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Figure 1-1. The model of scattering power by X-ray and Neutron, showing negative scattering length
of neutron in green and positive in red.
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Figure 1-2. The monomeric residue of chitin and cellulose. The atoms are shown with yellow (carbon),
red (oxygen) and blue (nitrogen). The atomic numbers shown with chitin are used consistently in this

thesis.
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Figure 1-3. Diatom (Thalassiosira weissflogii) and tubeworm (Lamellibrachia satsuma).
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Figure 1-4. The crystal structure model of anhydrous B-chitin in the view of ab projection (left) and

fiber direction (right) proposed by Gardner and Blackwell (up) * and Nishiyama et al. (down)*.
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Figure 1-5. The model of B-chitin complexes. Distance of b-axis direction expands by the guest
molecules.
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WITHEFICRE R D, pRTF U OMEIL, TOBRND bEEHICH LIS TS
NEHETHDLLEF R D,
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1975 4 Gardner & Blackwell 1 X #REIHTIZ & 2 B F KW O ERREEMAT 2170, 1%
EZUARETNERE L Y, Z OREMRNT TIE 61 8O T8 bR 7 B8 % O OR
Bk T, BRFEFOMEICMELZET b OOREE L L TCORE 20 JEAITHFAEE T,
P06 OfER LTSI FE £ TR F U kY oMEET V& LTHWLILTE 2, 2011
£ Nishiyama 5133 > 7 v b v U HBEEIC X 2 @i X % O T2 R0 fifRE T oA
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Tholeizh, RGMRERFZ MW CEEOR SRS T DHIRO A TRYRET LD
MENR ST, L LIBHEEHT D56 ZORICHEEDOEWRIT Th > Th . KFEFTFO
B ENEREDRED 2D 7 — U ZF5VEIC X 5 Al b M QRO E O R ITEHE L
Vo FF KBRS EREL LT, KBEIMATE M7 I FEZAFLTVWD
7o, T OREE LWL B 2 DBEIOKBAE LOKFR AT LD BHEIL R D, FFITBF
F L X BAEERAT 2D OHEEIZ L0 b B IR ERE G AR 2N b fEdED
PR T T 2 & B A DN TERY, EMICKENELZRKEL LKRREOERERFDS 2 L
IXE ORHEMIIICEZE TH 5, MHERIT COKBNERE DD DO FEE L THEHRAE
PFiESEL =2 ETHWLRTETEY ., MBIEbIRIER LS TE i 10T ks
FFEFHHEBELDA R Ny 7 7T U v RlEL LR S 5720, frorfaidble LT
EHATRER KB L R THEAKFTLHZENEE LY, ZOFELREIERFT U HAY
DIKFNLE Z PR 7 — V) =225 I K0 EEERICHRE L, FIRFIK SRR SRR o3 E

1THo 7,
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2-2 EB

2-2-1 IR

W oA U L (Lamellibrachia satuma) % FE V2 55 75 VEWE K& 100 m 12T, hyper-
dolphin(JAMSTEC, JAPAN)Z HIWTHERI L 72, 50~100 nm B D& &Y A X % £ miifs aa kR
XF e 2 NI EOBEERNORDBEE 2 IN KT MU o LZUER .} OV R AL
U IO L, AEAOBHMERSO2R DA 1372, 2% 1 mm x 200 um x 1 cm F2E D
EfRRICE D L, IS ERA LRI E D 2 LI BIZEELmEORE & FR L7,
ZTNHZ 1 mmEDOFX v 7 U —IZKRHZL <F D, 160°C T 1A — b7 L—7 W04 %
ik, BREBEOKELZFEKFM LR 257, MM 200 KE2F5D72 10 KD
FrEZ7Y) =K 4mmx 10mmx 10mm 2725 X HITF L, FPEFREERICHE L7,

2-2-2  TETRREIYTRER

Data collection
azimuthal angle(®)
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Figure 2-1. Neutron diffraction data after remapping into (A) cylindrically averaged reciprocal space with
the meridional and equatorial axes vertical and horizontal respectively (B) polar coordinates with the
radial distance in vertical and azimuthal angular coordinates horizontal respectively (C) The fitted
intensity distribution. The meridian in A corresponds to 0° in B and equator in A corresponds to the 90° in

B. Peaks were observed to the ninth layer line.
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Institute Laue-Langevin(Grenoble France)? D19 7 A 2T, v/ F U A ¥ —XOMmHE%
fii 2 7= 4 5 EER[E 7 G TH MR ET RR 21T o 7o, BEEIEHE IR T
256(vertically) x 640(horizontally)D 7 — % ¥z (1177 L, JRiEF MO A3 FEREIL 0.19°Th 5,
GRHEEHTT — 2 © D19 TOEHANL, Langan H DO FEZR HWTIT 7= >, D19 1ZAHFD
BB TRRARE S FOMRICHN LN TEZT A THD 7%, FET T 14558 A D
A 24 BRI E LA T — % 215972, Figure 2-1A.1CH b 2T — & 2 [E IS
b U Tz M AR L7z A T, EAENOREMLE TRk L 727 — % % D19
D7'w 77 50 DCDI9 Z AW TZEMREL 2 MHIE LTz, MHERONEIC LD INEEE)
I, ENENDOMBETOT —Z 7 L—»L%, NF VT LMEOELEOIFFBMEEL O T —
BTV —LEHANTEILZ LICKOHIE L, RFITAH S KFER ERBHIZE 5 KEIC L
HIETVMERGELL, B SN EFRABER S, Ny 7 770y REGELO LR-A2E L,
BELOWER ORI TN TN O R RANB DRI K > TR D720 2 OFEHl & I
M EIZIETRCE O TR O IEME IR R S LB T 5, MRAMERIHT R ClIkMERs f & FedE L 72 %
YET V=2 HND70, ERERHABORBLZTERIIERT LI LITEHLLS, B ahz
HPEF-RR S FEER IR D R XA CTh H 72D, FEER RN EFH R 21T Z 1L TE ke
W, RBFFETIR, Ny 7 7T 0 ROETFHMEELZ & LV AR S 0 . I IE AT
LNy I TT Ty NIXFERICR D LW EEEBE W THELZTT 72, FNENDT
— X T L—L%E, ZRTEATTA VEBIC R TE LNy s VT RTEIY | b
EIZLoTEe—2 L ) A X5 RE LT,

o7 — 4% % Figure 2-1BAZRT X 9129181 (OFfifg 1°%14)  x 890 Tk (K )7
M A") OMEBE~LERLT-, TNENOEPTOBE T 1 7 7 A VATHALATE O ¢ i
OELMBEE & . BES MO T T ABENZGE D YLV N BEIR AT o 72, £ OMEZHIET
—ZICEBTHEOIC, MR/ RIEEZWRI ZLEDTELY T RV T Ny F—
LAPACK H DG EIRARIE DR RS ARIC L W iE %2 5 2% DGELSD 7'v 7 J L& VT,
MR/ RIEDR/N ) VIARE L TE R, ZOXSITLT, U —RITEHL
TEWZERNCEB T D, AWVIZIEE L7ZW L O 0BT L 558EARy N, F5T 5 Er
FREEA~ & —RICHI LTz, 560072 2 7 — 45U 2 7 — # 13 °crude intensity list
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Figure 2-2. The scheme of peak fitting and structure analysis of fiber diffraction.

17



LT =Y &G MERANC ., 7 FERUIRIC & 5 UrHe U 73R B350l DRAZE % ki
FH7D, AR REIT THOOND FIEICR D > T—2DMEICF & OISR
W, dREERH 2> O REIEREHT ~DJidL % Figure 2-2.012777,

2-2-3  FEERAT

RGN IS R O/ N R¥ED Y 7 FThH D, SHELX-97" ZkiEm i+ 5
EIEHWTUTo 7o, ¥ FUEEONAHET MZIX, SFEHRRINTBIXT U HAY O X
2 iz Y BKFEL LB T, ERFFICH S KBRTFE2BETTANLIL,
Z LS DA OFERE K RER 13 X 7V CTRE L. WEOHIER T & §HE oS
W ERET LA — VR FE2NRT A= L LT, 7— U =B PICEKER 7%
b+ 270, |rT—4 & LT crude intensity list’(HKLF 4)% VT, 1.35 A £ TOIRED
TR 2212 %E L CH43 7238 % £52 Fo > 4o(Fo) D 109 E D [EIT 2 W CEHE 21T 72,
ZHETOR/L B — AT TIX, BHTORENRS B D B3R FRGEEE O
B4 % HOIC N T 7 — U GO A ToC& e 120, 20w 7 — 1) 253K
DEROBEE LM IEL L0 b HEARMEOR LB L TBY, Ml m~IEn -7
A G6ND, SEFEEDIRY LI EHEEL MR T2, LVEFEEEREIRT 52 L%
Wit Lo RERE 2 Wz 7 — U 2SO Z AR TN KB LTz, FF 3B H
FEOREWT® M7 I FEEZFOTO, X B Z W72 EHEGREE & ik [m 477 —
NGO NDHEREDEENRKRELSRDZ L —D2DFKNTHA H, Z OFRHIERE
P3N FEAT S TV DA 28 A 7 — VIR (RETREE & 3HRRE ZRE T 28+) 2R
BTtz I R RE R & Fs oo EdT (UIEIRE 10 BUF) 23R B ER
SN LT, ZHUC XV EBEICHWDETOHKIT 88 £ Tl L, 77—V =EpRPICEAE
JRF 2t 5 2 ENTE, FEBROBEREBLEL D OBERMT 5 ENTET,
Coot® 2} Raster3D % VN THERR L 72 7 — U =7243 X % Figure 2-3.12R"7, 7—V %
BLOPENRE & LT Fo-Fe # H\W=IX &, 2mFo-Fe (m I33HliE40) & F  ooa AR LT D,
INOLOMFEKEE LTEYRMEIZ, 06, N2 IZX L TE—7 B3 —D2F D8 S
03 DEKFIHIGT D =7 X O Sz, Ml Sz v — 7 (L% LT DO3,

DO6. DN2 O JFEFE 2 f G HH AR E A L=, ZOF O-D & N-D OfEAFI1E 098 Al
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O-D OFEAEAIE 110°% H.0MZ, SHELX @ DFIX &Y DANG 47 v 3 v %& W THiIlR & 7>
(72, FE72 DN2 ONZEIE N2,C2,C7 &[Rl—FHEIZK 2D & 51 FLAT A7 3 > & Hv Tl
FRZDNT T, ARZEANT DT L7 — Y ZER ATV, FEAE D 2 HEDOMERR H1T > 72,
03 J8 Y O~ S>DJEFEIZEY L T Figure 2-3dA DJEIED A, 03 1D 05 ~D5y FNKFERE S

EMNDTZORITEA LTz, Lo UREIICEHR L7z 7 — Y =255 (Figure 2-3d.) T%

BONEICET 2 Y — 7 3R ST,

Figure 2-3. Sections through the 6, map (blue wire) and the Fo-Fc omit map of anhydrous B-chitin with
no deuterium added (a) and then with DO3 (b), DO6 (c), and DN2 (d) added. Green shows positive
intensity and red shows negative intensity in the Fo-Fc omit map. A density peak still exists after adding

all deuterium atoms at the position labeled B in (d).

