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#w SCRE H @ "Effect of conformational states on protein
dynamical transition"

#4 : H. Nakagawa, H. Kamikubo and M. Kataoka
MERES B« Biochim, Biophys Acta 1804, 27-33 (2010)
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AR H : "Probing the roles of conserved arginine-44 of

Escherichia coli dihydrofolate reductase in its function and

stability by systematic sequence perturbation analysis"

% & : Akiko Yokota, Hisashi Takahashi, Tatsuyuki

Takenawa and Munchito Arai

MESE & 5 : Biochem. Biophys. Res.

1703-1707 (2010)

Commun. 391,

BEHEHROH DT X BELEORE Z AT 2 51k
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BILIS D) 19 FEEOMREN 27 I ) EREZEA L
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[1] M. Arai & M Iwakura, J. Mol. Biol. 347, 337-353
(2005).

[2] H. Takahashi et al., J. Biochem. 145, 751-762 (2009).
[3] S. Kawashima et al, Nucleic Acids Res. 36,
D202-D205 (2008).
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i C#H B : Thermodynamic and structural analysis of
highly stabilizing single and double mutations in BPTI
variants

#5 :M.M Islam, S. Sohya, K. Noguchi, SI. Kidokoro, M.
Yohda, Y. Kuroda

MERRB 5 PROTEINS |77, 962 ~970 (2009).

P ld, 2o IBEOFHEREED FFTH R ELE KO
B HRENZ IR E T BRI T5ZL2 HIEL T
WFoe % FEHME L TW5D, AHFSE TiX. BPTI (Bovine
Pancreatic Trypsin Inhibitor; (2PN 7> o THEZ
XU 58 FRIR) BT NAL ST NI, EOEE
EME 13 M EsE5 | EEZERLZEREAL4G)
DG L BN EMEZ TR~ TR BPTI ORE T,
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1)Y. Kuroda and PS Kim, J Mol Biol, 298:493-501
(2000)

2) M. M. Islam, et al. Proc. Natl Acad. Sci. USA,
105:15334 - 15339 (2008)
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FRSCE H - "Visualization of ATP levels inside single living
cells with fluorescence resonance energy transfer-based
genetically encoded indicators"

4 : Hiromi Imamura, Kim P. Huynh Nhat, Hiroko
Togawa, Kenta Saito, Ryota lino, Yasuyuki Kato-Yamada,
Takeharu Nagai, Hiroyuki Noji

MEREB 5« Proc. Natl. Acad. Sci. USA 106, 15651-15656
(2009)

ATP [ TAEEOR B EELRMWEDOOEDTH D, ATP
75 ADP & HERE D VERICIK AR SN D BT &
% H TRV F— T 2 A FER ISR S h, R ok
T LB 2 ROR & A9~ 2 Bh T & 72 %, 72 ATP I
%< OBFEOTEEET a2 T U v ZIZHIEIL, E5I
BHRIBESFELTHEH, LArLarbilaio
ATP B E ORFZERIFINMIZ I NE THL N TR T2,

Z OFEDOEH DT DI 2 1L, EE TN D ATP
BEEESWERGEETY T A KMIE=F—T5
WH R YR LT, B0 —
AN LT=Di, ME Sk FF-ATP & kBE%E (F,F) O
TEPERIER A ¢ V7 2=y FThD, FF ITLTFEY
NN T ATP &G RT DR CTHEERE— & — & %
JELLTHHMLNTWD, FFIZX2 ATP DAL -
ARG RIS CH D B & a YT 2=y bOFHE
TITOND D, FRIEEERAL S 1 IBEN LB H D ¢ 7
2=y MIH ATP BFEET 5 Z EBNEFHB Lie (6
BT DI THMRIT L2 [1], A5 1 ATP Fr RAY T,
ADP, GTP, CTP, UTP < Z LI dATP (FAF ¥
ATP) BIFEAEREA L2V, &5HI2 e O C Ko
a~Y 7 ATMOT MG L YT 0 I i aEEIT K
LU, T el ATP A TREL
BEALEND Z ENHLNE 2o T2]2],

