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R ZE RN ROS, 4] SPC-A-1 i iR 9 40 A 1)
K.

1 #RFITTE

1.1 #8l

FATIREAN SRR LC-1 &2 RNA ¥ 856774 cDNA
5% [F HR & K %% CHEN Liang {8 - B84, &2k
(Nostoc CHEN), Jii #i pET-SOD,
T-ScFv, pET-28a(+), KJi T i B 1k BL21 (DE3),
SPC-A-1 il =41 L &, AGS HIE4Ifli R, HepG2
JH- 968 20 M0 28 A AR BE U R A7 s ORI A A &
ROS K 7 6508 H 28 2 KR A F) s CCK-8 4 M vt
FOAFN G B g R ZEREITs 5 R A
DI, T4 DNA MEH, Taq DNA AW H i
AETAYTHRARA A FHu [gM Bibr — Pk
AN SRRAEDEARA AT NI B BTN
VUZE35 49 TREM B IR A F] s RPMIN640 £5 57
V) AR W AE B G ER AT IR A F] s ARl
Shy ik 1B = 43 il
1.2 Fi%
1.2.1 pET-SOD-ScFv il & & A I fe . DL 75 & Bk
# Fe-SOD [¥) pET-SOD Jit #i 4 #E 4% , SOD-Nco
(5' CATGCCATGGCATTTGTACAGCTCCCACTA-
CCCTTTG, % Neo I £ i) F1 SOD-Sal (5" GC-
GTCGACTCCGCCTCCACCAGCTTTGGCCAAGT-
TTTC, & Sal 147 S FERE link-1: GGGG) Ky 5l
Y18 SOD JE[A. PL# LC-1 ScFv () T-ScFv ik
J A, ScFv-Sal (5 ACGCGTCGACGTCCAAC-
TGCAGGAGTCAG G, 77 Sal I {7 5i) 1 ScFv-Not
(5" ATAAGAATGCGGCCGCCTATTTGATCTCGA-
GCTTGGTC, & Not | Fl TAG & 1F% 1) K5l
Yy 14 ScFy 2K, LA Neo 1, Sal 1 Y] ik SOD
K, LhSa 1, Not 1 WY Bk ScFv 5[, i
HRZ% Neo 1, Not | WgUII) pET-28a(+) &4k, 4
% pET-SOD-ScFv @& #ufk (K 1), IFitb 2k
%4 BL21 (DE3), ¥,
1.2.2  SOD Fll SOD-ScFv [ &k faifh. 1 L &
50 mg/L AN LB H 7R, IPTG 5 FRA L
T pET-SOD 1 pET-SOD-ScFv. #2215 St A
i, MPE, FHSHIPTG KM Fer & Tk, &
i I TA) S5 06 2R 11 T R IA B R R I T I R
5000 g &0 10 min WA R 44, % T 50 ml TE
(20 mmol/L Tris-HCl, 10 mmol/L EDTA, pH 8.0),
1200 W, B FE AR 10 min, 12 000 g 250

commune

Nco I Lil’lk-l S(ll I

T7 promoter Not 1

pET-SOD-ScFv

Fig. 1

The construction of pET-SOD-ScFv

30 min WA BIEFPIUE, 3 EAT 10% SDS- 5K
95 Wk Iz B e Wi vk (SDS-PAGE) , T &ik & . T
FETE pET-SOD i 75 I il i SR 5003 (SOD Aikkif4)
23 AL A4 T (Immol/L EDTA, 5% H i,
0.5% Triton X-100) , iR T (1030 A4 SR i
W1 N2 mol/L JRE) Peik 2 IRk, MR 9% Pl
(50 mmol/L Tris-HCI, 0.3% SLS, 0.1 mmol/L —#%
INBEIE) E A K AR RO 5 ml N2 IR AT
T UL 0.4 ml/min. I 5 A5 FE AR 1 0K R
B % (0~500 mmol/L) F¥1 96 Mt 28 i It 25 75 1) B
FIU, 0 3 ml 2B, MR A, fH. XN &R E
JRUE I I NAE 5 1T 10% SDS-PAGE, 43 #T HAr R
13 A, LR pET-SOD-ScFv 8 7 e il i 3K 15 ()
DUVE DIAH [R5 648 1, B 10 ml A2 PRI 200 ml
Sephadex-G100 7 #iid, ¥iH % HI7E 0.2 ml/min,
DL 2 AR TE Ve, F:0r 4 ml 208k, I
WA {H. X F5 8 008 B 06 Wi 4 38 34T 10%
SDS-PAGE, Zr#rHArEH M. 4CTF, L Eaiifl
3% 3 SOD Al SOD-ScFv 4 ¥ & {1 & T &
100 wmol/L Fe*, ANFy SLS B iR S 1 it 2
72 h. SRAFHIER (RS DL & 3 PR T 4°C NiENT
24 h, fRIEEHT, WAL

