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Effect of Covalent Functionalization on DNA Cleavage Activity and ROS

Formation of Single-Walled Carbon Nanotubes

WU Ren-ren', TAO Xue-Qin’, DANG Zhi*, LI Kai-ming', CAI Mei-fang'

(1. South China Institute of Environmental Sciences, Ministry of Environmental Protection, Guangzhou 510655, China; 2. School of
Environmental Science and Engineering, South China University of Technology, Guangzhou 510006, China; 3. School of Environmental
Science and Engineering, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China)

Abstract: Biotoxicity of selected covalent functionalizaed single-walled carbon nanotubes (SWNTs) was investigated by plasmid DNA
cleavage assay. The effect of covalent functionalization on the physical structural and chemical activity of SWNTs was also studied by
Vis-NIR spectroscopy, Raman spectroscopy and ROS assay. The DNA cleavage intensity was promoted by covalent functionalization,
and the intensity of DNA damage caused by the three types of carbon nanotubes in a descending order was found to be carboxylated
SWNTs (SWNT-COOH) > polyethyleneglycol-lated SWNTs ( SWNT-PEG ) > uncovalent functionalized SWNTs (uSWNTs). SWNTs
were efficient intermediate to trigger electron transfer from electron donor to O, in dark condition which lead to superoxide radical
(0, 7) formation. The electron transfer intensity caused by selected SWNTs was also SWNT-COOH > SWNT-PEG > SWNTs. The
reason is that defect sites which changed from sp’-hybridized carbon atom on the side wall of carbon nanotubes were more reactive than
the perfect ones.

Key words:single-walled carbon nanotubes (SWNTSs) ; covalent functionalization; DNA cleavage; NADH; ROS
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TR A LT s ke R R

B T SWNTs BB Ik m i T RS A w ke, M
SEFAREER , PR AELEE, 2 SRR T 5
KR, ELA AR X /N 1 5 R0 R 1 A A A
PEOL BRI D RE IR B R S AN KA A B b A
SEFVEF, DN AT 3B 408 4k T SWNTSs A9 4 B4 k.
H I, S D BE AT i 40 K A8 2B 4w M R B A2
PR BRI R, ARWF5E LB DNA 1
Wik FAE T B, 43 07 TR [R)RE B 6 4 o BE Ak
SWNTs %I DNA $5 473 (1 5% Wil , 345 5 40 B 1% R AE
FTEPE R RAE STy %, X A s e A T AL 43 #r

1 #MREFZE

1.1 SR

AW 5T B A ik 40 K B A JR R SWNTs
(pSWNTs) | FRILIIAEIL SWNTs (SWNT-COOH ) FlI
R I BEAk SWNTs (SWNT-PEG). X 2641
¥ H F3E [E Carbon Solution 22 H]. pSWNTs A AH
il IO L SWNTs 428 KA e alifb X 5Bk 42 )8

HEAL S 1757 SWNT-COOH /& pSWNTs 2 3 vk
PR S AT 1T (SR s e ( ) 0B ) e o 57 7 |
FRILHITE. SWNT-PEG & SWNT-COOH 45 ik —
IR 3 i Wy N T AW A VAT K SN
Bl L 1.
1.2 BRI

pSWNTs AN T 7K, AT ] 2 100 0 1 750) 4 o3 Atk
YOKAE I B K S N AR A B TR . A
SIS EIFR T Amold 25 Y 97k A AR L
IBE L SWNTs (uSWNTs) % ¥, H AR N B 5 mg
pSWNTs Ji & T 100 mL 20 g-L~"H{TERAN (SC) I
W SRR 2 h A R RS EED Sy
50 mg-L ™' uSWNTs A&, RV W AR E R T
nfE e BIF AR, B SWNT-COOH 10 mg, ¥ H & T
JCE T 100 mL KB FoKH 885 AR 2 h i H Y
S)orE. RS S BT AS IV RIS 100 mg-L 'Y
SWNT-COOH I , LV WA/ &8 5 T RERR E &2
/>3 Ji. SWNT-PEG ¥ W 19 il #5 J7 % 5 SWNT-
COOH #H ).

