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Abstract

injury are highly relative with abnormal complement activation. Anticomplementary drugs research is one

A series of diseases such as immune diseases, acute lung injury and ischemia-reperfusion

of the focus areas in the development of new drugs. The study aims to discover and purify new
anticomplementary protein from Naja atra venom, and characterize its physicochemical properties and
biological activities. The protein chromatography technology was used to isolate and purify the targeted
protein under the guidance of anticomplementary activity. The purity and molecular weight were measured
by SDS-PAGE, gel filtration and MALDI-TOF-MS method, and isoelectric focusing electrophoresis
method was used to determine its isoelectric point. The N-terminal sequence was determined by the
Edman method. The inhibitory activity of the targeted protein on the classical and alternative pathways of
the complement and its mechanism were investigated. The anti-cancer activity was evaluated by the MTT
or SRB methods. The hemolytic activity of the targeted protein on various erythrocytes was measured. The
antibacterial activity was assayed by the KB diffusion method. The results showed that a homogeneous
anticomplementary protein was purified by sequential SP-Sephadex C-25 and RP-HPLC C18 from Naja
atra venom. Its molecular weight was 12. 7 kD and 9.7 kD determined by reduced SDS-PAGE and gel
filtration methods. Its accurate molecular weight was 7. 0 kD by MALDI-TOF-MS. lis isoelectric point was
9. 81, and the N-terminal sequence was LKCH. The protein effectively inhibited the complement classical
pathway of human serum, and the ICy value was 0. 046 g/L, but no obvious inhibitory activity on the
alternative pathway was shown. The study of mechanism showed that the protein significantly inhibited the
formation of C3 convertase of the classical pathway. The protein showed exhibited obvious activity against
the growth of cancer cell lines A549, K562 and MCF-7, and the ICy value were 0.32 g/L, 0.58 g/L,
and 0.63 g/L, respectively. It showed inhibitory activity against the growth of Bacillus subtilis and
Sarcina Lutea, and the protein induced slight hemolysis of guinea pig erythrocytes. In conclusion, a new
anticomplementary protein was purified and characterized from Naja atra venom. Its physicochemical
properties and biological activities indicate that it belongs to cytotoxin. The protein can significantly
inhibit the complement classical pathway, and its mechanism is related to inhibit the formation of the C3
convertase of the classical pathway.
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1 #MR5FE

1.1 ##

SP-Sephadex C-25 k73 fEAra& 9, Wk H i
J&i Ampholine(3.5~9.5) ¥ F 3 GE Al 4
LT S S S T 50N BE R R 2% RNl LS 7
B ah sh oy AL T P R A D 2 ek ol o
G245 ML7E 1 RPMI 1640 15 5% 3£ | HyClone ; MTT
T Amresco, HEIRBEMERE ( Naja atra venom)
JEE A R K562 . A549 F1 MCF-7 LA K 45 B 0,75 7 Bk
P (CMCC26112) Al 27 B AT 7 ( CMCC63501 ) | JHk
B BK W ( CMCC28001 ), K i B A IR
(CMCC44113) MFE VPTG (CMCC57001 ) | fi 4%
R (CMCC10221 ) ¥ 520148 Hh FRE= B R
SRF=IAb 2 T A SR S MR T v = AR, HAthiat5R
B kg b 101 s A bl

Agilent 1100 B AR JE AT R G ( ES Agilent
N A ) ; AKTA prime 25 1 46 16 ¢ ( Amersham
Pharmacia Biotech 23 #]) 3 #E£2 1% K EFFR Y ( 3£ E MD
Al ) 5 FDU-1100 ¥ ¥k T 1AL ( H AR R s 24k ) 5
Forma 3111 CO, 20 i % 72 46 ( 2% [E Thermo 2\ A );
NIKON #H2% & % %% ( H 4% Nikon /A #] ) ; Revoc # 1K
TR VKA (95 Thermo 23] ) ; Milli Q #B4i/K R 58 (%
[ Millipore 23 H])
1.2 miMEEARMSBE4K

2.0 g HAEHR BEME HE DL 12 mL 5 IR #h 2% b
(0.02 mol/L, pH 5.8) # fi#,2 000 r/min £5.0> 10
min, B_E 3 W AR T © R AH [R) 22 op - 15 1) SP-
Sephadex C-25 #1:(2.6 cmx40 cm) , 74 PEN ), VA
0~ 1 mol/LNaCl #F 17 28 ¥ B6 B ¥E W, 9 3 A
30 mL/h, B 6 mL, BB 4lifbm B9RE 43
SITEATHUAMATE P i 5 , WA B AMA T 14 1 B
Jivg B R R T

