FHRARRATFELIR e ERFIF R~ 5F2
PP PP TP PEE PP PO PO PP
S S
X ONEZZAGE- SR RERERE(-) X
xR xR
PR IR IR TR IR IR PR IR IR R SR IR IR RO IR SR IR IR ROOR IR ROR

o LA RIS
34 %3l NSC  90-2313-B-009-002-
HFHF 90+ 87 1p3x 91& 77 31p

SR ER Uy

AR RARL ST BER 2
EENSEUEE SV e
(AL pes B ML S Y w42 -
(IR B EERE R EAFLEF L2252 L-
(R ZE TP aRAFTHREE - &

S RS § LRI ¥

P X K 91 & 10 * 28 P



TR R WS Ry T
3 %% NSC  90-2313-B-009-002-

HFHT:90-#8 1 p2 9l ETY 31 P
A 2AE RFE HE R 8
- YRR

REppievit- HofEa QS Emied LSRR md o nRBFANY R E bl4og 2

PEZ = pEA T L B pEves MIES A s AR 2 PR % 2 RIEI TR
FEPLLES T 6 B E R B i Bk 0 1 B-1AD-F § pErRiE S A S g pEiR
Tl BpERSCERIEF o F b B AR RfEAL LCHEBICER REMMZ EHASF S
e Fp i AT 072 o - d T g jﬁ F RN e R L - R IE-Ea-1
PE-oHERMIREY A RET AR - 2 Sk Ll ¥ pidbdicpce - d 20 Badllus
circulans ¥ pE e K fRfs & 2 2 WS S ¢ oo A F]p "’#% LAEE A HEEE 2 R - o
GRPER KRR 5 29-kDa p A chpE koo A e B A T d NIRRT R
ﬂ%&#mzua‘%ﬁ%ﬁéﬁ*%iﬁiigﬁaao - APk fERER B AL R
A AR A T KR S - BMRGaEEE > 7 3 ocfl® DP3 1 DPLLZ % iR &
%ﬁ MR AR BRI ARG R A RFEATIE T - &4: Tl%”@%ﬁﬁié%%fﬂi”%%ﬂffﬁ
ﬂE;\Introno Aipe FEAF2 LAEFT o

WP fo 3 1% )~ RpEie s BPEIR S RpPRkiait o~ ARE A
Abstract

Chitosan, a polysaccharide composed of the b-14-linkage of glucosamine, has been found to
posses severa biological functions such as antibiotic activity, lowing cholesterol level in blood,
enhancing immune system and many others applications in cosmetics and health care. However, the
functions of oligosaccharides derived from this natural occurring polymer are not very well studied,
presumably owing to the availability of these oligosaccharides, pure oligomer in particular. Though
further study and application of chitooligosaccharides [(GIcN),] need to be explored, the result
shown that the hexa-oligomer possesses prominent anti-tumor activity is encouraging. For many
years, carbohydrate synthesis has been an important research topic. Unfortunately, owing to the
complexity of the stereochemistry and the multi-hydroxyl groups of carbohydrate, to synthesize
oligosaccharides with specific degree of polymerization (DP) has not yet been achieved. In this
project, .we have started to approach the goal by two different enzymes. The chitosanase gene from
Bacillus Circulansis now available. Since the expression of thisenzymein E. coli is not working
properly, we have tried to construct this genein Bacillus subtilisexpression system. The other
enzyme obtained from AspergillusY 2K, which was screened from soil by our lab, has been shown to
be a powerful endo-chitosanase. With the application of thisenzyme, the chitooligosaccharides with
DP3~DP11 can be produced in large scale. The correspondent gene has cloned. The entire gene
consistsof 866 bp. Thefirst 51 bp correspondent to 17 amino acidsisthe sequence of signal peptide.
Two introns can be found in the gene with 67bp and 82 bp each. The mature protein consists of 221
amino acids with the calculated molecular weight of 23446 Da.

Keywords. Bacillus circulans, polyglucosamine, chitosan, chitosanase, cloning, over-expression,
Hd 8P h

For many years, pharmaceutical industry and academic researcher have paid their great
attention in devel oping glycol drug. Yet, unlike peptide and nucleotide drug, only very few of glycol
drug were available for medical applications. Few reasons can be account for this situation.
However, the complexity of carbohydrate chemistry and the supply of oligosaccharides, in most of
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cases, arethemaintask. The goal of this project was designed to directly approach in preparation of
chitosan oligosaccharides with specific degree of polymerization.

