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Endochitosanase Produced by Bacillus sp. P21 as a Potential Source for the Production of Chi-
tooligosaccharides. Park, Ro-Dong*, Yoo-Young Jo, Hyun-Chul Lee’, Chong-Su Cho’, and Do
Hyun Jo'. Department of Agricultural Chemistry, College of Agriculture, 'Department of Micro-
biology, Medical School, *Department of Polymer and Fine Chemical Engineering, College of
Engineering, Chonnam National University, Kwangju 500-757, Koreq, SDepartment of Biotech-
nology, Ajou University, Suwon 441-749, Korea—In an effort to develop a potent system for the pro-
duction of various dp (degree of polymerization) chitooligosaccharides, 32 enzymes or microbial systems
were screened for chitosanolytic acitivity using chitosan as a substrate. The efficiency of each enzyme
system was evaluated by the changes of turbidity and viscosity of chitosan solution, the amount of pre-
cipitate and the reducing sugar-producing activity in the enzymatic reaction mixture. Based on these assay
methods for the chitosanase activity, Bacillus sp. P21 out of 32 screened systems showed highly potent
endochitosanase, which was comparable with a commercially available enzyme (E7). Chitooligosaccharides
of dp 3-7 were separated by TLC as major enzymatic reaction products, suggesting that the chitosanase

from Bacillus sp. P21 be endo-splitting type.
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Table 1. Sources of the enzymes

No. Enzyme Company Source Activity

El Chitinase Wako Chem. Bacillus. sp 0.065 U/mg
E2 Chitinase Sigma (C-6137) Streptomyces griseus 4 U/mg

E3 Chitinase Sigma (C-1650) Serratia marcescens 1 U/mg

E4 Protease Sigma (P-4880) Papaya 0.5 U/mg
ES Protease Sigma (P-6911) Streptomyces griseus -*

E6 Peroxidase Sigma (P-8125) Horse radish 90 U/mg
E7 Chitosanase Wako Chem. Bacillus pumilus BN-262 800 U/g
E8 Lysozyme Sigma (L-6876) Chicken egg white 58,100 U/mg
E9 Catalase Sigma (C-10) Bovine liver 1,600 U/mg
Ei0 Macerozyme Yakult Living cells -

Ell Cellulase Yakult Protoplast -

E12 Hemicelluase Sigma (H-2125) Aspergillus niger crude 0.051 U/mg
E13 Neuraminidase Sigma (N-2876) Clostridium perfringens 1.1 U/mg
El4 B-Glucuronidase Sigma (G-0876) Helixpomatia 107,200 U/mli
E15 Lyticase Sigma (L-8137) Arthrobacter luteus 2,500 U/mg
El6 Sulfatase Sigma (S-8629) Limpets 18 U/mg
E17 B-Glucosidase Sigma (G-8625) Almonds 5 U/mg
E18 Glucose oxidase Sigma (G-6891) Aspergillus niger 2,500 U/g
E19 Drieselase - - -

E20 o-Amylase Wako Chem. - 20 U/mg
E21 Pectinase Sigma (P-5146) Aspergillus niger 9 U/mg
E22 Pectolyse Sigma (P-3026) Aspergillus japonicus 3.9 U/mg
E23 Xanthine oxidase Sigma (X-1875) Butter milk 0.6 U/mg
P1 Culture supernate This lab Bacillus sp. -

P2 Culture supernate This lab Bacillus sp. -

P11 Culture supernate This lab Bacillus sp. -

P20 Culture supernate This lab Bacillus sp. -

P21 Culture supernate This lab Bacillus sp. -

P30 Culture supernate This lab Bacillus sp. -

P53 Culture supernate This lab Bacillus sp. -

P54 Culture supernate This lab Bacillus sp. -

Al Culture supernate This lab Aspergillus sp. -

*Not specified or measured.
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Table 2. Chitosanase activity of the enzymes by the decre-
ase in turbidity and precipitate of reaction mixture

Enzymes Turbidity Precipitation
E1l +++ ++
E2 +++ +++
E3 +++ +++
E4 ++++ +++
E5 +HH+++ +HH+++
E6 +++ +++
E7 - +
E8 ++++ ++++
E9 + +++

E10 + +++++
El1 ++ +H+4++
E12 +++++ +++++
E13 + ++4+4+4
El4 +++ +++
E15 ++ ++++
E16 ++ +++++
E17 ++++ +++++
E18 ++ +++++
E19 ++++ +++
E20 ++ +++++
E21 ++ +H++
E22 +++++ +++++
E23 + +++
P1 + ++
P2 +++ +H+
P11 +++ +++
P20 - +
P21 - +
P30 +++ ++
P53 + +
P54 +4+4+ ++
Al + +++