1.2.3  SOD % Wl 2. ¥ 4i{k J5 SOD & 1 Al
SOD-ScFv filt & & ¥ T3 8 PBS (pH=7.8),
FHAB 2R = Wy B A A5 7 fil & 85 (1 7E 325 nm 4k
= E= R A 71 5 e S vl Ny 7 gl = = A B 1 4
0.07/min, FMHIFRL 50%, THE AL ).
1.2.4 ELISA U 454 e Sl . BL 5x10* A / 4L
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1) SPC-A-1 Jifi i 4 ff s T A5 135 ¥ RPMI1640
FEFRMCT 96 LA, K LC-1 4k (0.01 g/L) F14Fh
W SOD-ScFv (0, 0.1, 0.01, 0.001 g/L) 37°C i
B 1.5h, FPREEFE ZPibsad, AR Zews
W, THEA A 15 min J5, DL 4 mol/L iR 11 %
I, ELISA {0l 52 490 nm (W 6 5. A8 28 40
fiill# IR (inhibitory rate)=(1-A gudA posive conso)) X100%,
PH5 SOD-ScFv %I 0.01 g/L LC-1 HLA& . [H]
i, DL PBS 08 LC-1 Hiihfs (A Xt .

1.2.5 SOD-ScFv i i §& J il 5 . AR 4 SCHk R i
DL S SRR 2 ' 2% (FITC) kxic SOD Al SOD-ScFv
B, JEHEAE Lindsay 911 J5¥%: 0.1 wmol/L
SOD #1 SOD-ScFv %1 10 ml 100 mmol/L pH 9.0
W IR b 22 v, 43 M 10 pl % T DMSO [
FITC (£ £ (1 iR FITC BE/REEZ) 10 3) , JRA),
FEUME A BCE 12 h. 4°CR, FRICHE S 7E pH 8.0 PBS
HOEHT 72 h, PR 6 K. IR A W IE 200 ml
Sephadex-G25 1, ¥ Hl7E 0.2 ml/min, LL 1.5
fEAE AR pH 8.0 PBS VLML, WOAEH — AN 9okt
Jls, BE4T 10% SDS-PAGE 43 #1. 10 wmol/L 4ii i
FITC-SOD Fl FITC-SOD-ScFv ‘& T4 43 Y6 6 B it
T M A M Ay, R AKX FIP=2.87 Ay
(Ax—0.35A45) 15 F/PH, LLH FITC 45630
76 RPMI1640 1, 50 SPC-A-1 fifi i 40 fiid 1.8 ml
(5x10° A~ /ml) T 6 fLH, 37°C, 5% ALkt
Firh K5 9% 24 h. i FITC-SOD-ScFv % 0.2 wmol/L,
(G} 84 i PBS, FITC-SOD % 0.2 wmol/L) , R4,
Ak &85 7 30 min, PBS YRR 40U 3 WK% 2 i 4h %
Fe, TR A BB (LSM 510 , Zeiss,
ME) M A SH N (S HE N 488 nm U K,
500~550 nm KHf K, pinhole 4 1000), Hill4l
JfL N FITC 2.

