BOFORBERMITKE Uz cross-8#l
R Y T R GHREE DY

X B OF R

1. [FL®IC

BRAEVRZFY (RBV-a-7 3 7)) 1%, K5l srdblrbd, BB
Boxs B e LT, BREOEAEET ¢/ BRES) & kRS OBROMBE O MR KU
BRBDOREMRCEMOMBLYE 2 5 LTCOERE7t5, ~V v 7 A—=2 1 A (helix-coil) #x
BESPHEMET? BN, REABEHLRLTEL (1—9); TOBBCMNT, HY =
THIVEOEBEER2 VT + A= a vEELZDIHMD, Pauling I D FIZTHR Iz 4
SOFEL Bb, () 73 BERECATIEENTHEEOEILERA (D RTFF -7
=70 r5 v AREBEE EOVPESE i) HETNE KEGEEOMK (N-H- 0 B 2.7~
3.1A, ZHNO 0~30°) (iv) 7 i 7 BEKEEEOBMENRAMMEC S 230 T, a-7 1V
(a-helix) & B->— b+ @D (B-sheet) D2 v 7 + 2 —v a v OFEEITFHRIEN T8 (10—12),
BEAREBCIREL LT, RY-L-7 7 =v<fB(Bombyx mori fibroin, Tussah silk fibroin),
2 F — 7 v s EOBHEREVER O XREITIC X b (13—22), FIoBWIRE T, RHRRINGE &
BRSBEECL D, R XTFVED L ZERHEL LT, -7 vy, #Y =) 3
My, BFHY—trD3BORFBENFETDIILAWALNRIL-T TRLD ) b
2L, HTVESLICRETY, B BOLICEADSTFRoBL KRBT HHFEL
5570, BRElv— bEER, STFREEFERC D LS BELEDEHEDID, <579 20
(paracrystal)*® RE ™ D L 5 InRERICN TORFEL > 5 (29—31), BISHHIZ, 4
THRKRBGEAVB TR L 2isv, HEBRSFHEOECRY <75 Fik, BRFTE->— 1
DB THEET D Z LixFbh T\ % (32—33),

®) CFEARHT L5 BRI, FIIE, S1-~ Y v 7 R (23—25) 2w-~Y v 7 A (26—28) L, a-~
Vy 2ADHLEH LD LB LS B0b, THIEEDTELDEND S ThbD, %1,
TRTOBEOARY <75 PRI FEE L U TELIOR % D IRBEE (random coil) 3
% (48)0

w) ST v SCENE S T HERRD Z LT, BB OBIERIL T 7Y R AL EELT
e 0BG, XBEHEECNT, POILEINABIEY, Bragg KE&HL “broad’ iit-
T < o

wkx) R Y ST F VL BEORI BN & HAME b 5 icH TEFIDREER 50 B2 PBLG @
v BRI 100 £ ROBEBEOL D2 VAT Y v 2RO B, ThIESFOE
E SLEOZNE N T2 A AR b L EZ bR T 5,
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Bz, BEYTFERV-r-=vA-L-Z7123i v (DP.=4~8) Dy 2zur=2v A
WO BROFIHREIUL -EEORE X /R T4, £ o RAMEIRAD, VbdDb
cross—B B X BMEE L 52 5P chi, BVERCHTHEHE M D wBE
KXAT, ATREKBESCL B v — P 2R L, THhABER > TTE s Mo kRS
BHAC L RE LoDt E TR S L3 D LREN TS, cDX 5 etk
BETRT O, bR -n-TFrEA-L-7 ATV, HYV-S-prESv YV F¥-L-
YART 4 VEEES (84—35), “MBbDav 74— a VIERITAT I BRECKFIA
25 E, BIEBRHRT ISR, a-~Y v 7 2T, FOXHEFE/BCH-T, £H7 7/
AT, (2T 5 EEE-18%4 (1MEE-3.6%, v 5 27A) 0 F vkt > TRAIL
Tk, TEEESEICI > TABEEN7 I/ BRI, N-H--O=CHoKEHE/CLD
FEWCEERT w5, ¥k, f-v— bEETIE, 1EE-2%E (©v5~6.98) DESL
O 7F I EPURTCLAT, HFHO N-H--0=C KEHEA L, FEHROEHE>
— +#% (antiparallel chain pleated sheet) R L T 3, #V-L-Fr ¥ vicit, HEEZ
DIMLELEEONE NS D, BRFCTHELRTS Z L2MbAT W52, TR HYRE
B Chbo HBHIT, SBECIEEGTLS il (F5vAT7IF, €9y59.34) TH3
2, e ) BRI, KEEAKEEL S N-H Ex it D TKREBEEEOEIT L,
BL, zoflcBT5b0re, RV 7y vy TENE D, Ziuk, LiBr B, DITH LCH
ARABLS 2B bDT, ZOHAFTIZIET v iHrd - o FORCHERINDK
RERE, ET e VBICEALTRCS Y, AHBTFRECRHL T2, H4D5FDO5+
v O Vsense” (X EBLLLWEETH b, FMERFooFHOFT MM L TRRORBIES
55, BB O KRG EOBBICHFE L2 wbh T3 (36—37),

19624E1z, E. Blout It X W RBEBINICEET 3 VBBEO =2 v 7 + 2 — ¥ a VROV
T, 0%, BoRIcH B (FA¥=y, exF0y, NITF Y77 vEBELY) 28
RLTE Lt bDrELICHRT (38), a-helix former D5 %, * Ao, &%

O O <

a-helix f-sheet poly-proline [I
3.6r 2r 3r

Figure 1. Illustration and line group of principal conformations projected along the

helix axis. Each small circle represents an amino acid residue.

*) HFP cross-f BEIIBREHTAEETSH, FOHEPE 7 2 v P BIX, ESTERAAMY <
FFFERAL LS AW L HEEIND,
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*1)
Table 1. Conformational characteristics of primary amino acid residues.

“ non-a-helix former
a-helix former e
f3-sheet former triple helix former
Ala*’ —CH, NH (a) steric hindrance Gly -u"
. I
Arg” ~(CH,),JHN—C—NH,|Val —CH-(CH,), Pro Ej\
Asp —CH,COOH N~ COOH
Glu ”' —(CH,),COOH Isoleu —CH(CH,)-CH,CH,
His —CH’—I=] Hypro HO\U\
N A N~ “COOH
Leu —(CH,),CH(CH,). |(b) hetero-7y-atom H
Lys " —(CH,).NH, Cys —CH,SH"
Met —(CH,),SCH, Ser —CH,0H
Phe —CHiS ) Thr —CH(OH)-CH, "
Try —CH,—FO
N
H
Tyr —~CH__-OH

*1) protective derivatives of acidic or basic residues are also included.
%*2) residues marked with %) form G—sheet under some conditions.
%3) any conformation other than S—sheet are not assumed.

*4) this is confirmed of methyl derivative.

*5) this is suggested by author’s X—ray expriment.

"%6) f—sheet is also assumed.