B R AG BUAMATE M 4L 43 A T B M T T
AR 4l 7K 5 i I, R B AH e 80 AH 635 (RP-
HPLC) #E1T/r Ealifk, i ik ] Hypersil C18 FE
(4.6 mmx250 mm) ; Wi s AH A 2 0. 1% = L IR-
JK B B S 0. 08% =R FR-10% I , K 235
nm, 7 | mL/min, FEJR 25 °C . YE S WA ik
TR PER BRI R T, -20 “CAFHR .
1.3 HFENEBEAHNE

S8 LaemmLi' ™ 1975 ¥ #E 17 SDS-PAGE i J&
HLUK, IR % Sl 22 15 R-250 A7, #E
PERIN 432 ) K ] Sephacryl S-100 BEEAE (1.0

emx63.5 cm) , Lk PBS Fu40 Vi 5E A, i R 30
ml/h, R AKTA prime 8 [ 2040453751000 5 1 2R
BEEE ARG AR A (V) FTE o T B bs s DA T AR
Oy FRBER VR AR R (V) o K alifk B B R C
P N R ZE R B AR R A B A W B 2 4 B
LB 25 64T MALDI-TOF-MS J5i 343 Hr . 6 4%
#%°8 BRUKER REFLEX IIT i §#% 1% ( £ [ Bruker 2%
Al) o KD SRAE . N2 BOGIE, K 337 nm; KUY TR
R BE AT ARG

S F 25 0 E 2 IR Robertson 251 Wk, %
il pH 2R, IETHA H AR ER T S5 A
1.4 N-ImFREERFFINE

FCalifbiy B R FBETT SDS-PAGE FlfRE:
LK X PVDF B 5 |, 58 i 3L AR )
HARABR A EIE N-Ui 2 5 0R 7 51 R ] Edman [
fif 2 HF A7 R, K W AX #% S ABI PROOCI
SETM492cLC,
1.5 ZHBREHAMEFEERD

2 MR AR PUAMATE PRSI . HURE S B
FLT M BRI 45 100 WL 43 51 m A A
H1,37 CHEE 0.5 h, HF 5 min #RFE 1 K, WAL
mL ¥ A AR 7K 28 0k OB, 2 000 t/min B 0> 10
min, BCEJEWRT 405 nm AbIERE S OEE

S PEARARPUAMATE PEAG I . BURE SIS TR SR 2T 40
MBI IEH AMLE4 100 WL AR 37 C
B 30 min J5 A 0.5 mL ¥ 248 B3 K& F R,
2 000 r/min#f.L> 10 min, B EIEW T 405 nm AL
WG,
1.6 HBEEERN

A3 K562 4 A549 21 L F1 MCF-7 4 i 4%
7.5x10" A~/ mL 1Y% BEHEERNF 96 FLAR , 4:FL 90 pL,
BT 37 C 5% CO, HEFefih 5% 24 h, [ K562
AR B P N AKE S35 5% 48 h, 2% Mosmann' "' Fl Tada
AELOTHG 7 1, SR FHOMTT 6 46 0 40 Jf 1 A7 7% 3%,
A549 ZHfIFN MCF-7 20 Mo W0 ARE S s W s, 4k 22
F:3% 72 h, %% Skehan %5 )%, %1 SRB 46
I 40 L P 7T R
1.7 AmE SR

HUAn 3 20 20 ff . K B A0 40 M ( guinea pig
erythrocytes, GP erythrocytes ) F1 Z¢ fg 21 4 ffd, H
Hanks ¥ il i 3% )21 40 it 2, 1o i N i A
0. 24 mL 2L 40 0B85 , P IAKE S A Hanks Y 22 2
mL(FEAURIE R 90 mg/L) . ¥R EW T 37 CH¥
F 2 h,2 000 t/min 0> 10 min, 540 nm A& 2 %
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1.8 HEEHAN - 12
$4 200 WL FLEFIOBIE SIR KT 4 20 ml. M- T 10
HOERFAERO BRI L FTTL, FECRER, 40 L 4% N .
Frb, T 37 CHIEMMIER 18~24 h, DAKKER T E
S BHPEXT R <20k 06%
1.9 MEAMEZHIRE C3 RUBEARE b3 04 &
WBURE T 0. N L35 4% 100 L i A 45+ o 0
37°C/KIBIFE 10 min, A 100 L SUELR 4140 03r ’
0.0 | B J

