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Abstract microoiganisms. Howevetwo different mechanisms

Exoglucanase and endoglucanase synthesiQ‘ﬁYe been proposed for the regulation of cellulose

Sreptomyces HM-15 was induced by Cenobiosesynthesis. Cellulose synthesis is induced by cellulose
’ |d its derivatives but their formation is repressed by

maltose, amorphous and crystalline cellulose as el

as by CM-cellulose. Low exoglucanase ar{gadily metabolizable substrates such as gldctise

endoglucanase activities were also detected wh enlﬁﬁlaimed that cellulases are constitutive, its synthesis
organism was grown on glucose and lactose. In cultdfe"Y repressed by conc_jmons fayormg a r.apld
media supplemented with readily metabolizab@l_anced growth Irrespective of their constitutive

substrates, exoglucanase and endoglucanase actRfit’}r/]duc'ble nature, cel_lulases fr_om fungl have been
&Qorted to be catabolite sensifivehis study was

increased after the exhaustion of carbon souf ; : :
indicated that derepression of exoglucanase a%cf”ed out to examine the production of enzyme and

endoglucanase synthesis has occuéten glucose reg_ul_ation of the exoglucanase and endoglucgnase
was added to a culture growing actively on ceIIqu&?t'V't_y _Of Sreptomyces HM-15 grown on media
exoglucanase synthesis was repressed initialw,nta'nmg various soluble and insoluble carbon
however the endoglucanase levels are n&eaéd. SOUrces.

This study showed that exoglucanase afeXperimental

endoglucanase synthesisSmeptomyces HM-15 is Resources

controlled by two regulatory mechanisms: aninduction ~ Cellulose powderCarboxymethyl cellulose
mechanism that increased the exoglucanase &aH1C)-Na salt, 3,5-dinitrosalicylic acid (DNS) and
endoglucanase by about 2 to 3-fold and a basal lewéler chemicals used were of analytical grade.
expression of enzyme in the presence of Id@rganism

concentration of glucose. Besides these two A culture ofSreptomyces HM-15 was isolated
mechanisms exoglucanase and endoglucan&& compost and maintained on Bennett's agar
synthesis if®reptomyces HM-15 was also subjectednediund, subcultured every fortnight and stored at

to catabolite repression by glucose. 4°C.

K ey words; Exoglucanase, endoglucanase, inductidd.edium composition

repression, cellulose. The medium used initially for the cultivation of
| ntroduction Streptomyces HM-15 contained the following

Despite the current surplus of oil and thiggredien_ts (gt)- yeast extract, 0.01; beef extract,
corresponding stability and even fall in emerelated 0.01; casitone, 0.02 and cellulose, 10.0 (w/v); tween-

prices, the conversion of wood or agricultural residu%g’ 1.0 (v/v), the pH of the medium was adjusted to

to fermentable sugars continues to be one of the m70§t and distributed as 100mL medium in 250mL

intensively studied areas of reseafchhe cellulases ErIen_rPeyer ﬂff‘SkS' tBrilization was carried out at
of microoganisms are enzyme complexes that consisePst for 15 minutes.

) . I noculum preparation
of exoglucanases (1@-D-glucan cellobiohydrolase, The spore suspension (1&Epores mL) was
EC 3.2.1.91), endoglucanases (B43-glucan

prepared by harvesting the spores from seven day old
glucanohydrolase, EC 3.2.1.4) ghdlucosidasefY- Bennett's agar slant in sterile distilled water containing
D-glucoside glucohydrolase, EC 3.2.221jttle is  0.1% (v/v)Tween-80. Spore suspension obtained was
known about the molecular mechanism of thg&ed to inoculate aforementioned medium and
regulatory system of this complex in cellulolytigncubated for 48 hours on rotary shaker (200rpm) at
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room temperature. amorphous cellulose was higher than on crystalline
Enzyme production cellulose, while endoglucanase synthesis in the
For induction studies, various carbon sourcesystalline cellulose was higher than on amorphous
were added as 1% (w/v) to the liquid medium armellulose (Fig. 1).
inoculated with 5% (v/v) 48 hours old mycelia
. 905 0-36 - toos
inoculum. L _ A -
In order to study the &fct of glucose on ... '
cellulose production, 1mL of a 20% (w/v) glucosé **
solution was added to a set of flasks containifig
cellulose. Samples were withdrawn at regular intervals
and centrifuged at 2500rpm for 20 minutBse clear E ' .
supernatant was used for the determination fefreifit éow 916 o - Ow lLem
enzyme activities. _ b/
Enzyme assays -
Exoglucanase and endoglucanase activity was
assayed as described eatliExtracellular protein and3
reducing sugar was measured by standard metrﬁ)"d"é‘
using BSA(Bovine Serum\lbumin) as standafd.
Resultsand Discussion : . . r
The Sreptomyces HM-15 was cultured on a ’
range of insoluble and soluble sugars as sole carbon
sources to determine whether extracellular cellulose
formation was inducible or constitutive. Significarnfig. 1 : Exoglucanase production on amorphous
variations in growth rate with dérent carbon sources(0-0), crystalline A-A) & CM-cellulose o), and
and even lager variations of exoglucanase anendoglucanase production on amorphous (e-¢),
endoglucanase levels were observed. Of all the carboystalline (4-4A) & CM-cellulose g-m) by
sources tested, amorphous and crystalline celluloSegptomycesHM 15.The broken line indicates protein
Whatman No. 1 andvicel, as well as the solublelevels in the broth.
cellulose derivative, CM-cellulose gave high In order to determine the ability of the more
exoglucanase and endoglucanase activifiésis easily utilizable carbon sources to induce exoglucanase
cellulose seems to be an inducer of exoglucanase and endoglucanase synthesis, thganism was
endoglucanase synthesis. Exoglucanase syntheswmuitivated on cellobiose, lactose, maltose and glucose.
presence of CM-cellulose was maximum on 3rd dd@gble 2 shows the maximum units of exoglucanase
and endoglucanase synthesis reaching maximal lemedl endoglucanase obtained on each of these carbon
on 6th day of growthl'he levels of exoglucanase andourcesAll the disaccharides tested as well as glucose
endoglucanase on CM-cellulose were higher thanowed exoglucanase and endoglucanase production
Whatman No. 1 andlvicel types of celluloses éble (Fig. 2 and 3)The maximum activity of exoglucanase
1). These observations are in contrast to those repoded endoglucanase on glucose was reached on 9th
earlief® for the endoglucanases §porotrichum day
thermophile. They reported that highest cellulose It is being reported that the true inducer of
synthesis occurred when highly crystalline cellulosellulose synthesis is cellobiose and glucose represses
such agwvicel was used as substrate while incubati@mzyme production infrichoderma spll. In
on CM-cellulose resulted in lower yieldd. SreptomycesHM-15 we observed that cellobiose was
comparison of exoglucanase and endoglucanaffective ininducing exoglucanase and endoglucanase
synthesis during growth on amorphous and crystallisgnthesis. Maltose and lactose had an inducing
cellulose shows that exoglucanase synthesis in tagpacity to a lesser extent than that of cellobiose. In

