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KIKE (Carbon Nanotubes, CNTs) & — L4 Juir 45 i A 4 B8 4 Ji 1 37 B¢
KA R EERBEEHRMOARBEN, K HONHIT RIS REEYEZ LK
EWHRBFHRER, FAHZEME AT, ARBERZ W D i tEH5 s
FHEIER. ERVEFTD, FRBARARREYREGESRES, BIMRAMRE
R, BRKRANBREAGFRESEEETRMGNHETR. K1 S50T9K4
B MR RILFERZA. Wit E I EY R LA E R ZR, ERT
AR BRI LD AN, —AGEERMATIEE A . ASCFH BT RIKRE
FAERBRGE, EENE. BT RHBNE, UK EM-TUNEL. RT-PCR %l F
B, MNEZHEHE T BN KE (Single-walled carbon nanotubes, SWCNTs) %44
EEREA B

BATH SWCNTs s FARGMEMALE, Bl THEE. BEEK.
DNA #ifh. i&MEE (Reactive oxygen species, ROS) FAMMREF KL, ERE
M3, SWCNTs £~ EFRE L Re S AR AR VA, 3 ELIX M 2 BRIR FE AR 1
KR, HMEENEXREAK, Bboh, PEERAKECRIIERERERE. Hk
A MG BESE . TUNEL BRI RNV HoO, BB . FATKIL SWCNTs 4
JE ™ P20 o 4 PO BE AN A0 MO RE LA FUAL B R UTRR MR B RURR G54, 3R T IR K
BEFEAMRERTTRER. AHREA, RERAKERFTHERANMER, BL
FER ML A 7= b N ] B B L B A L S 4 RV AR .

KB, BIsEIF, KR, BRI, KB, BEBERAKE
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Cell biology analysis of effects of carbon nanotubes on

plant cells

Major: Botany
Name: Congxiang Shen

Supervisor: Prof. Nan Yao

ABSTRACT

As new members of nanomaterial family, carbon nanotubes (CNTs) have many
unique structural and mechanical properties, their potential applications especially in
biomedicine have increasing in recent years. The effects of CNTs on the ecological
environment and human health are also gradually caused the scientist's attention. In the
agricultural production, nanotechnology has a considerable application prospect in
enhancing the ability of plants to absorb nutrients, increasing the efficiency of pesticides
and herbicides, allowing lower doses to be used etc. However, the toxicological impact
of nanoparticles has rarely been studied in plants. It is an important prospective research
to study the effects of nanomaterial on plants and environment, and evaluate carbon
nanotubes biocompatibility exactly. Using a protoplast system from Arabidopsis or rice
leaves, combined with light microscope, electron microscope, EM-TUNEL and RT-PCR,
we tested for the effects of single-walled carbon nanotubes (SWCNTSs) on plant cells

from many aspects.

We exposed leaf protoplast cells and plant tissues to SWCNTs and examined cell
viability, cell morphology, DNA damage, reactive oxygen species (ROS) generation and
molecular signaling alterations. We found that the effect of SWCNTs on the survival of
cells was dose dependent, but not time dependent. We also found SWCNTSs can cause

adverse cellular responses including cell aggregation, chromatin condensation with a
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TUNEL-positive reaction, plasma membrane deposition, and H;0, accumulation.
Moreover, we found endocytosis-like structure with cerium chloride deposits after
SWOCNT treatment, suggesting a possible pathway for nanoparticles to traverse the ceil
membrane. Consequently, although nanomaterials have great advantages in many
respects, their cytotoxicity needs to be evaluated when they are used in the agricultural

production.

KeyWords: Arabidopsis, Nanoparticles, protoplasts, rice, single-walled carbon

nanotubes (SWCNTSs)
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1.1 FRM R

MAMERIEERBZ LR —MERRR, CLEN LS TFEERT AR
Ko GRMEBR—FNT 2T MERE A Z R K WSHEL, REEZEZN
HEDE TR RETER (1-100 nm) 2k BTSN B A Lo RN,
BIEHKFAL (nanoparticles). F1K 4 4% (nanofibers). K& (nanotubes). H&#
¥} (composite materials)H! 7% [ B 44K 45 ¥3 1% % (nano-structure surfaces)?, 44k
PR RSFIRAS, SM%ssk, BT MBI ARFEN. BFRITEUNME
RETFREMNERE, A EREEFZMENMER.

PRMHBREBZNFRER D, & TRNRTES T5ZWAL T35
XRP, HERDTF 100 nm i, FKRBEERERFHS BRTFHZLEEERED
MR, ERK 30 nm B, HAHE 10% R FHMERE; Rl HE2MFEZE 3 nm
B, FRREFRFHECE G REFHN 50%. REXERZLRE T HENEEE
Hg#H, REEHHHARZHEREFEETURE R (BIamgiek, 49
BRMES, BRRKEAMEEYAREGHEEM) REFEN CHEE, TR
E, BREEs) »I,

BRRSFNZ AN, BRMEERRHF S, b2, PE. LERBREHTE
MR, BB ZNHTHEER. A AR, kS E. thdh. METa
EYEZEEATE. Ak —E MK (TIoy) K —E IR InF bk &
o, MERTCARECER SN, T EL AT ARG AR, TR Rk C BUSRAh R B B
SMEFIERSY A BUESME . BT, HASEEH B &9k = SRt i

REE KBRS, SFEANMAKRENYEDE UEFHARRRE
ABMYBEER AP, MIETEMER P EMIRININOHLBRES . A 2006
FREFERNBEANKERBEBACEANGBESHDIREHRFERPRAGK
TR0 A H g ok Z AL BK T E R BUN R AR 45 B L 45 R 5 S B B A

1
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B, kR 2 59\ FFEE RTE S KA R R B XIS M AR B RARIZ M. M 2003
fE#2, Nature M Science FHUR G CHYSRRILL, FHITIRGUKREMEE
MR I LA R it B 385 8 B £ S o ) R 243,

Rl RANE FIGORMRE RN TE TR ERER, R HARBIGREARTT
REHRMEE, 2003 FLAE, £EH. KE. BEH. BAFREEFMAHETEK
BRI R, BBIAKFHEEY ZEERIBTA, 60 2004 45 B E K FRFHRK 400
T RTER 12 FIREFRAKMENFERAGTTET LB FHFA. FARE
B BTGRP RS R B GORFPRI UK B0, 90KR T X R 1E
HIALRIEW: ABHFRBRAKETRE PR g m e, RENE
KERFZESER, EXRFEMEM%RIMBEE T -EENRE. B4kt B
RARED Z AR FNE SR KEERERKM,

1.2 RAKE R HP R FEET IR

1.2.1 BRYCKE R

BAKE (Carbon nanotubes, CNTs) & HAHFEMBE LXK lijima 7F 1991 £
BANRIM- RGN, R B A B R T 2 40K 5 ) [ A
1A, B E S LRI, AR R B % SRR T DLk BB A
K% (Single-walled carbon nanotubes, SWCNTs) F L EERAKE (Multi-walled
carbon nanotubes, MWCNTSs). HEEGRZKE KR ERA 0.75 nm-3 nm Z[7], KA
K 150 pm, BZEEGFGKENERA 2-30 nm Z /8, KK 0.1-50 pm, EAELA

0.34 nm!'"1,

BAKERGFSMSEHEE, WERR, WA, AAREFHIRENE. &
R R R, IR KRR RGN 100 %, HEERESRAIG
4, LM S 5, BESSRNAEHY, HAEREFNEIN. BEGREFE
FRUERZ SN, BAKEETELYERN. SREHIMNEREFRMTER -
T . ML RBEE HAKE RAK PR R R BHR AL & BRI B R B AR
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BTRILHR, AW, BN LUIFRHE LM, AR, RAXELESHEA.
EY LS. RUMRERAE. WITEES AR REFHN AR

1.2.2 AKX EHEHREH AR

FEEBRAR EEEYE ST E N AT R R, X FRAKESAREZ
EHMHREBEREE, BAKRELTAFARELHTEARPHRRETEAR
R4, BE—EmFtt. BAER, BRIKERENFAMINE, FEE
FE R AR X R 25 2T, BRAK B RE R SIS AT, 5l g kg,
% S0 & A R T8 33U 80 B R Tk BONF~« B2 2301 B2 2 41, Cui %:(2005)
FRBEBRA KR E B ARG EHH 15 KRG, KIHBERRPUKE GERRCH i EL i
RES, WA T R REERR AR B IE RE R A LA, 4R M FE A 4 GO/G
#, S PAREERDO; FFE Ding % (2005) AL BEMRAVKELEA K KRE
YE40 MU & B M PR A ZE G2/M BA™P1, Nicola %5 (2008) FMABEmANKE. LB
BRAUKENRENRESYE Jurkat 4043 24 /DE, F M7 BRRAKE
fes | REABARAL, 3 BiXF W S IR R X R0, F MR BRI K R
FEMIEF A 8 (IL-8) HIBEKE™%), Pacurari % (2008) A M1k 882 54y
KB A E AR IEH FUGYE R 52 40 4 24 /NI J5 R IR SRR B 49K B 1 R 40 i DNA #if5

[29]
o

BR LR RMERAKPKRE AT LR FAREFERIEN, BHEHTRRAE
BHHFEHA K. Flahaut 55 (2006) HIMRRIELALZE SR (CCAD) #I1&T
ERARKKAKRE FRRSREAFRERRD, AEAEKILEAELHAEE
Rl HIrh R R Bk MTT RIER KA AN, PIRE RRPEM KK
EHREMREE,

