EURRE SR R E MR CH KRB ¥R Vol. 33 No. 4
20124 7 H Journal of Huaqiao University (Natural Science) Jul. 2012

XEHS: 1000-5013(2012)04-0408-04

I#mEREEANTERAER
EESHmFEEERNX R

R, AR

g e AT 2EBe, fisd T 361021

WE:  FHEILRRT I LT, 2 5 B A TR R A W00 R & A RS 8 e L o I BB S AR R A
IR S PTG 2 B 56 R S5 R R . I T 0@ & (R 2 B 4+ b a5 49.51,52,55~60,194 Fl
205~212 Wy S I TR AR AL 1 )2 05 B 18 4 B TR 7 TG MR 0 32 P B 1 o (AT A 4R LA R PR 8 B AR 7 Hex 19
S 8 O B LR PLL R P32 55 A7 4 H il - 3-8 R DL AUl (GAPDHD 1 45 45 Rk it I Ik, & B P11
P32 b5 GAPDH 454,

kR IRIUEREED: a0 E; FHREIR: o F X8 B hmE-3-uhm i = 5
hESES: Q511.04; Q78 XERERG: A

5 3 & L R HAT 2% BOVE MR I T AR 26 1 Cry B8 X 22 0 A #E 20 4 40 M f 55 A 2 i3 4t A
M T AR IS PE X B 4 RO 2 4 2 ST 1 20 R 3R B 1 0 i 44 7 1 E O parasporin B
HATE 2200 8 R R T 6 Bl parasporin & H , P parasporin-2 8 H A (R i) N-3i Al C-ii £ 1 1) 26
FIlE K AR BR S R P LR BUR — Begr 7 R/ 30 kDa 1 22 IKBE - 1% 20 JIK B 2 — ol g 280 1) 440 25
R RS UUN AR AN AR AL S TR 7 parasporin-2 )T 5 BT 40 S 5T M BB P A o+ BRI O A
281 P I 0 D 20 Y P PR L St B S N BT — R B S5 K B parasporin-2 1 1
B AN i A T R R AR BELEE (GPD-HiE€ B2 5. Bul8 k™ A2 1 parasporin 8 115 5 A2
1 10995 98 20 L CEM-SS (1 24 75 22 55 CEM-SS Jo fi 181 i1 H il g -3-BE IR 1B 20 (GAPDHD 2557 Pa-
rasporin-4 [ & 1) 20 0 2 i 7 22 5 A0 RS TR 1 IR 5 Lt parasporin-2 K 1 43 45 4Ok
BB AR YN 1] BT RLor A 3 A SE A FE R AR SR 1 AR I SR R 10 0 A R A R R B
FEAR T B 2 H A0 J0 J5 B 52 A 45 5 14 07 A T JoX 426 52 S T S A M JEE L v I R L T BE R A Y
JEIBE L 18T 4 R A BT R AR B A . {05 parasporin-2 3 FPUNIF A5 & B0 R R SZ 0K H AT IE AT AL T
Bt18 B #k ™ £E 19 parasporin & A Fl parasporin-2 8 F &[] — A>3 F 505 - [R] I 72375 5 40 i 58 707 1f7 H.
AL AE AL AR DL A ST B 32 M 3 F GAPDH 50 parasporin-2 8 F /) 32 1K Fl Jl & 2E R 7
FUGPAT o3 XA S SR TS 1 BGRE h AER A Y S RE R 8 B 1 A R AR

1 #MRFTTIE

1.1 ##

S0 SR F DL 31 R 0HE R < BioEdit Chttp: / www. mbio. nesu. edu/BioEdit/BioEdit. html) % %
2 17 30 b X 12 5 T30 2 11 5 ) A B A R A A B 4R Molsoft-iempro Chttp: / www. molsoft. com/) ; 8
F 5 8 R A 3 Hexd. 5 Chttp: / www. loria. fr/~ ritchied/hex/) ; 4= ¥ {5 B 2% R 55 %% Swiss-
Model( http: // swissmodel. expasy. org/) ; {3 F NCBIChttp: / www. ncbi. nlm. nih. gov). 9 >R 745

KFEEE: 2011-11-22

BEESE: MBA976-) .5 B8, FENF LI A PR E 00 3L B 5 b 515 B2 158, E-mail: lyhxm@hqu. edu. cn.

