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ABSTRACT

Effect of polysaccharide sodium alginate, oligosaccharides oligoman
nuronate(OM), oligoguluronate and n-hexadecane on glucose oxidase
(GOx) production from Aspergillus niger were studied. There was 39%
increase when sodium alginate(500mg/1) at zero hourswas supplemented
in the medium. With OM blocks(10%) obtained from hydrolysis of so-
diumalginatewith0.1,0.2,0.3and 1.0M HCL respectively therewas41,
42,42, 41.05 % increase ascompareto the control . Almost similar results
were obtained with the OG blocks. Small increase(24.5%) was observed
with 5% n-hexadecane. M aximum enhancement(48.35%) was achieved
when n-hexadecane was supplemented in combination with sodium
alginate(500mg/1) at zero hours of fermentation. No significant influence
was observed on fungal biomass production with enhancer.
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INTRODUCTION

Glucoseoxidase(EC 1.1.3.4, 3-D-glucose oxygen
1-oxidoreductase) isaflavoproteinwhich cataysesthe
oxidation of, 3-D- glucose by molecular oxygento D-
glucolactoneand H,O,. It removes hydrogen fromglu-
coseand getsreduced, thereduced form of the GOx is
then reoxidised by mol ecular oxygen, and the produced
hydrogen peroxideis decomposed by catalaseto wa
ter and oxygen. The D-glucol actone hydrolyses spon-
taneoudly to gluconic acidit2349,
B-D-Glucoset+Enzyme-FAD—Enzyme-FADH +D-glucono-1,
5-lactoneEnzyme-FADH,+O,—Enzyme-FAD+H.O,

Enzymeisproduced onindudtrid scaefrom Aspergil-

lusand Penicilliumgenus. GOx isanintracellular and
extracdl lular enzymé® Itiswidely used for thedetermi-
nation of glucose, desugaring the egg products, paper
test tripfor digbetic patientsand removing oxygenfrom
certain foodsand beverages®"#%19, Oligosaccharides
have been reported to act asaclass of dicitorsfor fun-
gd™¥, bacteria*, plant!*** and anima™ cdll cultures
inthelast decades. Inthisarticleeffort wasmadeto en-
hancethe GOx productionfrom A. niger using sodium
aginate, oligosaccharides, and n-hexadecane.

MATERIALAND METHODS

Microor ganism
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A.niger (MTCC 281) wasused inthisstudy. Cul-
ture was maintained on potato dextrose agar at 4-6°C
and sub cultured after every 20 days.

Preculture

Sporesof fungus A.niger (7.5x10%ml) weregrown
in250ml Erlenmeyer flask containing 50ml of theme-
dium, the composition was(g/l): (NH,),HPO, 0.4;
KH,PO,, 0.2; MgSO,, 0.2; peptone, 10; sucrose, 70
and pH 5.5. Thisculturewasincubated for 24 hrsin
rotary shaker at 200 rpm at 30°C.

Cultureconditions

50ml of the medium containing (g/l): sucrose 75,
peptone 15, (NH,),HPO, 2, MgSO, 2, NaNO, 2.0,
KCI 0.5, CaCO, 20.0and pH 5.5-6.0 wasinocul ated
with the germinated pre culture spores (15%) of 24 hrs
age and culturewas incubated in orbital shaker(250
rpm) at 30°C

Enzymeassay

GOx activity was determined spectrophotometri-
caly by Ciucu and Petroescul*®, as modified by
Markwell et al.* method by the reduction of benzo-
guinoneto hydroquine. The hydroguinone estimation
was carried out at 290nm(g=2.31mM-*cm*) on UV-
V1S spectrophotometer. One unit(U) of GOXx activity
was defined as amount of enzyme, which reduces
1.0uM of benzoquinone mi* minute*

Intracdlular enzymedetermination

5gmfungd cdl biomass (wet weight) wassugpended
in 10ml sodium citrate buffer pH 5.75(50mM). Thecell
paste was placed in Mortar and incubated at 4°C for
half an hour. Washed river sand(3gm) wasadded inthe
biomass paste and grinded with mortar for 10-15min-
utes. After crushing, biomasswasfiltered and enzyme
activity wasdeterminedinthefiltrate.