Chitosan is a b-1, 4-linked polyglucosamine with vary degrees of N-acetylated residues. Its
hydrolytes, glucosaminyl-oligosaccharides, have received attention because of their interesting
biological properties, including their inhibitory effects on the growth of fungi/bacteria and their
ability to induce disease-resi stance-response genes in higher plant [1,2]. Exceptionaly,
chitohexaose shows anti-tumor activity against Sarcoma 180 solid tumor in ddY mice[3]. These
properties suggest further potential for chitooligomers and its degrading enzyme--chitosanase.

Chitosan oligomers have been obtained by sonic irradiation, hydrodynamic shearing and
chemical hydrolysis of chitosan [2,4]. However, yields of the oligosaccharides from DP2 to DP5
were low because of low efficiency and random cleavage. Enzymatic degradation of chitosan seems
to be the better way to prepare its oligosaccharides. In an attempt to find chitosanases that are
capable of depolymerization of chitosan for the large-scal e preparation of oligomers, we have
screened various types of microorganisms and found a group of fungi that produce extra cellular
chitosanolytic enzyme-- chitosanase (EC 3.2.1.99). One of the screened fungi with powerful
chitosan-degrading activity was identified and designated as Aspergillus sp. Y2K. We have shown
that the chitosanase purified from this strain was potentially useful for large-scale preparation of
chitosan oligosaccharides (5). With the application of our enzyme, kilogram-scale of chitosan
oligosaccharides can be easily achieved. Owing to its application potential, we have cloned its
correspondent gene and will be discussed in this report. With this gene, we may be able to step
further to generate mutant enzyme(s) for specific oligosaccharide preparation.

% 2tk

The Aspergillus sp. Y 2K strain (5) was used as agene source of the cloning. The cultivationsin
Chitosan-M9 medium as described previously (5) for 5 and 4 days were used for preparation
chromosomal DNA and total RNA, respectively. The Escherichia coli strains TOP10 was used for
plasmid transformation.

I solation of Chromosomal DNA and RNA from Aspergillus. sp

The mycelium were collected by filtration and disrupted to a fine power with a mortar and
pestle in the present of liquid nitrogen. Chromosomal DNA was then extracted by the traditional
method (Molecular Cloning) and RNA was isolated by acid guanidinium
thiocyanate-phenol -chloroform extraction.

Construction of cDNA library

A total of 5 ug of RNA isolated from mycelium was used for the construction of cDNA
library. Using the set of primer, SmartT and SmartG, for RT-PCR by ThermoScript RT-PCR
System (Invitrogen), the annealing temperature of PCR was set on 65°C. The fresh cDNA
fragments were cloned into pCR 2.1 TOPO-vector with TOPO TA Cloning kit (Invitrogen) and
transformed to competent Escherichia coli TOP10 under conditions recommended by the
manufacturer.

Amplification of a chitosanase-specific cDNA fragment

The N-terminal amino acid sequence of chitosanase of AspergillusY 2K was determined as
YNLPNNLKQIYDKHK (5). According to the N-terminal sequence, two degenerated primers,
AFN-1and AFN-2, were designed to pair with SmartT for PCR. The cDNA library was served as
template and a chitosanase-specific DNA fragment was amplified and sequenced.

Inver se PCR to obtain genomic DNA containing chitosanase (CTN) gene

For inverse PCR amplification, five micrograms of chromosomal DNA was compl etely
digested by EcoRI and self-ligated with 200 U T4 DNA ligase (Roche) at 16°C overnight. The
aliquots of the ligation mixture were added in a 50-m reaction mixture containing 2U Tag DNA
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polymerase (Viogene), 0.5 mM of the back-to-back primers (145 and 1112) and 1.5 mM MgCl, for
inverse PCR amplification. Reaction mixture in 0.5-ml micro-centrifuge tube was treated
sequentially for 30 seconds at 94°C, 30 seconds at 53°C, and 1 minute at 72°C in a programmable
PCR machinefor 35 cycles. At last step, the reaction mixture was incubated for 10 min at 72°C to
complete any unfinished single-stranded DNA. Fresh inverse PCR products were ligated to pCR
2.1-TOPO vector and transformed to competent E. coli TOP10 (Invitrogen) as described above.