FETERAT, ENLELZI Y, 1A B — UK T 5(39—43), FlxiX, RV-L-
VO VIEEOBIKOGE, BiBE (ERIEES0~98%, KK~ 640F  HEE) hTiX,
%@awxuyﬁx%ﬁ®wﬁ4*7ﬁ(~ﬁm)®ﬁ%ﬁm,Kﬁ*mlbﬁﬁéh,%6@
B, RETHHH, EBE (HMBESIHLT, KKk~ 25FUT /B witd &, flH
1 F VEDORBEINKREVEDIE, a-~Y v 7 ABBIREERL, LA B-v— EEE
LR, &I TE, WA 4V (Cl7) 23y — FEIRE S H LAHIBRIE D DL 51 4+ D
B A b RAR, B4+ vEIRBELZEML 5, LarL, KK T3 e, ERA VD
BRENKEL D, B-v—FRBELT, a-~V v 7 A RHHHCEBTLLEZLLRS
(40)o Fiz, KFUKBEIMLT, BEYOKIEDTRESL L, a-~v ¥ 7 ADNRFFIRILE
RN, R THET %0

£ EBERBEC X ABETIIL, BV-L-ZAx 3 vEEF Y v AEIROWTS, XHEE
BT & ORI & b FERCBRI S h T 5 (42—43),

Thied LT, -~ — PEERBER, VIhd e~V v 7 A% LB LIXTE I (B
b, TRETIE a-~Y v 7 AOPBZH DR T eV 23, RO X5 e fISHEE R
hoTWde (1) AV VvROA v ey vBEER, [ E-CHRNoKkEbolkdie, i,
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a-~Y y 7 AEPEE THEEERPRITDLELLNRTEY, ¥ (D wVv, Avi=V
RO A7 4 vEBRETIE, WIhbfigl -C C&FF (OFRLSHET) AR L TV 5,
T DT, RI2ED~Y » 7 AIEH C-O HAORET & EHIET & DRFEHEIEA PR
FRFLEHE N-H & OKKREAOUBRITREDER L E L b, ¥LBED~Y » 7 AT
i, KEhvrv 5 v—nAAYREPIHOSEFLEH C=0 & DHEEEN a-~Y v
I AKREDZIVEEE LTELLNTVWAY, EXETHBHIATORWIETSHS (44—
47, ' '

3EF v (RY-L-7 =y v IED) MEEEL Wgx by ) v vEREs, KEE
é%ﬁ@hmbr%Hg%%hkw,fuuvﬁgk»4Fn#vfnUV%g&wﬁﬁﬁk
TI/BEREDL DV T ax -V a VTHBILEERTD L, —BOFY) T FFHED &
BEEIRAV T 4 A=V a VL, -~y IAD Py — b THBEVSTHLEES Thb,
IHLDOEEREF NGV LEH LIBEL L H5ARE Y <77 Pl h I Tefis {Hg
TRTWABED, FALD 5 BXBENC L - THSR b DD—a BRDOE 2-1 TRT,

2. BHRSTFOXE

FROBEAY =75 FhEdle, B—EE» b3 BN EROEGHEST TROSEHS,
ik, WAERERE, TahE0FERERESTORFEECOWT, XBEFCI VEL
M INTAERBEER O TREDE R (LM¥, vy PA, BREWHEER pA, >wvi
FinE) #R2KEFLDTURT, ST TWIZEHBL, 527 ) 22AKT5ED0THBH
B, BERCRTS X5 TEE RS DTk,

ThB BB LD, BREAL 2 MORFHAIT L DRI NSERES FORF S
i, BLEBRLBEYRE, TRUOENHEA GRE) 1R RMMBEL 5b5 5
v IR - THRFI L7 (L RTRER) Tho W3 (BaToBEEE) (137D,
FOEEIL, —AKOHTHCOWTHIUE, T vilEl=% 1 ¥ - d B L EF ST
b0, BHEREECET e v IR TFOANEE - BB E L AR BN B TH B,
2F Y, BIERBTIBRFOSTREIHERF IR VD02 X5, 22TV 5 BERE
X, BRI BB b 2 80RE T (homopolymer) 32 b D Th B2, MMERE
BB YISO R e 2 B ORI SRS ESTF (random copolymer) 1204~ C
b, TOFEE (FH BECHL L7 ¢« vABELREINTE D, T, b5EOLER
DX 3, EEOBBBANFAPICES L &S T (sequential polymer) D41 b EHK
DREREALE 1 IERFREAL & HRE, 23D FRORBIRES DT, PoELTELTH
IWVWEBbIE, STV IENHRM LT, #YRTFVERFET7 s 2 BEE KEBh
FBRI7VFEFF, e —RRBBCRTE D-/ra—x, FARTBLAY vV Th
D, €2 AREATF TR =V BREIPHLT S, F1rv660 k517 v vE HOOC
(CH2):COOH & ~*4 2 F 1 v 7 3 v HiN(CHo)s NH, DEBOBEHRL D b EHTFT
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Table 2. Structure and helical symmetry of principal chain molecules.

ol o wn *2) fib *3) . L« residue*® el *6) tfrﬂ
materia asy.unit space group)| fiber repeat pite. translation el. sym| ref.
Polypeptides & fibrous proteins|
Polyglycine -NH-CH,-CO-
1 M 6.96 6.96 1.16 2; 49,50
P3,21 9.3 9.3 3.1 34 51,52
Poly-L-alanine -NH-CH-CO-
a-form u H 70.3 5.418)  1.496| 47, |13,14
Bform : P2.2,2, 6.88 6.88 3.42 | 2, |13
Poly- Bbenzyl-L-aspartate -NH-C'H -CO-
a-form CH,COOCH,C, H, 5.40 1.50 | 185 |27
wform P4,22 5.30 5.30 1.325| 4, |27
Poly-n-propyl-L-aspartate -NH-(}JH-CO- P2, 6.79 6.79 3.39 | 2, |34
CH,COO(CH,),CH,
Poly- p-cl-benzyl-L-aspartate -NH-C'H-CO-
a-form CH,COOCHC! P6,22 27.0 5.40 1.50 | 18,** |53
wform P4,2.2 5.20 5.20 1.30 | 4,7 |53
| Poly-S-carbobenzoxy-L-cysteind -NH-CIH-CO-
I CH,S-COOCH,CH, o} 6.95 6.95 3.48 2, 35
I o} 6.89 6.95 3.48 2, |3
Poly-S-benzylthio-L-cysteine | -NH-CH-CO-
wform CIH,SSCH,C. H, T? 5.55 5.55 1.385| 4, |52
Poly- 7-methyl.L-glutamate 'NH‘C;H'CO' .
a-form. (CH,),COOCH, H 27.0 5.40 1.50 | 18, 1
Bform (0] 6.83 6.83 3.42 | 2, 1
Poly- 7-benzyl-L.glutamate -NH-CH-CO- :
a-form (CH)COOCHCH, | H? 27.0 5.40 1.50 | 18, | 67,68
nematic(CHC,)**" 10.35 10.35 1,479 7, |54
Poly-L-glutamic acid-Na | -NH-CH-CO- .
r. b 75% (CH,),COONa o? 6.76 6.76 3.38 | 2, |55
Poly-L-lysine-HCI -NH-CH-CO-
r. b 0% (CH) NH;CI- 0 6.66 | 6.66| 3.33| 2, |40
Poly-L-arginine-HCI1 -NH-CH-CO-
hydrated (CH,) NH-C-NH:Cl 6.76 6.76 3.38 | 2, {4
[
Poly-L-ornitine' HBr -NH-CH-CO- NH
r. h. 86% (CH,) NH;Br- P2,2.2,| 6.64 6.64 3.21| 2, |56
Poly- 8-N-carbobenzoxy-L.- -NH-CIH-CO- M 16.2 16.2 1.473; 11, |57
ornitine (CH,)NHCOOCH,C H,
Poly-L-glutamic acid-DMF*** | -NH-CH-CO- P4,2:2 5.39 5.39 1.348) 4, |30
(CH,),CO0H : '
Poly-carbobenzoxy-L-lysine- -NH -C’H—CO- P4.2.2 5.36 5.36 1.3¢ 4, 30
DMF (CH,) NHCOOCHCH,
Poly-L.-proline I I
I ?‘ €O~ P2,? 19.0 19.0 1.90 | 10, |58
Ho P32 9.36° 9.36 3.12 | 3: |59,20
Poly-L-hydroxyproline A [ N 1 . P32 9.15 9.15 3.05 3. 22
i T -
Poly-L.-tryptophan O\_JI,CHQ‘,CO, 5.42 1.49 | 18; | 60
NH
Poly-1-benzyl-L- histidine h 27.0 5.40 1.50 | 18, |61
Poly-L-alanyl-glycine -AlaGly- | 0 6.94 | 6.94| 3.47] 2,62
Poly-L-alanyl-L-alanyl-glycine | ~Ala-Ala-Gly- P2,2.:2, 6.98 6.98 3.49 ) 2, |63
Pol-Glu(Et)-Cys(Bzl)-Glu(Et) | -Glu(Et)-Cys(Bz)-Glu(Et) H 26.8 5.36 1.489| 6., | 64
Poly-alanyl-L-prolyl-L-proline| -Gly-L-Pro-L-Pro- H 2.87 | ~10, ] 65
Poly-glycyl-prolyl-hyproline -Gly-Pro~Hypro- 2.82 | ~10, | 66
Poly-glycyl-alanyl-proline ~Gly-Ala-Pro- 2.92 § ~105 | 66
Bombyx mori fibroin Ala, Gly P2, 6.97 6.97 3.49 | 2, |15
Tussah silk fibroin Ala, Gly P2.2,2, 6.95 6.95 3.48) 2, |16
Paramyosin(Venus mercerina M 720 5.08 1.485/~18%"| 69,70
adducton) dry
a-Keratin(porcupine quill) 5.16 1.49 |~1 8:2“ 71,72
BKeratin(porcupine quill) 0 6.68 6.68 3.34 2, 72,73
Collagen (rat tendon) dry Gly, Pro, Hypro 29.4 29.4 2.91 | ~104 |74~76
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residue

