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HEZAMNEEEGBHEMR, ZMEEL AN HBEELELHC, HERESL DOL o FXt My ) FoM kU, 440
A 50-58AA 1 81-89AA Xt H BEAEMN LA ERT 16— 124AA  E S5 HERE OGN B P LERBIERN N A LR ALY Gln8l,
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Molecular modeling and docking studies of the mannose-binding

lectin from dendrobium officinale

ZHU Meng-1i,ZHU Qian-kun,ZOU Jia-Xin, FENG Pei-chun, FAN Gao-tao, WANG Wan-jun "
( Southwest Jiaotong University, School of Life Science and Engineering , Chengdu 610031, China)

Abstract: The maturation peptide and mannose-binding site (50-58AA, 81-89AA,116-124AA) of the mannose-
binding lectin from Dendrobium officinale ( DOL) were identified by sequence analysis. The 3D structure of DOL
constructed by homology modeling shaped a fistular triangular prism. Three flanks of the prism mainly composed of
B-sheets and each flank had a mannose-binding domain. According the docking and dynamics simulation, the
bindings of mannose-binding domains (50-58AA and 81-89AA) to mannose were more stable than that of 116-
124AA. The key residues for binding mannose were GIn81, Asp83, Asn85 and Tyr89. Our results can help further
study on disease resistance and medicine of lectins.
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PR EEAE . AT MR MBL (A0S 1634
MBL) JE[H 5 A KRR R AR AL HEE s 5 A
Yo BEE I PUROE A A, A ISR, — LAY
MBL( GnZ54E 3% MBL, V7K Aill MBL) X A2 632 Bk s
o B A GRS I G B Sl s AT A T

BT AE Y42k 12 A fH( Dendrobium officinale ) SR
22} ( Orchidaceae ) £ fiiH& ( Dendrobium ) 54 , ( #f
RAE LYK HF g bty BA b BRI A
R A Tk, B EE S WF 5 R I, Bk B A Mt B
BHCEYE PO | FEAR R R4 = s SR
B A e B A AR AR A AT 221, I A TG ) SR
CEdifaey b, JETAEY) MBL B EAEH], MR i
ST SR T A A ML R W45 A ¥ 42 3R ( Dendrobi-
um officinale mannose-binding lectin, DOL ) FH B
cDNA J3 51 4 5 ) H: G 1 19 2 5E R (amino acid,
AA) JFH, ARSCAEREEERN X DOL #E 47 [R5 A
I3 T XS Iy 2 LA — 25 5T DOL (1 4544
R B G5 T g0 A0 1 AL, D9 T 58 8k B A sk i)
2R SOR R B R HE L

1 #ME5EFE

L1 FISHhERIERE

DOL HitAZ LR P51 IR T NCBI GenBank ,
FEHI5 55 AAV66418, DOL 5 4H ¢ MBL 94
BER PP A1) L Xt 1 [l P 43 MR FH DNAMAN' 52
DOL [F] I AR F A BEH R P K Aill MBL' ( Narcis-
sus pseudonarcissus mannose-binding lectin, NPL) , 5
DOL (¥ [R] U5 — SO Ry 57% , o & 7k 45 ¥ ok 5
PDB,PDB % 3% 5 K 3DZW , i i X 5 2% i 1A 2% i
Br, e 35 3 1.7 A, DOL (1 A Ui & 4% %
SWISS-MODEL'"" ( http://swissmodel. expasy. org/)
Ay H 45 5X ( Project mode ) 5E A%,
L2 ZhEeEl

DOL #&71 573 /1 2% ( Molecular dynamics, MD)
FEHR FH Discovery Studio ™ (DS) 2.0 (Accelrys,
San Diego,USA) H1 3T CHARMm JJ3% 19 Simulation
P SE R B AR R I 5 A TIP3P /K001, %
FHHRBE T B2 (Steepest descent,SD) #£47 1 000 25 g
st/ M SRR ME N 0.1 kJ/mol , B FH I 50 o ) vk
( Conjugate gradient,CG) #4172 000 AR &AL, Bk
PRUEZA 0.05 J/mol, RGN 50 K #E4T 100 ps fifh
#1300 K, 7£ 300 K #E47 200 ps “FAfii, H/57E] atm
300 K 4514 F LA NPT REEHEAT 2 000 ps KA, BERERIR
F£1 000 S5, 85 1 ST 45 1 BT i AG >R T PRO-