M1, 37°CHRLEFE 5 min, B 1 mL A= BRER K VR4
2,2 000 r/min B5.0> 10 min, W2 EIFEHIA 100
L KB (A& 0.04 mol/L EDTA ff) GVB 2 i
W1 :5HRE) ,37°COKIEIF A 30 min, 0.9 mL A= FEE
KR B, 2 000 t/min B> 10 min, ] _E¥E T
405 nm AbIMIK SR
1.10 Fit=EFHiE

SIS B SR FH mean £ SD i, LA SPSS 22.0
AT 2 T 22 5081, AL B FE R T 1-test, 2L 1]
ZEHCRH LSD ik,

2 #R

2.1 CTX-CI pyatifk

MR BEdE #5245 SP-Sephadex C-25 BHE 138 # )2 4T
PAF 9 DUEMLUE (Fig. 1), Hrp 443 F-1 F-IV F-IX
FUA B S R R MA TS 1 WO i I — AN TE PR AL
HIEHRT,

B A A0 iR & 41 43 4 RP-HPLC C18
AR S HE— 25 ali A AR AT B — 16 M0 (Fig.2) 4R
PR BORMATE M I Ak i, AR R VR T, RSN
Jifr 444 CTX-CI,

] ] 0.0
100 125 150 175 200 225
Tube number

0 25 50 75

Fig. 1 Ion-exchange chromatography of Naja atra
venom on a SP-Sephadex C-25 column A total of 2.0
¢ of Naja atra venom was applied to the column (2.6 cmX
40 ecm), and the column was eluted with sodium acetate
buffer at a flow rate of 30 mL/hour, and collected 6 mL per
tube. Fractions indicated by the bar were pooled for further
purification. The solid line indicates absorbance at 280 nm,
and the dashed line is the NaCl gradien

2.2 CTX-CI ¥4 FEFEESNE

CTX-CI ZRBEHE L 8 2, HoarF 18 9.7 kD,
25 SDS-PAGE W , 7EiR JF A F T B — 2547, o0
TR 12.7 kD(Fig.3A) o SFHL R AR UK E H AR
T RO 5 pl 4 9. 81( Fig.3B)

MALDI-TOF-MS kil 1, 4lifb i CTX-CI 53F
4 7 007. 7 D(Fig.4) , RA554008 15— S
2.3 CTX-CI iy N-im S E B F 554

Edman FEA# 200 2 N-3if 203 187 91 10 25 3 2
7, CTX-CI BRI 4 (7 & L8274 LKCH, 5 HAjE.
HRIE ()i B 400 1 5 0 N3 & R 7 91 A 458 1 [
JEME(Table 1)

o~
DADI A, Sig=235, 8 Ref=off =
a
0.8}
E 0.6f
=1
3
g 04f
2 -
< 02f o o = w0
3= & = s 9
o & T P AN
0 i ™ + v
0 5 10 15 20 25
t/ min

Fig.2 RP-HPLC C18 chromatography of the pooled fractions from ion-exchange chromatography

The sample was

applied to Hypersil C18 column (4.6 mmx250 mm) , and the column was eluted at a flow rate of | mL/minute. Fractions indicated

by the bar were pooled
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*) ® 2.4 CTX-CIMHAMmEMEZ SRR
K0 H ARBIE 5 SR TN i KR 5 0 R I 7
—9.81 (guinea pig serum, GP serum ) &l CTX-CI XJ#MAZ:

970— MaRARRIMEIE . 42KV, CTX-CI X Bk 3 il

660— 0 LT 26 S5 2 B A R PR A A B R 2 5,

450— HR RPN T A 9 400 1 47 T e oA B 9 I
"0 6.22%=+0. 03% ( P<0. 05) , HR & K BRI , 5 1R

300 — o o 38. 89% 0. 04% (P<0. 05) , T Xt A FLIfiL 375 4 A K&

‘ ARTCAMFIVEH (Fig.5) .

201 — 60— [, S5 45 9 7%, CTX-CI X A I i Ak 22
o BOGRAR R HIVE TR BT RAFIREROCR I 1C,

144 — oo #0.046 g/L(Fig.6) .

