_ DECOMPOSITION OF CELLULOSE BY THE FUNGUS CURVULARIA -
- LUNATA WARKER—Sfudies on enzyme activity - :
R " G M Vermd and R. K. Verma ~
o 'ADgfencé.‘Reséimh Laboratory (Stdres), Kahpur R
St Active: cellilolytic enzymes have been found in ‘the
~*- " metabolic liquor as' well as in the mycelial mat of the fungus - :
Curvularia lunats Wakker.: : The properties of the  enzymes R
from the metabolic liquor have beén investigated in detail
and their' purification ‘has been attempted. :
Introduction ‘ o _ o o
v Fungal deté'rioraﬁibn.of military. stores, made of cotton textiles in: the tro-
pical and sub-tropical regions of the world is a problem of great economic
importance which has received considerable attention in many countries-
A systematic study of decomposition of cellulose by the causative fungi is
of great value in laying down suitable measures of control of attack. Some
work has been recorded on the cellulose-destroying enzymes elaborated by the
- fungi_ dspergillus - oryzae, . Fusarium . solami,?  Penicillium pinophilum.®
Collybia . velutipes,* Verticillium ~alboatrum® and Myrothecium verrucaria .
It was thought of considerable interest to investigate some fungi recorded
in India and shown as causing high destruction of cellulosic material.
Curvularia lunata Wakker is one such fungus and the present paper deals'with
the. factors which. influence the activity of the cellulolytic enzymes elaborated
by this fungus. Subsequent papers in this series will deal with the nutritional
requirements of this fungus and the inhibitors for the enzyme systems asso-
ciated with the degradation of cellulose. . & I e

Ezperimental procedure o S :
Culture medzum—?rehmmary investigations® showed. that. the fungu-
grew on Omeliansky’s medium 7 described below. to which 2-09, cupras
mmonium cellulose had been added and whose pH had been adjusted to
6-2—6-4, . - B ey A

Ammonium sulphate [(NH,), 80,1, . . " .. . 1.0gm
Dipotassium phosphate (K,HPO,). e 10 gm
Magnesium sulphate (MgSO,, 7H,0) .. .. 70+b gm
Calcium carbonate (CaCO;) .. o . e . 2:0gm
“Sodinm chloride (NaCl),. .. . ... ... . . .. Trace

Distilled water., ... - = .. . ... Peooeo oow o0 o, - 1000 ml,

h ’?Uﬁpﬁﬁliéhéd w;vo:k, "D'e?vfexik:é Research Lalbbré%ory (Sfbreé); Kénpuf, India.
985 ‘



986  DECOMPOSITION OF CELLULOSE BY THE FUNGUS CURVULARIA LUNATA
WAKKER i
Inoculum—The fungus was grown for ten days on Potato-Dextrose-Agar
slants containing filter paper strips. The spores collected at this period of
growth were suspended in sterilized water, and the suspension filtered through
a sterilé trusn'clothi. * The filtrate was diluted with stetilized water to a density
of about 5,000 spores per ml. Two . 'f the sporé stispension were added to
40 ml. of the sterilized culture medium which was then incubated at 28°4-2°C.

Separation of enzymes—TFot the extracellula enzyme, the metabolic liquor
was filbered through clean glass wool. The filtrate was centrifuged (at 1500
r.pan.) for 15 tinfites ‘and the clear liquor was used for assessment of the
extracellular enzymatic activity. . For, the determination of activity of in-
tracellular enzyme, the mycelial mat was partly dried by pressing it between
folds of filter paper. It was then crushed in an agate pestle and mortar and
subsequently . dried at 7°C in a vacuum- descicator to constant weight. It
was found. that dialysisof metabolic:liquor or ‘the:crushed mycelial mat did
not lead .to enzyme of greater activity. On the other hand, some reduction
in the enzyme activity was observed during 3-4 days of dialysis.

