NS A Y244 2010, 16 (4): 504~508
Chin J Appl Environ Biol=ISSN 1006-687X

2010-08-25
DOI: 10.3724/SP.J.1145.2010.00504

B BTk B B R R E E Y
EEIEEA
BREY YER BRT KK

H9 Y

(PgR2= MRS SEAR SR K 030006)
OB I AEICE AR R R AR, A T A R D L B e I B R, R Sk NS R B A
oy i R HERL AR B . 200744 H A ILVE 4 KR TSR E Vb B B2 M BRI Rhodococcus sariuoni Borchseniusif 41 g1 {4
TR IUE #2, AL 00 7 7 i M BE R B 201 o0 e S0 FLAb 24 i 0y 5 4 26 B8 0 B M 10% . 20% ., 30% ., 40% . 50%3E54
e, X WE AR AL T (Verticillium lecanii) FI B BENo.V3.4504H1 No. V3. 45053 4T 15 55, 1 A 0] 181 1k it 410 28 11 il 1
JUT TR B IG PR R S . 2550 & B0, 0 R B B & TR (1569%) « 7K (H726%) FIISFI G JER . 24 28 5 i B vk 1
H10%I0, K No.V3.4504 1) 4 IR P i K, (4.4520.18) U/mL; B A5 5 & W BE G N, AR UGS P 22 R e 3 7e
5 U N 20%0, B AR No.V3.4505 11 85 1 il I P H W 5 KAEL, h(8.520.71) U/mL; B, 85 ARG IG MR SEFRAR. P ik L
T TR S R S A AR AR T R g TR IR I BN A LR Ala, Met, Gly, Pro, & BN Metfii 5 4
No.V3.4504F1No.V3.4505 14 2K 11 1 PE 43 HI38 K 7256.9%F1215.7%. 32 BRIk BE 14 2 5% R 35 5 hoin AE XY MetfhE £2 55
Utk 0 A T K I H AR e . TR 3 S 14
KER VHESHERYY; FER; B AU R WA =R U S LTS
CLC $476.12 : $436.6

Effect of Honeydew Excreted by Rhodococcus sariuoni on Infection Ability of
Verticillium lecanii’

XUE Jiaoliang™, PENG Guoliang, XIE Yingping, ZHANG Yanfeng & HAN Zhenzhen
(College of Life Sciences and Technology, Shanxi University, Taiyuan 030006, China)

Abstract Scale insects (Rhodococcus sariuoni Borchsenius) (Hemiptera: Coccidae) usually excrete large amount of honeydew
when eating and developing. In this paper, the effect of the excreted honeydew on the infection ability of entomopathogenic fungi
[Verticillium lecanii (Zimmermann) Gams & Zare] was studied for better use of entomopathogenic fungi to control scale insects.
The honeydew in the experiment was collected in April, 2007 from the female body surface of R. sariuoni in an apple orchard
in Taiyuan, Shanxi Province, China. The chemical components of the honeydew were determined using chemical analysis and
amino acid automatic analyzer. The honeydew was diluted into five concentrations of 10%, 20%, 30%, 40% and 50%. Two V.
lecanii strains, No.3.4504 and No.3.4505, were cultured in these honeydew solutions, respectively to compare their extracellular
protease and chitinase activities. The results showed that the honeydew of R. sariuoni contained 69% soluble sugar, 26% water
and 18 amino acids. Strain No.3.4504 showed that the maximum value of its protease activity, (4.45£0.18) U/mL, cultured in
the 10% honeydew solution, while in other 4 honeydew solutions, its protease activities decreased with increasing of honeydew
concentrations. Comparatively, the value of strain No.3.4505 was higher, (8.5£0.71) U/mL, in 20% honeydew solution. Then,
its protease activity went down with increasing of honeydew concentration. The chitinase activities of the two strains appeared
a similar variation trend and their maximum activities all appeared when cultured with 10% honeydew solution. Four kinds of
amino acids, Ala, Met, Gly and Pro were respectively added in the culture medium to test their effects on the protease activity
of the entomopathogenic fungi. The results indicated that the addition of Met made the protease activities of the two strains
increased by 256.9% and 215.7%, respectively, which showed that the honeydew at lower concentrations and appropriate Met in
the culture medium could promote the infection of V. lecanii to the host scale insects. Fig 3, Tab 3, Ref 14
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Fig.1 R. sariuoni and its honeydew
Ax BEE A TR AUATT T TIT T B M U s g2k
A: Honeydew drop attached over anus of the scale; B: Honeydews excreted
by many individuals of the scale insects

