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~ ABSTRACT

A study of the effect of nutritional factors on the elabora-
tion of extracellular cellulolytic enzyme by the fungus
Curvularia lunata has been carried out.” A ‘modified.
Omeliansky’s medium has been formulated substituting
ammopium sulphate by ammonium chloride in the
Omeliansky’s medium and = incorporating sodium carboxy
methyl cellulose as cellulosic substrate. - Use of indole-acetic
acid in the growth medium has been found to increase the
in viwo as well as in vitro cellulolytic activity. The fungus when
grown in the presence of subthreshold concentrations (i.e. at
0:001%,) of sodium pentachlorophenate elaborated an
extracellular cellulolytic enzyme of enhanced activity.

Introdﬁction .

In the earlier pa‘peri from this laboratory investigations carried out on the
cellulolytic enzyme elaborated by the fungus Curvularia Tunata Wakker, have
been reported. The present paper deals with the study of the nutritional require-
ments of the fungus C.lunata with respect to its capacity to elaborate an active
extracellular cellulolytic enzyme. Nutritional requirements for the growth of
the fungus have been reported in the literature? but these studies do not throw
any light on the cellulose decomposing capacity of this fungus én vitro. A eulture
medium from which the fungus will elaborate an active extracellular enzyme
may not necessarily give maximum growth of the fungus as growth is the sum
total of many enzyme systers working ¢n 9o within the organism. = Studies
were, therefore, undertaken to formulate a culture medium which may or may

not produce optimum growth of the fungus but which will enable the fungus to
elaborate an active cellulolytic enzyme.

Experimental Procedure*
Media—The composition of the different media tried are given below:
1. Omeldansky’s medium®
Ammonium sulphate [(NH,), SO,] ..
Dipotassium hydrogen phosphate (K,HPO,) ..

* The chemicals used in these investigations were of A.R. quality.
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Magnesium sulphate (MgS0,-7 H;0) BN .. 0-bgm
Calcium carbonate (CaCOz) . .. oo 2:0 gms
Sodium chloride (NaCl) .. . . .o -Traces
Collulosic substrate (cuprammomum cellulose) .. 20-0 gms
Distilled water = .. ce e .. ... 1000 ml
pH 6:2—6-4
2. Greathouse’s medium®
Dipotassium hydrogen phosphate (K2HPO4) . .. 1-40 gms
Magnesium sulphate (MgSO,- TH,0) R .. 074 gm
Ammonium nitrate (NH, NOj) o . .. 1:00gm
(Calcium carhonate (CaCO3) .. .« .. bmgms
Sodium ohloride (NaCl) .. . .. .. 5 mgms
Terrous sulphate (Fe80,) .. -~ ..~ .. .. lmgm
.Zine sulphate (ZnSO,) oo L . i lmgm
Manganese sulphate (MnSO,) . L .. lmgm
Cellulosic substrate (cuprammomum cellulose) . 20 0 gms
Distilled water .. . S . 100_0 m]
pH"6‘42~,6 4 ' '
‘8. Mandel’'s medium®
Ammonium nitrate (NH,; NOy) . . .. 3-00 gms
Magnesium sulphate (Mg80,- TH,0) . .. 2:22 gms.
Potassium dihydrogen phosphate (KH; PO, ... .. 2-59 gms
Dipotassium hydrogen phosphate (K,HPO,) .. co 2-21 gms
. Cellulosie substrate (cuprammomum cellulose) .. 20-0gms .-
Distilled water ... .. RS .. 1000 ml
S PH65 | |
4. Martin's medium® _
* Ammonium nitrate (NH, NO,) S .. .. 30gms
_ Potassium dihydrogen phosphate (KH, P04) .. .. 0-25gm
Magnesium sulphate (MgS0,-TH,0) .. .. eo 0-25gm
Potassium chloride (KC1) .. .. o .. 0-25gm
Cellulosic substrate (cuprammoniumn cellulose) .. 20-0 gms
Distilled water .. .. . . .. 1000 ml
pH 6-4
5. Fmes medium?
Ammonium tartarate [C,H,0q (NH,),] .. .. b-Ogms
Ammonium nitrate (NH,NO,) . - .. 1-0gm
Potassium dihydrogen phosphate (KH,PO,) .. .. 1:0gm

Magnesium sulphate (MgS0,-TH0) .. s .. 0-5gm



.

