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The radical polymerization of the monomer and the cationic polymerization of the template monomer
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Preparation and Ultrastructure of Microcrystalline Chitin/
Hydroxyapatite Nanocomposite

oTHI THI NGE, JUNJI SUGIYAMA
Research Institute for Sustainable Humanosphere, Kyoto University

[Introduction] — A synthetic hydroxyapatite[HA, Ca;o(PO,)s(OH),] has long been widely used as bone
substitutes because of its similar chemical structure to mineral component of human bone and it can form
strong chemical bond to hard tissue. However, HA cannot be directly used as a load-bearing implant
because of its poor mechanical property. Increasing research activities are thus being explored on
incorporation of HA with organic polymeric substrates to generate high-performing and environmentally
friendly biomaterials, designed to mimic the unique quality of bone in nature. In this study, we fabricate a
bioactive apatitic nanocomposite by incorporation of calcium and phosphorous precursors with
microcrystalline chitin suspensions. The primary goal is to explore the better understanding of the material
structure and formation process at the nanometer scale.
[Experimental] — Microcrystalline B-chitin suspensions was prepared from deep-sea tube-worms
(Lamellibrachia satsuma) by acid hydrolysis after deproteinization of the as received tubes. Appropriate
amount of calcium chloride (CaCl,) aqueous solution and phosphoric acid (H;PO,) (in order to obtain
Ca/P molar ratio of 1.67) were then added to chitin suspensions while stirring. The pH (from pH6 to
pH11) of the suspensions was adjusted by the dropwise addition of 1M NaOH followed by stirring for 30
min and aged at the respective reaction condition for 24 h at room temperature. The obtained suspensions
were washed, centrifuged, and dried at 60°C. Several milliliters of the suspensions were kept before
centrifugation for microscopic observation. The effect of processing parameters on the formation process
and ultrastructure of the composite were investigated by transmission electron microscopy (TEM), and
FT-IR. Inductively coupled plasma-atomic emission spectroscopy (SPS7800) was used for elemental
analysis of Ca and P.
[Results] — The Ca and P molar ratio was found to be 1.41 to 1.48 without chitin and a small decrease
with incorporation of chitin though the characteristic peaks of apatite crystal were observed in FT-IR. Two
types of calcium/phosphate crystal (platelet and needle-like) were observed at lower pH (particularly at
pH 6-7) and only needle-like crystals were observed at higher pH. The decrease in crystal size with
increased pH of the processing suspensions was also observed. A cryo-TEM image, prepared by a vitreous
ice embedding technique, revealed the in situ structural information in aqueous suspensions. There were
some associated interactions between chitin microfibrils and apatite-like crystals (Fig.1(left)) although no
apparent crystal growth on the chitin substrate was seen. We hypothesize that some positive surface
charge (NH;") as a result of acid hydrolysis and hydroxy groups of chitin have the potential to phosphate
and calcium ions deposition on its surface in a loose fashion and then the increasing the degree of
supersaturation in the vicinity of the
chitin microfibrils. The TEM image in
Fig.1(right)  showed the  crystal
deposition on surface of the chitin
microfibrils.  The specimen  was
prepared by floating a carbon coated
copper grid, with a pre-deposited chitin
layer, on drops of calcium/phosphate
solution for 2h followed by successive
washing.  Further optimization of
processing condition is required in order
to obtain pure and closet stoichiometric
ratio of hydroxyapatite (Ca/P=1.67). Figure 1. The cryo-TEM micrograph of associated interaction
between chitin microfibrils and apatite-like nanocrystals in situ
*We thank Dr. Kastunori Fujikura from  processing suspensions (left) and a conventional TEM image of
Japan Marine Science and Technology nanocrystals deposition on surface of the chitin microfibrils (right)
Center for the gift of deep-sea tube-worms. Scale bar 100 nm.
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TILALD FHEEEZERBEL L TLAD, £ERBECHRELEICE>TZTOMMBBELZEILS
BHIENFMONTWS, BRIFIZDB-TILHURBADEENTRE SN S Phanerochaete
chrysosporium B3R B -7 )2 F—€ (BGL) OREAHFEICOVWTINETHLMNILTE T,
ZITAMRIZEWVWTIE, HRREA-J LA RBICEALLIMOBEEMKIEERER V) —=
DIL. BoN-BROMEMRITEITOICLEZBENE LTERETo T

