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Effects of Internal Absorption of Beauvericin in Corn on Feeding

Behavior and Survival of Corn Borer and Aphids
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Abstract: Beauvericin(BEA) is a major toxin metabolized from B. bassiana, which not only affects the survival
of insect pests after metabolization within the insect’s body, but also has direct toxicity to insects. However, whether
B. bassiana can metabolize BEA after colonization, and its direct or indirect effects on pests have not been clarified.
This study used High—Performance Liquid Chromatography(HPLC) to determine the metabolic levels of BEA from
blastospores(BS) after colonization in corn. Both selective and non—selective tests were used to evaluate the effects
of inhaled BEA in corn on feeding behavior and survival of two pests, Ostrinia furnacalis larvae and Rhopalosiphum
maidis adults. The results showed that the colonized B. bassiana could metabolize BEA. The feeding rates of two
pests on corn in BEA treatment group were both significantly lower than that in the control group, and the mortality
of pests in the BEA treatment group was significantly higher than that in the control group during 0-48 hours after
BEA absorption. This study identified that BEA was an important factor for ecological pest control of B. bassiana af-
ter colonization, and provided a basis for the research and development of microbial-derived pesticide BEA.
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BR A 1115 1 (Beawveria bassiana) 2 TH 531 il
JZ N A B O SR LT, X R B e A
TR 2B R R B IR e PR R E R
e A H MBI IR BB R A WHHFES
B M iy 25 B 2 W B AR 4y B2 HBE T BReE
FUBRTERA ST B A Zfhae R, EERAE A
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B[ 745 2 (Oosporein) . H 2 (Oxalic acid)5E 4 i, H
H, BEA J2 BRE P08 B R e JF 8O B e iy 2 A
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13 BEA S BEA 25 E [A] 423 0 5 SR R A A A7
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A ARBZK T S BEA T KA R 0 32283 dUm
& K M (Ostrinia furnacatis) 1 85 H (Rhopalosiphum
maidis) BUELAT N BYSZ  AEE A, DA 2R 78 4
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2y PRI ARE

I R S RS WA RES
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LA IF (Arabidopsis thaliana), P 7S 52 56 %8 FAE
R MET AR E 6 M.

FOK R T R R (KNT), A 08
RO RHY R RRA TR A FE T . ML S
RiAEA AERK 2 S ~ 6 AT AL, B A
EN X (Ee vy
12 H &

B 1 mg BEAET 10 L /9 — H LA, A5 G
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TAT R B33 80 .40 wmol/L 1 BEA ¥, 2R I ¢
BE 1 47 0 BEA S MARATAE 4 CHIVKFE Th 25 H L kA
PTh o BRI B TR 25 A4 17 (BS) B V7 WOV
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W Kk TR I T G 1] g A R AR S A5 R AR
BEA ¥, % JEE 7K 41 FH A ] v B 1) — HR 35 S AL ik
AT A3 VR BRA AR TR 28 A A I VR T4 A (]
b, X BRZH FH Tween—80 EATACFE . 6 M A HARE I
FEAR 5 mL, 4 M FOKPEM 10 mL. 5% 24 h AR
1R, AR 3K, 56 3 URTEAR 24 h 5 BURE
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BB E PR 1 mg, HFBEE A E 1 mL,
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Table 1~ Chromatographic column elution conditions
i1 (min) BFE(%) fiF [ (min) B%(%)
Time Pump B Time Pump B
0.01 30 35.00 95
10.00 60 40.00 30
30.00 90 45.00 30