Effect of sodium alginateon GOXx production

Different concentrationsof thesodiumdginate (50-
1000mg/l) wereadded at different timeinterva (0, 24
and 36hrs) inthe fermentation medium and effect on
the GOx production was observed.

Effect of oligosaccharidesblockson GOx produc-
tion
To study theeffect of oligosaccharidesi.e. oligoman
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nuronate(OM) and oligogul uronate{OG) on the GOx
production, sodium aginatewas hydrolyzed into OM
and OG fragments, by the methods of Ariyo et al.[*!,
with dight modification. OM and OG blocks obtained
fromdifferent molar concentration of HCI(0.1,0.2,0.3
and 1.0 M) were added at various concentrations(5,
10 and 15%) with respect to different timeinterval (0,
24 and 36hrs) inthefermentation medium and effect on
the GOx production was observed.

Effect of n-hexadecaneon GOx fer mentation

n-Hexadecanewasadded at variousrates(2.5, 5.0,
7.5and 10.0%) inthefermentation medium at zero hrs
and itseffect on the GOx production wasobserved. In
other set of experiments, hydrocarbon n-hexadecane
(5%) was d so supplemented in the fermentation me-
dium a ong with sodium a ginate(500mg/l), OM (10%)
or OG(10%) to study the effect of hydrocarbonsin
combination with polysaccharidesand oligosaccharides
on GOXx production.

RESULTSAND DISCUSSION

Effect of sodium alginateon GOx production

Sodium dginateat variousrates(50-1000mg/l) was
supplemented inthefermentation medium at different
timeinterval5(0,24,36hrs). Asthe concentration was
increased(50-500mg/L) there was increase in GOx
production and reached maximum(39%) ascompared
to thecontrol after 48hrs of fermentation with sodium
aginate 500mg/| but on further increasein concentra-
tiontherewasdight fal intheenzymeactivity. Sodium
alginatewas most effectivewhen added at zero hrsas
compared to the 24 and 36 hrsof fermentation(TABLE
landfigurel). Addition of sodiumaginateto culture
of A. niger did not effect mycdliagrowth.

Effect of OM blockson GOx theproduction

Different percentage of OM blocks(5,10and 15)
at different timeinterval (0,24 and 36 hrs) was supple-
mented in thefermentation medium, asthe concentra-
tion wasincreased from 5-10% therewasincreasein
GOx production, but abovethat therewasdight fal in
enzymeactivity. Therewasmaximum 41, 42, 42 and
41.05% increase as compared to the control when OM
blocks(10%) obtained from hydrolysisof sodium agi-
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Figurel: Effect of sodium alginateand timeof addition on

TABLE 2: Effect of OM blocks? on theproduction of GOx

from A.niger
Conc.of OM Enzyme activity % Increase as
HCL  blocks (U/50 ml) compareto
(M)° (%)° Extracellular Intracellular Total the control
0 70.0£2 130.0+2  200.0+2
0.1 10 104.0+2 178.0t2  282.0+2 41.0
0.2 10 104.0+2 180.0+2 284+2 42 .0
0.3 10 107.0+2 179.2+2  286.2+2 42 .0
1.0 10 105.0+2 177.1+2  282.1+2 41.05

GOx production by A.niger(valuesarethemeansof at least

twoindepent experiments)

TABLE 1: Effect of sodiumalginateon theproduction of GOx

Sodium

Enzyme activity (U/50ml)

alginate Time
(hr9)* Extracellular Intracellular  Total
(mgfl)
0 - 68.0+2 132.0+£2 200.0+2
50 0 70.0+2 132.0+£2 202.0+2
- 24 68.745 133.0+£2 201.7+2
- 36 68.0+2 132.0+£2 200.0+2
100 0 75.0+2 138.0+2 205.0+2
- 24 70.0+2 133.0+£2 203.0+2
- 36 68.0+2 132.0+£2 200.0+2
200 0 82.6+2 142.0+2 224.4+2
- 24 81.3+2 140.0+£2 221.312
- 36 70.3+2 135.0+£2 205.312
300 0 86.4+2 142.0+£2 228.4+2
- 24 80.0+2 146.0+2 226.0+2
36 72.3+2 135.0+£2 207.3t2
500 0 95.3+2 183.0+2 278.312
24 86.4+2 142.0+£2 228.4+2
36 74.3+2 135.0+£2 209.3t2
600 0 93.3+2 177.04£2 269.3+2
24 86.0+2 148.0+2 234.0+2
36 74.3+2 137.0+£2 211.3+2
700 0 95.3+2 167.0+£2 262.3+2
24 87.54+2 148.0+2 235.5+2
36 76.442 130.0+£2 206.4+2
1000 0 85.7+2 161.3+2 257.0+2
24 75.7+2 141.3+2 227.0+2
36 72.3+2 139.0+2 211.3+2

