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Production of f-galactosidase from thermophilic fungus
Rhizomucor sp
SA Shaikh, JM Khire and MI Khan

Division of Biochemical Sciences, National Chemical Laboratory, Pune 411 008, India

A thermostable B-galactosidase was produced extracellularly by a thermophilic Rhizomucor sp, with maximum
enzyme activity (0.21 U mg ™) after 4 days under submerged fermentation condition (SmF). Solid state fermentation
(SSF) resulted in a nine-fold increase in enzyme activity (2.04 U mg -1). The temperature range for production of the
enzyme was 38-55 °C with maximum activity at 45 °C. The optimum pH and temperature for the partially purified
enzyme was 4.5 and 60 °C, respectively. The enzyme retained its original activity on incubation at 60 °Cuptolh.
Divalent cations like Co 2*, Mn?*, Fe?* and Zn?2* had strong inhibitory effects on the enzyme activity. The K. and
Vnax for p-nitrophenyl- B-D-galactopyranoside and o-nitrophenyl- B-D-galactopyranoside were 0.39 mM, 0.785 mM and
232.1 mmol min “* mg " respectively. The K, and V.., for the natural substrate lactose were 66.66  uM and 0.20 umol
min~* mg.

Keywords: B-galactosidase; thermophilic fungus; Rhizomucor, extracellular; solid state fermentation

Introduction secondary metabolites which are produced in extremely
low yields in submerged fermentation can be produced on

3.2.1.23) catalyses the hydrolysis of lactose to glucose ar@'comparatlvely large scale by this method [8]. Moreover,

. . . .. the conditions in which the fungus grows in solid state are
gala_ctose. Itis a comme_rmally Important enzyme and ItSsimilar to its natural growth conditions [9]. A system for
use in the dairy and food industry is well known. Its occur-

. o S ) roducingB-galactosidase from yeast by solid state fermen-
rence in nature is diverse ie in plants, animals, organs an%tion hagﬁbgen reported [1]. ngever)t/here is no report on

Q&g:g;gﬁg\'zms e[ga{ 'Ir;]h; n(iorgrt?teazﬁfg%%\/n?Iag;?ta?ncéof'u n ?xtracelIuIarB—gaIactosidase production either from meso-
y y g|dhi|ic or thermophilic fungus by solid state fermentation.

the most important sources beinguyveromyces lactjs The production and patrtial purification of extracellular

Kluyveromyces fragilis[3] and Aspergillus niger [6]. hﬁ-galactosidase from thermophilic fungi®hizomucorsp

e vy S0 S ermertation an  comparso of e enzyme
because of their various advantages, such as they are Iege tz'rrt]g d in){hcsau rmer?](ta ?nnm i?' i sr:ate ermentation s
prone to microbial contamination, the higher temperature present communication.

reduces the viscosity of the reaction mixture and higherlvIaterials and methods
rates of reaction can be achieved [20]. Although thermo-
stable p-galactosidase from mesophilic organisms like Culture

Alternaria alternate[10], Neurospora crass#4], Sclerot-  The thermophilic fungu&hizomucorsp was isolated from
ina sclerotiorum[5] and thermophilic organisms likBacil- ~ Soil samples and maintained on potato dextrose agar (PDA)
lus stearothermophilug7], Thermus aquaticug22] etc  slants containing (per liter of distilled water): extract from
have been reported, there are very few reports on extr&200 g potatotes; glucose, 20g; yeast extract, 1.0 g; and
cellular production of the enzyme. agar, 20g. TheRhizomucorsp is deposited with the

Most of the B-galactosidases, even those available comNational Collection of Industrial Microorganisms (NCIM),
mercially are intracellular in nature making their use unec-Division of Biochemical Sciences, National Chemical Lab-

onomical. Yeast are still the most important source of thisoratory, Pune, India, with accession No. 1253.

enzyme.Aspergillus oryzads the only fungal source of Medium and culture conditions

g;glrlacﬂg;ar@r}?: Iaecr:(z)slrgzsiégatbggﬁ beeenneruas”e d gt?tg]irr?:dri-he basal medium for submerged fermentation contained
throﬁgh sdbmerge d fgrmentation 9 y (per liter of distilled water): yeast extract, 10 g; lactose,

In recent years, solid state fermentation (SSF) ha%0 9; KHPO, 1.0 g and MgSQ 7H,0, 0.5 g. The medium