=
Lad
T
™
-
=
=)
[

i
T
—
hY
1
Fs

~ ) | 004

ACTIVITY [UNITS /ml)

o
-
[ mgfel]

5E

0424 oA gz

EXOGLUCAMNASE
1
FROTEIN

0-DE~ ' ' -0

DAYS

Modi, HA 17

(£) 1.Adv.DevRes,Vol-1(1) 2010



Regulation of Exoglucanase and Endoglucanase Biosynthesisin Streptomyces Species

contrast to fungal cellulos&reptomyces HM-15 An experiment was carried out to test the
showed about 42% and 47% less exoglucanase eadcentration dependentfe€t of glucose on
endoglucanase respectively as compared to cellobibgsynthesis of exoglucanase and endoglucanase in
in the medium containing glucose as sole carboellulose containing medium. It was found that
source.This shows that besides induction, thexoglucanase levels increase rapidly till 6th day of
existence of another regulatory mechanism fgrowth and endoglucanase levels increase till 9th day
exoglucanase and endoglucanase cannot be ruledbbgtowth when initial glucose concentration was less
in Sr?e'gomycessp ' than 0.5% (w/v) (Fig. 4). Exoglucanase and

- ' " endoglucanase was inhibited when initial glucose

0-36 | concentration increases beyond 0.5% (w/v). Maximum

~ exoglucanase activity being obtained in the culture
E o004 grown on 0.5% glucose concentration and
E endoglucanase activity on 0.2% glucose
ol concentration.
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Fig. : 4 Induction of exoglucanase and endoglucanase
synthesis inStreptomyces HM 15 by varying
concentrations of glucose. 0.5% ), 0.2% A -A
), and 0.1% [(J -[¥] ). The solid line indicates
exoglucanase activity while broken line represents the
endoglucanase activity
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" The existence of a repression control was

studied by adding glucose to an exponentially growing

culture of the aganism with cellulose as the carbon

source (Fig. 5)The addition of glucose resulted in an
Days immediate drop in exoglucanase levels; howebher

Fig. 3 Endoglucanase production®reptomycesHM  endoglucanase levels are ndieafed.The enzyme

15 on various soluble sugars. GlucgZp)(lactose, levels rose to a level higher than those obtained in the

(C), maltose, ) and cellobiosejl) control set to which no glucose was added. However
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the specific activity of the enzyme dropped with the
addition of glucose.
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Fig. 5 Repression of exoglucanase and endoglucafase
activity by glucose added t&reptomyces HM 15
growing actively on cellulos&@he solid line indicates
exoglucanase()-O) and endoglucanas@x@)
activity in control while broken line represents the
activity after adition of glucoas&he arrow ()
indicates time of glucose adition.

These observations indicate that exoglucanase
and endoglucanase productior8ireptomyces HM-
15 is constitutive, its synthes is being controlled by
two independent mechanisms, induction and a growth-
rate dependent repression mechanism and/or basal
level expression. In addition the enzyme is also subject
to catabolite repression like other metabolites and
enzymes.
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Table 1 Exoglucanase, endoglucanase and extracellular proSiepiomyces HM-15

Total protein (mg mt)

Maximum enzyme activity (units per mL)

Nature

Inducer

Endoglucanase

0.027

Exoglucanase
0.243
0.186
0.345

0.042
0.060

Whatman No. 1 Amorphous

0.0475
0.059

Crystalline
Soluble

Avicel

0.019

CM-cellulose
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0.061

0.091

0.402

1,44
1,49

Glu-glu

Cellobiose

0.151
0.081

0.107
0.043

0.354

Glu-glu

Maltose

0.171

Glucose
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