CHECK'"'( http ;//nihserver. mbi. ucla. edu/SAVS/ ) F
DS Verify Protein ( Profiles-3D) T .52/,
1.3 SFxtE

HI T DOL 5 NPL HA7 A [] (4 e A H- 8 4% , i
NPL (955450 B & A H 88, BT LA DOL #97¥
XHERCAHER ] NPL B ECAH #8E . DOL SR H
TR 435X R FH DS CDOCKER X 4B 58 1,
XHEERR FHERE , 4% 10 A, AW S HERIN, Kig
P B A G AT U BT (RS HCR 0.5 A) e
JE AR B DL AR AR &S 5 RESR e B B A 0 e 25
o MEIC Y S YRR TS 12200 b S
$0) DOL AL XS5 Ligplot B4R

2 FRE5HMH

2.1 DOL F3I4#r

DOL Hijf& ( Precursor ) AR F 5141 165 AA,
i# F NCBI BLAST DX DOL A #2325 $8 2 & (1 i
Fr 9 EcHE A5 2 [8] P51 e = 1Y 3 2% MBL AT 51
3 255 A AT Y MBL SR 4P 81 (mat_pep-
tide) ,3 25 HIAA FE 1 43 51 g %t i 2211 MBL ( Listera
ovata mannose-binding lectin, LOL) | 4= 2"/ MBL
(Zingiber officinale mannose-binding lectin, ZOL) 41
AE47 75" MBL ( Lycoris radiata mannose-binding lec-
tin, LRL ), GenBank %t 5 5 K Ik & AAC37422,
AAV70492 .BAD98797, 5 DOL Hii & Fr 51 i ] I —
S 51 h 53% 50% 49% ;3 S A )T 51 43
IR 7 KAl MBL ( Narcissus pseudonarcissus man-
nose-binding lectin, NPL) FH4EE MBL ( Galanthus
nivalis mannose-binding lectin, GNL) | xR JFEH' MBL
( Gastrodia elata mannose-binding lectin, GEL) , PDB
B S R 3DZW  1IMSA [ 1XD5, 5 DOL A9 6] &
— BN 57% 54% 47% .,

