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"ABSTRACT

" Molecular structure of chitosanase gene of Bacillus circulans MH-K1 was examined. In the

5" upstream region of the chitosanase open reading frame, thére are two kinds of regula-

" tory sequences that might regulate the expression inducible chitosanase gene.

Chitosanase

protein has a few short segments homologous to lysozyme. One of them just covers the

“catalytic amino acids domain of lysozyme. One of the inverted repeat sequence of nucleotides

in the chitosanase gene suggests that the chitosanase gene evolved by the dimerization of °

lysozyme. Localization of the amino acids,
lysozyme, also supports the idea.

INTRODUCTION

The. chitosanase of Bacillus circulans MH-Kl
was cloned and sequenced (1).

frame including signal sequence and some regula-’

tory sequenées (RNA polymverase binding sites,
~ribosomal binding site and termination structre)

were. assigned. Trial of homology aésignment of

the chitosanase gene showed no overall similarity
~to any other enzymes.

We further examined the similarity and homo-
logy of the chitosanase gene including noncodlng
region. The chitosanase. protein keeps catalytic
The idea that
the chitosanase was evolved from lysozyme by

amino acids sequence of lysozyme.

dimerization was supported by the findings of in-
verted repeat in the center of matured chitosanase
protein and two sets of homologous amino acids

which correspond to catalytlc amino acids of

lysozyme. :

In the upstrearﬁ region of the open reading

frame, there aré two kinds of regulatory sequen-
ces that seemed to be responsible for the regula-
tion of the inducible chitosanase gene expression.

And other molecular structure of the gene is also

examined in this study."

MATERIALS AND METHODS

Sequence similarity analysis was done using the

Its open reading

which correspond to catalytic amino acids of

software of Genentyx ver. 7.0 as already reported
(1) or done manually.

RESULTS AND D][SCYUSSION |

. Non-coding (5’ -upstream and 3 down stream)
region of the chltosanase gene.

Regz_tlatory site.’ Because MH-K 1 chitdsanase 1s

.an inducible enzyme, there should be some regu-

latory site. One of the most popular regulatory
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Figure 1 Assignrﬂent of regulatory sites of

chitosanase gene, which are similar to CAP
binding sites of the lac promotor.

B show -35 and -10 sequences of RNA
polymerase binding sites. [J] shows Shine-
Dalgalno sequence for ribosomal binding site.
¥ shows initiation codon for translation.
Above numbers show the nucleotide numbers
of the gene. Lower nucleotde sequence is the
consensus sequence of CAP binding site.
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mechanism is the catabolite activator protein (C those of chi63 (TTGTCCAGACCT) and chi35
AP) of lac operon (of Escherichia coli) (2). There (TGGTCTAGTCCT). These homological sequences

are more than ten sections which possess 80 %
of the homology to either TGTGA or TCACT,
which are the consenseus sequence of CAP binding
" site. Among them, most plausible ones are those
of at 498 to 513 of upstream sequence, which 1s
‘partially overlap to -10 site of RNA polymerase
(Fig. 1) '

Other regulatory mechanism of inducible enzy-

binding site.

me_ is the repressor bmdmg mechanism of carbon
catabolite control. ara operon of E. coli is thé
typical one(3). Direct repeat sequence of chitina-
se (of Streptomyces plicatus) for the binding of
repressor had been identified (4). The direct repeat
sequences in the chitosanase gene similar to those
of two chiitinase genes (chi63 and chi35) were sear-
ched. As shown in Fig. 2, there are some parts

in chitosanase gene, which possess homology to

450

400

of chitosanase are not close to the-10 and -35 seq-
uences (that is transcriptional control site). Rather,
That

discourages the idea that the repressor binding

they are in the neighbour of SD sequence.

