DECOMPOSITION OF CELLULOSE BY THE FUNGUS CURVULARIA
LUNATA WAKKAR—IIT: PROPERTIES OF CELLULOLYTIO
T ENZYME =

G-M. Veruma, R. K. VErMa, D. D. Sargar anp P. K. "VIJAYARAGHAVAN*®
Defence Research Laboratory (Stores), Kanpur

ABSTRACT

THE various properties: of cellulolyticenzyme system elaborated by the fungus Curvularia
lunata have been studied from the point of view of finding out the mechanism of cellulose -
decomposition by this fungus, Evidence of the pessibility of presence of —SH group in the
enzyme molecule has been obtained. An inter se independent multienzymes system has been
found to be elaborated by this fungus. ’ '

INTRODUCTION.

Previous two communications!,? "dealt with preliminary studies relating to the
optimum activity of the cellulolytic enzyme, elaborated by the fungus Curvularia lunata
Wakker and the nutritional requirements from the point of view of secretion of active
cellulolytic enzyme® This paper deals with purification, stimulation and inhibition of the
enzymatic system and identification of end products of cellulose decomposition. The pur-
pose of this investigation was to understand the mechanism of decomposition of cellulose

by the fungus Curvularia lunata Wakker. )

EXPERIMENTAL PROCEDURE

Culture mediuvm—Modified Omeliansky’s medium?® containing ammonium. chloride in
place of ammonium sulphate was used in these studies. Cellulose substrate used was
Cellofas B (i.e., sodium salt of carboxymethyl cellulose with degree of substitution 0-45
to 0-55). - ‘ - :

Assessment of enzyme activity—The details of preperation of medium, inoculation,
separation of extracellular enzyme and assessment of enzymatic activity were essentially
the same as given in previous communications 1,2. Besides reducing sugar estimation, fall
in viscosity of solution of Cellofas B by viscometer method according to Thomas* and
hydrolysis of celluabiose into glucose were also used for the assessment of cellulolytic
. activity of the enzyme. :

Effect of the enzyme on cotton dosootie was assessed in witro as well
as in, vivo by the following methods: ‘ '

(@) in vitro—Four dosootie pieces 3" X 11” each were incubated with 375 ml of meta-
bolic liquor obtained from a two week old culture of the fungus, 125 ml of citrate
buffer pH 5-2 and 140 ml of 0-10 cysteine solution at 37°C for 96 hours. A con-
trol experiment was also carried out with another set of four dosootie pieces
incubated with medium cysteine and buffer (in the same ratio v/v). Dosootie
pieces were then washed in running distilled water for 10 to 15 minutes and their
breaking strength was determined. After drying, samples were conditioned at
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65-70% R.H. and 70°F for 48 hours and were broken warpwise 2" 7" between
grips in a Goodbrand Horizontal Cloth Testing machine, in which the test piece
was stretched at a constant rate of 18" per minute,

(b) invivo—Twelve one litre flasks containing 3" 11” dosogtie pieces, each support-
ed on inclined glass rods in modified Omeliansky’s medium containing 0-19%,
cysteine solution in buffer pH 5-2, were sterilized at 15 lbs/sq. in. steam pres-
sure for 20 minutes, Six out of these were inoculated with the fungus. The
pieces were removed after 2 weeks’ growth and washed in running distilled water
for 15 minutes. The breaking strength was determined in the same way as
described under (a) above.

-

Tor the measurements of fall in viscosity of solution of Cellofas B, 5 ml of metabolic
liquor at different periods of growth was incubated with 5 ml of buffer pH 5:0 and 5 ml
of 1-59, Cellofas Bat 30°C in viscometer No. 1. The time of flow was noted and sepeclfic
viscosity calculated.

Effect of ion-exchange resins—25ml. of the metabolic liquor was passed through a 25
cm. long column of cation exchange resin Zeocarb 225 and then through anion exchange
resin Deacidite FF at the rate of ten drops/min. The volume of the collected liquor was
made to 50 ml by addition of sterile distilled water. Solid content in both the treated and .
untreated metabolic liquors was determined by drying these at 80°0 under shght vacuum -
to constant weight. S

End products of cellulose decomposxtlon were identified by circular paper chromato-
graphy. Irrigation solvent used was pyridine-water—n. butanol in the ratioof 1-0:1:5:3-0
by volume. ~Aniline hydrogen phthalate solutlon in water saturated n-butanol was used as
developer.

