pure cultures

mentioned above. At first it was very hard to distinemish any

growth in the flasks but after a few weeks a whitish orowth appeared
on the surface 6f the.sawdust_ané finally the mycelium could be

seen scaftered throﬁghout the sawdust. At the end of ahout seven
‘weeks the flasks were emptied and the sawdust mycelium were dried
outfaier 8 radiator taking care not to run the temperature over
’ab;ut 30° ¢c. After drying, the material was ground in a mortar

with a pestle, care.being taken not to caﬁse too mueh heat to be.
generated by frietion. This ground, dry material will be termed, in
this paper, "Mycelial meal"™. TFrom this ™mycelisl ‘meal™ were made

extractions known as "mycelial dispersions™. It consisted of adding




50 cc warm (35° -~ 40° C¢) aistilled water to ten grams mycelisl meal,
aliowinz it to digest, usually over-night with toluene added te pre-
vent bacter§a1 action. The suspended matter was then filtered off

and the filter washed with 50 cc warm (35° - 40° ¢) distilled water.

The filtrate was the "mycelial dispersien”.

Invertage and Diastese

Pirst 10 cc of the myeelial dispersien was placed in 50 cc of a
1%. starch (Verks soluble) and 1% Sucrose solution,the starch and
Sucrose solution being used as a substrate. & check was alse pre-
pared using 10 cc of mycelial dispersien in 50 cc distilled water.
The three above solutions were tested after about an hour and then
. after standing ever night. Thé Fehling's test,as used consisted
of adding 3 cec Pehling's A, 3 cc Fehlines's B, 6 cc water and about
6 cec of.the substance te be tested and heating for about five minutes.
A red ppt. for Starch solution and a reddish-yellow ppt. for sucrese

solution indicated the presence of invertase and diastase. The
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check gave ne reductiom.
Cystase

Test for cellulose splittine enzyme was made &8 follows:~- 25 ce
mycelial dispersian were placed in small flask and a few cc of heavy
cellulose suspensian was added and slso sore teluene. This was
tested for redncing sugars by Fehling's test at 24 hr., 48 hr. and
'weekly intervals for about three weeks. The reaction of the solution
was also determ:med by titrating against N/lO W80, snd N/10 TeOh,

Strong reduction was shown in a1l examinations hut the gsolution uhowed

ne chan~e in reaction, the solution being about neutral. This shows

absence of any organic acids in the

ing sugars.

L . :
dispersien and the precence of reducs
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A test for the presence of the enzyme maltese was next made.

To 20 cc of & 1% maltose éalution 10 ce "mycelisl dispersian™ was added
and 8 tubes were prepared. The I%Vmaltose solution was added fo eaoh.
of four tubes and these were placed in boiling water for five minutes,
5 ce mycelial dispersien added and heating continued for five more
minutes. The tubes were cooled and teluene added as an antiseﬁtic.
These tubes were warked "checks™. Maltose and mycelial aisrnrsian!
prepared at beginning of paragraph,was added to each of four tubes,

teluene added and checks and regulars were incubéted at 35-40b Bis

Osazone test using phenylhy@razine-hydrochloride at first showed
| only maltese erystals present. Tests were made at five day intervals.

L A very slight formation of dextrese crystals (glucosazone) at the end

of the ;ifth day was evident in the regular but net in the contrel.
The 38 and 4th (10th and 15th day) test showed the glucosazone to be
more praénocunced in the recular but none were present in the ﬁontrol.
This showed that the enzyme maltose, which has the power of cepverting
maltose sugar to dextrose sugaf, was present in the dispersien.

Emulsin

The teét for emulsin was next carried out. Four tubes each of
amagdylin, arbutin and salicin were prepared as follows: Ten cc of
a 1% solutien of each of the above substances were placed in each
of 4 test tubes making a total of 12 tubqf for the 3 substances. To
three tubes of each set was added 4 cc of “w dispersien™ andéd one
tube was boiled for'about five minutes. Teo the other tube of each
set B ce of'distilled water was added as a contrel. To all the tubes

teYuene was added. The shove tubes were incubated at about 30° 0. and

were tested at about weekly intervals with Fehling's solution. After
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the first week the twe regulars of amagdylin and arbutin reduced
Fehling's but salicin showed ne reduction at this time. The beiled

; and contrel tubes showed no reduction. At the end of three weeks incu-
bation the salieinf tuhes gave reauctiﬁn with Fehling's. These tests

show that‘ the enzyme emulsin is present in the Xylaria Digitata Fungus.

