Reconstruct the product specificity of chitinase
by genetic protein engineering (1)--Gene cloning
and catalytic ptoperty

NSC 89-2113-M-009-020-
89 8 1 90 7 31

O 0O O O

90 10 25



N S §SC 89-2113-M-009-020-

89 8 1
( NCTU2)
15.6
58%
37 kDa pl 6.3 60
pH6.6
45~60
“ANNLGSKLLVGYWHN?”
Bacillus cereus  ChiA

Bacillus NCTU2

Bacillus cereus

Abstract

A chitindegrading Bacillus strain (designated as
NCTU2) was screened from soil and identified.
An extracdlular chitinase was induced and
purified. The purification process to gain 58%
yied and 15.6-fold
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purification involved two chromatographic steps
including a hydrophobic interaction column and a
ge-filtration column. The purified enzyme was
characterized to be a monomeric protein with the
Mr value of 37 kDaand d 6.3. It is thermdly
stable a 60 C, pH 6.6 for more than 3 h. The
optimd activity is in the range of 45 to 60 a
neutrd pH. The purified enzyme hydrolyzed
chitin tetreose, and chitin hexaose to form
N,N’ -diacetyl chitobiose (chitin biose) as the sole
product. The disaccharide was the predominant
product through out the enzymatic time-course
reaction. Indicate that the purified chitinase is an
exo-chitinase. The first 15 N-termind amino acid
sequence IS determined to be
“ANNLGSKLLVGYWHN”.
sequence in Genbank, the ChiA of Bacillus

identicdl.  PCR

By searching this

cereus was found to be
amplification was then employed for gene cloning
on the NCTU2 grain. Complete gene sequence
revealed that only 7 amino acids are found to be
different between the two enzymes Although
genetic informetion of this enzyme is known, the
correspondent chitinase from B. cereus has not yet
been purified and studied.

Introduction



Chitin, an inoluble linear  b-(1,4)-linked
N-acetylglucosamine (GIcNAc) polysaccharide
[1,2], isamgor structure component of fungd cdl
wdl and the exoskeetons of

induding insects and crustaceans[3,4].

invertebrates,
It is one
of the most abundant natura  occurring
polysaccharides and has attracted tremendous
atention in the fidds of agriculture, pharmacology,
and biotechnology [5-7]. Thislinear polymer can
be hydrolyzed by base or acid or aternatively by
enzymes such as lysozyme, some glucanases and
chitinase.  Chitinases (EC 3.2.1.14), an essentia
enzyme caayzing the converson of chitin to its
monomeric or oligomeric component, have been
found in a wide range of organiams including
bacteria [8,-10], plants [11], fungi [12], insects
[13], and crustaceans [14]. Plants produce
chitinases as a defense againg funga pathogens
[15-17]. Because chitinis not found in vertebrates,
it has been suggested that inhibition of chitinases
may be used for the trestment of fungd infections
and human parastoss. In addition to the
potential applications of chitinase itsdf, the chitin
oligosaccharides [(GIcNAC),] have been found to
function as antibecterid agents, dicitors, lysozyme
inducer, and immuno-enhancers [18]. Due to
these biologicd interests, the preparation of
N- acetylchitooligosaccharides is becoming one of
the new targets in carbohydrates industry. To
prepare chitin  oligosaccharides  with  specific
degree of polymerization is particularly vauable.
To pursue this god a chitinase from Bacillus sp.

NCTU2 was purified and characterized, and the
correspondent gene was cloned and studied.

M aterials and methods
Chemicals.  Buffers, ~ N-acetylglucosamine,
purified chitin, carboxy methyl-chitin, ammonium
aulfate, standard molecular weight markers, and
isodectric  point  (pl) <andard  proteing(pl
4.45-9.6) were purchased from Sigma-Aldrich
Inc. (St. LouisMO). Phenyl sepharose, Sephadex
G-75, HiTrgp SP, and HiTragp Q resin was
purchased LKB(Uppsaa,
Sweden).