The enzyme B-galactosidase B-d-galactohydrolase EC

acquired importance because of economical and practic 0 mi) was distributed in 250-ml Erlenmeyer flasks and

advantages [11,13,17,19]. Besides these, another importa g\ch flask was inoculated with 1.0 ml spore suspension

: S ntaining 16 spores per ml from a 7-day-old sporulated
advantage of solid state fermentation is that most of theCulture grown on PDA slant at 46. The flasks were incu-

bated on a rotary shaker at45at 200 rpm. The mycelium
Correspondence: Dr Ml Khan, Division of Biochemical Sciences, NationalWas removed from the culture broth by fllterlng throth
Chemical Laboratory, Pune 411 008, India Whatman No. 1 under vacuum and the clear filtrate was
Received 10 March 1997; accepted 17 July 1997 used for determiningd-galactosidase activity.
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Solid state fermentation was carried out in 250-ml Erlen-Electrophoresis
meyer flasks containing wheat bran, 9.5 g; lactose, 0.5 g\ative gel electrophoresis of the ammonium sulfate precipi-
K,HPQ,, 0.1 g; and MgSQ7H,0O, 0.05 g and was moist-  tated and DEAE-cellulose adsorbed and eluted enzyme was
ened with 20 ml distilled water. Each flask was inoculatedcarried out according to the method of Laemmli (7.5%,
with 1.0 ml of spore suspension containing $pores from pH 8.0) [12] and the protein bands were visualized by stain-
a 7-day-old sporulated culture grown on PDA slant &tGl5 ing with silver nitrate.3-Galactosidase activity was also
The flasks were incubated at 45 The enzyme was  checked by cutting the gel into equal pieeg® tm).
extracted by suspending the solid in 50.0 ml of 20 mM cit-Each piece was crushed and the protein was extracted in
rate-phosphate buffer, pH 4.5 containing 0.85% NaCl. The  citrate phosphate buffer, 20 mM, pH 4.5, and assayed for
suspension was kept shaken at 150 rpm for 90 min. Thg-galactosidase activity.
mycelium was separated from the fermentation medium by
filtering through muslin cloth followed by Whatman No. 1. polecular weight

The clear filtrate was used to determiﬁegalactosidase The partia”y purified enzyme was loaded on a Sephacry]

activity. S-300 gel filtration column to determine the approximate
o ] molecular weight of the partially purified protein. The col-
Estimation of biomass umn was calibrated using standard molecular weight mark-

The biomass was hydrolyzed according to the method ogrs: bovine serum albumin (66 kDa); alcohol dehydrogen-

Nishio [16] and the glucosamine was estimated by thease (150 kDa); apoferratin (443 kDa); and thyroglobulin
method of Blix [2]. (669 kDa).

Scanning Electron Microscopy (SEM)
Samples for SEM were fixed with ultra-violet light and Results
were mounted on brass stubs. Specimens were then coat

with a thin layer of gold (100 A) in a gold coating unt, A variety of different fungi were isolated from soil samples

model E 5000, Polaron Equipment Ltd, UK, and were . : \
viewed with an SEM Leica Stereoscan 440, UK, at an accecollected randomly. Smglg spore isolates were _moculated
n YpSs agar plates and incubated at@5These isolates

lerating voltage of 10kV, and beam current 25 Pa. The®

photographs were recorded by 35 mm camera attached YEre screened fg-galactosidase activity in liquid medium
the high-resolution recording unit containing yeast extract and lactose. One of the isolates,

Rhizomucor sp deposited with NCIM, with accession
Partial purification of B-galactosidase No. 1253 producing extracellulaB-galactosidase was

The culture filtrate obtained from submerged fermentatiorrelected for further work.

and the enzyme extract from solid state fermentation were )

precipitated with ammonium sulfate at 90% saturation ancEffect of carbon sources on production of -

the precipitate was dialyzed against 20 mM phosphatdalactosidase o

buffer, pH 7.2. The dialysate was then applied on DEAE-The effect of various carbon sources (1%) indicates that
cellulose column. The adsorbed enzyme was eluted batck@lthough all sugars supported the growth of the fungus,
wise with 20 mM phosphate buffer, pH 7.2 containing NaClonly wheat bran and lactose inducegtgalactosidase
(0.1-0.5 M) and was dialyzed against the same buffer. Tha@ctivity. Increase ing-galactosidase activity was observed

?s%lation of the fungus

dialysate was used to study the enzyme properties. with an increase in lactose concentration. Maximum
activity was obtained in the present of 1% lactose in SmF
Enzyme assay and 5% lactose in SSF. A further increase in the concen-