(bisphenyl A)

material asy, unit space group | fiber repeatl pitch translation(A) hel .sym | ref.
Synthetic Polymers
Polyethylene -CH,- Pnam 2.534 2.534 1.267 2 7
Polypropyrene(it)*'® -CH,-CH(CH,)- C2/c 6.50 6.50 2.17 EN 78
Polyvinylalcohol (at)*'” ~-CH,-CH(OH)- P2,/m 2.52*" 5,04 2.52 2, 79
Polyvinylchloride -CH,-CH(C])- Pacm 5.10 5.10 2.55 2, 80
Polybutene-1 (it) -CH,-CH(C,H;)- R3c 6.50 6.50 2.17 3, |8
Poly-3-methyl-butene-1 -CH;-CIH- P2./b 6.84 6.84 1.71 4, 82
CH(CHy), -
Poly-4-methyl-pentene-1(it) -CH,-(llH- Pdb2 13.80 6.90 1.97 7, | 82
CH,-CH(CHs),
Polypentene-1 (it) ~CH,;-CH(C,H,)- M 6.60 6.60 1.65 4, 81
Poly-4-methyl-hexene-1(it) -CH,- (%H‘ Pi 14,00 7.00 2.00 7. 82
CH,-CH(CH,)-C;H,
Polystyrene(it) -CH,-CH(CH;)- R3¢ 6.65 6.65 2.22 3 83
Poly-m-methyl-styrene(it) -CH,;-CH(C¢H,-CH;)- Pi 57.0 7.12 1.97 29, | 84
Poly-o-methyl-styrene ~-CH,-CH(C:H,-CH,)- I4.ed 8.10 8.10 2.00 4, {85
Poly-p-fluoro-styrene(it) -CH,-CH(C(H,F)- ? 8.30 8.30 2.08 4, |8
1,2-Polybutadiene(it) -CH,-CH(CH=CH,)- R3e 6.50 6.50 2.17 3, |82
(st)*' Pacm 5.14 5.14 2.57 2, |86
Polyisobutyrene -CH,-C(CH,),- P2.2,2,| 18.63 3.73 2.33 8 |87
Polytetrafluoroethylene -CF,- H? 16.8 2.80 1.29 13, | 88
Polyvinylidene fluoride -CH;-CF,- Cm2m 2.56 2.56 1,28 2 89
Polymethylmetacrylate(it) -CHy-C(CH,)~ o? 10.55 5.28 2.11 7 90,01
COOCH,
1,4 -trans-polybutadiene -CH;~CH=CH-CH,- H 4.90 4.90 1 82
1,4 -cis-polybutadiene -CH,-CH=CH-CH,~ C2/c 8.60 8.60 4.30 2, |8
1,4 -trans-polyisoprene(a) -CH;-C(CH,)=CH-CH,- | P2,2,2, 8.76 8.76 4.38 2, 93
(gutta-percha) 0] P2.2,2, 4.72 4,72 1 93
2] P2,2,2,| 9.2 9.2 4.6 2, {92
1,4-cis-polyisoprene -CH,-C(CH;)=CH-CH,- | P2,/a 8.10 8.10 4.05 2, 93
(rubber)
Polyoxymethylene ~CH,-0- P3, 17.30 3.46 1.92 9 94
Polyethyleneoxide -(CH,):~0- M 18.5 8.75 2.64 7s 95
Polytetrahydrofuran -(CH,),-0- C2/c 12.25 12.25 6.13 2, 96
Polyketone -(CH,),-CO- Pnam 7.57 7.57 3.78 2, 97
Nylon 6 -NH-(CH,)s-CO- P2, 17.2 17.2 8.6 2, 98
Nylon 66 -NH-(CH,),-NH-CO-(CH,),-CO- P1 17.2 17.2 17.2 1 99
Nylon 77 -NH-(CH,),-NH-CO-(CH,),-CO- H? 19.0 19.0 19.0 1 100
Polyethyleneterephthalate ~(CH,),0CO-C(H,~-C00~ | PI 10.75 10.75 10.75 1 101
Polyethyleneadipate -(CH.);0CO+{CH,)-C0O0+ P2, 11.72 11.72 11.72 1 102
Polyethylenesuberate -(CH,);0CO-(CH,)-CO0| P2, 14.28 14.28 14.28 1 102
Polyurethan -0(CH,);0-CONH(CH,)-NHCO| T 19.2 19.2 19.2 1 103
Polycarbonate -0-CiHi-C(CH,),-C;H,~-0-CO- | P222, | 21.5 21.5 21.5 1 104
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residue

