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X|1-2.(A) Efficiency curve calculated from DC voltages for transmission and diffuse reflectance
(DR) modes at constant high tension (HT) voltage (250 V) applied to the photomultiplier tube. (B)
DRCD measurements of microcrystalline of an optical active binaphthyl derivative measured by
UCS-2 and UCS-3. For the UCS-2 measurement, 1.12 mg sample was used, while for the UCS-3
measurement, only 50 pug was enough to provide similar quality spectrum.
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TR E TR R G2 ORI OLA, EE O -, CDHIE LY © 2
FHEORELZZTRITSEOX I VT 4 —HRKOV T FALEHLZ LIIRETH -
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[$¢F Qi - T. Harada, T. Konno, R. Kuroda,”Separation of supramolecular and molecular
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chirality measured by diffuse reflectance circular dichroism”]
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/D ENHRD LIRSS, LinL, 6RO CD JIEETIE, AERED X5 2oty i’y
Wa2 b O FEARESDRIZONVTIL, ELWAENTE R o7, L L7enn, ki
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2-1. Plots of true LB (shown in blue) and observed 50kHz signals (shown in red) for the (d)-
(O) and for the (I)- (1) sodium chlorate single crystals, at 250 nm, against the path length of the
crystals polished parallel to the (100) face. Linear relationship holds only with the true LB.
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binaphthol }2 V& D& (K% K —. benzoquinone & NF DiFEKE T 77 % —L LTH
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(R)-1+(S)1 2CI-5Me-BQ
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5-1-2) Binaphthol FF&E & & viologen F5EAE D> b 72 D BATBEISH A fb D20 T 38K
5-1-1 @ benzoquinone D14 V) 1T 4,4’-bipyridine D% FBALITHE & 7pEHAIL 2 FA A Te = &
23 AIHEZR methylviologen & L < IXZ OFFEMARZ H V-, mEWEHIEZHZOADIT, HIRHY
WCREBEDER IS K720 | FRARTZ A N2 TELHHRAMNE LTHET 2HEN
FrEE T,

5-1-3 IR THAADOEIZBW T (R)-2 & 1la#h L <IE 1c &2 HW 7= BT 8RR fh 23 5
IR D> 7203, 1b Z W 72 FFlE, methanol, ethanol, n-propanol, n-butanol 73 El#: Z 417,

[ Fm 3 69,75]
.,

een

(R)-2+(S)-2

Rl )R

la: R = Me, 1b: R = CH,Ph, 1c: R = Ph

5-1-3.

BRI &2, la &L 7B IO 2 b 25, 1la E(R)-2 & LLIX(S)-2
DB DX TR EMBESE ARSI T 2 2 2 A Lz, iUk, EmBEISEAE
AEFIHT 22 TTEIREMONTFRENERLTEZZ L 2RT, BRI 5]

Binaphthol _F1Z & k&4 7R EHAIL A FHAIA T Z L N AIRETH 5, T DAEZR binaphthol 755 4
& viologen FHEARZ W o AR A B ClE, /KEEEEZ AT 5 benzene i A2 W CE 52 L &
R U7z, [FEFEFRC 23,24].  10,10-dihydroxy-9,9 bipheanthryl @ KJ— & viologen # &K D
MAEDLETYH, T3 —LyF 208 L aB RSN E bz, [FERH L 15,50,71]
SN T NV a— T OEWIZ L > Ta#ERES O TS RENELDLZ L %
R UL7 (1 5-1-4), 7 A OENRG TREEDEDDAFIOENE LTHND Z L0 b,
e —~OICHBHIGE SN D, BRI 1]
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5-1-4.
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RA MRS Rl LTEFBEI AR R E FEHEX I AT I () 2V,
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B AIEH) ToDZ LIRS FEROFEDLEEELZRET 5 & TR L, e

