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Purification and Characterization of Chitinase from Antagonistic Bacteria Pseudomonas sp.
3098. Lee, Jong-Tae*, Dong-Hwan Kim', Jae-Ho Do, and Sang-Dal Kim'. Korea Ginseng & To-
bacco Research Institute. Taejon 305-345, Korea, 'Department of Applied Microbiology. Col-
lege of Natural Resources, Yeungnam University, Kyongsan 712-749, Korea - Plant root rotting
fungi, Fusarium solani are suppressed their growth by the chitinase which is produced from the anta-
gonistic soil bacteria. The chitinase producable antagonistic bacterium Pseudomonas sp. 3098 was select-
ed as a powerful biocontrol agent of F. solani from ginseng rhizosphere. The antagonistic Pseudomonas
sp. 3098 was able to produce a large amount of extracellular chitinase which is key enzyme in the
decomposition of fusarial hypal walls. The chitinase was purified from cultural filtrate of Pseudomonas
sp. 3098 by the procedure of ammonium sulfate precipitation, anion exchange chromatography, gel fil-
tration on Bio-Gel P-100, and 1st and 2nd hydroxyapatite chromatography. The molecular mass of the
purified enzyme was ca. 45 kDa on SDS-PAGE. The optimal pH and temperature for the activity of
purified chitinase were 5.0 and 45, respectively. The enzyme was stable in pH range of 5.0 to 9.0
up to 50C. The enzyme was significantly inhibited by metal compounds such as FeCl,, AgNO, and
HgCl,, and was slightly inhibited by p-CMB, iodoacetic acid, urea, 2,4-DNP and EDTA. The enzyme
had ability of digestion on colloidal chitin and chitin from shrimp shell, but could not digest chitosan
and chitin from crab shell. Km value of the enzyme was 0.11% on colloidal chitin, and the maximum

hydrolysis rate of the enzyme was 34% on colloidal chitin.
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Fig. 1. Ion exchange chromatography of chitinase on DEAE-
cellulose column.

The column (2.1X7 cm) was equilibrated with 5 mM Tris-HCl
buffer (pH 7.2). The enzyme adsorbed was eluted by a stepwise
elution of NaCl concentration in 5 mM Tris-HCI buffer solution
at the flow rate of 18 ml/hr, and the 3 ml fraction was collected.
—&—, Protein amount; —@—, Chitinase activity; ------ , NaCl con-
centration.
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Fig. 2. Gel filtration of chitinase on Bio-Gel P-100.

The column (1.6 X 70 cm) was eluted at the flow rate of 8 ml/hr

with distilled water, and the 2 m] fraction was collected.

—O—, Protein amount; —@-, Chitinase activity.
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Fig. 3. 1st hydroxyapatite column chromatography of chitinase.
The column (2.2X 7.0 cm) was equilibrated with 10 mM potas-
sium phosphate buffer (pH 6.8). The enzyme absorbed eluted by
a linear gradient of potassium phosphate concentration at the
flow rate 8 ml/hr, and the 2 ml fraction was collected.

—O—, Protein amount; —@—, Chitinase activity; — , Concentra-
tion of potassium phosphate buffer (pH 6.8).
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Fig. 4. 2nd hydroxyapatite column chromatography of chi-
tinase.

The column (2.2X4.0 cm) was equilibrated with 10 mM po-
tassium phosphate buffer (pH 6.8). The enzyme absorbed eluted
by a linear gradient of potassium phosphate concentration at the
flow rate of 12 ml/hr, and the 1.5 ml fraction was collected.
—O—, Protein amount; —@—, Chitinase activity; — , Concentra-
tion of potassium phosphate buffer (pH 6.8).
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Fig. 5. Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis of purified chitinase.

The purified enzyme was electrophoresed on a 7.5% polyacryl-
amide slab gel with 0.1% SDS. Lane A, Molecular mass markers
(in kDa). Lane B, Purified chitinase.