material asy, unit space group| fiber repeat| pitch |\ iio, | helsym [ ref.
Polysaccharides
HOCH,
Cellulose I (native ramie) OH ?_ P2, 10.34 10.34 5.17 2, 105
(Poly-$-1,4-D-glucose) oH 106
Amylose B (potato) HOCH,
(Poly-e-1,4-D-glucose) 10.4 10.4 1.73 6. 107
Amylose V (DMS extr.) oH o- P2:2,2,| 8.0 8.0 1.33 | 6, | 108
Chitin Ho
(Poly-p-1,4-N-acelyl-D- HocH: .
glucosamine) M
a-form (fungi) chc P2,2,2, | 10.28 10.28 5.14 2, 109
Bform (diatoms) > P2, 10.38 10.38 5.19 2, 110
7-form (loligo) P2, 10.3 10.3 5.15 2; 111
Xylan (hard wood) on 0
(poly-B-1,4-xylose) L
r.h. low OH P3,21 14.85 14.85 4.95 3 112
r.h. 100% P3,21 14.95 14.95 4,98 3 112
dry " P3,21 14.85 14.85 4.95 3 112
Diacetylated Xylan 0 P2, 10.31 10.31 5.16 2, 112
0AC '
OAC
Xylan (algae) ya—
{Poly-£-1,3-xylose) HOK j e P6, 6.12 18.36 3.06 6 113
H OH
Mannan CHOH
(Poly-p-1,4-D-mannose) ol ou )} ©
I (Codium seaweed) L 0o 10.27 10.27 5.14 2, 114
Il (Alkali treat) M 10.2 10.2 5.1 2, 114
Hooc
Alginic Acid (algae) a o)) O
(Poly-B-D-mannuroic acid) P2,2,2, | 10.35 10.35 5.18 2 115 |
HOOC
0
(Poly-a-L-guluronic acid) -Kj:){» P2:2.2, | 10.74 | 10.74 | 5.37 | 2 | 116
OH OH
Pectic acid HOOC
(Po'l;r- a-1,4.D-galacturonic @ — 8.7 — - - 117
acid) A
CHOH  cH0
{-Catr;geenan Ko,‘soo H 24.6 24.6 8.2 3, 118
i d.s.)*™
OH OR
KR
I :R=0S0X
Z-Carra)geenan H 13.0 26.0 8.67 3 118
(#d.s. .
COOH CHOH
Hyaluronic acid-Na e 4 0 P3.21 2.85 8.55 2.85 3: 119

(8. )

OH
OH NHCOCH,
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residue

hel. sym

ref.

material asy. unit space group | fiber repeat| pitch translation(A)
Polnucleotides & nucleic .
acids*'
DN *14)
A-form (r.h.75%) oﬂ,é_ocm . M 28.1 | 28.1 2.5 (11, | 120
B-form(r.h.92%) o H 34.6 34.6 3.40 10, 121
C-form(r.h.44%) & 0o 30.9 30.9 3.32 9.3 122
o H
RNA*IE) ?
reovius (r.h.75%) Hob-ocs, _o_ H 30.5 | 30.5 3.05 |10, | 123
wound tumor virus(r.h.75%)| 9§ H 30.5 30.5 3.05 |10, 124
rice dwarf virus(r,h.75%) H 30.5 30.5 3.05 10, 125
o oH
Poly(dAT)**® . ! .
B-form (Li,r.h.75%) 33.4 33.4 3.34 10, 126
C-form (NH,, r.h.75%) 30.8 30.8 3.32 9.3, 126
D-form (dry) o 24.5 24.5 3.4 7.2, 126
g BU: Br
PolydA-poly BU"" ji)‘]/
B-form (Li,r.h.66%) oW o 33.4 33.4 3.4 10, 126
PolydA-polydT T: HNJj—CH-
(r.h.77%) 0)\,? 0 32.4 | 32.4 3.29 (10, | 127
PonrA-polyrU)""y
A-form (r.h.92%) H(P3) 30.8 30.8 3.4 11, 128
PolyrA-2polyrU
(r.h.92%) H 35.5 35.5 2.86 12, 129
PolyrG-polyrC
(r.h.92%) 30.2 30.2 2.67 11.3, | 127
Polyrl-polyrC
A-form (r.h.20~90%) 35.0 35.0 3.0 11.6, | 130
Polyrl-polyrC(H*) 25.5 25.5 3.16 8, 124
PolyrA-polyrl
B-form (r.h.66%) . H 38.8 38.8 3.4 11.4,| 131
PolyrC(H*) CH) g
(r.h.0~100%) o”Z N 37.3 37.3 3.1 12, 132
NH,
PolyrA(H*) +
(e h78%) A @“ P4, | 152 | 304 3.8 |8 133
*19) ! [}
Polyl No” N
(triple strand) ! <JJ 9.8 | 29.4 3.4 |87, | 13
|
PolyrG** oA 3.36 | 4.2 | 135
G: < H
. o1 N NANH
Poly-2-thio-Uridine 0 J *
(r.h.75%) P2.2.2,| 28.84 28.84 2.6 11, 136
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b EIXE % % 08 7o -HN-(CH.) s-NH-CO-(CH,)(CO- 73 1 JERFREAL & 7o » TUL B HBE
bbHbdo 7y £ 7% (gutta-percha) LHEV=FL v - FLr7xV— DL, 1EDOHE
WHREAA L AL T 03552, ZHTIEE-1BEDS v &2 Tl

BTCHRYRTFFED a-~V » 7 ZAEECR T, 73 7 BEET 1 EE-3.6 B0k
D T & VI > TRFIL TV 52, DX 51 1 RIS REREROBERE)
TIX, BRCRTHIND T v iFhtE, BILEMBCENS 7 e v (1, 2, 3 BRO
3, 41 RO 45, 61 RO 6:) 10D Tlhad (138), B2 DRHICTRIND L5 IEED Ui
FFEBONHHELF END, FBE, AL a-~V » 7 ATHE« DESTFRB Flid, £v-
L-75=v, #YV-r-2F1-L-2 2% s VB, RI-r-_vor-L-21rx 3 vBid) ik
b, £0TF v HEEBEDICRELD, P/p=23.60 ¥FlE LTAHLSD, FTHEELTE
D, ELRCABTCORPNICRBICE D, 72y NHRCED LB BIEEINDLTHAS
(1, 13, 67, 68, 139), f€-» T DREI LU, BRI TTHELTHIN 5 RS,
e vRIHRE L BEREE TR IR TTHDA, 0L 5 RENEECRELEHEINT
Wi\ 5 2 EIRRIREWZ L TH B,

Lo Liedih, 7 vDTR3RIEBTFEHRT2HEI, BHBCRTHINET €Y
WHECRARATSZ LRV FThAR, B, #YRTF FEOEEAEETSHS, f~v—
2R 7Yy v ICESTFREKSHEEICLD Lo b LBEBENAER I, ST8EIFR
FN2 KT, 3RTAERCERA TN TR D, FERH, ZHBECR T S RIcHFRe s o
T, P/p=210 -1t P/p=2.9 DKV 7)o IEEILD 2o\ & 2ERT
Bo FERIC, FHERT v TFR3RTERCHATNIGETIL, BRI ns e
DI, %L OBE, FRNHRLIEROBREL VRRSh, TOER, — R, EE
%K&éﬁomz@,£uﬁwdayp»ﬂ<y9»4:7xxa¥v@®erm1m,LwA
DFFHEE, 5.40A OB » FBRELED, HISBHRETTNTHEBSID &5 1A
78 a-~V v 7 ADMIMEEREY 52 B0, TheIRicE 6 B, F12BRBUTHHER
HPBRIND (63 D &1, EPUIBE L 5 HiE-18EED a-F v v T OXNHMEY b
283, Ny 7 ADHMUNCALE LI QIO s R BN TR TIC R TR E W ICRIEC el
T, FEEEICH - ol < 3 B O MSES LIRATREML L e ), Thr ROBR TR
Ni6s v BERLTWAZEETELTNS (B2), Ziuk, Whidfigdd a5 b
R-18RED a-7 £ Y BATBT OMMBORNBHCFARL TEH LI L 2B WRT %, Lo
L, THhAHBERHO X 5 R RS lsriug, Bx 00T flgid&»T3.6 7wy
HHUELEETS C LIRS R, KECIIERTHHSHOHEEEESNL 2~ 72 h B L <

%) P/p REHIECTS & 5 B/ MENAm L F5 L ¥, AMCE, mP Lih,

*) WYY 1V ADBBHBE DD HIE20EEOREETF (surface lattice) 121X, 5 EEEEFE
MWEETHH, ZOBAEY 7 == v MESIBEFTIIRME I T L ABRITR I iz (140—
141),
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0

Figure 2. A radial projection of amino acid residues in the a-helical pClBz-L-Asp.
(—) Mainchain arrangement, an 18-residue 5-turn right-handed helix; (--)
sidechain arrangement; a, b and c are not equivalent to each other ; they
form all together an effective unit and such a unit is arranged in a 6-
residue 1-turn left-handed helix.