€359

SE2FYY (B-1,3/1,6-5)VhY) ZrRFRET HIEMIZIEFE P. chrysosporium DIEF %
BELT 3 HEIRESHEEL, BABSLUEBRNKRZEI L=, BRI KEZE SDS-PAGE (C#EL T
/Bonfz221\08 (5F= 36 kDa) O N Kin7 = / BRECHIZRE L. P. chrysosporium M’/
LT—BR—RIIH L THREEIT T, F-EAN D mRNA ZHEH L TERB LTz cDNA, &KUY
J LERICEDOWTHRALETSA<T—Z2RBALT PR #1TL\, KEEFD cDNA £ REHIERE
Lz BIZ, COEGFZHRBEICEALTHEBAI VNV EZEESE-, fonfifzx 4
DINDEBIEAS LA NS T4—FRAVTREL, S3IFUF)T%E (EEE 2~7) O3
YL, BBEREILVAY, UTTUREDB-TILAVICHT DMKIMEFEEMBT LT,

(#ERLEE]

HANBHOLBONIZSFE 36 kDa D2V /AU EBED N X7 I/ BEIZEZREL.
P.chrysosporium M4 /) LT —3R—X (I L TREFT21=E2AHA, ZORA NI EHFO—F
THEEZONDEGLFHEEN—vMEHE SN, COBEBEFEIO—=2F LELNT cDNA
(& 298 BREDHKRZ VNV EHI—FLTHY. TORIIMSEEMKIEESR GH) 2731
—16 [CETIBEZTHIZELHESNT, BIC. BEE Pichia pastoris #EE & L THMH
AAVINVEOREXKBREZEEL, BRELTEONHBZ A% SDS-PAGE (T L-#ER. %
ERERBEORFEERLIZ, £, I FUAUTHE (EEE 2~7) ZHEE L LTHBAK
DMK EEFEEBITLEER, ZEARLLEDOA ) THEICH L TEEERL. REEMIEI LD
—RESIFVEA—RTHot=, COPBEHEEBRNICEB IO LIS 74— (TLO) L
TERSETHEMZT2EECAH, RIBVHICKESEDKRELNBEYAR LN END,
ABENT Y FEBEEMKIBERETHDIZENEZ DN, BIZ, B-1,6-7 /LY FEED
NEEFODTIFIY, BEBAERI LAV EZEASELER. RENKSBENE LTI S
EA—X. JILa—RUSNOF ) TENERE SNz, B-1,3/1,4-TLH>THDII Ty &E
BLLTRAWEGEIZELWTE., RFOBERENGONNT, LEDZ D, AERIEL-1,3-5
LY FEEICH L TEERESZRI T FEBENMKIEEZROS IS F—ETHY. b
DB-TI3Y FEEPLTEBEZBEICERB L TUOHaREEARE I T,



18 F & Phanerochaete chrysosporium BRI FER S 1%

NLE 2 IND EDRERERRR
(RARREHR) OFHE H. AtEERF. MHEXR. REES
(BIXI) ARG, WAES, PREX. KFILE

W]

AMBHEFRIEANCSDOBILETBREZLEETIH. TOEEALEIV T ZUNEBA
DEENTREENTHEY., O —XPRICEETSHDELTEREOEA —RBKkRER
(CDH) DHMRNZEINTIVS, CDH (IM—DHRNT SKRANAY VNV BETHY., £OE
F—RADBRAKRHEZBILLS I P EELERIEEMIET S, CDH DANARAAL V(IO ANA
GOUNIBLERIELK RADIBHNLBBEETHILMMENTEY., O ELF—RBikZE
RALSVTHBTISEVRAMVUDSEFE2EN. TOEFEFMI/OA ¢ BREDHESLILE
MNEETEFGEEMETIIEMASHCEIN TS,

