Bhp&S 1020

e BE AR T B FR RS T — B O MM B O MR A 6 TN M D S 572 5 1h) L

RS, N FIEE

FOR TERFPR e B T2 es)

B B T N-TEFADZAaPIUN B-1,4 ZVaUREA CHESIRICE ST ZHETHY | DR G EINK
IIRT DEERDIFTT T —EBTh D, ITiF, AR T I Halobacterium sp. NRC-1 BT LR HET L, %
FF—ERERS (ChiN1 &m4i) Z=2—R T 25 ORF OIFENHLINEIRoT2, ZAIVE TIS M AR I EPET D
X FF—EBOHEIT R, 2D ORF Na—RT5%F T —EBORELHG)Tldlen iz, BEmoxFF—E8Ln7r/
FARCH LRI LD . ChiN (X~ /LT RAM USSR THY | N Kl Hx T U fE A R AL | Polycystic kidney disease 1 K2
A BEIO GH 77V — 18 MR AL D3 DDRAL LB DT ENRB STz, — 7 8 BE G 3 o i
Haloarcula japonica TR-1 #ROMIREEIZIZZ EOMES L /X7 (CSG) DMFET Do ZIVETIZ, csg Bin 7 mE—X
—ZHI LTz chiN1 3815+ D Ha. japonica \Z35F D@3 BUI LI L #i#LZ ChiN1 23 E W IEEEZ A 3528

ZRT TR R 21 QD X XY E ORI DR EIAFAET DM T B0 BEL T dEnbitT
WD, T7DG, S T RIEOENET I BEPVEEED K5 1A BERFF 528 T DR B I TNDEB 2 HD,
ZOIINZ, it 5'//\7’3*3 KRG E BN ERIREREIZIWTOERERBLT 52800, AREEES COFHLE
R BID, ABFZE T, MLz ChiN1 OFERIZRMEERREZ1 TV AHEEEH CORIHZER LT, F72, ChiN1 IZEHIT
%<®E§T§7i/ﬁ%ﬁ%)\# HZET, ChiNl DO IS5 h B Tz,

Ha. japonica D3RI IB LT R Z. ChiNT Z W CTHEE T A1T - 72, ChiN1 DS pH 13 pH 4.5 £, K
JEEEEE L S0°CTHDHIEMN D -T2, 72, ChiNT OS2 NaCl 1L 1.0 M THY, 3.5 M NaCl f77E FizH0
THIRAIEED 40% FEEERFFTAMHEEE CHHZENH DI/ oT, EHIZ, ChiNT (IFFEBIEEEZ AL TRY,
BEHRRS SO K A A T I B W TRES LD Z LD e 5T,

SARREE T T WVIZHDE | ChiNT D43 1R ~OEEVET /iR AL 7= 28 BAIRESE N239D 5108 Q42E (N <
AU, Asn239 O Asp ~DEHISI N GIn242 O Glu ~DEHE G Te) L7z, W2 SRS B AR ChiN1
ClAER, 1.0 MG NaCHEFEZ AL, 1.0 M L0 EWHR IO QIEEME FLCWOER S bz, —F .,
1.5 M NaCl BL EDSAEZINTIE, W AL Z8 BARFEES BF AR ChiN1 K0 @\ O HHEMEZ R -2 e n3bnotz, T
&Y, ChiN1 D4y FERENZEEYET WA B AT HZE T, MEMED M B3 528D RBS iz,

1. BIEE®N TEEECIL ., M08 77 NaCl 280 @ VB i

1.1 SEFEEHHELZORIN\IE

AT EFTBREOWRIREIZL ST, WL ONITHE
FTHZENFHETH S M KIGE 2L O BOMAED T
HAEF R A (NaCl) 2 EEAS 0.2 M quvﬂ%Méﬁﬁ”
Do WEKIZHI Y95 0.2 ~ 0.5 M DTl VEEMER
EORELEREN BRAHCAR T2, £2,.05 ~25 MO

WCEENDIO P EMRENEET T5, LT, Zihbk
DHEN2.5~52 M ORETHEF T DO @ EFE T
b5, BEHEEITERREOBREZHATEEL K
KRR O BB T3 B T 52NN D,
R EZ A TAEE T Dm EAHREE X, 20K
DB L CND, & B M AT A A e 2 4
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VBT ERIREE T CHRE T 28N TED, —KIT,
USRS S BT R 5 o R BT e TR
VR (Asp X° Glu) &< Gt ) STARHEIE T AR L2 1 T
PET I BRDNZ N7 E RN LT8R YED @
WEELD, ZNRZ L R E OMHEAERE B 5L Tunbed
WHhIVTW5, Thbb | aREE 2 RV K
DEEMET WIS RO K Gy 12 FENRfr 3228 T,
K& BN SRR BRI W OIS Z A28
R<HERET HEB X DITND,