(142), lﬁUﬁiﬂ?’? Kendrew #ly 1 ¥ = F A OO FEECHRI>E 5 X 5 n “rigid” 7nd O Tidie
WA, FRT A AU T LI 1 S ORMFRECSE > TV B E WX B THA 5, BT
KBEBRFTIRLIDAA, BEECN IS v HFORy v 7 ESFlht b - EER
BTHDdIc*™ (143), 1 RTHERDOESK L LI 5 BBANKEY DT EREOREER
BRI 1 KT DA b » 1Atk L Z R 8, BD, HTRIEE
(RN, Lomd Lk 3 REBTATR LT BBAITIE, 7 & v AT ORISR
R THE S RB BT < B2 5 B DTHS 5 6

T VBEORHRITBEL L CBRRBELE XD L TEDY, WELTOFEIIEND
BRTU Rl 6X-174 2 SV-40 72 XD 4 A& DNA i3, Ui LSEREEY 2 5o &
METEKEEEC L D RSN T\ 525, FOBIC o CHEC LT\ 5 X 5 el
FANAY N AN (144-—1455o

£ 0k SRR RREAE OB U b2 bR AN, & OBAIIZINTRELT
HARREEENFH - THEAC S L3 Sli0ERMi% b olcdic, E0EEHEE (6X-174

*) XBHEEINT, 2L 0B84, HERIITERE Brage KEITh3 1 EBRBRICT DI
e, Bragg REZABRRITIR - TR D DWCITERINC 8 D0 F TedRBMREE S Fh LR BHIE
A CHEERNT R 50
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MEDRH Y A A ARTF, T-%7 7 —SEBRE) 15wk (TMV BT, T-R7 7 —o
B#f, ¥4+~ v Rl F-7 75V, 257V ¥vWERY) bl 2MbRT\WA2EED
BEZ BT 50T S TSR LizT 5 (140, 146-150),

3. Cross-3 Bl

L UL7edih, DX 5 /NaBRERA2HALICETY, E0FBRRTHHEEI L 2o
MBI TW5, Blb, (D) coiled-coil B, () B TFHEMGERCNT 240 FE#HOTHE D,
(iii) cross-B BHETH S, (i) D coiled-coil i, MERBLABCEHETHD, 2o
— G R DD 2 v 7 5 A=Y a v THBR, TR HEY <75 FEOERERE
N5 2v) O vVERBILIADKRT e VD EHIRET v {EL1bDT, f-TH
Mic7 e AL S ITWDT, LY EOFEE b (1561—154), - T Astbury
X O EEN akmef A —F GEErs+v, BRAZ Iy, =E€FAIY, 7
$ 70—V CBTABMERESREL, a~) v 7ANET /LD THD (27
IAVVIR2AHE, FEY T FVIRIAHE, ZOELOMBIR4AXRE), PEr I F L B —
FARES LD THS (155—160), = 7 — ¥ v Tit Gly-Pro-Hypro #ZEAR
7 BESIEL, C03EABE-10BEOEEET VYA 3K, FRCEFEKRBEAC
IORENICLOERFEHE LLES « VBB THHU7T—18), TOHRT I /VBBEETHD
VY VvERERST R ) VEREORRA V-a-7 VB BMT v BEL LA I0rbLT,
I DEEVFRANCESI L HBEARIRES ¢ v b5 2 LIXBBREVWC L ThD (65—
66)o L L7chi DMMERBEEIIV 5 2 TH A B—BEN LR I0FHEHTIXIRWDT, K
BILEOFEBRONEATE LS, GRAEIVRTFFORY -V a-L-7 1 5 § VERIE,
BHCBERSEY L DR TTBRLERD, B ToliltEEr L bt B
coiled-coil BHENRETH 2\ 5 HENS DD THEICTNETHS 5 (161), Crick ItXh
¥, coiled—coil BEBIIBMS v D2y v Z7RELTHSERHED DL 5 “knob” & “hole”#}
BEATLEFND LEE, TORBERMOCER T D ERBEH LR, £
bDTHDo - T, TOBRIL, AREESLERTHRISFORy F VIR LoD
LI FERRLTWAS LEZLNRADT, 1 RTEROEREKLVI LD 3RTHERE V-
KHRLIWTHS 5, £2T, ZOHBREL 20 LeAFREEERALRKR, AT
BT EIUE, coiled-coil BBIIARDOEMT « vBBICES Z LARFEINDL, Thico
WTEEH, FCRBRNCHEELED TN Z LB FEL TS,

Gi) OEHFEERICOWTIE, £V =F L v OBEMURRE)N ETHRESEAER OB TFHRE
e X WD TREINTER, S0BREST, flrE, #IitFvrsrvy GRA),
RV =FLvisya ¥ (@, 7140 v ER FROVTLOFEIERI LTS (162
—165), Keller H DI L AESFEF AIHRAEOTEICEE TS b, BX#3000A 05
TN LI BIERDE X2 100~150 A 72 DT, 1RKOHFHEIRF10A = Licr — 7RI
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BABGZH VB ER TV L IR TS (166), fE- TEEER LIS d00, ThISEL,
TR b DT T, BEONHED K TCREBFOESTORMER L XRERLIDTH S,
CORBITEBA= A A F-RNORBTH B2, 1 KEEY b LR LR TE TR
HEFERZES BRBTEHE L TR, 0k 5y Tz, BRPTIMEZ LI THE
BHDTRIEVDT, ROEBRORNGEHNLELTIVTHS I, ZDK, Arlie DR Y =F L
vAF4 BT AR L hE, RUATED IO TLREMMERE L T (20~60°C),
WRFEE(LL (60~810 A), DWicixithilih oix\v, HSFHEORICHETHEIRET
BB LbhTw5 (167, OB LE, Bk L) oo, #iE iR
FoE V- TH I bad Lo,

20, BYV-L-75=v, BI-L-V vy vEB—IKEE HV-L-Frx iV o
vy AR S ORBERAERIN TV AR, WIS FHOR IR OEZ 2078
W, R 1RO TEIBAMCHEVETh T2 2E2bND (168—170)0

Gmcmwﬁ@%ﬁu[%mAmmwbmﬁ@ﬁmgém&ﬁﬁaﬁa%ﬁﬂ%mgib
fods@), ZEMy 7 5 v (supercontracted keratin) =€ F 4 I VIZDOWTHRHL, TORE
HOEET D 5 HEDME (crysopa silk, water beetle silk, glow-worm silk) v DD &
A ~FFFOXBBETEC L » TEOEEIABR TV (F3) (A71—175), Thb
BT AT, B-v — b OBEMIERIC M T 58 4.7 A DBRWTEREHN B &
EThbo o TRED bl L B VB BEAOHCES 1RD B-Sn AR