DEFENCE SCIENCE JOURNAL

Sodium chloride (NaCl)
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. Olgm
Calcium chloride (CaCl,) . 0-1lgm
Boric acid (H;BO,) 0:06 gm
Copper sulphate (CuSO,-5H,0) 0:25 gm
Ferrous sulphate (FeSO,-7H,0) 0-56 gm
Zine sulphate (ZnSO,) R 5 mgms
Molybdic acid (H, MoO,) .. o 0-02 mgm
Cellulosic substrate (cuprammonium cellulose) 20:0 gms
Distilled water .. ’ 1000 m}
pH6-4—6-8
6. Czapek-Dox’s medium?®

" Bodium nitrate (NaNOg) .. .. . 3-0gms
Potassium dihydrogen phosphate (KH,PO,) .. 1-0gm
Potassium chloride (KC1) .. . 0-5gm
Magnesium sulphate (MgSO,: 7H,0) 0-5 gm
Ferrous sulphate (FeSO,- 7H,0) traces
Zine sulphate (ZnS0,) .. .. traces
Cellulosic substrate (cuprammonium cellulose) - 200 gms . .
Distilled water .. : ‘ : 1000 m1

pH 4-2—4-4

Methods—In general the procedures for preparation of growth medium,
inoculation of fungus, separation of the extracellular enzyme and estimation
of enzymatic activity were essentially the same as described earlier. Reducing
sugars formed as a result of enzyme action were estimated by the method of
Shaffer and Somogyi®. For assessment of toxic effects of sodium pentachloro-
phenate, the radial growth of the fungus was measured on solidified agar medium
in Petri dishes 15 cms. in diameter. The constituents of the agar medium were
the same as in Omeliansky’s medium?® (described eatlier) except that (@)
ammonium sulphate was replaced by ammonium chloride and (b) cuprammonium
cellulose was replaced by sodium salt of carboxymethyl cellulose*. The fungicide
was used in different concentrations ranging from -0001 to 0:029,.

Results

Effect of carbohydrate source on elaboration of enzyme—DPreliminary investiga-
tionst carried out in this laboratory showed that the growth of the fungus on
media containing different sugars (in the absence of cellulose) was satisfactory,
To find out the effect of sucrose on the elaboration of the enzyme, the fungus
was grown on Czapek-Dox medium?® containing (a) mineral solution only (3)
2% sucrose+-29, cellulose (Whatman filter paper) as sources of carbohydrate
and (¢) 29, cellulose (Whatman filter paper) only as a source of carbohydrate,

* D.8.0-45 t0 0°55. ‘
T Unpublished work DRL (S) Kanpur.
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The activity of cellulolytic enzyme inthe metabolic liquor was assessed
after 28 days of growth. The results are given in Table T below.—

TABLE I
Effect of carbohydrate source on elaboration of . enzyme
Media : l Set No. Cellulase activity
(% hydrolysis of
cellulose)
Czapek-Dox’s medium (no carbon source) 1 Nil
2 Nil
Czapek-Dox’s medium+-filter paper--sucrose 1 Nil
2 Nil
Czapek-Dox’s medium 1 8-8
filter paper 2 ’ 13-8

The data in Table T above show that the elaboration of cellulolytic enzyme
does not take place when the carbohydrate source is (@) sucrose alone and
(b) sucrose-filter paper. Cellulolytic enzymes are elaborated only when
cellulose is the sole source of carbohydrate. The presence of the simpler
carbohydrate i.e. sucrose possibly ‘checks the elaboration of the enzyme.

Elaboration of the cellulolytic enzyme in different media—The fungus was
grown on five different media viz. Omeliansky3, Greathouse, Mandel®, Martin®
and Fries” using cuprammonium cellulose as source of carbohydrate. In each
case the enzymatic activity of the metabolic liquor was assessed at different
periods of growth of the fungus. The results are summarised in Table 1T
below:— ’

TABLE IT

Elaboration of cellulolytic enzyme in different media

Collulase activity

(% hydrolysis of cellulose)
No. .. Media
Period of growth of fungus
7 days 14 days 21 days | 28 days
1| Omeliansky’s medium .. . Nil Nil 7-0° 9-0
2 |' Greathouse’s medium .. . 14 | 25 Nil 80
3 | Mandel’s medium . L ow Nil Nil Nil
4 | Martin’s medium ] .. .. ' 7:0 Nil ‘ ’N’il Nil
5 | Fries’ medium .. .. .. 3-0 7.0 | Nl .90
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cellulolytic enzyme in Omeliansky’s and Fries’ media as compared to Great-
house’s, Mandel’s and Martin’s media. The Omeliansky’s medium, being
simpler in composition was selected for further investigations described herein.