EBEOSIL, BFETHDTT / ABRHMBIE I NI Phanerochaete chrysosporium D% /) AT —
GR—=RABRRICELY. CDHDANARAS VEFBWERINE RTEREFH/ZIC—HFRARWVELE,
ZITHAMAETIE., COEBGFEIO—=_VJ L. SHICEBBREZBESL L THBRAKELTAE
EXH., TOBEEERITLE,

[3ERR]

P. chrysosporium )/ O—REB—DRFRFELTHE/TI HREBZEL. TORENSEL
MRNA ZH & IC—AFEH cDNA 28 L7, B5N/= DNA ZHRICLT. ¥/ LABRICEDE
FELAET 47 —2ANT PCR 1T\, BMETHEMEFD DNA 2REFIZRELZ, &
522D cDNA DS>H, Y /N\O'E%& 21— R T 2585 Z8BBE Pichia pastoris ITEAL. #
WZ I N EEEIEE, BONHBRZ I NI EBRL, AIRRIRARY ML, Hi8
SRUARY MV, BILERBMATE L VELZDZHEICKH T IWREREATEICHLZ,

IR &R

sO0—=VJICKkYUBSN cDNA (3908 bp THY. 25873 /BEEREDRERMY /XD
BEI—RLTWEe, . A=T2U—=F4 57V —ALD N RFICITFIRTFRHBR
SNl EMS. COBGFNIA—-—RTEIUNRNIEE, BREANCOENDEFREINE, &
512, BB /XOED N Kiin1 8 8FRE(L CDH DAL RAA V EFWMERIMEZER LD,
BRRWZ EIC, RBELGEFD C RFICIETSEY RAL VY TIIAL, 773U —1(1CET2HEE
BEZa—)L (CBM) DBEEL TV,

REEGCFHI—RTB5 1N 0E%,. BERARZAVTHBRAGE L THIRSHE, AIHRKIR
BLUST ARG MIVARICHUEER. ANV EIE COH ODANARAAL V ERKIC, &
AEVOEAMEF MU OA by, THDIEMBASNER DI, Eloo TDHZ VNI EDELETT
BRZAELEZEZA. CDH DAL RAL VEIFIZREEDEMETH /2. CNODERD
5. CINSEF M OARHEICRKUAENARIDOBRIEEFE TSI ENRRINE, 5T,
KNI EDERZDESHEICHTIRBEEZBELAEEZS, BIA—RELY HEEEEDEBRK
NTHH AFFUICHEVREFEEZRL., £, COEGFEIEINVO-—REZE—DRFKFRE T S1EH
TRELTWEZ EDS, AR ARATRVWESNAEGTFIE. BIVO—XAPBRICEWTEEEE(C
GHETHAFHROFbI/OAL b, Za—RLTWEEZZ 5N,



BUNRNERESA L0 B4 —BRARBERIZEITS
L gz 20 2

(RARREM OR+MERT. EM@ . BBES

(REXR—£1L) BHRL

(E] MEVICLE2ELO—RDREE—RICELST—EICLIMKSBRIEEDDICERINT
Efzo LML, TO—AT. E<LDELA-RGRERKES L O - SEEICEO EF—RBK
FEER (OH) ZEETEHLNHMOENTVNS I EAD, HILO—RESRBREICHNTIE CDH 12X
SPBILEARIENERLGREZE - -TVEEEZOND, ODH FTSEVELIUNLERHRAYFiRE
LTEL 2 DORAA UDHEBRENTVNSIIRALEBHET, EAEF—XPEOF Y THEDE
ARGEBRIEL TS P EERT IRICEMET S, TOBIERISICHEZE LT CH (FF/ VELE
BP0 Fe(llD) ERFLEVMFORABEFRRREFNAT S EAMONTNSA, TALEFRSE
AANDEFIREHIE L LTIL, electron chain (BF#H) RIS & electron sink (EF#) RIEDZ
DOFREMMNREEA TS,