Table 3. Scme propertiés of the cross-B structure of polypeptides and fibrous proteins,
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material crysopa silk POBS *” POAT *” pscc ™
amino acid Gly 23.5%
. CAla 20.2% Ser 100% Thr 100% Cys 100%
residues Ser 40.7% :
. 15,400 7 sp/c=0.26dl/g
molecular weight —_— ———
(DP=86) (C=0.5%)
solvent (H,0) DCA-CHCI, TFA-CHCI, DMF-CHCI,
4.74 A8 4.72A 4.71A 4.76A
X-ray pattern 6.90 A(R) 6.84A 6.88A 6.95A
5.45 A(S) 13.7 A 1.0 A 32.4 A
polymorphism » #—/ I-1 *4) I I1-1
(F—1)
hydrogen bond intramolecular intramolecular intramolecular i'ntermolecular‘ i
Parkar & Rudall Takeda, Y.et.al. Takeda,Y.et.al. Elliott, A.
reference Disc.Protein Str. |Disc.Protein Str.
Nature (1958) (1966) (1966) J.M. B. (1964)

*1) . Poly—O—benzyl—L—serine.
%*2) Poly—O—acetyl—L—threonine.

*3) Poly-S

1

#5) B : backbone spacing, R : chain repeat, S : sidechain spacing

*4) Both cross-8 and parallel-8 forms are obtained of Poly—O—acetyl--L—serine.



NBZricXh, B-v— P EEYHRLTED, ZhCLD crossBHEEDLN HE2 bR
7o®,

D 5%, Parker B2 X D crysopa silk O BB O XBEIFEE DWW THEIARIH
e, ZOBERRCSPHEEE EORHOBFHRYTHTlhovicd GERAMEC <y v 7 DER
DD EFEHIE), HTEH (wire model) %\ FERE OEMIRR O BELEE O
AL =BT B doaRdbI (180), AFHA LV FTEELZEHTS 7 » ¢ AT,
HVWEVCIAROEET LI, CHEERCTS LOREFIFERC I DR ) <75 VS
DEFALEALT 4 v 7D 12E L TIZD crysopa silk ® cross-8 #EL &V biFlc, TDOH
B oW THT i< & 5, ’

(DXBEREECHRAINS €y 7B (P=6.90A) AKX HEIEHA KT % BRI1E
(p=8.454) &b, HFEDOTLv T2 x—Dr 0 (REYDY EER) NIERICKRE S,
Zhbi@), @R LI RY=FFFECEENS 3 OONKEEA 6, ¢, o LBRITDL
haA8D), 22 Te, ¢, 0lxFNENN—C. C.—C, C'—N iRt 5HEEAY D
T, hESAENCETAAREXCRMAL h At &, cis BEOKRKZ0° 21, 0N
B X b CRMBIES A RIS IR L e AERELEHRT 5, ¥, 1, 1 1 1XER
FRCamC, C'—N, N—C. $i8BRFbL, @, as a 1% LNC.C, LC.CN, LCNCa
BEfEEbT, CRBIOWTIE, W bERMEAHH L (10—-12), -

%z eQ), @REABCHT 3 DONMEERAY, 170.0°<|0|=180.0° D&H4 T ICEE
HER X Dkt o OECH YR RERL, <75 F « 70— 7 HEPE & 27n8 5
N N

cos(8/2) =cos(¢/2+w/2+¢/2) -sin(a,/2) -sin(a:/2)sin(as/2)
—cos(—9/24w/2+¢/2) -cos(a,/2) «cos(as/2) *sin(as/2)
—cos(¢/2—w/2+¢/2) +sin(a,/2) - cos(@z/2) *cos(as/2)
—cos($/2+w/2—$/2) -cos(a1/2) *sin(as/2) - cos(as/2) @

d-sin(0/2) = — (riz+ras+r30) *sin(@/2+w/2+¢/2) :sin(a1/2) *sin(@2/2) *sin(as/2)
+ (—ri+ratr) sin(—¢/2+w0/2+¢/2) cos(a:/2) - cos(az/2) - sin(as/2)
+(rre—ratri) sin(@/2—0/2+¢/2) sin(a:/2) - cos(@2/2) - cos(as/2)
+ (rietra—ry) sin(@/2+w/2—¢/2) cos(a,/2) - cos{az/2) - cos(as/2) @)

2:R2(1—cosb) +d?

*) CHULEST O 2 RTGHREMR L SRR H, TRTCOESTFIIRCREEES L 0Ttk
DT, TTTIE2RTEEROFEHRLDDET 5,
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=ri®+ra®+r5:°— 2120 (r12° cOs@z +131° cOSA3)

+2+112°13:(cosaz cosas —sina sinas * cosw) (8)
dxz=r|2‘6080|z : (4)
2:Ri*Rercosfia=R*+Ro2+d 12 —r1? (5)

) LTHRLREHEEEAEZAWT, 8), @), ORCHEVIENFREAFOREFIoWT
FIREEAYRD T, THEAERERCER L7, 22T (Ry, O, diu) T 1FHOETF (C)
DEEEESY Ry, 0, 0) L&D 2FHORET (C)) OMBEET, ThTh¥E, 1
FHORFEEREC L E0BRA, 1ZBHEFH»LO T « vEIHRA~OLEER Y EHT,
ChBOBFRY 3 BEETCIEKRERTS 2Lk D, (R, O, diw) ZRDIE, 3FH
BT (N) OFEE (R, 6, di) 231B5h5,

GiDE e XA CHRES 1 5 UPAT 8-+ — + 04 FHEHIEEEE 4.74 A (backbone spacing)
CRBRELOD, —HOg kMR LCEE (0.01A 50) RO (0.5° -30) R MILICAT
W, FH CO--HN KR AR, KEBAAORMEET o7 F0 & & BESHORIE
B-C FEIBEMEI2 3.99A 27ch, CH: (UL CH) D7 7v - F - v — 1 ARHERE & LT
WMEDI\MELILD, COBBCNT, RFF¥ » 71— 7 OFPHEMEL SER LI, &R,
FHEO & FCERED XLVREDKREEVHRIND Z L5357 - R _

FACHEFAL cll, KEHEESHFAL alillc & - 7358 OIERFREALO FEEE & NI EiEA

Table 4. Atomic coordinates for the extended part

(antiparallel chain pleated sheet).
a=9.48 A ¢=6.90 A(Chain Axis)

x(A) y(A) z(A)
Ca |  0.349 0.716 0.050
c’ —0.479 0.247 1.248
0 —1.7117 0.314 1.234
N 0.243 —0.215 2.252
H 1.25  —0.256 2.231
CH 1.376 0.334 0.148
Cs 0.375 2.246 0.024

Equivalent positions in P2,22,
(x v, 2), (=x,—y, 1/2+2), (1/2—x, y, —2),
(1/2+4x, —y, —1/2~2)
Structural parameters:

$=—139.35", @=180.0°, ¥=135.06°
Hydrogen bond:

N—H———0=2.782 A ZHNO=0.527"
Cs— Cedistance =3.991 A .



