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ABSTRACT

Biosynthesis of exo-inulinase was investigated from Chicory root tubers.
3 bacterial specieswereisolated on synthetic medium containing inulin as
a sole carbon source. On the basis of maximum exo-inulinase activity on
inulin, one of them was selected and identified as Acinetobacter
calcoacitecus. Incubation of A. calcoacitecuswas carried for 48 hours, 0.3
gm% pure Inulin as substrate concentration aswell as 1.5 gm% concentra-
tion of Chicory powder in the growth medium. Optimizationsat pH 5.0 and
at 37°C were the best conditions for exo-inulinase production. The extra-
cellular enzyme activity was found consistent with the submerged culture
method used for biosynthesis of exo-inulinase. The overall production
reached up to 1.443 U/ml after 48 hours. The resultant inulinase showed
high saccharolytic activity on chicory roots. The isolate which was found
commercially important was focused for inulinase production, fructose
production and bioremediation approaches. The industrial need of such
specific enzymes and improvements required to maximize their
bioremediation application in future. Various agro-wastes containing inu-
lin could be economically hydrolyzed with Acinetobacter
calcoacitecusinulinase into fructose, which has industrial applications
besidesthe beneficial environmental impact by the bioremediation of such
agro-wastes. © 2013 Trade Sciencelnc. - INDIA
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Inulinase bel ong to thegroup of fructanohydrolases,
which act asp-fructosidases and hydrolyze inulin to lib-
eratefructoseunitsinasingle step from the non-reduc-
ing end of fructosechains, somefew liberating oligosac-
charidesasprimary productsof hydrolysig*®'9. Inulin
ishydrolyzed by 2 typesof Inulinases: exo- inulinase (
-D-fructanfructohydrolase) and endo-inulinase (2, 1-
B-D-fructanfructanohydrolase)*8. Inulinasesareused

intheproduction of highfructose syrups?, for thepro-
duction of inulo-oligosaccharides—low caloric saccha-
rides acting as growth factorsfor beneficial microor-
ganismsintheintestinal flord?”, andisused for pro-
duction of ethanol frominulin®.

EXPERIMENTAL

Srain and media
Acinetobacter cal coaceticus strain wasisolated
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from soil collected from Chicory farms, Vadtd, Gujarat,
India Thestain wasisolated using InulinAgar medium.
Theculturewas maintained every 20 days by sub-cul-
turing method using InulinAgar medium. Thecompos-
tion of formulated Inulin Agar mediumincludesinulin
(0.5), NaCl (0.5), MgCl,(0.2), K, HPO, (0.2), Chicory
root powder (0.5), Agar-agar powder (3.0) g % re-
spectively. For the production of inulinase, natural
chicory root powder was used instead of commercia
inulin asthesole carbon sourceto minimizethevaueof
the production cost.

Fatty acid methyl ester (FAME) analysis

Taxonomic status of the organism was ascertained
by FAME (Fatty Acid Methyl Ester). All vigble & cul-
tivable bacteriawhich contain C9 — C20 fatty acids
can beidentified by thismethod. Theidentification of
the organismisdone by comparisonwith profilelibrary.
The culturewasgrownon TSB Agar for 24hoursat 28
°C. 24hours grown sample is transferred in the culture
tubes. 1ml of Sgponification Reagent isadded and sub-
jected to Vortex. Later was kept at 100 °C for 5 and
15 minutesafter which it was cooled. Seriesof reagents
viz. 2ml of Methylation reagent, and 1.25 ml of Ex-
traction Solvent was added with intermediate steps of
water bath and cooling. It was put on tumbler Rotospin
for 10minutesat 6rpm and aqueous phase which was
at thelower side of the culture tubewas decanted. 3ml
of Base Wash Reagent was added and Rotospin for
5Sminutesat 6rpm. After which 2/3rd of the upper phase
wasremoved & stored at -20° C in small GC vials!Y.

TheGasChromatography insrument wascdibrated
by MIDI Fatty Acid Methyl Ester calibration mix con-
taining various C9— C20 fatty acids after which 2 mi-
cro-liter of samplewasinjected at 25°C into the capil-
lary fused silicacolumn.

Production medium

Thestrain was cultured onformulated Inulin Agar
medium for 48 hours. The composition of optimized
fermentation brothisasfollows: Chicory root powder
- 1.5gm %, NaCl - 0.5 gm %, MgCl, - 0.2 gm %,
K,HPO, - 0.2 gm %, pH - 5.9.