BT SN HUKFRISER Z 5, BRAKE RS 1k 3 B A2 R A T
WS FIEM. 2004 F Warheit %4 5 mg/kg HEERHAKERIGENDRBSE T,
RIAPRAIERERE A RERN, &8 149ABARTA BR/PREM T RES
RYEBZERE, ROLRBRBHEIKE RS D BRI R E N EHE, st
HHFRIELRAKEEND BIERE 5 e 5 8 AR P 3B /B, Rt S ukAd
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R, AHGE R/ BEE S R BERGOKE B A A RE R B HEIE A,
123 BAKEARELERHEER

EFRAHFRBEIPKRE R T RAAREN RN, EERRERIT FRAK
BEREDERN REERMEELT THEAEN . BRTAEZXNMBEREZS, Jia
ZHER 1.4nm, KF 1 pm. HLEREEBRIKENER 10-20 nm. K& 0.540 pm
B2 BEBRAKRE B MU ER A, RABEAKEHARELTTKT LB
HKEPY, Kang BHARPATE T HRERNKE LS EBRPAKERRESF,
ifi LAEARRAK E KPR R EFER RO XBR R,

— SR R LA B AOK S R 5 1l 2 o BE AL O B R B B BRI L B
Kam SHRRARUHTT RBTERRE. EUERRNRARNRBERPKE 1
/1N S ) HLGO A1 Turkat T #Hffl, 4R BRREIAEK REBRAKREF LW EH
AR, Sayes % (2006) it T RRBREIHAE BB KE MM REE, R
LB Q0K 0 40 HE B 1 S5 Th R Ak B A 517)., Fiorito % 1o B 446 G SR BE GRG0 K
AN BRI 48 /BT E RS THA T SRR SEAI M (P ), RINALILAY PRERR
PKERIIEKY 4%HMWFET-1®, Chlopek % (2006) #5754 I L BERR AU K
BUBAERARMETARERNARFEERRN, HRERRAARMYEE
¥, ARETFANE-6 JL-6) MABHENKFREVERNL, FiZ/HRN
EEERR ALK B RRI B Fh A M B B TR E N

BEANNAREGERZZWAKTRAREFENENFTZ—. Wick FXTHE
AR AW AR E AR, AT DR R R B K B VR
BARE LSRRI, ERERPREARE, dRREAKEE LI
BRI KR EEMBRBEE. R T S HARFHFRBREAKE, HROBE
AR RERDORET . 45 R RILBCAR B0 K B 40 g 75 4k b 43 O B 0 U B O 4
BEK. ZOTFRENEAROLREPRE RARRONERMRST, EHAKERT
RUNERLFER BN, FHEEMEKR. KT, 5IHRK Tian FHAT KALE
BHARENCER R BN FEHRAKE, RIKAMK PEEBIKE K
MR RIRC T, SRR R AL BB K B A SRR R A R ER

4
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BER, FILHEERK. X5 Wick SRR, TREHTERTRAAR
MARR CAlRENMEARTARERAR) R ARKSR.

BAKREAET SR P SMEH LS REMLR, Wk, B%. Kangan FHA
TRERAOKRE T RARRBIETE M, I1EEEH 26%RELTIK R
BAKENYUE 0.23%HENFMAURAKELERERAMER RAW264.7, 5
AR AKREML, RALESRNEREFIREFARTEELHNR A H
B, AAHEFEZHETARNBEREIK (GSH) ME 8, REBRIEMLD.
PR At AT THE T B b Bk O P AL T A TR B M b EUL R R = A I B SR R,
Shvedova FRIE T RAMMA LB POKE CHYRT AR K ARG RARAT
PR ARG R RRRAOKE BRI A, K
MR L B BENL ALY, BRHK (GSH) KFRD URBERZRIANEE
KA. BRMASRBESHGREMICEN, XRIPERPKEDRRIGLE
RIS ETHAREEIMEM. soh, Jia FRAEHERERRLBERPKE
(1.14mg/em®) BEME] 20% UA LAARHAEKDY, BT REERYKE KSR 90%,
FER R &R R AR .

BRAKER S BE--HE -MEUBRIEE, FEFREIA—ERENE
EEHERIL B E . Dong FHIR T AR REFHEFDSBRAKEDRFENZ
K53, SpIO RO MAE+ HRERERY (SDS) M+ 4 ERKMM% (SDBS)
HEREERRAKE N 132IN1 A B4 Mo A B Bk R B FRRa Kk BRI SDS
SDBS F=4/). M4 SERE (SC) MFEE DNA H i) LB G ah K X 40 i ) 14
HEMFEHRBA . R RETERTRAKE N REENNERELSE
IR B RN o

BT ERFEEZS, BKENRT. WREMR., L RS0 R ZmE
MO EEREC, FRERTRAKEOAREEN, HERERTLENEEL
FEH DER,

1.2.4 BRAOKE BT LS

HET, MHEAKESEH BB FITTRERD, —LB 38 H R AR
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BRAKE WA B bR AT 3 B S0 LB R R G K
FSAREFIE (ROS) BRAME L EME M= EFHED 20, g%
BR B AR 0 B 4 ™ A R A U RE A B B Tk B (NF«B) {5 5 ¥ F18%, ROS
Wi IxB #88 (IKK) ¢ IkBaBfRiL, T R BRILK IkBats NF«B 48, NF«B
MFRHBEZA, 5 DNA 48ERER, SHRAMNBEEEBRRE AR, &
WA WRERT (TNFa) FIL-8, HAFRBTER, SHAMET.

#t4h, Tang EHE#E (fullerene) BFFIR A K WNT IR tH AR RHER T
YRV Bt B A RBRGT R KA RO EEBFENH. Kang ZAFRKE
T RE ALY B A KA AL B KA B K12 E.coli K12)fEh4R tH T 48 R g 1,
Kang SHHAERRARGHEREBKEEMOKXNBHERZEE, BEXBTE
RIEHEFF A REBR GO B HIR R I R4, AHBEENEER B R KBTENAR
BOL™EZR, KETARTEE. RN T XEFEEFRTARASYR
FIDNA #1RNA &8, RILAEHRAPKE LB K E R R DNA. RNA K& B
Hoxt AL & B4 B st 5 50 2 £, iERARNSYELINt. Kk, ZBR
NI A T 4 K B 6 4 AT D B R T A KB R A T ) 1 ) e 2 B R A
FEZ M5,

1.2.5 BRAKE XHHE YA R Wt IR

AR EARBUENIARKRE S FREHDRNGAN, ROFRTHKME
SHHEYMREWMEIRE. Lin % (2009) HXFHZERPKREHRT WHIHET
(Arabidopsis thaliana )% 41 il 7& T87 i) 40 e 344157, FI AR ¥R (10 mg/1, 60 mg/l,
100 mg/l, 600 mg/l) FZEEKMKE (FHAAERERERHRAKE) LEAEIT
BEFAR 27 R, RUTHARTE, B, SEMEESENTELDEILE
(SOD) HiEsiE. HRERRPLEBRIKELHEARE, ARTFERD, FHUT
B, HEESERD, SOD BEREMIK, 3 H R AR/ MIIRAKE X 4 LA W
EHE.

HYH R RV ARX A TR ARN EEREZ -, TERETRN S5
AR BT HHREMANBARRERE, SMRSFREEANEVARE. BN
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XERFAZ IR, CEEHARERPKREREAED KD FHRASIDA
Harp 530, e b B B AR R A K BORL R 125 DNA A2 25 S\ 23
9O BE Y B AE B A e Lin SRRSO LR B OVKRE e 5 S A 4 M F
MBI AL BIM AR, H B AIZH P DNA 4 FA Y4 b,
i B FUL MR MK EREEMAEN R TR E A S, HULT R, HEEHK
GEKEE e MBI 24 b R 1RE T RER

1.3 EHWEF 4 RIL TR

MR REV RN —MEREGRR, RE\EFLTHH-RATSAHFR: 4
FRFE (necrosis) FIFEFFHEZIMEFET. (programmed cell death, PCD). #HHIiRFE R
A AT R PR R M TR SRZIUR IR SR R - P A B A
FETs, XFFETCURA R KBRS, BRI SRS, SIEARA
FRERERN, BAEWMENEKKERIF. BFEHARFETCREDBERE
SR EIHSEEWE T, B 85 NEHERSIFRYRAREEE AR TR
O3, R—FEZN. ABEENOARTETSRE. XAETREFRASHAERN, &
REEMENTZHE, SEYBREKRETRERRE N

B R T BT R B T AR T3 e, 1951 48, Gluckmann B/GRET
MPEFUIE S, ERES DRSS P ESFEZRE; 1961
%, Karl RRXEEREFAARETHEARSEYEEERR NN EEY.
1972 4, Kerr FHAEMBRESETRAT —F EBRFEHSHFILET SRR
MHIET- R, WHS L NARAT: (apoptosis) ), FFINHAMMAT- BT
- FALER.