FEBEINVE L REFERXFTINT I VNS TSI EnD, ZESEAEDEN

TAT%é BHMREROER, FIZAAMOXT VT 4 —2FH L7 B IREDDONL
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S EIDNIEF CHE LV R T VLT L 2 — L A BRI E LTV, K 5-1-5 1T0R
THLAGDEDORA MOy TR EED Z & T, S ENCKE LTz, (IR2R)-3+ 1D
FHAE IO TIE, (S)-2-butanol % 91 %ee, (S)-2-pentanol % 61 %ee, (R)-2-hexanol % 22 %ee
T \%ﬁ“é EMTE T, HEDORWE k7 Vv a— g +OXFEaElomdhEb s
HIEL. LW K& o FlAAT S 2 L(1IR2R)-3 DAGLEE AW, TORER,
(S)-hexanol % 71 %ee, (S)-2-heptanol % 70 %ee THFLHEITH I ENTE, ZD X,
PAHNKRUBRE DT I VDOMABOEIC LV NFEREIR AR THY, T VT 4 — 5L
XS %Fmi&ﬁ&@ﬁ%é#%ﬁéﬂhﬂ%% i 3C 83]
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X 5-1-6a (2R THLABDETIL, —2DO NNy TG 2 [fERET 22 8T, &bt
SEIOEELVLE 2 L 2 @'Z'T}l/ﬂf‘/l/'fjl/:z»—/l/@ﬁjjfz% AEITE A 25 BEEEN
R A2, (IR2R)-L A8, TV O(S)-2 2Bk L, fdh (1) 237 L7z (% 5-1-6b).,
SRAERIO%. (IR2R)-1 AV %ﬁbf“&m2%wﬁb\ﬁ%mbtﬁ\:@ﬁ
VABE L LTIV R T L — LT I F AR IR AR S i, (S)-2-butanol 78
21 %ee, (S)-2-methyl-3- butanol 73 43 %ee, (S)-2-pentanol 7% 41 %ee, (R)-2-hexanol 75 62 %ee, [FE
Fim 3 72) Z ORI EE < i S 41, Chem Comm @ inside cover (ZEEH &7z, D K

TV A — )L DR ENC SRS LTz, [ L 79]
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X7 L7 X 73, binaphthyl-dicarboxylic acid D7 U 7 ¢ — %78k T2 &\ 9 EBRFEFI|IC
K&, T IRAYRTLEREMEESED Z LT D0 E R ATz, TORE., Koy
TENESHEDLZ LT, TNRARETHD I EE2RALE (K5-1-7), [ZFEEim L 33]
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X 5-1-7.

FIZ, K 5-1-7 THWEB—EEOHMAELENERDEERA NDOE KT /L a—L5+IZ
KT DEEERERC, [FEFEEm L 36] ERELAN DX T T I 2 EERRA VR CEBEOMA A HE
IZOWTHZEDEEREEZIA SN Uiz, [FEFKim L 7,37,39,62,63,68]

5-2) WMHMEEETAIERRINE L BREFTUT I bR 5B —HEN ORI

WM EETLIEEBHEINVRBEE X TILT I U2t &5 2T, wtas BT 5
O TEERORERE BT T D, ZOR, BERAVRUVBBIZXIANT I OXFT YT =0
G SUE, M a2 H T 28 OBREESRZRIRT 5 2 ENAETH D, S5
W2 BRIV IAEND Z & THRIGEIEDNZ(L L, SN b+ 2 aTREM N D 5,
INOLDEREICH DX, a R EEBEINVR LR TAT I VbR 52 ER L,
TR BEF U E ARG LT, [ 59]

X 5-2-1 [Z7RF(1IR2R)-1 & 2 ZfEfib &=L 2 A, ks () »™&Eoni-, 1 o
CD A7 hEJIE LT- & Z A, anthracene HK D CD v 7 VRIS 7=, (IR2R)-1
DDV IZ(1S,29)-1 Z# V7= ki (1) Tl CD OfFER Wl L7-, Zhbix, @
EKHRTLOXZ VT 4 —N2~NEGFINTZZ L ZRL TS, [EAIREE T circular polarized
luminescence (CPL)2)3N 5 H 4172, (1R2R)-1 & 3 Dl AALETH s (D) B & 5h.,
Fldh 1o 30, B & 13 e 2 BORRHE 2 FF O 2 L AVHIB LT,

w w oo oo
HoN NH, HoN NH,
2 3

(1R,2R)-1 (1S,28)-1
X 5-2-1
BHMEERFOZDOMDEEFEBRINR D LS IHFBFBEANVFVBEXTIALT I ED
MAGDOEICHOVTHREREZITV. O OF R 2 iz, %o 0MAs
by T, WIS 72 ERE =y s LCagEsh, 7 A NORHEIC L - THECRE (8
FTR LI RIS ST N D Z & &2 A LT, [F83RFSC 8, 19,27, 34, 41, 44, 45, 47, 67]