I DNAMAN # DOL 51533/ 5 81 k47 2
FEHIEEXT (WL 1) o 404 SR R, DOL [F) = Ath =
FAEY) 1) MBL 1 44 77 91 — FE ¥ FF 715 5 ik (1 -
24 AA) , LR H IX 35 ( Maturation peptide region )
(25-134 AA) FI C 5 VIBRAK (135-165 AA) , AL
HE XA 3 AP H BT A F i H B &
{if ( Mannose-binding domain, MBD ) ( MBD1: 50 -
58 AA,MBD2:81-89 AA,MBD3:116-124 AA) 1
T — MRS QXDXNXVXY , 3 AMESFHL
P H 58 W 45 5 60 s IRl 50,52 .54 56,587,
“81.83.85.87.89”,“116.,118.120,122 124",
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DOL « .. JHMTFSISSAMIFLLSLALFSTLVSA. . DNHLLPGDRLNPGNFLEQDRYML IMOQEDCNLVL YINL 60
LOL VPTKNGFSINCILLCAASLALLLAIPSS.GSNTLGGGERLNSGESLTEGACVF IMOEDCNLVLYES 65
ZOL  ...ieaenn MAGLVILSAFLLGFLLPSSMADNVLYSGDTLYSGOSLTQGSYSLTHQSDCNLVLYDY 57
LRL  ......... KPSFLILATIFLGVITPSCLEDNILHSGETLSPGEFLSYRSYVF IMQEDCNLVLYEI 57
NPL ciicciecniecnccaccsacnaccsacnans DNILYSGETLSPGEFLNNGRYVF IMQEDCNLVLYDV 36
€ P DNILYSGETLSTGEFLNYGSFVF IMQEDCNLVLYDV 36
€ ) SDRLNSGHQLDTGGSLAEGGYLF IIQNDCNLVLYDN 36
Vyvvyvy yvyvy
DOL NEKPEWATKTANRGSRCFVTLQSDGNFVIYDDHEERNEAIWASNTDGON . GNYVIILQKDGNLVLYS 125
LOL SRPTWASGSYHQGSGCYVTLQNDGNLVVYNN . . .RNRAVWASDTVRENIGNVILILQKDHNVVLYS 128
ZOL GRAVWSSGTYNRGYNCILRMONDGNLVIY¥SN. . . . NNAIWASNTGGQQ.GYFVLILQRDRNVVIYG 118
LRL DEPIWATNTGGLSSGCHLSMQSDGNLVVYSP. . .QNRPIWASDTGGQNDANYVLILQKDRNVVIYG 120
NPL DEKPIWATNTGGLDRRCHLSMQSDGNLWVYSP...RNNPIWASNTGGEN.GNYVCVLQKDRNVVIYG 98
GNL DEPIWATNTGGLSRSCFLSMQTDGNLVVYNP . . .SNKP IWASNTGGQN . GNYVCILQKDRNVVIYG 98
GEL NRAVWASGTNGKASGCVLEMONDGNLVIYS. .. .GSRAIWASNTNRQN . GNYYLILQRDRNVVIYD 97
|—> C-terminal
DOL .. .KPIFATGTNRFGSTAVVVAKRNREKAHFGVECNIIEVTTNL. . . ..o v 0 165
LOL .  LPIWATGTNRYGSGVVVSPARNGTVGISGAEQNKVSEIVRIVDVTGSV.. 176
ZOL C...PSWATGTNAANSKGVVVVEHGRND TS AAMVVVVPEGDEPQNRKIAMVIN 168 ' Mannose
LRL . . PARUATGTYTGTVGIPGSAPAEKYPTAGHMIKLVTNE. ............. 156 binding
NPL o TARWATGTNIH. . s e vt ivtevnnnnensnsnsnsssasnssnannanss 109 site -
GNL « o TDRUBEIGHHTG. . « c c e coceeecncsccccasasasasasasasasass 109
GEL NSNNAIWATHTNWVGN. o v o vttt it e e nnannnasannsnnnnnnnns 112

E 1 DOL 5Hfth 6 #hi&4 MBL 9% F5IEL Xt LOL,ZOL, LRL A5 5 ;NPL,GNL, GEL A &M B BTHRRER

Fig. 1

The multiple sequence alignment between DOL and six MBLs from different plants LOL,ZOL,LRL are

precursor sequences ; NPL,GNL, GEL are maturation proteins and their crystal structures were resolved

2.2 DOL RiRZE#
HRIE 2.1 B9 25 58 | TRIVR AR F % DOL J7 471
J& DOL R [T 51 (25-134 AA) VB 5E BB AR K
NPL BUEE AL, DL NPL 9 EH ] SWISS-
MODEL #4% DOL 9 = #2544 ( WLl 2) K DOL 5
M NPL 518 A ek, 8 s AR = 1A
U, B A M 2% (RMSD) 50.77 A, — #4544
B 1104 BB X5 12 AN TCHUNER XA, bR N
Uii—> BT L5 LA TS E A 92-93 AA A~
A3 AL LA, ot 45 X ) R S5 AR S
DOL Y = HEL5A4 5 rh2s () = At 250, At 3 40T
t B—Yr &M, 535N sheet 3-6, sheet 2/7-9, sheet
1/10-11, 3 4> MBD 43 542 T 3 DMWY coil 5 F
sheet5 .coil 8 Fll sheet 8 .coil 11 Fl sheet 11,
2.3 DOL #E g 1 4=