Y PCD RIFF R LR, 1985 &, NEBEIAT EH PMEHLH MR
BrhBmanaEk, 5IH 7T PCD Hta&. —--Hit4 90 E/A¥], Greenberg %
R RF AN B RN AP MIRER, WS, REFHREMN
FEASUE. BN, Mk, 2o, BFEE. BERGES£S%E
XY PCD 1T THIF . IEERBARIUESE PCD " EFAETHMEK R EHEM
BRIETURERE . S FSERIB RN, WERRE. Bk 2R, REK
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SRR KSR EERRTL, sommBa., BA8RERT.
B Z A B RFE T % B A W E 16 51 % #93d 8UR B (hypersensitive response,
HR) "*7¥1%  Jones A4 Hi%) PCD MR X BEHE=AHE: £HHE (terminal
differentiation). HMFEE. FEE MK FHRSA. BWERF LEERRLLR
FHSIERHY PCD™®), % PCD RAEMB Y4, —RAEMERENRE, £8
FEALASIE R,

1.3.1 EYERF A S TR

K% PCD WY HA MR SFE, TERIN: AMRBRLED,
WK, MMM R R RS, RO RER A% ARBRER R,
Wk #4940 HLT AN MR R R B FE A T=/MA  (apoptotic body), 4
R R R Bk, WA M-S YEs i, BRI A N i 4
FERS=ERT/ME, ARETEFARIREHRES, ERFERTERE PR
WS 5MmANRE, £ SERTHRRTASRKRNSREN, MEERARET
HRESAR, SERRITTE R SHR %,

HEYREFEA R A AP E ERRE E BRI A AMRZA DNA K34,
FERRIERER A VIBER 1T, 40 MU P9 DNA £E 4% /METE B X B 1) FFRf# A LA 180bp
AEHREREMER B, R Bk L2 RIEK PR &, DNA
Wi £ 1R 3-OH 377,

132 EYRBEFHARIE TR 8%

5 PCD KA AR E, BWEERMAMEESAEEMELRIE. KE
PCD MMM SHITEM AR EFAREER, WIBHARMHEEFE, M
HZEHEN BT BHET URE X 2 425 KL PCD. BT BB NEH
MRS ZLRBAET %, HaEREE R, 2RRNEmArERENERE,
ERE T LLE 208 WS B4 A% 4 SR B A &k, 3 HTLURE S| PCD
RS AIAEAL,  FTX MR ST IR A A VD 4R

PCD RAR, WEHEBRAVIEES, S35 DNA JEMEHIERTR K 180bp %1
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MINHEBHMH B, T DNA ladder™; Ti3F5C40Huf DNA BEREBENLAE, HI3K
I R A ELE S AT B DNA &4 - (HEH AR AL K4 PCD A M #lae™ £
DNA #5 F B1®. ¥4 iR % PCD i DNA Wi AR KM A B, EATLLR
FEEHikiE (comet assay) ¥, ABFAENT DNA FRSB LA, DAPI
e 5 AT AU B B R DNA W% . SERIKEERER, FiTaRHED,
AR R R ARELE, BRNEEERN Y ARG ET.,

TUNEL (terminal deoxynucleotidyl transferase mediated dUTP nick end-labelling )
RIFRE BB BT RARERE N S0 dUTP B O RmIRCHE, &R0
TRABE. YOE. RN, ZEBRTRH Gaviieli HFE ™, FHAMRMAT
R A K DNA XBENT R ol — 8 L B BB O /=41 3-OH ¥, AMEBERTR
Kimb B (TdT) BEMT, BEEEBEZERNTOCE. SELYEE. BRIk
BEal AW RTE AT EYIFRCE) DNA B 35K 3, A7 148 M #4391 . TUNEL
EXFr LR FEWENESHE S HITE, N 5e 80 gz s o Me AT
ST B 5, Al VTRt S A L T Y ) A L 2 RO T AR HE . 1999 4 Goping
SR EHARBREN AR EE LPY, 0 R AR B8 Lt A AR A T 48 Ha A
To. BTHASEtE, TUNEL #ACh B oY R F e i i g F 5.
[&]Ef . H LM-TUNEL Al EM-TUNEL 8#l, Yao SFEBR# % victorin fitif P& M
FERAERFHARIET, #RLZERE KAV EM-TUNEL BoREIEF
e b A

133 EHASHYEF ARt T

&% (Reactive oxygen species, ROS) 2 -KREBEILAES . RERFELHITR
NEYE, MEEAREF (0). TRLE (H0.). ¥AhE (-OH) %. #H
YA SO £ R@BEMR, WMHRETEL Mehler RNF=4£E O, A
H,0,, S&KIAEINFE NADH HIFNT4 0, H,0,, WENYEHEL ZHRE
A H,0,%,

ROS B8N N ZAMABKNE ENEITY, EYARAE LHER ROS K
i, mBELYELE (SOD). HiFMRTELYE (APX). T84 E (CAT)
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%, F4M%Z ROS IEH . Levine ¥R F K TR VZ AN ESE H0, AV
HEWAR AL THESH T, 2R 43 BUR M (Hypersensitive resistance, HR)
B4, ST SRR E MIEHE R, ROS A REFHATERTAFERTRES
HSNEM. AEYEBREEREURESFARILTLEE D, ROS KEFET
HIMEE. MR, LRk, HRAEFERRMAL, Yao HHHBEERMH (CeCl)
ik, BIRER victorin F FH|EM K% PCD R, H0, HALEL 4K L~
HRBRE, 24 RAE Y6 R DNA Wi, 3F BFE k4 %k ROS &ALk
1k PCD R4, FHHEREFLRIAR ROS Rif iy PCD —AEEREY.
HEr, AIEAK, MK PCD d# Y} ROS AIAEREI=ANHHMMEH: —£
RIKERENE 59 FHFHEMERG S R/ DERENEEFANRKE PCD;
=R AR R EFRFEP,

1.4 FRBHBFE XL EIF

4% Joseph 1 Morrison RiE, AHRMFMET L, FUOKEARMBATRNETS
FHRITHRR. PERRLW. HREYREGFES ST E. MELRBNMELE
B R F AR BRI GRS B R AR R, AR T 2 BT e A0 R RER
Ao ERARPKERIR T RER ARG A AL T AR A ABRE AT, BRER
HARERFE, LURDXFBRGR. JK B AR AT DUEE 8 A K T
WD R LG R s By B AR AL TS5 B R IR B AR 3R 157,

BAKERET BRI A%, HEMLENARE, BLEREETAORAR
IR BN HT BT SR AR TR IR 3R« Lin %5 MR 50R B 5L BEGR A0 K REIZ 61 .58 DNA
43 5 ok 5 R YD 0 D ) ¢ OB T 40 AR \ U4 M pi #8101 Uk TT L, ARBERRAN
KE A B MBI N H B D40 A AR A T RERY.

Rifi, BAKREEANFEREDRARTECRRNAHE, BNEHFAERK
KB CRRBE LA, BAXSHEAEPEDHYARNALHY, BCAFFHH
REROFARKA S, BIRE HYH R mEEERIE. ERFERAK
BIEWERN, TR R EF R EN, R EER MBI,

10
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AXFABEFMAKBRERERSE, $4XE. BTFEREAE, UK
EM-TUNEL. RT-PCR il FB, MHHHEERIT T Rk BB E X YA
KRR . AR — SRR EEH AN 2 FHEITH T 26,
BRAKECEY PN R T - R KIE.

11
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T KEMBFIRZE

2.1 KM H

¢ EFAER (Columbia, Col)

K¥ HZAHKS (Nipponbare)

YR L FEEDOGRKERR L

Ykl BEEBLKE (SWCNTs), MTh EREEEHBMEILEERAR
HAN 1-22nm, KELAN 30 um, RICKENHAEKRT 95%, Hbrak
BAKEHEEKRT 90%, HEREHAT 380 mYg.

2.2 LH R

CM-H,DCFDA # B Molecular Probes (Eugene, OR, USA), DAPI # H Roche
(Shanghai, China) , Fluorescein diacetate (FDA) fl Trypan blue 4 H Sigma
(Sigma-Aldrich, China), The ApopTag Plus Fluorescein in situ Apoptosis Detection Kit
3§ CHEMICON (California, USA). Cellulase R10 ! Macerozyme R10 4 Hit %
LERFEDBIARKRBEMRAF (Yakult, Japan, #EM4%%), Taq DNA BE&EWH
Takara 22 5], cDNA —# R # X EAF & B Fermantas 22 5], RNA 2R Trizol
Wi B Invitrogen, #ETERK (activated carbon, AC) W B REMERLZEAN, Hitk
TR AT ML ERF SR Al

BRI ACH .

5 mg/ml fluorescein diacetate (FDA) (in acetone)
1 mg/ml DAPI (in ddH,0)

100 uM CM-H,DCFDA (in DMSO)

50 mM MOPS (in H,0)

12
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10 mM CeCl;3 (in 50 mM MOPS)
0.1 M CBS (in dH,0, PH 7.4)

5 mM PPIX (in DMSO)

50 mM C2-Ceramide (in ethanol)

SWCNTs A 75 ¥:

FREUE R SWCNTs, fA W5 7RIk 1 mg/ml £, Elmasonic S30H
STV RS AL 30 BIRE RIS MERE, BT 4CRERH. WREREL
B2 AIHBRT RREIFBEIRES | ST 8. EHEK (AC) BHIHER
SWCNTs.

BRI B (25 mD:

0.5 M mannitol 2275¢g

20 mM MES 0.1066 g

20 mM KCl 1 MKCI #:4% 0.5 ml
1MKOH il pH5.7, €& Z 25ml Bl PH{E.

1.2% cellulase R10 03g

0.3% macerozyme R10 0.075g

Z1GHS, S5°C/KE 10 min {29, ERAEREFN, RHEZFHE.

10 mM CaCl, 0.5 M CaCl, 85 0.5 ml
SmM B-mercaptoethanol 70 ul

0.1% BSA 0025¢g

MRS, 20CHE.