1.2.6 SOD-ScFv Jiu 4 ROS 35 B& fE J7 i 52 . Ay M)
i% I 5 SOD-ScFv [f] ROS & B fit 1), Tl it &
DCFH-DA (2',7'- 4T — 5% )6 %) XN ROS
AT YL t0. DCFH-DA A G ¥ A%, & B miE Mt
J&i % i N ROS 44k B DCF (27,7 - & %6 %),
DCF AfEE, JE(E 488 nm FA2¥ A, 1E 525 nm
WA R g B 9 6. FE RPMIN640 1, 2 Ff
SPC-A-1 Jifi Jf 95 40 i 1.8 ml (5x10° 4™ /ml) T 6 4L
B, 37°C, 5% AL BRERFRAR TSR 24 he DA
SOD-ScFv filt & 2 1 4 0.2 wmol/L (% FE 21 23 51 b
PBS, SOD % 0.2 wmol/L), &%), 17 30 min.
PLG IfiL % RPMI1640 35 77 i Je v 40 M 3 ik, 4%

ROS F M & s, A 10 pmol/L DCFH-DA
0.5ml, AREEESFE 20 min, JBRAEETHALIGEESN AL, L
PBS VLR 40 3 7k, WA 4. BT O xC A A
(Becton Dickinson FAC sort, J[H) TR Z4L T,
LA RRAL T 10% AN I P39 5

1.2.7 SOD-ScFv 4 [m] 7% 15 fie J1 M 5E . K SPC-A-1
Jiti Ji g2 40 B (R I LA AGS B 41 e, HepG2 JIT o
20 B ABO IR 32 F 0 90 il (5%10° A /ml) T+ 96 FLAR,
37°C, 5% MG FRM TR IR 24 he B0 K
FERRFE (0.2, 0.5, 1, 2 wmol/L) MIfk& 8 10 wl
O FEZH N PBS,  AH[RIBE FEHBE SOD), WAJ, 4k4k
i 9% 48 h. #% CCK-8 WA & fr7n, &AL A
CCK-8 ik 7 10 wl, VEA], ZkZEH7FE 1 h, 450 nm
N E OO R, EAT 4 T

1.2.8 SOD-ScFv %} SPC-A-1 Jii [l 40 o A KR 2
(RIS, 2 b IR ) R e 0 g 7543 7 LA PBS,
0.2 wmol/L # ¥ J& SOD FIAH [F] ¥ J SOD-ScFv ]
WA 48 h, T OSSR A WA T L 42 4 i T
A. LUBERG W 1k PBS 41 F1 SOD-ScFv 41 i 4 41 o
1 000 g &L» 5 min WAL, PBS B4 3 K,
TN UKTA 1 70% L0, 4°CIE & 1h, 35 L@
W, PBS VLV 2 W, 1 ml Pl YLy 4°C i % 4L (1,
30 min. ‘BT 40 B T 4 i SR o3 A

2 4 L

2.1 pET-SOD-ScFv #{kHi#E

WEFLLE SOD 1 ScFv JEF 7412 (Al hn b 7 Z %
AN A H =R & B2 1K (Link-1 @ GGGG), LA K
Al REIR/ SOD 55 ScFv M T4,  DALRIUE P& 1%
PE. P2 BRI (K] 2), pET-SOD-ScFv H br#gifA
CLAA .
2.2 SOD #1 SOD-ScFv gy Rk Fnag{k