opidase. -

A test for the enzyme exidase was next made. To 100 cc of ,01%
vanillin selutien 20 cc of mycelial dispersian were added and t@luene
~was added.to prevent bacterial action. This was tested immediately
and at 3 day intérvals‘for about three weeks ,for the presence of oxidase.
The test was made as follows: A few cc of the above selution was pour-
ed in a test tube some acid nitrate of mércury reacent was added and the
tube and contrels heated for a few mirmutes. If oxidoese is not pre-~
sent the selution turned a red color showing that the vanillin‘had’net
been oxidized to vanillic acid; oen the other hand, if the solutien
| did not show the red color the presence of oxidese which oxidizes the
. vanillin te wvanillie acid is shown. In all the tests the pfesence
of vanillin was shoewn by the red color develoéing. This shows the
. oxidase was not present in the fungus.

The action of the enzymes upon Proteins and their cleavage pro-

duets was next tésted.

Protease

The presence ﬁf this enzyme can be shown by its action on Tibein
previeusly stained with cargo red and fixed in beiling Water.‘ If the
enzyme is present & red color is liberated into the solution. Four
tuﬁes {50 ce eapacity) were prepared as follows:

1- control, 25 cec Hp0 % red fibrin.
2- 10 cc mycelial dispersien, 15 cc Hzo 4+ red fibrin.
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3- 10 ce. mycelial dispersign, 15 ce H20, 1 ee §/10 H2804 ¢ red fibrin

4~ 10 co e " 15 ce H,0, 1 cec K/10 NACH + " ¥

: 2
L At five day.intervals an attempt was made to estirate the amount of
protealysis occurring in the different tubes, by comparing the celer
density. The tubes,however, did not show any differences due perhaps

te the exeess strain not having been thoroughly washed out of the fibrin

before preparing the tubes se the presence of this enzyme could not

be determined.

Erepsin

The wethod of making the test for Erepsin is to demonstrate the
presence of tryptophgne in the dispersian, 10 cc mycelial dispensiem
- was added to 50 cc of & 1% solution of peptone. To this solution “
| teluene was added and the solution was placed in incubation. Tests, fer
tryptophane at two day intervalé, for about three weeks were made.
This waé done by adding a Tew dreps of acetic acid to ta: few ce
of the solution, boiling it and then adding a few drops of broemine
watér. The solution gave no test for tryptephane. Tests were alse
made upon casein, Two grams casein added to 15 cec N/lO NaOH, the
suspensian thoroughly stirred diluted to 60 cc &Ed filtered. 10 ce
| enzyme dispersian was added to the filtrate, tqﬁ&gne added and inecu-~
| bated as above for peptone. Tests were made atﬁfwo day intervals
as in peptone selution and at the end of three weeks a pink color,

showing the precence of tryptophane, was evident. This shows

the presence of the enzyme erepsin.
Amidase

Por testing the presence of this enzyme the action of the
dispersien an =éemin and asparagin was tested. An efperiment was set

up using feur large tubes prepared as follows:

.



1- 22 gr. alamin 4 30 cc HZOA
2= .2 gr. alemin 1+ 30 cc Hzo 4 10 cc mycelial dispersian

3- & gr. asparagin 4 50'cc HEO A

4-".2 gr. " 4 30 ec H,O0 ¢+ 10 cc mycelial dispersian.

2

fhese tubes were tested with Nessler's reagent at four day intervals for
the formation of ammonia from alamin and gsparacin., None of the tests

gave evidence of the presence of amidase.
Sunmary .

Tests carried out to determine the enzymatic activity of the

funeus Xylavia Digitata showed the presence of

Diagtase, InWertase, Cytase, Maltase, Emulsin and Frepsin.’

OxidaSe;/protease’and Amidase were not found to be present.-
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The Gnltivatien of Penieillium pinophilium in Futrient

851t Solutions.

- A triangular system for testing out the posesible raties for
{fertilizer gxperiments has been well described by Schreiner and Efkinmer
iin vel. 10, Ne. 6 of the 3burna1 of the American Society of Agronomy.
,It.is the purpose of this paper to givé a report of work done along
 this line, using, instead of fertilizers, nutrient salt solutions and
ngewing the commeon mould Penicillium instead of plants as was done by
Schreiner and Skinner. In other words work similar to that carried out
fin the field with plants wes carried out in the laboratery with the
| common mould Penicillium.