SBFSE DOL B Fa s 1, bR 75 21 i [a] A5
RITG L — 20T Bl )2, 3 ) 2 AU 1Y)
Y77 iR 2% ( Root mean square, RMSD) & fiff &5 — 1
TR Z 2R W T B, TR I Bl ) G Y
FaErE SR AW DOL B 2R JE 114 35 07 MR i 22 10t
FFT500, I 3(a) iR, DOL B 28 5 F 9 RMSD
TEFFIR BT B IS 7E K2 800 ps Z )5 , Bk
FAC A FFA5 H RMSD H—ERETE 2.5 A 247,
PR BB,

coli8
D2
!-_9heet 8

2 DOL #&#Fi#&tR NPL £ ES

Fig. 2 The superimposition between the monomer structure of DOL

and that of template NPL

AR FERZT 1000 ns fY MD B2, 1A 52 3
REAE ] fe /MB35 B RS € . 34 05 i 3l ( Root
mean square fluctuation, RMSF ) /& 5z v 85 F 5T it) 2
G E M — A S, K 3(b) iR, DOL 1Y
N 3 25-125 i & FY & KR RMSF {H#R7E 2.0 A LI
T, @R AR, A 49 .69 .82 .94 B WIS,
DOL 2 DI =2 AE A C 3 (125-136) (WL
Bl 3(b)) iz IX FE 2R TR M, N =Rt T i
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Fig. 3 (a) The RMSD curve of DOL model backbone; (b) the RMSF

curve of DOL residue

2.4 DOL £#161%

DOL %5# ] PROCHECK BEA7 i B EA , 4 &l 4
(a) ) Ramachandran 77~ , 7ES 5#E W 112
RERIRI T FEARVHEFRZ NG 96.9%, A&
FHIX AR IEBR IR HE Arg95 Leu60  Aspd3, X 3 Mok AL
PITETIRE AL i 200, Rsg i Jg SL kg%, Ak Ja 1)
DOL #— 5 JHl Profiles—3D 470, 4 /& 4 (b) 4
Verify—3D FIFT7R ,98% LA b 1 G 3L 2 5% 3k 1 4 (B 38
7E 0 VUL, BAT C A P2 JE 2 (Arg135,Phel36)
J3EAE 0 LR, PROCHECK FI Verify -3D 45 5%
W, 155/ DOL 254 & 81, nl ik — 4 MEA 7 5 2R 5%
2.5 DOL 5Bm s F3t#E

FeT BRSBTS AL, # ] DS Binding Site
tools K H & M A XTI 1R (242 10 A) T 3
AHEE S5 432 (MBD1:50-58AA, MBD2:; 81 -
89AA,MBD3:116-124AA), I DS M\ NPL {445
Fayrb oy g o T A B4R BRI =i 454, A DS
CDOCKER ¥ H 84 6 42 T AH W 9 67, 75 2] T DOL
MH @M G850, K s s, 3 A H g
Man1,Man2,Man3 4354 H] 7 MBD1, MBD2, MBD3
SANGE A E AL, I AE BAE AR 4> 3 - 64. 71 k.
mol ™' . =69. 19 kJ.mol™" ,=56. 5 kJ.mol ™', MAHEAEHH

Redidue number

4 (a) DOL #&Yf Ramachandran B;(b) DOL #EYAY Verify-3D B
Fig. 4 (a) The Ramachandran plot of DOL model; (b) the Verify=3D
curve of DOL modelln
iE:E(a) F[A,B,L]AREER,[a,b,],p] AGERX,[ ~a,~b,~1,~p]
ARFX, ZANARGER
Notes:figure (a),[ A,B,L] indicated the most favored regions;[a,b,I,
p] indicated the substituted additional allowed regions;[ ~a,~b,~1,~p]

indicated the generously allowed regions ;the white regions indicated the

disallowed regions
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Fig. 5 The complex structure of DOL and mannobioses
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F1 DOLFMHBEEEKEEEN(E,, ), BERIER ARG 2856, H R Y fE A ) A SRR
(E..) FMBHEEERE(E,,) et 2545 F 3 A~ MBD (WL 7). WK 7(a) |
Table 1 The van der Waal energy (E ,, ) ,electrostatic energy (b) .(c) [ LB, e = H B S sk b 5