W5 15553200 mD®®:

154 mM NaCl 18¢g

125 mM CaCl, 27745 g

5 mM KCI 1 MKCl ## 1 ml

2 mM MES 0.5 M MES £} 0.8 mi

13
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5 mM Glucose 1 M Glucose 81 1 ml
1 MKOH i pH Z 5.7,

B5 SEFRIBACT :

Solution A (100x)

H;BO; 03g
MnSO; * H,O 10g
ZnSO, * TH,0 02g

EEFKEEZE 1000ml, 4°'CHERE.

Solution B (1000x)

NaMoO, * 2H,0 0.125g
CoCl, * 6H,O 0.0125g
KI 0375g

~ CuSO;4 * 5H,0 00125 g

ZEFKERZE 500ml, 4CHEFF.
Solution E (200x)
Na-Fe-EDTA 367¢g

EETKEBEZE S0 ml, 4CHEHE.

BS stock solution (10x)

KNO; 25g
MgSO0;, « TH,O 25¢g
(NH,)2S04 1.34g
NaH,PO, * H,O 15¢g
CaCl; * 2H,0 15¢g
Solution A 100 ml
Solution B 10 ml

Solution E 50 ml

14
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EEF/KEEZE 1000 ml, 4CHEHF.

BB 415M BREMER (PH74):

AW: 4/15M Na,HPO, * 12H,0 9.55 g/100 ml

Bi#: 415M NaH,PO,* 2H,0 4.16 g/100 ml

BAFE A, B KA, BIF7324R PH # PBS

PHQ25C) 6.8 70 12 74 76 18
A#W(@m) 245 305 360 405 435 4575
B#(ml) 255 195 140 9.5 6.5 4.25

REB-ZRPRE [ e RACH:

25% glutaraldehyde (GA) 10 ml 16% paraformaldehyde (PFA) 10 ml
‘ + 15 ml H,O * +10 ml H,O
10% GA 8% PFA

10 ml 10% GA +10 ml 8% PFA
20 ml 5% GA, 4% PFA
‘ +20ml 2/15 M PBS
40 ml 2.5% GA, 2% PFA, 1/15 M PBS

1% OsO, [f e A H
1 g 0504 + 25 ml H,0 ~ 4% 0s0;4
8 ml 4% OsO4 +8 ml 4/15M PBS+16 ml H,0 ~™ 1% OsO,, 1/15 M PBS

JRAE T B e v S
1ml16% GA+ 1 ml 16% PFA + 2 ml 4/15 M PBS
4 ml 4% GA, 4% PFA, 2/15 M PBS
¢ +4 ml 0.6 M mannitol

15
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8 ml 2% GA, 2% PFA, 0.3 M mannitol, 1/15 M PBS

£33 %] Epon 812 (polybed 812)A2 7'

DDSA 148 ¢
NMA 9.2¢g
Polybed812 212¢g
DMP-30 07g,

SEIMABTH R, ZBHAENS, BB SH. B Polybed 812, F4H
¥, BEMAMER DMP-30. HiHH4s, METHRESRHE, BT THRBENRE,
#H. SEFAES RS, 15 HBCH BT .

£ 157 Spurr K27 :
ERLA4211 82¢g
DER736 286¢g
NSA 118 ¢
DMAE 02¢g

FREW=FAA, EEHHYS, BRUN<E. FMA DMAE, o5
HEHNEMETRESE, ET4CHKEERM. RIT—REH.

FLR M AIAC T -

Lactic acid FL.E 10 ml
Glycerol Hi 10 ml
Liquid phenol %} 10 mi
dH,O 10 ml
2.3 LKH

e B

BUER MM A FE 10 m ELET, MA 0.1%MEE&E, BT 4CKHK

16
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BALHEE 3-5 Ko 735 8E O 8 EOKBER R T HEREMASERE, TIE FRFERLE,
HanfEe P8, AMEE—EHTRNPEKERFLRE, B3 —-EEBHT. FOK
BAENMHTE 0.1%5MERES, HAKKMBBEEKRER AT R THRENE
R JHHER--LCRERB AT HERERER. Bf/EEHELEE -2
+, MFRFRER. ARFHPTHRNFEOZEE, HiEHEERER
#EX (FEABNESIL), EFER 22°C, HHEREN 4800-6100 lux KR EH;
7%, JEREA 16 DR 8 MR REEE. HEYKE 4 ArFRER, EOH
SAFTEI B IR BS BFW. UEIFARE, MEZIRFE EEEFLATER
RS, BUREK. BRATETPREE L, BOKRERRTMAK, FKAE
JEFBEIFL LS, XFET@ G B R R LSRN AN N RN EET
BEHIGKRE, BEATFAE. BKEZWAHTHR, MAERREZEERKE
B,

KRB

WER KM THT 37CHAE LR E, SRRKEHE ., ARFLH
Eofs, MAERK, BERFOKEHTHFERLY, BEFRoEEEk. §
F#K.

JRAE SR F 3R BX

1. EX 2025 RA/Mul s FF sk LK/ —BUfim & 40-60 f, Z&MRAKMEE 23 IR, B
=D

2. BHRBERFRNMYER ERTFRBAKSEBERERK L, H1m05M
HER, HEF K XE TR YR | mm® KBEA

3. BBERPDMLEACHE 3m0SM HERMN 25 ml /- OHEER T, BHOSMH
HFECKRE AR ANTE, #O, BhHE 3060 58.

4. WEHBEE, BEMAEE, UESHAVE. BUHEAT 308, AEKsH
FEEFERAOFESEBHEN, THEBREADRER, MnNEELER.

5. #O, FREGMHEFTKE 24 /hat, FEHR 40-60 pm, —MK 2 /Nt S W EEEE
BREHZRE, URERBTHRERHHE.

17
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6. 40 pm JEMILYE, 800 rpm B0 1 IR B RAR, F EFHWR, A 5ml W5
ERBEREHEL, Hik2KE LHEBREYHR.

7. MAER WS BRBERFET 8-10CHE.

KB RIS 5 5 Bk 7 2K

SWCNTSs Ab 3 R A4 F AR F 40 Ml 77 3E R 0 #r

BIREAIBIETT (Col) M-PI4HHLJR AL FAF/KFEE (Nipponbare) 3LH E4ER
A 8°C-10°C W5 BB BUE 2R BE (BAVHEUR 9 KHE 4 & % 200 NEE A
H) %M. 1 mgyml SWCNTs 8 H W5 S RMBRELRE, I EEREE
1B AL HE 1 SH40fF SWCNTs 43 #3945, AEEBF TR KL SWCNTs HI-& @R
E, SRMXIER, ®Rit 5 ug/ml. 25 ug/ml. 100 pg/ml SWCNTs I3 B 16 B REE,
¥ HIRFER) SWCNTs A RAEFRiA R RIES, B 22C, EREE T0%KCHRE
FERAFFEE R . ARKBFEE, 4518 100 pl JRAERE, A 1pl5 mg/ml (£
WA 50 pg/ml) FDA ERBEEFMATRE 5 280, MERTEARTH SIS MK K
B, ZitAREERE,

il 25 pg/ml SWCNTs 4B s 7+ JR AL A, SR AR SR AR VR BE d sl A Bl DU 1 )\ AL
BILE—E, ARANEREBEREBME (Axio Imager Z1, Carl Zeiss) TWESE
a0 e R 2R AL 3 v B L

A1 25 pg/ml SWCNTs 43 571 10 uM PPIX, 50 uM C2-Ceramide 21 ¢4t H il 3%
FAEFE, KitARFEE.

M EETRHFR =R L BB RSN FEIME rHE T 2, 4117 J7 & 81 PLSD
B 5HT, p<0.05 A E RV #EER . A BB E L Statview statistical package
5.0.1 for Maclntosh 434734 52 K.«

R BB MR

H 25 pg/ml SWCNTs b BIS FF R ARk, B 22°C, ZEBHE 70%KEHE
FRFFEARATE, RRFIN BT FDA f1 DAPL WE LA (100 pl FRAFAN 1
ul 5 mg/ml FDA 1 1 ul 1 mg/ml DAPI, FiEREASE 5 240, ARELEME (Axio

18
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Imager Al, Carl Zeiss) F WER A MM EZW. A 1 pM CM-H,DCFDA B4 42 10-15
e, RO BB TR LE A FNH B ROS K4, BURKEKKN 450-490 nm,
B Kk 500-550 nm.

RLGE IR R

L.

10.

EUbt: BYERHH, HKBRAS&ES, HERNTIARESH A P12 mmx4 mmff)
WM, BANERHH B 2RI D R LASERD) , RERNRHE R
/N BIEHT
BB E: BMMES, 2.5% R _BEH2%ERFEACHEE 12/ (TESEK
BEemn, BKAREE- A
1%M10s0s: W EFTEEH, BEHR1/15MPBS, FHHE3R, BKSHEh, BRA
B BB, 182:PBS, WMIBMEMATRKEK L, MOBILT, FHRKKER
FIRARERIPBS. MABEEMN1% 0s0s, BT TAERT . 4°CHEE1-1.5/0 .
% 2:1% OsOs [E WK, ABMKFLESIK, BIRSH4, BRI RNBIER, #
ZEEK, BEBBAIMAERKE L, MOEILT, EBRKKRTHEAR S
BRERK: KIXIMA30%, 50%, 70%, 90%, 95%HIERE, 153054,
AN REBIR, FEHKREBRES. 100%MTKZBER3IK, §iK30-60
4%k
BHTKZE, BRIRET, REMANI0%HKE, B3R, FRSHE.
REKRE, 1. INEEA/ARREE, K.
100% FIEIEH), 8. ESLETRER, R FEIHRLAC HH100% B 15 AR &R
ERTREME, BB , FHERDOBZFHASH. 60CEA12/h
e R (half-bed) .
BE: THXKR, MOREME, EFERTLOREANERERE, HF
BRBHROME, BMANEERMCERCBEE SRS, 60CHSS 8, HRAM
PrELRMES, MR, FRAMRMORZIEHNSHE. 60CHAEHT2M
i

YK BREEM-UC6YI Bl 4R TIVIEN 100 nmfB I F, SMEH, T

19
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&H.