18 BE LY 8 Haloarcula japonica TR-1 BRIE, A
JIRAEs B o H LY rEsn - B (Fig. 1), &
I NaCl £ 2.6 ~ 4.3 M TAEF ATRE(34M FHII T
HRIFCAEFTD) THY, —10H5%9 1 ~2 um, JEEH 0.1
~ 0.2 pm FEE D = AT EHCR EV ORI A
%o Z DFRHENIZRTEREDND | HENa T REAE R BRSO 0 )
HEBOMAEZ B LI ENEBRSNTE, Ha
Jjaponica FMRRZRE DM ZAT T2 A MO & FE L3
PR B & R RR L IR 2 8 A 2 > X 7 B (CSG: Cell
surface glycoprotein) 232 & IZAFIEL CWDIZENHBNE
72572, CSG 1% Ha. japonica DIfRZEEIZ 2% #I/FEL
TNDIEND, csg BIaFIZBITM 1T nE—4—
DIFIEDP RS-, ZIVETIZ, Ha. japonica DTEE A
R ZHESI L, csg Bin 7' vE—4—%FHL7 Ha
Japonica (BIR) (21T D RBIn TR B RH LT
EY/la
1.2 ¥F4—+%

XFNE N-TEFV-D-Z a2 H I (GleNAc) 23
B-1,4 ZVav NES CHESIRITHER 7220, T 720bb
B-1,4-RV-N-T7 & F )L-D-Z7 /L aH3Tis (Fig. 2), H
O L B RIS EE EN, A ORESRELL
THIER_EDIRWEEPHICAFEL TWVD, HARFUZRBNT,
FF 1% GleNAc & D-Z/La43 (GleN) DL EA A
DO TIFAEL TODIENZ N, FTF 2D B-1,4 VTR
O EIK GRS DBER 13X T —EThD, FEE MK
IRBESR T, 7B — A IS | OSBRI T A —
fEHTIZIED 120 420D GH (Glycoside hydrolase) 773V —
(O FESIL TS [http://www.cazy.org/], EDH T, FF
F—81X GH 77V— 18 & 19 (253435, GH 773V
— 18 ¥F 7 —EIX GlcNAc-GleNAc LN GleNAc
-GleN ROt & 25 BRI Z U 2 DIk L, GHZ 73U

Fig. 1. TEM image of extremely halophilic archaeon
Haloarcula japonica TR-1

Chitinase

” 2 T

Fig. 2. Chemical structure of chitin

—19F%FF—FIL GleNAc-GlcNAc 33 IV GleN-GleNAc
Wzl W7 73— FF— B oulkr Bk mn
\ZH72%, GH 7730 — 18 T —BIXME»» HE -
W) E TR ISWARFEIZ RobDIZx L, GH 773U
— 19 ¥FF—RBIFHEDBIOT—HOMEIZEL->T
ERFESND,
1.3 BEFEHTHEBRRYFI—F
INETITHE A DAY ROX T —BICB 3558
MPTONTEN, EOX T —LBIZ T 2®m 51X
EEAEFBI TR, DT AT AW B D5
JAEA I RSN =R T —EREr Iz on Tk
ERAMTOITODLOO | = FE A il B ke
FFF =PGSO RD -T2, VT4,
WAl EE &L ClIwled T, Halobacterium sp. NRC-1 #ED 42
B ) IENTAE T LT W, 2085 F, NRC-1 #R7 /4 112
FXF S —EHRERS (ChiNl &m4s) Z=—R 75 1,638 bp
DA =T N —=F 4 T — BT DR D)o
72 (F =& Bl F—FR—=2% [\ e 7LV
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IO R LD, ChiNT 1T N RIS 28 73 /Hk)>
BIRHY T TN TFRBFEE LRI DL TARES
., JEIRIE ORI 7 F AR F IR E 1%
RIMZ P IENDLDOEE 2 BT, £z, EVE ChiNl
DX FF—BEOT I BELYI LIIZ LY | A
ChiN1 (X~ NVTF RAMUMEEZ LD LN DTz, T2
B NKRIANZIZ40 TV BBBIR 50X T A A R AL
FLIELTRY, 2O 2L 61 7 /fE)H72% Polycystic
kidney disease K AA | IHIZ C REFANZIIARER A1
DIFLEL, BEF3 DDA O SN TS (Fig. 3),
ChiN1 DR A1 > D7 X/ BEEL AL GH 7 73— 1812
BT X T — B E REINEEZ A T 52800,
ABEFH GH 7 73— 18 ICHSNALDEE X LIV,
—J57C, ChiNl [Z[FC GH 773V — 18 [ZJ@ T AfthDxTF
F—BLHRTEHEILEOBETIBREREE2 R,
ChiN1 (BRI 2 R THHIENRIBR SN
77