Assessment of enzymatic activity—A. known volume of the clear metabolic
liquor containing the extracellular enzyme or a known weight of the dried
mycelial mat having the intracellular enzyme was mixed with cuprammonium
‘cellulose substrate, buffered by citric acid—sodium’ monohydrogen phosphate
"and incubated for a definite period at the required temperature. A thin layer
‘of toluene was provided to exclude contamination. A control was Tun exactly
‘under identical conditions but after the enzyme had been destroyed by auto-
claving at 20 Ths./sq. inch for 30 minutes. After incubation, the reducing sugars
formed were estimated by the modified copper. iodometric method of Shaffer
and Somogyi®. The method recommended by Jensen and Hagedorn® was
also occasionally employed. o

Resulis S " SR

~Effect of period of growth on enzyme activity—40 ml, of the culture medium
‘were taken in 500 ml. Erlenmeyer flasks and the fungps was grown ab
98°4-2°C. The eellulolytic activities of the metabolic liquor as well as the
crushed mycelial mat were estimated at various periods of growth of the
fungus. The mat after separation and drying as described: earlier-was weighéd.
The reducing sugars in the metabolic liquor were also estimated. The results
‘are shown in Table I. Intracellular activity is high at early stages of growth
‘while the extracellular activity is maximum at about 15—20 days. . .

Optimum pH for enzyme activity—The enzymatic activity of the
metabolic liquor was assessed at different levels.of pH ranging from:3-6 to 75
using citrate buffer. The period of incubation was 72, hours at 38°C. The
restlts are recorded in Table II. Maximum activity was observed at pH
4+6—5-0. o | -

" Optimum temperature for the enzyme activity—The enzyme-substrate mix-
ture was inéubated at different temperatures ranging from 25° to 90°C for
50, 72, and 96 hours. The pH was maintained at 5-0 using citrate buffer.
There were two replicates for each period of incubation. .The results are sum-
‘marised in Table III. The optimum tempeature for maximum cellulase
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activity is 37°C for 72. and 96 hours of mcubatlom Whllealt is 40°C for 50 hours
of incubation: - :

‘Heat stabzl@ty of the enzyme——’l‘he metabohc hquor was stored at dlﬂ’erent
temperatures for one hour.” In’ one set;" these ranged from '20° to 90°C" and
in the second from 0° to 60°C. ‘After storage ‘the metabolic liquor was in-
cubated with substrate and buffer (pH 5 “0) at'87°C for 96 howurs and the en-
zymatié activivy ‘estimated. 'The results aré given' in Table TV. It will be,
observed that the activity of the enzyméis'destroyed above 55°C. .

.- Optimum. period, of sncubation of enzyme wuth . substrate.—The. enzyme-
substrate mixture (pH 5-0).was incubated at 37°C for.different. periods ranging
from 0 to 96 hours. . The enzyme activity was assessed by determining the

* reducinig sugars produced at different periods-of incubation.- The experiment
was not concerned with the study of the kinetics of the reaetion but confined
itself only to the investigation of the eptimum period of incubation for eyalua-
tioniof enzyme activity of the metabolic liquor. A number of test tubes con-

‘taining the enzyme—substrate-buffer mixture was incubated, two of these
were removed at-different- intervals for assessment of the enzymatic activity,
The resilts are given in Table V. Maximum hydrolysis toek place during 74—
84 hours. Incubation for a longer period did-not brmg about any apprecmble

“increase - in cellulose  hydrolysis. - : . :

Cellulase activity in relation to substrate concentration—One ml of the
metabolic liquor was incubated at 37°C and . at pH 5-0 for 96 hours with
d1ﬁ'erent concentrations of . .cuprammonium cellulose suspension. . The re-
ducing. sugars present at, the end of incubation were estimated. The results
.are shown:in Table VI. With the increase in concentration , of the substrate
the - quantity hydrolysed alsa increases .upto the stage when the substrate
concentration is 0:1569%,. With h1gher concentratlons, increase the reducmg
sugars produced. is comparatwely less. T e

- Cellulase activity “in relation “to’ enzyme - comentmtwn——Dlﬁ'erent volumes
of the metabolic liquor were added: to- substrate-buffer mixture and the resul-
ting mixture diluted to & constant volume by the addition of distilled sterile
water. - Each mixture was incubated “at 37°C and pH 5-0 for' 96 hours. - The-
reducing ‘sugars produced at'the end of this period ‘Were -determined. . The
results are given in Table VII.- An increase in quantity of the metabolic liguor
is attended by an increase in cellulose hydrolysis in earlier stages. There—
after, the hydrolysis is not affected by the quantity of the metabolic: liquez.: :

