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ABSTRACT

Pseudozyma sp. SPJ was isolated for the production of pectinase and
various culture conditions were standardized to have cost effective pro-
duction. Maximum pectinasetiter wasachieved at 35°C for 22 h of incuba-
tion. A production broth containing 0.8% citruspeel, 0.125% yeast extract,
0.125% peptoneand 10mM CaCl,, (pH 8.0) wasfound to stimulate excellent
(653.13 + 19.32 U ml'Y) enzyme production. Optimum inoculum size was
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found to be 2% when it was 14 h old. Xylose and lactose wereinhibited the
enzyme production. Heavy metal ions such as Hg?, Cu®, Pb*, Fe** and
Co* adversely affected the pectinase production. The enzyme production
was successfully scaled up at laboratory level. An appreciable amount of
pectinase was produced by a newly isolated yeast strain with a cost effec-

tive medium under sub-merged fermentation.
© 2011 Trade SciencelInc. - INDIA

INTRODUCTION

Thebiotechnological potentia of pectinolytic en-
zymesfrommicroorganismshasdrawn agreat deal of
attention worl dwide because of their myriad applica-
tions. Pectinases are the enzymesthat breakdown the
glycosidic bondsof thelong chain of galacturonicacid
residues of pectic substances (the structural polysac-
charidesof plant cell wall). Microbia pectinasescon-
tributeto almost 25% of the global food enzyme sales
andisestimated toincreasefurther. Pectinasesare meant
for extraction, liquefaction and clarification of fruit
juiceg™. In fabric industry, they are employed to ret
plant fiberssuch asflax, hempandjuté?. They areaso

applied to mechanica pulpto solvetheretention prob-
lemsinthe paper industryt®.

Sub-merged fermentation (SmF) isextensively used
for the production of enzymesand for understanding
thephysologica aspectsof enzymesynthess. Itinvolves
thegrowth of themicroorganism asasuspensioninthe
liquid mediuminwhichvariousnutrientsareether dis-
solved or suspended as particulate solids?. It is ad-
vantageousin termsof easier sterilization and process
engineering.

Among thevarious microorganisms, thereportsof
pectinase productionfrom yeastsarevery few withvery
low enzymeyield®®. Almeidaet al. reported 0.98 U
ml-* h' pectinasetiter by immobilized Kluyeromyces
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marxianus”. Only 17.2 U g of activity wasreported
by Patil and Dayanand using Aspergillus niger®.
Erwinia, Bacillus, Saccharomyces, Kluyveromyces,
Aspergillus, Penicillium, Fusariumand Rhizopushave
been the generamost frequently studied inthelast 15
years, with strains of Aspergillus, Penicillium and
Erwinia mainly used for enzyme production studies?.
Theam of present investigationisstandardization
of processvariablesfor the maximum production of
pectinasein submerged fermentation of aphysiologi-
cally potential strain of Pseudozyma sp. SPJisolated
fromthesoil debrisof fruit and vegetable markets.

EXPERIMENTAL

Microorganism and itscultivation

An akaine pectinase producing yeast wasisol ated
from fruit waste disposal site and identified as
Pseudozyma sp. SPJ by Microbial Type Culture Col-
lection & GeneBank (MTCC), Institute of Microbial
Technology (IMTECH), Chandigarh, and given acces-
sion no. 9842. The microorganismwasidentified on
thebasisof its phenotypic characterization and results
were further confirmed by 26S rRNA sequencing
method. The culturewas maintained on yeast extract
peptonedextrose (Y EPD containinggl™: Yeest extract,
10.0; Peptone, 20.0; Dextrose, 20.0; Agar, 20.0; pH
6.0) medium dantsand stored at 4°C (subcultured ev-
ery 3months). Sixteen hour old culturebroth grown at
37°C (200 rev/min) was used as seed for inoculation
of production broth.

Pectinase assay

Suitable dilution of crude enzyme (10ul) were
added to 490ul of pectin (0.1% in appropriate buffer)
and incubated at 65°C for 5 min. Then, 1.5 ml of
dinitrosdicylicacid (DNSA) wasadded tothereaction
mixture and heated in boiling water bath for 15 min.
Absorbance was measured at 540 nm*¥. One unit of
enzyme activity was defined asthe amount of enzyme
that released 1ug of galacturonic acid per min under
assay conditions, using ga acturonic acid as standard.