19



O LTHY 5 BEEMES 448 (03:2, 06:1, N2:1) |ZBRE L7=%%. “regrouped intensity list”
D 1.5 AETO 63 ORI EZHWT, MEREILELITo72, £T 03 1T LT Z2H5 Y
— 7 VT, TNENONEICEAR | THEEALHEE, —SOMEOAFSEE
T 112722 £ ) ICHE LIcE O 21T o 7o, #EIRSIORTEEER 1 R1IZT

B L 72,

R1 = Z(lFoI—IFcl)/ZlFol : Fo>4o
ZNZENOEHEENF1E RI(A) = 0.253, R1(B) = 0.282 RI(A-B) = 0.262 £ 720 . A DB D
WERFHEDONT A =2 L TR BBEHENS WK R E Ro72, A ZHWVWHEE
I¥ crude intensity list”DOREIED HOCEL L TH Y | #EEOHERO - DEKFZIRFE24 LT,
—OTOEALLBROBEER T OB 2 MR Le, EAREEE EROEEDEEER T,
J<OYDN2, DO3, DO6 Z JIAYGE A L 7= fZ 4K 115 Rle) = 0.300 R1 a2y = 0.289, R1(pn2,po3)
=0.264, Rl =0.253 & 720 | BE/KFDEANIC L0 JERESE & ORRERHEAIHD LTS
Z & DR S LT

12

10 &

Fc/ Fcmax

Figure 2-4. K, the mean of Fo over the mean of Fc” calculated for reflections grouped in relative structure

factor Fc / Fcmax.
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Z OREED B RREN 111 A £TO 110 ORI R A VT, @R 0%E SR ER 7%
INTG A=A TREERI R 2 AT o T2, M I33EE D O FEHER 725 R1 = 0323 &
feolz, BB Langan HOFE 1T b o T, Ny 7 7T 02 RISk 2 A% K 7-(Fe
[Femax)?® 0.2 £ 0 &/ S W EIPT(Figure 2-4.) & 5HHE BRI L2 & 2 A, DO6 DALEROR
AL UAEHEER F1E R1 = 0256 & 72 o7, ZOREEZPFF L EAYOREEE L L THR
¥ % (Figure 2-4.),

2-3 B

Hydrogen bond
Table 2-1. Hydrogen bonding geometry.

Donor Acceptor D...A distance(A) Do...A distance(A) Do-D...A angle(°) acceptor residue

N2D  O7 1.94 2.73 139 1+x,y,z

03D 05 1.77 2.73 171 -X,-y,-1/2+z
o3D 01 2.47 2.95 110 -X,-y,-1/2+z
06D 07 2.09 2.99 149 -1-x,-y,-1/2+z
C8HA 03 2.52 3.32 141 -1-x,-1-y, -1/2+z
C8HB 06 2.48 3.36 153 X, -1+y, z

C2H o7 2.39 2.87 109

C4H 06 243 2.82 103

HEF-RRHE R IC K 0 ERERY IO E L 7o KRS 5 FREUZ Table 2-1 & Figure 2-5a (27”7,
Z ORFEREGHRIT N FE TORREE X AMEET © THEESh b0 LITIE—HK LT
%, KRFEHEERRAIL 03-D...05 D43 FHKFERE. 06-D...07, N2-D...07 D a 7 [F5>
FHKRFEHENPO20, RTOKRFEMEITIMNL LTKERME TH D, BMIZKEREES O
AR EHBEADOAXNOLHEIT S5 & 03-D...01 D FRKFEREE LIFELED 2, 01 O
SEEFROMEEZE XD L 03-D...05 IZHEIZRIEFIZH VKA ETH L, Brn—2
B —20, AFLtrEAdy RIS &) Rk HKR#ERES Y 1ZpxF
VEEKWNIITFEE LR, BRFUEKYTT VT E— R D DI, HIVR =V DR
Thd 07 LETOMKETHD 05 ThHhDHT-HOTHD, 3ETHLIBET L8, EiaIK
Fin A ITINLAKRFERE AT L TR DL ERICRELS FET L LD, 2D M



IKEREATXBKMEA AAEH THREON DWW a Bl 5 1 OIS 2 ZE{L L T\ 5, Blackwell D
BEORENLIR_RENTE L DI b BHM OV KERESIIFAEET, C8-H...06 & Cs-

H...03 M DOHVKFERE DO AR — Mz M5 & LTV TS, BRZRRFRIC &
LI ORI, Z OKFEHERATHD LHEETE D,

Figure 2-5. Final hydrogen bonding model of anhydrous B-chitin (a) and isotropic temperature factors of

deuterium atoms (b). The geometry of hydrogen bond is listed in table 2-1.
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Intensity re-distribution

Figure 2-6. Section through the 6, map (purple wire) and the Fo-Fc omit map after re-distributing the
intensity of close reflections proportional to calculated intensities of the final model (a) and alternative

model (b).

7=V ZEFKFO 03 FAVIC o0 —7 BHE LEZEBE, #kor—snaibs
STCBEZ BT OF LGS L TR T 2RV ICH D LIBEIND, EOMER & Ui
WEIE DGR DT, oA E OFHEMIER 2 W CER Y & o 2B ORIERE O 5y
FlailkAie, Mt A AN O OETOER Y Z#ZE L, MHEEE M 0.07 A OFEEETO,
SREE DGR O\ 0L 21T - 72, Figure 2-6.ZfE RO 7 — VU =25 %/~ T, DO3 % ik
WETHD A DILETHIRZIT) &, B OMEIZET D E— 2713k L, £tk
FOE—INELAMICHER SNz, —F5 B OMLE CHOEZITo 720, A OLEIZE—
7 EHERT D ENTE, £72 D06 DE—7 BB S & 2 RERICRER 7 — Y
TEJEOKES TR5, THUOLOMELID | BN TWeRG R E— 7 [THE D/ ERAE
DEETH D Ll 2 2 LN TE e, — BT HEFAE R DR Tid, R DR
DFENREFETIEIZOL D RERNE D 9 HA[fEEITIEETE 2V, SEIOBFTF > Tl
—F ONLEIIKRFEREAENEELS e D50 o To iy, 7— ) =BG ELY 2 "Z—r DK
FROHERPBESNDIGATH- Th, HEREAMIIALEL Shb,
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SREEDFREN 7 — V) BB OERICENTH D Z EBbhrololzd, X BEEDH
FKER S ORIERE DL Z O THSRZAT O 2 & 2R BTN, X %SG 218 KIZ G
LTLE D7, BHARBMED W HIZITA TR o7,

Thermal displacement parameters

Figure 2-5b TR TRGEA L SN E IR R FI1%, KE, BBFE, ERFFITHAATIER

M

WCREVEAZR LI, ZOEPEELY b RECEES D Z LI, REFOOFIEIZ
—N2H 2 FTREMED & D, FRIZHIE U 72 FEAE D D AREIE~ DM OES . & DR THE
(272 D AR DEHFALE D D OB T OF UL, /b IR CHEATHRE 2 RS 2RI mE
Ze it/ NeE Al S DI B D72 OFREEITIEMEMEIC T DM A D D, ZOmMADE
P17 — & O IEME LR TAFAE R T OTREE O RN OBAEETFORETH 508, ZOR
RN BRI KRE RBERNTFOERNO—2EE2 N5, —F CEAFEOIRERFD
% R7-55G . DO3 OWRER 7 RIEF /NS VMEE R T DIE 03-D...05 235 b EHRAY Tht
HEV, BROWKEHETHD Z EICLDREMENDHMTE S, N2-D...07, 06-D...07 O
KRFREEITZNUT D LN, RESAELLNTNDLDTHAS S, K2 06D
FZDOEREOBEHE L EDE TROALETH DL EMESND, 07T IZ 2D FF—n2bHK
FROAEREINTNWDD, ZNENOKERES ZRDO HALEIC C2N2 J8 b OEHRIC &
DBENITLZ LI, KEHEOLEMEZ TIT D RESRRIND, ZORLEMEN

DN2 & DO6 DIRERFDRKE ZDO—DODHER 72D 5 5,
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2-4 fEim

B F U MAKM DAKRFERE AR Z HETRETTEEZH WD Z LItk 7=V =%5K
ERWTHERL Lz ECEEMICHRE Lz, ERKEMAEIL 03-H...05 ORo1HKHE
fa L. 06-H...07, N2-H...07 O oD FMAZ#ATH D, MA T 03-
H...Ol OKFRES HEE LIIFEET S, A —REREFTROND 2 & Db 5k
KREFREARNIFEEET, KEEAEZILDDT 787 H—THDLZ—T VKNI LR =)L
MERIC LD, AL LToRFRRERAE oT, b BT M ORVKFEESIIFEEE T Z o0
FIVKEREGOHTHY | FEMESHASER S D ER & L TRE ST,

BB Z OBFEILF T BT DD T O H PR TR T 5, Ve BT
M. F T UACEIT D EOMOFEREOR SR T HRFRRHERRERES 272D DRI 72
FETHLZLERT I ENTEI,
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3 Bﬂ’r?/_n‘(ﬂl%@ﬁ THREE X BR K OV M RRARATIC & 5 BB
WA IE N R RN DR E

3-1 H&E

QETIEH SN/ L DT, BFF AL b T ANZITIRVIKFER B L FF 2T, acmliz 7 & B
7 X RRICE D N2-H...07, KERHEIZ X2 06-H...07 D4y FRIKFEM G & SO A/ER
IR VB SNy — MEEDHERE L 7-E 2 D, £ DDA OV — FHIC
K, Taa—, T I USEOBIERS F 2 R0 ARSI DMK RS 5 Y,
Blackwell IZBFF L O L LT, T OMEED OEFEBHOMEZ R LTS, il
NTBFF ARIE, HREICHER SN TW A AfIEL LT, —“S0BERH S, B
FIAS /3T A —2I1%, fMRHEHF 23 104 A T, MHWE I BT/ —RBEGTMNK 4.8 A,
B OHANK 97°TIRER L TH Y . BUEDHAKFOEY 5T b 5 mOIEAK 10
ANALERRS>TWD, B ARENLEMICEHR LZET L TlE, 2 Th—/Kiw,
KR & STV %, Kobayashi O IXAHXHRE D 2 b o — U2 K HBF T OfsimEsE
BHLLE=ZV LTS L BRFUidbrua—2 KMok 205 Im 00
ik, Wk ® OB RS & B | A CBIE RSB A R, BRI KR
P EIR THHREE R 30% E TIXZE TH D05, HKYSo— KMo K+ 572
ITKITIRIBSE D ZENRETH D, —FH, — KFIEIEFITROEEL T LFEEY
T KA Z RS 30%LL T ORI THIR S BTG E 0, SR AR 80%LL L