fold B P, Y1, Wy

as1

1, sy ;s /\
Cas /\
X

SanpISIIQ ~
Ve E=d

*\/ u
Cas —4.74A—

¢h 'Phq

fold A gf:;ﬁm,m

Figure 3. Definition of extended segments and folding parts in the cross -8 structure.
i (183), (iv) Eiifihdh v oL, fold A & fold B 0 2L BA, ThTh 28K
2bish e L G i+l BEHRERV, j+1FHEE), 6 >DOWHEER (b, ¢, o ¢,
Pier, @ier B @5, &5, @5, Biurs. D1, @i01) O DICE ORIRIBEEHE DU (Coue U
Coee) WEIET 2 ¥ TO0.5° OoMU Bioh S8 ({3)e ~7FF - 74— 7 N EFHE
DT, @ = wiv; =180.0° ;= w0;+1=180.0°23F%%, fold A R fold B DXzt
N D EEARN SHONTEEANEE LTEBh A (F5), atomic close contact %
FRLTRIZY LB a0 EEREEY b LIt 4 1R L72(184—185), = DRIiZ—
Fofiih iRy (fold A, set ) LA Ol b (fold B, set I) o0& - —
PEOLE (bEHED »bAhlt EORERT, RATEHRTY, BETIHSRECEEC
XTI B-CHERDLLT D, FLHFOOWRIKREROHMR RS & & %RT, T

DEER, KOz LpWbMrC IR, ) 2200l BIALBII—R, A&%ESwvk

EBES v L) InAHRBERIESH S L 50, BRERFhMBADz v 7+ A=V avid

b, ERBbAIC SRECING BRI bREbIE, (D KBS AT CRING L5

2, ARUBERTi—1FHDC=0 & i+2FHDO N-H OB THERINTVB (1—4

HE), CHIITE B+~ BT BKRERBET, BREX N-0=2784, fAE LHNO=

0.53° TIHTEMITH B, (i) 7 R j+1 FHOREL, HROBHI TR, Y v v ERET
T ULl Hlehs o 7oy, FEICIRLT L b £ OLERIT I (180),

XK, 2, 1 FBBOBREN S Y v vEEICFER INCIEHO 1 i, Ramachandran & X

- CYER &z alanyl-a-carbon linked dipeptide D = v 7+ A —> g v « = T KR T
(182), 7, j+1 HBH ORI LT ATREEIRD S Fh T\ 543, glycyl-a-carbon linked

41



Table 5. Conformation angles in the bend regions of the cross-8 structure.

i Pi wi $i+1 Pin W41

SET 1 49.0 —T74.5 180.0 —170.5 47.5 180.0

FOLD A SET 11 45.0 —83.5 180.0 —156.5 57.0 180.0
SET III 43.0 —87.0 180.0 —-—150.5 61.0 180.0

i ¥ wj TR TP

SET I —35.0 90.5 180.0 144.0 —65.0 180.0

FOLD B SET 1I —40.0 83.5 180.0 157.0 —55.0 180.0
SET I —44.0 71.0 180.0 175.5 —46.5 180.0

FOLD A FOLD B

Figure 4, Structure of folding part A and part B projected along the b-axis. Atoms
of green color show mainchain and those of orange color represent the B-
carbons of sidechains. Dashed line shows the hydrogen bond formation.

dipeptide D2 v 7+ A= a v « =y 7OWRREHRONIICHSZ & ThoTo L LTHE
BB 125 REY FlcR L x5 &, ¢ FHEREIC 20T Nier-Oi-r D short
contact ZHEHE LAIEED short contact 23X/ A EHERE L » Tvinlsy Fie j+1 T H OFE
oW, [ABEEIGIL Cfvi—O; 23 short contact 1278 - T 52384 B-C (CH: = CH;
Th) ¥ THEIcav7+A2—>a v =y 7L close contact distance Z/NEELLT 3
MTAFES AL\ ) RUETIER L TR 5 LFREBEIRICA S Z L 03y » 1o D& DI IRRRT
TEESEIRA DIE TR T B DR ML B & LRI NN B TH B (184), ZHKDNTIE
FLROBESEFE L RRBZ LT 5,

Cross-f ZIOMALIIEM T2 2 e X D IBD FENCED 5 D%, THCETHIEMEI S
roFvReId Y TR NS ~TRES Lich b LHEEIR TV 5 (186), F-lEfH
L7z crysopa silk DFEEEIZI355.5 A 0BEAMOBEENBHLIS 2, JHIECRRY 7
VDR 16 (3.5AX16) MCHYT D Lmnd, EHilv s/ 2 Y MESEBEAYSL, F

42



FOLD A FOLD A

=
Ru R 18
ce C Hu
0Od N Cia
H N Hace H N
0 ’ N
Ru .;z'l C?-r-z Ru ‘&
N)—H---0 c -
Rd
Ru
Rd {2
Ru
Ru
S ——— e
-t
N)>—H---0O c  y——e---
Rd/~a o Rd
C%, CHe ®a
C 0O H-—N
H N Hu« ©C—O H—N "
Hu
c C.
§ Rd
Od H
FOLD B FOLD B’
lo

Figure 5. A skeletal model of the cross-B structure of crysopa silk projected along
the b-axis. Ry and Rq show the upward and downward sidechains from the
sheet.

D 5bi & jH1FHOMBEILT I/ BBEROK 24 %% 55 27 ) o v B A E
LTWBDOTREWHAE VbR T\ 5%, F2CHE LS AV B2 8BE L LBEDEEE
REIBEFLEALT ¢ v/ DR, BONIEREID b @ ENLORENLE 51K L,
XS el D EEES TR END ey, B 4 v P VBEEOBRE L V- T
DI EPBETHD, CORNTREEMNCTRTT 5= vEBENBRLRD L LTHAH, fold A
& fold A, H%\ix fold B & fold B' DRIICIIKFEEA OHRIEA LMIRY (fold ADO
1+1 R0 fold B D Oy DEEF HKERHEEDH LHNO 2031 $30°% Hh REV),

crysopa silk i¥, ® Vv, 75=v, SV vREALPTFERRT : VBERELTL, IR
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LEMOBEBIE—7  VBERE ey v, Avit=vERE HOR5EAF D cross-p
BOBHMEEL L2 5 L1MbR TR, EhdOOVWTEHLEELRICE LD
(176—179), ELEZWNT, v AF A vEBERNTFEONIWC L bH D2, S FHKEE
BRLD - — b ERBTHHE LD B,

ﬁ?@ﬁ@%‘]ﬁ& backbone spacing 233ICITIEF—DETE D = &b, hboyTiEE
icd crysopa silk IOV TELRERNEASND LELTLIWTHS 5o

4. Cross-j3 BEEDRHY

D X5 7 cross—f BB L EDOESTFOBERBILRKT23DTH50, OE
P2 vt R (Ls) 25 FE (EAER) KEFELTELL, SFESAECBEILET
D HBECR—L B L EUTRRE 5o A FEBEEZRET S =3 ¥ —FERIV D
B, (1) £V =7F FEOKEREAMHITRERERL 27 vy v v - =R A F - DRI X
—BTHZe05028), HF—HLE LTUKRBEANTEL LTS INIWEDT 2 X
WRETHD L L, (i) crysopa silk FUHD folding gL & v, LadEHLS 2 v
PRALEDLSLHRFRE TS S L LT, OKERBEH Nu & Ls 2 0BR @ Ls O TEK
ROV CHA LR ER 6 1R T Bl Ls #BABTRHLL, HMIEREL D oKX
RERB N 2L > ThoM, ThikihdEgFRELOKREI QAT 20b5T No 25K
Wieh X 57 Ls BFFEL, %O Ls OfER n 2VNE WHEII/NZ VY, n k314