Optimization of physiological parametersunder
Sf

Erlenmeyer flasks (250 ml) containing 50 ml of
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modified Horikoshi medium wereinocul ated with 2%
(V/V) of 24 h old culture and incubated under shaking
conditions (200 rev/min) at temperaturesranging from
25-55°C. After 24 hincubation, theculture broth was
centrifuged (10,000 rev/min) for 20 min and thecrude
enzymewas harvested as supernatant. Pectinase activ-
ity was determined in the crude enzyme by Miller’s
method. Experimentswereperformed intriplicatesand
themean valuesweretaken asresultsalong with stan-
dard variation. Smilarly the effect of pH (4.0-9.0), In-
oculum size(1-4%), inoculumsage (12-24 h) andtime
of incubation (12-30 h) were studi ed.

Effect of agro-residuesascarbon source

Each 250 ml Erlenmeyer flask containing 50 ml of
production medium devoid of any carbon sourcewas
added with different agro-residues as carbon sources
viz. whesat barn, whest straw, rice bran, ricestraw, cit-
rus peel, a pha-a phaleaves and cane baggase (1% w/
V). Theflaskswereinoculated with 1 ml of 14 h old
cultureandincubated at 37°C, 200 rpm for 22 h. Pec-
tinaseactivity of the extracted crudeenzymewasthen
determined. The optimum concentration of selected
carbon sourcewas determined by using different con-
centrations of carbon sourcevaried from 0.2-2.0% (w/
V) inthemedium.

Effect of sugars

Different sugarsviz. sucrose, matose, cellulose, ga-
lactose, starch, glucose, xylose, fructose and lactose
(0.5% w/v), were added to the Erlenmeyer flasks (250
ml) containing 50 ml of production medium with opti-
mum carbon source. Then they wereinoculated and
incubated asabove. The crude enzymewas extracted
and assayed for pectinase activity.

Effect of nitrogen source

Effect of different nitrogen sources (NH,NO,,
(NH)H,PO,, NH,CI, (NH,),SO,, NaNO,, NaNQ,,
yeast extract, peptone, casein, beef extract, tryptone,
KNO,) on pectinase production was studied by supple-
menting themedium (0.5%) smilarly asthat of carbon
sources. The concentration of selected nitrogen source
was a so optimized.

Effect of metal ions
Each 250 ml flask containing 50 ml of production
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medium was supplemented with different meta salts
(10mM): BaCl,, MgSO,, MnSO,, FeCl,, FeSO,,
CaCl,, CoCl,, ZnSO,,Ag,S0,, HgCl,, CuSO,, KClI,
NaCl, K,.HPO,, KH_,PO,, (CH,COQ),Ph). Theflasks
wereinoculated and incubated as above and assayed
for pectinase activity. Thereafter the effect of various
concentrations of the sel ected salt on enzyme produc-
tionwasinvestigated.

Effect of variousadditives

Different additiveslike SDS, EDTA, Tween 20,
Tween 80, Triton X 100, Glycerol and Oliveoil at a
concentration of 2% were supplemented inthemedium
andtheir effect was studied.

Laboratory level scaleup

Pectinase production by Pseudozyma sp. SPJwas
attempted to scale up at |aboratory level by growing
theculturein different sized flasksi.e. 250, 500, 1000
and 2000 ml containing 50, 100, 200 and 400 ml pro-
duction medium respectively. Each flask wasinocul ated
with 2% cultureand incubated (37°C, 200 rev/minand
22 h). Pectinase activity was determined for each flask
after 22 hincubation.

RESULTSAND DISCUSSION

Effect of incubation temperature

Pectinase production by Pseudozyme sp. SPJun-
der Smf required optimum temperature of 35°C. Fur-
ther increaseor decreasein temperatureresultedina
little decreasein the enzyme activity (Figure 1). The
organism was found to grow and produce a good
amount of pectinasein awiderange of temperature.
Theenzymeactivity wasfoundto be87% at 25°C and
72.5% at 55°C which provesit to be potential and
thermo-stable. . Kluyveromyces marxianus hasshown
maximum pectinase production at 30°Cl". However,
someyeasts (Tephrosia candida and Kluyveromyces
fragilis) produce pectinaseswith maximal activitiesat
temperatures up to 60°CP.

Effect of pH

Itisaregulatory parameter inmicrobiologica and
bi otechnol ogica processes. Maximum pectinaseactiv-
ity (316.84+3.11 U ml?*) wasfound to be at pH 8.0.

Appreciableamount of enzymewas producedinagood
range of pH (4-9) asshowninfigure2. Yeastsmainly
produce acidic pectinases. Thevariationinenzymepro-
duction dueto changein pH may be because of maxi-
mum availability of nutrientsat that particular pH™.