AR L7235 81 bd, F72 Saito HiE DSC & X #E& W TRIF T DK TO2HE)

(\

DFEZEATN Y BB XY —KFn, 2K, BKOREEIRD Z L2 RLTVD,
ARSI, £ < OTEMR 7 0t 2TKRTHDNS 0, KM OTEM /2

EERAONCT DI EIFEERZIETHD, LrL, KAPOHEEITEREL LD X #

T=H TTHRRINTORY, EFEEHED X e, mfmtE, mEmEOREZ Huv
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THHEDEWE AR 4 BHEAERE T 5 FIESBHER S T hiEZESn->o b
Do ZNHDOFEEANTRFT > K OREE I S 2MZ Lz,

F7o 2 WERBRIOKEMAOHREMET D720, PHETREIYEZ AV KRB E % E
PERITIRE LTz,

3-2 X HREHTEBR

3-2-1 FEIFAR

2-2-1 ERIBRICHER L)Y 1 L7238 2 . 100%10 2 78 50 CREMfIfd ) < Wil Eslel & L
72

3-2-2 BUE - MEEHHH

Data collection

.II; i .I “\l l

Figure 3-1. X-ray (A) and neutron (B) Fiber diffraction data. The fiber direction (meridian) is vertical
and the equator is horizontal. Background scattering was subtracted using a rolling-ball algorithm for the

purpose of improved visual presentation.

27



azimuthal angle(°)

0 180 360

S
"""w’ %.’;?'QE?’.° e%8°,
’r-. o “ -; o “..'

S RCE RO X MM
o? 0 et T % ¢

‘0‘. 0‘.0“‘0 o;‘o -J‘

?.-d“-vﬁq.wﬁo“-ﬁo“od
R 7% R X AR -' 'm
- - - L 0 O
‘v 1 ‘iel et ive o"'o
.‘ - ,' ,,.‘ .. .. .. ..

.!!‘ -' -‘
S V
£ J ,r

P & & & & » » 0 6 . 6 0'1
“.-oJ‘.-‘b.,‘... - B, A - .0
tmp Pl b=b =

- . - o L.
’ LR J "‘ - - - - .’. - - .‘
AR L AR AR Y

radial position (pixcels)

g -
&Y

. k4 4
iy

»

"‘.
]

Figure 3-2. X-ray fiber diffraction diagrams transformed into Polar coordinates. A: observed B: fitted.

The origin of azimuthal angle corresponds to horizontal left of fiber pattern in figure 3-1.
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AR L 7-508 % SPring-8 (Harima, Japan), BL38B1 (2T > 7 1 b v > it eI 526k
L7, B2 20RO ZIZEHE L, T2 A—=F —ITRO AT, 100%38 7KK A
humidity generator (Shinyei SRG-1R) % FH\ T 1 L/min TR EFHF72085 HE 1.0A D
Yoy m ha UG ERME T ) LT 180 FVERSY L7s, EIHTIKIOFEERIL AR A A —
> 77 L— 1}k (R-Axis V, Rigaku) TI7\, 170 mm ([ZEE L7ZRAELE A A =T 7T L —
FHOH A TEIFT Y a3y Z—F e s UCHIE L7z > Figure 3-1A IZJIE L7-
X MEWTRZ R, FAOFEROETT (FFl2 003) BHERTEHHDD, Z DML
TBEIREDOFFRROEHTIZ R L CHFITMIT TH D (002 125 LT 1%LLF) 2 &bkl
M P2y OXFMEZ D& Lic, BIHEIZIRIE FTREZR 37 B OIMNL L 7 Bl A O ME 2 R-AXIS
@ Display (Rigaku) % FHWCHIE L, HRWS CTHRESHT 217070, B 137 A —2 1%
BN ZRIEIC K VB LT, mERREOREM, X OGHEIEZ Table 3-1.107~3, fFHaic
BN N T A—2 T a=4.814 A (2), b=11.167 A (8), c =10.423 A (10), y = 96.45° (1) & 72
ST, WAMIE, Ny 27 770y RHE, ©—2 7 ¢ > MMX Nishiyama 5O FEIZHE- T
1o,

rrm hu EEOLIERBICREE L TR Y . ASITRT S EGELA & RO D D
B Ap DB TH DR T PITIRAUZ L > TEREIND,

1 + cos?20 cos2psin?26

P= — A
2 2

Z 2 TRIE ORIARE A IIARRFZEDRIESMTIL 083 TH Y, B/ B/LHREEZNE®D. p)

W L THIIET 5 2 &2k 0. RBOMNTEZ RSNy 7 75 7 v ROME 4 MO Xt
PPEZ RO KO IR OMEZAHIE Lz, o BlrX% 360 (AL 1°%4)  x 2000
(B 'Y A X, 100 um) OFEFREZ R OMJEE~ L 25 L7 (Figure 3-2A.) . i#% Ok
HMEEIHT 2 & TIEAEFTIZOWT ZIRITHRE 7' 1 7 7 £ L (I(r, 0) Z 5HE L 22 1T 72 672
WS, BRI T2 LT 1 RTBE T 1 7 7 A AI0)JO)DFHFEICTHZ ENTE D
EWVWIOFIER DD, Ny 7 7T RBEIXSOE 7 BN D LD RIEICZIRITEAT T

A > BA%%(B-spline function) & N TZEHE N Dtz 6 U CREME 24TV L7, 155
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Table 3-1. D-spacing for unit cell determination

h k 1 Dobs dcal dobs - dcal
0 1 0 11.047 11.050 -0.004
1 0 0 4.771 4.788 -0.017

-1 1 0 4.577 4.587 -0.011
1 1 0 4223 4222 0.001

-1 2 0 3.852 3.841 0.011
1 2 0 3.446 3.431 0.015

-1 3 0 3.093 3.094 -0.001
0 5 0 2.220 2.210 0.009
0 1 1 7.561 7.582 -0.021
1 0 1 4.343 4.351 -0.008

-1 1 1 4211 4.199 0.012
1 1 1 3.916 3913 0.002

-1 2 1 3.609 3.604 0.006
1 2 1 3.268 3.259 0.009

-1 3 1 2.969 2.966 0.003
0 0 2 5.217 5.211 0.006
0 1 2 4.702 4.713 -0.011
0 2 2 3.788 3.791 -0.003
1 0 2 3.519 3.526 -0.007
-1 1 2 3.447 3.443 0.004
-1 2 2 3.098 3.092 0.006
0 3 2 3.017 3.008 0.009
1 2 2 2.874 2.866 0.008
0 1 3 3.317 3.314 0.002
0 2 3 2.944 2.941 0.002
-1 1 3 2.773 2.770 0.003
1 1 3 2.688 2.683 0.005
0 3 3 2.535 2.527 0.007
-1 3 3 2.312 2.311 0.001
-1 4 3 2.040 2.040 0.000
0 0 4 2.607 2.606 0.001
0 1 4 2.537 2.536 0.001
0 2 4 2.360 2.357 0.003
1 0 4 2.291 2.289 0.002
1 1 4 2.221 2.217 0.004
-1 2 4 2.163 2.156 0.007
1 2 4 2.082 2.075 0.007
-1 3 4 1.996 1.993 0.002
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RO DE N S EBEEZTH1-0R L, 78y 7 ONEORTOHEEZ{T>T-, 2D X
N L CHE S8 T2 Figure 3-2B T Y . Figure 3-2A DR & L < —#
LTWAZ ERbND, ZNENOREBTORIITIZKRHET 558 7 — ¥ X crude intensity
list’ e L7 — U = XERAICHY, BRI AL £ & DT — ¥ % “regrouped

intensity list” & U CHEEREE(LIZ W=,

3-2-3 IEIEMRT
X SIS ISR R O F N TRIEO Y 7 FTH D SHELX-97" Z ke [l47 (23 3
% Langan & D FE IThE - THT o 12, AHERR SNIZBABX F v offiiE “ 2T L

ELTHRIA L, EE. &1 B-(1-4)-N-acetyl-D-glucosamine dimer trihydrate ¢ E2JfE
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Figure 3-3. Section through the X-ray o, map (showing positive density in blue) and the X-ray Fo-Fc
omit map (showing positive and negative density in green and red, respectively). (a) Calculated using
only the rigid backbone (omitting O6, C7, C8 and O7) as phasing model. Density indicated by circles can
be associated with the hydroxymethyl oxygen O6 and two water molecules Ow1 and Ow?2. (b) Calculated
after introduction of O6 and the water oxygen atoms. Density indicated by circles can be associated with
acetamide C7. (c) Calculated after further addition of C7. Density indicated by circles can be associated

with C8, and O7. (d) Calculated with the complete molecular model (excluding hydrogen).
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%\ T, SHELX ® DANG, DFIX 47 = v W THIIR L7z, WIDICHEEET A1 D
HHEEOREWE KX AFLED 06 £ 7& 7 RED C7, €8, 07 k&, 124

F TOET %A E Te crude intensity list” CHEERI R 21T o 72 (ENZE N D13 51X Figure 3-
121277F) . 2 OB FFRR O BIPTIEEE TRV, EER o 2 BRI K AR AN KX
KB RAZEFET 2 ERIC AR DO AN BRI Lo, #EEEFHEIX 163 D 1 > 460
EHrREZ AV, AT — VR FRNT A =2 B—DFEGFMHFF BT A—F LEEZ /8T
A= (32ff) & LT 28 EDOHIR%E M TIT -7, French & Howley®™ DEFRICHEL, HE
Nk TN TOBILRMBAZ LD RT VAT v TOETNVENRT LT T DET )V

ZRENHWE (T LT v 7 Bk 1 05 O z FEFEAS C5 D z IR L W K&, 3
FZULNFZ Yy mhESW), FHEMEOEFEMEIL, WEMER T (Fo) &aHRMEERT

(Fe) 20 BRAUTRIEHEE R F RIS &0 FFffl L7z,

R1= Z(lFol - |Fc|)/z |Fo| : Fo> 4o

Figure 3-4. Section through the X-ray 6, map (showing positive density in blue) and the X-ray Fo-Fc
omit map (showing positive and negative density in green and red, respectively) seen along ab projection.
“Parallel-up” model (A) shows the ambiguity 6, map and “Parallel-down” model (B) shows the clear 6,

map and positive density in Fo-Fc omit map.
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(oa) BTSN, —HAT VAT v 7 OET L CIHEHEER T2 Rl = 0.5279 & &
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Figure 3-5. Section through the neutron 6, map (showing positive density in blue) and the Fo-Fc omit
map (showing positive and negative density in green and red, respectively) after (a) removing all
deuterium atoms (b) adding DO3, DN2 and DOG6 at position A (c) further adding the deuterium atoms
attached to Ow2 (d) further adding the deuterium atoms attached to Ow1 (e) adding DO3, DN2 and DO6
at position B (f) further adding the deuterium atoms attached Owl and Ow2. In (f) small residual peaks

can still be seen near Ow2.
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Figure 3-7. K, the mean of Fo2 over the mean of Fc2 calculated for reflections grouped in relative

structure factor Fc /Fecmax.
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Figure 3-8. Superposition of dihydrate B-chitin (cyan backbone and cell) and anhydrous structure (green

backbone and cell).