£ DD DOWEEFIH LA TIX, ¢ DN K
& CREBMCY T e # R0 (CFP) BLUEA
HNZ XU E (YFP) &fEE SET7 ATP B ¥—,
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CFP 7°5 YFP ~® Forster M 1L0E o R /L ¥ — B H)
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DELEE L LT ATPIREZE=F— L7z, JEWHE
72 ATP R, e V7 2=y bOHRKICEY KEL
B2BHIENTET, BIZIEHEE Bacillus sp. PS3 H
D ¢ Tl ATP OFRBEEERITE WM Th 5 DITHE L,
FEEEHRD ¢ TIE mM OF—F—IZ72 %, M, PS3
EREEEH D ¢ 127 X/ BEELFITTR 70%— B L TE D,
ATP fEAICBAET 27 2/ BERATRTE ST 5,
7R EMREBEERDY 1000 fFUE< BiE D O 2NIHREA Tl
THTHDLIN, Balde Y7 a2=y FOMED (5
E| PEELETHELTND, ZOROMIICHEIE
B9 AT,

R~ AF & LT, ATeam (23 b KU T
F I~ DOE Y 7TV B LT b HeLa A
IZHBLSET, TH& TN EIZ, I haRY
TIEIED & ATP REMRNZ ERH LN LR
E1ATF), ZOfERIZ, 2 har KU T TOREH
U UL TR SN ATP [T I s &
NBZ L ERET D, S5%IE, MIEN/NEE O ATP I
Eo HEHE] OFHLRLLTETH D,

ATP-free ATP-bound
435’nm 475 nm 43inm p—
maecFP « subunit ATP mseCFP
£ s
FRETY e
‘,.‘:’am"
“uy
&
527 nm
527 nm
300
_ 10 mM
3 250k
< 3mM
Z .|CFP
H 1 15mM
-] 150 0 mM
-1
§ ol
s YFP
g =
6T T80 B0 WD B0 #0080

Wavelength

1. (£)ATeam. (AT )ATeam DEILARTLILD
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[1] Y. Kato-Yamada and M. Yoshida, J. Biol. Chem. 278,
36013-36016 (2003)

[2]R. Tino et al., J. Biol. Chem. 280, 40130-40134 (2005)
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FWC#E H " Chiral blastomere arrangement dictates
zygotic left-right asymmetry pathway in snails "
%3 : Reiko Kuroda, Bunshiro Endo, Masanori Abe, and
Miho Shimizu

MERER T« Nature. 462, 790-794 (2009)

BT R IE AN E A FERFRIC 22 > TR D |
FRIEBIZBWTBEE Th 5, B8 HOBMIZOVWTIT,
1920 FAUTI Z oo o ZEFERIZ L0 | R R %
R BEBEFICE s THENTWD Z EMRRENT
WD, WERILZ 0BT ERR 1 O HEE - FEX
REINTWZR, Db, FRIFERICA LTSRN
GHETHYKEERI—a v ) T I HA4 #HA\WT
MINE OB 2B Z o TR, BB EHOLN
95 3 IREIHA@ M O 8 M~ D iz, BBk L
N 7=Z2H(SD = Spiral deformation)$ & UNE#E{& DA X
(SI=Spindle inclination)% /"9 &\ 5 FE & T H R %
L. ZORIOMIRE# S A F I 7 ARERRERS
FLMLS U7 LTWD L ERBICHE LTS, W

Alal, FIZZNERAET 572012, S Hlfallick
DEERECE Z . SRFBO 4 SO E /N T AR
T - L CEAMIE S ThT-, ZORE, BicT
WL ARREEXIZRDITTOANEEEDHLE LT
AL, WZ, EEXICRDIFITOERFEEZOAL
LCHtAE LTz, ThOOHBEZREE TE TEDONE
DIEHE - BZ TN L 24, Wb b IAPREE
BRI R L T,

FEHED 21X U2 < O8I TIE, T OEAMEITR
ARFRIC BN THEAIERFRICHEBLT 2 A5 nodal &
ZOTHAF Pix 2 EIC X > THIEI S TWE Z L2
HMHNTND, Wi, BRIZBWTH IO
BFDERERNRICEBE L CWD Z EnmEshiz2
LD, HEREE Z VIR SR TI NS OBETO
FEL B — BT AER WA TUX nodal & Pitx
HICRBENL B A WL TWD Z & 2R LT,