Effect of inoculum age & size

The pectinasetiter wasfound toincreasewhen the
age of inoculumwasincreased from 12- 14 h and de-
clined theresfter (Figure3). It showsavery highgrowth
rate of theorganism.

A very littlevariationwasfoundin pectinaseyield
when attempted to grow with inoculum 1-4%. Maxi-
mum enzyme production (473.09+ 1.25 U ml**) was
found with 2% inoculums (Figure 4). Higher concen-
tration of inoculumisnot preferableinindustrial fer-
mentationg®?. It might be dueto acompetition for nu-
trientsamong the yeast popul ation asobserved in Ba-
cillus coagulans*® and Thermomucar indicae-
seudaticae.

Optimum timeof incubation

Thetimeof incubation dependsonthegrowth rate
of themicroorganism and itsenzyme production pat-
tern. Theextracellular levels of pectinasewere moni-
tored from 12-42 h. Themaximum enzymeactivity was
observed after 22 h of incubation. It declinesafter 24 h
and stabilizesthereafter (Figure5). Almeidaet al. re-
ported 24h of incubation time as optimum for
Kluyveromyces marxianus for maximum pectinase
production!™.

Effect of different car bon sour ces

About 30-40% cost of theindustria enzymesare
accounted for the substrate used™. Thusitisimpor-
tant to select alow-priced substrate to make the en-
zyme production more economical. The nature of the
growth substrate exhibited asignificant effect on pec-
tinase production by Pseudozyma sp. SPJ. Among
variousinexpensiveand easily available agro-indus-
trial residuestested as sole carbon source, maximum
pectinase titer was attained in the medium supple-
mented with citrus peel followed by wheat straw
(TABLE 1). Citrus peel contains 30% (approx.) of
pectininitsfreshweight. Itisaso reported earlier as
avery good substrate for pectinase production619,
Thedifferencein enzymeinduction can beattributed
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TABLE 1: Pectinase production onvariousAgro-industrial
residuesascarbon source

TABLE 2: Pectinase production on varioussugar sin combi-
nation with citruspeel

Carbon source Pectinase Activity

(Uml™h
Control 186.49+ 1.17
Wheat bran 258.64 +2.37
Wheat straw 371.13+2.83
Rice bran 328.84+3.94
Rice straw 340.16 +2.87
Citrus peel 474.09 + 3.67
Alpha-alphaleaves 304.71+2.85
Cane bagasse 237.5+3.54

to the difference in the chemical nature and particle
size of the substrates used.

The pectinase activity increased with theincrease
inconcentration of citruspeel from 0.2%to0 0.8% w/v
and it declined considerably with further increase (Fig-
ure 6). This may be due to the formation of athick
suspension of thesubstrate, whichinturndid not mix
fredyinshakeflasks.

Effect of different sugars

No sugar hasenhanced the pectinaseactivity when
gppliedin combinationwith 0.8% citrusped inthepro-
duction broth. However, galactose, lactose and xylose
found to repressthe pectinase activity when present in
theproduction broth (TABLE 2). Kuhad et d. reported
increased pectinase production Sreptomyces sp.
RCK-SC by using lactose, maltoseand sucrosg®. The
most plausible explanation for decreasein pectinase
production with other carbon sources is that these
sources exerted catabolite repression?.

Effect of different nitrogen sour ces

Among thevariousnitrogen sourcesused acombi-
nation of yeast extract and peptone (1:1) wasfoundto
be most promising (TABLE 3). Thismay be because
peptone contains essential amino acids, and yeast ex-
tract isaso agood source of naturally occurring B-
complex vitaming?2. Yeast extract has been reported
to be used as best carbon source for Kluyveromyces
cerevisiad®\. Yeast extract and peptonehavea so been
reported to stimul ate maximum pectinase production
from KluyveromyceslactisNRRL 113714, KNO, is
found to be best among theinorganic sources used.

Thehighest Pectinase activity was achieved by us-

Sugar Pectinase activity (U ml™)
Control 563.51+ 11.38
Sucrose 372.51+9.52
Maltose 423,96 + 7.37
Cellulose 540.33+10.18
Gaactose 114.4+5.44
Starch (soluble) 553.4+7.64
Glucose 500.78 + 8.93
Xylose 98.8+ 5.63
Fructose 526.11+ 6.95
Lactose 73.51+3.55

ing 0.25% of Yeast extract and peptone combination
I.e. 0.125% each in the production broth. Beyond this
concentration, decreased intheenzymeactivity wasob-
served (Figure7).