HEZRHESE &K IE O 1T, BUKMEREAER & 78 M7 2 FEROKFFEIZEL D LE
fbEiz>— FORABIZE- TR Z 223, Z OFSE ISR & il 2 7o AL T2 BD &
Figure 3-8.1C7" T K 9123 — MEOAEITK 14°DEENEZ > TWD, T7oDE, Bk
F0 y A (ERGROMMA) 1 TEK L KT TIZER T > TWD R, ZOEBMEIT Sy ¥
V7 v— MNEOBEEMEE B TOCR R TN D EE R D,

41



BX T —IKF & MKBF T 21X GleNac2 % HNIH TNICEAR L TRV, £ OHAE
TR EN TR 556.8 A, 4594 A’ ThH B Y BABX T L LT DAKDE 2 O
GlcNac & 4 SOKDOEREEFHHET D &, 579 A L7220 §9 4%FERMEE 0 KEWMEE 25,
DF D IKGTF L ZIUTHE D KRG AEIE, 7 R X 2B EOEII T 2 v

E—MICKETHD ZENRRIND,

Hydrogen bond and conformational parameters

I RERETE DK FERE R E Figure 3-9.& Table 3-2.1277%, KFEMAITY 7 o7
PLATON D EFEIZHEVVIRD 3 DD MO TIcHER LTz,

K F—=,T7 7872 —LOROERRZNENDO T 7 T VT — /L AR 05 A B L
b DX BEN,

cHAKBRF LT BT OMOBEERENEND T 7 T NT — L ZEENE 0.12
AZBIWIZb DX b,

+ O-D...0 DALEN 100° L D HRE VY,

ARG DKFRES LT 2 & KFE/EPREZALTOVL0ET & BT I REMICTHE
f£9° 5 N2-D...07 D v — NHERFFT 50 FRAER‘EOATH D, ZHE TIIBFF T
(TEE TR DB ac H D KFEREG D E DRRERTZNDINIAI TH o723, K OS%E
T b7 X REBUANDOKFREEIIHEK Lz, FEAEDELE—RDFERLECHKB
XFUTHEL, 7V a3y REEGOMHET m OB 22 E{L L T\5 03-H...05 O 1H
RFRESIIFERE T, 03 DAKFEIX OW2 &L OKRFBHEAZERT 5., KF#o 03-05 MOk
B 290 A L7p o> TE D A —RfERCE /LB — 2 DGR RIS TORRVELZ R
T, A CThH DL R —R [ =F LU UT I UK B0, TIROKEM AL
Trm—2 1 (287 A) PICHARTHEEL 2o TW5D, ZIUTEEW BN 1 O il 7 i
EbELoTW5% (cellulose To: 10.4, Cellulose IB: 10.380, Cellulose III;: 10.310,cellulose
EDA;: 10.368, anhydrous B-chitin: 10.390, B-chitin dihydrate: 10.423) Z &%, KFEHEE DKL

ERETHT—2ThAD,

42



=l

Figure 3-9. Final structure model and hydrogen bond networks of dihydrate B-chitin seen along the chain

direction and ab projection.
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Table 3-2. Hydrogen bonding geometry.

D..A Do..A Do-D..A o acceptor
Donor  Acceptor distance(A) distance(A) angle(®) D..A-D(%) residue

N2 07 1.96(10) 2.87(9) 150 (7) - x+1,y,2

70(0w1),

03 ow2 2.21(17) 3.12 (16) 153 (9) 120(03) XY,2

137(0w1),

06 ow2 2.00 (13) 2.98 (11) 176(11) g0 N2
owl 07 1.93 (14) 2.85 (13) 159 (14) ; x+1,y,2
owl 06 1.79 (11) 2.75 (11) 167 (15)  102(0w2)  x+ly+lz
ow2 03 1.68 (16) 2.62 (16) 166 (15)  96(0w2) x+1,y,2
ow2 owl 1.96 (15) 2.87 (15) 156(13)  144(06), XY,2

76(7)
C2 o7 2.39 2.78(9) 103 - X,Y,Z
c6 01 251 2.88(6) 102 - Xy, 1/242
99(06),
cs owl 2.53 3.42 (12) 154 $307) XY,2

D: deuterium Do: donor A: acceptor
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FREE L TWAAREMZRIB L, EBICE L — A0S T8 1%y I 2 b —32 3 U TlEE
DEICHDHEI EVIRRBHESN TS Y, —HTT D VIRETOELE—ZD
VR & 03-H...05 D/KFEREG O RINOBEHEMITHRE 7 ST 513 CEE TRV TN
BRI %, Kamide Hid, 70 VIEK TORAL O —ZADEMIZ & > T, 03-05 DKHER
BERETHIOHEAFICEE THL LBNTND Py L LAEORKENPS RS L, 030

B ARS T NIEET D HE, FICFF B TIEZON FRAEBENMEL STV S

ZEFRVWEER D,
FLZOMENDL, T I VHE WS IO F L OFRTER LT 56, 03 DKERE
T 05 TER< DT & DKFREERT D TREMZRIRT 5, FERICkLrr—2 L

T UE=T OREIRDEE. 03 OKEERIT 05 L OB —DO KBS EZTEHRET T v E=T 4
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T EDKFERE LT 2HER DD,

03-H...05 DKFEAE G DIERIL 03 LV BHEDESWIEE Y0 FF—L LTEESH
LZEN—FOHERNTHLEMELTVDN, HIZH ) —2DEREEZHND, Jeffery
& Saenger 1ZZ DR DOFE R E R OKFREAHEN L ZoMI IOV TELEDH T
% 18 BSR4 R TN B KRS A (InfBond) & Bi— 0D /K FE A (IsoBond) & Hl L7354
InfBond D7 AHEIANCHRL R DM 2R L, £ D Z LIFKRFEREGDOWHMIEM  (cooperative
effect) 2L VARSI D, 03-DA K —& LT 0525 ¥4 IsoBond (2725 —JF
T, KAFIZmD 5 HEiE (03-0w2—03’) & InfBond ZEHT 5 Z LN TE D, £z
be IS FREIC (06—0w2—0w1—06’) DIEIZ Infbond THOKEFEANBFLET D, ZDX
9 IRERRA R K FERE AR, F b B — A KA RS R0 GIeNACBNAc — /K Fady B 7
CRBND, Elr—2084ThELR—2 [ R/ a—2Z I, TO 02-H...06, 06-
H..02 I2R 6N 5, £72 A-amylose” T E DEEHELEDS InfBond SRE SN TEY, %
< OHMERE S THBII STV D, Wada 5= Chundawat 1%, /Ll —2 I TO
InfBond (Z X 5 /KFE &G D i fEH Ok b DL EMEI G 2 5 HEMEIZOWT, il fh i a7
PFrenFoal—3aORTRRTNS 270 X BEHTT —Z 0BT 03-0w2 MO
HE (3.12 A) & 03-05 MDEHE (2.90 A) OHOIEH A HEMIZ R L2546, 03-05 M2
KREFREEVDIFET D HFNZYTH Y, FVEFEIPFIC L0 KBALE K OUKFERE SRR A B
HINCIRET 2 Z ENHEBETH DL Z EE2RTRE L RoT,

03-O5H D /KFFEAITEVEL B,(1-4)-glycan DHEHE ST M1 ~D NI 72 lIVE % 5z 5 K FE
BTHLEBZOLNTE L, BABXTF . BXF v KM TOWMEROEAELET 5
Z LT, KBRS OB OMIRAV RO 2B A WD L CIER I BLIRER RS R
hH x5 EBDND, BlxIE, Tashiro HIZ XK 2GR CIL 2 OKFERMA A T m O
EROBET Y 2> REEE ORRAZEGE L LAESINTEY,, it x5 8~
BEMEZ 5250 LTWHN T ZRICKT 2 EHENZ2 ERERSG LN LIS

1=K
Do
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Table 3-3. Conformational parameters of anhydrous B-chitin and dihydrate from the X-ray model.

T o o' o v x x ¢ ¢ 0
This structure  115(2) -54(3) 67(3) -95(2) -147(2) 127(2) -109(2) -1(2) 180(2) 6.6
Anhydride 117 -65 58 -89 -152 95 -136 16  -170 10

T: glycosidic bond angle, torsion angles @: O5C5C606, ®’: C4C5C606, ¢: OSC101C4°, y: C101C4°C5’, x:
CIC2N2C7, ’: C3C2N2C7, €: C2N2C707, &’: C2N2C7C8, 0: Ring puckering parameter

A\

£(07),(C8)

Figure 3-10. Definition of torsion angles and glycosidic angle.