Preparation of colloidal chitin. Colloida chitin

from Phamacia

was prepared from commerciad chitin by the
method of Roberts and Sditrennikoff [19] with
few modifications described as follows 5 grams
of chitin powder was added dowly into 60 i of
concentrated HCI and left at 4°C overnight with
vigorous dtirring. The mixture was added to 2 liters
of ice-cold 95% ethanol with rapid irring and
kept overnight at 25°C. The precipitate was
collected by centrifugation a 5000 g for 20 min at
4°C. The precipitate was washed with Serile
digilled water until the colloidd chitin became
neutra (pH 7.0), then dried by lyophilization.
Microorganism screening and identification.
A becterid drain from soil was isolated by usng
colloidd chitin as a sole carbon source.  This
drain was further identified as a Bacillus sp. by
Centraalbureau Voor Schimmelcultures (CBS) in
The Netherland.

A single colony was inoculated into 5 ml of



LB medium containing 1% colloidd chitin and
incubated at 37°C for 24 h on a rotary shaker. 5
ml of the overnight culture was inoculated into a
2-L Erlenmeyer flask containing 500 ml of the M9
medium (containing the following sdts per liter:
NaHPO,, 0.65 g, KH,PO,, 1.5 g, NaCl, 0.25 g,
NH,Cl, 05 g, MgSO,, 0.12 g, CaCl,, 0.005 g)
supplemented with 1% colloidd chitin and further
incubated for 72 h. The culture broth was
centrifuged a 4°C for 20 min at 15,000 g. The
supernatant was collected for further purification of
the enzyme.

Purification of chitinase. The supernatant
obtained from las manipulation was then
concentrated by ~50-fold with rota-evaporator at
35 °C. The resaulting sample solution (12 ml)
was then loaded onto a hydrophobic interaction
column (high performance phenyl sepharose
Pharmacia Co.) with 1M (NH,),SO, as initid st
concentration.  Fractions with chitinase activity
were pooled (18 ml) and subjected to
concentration by 10-fold. The resulting solution
was loaded on a G-75 gd filtraion column
(2.5x30 cm) with phosphate (20mM, pH7.0) as
duent. The active fractions were collected |,
pooled, and used for further study.

Enzyme activity assay. Chitinase activity was
andyzed by egtimating the reducing end of sugars.
The assay was performed by mixing 0.3 ml of 1 %
colloidd chitin, pH 6.6 and 0.3 ml of suitably
diluted enzyme. After incubation for 10, 20, and

30 min, individudly, at 37 , hydrolyss reactions

were terminated and andyzed by adding 0.6 ml of
dinitrosdlicylic acid reagent [20]. The mixture
was boiled for 15 min and chilled and centrifuged
to remove insoluble chitin.  The resulting adduct
of reducing  sugas were  measured
spectrophotometricaly a 540 nm. The extinction
coefficient of the resulting adduct (at 540 nm) was
determined to be 788 M'cm®  when
N-acetyl-D-glucosamine was the reducing sugar.
One unit of chitinase activity is defined as the
amount of enzyme required to rdlease 1 [Imole of
detectable reducing sugars at 37 °C in 1 minute.
Protein determination. The protein content of
the enzyme preparation was determined either by
the bicinchoninic acid (BCA) method as described
in the manufacturer’ s protocol (Sigma Co. BCA-1,
Kit for protein determination) or by UV absorption
at 280 nm.

Amino acid analyss. The N-termind amino
acid sequence of purified chitinase was determined
with a Milligen 6600.
Products analyss.  The products of the
enzymdic hydrolyds were andyzed by HPLC.
After enzymdtic incubation, 2 volumes of
acetonitrile were added to the reaction solution.
Trace amount of insoluble materid was removed
by centrifugation. The resulting solution was then
subjected to andysis. HPLC (Waters C626)
coupled with a light
(PL-ESL1000, UK) was used to determine the
oligosaccharides in dl samples. An IB-SIL NH2

column (50, 4.6x250 mm, Phenomenex, CA,

scattering  detector



USA) was employed. The mobile phase was a
water/acetonitrile (2:3)mixed solvents with a flow
rateof 0.8 ml/min.

PCR cloning. On the bass of the ChiA from

B.cereus, two primers were designed for PCR

cloning shown s follows:
5 -GGAGTGTTCATATGTTAAACAAGTTCA
AAT-3, and 5 -ATTAA

AGCTTTACTTTGITATTTTTGCAAGGAAAG
-3 (The underline showed the location of dart
coden and the correspondent stop coden).
Genomic DNA was isolated based on the protocol
reported (ref.). The PCR amplification condition
for each cycle was st as follows: 95 (1 min), 55
(1.5 min), and 72 (1 min), with totd 30 cycles.
The correspondent Chi gene from NCTUZ2 was
then condructed into pCR cloning vector

(Stratagene Co.), and sequenced  with

dye-terminator cycle sequencing on ABI 310.

