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ABSTRACT

Anextracelular cell lytic enzymefrom Pseudomonas sp. wasactive on heet killed cellsof Xanthomonascampestris.
The Iytic activity caused enzymatic digestion of X.campestris xanthan gum. Digestion was effective for highly
viscous hative xanthan 2.0% (w/v) and 2.5% (w/v) commercia Sigmaxanthan. Scanning el ectron microscopy and
SDS-PAGE observations confirmed the cell Iytic action on X.campestriscells.
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INTRODUCTION

Xanthan gum secreted from Xanthomonas campestris is
viscous or jelly in agueous state. The high viscosity of xanthan
brothisamajor problem during removal of bacterial cell biomass
from the fermented broth. Centrifugation and heat treatment are
either ineffective at high viscosity or lead to degradation of
xanthan during isolation of cell free gum (4,11). The enzymatic
lysisof bacteria cellsinmicrobial brothis preferred for removal
of cells, asstructure of thegum is preserved and effective at high
viscosity. The present report describes technological application
of cell lyticactivity against X. campestrisin xanthan gumisolation.

MATERIALSAND METHODS

Microorganisms

Microbial strains of Xanthomonas campestris and
Pseudomonas spp. were local CFTRI isolates, maintained at
30°C for 48 h on sucrose agar medium containing (g/L): sucrose
20, Na,HPO, 3, KH,PO, 2, MgS0,.7H,0 1, tryptone 5, yeast
extract 1 and 2% (w/v) agar pH 7.0.

Cdl lyticenzymeproduction
The growth medium for Pseudomonas spp. had thefollowing
composition (g/L): sucrose 30, Na,HPO, 5, KH,PO, 3, K,S0, 1,

NaCl 1, MgSO,.7H.0 0.2, CaCl,.2H,0 0.02, FeS0,.2H,0 0.002,
tryptone 11, yeast extract 9, pH 7.0. The organism wasgrown at
pH 7.0in 500 mL Erlenmeyer flaskscontaining 100 mL sterilized
growth medium, inoculated with 5% (v/v) overnight culture
obtained at 28+2°C on a 250 rpm rotary shaker for 18 h. The
inoculated medium was incubated at 37°C for 24 h, on a 250
rpm rotary shaker. Cell free supernatant was obtained by
centrifugation at 8000 rpm for 20 min and used ascrude enzyme.

Production of Xanthan gum

Xanthomonas campestris was cultivated in 500 mL
Erlenmeyer flasks containing 100 ml sterilized medium
composed of (g/L): sucrose 45, peptone 4, Na,HPO, 5, KH,PO,
3,M@gS0,.7H,0 1, pH 7.0, and inocul ated with 5%ov/v overnight
cultureand incubated at 28+2°C on a 250 rpm rotary shaker for
72h. The xanthan broth was pasteurized at 70°C for 30 min.
and precipitated with 2.5% (v/v) isopropanol for xanthan
isolation. The precipitate was dried in an oven at 60°C. The
precipitate was dissolved in distilled water to various
concentrations, referred to as hydrated Xanthan solution
(CFTRI) in experiments.

Alkalineproteaseassay and cell lytic activity
Caseinolytic activity wasdetermined at pH9/45°C in 10 mM
Tris-HCI buffer (9). Oneunit of protease activity wasdefined as
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theamount of enzymethat released 1 g tyrosine per mininthe
assay conditions.

Cell lytic activity on X. campestriscell biomassin hydrated
xanthan solution was observed by decline of absorbance at
540 nm. The proteolytic activity associated with cell lytic activity
was assayed by pre-incubation of crude enzyme with 5 mM
PMSFfor 2 hat 27°C. The 1% (w/v) hydrated xanthan solution
diluted 1.1 (v/v) with distilled water was mixed with 10% (v/v)
with/without crude enzyme pre-incubated PM SF and incubated
at 50°C/pH8.0 for 3 h. Xanthan solution incubated without the
enzyme was used as control.

Lipaseactivity

Lipolytic activity was determined at pH 7.0/37°C in 0.1M
phosphate buffer (5). One unit of lipase activity was defined as
the amount of enzymethat released umol fatty acid per minin
the assay conditions.

B1-3 Glucanaseactivity

B1-3 Glucanase was determined a pH 7.0/40°C in 0.1M
citrate-phosphate buffer (2). A unit of activity was defined as
theamount of enzymethat released 1 ug of glucosein20 minin
the assay conditions.

Filter paper activity

Filter paper activity wasdetermined at pH 4.8/50°Cin 0.1M
citrate phosphate buffer (6). One unit of activity wasdefined as
the amount of enzyme that released 1 ug of glucosein 60 min.