5-3) EET - RETOXT U T 1 —(=HE & HIE

5-3-1) BHIC K 2 HEFR DL TR

2-methyl-3-(2-naphthalenylthio)-1,4-naphthalenedione (1)i. i biZ WD IEBIC K-> THT
HT AREmB R ZEE R L, ~F oottt s ALy Daoftdl
fIA) 2, Yr7arAZ bt St 5 b T A0S (R 1B) At Lz (X
5-3-1) 1AL IBIEIT, 1 DA TR ST, DE D FESBICHWEEE L 1 & ofofr
OO AERIC Lo TERNE LT 2 & &R T, BRIENZ L12, 1% 130 FEE TMEL
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TR S, TOBBEAIT D LRE S OFERETIHE SN2 WH LSS (B 1IC) 2
Bohlz, ZNODOFREEIL, Wit TiEEZE 252 LIk o T, ZSRBIENFER T2
EERTHOTHY, EITIBIXEF TN THDH TV -Z 9 BEREV, [T S 20]

B 5-3-1. A - fEAARIEOEWIC X2 I, 1A ~F Uik, 1B 7 mnR
AL b b, 1C: 1 % 130 FEE TMEVL TR S, TO®RMA S THE Rk,

5-3-2) BHEIC X 2 LTI L BARREENT DX TV T 4 —DIafE

2-(2-bromophenylthio)-3-methylcyclohexa-2-ene-1-one (1)i%, P2,2,2, P2, Pbca, P2;/n D 4 -5
DL ZFREOFEFAIC K > THERT 5 2 & & R L7, ffbIEHRIZ scaffolding L&) % s
I % & 136 X scaffolding (LA ST DEGREN 2L 0 | B L < A2 U7zl 2 im A 78k L
T P2 M ET 5, TOERMIC, ¥ 7 VT 4 —DEFHFEE> T P21212) OfEaBKET
L BRI 2 %8 [ L, scaffolding chiral crystallization & 4 L7=, F£7=. ZHR DL
MDA THLZ L bH LN o7,

5-3-3) EAER I OWK « BRURBICBIT 2% T7 V7 1 —0ERE L HEIE [FEKFH L 6]
XTNIRIVT =7 LEERDO AMEL AMKEE 1:1 DIRE L THIHES L. @l - BV
KV IELDDNTRN 250CITINEA S 5 & | @JBSERDB AL T IEROF S EELZ L %
FLHY U 72 [ 25w 3L 86], BUBRIRWZ L2, T =T AR — D F o F A ~—0Dfsim &
XTI = T VEEIRDRE S B RS L 250°CIZMMEVT 5 & | LRI R R E R = v 7V
BEARMBLZ L L, HBOBEROXFZ VT 4 —(T IR LED)NIOPDOLT, LT =
UAR LN DX T VT 4 — RO T A~ —NElLENDS I EERRA L, IR
I, BERF XTI NVIRENEZ o722 L2 /R L TWD, [ZEi L 6]

(2) 13 LT TR R ORI L B IAFF S D30 F

DI AABENLT AT —TN—T1F, TRNETRARETHL EEXL LN TWZRGHT
FAEFTOXZ VT ¢ —dHllZ TRE & 3 2 2R MExHc Ao Y3t UCS-1 A7 AL 208
ARMEATIE 2 B L C & 72, SORST TIIHE 72 5 k2%, ¥Rk in-situ JIE % "I HEIC
L72 UCS-2 S HIZth B, WRMEkZ LR, BN 20 (SRR IC e 24 UCS-3 DERIC
h Uiz, (FIX) Z OEIIIEHSE CD O &7 579, HEHIEICBWTH, ERYE D
BEEREO U TV A BN BICHTE, 74— T 1 V7RO R T AT < B DkesE
WESCAERKEET L ERDR[RIBEBRECTOT 4 —NVT 4 VT EZNO TR TE -, £
FEYEZ VT 2 ot &V ) FTBEESIC RS Hi= R iR o7 U 7 ¢ —436Et
OBRRFIZHIZIFEHRBI L, BN, EEMSFOHBELTEETWAL(FR), ZALEERST Y7
S —E R E TR CHE— O E TH  hoBREIT RV, Zod, BRSO E L ORISR
FoT7ra—FE% ., BERXT VT 0 —IZET 2 HEMTEEITT-o TEX T D,
PEERHEBRORZ LT, DFL-IBTHXT U T ¢ — Ok « IE - i 50k LT,
WIEFIZEBW T, TXTNARXXTTF RN RIBREOXT Y 7 4 — O, kL OFRE
BIZRE LT, BEHAHICEBWTIEL, MEOR D “fE 0N+ (R F—+T7 27874 —,
B +IEEL) DO ok EER L, llx 0570572 5k CIXEBUR rTREZ2 M - BEAE
PEORIBICHEE Lz, T, B EZFRIH L2 R T A7 v a— Loy
BN L7 Z i, TR DENREgEL SN CE /AT, BERbEEFHT S
Z&T, fENOLNICE L TR FDEIN AR TH DL Z L 2R T/HRTHY | K
EHmECcORARBRIYF/EIND,