(E,.) and Total energy (E,, ) between DOL and Mannobioses
Man Binding E/ Ea./ Ea”
(ligand) domain (kJmol™")  (kJ.mol™") (kJ.mol™")
Manl MBDI1 (50-58 AA) -62.73 -1.98 -64.71
Man2 MBD2 (81-89 AA)  -66.89 -2.3 -69. 19
Man3 MBD3 (116-124 AA) -56.14 -0.36 -56.5

T BRSSO P 15 E Y X AR
RIPEAT T 2 000 ps M3 12240, BB G
RMSD & ani&l 6 s, G W7E 750 ps 24 IR
1) T4, RMSD (HAERFAE 2.2 A 247 WA I8
SR DOL %5 85 109 3l ) 7 A 40k B AR L m] 20
M TE &Y A =B, 155 RMSD {HREAR,
KUIHERS DOL 55 IRRER S Wal ., 7
A3 S H EE B Manl \Man2  Man3 1 RMSD iz KAE
SRl 1,12 A 1.06 A 1.34 A, 308 2 9
0.82 A.0.80 A.0.97 A, i =& AEsh fyf
5 DOL 254 MR 452 , WA IS DOL 25 &3
Hrft Man3 119 RMSD {E W& =5 , 19i#H DOL 1) MBD1
F1 MBD2 # MBD3 S A+ H#&E ML, &

TEXHERN R AP ,3 A MBD Z5HAHL, #A —

©

.....

¢ éA\SpllB

rk/?j GInl16

& 7

Fig. 7

(b)

TR WH L A F A E B J2 Gln Asp ,Asn A1 Tyr,
M Val #3852 kA A8 VER . 7T WAE 5 H #2 4
BB R T A AR SCEEE W R Gln ,Asp . Asn g Tyr,
HEEM -2 58 e 8 1E TRy Ak 1 oy U5 T
MBD1 MBD2 1 MBD3 5 H 5 #lf i) 25 & 4P J2: H 5% bl
B O 4355 Asp (Gln Tyr Asn JERUE B, H &R [
MBD1 #1 MBD2 5 H &8 #5125 & J7 (i A AL (UL 1& 7
(a) (b)), fH2& i T4 & oA h H e 2 AR
M) , iy LA S SR B LS A 45 6 BB T DX

3.0

45

1 000 1 500

Time/ (ps)

2 000

El 6 DOL fH TS S ¥H RMSD 2k
Fig. 6 The RMSD curve of docking complex of DOL and Mannobioses

@—@ Ligand bond

@—@ Non-ligand bond

His5)

.. Asn120 @**® Hydrogen bond and its length

€ Non-ligand residues involved in hydrophobic contact (s)

Corresponding atoms involved in hydrophobic contact(s)

DOL ) MBD S EBZESHEENHEEIER

The interactions between the MBD residues of DOL and mannobiose
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TE MBD1( WLIEl 7(a)) H',GIn50 NE(2) 51 &
B 04 F1 0(10) ,Asp52 OD(2) 5 HEEWE 0(10) |
Asn54 ND(2) 5H&H 0(10) .\ Tyr58 OH 5H F 4
0(3) Tl S, SV LA R T Ml BE 43 31 3. 24 A
3.16 A, 2.77 A, 3.13 A, 274 A, #& MBD2
(K 7(b))H,GIn81 NE2 H5HEEHE 0(4) M 0(10) .
Asp83 OD(2) 5 HEEHM 0(10) .Asn85 ND(2) 5 H#%
BEO(2) F1 0(10) [ Tyr89 OH 5 H &M 0(3) KA
SRR R B 50 R 3021 A 2.94 A (2,54
A3.32A3.13A 3.32 A, MBD2 i T &4, b A
Aspl05 5 H # B C1 7= A # L /E . 7€ MBD3
(W 7(b))H, Glnl16 NE (2) 5 H &M 0(8) .
Aspl18 OD(2) 5HEEH 0(9) .Asn85 ND(2) 5 H#%
BE O(9) Tyr124 OH 5 HEEHE 0(3) IE i 5, A5
HpA 5T ) BE 4> 3k 3.05 A 2.69 A.3.05 A,
2.85 A, ZE I, MBD2 H T GIn81, Asp83. Asnl20,
Tyr89 W ZHEFN Aspl05 YL AE T, Ho 55 H @8 A )
4 AR MDB1 FI MBD3, 1fif MBD3 5 H &1y 45
4% MBD1 F1 MBD2 55,