40— N T UESE R A A e T A R i —
T T IS8, 4525 W, TR IR i 45 T
Fig. 3 Reduced SDS-PAGE and isoelectric focusing WE AR AE N 20 1A 9 I35 M S AR ST Y X B

lectrophoreti lysis of CTX-CI A) SDS-PAGE N »” o
electrophoretic analysis of CTX-CI (A SDS-PAG CTX-CI SR 28 i 42 A 40 400 S LA B

analysis in reducing conditions: 1, molecular marker; 2,

CTX-CL (B) Isoelectric focusing of CTX-CI (Fig.7) .
=
o~
[=3
(=]
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8 000
6 000F
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S,
7]
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£ 4000-
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=
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2000} _
N ®
@ S
@ S
o =
el | i
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Fig.4 MALDI-TOF mass spectrometry analysis of CTX-CI The accurate molecular weight of CTX-CI was determined by
the BRUKER REFLEX III mass spectrometer with N2 laser source, wavelength of 337 nm, and erucic acid as the matrix

Table 1 Comparison of N-terminal amino acid sequences of various cytotoxins from cobra venoms

Snake venom Protein names N-terminal sequence

Cobra venom from Hunan CTX-CI LKCH
CTX-analogue 1" LKCNKLIPIA
CTX-analogue 11" LKCNKLVPLF

Cobra venom from Taiwan CTX-analogue TIT-*%! LKCNKLVPLF
CTX-analogue TV'®’ RKCNKLVPLF
CTX-analogue V" LKCHNTQLPF
CTX-X LKCNKLIPTA

Naja atra from Fujian™ CTX-XI LKCNKLVPLF
CTX-XII LKCNKLVPLF

CTX-XII RKLNKLVPLF
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Fig.5 Effect of CTX-CI on the complement classical ¢/ min
pathway of sera After CTX-CI was incubated with three
Fig. 7 Effect of different pre-incubation time on

types of sera, respectively, the inhibitory activity against the
hemolysis was assayed. Significant difference was calculated
by one-way ANOVA with LSD post-test, “P < 0.05,
compared with the control group, *P<0.05, compared with
the rat serum group (n=6, x + SD)

100

= *3%

e

D
(=)
T

*%

o
o
T

Inhibition ratio (%)

| | | 1 | |
.000 0.025 0.050 0.075 0.100 0.125 0.150
c/gL!

So

Fig.6 Effect of CTX-CI on inhibiting the complement
classical pathway of human serum Different
concentrations of CTX-CI were incubated with human serum,
respectively, then sheep red blood cells were added to detect
the hemolytic activity. Significant difference was calculated
by t-test. ™ P<0.01, compared with the lower dosage group
(n=6, x = SD)

K ML AMAKE I CTX-CT X #MA 5% 1 i 42
FORIRIE T . 255 R, CTX-CI X RMA 32 B iR 42 Y
POHIVE 355 , fE MR BE IR 3] 3. 33 o/L B, fil il %6
VN 52.5% (Fig.8) .

2.5 CTX-CI #P IR R4 K

K A549 K562 Fll MCF-7 200 kkAS I CTX-CI
AT IR 15 P, 45 3 7R, CTX-CI Xt A549 4iififd |
K562 4ffiF1 MCF-7 20 it YA il 1, B 25 &
MeHsE , FE1C, 73 5M 0. 32 ¢/1.,0. 58 g/L.0. 63 g/L
(Fig.9)

inhibiting the complement classical pathway by CTX-CI
The CTX-CI was pre-incubated with human serum for
different times,then sheep red blood cells were added, and
the absorbance was measured at 405 nm(n=6, x + SD)

120

1001~

B [N *®©
(=3 (=3 (=]
T T T

Inhibition ratio (%)

[3*)
(=]
T

0 I 1 1 I I 1 ]
0.0 0.5 1.0 1.5 2.0 25 3.0 35

c/gL?!

Fig.8 The Inhibitory effect of CTX-CI on hemolytic
activity of the complement alternative pathway CTX-
CI was incubated with human serum, and then rabbit red
blood cells were added to detect the inhibitory effect on
complement alternative pathway. Significant difference was
calculated by t-test, * P<0. 05, compared with lower dosage
group(n=6, x + SD)

2.6 CTX-CIs|ERROAMEERMD

I AESLYG F W | CTX-CI X473 21 40 i Fl 5
ZT A0 M4 TCVE AR P 5 150 I B2 40 M R A e 7%
IMAEHI(Fig.10) .
27 CTIX-CI Hl#HEFRAFEMEEMKE
RS