It is evident from Table T above that the fungus elaborates a more active

Effect of indole-acetic acid on cellulolytic activity—The fungus was grown
on Omeliansky’s and Czapek-Dox’s media (with cellulose as source of carbo-
hydrate) supplemented by indole-acetic acid in various concentrations. The
reducing sugars liberated by the fungus in the metabolic liquor at various
periods of growth were determined. The cellulolytic activity of the metabolie
liquor from Czapek-Dox’s medium was also assessed after 17 days of growth,
The results are given in Table ITT below:—

TABLE III
> Fffect of indole-3-acetic acid on production of reducing sugars and cellulolytic
' actieity :
Reducing sugars/4 ml of metabolic '
- liquor expressed in mgm of glucose Cellulolytic
Concentra- activity
tion of - after 17
Media indole-acetic Period of growth in days days growth
acid* . (% by-
; - : drolysis of
7 17 21 . cellulose)
Czapek-Dox’s medium | 1 : 1000 .. 0-12 . 1-0
| 1:1000 . 0-09 . 17-5
0 . e 0-07 L. 8-5
Omeliansky’s medium | 1 : 10,000 0-045 0-35 0-25
) 1: 50,000 0-015 0-18 0-10 .
1:100,000 | Wil 038 015 | .
IE Nil 014 0-08

* The ratio indicates parts of indole-acetic acid used in the medium.

.. The results'in Table ITT show that the amount of reducing sugars produced
increases with increase in the concentration of indole-acetic acid. The activity
of the cellulolytic enzyme is maximum when the ratio of indole-acetic acid
used in Czapek-Dox’s medium is 1: 1000, °

Lffect of different constituents of Omeliansky’s medium on elaboration of
enzyme—The effect of various constituents of Omeliansky’s medium on elabora,
tion of cellulolytic enzyme was studied. Seven different variations of consti~
tuents were selected. At different periods of growth, 10 ml. of the metabolic. -
liquor were taken out and the same amount of sterilized medium was added
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to keep the totai volume of the medium constant. The enzyme. activity of
the metabohc liquor was assessed The results are given in Table IV below —

TABLE IV

7 Eﬁ'ect of different constituents of Omeliansky’s medium on elabomtzon of the
: enzyme

. Qellulase activity (% hydrolysis of cellulose)
y o - ;

(o 3
: Set I . Set I
Media Period of growth in Period of growth in weeks
. weeks
[ A~ R ] L4 A Ty
1 2 3 1 2 3 4
Omeliansky’s medium ‘O’ Nil 276 21:2 160 . 54-3 Wil 47-5
‘0’ with (NH,),HPO, and Nil 28:8 288 60 385 105 50
without K, HPO, - )
‘0’ with KN'Og and without Nil 11-9 10-0 50 28-0 Nil 33-3
K HPO, ' :
‘0’ with NaNO, and without Nil 20-4 75 Nil 26-3 Nil 22-8
K,HPO, : .

‘0" with NH, C1 and mthout 7:0 475 31-2 17-5 57-8 23.7 15-8
(NH,), SO,

‘0’ with asparagine and with-  Nil 170 Nil 160 438 7-0 13-8

out (NH,), SO, ;
‘0’ with FeCl; and without 6-0 49-2 21-3 15-0 ‘1440 14-0 28-0
NaCl.

‘0’ without MgSO, 7-0 13-6 5:0 15-0 33-3 Nil Nil

On replacing (NH,), 8O, by NH,CI in the Omeliansky’s medium, an
1mprovement in the cellulolytic a.ct1v1ty of the metabolic liquor was observed.
In view of this improvement, most of the investigations reported in this paper
have been carried out by this modified Omeliansky’s medium,

Effect of d@ﬁerent cellulosic substrates on the elaboration of the enzyme—
The enzymatic activity of the metabolic liquor was assessed after 12—15 days
of growth of the fungus on modified Omeliansky’s medium, using the foﬂowmg
eellulosic substratest— -

(a) Cellulose ethers (¢) Cellofas A (methyl ethyl ether of cellulose, degree
of substitution,—OCHg=0-4 and—C,H,;=0-9) and (i} Cellofas
B (Sodium salt of carboxymethyl cellulose, degree of substitution
0-45 to 0-55).