TAVETIT, RBIEAFFEE HIENRC-1 #£7°/ A DNA K
Y chiNl 8int%27v—=17L, Ha. japonica csg 8T
Tt —4—%FH LT chiNI 157D Ha. japonica \Z
B DENENWFHBEI T CEIZ B, 2L ¢ Mz
ChiN1 M @EWWIHEMEE A 352 L2~ T TR S a5
TWD, TMiHHE S 2 /S IFK G B B ORI T B 5
IZBWTHISIERBLT 2800 HRIREL - CoFI AL
EZHND, REIAFSECIE, f# % ChiN1 OFEMZe M
BRREEITO, AR CORAEBR L, 2,
ChiNl [ZEDBIZEL DT I/ BBEEANTHZET,
ChiN1 OGO E S50 EA ik AT,

2. MROAZE BREBFIUEBR
2.1 #H#x ChiN1 DFF&Y

B RN E S HE B L OKBE O v MRy X —T
% pWL102 2 L7z, 7=, pChiN9 |3 E it &

Chitin-binding domain (ChBD)

N |
|
Polycystic kidney disease domain (PKD)

GH family 18 catalytic domain {Catﬂ:ll—C

Fig. 3.
Halobacterium sp. NRC-1

Molecular architecture of ChiN1 from

FHEE FH chiN 81517 T AIRTHY . Ha. japonica
csg BAR 70— 2 —HlB L O chiNl FHERAR 742
kA pWL102 (ZHAE LA iE 2 L5 Bl pWL102 720 L
pChiN9 %% ¢e Ha. japonica TWEHSHRDEFRZATU N,
HEABIOREARE 2R L2, S B %
SDS-PAGE |ZfitL . CBB Yt & T o7-, Z D5 H.
pChiN9 ZH 9% Ha. japonica DE ARSI B 7y A vkE L T2 L
—AZD I, 5y FE B 70 kDa DLEIZHRNZ L /SR
YRS (Fig. 4) . 2 &V, ChiNl 1% Ha.
Japonica \ZFR W TENRICH AN T WS NI LG
METpoTz, DL ORI TIL, 5538 _HiG 2 RIS E G
L7zbDZfi#iz ChiNl HEERIEMEL THWSZEEL
7oo 7ok, BAR TEH LV FEHES LD T I BERCLS DI,
R ChiNT D4y E 8% 57 kDa LitHE SIS,
SDS-PAGE 28\ T ChiN1 Oy TE BN KE LD
NT=DIX, EOT I BEAARICER T 2B 28D,
ChiN11E17% IZb B LSBT/ BE A TnD, —fiX
(BT A L G e BT SDS MG LIC]
W28, SDS-PAGE (2B W T FEENRKEAMLD
NBZERFBN TG 23,

(kDa) M 1 2 3 4
114
88.0 — ™
-

50.7 — ' '
355
28.8 . .

-

Fig. 4. Extracellular production of recombinant ChiN1 in
Ha. japonica. Lane M, molecular mass markers; lane 1,
extracellular fraction of Ha. japonica carrying pChiN9;
lane 2, whole cell fraction of Ha. japonica carrying
pChiN9; lane 3, extracellular fraction of Ha. japonica
carrying pWL102; lane 4, whole cell fraction of Ha.
Jjaponica carrying pWL102.
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2. 2 ChiN1 O&E##®E

