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S E N2 BN X B e R E (L BB RO HI S 1E A
4L 8 B 8 &L BEML B W, FaA'

LR AN RSP e A 258 R P AR R A0 %, IARE % 271018 2VT I B X BT AR BROIT, TT35 A% 212400)

HEZE. [EwW] fFaxt#ERE (Spodoptera exigua (Hiibner) ) B EAEE LA S A4, F4&
FRAEGEHFNNEE. [FiE)Y LB (Daphniphyllum calycinumBenth. ) 3£ 4 Deoxycalyciphylline B
#1 Methyl homosecodaphniphyllate X%l 7], FF BRI E ER 5 T 247 3 50k B 4 1h B 6 10 ) 78 1 R 3
#H KA [£ 2] Deoxycalyciphylline B F1 Methyl homosecodaphniphyllate xt#f3E 7% sk B4V B 09 40 &) & o
B (ICs0) 7050 4 2. 439 mmol-L™ Fu1 0. 879 mmol-L™, 2 A fb&-4 34 4 JEAL 0 o 3 3 S A B A, 0% %4 (L) 27
A 2.051 mmol-L™" Fm 1. 269 mmol-L™.  [HEAY 2 A A& Ak xd # 36 B0 B A 10 B LA B0 69 300 51 78 1, 77 DADASX 2
& KA BRI R BRI RIA 0 TR, RIEFAE SR AN ERRE,

KR 4 HRBOK; BAEE W F

Inhibitory Effects of Two Compounds Extracted from Daphniphyllum
calycinum on Phenoloxidase of Spodotera exigua

LIU Wei', XIAO Ting?, DU Lei*, XUE Chao-bin*, YANG Fan', LUO Wan-chun'

(*College of Plant Protection, Shandong Key Laboratory of Pesticide Toxicology and Application Technique, Shandong Agricultural
University, Tai’an 271018, Shandong; 2Institute of Zhenjiang Agricultural Sciences Jiangsu Hill Region, Jurong 212400, Jiangsu)

Abstract: [Objective] The article studies phenoloxidase inhibitors against insect and finds the clues on new target for pest
control. [Method] The effects of deoxycalyciphylline B and Methyl homosecodaphniphyllate extracted from Daphniphyllum
calycinum. on phenoloxidase (PO) of Spodoptera exigua (Hbner) were investigated adopting the microtitrationassay. [Result] The
results indicated that the two compounds showed different inhibitory effects on the PO and the inhibitor concentrations leading to
50% (ICso) activity lost were estimated to be 2.439 mmol-L? for deoxycalyciphylline B and 0.879 mmol-L? for methyl
homosecodaphniphyllate, respectively. The two compounds were also found to be reversible competitive inhibitors and the Ki values
were determined to be 2.051 mmol-L™ and 1.269 mmol-L™?, respectively. [Conclusion] Two alkaloids have better inhibitory
activities on the PO. The two compounds or their analogues can be used as the templates to guide the molecular design of enzyme
inhibitors. These are important ways looking for new pest control agents.

Key words: Daphniphyllum calycinum; Spodoptera exigua; phenoloxidase; inhibitory kinetics
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D EG A OT B URR L RE A0 FROPR L1210 23 H R ¥ o]
PR, TR 22 R R A AR A ) A A D
L NKE . R FHE Y 4 B (Daphniphyllum
calycinum) . 3ZilAK (Daphniphllum macropodum) 1
J& Kz A (Daphnipyllum oldhamii) 75 b 4% 45 B2 24 b Ay
—E M, b, T, 2TV
TS A2 RUE . B SRS Th AL, A HR T
AT BRI S8, s S A 24 35 (O IF 5 0 A AR
W. A THGEFRAAMYTHE, FHF MR
U, AT LA EE P A3 B B B B R AL A,
TR 2 MEEWIET THGE, WE T EA DN R
Pk Ty A A0 B O M 2 w58 o Y Atk B
(phenoloxidase, PO) X & HUAABEAZ ple it F2 IR 4k
MEACHA AN, EIF A EE Rz D6e, 2
F& ER A A A 3 B s A A 4Rk I S Y, R i 3R
B R 55 IO BRI v e bR . [ 2 44 B R A B
KRR RIS AL AR 1993 At i 22 i th: “4R
FOFAR AN ) — S A BN IR A& Bt
wAt, HrhEs RN (RISl 550 4 21 Hr
FO L CRTAWFFCERE ] Iy b B 20 il 60 4
UK —H &2 3, F2 BN Berkeley K2#11) Kubo
SR T R P L S S5 AR A A5 0 2 1y
AT ARG PE S AR FHLER, IR 8 234 ot
e Wy AL g rh A 2 AT B S T e ARSI E R .
ALK, RN K B TR U PR 2
SIEIEHEL A T ST d N SRR Ry A A
fitg, WFoT T MR 2. IR, IR, KRR KK
FH e 4 2 O DRSS A5 5 0 S LA 0 12 8 1 A0 o
WEPE, W T HR S AL S O A A LB I
TP T A a5 iR M (QSAR) w5,
JZ 11K Wk T st SR PR AT 9T T 4- B[R] 2R
Ty, At SRR R Wy, p-bE AR R TR . 3,5-
TRRHREIRIEIR . 3,5- R k-1,2- IR LIRS A
S 2 R il (IR E L AR )y )y 2, R
WFFTUIN R Y 384 A D025 B O AR 24 3% Pk ) A
FURIE, AHFTTE 7R R I A AT B ], A L
T A EERR ) PRI AC L IR I B e B
kA TR PR IR DG B I J ] A SR B AR i
EHATHETT, AR 2 P A DmdAt & Py x it S a0k
Py LA B R AT P S AR Y, ISk R Ao B 4