RESULTS
- Stimulation of the enzyme

(a) By Cysteine—The effect of addition of small amounts of cystelne to the metabolic
liquor on the cellulase activity was studied. The results are glven in Table I

- below:
Tapre 1
STIMULATION OF ENZYME BY CYSTEINE
Cellulase activity (% hydrolysis of cellulose)
No. Concentration of cysteine
(mgm per 10 ml of enzyme cellulose powder cuprammonium cellulose
extract) .
1 0 . ’ 6-8 3-0
2 2 11-3 6-2
34 4 2740 16-3
4 6 65 ' 56
5 8 5-0 4-8

The above results show that the addition of cyste'ne leads to considerable activation
of the enzyme, the maximum effect being at 4 mgm/10 ml of metabolic liquor. Higher con-
centrations of cysteine do not seem to have any appreciable effect.
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(b) By different substrates—Comparative efficiency of cellulose acetates with different
degrees of substitution, ethyl methyl ether of cellulose (Cellofas A), Cellofas 13
and cellulose powder (obtained from little paper) as substrates was studied by
incubating the metabolic liquor with these substates at pH 5-0 for 96 hours.

Reducing sugars were assessed at

marised in Table 2.

TABLE 2

STIMULATION OF ENZYME BY DIFFERENT SUBSTRATES

the end of incubation. The results are sum-

Substrate for enzyme activity

Cellulase activity (9, hydrolysis of cellulose): Period

Expt. No of growth in days
6 10 12 15 19 29
(£) | Cellulose acetate (acetic acid yield 1-6 0-49 0-95 0-58 0-66 054
18-3%,). ‘ o .
1. (i) | Cellulose acetate (ascetic acid yield | 1-7| 0.93| 0-85| 0-58| 0-61| 0-15
: 34-69,). | : N
" (##i) | Cellulose acetate (acetic acid yield 20| 0:56|.098|..0-72] 047| 015
- © 48-4%). : ) ‘
* (iv) | Cellofas B 40| 58| 11:20] 106 7] o8
(¢} | Cellulose powder‘ 1-0 1-3 . 1:6 1-5 1-6 3-3
2, (i) | Hydrocellulose .. 1-5 1.0 14 2:0 | 1-2 2-3
_ (#4) | Cellofas A 36 3-8 57 2.4 43 4-8
(iv) | Cellofas B 64 5.4 *11:0 | 10-2 65 80

It is evident from the data given above that the use of Cellofas B results in higher rate
of hydrolysis than the use of other substrates. In subsequent experiments Cellofas B has
been used as a substrate in place of cuprammonium cellulose. ’

Effect of cellulolytic enzyme on cotton dosootie—The loss in breakmg strength of the
fabric during ¢n vitro and in vivo studies was determined. The results are given in Tables 3

and 4 :
TasLE 3
EFFECT OF CELLULOLYTIC ENZYME ON DOsoorTE—in Uilro
Breaking strength (pounds) -
No. S — .9 Loss in breaking strength
Control Experimental L
1 170 165
2 165 165
3 160 155
4 160 145 -
Average 163 158 3
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) o TapLr 4 L
- EFFEOT oF cEI:I;ULOI}YTm ENZYME O DOSOOTIE~(# ¥1v0 ;
Nd Sl B?e%king St.ren%th ( pound)) A . % logs in brea,kmg strength
. Control - . |~ - Experimental - o
i 170 ' 105
2 170 RN
\ 170 , e | . 35
4 s ' 100 o
6| 175, : : Y
Aversge 113 %0 R 48 -

It is clear from the results that i vivo cellulolytic activity is greater than the in vitro
one. In the latter it is practically negligible. N :

Effect of enzyme on the fall in viscositsj of Cellofas' B—The percentage fall in ‘specific

viscosity of Cellofas B at different periods ofincubation with metabolic liquor obtained at

various periods of growth is given in Table 5: R T .

