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SYNVBREDEREZHEDEARD T /BEAZBANFEEDE/N—E U TAHAWRERIRVLERASN
TEM, BERTELFAFIKREDBVONEFRTH D, —AT. HHH. EXTZX5(F 2009 FICKBEHFR
D GroEL & VXV ITBEHER - C2MEME T ZIET. IVNIF /Fa—TOBEICHN LI, WP
GroEL =D DHZEBIEENEZR T CEI > BEZT I 5, ZOBEILX ATP OIIKDEZ TXRILF

—REUVLTHEEZNL. ZEYVINVBOBRD IcicqZzRET S (Figure 1) CO KD F/HBEY VN
IDSBAFEERRZEBEITZIEE. ICADH TRELZDOREKRZRD, —2id. AfHrSEEEI N
T RITICHENENICT AN ERDAD CE T, TAMNDRER 1 RITEFRBEFRZBET 2TBEETH S,
H5—DF ATP CISE L TR ZEZ 2 MEZFIAT 2 2 & T ATP BENBVWEB TORENBESED
BRI, RUZNICHESTZANOREEIFTEDZRTH D, e /BEORHR - BREREALZICEL
TREEZETHDN., 7/ AT —ILTERZZ2HAEERICNT IEBBIEIRLEATDTHD, HRNBREKRITHE
NT BENPINSHIEBICDBNWEET R %,

CDESBRERZREZR. AMIRBEZDAAREG S /BEOEE - ISHAZENE L. 4 HENSHERS
N3, (1) e/ GroEL ZRAKERET DI LICED, GroEL F / Fa—T ORI OBEICHINT 2 & &
b, 7/ Fa1—TORS EHENOIMDIAHEDOEREZHBO TRE U, (2) BHRIES /NFEED
GroEL 7/ Fa—T7DBEICHINT B L &DIC. BIBICE>TFa—THAFENICRIAEEERZ T Z2HER
ZRHEU, (3) sSRNAZET S /Fa1—JBEREZBEL. RENLZES 7 FHILO ATP P ILY FAY
IKIGEL TR I 22 & zfAL. EBEBNENTECFREAIORENARETHSI I EZRUIE o (4)
BF/RNTFORAIAY RODFBEEEZZIET, KDFEDHEERAZRESE. TI EFFHELTD
KBEZIEEITSEVWS, INFXTIKFADBWFEZAWS I E T, TECHREOEWIKHREFF ORRIC
B U T,
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Figure 2. Engineering of a novel protein SRyc and its (Figure 2b,c)o E5Ic. SR, ICMgZ MRz 2 &
function as a polymerization stopper. (a) Structures of SRgys < GroEL AU Y 2D 2 BHhERT 22 & 5 e

having a half-cut morphology compared with GroELcys, its
merocyanine-modified stopper SRuc, and the magnesium ion ke TESDEEMNS, SR A R wIt—=& L

induced dimer SRomer.  Transmission electron microscopy of

(b) GroELcys and (c) SReys. Scale bar: 50 nm. (d) Schematc <7/ Fa1— 7 DRS ZHIH I 2 eI T W & H

Hustaon of he sopperfuncton 0 conol hecarier endlh | GroE| | g T BAE /T, ORI,

Ric$H2 SR, . DBEF/Fa1—TOESICIE. BD
HENH B &H TEM ¥ SEC OBAlIC L D RENfc, F/Fa—T7 D LKRE OFEEIZ 320 nm
(SR,./GroEL,,. = 0) »5 40 nm (SR,,./GroEL,. = 5.4) £ TOHE CHETETH >Tce TDHEE
GYNRGF/Fa—TDOYA X2 ABWICIY MOA—ILUTHIDHTDHITH %,

R, BRRF/Fr U7 —DT A XEMENDOIDAHEKDOHERICET 2ARNE<BEINTVBED, F
JFa1—TBECELTEZOREFNKIEICHEN T, REDFHSI T/ Fa—TZHANT, kI &
WO AARDOHBEZHASNCIT SENTHREERZITH >t TNENESHADSFZEALLEINE
GroEL,. (Cy5) & SR, (Alexa 568) ZAAWT., EUFETRSNAY NO—IEhicr /Fa—T%
Hep3B flf2ic AN HERBEHEL 70—+ X NY—EZAVWTEDAHEREZLRT 2ERBRZTH T
ZORER, F/Fa—TORSIMEVZFEMERICEDIAEFN YT WMERNE SN (Figure 2d), Z D
RIFEREEORBRICH LU TRIDFHENEETH DI EERET 2,
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Figure 3.