11 Befa: BERRENMURLR @304, RIBKRAHED, RTHEMN LEBENK
5, FrERRAYREF A (NaOH BRECO,) Refi155r4h, RIMKIES Y, A
W T4 9 L% B KK 43 o

12. W #4 (JEOL 1400) MEHio%.

e (CeCl) R MH,0. K4 MM, #SEUHE ML
10 mM CeCly (REIAD HHETIR, BR3P, BAHERBUVIMIERRE
AT @ . HHO0.1 M CBSA#1/15 M PBS, HKERERBE 3078, HIEH /Y
FL % FF & T Spurr 3 5.

SIVE A AR RS, BTE S, PBSHEEYHIMATOIMEERE. #E
L2 B0 A A 800 rpmBS 002434 . FilEpon 8124018 7],

LM-TUNEL®%

1. ATHAUES: KB RIREREN 37°C; HERIKE: Working strength TdT Enzyme
(KL): 77 pl Reaction buffer + 33 ul TdT Enzyme; Working strength Stop/wash
Buffer (/K_L): 0.3 ml Stop/wash buffer + 10.2 ml dH,O; Working strength
Anti-Digoxigenin fluorescein conjugate (/K L., #J£): 112 pl Blocking solution + 98
pl Anti-Digoxigenin fluorescein conjugate.

2. EERME: BB RARARZE 2 ml BOEF, 600 rpm B0 2 5348, F L,

A 1 ml4% PFA (0.1 MPBS, 0.3M HEE) ik EEE 30 244,

. 600 rpm B.02 2 4B, F B, A 1 ml K EFAH 0.1 M PBS i3k,

. 600 rpm B 2 +8b, F L, WA 1 ml K EFARH 70% ERER.

. 600 rpm B0 2 5380, F L, A 1ml0.1 MPBS MK,

. SN 75 pl Equibibration buffer E&, 600 rpm 2.0 2 74, F L.

. TN\ 55 pl Working strength TdT Enzyme 37°C ¥ & 30 7344

. B\ 1 ml Working strength Stop/wash Buffer 8], 600 rpm &.0» 2 2 4¥, 3 LiF,

FHINA 1 ml Working strength Stop/wash Buffer & & .

9. 600 rpm Z.L» 2 48P, F L, M 105 ul Working strength Anti-Digoxigenin

fluorescein conjugate, i@ YCALHE 30 4.

0 N N W AW
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10. 0.5 ml 0.1 M PBS i&3EH K.

11.

BYRFER S ug/ml DAPI $65 10 454,

12. Zeiss R BHENEHE.

EM-TUNEL?

1.

© ® N w AW

S ATRCAHIAN: NalOs (5 g NalOy4 +40 ml dH,0), LM /EITHE, 4CRHF;
0.02 M Tris-HCl: #RHX 0.4844 g Tris ¥ T & W/K+P, 2MHCI E pHEHZE 74, &
&A% 200 ml, 4C{RFF; Tris-BSA (0.05 g BSA + 50 m1 0.02 M Tris-HCl, pH 7.4),
WG, 25T 15 ml BOET, H0O, 20CHE, BLREHE: 05
% BSA—TBS (0.25 g BSA +0.3025 g Tris + 0.435 g NaCl +50 ml dH,0), #f#
JEEE, A%T 1LSml BOE D, HO, -20CHE, BRREKR.
BUAAMER: O, BRI, |, MK, S ERFRLPBRAELK,
FHRIGN 3T°CEFFH &M Working strength TdT Enzyme (VK_L): 77 pl
Reaction buffer + 33 ul TdT Enzyme; Working strength Stop/wash Buffer (VK _L):
0.3 ml Stop/wash buffer + 10.2 ml dH,O; The labeling antibody: 15 pl 10 nm
gold-antidigoxigenin-conjugate + 185 ul Tris-BSA.

k. HHEMM 30 pl NalOs 84k 2 454,

HE: KB dH0 ¥t 2 1K, |IKS 8.

4. WEMiN 1520 pl Equibibration buffer, “F# 15-30 #5.

B0- -Hi: 10 pl Working strength TdT Enzyme 37 C# & 1 /it

# 1k RM: 20 pl Working strength Stop/wash Buffer 37°C & M. 30 43

k. Tris-BSA YL 3 K, |IKS 24,

#k: 0.5% BSA—TBS Fiifsk 15 404k (B I PRIFEED.

10. fi1 =% : 20 ul goldconjugate reaction EEFFE 1 it (B FEF M REFEE),
11. k. Tris-BSA H¥E 5 738l dHLO 1EIE 2 1K, IR 5 78
12, Jefh: BERRAIQMUE LI E 15 20 8h, EIBKFEESE, RTHM LB E K,

FrERBRA R E A (NaOH FR% CO) e 5 v, FBIBKFMEE, EAR
FHM_LR B RKS .

13. MR, 4% (JEOL 1400) MEEIHicx.
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Trypan blue $:2

1. BUgtrt i, & T 410 mg Trypan blue + 40 mIFLEEBYA WP, Eih29-4b.
2.95% Z8%: FUEREYEWN2: IR A B HIEE2 B

3.50% ZBE e G REF T KT

4. MR ETEERF LEMETRE.

RT-PCR

REUR A IARNA

1. ¥ EALE M R A R EX 5 ADEPCAEE &L E 1, iNA0.5 ml TrizoldZ BL/R &
HiRs), BEBESHH.

2. A0l mEfh, BIZIEH15E, BREHESHH.

3. 4°C, 12000 gB.L 155080, BB APME, TEAR-RHRILERE, REER

BAEB N F 13 FIDEPCAL B B LV P

0.5 ml 20°C AR RARE, BRIEY, ZEITIEI078.

4°C, 12000 g&.0 1048, RNAJIREBEMER, FLE.

BNl ml 75% ZEFBEBRUTIE, 4°C, 7500 gBE.055 Bk,

HOBE, FRTHE.

& EDEPC-H,O% fi#RNA, f%#1-80°CrkKE&H.

® N ok

REVHE L ERNA

1. BUESH T SWCNTsERMOPSHIH H 4150mg M AP I BEZ ¥k, BATIXL KL
miELE, AL ml TrizoBRERBE R GIES, FEBFESTH.

2. A0.2 miEfi, BIZIES 158, REHESTH.

HASBERAFSRNARER T & B,

51918t

RIEM L (http:/www.ncbi.nlm.nih.gov/) REtHIArAPX1, ArMSDIMArPRIZE
R B KFNM_100663. NM-111929. NM-1270254KcDNAJF51, #FIHiPrimer 5.04k
BT 514
APX1-F: 5'-AGAACTACCCAACCGTGAGC-3'
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APX1-R: 5'-TATCCTTGTGGCATCGTCCC-3'

MSDI1-F: 5'-GAACCTTGCTCCTTCCAGTG-3'
MSD1-R: 5'-CCTTCTCATAAACCTCGCTTG-3'

PR1-F: 5'-GTGCTCTTGTTCTTCCCTCG-3'

PRI1-R: 5'-AGCCTTCTCGCTAACCCACA-3
HiB-tubulinZEFEANZ, Bit51HWTF:

B-tubulin-F: 5'-GAGGGAGCCATTGACAACATCTT-3’
B-tubulin-R: 5'-GCGAACAGTTCACAGCTATGTTCA-3'

WEERRNAAR
RNase Free H,O 8ul
5xRT buffer 4l
dNTP mixture (%10 mM) 2ul
RNase Inhibitor (10 u/pl) 1ul
Primer Oligo(dt)20(10 pM/ul) 1l
RNA 3ul
ReverTra Ace 1pl
Total Volume 20 ul
42°C 204354
99°C 5434
4°C 5504
B 1) B0

RMNJEZEF20CHE
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PCRR A HR
cDNA 1ul
primer R 2ul
primer F 2ul
2.5 mM dNTPs 1.6 pl
10xPCR buffer 2ul
K BAK 11.2pul
rTaq (5 wpl) 0.2 ul
Total volume 20 ul
94°C 4453%h
94°C 308
55°C 308 30 cycles
72°C 30%
72°C 454
4°C
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EZE GR

3.1 SWCNTs M R & R AR FE$

A THEH SWCNTs 7% WA T aiEtE, SRR, RATE LR
T~ #%| SWCNTs (IR FEEBRAE (5 pug/ml. 25 pug/ml. 100 pg/ml), YHE 44 F ik
AL AR R A A RUK RS B R AR, ZEASIR) A e () BYERE, FDA %
B, YOERME T MBI BT, ZitMRFER. TR ALY, SWONTs &
R L RESE WA A REYE, JFEMRERBRIEXR. W 1-1 Fix, B
IFEVE AL SWCNTs 435 24 /N EFRTE I T ARERK T, 1 SWCNTs
WEABRARE 36 M EHRERTRLHLER (WA 12). BF 25 pg/ml
SWCNTSs &b 2 A i G A T T |, AR A ENBRE, €2 EHER
h, SWCNTs #R 8 25 pg/ml KK . B 1-3 277 25 pg/ml SWCNTs AL FR L #5 7
S R AR 6 /NI SR 4 RAFE SR IR T LR B T B, K2 25% MR A SE T,
BAEEE 48 /i G A IRAFR R S48 6 DRTELLRE BN, KBEAERALE
LR AR, ERBURRVERAE SWCNTs XU 3+ MRS AL TS
A7 R LI 5% 08 BR AL 22 IR 1) 4 1R BH B A IO R