. TABLE 5 o e

EFFECT OF ENZYME ON THE FALL IN VISCOSITY oF CMC

. % fall in viscoéity in 5’hourg - .
No. Age of culture (days) e : — e ———
- ’ . Control (autocla?fe'd enzyme) [ ""E‘Xf)éﬁg;@nt&l -
1 6 . 6:0 . 20-0
* R Y T Cwa
5 . “ig : . l_i) 4» e o839
- 4 16 . S 16 o B
5 9 ‘ | R
6 22 » . 9:2 . 235

Results show that the maximum fall in viscosity is observed with metabolic liquor
obtained at about; 10—15 days of growth. ‘

Effect of ion exchange resin treatment on’enzyme  activity—~Equivalent quantities of
treated and untreated metabolic liquors were incubated with substrate and buffer and the
reducing sugars produced were estimated after 96 hours incubation at 37°C. The results are
given in Table 6: ' o

' TaBLE 6 :
PURIFICATION OF THE ENZYME BY ION-EXCHANGE RESINS

Nature of enzyme .. Cellulase activity Total solids gms/100 ml, of
) {% hydrolysis of.cellulose) soln,. - .
Metabalic liquor (as such) . ' 32 ‘ 2-35
Metabolic liquor after passing through . © 5.2 0-12

resins,
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. The above: results: show that the activity of the enzyme has increased considerably
after passing ‘the metabolic liquor through the:ion-exchange resins. - Cr e T
End products of cellulose decomposition—Free reducing siigars and the cellulolytic acti-
vity were determined in the metabolic liquor after 15 days’ growth (¢) in the beginning,
(i4) after storage at 5°C for 10 days and one month. The results are given in Table 7.
TABLE 7 e A :
CHROMATOGRAPHIC IDENTIFICATION OF SUGARS IN THE METABOLIC LIQUOR

Period of storage | Free reducing Cellulase activity (% hydrolysis | - ~N§ggbuxte of chromatogram of
of extract at 58°¢ | sugars/ Sml, of cellulose) : the extract
(days) expressed as - e i — e |
glucose per 5 ml 1 -per 20 ml No. of rings | Rf values

0 0-27 15-8 192 | 2 ] a4

' ot L -85

0 | o= | sz | 11 R e

36

30 027 | 28 50 (- , —

It may be observed that the extract contains: two reducing sugars. Table 8 below
gives the Rf values for some of the known sugars chromatographed under similar conditions.
- : T TABLE 8.7 :
R¥ VALUES OF VARIOUS KNOWN SUGARS.

No. Sugars Rf values

1 | Xylose .. O . . . .. e o .52

2 | Glucose s pees e s .. - . . -45

‘8 | Galactose S i e P e v e 41 '
-4 | Cellobiose . .. . .. e oo .. .. <37

5 | Cellotriose . .. .. .z e .. . -28

6 | Cellotetraose e e .. .. oL .. . -18

7 | Cellohexaose . .. .. . . . .. -09

It is evident that the two sugars indentified are glicose and cellobiose.

Effect of inhibitors on cellulase activity—(a) Diethyl mulondte—The metabolic liquor
was incubated with substrate, buffer and different concentrations of diethyl malonate
(up to the extent of 2:09, i.e., saturation limit). The amount of reducing sugars produced
was assessed. The results are given in Table 9;

TABLE 9 ¥
INHIBITION OF ENZYME BY DIETHYL MALONATE
Concentration of diethyl Cellulase activity (% Ihydrolysis of ‘Cellobiase activity (% hydrolysis of
malonate(%) ) cellulose} . c cellobiose)
Txpt. ¥ Expt. I1 Expt. I Expt. IT
0-0 16-1 BT U 15-0 9-2
0-5 8:2 ) 274 14-1
1-0 54 .. 26-0 14-0
1-5 38 6-1 253 12-3
2-0 1-3 14 207 9-5
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The results show that there is a gradual decrease in cellulase activity with increasing

concentration of the ester whereas the celloblase actlwty increases (pa.rtlcula.rly upto 1:09,
concentration of the ester). ‘

(b) Inorgamc Inhibitors—The metabolic hquor obtained after 12 days’ growth of the

fungus was incubated with Cellofa,s B, buffer and different concentrations of the following
inorganic inhibitors:—

(a) Potassium cyanide (KON)
(b) Mercuric chloride (HgC1,) .
(¢) Copper sulphate (CuS0,.5H,0
(d) Sodium fluoride (NaF)
The enzyme activiﬁy was assessed by (¢) measuring the amount of reducing sugars pro-

duced from Cellofas B, (i7) determining the reducing sugars produced from cellobiose and
(¢43) measu.rmg the fall in viscosity of Cellofas B. The results are given in Table 10.