B-Galactosidase was assayed by incubatingu26f suit-  tration of Iactose_did not enhance the enzym_e_activity
ably diluted enzyme with 5@l of 6.6 mM p-nitrophenyl-  (Table 1). An equivalent amount of enzyme activity was
pB-d-galactopyranoside (pPNPG) ornitrophenylB-d-galac-  observed when untreated milk whey was used as carbon
topyranoside (ONPG) and 928 of 20 mM citrate-phos-  source and moistening agent (Table 2). Among the various
phate buffer, pH 4.5 at 8C for 30 min. The reaction was hitrogen sources tested (0.5%), yeast extract and peptone
terminated by adding 1.0 ml of 0.5 M MaO, and thep- ~ Were superior to other sources f@galactosidase pro-
nitrophenol oro-nitrophenol released was determined byduction under submerged conditions, although all others
reading the absorbance at 405/420 nm respectively. Whestpported the growth of the fungus (Table 3).
lactose was used as substrate, the enzyme activity was
assayed using a glucose oxidase-peroxidase kit to detef#me course of B-galactosidase production
mine the amount of glucose liberated [21]. One uniiBef The time course ofB-galactosidase production in sub-
galactosidase activity (U) was expressed as the amount of  merged and solid state conditions is shown in Figure 1.
enzyme that releases 1ubnol of product p-nitrophenol/  Under submerged conditions maximum enzyme activity,
o-nitrophenold-glucose) per minute under standard assay  0.55U (@21 U mg?) was obtained on the 4th day of
conditions. Protein was measured by the method of Lowryfermentation, while under solid state conditions, maximum
[14] with bovine serum albumin as standard. enzyme activity 5.5 3 (8104 U mg?) was obtained on

All experiments were carried out in triplicate and the the 5th day of fermentation. It was observed that the
values reported are the mean of three such experiments in enzyme production was associated with biomass pro-
which 3-5% variability was observed. duction.
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Table 1 Effect of carbon sources on production @fgalactosidase activity in submerged fermentation 241
Carbon source Final pH Enzyme activity Wet wt of mycelium Dry wt of mycelium
(1%) (U mr)
Glucose 8.10 0.003 2.20 0.32
Sucrose 8.10 0.002 1.24 0.19
Maltose 8.10 0.004 1.17 0.17
Xylose 8.10 0.003 1.23 0.19
Galactose 8.10 0.014 3.60 0.35
Wheat bran 8.10 0.034 0.61 0.10
Fructose 8.10 0.003 1.05 0.17
Mannose 8.10 0.003 2.20 0.31
Lactose

0.5% 8.40 0.053 231 0.31

1.0% 8.40 0.550 3.58 0.38

2.0% 8.40 0.093 3.95 0.51

5.0% 8.40 0.053 6.07 1.40

The fungus was grown in a medium containing yeast extract and lactose was replaced by other sources.

Table 2 Effect of carbon sources on production gfgalactosidase by

solid state fermentation 8 T T T T
E
C-source Final Activity GIcNAC 3 7 .
pH (U ml?) (mg g* dry mass) ; @
— 6fF 12 g
Lactose S >
1% 8.40 1.2 1.14 - | (Y * i
2% 8.40 32 2.08 Q ™ z
5% 8.40 5.0 1.97 ] g‘
10% 8.40 21 2.67 w4 -
. 0 * [
Milk whey g o z
initial pH 5.0 8.40 4.8 2.18 o | 1y 5
initial pH 7.0 8.40 5.0 2.30 3 2 <
5 3
O ol
When lactose was used as a carbon source the wheat bran was moisterj 2 g
with 20 ml water. No water was added when whey was used. g e b G’
Effect of initial pH on enzyme production Y L L L 0
The effect of initial pH (3—10) of the medium alacto ° 2 4 © 8
b g NO. OF DAYS—»

sidase production in submerged fermentation is shown in _ ' _ _ _
Table 4. Although the fungus grew over a wide pH rangeFlgure 1 Time course o_’B—gaIactosMase pro_ductlon Wﬁlzomucgsp in
of 4-10, the enzyme was produced in a medium of initialsulbmerged o), dso“d Statde fermelnéa“o” Ej“_) and biomass
’ . L ucosamine, m mass) during solid state fermentation .
pH between 7-8. Maximum enzyme activity was detecteo(g 99 dry ) 9 )

in a medium with initial pH 7.0.