OHth. BEICETF LU TVE A DTE L LRI OGRS B 21T . £h & RIS
LR DERF T AR AR LD, HROEERF IARFEE L ¥ —E L TEESE
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4. 2 EPREELASLTOXFT VT 4 —FBRAD=RLOMHH (EMhAfvELrT7 10
= n—7)

EMIHA 'L T =T N —TTlE, EWEERO A aELT P —f5EE LT
FE A RO A B R L. stagnalis % B EHZ N BRIRE R+ ORI E & Btk iz %
Hff L C&7o, AN EBRZMEMEIE LTHWTEZ0RKRO L ) RHAICL S, B
D—EOBETIEICLVRESIN TS Z &, BRITRE OBR 12 X 0 BEOHmYISNI
WESINDZ &, BFZHEBLO EHFAESRMF T TR MEZHE LT H-0BRFHT
Ta—FNARERZ L. —ODENICAHLENEEMLE L THEETDHIZLTHD, Zhb
OFFEIL, BT a vy a R v URARELESTY ) AFERNIETEALERL,
FAEWFOFIELHELSN TN 2N E WS REZM> TRV B D W Lz, FHEEO
AR L ~L T O EE A FERFRIE TR NS

EICBWTH B, AT L TRIE e scmn o s aam
ENTWD, W RETHY . Roed DNBRMETENANRETE
gﬁ{j@ia/\ jL%iﬁﬁ)%f%é L 3L ERAIL ot Rl )
stagnalis DF5& L B E CIIEBROR ‘;a

B NI ORLE -+ X b 42T HEWICHES ( S =" ’“

ﬁ%KﬁOTED\%®§wM%ﬁAW
FHEER &V O EARSAE ORI, RIS
N5 8 ~DHIEL AN = D5 3
YEIREIZ i b BRI B, 5 1 IREICIRE
DIERETE I T X THEB RIS EIT T
LHEWVWH ETH THMMN > =—7 72
R THD, 12720, T OWBITEE I
ELLSRNZ & HHEOBN BRI ERBE OB E LMIEEL TS Z & aFHa 1T
ERATO 7 vV =7 FOR#%E TR LHRE LT,
TR, FHEEIIZB W TIE, / —Z v 7 v —0 X BIEAIERFREEFHRED A 1=
NG T 52 ERREINTETVDHER, TNHIIMEAEDFIGHILIEOM AL TH Y |
b‘ﬁ)ii€3§ﬁ¢@ﬂﬁﬂ115b\7f%)ﬁ%%)%UﬂﬂUDZEXEiﬁﬁﬁﬂEODEQ%LGZ“Db\’Cﬂiqff?/bd)ﬁﬁ%EHjTTU\iﬁ
o — 7. BHOEAMICED DMEIX. FOEEERE T2 1930 F£D Boycott &
Dlver DOIFZEIZD Z ENTE S, LrL., FDO#%IT 1982 4E1Z Freeman & Lundelius 73
L. stagnalis DUT#xFE L. peregra \Zx} U C BB 20k 2 15 W E A 1 AT D45 &R
\AFET 2 ATBEME 2 BARE AN & 5 Y 2R A B P FEIC K > TR LIERE DR H D
7; T, ZDOHFORIER EIZONWTIIMEREDHFETH -7, BHOERETORE
FEESG YT DER O AR, IN~OBBIEA G REE L W ORI TH > 7223, Fx 1T ERATO
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bk L, BRT 24APO
T VT 4 —BIEAD=A L%
BT LA BHETHET
VY &3 IR - 4y
%é%%M$$%%ﬁLfﬁt "
foC’ﬁEijZ% F‘)“ﬂ:j:E LT é“ f:o MoREE