~ Np/residue
1.0r

0.9
0.8
0.7
0.6}

0.5

0.4

R §—t . :
10 30 50 100 200 500 1,000

Ls

Figure 6. Relationship between hydrogen bond numbers Nn and extended segment
length Lsin the cross-B structure of molecular weight n. Ny, is shown by
the hydrogen bond numbers per residue and n is in degree of polymeri-

zation.
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WREL o T AN S B, FH &I N O 1.0 ERE LT <,
DN TEEER e T B 54T > THR L 5o Na & n RO Ls & OBF (6), MAThH

2 b,
n=m-Ls+M (6)
No=(m—-D{Ls—D+1}+M-1) )
CZTmMLEHE S 2V b Ls OF, MIEITEEE7 42 v P E M=1, 2, - , Ls—1) &%

b ATFENRRZLL/ AV PREM LV HHREERL S 2 BARIE, Nu OFKE
52 H5M ONn/0Ls=0 X Y Ls=4/ 3n 256N 5, €5 T, & L a2 ERERIC iU Ls
%%ﬁkﬂtb,L#%NﬁmLOKﬁﬁbfb<mﬁ,ﬁ@@ﬁ%ﬁ@ﬁawamvﬁﬁﬁ
HEHE D - BECR—LES TFOBEREICK L cross-Bfolding D FFEHWMELI B &
HREND (187—188),
‘kiéf,ﬁUﬂ;997~ﬁ@ﬁ@pHLIbK@%*,ﬁﬁm%ftr«vy&x%%%
LT3, iy 50°C, 10 HORIC X b RN f-EcEbd5 (189),
COBEOIMBD =R A F —1X, a-~V v 7 ADKEER LM LUSDE b 2 HLKREZHERT 5
TeDCBBEIRRDTEHS e =F VY 7Y a—VHMECLD B-BENTREELTHZENDD
RIBRAL KR EDBARER D S BEOREMCFLEL T B LHEINS, = OfED cross-
BB T - Th A0 OV TIRMBERERIN TV AR, #EL % — ik, crossf
HChHDC ERTRBELTHS (190), COC LMD X 5 CHFIBEELTHHRTE, o
~Y oy 7 A% E DBRVERETIISTH -EEOBRATIRER Y, HEKBRORT, a-
~Y Yy 7 AR L DBRVEETCRIFRE O X =31 F—BELH-TH, LA
cross-BHEELR LD LERLTWEDNS LN, ZDX5ELTLHE, cross—f 1%
BIIRLUTERRDOTERL, LD o=~V v 7 A% L DXV LI THEOHR
M Bk T 2 — RO S TR L Bbhv s,

A%, FIZ, O cross-f BEEOESYE S A v PEOHTEEEN, cross-f HEELEY
FHEEE L OBIR, cross-f BEOREMROMBEFCSEMPAL CVELLLEL T 5,

COWRDS B, w75 ADERROFHHECET ML, KETY v A+ v RERHH
v A —ROKRKFHAE v 2 -2 FIH L Tirbivic, XEBEFXRXEEYLEE O R
Langridge #i¥~D grant NIH-16539 X D#Ei% 5itk, FKF¥D PDP-10 Graphics
Display Computer DF|Fizo\\Tix, B. Bush BEoghzwicidni, FRERo—FiC
DT, FIRARFREMOSH ML X WV RRRIE LIl vis, Z Zifte THEYR
EbLET,

x1) asymmetric unit FEXRFREAL
¥2) ZERRE, \WShb AT 2 ) AZAEXTHSDTHD D, EHedOTIRio,
Tri : Triclinic, M : Monoclinic, O : Orthorhombic, H : Hexagonal, T : Tetragonal
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*3) MR (BTER) . BABTHERDS t v HTREETH LERBLTLIEy 7L
—BLiRwZ 25 5bo

#) FEVHFOEy F (A),

*5) FRAWERERE (A)o & 2 CUE, FENFREAIO T & v BT [~ DI EEE o

*6) helical symmetry 4 v F5o

*7) reference BENBRDER -

*8) EGD T v HFIEIL 185 ThD AL, ML EDTELD L, 65 OHFMEL DD

A9) WHOT 3 JBBEL VBRINTHISTTEHEND, BECILT vV {fMiTl 1T
12H% EET, 20 ONHME L oLELBRS,

*10) it : isotactic DM MAHAIMEAEROF CINHRBUMATERELY E4, TOMMAEEI I
2D, X L iEh )b dBEEZ > LBmATOILE W So dE £ BRERHEDSOR
syndiotactic (st), @ RHEHAIEHNS S D% atactic (at) L\ 5o

*11) REBHROCy 713, 5.04 A ThoI bbb, #MMEAMN 2.524 ThB DL, -OH
O FRBCHFTRISTAEN S Db 2 8T 5,

*12) B, EFNVEAT ¢ v S ROHERF & — 7 VBB O EFERY D LCLT, 1002E
TeviEo e FANER I 9,

#13) BRI N TOARWERRE, NaE2MEAINTH S, FBRARELTWARVERILZE
T2 Thbo

*14) Deoxyribonucleic acid. B} 4 D ¥, adenine, thymine, guanine, cytosine %Fi>325%,
ZTh D DR L BFIE—E L Tigl

%15) Ribonucleic acid. Bi¥, 4f&D¥EHE, adenine, uracil, guanine, cytosine #33>773%, Fi
B O L EFNE—E LTl ,

%16) adenine & thymine HEEEAGNTIN - TREICEFI L7 polydeoxynucleotide,

#17) polydeoxyadenylic acid & polydeoxy-5'-bromoadenylic acid & D¥ &,

*18) polyriboadenylic acid & polyribouridylic acid & D&M,

*19) polyriboinosinic acid 3 A&%H CF1T) #x,

#20) polyriboguanylic acid.

#21) PBLG 0 CHCl; B HBER I THLN D,

*22) DMF : dimethyl formamide DB,

%23) d.s : double strand (Ef7) DB,

#24) t.s: triple strand (P4T) DB,

*25) 3[EHE —10 BE T v vEFERE Lic 3ARKET vV,

*26) 5[EE —18FE a-F v vEFML L 2KHES £,

*27) S[EE —18 B a-F e v RREH L LI SABET vV,
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Summary

The Integration of the Cross-8 Structure Contrary
to the Structure Principle of Chain Molecules

Yasuhiro Takeda

The structural principle of chain molecules in the ordered state was established
by examining the results of X-ray studies on biological and synthetic polymers. (1)
Any polymers assume a helical structure that each of identical units oci:upies a
geometrically equivalent position in the fibrous state, because this state is considered to
be the assembly of one-dimensional crystalline polymers which interact weakly one other
and. are packed parallel with disorder. (2) Those polymers which have strong inter-
molecular interactions and form three dimensional lattices, follow one of the helical
symmetries allowed in crystal field, resulting in systematic distorsions from their own
conformations in the isotropic phase. (3) These laws are applied strictly to homopol-
ymers, but to sequential polymers if a complex unit is considered an asymmetric
unit, and to random copolymers so far as main-chain structures are concerned.

In this connection, the precise molecular geometry of cross-B structure of crysopa
silk contrary to the above principle was obtained by computational model building
using only the helical parameters and backbone spacing, which were observed in the
X-ray diffraction pattern. Using this model the relationship between hydrogen bond
numbers and the lengfh of extended segment in the cross-B structure of known
molecular weight was calculated to estimate the probable structure. The results
indicate that the cross-B structure of infinite long chain would reduce to the usual 8-
structure,
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