., Bffect .of storage .of .metabolic liquor on_cellylase activity—The. metabohc
hquor was stored.at 7°C and 30°C and the. cellulqutle activity was estimated
after dlﬁ'erent periods of storage ranging from 0 to 15 days. . The results are
given in Table VIII. It will be observed that a gradual fal,l in the act1v1ty of the
enzyme takes place as a result of storage. :

" Engymiatic hydrolysis o Tower ohgosacchahdes——']?he metabohc llquor as
well‘ as the mycelial mat were incubdted with' differént’ lower ohgbsacehamdes,
cellobwse, cellotmose and ‘cellotetraose. "The incubation was ‘done’at-37°C
and pH 5 -0 for'96 hours. ~The results are summiarised in Table IX. It appears:
that the fungus does not elaborate uniformly the same type of enzyme at
different stages of growth.
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“Purification’ of the ‘enzime from the metabolic lquor—By “precipitation-—
The soluble salts and sugars were removed from the metabolic ligtiorby dialy-
sis-in cellophane bags against running distilled water for,:2—3 days.- -Acetone,
ethyl alcohol and chloroform were separately added to:150 ml Jots of the dia-
lysed-liquor and.the precipitates. obtained were.filtered. and. weighed.... The
eellullysic. &ctavr,ty* of. the precipitates: was. also :investigated. . Results .are
given,in. Table X..- It appears that considerable part.of the cellulolytw actl-
vity is lost during precipitation by the-organic: solvents investigated. .. ‘

"By centmfugmg——The mefabolic’ hquor Was cen’onfuged at 30, 0‘00 rp m.
in Sharple § Super Centnfuge -The enzyme (lﬁ not sepamte o

sl

=By oo’nce%tmtwné—The metabohc liquor was-concentrated: by dlsmlla,hm
under reduced: “pressure (60—80 mm) at 40°—50°C. “In a second set, the
metabolic- liquor was supereooled to=+-5°€ > ‘and -the wedter was frozen by the
addition of “a ‘stall orystal of ice; The non-solidified” pertion was. removed
from the solid .-ice By ‘decantation: - The enzymatic activity of both the solid
and supernabant Jiquid 'was a;sseesed The solid: part was'devoid of any cellu-
lolytic.activity.« The results are gl‘vm ity Tablé XT:: 7 A-reduction-in the -cellu-
lolytic- activity results - by concentrating the metabolic Hquet by’ distillation
under reduced pressure The enzyme can-be concentrated to some -extent

by freezing. | R e i e

"By adsorptzon on alumma column—A]umma (BD.H. for chromatographlc
adsorpﬁon) was made into a slurry with distilled water. The slurry was
pourecl into a’ tube to ‘make a column’ about’ 15 .cmer.:l g.' The ‘alapmina’
column was thoroughly washed with " distilled wa )
was passed through thi§ column at the raté of abotut, 40 ml}hour The )
was then removed intact from the glass tube and cut into four 'succesiive' zones’
from the top (a) 2-5 cm (b) 5 cm (c) 5 cm'and (d) 2+ 5 oi ong. Back of' théde zohes
wag séparately eluted with eitrate buffer (pH' 5+0) and the ‘engymatic-ctivity
of the elute: determined: “Table: XIL gives' the results:obtained by using the:
metabolic™ liquor ab-different- periods. of growth of the fungus.:i:Observations
with concentrated (by freezing method) and unconcentrated. metabolic liguor-
are ‘given: in:Table XIIL. Tt will be -observed that: the: enzymatle actwwy

N

is’ lost durmg adsorptlon on- the alumma column 2

ter. *The' metabolic liquor’

Rat

Dlscussmn TR e

~ Growth of the fungus and ¢ enzyme actzmty of the metabolw l@_quor—-]ft is ewdent
that an actlve extracellular Gellulolytic enzyme is ‘élaborated by the fungus’
. lunuta It appears thad; m the’ 1n1t1al sﬁages of growth of Lhe fungus When‘"
the spores are not able to prodice an active. extracellular eﬁzyme,‘ the cells
decompose cellulose with the help of an”active ‘intracellular” enzyme. The
activity . of the eells slowly decreases with'the growth .of the fungus-while:the
production .of . éxtracellular. enzyme: -slewly - increases (Table: L)::» Maximum -
elaboration..of . the . extracellular enzyme-oceurs.'in- 15-~20.-daysi. -After. this .
period.the fungus still continues te, grow,»:ne'doubb By utilisingiredieing stigars.. .
produeed~ byit.. The .enzynre aetlvﬂsy of «the. meta.behe Jituer; durmag sthis

