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T Ml IR & 05 CEFRBEE S IR TH LI AREEZR-LTRY, THEREZAE (TCR)
BN L CEMEEN, REGENEBEDS. THIEOEMEIZIE, TCR NHEER~7F F-MHC %
EEERBTHLICMAT, @RS S FARKETHD. FEHIK 7k, T #aEo
BRI = AR & URR MR EOMBIRIES T OMEERICE Y THIB~MEEENS. EbiC
BRI A IOITESEE LSO b ORH Y, ENENIEE, IS0 S L EEET B
O, EEAZ THEOTEEMIE, ThoOfBBEEEREEND DT T F AT R L - THEET
=N TWVWD . HVEM (NVRA T A VW ZBARNEF) 13X, IHEZERETH S BTLA, %@m
FEETHD LIGHT KRBEND B9 -oTWS. & HIZIEEE, HVEM OH LU=
k& LT CD160 AR E &, CDI60/BTLA/LIGHT/HVEM R & LTHEEAEDS2H 5. L L
DFUVINWTOREERS, TNo0ZFFEZN LICKENZ THE~DO 7 RENED XS
WHIREINDEDNR2EWEDWNT, BHENTRVEANSE.

?Jz/z 14 E, (1)CD160 BRHEEBETHEELTWVWAI &, (Q)CDI60 & HVEM 234 A L7 MIEEST 5
Z &, (3)CDI160 & BTLA # HVEM ~DFEGIE LTHET D Z &, (4) BTLA ~DFEAE MK
<75 HVEM 7 X JBAZERED, CDI60 ~DOFEEHAMEIC HEE T 22 L, (S)LIGHT A8 CD160
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B LU BTLA @ HVEM ~DHEAIIT LTEA LRAWI LR Y%, XA T T AE3#EE (SPR) 24
WM BEERMITICE VLM Lz, ZThoDfER LY, CD160 & BTLA ® HVEM &4 51T
F=R—=F L TNBHLEEZLND. 4%, ZThbOHFREIEOEER 2L OMIT 21T,
HVEM M8 A T2 MR R A L 0 SO F LV TH LT L, T M o0 M AR o fR BT %
BT
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T AR XA RBFERS ICR WCTHRLAY R R B Z R L TR Y . THRAFESZFEEZAN L
TS NABEISED IR E D, & bic, THIBROEME(LIL TR _E BRI
AR X OVEHIV R M & GURRR MG L O f BRI T & OFEERIC X 0 M HIE
ENTWB, HVEM (AR T A LV ZEABPNET) 1, MERZAEETHS BTLA,
EMRSZRETHD LIGHT WRHBIhD 2 EBMbh T2, 44, HVEM O L i
HIFIZ 7 L LT CD160 2FE &, CD160/BTLA/LIGHT/HVEM &KL LTHER &N
TWVWEH, TOFTFHBIIFATH o7, AR T, & MEER LUREEZ AT
CD160 5 L, TOE{FENHEEZHALNNCT D E L HiZ, HVEM ~OEE2RE S5
R Rtk E WV TRE LT,

F9. CD160 OHfasEE % v b HEK293S Mk L OKBEZ AW THE L., £0dy
FEESNVABI U~ VT TT 4 —, BRIKE., BIOEESHEFHIC L VIR LR,
CD160 [FAEF CITBEERE LTEELTCNA Z & MR LT,

Wz, RIBEZFW T L7z CD160 B X U'BTLA ® HVEM ~Df&2RE 7T X
VNS E AV CIRE LSS, CD160 13 HVEM & f#BEES 0.34 pM CEBERKET5 2
&, EBICEDREAIEBTLAIIL X o THRESND Z L FHA LM L, HiV T, HEK293S
HRE B CHER U 3T AFRAZERAE HVEM (P17A, Y23A, V36A) 2725
CD160 & BTLA OEFMEERET Lz & 25, 2TEOEREICK L CIAZAE & b RRE
OFFEERR LI, 1HEOERME (Y27A) [T L TEERR o TR R Lz, Thb
DFERM G, HVEM ® CD160 & BTLA (23 2 & I MICER o TWH Z &3
RSN, B#iC, LIGHT 25 CD160 & BTLA @ HVEM ~OfEEICHR L THE L&w
ZEERETTABVHEBEICLVALNCLTND,

LI EORERNL, FiciCRE S v THIARFBDRIEEIHIZL R 22 CD160 DAELZFRMEE &
B BT T B & &bz, CD160 &4 L7z Tl DIE RIS = 5+ L~V THRIAT 57
D DR L 72D B DT, HEEMFESEFICBOTHES 2FEELBOLOND,

L oT, AHFEEIEHEL (VAT DEMBE) OFUERITIERPIHDLLDLBODL
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Water is not only essential to lives, but also the quality of drinking water is very
important to human body and health. Electrolyzed reduced water (ERW) produced in the
vicinity of cathode during electrolysis of water contains a lot of hydrogen molecules and a
small amount of Pt nanoparticles (NPs) derived from Pt-coated electrodes. It has been reported
that ERW can scavenge reactive oxygen species (ROS) and have various kinds of precautionary
and therapeutic effects for many diseases, especially oxidative stress-related diseases. Free
radical theory of aging suggests that age results from an accumulation of molecular damage
caused by free radicals and degenerative diseases associated with aging generally involve free
radical producing processes. Based on these backgrounds, I investigated the effects of ERW on
the lifespan of nematodes and neural degeneration. ' '

First, I developed a new culture medium which was designated Water medium to
elucidate the effects of ERW on the lifespan of Caenorhabditis elegans. Wild-type C. elegans
had a significantly shorter lifespan in Water medium than in conventional S medium. However,
worms cultured in ERW-Water medium exhibited a significantly extended lifespan (from 11%
to 41%) compared with worms cultured in ultrapure water-Water medium. There was no
difference between the lifespans of worms cultured in ERW-S medium and ultrapure water-S.
medium. Nematodes cultured in ultrapure water-Water medium showed significantly higher
levels of ROS than those cultured in ultrapure water-S medium. Moreover, ERW-Water
medium significantly reduced the ROS accumulation induced in the worms by paraquat,
suggesting that ERW-Water medium extends the longevity of nematodes at least partly by
scavenging ROS. Furthermore, it was found that synthetic Pt NPs at ppb levels significantly
extended the nematode lifespan and scavenged ROS in the nematode induced by paraquat
treatment. In contrast, a high concéntration of dissolved molecular hydrogen had no significant
effect on the lifespan of the nematode. These findings suggest that the Pt NPs in ERW, rather
than the molecular hydrogen, extend the longevity of the nematode, at least partly by
scavenging ROS. ' '

Oxidative stress is directly related to a series of age-related neural degenerative diseases
such as Alzheimer's disease, Parkinson's disease etc. ERW significantly reduced the death of
neural cells induced by HyO2. ERW also scavenged the intracellular ROS and prevented the
decrease of mitochondrial membrane potential induced by ROS. Pt NPs also exhibited the
neuroprotective effects on HoO,-treated neural cells.

The results obtained suggest that ERW is beneficial for the prevention and alleviation of
oxidative stress-related ageing and neurodegenerative diseases.
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TEMEHEERE ROS) 72 I Lo THIFB I ENBMALA ML AT > R, BIRECRE. RihiE
TR SO EEDERORR &5 M, BhERETZZENMENT NS, —F5, ROSHERE
EEOBMBTATEETERRZIEIUD E LA RERBO TN R OKECHENHE SN TN,
BB ITKICE ENIKESTFRUVAS T /KT OROSHEMER D IER S 11T 5%, L4 72 V5 i
B EZTAMBAINTWRY, FHXIERETKOEGEEDEEETNENTH2HEE (C
elegans) ERNTHHDTHEMIT S EEHIT, ROSICE 2 R =1 & IF T BmETA DN
HIZH & B B T Lz,

FG, PEEDEC elecansDIERITER SN TND I 35 VBB ST TIZEBMEETKD HR
HEESRITRD BNBNIEEHR Lz, 22T, L DERBEIGEWKENZERL. 2N% A
W RO BEEE S Uk, /KR CIIBROTHENIZ L ERLEY. BRET/KE A
WL U 7o /K MR G R D B A 10~ 405 NS & &% B Ule, SEEHL P 1T o Tk i
e TV AP DROSASZE U < BN L7ze /85 0 — NMILEZ & 08 B THOHE L7=R0SL RO %
BB TADMER TE 2 Z &5 BAETKIZERERNORISL IV EETFI RS &0k D Far
BIEET A ENHEEIN. BEREREKZEKATIIHEBOFEMIEEXNT, ppbL ~ILDOESREHE
&F )BT ORI L > THEANOROSLAIVHETF L, FRICEGVEEI N, 25 DEE
mE, BRBTKICEZBRAEGEEYREODR ED—MIEIMBO PSS /RTFIc & 58 BER
DROSLUR)VDIETITERE T 5 EHEE 7z, '

BTN TR OBEENETIMETH D, B N LA X MR REE s SR T
TEMHSENTVS, TILYNA T—EER/N—F 2V UFi/e & QMRS EREBITELEBEL T
B, BARTKOAAREEERBICRIETHRERT L. BRI T A i sk
NIELISOMEREE/LAKEZEL IV EE Tz, F£/z, NIEIHMEOBE{/KFZEICLZDZI PO R
D7 OEEMOETENE Lz, Fio, BeF JHFIES v SEIEBEMREDOMEANRSL )L %
EFTX®AE, 2N5OEEDNS ., BHRBITAIIR0SIE X 2 MR e 1% L, FRsEyEs
o EoMERlE Nz,

PlE. T3 ICARTIIEMRETKOM BRI KIS HERIERS) R R ORI BIF T s
WS EEZHESMILEZDDTH D, BB TERUORREIETRICERT 2MED 5 EETH
BEEDEND, Lo T AWEZFIEL (AFLAEMEE) OREMESTIERNBZHDE
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WE, BRABEFORRICERTREO TWL I EPHAERERSTEIENSE, BRTFEEY
ELTHWS DRETFRE] DHZRBEEELTHFEIN TV S, BERTRENEH N/ BERE
EUTHRFENTWIEBE., MREANTEENCEEREEZFHOI ONVEZEEA NS DTIE
<, BEREFEMBANICEALRERZI PO -V ERZ D TH D, BETFREEELTHAVS
NBETAINVARETF YUY —/DNA EEFEEANT, MEAN THERERTEIENSFDD
D, Fkb:?ﬁ%ﬂiiﬁﬁ:—?%ﬁﬁ/\%ﬁiﬁé7‘:&) A OMBERNICBWTS DDS #H &1L TO
HWRER /2T C &M INTWS, L L, BEETHESHICHE S 2 BB EE/FDIEY 1
NWABGETFFr U7 —ORERBITEE> TWiRW,

MBERNICEEECES OBEOS YAV ENEEL TS, BETREEORE TS >/ &
EATEREN, BEDECHREE TSN OEEESEZL TNEIENEZSNS, Dz, &
RFHREEREICHES T OMBERNSY ONIJEEZTOBENHESMIRNIE BVBEDEZEZDHD
A NABETFFY U7 —ORRBICEND, UL, BETFREESMRENS >N BEEDY
UNTBEDEAICHET IMETT LA SEN,

ZFODFERL T, TNETIEL OBREMNB O, Lfi»D ) H > RIER & OHAeA
MESTHBZRIVLFL A I (PED) EDNA NSRS F KT TH D PEI/DNA EEEK S
BRDOY NI BEDEGERRND 2D DEFENBETEZBE L, £/, PEI/DNA E&MHFICH
B2 NI EOREEL, MEERIINT2ZEORMZT., BRIROBVWELRTFHREES
RETOEDDHMAER/DL I L EHIE L, '

% 2 ETIX, PEI/DNA 8 ICHET 2MRENS NI O EREZTo> . £, BH
DE NI EEHETDFEREL CTRTELIKE. MAEY >NV EE LTI A 55
LizbDEBRL/c. ZRITBIIKENCK D PEI/DNA BEHFHEES /NI BEOSBEIRFT, &
MiaES N BEEVTERDY NI EMEZERUZ. RIZ, DEESNZY NI BZRET 572
DIRTFRIZAT 4 2 H—T V> NEEH WS Z ET, PEI/DNA BEEICHEST 25 VN0 HE
%15 FEREL7%. PEIDNAEGEKIIHEET 25 NI EONFE. SBEAREREDITIRLS, S8k
YUNRTEREELTWE., PTHOHEAENE D>y >N EIX, actin, tubulin,
argininosuccinate synthase, glyceraldehyde-3-phosphate dehydrogenase TH o7z, MA T, ¥
PN BRBRORZDZ T ZAONE. B, B8 B, M SERLZHMREES 2B W THEED
HMETo N, EETE2YUNIEFFERUTHo . TD/zD, PEI/DNA E&EDREIC
TN BIRREETAIHREDERNH D I ENREINIZ.—H. E bOFEHENAVERTH S Hela
WMPENSERLUEMBRESY NI TREOFMm 2T o/l El A, XUAOHMESY X7 E 3R
25 % )Ny E A PEI/DNA BAEKICHEAL TH V., BT glyceraldehyde-3-phosphate

i
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dehydrogenase W&<HEEL TWahoZ, YUALE MTBWT S glyceraldehyde-3-phosphate
dehydrogenase O 7 3 ) BEFIEFEIEZBIT LE A, FONTEREDOY 2 ) BEINIZE NN
Beniz, ok, ¥ X7 ED PEI/DNA B6ENOERMET., F NI ET7 3 ) BEINTHK
HL. W TEAT Y N ENERD L EARE N,

% 3ETIL, MBELEREEBWNOREZS PEUDNABEEEICHIRESY VXV ENEET 22 &T,
BBV AR B A A HEER L NICT BRI, BEY VN BOWEERIT. #a% )%
B OBERTEETAM, #SERBAEN,. PEUDNAESANSDDNADY U—A, &5 2 /NUED
ORFT Ty yar7yvkdE2BI/ro/. PEU/DNA EEEKICHEAT DY N0 B OR
HZETF—IR—ZEZFBALTHE2ZETA, 5% RRBICEDLZY U NVETHD., iXEicH
BHRICEDZY NI ETHolz. £z, PEI/DNA HEFBEESEICEETIINNIETH S
glyceraldehyde-3-phosphate dehydrogenase I D W TBERE MM 2T o/2& 25, PEI/DNA #
BHRICEETDHIETHENTNE ZEERAB L. T, glyceraldehyde-3-phosphate
dehydrogenase DHEIEDT, E%Tﬁ%%ﬁk%? PEI/DNA EEEICHEET D2 & T, EHELRAI O
ﬁﬁ%%bﬁk@ﬁ&%i%héﬁik\%ﬁ&)NQEQ%é%ﬁ%%ﬁbk&C5\PMDNA
BEAEEICHEET DI NI EE, MiRESY N BRNERNSHEST 2EHES. 60 08BN 54
ET5%HES. BLUO—KHNRESE T2V ENH3 2 RE L, 512, PEI/DNA
BERIIUAFRBOMBEEESZMAZ, V) —X3N3 DNA BE, &5 N7 BOESRE
BEERS LHbEEE TS, actin BEY glyceraldehyde-3-phosphate dehydrogenase 7%
PEI/DNA#EEENS D) U =2 TWE I ENFRBEIN/z, 517, HeLa filEE RN IZHB WL
T PEU/DNA # & 4124679 % (heat shock cognate 70 kDa)HSC70 & ) v 7 ¥ > Lz 2 & °F, &
ABERTOERNI bO—)V B LU TI0FREERT L. HSCT0 I NLSEFIZE L TH D,
importin ST HHEZE L TSI ENE, PEI/DNA EEEDEANDEEE HSCT70 2ME
ELUTWBHRRENRR SNz, LEDOIERNS, BMEDENE <, MEFENEVIBETFRES
EERENT B0, MERNTES T2 NI EZa 0 —)VT20END D I ENFINE
EVWZ B, |

FEAETHEHERLTHESNHEROBTE T 2.