Y\ | wmssnE

X A CITHRE S5 SD
EWH A kR EEREL
L 2004 FEIZHE Lz (X)), 208k -
BIIF0%, HRATHEDbhTWS A

ZOHEBEORFIR T A S (FX)

@

SORST WFFEBHAARIERITZ K IES H L. stagnalis D 3 JNENZI\NTT 7 F 2 Ml B #%
DBE LT/ NRIERDME U 2 i~ 0 b AR e ilaie o2k (SD) BLOEDFERE L
TORBRDOEE (SI) WEAEBWFRMIZEZ Y, EABARD HEAIRENZEE TH
HILTWRD S T2 IEBFBIREN H D Z L ZHTITH A, TN BEFIIOERR EBE T
EHEHLTWDZ AR LAZH Fa RO LD IS LA L7z (Shibazaki,
Shimizu and Kuroda; Current Biology, 2004, 14, 1462-1467), SORST #ff7% Cid, ZHfE L7=f%
BrE R A, EAMRHBLIONUNTET a7 FTHEMEORA 20T TEHRL
00%62//1 v 7 it & FEBRAMEHT V. 80 LA BRI AL F LT AR KN O BT E K]
T-ORIEEZD AT =X LRI HRE L7,

(1) FEhE DOWNE

MFFETEH (THH 8 & 5 A2 H AMIC i L7)

1) BFFEEHRROME - fF L arvyo=v 7 BHRROIER

2) KEHEEBHINZERFEELT D5 mRNA DAV —=7

3) RYvatnso—=u 72 kBRI ER G M ORE

4) PIHIIZEBT DA B REBLR R L OB R ORERE S S5 R O BH¥E

5) FIMIRICIH T % & B ORI EBLE A DEE

6) Bzl &ié@%%®ﬁ@%%&4% J A% bl b EORI LK O E T 5 A
FDFRIE

1) BHEHRMOMEE - G Lo Vo= v 7 BHAROMER
1-1) HeFf - 85 L QDD EBE R

IN—7TiE Ak —w v REFRE L T O DA L stagnalis /2K 1 O FERIDN G
HERF-fAE L Q5. L. stagnalis X, WIKENY)  Hakdifq g AMde EIEE <
)T THARNCET DRKFEERTHY . HEDNEETH D, RRIHET 2 K1 A
BRETHY, ERIIEFICHICUNFEE LR, ZOREIIMHERK CTH 508, LA
BRUTIIMMEZRENEL T SN TCWD, EAEBR TORENATEE T, B a
ST Ta—FPEETE S, LB ORIV B TRZO iLﬁmLpﬂ%m
Th DD, L. stagnalis DT HBEHRE L —FEIZE L OINEFELO T, o14AEWY - BI5Y
%%%&Téﬁn%ﬁ%&bt%%i%&bf IvERL WD EEZT,

N TN PEEIN ZARHE T 2 IFIEN TN 2D, @E, 3 A X 2 MIIFEFERICHET 5
= O\ITEEIN NS &é%ﬁ%%<ﬁﬁ#éﬂ%ﬂ%éoit\ﬁﬁkﬂ;@%%ﬁ ZHBIk
THERNFEICHD, MBEERELZFHES ) — IR TR ZENREET, TOEHITE
HOE « #FFIZZ < ODAMDBLETH -T2,
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FAER), BB D
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WL EEHR),