KW DO6-O7 CIEAET D0 T FIKFERE AL, FEA R, &AM D HiAET O K FEE
BTHLTD, KOFEAIZELY 7' M7 I FEEKEEOD LOREERIZ LV IELET S Z
ik, AEMRERETH D, C4-C5-C6-06(0’) D3 UL IL67° L 72 - TE Y (Table 3-3,
Figure 3-10.), AP DEH O LI1ZIEF CgeDfrig s & 5, BARIZ260°0>6 DT 4%, Ow2
EDKRFRERICEDLDTHA D, OWN2OINLE FHIFIFEMRAINIDO6E [V TR Y |
ZHUTHEE D RFBREADIZIFERO TH H7-D06DTNEELZTOTHA S, OWINH DK
FEEIF06D A T A= g NIFREZHE XIS WHRER->TWVWD, KD

glucose & B-glucose DNMRDAFZETlX, KA Tldgth AV ¥y —72ar 7 A—a LT
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Figure 3-11. The hydrogen bonding arrangement around water molecules Ow1 (A) and Ow2 (B). Water
molecules almost lie in the plane presented by pink dash. The weaker hydrogen bond is shown in the right

side.
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WB, Za— AR T, grd 2 DHBENRIERICE VO Z LIXZ O L B LT
W5, OGIILEMICIZT & R 7 X RELITERVH DD, GleNacR OHiED 2 < A4 E D
MigldggD a7 A= a 2D LD THY, TORENFEZD,

7T hT X REE C2-N2 ZEHICHY 30°EIEE L oEIZ /2o T\ D, Zhd 06-D...07 @
KFFEA DK E, OWI-D...07 DARFREAEDERKICE L —H LB RICR-> T D, £z
KOGEIZEL Y BHEN LR 771 b7 2 FEO H(C2)-C2-N2-DN2-C7 1%, 1FIX[F—F

ZHFET D2 A P L ADENMEEIZ /> TV D, AZEDOET VT, 78 b7 X FFEm|
DEEIC 72D K OTHIBRZ T TV D72, 78 F7 2 REOLQUNAIE. 0°0). 180°(L)
Lo TnD, FYEFRREIITOT — % OB THMOKBMELIIRT 52 LixTE R0 ol
N, TOLTlear T s A= a yORYERKBZFE =X REOHRICEY | #F
LIAKRFEERADPRBRZETHDLEE XD,

KFERE AR Z A5G KR OKEREEHKAIT N2-D...07 LIS D4 TOKHERE
BIKRDBEAE LTS, Kaedul b LizkFERFKEERIZ Figure 3-11127RF, —D0KIT#%
NEIL, 3 DORRMD DAKFRER L 1 DORRTH VKB ALTEMR L TWD, ZIUTHE
VY, OW2 ZHULMZ RLTZ5E . 06(=x, -y, 0.5+z), Ow2, O3, Owl (XIFIEFA—FHENIZIFEL,
OW2 X Owl & O3 D RKF—&b72 06 DT /&7 E—L7pd, ZHUTMZREE L2 X9
2. O30T 7S 2 —L 705, Owl 2T TS, Ow2, Owl, 07, 06 (1+x, 1+y, 2)

TEFR—FHENIZFEL, OW2 1L 06 & 07T D KF—L72h) OW2 DT 77X —L 77
Do ZHUIMA, C8H D DIHWKFEIEEDT 77 H4—Thb b D, KaegiehifhOFE
TEOMEZMET DL, BOWAKBEMEZEZDOT OO NS —, ZoD7 772 —%FF
OEIROHHETOMETH Y, —RIRKREICR>TWD EEFR D,

KFET 77X —OHEBEL, 1.89 A 5 2,16 A ORIZMLELTEY, BABFF O
MG, K0 FOBEUMEICHARTOREY, ZOKEMBAGERX. Ebohbnd &
T DD KT G EAEE T OKOYEIE Tl 20D KT —=2507 7 7 ¥ —#aFfo
KOOI b — R FEREIETH Y . RTOKRS TN 1.74 A DFEAR L1EIF 180° DG AT
B E 72 TE DU AR IS RS D W 72 Tee Th* IS EEAR D & JK[E] Y O/KFEREA D20 550 H DI

A, —FEOERIT T8I =L L TO—2DKEHEENHIKEFEIZ-T
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W5ZETHAHH, —J GleNAcPNAc — KR HERE S &Ky 1 Clx, £V Ice Th O
ULV E e 2 > TV D, N-H...0=C D/KEMBE b EAMICH AT, HEENE <
RREBEALVLEFRICIR > T D, KER-EDOEELILEDE NG FH~DNRy T 7H flx D
KREFEEHRADOF I 2> TNWDH LD TH D,

Cremer & Pople DEFH M C kBT /) —RBOay T4 A—2a v ERTIHRETH DS
YAV T NRT A—=F0IE, K 6.6°L rote, ZHIKTITHEMANR 'C,0a T A—a
vEFE XD, L L, MEADOHIRIZ NNy W) o TNTGRA—=HIREREEL 525, >
FEEAOHIRTHSD DANG 47 a 22 THRWEHE0IE11.5°L 20 | KD
DANG # 7'V a v & B2 12560035.7°L 78D, Brn—ADfRE KL, Eren—2 -
EDA $5{A=° /L v — X T-ammonia $EK % Ll L72BE, SERD SR E WA 2R3 2 &
5h. FEAYOTTNLRHBNREEE > TWD EBETED, WTHhIZLAELL G

HARR 'C, DA A a L 7 4 A= a v ORPEICEEN TS L E X5,

Atomic thermal displacement parameters

Figure 3-12. The model of anisotropic temperature factors of dihydrate p-chitin (ORTEP plot) at 50%

probability level. Ow1 shows the thin and flat shape indicating the oscillation along b-axis.
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Figure 3-12.12BF F > Z/KF D X BAEIEMRHT 2> & O FE5 7 IR EE K1 % 48 [ L2 el
L7z ORTEP M Z 7Y, ERIZFEFIT a G m~OIREN 2R L2, 72 b7 I FES 1k
IREE I TITARAE T M ~DIRE bR 32, FRIZT7 B 7 I FETIET & M7 X FFEmEA
C2-N2 ziifi & LCIHERT 5 2 ENTE 570, i T mOEERF 2R RE RSN DHD
ThbHo, KOWBERFIZFTFEEID BREWVEZRL, IREMEDNEN D LAVRIES
N5, FrZ Owl OKDOBEFEF AT b B~ EMEVWEEZI->TEY, Ow2 LKL T

JRFDERPREINEF R D,
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BXTF > KM DKFZIRA & LRI O i CORMBE L RE LTz, BE
EIXEe 0 | FERMEB-1,4 7V B T FET D T E M7 03-H...05 D4y HKFER A
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< KOFIE, KBEESZ—T L XD b RVKEREOT 7272 —L LTEL,
cO3 M RT—E L THEELTHET2D1E, 05 LV b AHEORWIEKRS FTHLHKT
H D,

- KOy T R L COKER-AEEERT D Z & T a BF ISR A X T2 5 ki
HORy NT =D ZBRT HZ ENRTE D,

03-05 MO HEE 2.90 A L 03-Ow2 B DOMHHE3.12 A LV &V, THEFRT —Z oA
BERCIRET 2 D TIER< . X BT —Z OB HARFERMERXEZE L72BE. T O
MHEZDE 03-05 MOKEREZ ERKRBERE LT DLV IREmEHS D270,
Z ORERIT M RRET 2 WD CEBEICK BN EZRET D 2 LOEESZRL TN D,
03-H...05 7'V 2 FFEGIZIH 9 KB AL, B-1,4 7V I BTN ZRAIEE 5 2 58
BERARFEHETHDLEBESNTE T, BT v KW & HEKBX T 2 OFPEROHE %
1792 LT, B-1,4 7V 71 BHEIC 81T D Z DIKFEREG ORIV FAEIC 5 2 5 58 2 [EHERY

IR CTE D LEZEA DN, HRa I E 52 5 %,

F KR ~OREEEERE 2 WSt SERDTER T D BRI T8> — b OKFER G 13
T LU BRI, N2-H...07 OKFERESITBARMEAEBIER & RICR-ns EBES D
B T OMOKFERE IR TS LV FEMR A LE L SN D, 1RUKERFED 06 134K
WFFED —ODOREETIX gg DI T 4 A— 3 VRN TEY GleNac RO & HEEL L
TWZM, KEREEIC L DHETOBBNHER ST, RS T &2 OKERERE CTILE
RHAVTF A= aryERLAREMELH DL EEF R D,

52



4 ¥Fs

1 FEFRREIST 2 W27 — U 2B LY BT U B DKFNLE % BRI
E LTz, ZAUTHEW, 03-H...05 D4y FHKFEREE. 06-H...07. N2-H...07 D5y F[#KFE
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2 X BEHTE W7 =Y =3B KD BRTF U KO HBEDOE W E R ¥
AFNVEROT € 7 2 FEOKFF. £72 - DDOKSF DN E % BN SRS ISR E
L7, Fio, ZNOORFFEEAL, JREZ AW MEREIC L0 BRI S O
TAEMRT 22 LN TE R, B Rr¥ U AFVIETITTEBANR ggD a7+ A— 3

Y ThoT,

3 HMETRETTE W7 — U 2 ESRIC K BTV KR DK FALE R E LTz,
WRHE R DK T, PEFEHTIS & 0 KREALE ZRE L7 BliZ D inas, —ER Lo
BIERSEE AT X Bt & FRRICHEIEIRED FIRER 2 L 2R LT, ZHICHED, 1ZIERTO
IKFEREC DK Z I UCIEAE Lz, /KIE1Y OkFERE ORI SIS ET 5 KICHB W T
BIFEDZ N DD RF— « 778 T Z—%FFORKBREEITRD LN TEZ, 2D
B D Bl4A TV A NCHFEL, 7V ay REGHED ORZEMEICKRELFE LTI LS

Z B TUN 03-H...05 Dy FINKEEAIITFE L 7200 7=,
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A A X BRAENT & HPYE T IRIRAT O A & D RIRAERE S RAT & % T IS LT, Bk
JRFE2RDZEE, FFUBKRICBWTOAZTH D KM TIIEAKDO LD HHERET 5 Z
ENTER, RS T THo THHARBERS LRSI A TH D Z L 2%b
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APPENDIX 1. Cif file of anhydrous B-chitin by neutron diffraction.

PROBLEM: Ratio Unique / Expected Reflections

# start Validation Reply Form (too) Low .. 0.382
RESPONSE: Overlap due to teh cylindrical
_vrf_CELL003_manhyd averaging in reciprocal space

. characteristic of fiber diffraction

PROBLEM: _cel|_measurement_reflns_used is '
missing _vrf_PLAT023_manhyd

RESPONSE: Using the X-ray cell. '
. PROBLEM: Resolution (too) Low [sin(theta)/Lambda

_vrf_CELLOO4_manhyd <0.6].. 40.89 Deg.
: RESPONSE: The higher angle diffractions are too
PROBLEM: _cel|_measurement_theta_min is missing gverlaped to be exploited.

RESPONSE: Using the X-ray cell. '
. _vrf_PLAT029_manhyd

_vrf_CELLOO5_manhyd ;
. PROBLEM: _diffrn_measured_fraction_theta_full

PROBLEM: _cel|_measurement_theta_max is missing Low ....... 0. 381
RESPONSE: Using the X-ray cell. BESPONSE: Same as above.
ivrf?DIFF0037manhyd _vrf_PLAT073_manhyd
bROBLEM: _diffrn_measurement_device_type is PROBLEM: H-atoms ref, but _hydrogen_treatment
missing reported as constr
RESPONSE: D19. RESPONSE: Hydrogen positions are fixed
;vrf_REFLTOS_manhyd _vrf_PLAT082_manhyd
PROBLEM: Reflection count < 85% complete (theta PROBLEM: High R1
max?) Value ... ... .
RESPONSE: This is due to the limited radius of 0.26
Evald sphere of X-ray and overlap RESPONSE: This is not unusual for neutron fiber
of diffraction peak in the cylindrically @lffract|on
averated reciprocal space of fiber
diffracition _vrf_PLAT084_manhyd
; PROBLEM: High wR2
7VI’f7RFACGO1 7manhyd Value ... .
; 0.62
PROBLEM: The value of the R factor is > 0.20 RESPONSE: This is not unusual for neutron fiber
RESPONSE: This is not unusual for neutron fiber Qiffraction

diffraction. '
: # end Validation Reply Form

vrf_RFACRO1_manhyd

; #Added by pubICIF (& 11 25 13:50:56 2011)

PROBLEM: The value of the weighted R factor is >

0.45

RESPONSE: This is not unusual for neutron fiber _audit_update_record

diffraction. :

. 2011-11-25 # Formatted by pubICIF

vrf_THETMO1_manhyd

PROBLEM: The value of sine(theta_max)/wavelength _audit_creation_method SHELXL-97
is less than 0.550 _chemical_name_systematic

RESPONSE: Due to the fiber symmetry, the higher ? ]

resolution intensities are _chemical_name_common ?
difficult to obtain. _chemical_melting_point ?