~ (b) Tilter paper (Whatman No., 1).
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The results are summarised in Table V below:—
- : | TABLE V. |
Effect of different cellulosic substrates on the elaboration of the enzyme

Subz:trate Period - . Cellulase Cellobiase
No. for growth of Substrate for assay of activity activity -
growth cellulase activity (% bydro- (% hydro. .
(days) lysis of iysis of
cellulose)  cellobiose)
.1 Filter paper 12 Cuprammonium cellulose 2-0 . Not done .
2 Collofas ‘A’ 12 Cupranimonium cellulose Nil '
3 Filter paper 12 Cellofas ‘A’ : Nil .
4 Cellofas ‘A’ 12 Cellofas ‘A’ 18-0 - '
- & Cellofas ‘B’ 12 . Cuprammonium cellulose 11-2 . o
6 Cellofas ‘B’ 13 Cuprammonium cellulose 18-0 »
7. Cellofas ‘B’ 15 Cuprammonium cellulose 3:6 S
8 Cellofas ‘A’ 12 Cellofas ‘B’ (7) 28-8 (7) 36+6
(@) 16-1 (i) 15-0
(5) 18-0 (i) 33-0
3 (i) 9-2

9 Cellofas ‘B’ 12 Cellofas ‘B’ () 11-

The data in Table V show that the fungus elaborates a highly active
cellulolytic enzyme when Cellofas A and Cellofas B are used as cellulosic sub-
strates. ' ‘

Effect of subthreshold concentrations of sodvum pentachlorophenate on elabora-"
tion of the enzyme— ‘ o

(@) Determination of ~subthreshold concentration—Radial growth of the
fungus on modified Omeliansky’s medium containing different quantities of
sodium pentachlorophenate was measured after different periods of growth.
The results are given in Table VI below:— 4 S

, ' TABLE VI ,
Effect of sodium pentachlorophenate on the growth of the fungus

Radial growth in cms
A

Concentra- . ey
Cellulosic tion of .
. substrate sodium pen- Period of growth in days
’ tachlorophe- ——— A —
nate (%) ‘
) . 6 9 1013 15 18 19 21
0-0001 Nil 3-22 4-04 .. 5412 5-12 .. 588 588
0-00025 Nil 2-65.2-95 .. 2:95 2-95 .o 3T 87
. 0-00062 Nil 2-4 2-62 2-63 2-63 .. 2:63 2-63
Cellofas ‘A’ 0-00156 Nil- 1-43 1-78 .. 1-82 1.83 .. 1-93 1.93
) 0-00391 Nil ~ Nil - Nil .. Nil Nil .« ~Nil. Nil
0-00977 Nil  Nil - Nil .. Nil Nil . -Nil  Nil
Control Nil 3-36 5-42 .. 78 81 ... 898 898
0-001 1-16 195 -~ .. :2-13 3:31 44 6-38
0-0015 1-0 1-58 .. 175 1-85 1-95 1-95
Cellofas ‘B’ - 0-002 Nil 173 .. 173 1-73 1-85 1:85.
: Control - 2-28 5-38 ov 0 7:66 10-75 11-78 12-3

It is evident from the results givenin Table VI that restricted growth takes
place when 0-0015 and 0:0029, of sodium- pentachlorophenate were used.
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The subthreshold concentration of the pentachlorophenate, therefore, lies
round 0-0020%,. _ :

(0) Effect of subthreshold concentrations of - sodium pentachlorophenate in
the growth medium on elaboration of the enzyme—The fungus was grown for 12
days on modified Omeliansky’s medium with Cellofas ‘B’ as source of carboliy-
drate and .containing different concentrations of sodium pentachlorophenate.
The enzyme activity was assessed using{Cellofas ‘B and Cellobiose as substrates.
The results are given in Table VII below:—

TABLE VII

Effect of subthreshold concentrations of sodium pentdcklomphendte on elaboration
" of the enzyme PR

.. Coneentration |, ) .+ 7. Cellulage activity =~ . Cellobiase activity
of sodium . - U (% hydrolysis of cellulose) -  expressed in ml of
pentachlorophenate (9) —- Ao - N/200 sodium
: Expt. I Expt. I1 thio.ulphate soln.
0-001 . 11-50 : 7-4 : . 9-52
0-0015 . 0-92 .. .
0-002 .. 0-91 0-39 2:99
0-0025 R ST e L e e ) . b
0-003 . S o : . ‘. 0-17
0-004 ° ! .. o7 B 0-45
0-005 . . cer 0-45°

, Control (without fungicide) - ., 7-84 48 6-10

It appears from the data in Table VII that just below the subthreshold
-concentration of pentachlorophenate i.e. at 0:001%, .the organism elaborates
more’ active cellulolytic enzyme. B C