Tablel Primersdesigned for thisstudy

No Smbol Oligonucleotides sequence

1 SmartT 5>AAA CAGTGG TAA CAACGCAGAGTACTTTTTTTT
[TTTTTTTITTITTTITTTT TTT T(AGC)(AGCT)<3'

2 SmartG 5>AAA CAG TGG TAA CAA CGC AGA GTA CGC GGG<3

3 AF-N1 5>TA(CT) AA(CT) (CT)T(AG) CCA CC(CT) AA(CT)
(CT)T(AG) AA(AG) C<3

4 AF-N2 5>C(AGCT)A A(CT)A A(CT)(CT) T(AGCT)A A(AG)C
AAG)A T(ACT)T A(CT)GA(CT)GA<Z

5 145 5>CTTGTGTTT GTCGTA GAT CTG TTT CAA GT<3

6 1112 5>GGA AAA TGT TCC AAG GTA CTG GCA AAA G<3

DNA sequence and the encoding amino acid sequence

The chitosanase gene (CTN) of AspergillusY 2K was sequenced and shown in Figure 1. The
entire gene consists of 866 bp. Thefirst 51 bp (double-underlined) correspondent to 17 amino acids
is the sequence of signal peptide. Two introns can be found in the gene with 67bp and 82 bp each,
which are shown in bold type. TATA box-like sequences and a CT-rich region are also indicated.

GAATTCCAAAATCAAAAGAGCAACCAACCT GTCGATCAAAACATTAGGT AAAGT TTTGECCTCATGGT TACATCTCAGG
ATGTGTACTGATGCAAGGATTTGAGGTAGT TCTGAAACT GCAGGGT CTTCAGATGAGACATGCATAGT CCTTGCAGCAT
CAGT GGGT CTATCACGGECCEEGAGAT TCGAAT CCCTCCTATGECCTGATCT TACAGT TCCACTGEGCTGGACCCTTATG
GCTACCCTTCGTATCCGTAGATCCAAATCCTTGTGT CAACT TCCCCGGATTTTCCGGAT TCGCCGGECT TGT GTGCGAGG
GCGATTCACT TGGT CATCCGACT TGAT CAAGCCGGAGCCCGACATCCACGCCGAACTATCAGACT GCCCTGCECCCTTCA
TTTCGAGTATATAAAGAGT ACGATATCT GT CTACGACGT AGCCGAACCAACAAGCCCAGGACCTCTTAGATATTAAGEC
AATTGCTCTTCCTGACAAT CAAT CCGBCACGATGCGT CTCTCTGAAATTCTTACT GT TGCTCTGGT CACT GGGGCCACT
GCTTATAATTTGCCCAACAACT TGAAACAGAT CTACGACAAACACAAGGTATACTGCACACATCTCAAGGTTTGTATTA
TAGCCAGCCACCTAATATCTCTTTTTGCGCCGT CAGCGAAAATGT TCCAAGGT ACTGCCAAAAGGGT TCACCAATGGT G
ATCGCTAGCCAAGGCAAGT CTTTCAGT TACT GCGGCGACAT CCCAGGTGCCATTTTCATCTCCTCCTCCAAGGGGTACAC
CAATATGGACAT TGACT GCGACGGCGCCAACAACT CCCCCEECAAGT GCGCCAACGACCCGT CCGECCAGGGECGAGACT
GCCTTCAAGT CCGACGT GAAGAAGT TTGGCAT CTCCGACCT GGACGCCAACATCCACCCCTATGT GGTGT TTGGAAACG
AGGACCACTCTCCCAAGT TCAAGCCCCAGT CACATGGCATGCAGCCATTGAGT GTTATGGCT GTCGT GTGCAATGGCCA
ACTGGTATGT CTCTCTCATCCATCCAGCAGCCT GCAAGTCGATGT CTGTGT CCGT TTCCGTAGCT AACGCCGAATCCAT
CACACAGCATTACGGAAT CTGGEGGT GACACCAACGGT GECGT TTCTACCGGCGAAGCCTCCATTTCTTTGECCGACCT T
TGCTTCCCCAACGAGCATCTCGATGGCAACCATGGTCACGATCCCAATGATGT CCTCTTCATTGCECT TCACTAGCAAGG
ACGCCGT GCCT GGAGCGACT GCCAAGT GGAAGGCAAAGAAT GCGAAAGAAT TCGAGGACAGTATCAAGT CGATTGGTGA
CAAGCTGGT TGCTGGT TTGAAAGCATAGCGAACTAGAAC

Figure 1. Nucleotide sequence of chromosomal DNA of Aspergillussp. CTN. Start (ATG) and stop
(TAG) coden are boxed.