R1 FREFEE SWNTs HIHF1E
Table 1  Description of selected SWNTs

s fiik Bk/um  BR/am BER/o  SREE% ki
pSWNTs ERAAL, DIREAL R BEAR 0.5~1.5 4~5 >90 4~7 RETK
SWNT-COOH  ©HRH:AL, DRe e il 0.5~1.5 4~5 >90 5~8 W Tk
X 7 P T R H Q ; A\Ag‘ > - .
SWNT-PEG SR CEBE e, Hoh SWNTs & #2920 75% 0.5 0.6 4ls -~ 00 4 -

85%

1.3 [k DNA PE#EE

TER I B 50 ng- wL ™' bluescript i DNA
5 L, 2 mmol-L ™' NADH % ¥ 5uL, 2R J5 43 3l
A 50 mg-L™' B uSWNTs, SWNT-COOH i
SWNT-PEG /KW 5 wL, fJ5 A 35 wL Tris 2%
WA (10 mmol-L~", pH 7.0) F Eppendorf %
R AR TN 50 pl. 843 R 4 R IR RO
TRAFE 4 h 5, TR DR b T A FE SRR 10 L,
SR GBS BOH I RE S I 2l 1 R 52 vh
T, FEA IR Y IS IR = e Pk IR R B
M Sz BV o E AT HL UK, R 120 V. R AL ELTK
90 min J5 {5 1k.
1.4 BRYCRAEHDLIERAE

Ay 50 B 45 1 B uSWNTs, SWNT-COOH |
SWNT-PEG /KIERIFE T 1 em BAFELL @YY, fifi
FHl Jasco V570 UV-Vis-NIR 4366 5 T H I RE & 78
P 400 ~ 1300 nm 3l Y A IS 135, R AE D) fig
FEXT SWNTSs s HL 2544 f) 52

1B pSWNTs ., SWNT-COOH , SWNT-PEG 1)
AR AR A VEIF [ 7 2 b OB H 80
%Y ( Bruker Optics Inc. , Billerica, MA) 7E % £ R
532 nm WEOGIRER A IZ R T 0L H 2
S B 5% 4l 1k Bz D g Ak X ik 40 K A8 3% T B
AN
1.5 IEMEE AR
A H A0, ) RS REZ BT R M
S—AN A R, BORBESERL 0,7 ROS iYL
Y. R LY O RN 5 o NBT Kl 2 | & vl K
NBT 3 S A il FF BRI 547 2 B i 2 B 11
A& W AR AP BT AEXT 0,7 A e fr | B
A —E W O R ER R F 0,7 By 8 &I E
XTT "] 5 O, Sewi A= BT v A & 4. S 5t
AF .

By K 0.2 mmol - L™ XTT I AFIH) a3
W R AR A ) ) J IO A 28 7R R S I Tr) A JBORE I 0
MRSV (470 nm) FYIROETE.
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= T N
< 1Ly
+ o
klI N=N 2H* + 205 1|{ i
OCH, SO, OCHy S0;
NO, NO,
XTT XTT H i

2 HR5iITE

2.1 BRAVKE X TR DNA (45345

JERE DNA DA i 2 — il 2t 49 S o 485 7 8 ™
He BRI PR SRV R 2 HE DNA A 2 Ak P 05 BE 1 (4
ShJr k. 1 SN uSWNTs, SWNT-COOH, SWNT-
PEG iX 3 FiAS [a] #2 B2 A0 D e AL AL A e g K45 %o
ki DNA A5, Hr 88—k I8 o AR 24T An] 4k 21
) bluescript JFiAi DNA HLIK K], A LLF %k i 3
ZNHIETE TR DNA (A5 4 /b dE 2 U] ) DNA,
A BESE T DNA (1% 3 B ARFe e M e PR A7 ) 2 7
H AT, B R ORE DNA $2 50 A% Hh & A H:
‘BZ4iT DNA. 55 KB4 NADH X Jfiki DNA 95
i P&, 1 VK G 55 5 — Uk GE AH H I G B 3 AR Ak, 16 B
NADH X BiAi DNA i AN . = b, f
VKB435 4 NADH f74£ K uSWNTs ., SWNT-COOH
I SWNT-PEG X Fiki DNA #3455 (05200, 555 — Uk
TEAH L, 26 = IkiE W JC B E L, RIRI N DiRe bz
HTAY SWNTs AW st . (HEEM | A ykiE ™
AT YT E RS DNA, U A D) RE A6 J5 B 40 K 8 X
JERL DNA 5477 9 e B B S 2. AR i B o A 4 T
BEAL AR BE BN, SWNT-PEG % DNA #5473 14 i i )
/NF SWNT-COOH. FJHIX 3 FlA W] 28 7Y 1) fise 44 oK
B XT DNA #4475 1958 4 SWNT-COOH > SWNT-PEG
> uSWNTs.