12)3V?1%/7%Eﬁ%®¢%kﬂ

INFETIT, FEBEN L OBRRERGE T (BUARRET LIV) & EERFICHE; “%
HE LRI iof%ﬂb\E%ﬁﬁ®@b%ﬂ/777ﬁ/h®¢_ﬁ$®E§&
E%@ﬁ%%ofwényy::y7%%®¢m%ﬁ0f%ko:@&%%ﬁ%ﬁufx
FoA DB ERHER TER A IE L TV D BBIERDS, B OB FEIZL > TOHRG| &
HZENTWDZERHEICGEH SN, /2, 20arY==v 7%k & EERFEDORM
X, R EODTNRMERIC UHEITES . 5% OBRIREBE 712 X 28T ERk
MO ANT 201 LV TORBIEN 2175 LT, BN REZ2EL N TR L
=25,

agmi zali?im -
P x I £‘ 10
alg x B4 z | A E L
a8 0| ™ f )R
i Fxﬂ** EBRR £ 99.9% | F S )
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. M - NoSLSD  SISD+
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R LRI LD arye=y 7 BHOIERK

ERATO % - L 0 IX U=, FHER ZMELE N —RfE L, & G R2EE2 v 7 77
Uy RRMETHRLLER x GiX, BIEOLEE Fiott (5&7 / L 0.1%, &7 ) A
99.9%) OEREEKEZGS L ZAFETEEIZTTAL, Fio ARIZCOWTIERICE L CiE
EARINA~T 1 [DA] 72D T, A LIRE %2 BB U CAR[DDIME A 2 Bl U=, Fhk 18 4RI
BRTRAE— b SEHOLELEDRR (E& VAS LK VAD) #flni-ar Y=y 7%&H
DOIEH T, LV BEHEROE) 72 R ERZ Bl Lo b & LR CfToiL, BifE
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Fo HXZFRTTHY FotfRETHE —HTHD, TNOOR LREEARTHIER I E
BIGFE2ZTHRNTEROFZETR S O L ZITHRNTICEBEZED LOICHEL (S3L
b)), BALEHT DB~ — I — OERE LB EBLE T2 G 7 /) AMERERET 572
OIZHIH LTz, ZOFEMICOWTIIIEE 3 CikR%, 72, Rx<GFoar ==y 7B IV
ADS R LAZHE F, HRICEBW T HENMEASR & AR a2 A 7 2 L3
T L TR, BRHREELEFOKIESIESBEBRLTWLO TR AWnhEEZ b,

2) KEHEEBHINZERFEELT S5 mRNA DAV —=7

T _T= K ST, EABHROMEIIRBED T PHIch b, BERTFIZL -
TIRESNDZ ENbhoTWS, BEES ) MZa— REN DB EEETEDIL, B
< & HINEEHIMIE R & RO RNICERE v, 1 MRS IZBEICREREM: % v R & LCHE
RENTWE D, IR ORE mRNA & L THEELTWD & TSNS, SORST Tt
T, BHREBETBIOEO FIRICH DR 123, FBITHFET 2 DEEITITFE LD
LHE L., AABEICERMCER TS mRNA OlEA2ITH) 2 &Ik, BB E T 58
FERRTHT T —F &2iTo7-, ML COWEERERREO RN BBy 7 7T
UV RBIENWT ERDo TWe ARz v, SIREIE 2 & e i tE A5 5 2 A2 45 il 2
L0 HifE, mRNA i L, 5% (BRI BIOWeE4H%E (2 he—n) of
7 877 a2 cDNA 7'u—7 ZErk, BILEIER LB B DA cDNA 714 77 U —|Z
RKLTCT A7 7Ly VAT V== TR To T, BB FIZ OV TR LR RG-Fe
AR CHBFIT 21T o TR, EAMTHARBEREZDH 5 BI5FIXMRE TE R oT,
WIZRBBE OB MR L0 SN2 ERIIFF SN 2AO 1 laIRIZBI L T cDNA
TRIT I a BTN, FEOTF AT LYy VAT == T REB IR, Fh
THAEBICEAIZZLSBHL TS Z 0=y ORIEICIIEL o Tz, ROonbRhotz
HHELT, EAXT VT 4 —0DEE L L TBREMNY SN EMICERE FORBEOAES
ETIEERVWEWNWSI Z &L, B LI TN T TIZETH R ZIZFRRENTLE-T
WD EENREZ LN, Fim, BE&, AW TAEAECMIABYEIRE, T 7 F U MiuE
ARDOFEMEEICEBRL TV DABLEFORAERETR /D /ua—=0 7 L EATOY—/7 v A
HbIT o728, ZOFEBRNLLREIET DI ENTERNoT-, I TR VHEEEDOE W
ROV aFra—= THEICERTRSER 18 FEE Tlodik L,