1 #REAZX
1.1 ##

I

i =% gk (Spodotera exigua (Hibner)) 5 &34},
EIRE N (25+1) °C, MIXHESE 60%~70%, )
oA 14L: 10D (97 HUs A ABH e A T AR M 3%,

F B A A -

CR22 ¥4 ¥ 25 DAL H AN H 3224 7] ) s Multiskan
MK3 fiff#51X (Thermo Electron Corporation) . L-%
o Sigma A A=, —HEEWH (DMSO) | R —
S BERRE AN, SRIREL S E R T Al.

1.2 Fk

1.2.1 BRI A PREEEROE 5 W4k 4 g, %5
ml-g* A 0.2 mol-L™ IR ZZ 0 (pH6.5) , BT
TS KA, UK 24128, 18000 r/min (4°C)
250 30 min, ZFRBERTIERFIE R, B EHEE N
FHEEUS . IBRIR B A LRIy 40%, JEAEVKIG R
#E 20 min, T 8000 r/min (4°C) . 30 min. Ytk
DUGE, IR ILA AT > AR BEIR S 0P (pH 6.5)
H1, SRJGTE 0.01 mol-L™ BEFRZE VI (pH 6.5) TiEHT,
M Z R EHSENI, HEL SO, B, #
H.

1.2.2 BEEMNE  CRAEFSUMEEER, 78 200 pi
SRR, IR 0.1 mol-L™ B IRZZ il
(pH 6.5) , 1 mmol-L™* L-DOPA, 37°C¥#i# 30 min,
BN 10 pl B, T Multiskan MK3 it 3%3% 5 s,
W5E 475 nm KT 120 s 6% 5 B I A28 10 1 3 K il
2, B 20s il — ML, K HEL, MNHEZ
(1) 2 ] SR AF LB RS ), WL R E%E 3 700
(mol- Ly em™ 41,

1.2.3 AU EHglE A WERiE
T HETWH (DMSO) 1, DL L-DOPA NJE#, ¥
ANTRIAR B A A ) 5 IR D VR ST, SR R T 32
SE 475 nm NG ), JrikIE) 1.2.20 BEEE D) AT
(W) @ SCHFEZSM T, B84 1 mmol-L™ =
VI . 0 S ARG, A3 HR AR R AR TR DD
52 NI S 5 TR ARG I R G R, R BB
PSSRk A 1Cs00

1.2.4 e ABmANBENME B NANE S
TR k. IS AR, 2 EY L-DOPA
MIVREE, S5O NI, 08 A [ AR B
BRI ) B8 SR AR AR R R, DA N R 2 5 A R
G I VEREL, T A Ak 5 W R P R 2 o

1.2.5 Ak x84 Ak B R 300 o) 2K B R 30 | % 2
N SR EMHECTT, st £NimER
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o, [ SEBRRGR T, B2 L-DOPA OIS, IIE AN
IR B W B AR B AR A R, DA
IS PRI K JEC AR B A I oA — R 2, it it
I S OB K G380 ) 2% 7 2. BA Lineweaver-Burk
REHAEE,  EEEAIFIR R AR FH L (Kn) Al
KIRIREE (V) (P20, FRE Ko FI Ve (B2 A0
A E ISR, ISR IR £