ZCTAMRETE., BARSIUMMBENEREZEAL: OH [2EFHHERD FROBILETRK
BEZRBEA MY T IO—SRAEHEAVTHER, EFEEREBEEZER LT,

[ER#ER] A2/ —LELEEBICEK>TEESNHFERS LU FI166YCDH (HBARMEMNE

Phanerochaete chrysosporium H13%k) ZHEHR LERIC#H Lz, EOEF—R & H ZH5H LHAE
EBABLTCH Z&ExLiz&R, FroO—L ¢c ZAFEREL CDH DANLBLUF o O—L ¢ DEEILE
TTRREZ AT, RISIE 50mM BFEL#E &R (pH4.0) &, 30°CTiTo7=,

Cyt. Croq

[#BREER] tOEA—XRIZEKD CDH DET L.
BILENT- CDH [CKBHF FUB—L ¢c DETE=
BEBEICK>TERMICIToIZET A, £OE
F—RIZ&>TETENT OH DALABILRA Fotred FreaHox
ELTEDERBICF o O—L ¢ NMETSI M=,
Fr-. BUBENEEZEA L F166Y TIEK., 2
FEUHALALNDEFLEREFTES A>T g
=0, ALMSF RO O—L ¢ ~DEFIEEERE
[CIXEEN LMo, EEKRREBIZET S F166Y
&K5F bV BA—L ¢ DETREN. BIEEIKEIC
BITEZISEVHOALANDEFCERELTS

CBL
Cyt. ¢,

[I—HLTWW=C&h o, CDH OEFImEEET
BISRLIEE S BEFHEHRIGTHAHIZ ENTES
hf:o

B CDHIZHIFTHEFIZERAF—L
BitOEA—R, BLEAEA/ 54 kY FIT5EY,

Hi~L, ox:ERIEE!., red:ETE., sq:3I¥/ LE



$8F M Phanerochaete ohrysosporiumi=&k &N A—X X MMREEIC
ERX{3XV50DER
(RKREBER) OF#HBERE. At+REHF. BKELEHL

(B#eW) €F 8

(#E) $HFHE Phanerochaete chrysosporium [EIAREMAREZXRERE L THET 2AMBEMEAD
—HETHY. BRNCEET IHRALGEMKSBREROBRILEREBRICE >TE/LO—XEHHE
TEHRENMONTWNS, BELDHEETIXIMNET P. chrysosporium WEET /)L 0—X
PRBERICEHATIMAREFNATTELN, TOPTEILO—RADRBEBRRICF IS VERMT S
ETHARENMRESh., ERNBROEENI—UHNKRECELRTEILEHRL. EEELRE
RIZTHRRLE, ZITAHETIE., ELO—REHITF IS OB LIVFOEBBEEZRML, B4
DERNBROLEELGLVICERRRICEADEEZHEICERZEF TS LT, TORRAZHSL
ML T Z EERAT,

[528R] P. chrysosporium DAEF % 2. 05Dt/ A—R E=ELHZE Wood IEMIE [T FNIZF S,
FoA—XR, HHWEFOF)THE 0.2%5HmM L F-EB(cEE L. 37°C. 150rpm OEHTT b
AMIRE SEEFT o1z, 24 BEZELICH LTI U ZTL. 10 PHEBEROEREZERDT,
TSI, EOPELTEON-EERPDAE /N BiEE % Bradford TR, LI O—X D@
CE5T5LEBbNDIURIILAF—E(EG).
+tOEAERFAS—E B 8&UEOEA—R 51

ik
Bk RBESR (COH) Bt 2RI L, ;
(BREER) #E 1 BRISETEFLS5VE 2|
MBEBRICHTIERHEE,. 2> bO—LTH =3
BFUIUERTLVEAA—RERRELE

LTH 2 fiThY. BRI 5 BEOEEEE 57
LTEVLLARLER>TUV =, LAL, FV5 B

VOFEEERLTWLWEXFOO—XRBELUFY

O U SHERMLEBERTE, V50T I R
Ront& 3 HREDREFBRS WA 1 EREM (B)