Growth conditions

A. calcoacitecusstrain wasinoculated in 250 ml
Erlenmeyer flasks, each containing 50 ml of sterile
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production medium. Theflaskswereincubated with
10% inoculum volume of A. cal coacitecusand were
incubated under shaking conditions (100 rpm) and un-
der gatic conditionsfor crudeInulinaseproduction. Tem-
peratureand pH of the medium was optimized during
the experimentsto achieve maximum enzymeactivity
and production.

Optimization of variousparameter sfor inulinase
production

(@) Timecourseof inulinaseproduction

Mediaweretaken in 250ml conical flasks & in-
oculated with 5ml inoculum of 24 hoursold culture. At
regular intervalsupto 78 hours, the content of theflasks
werefiltered through Whatman filter paper no.1, the
filtratewasused ascrudeenzymeand inulinaseenzyme
assay!™, was performed to estimate theinulinase ac-
tivity.

(b) Effect of inulin concentration oninulinasepro-
duction

Using purelnulin (SRL) asasubstrate, the differ-
ent concentrations 0.5, 1.0, 1.5, 2.0, 2.5, 3.0g %o was
incorporated each of the 100 ml conical flaskscontain-
ing 20 ml broth medium and flaskswereincubated. In-
ulinase production was checked after 48 hrs.

(c) Effect of carbon sourceson inulinase produc-
tion

To study theinfluence of various carbon sources
oninulinaseproductionviz. starch, cdllulose, mannitol,
lactose, glucose, matose, sucrose, fructose, xylose, inu-
linand inulin containing different agro-wastessuch as
Chicory root, coffee seeds (all 0.5 gm %) wereincor-
poratedin each of the 200 ml conical flaskscontaining
20 ml media. Flasks were inoculated with 5 ml
inoculums of 24 hoursold cultures. Combinations of
different carbon sourceswereasotried.

(d) Effect of agro-wasteconcentration oninulinase
production

Agro-waste used as carbon source was Chicory
powder, with various concentrationsas 0.5, 1.0, 1.5,
2.0, 2.5, 3.0, 3.5 g % (w/v) wereincorporated in to
themediumwith an addition of 5ml of inoculumsof 24
hoursold culturesand after incubation Inulinaseactivity
was checked after 48 hours.
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(e) Effect of temperatureon inulinaseproduction

Theeffect of temperature oninulinase production
was determined in the range of 8 °C to 45 °C. The
mediawereincubated at different temperatures (8 °C,
28 °C, 37 °C, 45 °C & 50 °C) in temperature con-
trolled water bath.

(f) Effect of medium pH on inulinaseproduction

Effectsof variouspH viz. (3,4, 5, 6, 7, 8,and 9) of
themediumwerechecked for inulinaseproduction. The
initial pH of the medium was5.9. Flaskswereinocu-
lated with 5ml inoculumsof 24 hoursold culture.

Bioremediation of chicory wastesusing bacterial
inulinase

Theuseof agro-industria residuesassubstratefor
inulinase bio-productionisagood choiceto reduce pro-
duction cogsts, Since enzymeactivity will beimproved
and the downstream step of the processwill beviable
technicaly and economically. In addition, thescreening
of microorganismsthat are ableto overproduceinuli-
nase using these substratesisfundamentd to guarantee
successful competi bility with medium constituents?Y,
Variousagro-wastessuch as Coffee Seeds (3%), Agave
+ Cassava, Coffee+ Chicory Seeds, Effluent of Cof-
fee Industries, Formulated Medium, Inulin (Pure) +
Formulated Medium were collected inaratio of 1.3,
the pretreated inulin-containing agro-wasteswere con-
pleted to avolumeof 1000 mL and used asawholein
thefermentation medium asasole sourceof carbonfor
inulinase production. The static and shaking conditions
were supplied to the fermentation processto obtain
maximum inulinase production.

Enzymeassay

Crudeenzymewas purified usng cheesecloth and
centrifuged a 10,000 gfor 10 min and supernatant was
used ascrudelnulinase. 1 ml Enzymewasmixed with
0.3gm%purelnulin (SRL) aspreparedin 0.1M Ac-
etate buffer (pH- 4.8). The mixturewasincubated at
50°C for 10 minutes and the reducing sugar was deter-
mined by 3, 5-dinitrosalisylic acid method®. Oneunit
of Inulinaseactivity isdefined astheamount of enzyme
necessary to hydrolyze 1 p mol /minof fructose at
50°C temperature and pH 4.8.