EbIZ, BELREZBVIRLITY Z LT, FHT5H
CBET ) LN 0.8%, EEBES ) DN 99.2%E D

F,avyxz=v 7 REREEST, 20 0.8%DH
IR ERIR T &5 TV D LB E Ot E
FEA, Bl EHENTWRNWEEREO T EFET, 20O
EoRBEIZBWTYH, FEREBBTFEZFRF-TWLH
MEETIRDO BN SD L USI /R d 2 & 28T 5 &
Ebhic, F,avvz=v 7 RfEREIZBWLTYH, B
fEx L TWwWhiwnway bae—Lo&ERLE UL . nodal
& Pitx TR BUEBMNER TH D Z & 2l L,
B, BEDOILITERWERTH HEE 2 IREIHICH
BROBAEZ B 22\, 4 M o BIEREL ) & Hifis S
Th., TOZROINENIEFITER - 7= (X)),
Nz, BEOERL, SHEE VW)
BN BT 2 FIEROMARHIBLEIZ X W IRE ST
WBZEBNZIUDTHL NIRRT, BRI ERET D
—BETIL. EOHMEEZ RO TNDLDIT T, bil
PNOBEIBETOBE 2 EEXL, ZRE2HHN
WLz &Y=, 728, MENEEIC L - Tk
2o Hid, B LTk ETe S, il B1is
TIZEINERE LD,
BE R
[1] Y, Shibazaki, M. Shimizu and R. Kuroda, Current
Biolog, 14, 1462-1467 (2004).
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The 3rd International Symposium on

Molecular Science of Fluctuations toward Biological Functions

iR NEZ
(4o i BRI P SRR - AOL R4
FERFEE)

Tl

2009 4= 12 A 20 A - 21 B4 BB MR T,
AHFFIRFEBANIE THE 5 & LA RBERE] D 3 [ B
VAR Y 7 A"The 3rd International Symposium on
Molecular Science of Fluctuations toward Biological
Functions"7%, #t\ T, 22 H - 23 HICA R
R A CTH 2 [BIAFEE I F—"The 2nd Japan-Korea
Seminar on Biomolecular Sciences: Experiments and
Simulations" (AT SEIBAIE & A ARFARELS T o~
T aTREREOREZ T T R RS H
2o HIE OBIME L, WIHEOBINE 18 4 (FIE D
Lo 1RAEET) O, BFH1S2ATH-o7T, £k,
BB DOBIMEL, WBINOOBINHE 18 4 (HENS O
16 zadie) O, AFF 50 4R ThoTe, BIFEIT
AR 14 1 (M50 & ORI 8 1F & EN O AR
FHTREIRATZE D BE B ORI 6 {F) L ARAZ—& v
VAU N SEoTe RN AR A Y —RRIT 8T A H L
Too BEIL 34 (56 13 D3 EE D D O FEER)
DIBFFREEDO LB SLoTe, MY VAR T T AL
TERIRFERA D EHVER TH o7,

%3 RIABL AT T LAOHRHEREIILL T D 14

N Td -7z, Christian Griesinger (MPI for Biophys Chem),

Luhua Lai (Peking U), R.J. Dwayne Miller (U of Toronto),
Chaok Seok (Seoul Natl U), Douglas Tobias (UC Irvine).,
Vladimir Uversky (Indiana U), Gregory Voth (U of Utah),
Haw Yang (Princeton U), EARME: ({EH-AK) . [ HIRE
(REAK) . NI LK (AeRRdeimk) . BHEF OGRK).
EHE . (UR), KHIEZ (FIL1K), 72721, Voth
R ETANC KA 2B D 7272912, Seokmin
Shin (Seoul Natl U)23MXio O IZHREFRIEH 21T - 72,
Flo. VURD Y LTI AF AT FE OB ERE
fliZe 80 RID. Miller [k (B F# + b FRH), b
JIMH = (B HEMEERETERT) . TR R -
{ELEEFZERT) I2H ML CIHE (Miller FCITAEFFHER

biTo7) . BERT KA ZAZTAVW,

EHERT 1200 A NARTOKFEZTHDHDOT, 1 M
JEOEAFD 300 \ERY EFERIHTZ LI,
ZDWDoTZY E LIERED T T, ABEHRLTANTESR
IR 47z, FRRNA DI DWW TIIEL T O 4 4
DB OHE D TRT=0,

[ IR T M INE L DI HB AL TT
Eof, MM EO BSES A, LMFFmEDFA S
oy ZEF - MEFREO B S A, 25 TR
Sh, ROMEOHAS A, BiTIE, ZEFLOFO
WFRE DB FHRE - FAEBE IS Lz,
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Chaok Seok
(Seoul National University, A7Fafi#HE)

“The 3rd International Symposium on Molecular

Science of Fluctuations toward Biological
Functions” left very strong impression on our fellow
Korean scientists. The symposium program was
very well organized around the important theme of
fluctuations and functions in biological systems.
The lectures and posters covered a wide range of top
quality research, from fast fluctuations and
dynamics to slower, global fluctuations that lead to
large scale molecular motions, all of which are
essential for understanding biological functions.
There were active discussions during symposium
and poster sessions.

sessions, break times,

Stimulating ideas were exchanged between
participants, regardless of nationalities. In short, it

was a top level international symposium.