A AsH= chitinase®] 4 pH 5.0% kiAo 2 A9
A=) 3}t

Pseudomonas sp. 3098°] AAFs}= chitinase®] pH ¢t
A& ZAEZ A= Fig. 7914 2E uie} 22e] pH
5.0~9.0717] 2] Welol|A 80% ©]Are] AEFAAEE o}
gtuigic}. pH 3.0¢14%E F 50%, pH 4.0¢14< <F 75%
9 ALFATE veidleH, pH 10.0414 = 3243
Ag=]o] oF 40%2] AEZAAEE el

20| AUBF  Pseudomonas sp. 30980] AWALsL= chi-
tinase®] Aol WX 29 3L HEI} A=
Fig. 83} #o] 45CelA HHEAAS et ol=

B. licheniformis[ 261, Streptomyces themoviolaceus[ 28] %

Table 1. Summary of the purification of the chitinase from Pseudomonas sp. 3098

Purification step Total Protein Total activity Specific activity Purification Recovery

(mg) (units) (units/mg) fold (%)
Culture filtrate 1,963.4 12,095.4 6.2 - 100.0
Salting out and dialysis 861.3 9,917.5 11.5 1.85 82.0
DEAE-cellulose chromatography 196.2 4,626.3 23.6 381 382
BIO-GEL P-100 gel filtration 121.5 3,701.2 30.5 492 30.6
1st Hydroxyapatite chromatography 20.6 1,521.3 73.8 11.90 12.6
2nd Hydroxyapatite chromatography 72 702.5 97.6 15.74 5.8
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Fig. 6. Effect of pH on activity of the purified chitinase.
—&- : 0.1 M Citric acid-sodium citrate buffer,
—- : 0.1 M Clark and Lubs buffer.
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Fig. 7. pH stability of the purified chitinase.
—-:0.1 M Citric acid-0.2 M Na,HPO, buffer
——:0.1 M Clark and Lubs buffer.
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Fig. 8. Effect of temperature on activity of the purified chi-
tinase.
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Fig. 9. Thermal stability of the purified chitinase.
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Table 2. Effect of metal jons on the chitinase activity from
Pseudomonas sp. 3098

Table 4. Substrate specificity of the chitinase from Pseudo-
monas sp. 3098

Metal ions Residual activity (%) Substrates Relative activity
None 100.0 Colloidal chitin 100
MgSO, - 7H,0 83.4 Chitin (shrimp shell) 433
CoCl, - 6H,0 80.8 Chitin (crab shell) 0
CuSO, - SH,0 97.3 Chitosan (crab shell) 2.0
ZnS0, - 7H,0 87.0 Glycol chitosan 0
FeCl, - 6H,0 481 o-Cellulose 4.0
HgCl, 28.1 Soluble starch 2.6
CaCl, 94.4
KCl 100.0 20
MnSO, - xH,0 95.8
AgNO; 436 18
Pb(CH,CO0), 91.1 16 Km=0.11%
Table 3. Effect of chemicals on the chitinase activity from 14
Pseudomonas sp. 3098 c 12
Chemicals Residual activity (%) E
None 100.0 c 104
NaF 91.9 2 5
p-DMBA 101.5
SDS 102.0 6
Urea 78.4 4
Na,HAsO, 91.1
p-CMB 72.9
2,4-DNP 79.0
o-Phenanthroline 89.5 6 B I m— I T ]
Iodoacetic acid 73.7 -10 0 10 20 30 40 50 80
EDTA-2Na 83.4 1/S(%)"

*p-DMBA; p-dimethylaminobenzaldehyde, SDS; sodium do-
decyl sulfate, p-CMB; p-chloromercuribenzoate, 2,4-DNP; 2,4-
dinitrophenol, EDTA; ethylene diamine tetra acetate.

o mlx= 25 3shEA ] 23S ZHES ZI= Table
3%} z¥o] organic mercurialo] T A F2uUel] -SH
groupell =2 A 3}A3S 7HX 2 gl -SH group en-
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A FABAS Atk 2 o= duA edl4], &
AgolME 10° MellA oF 27% E484S Aefsidr.
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dubg o2 10° MellX] EA8Ae Adske 202 o
A sdsdl(4], & A= 107 MellA 26% A= &
284S A}t =3 urea, 2,4-DNP ¥ 549
chelates| 2l EDTA® oF 20%WH 9] 9] A484E& A 3li3}
sk At 18 3EAE, % anionic detergent?l
SDS 2 7+ A4 A 52 Eagol A d¢s
o] 2] ofsket,

JIER01d
7% 71AE ARl ASe S 2R Aoe

Fig. 10. Lineweaver-Burk plots for the determination of Km
value of chitinase.
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22
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3= Fig. 115} 7o) 103 uk-5-A) oF 18%, 1417} vk
ok 25%2] HeS Hygor, 2447 kA HE
$-0] 34%ich.
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Fig. 11. Progressive curve of colloidal chitin hydrolysis by
the chitinase.
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