Inulinaseactivity
Inulinaseectivity! wascd culated us ngtheformula
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A=CC_/180vt

Where, A = Inulinase activity (U/ml.), C,=reducing
sugar formed after Inulinhydrolysis, C_=reducing sugar
present in control sample, v =volumeof liquid culture,
t=timeof hydrolysis, 180 = molecular weight of fruc-
tose.

RESULTSAND DISCUSSION

FAME analysis

Theresultsof FAME andysisreved that theisolate
which was collected from Chicory farms, Vadtal,
Gujarat, India, on Inulin agar mediumwasidentified as
Acinetobactercal coacitecus. TABLE 1 representsthe
dataanaysisof A.cal coacitecus.

Volume: DATAL, File: E09C226.71A; SampCir:
3 1D Number: 2000; Type: SampBottle: 2 Method:
RTSBAG; Created: 12/22/2009 4:24:43 PM; Sample
ID:NT

Matches:
Library Sim Index Entry Name
RTSBAG 6.00 0.244 Acinetobacter-calcoaceticus

Timecour sefor inulinase production

ThelnulinaseproductionwascheckedinInulinbroth
medium under static conditionat 37°C. After 48 hours,
thelnulinaseactivity wasfoundto behighest about 1.443
U/ml (Figure2). Ininulin, the highest production of in-
ulinasewas 2.8 U/ml using Candida pseudotropicalis.
14.6 U/ml for C. kefyr, 18.7 U/ml for C.
pseudotropicalis, 18.4 U/ml for Kluyveromyces
marxianus var. bulgaricus, and 14.3 U/ml for K.
fragilig®.

Effect of inulin concentration on inulinaseproduc-
tion

Using purelnulin (SRL) asasubstrate, the differ-
ent concentrations (Figure 3) areincorporated in broth
medium and Inulinase production is checked after 48
hrs. The highest production of Inulinasewas0.674 U/
ml with chicory root (1.5%) and 0.655 U/ml protein
using 3.0 % pure Inulin. Further, concentrations of
chicory root powder higher than 1.5% was found to
represstheInulinase production. Theresultsshow that
theenzymeisaninducibleenzymé.
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TABLE 1: FAME analysisdata.
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RT Response Ar/Ht RFact ECL Peak Name Per cent Comment1 Comment2
0.6838 295106 0.006 6.6490 <minrt
0.6945 1.128E+9 0.021 6.7218 SOLVENT PEAK <minrt
0.7870 158257 0.015 7.3516 <minrt
1.3550 740 0.010 1.115 10.9479 SumIn Feaure?2 0.47 ECL deviates-0.005 unknown 10.9525
1.5938 7558 0.010 1.059 12.0004 12:.0 4.59 ECL deviates 0.000 Reference 0.004
1.7263 725 0.010 1.035 125025  unknown 12.502 ECL deviates 0.000
1.9168 2611 0.010 1.007 13.2031 12:0 20H 151 ECL deviates -0.001
1.9986 4143 0.009 0.997 13.4831 12:0 30H 2.37 ECL deviates 0.000
2.1495 5997 0.010 0.980 13.9999 14:.0 3.37 ECL deviates 0.000 Reference -0.002
2.3089 742 0.011 0.965 14.5170  unknown 14.502 ECL deviates 0.001
2.3439 486 0.009 0.962 14.6305 15:.0is0 0.27 ECL deviates -0.002 Reference -0.005
2.4585 1191 0.009 0.953 15.0022 15:.0 ECL deviates 0.002
2.5132 415 0.010 15.1741
2.6225 8916 0.009 0.941 155175  Sumn Feature2 4.82 ECL deviates0.002  14:0 30H/16:1iso|
2.6402 900 0.009 0.940 15.5731 16:0 N alcohoal 0.49 ECL deviates -0.001
2.7246 28137 0.009 0.935 15.8381 SumIn Feature3 15.10 ECL deviates-0.002  16:1 w7c/16:1 wéc
2.7764 44264 0.009 0.933 16.0010 16:.0 23.69 ECL deviates 0.001 Reference -0.004
2.9791 501 0.011 0.924 16.6364 17:0is0 0.27 ECL deviates-0.001 Reference -0.006
3.0362 2516 0.010 0.922 16.8155 17:1 w8c 1.33 ECL deviates 0.000
3.0678 1121 0.010 0.920 16.9145 17:0cydo 0.59 ECL deviates 0.000
3.0957 2338 0.009 0.920 17.0019 17:.0 1.23 ECL deviates 0.002 Reference -0.004
3.2109 790 0.009 17.3649
3.2240 1721 0.011 17.4059
3.2856 989 0.009 0.915 17.5999 18:3w6c (6,9,12) 0.52 ECL deviates 0.000
3.3224 1647 0.012 17.7158
3.3469 53889 0.010 0.913 17.7931 18:1 w9c 28.25 ECL deviates-0.001
3.3629 14389 0.009 0.913 17.8433 SumIn Feaure8 7.54 ECL deviates-0.004 18:1w7c
3.3905 560 0.011 0.913 17.9304 18:1 whc 0.29 ECL deviates-0.007
3.4123 5882 0.009 0.912 17.9989 18:.0 3.08 ECL deviates-0.001 Reference -0.007
3.4506 1042 0.014 18.1227
3.5266 814 0.015 18.3684
3.5433 386 0.009 18.4223
3.6325 4594 0.010 18.7104
3.7026 425 0.010 0.911 18.9370 19:0 cyclow8c 0.22 ECL deviates 0.005
3.9351 8329 0.010 19.7068
4.2284 11503 0.010 20.6751 > max rt
9655 Summed Feature 2 5.29 12:0 aldehyde ? unknown 10.9525
- e - 16:1is01/14:030H  14:030H/16:lis0|
- 28137 - Summed Feature 3 15.10 16:1 w7c¢/16:1 wéc 16:1 wbc/16:1 w7c
- 14389 - Summed Feature 8 7.54 18:1 w7c 18:1 wéce