Protein determination
Protein was assayed using coomassie blue with BSA asthe
standard (12).

Optimization of cell lyticactivity

The different dilutions of pasteurized xanthan broth were
mixed with 10% (v/v) crude enzyme and incubated at pH 6.0/
50°C for 6h in stationary condition, to determine the minimum
dilution required in highly viscous xanthan gum for effective
cell lytic activity. The decline in absorbance was recorded at
540 nm (1). Hydrated xanthan (0.25% w/v, CFTRI) 2 mL was
mixed with 1 mL crudeenzymeat pH 6.0 and incubated at various
temperatures to optimize cell lytic activity. Lytic activity was
optimized at 50°C and carried out at final pH of the enyme-
xanthan mixturei.e. pH 6.0.

Application of cell lytic activity in xanthan broth and crude
hydrated xanthan solution

Xanthan broth and distilled water in 1:1 (v/v) ratio were
mixed with 5% (v/v) crude enzyme at pH 6.5 and incubated on
100rpm shaker incubator for 18 h at 50°C. Commercial xanthan
(Sigma, 2% and 2.5% wi/v) with biomasswas hydrated and mixed
with 10% (v/v) crude enzyme at pH 5.5 + 0.5 for incubation on
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100 rpm shaker incubator for 4.5 h at 50°C. X anthan wasdiluted
withdigtilled water toaminimumof 1:3 (v/v) before measurement
of absorbance, as high viscosity of xanthan broth interfered in
thefilling of the cuvette. The declinein absorbancewasrecorded
at 540 nm. These experimentswere performed at thefinal pH of
the enzyme-xanthan mixture and pH adjustment was not
performed.

Xanthan hydrated solution (2% w/v, CFTRI, pH8.0) mixed
with 10% (v/v) crude enzymewasincubated at 50°C for 13.5h at
stationary condition. The viscosity of xanthan solution was
recorded by Brooksfield viscometer, spindle 1 (100, 50, 20 and
10 rpm) during the process of incubation. Xanthan solution
was diluted with distilled water by 1:1 (v/v) before absorbance
reading, as high viscosity of xanthan solution interferred inthe
filling of the cuvette for absorbance reading. Cell lytic activity
was measured as decline in absorbance at 540 nm, due to
enzymatic cell digestion of Xanthomonas campestris present
in crude xanthan hydrated solution.

Detection of cdll lysisby Scanning Electr on Microscopy (SEM)
and SDS-PAGE

The viscous fermented xanthan broth was diluted 1:5 (v/v)
with distilled water and centrifuged at 10,000 rpm to pellet X.
campestris cells. Harvested cells were purified by exhaustive
dialysiswith de-ionized water and lyophilized for storage at 4°C.
Mixture of 2 ml (0.6 mg/mL) lyophilized cell suspension and
lyophilized enzyme concentrate (190U caseinolytic) wasincubated
for time intervals from 30-90 min at 50°C. Treated cells were
washed with 10mM Tris-HCI buffer, pH8.0 and fixed in2% (v/v)
glutaraldehyde. Cell suspension was washed with 10 mM Tris-
HCI buffer, pH8.0 and dehydrated by an acetone series. Cells
were mounted on Al planchets coated with gold-paladium in a
Polaron sputter coater and observed in SEM (13).

SDS-soluble membrane proteins were extracted and
visualized on SDS-PAGE (10).

Cell lysiswasobserved on SDS-PAGE aslysisof total SDS-
soluble membrane proteins. The enzymatically treated and
control cellswerewashed with 10 mM Tris-HCI buffer pH 8.0,
lyophilized, mixed with 2% (w/v) SDSin gel loading buffer and
heated at 100°C for 5min.

RESULTSAND DISCUSSION

Cdl lyticenzymeand Xanthan gum production

Extracelular cell lytic enzyme from Pseudomonas sp. lysed
cells of X. campestris in fermented xanthan broth or hydrated
xanthan. The crudelytic enzymewas composed of protease (3200
U/mg), lipase (161 U/mg), B-1-3-glucanase (120 U/mg),
carboxymethyl cdllulase activity (72 U/mg). The concentration of
xanthan in 72 h fermented broth was 1.5%-2.1% (w/v) and cell
biomass was 0.2-0.35% (w/v). The viscosity of the fermented
broth observed at spindle 1, 20 rpm was 2220- 2540 cps.



Enzymaticclarification of xanthan

Maximum decline of absorbance of 76.7% and minimum
37.5% wasobservedin 1:6 and 1:1 dilutions of xanthan broth at
3h, respectively. The isolated lytic enzyme was active in
fermented broth consisting of spent medium and cells (Fig. 1).