100 i " 7 Control
I 3 S pg/ml SWCNTSs

_ 07 .. 3 25ug/ml SWCNTy
R 60 1 BN 100 pg/ml SWCNTs
F .
S 40
K

20

0

B 1-1 AR AL SWCNTSs ZhERIDI 37 BF 4 B A 4K 24 /N JA 0 4R BRAF TS R W
Figure 1-1 Arabidopsis protoplast viability determined by FDA staining after 24 hours
different-concentration of SWCNTS treatment. Letters indicate that values of viability differed in
Fisher’s protected least significant difference (PLSD) test, a post hoc multiple ¢ test (P < 0.005). Error
bars indicate standard deviations. Control treatment was with W5 media (the solvent for SWCNTSs).
All experiments were repeated at least three times with similar results.
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4 — Control
100 _]_ T 5 pg/ml SWCNTs
b b =3 25 pg/ml SWCNTs

80 1. B |00 pg/ml SWCNTs
g o0 :
>
E 407
Ic
> 20 -

0

Bl 12 Al EE SWCNTs Ak FEK RS IR i 1K 36 /NI I X 40 B A7 AR M S
Figure 1-2 Rice protoplast viability determined by FDA staining after 36 hours
different-concentration of SWCNTs treatment. Letters indicate that values of viability differed in
Fisher’s PLSD test, a post hoc multiple ¢ test (P < 0.005). Error bars indicate standard deviations.
Control treatment was with W5 media (the solvent for SWCNTS). All experiments were repeated at
least three times with similar results.

J Control
_ . 1 25 pg/ml SWCNTs
100 7 I T, : .[ A
b
i h b I I
® I ‘
.;:‘ -
Z 60
K]
> 407
20 7
0 T T T r T T
6 12 24 48 72
Time after treatment (h)

B 1-3 25 pg/ml SWCNTSs b2 FF A B9 R 1[5 A R 4S5 A [ b () B D 40 W7 i 2
Figure 1-3 Arabidopsis protoplast viability after 25 pg/ml SWCNTSs treatment. Letters indicate that
values of viability differed in Fisher’s PLSD test, a post hoc multiple ¢ test (P < 0.005). Error bars
indicate standard deviations. Control treatment was with W5 media (the solvent for SWCNTS). All

experiments were repeated at least three times with similar results.
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120 7] 4 —J Control
100 ——— 5 [ 25 pg/ml SWCNTs
N - 8 25 pg/ml AC
o 80 | mm 100 pg/ml AC
z 607
=
S 40 7
& o
20 7]

B 14 SWCNTs LiiElkBk (AC) MEEEF 4 RRBIFIF R 4 J i 24 /DG ARG EE
Figure 1-4 Arabidopsis protoplast viability after 24 hours of 25 pg/ml SWCNTSs and different
concentration of activated carbon (AC) treatments. Letters indicate that values of viability differed in
Fisher’s PLSD test, a post hoc multiple ¢ test (P < 0.005). Error bars indicate standard deviations.
Control treatment was with W5 media (the solvent for SWCNTS and AC). All experiments were
repeated at least three times with similar results.

A THIE SWCNTs FIREEFAET-REBHAKRRTER, RITHFANR
B AE B KA EHEPEB (activated carbon, AC) AbFREF A4 RV g7 R 4 T4,
1EFF 25 pg/ml A1 100 pg/ml PIMREES 25 pg/ml SWCNTs RIS 4L#, KF4LE 6 h,
12h, 24 h A48 h FARGKEY, 4R EREEENFEAERBREEREZW,
A 14 iR, A 24 /M, 25 pg/ml SWCNTs AbFE Y J5U4 AR5 TE T 23] 76%
£, 1fi 25 pg/ml #0100 pg/ml FEVERRAL BRI A SRATEER RIS E 97945, 5§
SHEEHBEER . LR EREUBRMKENAKR T —REREAREEENEE
F#%.

Joseph Fl Morrison AN 7E7R A [44SR AR AT U 11 44 K SBURLIE hn &R 24 RIBR 777
MIZhR, RERAMBEA MR, b THR SWCNTs RERERAET-HESH
ERRAERERCHAR, RMEM C2-M AL B K ( C2-Ceramide )
PPIX(protoporphyrin IX,RRMIK)455 25 pg/ml SWCNTs A& A F Bl ¥ IR 4 i
o C-HERERA LA RNEENEBEIEY, W ZHTFHEREN 21
MAFETHIF. PPIX & R LKE FHYARBRFEET R TR R\
SRRV R ARSI R SHUE, H4F 50 pM C2-ZBEIN 10 uM PPIX 44515 25
pg/ml SWCNTs 41 & 4b 5 AR FifA . i 1-5 875, 25 pg/ml SWCNTs 5 50 uM C2-
WML & b 38 [ A T4k 48 /NN J AR BRTE Y, 5 50 uM C2-4 22 Bhfkk A Ak 748
JR A Ttk 48 R MREYEAELE, BREHEZER. 25 ng/ml SWCNTs 5 10 uM PPIX
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MATRM B RRUNER (B 1-6). LR¥IRKY SWONTs AEREIET-HET
I 7 U R ATE T BV

100] T [10.1% ethanl
b 125 pg/ml SWCNTs

801 ‘ (150 uM C2-Cer
® ¢ ¢ EE25pug/ml SWCNTs +50 uM C2-Cer
=
2 60
K
-

40

501

0
B 15 25 pg/ml SWCNTs 4550 pM C2-Ceramide#] ¢ 4bBR 0\ %3 IF BUAE J 144818 B 5 A0 40 BRLAT 15

#

Figure 1-5 Arabidopsis protoplast viability after 25 ug/ml SWCNTs and 50 uM C2-Ceramide
treatment at 48 hours. Letters indicate that values of viability differed in Fisher's PLSD test, a post
hoc multiple £ test (P < 0.005). Error bars indicate standard deviations. All experiments were repeated
at Jeast three times with similar results.

d

100 | a [ 0.2% DMSO
I 3 25 pg/ml SWCNTs

80 1 10 uM PPIX
oy B 25 pg/ml SWCNTS +10 uM PPIX
> 607
=
§ 40 b b

1
20
0

B 1-6 25 pg/ml SWCNTs !5 10 pM PPIX#L & b FEHL RS 77 L A2 4/ R J RO AR/ P 7 &
Figure 1-6 Arabidopsis protoplast viability after 25 ug/ml SWCNTSs and 10 pM protoporphyrin IX
(PPIX) treatment at 4 hours. Letters indicate that values of viability differed in Fisher’s PLSD test, a
post hoc multiple  test (P < 0.005). Error bars indicate standard deviations. All experiments were
repeated at least three times with similar results.

2 T K MISWCNTs X g SR AL SUNCE e m, BAT EREER ANy, i
SEATMARL - RE RS, 1 mESHES (BRFE4 k) MA2S pg/ml SWCNTs
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220 mM MOPS, AFR/IRFHM HIRM, HHBTRRAMN HHiE, 1218HE
SRS LA . T RAKER S E A RV AT . SRS R
CLEAREAE k. GEEFRH ) HERERGEEFARTRERK. mE
11978, #4525 pg/ml SWCNTs 3KJE I s 97H v H8H BonH 41 BE Bl
%, 54120 mM MOPSKIM BB HB =R .

Figure 1-7 Detect Arabidopsis leaves cell death by Trypan blue staining after infiltrated with 20 mM
MOPS (solvent of SWCNTSs) and 25 pg/ml SWCNTSs for 72 h. No macroscopic cell death was visible
after infiltration with 20 mM MOPS and 25 pg/ml SWCNTs.

3.2 SWCNTs 3IiRM4 RAEEFEZN

ATt 54 SWCNTs 4b3 )5 R4 R A4 AR, TATH 25 ug/ml
SWCNTs AbF2 a4 AR J5 2B B 2% BBE (Carl Zeiss, Axio Observer Z1) M
%)+ CCD (AxioCam MRm) 1. ALK EHRATAIM, H SWCNTs ALE S
RGBT fE, SWCNTs BB REFEA M, XS5 aah KL
B -HON, AT S AL S AN LIRS —RREDR A RA, $5
AEWE 2-1. B 22 fras, EALHE 3 /NEHE SWCNTs AL EE4L A SE40 M I S 3t 5
ABAfHERmENEER, BANRANBEREELENEKMAHEHE, 4
FE 12 /N JR, SWCNTs 4b #1241 5240 o A i 0 i R xR ALHY 15 £ . 3R H., sE4n A
— R HEZe/E SWCNTs A . A 2-3 iTLAFH W, AL R4 5840 i P #) K/ bl Ak 2R
I 18] B RE 4 AN T K I a9
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Figure 2-1 Criterion for judging a cell cluster. Bar = 50 pm.