ECL Deviation: 0.002; Reference ECL Shift: 0.005; Number Reference Peaks: 7; Total Response: 206101 Total Named: 186362;
Percent Named: 90.42%; Total Amount: 176873
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Figure2: Production curvefor Acinetobacter calcoacitecus.
Effect of carbon sour ceson inulinase production

It has been reported that different carbon sources
haves gnificant influencesoninulinase production(*®. A
number of carbon sources (Figure4) wasused as sub-
strate with fixed concentration of 1.5 gm% incorpo-
rated into the medium and Inulinase production was
checked after 48 hours. The highest production of In-
ulinase using Inulin and Fructosewas0.546 U/ml and
0.376 U/ml activitiesrespectively. Theactivity wasob-
tained as 0.246 U/ml with Chicory root powder. In-
deed, as shown in Figure 4, inulinase production by
Acinetobactercal coacitecus was also influenced
greatly by different carbon sourcesin the medium.

Figure 3 : Effect of substrate (pure inulin) on enzyme
production.
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Figure4: Effect of carbon sour ceson Inulinase production.

It can beseen clearly from Figure4 that inulinwas
the best carbon sourcefor inulinase production, and
fructose wasthe second better sourcefor it. However,
thelowest inulinasewas produced in the medium con-
taining xylose. Thismay beduetoxyloserepressionon
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inulinase synthesisinthe cells. Other different carbon
sources used had no notableinfluenceson cell growth
of the Acinetobacter calcoacitecus (Figure4).

Effect of agro-waste concentration on inulinase
production

Recently, anumber of research projectshavebeen
focused onthe useof agricultural wastes assubstrate
for the production of commercidly important enzymes®.
Agro-waste used as carbon source was Chicory pow-
der, with various concentrations (Figure 5) and Inuli-
nase activity was checked after 48 hours. The higher
Inulinase activity was obtained as 0.843 U/ml using
chicory powder in 1.5 gm % concentration.

1.2 4
14
0.8

0.6

0.948
0.389
0.4
0.402
0.255
0.2
0471
0.g24
o]
4 i 15 2 25 2

-0.2

Inulinase Activity (U/ml)

Concentration (gm %)
Figure 5 : Effect of chicory concentration on inulinase
production.