3) AV aFrra—= 7 kDB EEGADRE
Rovatnrra—=r 7 XBNOEEEG T2, RaER EONEFEHREZ TR & L
Tora—= 7T 55K ETHD, EEELFOBESCHERIFRNES &b, BIEFOICE
BIZEB LT, i f~— VXV EBIHEKL 251X, FoX) B FICHbEATHZ
ENFRETH D, ZDOHEEZHWIUTHEIER OB EBE T A HEICRIETLHZ &0
TXARLEZoND, RV aFrrza—= 73 REXLL BT T3OOART v TN BEED .
B LICEAREBIE T O ) A EOMEEFEET 5720 OBEFHNEFHEK OER, 52
WY RIRTIZ X 2 BRI DAL & B R 1 O Y T A, 55 3 ITHEREMENTIC K 557
REBLGTFORETH S,

3—1) BRI TE AR -6 O S X D 1ERL

HPHX 2 < ECROEELRON, L0 EARERGFOIE CHARZL 2RI LT
WD Z AR ARG D Z L& MABRINLEDOIEHRE EMICHD 2 LN TE i~ —
N—F%NERT D& ThHD, TOROOEENT %2 20 ¥ = = v 7 ZJflER S FedaizEtfe
R UASHSERR & AFLP JEIC L 2 BALEH ~ — I — OIER CIT o 72, iR LASEL O A& AR
DIXFI T W EBEHEAT 72 5 . BRIRERAR 1 & #8325 8 50> AFLP g~ — 1 —3ME
HEN, SEOMABZ KL BT 2 LN TE R, FRICED . BRI EEIGF DIEE
T 547 ) DEE O FERI 2 ER X AMERR STz, Z OB M & 15 B AL TR A 2 B &
iz, YRR TEITV, MBI EZSED Z Lo N oz, £, BEba Y=y
I RMEH O 0O & LA TONTEY . TInbBELNE SRV EHRITT 5
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Z LT, BB IO Z KD D Z LIZEDTND,

3-2) QR ATIC X BB E B ARSI O W HLE D AE RIS K MBS 1O T

Rovatrnrsa—= 734y ) 2aETH7 7 5 N 477V —RUETH
5o &I T, BHEOBRRERIE T 2R T 2HERMOBIKREZMENT BAC 7477 Y —
EVERL L7z, BAC T4 7 7 U —OFERNZ TS KFE 5 0 1AW HE KGR,
B IME—FEERIZ R E 72720 =, RIS, SelZal ~ 7= s g i [X) C R E & Au7- AFLP E#gH ~—
H—Zm IS E LT, BACYZ v — %R L2 kST 2470, BACZ m—2 D a7 4
7 CHBRIREBIR A DIFET DI X I A2 T X CAONR—TFTHENTEZ, Zhb
D BAC 7 v — DRI gy " — 7 o BT X OGS, FERLA R 2 FE
WiX1 pFroENE Y vy 72K L, ETOERIN2O0a T 4 TONHLTELIL,
BARREBAL 71X E O A 2 FHIRNICFET 28T, BarTH7T e s 7 A
EHWTEEB OB EZITo TR, #EOBEMBREFRET O TE R,

3-3) EHIELR T DRV AR & BRI P TE RS T [FEZ AT 7B REREHT D HL Y FHA%

BRI EB IR D RDTND & “BEITEREET 20T, FEHOBEFRIZE -
THRESTND, LN T, BRI EERHIIRERBE L, IREIIE 2 & B O A bE
BB IO fMEIRICRE L CWAAREERNE DO TEV, < 0T VAW 54
B b, WIHIINEE R CARERC A O PE R BB 2 REMER XS R I B LT
HEINIFEALETHD, £ T, THISNTEERTIZOWT, EBICAEMESS 1 A
THMEEH L TWAI L0 LHLT I LT, BB TFE2RVIAALTE, SHIT, ZOH
O EARRBEICET DEAIECH BRI ® 72 C &l LT, &kbA I EmEE A
T EDFENWT, BEHEET A IZOWTHEREER L, & 2 XV B L~V TO RN 21T
STFERIZBNTH, BHUREREB T ThHAREENRO bz, L LR L, a1 A
BB TERAR T L RIET D72 DI2iE, IR L~ L TOBEREMATIC L 0 FE L 722 < T
BV, T TIZmRNA A > Y = 3 NS K DA AEM COANKEIE TR AL I T
W=D T (BT HIEB 4), FRAEH LEERT 28D TS, £2. KD HEELRE
REfRT FIE A WS T AMENELH Y, NI AV =y VEBERERS ) v 7 7 7 MER
TERUE DR HHED TV D