TaBLE 10
_ INHIBITION OF ENZYMES BY INORGANIC INHIBITORS -

Concen- Cellolose activity Cellobiage activity °/, fall vxscomty
Inhibitor tration | "(9% hydrolysis of (% hydrolysis of in 4} ours
) of Cellulose) cellobiose)
inhibitor |— { :
(%) Expt. I Expt. II Expt. I | Expt. II Expt. I Expt. I1
0-0 - 18-1 8-3 435 260 88 37-0
KON .. .. 0-005 11-8 76| 40-3 18-0 95| 358
' 0-05 10-8 65 223 14-3 87 35-8
‘ ) ' 1. . ' 21 (2-0)
00" | 131, 83| 435 26-0 4561 95
HeOl, .. .. 0-005 92| 77 8:9 24-3 120 9-0
005 | 07 3.0 285| 167 10-2 7.1
‘ | el @2
00 - 88| 10:0 21-0 28-5 27-4 37-3
CuS0,-5 H,0 .. 0006 . 95| . 109 21-3 $28-0 22-3 34-6
0-05 11-6 12-7 7.3 . 2715 260 35-5
* (1-4) (20:3) °
0-0 8-8 10:0 2140 285 21-3 27-6
NeF .. . 0-005 101 13-6 225 240 22-3 24-3
0-05 41 8:3| 257 32-0 29.0 26-6
(nil) (nil)

N.B.—The viscosity figures within brackets are those for the control obtained with the autoclaved meta-
" bolic liquor.

_The results in Table 10 show that the action of mhlbltor varies with the type of
reaction involved.
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DISCUSSION .

Stimulation of the enzyme by cysteine—The addition of cysteine in small quantities
(0-04% w/v) increases the enzyme activity about fourfold though further increase does not
affect much. : :

The use of cysteine as an activator is well known. Sulphydryl groups have been known
to be essential for the action of many enzymes. Inactivation by oxidants and reactivation
by reductants such as cysteine and reduced glutathione may in many cases be due to oxi-
dation of —SH groups or reduction of —S—S— linkage. The cellulolytic enzyme from Helix?
however, has been reported to be inhibited by cysteine. ‘

Effect of substitution of cellulose on cellulolytic enzyme—Whereas cellulose acetate at
various degrees of substitution resists the hydrolysis by the enzyme, ethyl methyl ether
(Cell of as A) and particularly sodium ecarboxymethyl derivative (Cellofas B) stimulated
greater cellulolytic activity than to be cellulosic substrates such as hydrocellulose and cellu-
lose powder. CMC has also been reported to be a good substrate for the cellulolytic enzymes
from other organisms.4® Cellulose triacetate has been found to be resistant to n vivo
decomposition by various cellulose destroying fungi by Burkholder et al and by Siu et al’, 8,

Effect on breaking strength of dosootie~Though the enzyme is active on sodium salt of
carboxymethyl cellulose, the effect seems to be negligible on cotton dosootie. Similar results
have been reported by Thomas? and other workers in the field.®2® In wivo studies, how-
ever, show that the fungus does possess a high cellulolytic capacity.

Fall in viscosity of CMC (sodium salty—The enzyme is quite active as a liquefier. This
reaction may be analogous to the liquefying factor in the diastase.t The fall in viscosity is
much more in early stage of enzymatic digestion than the production of reducing sugars —
Whereas the fall in viscosity of Cellofas B in about 5 hours is as much as 20—259,, the re-
ducing sugars produced by the enzyme on cuprammonium cellulose in the same period is
almost negligible’. Moreover, the elaboration of enzyme as measured by fall in viscosity -
of Cellofas B is maximum at about 12—15 days growth whereas that of the enzyme as
measured by production of reducing sugars from cuprammonium cellulose it is maximum
at about 15—20 days of growth of the fungus!t. These facts indicate that fall in viscosity
width is- a measure of fall in degree of polymerisation’? of cellulose molecule precedes
liberation of glucose from the chain.

