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region of Parasporin-2. Mutant proteins were purified after expressing in E. coli BL21 cells, followed by assayed against

hepatoma cells and normal liver cells by MTT. They showed diverse anti-hepatoma activities, in which two mutant
proteins, P2M1 and P2MS8, exhibited high cytotoxicity against hepatoma cell lines SMMC7721 and Bel7402, meanwhile
leaving normal liver cells Chang-liver unaffected. Structural comparison among P2Y, P2M1 and P2M8 showed that the

length of B-sheet or f-fold, and the amount of a helix greatly affected the anti-hepatoma activity of Parasporin-2. Results

based on amino acid alignment, molecular docking between P2Y, P2M1 or P2MS8 and receptor, and mimic mutation

demonstrated that amino acid residues at the sites of 52, 56, 58 and 208 on P2Y, especially the aromatic amino acids such

as Trp, Phe, and Tyr were involved in the interactions.
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Table 1 Variation setting of multiple responses

The values of sits

Protein
005 032 102 131 148 158 182 184 203 206 215 217 225 242 252

P2M8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
P2M1 1 1 1 1 0 0 0 0 1 0 1 1 1 0 1
P2M7 1 1 1 1 0 0 0 0 1 0 1 1 1 0 1
P2M2 1 0 0 0 0 0 0 0 1 0 1 0 0 1 1
P2MS5 1 1 1 1 0 0 0 0 1 0 1 1 1 0 0
P2M4 1 1 1 1 0 0 0 0 1 0 1 1 0 1 1
P2M6 1 1 1 1 0 0 1 0 1 0 1 1 1 0 1
P2M9 0 1 1 1 0 0 0 0 1 0 1 1 1 0 1
P2M3 1 0 1 1 0 0 0 0 0 0 0 1 0 1 1

MR g STHk N 70 H o E SO EUE R, B{ER RARNL IR 2,
A O

/Iy ODA {HEYZEXS{H - 2.2 pET21b-P2M Fh& EHRIAH R
1.3.4 TRDG0 S b2 AR IR 1 TR B S G AP BRI FF I IM110 B2 2540
) ZDOCK 43-F Xt 8 | Mark, LRGN e, BRI TR i
FIH ZDOCK i, %t IT AU s b A 2 13 PCR S HI %5 , 255151 Parasporin-2 %645
AR T IR L U7 543 TR 4 T P E IR R T Rk (F 2).
1.3.5 TTRGUESEEMESE D MBERH
RRIBE S TN . SE—
FEAPEAE R RTTE 1Y ZDOCK 437X, HAE 15 000
BB W AR (Input Ligand Protein)” 5000
BOEN N TR E A N THERABENA, i (5)88
) &R 750
500
21 NMERERAEEERER PCRFEHIFET 250
B M B 5 I v UK 4% SR R T AR B — A 100

864 bp fP Har (Kl 1), HIA Parasporin-2 i54% 1 Parasporin-2 £ [F &) PCR iF T =) Bk 2 47

VR ORI P B L A 4 PaML 2 Fig. 1 Electrophoresis analysis of Parasporin-2 PCR
mutant product. M: DNA marker; 1: PCR mutant

JE#HE] 9 7 Parasporin-2 HYZAHEIN, HAT [ product of P2M amplified with PS2F and P2R primers.
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23 REEAMFSRERT B

BE i HEAT O OB S, LU W R AT
SDS-PAGE HLykAGM (F 3), &£, SHu
X IR AR L, Parasporin-2 287478 LA i1
i FRE R pET21b £ KHFTH BL21(DE3)
W Rk 37 kDa 224 IR A EE (1 55 . A
Parasporin-2 57 EIEARIRME WA 6 MHA
FRAR2s , AT 4105 61T SDS-PAGE Hi JK A6 ]

bp M 1 2

15 000

7500
5000

2500

1000

100

B2 FEFRIEHK pET21b-P2M B8k 47

Fig. 2 Electrophoresis analysis of recombinant plasmid
pET21b-P2M. M: DNA marker; 1: pET21b-P2M
digested with BamH [ and Sa/I; 2: PCR product of

recombinant plasmid.

kDa M 1 2
120 s
85

50

& 3 pET21b-PS2A iF B RIEFYHI KD

Fig. 3 SDS-PAGE analysis of pET21b-PS2A
expressed in E. coli BL21(DE3). M: protein marker; 1:
without IPTG induced protein of pET21b-P2M; 2: IPTG
induced protein of pET21b-P2M.
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IR 20 M BE AT o 45 R RIS i 58 A2 2 0
N R RS2 AR K (R 2), Hrp
P2M1 Fil P2M8 X Pt S35 200 M 22 A7 R BEm B A
YERT, TASSE WA IE A AR (B 5).