Resultsand discussion

Microorganism screening and  enzyme
induction. Some microorganisms screened by
usng colloidd chitin as a sole carbon source were
isolated from soil. A chitin-degrading bacterium,
which formed the largest clear zone on 1%
colloidd chitin plate, was isolated, identified and
designated as Bacillus sp. NCTU2. This dran
grew well at temperature 28-37 °C and pH 6.6.
The induction process in terms of chitinase activity
was insendtive to some physicd and chemicd

parameters since no sgnificant activity change was

detected with regarding to pH (55-7.5),
temperature (28-37 C), and the added nutrients
such as glucose, N-acetylglucosamine, and trypton.
Although the presence of colloidd chitin was
essentid  the induced chitinase  activity was
unaffected when chitin was added to greeater than
0.5% and the culture was harvested after 72 h).
This might indicate that the induction of chitinase is
controlled & alimited leve in the medium.
Purification of chitinase from Bacillus sp.
NCTU2. In dasscd protein purificaion, the
culture filtrate of fermentation is normdly treated
with anmonium sulfate to precipitate crude
proteins.  Unfortunately, this is not applicable in
this study. Only scarce amount of protein can be
sated out by ammonium aulfate (85% saturation).
Precipitation of crude proteins by pre-chilled
organic solvent such as ethanol or acetone caused
large

activity  loss. Interegtingly, a

rota-evaporator could be

vacuun-equipped
conveniently employed for concentration of bulk
culture filtrate without Sgnificant loss of enzyme
activity. The 50-fold concentrated sample
solution was fird passed through a phenyl
sepharose column, figure 1. Significant chitinase
activity was found in the region containing
extremdy low <t fractions suggesting that the
protein surface of chitinase is fairly hydrophobic.
This explains why the chitinase activity was dways
found in the unbound fractions in regarding less a
caionic or anionic exchange column was

employed. Four bands could be seen after the



phenyl sepharose column separation, figure 3.

Impurities could not be removed further by ather
HiTrap Q (anionic exchange) or HiTragp SP
(cationic exchange) column, see figure 3, lane 2.
With the application of G-75 gd filtraion
chromatography, figure 2, the chitinase could be
purified to nearly homogeneous. Based on the
andyss of gd filtretion, the molecular weight of the
purified chitinase was estimated to be 26 kDa,

which is much smdler than thet estimated from
SDS-PAGE andysis (37 kDa). This reveds that
the netive form of the chitinase is in a form with

tight structure packing. Thisis congstent with the
obsarvation regarding to high gability of the
enzyme in very low ionic drength. Theyidd and
purity for each purification step were summarized
in Table 1. The totd yield is 58% with 15.6-fold
purification. The pl of the enzyme is measured to
be 6.3.

Optimal conditions of chitinase. The enzyme
hydrolyzed colloidd chitin a a range of pH. The
optima pH was near 7.0. At least 60% of the
optima enzyme activity wasretained in pH 5.5-9.0
(Fig. 4). The optima temperature was around
60°C, above which chitinase activity decreased
dramaticaly (Fig. 5) indicating the denaturation of
enzyme structure occurred at temperature greater
than 60° C.

Thermal and pH dability.  The purified
chitinase was gtable for more than 3 months when
storedat4  and no sgnificant activity loss was

observed when it was kept at 37 for a week.

Figure 6 showed the thermd dability of the
enzyme in higher temperature (37 ~80 ). The
experiments were performed by keeping the
Quitable amount of enzyme at various temperatures
in sodium phosphate buffer (50 mM, pH7.0). An
diquot of enzyme was removed for assaying the
resdud activity in 30-min intervals  The enzyme
wasstableat 60  for at least 180 min without
any activity loss

decreased rapidly at 70°C and above. ThepH

However, the activity
Sability was dso invedigated by assaying the
remaining activity of the enzyme after incubating in
various pH buffers (4-10) for 120 min. Results
showed that the purified chitinase was very stable
(figure 7).