*Chitosanase activity was measured by the decrease in turbidity
and the amount of precipitate after incubation of each enzymes
with the substrate chitosan and neutralization. -; no turbidity or
precipitation (most active), +++++; heaviest turbidity or pre-
cipitation. (least active).
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Table 3. Chitosanase activity of the enzymes by the produc-
tion of total reducing sugar and free glucosamine

Source Chitosanase activity (U)
Reducing sugar Free glucosamine
El 6.12 0.31
E2 1.54 0.29
E3 2.02 0.15
E4 0.88 0.48
E5 0.70 0.10
E6 1.30 0.58
E7 9.99 0.60
E8 2.18 0.13
E9 0.84 0.03
E10 0.75 0.03
E11 1.06 0.17
E12 1.23 0.23
E13 0.86 0.00
El14 0.97 0.01
E15 1.06 0.03
E16 0.72 0.04
E17 1.32 0.38
E18 0.79 0.05
E19 0.97 0.06
E20 0.84 0.03
E21 0.92 0.02
E22 0.84 0.06
E23 10.44 0.01
P1 6.10 0.47
P2 3.30 1.32
P11 292 0.44
P20 10.59 0.44
P21 10.12 0.47
P30 7.01 0.86
P53 14.99 0.94
P54 2.39 0.02
Al 16.57 2.85

*The amounts of total reducing sugar and free glucosamine
were measured by the modified Schales method and Reissig
method, respectively, after incubation of each enzyme with the
substrate soluble chitosan. One enzyme unit defines as the pro-
duction of 1 pmole glucosamine equivalent per min at 37 C.
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Fig. 1. TLC chromatograms of chitosan chitooligosacch-
arides. Soluble chitosan was incubated with the each super-
natant of the screened Bacillus spp. P1, P2, P11, P20, P21,
P30, P53 and P54, and the products were analyzed by TLC.
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Fig. 2. Effect of enzyme reaction time on the composition of
chitooligosaccharides. Soluble chitosan was incubated with
the culture supernate of Bacillus sp. P21, for various time in-
tervals and the products were analyzed by TLC.
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Fig. 3. Viscosity changes of 1% chitesan solution during in-
cubation with the culture supernate of Bacillus sp. P21 or
commercial enzyme E7.
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Fig. 4. SDS-PAGE (A) and active staining of endochitosan-
ase after electrophoresis (B).

SDS-PAGE was performed in 10% polyacrylamide gel con-
taining 0.01% soluble chitosan. For active staining, the gel was
renatured, incubated and stained with Calcofluor white M2R. Ar-
row heads are the bands with chitosanolytic activity. The left
lane in panel A contains molecular weight markers as indicated.

e AR Hol olF Adv FE WWivkeEE 84

74t o2 FAEG. alnd o5 1FYHE
EZR) 3] WS #T AR B8 rhsie] &
H7= Ao} olFollA P21 -5 gEe F
74, F3d A4S, 2 exochitosanase &
3 Sl st A o), o3 FEEL ) EET
o) Aol A3 A4 YA FFE ZEFE

[l S S
oﬁo
Lo

>y

FELMSEOHSAO| BE EY

Fig. 2& 5 P210] AAbsl= &9} 7| EARS 1t
SA7IH Azbel] b FAAES] 24§ TLCE ¥4¢
Aolch MH-S-AIZHS 30858 4A1ZA] AR AR, B
A B DP 3-7 == 1 o)) 3gE 78S
aepolglon] ubEAzkel] wel 1 Aol ZA WA
edstrt. o)l= o] &A&v) o] (Transglycosylation
activity)& ZHeulA 71908 £5 91& Aot 27].

Fig. 3& 714 Ralaao) 71 AL ubg-Egele] A
A s BRSAIZbe] weEl A el K7 3
P21o} MAlsle 2R A T} FHo] A1&3] FlEALS] HA
& A ZTE o P219] wliof 592 2 AgAl)
A A wFE s 71 EA S99 A s 2
o] 7V Egkont, ole) FEAMESH A B ARE
4= E79) A% 93 A4 A4 g4 o= sl s
o, E79] A e mAA] Edldct. 2eivt E7& Al
F9 E42 olF 1 mg/ml2 FA3le] A}-4-8hd) vs}e]

jar



350 PARK et al.

DP1

- D
3 = 5
&n_—} \’N\,

Fig. 5. HPLC chromatograms of chitosan hydrolyzates. Solu-
ble chitosan was incubated with the culture supernate of Ba-
cillus sp. P21 or commercial enzyme E7, and the products
were analyzed by HPLC,

A; Mixture of standard chitooligosaccharides (monomer DP1 to
heptamer DP7), B; Chitosan hydrolyzate by P21, and C; Chi-
tosan hydrolyzate by E7
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