HbRE A5 S RIS, FA IR I EE 375 1
N EWE Fe, AR Litm Hbs R A MR
kA, MR AR R AT B . SOD Al
SOD-ScFv & [ 426 LAk R B A ik . ik &1
(IIEAZ /3 M2 B : pET-SOD #i4A7F 1L LB 955
i, 37CHIFEE Age=0.5 I}, 0.5 mmol/L IPTG (5+
WL -B-D- TAR - FUBE ) F1 200 wmol/L Fe** i
F &K1k 5h, SOD A mALL, HiarrmEy
28 ku, 2542 E AR 66%(14 3a). pET-SOD-ScFv
WARAE | L LB 85983k, 30°CHIFRE Age=0.4 I},
0.5 mmol/L IPTG, 300 pwmol/L Fe*" 4 i Sk ik
3 h, SOD-ScFv 3kffm KL, Hiop T iEy
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ccatggcatttgtacagctcccactaccctttgaaaaagatgetctagagecttatggtatgaaagetgaaactttcgagtatcactatggecaagcatcacaaagcttatgtagac
MAFVQLPLPFEKDALEPYGMKAETFEYHYGKHHKAYVD
aacctcaacaagctcactgaaggtacagaacttgctgataagtccctggaagaagtgatcaaaatttecttccaagactectctaaggtgggaattttcaacaacgetgeccaa
NLNKLTEGTELADIKS SLEEVIKISFQDS S SKVGIFNNAA
gtttggaaccacactttcttctggaattctttgaaaccacaacgggtggtggcacacccacaggtgaactcgecagcecaaaatcgataaagattttggtagettcgacaagttca
QVWNHTFFWNSLKPQGGGTPTGELAAKIDZKDT FGSTFDTIKTF
aggaagagttctctaacggctgcaactcaattcggeagtggatggtcttggettatcgatgatggtggtacgctaaaggtgatcaaaacaccaaatgcagaaaatcccctag
KEEFSNAAATQFGSGWSWILIDDGGTLIKVIKTZPNAENTP
ctcatggtaagaaggcactcctaaccttggatgtttgggaacacgectactacattgactataaaaacgececgtccagegttcatcaagaatttcctagaaaacttggtcaactg
LAHGKIKALLTLDVWEHAYYIDYKNARPAFIKNFLENTLYV
ggactttgetgetgaaaacttggecaaagetggtggaggeggagtcgacgtccaactgeaggagtcaggacctggectggtgaaaccttetcagtctetgtecctecacctg
NWDFAAENLAKAGGGGYDV Q L Q E S G PG L V KPS QSLS
cactgtcactggctactcaatcaccagtgattatgcctggaactggatccggcagtttccaggaaacaaactggagtggatgggctacataagectacagtggtageactage
LTCTVTGYSITSDYAWNWIRQFPGNIKLEWMGYTISYSGS
tacaacccatctctcaaaagtcgaatctctatcactcgagacacatcccagaaccagttcttcctgecagttgaattetgtgactactgaggacacagecacatattactgtgeaa
TSYNPSLKSRISITRDTSQNOQFFLQLNSVTTEDTATYY
gatctactatgattaccacaagaagggtcggctactggggccaagggaccacggtcaccgtetectcaggtggaggeggttcaggeggaggtggetetggeggtggegg
CARSTMITTRRVGYWGQGTTVTVSSGGGGSGGGGSGAG
atcggacattgagctcacccagtctccagcaatcatgtetgeatctectaggggaacgggtcaccatgacctgeactgecagetcaagtgtaagttccagttacttgecactggta
GGGSDIELTQSPAIMSASLGERVTMTCTASSSVSSSYL
ccagcagaagccaggatcctcecccaaactetggatttatagecacatccaacctggcettctggagteccagetegettcagtggeagtgggtetgggacctettactetetcac
HWYQQKPGSSPKLWIYSTSNLASGVPARFSGSGSGTSY
aatcagcagcatggaggctgaagatgctgccacttattactgccaccagtatcatcgttccccacccacgttcggaggggggaccaagctcgagatcaaataggcggccgc
SLTISSMEAEDAATYYCHOQYHRSPPTFGGGTI KTLETIK

Fig. 2 Nucleotide and deduced amino acid sequence of SOD-ScFv

The bold letters represent link-1, the underlined letters represent restriction enzyme cutting sites.

49 ku, 2 AHEE AR 79%(K 3b). K4 RIE K # SOD i h B‘JFIS%.
] SOD Ay A 6xHis br%5, AT Niz M4l 2.4  ELISA fiRE S8 hilE

1k SOD. et 41 F, 1 L LB WD 3kAE 4 ELISA £ 33& 1 (K 4), J SOD-ScFv 3e 4+
12.3 mg 4li i SOD, 1% 8.5 mg 41§}y SOD-ScFv. 0.01 g/L ) LC-1 ik LA #5011 SPC-A-1 fili i i
" PN M LE G (Aw=1.254). ffi% SOD-ScFv [ i
s i - S fTh, R 40 M T LC-1 B A
62 &2 B 160 KU SOD-ScFy I 4 ¢, LC-1 Hi ki 4 45 5 5 5%
- 662 e PEFIAH]. 0.1 g/L SOD-ScFy il & & 1 % 0.01 g/L
430 LC-1 FilAMH IR K 62.3% (A 1=0.473).
35.0 - 45.0