140 _ 1 Control d

120 77 mm 25 pg/ml SWCNTs

100
80
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40 7]
20 7

No. of death cells clusters

Time after treatment (h)

B 2-2 25 pg/ml SWCNTs &L BRI g 77 I A T A I e () 52 4 g AT 5 B RO 22 £
Figure 2-2 Statistical analysis of number of cell clusters induced by SWCNTS at different times.
Letters indicate different values using Fisher’s PLSD test (P < 0.001). Error bars indicate standard
deviations. Controls were treated with W5 media (solvent for SWCNTSs). This experiment was
repeated three times with similar results.
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_Control 25 ug/ml SWCNTS

B 2-3 25 ug/ml SWCNTs ME&%%&EE%THNW&%B&%E%%
Figure 2-3 Abnormal aggregation of protoplast cells cultured with SWCNTSs for different durations.
Note that green cell clusters (arrows) are surrounded by black nanoparticles (arrowhead). Bar = 100

pm.
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Contral 25 un/ml SWCNTs
3 -

Auto-
fluorescence

3#{, g ) s 5
F 24 25 ug/ml SWCNTs &bFRIUU g 37 IR AE W14 12 /DR 4 U AL
Figure 24 Induction of cell death in cell clusters afier SWCNT treatments. Arabidopsis protoplasts
were cultured with or without 25 pg/ml SWCNTs for 12 h and double stained with FDA and DAPI to
distinguish living cells from dead cells. Micrographs were obtained with multichannel microscopy.
Red images represent protoplast autofluorescence. Arrows indicate dead cell clusters. Bar = 100 pm.
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RATK FDA-DAPI XUE LA ERAFBAKE B A B SN A R 2 T, 3
BEELEERAEMEE (Carl Zeiss, Axio Imager A1) LB 40 L4 MU O 7%
&M CCD (AxioCam MRc) . WE 24 BT7R, 25 pg/ml SWCNTs AbFRI 37
AR 12 NN ERAKE BRI KBS AREE SR L FDA, HJ LT DAPI,
e B K B PR R T 40 00 K0 2 0 2 SE A .

LREWK LY SWCNTs EB 5 REERAEREAILAR, HTHRM SWCNTs
EHEABRUENY FERE S REKREENEL, BRAIHEH 25 pg/ml
SWCNTs. 250 pg/ml SWCNTs Bk AJELRGIF R Fr,  FFiEST SWCNTs #5 20 mM
MOPS #UCA X . 4 4 REMBIHMNME, S4REY, SWCNTs AWl b r itk
A& (nHE 2-5).

20 mM MOPS 25 g/l SWCNTs | | 250 pg/ml SWCNTS
B 2-5 SWCNTs {EAHUMIFH 1T 4 RIEFEE LY B4
Figure 2-5 Arabidopsis leaves were infiltrated with 20 mM MOPS (solvent of SWCNTs) and 25
pg/ml or 250 pg/ml SWCNTSs for 96 h. No macroscopic cell death was visible after infiltration with
20 mM MOPS and 25 pg/ml or 250 pg/ml SWCNTSs.

3.3 SWCNTs #F2H¥ K4 PCD

YR SWCNTs & SARRAERTS 23, TR SWCNTs 25
SERRAERAERE PCD, fll 25 ug/ml SWCNTs AAEIR SRS, SE Yao
Lk AP, M TUNEL fF&# . 4R 3-1, 42 16 /G, # DAPI
REMEHRAEE L ATC, AREREKREHiIERE LR FIEH SWCNTs
4154 PCD.

33



il KB AR 3

Control

SWCNTs

B 3-125 ug/ml SWCNTs 4b3# 16 /N5 B9 42 % LM-TUNEL #2 i
Figure 3-1 LM-TUNEL assay of protoplast after treatment of 25 pg/ml SWCNTSs for 16 h.
Bar = 50 pm.

KT -BHEF SWCNTs M MA LK F I m, BiEH 7 250 pg/ml
SWCNTs #1 20 mM MOPS 53 8 (R s - S #il Y 1, BRI TR
PWEREGEBH B FBME JEOL 1400) FUWE 4 MREABME L EZWLIH
W S E L R BoRiES 250 pg/ml SWCNTs 72 /N AL PRI 294 50% (F) 4
Motz IR T 7 e 66 BT sk Ge 3 i bR % (WA 32 1Y B, C), ifi MOPS B 411
FRZH IR BB N 19.23%. N T e 7 Yoo TR 2 (0 40 i 2 17
RAT PCD, A1z H] EM-TUNEL iX# il PCD IR H 3, St RIARIESH
Yao™, S5 R B, K4 250 pg/ml SWCNTs 4hZE 72 /N 48 A% 5 s (0 R
BAMALAERR S L& (W 32B), AREA RS EAETRFD, FKit
BREAMNBARPEREEBUFE LEPRMNEERHAETBEER (A
32F). REANHE FRAE R H B R4MIET:, {HE SWCNTs % FHEY R
BTEG LN DNA RERIFHH, A5 a4 RA % PCD.



B U A g 3

i
(4]

Number of gold label / pm?

kL MOPS SWONTs
B 3-

Figure 3-2 Effect of SWCNTS on plant leaves. (A) Mesophyll cell nucleus 48 h after injection with 20
mM MOPS. Note lack of condensed chromatin. (B, C) Mesophyll cell nuclei 48 h after injection with
250 pg/ml SWCNTS. Arrows indicate an aggregate of condensed chromatin. (D, E) EM-TUNEL
analysis of DNA strand breaks in nuclei of mesophyll cells from plants 72 h after injection with 20
mM MOPS (D) and 250 pg/ml SWCNTS (E). Arrows indicate gold-labeled DNA strand breaks. (F)
Mean density of gold-labeled DNA strand breaks in the nuclei of the cells determined by EM-TUNEL
assay after Arabidopsis leaves were infiltrated with 20 mM MOPS or 250 pg/ml SWCNTs. About 20
mesophyll cell nuclei were counted in each treatment. Letters indicate different values using Student’s
t-test (P < 0.05). Error bars indicate standard errors. Bar in (A-C) = 1 um, in (D and E) =100 nm.

3.4 SWCNTs %3 ROS iI/=4

HEBE T (027). HEMAL (H0:). #HB%E ( -OH) H41fiEHS (ROS)
IR 2 FE AR AT, FkRRMAKA ROS K& BAEFMETHA
A EME L. RIERR ROS MR LUEREARRM R ICERE. % K52 6E
£#1 CM-H,DCFDA (5-and-6)-chloromethyl-2' 7'-dichlorodihydrofluorescein diacetate,
acetyl ester), F B 2 AN K 7 ) CM-H.DCFDA 3\ 41 )5 R4 A7 40 (it L1k 4
AL FHYEFEIS A dichloroflurescein (DCF) 4%, HRN R, #*
KIRE S ROS IR LR R .
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A TR SWCNTS 72 75 5|2 5 A TR O AL R R 17, ZE 3 25 pg/ml SWCNTSs
AP0 T A ST 3ot P A 58 A 48 O TR, AR (] 1) B Adk B A R % PR 4L KB 100
BUAE A AR 1 pM ) CM-H,DCFDA B rh 3 f 10-15 4280, H W5 £ 555K
e A ER, HZY 40 pl BARKRFFRORBHN L, EREENSE LR
BROEITE], AEPOC BB T M. 258N B AL ER 4R % F4E % X 300 140
WRILTCIME, HATHIEIT. LRL R BRN BAMLEAE ROS KFHF
HEER (F4-2),

CM-H:DCFDA autofluorescence overlay

- - - -
o - -

F 4-125 pug/ml SWCNTs 4bFEJ 4 it 6 /NBEJE ROS KB A8k
Figure 4-1 Effect of SWCNTs on ROS generation. Confocal micrographs of ROS generation in
SWCNTs-treated cells. Protoplasts from 22-d-old Arabidopsis leaves were treated with (SWCNTs) or
without (control) 25 ug/ml SWCNTS for 6 h and then stained with CM-H,DCFDA (green). Red
signals indicate chlorophyll autofluorescence. Images were observed with fluorescence microscopy.
Bar = 100 um.

AT #E - PRAFAESE 50 pg/ml SWCNTSs J5 #LdS SFHIBRE A ROS R4, 21
Yao BV Jy ik, 3t CeCl YTH AT HoO2 AT WARMUERL . 4 F0F R FOA
BE|, EAIE MOPS #rt i, A H0,-CeCl Ui BRI B, R4
B LHORSA (4240, W 4-2B BTTLATI i, 4% 50 pg/ml SWCNTSs 12 /)
BIEM N RAREE L HFE H0,-CeCly B, HELH, MMM LLE
Hy0,-CeCls . EMMERMMARBZ AN RUBKANLEH, BEH
Hy0,-CeCly i€ . 15T 36 /v J 7] [0 76 41 Mo BEF40 e |- 223 H,0,-CeCl 11
Bl 4-20), JFHEWEBIRIAAHEH A4 . X508 S48 T it
ik AR SWCNTSs #8 A 41 A 1% 3 ROS (77 4.
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B 4-2 SWCNTs A HURIIFH H /7 H.0, FMRIL 2
Figure 4-2 Cytochemical localization of H,0, using cerium chloride staining. Leaves were infiltrated
MOPS control at 36 h (A) and 50 pg/ml SWCNTS at 12 h (B) or 36 h (C). Arrow in (B) indicates
plasma membrane deposition, in (C) indicates cerium (or H,0,) deposition. Arrowhead indicates
endocytosislike structure. Ch, Chloroplast; Eu, euchromatin; He, heterochromatin; M, mitochondrion;

N, nucleus. Bar in A-C = 1 ym.