F1 DERBIKNERAS

Table 1 Components of honeydew excreted by R. sariuoni

Fig.1-B

A -
B Honeydew component Content (wig g™ Fi%
23 EENENESEEAEMILT REEIER T PER Dissoluble sugar 0.69+0.02 69
M (A2 B 4 BT T LA, S P S i, s K H0 0.2610.03 26
L FUK S B8 0 8480 B B D08 5200 FE R AR, (LA KL Oters 0.05:001 °
QE e 2 3 KRN 2 7 Total 1.00 100
R e WO R 0 A RORHR S 0 58 A )L U LB A6 B CARLL
R2 EERPRERHIM S
Table 2 Amino acids in honeydew
WHR REHAE R 2251 BHIR IR Ha® WER  CEitER R
Amino acid Asp Thr Ser Glu Pro Gly Ala Cys Val
“rit Content [w/mg (100 g)'] 51.0 339 24.4 7.8 2.8 2.2 43 0.7 2.6
Pl% 30.0 19.9 14.4 4.5 1.6 1.2 2.5 0.4 1.5
HIER RER  RER RER AR KNER  BER AR FAIR
Amino acid Met Ile Leu Tyr Phe Lys His Arg
“rit Content [w/mg (100 g)'] 2.3 12 0.7 22 2.2 2.6 10.6 18.1
Pl% 1.3 0.7 0.4 1.3 1.3 1.5 6.7 10.6
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Fig. 2 Protease activities (A) and chitinase activities (B) of the two strains of V. lecanii cultured with honeydew at different concentrations
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Table 3 Protease activity of V. lecanii cultured with different substrates for § days

L Strain No.V3.4504

HiFk Strain NoV3.4505

A SIS CER=N =y
SEN o e EARTHE il  EREEE BOBTE % Sk
acids in medium Protease activity Increment Significant difference  Protease activity Increment difference

(/U g") (r/%) (P<0.05) (AU g") (/%) (P<0.05)
Glucose (1%) 1.44£0.3 — a 0.38+0.1 _ b
Ala (0.5%) 2.43+0.1 68.8% b 0.1£0.01 -73.6% a
Met (0.5%) 5.14%0.2 256.9% c 1.240.1 215.7% c
Gly (0.5%) 1.55+0.2 7.6% a 0.08+0.04 -78.9% a
Pro (0.5%) 0.91£0.1 -36.8% a 0.12+0.04 -68.4% a

R EERG PEROE 3OS (AN S5 THIME (Mean +SE)

The data of protease activity in the table are the means of the results from three independent experiments, each with two repeats

WREER10%H), JUT BT B i i PR 5 K, S4(0.43140.042) U/mL,
M TR WU S S0% I, LT 5 Al A 6 PR R 4R IR, M (0.022+
0.008) U/mL. {H [L4 T 7, B No.V3.45050) JL T J B iG 1: Lb
R NoO.V3.45041Y JL T 5 Al 7% M.

LRSI 1) % 7R Hp R R T I A AR B Y R
Pt LT T T A IR, DRI Iy G 0 B R
TN FH 05 Y 50 R TR S A R s 2) BN TR R LB, BB
No.V3.45055 & if [ 75 % i 247
24 AESEBRMNENHRSEEEQBEENZIMD

BN 18P R IR, (HENTRY M & B, Wi
o 35 1 Ko et 0 0 R B P VR T VR, A I o A A T 3
AL SR KL Ay S AR B2 Ala, Met., GlyHl Pro, 5804
N R i 11 57 7 356 vl O O A S A 1) R G PR AT LA &
3 (323) Bon, WA A T AR T B 3R L b AR RE A I
i, (243 W) B B IG PE R I]. B AR No.V3.4504 78 il 47 Met
1) 3 A B 75 35 v 2R I G Pk Bk, R (5.1440.2) U/mL, Y
H A AFh 57 52 3 16 OB () 15 PR AR L 25 S 3, AR N I R
Prof) F A< 5 % 55 8 P 9 35 R 5/, 4(0.9120.1) U/mL. [
FENo.V3.4505 /2 7 JIN G Metfr) J A 55 37 3 v 25 T 09 36 1
(1.2£0.1) U/mL, 5 H 44 ks 57 38 5 (A 09 16 M AH L 25 53
LR, BRI NV 3.45040 85 11l 1 PR T8 = T ik
No.V3.4505. H7E$E 7735 v fin A % 5 B2 Metht $2 = 8 iy 58 14 1
B WGP B AR .
2.5 AEIREESBRTENHREEEREEEEREZ