In the follewing discusﬁion the triangle system is fully ex-
{plained end outlined.

Three nutrient stock solutions were prepared based upen the essen-
 tia1 elements N,K, & P. For P. a stock solution of CaH, (PO4)2. HEO
I was prefared by disselving 1.776 grams of the salt in 1000ce distilled
| water., The setetvmsl solution carried phosphafe (926 ) 1000 ppm. For
iN a stock selution of NaNDz was prepared by disselving 5 grams of the
| salt in 1000 ce,this gives a concentratlon of nitrogen (in terme of VH, )
}ef 1000 ppm. In like wammer &S & Source of potash (KZO) 1.852 grams
| of X280, was disselved in 1000 ce of water giving a concentration of
:1000 ppm KZO. These’stock solutions were diluted to ten times giving a

orcentratien of 100 ppm of the nutrient element. %The solutions were

| graded in 10 percent stages siving a total of 66 tests in the experiment.

L 70 bear in mind all these different ratios is slmost an impossibility

diagram showing the different points ete., has been prepared,

(Pig. 1).

This triangle represents all the possible ratios of 10% staces,

' Bach extreme poimt of.the eﬁullateral trlanvle represents 100 % of



' ons, NHé or KéO. The term "100 percent"™ refers to the maximum Quantity
- of selutiqn used; I.B. 100 cec of a 100 p.p.m. solution. The sides
of the triangle are divided inte 10 equal parts and lines connecting
these points have been drawn. For convenience the intersections of these
lines have been numbered. Table 1 gives the rations for the three
. constituents. By reference to the cans?ituents of points in table 1 and
| studying Pigure 1 the ratios for any portien of the triangle can be de-
. termined.,
Suppose we consider the line representing the bdée of the triancle,
i then the, point which represents 100% KéO (Point 56) will have ne NH5
nor P,0., likewise the points representing 100% NH, (Point 66) and
| 100% P205 (Point 1) will have neither of the other constituents present.
It is plainly seen that the extreme points of the triangle represent
| 100% solutions and that as the lines go toward the opposite base they
decreage in 10% stages.

Suppose we take peints nearer to either of the corners, there will
lbe g higher percentage of one congtituent and a lower percentage d% the

. others. Take point 58 for example, we have, 80% K,0 and 20%.NH5;

} No. 3 gives 90% P_O 10% NHS; On the other hand if points sre taken near

25"
the center of the triangle a more equal ratienis shown. Point 33 gives

- 30% P 05, 4o%m and 30% K,0.

| Por the sake of correnience it was decided in making this test

| to use emell Erlmmeyer flasks (150ce). 4An apparatus connecting flasgks

1 coﬁtaining the tﬁree properly diluted (100 P?M) sglt solutions teo buerettes
was prepared. The different amounts of the variocus solutions were then

| sdded directly to the flasks and these were nurbered consecutively. 100ce
i of these selutions represented 100%. Therefore, . if (as }er-point5) it

. was desired te get a wixture of 80% P50p, 10% NHg and 10% F 0 it was

simply a case of drawing 80 cc of the P205 golution, 10 ce of the NH5
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Isolution end 10 cc of the Ko0 seolution inte the flagk. This system of
using 100 cc as representing 100% fadilitated matters considerably.

After the 66 flasks had been prepared, numbered and plugged with

lcotton they were then sferilized in the sutoclawe at a 15 pounds pressure
;ior abeut 15 minutes. After allewing them to cool they were all
'inoeulated with the Penicillium pinephilium, Examinations and notes as
ithe rapidity, charaéter, color ete. of growth were taken at dally in-
itervals but only the final weight of growth will be given in this paper.

| In the meantime a total of 66 weighing bettles had been prepafed,
'properlyvnumbered, weighed and the weights recorded on a suitable form,
lifter the Pegnétillium had grown for seventeen days the contents of the
iflasks, which in some cases consisted of almest a s¢lid mass of growth,
iwere filtered. The fungus crowth and filter paper were then placed in
ftheix respective weighing bettles and the hottles heated in a drying
oven. Hgat was applied until no more moisture was present in the tubes
Sand then they were placed in dessicators. Weighings were then made of the
bottles and contents and these weights were recorded in the form men-
tioned above, in their respective places. The difference between the
weighte of the empty tubes and the tubes containing the dry mycelium gave
“the weights of fungus for the respective flasks., ‘Figure 2 gives the
Nweights of mycelium developing in the gifferent flasks, irfform.of the
ltriencle shown in Figure 1.