; _chemical_formula_moiety ?

_vrf_PLAT022_manhyd _chemical_formula_sum

"C8 H10 D3 N 05
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_chemical_formula_weight 206. 14

_diffrn_ambient_temperature 293(2)
loop_ _diffrn_radiation_wavelength 1. 45540
_atom_type_symbol _diffrn_radiation_type "neutron
_atom_type_description _diffrn_radiation_source "neutron
_atom_type_scat_dispersion_real _diffrn_radiation_monochromator  graphite
_atom_type_scat_dispersion_imag _diffrn_measurement_device_type ?
_atom_type_scat_source _diffrn_measurement_method ?
"C" 'C" 0.0000 0.0000 _diffrn_detector_area_resol_mean ?
"International Tables Vol C Tables 4.2.6.8 and _diffrn_standards_number ?
6.1.1.4 _diffrn_standards_interval_count ?
"H 'H 0.0000 0.0000 _diffrn_standards_interval_time ?
"International Tables Vol C Tables 4.2.6.8 and _diffrn_standards_decay_% ?
6.1.1.4 _diffrn_reflIns_number 145
"N "N 0.0000 0.0000 _diffrn_reflns_av_R_equivalents 0.0000
"International Tables Vol C Tables 4.2.6.8 and _diffrn_reflns_av_sigmal/netl 0.1205
6.1.1.4 _diffrn_reflns_limit_h_min 0
‘0" '0" 0.0000 0.0000 _diffrn_refIns_limit_h_max 4
"International Tables Vol C Tables 4.2.6.8 and _diffrn_reflns_limit_k_min -8
6.1.1.4 _diffrn_reflns_Iimit_k_max 8
D 'D"  0.0000 0.0000 _diffrn_reflns_limit_|_min 0
"International Tables Vol C Tables 4.2.6.8 and _diffrn_reflns_Iimit_I_max 9
6.1.1.4 _diffrn_reflns_theta_min 6.08
_diffrn_reflns_theta_max 40. 89
_symmetry_cell_setting monoclinic _reflns_number_total 145
_symmetry_space_group_name_H-M P1121 _reflns_number_gt 93
_reflns_threshold_expression >2sigma(l)
loop_
_symmetry_equiv_pos_as_xyz _computing_data_collection ?
"X, y, Z' _computing_cel|_refinement ?
"-x, -y, z+1/2 _computing_data_reduction ?
_computing_structure_solution " SHELXS-97
_cell_length_a 4.8190(10) (Sheldrick, 1990)
_cell_length_b 9.239(2) _computing_structure_refinement ' SHELXL-97
_cell_length_c 10.384(2) (Sheldrick, 1997)
_cell_angle_alpha 90.00 _computing_molecular_graphics ?
_cell_angle_beta 90.00 _computing_publication_material ?
_cell_angle_gamma 97.16(5)
_cell_volume 458. 72 (16) _refine_special_details
_cell_formula_units_Z 2
_cell_measurement_temperature 293(2) Refinement of F"2" against ALL reflections
_cell_measurement_refIns_used ? The weighted R-factor wR and
_cel|_measurement_theta_min ? goodness of fit S are based on F"2"
_cell_measurement_theta_max ? conventional R-factors R are based
on F, with F set to zero for negative F*2". The
_exptl_crystal_description "uniaxially threshold expression of
oriented fibers’ F72" > 2sigma(F"2") is used only for
_exptl_crystal_colour "white’ calculating R—factors(gt) etc. and is
_exptl_crystal_size_max 0.01 not relevant to the choice of reflections for
_exptl_crystal_size_mid 0.01 refinement. R-factors based
_exptl_crystal_size_min 0.004 on F°2" are statistically about twice as large
_exptl_crystal_density_meas ? as those based on F, and R-
_exptl_crystal_density_diffrn 1.492 factors based on ALL data will be even larger.
_exptl_crystal_density_method "not measured’ ;
_exptl_crystal_F_000 148
_exptl_absorpt_coefficient_mu 0.352 _refine_ls_structure_factor_coef Fsqd
_expt|_absorpt_correction_type none _refine_ls_matrix_type ful
_exptl_absorpt_correction_T_min ? _refine_ls_weighting_scheme calc
_exptl_absorpt_correction_T_max ? _refine_ls_weighting_details
_expt|_absorpt_process_details ? "calc w=1/[¥s"2" (Fo"2")+(0. 2000P) “2"+0. 0000P]
where P=(Fo"2"+2F¢"27) /3
_exptl_special_details _atom_sites_solution_primary direct
? _atom_sites_solution_secondary difmap
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_atom_sites_solution_hydrogens geom

_refine_ls_hydrogen_treatment constr
_refine_ls_extinction_method none
_refine_Is_extinction_coef ?

_refine_ls_abs_structure_details
"Flack H D (1983), Acta Cryst. A39, 876-881
_refine_ls_abs_structure_Flack 10(10)

_refine_ls_number_reflins 145
_refine_ls_number_parameters 13
_refine_ls_number_restraints 26
_refine_ls_R_factor_all 0. 4685
_refine_ls_R_factor_gt 0. 2566
_refine_ls_wR_factor_ref 0. 6239
_refine_ls_wR_factor_gt 0. 5303
_refine_ls_goodness_of_fit_ref 2.800
_refine_ls_restrained_S_al | 3.596
_refine_Is_shift/su_max 0. 000
_refine_ls_shift/su_mean 0. 000
loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

_atom_site_U_iso_or_equiv

_atom_site_adp_type

_atom_site_occupancy
_atom_site_symmetry_multiplicity
_atom_site_calc_flag
_atom_site_refinement_flags
_atom_site_disorder_assembly
_atom_site_disorder_group

G1_1 C -0.0422 -0.0364 0.3726 0.062 Uani 1 1 d
D. .

H1_1 H 0.1569 -0.0469 0.3807 0.074 Uiso 1 1
d. ..

G2_1 C -0.1522 -0.1562 0.2884 0.063 Uani 1 1 d
D. .

H2_1 H -0. 3503 -0. 1426 0.2825 0.076 Uiso 1 1
d. ..

G3_1 C -0.0519 -0.1236 0.1530 0.064 Uani 1 1 d
D. .

H3_1 H 0.1447 -0. 1407 0. 1561 0.076 Uiso 1 1

34',1'0' ~0.0355 0.0329 0.1118 0.068 Uani 1 1 d
34'_1' H ~0.2222 0.0565 0.0893 0.081 Uiso 1 1
(015',1'0' 0.0946 0.1377 0.2135 0.062 Uani 1 1 d
35'_1' H 0.2923 0.1242 0.2221 0.074 Uiso 1 1
(ciej'c' 0.0779 0.2927 0. 1805 0.065 Uani 1 1 d
36A_i H 0.1536 0.3557 0.2501 0.078 Uiso 1 1
geé_i H 0.1845 0.3194 0.1030 0.078 Uiso 1 1

d

C7_1 G -0.3844 -0.3908 0.3871 0.073 Uani 1 1d
D..
G8_1 C -0.3298 -0.5329 0.4432 0.073 Uani 1 1 d
D. .

HBA_1 H -0.4704 -0.5638 0.5063 0.109 Uiso 1 1
d. ..

H8B_1 H -0.1489 -0.5218 0.4834 0.109 Uiso 1 1
d. ..

H8C_1 H -0.3347 -0.6047 0.3762 0.109 Uiso 1 1
d. ..

N2_1 N -0.1670 -0. 3057 0.3272 0.070 Uani 1 1 d
D. .

01_1 0 -0.1522 -0.0617 0.5034 0.062 Uani 1 1 d
D. .

03_1 0 -0.1678 -0.2244 0.0605 0.072 Uani 1 1 d
D. .

05_1 0 -0.0444 0.1005 0.3368 0.065 Uani 1 1 d
D. .

06_1 0 -0.2086 0.3076 0.1609 0.076 Uani 1 1 d
D. .

07_1 0 -0.6273 -0.3414 0.3860 0.078 Uani 1 1 d
D. .

DN2_1 D 0.000(7) -0.348(6) 0.313(4) 0.22(19)
Uiso11dD.

D03_1 D -0.11(3) -0.184(12) -0.023(3) 0.07(6)
Uiso11dD.

D06_1 D -0.210(19) 0.35(3) 0.073(11) 0.15(12)
Uiso11dD.

loop_

_atom_site_aniso_label
_atom_site_aniso_U_11
_atom_site_aniso_U_22
_atom_site_aniso_U_33
_atom_site_aniso_U_23
_atom_site_aniso_U_13
_atom_site_aniso_U_12

C1_1 0.080 0.076 0.025 0.002 0.004 -0.007
C2_1 0.072 0.081 0.032 0.001 -0.004 -0.008
C3_1 0.076 0.082 0.030 -0.006 -0.003 -0. 003

C4_1 0.087 0.085 0.026 0.000 -0.004 -0.008
C5_1 0.085 0.079 0.017 0.000 0.006 -0. 004
C6_1 0.092 0.081 0.017 0.008 0.000 -0.010
C7_1 0.076 0.081 0.053 -0.004 -0.007 -0.022
G8_1 0.064 0.074 0.069 -0.003 -0.021 -0.037
N2_1 0.077 0.079 0.049 0.001 -0.004 -0.015
01_1 0.075 0.078 0.027 0.008 0.003 -0.021
03_1 0.078 0.093 0.041 -0.016 0.005 -0.013
05_1 0.087 0.078 0.023 0.008 0.008 -0.010
06_1 0.096 0.094 0.037 0.005 0.012 0.010
07_1 0.071 0.091 0.064 0.005 -0.013 -0.025

_geom_special_details

All esds (except the esd in the dihedral angle
between two |.s. planes)

are estimated using the full covariance matrix
The cell esds are taken

into account individually in the estimation of
esds in distances, angles

and torsion angles; correlations between esds
in cell parameters are only

used when they are defined by crystal symmetry
An approximate (isotropic)

treatment of cell esds is used for estimating
esds involving |.s. planes



loop_

_geom_bond_atom_site_label_1
_geom_bond_atom_site_label_2

_geom_bond_distance

_geom_bond_site_symmetry_2

_geom_bond_pub|_flag
G1_105.11.3199 . ?
C1_1 C2_1 1.4572 .
C1_1 01_1 1.4660 .
G1_1 H1_1 0.9800 .
C2_1 N2_1 1.4316 .
G2_1 G3_1 1.5059 .
C2_1 H2_1 0.9800 .
C3_1 03_1 1.4039 .
C3_1 C4_1 1.5003 .
G3_1 H3_1 0.9800
C4_1 01_1 1.4483
C4_1 C5_1 1.5140 .
C4_1 H4_1 0.9800 .
C5_1 05_1 1.4657 .
C5_1 C6_1 1.4846 .
C5_1 H5_1 0.9800 .
C6_1 06_1 1.4195 .