(B), Bl FooroimmiEthcidar o
—ILD 2 fBEL DB VNI ENEESA TS
DIZHLT, FPA—RBLUVFTOF) Ik
RINEMIZBTE42 V0 &82Fay ao—)L
D 6-1 BIEETH 1z, ¥ T URMEERIC
H1+% CDH FEIE. FE 2 HEIZELEEARE
FLTarvrao—iLm 10 EIELEDIZRLT,
FoO—XBLUFOF)ITEERMLIE
ERTIE., @EEFaorro—L&kY$HBHLHMIC

CDH:E 1%

0 1 2 3 4 5

BEHh-o7f- (K), CBH 4> EG DFEMHIZEALTHF EEAMN (B)

BOMERZR LA, COH (ZEBHETIEAL, -

fzo SEXIIVERMAMKIBLTHELONNT: P. chrysosporium £ )L A— RS RIEERIZE
BMAEZRAVTRZKROERRZTL. RESLUE + 2 EAS & CDH EMDTIL
FEHEOEBMORERZE > TV FETH D, O:avro—)L, @aYbA—L+FSFY
YEERIE,. E+EEEF. REESL. FLA, BHFRKL A QVbERA—L+FO—-X

& IvhkA—iL+xOxy) I
%53 MEAAMEEASHEREES £ pdd47, 2003 7 7



NMR B -13

o ( ) (AFMB-CNRS) Bernard Henrissat
Laminaripentaose hydrolase (LPHase) GH family 64 Sreptomyces matensis B-1,3
5
'H-NMR
'H-NMR GH family 64
2)
Laminaria digitata Sigma S matensis DIC-108 LPHase
D,O 'H-NMR  Bruker DRX500 D,O 27 ,pH 6.0 (sodium acetate buffer)
LPHase
o}
B -13- LPHase
5
'H-NMR
H-NMR
3)
ARSI RS OHA

L]

i L] H
54 53 52 ORI ORE &F &8 4.7 4 4F 4 4D A WD

& (ppm)

1) Nakabayashi, M., Nishijima, T., Ehara, G, Nikaidou, N., Nishihashi, H., and Watanabe, T., J. Ferment.
Bioeng. 85, 459-464 (1998).

2) Nishimura, T., Bignon, C., Allouch, M., Czjzek, M., Darbon, H., Watanabe, T., Henrissat, B., FEBS Lett.,
499 187-190 (2001).

3) Sulzenbacher, G, Bignon C, Nishimura, T., Tarling CA, Withers SG, Henrissat B, Bourne Y., J. Biol.
Chem.,279, 13119-13128 (2004).



[ ] MRNA cDNA
QuickPrep micro mRNA Purification Kit m
MRNA daT RT-PCR
cDNA PCR DDBJ WEB
PCR
DNA
Nco BamH 37 5
DNA
1400bp
RSET invitrogen
BL21 LB
SDS RNAse
DNA
DNA BLAST
CMC LB
Zymography CMC-LB 1M
NaCl CMC
x His

CMCase Avicelase B -D-glucosidase
cellobiohydrolase



Trichoderma viride

CBH-I1 Avicel Tween20
PIERCE
pHS5
KS-802(Shodex)
15 6
Tween
Avicel
Tween20
Tween —
Tween20 | =
Tweend0 | i
Tween60 | H
Tween80 | ——
0 10 20 0 )

(Glc ; mg/ml)
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