AT T DOL RIRF 55 K (1-24 AA)
1 C U YIBRIK (135-165 AA) , 315 T DOL B ik
(25-134 AA), I FH5-HT15 3] DOL /Y H &84
ZEA R QXDXNXVXY (50-58 AA, 81-89 AA, 116-
124 AA) ., DA NPL H[FEAAR EE S, T DOL fY =44
PR DOL 2 128 i) =M 454, = AEm 3 Ml
M EZ B P& A, 3 A A5 — A H 2
BT MRS ST S PEAL U E DOL 1Y iE A4 %t
FEERAL ¥ B BT HEE DOL 454 b3S T DOL 5
HEWENE AL, @ty xR R 1255
Mrail , 254 1X 50-58 AA I 81-89 AA Xt H @EHEAY LY
GRENEIRT 116-124 AA,7E 5 H @SS A& 095 2
H R AR T B LR AR L Gln, Asp, Asn Al
Tyr, 9340, T 81-89 AA 5 H & 0E Y45 & 18 ] &
5, PRI AT DA BT 3 0 i 52 A8 1Y 7 2 B 50-58 AA
F1116-124 AA 2751 81-89 AA FURE My g AR S
R BRI Y, R e W ae it — 2 s R AR A
MIZGHER

B H @A G B R (MBL) 7RO BT B
F BRI G R T AATE Tz 56, A3 DOL
1) R A 5 AT S HUE 52 0 £ 43 F /K F- A R
DOL D REFL AR , XA FT K B A1 Rk Bom 2 , PR
T AR | 8 e FE A TR A T BOIR A Bk A fi
i A EEE L, HA, A5 AP MBL Xf

NN gy 36 e sy s v E A IR T, A5 46 5
AL ZLTIPE KA 2R X N I 0 928 tfe o 9 25 R F %
BB B S A TR PR AR AT LA BT A ik
Fe AR MBL ARG S, 708 T DOL 5 H &84
YRR S RIAE FABLR , 7T A 56 45 28 B L3 S 5 4
FABK LY 5 B S Al

5% 3k ( References)
(1] SHR . MBS RIAELT]. @B, 2011, 23(6):
533-540.

[2] Ghequire MGK, Li W, Proost P, et al. Plant lectin-like antibacterial
proteins from phytopathogens Pseudomonas syringae and Xanthomonas
citri [J]. Environmental microbiology reports, 2012, 4(4) ; 373-380.

[3] De Hoff PL, Brill LM, Hirsch AM. Plant lectins: the ties that bind
in root symbiosis and plant defense [ J]. Molecular Genetics and
Genomics, 2009, 282(1): 1-15.

(4] JEIBET BRI, A, B3 R, AEABESR % SO e pT U
TR R AT [T]. gl A= 9y 2= 4, 2010, 29 (003)
255-260.

[5] Lopez Susana, Armand-Ugon Mercedes, Bastida Jaume, Viladomat
Francesc,Esté José A, Stewart Derek, Codina Carles. Anti-human
immunodeficiency virus type 1 (HIV-1) activity of lectins from
Narcissus species [ J]. Planta Medica, 2003, 69(2) : 109-112.