WY AE LR ROS MBS, WBFULMEILEE (SOD). Hisfm AT 4
WY (APX). HILZEE (CAT) %, 4HEWMEA4E AR ROS B, KUK
FEBLKWERT, FHAMREZ ROS FHIFH. SOD RAVHNELRKN T HB;
%, WEPE it FBHED A RBEAY KR E, HWIKSE SOD #E: ROS (3
FAEAO, EmEHY T, SOD MEILMEBULENLREFHRRS H=2:
Mn-SOD. Fe-SOD. Cw/Zn-SOD'", {1 Mn-SOD "I fij#5 % MSD1. APX ik
H:0; () = AR, W IAHMDAMR D ML W2 KTk (thylakoid) APX.
#J7 (stromal) APX. #4& (microsomal) APX FI4AMaJ (cytosolic) APX, I ip
4125 APX X7 APX1, APX2 Fl APX6 =#'"), APX1 7618 W A MLk A H,0,
AKFERME 507 IR KR, R RRERT R4 %Z ROS HFHE"™. PRI
R AR SA M PREA M- -Fh, 8 %1 WY R E KB HHE(Systemic
Acquired Resistance, SAR) Hi#7%""). ROS ¥ 4514-B 514 H PR1 BRI,

A THII SWCNTs £EHEHE S RAERARMEMALK T 1 ROS HKIEF K%
IERAEZA, BATKHFE & RT-PCR K777k, LL SWCNTs &bt f98li I B 4
REHN M EETR . SREURAER AR A K RNA, #itREREK cDNA
F -8 DUCOVRBUEAT RCR 1. ARG RE/R, 25 ng/ml SWCNTs 4bB f5 Y
JER A R e A A B R £ 2 B TR A L B I B RO (IR 4-3) . 7ERHH K F
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5t 250 pg/ml SWCNTs 24 /NiHH1 48 /MFFJS, APX1 1 MSDI1 575 MOPS 4t
WHKLAES TOBMNRSE, BBEABALHE (mE 44).

B-Tubulin

B 4-3 25 pg/ml SWCNTSs 2b#8 5 4= 5 (4 #1 XL B ik 2 1k
Figure 4-3 Agarose gel electrophoresis of semiquantitative RT-PCR analysis of expression of
APX1, MSDI and PRI in protoplasts cultured with 25 pg/ml SWCNTS for indicated times. C: control,
S: 25 pg/ml SWCNTs.

PRI

B-Tubulin
[ 4-4 250 pg/ml SWCNTS i §H 0L #a 7Frt F S MOCHE e ik A8 1k
Figure 4-4 Agarose gel electrophoresis of semiquantitative RT-PCR analysis of expression of
APX1, MSD! and PRI in plant leaves after infiltrated with 20 mM MOPS or 250 pg/ml SWCNTs for
indicated times. M: 20 mM MOPS, S: 250 pg/ml SWCNTs in 20 mM MOPS.
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BAKE RS F SRR D%, BEMEHEERE, EEEREETRERAIL
IR B R P AT SR W R SR SR, 7 AR W 22 0 T T FAI P th SR A 5 AT
JTERE. RIRHH BRI L MRS REAEINKE LY IE R TR AREEK
R, WHELSHARBT A RN, BRAOKE ARSI 4 AT, FF B2 BT R {8t
PSR RS, BRAREREFE PIEMEEDY, SIRARREY, BRARRE
ATPSN%, Riff, BETALE, MENMAREREARAFARERE LS, BLE
SRR EEHELT BT .

FEMYI T TH , Lin % (2009) B IRFIH £ BEBRAUKE B T X185 3% (Arabidopsis
thaliana) BIFAM R T87 MAMENHD, FIRERRUSBREPKELEARE,
MTERD, FHETHE, HEESEMRD, SOD BFHEMK. R Joseph
Morrison i, RN AT, FOKEARERRHEYBEFESRES, WINRAER
BRI, BERAMRERNFESEFEAETRGNAIR, °TLARDNT
By 37, Liu ST 0RO S BG40 K il o7 iof 75 BEAE ) 40 P 1 40 MO BE RO 40 M
FEBE NS EE, H EAEISHISAEE DNA 4 PR A S, Gt R, #
BEGRANK BV Rz B N B 40 e RIRF T REM . SR 2R Z AT IERA VF
EHRAKENARFREEEE.

A RS A—F A RAKFRRRE, BRREAREE, ERARHE, AN
KRR BT 18 (0 S A R 1 T DA ORGSR AL R B A B A RS SR R R, R
A AREtEN, WL AR A SRR B TSR o BE Y R ),
HARBE L — € BT LURBUNE R 2 FY K (2 DNA, RNA. RE%), Bt
—MRRRE R, KN E A DR R M AR, BEYER TRMAREY 25T
FUHIE R R0,

AT, BAMEH SWCNTs, WY BAMALKFEHR T g9K6 65t
YWHEW. B SWCNTs ABEEAFRAMEYARE, AT AREE. BE
24k, DNA #ifh. EHEE (ROS) FAMMXERRX. SxRAME, &RIIK
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LA SWCNTSs B R S+ Ak RS R A SRS R I T 9 B80T R, A 25 pg/ml
SWCNTs &3 T 24 /M EIFIRE I IR A TR RIS B T 36 /N B 7K RS R A R A s A 2
TREE 70% L%, i REREREER (AC) BRI RAERK 24 it /54
FEMEREETE 97% 24, BRABALEREREER, Ak, FARBTFHX
FhR W T RAEFAREYE, MREBTRAKENHRRT. dih, ERATHGE
R, BAVKI SWCNTs ¥ FRIZIRA T SR BIRRAK, HERBKE
H, EERBERIEFEEE (30, SWCNTs NBVII4 2R ERE,
RN AL ARBEEYTAR (E 2-3), TERAHKENARBORERDT, X
FIER & SR L0 40 RO 40 B I ARIE TS °1 3, Kang % AR H BRAKEIRMAE
Wy EE B ik B B MR 5 R AR IR) E B BOFTHLAIS AT THERIBEE SWCNTs
KRB RIMFERK, 7 SWCNTs FFIRH EEEMMEYARFHRTE, HREAE
SWCNTs FfH, W\maLBaKE 5S4, LB st —2 % . Bimta
$EFBEFEP, SWONTs fiF3iA S bed i BshRERA, BRERMITR
b, FEJLIR SWCNTs HEZMNMREH R, ARKNEEEABTR. &KW,

REHMMERE/R SWCNTs WM FHEEHR, ERHBANBTFIWANAETL
it e S A0 L A

C2-#Z Bii& (C2-Ceramide) 1 PPIX(protoporphyrin IX, R HMIK) 2 55 25 pg/ml
SWCNTs 4 &b Bl 7+ R AE RS R BERBAKEHARRELERT-EINES
A RAFET R . HE AT AE R RN AL BRI R A K B AT C2. PPIX B4 AR
R, FRERH C2 5 PPIX HEFHEIIHAKE, FILBIKEELER S
TEBAER, X- -REFHE-PHTLRKIE,

B A K 5 X L 3 0 40 P B 2 T AT 4R HH LR B K 40 L B I RT
PLEl. Manna &N KTRUKRE RIS 1040 M7= 4 (K S LR 0B B R F B
(NF«B) 55 31%%, NFxB NfUTEHB EHKAN, 5 DNA &aERIEX,
5l RINE SRR B, RIS W RAERF (TNFo) Hl IL-8, HEAA
AT EY, SERAMIT-. B SWCNTs &b a Bz 40 HF0 M 5 R4 it 52 3|
HLLE ROS P42, ZERBE AP, HANESH SWONTs A B I H o, HIE
AL G IR W e AR B AU L KB Ho0, P (W 4-2). RIFFIARTR
S ESR R 1 TAR, REEALEEN A (K 40 M B H.0,-CeCls IR, T H
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SWCNTs L A5 T4 0 AR, S5xf 414 EM-TUNEL Rl & R 2 ik fy,
RPMMETRERE T RFHAMIET, BR SWCNTs KERK, FRBRASF
EMHEEE DA, ERERNEERKIAT ROS KIFER, BE/RHEX SWCNTs
MBI ATRENLE . Z BTHIRER K Kk B R B KR T re B B B 1EH
FHMMERP 2, B4 BEWNE SWONTs LENTEARMFHERT —%
AR F R (B 4-20), XEHIE B /R SWCNTs H Al fE &8 it AR A Y
M.

B - SR RARMAKBR AN ED AR EFAR P RBEWMEAR
(60,108,191, RPN AL BRI K P LR TN, REDIERT
REFHIENE, BIRATREVE N MELE S RN I B A Eh gy o 2L 351, g
L, GEFBRD, BREWBIRE TS M TUNEL ISR, EEMAMXER
RIRIAFRE KNBEMSE, £ SWONTs AEMALUKFRRAEME R 214
MSET, XELBRBERWRDNARZE SWCNTs 1iF. HErdkmmksig
KIRGRR Y, SWONTS S HUB RIS S AL RSN R A R AWM A R~ T A
MEw, SET —EBNARET. SEHHANEETARRAKERTTER
Mg, VARG #8 SWCNTs Bk 40 Hu it a5 7 H .
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1. BRODKE/E— e PR BE_ERER M0l B FF AU BB IR AR A e 1, XM 2
BRERBIERIRR, (HERIEEN HX BRI K.

2. BRAKERETRERGRECEL AR, m EHREMHMAYTLH K, 5
T SWCNTs HIfEYIM A 40 i tH IR B 66 k4 il % L%, TUNEL R4 R BoR
FHYE, REAH AARRERFHEARET.

3. BERME (CeCh) RELREREHN T SWCNTs HIHHY 4 Ha s F 4 Hu g
EBHKRE H0,CeCl i, EHRRELRKRY ROS HXERBEYSNE
(MSD) MIRIEFF LA, HHBAKERESHYENEHANRE.
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