Ei EEZOHBRODETE

A, BEABRFEORRICRETFHNED o TWA L ERNPE N0kl &N b, BET & %Y
ELTAWS BRETFEE NFERBEREE L THFINTVS, BETREEL L TAVLN
LI A NV AEETF v )7 —/DNA A HEEHNT, MR TRERRET & 080 55D 50,
BB EAERTEESBENRD 5 MBERNIIEE S OBEOY VNV ENEELTBD.
BETFHREEOEBICY VNV BEMEREN, BEDECHRBEECALAOEEEEZ TS
CEWBZLEND, COBBBETREERTICEST 5MRERNY >/ H\ EZDEENE 5 )
KR, BWBRENREEDDET AN ARET Y U 7T —ORRICEN S, AR TR, ohnE
Tl < OFFCERBEN B 0. FEP DU H > RERTE & OB PSS THERY TFL >0 S
> (PED) & DNA B 57257 /HF TH 5 PEUDNA EaKE BN CHIBEN O > /85 B & 0%
BEHFHNRD DD PEWRITEZBEL, PEIUDNA EAKICEST2I NI EORE &, Wi
AR T 2 B BORMET > TW5. BoNEERILUTOEBDTH S,

F9°, PEUDNA #EAKICHESTOMIENS VN0 2R BT AFEE LTRGBS IKE * /A
VW, YU AFBOBRIEDICE EN S SMESY >N BE, PEUDNA BaKKEET 55 >3
JENRRDBTOT 4 —IVEETHIEEZHEMIL TS, RIZ, BNy VNV E oS
FRIZXT 4 2 H-T) U hiEE#MAL T, PEUDNAEGHICRET Y NI EE I6ERAEL
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TW53, 510, FUNITERBRORDDT DN M. M, B EE» 5/ERL g
W73 % AW TRBRQFME 2171, Y URADRIRSEZERF T PEU/DNA HEEKIKIES T 25 >\
BICENR WS, BHRRRDE NOTFEESABERTSH S HeLa Ml T, KESRRDITEER,
H LT3 81T glyceraldehyde-3-phosphate dehydrogenase 1d< U A T < #E& L TWizas,
ERIETIEAS EART. TNl YUNRIBEEEOT I JBRESDEWICH T DRI REE 2
WML TW5, '

BERITEE LY NI EOMEEZT I R—2AZFMALTHEEL., B%NREICENL?Y >
NOBETHD MEE L THIRERICED Y VNV BETES ZEEHLMITL TN S, S 51T,
ey VN BORAEBEMT LS 25, PEUDNA E&EICHEET 2y /Ny 8k, Mg
FUNTERINESED S EATIRMESRE, 60 0B L EATIHMHESE, BXO—KT
EEETHHNH DI EERBLTNS, KWT, PEU/DNA EEEKICST Y FHOMISEES %
MA. MHEEN2 DNA B&, #EFNJEORGRMEE EZFEM L T, actin BLY
glyceraldehyde-3-phosphate dehydrogenase % PEI/DNA & &% 5 O DNA fH IcBb> T
ZEEHLEMILTWS, /e, HelLa fil@EMICHB W T PEI/DNA EEEICH B9 5 heat shock
cognate 70 kDa (HSC70)& /w7 5> § 5T ET, BARETOREN 10 FREET LcEE
LU, EBEI 7 FIVINLS)EFI %A L. importin &#EE T 2HEE% 7D HSC70 23, PEI/DNA #
SHEOBHNAOBHERREL TWAAREEERELTWS, :

PLED#EIL, BETOETAINAFy VP —ICX2BERTEZICBWTRMTH > MR TD
FURIBEQHERAEHLMICL, BEFESHEOEHEERTS L TEERMREZRHEL,
BHPEEFFY UV — ORI EERFRERET I DO TH D, EMTHEDHFITHB W THE
HHEMERBOSND, |
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The attribution of certain diseases to the defects in DNA led to the proposal of delivering the
functional gene into cells to retrieve the normal function. This therapeutic gene delivery
process is called gene therapy. The first approved gemne therapy trial on patients was
performed in the US on September 14th, 1990 to treat two patients with adenosine deaminase
(ADA) deficiency by using mouse Moloney retroviruses vector encoding the functional ADA

gene. Following this, recombinant adenovirus vectors (rAd), recombinant adeno-associated
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viral vectors (rAAV), and lentiviral vectors entered clinical trials. Two great breakthroughs
for gene therapy were seen at the beginning of this decade. In 2000 and 2002, groups led by
Alain Fischer and Claudio Bordignon reported the impressive improvement of immune
systems for patients with X-linked severe combined immunodeficiency (SCID) after receiving
murine retroviral vector modified bone marrow cells. A more recent encouraging
breakthrough in gene therapy came in 2009 when Jean Bennett’s group reported improved
visual function for all the 12 patients after receiving direct AAV injection into eyes.

Among different viral vectors in gene therapy, retroviral vectors play a major role. All
retroviruses have RNA as their genome, and the RNA is reverse-transcribed into DNA in the
cellular cytoplasm before integration into the host genome. Integrated DNA is called provirus,
and genes encoded in the proviruses can be expressed stably. Due to the high gene transfer
efficiency and the long-term expression nature, retroviral vectors have been attractive
candidates in gene therapy, a process that often requires a long-term expression of introduced
genes in patients to cure the diseases. Retroviral gene therapy has been proven effective in
clinical trials. However, retrovirus based strategies are not perfect. One prominent concern is
related to the gene integration of retroviral vectors. Since these vectors have functional
promoters, their uncontrollable integration is likely to activate proto-oncogenes and turn
infected cells into tumor cells. Therefore, development of retroviral vectors with controllable
gene insertion profile should benefit hugely their application in gene therapy.

In this thesis, promising strategies to control retroviral integration were described. To
control retroviral integration, a mutation of viral integrase, responsible for the viral genome
integration, was first introduced. The resulting vectors were termed as integrase-defective
retroviral vectors (IDRV), whose genome integration ability was severely compromised. Due to
the free ends of the linear IDRV genome, the DNA molecules could be turned into circular forms.
The first strategy was to use Cre//loxP recombination to direct circular IDRV DNA to a specific
genomic target JoxP locus of Chinese hamster ovary (CHO) cells, which had been introduced
into CHO genome as a single-copy insertion. Cre recombinase was delivered into the CHO
target cells by lipofection-based transfection, and several hours later the transfected cells were
infected with IDRV harboring /JoxP sites and neomycin resistant gene (Neo). After G418
selection, viable colonies formed. Next, G418-resistant colonies were analyzed by both Southern
blotting and genomic PCR to clarify the genomic structure at the target locus. The results
suggested that picked clones were due to Cre-mediated insertion of IDRV, although clones
derived from incomplete Cre recombination were also identified.

A second method involved the use of the integration system from AAV. In the presence of AAV
Rep proteins, plasmids possessing the p5 integration efficiency element (p5IEE) can be
integrated into the AAV integration site (AAVSI) in the human genome. AAVS1 has been
proven safe for foreign transgene insertion. Similarly, p5IEE, with Neo, was engineered into
IDRV genome, and Rep gene was inserted into an independent IDRV. Co-infection of Hel.a cells
with the two IDRVs followed by G418 screening resulted in an appearance of (3418-resistant
colonies, and the resistant colony number was high compared with the infection with the p5IEE
and Neo bearing IDRV alone. Southern blotting revealed that 30% of randomly picked clones
after co-infection had JDRV inserted at AAVS1.

The aforementioned two methods need the addition of enzymes to direct retroviral genome

integration, and the delivery was achieved by transfection and IDRV infection, which could still
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potentially result in the random integration of foreign DNA into host genome. Protein
transduction via retroviruses has been demonstrated feasible after embedding the protein into
viral particles. A third strategy was to deliver Cre recombinase as a protein, together with a
genome used in the first strategy. The CHO line was also used in this research. The results
suggested that the incorporated Cre in the viral particles were bioactive, although it had
negative effects on virus production and on the transgene expression from IDRV genome. The
colony forming efficiency was also reduced dramatically compared with delivering Cre by
plasmid transfection. Nonetheless, G418-resistant colonies were observed, and the genomic
PCR showed expected recombination products.

This work focused on the development of hybrid retroviral vectors with targeted gemome
integration ability. Ideal retroviral vectors should have high cell transduction efficiency and
tailored gene insertion capacity without any side effects. Due to their inherent tendency to
quasi-randomly insert transgenes into host chromosome, the original integration process of
retroviral vectors is expected to be exchanged with other safer integration systems to remedy
this defect. This work is hoped to contribute to the development of novel retroviral vectors,
which will ultimately lead to no§61 methods, maintaining the merits and resolving the
genotoxicity. With the continued work in genetic medicine world-widely, gene therapy, with its
many unrealized potentials yet, shall witness the coming of a day when people with inherited

diseases no longer suffer and patients with acquired diseases can be cured soon.
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BEED TANAAL LTI TP OERERNCEA L, FRLLTEDNDIRY Z—F, 7
A~DFABEINELL HEESNTEA VT I T—EBRBLV I a UL VAT Z—(IDRY) & 725,
J =7 IDRV &°/ A HEK#EE b0 DNASFid, HEOHBICE XD 2 LR TE 5, FIERICHIT 5
BRI OREI TR, Cre/loxP BMI 4 REVHEME X K% IDRV DMLY ) A~OHIALICH BT 5
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HDOTHDB, EDEHET, F¥ A4 =—RANLAFZ—FIE (CHO) MEDS ) AT, B—ar—2 L
THIALE —F v heb JoxPEFIZEAL, IDRVIZE > TEESHZDNA % Cre U a2 ¥ —
ﬁ&ﬁ%KGwE/AKﬁﬁMVX?A%ﬁ%LKO&eUZVEfFﬁ%ﬁﬁfixiF%Uﬁ
T2l a iV CHOMMICEA Lz, MBI HD loxP &34~ AV UEEET (Veo)
A5 IDRY CRER I E 2 A, G418 ik CHO fifa = v =—NWE E Nz, VP Tuy MR
FB L OV 2 A PCR BHT WX o T, G418 MM S v — OEABEFEICKIT 5 7 ) AEER
FrOFER, Rl Cre HBEZ M OIRELEZZ e — bHERESNEZ b DD, § 719% DM s u—>
i, HREID & ) AEALIT Cre 2 LC IDRV HEDNA BfFA SN D THBH I L LM Lz,

& BIZAFRICTIE, IDRV OEEMIES /) A DEERMN A~ DAL DI DE_DHEL LT, 7
F ) WEEEY A VA (AAV) DRIAB AN = AL EZHE LIV AT DITOWTHRE L7, AAVIE, & b
19 TYuE A D AAVST ERALICIERIICHELIAEN D Z & Wb o TR Y, AAVSL 1I4 k¥ A BETF D
AL THEEEZFRELRZVI EBERINTWVWD, AV ORFRMIEIAZICHERESR L LT,
p5IEE BB & AAV & 22327 ' Rep D3E1 BTN B DT, Cre/loxP 3 A7 b % IDRV ICHIA LTS B4 &
FIAEIZ Neo & PSIEE ZHHIAA7Z IDRV & \Rep & /%7 HEFRBT 5700 DBEF & #5394 A7E DRV
ZEREF L CAEESRZ, 220 IDRVs & & b FE D A H 3 Hela Mgz e =, G418 & A7
BHIT LV G418 itk Hela MR v = — N IR L, V7 my MR KO/ & PCR fE#HT 12
XoT, LB 25D IDRVs o T EEFEAIC L o T, T U F LSRR LTz G418 MR u—
2D 30% T HEEETF D HeLa HEAE D AAVST EIALICHA SN TWAD Z E 2B LI L, ’

B D 2 DDFHEE, VIR UA VAT ) AOBEMILT ) D~DIARFEFES D BEE DTN
EBEL L, THOBEDTIN) —KTTAIFII VAT =¥ 5 % IRV ZE5 TV ek,
CNBIEES ) BADRRARIC DR B B TEER D D, VA VAT A~S VA B EDAD D
LILEoT, VUL VRRIFEN LEZ RN EEENFRTHIZ ENRHES L TWE, K
BT RBITBDEZORFE LT, Cre/loxP ¥ AT AEFRIAAT IDRV IZRIT 2B CHEA ST
BIDRV 7/ A Ebic, FU 7B E L TClre ) a v —8% IDRVAFRICEVIAEE S Z &
BRHT, Cre J avEF—ED U A VAMTH~DEY ALRIE, A /LADEFEL DRV OF ) A
Do DOELGTFRBAICADEEN H T, VA NVARFICIYIAENT Cre 13, X IEEELH T
AZEEBELMPICLE, RENDECTFHEIALDRIT, PTAIFMNTVAT7=27vaitd»>T
Cre BT AHELLATELLBA L bO D, BROMIAS ) AEBALICHIAE 1L/ G418 Ttk
ﬁ@au~/%%5 LSRRI LTV D, '