[6] LI Juan,LI Shunxiang, , HUANG Dan,ZHAO Xingbing, CAI Guangx-
ian. Advances in the of Resources, Constituents and Pharmacological
Effects of Dendrobium officinale [ J]. Science Technology Review,
2011, 29(18) . 75-79.

[7] CHEN Zhonghai, SUN Xiaofen, TANG Kexuan. Molecular Cloning
and characterization of a mannose-binding lectin gene from
Dendrobium officinale [ J]. Journal of Plant Biochemistry and
Biotechnolegy, 2005, 14(1) . 4-10.

[8] FU Zhaodi, WANG Huinan, LIU Juan, LIU Juanxu, WANG Jing,
ZHANG ZHAOqi and YU Yixun. Cloning and characterization of a
DCEIN2 gene responsive to ethylene and sucrose in cut flower
carnation [ J]. Plant Cell, Tissue and Organ Culture, 2011, 105
(3): 447-455.

[9] Sauerborn MK, Wright LM, Reynolds CD, et al. Insights into carbohy-
drate recognition by Narcissus pseudonarcissus lectin; the crystal
structure at 2 A resolution in complex with alphal-3 mannobiose [J].
Journal of Molecular Biology, 1999, 290(1) ; 185-199.

[10] Guex N, Peitsch MC, Schwede T. Automated comparative protein
structure modeling with SWISS-MODEL and Swiss-PdbViewer: A
historical perspective [ J ]. Electrophoresis, 2009, 30 ( S1):
S162-S173.

[11] Gao YD, Huang JF. An extension strategy of Discovery Studio 2. 0
for non-bonded interaction energy automatic calculation at the
residue level [ J]. Zoological Research, 2011, 32(3) ; 262-266.

[12] Satpathy R, Behera R, Guru RK. Homology modelling and

[

molecular dynamics study of plant defensin DM-AMP1 [ J]. Journal
of Biochemical Technology, 2011, 3(4) . 309-311.

[13] Z2hR, SemeAs, B8 &, T8, K. VEGFR-2 5404 H| Sunitinib
B X Kooy T E 1 s (1], ks, 2012, 70
(010) : 1232-1236.

[14] Van Damme JM, Smeets K, Torrekens S, et al. Characterization



# AY W 4 G ACHAYBBELREEGH>FAEARSHEHR

249

[15]

[16]

[17]

and molecular cloning of mannose-binding lectins from the
Orchidaceae species Listera ovata, Epipactis helleborine and
Cymbidium hybrid [ J]. European Journal of Biochemistry, 1994,
221(2) : 769-771.

Chen ZH, Kai GY, Liu XJ, et al. cDNA cloning and characterization
of a mannose-binding lectin from Zingiber officinale Roscoe ( ginger)
rhizomes [ J]. Journal of Biosciences, 2005, 30(2) ; 8-16.

Hayashi Akiko, Saito Toshiyuki, Mukai Yasuhiko, Kurita Siro, Hori
Tada-aki. Genetic variations in Lycoris radiata var. radiata in Japan
[J]. Genes Genetic Systems, 2005, 80(3) ; 199-212.

Wright CS, Kaku H, and Goldstein 1J. Crystallization and preliminary

X-ray diffraction results of snowdrop ( Galanthus nivalis) lectin [J].
Journal of Biological Chemistry, 1990, 265(3) ; 1676-1677.

[18] LIU Wei, YANG Na,DING Jingjin, HUANG Ren-huai, HU Zhong,

[19]

WANG Da-Cheng. Structural mechanism governing the quaternary
organization of monocot mannose-binding lectin revealed by the
novel monomeric structure of an orchid lectin [ J]. Journal of
Biological Chemistry, 2005, 280(15) : 14865-14876.

Zhu QK, Zhou JY, Zhang G, et al. Homology Modeling and
Molecular  Docking  Studies of (S )-Scoulerine 9-0O-
Methyltransferase from Coptis chinensis [ J]. Chinese Journal of

Chemistry, 2012, 30(10) ; 2533-2538.