Thismay bedueto thefact that complex nitrogen
sourceslike peptonerel ease NH* ions, which stimu-
late growth and increase enzymeyield because of its
proteaseinhibiting natureat |ower concentrationsbut a
high concentration of peptone actsasagood inducer
for proteases|eading to the increased degradation of
other enzymes?.

Effect of different metal ions

Among thedifferent satstested, CaCl,wasfound
to enhancethe pectinase activity. Theeffect of calcium
on pectinase productioniswell established!. Heavy
metal ionssuch asHg*, Cu?, Pb*, Fe* and Co?" ad-
versely affected the pectinase production (TABLE 4).
Mn? hasinhibited the enzymeactivity toadmost nil.

The concentration of CaCl, wasstudied from 5SmM
to40mM (Figure 8). 10mM CaCl,, resulted in maxi-
mum pectinasetiter from Pseudozyma sp. SPJ. High
concentration of salt could block the secretion of en-
zymeintotheexternal medium,

Effect of different additives

Among theadditivesused, SDSand EDTA inhib-
ited pectinase production strongly whereasthe maxi-
mum increasein pectinase production wasobservedin
thepresence of Tween 80 followed by Oliveoil (TABLE
5). But the production broth devoid of any additivewas
near to themaximum. Therefore, no supplementisre-
quiredin order toincreasethepectinase activity.
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TABLE 3: Effect of different nitrogen sourceson pectinase TABLE 4 : Effect of different metal salts on pectinase

production production
Nitr ogen source Pectinase activity (U ml™) Metal salts Pectinase activity (U ml™)

Control 368.36 £ 4.26 Control 476.14 + 8.57
NH;NO3 355.98 + 7.39 KCI 540.78 + 13.76
NH4H,PO4 365.04 + 8.57 NaCl 506.36 + 9.62
NH,4CI 367.64 + 6.99 (CH3COO0),Pb 283.36 +10.39
(NH4)2SO4 353.53+10.29 MgSO, 510.02+ 6.92
NaNO, 203.11+2.77 FeSO, 27458 + 5.83
NaNO; 349.6 £ 5.61 FeCls 222.87+3.74
Y east extract 471.76 +7.25 HgCl, 294.33+3.42
Peptone 468.53+9.17 Ag,SO, 316.78 + 8.31
Y east ext. + peptone 588.67 + 8.91 ZnS0, 332.07+6.73
Caesin 356.13+4.21 MnSO, 51.06 +2.89
Beef extract 226.02 + 4.45 CuSO, 287.42+4.13
Tryptone 179.02 +5.93 CoCl, 278.87 +3.57
KNO; 468.78 + 6.53 CaCl, 594.8 +£10.48

TABLE5: Effect of variousadditiveson pectinaseproduction BaCl, 489.51+ 11.92

KoHPO, 449.93+7.76
Additives Pectinase activity (U ml™) KH,PO, 457 134 9.38

Control 651.67 +20.03
Tween 20 610.47 + 18.97 TABLE6: Laboratory level scaleup of pectinaseproduction
Tween 80 653.13+19.32 by Pseudozyma sp. SPJ
Triton X 100 49511 + 12.22 Production broth volume (ml)  Pectinase activity (U ml™)
Olive oil 644.24 + 18.43 50 651.0+3.96
Glycerol 551.07 + 11.96 100 630.38+2.98
SDS 252.89 + 5.38 200 620.2 + 3.66
EDTA 182.53+2.29 400 600.2+2.73

Theuse of surfactantsand fatty acidsiswell docu-
mented to increase the production of hydrolytic en-
zymes?2, Theinhibition of enzymeactivity by EDTA
can beattributed to itsbinding to themeta ionswhich
arenecessary for theenzymeaction. A littleinhibition
showsthe potentia of theenzymeforitsapplicationin
flax retting and plant DNA extractionwhere EDTA s
used as chelating agent!®*3Y. Such compounds prob-
ably increasethe permeability of the cell membranes
and cause rapid secretion of the enzymes. SDS may
inhibit the enzyme activity by denaturing the enzyme
gructure.

Laboratory level scaleup

An attempt to scal e up pectinase production was
made under |aboratory conditions. Theyield decreases
(651.0+3.96 U ml*t0600.2+2.73 U mlt) when the
volume of the flasks increases from 250 ml to 2 L

(TABLE 6). A negligibledeclinewas observed with the
increaseinvolume of the production medium which
makesit apotential candidate for industrial applica-
tions.

CONCLUSION

The present investi gation concludesthat paramet-
ric optimization of pectinase production by Pseudozyma
sp. SPIhasimproved theenzymeactivity by about 2.8
times. Theenzyme production using alow cost medium
makesit morefruitful for industrial sector.
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