RZWFFEHUESE T B9 K A A a1k, Bl

1 ) 3 4 5
NADH - + + + +
uSWNTs SWNT-COOH SWNT-PEG

BRARE R - -

B 1 7 NADH 7£7E€ T uSWNTs, SWNT-COOH,
SWNT-PEG 3t DNA K155
Fig. 1 Effect of uSWNTs, SWNT-COOH, SWNT-PEG on

DNA cleavage activities in the presence of NADH

DAZE L 4 IS A AT o A N TR A . X sy
ATAE NIRRT ) SWNTSs B2 74 2 T 48 1 K 1) 5
fir, R E A AN HEVE FHEE R ARt g R R
HH B 40 K 5 38 BE S A B B 4 i B Hela 40
JuA M HL A R BRGNOK AT AT R
RERALK A0 6 %) 286 BRFRE 7, 2 v 40 R 4R Ak 7 57K -, 1
RNTE MR H R Al 2 S AR B A T
BREACYIRE ST, BHLAS A0 AR 1. (H TR g oK
R, 45k il 7 UL RO AT A 2B i
Ty :AEAR 2 T B A0 A Py 0y 1 22 5, LAECH i
XRAKAE SRR K S 5. RIS
# uSWNTs ., SWNT-COOH , SWNT-PEG i% 3 Fh 4[]
T2 B2 I T RE AL 2 AL () B 40 K A8 HEA T LU 55, LA ORI
DNA PEH AR | AT G b o H R 9 KA 9 Ak 27
BT A W M A 52 T () B R i R T Ak A
KAGHE W RE PR %) 3 B PR AR

BN KA BT B RE DNA $5 405 B BF 58 L AT — 2
(R , 41 Yamakoshi %5 % B #15 Cqo 76 71T WL
Jt: % NADH f#7E /) R Al i sk DNA (4 43, ik
—iE T EPR R & B, IR R A Co 7EH
THt{& NADH MI1EH T A4S Cop , SR F AT Al
PR B E S AR 0, e it — R 5B
AR R EE L (HO - ) AEOM DNA 1 i .

H 1T C TR gh K A BT R DNA #5349 i A 52
X FELEN CoyBX C,y , TERRAIK A H 25 32 B OCTERY
TEOUT, JAEH A 2 6 HA Yy 5 A T A DG IS
HEAMRE S Cpml Cy X DNA B33 T B AE 6
PRI OL T, e e A B e 28 i T e A — R4
HELER Y. MAHFFE Hh SWNTs AN F7 B k171 iR
Wk, AT TE B SR T 1 A DNA 3545, BB T
SWNTs EA B RAWETEA Y RE 1k, 3% L AE HT A/
5T AR A7 HGE.
2.2 AN THEEAL TR K A B B L5 A 1 5 )

2 Ak g ok A AT I SG-3E 2T AR e iE L o
AT LA BT A RE S AEL 016 F1 704 nm 40 #B WL%E 5]
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— AL FERIE (M, ) 2 B 3055, FERH X
BIN Il 5 kB SWNTs YA 88 % 25 4
YEF  BER T SWNTSs DIREALA S sp” £54 , DATTT 5
SHAE T SWNTs BYH ¥ KAk 2 FEE. SWNT-COOH
Je SWNT-PEG (1M AR 2 ARL , A& PR A e i — 25
DIfefb it b PEG B TR IL iy 2 3k (H 2,
TRAIKAE T sp” L5 A HE— 2L B3R