C6_1 H6A_1 0.9700 . ?
C6_1 H6B_1 0.9700 . ?
C7_1 07_1 1.3082 . ?

C7_1 N2_1 1.3768 . ?

C7_1 C8_1 1.4902 . ?

C8_1 H8A_1 0.9600 . ?
C8_1 H8B_1 0.9600 . ?
C8_1 H8G_1 0.9600 . ?
N2_1 DN2_1 0.95(2) . ?
01_1 C4_1 1.4483 2 ?

03_1 D03_1 0.98(3) . ?
06_1 D06_1 0.98(3) . ?

N

(<2l
S
)

loop_

_geom_angle_atom_site_label_1
_geom_angle_atom_site_label_2
_geom_angle_atom_site_label_3

_geom_angle

_geom_angle_site_symmetry_1
_geom_angle_site_symmetry_3

_geom_angle_publ_flag
05_1 G1_1 2.1 120.9 . .
05_1 C1_1 01_1 111.6 . .
G2_1 G1_1 01_1 110.1 . .
05_1 C1_1 H1_1 104.1 . .
G2_1 G1_1 H1_1 104.1 . .
01_1 C1_1 H1_1 104.1 . .
N2_1 GC2_1 C1_1 122.2 . .
N2_1 C2_1 C3_1 115.6 . .
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G1_1 C2_1 C3_1 109.
N2_1 C2_1 H2_1 102.
G1_1 C2_1 H2_1 102.
G3_1 C2_1 H2_1 102.
03_1 C3_1 C4_1 114.
03_1 C3_1 C2_1 114.
C4_1 C3_1 C2_1 115.
03_1 C3_1 H3_1 103.
C4_1 C3_1 H3_1 103.
G2_1 C3_1 H3_1 103.

01_1 C4_1 C3_1 110.8 2.5
01_1 C4_1 C5_1 103.0 2.5
C3_1 C4_1 C5_1 112.7 . .
01_1 C4_1 H4_1 110.1 2_5

C3_1 C4_1 H4_1 110.
C5_1 C4_1 H4_1 110.
05_1 C5_1 C6_1 110.
05_1 C5_1 C4_1 108.
C6_1 C5_1 C4_1 112.
05_1 C5_1 H5_1 108.
C6_1 C5_1 H5_1 108.
C4_1 C5_1 H5_1 108.
06_1 C6_1 C5_1 107.
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061 C6.1 H6A 1 110.3 . .
C51 C6.1 HGA 1 110.3 . .
061 C6._1 HGB_1 110.3 . .

C5_1 C6_1 H6B_1 110.3 .

H6A_1 C6_1 H6B_1 108.5 . .

07_1 C7_1 N2_1 116.6 . .
07_1 C7_1 G8_1 125.1 . .
N2_1 C7_1 C8_1 118.3 . .
C7_1 C8_1 H8A_1 109.5 . .
G7_1 C8_1 H8B_1 109.5

HBA_1 C8_1 H8B_1 109.5 . .
C7_1 G8_1 H8C_1 109.5 . .

HB8A_1 C8_1 H8C_1 109.5 . .
H8B_1 C8_1 HB8C_1 109.5 . .
DN2_1 N2_1 C7_1 117(4) . .
DN2_1 N2_1 C2_1 114(4) . .
C7_1 N2_1 C2_1 128.4 . .
C4_1 01_1 C1_1 119.1 2.

DO3_1 03_1 G3_1 106(4) . .

C1_1 05_1 C5_1 114.4 . .

DO6_1 06_1 C6_1 103(4) . .

_diffrn_measured_fraction_theta_max

_diffrn_reflns_theta_ful

_diffrn_measured_fraction_theta_full

_refine_diff_density_max
_refine_diff_density_min
_refine_diff_density_rms

0.926
-0.799
0.274

0. 381
40. 89
0. 381



APPENDIX 2. Cif file of dihydrate B-chitin.

# start Validation Reply Form
_vrf_CELLO03_manhyd

PROBLEM: _cell_measurement_reflns_used is
missing
RESPONSE: Using the X-ray cell.

_vrf_CELL004_manhyd

PROBLEM: _cel|_measurement_theta_min is missing
RESPONSE: Using the X-ray cell.

_vrf_CELLO05_manhyd

PROBLEM: _cell|_measurement_theta_max is missing
RESPONSE: Using the X-ray cell.

_vrf_DIFF003_manhyd

PROBLEM: _diffrn_measurement_device_type is
missing
RESPONSE: D19

_vrf_RFACGO1_manhyd

PROBLEM: The value of the R factor is > 0.20
RESPONSE: This is not unusual for neutron fiber
diffraction

vrf_RFACRO1_manhyd

PROBLEM: The value of the weighted R factor is >
0.45

RESPONSE: This is not unusual for neutron fiber
diffraction

vrf_THETMO1_manhyd

PROBLEM: The value of sine(theta_max)/wavelength
is less than 0.550

RESPONSE: Due to the fiber symmetry, the higher
resolution intensities

are difficult to obtain

vrf_PLAT023_manhyd

PROBLEM: Resolution (too) Low [sin(theta)/Lambda
<0.6].. 19. 15 Deg

RESPONSE: The higher angle diffractions are too
over lapped to be exploited

vrf_PLAT029_manhyd

PROBLEM: _diffrn_measured_fraction_theta_full
Low ....... 0.383

RESPONSE: Same as above

_vrf_PLAT073_manhyd

67

PROBLEM: H-atoms ref, but _hydrogen_treatment
reported as constr
RESPONSE: Hydrgen positions are fixed.

_vrf_PLAT082_manhyd

PROBLEM: High R1

Value ....... ... ... ..

0.26

RESPONSE: This is not unusual for neutron fiber
diffraction

_vrf_PLAT084_manhyd

PROBLEM: High wR2

Value ........... ... ... ... .. ... ...

0.62

RESPONSE: This is not unusual for neutron fiber
diffraction

# end Validation Reply Form

#Added by pubICIF (& 9 30 10:40:58 2011)

_audit_creation_method SHELXL-97
_chemical_name_systematic

0
_chemical _name_common "chitin
_chemical_melting_point ?
_chemical_formula_moiety ?
_chemical _formula_sum

"C8 H10 D3 N 05’
_chemical_formula_weight 206. 14

loop_

_atom_type_symbol

_atom_type_description
_atom_type_scat_dispersion_real
_atom_type_scat_dispersion_imag
_atom_type_scat_source

"G’ 'C’ 0.0000 0.0000

"International Tables Vol C Tables 4.2.6.8 and
6.1.1.4

" "H 0.0000 0.0000

"International Tables Vol C Tables 4.2.6.8 and
6.1.1.4

"N 'N" 0.0000 0.0000

"International Tables Vol C Tables 4.2.6.8 and
6.1.1.4

0" 0" 0.0000 0.0000

"International Tables Vol C Tables 4.2.6.8 and
6.1.1.4

‘D" 'D” 0.0000 0.0000

"International Tables Vol C Tables 4.2.6.8 and
6.1.1.4

"monoclinic
"P1121

_symmetry_cell_setting
_symmetry_space_group_name_H-M



_reflns_threshold_expression >2sigma(l)

loop_
_symmetry_equiv_pos_as_xyz _computing_data_collection ?
"X, y, Z' _computing_cel|_refinement ?
"X, -y, z+1/2 _computing_data_reduction ?
_computing_structure_solution " SHELXS-97
_cell_length_a 4.8190(10) (Sheldrick, 1990)
_cell_length_b 9.239(2) _computing_structure_refinement ' SHELXL-97
_cell_length_c 10.384(2) (Sheldrick, 1997)
_cell_angle_alpha 90.00 _computing_molecular_graphics ?
_cell_angle_beta 90.00 _computing_publication_material ?
_cell_angle_gamma 97.16 (5)
_cell_volume 458. 72 (16) _refine_special_details
_cell_formula_units_Z 2
_cell_measurement_temperature 293(2) Refinement of F"2" against ALL reflections
_cell_measurement_refIns_used ? The weighted R-factor wR and
_cel|_measurement_theta_min ? goodness of fit S are based on F"2"
_cell_measurement_theta_max ? conventional R-factors R are based
on F, with F set to zero for negative F*2". The
_exptl_crystal_description "uniaxially threshold expression of
oriented fibers’ F"2" > 2sigma(F"2") is used only for
_exptl_crystal_colour "white’ calculating R-factors(gt) etc. and is
_exptl_crystal_size_max 0.01 not relevant to the choice of reflections for
_exptl_crystal_size_mid 0.01 refinement. R-factors based
_exptl_crystal_size_min 0.004 on F"2" are statistically about twice as large
_exptl_crystal_density_meas ? as those based on F, and R-
_exptl_crystal_density_diffrn 1.782 factors based on ALL data will be even larger.
_exptl_crystal_density_method "not measured’ ;
_exptl_crystal_F_000 225
_exptl_absorpt_coefficient_mu 0. 355 _refine_ls_structure_factor_coef Fsqd
_exptl_absorpt_correction_type none _refine_ls_matrix_type ful
_exptl_absorpt_correction_T_min ? _refine_ls_weighting_scheme calc
_exptl_absorpt_correction_T_max ? _refine_ls_weighting_details
_expt|_absorpt_process_details ? "calc w=1/[¥s"2" (Fo"2")+(0. 2000P) “2"+0. 0000P]
where P=(Fo"2"+2F¢"27) /3
_exptl_special_details _atom_sites_solution_primary direct
? _atom_sites_solution_secondary difmap
_atom_sites_solution_hydrogens geom
_diffrn_ambient_temperature 293(2) _refine_ls_hydrogen_treatment constr
_diffrn_radiation_wavelength 1. 45580 _refine_ls_extinction_method none
_diffrn_radiation_type "neutron’ _refine_ls_extinction_coef ?
_diffrn_radiation_source "neutron’ _refine_ls_abs_structure_details
_diffrn_radiation_monochromator  graphite "Flack H D (1983), Acta Cryst. A39, 876-881
_diffrn_measurement_device_type ? _refine_ls_abs_structure_Flack -10(10)
_diffrn_measurement_method ? _refine_Is_number_reflins 146
_diffrn_detector_area_resol_mean ? _refine_ls_number_parameters 14
_diffrn_standards_number ? _refine_ls_number_restraints 1
_diffrn_standards_interval_count ? _refine_ls_R_factor_all 0. 4711
_diffrn_standards_interval_time ? _refine_Is_R_factor_gt 0. 2591
_diffrn_standards_decay_% ? _refine_Is_wR_factor_ref 0.6214
_diffrn_reflIns_number 146 _refine_ls_wR_factor_gt 0.5310
_diffrn_refins_av_R_equivalents 0.0000 _refine_ls_goodness_of_fit_ref 2.779
_diffrn_reflns_av_sigmal/netl| 0.1212 _refine_ls_restrained_S_al | 3.000
_diffrn_reflns_limit_h_min 0 _refine_ls_shift/su_max 0.000
_diffrn_reflns_limit_h_max 4 _refine_ls_shift/su_mean 0. 000
_diffrn_reflns_limit_k_min -8
_diffrn_reflns_limit_k_max 8 loop_
_diffrn_reflns_limit_I_min 0 _atom_site_label
_diffrn_reflns_limit_|_max 9 _atom_site_type_symbol
_diffrn_reflns_theta_min 3.04 _atom_site_fract_x
_diffrn_refIns_theta_max 19.15 _atom_site_fract_y
_reflns_number_total 146 _atom_site_fract_z
_reflns_number_gt 93 _atom_site_U_iso_or_equiv
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_atom_site_adp_type