2.5 P2MI1. P2M8 5 P2Y Z R EHIR LI

DL Kabsch-Sander 43277 k#4702 1%
F| P2M1., P2M8., P2Y M R EE U 6 Fis .
B 2 1R 5 51 E B M RIKGE P2Y . P2MI
Il P2M8, H PR AR o BRIE, A
KFoR IS, ZRALMRIRILHE QI HE
R,

M ] LR RS AR BT
BT AR K I 2 o EHE 14 18 I A5 3 4 2 ey
(AL AR 23 52 ) TT BB b AR 2R 11 i AP I
2R B TR b AR 1 O T 1 o

kDa M 1 2
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50

36

25

20

4 BHELB&L pET21b-PS2A RiA=HYHY
SDS-PAGE 44t

Fig. 4 SDS-PAGE analysis of pET21b-P2A purified
by Ni-NTA-Agarose.
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A P2M1-Bel7402 B 120 P2M1-SMMC7721
~ 120 &
> )
3 80 e
Z c
i, . . Y
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Concentration (pus/mL) Concentration (pus/mL)
C P2M8-Bel7402 D P2M8-SMMC7721
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S 120 S ——24h
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3 2
2] 0 \ \ \ ) n 0 L L L )
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5 P2M1 F1 P2M8 7E A5 3 BT 2 2 B 185 78 Y 1 R

Fig. 5 Effect of P2M1 and P2M8 on the growth of liver cancer cells in vitro. (A, B) Bel7402 and SMMC7721 cells
had been treated with different concentrations of P2M1 for 24 h. (C, D) Bel7402 and SMMC7721 cells had been treated
with different concentrations of P2M8 for 24 h. The cell viability was determined by MTT assay.

F2 RTEAEE. SEBRRTHS LI SMMC7721. Bel7402 BhE 40 AT ICs,

Table 2 Mutational sites of bases and amino acids of mutain and their ICs, of anti-SMMC7721 and
anti-Bel7402

Mutational sites of bases Mutational sites of amino acids I7C75§ 1ofHSgI\//Inll\/LI§ 7}1%50((:123111)
P2M1 G™A, A*"G, T*C Gly*Ser, Thr**’Ala, Val***Ala 2.04 14.88
P2M2  A’G, T°C, A®°G Ile'Met, Val'*'Ala, Asp*'’Glu 4.97 2.93
P2M3  G™A, T®%C, Cc*“A Gly*Ser, Val**Ala, Ala*"*Asp 37.29 6.52
P2M4 G™A Gly*Ser 6.18 2.39
e ij:% A™'G, A¥G, A°G, T™#C, ggz;szg Thr**’Ala, Val**Ala, s o 0.4
P2M6  G™A, C*G, A*G, T'*C Gly**Ser, Ser'®Cys, Thr***Ala 12.24 8.16
P2M7  G™A, A°G, T’*C Gly**Ser, Thr***Ala, Val***Ala 3.47 10.33
G*A,G*A,CP'T, A*™C, AYPT, Gly®Ser, Glu"®Asp, Lys'lle,
P2M8  G*®A, C*¥G, GP'T, T, G*''T, Ser'®Cys, Asp'™*Tyr, Gly**Val, 0.95 3.74
A*PG Thr***Ala
PIM9  GMT, G*A, AG, T'C é;%;‘{z:i; Gly**Ser,  Thr**’Ala, 2123 436

cjb@im.ac.cn
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6 P2M1. P2MS8 #1 P2Y B9 R EME
Fig. 6 Secondary structure of P2M1, P2M8 and P2Y.

26 [AHESKEARTEEREANS &4 SEMLTRINRAR

E IR Table 4 Frequencies of multiple responses
R34 T 22w AR g AR AT R Responses Data percent
Mz > Y, N 9
BRI HAR I SE ARG, 12 9 BT, % N Pereent(%) %)
HRICKR B 9 F R 100% S005 8 101 589
. o S032 7 8.9 77.8
% 4 RIS TSR, i s s o 5o
N R S XT WA 55 P2MS [6]—{ s A0 F %A S131 8 10.1 88.9
RGN, W 3 H R AR X A R R 5 S148 1 1.3 111
% s " S158 1 1.3 11.1
AE A R SRR A A e, AN RA S S1s ) ) s
ST IV 45 S X O 254 BG4 qse 1 o o
- Site® : :
b ATLAE 7 A 148, 158, 184 F1 206 X [ $203 8 10.1 88.9
S206 1 1.3 11.1
®3 ZEMETRHRHSTNIRHER 215 8 10.1 88.9
Table 3 Case summary of multiple responses S217 8 10.1 88.9
Valid data Missing data ~ Data amount $225 6 76 66.7
S242 4 5.1 44.4
N Ratio N Ratio N Ratio
S252 8 10.1 88.9
Site* 9  100.0% 0 0% 9 100.0% Total 79 100.0 877.8
a: dichotomy group tabulated at value 1. a: dichotomy group tabulated at value 1.

http://journals.im.ac.cn/cjben
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MG A R, WS H AR ERER, (LA
182, 203 F1 215 X 45 FH Y TH PE AT 5200
27 NEBMEEAEERTEERESE M
EF 5