KB SF-H i 5 45 2 0 | CTX-CT X A% 55 2 f AT
TR B 0K R R R 400 B R LA 0 ) Ry
11.99 mm #1 8. 86 mm; {HX} K I8 7 [ 3 15 FE VD
I TR | 4 B 00 ] 2 R TRT R A 2 152 B L P 34 I 910 o)
YEHL,
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Fig.9 The inhibitory effect of CTX-CI on different

cancer cells After cancer cells were exposed to CTX-CI

for a certain time, the cell viability was assayed by the MTT
method (K562) or SRB method ( A549 and MCF-7) (n=
6, x = SD)

100 -
80
60

40}

Hemolytic ratio (%)

20+

: 1]

ymrocyws GP efymrocytes

od cell

Sheep red IO Rabbit ef

Fig.10 Effect of CTX-CI on hemolysis of different red
blood cells CTX-CI was incubated with red blood cells

for 2 hours at 37°C , and the hemolytic activity was measured

(n=6, x = SD)

2.8 CTX-CI #H#MEZBLIR 2 C3 5L EFRITE AL
CTX-CI X #MA 28 Mg 42 B 8 (R4l /i
X RMARSE B IR AR AR R B HE A 6 % ASHIF 5T R AR
R WIRTE C3 FEALBHITE B S B IV A 746
M, CTX-CI 5EURA LA Ll B MRS S
DI B C3 e AL i, 3 3 Pk W 20 40 B A &
EDTA K BUMLYE LUR sh & MR 42 s i s vy, 45
RF HMAZ MR AR C3 FEALREATE s A 4 1
FUZAMHIE F 20— R AR (Fig. 11)

3 g

AT 1 SP-Sephadex C-25 FHE 324 )2 M7
FIRP-HPLC C18 S HUEHT, Mo IR B 551 5 75
AALSAT— R B TE AT > TR 7 kD /Y
POAMAE T, H I R P IZE R TR
B A R AR . 24 M 1k, WA R IR B2
I R B AN RE 2R K2 60 Fh X SEAN il AR R 1Y

120

100

80

60

40l

Inhibition ratio (%)

201

Ok— I I I I
0.0 0.5 1.0 1.5 2.0
c/gL!

Fig.11  Effect of CTX-CI on the formation of C3
convertase of the complement classical pathway
Different concentrations of CTX-CI incubated with human
serum and sheep red blood cells for 5 minutes, after sheep
red blood cells were washed, rat serum containing 0.04
mol/LL EDTA was added to initiation hemolysis. The
absorbance was measured at 405 nm. Significant difference
was calculated by t-test, ™ P<0.01, " P<0.05, compared
with lower dosage group(n=6, x + SD)

SRAEE /NS TR IR, B 15~ 17 R SE IR 2
60~62 PHEILA A, /3 T i E 6~7 kD', B4R
4200 75 28 ELAT V5 I O AR AN B e L AR ST
KRB, CTX-CI REA S5 il #MMA 28 g 42, % K BRI
YA — & W LAVEF, XF K562 41 i . A549 41 Jifg Fn
MCF-7 4 M 254 0 VR F , I B0 il Al 5 28 60 T 147
FRE KB

CTX-CI Xf A ML 375 4 A 25 i ik 42 5 B S 400 i 4
FH XA MA S B AR A i VR FHAS B B, 3L T 45
AMFGERT AT BE A VE AL RS T T AFSE . RIH#MA
ZGRAR C3 HEALEIE B SC 560 6 HAM il 1/ F 4746
D S50 A SR B A i SO S 21 4 R I T
TRAMEE — o i 8] LA RE 72 4 A B 0B 1% C3 #54k
fifg, SRIG VLA, In A &4 0. 04 mol/L EDTA [
KU IE #MA S RN, B &4 EDTA [ 175 A fE
FRAEBURTY C3 Akl , HA Z R IE iy C3 # b
T B8 R AMA 2 LR A A I If S R, L I AR B
C3 F LB E i 2 IE ARG, PR 38 20 32 D il S g
REIERH CTX-CI 25201 T C3 e ALRIIE AL,

IR, £ ™= R A e B h AR AR i SR MA R
A 2 . CVFP U H Atrase BM'™  Hirh CVF 2 i
I R ST AR 55 % 2 A o A AR R B 1 7= b
AR Atrase B WS EEY) B 71 C6 ik
FUIHIRMATER S AR AR CTX-CI BEHD il #h
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