EEWH: HAHEMHFHEARURESAIHE (211205 ; @4 QAR =ESFRIIHHE (2011J01221) ;5 18 #AE & 5 K
Britt o 75 A A L HEVRI (2006 4B



%Al MRz Wl 2. I ZUH0E A AR 1 B0 05 7 TR ZORE IR B G 55 0 T 9 00 2 1] ) 96 R 409

402 P1LL.P12, P13,P14,P21,P22,P31,P32 il P33, F T b % (4 i 46 2 11 /& P2.
1.2 FHi&

TG 9 AN 978 B 1 RA EE R ) D 46 2 1 SO B BioEdie £, A sequences” U RE K DNA
J7 51 012 AR 5T 9 PR R AR B IR T A S P2 (R T A SR AT L S 40 ) DA SCAR A PR AT

9 MRAFRANEILRIT .

Hk N NCBI B e vb AR BCH e -3- 2 i 20 (GAPDH) . 7E Swiss-model ik 55 # b4 1 i f&
A7 1Y 2 Y 90 SCAR SCOF AR pdb SO 4R J5 B2 U LAY pdb U3 Molsoft-iempro #0444
FEZE A AL D RE CODA, REAE TR I A 191 3% 10 e IO 456 8 5 89T 76 (9 67 i o 177 B 22 1 A2 3 ok < i/ 7K 1 %
A0 5256 v i R VS i 2 8 CASP) $ie BEER 11 0T 5 85 1 J5 %) 22 ABORE I, 78 4 11 58015 ) 25 S0 8 1 5 3R v
J 3 EE o RN AR JSAH ELAE TR AL R

J& o3 2 AR 5y F GAPDH FIRCAR 43 F 5848 85 19 pdb SCPFRE A S Hex BT E AR S

A SO EERE BT B SRR T R R T 2 4K o 1 R A 2% BT O . X 2 Z I, ¥ correlation type”ﬁh

“ Shape-+Electronic ”, “solutions” i E 2L £E 2 000, [A] BF X7 5 $4 4L B 1L $E“Bumps”, HALE T4 %
FI Hex A BRIAE. £1 EREILMIELL
Tab.1 Discrepancy of amino residues
7t B Bt i
2 HRIUWIR EOLH % 5 RIEMARIE
5 0 P11 Gly32Ser, Thr225Ala, Val242Ala.
2.1 %ﬁﬁ%@ﬁﬁ%%%u‘] P12 11 }{OZI\ZY V 1r13:A1a Aa 217(318l
e et, Va a, AsSp u
i 2
8L BioEdit HPRHE I 2 8 F ) AL P13 Gly32Ser. Val203Ala. Ala215Asp
ﬁfiﬁ?ﬂ%# '?J?il“é%lél P2 *H tbiﬁvﬁ%ﬁﬁ P14 GlySZSer
RABEAA 3~7T DRI EF XL IR P21 Gly32Ser, Thr225Ala. Val242Ala, GIn252Arg
KEBESAALEN S 32,131,217,225 F 242, P22 Gly32Ser, Ser182Cys, Thr225Ala, Val242Ala
mZE 1 R, P31 Gly32Ser, Thr225Ala, Val242Ala
2.2 ExREHEEEANEECLSTN P32 Gly32Ser, Glul48Asp, Lys158lIle, Ser182Cys,

Aspl84Tyr, Gly206Val, Thr225Ala

|/} Molsoft-i X ) A
FIJH Molsoft-iempro % £ 1 iy fi £ 45 P33 ArgbLleu, Gly32Ser, Thr225Ala, Val242Ala

A S Y HECODA) , T 2 A i % 1 2 5 5
15T RN AR 1 5 ) A ELAE T A AL s T 1 Ca) AR S TC A Y P32 7R A 1 o AN A 1 5 1R AH AR R o ke DG
YR R IR AR 5L . RN & MR () B8R (W) RIS 2R (YY) CINER BT 78 1 X380 o BRI R 20 1 MRS 7. &
1(b) J2AE Ry 52 45 F (GAPDH) 7 8 (15 8] A1 VR F o ke 5 58 4 FH 17 220 5 1 ok 3 %k%@&m) [UER)
iz (K) S5 2R (D A s8R (V) RN 28R (A)
CNER FIFAE B X380 3 2278 A1 Bl A% 1914 Py [
1 /NekR S 5 8 B R E 5 ) A A
FHBEY DI AN BR IR RO, R i X 2 5
S 2R 1 5 RER 5 ()R R T % BT RE I K
R Z Rz X IR S 5 2 8 TR T (A A
HAE Y AT B A,