—s—uSWNTs
—eo— SWNT-COOH
—Aa—SWNT-PEG

0.14

LT
: S e
2 8
T T
N
=
.
»
L]
N
S
-
W
rd

|
g, \ "
., o \
r ety n
.
a0t LAY
0.06 |- A\
p
0.04 | ; ; .
400 600 800 1 000 1200
K /nm

2 uSWNTs, SWNT-COOH & SWNT-PEG K
AT -5 £ 5P IR St
Fig. 2 Vis-NIR Absorption spectra of uSWNTs,
SWNT-COOH and SWNT-PEG

TEBRAR IR E G T, V) R BB G 4
IS W ST AR A T C —C BRI U1 (W5 R 30, 23K
AT BT, B B, H A 1500 ~
1650 em ™. AULRHT S8 D #1037 F1 250 ~ 1 400
em b RBRARAE 7 TR % L TR

20000 | @ GB .
—u—pSWNTs
—e— SWNT-COOH
15000 |- | T4 SWNT-PEG

10000 |

5000 + /
.r’.xf

hSWE

] o S

1500 1 550 1 600 1650 1700

WH/em™!

FRAEI B BT T 7 A A B 0 K A A B B A
T RRAOK A P = D #5255 40 K A8 1Y 235 74 Bk A
O, PRI D AR R X 8 B AR /0N s IR T e 40 K A ) ik
FARERE . RI D AR 8 AR X 5 B B, Bl 40 K A5 v 118
Bl %, 2 Bl LT, SWNTs
gt G 5 D BLRSR I (1./1,) 7T R
ﬁ%%%mME%%ﬁF%ﬁu&%ﬁw%%%%
KA S A RE B RE

[’ 3 2 AN [F D BEAL ik 99K 4 (pSWNTs . SWNT-
COOH, SWNT-PEG) M7 & 3% th 8. 4558 Bon
[ 3 (a) ]G By 5E AR fb N Lswnre > Lsynrcoon >
Loynrpec » LR FETNREALIG G 500 5 U 55 22 0 g T
PEG HIfigfb)a G BRI 5sS. D ARy AL AR 1k ok
ISWNT-PEG > ISWNT-COOH > IpSWNTs I: rg—l 3 < b) J ’ ;éﬁ%ljjﬁg/f’t
J& D RER R B W F PEG YJREfL)E D BinE
IGSER. BRI BE T DIRBALRE IR T R 94 K48 D Re Ak for
S sp 4548, H i TR IS DI Re A VR TRk Ak
R RE B A R AR AL, i i — 20 PEG Thfgfb 3
FURTERILAL A F Al I A AR B Sy #: AH B 4
L, T LLRFE T RE AL KT RR 90 K 45 BE sp” S5 4 (1 B3R
WA . i 2 AT 1/, (pSWNTs) > 1./
1, (SWNT-COOH) > I./I,, ( SWNT-PEG ) , 5 F W i
S W B A KA B DO REAL AT INER , FLe 1T sp”
SERE) SZ AV FE IR 5
2.3 DIRBALXS R KA A T I R A

HO - & C AN 4R AL RE ) de s 1 F #h 3k, & s b
Wi, FE AV AETERT R R 10 7% s, 0,7 J& 3t
BEILZRF RIS~ A A & 5HO-H
b O,  ARARIEG Tk , 76 /K I W b 9 A= A R BT AT 36 1
s SRIMNIE R T O, M Ean AIAR K, i
Mimuﬁﬁ%ﬂ&LﬁﬁﬁﬂEﬁﬁJ@E%
HO - (T, T 2855 — R A0 0 R e Ak o e i

1250

(b) DHE .
—a—uSWNTs /\A
1000 -  _e— SWNT-COOH
—a— SWNT-PEG
w750 / f N \
=]
E%( 500
= L A o
AA .\oooA“ f/
A .
AAAL g -
250 rA %:::A:::/:",.n '/ \"‘_; -----
] " |
......... I
1 1 1
1 100 1 200 1300 1400 1500

s/ em™!

B3 FEINRABARERNR S HIEE
Fig. 3 Raman spectra G band and D band of pSWNTs,SWNT-COOH and SWNT-PEG
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