*Time of addition of sodium alginate (hrs) in fermentation media
natewith 0.1, 0.2, 0.3, and 1.0 M HCl, respectively
was supplemented in the medium at zero hrs of
fermentation(TABLE 2), resultsdepicting the effect of
other concentrations of OM on the GOx production
arenot shown). Inall the experiments most of theen-

aResults depicting the effect of other concentrations on the GOx
production are not shown, ®Concentration of HCL used for the
digestion of sodium alginate, ‘OG blocks were added at zero
hours in fermentation media.

TABLE 3: Effect of OG blockson theproduction of GOx from

A.niger
Conc.of OG Enzyme activity (U/50 ml) % Increase as
HCL blocks compareto
M) (%) Extracellular Intracellular  Total the control
Control 70+2 130.0+2  200.0+2 -
0.1 10 104.0+2 180.1+2  282.1+2 420
0.2 10 109.3+2 177.2+2  286.5+2 43.0
0.3 10 106.8+2 178.3+2  285.1+2 425
1.0 10 105.8+2 177142  282.9+2 42.0

aResults depicting the effect of other concentrations are not
shown, PConcentration of HCL used for the digestion of sodium
alginate, ‘OG blocks were added at zero hours in fermentation
media

hancement was noticed when OM blockswas added
at zero hrsof fermentation. Therewas not significant
differencein thefungal biomass between the control
and supplemented culturesregardless of the concen-
tration and timeof addition of supplements.

Effect of OG blockson GOx production

From theresults(TABLE 3), resultsdepicting the
effect of other concentrations on the GOx are not
shown) it was observed therewasmaximum 42.0, 43.0,
42.5 and 42.0% increase as compared to the control
with OM blocks(10%) obtained from hydrolysis of
sodium aginatewith 0.1, 0.2, 0.3and 1.0M HCl, re-
spectively wassupplementedinthemediumat zero hrs
of fermentation. Although at 15% concentration there
was dlight fall in GOx production as compareto the
10% concentration but the activity was more as com-
paretothecontrol. Inall the experimentsmost of the
enhancement was noticed when OG blockswas added
a zerohrsof fermentation Nosignificant differencewas
observed on myceliabiomass(FDW) between culture
supplemented with OG blocksand control regardless
of the concentration and time of addition of thesupple-
ments.
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TABLE 4 : Effect of n-hexadecane on GOx fer mentation from
A.niger

n-Hexadecane Enzyme activity (U/50 ml) %
(%) Extracelular Intracdlular Total Increase
0 70+2 130+2 200+2
25 7242 149+2 221+2 115
5.0 81+2 168+2 249+2 245
7.5 77+2 160+2 237+2 185
10 75+2 15442 229+2 145

TABLE 5: Effect of n-hexadecanein combination with sodium
alginate, OM or OG blockson the GOx production

Enzyme activity (U/50 ml)

% Increase as
compareto
control
00.00
24.90

39.00

Enhancer

Extracellular Intracellular Total

70.0£2 130.0+2 200+2
81.0+2 168.0+2 249+2

98.0+2 180.0+2 278+2

Control
Hexadecane®

Elicitor”

Hexadecane™+

Elicitor® 48.35

104.7+2 193.2+2  296.7+2

Elicitor® 104.7+2 178.0£2 284+2 42.00

Hexadecane™
Elicitor®
Elicitor®
Hexadecane*+
Hlicitor *
Hexadecane®=n-hexadecane(5%) Elicitor’=Sodium alginate (500
mg/l); ElicitorcOligomannuronate(10%); Elicitor?=oligogulu
ronate blocks(10%)