A wide variety of important biological systems that

require treatments from the viewpoint of

fluctuations and dynamics were presented.
Fundamental basis regarding the nature of water
dynamics (R. J. D. Miller) and fast protein dynamics
that depends on environmental conditions (D. J.
Tobias) were discussed by two international
on fluctuations that

speakers. Investigations

directly influence biological functions were
presented by Japanese scientists as well as
international scientists: fluctuations involved in
potassium channel gating (S. Oiki), conformational
changes and dynamics important for enzyme action
(H. Yang, L Lai), kinetics occurring in disease

related proteins including amyloid-forming proteins
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(R. Kuroda, M. Mizuguchi, C.
fluctuations harnessed by molecular motors (S.
Takada),

implications for biological functions in intrinsically

Griesinger),

intrinsic  fluctuations and  their

disordered proteins (V. N. Uversky).

Development and application of novel experimental
and theoretical techniques accompanied by the
studies mentioned above were also discussed. Such
techniques will provide essential tools for future
breakthroughs in the field. Pioneering techniques
discussed in the symposium include coherent
multidimensional spectroscopy (R. J. D. Miller),
diffracted X-ray tracking (S. Oiki), atomic force
microscopy (M. Kawakami), fluorescence resonance
electron transfer (H. Yang), chiroptics (R. Kuroda),
nuclear magnetic resonamce (C. Griesinger,
all-atom molecular dynamics simulation (S. Shin),

and coarse-grained simulation (S. Takada).

The symposium provided an excellent model for a
large scale, community-wide project towards an
important scientific theme that has huge impacts
not only on fundamental sciences but also on
biomedical applications. The symposium
demonstrated that the core theme of the project,
molecular fluctuations towards biological functions,
indeed attacks the heart of important biological
problems. We hope Korea would be able to have
such a nice program in the future. We Korean
participants were very happy and honored to be

part of this wonderful symposium.

VRS SC
CRAR R T2 ER) - AOT AEEMTIERERE)

2009 FEOFEDOW B LEEE 7212 H 20 H+-21 HIZ
AEHRERFEHRBRE T,
Symposium on Molecular Science of Fluctuations toward
Biological Functions"2ABT > AR T AE LT, [HK
FRAZE DB MEE T S L7, 3 22 A6 E

"The 3rd International
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%t L T "2nd Japan-Korea Seminar on Biomolecular
Sciences Experiments and Simulations" 23 B & 7= Z &
b0 FBRENS SO E &M 2 TEUL R
DI ENT,

B LR ZIAZ DR AT E R TH &
% Dwayne Miller Je/EDFH THZBHIT. KDORE—
HEIE DS fs OB MERIZ 77T &0 D ZIRTEsrRIEIC
X DB DORRFIC DN TG Sz, ROWTHHITE
STz Greg. Voth JeE DOFEHEITHL G CTHLY 0 &
72V . Seokmin Shin JE/EN D VIR S, EAE
DY BH MBI 5V U ARE & BRI H W
Bex 707 7 a—FIZOWVWTORENRH -7, EAREAE
@ DXT {%, Haw Yang 554 @ FRET 43635, I ESe4&
D AFM & 3 IR E Y ISR E £ < D
BB EE - TRL TR D 472, Yang SeAD
RLIcE 2, = TREEBHTZ R L —TF 0 KRR

ICRE SN D ER - MERI R & 2550
FHZEiF, o E LR G EANER - BRRT 5
FCOERICEETHD LS, BHBRTRAENSITM
H @ CD 5361 & 2 Bt DR AY, 72 Chaok Seok %¢
A1 template (2550 < ARBRAOHETE THIEZ B S
72 HFIZ Seok SEAED DNA IZBHT DRI, FHEAE
LD LY DIFTERILRF RN H Y RERE A>T H 0
Nolz,