Table 3 Effect of nitrogen sources on production pfgalactosidase in submerged fermentation

Nitrogen source Final pH Enzyme Wet wt of mycelium
(U mi7) (mg)
Yeast extract 8.3 0.55 2.21
Tryptone 7.1 0.05 1.31
Malt extract 6.0 0.03 0.53
Casamino acids 5.1 0.04 1.62
Peptone 8.1 0.50 2.74
Liver extract 7.1 0.05 1.43
Wheat bran
1% 8.4 0.05 1.10
5% 8.4 0.15 1.76
7% 8.4 0.12 1.38
10% 8.4 0.08 0.96

The fungus was grown in a medium containing 1% lactose and 0.5% yeast extract. The yeast extract was replaced by the above nitrogen sources at a
concentration of 0.5% (w/v).
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242 Table 4 Effect of initial pH on enzyme production in submerged fermen- er
tation
Initial pH Relative activity (%) § 5p
3.0 0.0 C
4.0 24.0 S 4t
5.0 30.0 - "
6.0 38.0 b,
7.0 100.0
8.0 75.0 w 3r
9.0 51.0 g *
10.0 42.0 &
S 2
Desired pH of the medium was obtained by using HCI and NaOH. 2
I
@ 1r
Effect of metal ions on enzyme production @
The effect of various metal ions (2 mM) on production of
O 1 1 1 "
20

B-galactosidase was studied using various divalent met: 30 20 50 80 70
ions (Table5). The growth of the fungus was totally o

inhibited in the presence of €o Although Mr?* and Zr#* TEMPERATURE,C

supported the growth of the fungus, the enzyme activityrigure 2 Effect of temperature on production gfgalactosidase in solid
was inhibited considerably. Similarly €a Cuw?* and Fé&*  state (——) and submerged fermentation G—).

were also inhibitory towards the production of the enzyme.

Effect of temperature on production of - Effect of pH on enzyme activity and stability
galactosidase The effect of pH on the3-galactosidase activity produced
The effect of different temperatures (372683 on pro- by SmF and SSF was studied by incubating the enzyme in
duction of B-galactosidase is shown in Figure 2. The buffer of pH range 3-8 (Figure 4). The optimum pH was
enzyme secretion was maximum af@sn the case of SmF  found to be 4.5 and the enzyme was stable over a wide pH
and SSF. At 68C the fungus did not grow. range ie 3-8 at % for 24 h. At pH 9.0, the enzyme
retained 70% of its original activity.
Partial purification of B-galactosidase o -
The crude enzyme obtained in SmF showed specifi€ffect of temperature on enzyme activity and stability
activity of 0.21U mg™. The maximum amount of the The effect of temperature on enzyme activity and stability
DEAE cellulose adsorbed enzyme was eluted with 0.2 Ms shown in Figures 5 and 6 respectively. The optimum tem-
NaCl in 20 mM phosphate buffer pH 7.2 (specific activity, perature for the enzyme activity was *6D The enzyme
10.83 U mg") showing 48-fold purification. A similar Was stable at this temperature for 50 min. After 120 min
increase in specific activity was seen in case of the enzym@7% of the original activity was retained. At 70 the
obtained from solid state fermentation (Table 6). Thisenzyme retained 73% and 20% of its original activity after
increase in specific activity was reflected in Figure 3 wherelO min and 60 min respectively. Similar results were
most of the protein impurities were eliminated after theobtained in the case of SSF.
DEAE step. The protein band correspondingBtgalacto- ) o
sidase was identified by assaying the gel pieces as describ&dfect of metal ions on enzyme activity
in materials and methods (Figure 3, lane 2). The effect of metal ions on the enzyme activity is shown
in Table 7. N# has no effect on enzyme activity. The
enzyme was strongly inhibited by Pigbut to a smaller
Table 5 Effect of metal ions on enzyme production in submerged fer- €xtent by other metal ions tested. Toshowed some

mentation enhancement in enzyme activity.
The K, and Vo« for pNPG and ONPG were 0.39 mM,

Metal ion Relative activity 0.785 mM and 232.1 mmol mifhmg?, 38.67 mmol mint

mg* respectively. Thé,,, andV,,., for the natural substrate
,’\\‘AOQ? 135’-8 lactose was 66.66M and 0.20uM min~* mg™ (Table 8).
ng 62.0 The approximate molecular weight of the partially pur-
Cw 60.0 ified enzyme was found to be 250 kDa by gel filtration.
Zr? 14.0
Fe®* 35.0 SEM studies
’\c/lgz+ 18'8 The structure of uninoculated wheat bran is shown in