Effect of n-hexadecane on the GOx productionin

combination with sodium alginate, OM or OG
blocks

47.15
42.05
46.85

115.0+2
106.8+2
103.0+2

179.3+2
177.3+2
190.7+2

294.3+2
284.1+2
293.7+2

n-dodecane, n-hexadecane and soybean oil has
positiveinfluenceon theformation of extraand intrac-
ellular GOx[*®l, Asthe concentration of n-hexadecane
wasincreased from 0-5% therewasincreasein GOx
production and reached maximum(24%) as compared
to the control with 5% n-hexadecane (TABLE 4) and
abovethat therewasdlight fall in GOx production.
There was 48.5, 47.5 and 46.8% increase as com-
pared to the control (without any enhancer) when 5%
n-hexadecanewassupplementedinthemediumin com-
bi nation with sodiumdginate (500mg/l), OM (10%) or
OG(10%) blocksrespectively at zero hrsof fermenta
tion (TABLEDS). Therewasno significant differenceon
myceliabiomass between control and culture supple-
mented with hydrocarbon n-hexadecane.

DISCUSSION
Microorganism showsthe physiological and mor-

phologica responsesto arange of physical and chemi-
cal factorsknown asdlicitors. Theseresponseshave

been considered as defense mechanism to ensurethe
survival and competitiveness. Carbohydratesaremain
classof compounds used asdefined dicitors. Physi-
ologica changesbrought about on plant and microbia
culturesincludethe express on of novel metabolitesand
over production of aready known products.

Oligosaccharides OM and OG obtained from so-
dium aginate have been reported for the enhancement
of Penicillin G from Penicilliumchrysogenum™ and
GOx fromthe Pvariables®¥. Therearereportswhich
elaboratestheeffect of oligosaccharidesonthe physi-
ologicd activitied>15202222 of living organisms but less
reportsareavailableon thedicitation effect of sodium
dginae.

Inthispaper theeffect of sodium aginate, oligosac-
charidesand n-hexadecane on GOx enhancement from
A.niger wasinvestigated.

Sodium aginatefromthemicrobid originenhances
the production of secondary metabolitesin the plant
system, but therewas no dlicitation when sodium agi-
nate of plant origin was used™. Elicitation effect of
sodium alginate was reported for the enhancement of
GOx production on from P.varibile?®, Addition of
enzymatically depolymerised aginateto the culture of
Bifidobacteria spp. promoted thecell growth. Depoly
merised alginate are not used as a carbon sourcefor
thegrowth of bacteria, soitisvery likely that alginate
actsasdlicitorsfor theenhancement of biomass*?. It
islikely that aginatefunction asactivator of defensive
systemin fungus A.niger and P.variabile sothereis
enhancement of GOXx production.

Enhancement of GOx production remainsalmost
constant with oligosaccharidesOM and OG blocksob-
tained fromthehydrolys swith different molar concen-
tration of HCI.This phenomenon showsthat different
molar HCl used for the hydrolysisof aginatedoesnot
affect the degree of polymerization of OM and OG
blocks. Enhancement of GOx production from
P.varibileé®® and Penicillin G from P. chrysogenum™!
has been reported. Itislikely that OM and OG bindsto
receptor present onthe cell membranewhich givesthe
signal for the enhanced production of GOx infungus.
Enhanced GOx activity in fungus can bethefunction of
other mechanism of biocontrol for the living organ-
ism2429 n the presence of aginateand oligosaccha
ridesthusincreasing the competitivenessof suchfungi.
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Addition of hydrocarbon inthe combination with
antifoaming agent(antofoam reducestheresistancein
oxygentransfer rate) in thefermentation broth hasposi-
tiveinfluenceintheformation of GOx*¥ and therewas
110% increase ascompare to the control. In our study
we gpplied n-hexadecanewithout theantifoaming agent
so therewasonly 24% increase as compareto the con-
trol becausetherewasless oxygen transfer ratedueto
oxygentransfer res stance. Butin combinationwith d-
ginate, OM and OG blockstherewas 46-48% increase
whichisdueto the above-explained mechanism.
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