period ‘is low. ity G e
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‘Optimum pH. tempemturé and mcubaﬁzon pe'rzod——The enzyme has "low
aetlvxty at pH lower thai 472 and Higher than 6%0. Tt Ts ‘thpidly deactivated
below pH" 3-8 or ‘above ' 65." Even shght alkahmty (pH 7-5) séems “to
denature the protein moiety and deactivate ~the enzyme. The value of opti-
mum pH (4-6 to 5-0) agrees with “the results obtained by Thomas!® on
. Stachybotrys atra and Narayanamurti aiid Vérma®l on " Polystictis sangivinieus.
Temperature seems to play a dual role on the enzymatic reaction na,mely the
acceleration of the chemical reaction and the denaturatici'oF the ™ protein.
moiety resulting,in the inactivation.of the, enzyme.. For short. incubation
pemods the. acceleratlon of the chemlcal reactlpn 18, predomma.nt whlle for
longer periods (Table 1I1), it is the, denaturatlon of protem moieby. 0pt1mum
‘temperature for, 96 hours, 1ncubat1pn is ‘about.37°C. . Similar results were
obtained by Saunders ef al® (40°C) and Greathousel? (37°—40°C) on
M. verrucaria; Reese 13, however, has reported an optimum temperature
of 55°C in the case of Aspergillus fum@gatus Optimum activity at 50°C has.
been recorded ¥ for M. -Werrucoria, -*4. luchuensis, A. fum@gatus and
Actinomyces sp.

The activity of the enzyme is destroyed at about 60°C Saunders et al®
reported that tlte” efizyme “from M. -erriscaria underwent rapid inactiva-
tion above 50°C. The optimum incubation. period.determined now ‘for the
enzyme elaborated by the fungus C. lunata is about 96 hours. This period
of incubation hai dlso been’used by other workers 11, 1218 jy; thexr studies.

" Substrats Goncentration and enzyme concentmtwn—~An increase in the con-
centration of substrate results in a corresponding increase in the Guantity of
reducing sugars preduced upto:0-15%;:concentration of:the:substrate after
which this relationship fails. These results.are similar to those of Kuhn
on sugar hydrolysis by “invertase. "The results ‘shown in Tables VI & VII
support the hypothesis postulated by ‘“Michaelis “and ~ Menten 5 that the
initial rate of hydrolysis of substrate is proportional to. the, concentratlon of
an mtermedlate substrate eflzyme complex

Stomge of meta,bolzc lzquor——The metabohc hquor loses 1173 cellulolytlc
activity during storage m&wh more at 30°C than at 7°C. Saunders et al &
have reported that the enzyme ‘from M. verrucaria'is stable for many months
when stored at 570 tn sttt s e B ‘

Actzmty ‘on lowsr ol@gosacckamies—lntracellular as weII as extracellular
enzymes derived from the fungus C. lunate (Tabls XT) are capable of hydro-
lysing cellotriose and cellotétthioser: Grassmann® étal- 17 have reported the
isolation of;cellobigse factor from cellulasesfrom. 4: :oryzae this factor was
found to hydrolyse hydrocellulose, eellotnose and_ ce]lobl,ose Certain meta-
bolic filtrates of ™ celitilose ‘destroying micro- orgamsms rowmg on” ¢cellulose
have been recorded 2 as being capable of digestiifg ‘cellulose detivatives,
partially substituted carboxymethyl: cellalose. but not.cellobiose. :

Purification of the metabolic  liquor—Fhe riidximum amdunt’ of predipitate
obtained . by msing organic solvents is with ethyl alcohol:; Theprecipitate,
however, showed very.. low enzyma,tlc act1v1ty, Ploetz 18 investiagted the
metabohc liquor from" Meruliis lacriymans. He sei)arated the cellulase from
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lichenase . by - fractional _precipitation with .ethanol-ether: mixture.: ' Work
zeported.in. this paper on.the enzyme from C. lunata has indicated that con-
centration.by. freezing -is partially: . successful. A&s»orptaon of the enzyme.from
C.. hmam on -alumina - column results. in loss of enzymatic activity,. although
Trager ¥ and Grassmann. et al..!” have reported the 1solatmn of active
cellulase. and - cellobiase -on alumlna columns R PR
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o UTABER T :
Eﬁ’eot of perwd of growth on: emymé actw@ty a.nd quwntety of *myce{mm produceal ,