mechianism’ is the major regulatory mechanism
of the chitosanase gene.
" Repeated sequences in the 5 upstream regon of
chitosanase gene. To find any regular seguence
that might have regulatory function, repeated seq-
uence (minimum 75% homology) was searched in
the 5" upstream region of the chitosanase gene (base
" Nolto 600). As shown in Fig. 3, three direct re-
3), four inverted repeats (not
(2 in Fig. 3) and 7 inverted
complementarily repeats and 6 palindoromes (3

peats (1 in Fig.
complementarily )
in Fig. 3) are found. The functional meanings
of these repeated sequences are not clear.
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419 428 .
TTGTAAAGGGCT 430 - 439 .
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10 TGGTCCAGACCT 543 552 Percentage = 58.33 %
1 10 CGGTCAACATTT
. TGGTCCAGACCT ATGTCCAATGCT
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: 10
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Figure. 2  Assignment of direct repeat sequences .in the chitosanase gene that might

‘be responsible for cabon catabolite control.

Solid line shows chitosanase gene. Above numbers show the nucleotide number of
the gene. Signs around the solid line are similar to those of Fig. 1. 63 is the fragments
of chitosanase géne that show more than 58 % homology to the repressor binding site
of chitinase 63 (4). 35-2 is the similar fragments that show homology to 2nd repressor
binding site of chitinase 35 (4).
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bers of the chitosanase gene.

and the number above above

region of the chitosanase gene.

1, direct repeat; 2, inverted repeat {not com-
'plementarily); 3, inverted and complementarily
repeat, and palindrome. Numbers above or
under the thick lines show the nucleotide num-

Numbers in the

middle of lower thinner lines show percent of
homologies of that part./\,shows palindrome,

it shows the

percent of its homology.
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Figure 3 Repeat sequences in 5" upstream

Open reading frame in 5 upstream or 3 down
stream region of chitosanase gene. It is popﬁlar
that inducibie enzyme genes cluster as operon (like
lac operon of E. coli), then open reaging frames
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(initiation codon; AAA, ATG, GTG: termination
codon; TAA, TAG, TGA) was searched in 5 up-
stream or 3° downstream region of the chitosana-
se gene. Only complementary sequence of 5 up-
stream region showed open reading frame struc-
~ture (1 of Fig: 4).

reverse, complementarily, and reverse and comp-

For 3" downstream region,

lementarily sequences showed open reading frame
(2 of Fig. 4).
shown in Fig 4, is too small to code a protein of

The length of open reading frames

reasonable size. For further analysis, We‘should

g'et further continuing sequences.

2. Open reading frame of the chitosanase gene

Amino acid sequence homology. When we surve-
yed the sequence homology of B. circulans MH-K 1

@1‘  '50-’

chitosanase with other enzymes including chitinase,
no meaningful sequence was obtained (in the pre-
vious stud‘y, ref. 1). Then we searched the homo-
logy of shorter length. ' '

As shown in Fig. 5, some homological sequen-
ces of MH-K 1 chitosanase to lysozymes of vari-
ous or1g1nes were found. Among these sequences,
most important one 1is that of No 98-115, which
corresponds to No 35-52 of lysozyme of domestic
pigeon (and to No53-72 of human lysozyme)
These 35 Glu and 52 Asp are catalytic amino
acids of lysozyme. Catalytié amino acid contai-
ned part of other lysozyme (36 Glu-52 Asp, of
human langur) also showed homology to 185-197 of
chitosanase. The latter similarity is lower than
that of the former. Signal sequence of chitosana-

se also showed some similarity to that of chiken
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Figure 4 Survey of open reading frame in 5° upstream side (1) or 3° downstream side
(2) of the chitosanase gene. ‘

For the survey of open reading frame, initiation codon (AAA ATG or GTG; >) and
termination codon (TAA, TAG or TGA d4) were searched in three reading frames.
Numbers above the thick line show nucleotide numbers. Thinner line between [> and 4
shows open reading frame. Open reading frames are found in complementarily (C),
reverse (R), or reverse and complementarily (RC), sequences. Cl means reading frame’