AR R 7 v B R Met 1) 5 B A A T i by A0 A
BB R T 52, AR B IR I I A Met, £ LA & 43 5
R 0190.25% . 0.5%F10.75%, 43555 5 i #kNo.V3.4504, 4

SF8 dE RIS, W AR B AR R . 45 R BOR, A
No.V3.4504 7 i Metfi 3 48 K 55 56 b 28 (OB E HE fsc s,
A TRV et W 25 e 5 Xof 2 10 il 0% P R 2 i), &85 SR R
37N, FE bR 35 3L AR [ 9 B Metd 37 I i 48 R
B, R I B TR AR, Y Meth vk B D 0.25% 0, #H
i B4 1% 14 4y (4.21£0.54) U/mL, Meth ik )3 42 =25 3 0.5%I0, 1
it 076 PR B 22 36 00, A (5.14+0.20) U/mL, Pig 2% SR B2,
Ut BH Met££.0.25%~0. 5% ¥ 15 71 Bl P9 %o 12 11 1) 2 11l %) 3 2 2
F L. T Metfr) e BE 1K 8 0.75% 5, 45 B Y35 vk S
N, 4(0.76£0.30) UmL, Has A IG, 1560 MetfF o 2K 1 il
BRI, A —E 0 R B 2R
55
5
4.5

4
3.5

S
25
2
1.5 T

1
0
0 0.25 0.5 0.75
w(Met) /%
(13 5 7 B AN [R] Ve J32 0 2 1 0 e o 26 A 1 2 11 S P 194 52 T
Fig. 3 Protease activity of V. lecanii cultured with Met at different
concentrations
SERIEIUU L T (B2 L) ZY P HI{E (Mean +£SE) . * P<0.05
The results are the means from the three independent experiments, each with
two repeats.

A/UmL!
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& MU DR B M A0 B R LT B —E AR R
SN T B RO 2 3 R R B RE T, 3K TE 9 SR 1R Beauveria
bassiana Fl Metarhizium anisopliael: 313 T 5 1E 57, b
BB R AULUT B 0™ A 32 A2 AR FE v Y A R L R
SE Ry B RE . AR BIF 5T % L E 4 BRI 4 5 1 16 24 B 43 T
P2 UL, HA # ok 4315 26%, AT PEME 5 69%, I &
17N IETR . LAVD B B 4 K Iy (1) 56 5 Ol B 3R 3, B R I e
I 54> B Mk No.V3.4504 N0 V3.4505, % I 25 5% 1 ok J3 %
B PR B 2R A LT B IS PR A TR AR, M 0 IR A
10%H], TR 2R P 1 396 1 die v 248 58 199 VA B 6 2098, 7T
PR LT Jo il 1) 395 1 o, 100 BH 0 L 558 5 B Ay U I 0 R TR A
2 R T B A AR R R AL 3R X5 B AR R TR R W
5 A Y AR R RN 2, (T 1 0 A R B, AR T B 1 il
UL T A9 15 PR BN BRAIC, 302 AR UCIF 98 10 87 & 3. Iyt 2
5 1 RS AT, L6 PSR 0 5 i AE HUAR e 2R
B B EE R, FRINIRS, SRR AR PO 2 I A AR
o TR B R B T EE AR, (R o R AR B X AR AR
ARG AILT R — 2 AR, X — 25 5 A ok i 25

(Aspergillus oryzae) FIKBERE W ( Lagrnidum giganteum) K
TSR FR v, % B 4 W 0 R S T 4D B Y 7 A R BT
S5l TR, W HOER R A R R A S
Ui U R A A KRR v AR Il S LT R A Y R I, X R SRR
N SR AL T SR .

Vb HL B 4 BRI 4 5 P BR T TR LAAN, IR AEAE 1T R
GRS S R AT LIRSy s 0 A R A TR, RS R
B 35 3 v R LR 1 B 2 22 /0 BB T I A A R T AR R AL
T Tl 3 1 7, AR IR S A B IR A v A3 BN 4P s R
K ILINA MetBE 175 5 P 1A AR A A0 7 A, B A & L R
Pro. Gly. Alad-ANREXE I H A A9 7= AL X U6 BH A& BT
Y SRR X R B AR SRR, b — s S
SAEEIR, R B AYME R R LB A . Campo et al. (2005) 7818