9NRAE NS B RN E R
FHEAE R 2L MR AR AL, Ik 2 i, %
AR A A 333 MR LR, KA 11~17 4 (a) B F (b) Z5¥
LRI L S 5 B R 2 R e g L UM R S O LA X,
i Hbiﬁl’fﬁi{fﬁ.‘ i Miﬁ S Fig.1 Regions predicted on protein surface which are
XoF B 10 () FH B A FE A 3 Wk kR R A . 3R 2
AILAUE 1 5 IR TR SRR (P2 A H, 2848 85 1 P32 A3 WA i 35 A W] i b 7. G — J& 76 0 05 194
AR . fEIEF L T ERASSSREARMMMEEEM DL, BE P32 B A8 194 B
Mz 5 7 E AR MA TR HA KRR TTER: 75— D REALR 205 MR £ EFERL T EZES
5T &AW A B AR BLE P32 B A7 A 205 IR IR LT A S 5 8 (5[] i AH BAE .

highly likely to be involved in protein-protein interaction



410 LF R FF M A R R B 2012 4F

2.3 EHREEARMEER £ 2 Z5&E OB AEEAE 0 &L R AR Ak K fF B
SE TN A B T A AE AR A B9 A A, A Tab.2 Amino residues and sites involved
WA T 2 R R AR ﬁﬁ:ﬁ:}’%iﬁﬁﬁm‘ﬁé in protein-protein interaction
2 5 B A 1 J5 ) AR B AR T Y S R R AL A %%ﬁﬁ REEA G
) DL P11 P12 P13 P14 P21 P22 P31 P32 P33
B.EZK 4 F GAPDH . A g2 5
i A ABEE S 49 \Y% A% A% \Y% A% A% A% \Y% A%

255 R R TR R T TR - T TR 3 T T

‘ 51 P P P P P P P P P
KEARATRS 546 NE LR E I HILE 52 P P P P P P P P P
FHRR. — MR UL, TE AT Hex FMF M HE A 55 A A A A A A A
5 Ry TR S AR AR S T 2 56 Q Q Q Q Q Q Q
[¥) (1 B 25 R MR 3 3. 0 nm. £8 3 4 xR 57 Y Y Y Y Y Y Y
%o GURA K R GAPDH (i Tligs NN ¢ e ¢
8 nm I LS FUMAHG BRI PR M N o
08 nm iy, A% LI 60 Y Y Y Y Y Y Y

ZARBARE A . A 24T 1E 200 7 0 4 104 v
FE A A1 32 A g 23 ) 3R S SR A A 2 0. 8 nm. 205 P P P P P P P P
B R4 B B Y B R R B RE 206 G G G G G G G V G
(E-total) . #, T J1 (E-force). E #4 B (E- 207 ¢CG 6 66 G 6 G G G G
shape) . V #4 # ( V-shape) il V #lf §& (V- 208 H H H H H H H H H
209 Y Y Y Y Y Y Y Y Y

SE=AE o AN 2 K Bl K

Clasb)MEyun’ﬁnéégﬁfﬁ' i 'j’@f&fﬁ*& 210 F F F F F F F F F
TH AR, Z AR AR5 F 1R 9 25 5 s 25 5 o1 W Ow W ow ow w w W w
M P RS> T4 30 N 1E H faf A1 33 47 HE fif 212 F F F ¥ F F F F F

TEFEAT 73 X5 FE It 22 B2 0 £ 15 73 [ 19 A1 1
ER 22525 180y T A R AL 2> T R AT BEX S R L L GAPDH AR 52 4RI L 78 9 D RABH
KB P11 A P32 BA R B REE (E) . I 2 Bk,

# 3 HEARSEA BT =700
Tab. 3 Result of protein-protein docking kJ + mol™* —600 177 o T v 7

P ] FEE e
é{é}%% E-total E-shape E-force V-shape V-clash E 400 I% % % % % % % % %

P11 —546.50 —484.80 —61.80  605.00 0 .z T30 /////////

I N

P14 *537: 10 *508: 50 *28: 60 567:30 O' z z%%%z%%%%

P21 —542.90 —492.20 —50.70 721. 80 1.70

b e st s s M2 oA REE AN

P32 —571.80  —500.30 —71.60  814.10 9. 00 FRL £ (8] FH L4 0 B

P33 —560.40 —577.90 17.50 710. 10 0 Fig.2 Total values of energy and charge

interaction force of nine mutated proteins
3 it

AL RS T 9 A5 parasporin-2 HHA 3~7 DRI 2 57 (19 R A8 H . AT 92 5 45 R K
B IX 9 S GAL A M I A0 60 2 BOVE R B (LDs ) A 22 AR R B /RS2 0. 957 408 pg » mL ' i R
J& 37.292 550 pg » mL 'L PRIBEHEINIX 9 A58 8 1 00 R R FIE AT B 088 0 M A7 A5 3 — JE IO AR S

