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Abstract — Purification and characterization of pectate lyase from Bacillus sp HSA-925. Bacillus
sp. HSA-925 isolated from soil produced constitutively an extracellular pectate lyase when cultivated
in LB broth. The pectate lyase(EC 4.2.2.2) was purified from the culture broth by preciptation
with ammonium sulfate, followed by column chromatography on CM-cellulose C-50 and repeated
gel filtration on Sephadex G-75. The enzyme had a molecular weight of 32-33 kDa. The activity
was maximum at pH 9.5 and 45T . The enzyme activity was stable at 55C for 15 min and between
pH 7-12. The activation energy, Km and V., for the pectate lyase were 5.8779 kcal/mol, 6.33X 1072
mol/m! and 2.09X 10? umol/min respectively. The enzyme was activated by Ca®*, Cu®* and inhibited

by Li', Hg’*, EDTA.
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Table 1. Morphological and biochemical properties of
the isolated strain HSA925

Shape

Spore(endo)

Gram stain

Aerobe

Catalase

Oxidase

Urease

Casein hydrolysis

Nitrate reduced to nitrite

Sulfate actively reduced to sulfide

Starch hydrolysis

Gelatin liquefaction

Citrate utilization

V.P reaction

M.R reaction

Indol productton -

Acid from D-glucose t
L-arabinose +
D-manmnitol +

Gas from glucose —

:

L+t o+

+ + + +
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Fig. 1. Electromicrograph of Bacillus sp. HSA925.
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Fig. 2. Column chromatography of the pectate lyase on CM-cellulose.
The column{1.3X25 cm) was eluted with a linear gradient from 0 mM to 800 mM NaCl in 50 mM Tris-HCI(pH
7.5) at a flow rate of 30 mi/hr; 4 ml fractions were collected.
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Fig. 3. Column chromatography of the pectate lyase
on Sephadex G-75(1st).

The column(1.3X 85 cm) was eluted with 50 mM Tris-
HCI(pH 7.5) at a flow rate of 15 mi/hr; 3 ml fractions
were collected.
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Fig. 4. Column chromatography of the pectate lyase
on Sephadex G-75(2nd).

The column(1.3 X85 cm) was eluted with 50 mM Tris-

HCI(pH 7.5) at a flow rate of 15 ml/hr; 2 ml fractions
were collected.

Table 2. Purification of pectate lyase from Bacillus sp
HSA925

Steps Total Specific Yield Fold
activity activity (%)
(Unit) (U/mg)
Crude 1570 0.83 100 1
Ammnium Sulfate 825 23.37 53 28
CM-Cellulose C-50 569 31.3 36 37
Sephadex G-75(1st) 383 39.9 24 48
Sephadex G-75(2nd) 363 75.6 23 91
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kDa

Fig. 5. The band of the pectate lyase in SDS-slab gel
electrophoresis from the homogeneous prepration.
Albumin, Bovine(a, 66 kDa), Albumin, Egg(b, 45 kDa),
Glyceraldehyde 3-phosphate Dehydrogenase(c, 36 kDa),
Carbonic anhydrase(d, 29kDa), Trypsinogen(e, 24 kDa),
Trypsin inhibitor(f, 20.1 kDa) and a-Lactatbumin(g, 14.2
kDa) were used as size standards in 12.5% SDS-polya-
crylamide gel electrophoresis.
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Fig. 6. Electropherogramatic determination of the mo-
lecular weight of Bacillus sp. HSA-925 pectate lyase(A)
and chromatographic determination of the native enz-
yme molecular weight by Sephadex G-75 column(B).
Albumin, Bovine(a, 66 kDa), Albumine, Egg(b, 45 kDa),
Glyceraldehyde-3-phosphate Dehydrogenase(c, 36 kDa),
Carbonic Anhydrase(d, 29 kDa), Trypsinogene(e, 24
kDa), Trypsin inhibitor(f, 20.1 kDa) and a-Lactalbumin
(g, 14.2 kDa) were used as size standars in 12.5% poly-
acrylamide gel electrophoresis. Albumin, Bovine(l, 66
kDa), Carbonic Anhydrase(2, 29 kDa) and Cytoch-
rome-C(3, 12.4 kDa) were used as size standars in Se-
phadex-75 gel chromatography.
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Fig. 7. Effect of pH on actinity of the pectate lyase.
Buffers used were potassium phosphate((1—L1), Tris-
HCI¢ O —1), and Glycine-NaOH(@ — @).

100 1

50

Relative activity (%)

6 7 8 9 10 11 12 13
Fig. 8. Effect of pH on stability of the pectate lyase.
The enzyme solution was incubated at various pH for
2 hrs at 25C. The remaining activity was measured
under the standard condition. Buffers used were pota-

sstum phosphate(— _1), Tris-HCI{( »— ), and Glycine-
NaOH(® —@).
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Fig. 9. Effect of temperature on the activity of pectate
lyase.
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Fig. 10. Heat stability of the pectate lyase.

The enzyme solution was preincubated at 45T (O), 55
C (1), 60T (@) and 65C () for various intervals. After
preincubation, the residual enzyme activity was measu-
red.
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Table 3. Effect of the metal ions on the pectate lyase
activity of Bacillus sp. HSA-925

[on Metal Relative activity(%)
Ca’* CaCl, - 2H,0 181.4
Cu*? CuCl, 129.7
Ph*~ Pb{CH;00). 126.7
Fe’* FeCl; -6H,0 119.8
Mn?* MnSO, -6H,O 116.7
Na* NaCl 102.5
K’ KCl 06.9
Co*t CoCl; -6H,0 101.0
Ba*~ BaCl, - 2H,0 87.5
Mg MgCl, - 6H.0 78.7
Cd*- CdClL 62.9
Li LiCl 53.5
Hg* HgCl, 43.8
EDTA 0
None 100.0

*Reaction mixtures containg 1 mM of each compound
were under the standard condition.

Vmax=2.09 X 1(* (umol/min)
Km=6.33X10 * (mol/D

I/V (X1 min/mol)

T 'w

“1/Km 4 & 12 16 20
179 (X107! 1/mob)
Fig. 11. Lineweaver-Burk plots of initial rate of hydrol-

ysis of poly-galacturonic acid (Na-salt) by the pectate
lyase at different substrate levels.
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Fig. 12. Arrhenius plot of the effect of temperature
on the pectate lyase.

The data include initial velocity determination at tem-
peratures between 20C and 55T, plotted against reci-
procals of temperature. The K represents the rate con-
stant of a reaction and E, is the activation energy given
Arrehenius equation.
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