Substrate specificity and effect of metal ions.
In addition to colloidd chitin, the purified chitinase

in the pH range of 6-8 at 60

adso hydrolyzed chitosan with various degree of
acetylation. The activity of the enzyme showed a
pogtive trend with regarding to the degree of
acetylation of chitosan. For ingance, the relaive
activities (as compared with colloidd chitin) were
0.85, and 0.10 when 56% and 10% acetylated
chitosan were used as subdtrate, respectively.
However, no sgnificant activity was found when
chitin powder, O-carboxymethyl, and
N-carboxymethyl chitin were served as subdrate.
The effects of various metd ions on activity levels
were dso examined. Among the metd ions
tested, Hg®* and Cu** were strong inhibitors.
The presence of 10 mM of the two ions resulted in

a 95% of the ectivity loss. However, interestingly,



enzyme activity was enhanced by ~100% in the
presence of 10 mM C&*.
Enzymatic hydrolyss. The purified enzyme
hydrolyzed chitin tetraose, and hexaose to form its
correspondent dimer (chitin biose) as the sole
product, while the monomer, dimmer, and trimer
were found with chitin pentaose and triose as
subgtrate.  Cataytic hydrolyss of colloidd chitin
by the purified enzyme yidded N,N’ -diacetyl
chitobiose as the predominant product through out
the time-course reaction. These reaults strongly
suggested that the purified chitinese is an
exo-chitinase.  The enzyme has no activity on
chitin biose, while it posses a wesk activity on
chitin triose.  Oligosaccharides with DP (degree
of polymerization) vaue greater than (and equd to)
4 are believed to be good substrates. This
chitinase was dso shown to be suitable for
N,N’ -diacetyl
chitobiose in a batch reaction. 20 ml of 5%
colloidal chitin was incubated with 30 units of the
purified chitinase a 45 C for 3 days. The end

preparing a granscde  of

product of the enzymic reaction was andyzed by
HPLC and confirmed to be a disaccharide (figure
8).

Amino acid analyss and PCR cloning. The

N-terminated amino acid sequence of chitinase

was determined as
“ANNLGSKLLVGYWHN", which provides
an useful information for further gene doning of
this enzyme. By searching the homology

sequence in Genbank, a ChiA of Bacillus cereus

was found to be highly conggent with the
fragment sequenced. PCR amplification was
then employed for gene doning of the chitinase
from NCTU2 orain. A 11 kb of DNA
fragment was amplified by PCR with genomic
DNA of NCTU2 dran as template. The
amplified fragment was insarted into pCR doning
vector. Complete gene sequence reveaed that
only 29 nucdleotides, resulting in 7 amino acids,
were found to be different in both genes (figure
9). The dgnd peptide of the enzyme is
identified as the fird 27 amino acids
MLNKFKFFCCILVMFLLL

PLSPFQAQA, of the gene.
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Figure 8. HPLC analyss of the end product of
enzymatic reaction

ATG TTA AAC AAG TTC AAA TTT TTT
TGI TGI ATT TTA GITA ATG TTC TTA
CTT CTA CCG CTA TCC CCT TTC CAA
GCA CAA GCA GCA AAC AAT TTA GGT
TCA AAA TTA CTC GIT GGA TAT TGG
CAT AAC TTT GAT AAC GGT ACT GGC
ATT ATT AAA TTA AAA GAC GIT TCA
CCA AAA TGG GAT GTA ATC AAT GTA
TCT TTT GGT GAA ACT GGI GGI' GAT
CGT TCC ACT GIT GAA TTT TCT CCT
GIG TAT GGI' ACA GAT GCA GAC TTC
AAA TCA GAT ATT TCT TAT TTA AAA
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GCT ATG
GGT TTT
AAT AAC
TCA GAT
CCA GCA
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GAA ATG
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CTA ATG
GAT GCA
TCA AAT
GAT GGT

Figure 9. Gene
Bacillus NCTU2 dran.
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sequence of chitinase

CTT
GIC
GCT
ATA
GGT
CTT
GGA
CCA
CTT
TCA
CTA
GCT
GCA
TAT
AAA
GIT
GGG
TAC
GAG
TTA
AAT
CTT
GGG
GCT
CCA
AAT
TTC
AAC
CGC
AAT
GAA
TAT
AAA

from

The sequences

(underlined) correspond to the first 27 N-termind

amino acids was identified as the Sgnd peptide of

the enzyme.