Cell lytic activity inxanthan broth diluted 1:1(v/v) recorded
decline of 68.3% absorbance at 18 h (Fig. 2). Clarification was
effectivein highly viscous 2% and 2.5% (w/v) commercia sigma
xanthan as 75% and 71.5% declinein absorbance were observed
respectively (Fig. 3). The present report showsthat optimization of
pH conditionswas not apre-requisitefor enzymatic clarification
of xanthan. Murofushi et al. (7) reported clarification of xanthan
by an akaline protease and lysozyme at pH 7.5-8.5, which is
optimum for enzymatic action. Ernest et al. (3) reported
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Figure 1. Clarification of pasteurized xanthan broth at different
dilutions by Pseudomonas sp. cell lytic enzyme.
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Figure2 (1). Enzymatic clarification of xanthan broth.
Il Control; Xanthan broth and distilled water in 1: 1(v/v) ratio
were mixed without crude enzyme at pH 6.5 and incubated on
100 rpm shaker incubator for 18 h at 50°C. [ Test; Xanthan
broth and distilled water in 1:1 (v/V) ratio was mixed with 5%v/v
crude enzyme at pH 6.5 and incubated on 100 rpm shaker
incubator for 18 hat 50°C. (11) (A) Control, Xanthan broth: water
(2:1v/v) composed of spent medium with cells, incubated for 18
h/50°C. (B) Test, Xanthan broth: water (1:1v/v) incubated with
crude cell lyticenzymefor 18 h/50°C.

enzymatic clarification of xanthan by proteases from
Pellicularia sasaki or P. filamentosa in the range of pH 2-10 or
3.4-8for optimum enzymatic action. An US Patent (8) described
amethod in which sodium hydroxide was added to the xanthan
gum at low concentrations to adjust pH above 11 to effect
clarification. These reports required pH adjustment as a pre-
requisite for enzymatic clarification of xanthan, however the
enzymeweisolated did not require pH optimization. Hencethe
scale up operation for the isolated cell lytic enzyme in xanthan
clarification would be smplified.

Culturefiltrate used as a source of cell lytic activity had no
effect on the viscosity of xanthan broth. Xanthan solution (2%
w/v, CFTRI) on clarification at the optimal condition (pH 8.0/
50°C) of the cell Iytic enzyme recorded 64.5% decline in
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Figure 3. (I) Enzymatic clarification of Sigma Xanthan.
Il Control; Commercia xanthan (Sigma, 2% and 2.5% wi/v)
with biomasswas hydrated and incubated at 50°C/ pH 5.5+ 0.5
on 100 rpm shaker incubator for 4.5 h. ] Test; Commercia
xanthan (Sigma, 2% and 2.5% w/v) with biomass was hydrated
and incubated with 10% (v/v) crude enzyme at 50°C/ pH 5.5 +
0.5 on 100rpm shaker incubator for 4.5 h. (I1) Sigma xanthan
(2.5% v/v) clarified with crude cell lytic enzyme. (A) Control;
Sigma xanthan (2.5% wi/v) with biomass was hydrated and
incubated at 50°C/ pH 5.5 + 0.5 on 100 rpm shaker incubator for
4.5 h. (B) Test; Sigma xanthan (2.5% wi/v) with biomass was
hydrated and incubated with 10% (v/v) crude enzyme at 50°C/
pH 5.5+ 0.5 0on 100 rpm shaker incubator for 4.5 h.

absorbance (Fig. 4). Viscosity of broth at Oh was 3040 cps and
after enzymatic clarification 2960 cps, which indicated absence
of xanthan gum degradation (Table 1). Xanthan (2% w/v) isgel
like in appearance and its clarification at high viscosity has a
potential technological application.