¥

Thomas! and Levinson and Reese! have previously reported that the viscosity of
CMC falls as a result of cellulolytic action of the enzyme. -

Effect of treatment of metabolic liguor with ion-exchange resins—Whereas te earlior
efforts to purify the enzyme were unsuccessful, the treatment with ion-exchange resins in-
creased the activity about thirty-fold for the same solid content. Obviously the mineral
constituents have been removed completaly by this method. Also it shows that the
enzyme molecule does not depend upon nor does it include any metallic ions for its
cellulolytic activity. The stimulatory effect of Mg2? on elaboration of enzyme by the
fungus, therefore, indicates a stimulation in vivo. If a metal is at all a part of the enzymo
molecule, it must be in the unionisable form.
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End products of cellulose hydrolysis—1he chromatographic analysis shows that the
metabolic liquor seems to contain both glucose and cellobiose. This has been widely reported
-in the literature*’* Saunders et al,®® however, did not find cellobiase in the metabolic
filtrate from Myrothecium verrucaria. : . '

Inhibition studies—Diethyl malonate inhibits the enzyme activity on cellulose but
not on cellobiose. The similar results with respect to cellulase have been reported by Misra
and Vijayaraghavan'® on termite gut enzyme. Malonic aeid is' known to be a competitive
inhibitor?” for succinic dehydrogenase system but its tole as an inhibitor for cellulolytic
enzyme is not clear. ' e D e e e L S e ;

~ For the inorganic inhibitors the behaviour of each of these is different for the thres
reactions i.e.

(@) hydrolysis of Ceflbfas B to ‘_rédilcing. éugars,
(b) fall in viscosity of Cellofas B .
and  (c) hydrolysis of cellobiose to glucose.

Mercuric chloride inhibited the cellulase activity (reaction a) completely. This hag
also been found by Grassmann et al!8 on cellulase from Aspergsllus oryzae. The partial inhibi-
tion is observed on cellobiase activity, (reaction ¢) whereas inhibition of the ‘liquefying’
factor (reaction b) is not observed. Similaily potassium cyanide does not inhibit any reaction
excepting the cellobiose. hydrolysis (reaction c). T : :

Copper sulphate usually known to be an excellent inhibitor for various fungal énzymest®
has apparently no inhibitory action on any of the three reactions. This-may mean the
absence of —SH group as an essential part of the enzyme molecule.

Sodium fluoride does not affect viscotity of Cellofas B or the cellobiase a;ctivity but
affects the hydrolysis of Cellofas B to reducing sugars. All these inorganic inhibitors were
found by Thomast to be active inhibitors for the enzyme from Stachybotrys atra.

) Mechanism of. cellulolytic. degradation—1Tt has been observed that in the initial stages
of enzyme action (first 8 hours) there is little formation of reducing sugar.! During this
period, however, the enzyme action leads to an appreciable fall in the viscosity of CMC
(often amounting to 25%, fall). It would appear that the initial enzyme action is confined
to transforming the cellulosic substrate to an easily hydrolysable form. This may possibly
involve the removal of groups that bind neighbouring cellulose chains together. That such
groups may be present in Cellofas A and Cellofas B is borne out by the observation of
Chamberlain and Khera2® that the cross linkages in the native cellulose are intact in the
rayon filaments. If the assumption* that CMC molecule is develd of crosslinkages present
in the native cellulose is taken into consideration, it can be easily stated from the above
data that primary action of the enzyme is such as to cause cleavage in the cellulose molecule
at about the middle of the chain so that whereas the degree of polymerisation is halved,

the amount of rédueing sugars produced is nil.

- Further hydrolysis to glucose has been  reported?® 22 to take place 'through  the
intermediate formation of cellobiose, though this has never been above controversy. Some
light is thrown on this hypothesis by the abservations obtained during studies on enzyme
inhibition given above. Mereuric chloride inhibits the cellobiase activity only = partially
but the hydrolysis of CMC is almost completely inhibited. Further, potassium cyanide
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inhibits the cellobiase activity pattially but not the célhilase activity. It would; therefore,
appear that the enzyme .complex taking part-in-the. assimilation of cellulose by the fungus
has at least three components, i.e., : TID 8

(i) which causes ‘Tiqiefaction” or initial reductist in the viscosity and falVin degree
of polymierisatiofi -of . cellulose :molecule, o BB et T €

(¢t) which hydrolyses the reduced chain to reducing sugars, and

(iii) which breaks up cellobiose’ to glucose.

These three components may be independent yf{romgach; of] ri'o,r thglrrels,pectlve fuﬁctions.
The results indicate the independence of component (v) froti the component (ii¢) though
the evidence is not conclusive. More work on this aspect with other cellulolytic fungi is in
hand. e i e ; ’

A similar conclusion from other considerations have been. drawn. by Levinson et , al?®
and other workers?,2 26, :
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