FEELLT 70% W7 v F ibdF o2 v, 1.0 M
NaCl /(£ T 37°CIZd1F DU pH A AT~ &
OGS, ChiNl (X pH 4.5 fHIICEDOE#EEGTHE
DABDETR 572 (Fig. SA) . F72, pH 9 (FTIZHB W Th i
KIGHED 50% FREEDIEMEZRFFL CODIER Nl
1.0 M NaCl /27 T, pH 6.0 \2331) D U IR BER A7 278
Nz, ZORER, ChiNl ORJSEBEIREIL 50CTHHZ
LB T2 (Fig. 5B). pH 6.0, 37°CICEBT 2K
NaClREARAF AT~ T2, ZORES, ChiN1 O i =2 15
NaClIEFEIE 1.0 M THHZENHLE2-7= (Fig. 6), &
72 NaClIRFEDS 0 M AHT Tl RIEPED 20% FREEE T
TEPEAME FLCHY, ChiNT IIE R BUZ E R L D NaCl
EMBELTHTER DT, —J5 NaClIEEE 3.5 M 128
WTHERKRIEMED 40% FREZIRFFL TRV AEER LT
R A T EL AL ST, Fio, ARBEFIT NaCl
T 1.0 ~ 4.8 M DJREPAIZ B W TLE THoT=HDD,
0 ~ 0.5 M ORI Tl EMEDF LMK F 25580
SN (F—4RET), 1.0 M NaCl /77E F., pH 6.0, 4°C
(Z BT DA A BRI ) AR e AR T, £
OFER, ChiNI X DMSO, DMF, 7EhBLUORAY /—
ST T, FALEI 30%, 40%. 50% LT 50% £T
BIETHLIENHLNEI ST (T —2RET),

HE LT (GleNAc), V>, 1.0 M NaCl 1€ F,
37°C TRISEAT T2, IKIREE (0.76 mM) @D (GleNAc), &
FAW=IGA . ZOIFEALE D (GleNAc), ([ZINAK SRS
7o (7 —2RET), —F5 . miRE (38 mM) D (GleNAc),
RV E FEEB RIS FEY) ThD (GleNAc)s BEDY

-1
-k
n
=

~ 100
2 80
'.E o
S 60 \
7]
2
= 40
&
20 |
o L —
2 4 6 8 10 12

pH

(GIeNAC)s WAERM T D LMD T, FIEBIGIZED
FABIT (GleNAc), THY, SURBRAE 8 REFIAIC, it
KAEKE 0.5 mM FEE CIRITPEHNTEL-, KIZ, Eik
JED (GleNAc), & V>, 40% DMSO XUV 1.0 M NaCl
TEAE T, 37°C CRIBRICKIGZAIT T2, T D5 HR .
(GIeNAc)s DEe KA AL ETT, 40% DMSO 77E FTIiEK
0.6 mM (Z[8] 352 Enbo7= (F—4RET), 2k
V. ChiN1 ({ZLAMEHRRE UG I, KB A IR 2
WTRESIBZERHALNE ST,
2.3 BAMTI/BEEFEALI-ZER ChiN1 OFHEMER
Bl

BN EREE R 2L — a7 =7 (Discovery
Studio, Accelrys Software) % V>, ChiN1 Ol A1
IO STAEEEE T VA RS 72 (Fig. 7A) . ChiN1(X 8
DD I AL DD — b B AR 72 TIM /3L L
WiEx LD, Fio, @M A 2 B sk DAt ool

120

100

80

60

40

Relative activity (%)

20

0 0.5 1 1.5 2 25 3 35
NaCl concentration (M)

Fig. 6. Effect of NaCl concentration on activity of

recombinant ChiN1

B 120

S

=:]
(=]

Relative activity (%)
£ [=;)
(=] (=]

n
[=]

10 30 50 70
Temperature (°C)

[=]

Fig. 5. Effect of reaction pH (A) and temperature (B) on activity of recombinant ChiN1

-212 -



WA 7B LARE, ChiNT X ZL DOfRMET R ik E & e
D, ENHDIZEAE D TREIZFIEL TODZENHE
émto %Z°C, ChiNl D4rF-RKE~DIEIET IO
BRI, S FRENAFAET 2w 7 A0 —T
@9% Phe237 725 Arg247 £TITKHIGE T DUy 7 AIZiE
HUToo ZO/NSIpA Yo 7 2T IBE T L BRI
I, ZORDVIZ239FHIZ Asn 28, FLT242 FH 21T
Gln MFET S (Fig. 7B) . ZH2 2D 7T/ EREHRHKD
FRPE 7 ERICE L CTh, SLIRRESE IS DB NS
W TSN T2 T Asp BLOGlulZEHT 5
bz (ENE R, ZEAEETSE N239D L0 Q242E),
BF LB chiN | A5 - R BT AR pChiN9 [ Z 7 5
HZERAENTLHIET, ZRMEEE N239D BLO
Q242E %#a—R I HRBUTTAINEAERE LT, UikH
BRI 77 AIN %38 N UT- Ha. japonica T EHRIARDRGH%
ZATVN, BPAERY ChiNT E[RIERICL C, 2 BURIEESE N239D
BLONQ42E DHIEEHFAE LA TR 7=,
pH 6.0, 37°CIZ31F 2 5 NaCl i FE IR 7 A F ~ 7=,
ZOREF, WT IO FAREERE AR ChiNT &[FEE,
1.0 M TG NaClIREA AL, 1.0 M J0 @R
JEIZ B W THIEMEDME T LWL E 123 b7z (Fig.
8)., — . 1.5 M NaCl 2L EOSKMAIZBWTEL, Wiho
25 FRRE G B AR ChiNT KOE O RHE A R4 28
W7, T35, ChiNl O5y F-F I ZEMET
ZEANTHZET, MHEEA A B AZ EAVRIBS T,