To surmarize the results of the experiwent it is mnecessary to make
In order to detérmine which legs of the

'a careful study of Fisure 2.

outside triangle gave the best growth ,averages of the funcus weights of

§ cach of the three outer legs were made and the weights were as follows:

'side 1 to 56 gave average of ,0075 grams funcus erowth, &ide 56 to 66

izave averaze of 0075 grams funeus crowth, side 66 to 1 gave average of

0381 orams fungus growth. This chowed that the leg of the triangle cont-
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‘aining P205 and NH5 and lacking in K20 géve the hest qrowth of the

gingle and two salts combination.: The weights of the legs of the next
itriangle within were then averaged end the weights were as follows:

‘Side 5 te 4& gave 0708 grams funcus grewth, side 47 te 54 gave .1435 grams
Efun,q:us growth. Side 47 to 54, whigch centains hisher percentaces of K20
and NHz and 1ower percentages of P§O5, gave decidedly the best growth

in this case. This latter average gives a 1ittle.better working basis

as the triangle contains 2 mixture of all three censtituents and therefore

cives a better test.

Points 40,48 and 49 (with one exception) shows the highest welght of

jthe funsus and are enclosed in dotted lines in Figure 2. This shows that
ithe area of the best grewth is nearest the EgO cormer of the triangle and
thet the solutions feor these points contain hicher percentages of KEO
:and NHz and less P205. Point 54 shows the highest weight but some

tunaccour.).ted mistake has been msde snd is noet included in the comparisons,

Schreiner and Skinner found that the normal growth of wheat in

putrient solutions (on basis of green weight) was best in numbers.41,50 and

51 whereP,0, is 10%-20% and K,0 and NH; in hicher percentace.
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Ratie eor percentage | Ratie er percentage

Point compogition Point Composition,
| Ne. ¥ 05 %ﬁg K, &0 Ne. PO NH X O
2°b 3 2
3 100 0 0 34 30 50 20
2 90 0 10 35 30 60 10
3 90 10 0 36 30 70 0
4 80 0 20 37 20 0 80
5 80 10 10 38 20 10 70
6 80 20 0 39 20 20 60
7 70 0 30 40 20 30 50
8 70 10 20 41 20 40 40
9 70 20 10 42 20 50 30
10 70 20 0 43 20 60 20
11 60 0 40 44 20 - 70 10
12 60 10 30 ) 45 20 80 0
13 60 20 20 46 10 0 00
14 60 30 10 a7 10 10 80
15 60 N O 48 10 20 70
16 50 0 50 49 10 30 60
17 50 10 40 50 10 40 50
18 50 20 30 51 10 50 40
19 50 30 20 52 10 60 30
20 50 40 10 53 10 70 20
21 50 50 0 54 10 80 10
- 22 40 0 60 55 10 20 0
23 40 10 50 56 .0 0 100
g4 40 20 40 57 0 10 90
25 40 30 30 58 0 20 80
26 40 40 20 52 0 30 70
27 40 50 10 60 0 40 60
28 40 60 0 61 0 50 50
29 30 0 70 62 0 60 40
30 30 10 60 63 0 70 30
31 30 20 50 64 0 80 20
32 30 30 40 65 0 20 10
33 30 40 30 66 0 100 0

Table 1- The 66 pessible raties of the three mtrient salt constituents,

?2 5° NH and KBO given in 10 percent stazes.




.P205
+0078

;0658 0883 (3)
;ooga ;0596 .0358 (6)
.0028 .0582 .O7B4 .0706 (10)
;0069 ;0752 .ioss ;0482 .0491 (15)
;0105 .0523 ;0905 ;1050 + 1175 ;0411 (21)
.0098 ;0669 ;1252 .1406 ,1351 .1320 ;0585 (28)

,0154 .0819 .0974 .1187 ,1301 .1393 .0537 0414 (36)

v ’; p
7
¢0112 ,0808 .110@,’f1567 14656 .1396 ,1278 ,0612 (45)

~ /
-

. : )
.0094 .0913,-T496, ,1609' 1179 .1481 .1454 1423 .1926 .0676 (BG}

0007 ,0%91 #0069 .0016 .0047 .0012 ,0057 .0066 .0007 (g6)

K, ~ : NH,

Figure 2: Showing weights of penicillium in the various nutrient selutiens.

Weights given in grams.
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