Age of culture . 1. Cellulase, activity (% hydro- |- Weight of ... | ~Total reducmg ‘
. e lysm of cellulose) . mycelium sugars in
metabolicliqu-
; or as glucose
v Extracellular Intraoe]lular .
days . B ] mgm - mgm
6 . o ‘8-0 Not done . WE 1.93
8 - .. e e K 8.0 300 154 | 3-3;‘)
100 ., U 13-37 0 1973 104 7-72
1B . W] 10| 0 46 T 222 9-51
20 .. . I IR B Nit 226 1462
0 Wl 134l - Na 234 12-21
I RSO AS I wa| - Na| 220 893

**The mycehum could not be separated due to sparse growth.

, . TABLE II v
Effect of pH on cellulolytic activity of the enzyme

Cellulase acti-
- vity (% hydro-
pH : . lysis of cellu-
lose)
3-6 . Nil
3-8 R 5-0
4-0 ¢l . 7-7
4.2 . 11-0
4.4 . . 15:0
4.8 .. . e e e 29-4
50 . . sro
5.2 I 247
54 22-3
56 ) 22:3
60 11-0
65 - 4 . o . 2-3
70 o T PO I .
7.5 VT
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TABLE-III e

© 7 o Bffect of “temperature om cellulolysic activity” at GH 5-0

= “Cellulase ‘activity (% hydrolysis of cellulose)

- """Temperature of ‘incubation
i } : Ayerage of two. runs -

. B0Bm | T2hrs | _ 96 he_

°

00‘ | “ . -
25 . T I N 1-8 50
32 s en e | o 48] s 98

37 . T S I £ 3 IR (1 o138 3
40 Nl T 2 I T I Y
50 T T ] Y ) B
s . . . .| m| oml- oma
o .. L L m| owa| oma
70 .. e | M) | Nit
90 T il N
- TABLE IV
Heat stability of cellulolytic enzyme
Set T : - C Set II -

Temperature at which | Cellulase activity Temperature at Cellulase a.cﬁvity
maintained for one (% hydrolysis of which maintained (% hydrolysis of -
“  hour. - * cellulose) : for one hour ) cellulose)

%0 : °¢

I 83.2 0 1000

T 33-3 10 12-0
50 29.8 18 - 12-3
0 ‘ Nil 31 - 123

80 il Y S - 12-3
%0 Nil 55 50

60 N
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Effect. of period of. moubatwn o enzymatio. a-ctmtg

. e (Temp.ﬁTiC, pH 5 -0}
: - 'v Cellulase actnuty (% hydrolysm of
Period of incubation cellulose).

S . et E o aef o Set I .

hrs

o . Nil. Nil..:

4 i\ Nil. / ¢

& . . Nil. Nt

22 . . 3-5. .
24 3-5.

28 . 4.5. 4.5.-

32 . S50

46 65

52 75

54 . 8-0 o

60 .. 9.0

70 . . 9.5

74 . . . 10-0

84 . A 10-5

96" . . . 95 - 100

TABLE VI o
'Eﬁect -of Substidte _concentration on cellulase activity
. '  Collulase. . activity. (axprossed.as
Substrate concentration reduocing sugm)
Set I Set IT

ol ‘ o oy

0-05 . .. 0-022 0-009

0-10 R 0-052 0-014

012 . 0-065 | 0-027

0-15 . . 0-070 | 0-03¢

0-20 : 0073 0-038
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TABLE:VIT

DECOMPOSITION OF CELLULOSE. BY. THE-PUNGUS CURVU'LARIA LUNATA

Effect of myﬂw conmrdtibn on ceﬂ&?ase actmty

) Volume of distil | Cellulass activity
AR SR e led water added | (9, hydrolysisof
‘Quantity..of metabolic liquor for dilution | celluloge)
1o . . . 65 45
1-5 ‘ . . 6.0 LY
25 ) . . 5.0  8e5
4.0 - . . 3-5 9:0
60 - .. .. . . 15 85
75" . . . . .0 90
TABLE VIII

Eﬁ'ect of storage on cellulase - activity

Cellula.se act1v;ty (% hydrolysxs of .
cellulose)
Period of storage 7

' " | Storedabec | Stéred st 30°C

in. days )
0 . .e .. 17.8 178
T e L I . e o 12 :
8 14°6 65
0 14:2. 53
n” 16-0 60
e o 12-0 35
5 85 Nl
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Effect of cellulose.  activity of some oligosaccharides '

Natuté of enzythe

strate)

Enzyme activity (% hydrolysw of sub- -

S T Ty

- GeHobiose

Cellotriose

Lot R

Cellotetraose

[T T

“Intracellular after 15 days growth ~ ..