% 5 BN AYJE Kaiser-Meyer-Olkin (KMO)F
Bartlett AU 25 5, Horp KMO {ERHET T 1
A A AT oA, SRS KMO N
0.216, FRHLHGE AR F53#47; Bartlett BRIE
JRE G 6 1) D A1 15 Ay A O 2R B I Ry B
Sig {E°A 0.000 /NF i E K 0.05, PHbHh4E )5
i, AU B Z AFAEARDCOC R, A T IA
R

% 6 BRI R AR ILE LR, 7]
LA PR -3 B g 20 o 3 ] B AR o v, RIS

R T RN T ORGSR, RN
HRIEGFIEAE, PR AR, A e
I ER TR, “Total” 248 HFAIFHIE(E,

“Percent of variance” JEF51Z A T HIRFIE(E 5
FHEER B 43, “Cumulative percent” J2&48 2R
A E b o N nl DU H T 3 A4S RYRFAE(E
KT 1, IFHHT 3 A H T RRAEEZ A SR
1A 94.239% , LA 3 AN -8 £ T

Bl 7 RFEEE A B, 30 A s
JE R B BEI R AR R R R, Z
] A B ) v . — e B PR AR AR BE D Y

Fo TEHRER
Table 6 Communalities of variations

Variable Initial Distill

ik PR B A R T AR, 58 v 000 999

RN NIERE S S LR p 1.000 0.976

G 1.000 0.993

£ 5 KMO 0 Bartlett 894836 & Y 1.000 0.965
9

Table 5 KMO and Bartlett’s test H 1.000 0.879

KMO values Bartlett df Sig F 1.000 0.971

Values 0.216 106.202 21  0.000 w 1.000 0.814

x71 BERHEAER

Table 7 Total variance explained

831

Initial eigenvalues Extract sums of squared loading Rotation sums of squared loading

Total Perc.ent of  Cumulative Total Perc_ent of  Cumulative Total Perc.ent of  Cumulative

variance percent variance percent variance percent

1 3.072 43.889 43.889 3.072 43.889 43.889 2.802 40.027 40.027

2 2175 31.070 74.959 2.175 31.070 74.959 2.060 29.426 69.453

3 1.350 19.279 94.239 1.350 19.279 94.239 1.735 24.785 94.239

4 0.361 5.155 99.393

5 0.041 0.593 99.986

6 0.001 0.014 100.000

7 2200E°  3.142E° 100.000

cjb@im.ac.cn
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Eigen value

1 2 3 4 5 6 7

Factor number

E7 #EE
Fig. 7 Scree plot.
PR AL 7R T AP TR R X AR S Y i R
JEH /o B ] LUE AT 3 AN AR AE IR
BEUHI AR |, S 4 AN T IF R AR AR Bk
P22, IR ERRT 3 A RN BT
A ERFUTHEASE S R 8 B
N, AR RSN RBUE R FIW 7 2 S
ok, WERPATLIES, #5814 RET L, 6
2R (W), AR (H) FEEER (Y) X 3 KR
SRR BT, XL IR 1) S BE & A AR IR
FeIN TE5R 2 MR EARNER (F) AR (V)
AR (W) X 3 BEEMRIGBAERR, ik
SR I SCHE O A RS R 55 7856 3 AP 1
HE&m (G) MESER (Y) Bk, S
PR BL 2 A SCHE B A SR A AR IR AT LU X
3 A ER T B A R SRR N 55 A R
W2 L R . 2R T R RIS R o X 25 S A
JT ODA {5 B 45 SR — 5, R A2
RN R R B R AE 2 1 - P U R R 4
T E MR, X s 57 A L R W] fE X
Parasporin-2 AT HE TG PEA S 25200 .
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Table 8 Component score coefficient matrix

Component
Variable
1 2 3
A% 0.042 0.496 —0.046
P —0.345 0.002 —0.021
G —0.139 —0.075 0.567
Y 0.126 —0.049 0.514
H 0.315 —0.024 —0.114
F 0.080 0.516 —0.095
\ 0.340 0.133 0.020
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AR 1 P2M8 b HAT 1 P67 A A LA o A 7
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BRI R R AT AT TR 5 A8 S 00 SR 56 T3
S G RE RV o5, e LG o7 ) B R o TR PR TG M7
ST (HARR 53.56.58.,208) HMER (W),
KNRER (F) MIREEIR (Y) BRI E IR
PEA TR ZEAE , R L5 A 8 s .

1 SRGIAMAES TR IR, MHa5 R %
HBR T 1 5o A Y IE [r AR 28 AR R L P2MS Y
OyEC, TRRBAUEST T ODA B, BRT 1 54k
FLAR MR S AR B8 1 ) 6 2 SR ODA {H L
XTI A P2MS Z 2 ODA fHHEAN, RUITE
ANTHIA S H ARG EIUR B E RS
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Fig. 8 Docking results between virtual mutants and receptor.
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