AFICTIL, HIADEN Y ) AMLEBICHIAHENEZHFEO>NA 7V y FLha v )LART Z—0
%%%%atoﬁ BRI L b oA VAR Z—Tik, BHERR S EWHREAZIE & B Ak
AT~ DB EFEALHEFEOZ ENEENRD, LA VAR F—iF, 1EIET U A
ETHAS ) MCEABGFEBATLIED, VB UANVATER S OMIAL T B X B
AR HAL L AT K ERMT B D ERBRES N TS, AR TR, HSRNEETEAY R
FAEL N TANVARY Z—THHIALT T —F & LT, Cre/loxP VAT AR AV DV AT A%
Imv THLIA T, MRS ) AERIAFRMICHEEGETFEEATELZ L EHLAIC LT,

" ORI EEIEEICB VT L MR U A VRN F =S b OF] Ak HEE UBER B RIRT B,
eIy X — DRI ﬁ%#é%@f%béﬁl%wﬂﬁkkmfmﬁaé%mkmbghé

koT., AFEFRIEL AT LAEMFE) OFMNEZTLIERIHLILDOLED
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Due to the intrinsic expertise of human in processing faces and its irreplaceable importance in
social communication, in the recent decades, there has been an explosion of researches focusing
on various topics in face processing. Nevertheless, many questions are still in controversy, for
instance, the speed at which human visual system detects (differentiate faces from other
non-face objects) and discriminates (distinguish different faces from each other) faces. One
party of the neuroscientists suggestl that face detection takes place prior to face discrimination;
the other party, however, argue that the two processes may possibly occur almost within the
same time window — as soon as a face is detected, it is discriminated (recognized). The present
work, using ERP (event-related brain potentials) analyses, a method with distinguished
temporal resolution, employed different types of repetition priming to investigate the temporal
characteristics of face detection and face discrimination in parallel. '

Repetition priming, a form of implicit memory, refers to the facilitated processing of a
stimulus on repeated, relative to initial, presentation. In the context of cognitive neuroscience,
repetition priming effect can be mirrored both at the behavioral level and the physiological
level. At the behavioral level, comparing with a nevel stimulus, a repeated stimulus would lead
to faster and more accurate response. At the physiological level, stimulus repetiﬁon would
result in a reduced level of neuronal activity at the stimulus-sensitive area. It is owing to the
logic “at the time point (or brain region) when (or where) repetition priming occurs, the specific
neural process takes place in the brain” that repetition priming has been repeatedly used as a
tool in neuroscience studies pursuing to elucidate the underlying mechanisms of various stages
in perceptual/cognitive processing. This also explains why repetition priming paradigms were
used in the present study to probe the temporal profiles of face detection and face
discrimination.

Stimulus probability, analogous to repetition priming, can influence human behavior as well,
i.e., response would be faster and more accurate to the stimulus with high presentation
probability. Hypotheses are that. both repetition priming and stimulus probability may possibly
improve task performance via influencing the processes prior fo the actual stimulus (response
needed) onset: repetition priming shortens reaction times via prior processing of a stimulus on
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the one hand, and stimulus probability by introducing an expectation factor — leading to
pre-activation of underlying mechanism for processing the stimulus — on the other. To the
extent that they may have different nature, for instance, implicit/automatic for repetition
priming versus explicit/voluntary for stimulus probability, it is important to unveil their
underlying mechanisms in facilitating information processing in the brain; as well as to
examine their interaction, if any, using a factorial design. These questions, to my knowledge,
‘have never been examined in face processing and remain largely unclear; thus, elucidation of
these questions may, at least partially, fulfill the gap in literature. Therefore, the present study,
employing well-designed paradigms, performed several experiments to shed light on the
characteristics of the mechanisms underlying repetition priming and stimulus probability in
face processing, especially, whether they are independent or interactive.

This thesis consists of three primary experiments, which separately aimed to (1) search for an
appropriate paradigm for studying repetition priming in face processing with ERP; (2)
dissociate category repetition priming effect and item repetition priming effect in face
processing with both behavior and ERP measurement; (3) examine how stimulus probability
will influence repetition priming in face processing by measurmg behavior, visual ERPs and
LRP (lateralized readmess potential).

Combining the main findings across these experiments, the following conclusions were
drawn. (1) An SOA (stimulus onset asynchrony) of 600ms is appropriate for studying repetition
priming in face processing with ERP. (2) Category and item repetition priming in face
processing are dissociable: the former effect emerges at approximately 160ms after target
stimulus onset (N170 component), most prominent’ in the right occipito-temporal area,
indicating the neural process distinguishing faces from other object categories; the latter effect
occurs at around 200ms after target stimulus onset (P200 component), most prominent in the
posterior inferior temporal area, indicating the neural process discriminating faces from each
other. (3) In face processing, stimulus probability does not influence category and item
repetition priming effect, which are measured after target stimuli onset; rather, it affects
behavior performance before the target stimuli onset by introducing an expectation factor,
which is revealed on the fore-period (the period between prime and target stimuli onset) LRP at
the motor area. Thus, repetition priming and stimulus probability appear to modulate human
behavior performance via different mechanisms.

WX BEOKRODEES

b MIRITAERMIIIERICEROMEIETH VD | EFRAICEI T 2 T2 8% < 4T
PRI TWA D, R OMPLE R B =X AiE, E1RFSBE ST, FlxiE. &\
DOREHEBEOB., chbnZonTutxR InWwol TEZT) B o TWANE. k72
ICERPEFET N TS, HEIENRREND &, TOBRICERENEMNBONIELE R
»Eﬁﬁ<&5&moﬁ@774\/&@%ﬁi<ﬁ%hfkb\Kﬁ%i\&§7?4:
VREEAVWT, ERMICBITBARETTA IV IHFEIZONT, EREESTE A
THREL, [EORKRH] & TEOMB] OLIRIZEED DM A 7 =X A OB 2 T,
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P BWORKESTA IV SREREET 500, MEHEEESE, RET T4

IVTPRICED LS H B E L B DERE L, B UBEOST AR~ ORBUSEE
PRI CRHAI L 7o fE R, 600 X U BRORIMMRSERAICRBIT A RET T4 IV IR %
NBBITE TH D T L BB b Lk, i
»&K\ﬁ&éﬁﬁ@ﬂﬁfﬁ&éﬂéﬁ?ﬁv—E@7?4§yﬁ%ﬁ@@ﬁ#%%&
ENBTATERES T4 IV 7 28T 8 FEDT R LT, TSR AR
REPFSDTHER, B L OFSBEEL 23 LcRRICE ) ERMCBIT5H 7 =

) —RETTAIVT ETA T ARETTA IV TRRPHEECE, 17T ) —REST
A IVTPER TEORIE]. TATARET T4 IV I HER TEOHA ONEE RS
TR EBOMICUE, Ei, AT EORE] OQImITRBER 150 3 VBT, [HEo
BRI OLBIEMER 200 T VBT, WL B S RERD & PR IC TS & &
&, FEREEEAEIEIC X 0 HIOR Lk,

%&K<&@f%%:Vﬁ&ﬂﬁﬁﬁﬁ%&m5&%%%%@<?5:0@§§%A@
EREEAREE L, ERAIBVWT, MEREDOL I, b hORMAT r—w U RITEES
%zé@m%ﬁﬁbtoﬁﬁﬁkjgﬁﬂ& Sy MR E LTHBRT AHRE L L E R,
HF DY) =L TATARETTA IV T RED 6 WEOT R 2THERCES -
BB A B LI R, T T4 IV 73R RIS RS BT R 72 - f NP
WWEkoTEL WA T EERLI :

PLlb. Afwsoix BB & (B0 ONERIZEE D D MMM A B =X b OFFFERrE
FRLMICT S E EbIC, ERAICRN T, b FORMESICED3RES T4 IS L
RIHERREE L OBIREA LT LI bOTH D | b F OEBMTFIRICERT 5 MEH5
EFTHD LBDD, ’
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20T i & H A study on biological roles of GPI-anchor synthesis in the germline development of the nema—
tode Caenorhabditis elegans (#3H Caenorhabditis elegans DAJERFIFARAFAE (CH (T B GPI
7 h—ERDOEMFENREICET HHRK)
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EEEDIZIBWT, JUIAVIEKATyF 21 /)2 b—)b (GPL) E&EY N7 BOXER
E%W%@l?f%% MHV%émt§/Aﬁ§ﬁGH7/ﬁ E&/Aﬁﬁéwmm GPI
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ENLUCHBEREICDREED 5ND, GPL Y A —MY 2N B2V, ks f sk o H o
ERT. MEBELSTFREFRLRBENASNTED, ZHRBZEMHRICGPINVES L TNE I ENF
BEINTWD, LPLERNSE, EMEFKICBITIMEIL GPLIEGHRERTD ./ v I 7T T XDOHF
ZEH M ERE SN TWABRRETH V., $#H Caenorhabditis elegans [T BVF BEFFHNIIFE E L EE
Mo 7z, T TAFETIL, BEOEERFIH-CHFEELIIBIT 5 GPL SR O EMEEENT DN
TR ETT o 72,

MBI D GPL 7 > h—8ILY )N E O & FE
FPT2DDFEEAVWTHBRICGPLIY VA —BY NI ENEET DL EEEL LI E—IT,
GPL 7 >l —8E 2N Bl RAICHEESET 52 516 E FLAER 2 AW THBRGET o /2, TO
R AETEMRE (OISR ) MR AR T D AHIE (distal tip cell (DTC)). ##E, #
AR IC B W T FLAER @& N BRI, NS OIS GPL Y U —BY VNV ENEET S Z
LMoz, Bir, REEER Triton X-114 IC X B HDHEERA Ty FIIA ) ¥ h— VR
IR AR )S—F Cle L ABEZEWNLEHASEDREFEEZRAWT, GPI 7 > h—8Y )7 B OH
R ETo /2, SDS-PAGE O#E., HIH LAY NN EBESDSEEONY RBE SN, &
NSEDONY RIZEENDY NNV BERET D20, BEAH (LC/MSMS) Z1TW., W T GPI
SHFINTFRTIOT S MK BT ET oM. JAUTKD, 22 EED GPL ¥ U A—8Y NI &
MNEESN/z. U LEDERMNS, MBI GPLY VI —BEY NI ENEFEET DI EDNRI N,

RNAi 12X 3 GPI £ kit = DO BERE I 5 52 B

KT, CNFETIHAEMR TREXN/Z 29 H 0 GPI & REETZ b & IT BLASTRER Z1TW,
A ) ARICHFEET S GPIAREGRTORRET o/, TOHE. 24 HO#H R GPI SEERT
MEHEINE, 25 OEETFICE LU TRNAL 2fTo/z & T3, ALFEHL O BHE-S IIRHER O AR E
WREERLED, SEINEEER /D3 E, EERINCEERBRENA SN, 2O &N 5,
oD GPI ARV AEMERFCHEATH D Z ENH Do,

REZLBIZL D GPL &R ETF OEEHEER

ESIRBEITETD 20, GPL RO FER G2 H 5 BT piga-1 DRELEREEER L, =
DI BARD EFEMIIE T, FLAER BENE AN NWI ENS, MaE L0 GPI 7 > —&y
SINTEBREBLTWD L END N o7z, BEORER, piga-l EREDEICIIRELS 2 DD REN
BOSN. B—IT, JOLERENP D AERETHIEEZ> . TORERICIT, —EHH8E
T LM TRENLEES>TWEbDE, HEAEEBRVEL TEMBANE TREMEA TN
HOMRAEN/Z, BT, 30D 2 DEET, REBEIIROBIRICEENELC TWE, T,
MIERE E Qg D ML A FE FM4-64 2> TINEDOBBMEZMREE Lk, B4R OIIRIE FM4-64 O
EIBDTEBERWizD, BOMBBEIRES NN o/, ZHUTKH L. piga-1 TREDEK 25%
OIFETITMBEEORENRD 5., NROFBBREICRENEC TWBE I ENS Moz, DX/
IR ZE D OMDBEELMICH T 2EZHEZRHNRNDL D, RERBEESYE T T piga-1 ERMAEDIE
HEZBER LU, REERBEHOEEITIE SN /aho/zl END, piga-1 T RADREKICITE I E
BEBRSHEICEIZ2DO TRV ENFREINE U EXID. BHO GPI ARIZEFREITHETH D,
IR REIC BBIG LT WD Z EARE Nz,

BIEFLAFa—FER
piga-1 BRAEDOHEFIERBEDO LV AF 2 —ERZTIOD, BER piga-1BxF & EGFP %57t
ELEBERFICANT Y b (piga-1eglp) EVER U7z, AWFEE T, OFHIDHE . ©4REHH .,
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@distal tip cell (DTC). @gonadal sheath cell. OFHBEBBLOTFE (Q~OVT4ETEE 2R T
L) . @A, OFRICBNT, TNETNHROCERITZBETIOE—Y 2B NT,
piga-l-eglp EFHEEZ, OV AFa—ERIZEI>T, RO 2 AVHALENER o, E—IT,
QEFEMBTO L AF a2 —NHODMEBILRENEL 2D, T7205, BB RELI LV AFa—3Nn3%
ZEMpdhoiz, BT, EEMELSNT. @DTC T piga-1 BRTFEHRBEIVZ I LT, $HER
SVAFa—SNdIENphoiz, 2O DTC VAFa—#HHIZH LT FLAER %2 fTo/z &
Z A, UEEFARIRIC 88 FLAER #0060V R 6, MEE LW GPI Y > —HE 2 )N Bt TN
FELTWB I ENgholz, i GFP Hiil T AW R EHME A DR, piga-1egh i DTC @
HTHRBELTHRY, EHMHETIEEREL TWARNWI ENERINE., ZOKEE, DTC TEREIN
7 GPL 7 A —TE N EINEFEMIRIC BB L2 R ZRR L TN S,

DTC 2BV} 2 GPI Ak & B R HETEM IR O B
INFETOHFEICED, DTC EEfila—y FEUTEET LI ENASENT NS, DTC IR
THEFEMBOBERSRENE L, EFEMRBOERIKEHETFL TNS, TI T, GPL &k & &5E
MIEOBERNHEOBEEZBRD LD, FRABRY A —&LTHLNDHY CBAEEA >
(c-pH3) Hilk % B W T, piga-1 ERMEDREHEMBAEFT 0 72T DFER, piga-1 LR TiXo-pH3
MR OENE L EAIL Tz, —F., DTC VAFa—#HHRTide-pH3 BHEMEOEIIE £
BB EED SR o 7. BLEOFRIL, DTC 2B S GPL RN IEEIREDE R ETEH T
EHBTOOICTDTHDIIEEZRLTND,