4) YHEIRIZ BT BA B In R B RB L ORI s OMERERL 2 J250 R D BR S [ K ik
10]

BRREBIE T ZRET D7D, EBIN~OEE (%) BRRERE OB A
F2VAX 2 —ER (&L, b LITHBIICOERRRERS OB ERER (&
t) BUETHD, %+ 2HEA 5ONENS., FE3IEHOSEAINE DX U T —
WERBEAEDOXZ VT =L —FT DI ENEIETE TNDDT, BRREEG T DRERE
FEATICIZERE 3IREIM D% Z U 7 ¢ —REOF ECIHE ST L, L, ThE Tk
DI EHZ AW TW DK FER R L. stagnalis \ZB L CiE, i G & O THF L~Ld
BRTHEREfETII < ME SN T e o 7z, BRI EBG FITRERBELE - ThH T2
W, T AV 2=y 7 BEHEER L TEOA IR OB~ DL 25 O)NHAER T
HD, LLT ) KBS RINT, DOREANRT X —IZ L DB FEALBRE STV
MoOTZRTHDHIED, N T U ATV =y 7 BAEMRIEORIICITS KRR AL T
SORST MiHIN TOERIIINHETH D Z LN TREINTZ, £ 2T, Bl BRI & s
FHOFEREFRNT 2 FIRE & 9~ 5 ik & L C, #IHIRIZA K& 572 mRNA O b Ty A 7 1
AVl va il VEATLZ LT, B 3 INERTCTOINKEG FRERDEE L B R
L7z, ViR—&—2i3# % 7378 (EGFP, DsRed-Express. mCherry) %\ 7z,
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HOW THE SNAIL SHELL GOT ITS TWIST

Matthew Cobb

University of Manchester

Handedness — asymmetrical anatomy or behaviour —is a
fundamental feature of many animals, but how it occurs remains a
mystery. Snails can also show ‘handedness’ — some individuals
have shells that spiral in a right—handed direction, others have
left—handed shells. Scientists call this twisted form of handedness
vl | ‘chirality’ . Differencesin shell twist can help produce new species,

HANDEDNESS

as individuals of opposite chirality cannot mate.

The genetic basis of this variability can be remarkably simple — in Lymnaea stagnalis
chirality is determined by a single gene or a small set of genes that is inherited from
the mother, with the right—hand twist form of the gene being dominant. However,
neither the gene involved nor its developmental pathways are known.
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In an astonishing piece of experimental dexterity, a group of Japanese scientists, led

by chirality chemist Reiko Kuroda, have used a combination of genetics and physical

manipulation to reveal exactly how the snail shell gets its twist.

In its first stages, the snail embryo shows no sign of chirality; however, after the
embryo’s third cleavage, when it grows from four to eight cells, information about the
future shell twistis present. Kuroda and her colleagues demonstrated this by literally
poking about in the embryo.

They used minute glass rods to push around cells in the eight—cell embryo, making the
cells establish new connections typical of embryos with the opposite twist to that
expected from the embryo’s genes. In over 75% of cases, they were able to
successfully ‘re—programme’ snail embryos, from right—handed to left—handed twist,
and vice versa. If they carried out the same experiment at an earlier stage, when there
were only two cells, it had no effect.

To see whether successfully manipulated embryos would produce re—twisted snails,
they reared the embryos to adulthood and studied their external and internal anatomy.
In every case, the snails were fully reversed in every respect compared with the
handedness expected from their genes.

The key developmental change, which takes place as the embryo grows from four to
eight cells, involves the twist—determining gene, which affects the way the protein
Nodal is expressed, leading to handedness in the way the snail is organized.

Exactly how this happens and above all how cells ‘remember’ exactly which way they
are supposed to be twisting remain unknown. The delicate micromanipulation at the
heart of this elegant study provides a vital tool for investigating the origins and nature
of handedness, not only in spiral organisms like snails but also in other animals.
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