No 1. of the complementarily sequence.
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CHIC a__29 ' ' verted repeats (not comple-
coul . 35_s2 mentarily), one inverted com-
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BPT 82___106 : repeated fragments do not con-

PREE . e 2 tain nucleotide No 859-912

CHA reue (corresponded to amino acid
No 98-115). The central (or
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CHIC 1" MRS;‘:;LV;;;Lﬁl’::;;;--—(;x;’;;;!CE.L:;: 29° o repeat (1047-1072 to 1120-1095)

MH-K1 95’

CNE BTN D JCRE R REE 2

COLL 3zr
ERGYT'IGLFGATT.GG—SRD 115’

2% - . = E I
ESGYNTLATNYHAGDRSTD 72"

MH-K1 98’

AomA 53"

142 ALKRLGING 150’
DFE X R I

29" TLKRLGMDG 377
MH-K1 35’

BPT 82"
MH-K1 177 .

E LS 4 t JEIE B I £ X . e o X o
PREE 28"

AWRKAMWETFYNVYIRYSV 198
s xx . . v e o % ga..
AWIKAFSDRYHAVTGRYPM 1367

MH-K1 178

CHA~ 118"

Figure 5 v
lysozymes of various origin.

1 shows an overview of homologies, and 2 shows corresponding
amino acid sequences. Numbers in 1 show their amino acid number.
® shows N terminal amino acid of chitosanase protein.
The origin of lysozyme

chitosanase protein of B. circulans MH-K1.

are as follows: chic, Gallas gallus (chicken) ‘lysozyme C precursor;
coll, Columba livia (domestic pigeon) lysozyme C; huma, human
lysozyme C precursor; bpt, Presbytis entellus (human langur) lyso-
zyme C; cha, Chalaropsis (imperfect fungi) lysozyme CH.

lysozyme, because of its hydrophobic nature.

-Repeated nucleotide sequence in the frame. Mole-
cular weight of lysozymye is about 15k, which is
just half of the MH-K1 chitosanase protein. Dime-
rization of the prototype gene is one of the po-
pular means for the evolution of new enzyme. We
" searched repeatrd nucleotide sequence within the

.open reading frame. As shown in Fig. 6, there

IEDERGYTIGLFGATTGGSRD 11§’

VKHESGYRTTAFNNNGPNSRD  §2°

LFGPSKAAAASPDIjNFSPETLQFLRN
z = . . . e PR N e x XX o
LVGGID-DKGKFDANFTPAQMQSLRS

AAWR-KAMWETFYNV-YIRYSVEQARHAF 203" -

ANWVCLAKWESGYNTEATNYNPGDESTDY 54"

Amino acid sequence homology of the chitosanase to

is between 1083 and 1084,
That point is also the central
and half-way point of matu-
red protein (between.amino acid
No 172 and 173, these numhers
include signal sequence ).
The amino acids, which have
80’ simiar distance from that po-
108" int and correspond to 98 Glu
- (17 amino acids from 115 Asp)
“and 115 Asp (57 amino acids
from the center), are 226 Asp
(53 amino acids from the cen-
ter) and 241 Glu (15 amino
acido from 226 Asp). These re-
peéted sequences suggest the
idea that the chitosanase is
evolved by the inverted dime-
MELK] is rization of the protot}.fpe lyso-
zyme, although the chitosanase
did not show lysozyme activity
using glycol chitin as a sub-
strate.
The hypothesis is enough att-
ractive to be evaluated through
the examination of the active

sites by site-directed mutagenesis.
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Figuré 6 Repeated nucleotide sequences in the
gene. ' '

open reading frame of chitosanase .

Thick lines show chitosanase gene. Thinner lines show repeated paft. Numbers

above or under lines are nucleotide numbers.

Numbers in the middle of the thinner

lines are percent of homology.
and complementarily repeat.-
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