PLED X DI, RFFZEIIE R D GPL G RMNAETERF IS EICHmD TEETHLI EERL
TWs,

E ] EEOHRDEE

GPI anchor BT HE 13 EHE M glycosylphosphatidylinositol & WhN 5 HEZ N L THEIZD T
FEHENTVENFTHY,. THEN SLHMBEEMITOE2FEEALEDEYITEELTNS, GPL
anchor B AEIS Trypanosoma cruzi 73 EDHFEEOFERDERTMICHEET 2O FEE L TEE
XN BEEOREIVATANE OHBEEEAINNIFEELTCHAINTWS, E- M E O raft
%5 WWiE microdomain & XIFNBHBICEF L TNDZENMBENTHEY, EEEER S ICER
IRIRE|ERZT EINTWS, GPL anchor &IS—E DG BEEITH> TEFTL., BRI T X
Tl 29 TIEL £ OBET OB S 5N T WD, YA D GPI anchor & B OHE—B M 2T 5
R Pig-a OBEFHEIT ES MiloNFE< HAMFENBERETFHRELNTERN o2, 2R
ZUEART PIGA O RICK DRIUIIFHMBRERICE 2 HDLINIHENTB 5T, FEUK
MM ERRENFLTH 5. GPI anchor EBETOERICLDIBROD 2L, TOEETD
ERENVEEMBESCAHBICEWTEELRBEEEZRE L TB0D, REBIEEIEE2 2 ETHUIHEICE
HTES, YUARE b DR AEMIL TO GPI anchor & OMIFEISHETH 2 Z ENa 5
NTVWBOT, ARETH WHFECEBAEEREOBEORETRENES R ETIVENTH
%%#H Caenorhabditis .elegans % Vs T GPI anchor OREZ DR EFT 0 /2. DFFEBILA X B,
BMEBICBWTIE, & hD GPI anchor GHBRETICHBEBEEFNEDMIFERR CTREINT
W BISMTIEIE & A E GPI anchor OGRS N TWaEN S/, FCTETEHERIC GPf anchor
BENEFEETINEIDERTT D & B0 SR E IRz,

GPI anchor &4 REICHS T 5 MEEE aerolysin NFE X1, B2 G- - FFEEL L TN
W5~V U -8t aerolysin (FLAER) BRI/, CORBETHERZREALTHD &, M

— 221 —



. ¥, EFEAHETH 5 distal tip cell ® gonadal sheath cell, Z¥EI. H#E. A7 & D
Wiar: ESEOMBNLE S Nz, e 2 OREI GPT anchor &% TE72< LM TIERy sk
Lzl &N ZDEEEEHER LU, 5 ICEZEIIC GPI anchor EHE OFEEERIT 2D
Triton X114 QAESEEZFIAE L72IESY NI B O o BEEFT N RS 22X B3 % GPL anchor 1%
== DIEE #EA B % K BT E)Mr 3 5 BESE Phosphatidyl inositol specific phospholipase C T4H)
Wi L7z,  DULEE{IT Triton X114 JLE ZFH OB Tz TES > /%7 Bt Triton X114 J§ T/ < 7K
BlcoBEENS I Iiud, ZOEHENEL GPL anchor IR ERE > EHRTE S, ZDER
BTWKBARENEEEE SDS BEIKE THEE 7 )V 5490 H L TEBH 47 (LO/MS/MS)
TY 3 BRI ERE LT GPI anchor ME T O 5 A MBS HRTHET 52 8T, @Al
® X > 7% GPIL anchor BMEMHENEEL TWEDEMBMICHE Uiz, TORE, 50 L EoA
GPI anchor IEREHDHFEZHER L 7.

KITH R T D GPI anchor GERFEZRAND/72D, & N THIRES D 29 D GPI anchor & ALIE
HFETNTNEF AL TPSI-BLAST THHBT / LAZRRKR L. 24 D GPI anchor & B MET A
—VRZERAE L. £@TORETFIDVTETNTI RNAL TH A D LB OB % 5
MLzl 3, %< ORETORNAL CEBROBREE. MFEROME, WHEREEDRER
ENEER I Nz, GPI anchor MIPEHERROERE. HHREEECEERFGSEZRLTWE L2
RRTDEERBEFR TH o/,

WIZ TS DORED GPI anchor @O RFICEET 5 Z L 2HERT D20, HAED 5 EBERICW
7B EWEEOEN TRESNTEY. GPI anchor & D — Bk % fil 3 5 BEZE O Al H 7
—w hEI1— RT3 PIGA BEFICEE L, ZORET—VNT ORET piga-1 ORETFRER
tm2939 ZWAEL TNy 7 7 OA LB EMITHEIT L, BETFHRERISEOIILT VUL TR
HKIFETH O AFODSEFTNZREOIINT UL TIITRTO LRI RSN S DIE &7 5,
CDOX IR TITEEROREDNIMIEANS O RN EL, FLAER RabHEE, GFP ¥ 7 &5
V}7z GPI anchor BEHEMEF2EA L & Z ABERIIE NS CElahoz, N5 DE
Bk BT piga-1 ®ETF DS GPI anchor & RICHETH 5 T EERLUTWS, ISITHLERD piga-1
BWET (GFP A1) KEo TIOREERKE NS VAV Lo I LAFa—F 52 & 2870,
TORR, tm2939 HAVRT, TRTOBHEMPWEL, XIVERETO LRSI O RH 1372
LINC piga-l BETFORERC L5 DO TH 5 ENHERS N, M DERI X5 T, GPT anchor
BERDREOETERE DA, IRMIE RS, DB CITBETSH D ENFBHITR T,
T AU GPI anchor &RASEMRFIQOFEDHHEABRITHADHEE LTV S Z L ORETHD
TORRTH 5., .

myaﬁﬁ%mﬁ%UQ%9@%5y191:vﬁDX$1~Méf®mmf%ﬁT67m%—§
—ZANDEE ST, distal tip cell BRM T OE—F —, MEMEEEN T OE—5 —, HRE
A9 0 E—% —, gonadal sheath cell R T TE—F — £EMIERN T OE—5 —/r S
BRTOE—Y—EANWTRA LNz, O35, EREMIRERKN S OE—% — & distal tip cell &
RO —Y —THPERL VAF 2 —EN7z0, gonadal sheath cell R T O E—& — Tl
VAFa—HETELET, TOMOTOE—F —TIRE LAF 2 —TERD /2, BHED 2
LM 720 distal tip cell TOBEFER D piga-1 BEFERB L CEARFIO TN TORENL X
Fo— XN HEENL, Notch UH > RO LAG-2 B4 L CATES ML DAL B4R 2 35 27z
WAEFEE L = v F 2R T 5 DITHRADRE]ZH > TS distal tip cell TD GPI anchor & 41
ERERFIOREDEEICTH)TH B ERRLTWD, LB & TN HET 5 A8 %
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FoTWAHHIIEKEY VBLEA N OFETRET S ETHITASE, GPI anchor &M
75 < Z‘;tZa CFEDOENEBTSE L, BERBEGT TCTLAFa—033LRETSZENbho=. B
EOERMN S, GPL anchor &RRISEMHMR =Y FTORMEIROHEFITHETH D Z LD
Moz, : "

AFFZEIE. BBO GPI 7 2 A—c DWW TOAND TORKN. BROFETH S, =iz GPL 7H
A RDNETEE SR A TN ETH D, AR OEBICR TR TH S &R LD TOWE
THD. ERBECBTAMEDDLEELEDEND, ERSHED, b N EEDEBEENTO
GPL 7 > /1 — B RO EENDRE DT - FIEFI/REDER L1257 & bBIN5,

XoT, APIEFIINE () ORMERTIEEN DD LD IRD B,

WeEREDHE DU
KA ORFE - EFD R W B OE EER
oo |k #H
EEE VAN S ARS8 35
FAREOAN  CFR2443H27H
FARG OENE AR ARE 1EZY AT LEMBEN AT LEMBERIK

A X EH Studies on the molecular mechanism of peroxisomal division (RJLFAF Y —ASSONF
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Peroxisome division is regulated by several factors, termed fission factors, as well as the conditions of the
cellular environment. Over the past decade, the idea of metabolic control of peroxisomal morphogenesis has
been postulated, but remains largely undefined to date. In the current study, docosahexaenoic acid (DHA,
C22:6n-3) was identified as an inducer of peroxisome division. In fibroblasts isolated from patients that
carry defects in peroxisomal fatty acid f-oxidation, peroxisomes are much less abundant compared to normal
cells. Treatment of these patient fibroblasts with DHA induced the proliferation of perdxisomes to the level
seen in normal fibroblasts. DHA-induced peroxisomal proliferation was abrogated by treatment with a small
inhibitory siRNA targeting dynamin-like protein 1 (DLP1I) and with dynasore, an inhibitor of DLP1, which
suggested that DHA stimulates peroxisome division. DHA augmented the hyper-oligomerization of Pex11p§
and the formation of Pex11pp-enriched regions on elongated peroxisomes. Time-lapse imaging analysis of
peroxisomal morphogenesis revealed a sequence of steps involved in peroxisome division, including
elongation in one direction followed by peroxisomal fission. DHA enhanced peroxisomal division in a
microtubule-independent manner. These results suggest that DHA is a critical signal for peroxisomal
elongation, a prerequisite for subsequent fission and peroxisome division. In this study, I also revealed that
mitochondrial fission factor (Mff) is-an essential factor for DHA-inducible peroxisomal division. Ectopic
expression of MFF induced the recruitment of DLP1 to peroxisomes, while siRNA for MFF caused the
abnormal elongated peroxisomeé due to the milocalization of DLP1. Peroxisomal elongation was required

for Mff-induced proliferation of peroxisomes. Moreover, Pex11pp interacted with DLP1 via Mff.
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Collectively, Mff functions in the membrane fission of peroxisomes; possibly in a concerted manner with
Pex11pp and DLP1.
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ZDOWRIE T TA T EANTFHEHEICRET A &L= (Andrlcusmukalgawae A. kashlwaphllus
A. pseudoflos) % FAV), %@ﬁfﬁ%éﬁ?ﬁ&%ﬁoT#I@:?ﬁ@ﬁi%iﬁ@@{bﬁ&@J:9 i Z o7

MEELMIC Lir, mORDICAASHNLEELE LS FERE S 1EED T~ NFEDN
AZHRIHE L, FH/F)TDNAlﬁﬁEFDNAh:~Féﬂ69@%%V®ﬁ%ﬁﬂ%&m

Lz, TNbDOT—E b FHBAENFECLLIVEOSBBEEZHEE LELEZA, S TaFS5E

(Quercus) D4R HEEL TS A mukaigawae H 5. BT (Q dentata) HHEX L33
A. kashiwaphilus 3FE5 (L L. %@q:‘#ﬁ_)ﬁﬁbéﬁ@ﬁ%ﬁ? A. pseudoflos BNEITICFE AL L
Tl WNbdol, BIREWD LICHEALTEORLIIEHROZRTREI - TEY, 20X 5 RAeFER
DEAPZOBHTITRIVRTWVWI LBALPICR o,

FICBGTFRHFICE SIS RS XEERWEBT N D, FEELBBB I o7, A nukaigawae
& A. kashiwaphilus OB TIEEBHWEREDR L HBEFMEBPENTBD, L2 FOFANI b R
Y 7RIEF T A mukaigawae 7> A, kashiwaphilus T. KEEF T A kashiwéphilus i
b A mukaigawae L7RoTWAH I EWRHEES N, TOZEDHE, Z0X5RIbav Y7L
BOBGF TOWFHORGTRENIE., BRELE Folbachia L L AMWEATEEERET S &
ELBBATE D, ERIT A mukaigawae 13 Folbachia \IWEIE L TWD Z L BT E TOBFE TH»
STHY, ZOMBERTEMEIC L5 BETFROOFBRS, FERBRICE LR RES LT
BN TRB ENTE, —RICTF I A"AF T EBBEM COFREEBERIIFAER LN VA, Z 0
BETUX Wolbachia DRKIRIC X B BETFHREHIREIFEERIC L HEHLEBI &R LR H
D,

THRODORBIIERICRBITABOMLOBRICOVWTEERDRZEBL LD L LTMED 5 %EET
HBHERBWDB, LoT, APFEFIIEL (BE) ORUEZRTIERLDH LD LRBD B,

YR YV&LSITIF
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EEE VAR VIS EMRET 45
FAEGO AN CFR24F3H27TH
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BEEHERLTWD, TV R <w—i, HAELL O LI#EEL2 B BOMOESTFTHY . TR

Vv —DORMEICTFEETIEREICIY, SESEREMICH U BEREHNTETHD, =0
o= REEEICL Y, TR =i, JeBRER R, I LEAR, EREE. BBl S e
SHETOIREPHFENTNDE, ZORBAEFRMEIE LTOIREICEENEE 0, 35, #is
FEFX V7L LTHFIAFRETHDI I ERHEINTWD, —F, BEFREAOERLE LTIk
oz, siRNA, 7 7% <w—, TV FE VA Taf &g, VRYA 22803 I8 (ODN) %
ANWEEBEEROHESERICB I b T3, BBERXT, RBRICHbE TR ET VA 3
BEMTERRENEL. 7T AI FDNACHEEE TR ONIAEISENRMZ D Z LN TE,
(LEFIETRKEARPARETHIREDFERNH B0, BEEDLWSHF~DISANHZEIN
TW5, ZZTABILTHE, TV RV ~—0BEFIX VT —L LTOHECEREL, U<
— Wk AEBEROCT U N —% B Lk,

EIEIIFHRTHY, TR —DARESLCSESERDHF~OGAICOWTHER L,

WOETIX, VIOV EESPNI=y bETHEHRDTURFIT v BRI Y P (KGE) &
%V S (ODN) DBEESEDOHMMERB L UOHEB A~ T AR 2EALSHERE Lz, 7. KG6
RV LY a—n (PEG) #EEMi+s2 LT, BAERDERE~DERER L2RA 7, F
3 KG6 & PEG {&#i KG6 (PEG-KG6) #&mkL. R 727 U7 I RERIKEE (PAGE) ZHW
T, Zhd ODN LEEEEZFETED I L EHLMNIC L, KIZ, BEEROMPHBEICKE 2
PR AERETHOIMEL Y —FBMAEFM L7z, BR0XEELE DLS) CRIERZEIE Lo
B Ja—RRKEH TIEPEGKG6 / ODN &R LN KG6 / ODN A ERITEZEICHET 5 =
ERFER I N, TV UEEEHABEAEKF TR, KG6/ODN EAKIIEE T 52, PEG-KG6
/ ODN EAEIXEFEICHET A L AR SN, ¥P—F BULZEELFESE. KG6 / ODN#EE
EIRFIRKELSFELTVWADIZR L, PEG-KG6 / ODN EEE T FNICEICHFELTWSD I &
NHER SNz, “hbDERELIY, KG6IZ PEG 2EMi+5 2 & T, BEREERBE TLZENT
X BT ENTRRENTL BAEKDOEASHEREITT 272D . KGIZH R =0 s (Gd) ZiEH LT,
ThEwYRABREIR, LIRSS, HH LB EER TR ER L, BEKES T I AHEEST
B (ICP-MS) 2HWVWT Gl 2 ERT A L CTHIBBIIBITOEAEOEBRELFTM LTz, DK
B KG6 / ODN#EEEIE, PEGKG6 / ODN AL i LT, FFlg. JalE. fik X OBRicE
FBL WD ERER SN, —F5. PEG-KG6 / ODN &KL, [EE~OEBMENE W & 235
HENTr, £z, ODNIZH K AE % EM L(Cy5-ODN), EAKDKENSH 250 L, 7 D8,
KG6 / Cy5-ODN IZATHE R & OV 4ERE L, PEG-KG6 / Cy5-ODN A KITfEEIC b 4E/RET 5 =
EWFERTE Tz, UEDZ Ehb, KG6 TR L OB EENE L& EFFy U7 —& LT,
PEG-KG6 IZIEBEHEN & LEEBEETIXy ) 7T —E LTHFETE S Z LR RENT,