3. 5 DRE

ChiN1 43 7R DFFE DAL TEMET B AHE AL
7oA AEZE AL ChiNT 2R T, MMEEED A B2 ATRE
PEA R T LN TE, RBIMFIEIZI61T 245 Fl 28 R
ChiN1 OMEERMFNL, HEERELE O TiThizb o
ThD, S1%ITAFEL T ChiN1 OFREFRAI TV, R
fna O THEERFA £ 228 T, 7I/B@ERRIZE
B HIEE~ D %i%mawé EMTELD, F72, NaCl
SN DEAFAE FICB T2 AR B X O A BAl
ChiN1 OVEEZIVFEMIZFH DL T, Zr 7 E DTt
WP DR L O B _Ob‘f%§<®7ﬁﬁ$7‘£fﬂﬁ7ﬁl
BHNDTHAY, EHIT, FHARIBEATE FIC
B AR S OV FEZS B4R ChiNT OMEE %pﬂf\é_é:f
2R DN LA FEE BT & 00 AR S B BT

Fig. 7. 3D-structure of ChiN1 (A) and its enlargement (B).
Acidic amino acids were shown in red. Asn239 and GIn242
on a small helix between Phe237 and Arg247 were targeted

for mutagenesis.
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Fig. 8. Effect of NaCl concentration on activity of
wild-type ChiN1 and mutants N239D and Q242E. Circles,
wild-type ChiN1; triangles, mutant N239D; squares, mutant
Q242E.
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Summary

Chitin is a polysaccharide that made up of N-acetylglucosamine by B-1,4-linkages. Chitinase (EC 3.2.1.14)
is an enzyme that can degrade chitin into small molecules. Chitinases from halophilic archaea have not been
reported to date. Recently, the complete genome sequence of extremely halophilic archacon Halobacterium sp.
NRC-1 was reported, and a chitinase-homolog (named ChiN1) was found in the genome. The deduced amino
acid sequence revealed that the mature ChiN1 was composed of three domains: a chitin-binding domain of
carbohydrate-binding module (CBM) family 5, a functionally-unknown polycystic kidney disease domain and a
catalytic domain of glycoside hydrolase (GH) family 18. Haloarcula japonica TR-1 is also an extremely
halophilic archaeon and has a glycoprotein (CSG) on its cell surface. Because a large amount of CSG is
produced by Ha. japonica, the promoter of csg gene is expected to be powerful. We have cloned the gene
encoding ChiN1 from strain NRC-1, and chiN1 gene has been successfully expressed in Ha. japonica by using the
csg promoter. In this study, we have performed production and characterization of recombinant ChiN1
(wild-type) and some mutant enzymes.

Ha. japonica cells carrying chiNI gene were cultured and the extracellular fraction containing recombinant
ChiN1 was used as a crude enzyme preparation. Optimal pH and temperature of ChiN1 are pH 4.5 and 55°C,
respectively. ChiN1 was most active at 1.0 M NaCl and stable over a wide range of NaCl concentration from 1.0
to 4.5 M. ChiNI also showed transglycosylation activity, and the activity proved to improve in the presence of
40% DMSO.

ChiN1 contains a higher number of acidic amino acids than non-halophilic chitinases. Based on a
3D-structure model of ChiN1, these amino acids seemed to locate outside of the protein surface. Hence, ChiN1
could catch many water molecules to form a water shell and might be protected from salting-out. Since acidic
amino acids are very important for the halotolerancy of ChiN1, we tried to introduce additional acidic amino acids
on the surface of ChiN1 to improve halotolerancy. Mutants N239D (Asn239 was replaced by Asp) and Q242E
(GIn242 was replaced by Glu) were expressed in Ha. japonica. Characterization of the mutants revealed that

halotolerancy could be improved by introducing an acidic amino acid on the surface of ChiN1.
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