T H B MBSEED S “humanized mice” DBIF &
AT Yy RURY =D& HOTZBATERICEET 5 Ak
ROBETIHE o7, BRI DITIEFITRE I BN
H Y BRI, HEV T Uversky B0 507
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Le sens d’enroulement de I'escargot peut étre manipule

peut s'enrouler a gauche ou i droi-

te. Ce caractére est héréditaire.
Chezla limnée des étangs (Lymnaea sta-
gnalis), 'enroulement a droite est domi-
nant. Mais une équipe japonaise vient
de montrer gu'une simple pression
mécanique, exercée sur l'embryon a ses
premiers stades, pouvait totalement ren-
verser ce destin génétique.

i (université de Tokyo) et
ses collegues avaient montre que le sens
d'enroulementde I'adulte était déja
observable sur 'embryon de huit cellu-
les seulement. Ils ont eu I'idée de le mani-

L aspirale de la coquille de 'escargot

Une pression
meécanigue
sur l'embryon
aentrainé un

puler, aI'aide de fins bitons de verre,en  renversement
poussant les cellules dans le sens inverse  complet

de leur enroulement naturel. Cette pres-  de I'organisme.
sion, exercee au moment oa I'embryon KURDDA LABORATORY

passait de quatre a huit cellules, s'est tra-

——

duite par un renversement complet de
l'organisme, qui présentait ensuite a
I'age aduite I image « en miroir» de ce
qu'il aurait di devenir. Qui plus est, la
structure d'expression d'un gene juge
responsable de la latéralisation etait elle
aussiinversée.

Ces gastéropodes, parfaitement via-
bles, ont pu se reproduire. Mais leur des-
cendance retrouvait le sens d'enroule-
ment de leurs aieux. Pour Reiko Kuro-
da, Lymneae constitue un modele de
choix « pour répondre a des questions
intriguantes et fondamentales sur I'asy-
meétrie droite-gauche, pas seulement
chez les spiraliens, mais aussi sur des
organismes plus complexes». Homme
compris. @

H.M.
(Kuroda et al., in« Nature» du 26 novemnbre)

Lifel

How to wind snail shells up the wrong way

15:48 26 November 2009 by Andy Coghlan

For similar stories, visit the Genetics Topic Guide
Prod a snail embryo with fine glass rods and you can
make its shell coil in the opposite direction to normal.

This gives an insight into how and when bodily
symmetry is controlled through a mixture of genetic
programming and physical forces. "The onset of
left-right symmetry in vertebrates is still unknown,
and our work may shed light on this," says Reiko
Kuroda, who led the team at the University of Tokyo,
Japan, that reversed snail "handedness".

Kuroda and her colleagues worked with a snail
species whose cone and bodily symmetry can be
either right or left-"handed", depending on the action
of a gene in the mother snail called nodal.

By prodding embryos gently with glass rods at the

14

eight-cell stage, they could reverse the genetically
determined handedness of each snail.

From that point on, all the symmetry of the snail was
completely reversed from what would be expected
from its ancestors, including the bodily position of
organs such as the heart or anus, and the direction of
coiling in the conical shell.

He's got grandmother's shell

Yet the usual inherited symmetry was restored in
descendants of the altered snails, proving that the
nodal gene has the ultimate say in handedness unless
its programming is physically disrupted at the
eight-cell stage.

"We override the function of the handedness gene,
but not the gene itself," says Kuroda. "The
manipulated snails went on to produce offspring with
genetically determined handedness."

Kuroda and her colleagues hope to investigate the
genetics and physiology of handedness further. "It's
intriguing what the relative orientation of the embryo
at the eight-cell stage does to determine the left-right
symmetry in the whole developmental pathway," she
says.

Journal reference: Nature, DOI: 10.1038/nature08597
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Comment on this news story

Scientists have found a new way to manipulate the direction of snail shell coiling,
altering the animal's left-right asymmetry. The research, published online today
[Movember 25) in Nature, may offer clues as to how “handedness” develops in
invertobrates, which could improve scientists' understanding of the mechanics that
drive cell regeneration and embryonic development.

“This paper illustrates how chirality” --
the inability of a structure to be
superimposed on its mirror image --
"arises,” said Michael Lovin, a
dovelopmental biologist at Tufts
University, who was not involved in the
study. This new research, he said, shows
that snails are a useful way to track
early embryonic-stage signaling for
handedness.