EIETIE, BoETELNEREZEE 2. KG6 ZH VT siRNA i~ %ET 22 L% B
felic, £ T, £9 KG6 & siRNA OEEEDOYMEZFHE L, iz KG6 Z AT in vitro o
BB~ D siNRA EAZFM L, BRI~ U ACEEEREBHFIRES LITIEICR T 5 siNRA ©
THEFIM LIz, F£9°. KG6 A L. PAGE XY siRNA EAGKEREERT D2 & 2R L
7o I DLSICE o T, KG6ICHNRT B F A& siRNAIWCHET DT =4 Dk (C/A B) I
T B EAEREDOEFEETM Lz, TOMKER, CA BB 2D (WFF VBN EINT5) 14k
WRIRIT/INE L D BRRENTIIRE SR —EEICR D 2 ERHEER SN, £/, ¥—F BALT C/A
EEREL R BIHENEBM b REL 2D, BRCIIEM O —CEE 2D 2 L BHER SNz, in vitro
R AMA~D siRNABEADED, Vo7 x2T—EBERKHETHST X3 FDNA & KG6 AW
THE~EAL, F0%, V27 =27 —EBEWEIT5 siRNA % KG6 # AWTHIE~EA L, *
DFER., siRNAEAIZ LBV V 7 = 7 —EREOMBINHER S iz, FlE~D siRNA 7 U NY —
BRI B, TUARNY T 2T —EBERRATDHTTAI N DNA NS FrF A7 Rk
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PRANVCESLSL, FIETAY 729 —E2RBA SV REZER L, ZovyXic, S8
72 C/A FLIZ31T 5 KG6 / siRNA & K& B#IRE 0 5 Lo, 18 BWRARICIFREZMHME L, €07
A= POV T =T —EEMELS ) A FERVTHE LR, TORMR, CALBERDLIC
M, FFRICBIT ALY T 25— PORREMET T 52 E ARSI, ¥, FEMET 7=
BB o b CEAG LT, FOREE, FFEERERSEb o, b OREEL D, KG6 XiflE
REHETIRETF YT L LTHFTE D 2 EAFRR SN

B ABTRERTH D . FIFROBIEEB T,

WX BEBEOHKROES

FURUT—E, BHELLS S LS EEOBAMOBATFTHY. F2 R T —0xEe
FETOERECID, ETERENICH U ASBERENNTETSHS. BICTI  BTH5
DOVEBRISY FETET Y RUF v RV U DV, BEFFv UV —& L TOREIE
HENDBHTTHD. FHXTHR. TOTFVRUTF4 v IR Y DD OMEEIEE L, BEFEy
DY — & LTCNETHMP TR TH o eBENBEERSDICT LB, ZOBMEEFIA LI
MEBEEDEE S THMRAOREICRILTWD, E5NERREUTOEBDTH S,

TP UDCVBEEEADPNIZY FETBEHARDT O RUF v IRV DS (KGE) kKR
VL > Ua—) (PEG) $HZEEM L= PEG &8 KG6 (PEG-KG6) 248k L. KG6 & & Hlc7F
DI & DEAEOMEEFHICTHRT VNS, TOHR, KU T2 U7 I RESKTE: (PAGE)
ERVT, CNOOBBERCEAHERRTES T &, BHNAHEEIL LY, ) O BEFEER
kI, KG6/DNA #&M4I3EET 575, PEG-KG6/DNA BAKIIER I 8T s &, ©
DERNTEEDOY —FBADEWCEDI ZEEZHEEMICILTWVS, T2, BAKOENSHEKR
595720, KG6 KUNPEG-KG6 I2H RU S A A 2 ER L., U ABHIRN 5 B5%.
L7l s AW BEEe 7S I EEON (ICP-MS) 2175 2 &ick 0. KG6/DNA B ki,
TP, BElg. MiB X OBRICER L. PEG-KG6/DNA EAEIIIEE~ DEEEEHNE N T & 20
SMC L TWS, Fir. MGEEE BRI 7= DNA % U T8 &4 O R 207 % 55 L 7= & 2. KG6
EOESEIIITED L OMEICER L, PEG-KGE E0EAEIEEICEET 2 - EERRALTW
5. POz EDE, KG6 BB L OEBE2ENE Lz BETF v v —& LT, PEG-KG6 i
BEFEMNELEBETFFY IV —E LT, TNBNMBETE5 22 ELTWS,

KT EROREZEFRIB LT KG6 & Az siRNA OFFIBEANDEZITRII L TW 5 . KG6 & siRNA
DESEDORENL, KG6 IZHKRT DN TFF 2 & siRNAIWHET LT 24Dk (C/A BREL
BICHNWNE 3BT LR RHL. BERESHEEREHEEZHILTNS, 51T, W Tx5—
VERETOEEMEEERLT, TRV T 25— 25T 2 siRNA 2 KG6 % 8 W THEA
THRZETIN T —EHRBOMEEERL TS, £z, mvivo TORERITTD20H. <
VAWNT TS5 —FEI—RLETITAI RDNA 2N\ ROF A FI 7 AL OBELTH
BTN 7o —VEREIELEITIRAEEEL, SEXFE/3 C/A kICBIT S KG6 / siRNA ES
hERBHIREDESEL., FRTRERETIN S 75— VOREEMHTELZLERL TV,

PLEQRRIE, FURUT 4 v RY YD ORETFF YUY —& L TORIEEEMICHS M
THEEDI, BETERECBITLHRRFEEZERTIDOTHD, ERTEOHBIBNTH
EhDEBEBOENS. '
ko T, AFFEHEEET (T2) ORMESIIEEIB2HDERDEND,
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hHE vEPT O
A4 - OREE - E58) o F Z2 BB
EERVANONE - -t ()
BB VAN ) MRS T 75
ARG OB A R 243H27TH
ARG OB SEATHLHNGE AR5 1 Y AT LEMEIEN D AT L EmBIATRIZ
AL X EH BEBLUEZHMADOERZBELASS /0y FOEKRNEEFIEICEET SR
WO A E A (F & & & b £ #
@ & B B B B HE = B o N Lk o R
i E R T - 7 G |

w X A '’ o E B

FT 7T a2 EE LR Sz DDS (Drug delivery system) HFE, feseD I & il L
THEMEA~DOBmWERER L, EVEFRT, £, OB ~OERELZRO S22 &<, BlE
OB E e LT 57®, QOL (Quality of life) ORI ERFTE 23X L LCHLR T
B, BIEIXE bR A EFIEEEER O, EHOEMOBRE S U < i3S RIIT R U= ik b
HIEICET AMENE LS HESNLTVNS, FOFTYH, FERDIRH & 1Tk & < D B2 % ik
FORFRER ENO0H D, ZOEET R IXEEN LR, BEHN., BEMHEERT
e, ANHRBICSETAEA L LT, L EA AT 7EBT27n—7L LTHFIBEH
TW5, SEEBMESICEREHSTRETHD I 00, EYEEDCTHOXF ¥ VT L LTHE
FESHTWB, KT, BT RFCchde&t /oy FIZEBR L, ERICAVWE, Z04F
Juy FidBERo&T /RFThHY ., ERBEECEVIERAEZRIN LERT 2720, 1QES2
Wrol=oDFu—7 L L TEEEINTWDS, THET, 74 M h—</LIBERESA A =07 iz
SE LT EY AR WS ENTERER, &7/ vy REAWEBEDEZR LSS 320
DOHFFEITIF EA TN TI R ol FITEBI T, BPAUIRKKTEHRBECRET~DOEA % B
HBLizé&T /vy RORIBERART,

#ELETHE, Fias LT, BEE TO DDS HAIRL I OEE T RIF., &7/ 8y ROBERD
W~ s FRC DU TR L7z,

#2ETH., &7/ vy FOEF~OEREMN LEE, PEG (RY=F LU 7Y a—)L) Eff
&F)ny RO PEG BEDREREE BRICOWTERE Lz, T/, BESBHOEDICRS L
&/ uy RREZPEERZ#MA LT, &7 /2y FORIM COENEESHEH OFE% &1
HZLIFEEREWRERES, £I T, &7/ vy FORE 90 B E TORNEIRRE M LT,

PEGHEELEMETDZ LT, MEBEOERENI B LEFBOERENM E L, £z, RE5EE
PEMEEDZ 2o T, FBOERENS L LEB~OEBERNA LTHZERHALN LR -
72o BRI, PEGEIENL 15 L ETEM LEET / ny N, b L EBREEFTFEE 39.0 ug LA
& ny REHEETDIZLICE T, MOBREEBRLTERWEE~OEFEE T L, BR
A X DIERNSAE Z 3N LR, IR COERENRFOERRMICE VB LA T, o
B TOEREICREREELRIT S aholz, LML, TRETERIZELRZ 2 PEG HESSE
EER, AEAELWT T CERSGME LB LAZR HLVAREEDL LB TE,
&F/ny FOENOFELZFTMT 5720, REGEANBBETELZ, €7/ 2y FOZIH
B L QOIS g~ 0 BB REAR I HEVED LTV E| hOESE~DF M b 2ol
b, FAFEHENTVWAZ ERFTBI N, TNODFERIT. €7/ 2y FREROFERT
RAENDTCODEELRERFTRE 2D LHFETE B,

T/ vy FIXEBET D Z & CHRIMROBINZRD ST LE I 20, EHHMT~DEREE S
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ﬁéﬁﬁfﬁw&%/myP@&%*Kﬁ?é%%%%%«@ﬁ%%%iéif+ﬁk IE X2,
ZITHEIETIE, &7/ 0y FRRFOWNFEEICEE LA RNEETMELZERE L, S8
bNTBHL L, IRELXITO L CH LEEREEMEZ B Lz,

BWEREZEEZRFOEREEZRANT AERRNICES L& T/ oy RENA A= 7 LT,
FORRJEHICBNTE@T /2y FORIZE S a vV T2 NOBLEBETLZ LN TE =,
ZDay IR NDEMEEERNICFTMT 272010, BOKERWEOBEIC IV BIN A=Y kL

EEHME L7, BEBROTVRAOERERELLZLE LA, &7/ vy FICHRTARINE— 7 285
THIERTE, FERFE(MEES Z IV M EEEL2EMT 52 ISR Lz, ~OHE
EEAWCRSHFICERE L&/ ay FOFMERAZ, CTAB (~F¥FY L hY AF LT oE
myhTuvAR) a—tet/ ay FERETDHZ L CHE~ZE S, BERE TRIN RS
PEBIETD LR TEDINNTF ¥ U RS HEELESEER VT, B TORLY L
ALz L, FFEEALCET /vy RICHET 2ERIMROWBIN SN L T\ o 7228, oLk
P TR ED T ERER -, ZOREIX, CTAB =— h&7F /oy RRM A5 5L HICF
JE~NERL CWoZ eazRLTWD, £, EE~OEREIMT 27202, PEG EfieT /o
v RE®RE LEERA~ T ADOEBERMLZEE Lz, B TICER LB L REHMNOES R
LT, B BFHUBICBWNTE&T /vy FOBEE~OEBIRBO DN, T b O EIX
FEAYBRE W o eERic i@iﬁW@Af/ﬂ/Fﬁﬁﬁf%égkéﬁ@bfkbx@%ﬁgﬁ
BELEHEETHIIEET /2y FOLFHEEEDBEE~OERICOVNWTH, v~V AZHE T DL
VTN EALCE=F IV VT THLLERAETHDZ L ERLE,

VTNWEALE=FY T TIEFMMT 52 & Ok o Tfifizgse, K VBEMRRINRY b v

FHET DD, BBRE~UVADPDRE LI A — MNZT 252 & TR Lz, BIECIIES
HEAWESNESEFIA Lz, T0ORE, PEG Effig T/ vy FIZBWTIEE & 2L 0fE
BOBEMFEBIZCEVRDH DI ENERENT, TOEVWEA A—VUVSICIVBETIZ LN TE

L, EEOBEROREGEENTED LEFIND, 72, YU 1a— T35 LT PEG Effié
L CTEBEIC L AWM EZME TEDZERHLNE R oln, TOWMMEBEEITE AL EELE
Wy ha— e/ ay Nix, BE~EELR2Y, 22TV Y IREIC PEG 2EHfiIw5
TrT, EBERETAEE L, TORE, EBECERLTCHORNARS bERELBLEED D
Ll BIWEBEREAR LS, 202 b, BEBECKTLIERR 7+ M —<
FFLLTHFCEIRTEMHERTT O LN TE,

HAETIE, AR THLICHRESCHR., SBOBEICONWTHRIE L,

AHI TR, BEE~OHEAPHEENTWDEET/ ay REAWT, BESZENICE L TR
WCHSRE S B0 0& T/ uy FOERBICAITHRE Lic, TORR, €7/ oy FOFRRLE LI
BT, WS ONBEERFMFICONWTHENLT A N TE, FEEROBRERT, £FNICHEETS
&F vy FEHEEECEET S FEORIMIC ORI Lz, ZO/RERE, &7/ 2y FEAWE
VBRI E TN ETELHEB L CHREMNICITAD ZEETRRBLTREY, & bR - BRERICHIT
—BRTET D ENTERLLEEL TS, T /R TOER~DOIGRICHETIEHRITEERESE LT
HBHZ LML, &F/ny RKBELPHMOT /) EFICR LTh, ARIICHIT 5 BEDH 503
PRV 72 —Bh & la VW Th B,