2 FHRESM

2.1 WAV EHRRIREN & W EETE S AR
BRI ART TR 205 0 5 2 PSR B G & L 1.
SR LU L-DOPA JJ#, RATIHA Wik 5 113
K, BEEAHRTFE RIS AR, ARYEER 1 iRl
A Y, &% Deoxycalyciphylline B 1 Methyl
homosecodaphniphyllate X[ iZEEIH]F#E (ICs) 43
Wk 2.439 #10.879 mmol-L2.
2.2 AT EH SRR IEREN & BRI HI R

My S AR A I R FH S (R R 06 00 5 I N i
BZAMCR, SRIE 2 FE 3, B ) B
VEBIAS 20— 2d i S i L, BB 0 R B 11

Z1 Deoxycalyciphylline B #1Methy| homosecodaphniphyllate
BIEYIF

Table 1 The regression equations of deoxycalyciphylline and
methyl homosecodaphniphyllate

&Y EVEpsps AR FREL
Compounds (LD-P line y=a+bx) R
Deoxycalyciphylline B y=4.2005+2.0646x 0.977
Methylhomosecodaphniphyllate y=5.1016+1.8084x 0.978

—*— Deoxycalyciphylline B
—4— Methyl homosecodaphniphyllate

FEXTi%E 51 Relative activity (%)
3

0 025 050 0.75 1.00 1.251.50 1.75 2.00 2.25 2.50 2.753.00

#fF Concentration (mmol-L™)

B 1 Deoxycalyciphy!line B 1 Methy| homosecodaphniphy! late
X AL BETE J1 B 520
Fig. 1  Effects of deoxycalyciphylline B and methyl

homosecodaphniphyllate on phenoloxidase

0.08 - .
K=
K
- N
2 006 >
g
&
z }
2 004 4
Q
2 . ’
g
8 002
=
b
i
1 1 ]
0 10 20 30

ESE Volume of enzyme (ul)

H £ 1~5 ¥ Deoxycalyciphylline B f{#/% 435 %:0,0.5,1,1.5,2 mmol-L™*
Concentrations of deoxycalyciphylline B for lines 1-5 was 0, 0.5, 1, 1.5, 2
mmol-L™, respectively

2 £ Deoxycalyciphylline B 7L FEE W EMEHIXHR

Fig. 2 The effect of concentration of PO on its activity for the
catalysis of L-DOPA at different concentrations of
deoxycalyciphylline B

012

1
0.10 |-

2
0.08 3

4
0.06 5

0.04 -

0.02 |-

B§3E 7 Enzyme activity (mmol-L'min™)

] 1 )
0 10 20 30

72 Volume of enzyme (ul)

H4 1~5 & Methyl homosecodaphniphyllate [ %2354 : 0, 0.5, 1,
15, 2mmol-L*

Concentrations of methyl homosecodaphniphyllate for lines 1-5 was 0, 0.5,
1, 1.5, 2 mmol-L?, respectively

3  1£ Methy| homosecodaphniphyl late FZE FEEEH S
EEERIX R
Fig. 3 The effect of concentration of PO on its activity for the
catalysis of L-DOPA at different concentrations of
methyl homosecodaphniphyllate

K, HEMRHEFRC. th g5 3L W], Deoxycalyciphylline
B F1 Methyl homosecodaphniphyllate |41k G
L) SANAS P BUR é il
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2.3 WAV IR F LSRN HI 2B FOHDH

B

Deoxycalyciphylline B 1 Methyl homosecodaphni-
phyllate X iy 4 14 B4 HIF FH (1) Lineweaver-Burk X315
B, 4 FE 5 PR, &9 E AR AL
RIELEE, I 5E PR A 2 WX 2 il 70 AN E5AR T
PR RNV (V) > PUEIR R L (KD
Ko BB 5 410 551 500 9K B2 IR 38 KB ok (R 2 Ak
3D, HAMEGIHLEE X R R 58 G A h . DAAS [k i
Deoxycalyciphylline B #1 Methyl homosecoda-
phniphyllate X EEHIEH T 1) Ky 250%) Deox
ycalyciphylline B I Methyl homosecodaphniphyllate #¢
FEAEE (& 4 F018 5 NAGEED h—4c 4k, MR HZ

wr = /‘4
/+

Kmapp

ERNfil-g

Eat i S

Reciprocal of reaction speed (L-min-mmol )

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
JEHI S 91513 Reciprocal of substrate concentrations (mmol-L™)
Tk 1~5 MR ES % 0, 05, 1, 15, 2mmol-L*

Concentrations of deoxycalyciphylline B for curves 1-5 was 0, 0.5 1, 1.5
and 2 mmol-L™, respectively