Discussion ' s S

Utilisation of cellulose as sole source of carbon—These investigations confirm
that cellulase is not & constitutive enzyme but an adaptive one 191’12 gince it
~ is elaborated only in response to a specific substrate i.e. cellulose. It has been
reported by Talboys 13 that substrates other than cellulose or cellobiose in the
culture medium resist the elaboration of the cellulolytic enzyme by Verticillium
albo-atrum. Youatt 1 working on the growth of Stachybotrys atra on Waksman
—Carey medium reported the important role of cellulose used as the sole source
of carbon. Glucose (and not fructose and xylose) was reported to inhibit
the n vivo cellulolytic activity of Sporocytophaga myzococcoides by Sijpesteijn
and Fahreaus'®. In case of Myrothecium verrucaria Sinden et al? also reported
similar results by vn vivo studies. During the present studies, it was found that
- the fungus does not elaborate the cellulolytic enzyme when sucrose is present
in the medium either alone or with cellulose. The preferential utilisation of
sucrose, & simpler carbon compound by the fungus may be inhibiting cellulolytic
astivity. 'This has also been reported by Siu et al 6 during their work on the
growth of M. verrucaria using a mixture of cellulose and sucrose.

Effect of different media—Both Omeliansky’s and Fries’ media gave an
active cellulolytic enzyme. The two media were also quite suitable for growth
requirements as assessed by mycelial weight, radial growth and cellulose-
destroying index*.. . :

* D.R.L.(8) Kanpur Bio Report No. Bio/60/91 (1960)
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1t is clear, however, that nutritional requirements for the growth of the
fungus are not identical to those for elaboration of an active extra cellular
cellulolytic enzyme, This can be explained as the former is resultant of a fa,r
more complex multi-enzyme system than the latter. ~

Efffect of indole-acetic acid—This compound is known to be a plant hormone
and an auxin 1’ 38, Tt is converted to a glutamine conjugate®®. These investiga-
tions show that the enzyme elaborated in the presence of indole-acetic acid
is more active; the amount of reducing sugars produced is also increased, indicat-
ing a higher cellulolytic activity ¢n wvivo. The cellulolytic activity ¢n vive
~ has been found to be affected by a number of growth promoting substances 20.
‘The data, however, lack in the effect of these compounds on ela,boratmn of
extra-cellular enzymes.

Effect of different constituents of Omeliansky’s medium—The replacement
of ammonium sulphate by ammonium chloride in the culture medium increases
the elaboration of the enzyme. This confirms the previous recommendation
of Waksman and Bred12, It is further observed that (@) magnesium is an
Important constituent of the medium and its omission leads to elaboration of
a weak cellulolytic enzyme (b) potassium proves better as phosphate than as
nitrate and (¢) asparagine is inferior to ammonium compounds as a source of
nitrogen. Organisms differ in their requirements of sources of nitrogen. Litera-
ture survey shows that different species of the same genus react differently.
Some organisms such as Itersonia ferruginea 2, Sorangium compositum?®, S.
nigrescens 2 and Aspergillus fumigatus 2* grow better when nitrogen is supplied
in the form of inorganic salts than in organic compounds such as peptone. Others
such as Fusarium sp. % and Humicola grisea®® prefer the reverse. The cellulolytic
activity, however, in all these cases was determined n vivo.

Effect of cellulosic substrates—The results show that both Cellofas ‘A’ and
Cellofas ‘B’ stimulate elaboration of cellulolytic enzyme as compared to other
cellulosic substrates used. This may be due to the fact that soluble cellulose
derivatives can be hydrolysed easily by intracellular enzyme which is active
in initial stages of growthl. These results differ from those reported by Siu
et al? on in vivo studies with M. verrucaria on different cellulosic substrates,
Tt may be due to a different degree of substitution in cellulose derivatives used. .
It has been widely reported that degree of substitution of the cellulose deriva-
tives plays an important role on the degradation of cellulose by mlcro-organwm
hoth @ vivo 27 and in vitro 2.

Effect of subthreshold concentrations of sod17um pentachlorophenate—0-+001
to 0-003%, of sodium pentachlorophenate inhibited the growth of the fungus.
The fungus when grown in the presence of the inhibitor at subthreshold con-
centrations i.e. at 00019, elaborated cellulolytic enzymes of enhanced activity.
This may be due to vigorous activity of the living organism against adverse
environments in their struggle for existence. No other instance of this nature
is available in the literature. ' ‘ \
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