WX BEORERODEE

F )50 ) 0V—%FA U THEREI NZEYBEES AT LDDS)EANT, MEsen®® & s LT
HEBRI~ O WERERE S, B ERT. £ MOMHIAOSEREZFLO ST 22 LT, BFEAD
B A EElIC T 572D, QOL (Quahty of life) ORI ENHHFETEZEF L TCELELTH S, BT
b, FEROEH LR EEEDRIRDERES ) RITF, FHOREN, BRY., BESOEEE
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RECEND, SBHMICEETIERNELT, BLIBAA—V /BT 270—T & LTH
BENTVD, FRNTIE. EBHEF VRTFTHO. EEBBHEOREVIERIILE RN LRRT 2%
WEAETB ST/ 0y RIKEBL. BPAIHT2BECBHOBEAEBELZeT /0y REH
DRAIBITRIIL, ZOFMEEHILIL TR D, BENEHRREZUTOEBTHS,

EF. £ 0y ROEEAOEBER 2B, KU IFL Y a—)LPEGEMET /) O
v RO PEG BEDRSBE, BROEWDSRIETHENHEICHT SEETONTIYIERNT
BELTWS, ZOE, PEGEEEMME T3 LT, BEOBEENRD UIEE OEMENH
FTATE, BEBEERNIESC ko T, FEROEEENES U CES~ OEBENA L
THTEERELTWS, £, £F ./ 0y ROBMMAERNBIRETML. FRSEBA OB
RGBT WD T 5 —, OBEAOES RN EME, BHKICEET / 0y Ridds
I NDZ EEBEEMIL TS, BRICEL CIEAANBRBCEEL NI EBRHLTWVS,

Fo. ERANERNT, ERRNICERELEEF /Oy RES AV I T2FHEEERL, I
WeBWT, £/ 0y RORIUTET < > h T2 hOEA EEHERE AW e8I & 2 BT
AR MVERRTE LML TN, S5ICOFEIFEEAN, €3/ 0y ROMPHS
HOMBANOEEEIMETELZEERL TS, ThbE, AFEZAVWTAFHT IV MY A
FINT PEZTLTORA RTCI—hLE®F/ Oy ROMFH SIFEAN 0BT, PEG £ )
JOw ROEBENOEBOERITHRIIL TWD,

L L7ati s, BTN & R E A VW ie ARY MIVEISRITICL 0. PEGEfi¢) /0y
RTIEL OB TEEL TN RO b5Nz. ZITINEERT 520, HHRICS VIO
—h L&)/ Oy REBEHEL, CANBRTOREEME TES 28, T 5k HEHE I PEG
FEMERS LT, BNCEBERELMLTES ZEEHLMIILTNS, |

PLEQER, £F /0y ROERGH QD ICHERBEERMR S, KBRS TR
REtEEREILZbOTHY, EHTEOHIFIBN THES 5 EHERD NS,

Lo T, ABEFIEL (T2) ORMEZFLEKND DO EBDEND,

= B 0B BE

K- (KR5S - BFE) B f F 17 BB

E N VAN S| -t (T

S VA S DEERET 85

FALE G O H YRk 24:3H27H

ARG O A RIS ARSI HZY AT LEMBEN AT AEMBEEIR

AL Em @ H HBRAERICKET 2EGTRRADEOHDHFAUURTF REFREHFRIFT—0D

BEFR

F & & &= & b F M

BOA BB OS5 T R OE B O W B L
HEH O ¥ K BB

ZA 2|
At A&

il

B

X R”

0
S

2 B

HERDIELD TILEMTIITIR S D I EPE LD o L EREREICE T 25 LWARE L LT,
BETFRFEIIRERAFEZEDTE L, BEABGTFZENOMBNICERET I ¥ — (&
BEFXXVT) BDUBETHIN, ZHIETTANVART Z— LI ETAL VAR T KRBTE S, —
iz, vANART Z =L BEFOEBADRIENTWVWD OO0, ZEBECHBERH B, —5.
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FETVANART F—i%, BEFEADRIIVANVART LR, BEECERLSD, L1 L,
b HANFETAINVARS F—THNITETELEICEND LWV D TR, £ T, AFgET
X EENSEEBICEE L BMEROBREND RV ANVAR F—ORBEERKEEL L,
FOEDITIE., BEDRBEDREEZEI DS REGCTFREDREF L &, BIERA2EMT 3
7o DIWCRBEMBRBIRERHDZ LW 20D FHEPBHETH D,

Fra k. BHBELEEHBEO S 0T A % F—F Ca (PKCa) /EHEDERFIE LT, EHIRR
MR BEFRREYENE LEEETFREEHE 2525 (D-RECS) #BERLCEE, ShETHW
bNTEERNZZ—iF, RITI7 907 FRPEFARR) =F L4 (LPED) 2FE#EHE LT,
{H|$81c PRCa DEZ_TF K (hFAUH) 2HEESEERY v—ThHd, §1F (KU 77U L7
T R-R_FFRarPa s — b PPC) X, BETREEIBEVW EXMETHoTE, %F (LPEI-2
FFRardabF— ) TEREFRENENMLEZbOD, ARIEETH T, Fh. WThoR
U< — b AESMEEE bRV D, RERERICIIZEEICARERED, TOX I RENS, K
VAT ARREREFREADEPEVNOLERE L, KV AT b, 12 PRCo 2 M3 EE 5T 5
BWURATLCHANVD DD, BEETFERDEEZRA L. DORERNI X —DORREEITo =,

E1IETE, BVWEETERRYDEOERS. BIERZERET 5720 OKEMESF R BETEE
FRAELEETANZARNT Z—ZONT, ERED LD BB TR INTEENITONWTE LD
Yl

# 2 ETX, PPC/777 23X F DNA (pDNA) #EEE DMK OV TEMICHT L., B dh
EHREHRAIY ) TRICGET T EEENE LTHFEETo 7, TORFBR. PPCITHE L
RPF ROIEBRBES, XTFF I T7  EX, METIEEEROBERRETIERTHD Z
EMMBA LT, XTFFOEBRETF R T 7 bEEXREZIZEWVWEE, PPC I PLL & RRBE
BEIC pDNA L EAEEFHL L., ZOEAEITAHBERESGT CoOMEEEER- 2ok, L
ML, XFF FOEBHENTF I T 7 PEBIKICEWHEE, PPC X pDNA EBEVWEESEER
BL. ZOEAEEISBEEEEFE-> TV, 72 PPC X, S FHENLDBAKMED EHEHN
pDNA Z < BT 20251, TOHRE. EFORFOITFAUVEBULDT =2V LHERERT
AUEEEFESOIENHEALE, =0 PPC & pDNA OEE/EM T <. FLEKTIKE CHEEET
BRED (27 4 v¥x—] RMEEERATH-T, 0 PPC & pDNA O&RMAZMBEERERIL.
RIECTE ABELBIRTHIBEZAIVELTWAZ ERHELNTR o7, Bl 21T AZEDEER CIL.
X7 VT —EORISITET LR, —F. DNA BIERIGCEEFRBITME Lz, D EofEE»
5. PPC2Fx VT LTHAWEEA., BEKOREEWAFETHL D, Miaskm & MAEER
LT < N ~D pDNA OEABR Do Z EBNEVWEETFRADEROEREFER THDB &
EZELT,

# 3 ETIE, D-RECS Oz DFHRARNY ~—ZHRE L, Y v—0iHI. %EFED D-RECS
AR = —IHEEL N, BEFRERREDEORS ., EOMERENZ L, ARORES L Wok
A EZRBRTAIEEEMNE LTRI R ST E~DESHEAES C.EOBHEEDE b,
Ry Z—L LTCESANLDNTWS PLL 2F8# & LT, AIIC PRCou FRMREETF i
L7, PKCa /%M D-RECS ®Y w— (PLPC) &k L7,

PLPC & pEGFP 0¥ A& % HepG2 Al b7 v A7 =2 g v LEzfER, PLPCO)D LT
EGFP & v R/ EAFOEEDPBD b EBHESIRTH 5 PLPCA)TRREL HENRBD b ho
ez b, PLPC % D-RECS RU=—& LTAWAZ EXNFEHENT=, £7=. PPC Tk, F#
DEBRTHERBO N0l thb, BETERADROUBIIRI LIZLE X5,

DX, ARBES T, PPC LV BEFREDENLE ., HHR D-RECS R = —D I
BT L7, £7-. &% C/lApnakt (RY v —DIEBHM/HDNA DAEBR) TEASERERIES -
LT, BRELEELEROR) v —LVmMESEHZ LB TET,
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FAETE., TNOORREEZELD. FREAOBEBEEEBEICOWVWTRAL,

AL T, BHBEEEMBEO S aT A %) —F Ca EHEOELZFIA LT, B Rimc
BERBCTEHRE - BRTEDZVATLIIEBNWT, AVATLAOMBATH =, EWVWEEFHKER
PHEROFREMHEAL, BVEETFRADELBRGCEEERFOEVANAIARI -2 LE, =
NIk, BHEROEBNEBEFREICEE—HESVWEEEXLD, LIL. KYXF LIIRFER
MEOEMICH Y, SHOBKRISAICAT T, ELRIAUEBVNETHA I, KRXNESH%DOEE
FREEFFEO—BIZRNITENTH B,

WX B EOERODEE

MRS VPV EERTHBOERERZO DO TH HDIT, T OREIMLI5R LB
BB LTS, Iy VNV E) VEBERE (F054 >FF—F) OBRBEHABERICBNT
BREINTNWS, CNETCKENFF—YONFF  EEBERTF REBEHFLZRY T UINT S
ROBEHEMEY TFL 3> (LPED 2 ELABAFIAS Doy — b, Bl LI n-Ery
FF—PEENTAERGETREESERTED C N REI NN, MFIRBEHENE N, 85
WBEMAEETH D ENSEENH . FRXTIE., ZOXSRFF—VEEHORETFHEE
DFOHTFHEEBETREDNEOBGEMY L. BREFREENEEEL. DOSRIBES R+
F P EREETFF Y UV —OBRRET > TN, BEoNERERIUTOEBDTHS,

FF. FENRVT I UILTI RTBADOY I JBEFIEET BNFA ERTF REEBELE
BAFOACTasr—hEAKRL. TN5 LTI X3 RDNA (pDNA) & OESEDEEHERITDO N
TEMICHRE L TWS, ZOREE, HELARTF ROEEWNBELRTF RS T T NEROHET
BSOS ERETIERTH L EEHENIL TN, RIFROEBHERTF RS
T NBAHEICE VWSS, pDNA CBERESEEHRT DL, EEBBESET TONR EME SR
X RTFROEBHERTT RY 57 FERNELITE S pDNA LEWESEEZHRT 3 51T,
NEEEERROCERRE LTV, £ Va4 — NOEKEDEHEH pDNA 238 < BT
ZOEHT. TOHER. HEOBOIFAF L UBHULEOT = EAEERT IHEEHDZ &0
RIS TELBELZRINTLOIREZADLEL TWS I EZMBALTWD, -

RICINSOHREBEL SRMICHES TEWREHHEEE T s2RETFFYUVP—EL T,
KUY DUEEHECETSIO051 VFF—F¥ CubBBBRTF vV —%RE - 5RL T,
HepG2 MMICHBVTHRORY 72 VLY X REF L UV — T B L THWRETRBEEE T
DEEFY UV —2EHLTWVS., : .

Pl oERE, BROBETFERECHT 2MBEEREORMELMRTIFLNEREFFy U vV —
WECBIT IS AR L, EMER, BHIME. REZHICB I SRR FEERHTIHOT
B0, ERTHEOSBICBWCHiES > EEERBDENS, '

ko T. AFEHIEL (I2) ORMEZITLIERNH DD ERD LN,
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26 ® HhEDS
A - (OR8E - EED) T & Z (EME)

oo & E W (T
EEE VARG S EMRET 95
FAEGOHANMN  CFR24F3H27TH
FALRG O EM FAHREE AR 1LY AT LEMRER AT LRI
# AL G X @ H 7074 FF—ERERR) I —OHFENRE EREMR LSRRG
i X AR A E & #H & K o £
@ & # &% W ®E N KR Lk F E E
i S TR B S

W X RN ' o B F

FE T A A TR & ME R B 7o DI b ORI BURIC S L. OB ETEEIC A~ L
THOEMLERD D, MEATEOEREZE S TWIORMIBAY IS FUVEERTHY ., B~ EES
NI IEHIC & D MRIRSETE, Sk, MIBRZE &\ o o AERMERE R I LTV B, MM S 2 SRR
FOENTH, FUNIEY VBEERE (FuTA ) BHEAY S FARERICBNT
BEERREEREELTND, Fu74 0% F—Pi s b 0BREZITRS LEELL, FHED
FURIER) VBT B L THEBEEET S, ERRMITIRT BT A VR F—E OEMITE
BICHIE STV BR, EEMBEE CIEEDT BT A L% F—EREEEHL LT 5 = & 234
bILTW53, EFLITEEBMBTREEFEELLTWS Y uF A v F—FIEBL, mF1 X
FoBI A LA CRETFORBAEMNBET 5V AT LOBEERBTE e, ZOVRAT AR
FPuFA R F—RIED ) VBE SN A ERNTF FERE L d FA R v — % E 05,
ZDORY < —1X7T A FDNA (pDNA) L #HEREFERIC IV EEEEREL, AN TY VR
LS5 & pDNA 2 L, BMEFOREREE{LT S, AVRAF AL LT, ShETIRFrT A
¥ —¥ A PKA), 7rT7A ¥ —E Co (PKCa) IZIHE LIEBEFRBAFMEICK LTY
Do AWML T, 74 —RIREEREFRERRAAME S T HOREFEE~DOGAE B
L. K AT SOERS T RIE R EORBORE, KU, 70T A 5T —EREHR Y < —
/pDNA A E DM HHRE D7D DF - 2R Y = —DRF 2 RAT,

21 BT/ RTFOEFRGAICHTCORICE LU TER L, TP THEE LA BETHEN
FuFA v HF—BIERICOSE L ETRESME AT LAOBRRERIEL, ZORE, £, B
BEFLIRIC [ V) e ASRR S O B B &R e