(Boophilus microplus) W3R 55 7= 5 In A 24 B2 Ala, L&
BT A5 P TS PR PRI A ER 4, DL TH AlamT BE 411 {5
B UG 23 W04, Ariane (2008) i T 7E8S R 5 fn A
Met, [ 1 2 F B P 90.258 Ulug, (H7E R 37 3 in A He
by 3 = FE R B, B R v A A A 0 0 T A T A
[F) e B, R T 1 e B KT 0 4 TR R 1) 2 1 e 1 LA TR
AR, FIMetfE 30V B2 1 i 5 v, i Met7£0.25%110.50%
K2 26T, ARG TR 06 e, 240 B S BT 0.75% 0
A % P S TR A, 1 P R A BE 1) MeetRE 1) ) B AR A il
P A . 3X— 45 S A S FE AR 5 1A T W R R R R
e S TR A A BTG AR AL TS B R (2, X Met2
AT 9 U Uy A A R IR P, I RRE— 2RO

ARG R B, LEFFESAFT, HHKNo.V3.45051
FA RO LT 3R % P L TR PR N0V 3.4504 4 75 Pk w5, H D[R Af
e S A TR R 2351 ok B AS TR %) 25 3 B A, B0 o 4% R 97
R PR AT —RE B9 22 51, P UL R B R No.V3.4505% V0 B e 46
BRI 1) 2 B A T T A, X A S R g P i L R R AT i AR
W B 3 R AL TR R %) O R 4 T S R A

11

12

13

14

References

Xie YP (it F). The Scale Insects of the Forest and Fruit Trees in
Shanxi of China. Beijing, China: China Forestry Publishing House (At t:
P Bl ), 1998. 33~60

Ben-Dov Y, Hodgson CJ. Soft Scale Insect Their Biology, Natural
Enemies and Control. Netherlands: Elsevier science BV, 1997, 7A (1):
291~373

Bogo A, Watson GW, Mantle,PG, Mottana GM. Honeydew sugars
eliminated by Stigmacoccus asper Hempel (Hemiptera: Margarodidae)
feeding on leguminous trees in Brazil. Entomologica, 1999, 33: 275~278
Beggs JR, Karl BJ, Wardle DA, Bonner KI. Soluble carbon production
by honeydew scale insects in a New Zealand beech forest. New Zealand J
Ecol, 2005, 29 (1): 105~115

Feng MG. Reliability of extracellular protease and lipase activities
of Beauveria bassiana isolates used as their virulence indices. Acta
Microbiol Sin (=91 3), 1998, 38 (6): 461~467

Bidochka MJ, Khachatourians GG. Regulation of extracellular protease
in the entomopathogenic fungus Beauveria bassiana. Exp Mycol, 1988,
12: 161~168

Barreto CC, Staats CC, Schrank A, Vainstein MH. Distribution of
chitinases in the entomopathogen Metarhizium anisopliae and effect
of N-acetyglucosamine in protein secrtion. Curr Microbiol, 2004, 48:
102~107

St. Leger RJ, Roberts DW, and Steples RC. A model to explain
differentiation of Appressoria by germiling of Materhizium anisopliae. J
Invertebr Pathol, 1991, 57: 299~311

Donatti AC, Luciana FM, Maria PF. Production and regulation of
cuticle-degrading protease from Beauveria bassiana in the presence
of Rhammatocerus schistocercoides cuticle. Curr Microbiol, 2008, 56:
256~260

Peng GL ((ZIH ), Xue JL (FEIR5E), Liu WM (X 1L, Xie YP (i
). Role of proteaseand chitinase of Verticillium lecanii in infecting
scale insect cuticle. Chin J Appl Environ Biol (3 S5 ¥# 55 £ 924 4R),
2009, 15 (2): 220~225

Zhang ZL (5K & R), Qu WI (#2i7). The Experimental Guide for
Plant Physiology. ITI Edition. Beijing, China: Higher Education Press (1t
A AR ), 2003, 127~129

Wang XQ (-7 %), Qin SY (F illiZ), Gao TH (55K ), Yan HI,(Hi 7T
F). Experiments in Basic Biochemistry. 2nd ed. Beijing, China: Higher
Education Press (At 5% = % 208 HibiiAt), 1999. 177~180

Cao GC (]~ #). Studies on resistance of diamondback moth Plutella
Xylostella (L.) to tebufenozide and the mechanisms: [Doctor Degree
Dissertation]. Nanjing, China: Nanjing Agricultural University (55t
AU R, 2007. 65

Campos RA, Arruda W, Boldo JT, Silva MV, Barros NM, Azevedo JL,
Schrank A, Vainstein MH. Boophilusmicroplus infection by Beauveria
amorpha and Beauveria bassiana: SEM analysis and regulation of
subtilisin-like proteases and chitinases. Curr Microbiol, 2005, 50:

257~261