Effect of temperatureon inulinase production

Thelnulin broth flasks areincubated at different
temperatures (Figure 6) and Inulinase production after
48 h using Pure Inulin and Chicory powder. The opti-
mum temperaturewasfound to be 37°C and 45°C us-
ing Chicory and pure Inulin assubstratesrespectively.
Cho and Yun®! have shown that X anthomonasoryzae
produce an endoinulinase having optimum temperature
of 50° C whereas Abeert indicated that Streptomyces
griseusproducesaninulinase having optimum tempera-
tureof 40° C. F. oxysporum®, Penicilliumjanczewskii@
andA. niger™® produceinulinasesoptima a 30...40UC,
indicating that theoptimal temperaturesof inulinasesfrom
different speciesof microorganismsaresignificantly dif-
ferent.

Effect of medium pH on inulinaseproduction

Thelnulin broth flasks containing mediaare pre-
pared at different pH (Figure 7) and the Inulinase pro-
ductionischecked after 48 hrstheactivity wascalcu-
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lated as0.832 U/ml using Inulinand 0.164 U/ml using
chicory powder.
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Figure6: Effect of temperatureon inulinaseproduction.
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Figure7: Effect of medium pH on inulinase production.
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The optimum medium pH wasfound tobe 5.0 us-
ing Inulinand chicory powder assubstrates. Thislow
pH could beadvantageousin theindustria preparation
of sugar syrups because at low pH, thereisreduced
colour formationwhichisdesirablé®. Inulinasesfrom
A. niger were found to have an optimum pH at 4.4,
inulinases produced by A. versicolor havethe optimal
pH at 5.5 and Penicilliumj-anczewskii produces
inulinaseswith optimal pH a 4.8-5.012. Inulinasespro-
duced by A. ochraceusareoptimal at pH 4.5*Y. There
areinulinaseswith lower optima pH: K. marxianuspro-
ducesinulinaseswhich havethe highest activity at 3.5'3
and Pichiaguilliermondii at 3.4,

Bioremediation of agrowastesusing bacterial in-
ulinase

Theinulinase activity wasfound to be consistent
with various Argo wastes used (TABLE 2). In the
bioremediation of such agricultural by-products by
Acinetobactercal coacitecus,inulinaseintroducesfea
sible benefit trendsin vari ous economic and environ-
mental aspects, wherein fructoseis produced during
thefermentation process®. Maximuminulinaseactivity
wasfoundwithinulinincorporated informulated media
under static conditions(TABLE 2).
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TABLE 2: Bioremediation of agrowastesusing bacterial inulinase.

Agro wastes Fructose Production  Protein estimation I_nl_JIinase _Specific
(ngm/ml) (ngm/ml) Activity (U/ml) Activity (U/mg)
Conditions Static Shaking  Static  Shaking Static Shaking Static Shaking
Coffee Seeds 2440 2400 215 203 1.355 1.333 0.0063 0.0065
Agave + Cassava 2562 2443 263 249 1422 1357 0.0054 0.0054
Coffee + Chicory Seeds 2623 2508 289 290 1457 1.393 0.0050 0.0048
Effluent of Coffee Indudtries 2351 2199 264 208 1.306 1.221 0.0049 0.0058
Formulated Medium 2916 2811 262 257 1620 1561 0.0061 0.0060
Inulin (Pure)+ Formulated Medium 3957 3869 249 238 2195 2149 0.0088 0.0090

CONCLUSIONS

Inthiswork, optimizations of medium components
wereachievedto get maximuminulinaseproductionfrom
identified culture Acinetobactercal coaceticus. Among
thevariables, Inulin contai ning chicory powder was
found to bethemost sgnificant variablefrom other car-
bon sources. From further optimization studiestheop-
timized vauesof thevariablesfor inulinase production
wereasfollows: chicory powder - 1.5gm %, Inulin—
3.0gm %, at 37 ° C temperaturesfor 48 hoursat 5.0
pH. Thisstudy showed that theinulin containing chicory
waste constitutes a good carbon source for the pro-
duction of inulinase. Using theoptimized conditions, the
produced activity reaches 1.443U/ml after 48 hour. The
results show aclose concordance between the expected
and obtained activity level. The present study there-
fore, highlightstheimportance of microbid inulinasein
thehydrolysisof inulin and production of fructosewhich
can beusedinvariousindustries. Infuture, aprocess
for continuous production of fructose syrups can be
developed by immobilization of theextracted enzyme.
Besdestheproduction of fructoseand exo-inulinaseit
could also have abeneficia environmental impact by
bioremediation of inulin containing agro-wastes asit
could serve asthe carbon sourcefor the production of
exo-inulinase
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