The gene sequence and the deduced amino acid sequence were shown in Figure 2. The mature
protein consists of 221 amino acids with the calculated isoel ectric point and molecular weight of 6.4
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and 23446 Da, respectively, which are consistent with those from purified enzyme. Based on amino
acid multi-alignment, this enzyme is classified as a member of family 75 glycohydrolases. In
addition to the cloning study of CTN from AspergillusY 2K, the chitosanase gene from Bacillus
circulansis also available. Unfortunately, this enzyme cannot be expressed properly in E. coli
system. A great deal of effort has been spent on constructing this gene in a Bacillus subtilis
expression system. After overcoming the transformation problem, we will be able to expressthis
particular chitosanase.

5 ATG CGT CTC TCT GAA ATT CTT ACT GIT GCT CTG GIC ACT GGG GCC ACT GCT TAT 54

M R L S E |1 L T v A L VvV T G A T A Y
AAT TTG CCC AAC AAC TTG AAA CAG ATC TAC GAC AAA CAC AAG GGA AAA TGT TCC 108
N L P N N L K _0Q |1 Y D K H K G K C S

AAG GTA CTG GCA AAA GGG TTC ACC AAT GGT GAT GCT AGC CAA GEC AAG TCT TTC 162
K v L A K G F T N G D A S Q G K S F
AGT TAC TGC GEC GAC ATC CCG GGI GCC ATT TTC ATC TCC TCC TCC AAG GGG TAC 216

S Yy C G D |1 P G A | F | S S S K G Y
ACC AAT ATG GAC ATT GAC TGC GAC GGC GCC AAC AAC TCC GCC GEC AAG TGC ccc 270
T N ™M D |1 Db ¢ b G A N N S A G K C A

AAC GAC CCG TCC GGC CAG GGC GAG ACT GCC TTC AAG TCC GAC GTG AAG AAG TTT 324
N D P S G Q G E T A F K S D V K K F
GGC ATC TCC GAC CTG GAC GCC AAC ATC CAC CCC TAT GTG GTG TTT GGA AAC GAG 378
G 1 S DL DA N1 H P Y V V F G N E
GAC CAC TCT CCC AAG TTC AAG CCC CAG TCA CAT GGC ATG CAG CCA TTG AGT GTT 432
D H S P K F K P Q S H G M Q P L S V
ATG GCT GTC GTG TGC AAT GGC CAA CTG CAT TAC GGA ATC TGG GGT GAC ACC AAC 486

M A V vV C N G Q L H Y G | w G D T N
GGI GGC GIT TCT ACC GEC GAA GCC TCC ATT TCT TTG GCC GAC CTT TGC TTC CCC 540
G G v &S T G E A s | S L A D L C F P

AAC GAG CAT CTC GAT GGC AAC CAT GGT CAC GAT CCC AAT GAT GIC CTC TTC ATT 594
N E H L D G N H G H D P N D V L F |

GCC TTC ACT AGC AAG GAC GCC GIG CCT GGA GCG ACT GCC AAG TGG AAG GCA AAG 648
G F T § K D A V P G A T A K W K A K

AAT GCG AAA GAA TTC GAG GAC AGT ATC AAG TCG ATT GGI' GAC AAG CTG GIT GCT 702
N A K E F E D S | K s |1 G D K L Vv A

GGTI TTG AAA GCA TAG CGA ACT AGA ACA GAT CGA AGA TAG CTG TGG CAG GGI CTT 756
G L K A =

GCT GIT GCA ACC ATA TTT TCG TGC ACA CAA TCG GAG GCG CAG TAC ATA GGA GIG 810

GGI' AGT GTA GAA GAA TCT TAC TTT TTC TGI ACT TCA AAA AAA AAA AAA AAA AAA 864
AAA AAA AAA AAA 3

Figure 2. Nucleotide sequence and deduced amino acid sequence of CTINcDNA from Aspergillussp.
Y 2K. Thefirst N-terminal 17-amino-acid sequence amino acid is determinated as asignal pepetide
is underlined and the N-terminal 15-amino-acid sequence determined from the purified enzyme by
Edmann degradation is double-underlined. The asterisk indicates the stop codon.
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