The left-right asymmetry of an animal's
internal organs and physical appearance
are important ovolutionary traits that
often make tasks easier, such as an
owl's unbalanced ears for better
hearing, but researchers have only
recently begun to decipher the
mechanisms underlying it. Most studies
have focused on what dictates
asymmetry in late-stage development,

‘Left-handed’ and 'right-handed’
shells of L. stagnalis
Image: Kuroda laboratory

suggesting, for example, that the
structural patterning happens when an
embryo shifts from a spherical ball of
calls into a multi-layered organism. But Reiko Kuroda, a biochemist at the

University of Tokyo, and colleagues demonstrate that a snail shell's coil

orientation is detormined much earlier -- at the eight-cell embryonic development
stago. o

Using two glass rods, Kuroda's team inverted the layout of the early stage colls in
Lymnaea stagnalis, essentially creating a mirror image of their original grouping -
pattern. As the snails developed into adulthood, their shells coiled in the opposite
direction than oxpected based on their genetic code. Simply put, genetically
“right-handed” snails doveloped “left-handed” shells, and vice versa, said Kuroda.

Kuroda's team also found that altering the layout of the eight-cell stage
completely reversed the expression patterns of the nodal gene -- the gene that
dictates the direction in which the shell will spiral under normal conditions. The
gone is the regulating factor of the Modal signaling pathway, which sciontists have
previously identified as the system that dictates organ laterality and handedness
as an embryo develops into a multi-layered organism. The pathway is also
rasponsible for determining the direction of embryonic axes and stimulating the
creation of the germ cell layers.

In provious studies, scientists were able to determine an animal's handedness by
looking at how the nodal gene was oxpressed. But Kuroda and her colleagues'
results indicate that the decision of which way the shell will coil originates
upstream of the Hodal signaling pathway and not in the pathway itself.

This altered handedness, however, did not pass from generation to generation;
offspring of reversed-coiled snails reclaimed the pre-manipulated orientations of
ovolutionary traits.
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Manigailatie versnbert drasirichiing van slakbenbuispes | Kennblink  Bitpswaww dennisliek, sl publicaties/ manipulatic veranden-draal. .

Die derde ceideling is precies hat moment waarop de Japannars ingrijpen. Met tewe glazen staafies veranderen 2§ de
ardniatie van de celien op sen kunstmatige manses. Slakken die genetisch rechisdrasiend zin. krigen Zo sen
anksdrasiend huise en siakken die gerstisch linksarasiend Zin een rechtscrasians huise. I vesl pevalen houdt de
werandering langdurig 8an, Zeventien dagen na de ngreep 5 31 procent van ce genetich rechisdrasience embryo's
ultghGroeid 122 e4n fonge slak el en linkidaaiend huithe. Van de genetisch linkdrasiende slakien wordt madss e 46
procent uiteindelih rechisdraniens

Door de criéntatie van
calen Djdens de dede
deling van hat
slakkenambryo te
manipueren. krijgen
genetisch linksdraaiencs
siakken een rechisdrasiend
Futsie e genatich
rechtscraniends slakken
wan linksdrasiend huisje.
Aftesiang. © B Ende

Nakomelingen

Niat nBeen het huise draal de verkestde kant op. OOk db inteme crganen. Toals het harl, de masg en het camateisel
zitten “varkesrd om’, Ean genetisch linksdraakende siak die dankz de ingreep van de wetenachappers rechisdraslend is
geworden et er dan ook precies hetzeifde Uit al een sisk che van nature rechisdraaleand is. Aleen hat genetische
programma van deze Seeen is anders. Siakken die VBN nasuré rechisdraaiend zin, krigen nakomeingen met sen
rechisdraaind huisje. Siakken die dankzi manipulatie rechtscrasiend Zin geworden. krigen nakomelingsn mat sen
inksdraniend hulsie.

De Japanners concluderen dal bt verschil bussen inks en rechts in slakken tioens ce derds ceidsling wordt bepaaid
Wil dade gebeurt hesht ook dinect inviosd op de XpresEle A Rel gen Nodal ce tjdens de vifde of Zesde celdeiing op
gang ke, BY slakken WA #en kuratmalige ingresp de drasirichting veranden. past cok de acthiteit van Noda zich
san. DA onderzosk aan huisjessiakken gesft wetenachappers meer informatie over het mogedfie ontstasn van
inks-rachts asymmatrie in anders disrsoonen

Bronnen

Chirg

o iy patheay In anats (Feks K ). Nature,
november 2009 I anymmely patay in 1nas (Reko Kuroda .0 Nature. 26
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