INEE 5 5 8 R 4 T 3R 45 SR AT LR B, GAPDH A5 8 32 (R 4y F B L it iR 2 7 P32 HAT B iR Y
Z5A R, @i Molsoft-icmpro £ ) ODA T fEH BioEdit 2 f. A BAEF K P32 HH 70 T LR R A&
TR N X5 T E B A A A @ SRR Ak O B R X NN RS A T — A
PG AL IERR A /L 194 BT 2 PR R HL IE W1 D0 T I B0 2 5 B 8 3 o (AL A LA T T A 2748 8 3 4
5 2 5 B R R A A AR LR



%Al MRz Wl 2. I ZUH0E A AR 1 B0 05 7 TR ZORE IR B G 55 0 T 9 00 2 1] ) 96 R 411

LR H R 9 AP SRS B AEL AT 49,51,52,55~60,194 Fl 205~212 (& SRR AR ALK = E S
55 0 7 B O] A A AR Rk e B R R R 40 A R O A M AR L B R (W) (B ERR (YD) RN
M2 (F). X 26k PUE— B L8 R T 11 BUBo e 1A 2 1 A S SR R A A 5 LT I 0 Pk 22 IR DG &R i 22
Tt 7 AT 2 1B Y 06 R IE TR B AT IR A BB SE.

S % k-

[1] MIZUKI E,OHBA M,AKAO T,et al. Unique activity associated with non-insecticidal Bacillus thuringiensis paras-
poral inclusions:In vitro cell-killing action on human cancer cells[J]. Journal of Applied Microbiology,1999,86(3) :
477-486.

[2] LEED W,AKAO T,YAMASHITA S,et al. Noninsecticidal parasporal proteins of a Bacillus thuringiensis serovar
shandongiensis isolate exhibit a preferential cytotoxicity against human leukemic T cells[ J]. Biochemical and Bio-
physical Research Communications,2000,272(1) :218-223.

[3] ITO A,SASAQURI Y,KITADA S.et al. A Bacillus thuringiensis crystal protein with selective cytocidal action to
human cells[J]. The Journal of Biological Chemistry,2004,279(20):21282-21286.

[4] MIZUKI E,PARK Y S,SAITOH H,et al. Parasporin, a human leukemic cell-recognizing parasporal protein of Ba-
cillus thuringiensis[J]. Clinical and Diagnostic Laboratory Immunology,2000,7(4) :625-634.

[5] ABE Y.KITADA S,KUGE O,et al. Oligomerization of parasporin-2,a new crystal protein from non-insecticidal Ba-
cillus thuringiensis , in lipid rafts[ C] // 6th Pacific Rim Conference on the Biotechnology of Bacillus thuringiensis
and its Environmental Impact. Victoria B C:[s,n],2005:113-115.

[6] KITADA S,ABE Y.MAEDA T,et al. Parasporin-2 requires GPI-anchored proteins for the efficient cytocidal action
to human hepatoma cells[J]. Toxicology,2009,264(1/2) ;:80-88.

[7] KRISHNAN K,KER ] E A,MOHAMMED S M,et al. Identification of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) as a binding protein for a 68 kDa Bacillus thuringiensis parasporal protein cytotoxic against leukaemic
cells[J]. Journal of Biomedical Science,2010,17(1) .86.

[8] OKUMURA S,SAITOH H,ISHIKAWA T,et al. Mode of action of parasporin-4, a cytocidal protein from Bacillus
thuringiensis[ ] ]. Biochimica et Biophysica Acta,2011,1808(6):1476-1482.

[9] AKIBA T.,ABE Y.KITADA S.et al. Crystal structure of the parasporin-2 Bacillus thuringiensis toxin that recogni-
zes cancer cells[J]. Journal of Molecular Biology,2009,386(1):121-133.

[10] IE@RA A, By . 8 1 BUS5 M 0 92 56 46 B LML Jb st A~ Tl th it . 2010,

Relationship Between Aromatic Amino Acids of
Parasporin-2 and its Anti-Liver-Cancer Activity

CHEN Ai-ming, LIN Yi

(College of Chemical Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract: In this study, amino sequences blast, protein-protein interaction sites prediction and protein-protein docking
were employed to explore the relationship between amino acid composition of parasporin-2 and its anti-liver-cancer activi-
ty. The results showed that amino residues, especially the aromatic amino residues at sites 49, 51, 52, 55-60, 194 and
205-212 in parasporin-2 were found to play a key role in ligand-receptor interaction. Protein-protein docking on Hex illus-
trated that ligands P11 and P32 had lower total binding energy value than the others when glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) was the receptor, indicated that P11 and P32 were easier to bind to GAPDH.

Keywords: parasporin-2; Bacillus thuringiensis; aromatic amino acids; molecular docking; glyceraldehyde-3-phosphate

dehydrogenase
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