Figure 7a. The growth oRhizomucorwas observed after

The fungus was grown with the above salts (2 mM) in the fermentation72 _h (Flgure 7b.)' De”S‘? mycellal grovvth on the Sfurface of
medium at 45C in submerged conditions as described in materials andSOlid SUbStraFe is seen in Figure 7c. _The penetration .(?f fun-
methods. Mg was replaced by other salts. gal hyphae into the substrate particles and its ability to
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Table 6 Purification of 3-galactosidase frorRhizomucorsp

Submerged fermentation Solid state fermentation
(U mg?) (fold purification) (U mgY) (fold purification)
Culture filtrate 0.21 1 2.04 1
Ammonium sulphate precipitate 1.19 5.6 3.07 15
DEAE-cellulose 10.18 48.4 21.42 10.07
1.0_
Band showing
p-galactosidase = oef
activity =)
g L
E
>
- 08+
Q
<
Figure 3 Native gel electrophoresis of partially purifi@dgalactosidase. % L
Lane 1: ammonium sulfate fractionated (90% saturation) enzyme and lan
2: DEAE cellulose-purified protein. o
] Q-4+
(o)
+—
12 O
<
) -
-~ <
£ o} 5}
3 :
> < 0-2r
o
> 08
5
< -
w
lg 06~
a
» [e] N I L ) i L " ' ! 1
e 0 20 40 60 80 100
o oar o
3 TEMP.C
‘-; Figure 5 Effect of temperature on enzyme activity. The enzyme was
ozr incubated in 20 mM citrate-phosphate buffer, pH 4.5, at various tempera-
K tures for 30 min.
O~
1 1 1 | 1 | | I R
0 2 3 4 6 7 8 El

5
pH
Figure 4 Effect of pH ong-galactosidase activity (S—) and stability ~ biomass indicated by the N-acetylglucosamine content as
et aors o i ners s e pvesshae)n g Sen in Figure 1. The enzyme production is found to be
for 30 min. For pH stability, thg engyme was kept at:elfor F2)4 h and Iactose-de_pendent._ An mcre.ase n Iac.tose Conce.‘ntratlon
then used for activity measurements. shows an increase fBrgalactosidase activity and maximum
activity is obtained at 1% lactose concentration in sub-
merged fermentation and 5% lactose in case of solid state
soften the substrate by mechanically pushing the cells apaférmentation. Similar enhancement in the production of the
in conjunction with enzymatic degradation has been  enzynmi€lloyveromyces lactis solid state fermentation
reported [15]. [1], and by Aspergillus oryzadén semisolid fermentation
[16] has been reported. The enzyme shows preference for
pNPG as compared to ONPG, however the best affinity is
shown towards lactose, the natural substrate of the enzyme.
The results obtained in the present work show an increaskcrease in yield using wheat bran may prove useful in
in yield (2.04 U mg*) of B-galactosidase by th&hizo- economizing the use of funggtgalactosidase for industrial
mucor sp in solid state fermentation as compared to subapplications which are otherwise uneconomical. The com-
merged fermentation (0.21 U my. The enhanced activity ~ bination of high temperature stability and low pH optima
obtained in solid state fermentation is a result of increasethelps eliminate microbial spoilage during processing.

Discussion
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Figure 6 Effect of temperature stability of enzyme. The enzyme was
incubated at the temperatures indicated for various intervals of time, the
cooled in ice and the residual activity was measured.

Table 7 Effect of metal ions on enzyme activity

Metal ion Relative activity
(2 mM) (%)
Control 100.0
Zn? 75.0
Niz* 95.0
Hg? 0.0
Fe* 74.0
ca* 85.0
Co** 133.0
Mn2* 61.0
Mg?* 63.0
cwr 74.4
EDTA 97.0

B-Galactosidase was obtained by the method described in materials ar
methods. The metal ions to be tested were added to the assay system ¢
the results expressed as a percentage of the control.

Table 8 Substrate specificity fop-galactosidase

Substrate Km Vinax

(mM) (mmol mg?* min™)
pNPG 0.388 232.1
ONPG 0.785 38.67
Lactose 0.066 0.002

Further work on the purification and characterization of the
enzyme is in progress.

Figure 7 Scanning electron microscopy. (a) Uninoculated wheat bran;

(b) Growth of Rhizomucorafter 72 h; (c) Growth after 6 days.
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