Intracellular after 20 days growth

“Extracellular ‘after 20 da.\ys“'g‘rovvth T

Extracellular after 20 days growth I1

150

L Nil

o]  Ni

 Nil

TABLE X

Precipitation of the enzyme by organic solvents

No.

.. Nature.of enzyme. - i

A',»;
0 ¥

|.., the enzyme

Amount.. of

of enzyme
taken for

“Quanity -

assessment — -

.. Cellulase.
h ﬁfty (%f

ydrolysis o
.- eellulose)

<

-| - Precipitated- by -geetone

-+ Control (Dm}yzed metabohchquor)

" |"Precipitated by ethyl alcohol

i

150 ml -

~4F-F-mgm ‘

85: 1 mgm.

| &-ml.
"20-0 mgm.

20-0 mgm.

1320
6:0

18-5

’ Pi‘eéipi‘qabed by. acetone

. Pregiv‘pita.bed byh .ghloroforrxq.;{v .

| “Cotitrol "(Dialyzed metabolic iqnor)

Precipitated by ethyl alookiol

. ",1)4;:7 mgm.”’

*

150 Gl

g,

49,0 mpm. .

l:"

56-5 mgm, |

,20-0 mgm.

4920+ 0 mgm..

.20+ 0 mgm.-

gt
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“TABEE XT

e e Ognesnigraion of Veellilase TR

7

piahe : } - Cellulase activity. (% hydro-

" Method adopted™ ~ ~ © | Set [ Extent of lysis of “eéllulose)’
Gt .|, No.. | concentration

Tl aaibg

e b | Before - | After
. ) A T concentration | concentration

Dlstlllatlon under reduced pressure at| I 1/10 vol. 57:5 7.5
—50°C , Cde IR PURIP PO I ;
’ I - T %00 Nil

By freezing (at —5°C) o LI 2/51;]1 vol. 40:0 62-1
Tlmo | gmthovel P s | s2m

-1j4th-vol.-- | o B85 - 550

TABLE XII

Adsorptwn of metabalw laquw on alumma at different periods of growth of tke
fungus

m———— Rt B -~ - Cellulase aetivity (% hydrolysis of cellulose)- -
Age of culture (days) |- O O

Metabolic column portion
| . liguor
" (prior to
adsorption)
L . b . e . - d - . [Chromato-
: . . -E R graphed
ST e b e ] Jiguor

7 e 11-0 Nil Nil . Nil Nil Nil
14 ee ol 1200 P Na - Nil it | Nil Nil
2 « w| .80 | es| Na| Na| _mNa| W
21 . .. 320 Nil | Nil Nil Nil il
' REERURE B YWY 20| ma|  ma| < omi| Mg
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: 'TABLE XIII

Adsorption of metabolic liquor (conventrated amd ~unc;mcentmted) after 21 day’s
growth of the fungus

I‘{:}' cEe}er?;‘;:i:If 00;:{7 " Cellulase a,ctivity (% hydrolysis of cellulose)
Set | freezing - :
, B column pdrtion
Prior to : 3
adsorp-
tiont -
) : Chromato-
L a b | c d graphed
: ' o liquor~
I | Control (uncon- | - 40-0 2-0 Nit| o wNa|. wi| i
centrated). ~ B BT I ‘ :
Concentrated to 625 8-0 Nit | Nil Nit| Wi
' 2/6th  of its ' T . PR :
volume, - ’ i
II { Control (uncon- 35| 15|  Ni Nil Nit| - N
centrated) - ' » i
Concentrated to 52-8 7-5 Nil Nt | oooNa| . N
2/6th of its vo. . o .
Tame, :
1/4th of its vo- '55-0 75| N Nil Na| o N
lume, I o : ; L
.