1D array of superparamagnetic nanoparticle inside
the GroEL nanotubes and their magnetic field-induced lateral

assembly. (a) Schematic illustration of the formation of 1D
array inside the GroEL nanotube (NTsne).  (b) Size exclusion
chromatography trace of the formation of NTsye starting from
GroELmc. (c) Transmission electron microscopy of NTgsye.
(d) Schematic illustration of the magnetic field induced lateral
assembly of NTgne. NTsne (€) before and (f) after annealing
inside the magnet bore (0.5 T) for 30 minutes.
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[4] siRNA 2REU1 GroEL 7/ F 21— 7 O#EE L ZDEFATOLA ©

20154, AYLA, KB, HEASEYVEBAAY
BT BERSHTFTHS siRNA £, I F=I9 1
A AVEMLEFDOE/V— (TCu,) M"BWICEET
BHBEEFA—ILOBILRIEERBL T . SRNA HF
w2\ DREIC ™Cu, EAKEFRLEL. ¥ |B5nf
© @ 0 SRNA FU/ATL YR (SRNA) BEOYA XN
eotle Gomse ¢ SRNA LEEAUTHBM, BEHE “Gu, lCkD
Bndng - Bndng o Y mEhTW3 (Figure 4a). SIRNA,, ERTHRL 72

7 siRNA

‘ siRNAnc | Polymerization  Binding '\
@ % . GroEL, . DE&¥% TEM ¥ SEC T LIc#ER. F
% AR of BACHF / Fa—THBEEZEBRL TV EAD
Y — oot — Un Motz (Figure 4b)e ZOBRDA N XLEAND
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Figure 4. Medicinal application of GroEL nanotube bearing ~ "NYJ ¥ 7 ANDEA & BKMERBEERD Y 3 —%
siRNA nanocaplet inside the cavity. (a) Sizes of GroEL N - o— .
P v @ ErERTH D EDREn(Figuredc)oDE D,

monomer (GroELwc) and siRNA nanocaplet (siRNAxc). (b)

Transmission electron microscopy image of GroEL nanotube GI’OELMC & SiRNANC IRE |ICRAERCTEOBECHE
bearing SiRNAnc  (NTsirna)- () Summary of control

Y -_— > N, N i OA S
experiments manifesting the effect of guanidium polymer that Biblckb, +/Fa1—THEE (NTsiRNA) NEBRE N

forms the caplet and the wall between the two rings of GroEL. - - .
\
(d) Schematic illustration of the autopolymerization of GroELwc ThaeFA5nS (Flgure 4d).

and siRNAyc, formed via the combined effect of merocyanine Fle. BIREWT &(C. TDNT,,, XL DTT ¥
coordination to siRNA and hydrophobic stacking.  (e)
Schematic illustration of nanotube dissociation in response o~ ATP ZEIMTINZ 5 & RWF/ Fa—TEEHNE W
T S DT o S e o ST B, ATP & DT KT S5
HTIE. KDBURICE/N—FTHEL. siRNA &
BT 2 & SEC Y TEM BRI Thh >Tce 2D Y
FI—WRIEATPICE D GroELF / Fa—THMEL BB EVWS ERT A5 DETHEL.DTTIC & D ™Gu,
H siRNA DSBEET 5 WS NV LASDERENSHATE S, S5IC. HREERRICED NT . HEHAEIC
BROAEND & ZHEFR L. RNA THETHFEIT LI ZREH UL, ATP BEASWVEEAKTSH / Fa1—
THEENELCARD, fBRANOIRDIAHIMEES N, TLMBEATEEDOEWI LY FA Y ATP OFEEIC &
D sSiRNA ZHT % & WS, FfcREEBIFENR siRNA EKEZRDBEICKRINLIE (Figure 4e), BRR
DIAINADESICY VIV DBBHEBILICE 2 SRNABERZBELLAESETREINTVLWEW S
BOHBIEZDOEICEWTCAIVNILADEHZRHLLTWS, £—ic. BSEBMELILY VI DRET
NERENS siRNA ZRETIEEE. VMILADZENEFAKRTH D, FIIC. FEDREIKIGELTY
VIRVEDRICABD U KEEREL. ZOEEFEEZHIRIDEVWS VAL ADADOKEEE WS RTHH
BT D, 2> T AARTHAELUL NT &7 M IV A DEECHEEZIEM U D TORIBIICR S,



[5] &+ /HFORE)HY RHREFAL I MRIEZF DR ©
fERD MRl S Gd™ i DB REIEARRE

(a) HO N SO; @

DEDNFEAETH D, TS DEEKITE L KEEHE R . g
N _~_SO0. E

FHEEE (T1) Z2RULTWEH, BAEESH, SEN-E , 2
1 o] D.