1411 254
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Fig. 3 10% SDS-PAGE of the SOD and SOD-ScFv 0.2 lgm
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(a) Expression of SOD. I, 6: Protein molecular mass marker; 2, 3, 4: 0.001 0.01
SOD cell induced with [Fe*]=300 wmol/L, 200 wmol/L, 100 wmol/L; 5:
Negative control; 7: Purified SOD. (b) Expression of SOD-ScFv. I:

p (SOD-ScFv)/geL"

Protein molecular mass marker; 2: Induced SOD cell; 3, 4, 5: SOD-ScFv Fig. 4 The ELISA curve of GFP-ScFv in A 4
cell induced with [Fe*]=300 pwmol/L, 200 pmol/L, 100 pmol/L; 6: l: SOD-ScFv; [1: PBS.

Suspension of SOD-ScFv cell; 7: Blank; 8: Deposit of SOD-ScFv cell;

9: Purified SOD-ScFv. 2.5 SOD-ScFy J‘ﬁ_ﬂﬁ Lﬁqé IIJHJE

MiEH] SOD-ScFv £F ScFv #[n) T HiE I BE
2.3 SOD EIENE A4 Fi] FITC %} SOD-ScFv #EAF L2471, FITC
BAZINEIEER D), AR SOD BT i 2 g i 488 nm F2HOR, B 525 nm F
EEE )34 1100 U/mg. 4E4¢ 5 SOD-ScFv Ui ) 4 % 655 9. 44K JE FITC-SOD [f) F/P 1 % 3.90,
650 Umg, fiiil)e ScFv Xf SOD ZMAHMIIIEMT  prre sop-Schv 1) FIP fE 3.04 5 kit FIP f
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M, RWHWEASD T LEAMFITC 8, X 5 SPC-A-1 il 41 3L 5 3% 30 min J5, FRATLE
# W SOD HAWZMIEG T FITC &AMk i B SRS E5O0, JOLEEL T T A
TR 4. FATTRE 3RA3 1) FITC-SOD-ScFv S5/ &AL (] 5¢), 1 PBS 4141 SOD X M A1 H1A AT
AR IR, W MM N 2155 A FITC 9806 WSR2 296 (Kl Sa, 5b), F£H SOD-ScFv KA
Kt FEMLEE J). 0.2 wmol/L WK E 1) SOD-ScFv & & iihe /).

(a). (b). (C).

Fig. 5 Fluorescent SPC-A-1 cells after incubating in protein with FITC
(a) SPC-A-1 cells incubated with PBS (Control). (b) B SPC-A-1 cells incubated with FITC-SOD (0.2 pmol/L) .
(¢) SPC-A-1 cells incubated with FITC-SOD-ScFv (0.2 wmol/L)

2.6 SOD-ScFv f2[A] ROS ERREE SN E SOD-ScFv AbFi PLJS I i N ROS 5 8 KK T B (&

WA A e S R W] 5 PBS MBS R 6c, 10* AN 4 ST ¥ 98 6 5 E 4 7.83 1), M
SPC-A-1 il 4 ROS & &AHEL (4 6a, 10°4  SOD X M4 N FEA KA 284k (& 6b, 10* 4S9 41 i
oo A0 BT 4 98 Ok 9 E Ol 22.56 GH), 0.2 wmol/L  SPHTEEHRE A 22.17 i).

@ 300 ®) 300
240 240
fé’ 1801 <§ 180
S 120 S 120
60} 60
50 pm 50 pm
0
10" 10T -~ 102===10>~ 10 10° 100 10> 10° 10
FL1-Height FL1-Height

Marker Left, Right Events % Gated % Total Geo Mean CV Median Marker Left, Right Events % Gated % Total Geo Mean CV  Median
All  1,9910 17924 100.00  89.62 22.56 245.11 2227 All  1,9910 19406 100.00 97.03 22.17 6820 21.44

50 pm

© 300

2401
180,

120f

60
0!