_atom_site_occupancy
_atom_site_symmetry_multiplicity
_atom_site_calc_flag
_atom_site_refinement_flags
_atom_site_disorder_assembly
_atom_site_disorder_group

G1_1 C -0.0359 -0.0382 0.3731 0.064 Uani 1 1
d. . .

H1_1 H 0.1636 -0.0476 0.3817 0.076 Uiso 1 1
d. ..

G2_1 C -0.1456 -0.1557 0.2865 0.062 Uani 1 1 d
D. .

H2_1 H -0. 3432 -0. 1408 0.2819 0.075 Uiso 1 1
d. ..

C3_1 C -0.0555 -0.1223 0.1547 0.064 Uani 1 1 d
D. .

H3_1 H 0.1403 -0. 1407 0. 1580 0.077 Uiso 1 1

34'_1'0' ~0.0282 0.0212 0. 1125 0.066 Uani 1 1
54'_1' H ~0.2158 0.0437 0.0903 0.079 Uiso 1 1
(015',1'0' 0.0060 0. 1372 0.2140 0.060 Uani 1 1
35'_1' H 0.2947 0.1272 0.2246 0.072 Uiso 1 1
(ciej'c' 0.0733 0.2946 0. 1810 0.065 Uani 1 1 d
36A_i H 0.1458 0.3576 0.2511 0.078 Uiso 1 1
(Hieéj H 0.1813 0.3227 0.1042 0.078 Uiso 1 1
d. ..

C7_1 C -0.3763 -0.3962 0.3879 0.071 Uani 1 1 d
D. .

G8_1 C -0.3323 -0.5289 0.4408 0.073 Uani 1 1 d
D. .

HBA_1 H -0.4727 -0.5569 0.5047 0.109 Uiso 1 1
d. ..

H8B_1 H -0. 1507 -0. 5202 0.4801 0.109 Uiso 1 1
d. ..

H8C_1 H -0.3431 -0.6015 0. 3743 0.109 Uiso 1 1
d. ..

N2_1 N -0.1672 -0. 3058 0.3272 0.073 Uani 1 1 d
D. .

01_1 0 -0.1514 -0.0626 0.5035 0.063 Uani 1 1
d. ..

03_1 0 -0.1661 -0.2246 0.0613 0.075 Uani 1 1 d
D. .

05_1 0 -0.0448 0.0982 0.3373 0.064 Uani 1 1
d. ..

06_1 0 -0.2128 0.3087 0.1598 0.074 Uani 1 1 d
D. .

07_1 0 -0.6245 -0. 3428 0.3865 0.078 Uani 1 1d
D. .

DN2_1 D 0.004(6) -0.346(5) 0.313(3) 0.21(15)
Uiso11dD.

D03_1 D -0.10(3) —0.183(10) -0.022(3) 0.08(5)
Uiso11dD.

DO6_1 D -0.211(15) 0.35(2) 0.074(10) 0.14(9)
Uiso11dD.

loop_

_atom_site_aniso_label
_atom_site_aniso_U_11
_atom_site_aniso_U_22
_atom_site_aniso_U_33
_atom_site_aniso_U_23
_atom_site_aniso_U_13
_atom_site_aniso_U_12

G1_1 0.081 0.077 0.028 0.002 0.007 -0. 007
G2_1 0.073 0.077 0.033 -0.001 -0.005 -0. 005
G3_1 0.079 0.077 0.033 -0.003 -0.006 -0.004
C4_1 0.085 0.083 0.026 0.000 -0.005 -0.009
(5.1 0.084 0.075 0.018 -0.002 0.004 -0.002
C6_1 0.093 0.080 0.019 0.007 0.001 -0.005
G7_1 0.072 0.080 0.053 -0.005 -0.008 -0.026
G8_1 0.066 0.070 0.069 -0.007 -0.020 -0.042
N2_1 0.081 0.080 0.048 0.003 -0.003 -0. 021
01_1 0.082 0.077 0.022 0.005 0.008 -0.018
03_1 0.081 0.093 0.044 -0.017 0.006 -0.015
05_1 0.087 0.077 0.025 0.005 0.007 -0. 005
06_1 0.096 0.091 0.036 0.003 0.011 0.009
07_1 0.073 0.087 0.063 0.005 -0.011 -0.029

_geom_special_details

All esds (except the esd in the dihedral angle
between two |.s. planes)

are estimated using the full covariance matrix
The cell esds are taken

into account individually in the estimation of
esds in distances, angles

and torsion angles; correlations between esds
in cell parameters are only

used when they are defined by crystal symmetry
An approximate (isotropic)

treatment of cell esds is used for estimating
esds involving |.s. planes

loop_
_geom_bond_atom_site_label_1
_geom_bond_atom_site_label_2
_geom_bond_distance
_geom_bond_site_symmetry_2
_geom_bond_pub|_flag

C1_1 05_1 1.3201 . ?

C1_1 C2_1 1.4570 . ?
C1_1 01_1 1.4702 . ?
G1_1 H1_1 0.9800 . ?
C2_1 N2_1 1.4417 . ?
C2_1 C3_1 1.4570 . ?
62_1 H2_1 0.9800 . ?
C3_1 C4_1 1.3871 . ?
C3_1 03_1 1.4114 . 2
C3_1 H3_1 0.9800 . ?
C4_1 01_1 1.4478 2554
C4_1 C5_1 1.5675 . ?
C4_1 H4_1 0.9800 . ?
C5_1 05_1 1.4723 . ?
C5_1 C6_1 1.5109 . ?
C5_1 H5_1 0.9800 . ?
C6_1 06_1 1.4183 . ?

C6_1 H6A_1 0.9700 . ?
C6_1 H6B_1 0.9700 . ?



C7_1
C7_1
C7_1
G8_1
G8_1
G8_1
N2_1
01_1
03_1
06_1

07_1 1.3496 . ?
N2_1 1.3783 . ?
(8.1 1.3829 . ?
H8A_1 0.9600 . ?

H8B_1 0.9600 . ?
H8C_1 0.9600 . ?
DN2_1 0.96(2) . ?
C4_11.4478 2 ?

D03_1 0.98(2) . ?
D06_1 0.98(2) . ?

loop_
_geom_angle_atom_site_label_1

_geom_angle_atom_site_label_2
_geom_angle_atom_site_label_3

_geom_angle
_geom_angle_site_symmetry_1
_geom_angle_site_symmetry_3
_geom_angle_publ_flag

05_1
05_1
C2_1
05_1
C2_1
01_1
N2_1
N2_1
C1_1
N2_1
C1_1
G3_1
C4_1
C4_1
03_1
C4_1
03_1
C2_1
C3_1
C3_1
01_1

C1_1
C1_1
C1_1
G1_1
C1_1
C1_1
62_1
G2_1
C2_1
62_1
62_1
62_1
G3_1
G3_1
G3_1
G3_1
G3_1
G3_1
C4_1
C4_1
C4_1

C2_1
01_1
01_1
H1_1
H1_1
H1_1
C1_1
G3_1
G3_1
H2_1
H2_1
H2_1
03_1
C2_1
C2_1
H3_1
H3_1
H3_1
01_1
C5_1
C5_1

119.0 . .
110.4 . .
111.0 . .
105.0 . .
105.0 . .
105.
120.
117.
110.
101.
101.
101.
114.
119.
115.
101.
101.
101.
118.
115.
100. 4 2 554
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C3_1 C4_1 H4_1 107.
01_1 C4_1 H4_1 107.
C5_1 C4_1 H4_1 107.
05_1 C5_1 C6_1 110.
05_1 C5_1 C4_1 107.
C6_1 C5_1 C4_1 116.
05_1 C5_1 H5_1 107.
G6_1 C5_1 H5_1 107.
C4_1 C5_1 H5_1 107.
06_1 C6_1 C5_1 108.

— 00 00 0O O WWW W

061 C6.1 H6A 1 110.1 . .
C5 1 C6.1 HGA 1 110.1 . .
061 C6._1 HGB_1 110.1 . .

C5_1 C6_1 H6B_1 110.1 .

N D D N D D D

-~

H6A_1 C6_1 H6B_1 108.4 . .

07_1 C7_1 N2_1 112.8 .
07_1 C7_1 G8_1 124.7 .
N2_1 C7_1 C8_1 122.5 . .
C7_1 C8_1 H8A_1 109.5 . .
C7_1 C8_1 H8B_1 109.5 . .
HBA_1 C8_1 H8B_1 109.5 . .
G7_1 C8_1 H8C_1 109.5 . .
H8A_1 C8_1 H8C_1 109.5 . .
H8B_1 C8_1 H8C_1 109.5 . .
DN2_1 N2_1 C7_1 116(3) . .
DN2_1 N2_1 C2_1 111(3) . .
C7_1 N2_1 G2

1

11326 . .
111852 .

DO03_1 03_1 C3_1 106(4) . .

C1_1 05_1 C5_1 114.2 . .

DO6_1 06_1 C6_1 103(4) . .

_diffrn_measured_fraction_theta_max
_diffrn_reflns_theta_full
_diffrn_measured_fraction_theta_ful |

_refine_diff_density_max
_refine_diff_density_min
_refine_diff_density_rms

2 554 .

0.928
-0. 757
0.270

0.383
19.15
0.383
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