HEBSEA A VICLD., BHELEMGEHEE (NSF) L. z

BREDRABEMERANEL D I ENHRESNTWS,
DESBERLS. T/ HNFHKDOEZEINDHHH
FEZLDARTIL—Th5@BIN TV, EEBHEE
HEDDDICHNTZDHREMELS ., EARRMIICIEE
LTWRWERHEHENTS o ZD55. #%F/HF
FRRWERBIISNCERAEEWSHREEDIC, &
AN TOLREENEWC E TEBZEH TE o, RIbL

. Figure 5. Development of high-performance MRI T1 contrast
Hyeon 5 DFFRICL > T F/RFY A XZNE<T ,oent based on iron oxide nanoparticle. (a) Molecular
2138 T EAaEIEE L4 3 ESMNFBEE e, © |,  Varations on the nanoparticle surface and their effect on the

MRI performance. (b) Mouse in vivo MRI before and after

MU, TODHAXEZNSL UE#HKF /HFTH,. £JE  injecting the contrast agent developed herein.
g8k (r,/r,~0.9) ICHNTEENICEETE HEN
BDMCEN(r/r, ~0.2) T ENFRESTNTWL D,

AR TIE, EROKF /RFREIICEESI DV AV RODFEEZRRT 5T SBHERICEDE
FREER U, 4BEDY TV K% 25 nm ORKF /RFICZENZNEESE. KEMRAEAEZRAWN
THRUIER. 2 FEBEICE>T nBENKES<KELL, T1 EFAIE L TOREDE LT 2 ENHER
nic (Figure 5a), BANICIE. +/NFREDEFOFERD, BFEKEE DBEHEMNEVWNEKEFL T
HRENZEDDERANE SN, FiC. 4 P VEZVLZERFREDEL ICHOXEA AV NETDREERIC
BWT—FIWMEZRUfco PYEZVLAAVRLDKAFICNYT 5 MD SHHEDOEBHERNS 4 17V E
ZOLEADKDFOECREENFEBICE S B> TVWB I ENETHRTHRESI NI ENS REAID
FELIEHZDKDFNEARRORALEEZ SN D, COLSBREANEBEEZZI THMRINTWES
EMS. TRAVAYRBR) FRVWEEBEZRDOIENREIND, SEOWRIE. SFTERAIRZET
REENTE e "REAFEDOKDFOKRF) EWS. HO5—DDEELB/NTXA—FZRRUVICBEKREZF D,

AR THERA L cEMERE MRIEZAIRABERZBICISAL S % &ML, ZORREHZEFERICE DT
fiLr7co. BMERERKT /HRFZERETILNIRITEALCECZ. MEAZICIY NS A NDBRERAR SN
fc(Figure 5b)e FASNCERARBHRBICE DEHEHENE I D MRAX—IUDSHERE NI, &5
IC. FRBEZF ODAGRETIEZAVTEZAIOMEZIMMLIcE 2. BEEBOIY NS XM+
BmEhfc, £fc 3D MEEEHDOANICELD, EERROBRTESCHEMEDAIRILTE S &b bh
ofce INSOFERNS, SEFEFKES NS /HFIHEBREOEE,. RUOESOETRAITEMTES
BREMSEEAIE U TDADAREENRERE NS,
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KFFETIE. 7/ AT —IVOBREERZERL. Z0OEBREEF /BEOKFICFHAT S & T, Hicam
BEMRE A DEEICHIN Uz, Y v ROZ Y GroEL O Z D> D@ EREEER % BENREE TR L
gZElicED, GroEL 7/ Fa—THRERDA N v/I\—%BEL, FHORIZHIE U, £z, GroEL DB
KEZREBUICHEERTEIALISZANOTHFAVICHINL, 1 RITEREEF / F 21— T ORAICE
RLIZET WIBOMMICKD F/ Fa—T7OFENBRAAREEREZFE L, T5IC. BENFRMS
iz siRNAZAWT, XOY 7 ZVEBMOBAILL DRI NDHR 1 RTEEROTERZERL. %
Nz TICEMESEN R ZRBICIEE T 5 sRNA XERZHE U o, Ritlc. S/ RFREOKMANY H
Y ROEEBEICKFEL TEL. ZND MRIERHIOMREICAKEKEEES5Z2 L ZRBEH U, 51,
HRESICISA TR SKEROSHESESF DRFEICHN Ulco KRN S BHE UckLBF / AT —ILIE
E{EFAQEB OIS G, ATHEBOBEOHIcAHEET / MRBREADBAN RTINS,
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