Roleof alkalineproteasein enzymaticclarification

Culture filtrate was composed of akaline protease, lipase,
B1-3 glucanase and carboxy methyl cellulase. The PMSF
inhibited 86% protease activity in the crude enzyme and its
subsequent cell lytic activity recorded 18% decline in
absorbance at 540 nmin hydrated xanthan solution. Lytic activity
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inthe crude enzyme recorded 68% decline of absorbance. Hence
alkaline protease present in the crude lytic enzyme had amajor
rolein cell lysis. The other enzymes might have contributed to
cell lysisin crude xanthan solutions (Fig. 5).
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Figure 4. Enzymatic clarification of the reconstituted xanthan
(CFTRI) 2% wiv at optimal enzymatic conditions. Il Control;
Xanthan hydrated solution (2% w/v,CFTRI, pH8.0) was
incubated at 50°C for 13.5 h at stationary condition. ] Test;
Xanthan hydrated solution (2% w/v,CFTRI, pH8.0) was
incubated with 10% (v/v) crude enzyme at 50°C for 13.5 h at
stationary condition.
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Figure5. Cdl lyticactivity with inhibited proteolytic activity
of alkaline protease. ] Control; 1% (w/v) hydrated xanthan
solutiondiluted 1:1 (v/v) with digtilled water was mixed incubated
at 50°C/pH8.0 for 3 h. [ Test; 1% (w/v) hydrated xanthan
solution diluted 1:1 (v/v) with distilled water wasincubated with
10% (v/v) crude enzyme at 50°C/pH8.0 for 3 h. Il Proteolytic
Inhibition; 1% (w/v) hydrated xanthan solution diluted 1:1 (v/v)
with distilled water wasincubated with 10%(v/v)crude enzyme
(pre-incubated with 5mM PM SFfor 2 h at 27°C) at 50°C/pH8.0
for3h.



Table 1. Viscosity measurement by Brook Field viscometer at
Spindle1(100, 50, 20,10 rpm) at 50°C, during enzymic clarification
2%(w/v) xanthan (CFTRI), pH 8.0

SpindleNo.1 Oh 13.3h
(rpm) Control ~ Test  Control  Test
100 570 512 492 516
50 844 816 T2 82
20 1508 1520 1420 1500
10 2320 2360 2112 2200

- e -
_ Xanthomonas campestris
10 mm Mag = 10.00 K X
Photo No. 2/1 Detector  SE1

EHT=20.00 kV
lum |—H

WD= 10 mm
Photo No.=161

Mag= 10.00 K X
Detector= SE1

EHT=20.00 kV
1 pm

Xanthan gum clarification

SEM and SDS-PAGE of enzymaticcell lysis

Enzymatic digestion of X. campestris cells intiated from
loss of cell shapeto aggregated debris as recorded in scanning
electron microscopy. Enzymatic action on the cell was
generalized action onthe outer cell wall, asany localized action
was absent. Cell debriswere observed after 90 min and decline
of 69% in absorbance was recorded (Fig. 6). The cell debris
contributed to absorbance and as a result 100% decline in
absorbance or total removal of cells during clarification was
difficult to achieve.

The enzymatic action on cellswas confirmed by the lysis of
total SDS soluble membrane proteins. Thedeclinein absorbance

WD=9 mm Mag= 10.00 K X
Photo No.=161 Detector= SE1

60 Min

WD=
Photo

EHT=20.00 kV
lum —H

9 mm
No.=161

Mag= 10.00 K X
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Figur e 6. Scanning el ectron micrograph of Xanthomonas campestristreated with crude cell lytic enzymefor 30, 60 and 90 min.
a, Xanthomonas campestris cells; b1 and b2, intermediate stages of cell lysisat 30 and 60 min; c, cell debrisat 90 min.

61



S. Shastry and Prasad M.S. et al.

recorded earlier and lysis of SDS-soluble membrane proteins
could be correlated as SDS-soluble membrane proteins have a
rolein maintenance of cell integrity (Fig. 7).

We conclude that an extracellular enzyme isolated from
Pseudomonas sp. was active on Xanthomonas campestris and
could be used for X. campestris cell removal from xanthan broth
in the recovery step of gum production.
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Figure 7. Enzymic action on SDS-soluble membrane proteins
of Xanthomonas campestris. Lanel: Molecular mass standard
corresponds to phosphorylase (97.4 KDa); Bovine serum
albumin (68 KDa); Ovalbumin (43K Da); Carbonic anhydrase
(29K Da); Soyabean Trypsin inhibitor (20 KDa); Lysozyme
(14.3KDa); Lane 2; control; Lane 3; Test.
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RESUMO

Aplicacéo tecnoldgica deuma enzima celulolitica para
clarificagdo de goma xantana

Uma enzima extracelular celulolitica produzida por
Pseudomonas sp. foi ativa sobre células de Xanthomonas
campestrismortaspelo calor. A atividadelliticacausou adigestdo
enzimética de goma xantana de X. campestris. A digest&o foi
eficiente tanto para xantana nativa altamante viscosa (2,0% w/
V) como paraxantanacomercial Sigma(2,5% wi/v). Observagtes
por microscopia eletronica de varredura demonstraram a agdo
celulolitica sobre células de X. campestris.

Palavras-chave: xantana, Xanthomonas campestris, enzima
celulolitica
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