2 ETIIHF BN aT A %) —E8 & LT Rho associated coiled-coil kinase (ROCK) % F V>,
ROCK (T LI BEFRBME S AT AOBEITH L TRk~ e, CNETEFEOPENE LTE
7 PKA 2 PKCo I3 BACREERLRBE SN TS TaTF A VFF—FPTh B, b
XTI —EEENETHIERABRS~DOISAIIFREL 220, EE LD VAT JMIEETTF FOHE
HELEZ2DI TR TA T —BIIIGEFRETH 5, ROCK IIERIFRER., 74U
A ==L Vo TERERAB TRETLEPHE S TE Y, ROCK OFEICIGE LI BT FE B
B R AEMETENIE, BRERES, 7Y+ FRORETIRA~OSARTEL B2
5. ABECIE. T ETICEE L MNERE L ROCK EE~RTF FEEWCTT 7 U AT I R,
ROCK EHE RV F FEHETEIFAUHERY v —% ROCK GEMHER Y =w— & Lz, ROCK HZ MR
V= —id pDNA L BHEMEHRAICIVESGHEEFMR L, ROCK L&Y VBB DI L, FT,
ROCK i &Y U VEL S NI EAEIZY VERMERIE P ED I ONTHRELT 5 2 LB ER S hi,
WIC, ROCK JSZ MR U = —/pDNA #& & #IIC IR L, ROCK DIEMEICE U TRETF ORRE
REREFTBENEIPEFME L& T A, ROCK BIEMEL LTV AR THRARICERETFOREAN £

I
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B L, 2hbOEENDL, ROCK OEETF RERG LT AR Y = —1L ROCK OEMHE
WA L TR FORARERFRER Z & BFRR S L7,

EIECRE T TA I BIREMERY v —/pDNA EAEO M T 5% Bfs L. BE &KL EL
DD DFTRRY v —DRFEIToT, EEDIIINETIL, 7o T7A X —BIREMERY <
—/pDNA BEEEBABBCRITERS L, 7 A 3T —EOEEICGE LB E T FEBRHHE.
Fo, BEABRGCTFEAVESAOREINFICAII LTS, AT LIEABICH X308, E&ED
BEXRFES IV b L FHRENLEE L, TEDEOLOHTREBRINVNETH-T-, KETIE, &
M7ras A F—F¥%2PKA L, ST, S/ RAFOMFLEZEEZRETAEDICELS AVnbhT
W3, RYyxxF L7 Y a— (PEG) % PKA GEMRY - —IZEM L7z, PEG DAL PKA it
ZER Y = —/pDNA BEEEOE ., MIFF 7 BB COREELZME Lz, PEG OEARE
BE8D EEAEETEETZDOO, MIEF D DNA fEEESEIC L5 pDNA ON#E, EAETE AR
DEETHAOIFIN CE 0o, PEGC DEAREE#EI L, MEMESHER CTE 5 PEG EH
PKA &R Y = —TPKA JGEMZFMM L7 & 2 A, PEG B PKA I L A2 EETF Fo U Rk
WBEELRNWZ EERL, £, PKAKSE L BETFRAFBEOGHER CE L, . Z0OHEAE
PEHIRANICEA SN D &, MAENO PKA EHICHRE L TEERTORBALZHE CE 1,

Wiz, BAKERSTF O PEG Tl BAkEE LTalbXTu—)LE PKA GEMHR Y v —|c#
AL.PKA &R < —/pDNA E4EEZ a VAT a— LOBKEREERIC CRELSE D &
ERBTC, T VAT a—VEH PKA IGEHERY = —i3E, IFF 7 BER CRECEES R EFRK
L\it\ﬁ%@ﬁUY:ﬁvﬁﬁTﬁ%mmA%ﬁﬁﬁézkﬁﬁ#oto~ﬁvlmArié
U U LIZEE RS F REa L AT e — i FNENEKETEICAMLEZRY v — TR S
Z DR Y = —TiL PKA OIEHEICIGE LT EEEOTE, B TFREDOIEHE(L I FERR T%torm
Blzky, FudA o —VIHEMERY <= —/pDNA EEEOZEMER LN ER S, EBIC M F
BEWC X DBECTIRREPERFIND,

BAETIIRFR & LTERIXOBRELZITo T,

E EEOHBRODETE

MRV, EMEHE T 2DICTHBEAS VI NVEREREFEINEIREIAT—RE2EEL TR,
SRERIN B DIER E R A MR ASENEER L TWS, TOMBENS Y FIVRERITHIL O ERTE
BeDbDTHDI DT, TORFEIRLAIDEREEFITEEL TS, filERNS 7V F I EESRE
BRTA2DTFHRODT, ROVEEREBEO—ENIONIED) VBT sy )78 >
BivEER (s aFF—1¥) TH2, 7071 oFF—Eld3MRN TEERREZHE>TNS
28, FTOREWEWBABERICBWTHERINTVS, XBYXTIE., 207051 >FF—FIoi

BT DHRFIATLORARIIBNT, CNETRKRFTEINTE LTI —EREEEETHERY <
—HF oy )V —IZDONT, FERENREORR, KO 7o >FF—FHREERI<—/7S
A 2 R DNA (pDNAYESEDOMPREGED/EDICHBERERELTELHRRI) T — DR #%ﬁa
TWna, BENERERBUTOEBDTH S,

ET, FeENTOTA UFRF—E L UTHERBRER. wiA4V—rtmot%%ﬁ%
BTRETUENIRE T3 TV 5 Rho associated coiled-coil kinase (ROCK) % F Vv, ROCK 1T 2§ 53
fRFRBHE AT LADBEICKRIIL TV, T7/205, ROCK DEETHDIEL DY IS ED
U/@m%uﬂﬂ@mﬂ%ﬁkﬁﬁbt«7?%7477U%%mfﬁﬁﬁmme SR R T
?F%ﬁ%b\70UW7\FE@LEFLK*?UV*“?%A&LT\ﬁWAt@@é%%ﬁ
L. B8R TF RBRROCKIZED Y VEband I &, ) VEBEINESENTFEILTI &
EBSMTLTWS, KT, ROCK JEEMER Y < —/pDNA E &K Z IS ICHMN L. ROCK Mg M1k
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LTWa il TRERCEGTFOREN LETEI LA LTWS, :

X5 TOFA rFF—EREERY < —/pDNA E&ED M #5215 LT, Eakk st
D7D ORI —DREZET>TWD, £, F/MTFOMPEEREMET 572DIEL
AWSENTWERYIFL>ZUIa—) (PEG) &FF—EHEERYI—ITEMLEZETS, B
)< —/pDNA HEAEDE. MEY >Ny BEET TOBRERMFTES 2L, LHALEMNS, PEG
DEARE LITTEDL LEEETERSNDD DO, M¥EH D DNA HEEERIC X D pDNA D5 E,
BROESHEEEEOEATHRBOMNEHNTET . PECDEARICREEMENH 2 I EERH LTS,
X517, B/ PEG BETIREERT/F ROV VELZEERT. ENFF —VYIBE LRET
FEIGEENTRETH S &%, WRFSHMBEATHRREL TV,

¥z, BAKEELTIAVATO ) ERY IT—ICEAYTS I ET, RY X —/pDNA #EEKZBEK
MEERICLVEELNTEDZEBRHLTNS, Thabb, AL ATO—)VEMEY v —Idi,
MiEL >N B TERECEGHEZRMRL. BEOR) T 24 VFE TS pDNA 2T 5 &
MIRN—F T, ENFF—VOBERIEE LEBRTREOBEEMETRTH 2 & EEEL T
5, : : - |
PLEO#ET, BTORETEZEICBT 2MRGERAEOBEEZBRT ST 0T »FF—ERE
B ETFRES AT LBEEO—RICEER L, o, EEEOBHLITHES MPRT ORBEE MR
THERFREOEUEGEZADBOTHY . EHTFOH/FEBNWTMEDZEMERBDEND,
koT, AHEHFREL (T%) ORMEZT2ERNHDHOLERBHEND,

PELELwDL
R - (ARFE - [EFE) b T Foa (BER
EE VARONE = I | i (%)
EEE VANV S DAMHES 15
EVEFEENNRERE] k2443 A27H
FALR G O FARANE 4 85 1LY AT LEMBEAN 2 AT LEMPESIK
AL G X @ H &F/8y FERAWVERAKRGEEI FA—ILRU U —RL AT AICET MK
i AR A (E & #& &% K W & 8

" & & &R M o ez K K %

i C S TR < G

w X RN ' o B F

T EBTHEORSCBEERET AT /)T ) e —@NFA AV, BAEER, N4
et — EEEEHE. P27 VAN =255 (DDS) RED AT 4 BISEIC G 5
SN BRI TVD AT A INVGHECTERINE~T I T MZRD b AME & LTI,
W27V 7T LVOEBCBEETHE TR LEbbAA, T U TADEEICH T 23S M2
EBRRDODOIND, €T /HMFIEIINOEGEERMET TV T NVO—2THY ., RE®THB DA
FE~DIEHOHEFETE, HEHCHBEEITREFEEZZLEEFELTCND, Z0&F /HTFIT. %I
DDSRNAFA A=V TICRBRNTEHERMBE LTEE Sh, BAIKFERILTWS,

FChE&T /JHFD1IO2THD2EeT/ vy Fik, EEFEBREIBVIERALEZRIL L., BUCE 2
DIENTEDHEETAELTWNWD, E0®d., £ERADET /2y NE, BRALERE CEERAD
&F/ny FiEEORZEMETEIENTED, Z0&T/uy FOBEEZFIA L., BED A
— P = I TEREEIToRHELE LT T4 b~ VRER DD, Z DUEMIT. A& D BEFRINE
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BE T, BFEERBHTED NI LTHD, EITEBITHE, Z0&F7/ay F% DDS I
SR L. ERABCIEELEEY =2 b — L R V-2 2T ADOBEELRE L,

w1 BT, PAEERERENE LTEER DDS I OWTHH L, S5, ol LTseF
oy RIZEB L., TOXREFELEASNAZTT TV r—va 2o TlRNTE,

BOETIX, &7 /vy FEAWVWEary e — L RY V=RV RTARERT LD, RIS
EEEE (CW) V—¥—BH., b L<iX, ERAEANVA LV —D 2 BEORAE— FIZBIT 3
&F ooy FORENEG L, &7/ vy FILEMESN ST OKEEEIC OV TR LT,

RBYxzFLrrYa— (PEG) EfiLiz&T ./ vy F (PEGsooNR) 2. 2D 2 DDiEHRI-
W —PF—FETNETNRF LIcE ZA, BRAEANVAV—F—BRATIE, &7/ vy FIZERE
{ftbL. PEG o= ba—L FY J—2ARNT&EE, —F T, BFRIIE CW V—F —BHTIX. &
Fomy RIZERRET D Z LR, DR E< PEGs000 NR S BIEDBEY FRESEHZ N TE
Tro THHLDOERNL, NNVAV—V—L&F/ my FEOHELEDLETE, &7/ 2y FOEIRK
BIEFIRE L CEMTMAEZRHESE2 a2 b=V R ) XX T ARHFECEE, £/, CW
VP& uy FREOEBEDLETIEH, BREMCT DI LR EELT—ECRE KL TE
B, &)/ vy RERICEEEEOR S TG EM TENIX, Bl Lo TREOYHE
TEBRIED VAT LR, EMHEMEHRHESER2 a2 Fr— AV R —X VX T AOBEENH
mTE B,

EIETIE, F2ETHEONCHEREZE, WFRINE CW L —P—EER L= Fr—L Y
U—RAV AT ADEFEERLTZ, 74 b —<ABRICISET 2D DORESEMEDSFORE L
LTENEI., 2 AEHEER, Diels-Alder KISICHER L, THOEEGEEHDOY v —L L=fERL
Frarbhe—V RY) Y —RVRTFAOBERBEFBRE L,

2AEA Y IDNAZE&T /vy FIZEMiT2ZET (DNANR), €7 /8y ROT 4 h—=
WERBRIC LY 2484 I DNAREHEL 1 AREFY I DNATET /oy FavbHEns oy
fa— R U —R 27T LAOBREEZMRE Lz, DNA-NR IZIEFRIE CW L —F— % BBE Li-fs
BV —REMRES, BABMICEELE 1 A#ETY 2 DNA OBHBERCTE -, S5ic,
ER AT A E AW invivo BBRIZB W TS GEFRIE CW L—F — 2B LEZES A~ T 2T,
1484 Y 2 DNA OHBNHER TE =, '

BIRZEMDORHE LT Diels-Alder K2 FAWE VAT ATHEH., BUDHIC, EFAL RSy 7L L
THHETH D Rhodamine B ZBYSZ MDDV > —Th 5 Diels-Alder Bk E N L TEL& T/ =
v FizfEH#i L7z (Rhodamine-DA-NR), R4 CW vV —VF—%2BHE LR, v —VF —BEE
BT Lo S RREOHEMARRTEL, LrL, ZZTCHWREMEIZ, €7/ gy FE@EIC
Y Ha—r, RIxzFLrrAfIra—beElEL, 0%, Diels-Alder Bk E N T2 LT
Rhodamine B #{EfiT 5 HFIETH o7=, €D, Diels-Alder Bk L &FXTOEEENE < .
HZh =S {Ed > 72, E£72. Rhodamine B DEHRICHHEN H o, £IZ T, LV E&EEITIEV)AL
Bz Diels-Alder Btk a F A4 —NVEZN L TEREICEHTOHIZ LN TEIFEEREE L, &
bz, ¥ Diels-Alder FUGIZ L 2 {EMEI OB BEE TR T2 2 LB TE DHRIC, F4—E
¥ETHT75E PEGE#HERT D<A X FT Diels-Alder Bt %A L (PEGeo,0000DA-SH)
&y FICEH Lz (PEG20,000DANR), EIRIMNEE FBE Lok R, TR E O BB RER 1K
L PEG OBEICEEIE&T /oy FOBRENHERTEL, b, PEGOKHE*EE LR
B FOREBIDERIEDRFABRBICEEL T\, THEOREENL, &REF - BRI L, &7
Juw K& Diels-Alder R x#HAEGLEa b=V FY V=X R7 A0, JAVEY ENT
NWB I EBNFRBTET,

HAETIIE 2~3EETTORRERIE L,
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WX BEOHBERODEE

B THE OEECEEZHE TS/ 77/ 00— BEESFICHBAIN. BACH
REINTWVWD, EFESFTERASNIMENITRDENZHEE EL T, BWAHE Q280 1EE
B TED Z ERMBOERICHT AW ENETEND, £F /0y RIZCn b OREE
EEHMEDO—DTHD, ERANEZRNL THRAT %, FHIRIEEEZHEL TN, X%
XTIV, ZO0&F /0y REEYEES AT A (DDS) WA L. EHRARICSETE >
FO—VRYY—ASZATFLAOHEEZRFLTWS., BENEREIIUTOEBDTH S,

X9, &)/ 0y REEERUIF LYY I—)LPEG) TER L., SEFRIEGES R (CW) L —
PR, bU I IRV A L — T —BHO 2 BEOE— RICB 56T/ Oy KOs
B &, PEG OMHEEBITOVWTRFTL TS, TORE, EHRANSIVAL —F —RHtic kD&
F 0w RAERRICETZZ EICHEVWPEGEERHE SR BT EBIILTVS,