B 4 Deoxycalyciphylline B Xi&H3ErisEn s (LEGAGIME
fEH
Fig. 4 Lineweaver-Burk plots for inhibition of

deoxycalyciphylline B on PO activity

F 2 A [EIKER Deoxycalyciphylline BYERT PO BY Vo
#0 A,

Table 2 Vi and K, of PO at different concentrations of
deoxycalyciphylline B

WJE Concentration(mmol-L™Y) Km Vinax
0 1.166 0.141
0.5 1.361 0.140
1 1.650 0.140
15 1.927 0.138
2 2.252 0.134

h
=)
|

=g

0 1 2
[1]/mmol-L™*

— N W

Kmapp

S
=)
I

20

-1.0 -0.5 i) 0.5 1.0 1.5 2.0
AR L B 514X Reciprocal of substrate concentrations (mimol-L™")

R (K 151
Reciprocal of reaction speed (L-min-mmol’')
W
=3

Lk 1~5 EIRIRIE 58 0, 1, 1.25, 1.5, 1.75 mmol-L™
Concentrations of methyl homosecodaphniphyllate for curves 1-5 was 0, 1,
1.25, 1.5 and 1.75 mmol-L ™, respectively

5 Methy!| homosecodaphniphyllate ¥ &3 IHRENIF 1L
EgHIHIHI4E A
Fig. 5 Lineweaver-Burk plots for inhibition of methyl

homosecodaphniphyllate on PO activity

%= 3 A [EIREH Methy| homosecodaphniphyllate {fEFT
PO BY V.. F00 K,

Table 3 V. and K, of PO at different concentrations of
methyl homosecodaphniphyllate

WKJE Concentration (mmol-L™) K Vinax

0 1.088 0.125
1 1.576 0.130
1.25 1.638 0.124
15 2.299 0.130
1.75 2431 0.125

f R Ay DURA M B (KD, JE K Kkl 2.051
mmol-L™ f1 1.269 mmol-L™.
3 g

Py A AL A SR S I R P B R, AR SCRA
L-Z B R Y, KM B b O &R0 T
Deoxycalyciphylline B 1 Methyl homosecodaphniphyllate
X TSRy S8 A i 1V 52, 0 TR S ) o Ty I
W . MNEERATLIEH, Methyl homosecodaphniphyllate
o 1 SE A R ) P01 75 MR 4% s« Deoxycalyciphylline B
F1 Methyl homosecodaphniphyllate 5} 3 4 ik iy 48 4L,
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doOE kW R %

42 %

Vit My I ) A S 4 FH R BA ) 3 S e ARV E T, 3R
W) 2 M E R SIS G, RS A RS AT
NS 4 PR e

Py A A Il A 45 ) 52 0% 11 22 N 66 1) 5 Al 445 i
B, F—DNWHEE 2 MEEWE T, 2 MRS T
Sl S E AU 2 AP R 2R AN — AN 59 B
SRR G 3 — N W EHE 2 AN a1 15k
FAE—IE, YA A A AR S N3 a2,
Deoxycalyciphylline B I Methyl homosecodaphniphyllate
ST AT 5 SR A Y A1 Bl (1 ] 25 B T A A
VERIEA Rt — 2.

P& R ARV T & VIR A A8 248 H AT %11
ZIESE, T R AT H AR TR AR A0
WIGR/DHRIE, W Kobayashi /NS K2 A 2B 40t
AT T Mg 4 e PE NN, I G DB &)
X BB BRI AN ok L1210 8o s pamiis e e
ARk, AAZEVE Y LR BT AR B HOS
ASCHFIE T B B2 M E B8 Deoxycalyciphylline B 711
Methyl homosecodaphniphyllate i 324 ik i 0 11 7
o B ER B Ay S A B AR A I 2 A s ol 5]
1) “BEAR” . SFRBESRANENZE LG, DXLk
G WA g B BE L, e B A R s AT O

(QSAR) HIABFFTHHIFIN 2L H A S5 Ak
Bt e R, AT DU SREHDEII 1 B, 2
SHOBT Y R ) R A

4 g

AWFFE WG T Deoxycalyciphylline B 1 Methyl
homosecodaphniphyllate 2 Ff 2 4 % & S A Ry 4 AL
WL AT B U AR E s 1Cso 20504 2.439 mmol-L™
10.879 mmol-L™ 2 A6 4485 A SRR () w3 5 4 A
PR, P B (KD KU 2.051 mmol-L™ Fil 1.269
mmol-L™ . AWFSARIE T 2 AN 00§ 0 19y
SR VE I E S A RINLERE B, S iz R UG
ME—L R AR ES, HTHRSI K “Rid
(LR 7 11 I
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