TOL==H102 T02a=—=1102 10
FL1-Height
Marker Left, Right Events % Gated % Total Geo Mean CV  Median
All  1,9910 18540 100.00  92.70 7.83  56.57 7.70

Counts

Fig. 6 Quantification of ROS in SPC-A-1 cells after incubated with different sample
(a) SPC-A-1 cells incubated with PBS (control). (b) SPC-A-1 incubated with SOD (0.2 pmol/L). (¢) SPC-A-1 cells

incubated with FITC-SOD-ScFv (0.2 pmol/L).
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2.7  SOD-ScFv #B a1 5E 11 E

A 1# SOD-ScFv 15 SPC-A-1 fii i e 2 fitg JL k%
F% 48 h, I b K W A5 ¢ e AN M A SR A e LT
Je A0 M B9 R 5 BE 7. AH BB T 0.2 pmol/L SOD
(1 100 U/mg) X i 41 M 5.3% (K F0 702, ) 94 52 1)
SOD-ScFv (650 U/mg) %F SPC-A-1 i [l i 21 Jifd £ 417
1%k 48.4% (IC,=0.21 wmol/L), TM*} AGS F ¥
Al HepG2 4N, HIZEAKATMEIEH (B 7),
KR T Rl & A B AT X SPC-A-1 fiti i 9 40 i 1)
Ll RE

@ 120
100 = T N
80
60 - -
40
20

Cell viability/% of control

0
0.2 0.5 1.0 2.0

¢ (sample)/pwmol L™

100 L TT
T [
sof

60 -
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SPC-A-1 AGS

Cell viability/% of control
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Cell lines

Fig. 7  Effect of SOD-ScFv on SPC-A-1 cells viability
(a) Effect of SOD-ScFv on cell viability of SPC-A-1 cells. [J: 48 h PBS;
: 48 h SOD; M : 48 h SOD-ScFv.(b) Effect of SOD-ScFv on cell

viability of SPC-A-1 cells, AGS cells, HepG2 cells. []: PBS;
0.2 pmol/L SOD-ScFv.

2.8 SPC-A-1 ffifRfE S SOD-ScFv H# 5 72
BENE

FHLE T 1E %5 SPC-A-1 Jili 13358 41 Jid frg AN B 0] 2
AR, BRI NG EERE S (K 8 a), 0.2 wmol/L ¥R JE 1
Rl B R 48 h DUJS, 4 AR, W RE e 0 B
BB, DR SR, R A KRS 2 BIAR

52 (& 8b).

41 IAWE ST A B, 0.2 wmol/L SOD-ScFv 4t
H SPC-A-1 i IR = 4000 48 h 5, GO/G1 ¥4 &
181K 65.99% (PBS 75 [1 41 F1 SOD X H& 41 43 51l b

52.99%, 55.71%), S W14 i % &k 24.87% (PBS
2R SOD X HEZH 7354 41.95%, 39.44%).

(2) (b)

50 pm 50 pm

Fig. 8 Morphocytology of SPC-A-1 cells after
incubated with SOD-ScFv and paraquat
(a) SPC-A-1 cells incubated with PBS (control). (b) SPC-A-1 cells

incubated with SOD-ScFv (0.2 pmol/L).

3 W #
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Construction and Functional Characterization of Lung Adenocarcinoma
. *
Targeting SOD
LU Min, GONG Xing-Guo™, WANG Chen-Hui, ZHENG Le, GUO Jian-Jun, ZHANG Shen-Feng
(Institute of Biologic Macromolecule and Enzyme Engineering, College of Life Science, Zhejiang University, Hangzhou 310027, China)
Abstract In clinic, the low tumour-targeted ability of SOD is a critical shortage in its application, which is a

difficulty for scientist at all time. For solving this problem, Nostoc commune CHEN iron-superoxide dismutase
(Fe-SOD) and anti-lung adenocarcinoma LC-1 single chain Fv (ScFv) were fused, and the fusion protein named
SOD-ScFv was expressed. After purification, fusion protein demonstrated both SOD and LC-1 antibody activities.
The result of tracing of SOD-ScFv by FITC dyeing and quantification of ROS(reactive oxygan species) in SPC-A-1
(lung adenocarcinoma) cells showed that the fusion protein possessed the ability to recognize SPC-A-1 cells and
eliminate the cellular ROS. The tumour-targeted theory put up in this research will overcome two applied
disadvantages of SOD in clinic: it neither target the tumour cell nor permeates through the cell membrane. Also,
the research provides a feasible idea that ScFv can be used to target the anticancer drug to tumour.

Key words Fe-SOD, single chain antibody (ScFv), fusion expression, target therapy
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