KT, FERIIECW L—T—BETIZ., €F /0y RIZEREAT 2 LR, PRI FERT
SR EREL.CNERBLAEHEZIY FPO—)V R Y — 2 AF AOBEICRII LTV S,
Firbhb, ET2AEAVIDNAZE T /Oy RIZEMTAHIET, €F./09 ROT % by —
TIVENRITE D 2 K84 ) T DNADEHEL, 1 A4 U T DNAMNEST /Oy Rh S SN2 0
>hO—I)VRVY =2 ATFLADORFBITHRIILTNS, 5117, ERAITRAEZBWE in vive £
BICPBWTH, FERANK CW L—F—2BELZHENATTAT, 1 A8+ T DNA O %%
HLTW3, 512, ¥ Diels-Alder Kb ZAWEKE S AT LADAIKRLTNWS, &7/ 0wy R E
T® Diels-Alder LY DEA L Z B/ LR, L DE&EHITITWAEIC Diels-Alder B{t4
BEFA—INEENLUTERT DI ENTELFEEERZLTWS, 512, Diels-Alder KJHIT&
DIERIE A O EBE TR TS Z ENTELRIC, FA—NVEEETST75>E PEG %45
32 L+ 2 RT Diels-Alder B{tMZEHELE&T/ Oy RITERM Lz, TRV ZE B LU
B OERIEO BAERICKTF Lz PEG OREZERL., TNIZENEST /Oy RZEEIES
TER LTS, PEG O BIDERIAIED BEERICEEL TB D, Aa> ho—)L 1YY
— AV ATADEHTRETH L EHHELENMT LTINS,

DL EDEERL, EEBBEOBEWSRIRICEEL T /0y REREEL LY 2 H S
B0, FEOREEM TS/ Oy REBE I THBICEBEIRZD TS Z L8R, 8
IS ERAM B FIRE®ET I HDOTH D, EMTEOSTFICBWTMED 2 EELRD 5N,

FoT. AEHFIHLE (I%) OEMEZTIERNHIHDOERDEIND,
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e - (AR - [EF78)
SR VAN =<
EEE VAV S S
FALR G O H A
FAEG O EMN

b R DT &

X OB AMOA (B

it (%)

THMHE S 25

24463 H 27 H

FARAEE 4 5858 1 IHZ Y D A7 LEMBAN D AT LEmPlFEER

FAL X @ H TyRUT v ORIV EFRLUCEMXELZDORRICET MR
i AR A (F & & & K W £ #©

@ & # & B M H B o= AW J=
i C S TR I~ S

X R OB’ 0o E B
EYOREROERSEFEDARIEAREZEMNL LEFT v /F Y ANY - 25 A (DDS) 1.
ERENE LTEETHD, T0D, HKxRBHEEORLSF, HDVRIRY—L2I Lk P
DRBHYTEENOEVE (X5 V7)) LLTHBT VAT ARHESN TS, Fexid, 73
BOU DU EAEREMNETAEMRESTF (FrFle—) THEFLY FIF v ®Y Y Sy
(KG6) ZFIf L7 DDS DA ZEDTEL, ITNETIK, BETFTOEBROBEEXY V7 &L T
@ﬁﬁﬁ%ﬁ%bfméyﬁﬁiﬁ\K%WNnﬁmK%ﬁé&@?UNU—\&6%@&&%#
ey (MRI) OEEH., DSTFHBAFT I ANY —E~OBERICOWTORFEEL £ & D
bDOTH B, , | : | -
% 2ETIE, KG6 #FA LB~ OBERT U N Y — 2OV TRI Lk, IEE, siRNA 27
VFEVR, TaAF) IEBBREOEBREECERISAPEDLR TS, LrLAENL, EKEE
EFEIZERNTOREECHIBA~DI Y AADESH b, BFFNRFRECHBELTNS, 22T
THLOREARERTAX Y Y TUATAREEATNS, —F, Hx iTREFE KG6 &BA
LTBIREST 5 &, BHRRIIFBICERT 2EEZREL TS, 20 KG6 OX ¥ Y7L LTO
HEL, BREEOFM~DOFT I AN — BT LEXDND, TZTAFETIE, KG6 #F T
FRRBOREBICHET 57 24 8H 5 WILsRNAZEE L Th TN OEBEE DL EL b KG6
DOHEFHERTE L, £, FBOARE 27 5 Kupffer fila~DF VS U —#E&5H Lz, => R
R U BRMOBEFT T A~ U ARER L, KG6 2BV THIGE(EAZH > NFxB 7 a1
KBREEE Lz, MAEFEAOFEL. FEEOHRETHLMH AST/ALT E2 L@ Lz, T0
#EE, NFxB 7 =2 A B0, Bk UREREENRIOENHERBRD b, KG6 2FH LT
FREIK 2 Kupffer MBICT U RY —TEBI RbhoT, VT, FEEMBIZHERENITRERYT
B7RUBTET A B (ApoB) #FEINEIT 5 siRNA 285 L. FFEE M I~ 0353288 2 3
L7, ApoB o VAT r— NV REIKEST24 2B THY, BROUAIK I > THEa VAT
o L DR ORENEE TE 5, 5% D ApoB ® mRNA DZE{L&% Y 704 1 AEREPCR
WECEEE LT, T OME. ApoB ORBMEIIRD bt b DD, siRNA O 5ELEFNCEE L
ROEBME RO LN, ZOEEE LT, siRNA REeE% 5 5 Kupffer fIE~bImMVRAEHI,
AV E—T xR VSRS B VIRERERBRS NI ENELDN D, U EORERE, L, KG6 11X
Kupffer fil~DOHBREEDT U AY —#ETHZ eBbrotk, £LT, FEEMB~DOFT YA
Y —ZFI A3 B I, Kupffer OBV AL ZIMEITH VAT ARBETH DL Z LBFR SN,
#I3ETIZTKGS O MRIEEH & LTORIAZRF LA, MRIIE, EERENTHEMSZEEDOR
WESBIFE L LTELBEERAA SN TV, MRIREEA 2FIAT 2 2L T, BkoH D E/D
BEDBTETHDD, BESMENEZD, BBED MRl #EFORSE2HELT S, = 2T, MRI
ERANT, TN REOBHTIERT L. HTF R OBRBESH LTS 2 L BHbR
TV (BAFHR) Ele MRIDBREZ A LS D VAT L E LT, 4= N— 7 H 38 MRI
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(OMRI) #HFFEEN TS, OMRI i, BEOLEREDESNE, REESH L5 = haxs
WTDPHANEBHFICHEFEETERLLREIR Y, —F T, MBI &85 % BETR0OEKER
BT U NY —F BFEEBRD LN TWD, THICE LT, Tx DRI N—T1F, RY =F 1L
v 7Y a—n (PEG) #{&#i L% KG6 (PEGKGE) MRS 5% 5% BB £5+ 5 = b
EHELTND, UEOWEERDLDL . AETH = uX AT D2 ESH L PEGKGE &
fER L. B TFHREL OMRI OV 7 FUHBBHREOEEDRC L o T, BREZ MRI &N T4
RERAIORELZER Lic, LPL, = a7 V0 voEMHIERMENBELBLSET

"OMRIBIE LEEHR, WTh O PEGKGE BEMEL =t ux LT Du VEEOEEIEIC RIS H
ol REAL LT, BAFHRL OMRI OV 7TV HEBHREED BT 77 ¥ —BHARKT 5T 5

birEiaol, £ T, PEGKG6 K=t u X NT DU EMHT S L OMRI EFERETT 32

EERFIBL, EERET PEGKGE »b=buX I I VnAnNKHENTEREELN OFF/ON &
B, RIS EREER R L, EEEANCRRT I Y XS ¥ S ITAI ) STy
F_N—4% (uWPA) THHESNDZEEXTFRFENLT, = buFI I Vs PEGKG6 &

L. EEHEREN OMRI SEH 2 ER Lz, uPA LRIUES TEETF REOETS Y 70
THE L, OMRISEELFTM LI L 25, Y/ T VOBERISERN Y OFF/ON Z{LR8 ) b,
L L2RB6 D OMRI EFEIE= bux T DU NVEEICRERPoT, = brF LI

B AATHRES LI TF RS, @@Jf&%f&? SETELEZOND, YIHEO= b LTOn
NOBEBERES RENIBEHELXZFATA2Z B8, W EREELZFOBBERN L OMRI &5
FIOBREFWEETHIZ LA E R T, ‘

BABCIE, AV IFLEEERALE KG6 OBBEEIC S WTRHE Lz, S RY - —
B Y SR ARHEERT S C LT RO T EEMERO RS2 RGN TETH Y
HWEEDDS ¥ U7 ELTHERALEBLALDNLD, £Z T, KG6 b DA/ I vipitfdELZR
HTro afifz Bockk, e tfa B THRFELLIVDPUVERFRALT, TV FRIT Ay RI U UD a
413%?)%9’3&1&&{&3%%&%&1,7‘:0 fERR L7z KG6 FHAEIT, a IO TFREOWMHEE, e fIBHFW
HoYELrRETIHEEEREELZONE, T T, o (UBIRMIC PEG ZER L., AT/ NSF2
BTXDEASF I EL (PEGK.KGE n=1~3) ZEMLE, SFREO e LichFF o EDT 3
) Ex# D PEG-Kn-KG6 & 21 BED 2 &4 DNA (dsDNA) DEAMOMHEETM L= L =5,
dsDNA it PEG-KaKG6 IS SN HA TR S, PEG-KaKG6 i, 30 nm BEDKEZ#H
H, RED PEG TELhEHEETHD, Lo T, #IRES%IC Kupffer IO Y A A % [EHE L
THEGHBICEE T LEXDNRE, 2F0, FEEHRB~OEBREEOT VNN —CHATE
BrLEZBND, £, PEGKaKG6 13, SEICHE L7z PEG-KG6. & R EBEFIEZ > &
BTES, 0T, PEGR.KGE D e 73 ) EICHLRE L LESEA L, BAESIC L THA
AEID AT T F o (CDDP) #FESE, ASRFE2EEL TEFEZTMLZE I A, &b
HEREDLZWHER T 15 wt%® CDDP OBFRBRD b, TOHFEFEIL, EXALT U XOHIH
NEREPHRE L ETHEOFT U NY — 2 F AT BT 5, Lo T, /\%0) in vivo CTOJME
BEBEE O MNP ADRORFVLHFFTE 5,

AFFEO—EOREIL, TURIT v 7RI VP UERLT, BxDOT U F J'?“*?%%UH% L
THBEI, ERA. A ALARIO D,DS DRFEDO—BLRDMALEZXBND,

E ] EEOHRDEE

BEYORMEROERCEFEOABRLEREENELEZRS Yy Z7FUN U= 25 LV Bl
ELTEETHD, TORD, HRLAGEEEDORLST. B2V RY —ARI L2 EDBLHTF
EEYOEVR (Fr )Y —) ELUTHATDIVATANEEINTVNS., P BO D%
REAETDHREBOT (FRUT—) THET U RIUF4 v I7RIYDL (KG6) 1. Fh#khy
MW FHBEECHBEE THHE SN CREY SV EE2ETHRE, BREEDINTEY OEES
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YU ELTHAETEDNS DN DOENZEEZEL TS, KBTI, 2D KGE6 D in vivo 1™
BWBEETUNY = H2VIEIEHMILEBREE MRD OBER. HIRARTUNY —Z~A0D
WA i)bsTiﬁﬂbTE%?‘ﬁﬂ%& FTND, BENERERIILTOEBDTH S,

7. KG6 2F| A LZFBAOEZET U N —I2DWT, FEBROHRBICHIET T O/ KES
20T siRNA OREERF L TWS, Fa4EkEE LTI NFe-B 5 a1 EER N, TR Mt
DUBEREMOBIERRET NI UARIERL T KG6,/NFx-B. 7 1 B ESEKERE L EE,
NFxB 731 #B O, B RS BAGFEN 2 SENEERIRD 5. KG6 #FH L =ik Ex
O Kupffer M\ DREZICTKRI LTS, FINWT, FEEMRICEENCRET YR ES OS5
1> B (ApoB) ZHIEHH T3 siRNA Z#5 1L, ApoB ® mRNA O L B2 WiEE £ 8 PCR &%
CCERM L 724521, ApoB ORBRAF 2 TWVWDE, ZDOHEIE. siBRNA OB EERRFIICHEE LT N
FEHEME HRD 51, siRNA DFEEMB DA T, %E%2T 5 Kupffer g~ I DA TN,
AV =T OVBEDDVIERERBENFREINZZEBRHELTNES,

Kiz, KG6 DA —/N—NT7H¥—MRI(OMRDIEEZHR & L TOFARFOLD, ZhOFI 5o
ANEEH LR ZF L >N a3 —)LPEG) I — & KG6 ZaEAﬁJZb BHREICH T80T
B2 OMRI OV FF )V HEB®RISEEZFML TN, ZTOBE., BOFIELE OMRI O 5 F )k
RITHER U, TR baF IV ONIVERE AT 5EOMRI VT FIVBEMMETT 22 &%
S MICLTWn5, F/z, TOEEZFALT, BEEBETERIZYOFF—¥I523 ) —4
7O FAN—F (uWPA) IKLD, PEG-KG6 5= FD#/wiyﬁwﬁmﬁéMTL% B FEE
ENBHESEEERAEEEL TS,

E5I. ANV IFNVEREFIA LU KG6 DBEBERAEICDVTHRIL TS, T7abb, aff
e fERGDIBPEETRELZVDVCENMALT, TORUSTy v ZRIUISIUD a BRI
AR ZER L. o AORIREIC PEG 2685 L, AN TEZEFTED2ESTFIVIVESERL
TW5, AMEHNE, 30nm BEQREZEZEFS, REMNPEG TEDONZHET. 2 48 DNA 2 R4
TE, Kupffer fiflgOREDAAZERE L ZFEEMEANORBIRNERE S, EEEEEEZFO &N
HEFETES, iz, efliTHNVRVBZEAL, B THLIIATIF U E 15wth ELBICHS
TELZZEDRHLTVS, '

UED#FERT, TRUTo v IRY U OEY, iﬁﬁ%«*ﬂv U “\7*“\ HDENEAA=DT
AELTORRBICEERARZS A, HALTMBEUT, BF BHOBTCEERGEREZRMET

BHOTHD. EMTEQHEICH W TIMED 5 % & 7 @bhé

Lo T, FHEEFRIEL (IF) DEMZRTL2ERDVHIODEHBD 5N D,
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