¥ 283 80, 160 wmol/L () BEA ¥ W . ¥ £ Ky
1.0x 10° A~/mL 11 BR 76 1 {5 & BS 6 2 V7 AR 4cb 28
24 h 5 W FE S ZEFF R R4 88, OF 5 i R A
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H R A R 45 min, 2, JE TR 2 E 20 mL H 3
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B ARG SR MR 9, Jin A 3 mL ZZ 48K A g 4L At
FRIRIE , VA VU S S8R I K A PR 4 ST e B
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MLACE 8 it A, 10 3k £ oK R &)y Ay (R oK I HUh
20 3k); AL EEPE ST I K S b B2 i R 4 S
B AR SR MLCHR o, AR Ab B[R] bk 1.2.2,
FRIRE 20K E A .
1.2.4 BEAX R & AZFRAGT 0w

¥ 23 BEA Ab BEFNXT B K A0 B E oK
4390 ) WEE IV T oK R 4y (30 S/ 8 520) TR e ol oy

(50K/HEA), LH ik SIKEE . 124 h J5 Rk
2 BEA AR RL, 2 )5 B3 RR 24 h TR 1 AR
FAET, S0 HITE 24 .36 .48 hiH A B Hu ol
FET- =0T U S B 5% 100% o
125 HIBAELHHT

K SPSS 25.0 B A4 X B s A T HE B S 1 A
Jr TR, 3 33 Duncan’s TS T2 H AR K
B EVES T, R Graphpad 8.0.2 X {4ER

2 HPRE

21 EXKAWBEAMBS EHEEXDRIMLESE
R E

FIH BEA A7 I S A 2] BEA F 5 U4 (E H B0 A
23.85 min([&] 1), 38 8 A [] v BE A it 23 il VA oA
Mgk, 2otk 7 FE . V=74 449.81X- 32 602.93; #H K &
$:R°=0.999 3, HTHE S BEA R EEINE (3R 2) T
TRAL BT HR AL, TEI 25 2 e ) £ 20
it BEA, TEERAE (R TR 2 4E 11 B8 1 i e F=ZE A
PG T B K BEA, Horb  FEmE R S i
72.57 pg/g, AEZEFTHAY & 4 50.53 pe/gs 160 wmol/L
BEA 180 wmol/L BEA &b F (1) T K i F rp 16 25 143
518 90.04 /g Fl44.25 wg/g, AT UL S AG I 04, 25
FFARRLIN Y BEA (9 B AR XT3 D 4 510 8.24 pe/e
F110.44 pg/g AR FEAIR(E 2).
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Table 2 Data of beauvericin content

in different samples we/e
R b R % FF
Sample Leaf Stem
CK 0.44+0.127 d 0.48+0.044 d
80 pwmol/LL BEA 44.25+0.141 ¢ 10.44+0.237 b
160 pmol/L, BEA 90.04+0.117 a 8.24+0.046 ¢
BS 72.57+0.099 b 50.53+0.600 a
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Fig.1 Chromatogram of beauvericin standard
B C
— £ 2000000
Zt Ei oo =3 s =3
EH = % B @ 22
LE 25 o H 2 : 2z
- = 3 3 £ % » p
B[ (min) Time W] (min) Time B[ (min) Time
2500000
F
2000000
g EH = 35 as
Eg gé 1500000, g g“é gé
- £X oo x £ HH
5% 25 H 25 2:
TS s 500000 g
0 30 40 v X X L 10 20 " = o =
B[ (min) Time Bl (in) Time B (in) Time Bl (in) Time
T AR XS IR s B 3R/R BSALR F 3 €37 160 pumol/L BEA 1 /73D 3875 80 wmol/L BEA W F; E 38R X HEZH 25FF ; F 37K BS 41 25FF ;G Foom

160 pmol/L BEA Z5#f; H %755 80 wmol/L BEA 257F
Note: A, control leaves; B, BS leaves; C, 160 wmol/L. BEA leaves; D, 80 wmol/L BEA leaves; E, control stems; F, BS stems; G, 160 pmol/L. BEA stems;
H, 80 wmol/L BEA stems.
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Fig.2 Content of beauvericin in corn leaves and stems in samples

2.2 BEARIBEBKEHITFIE 0.05), Horfr, 55 4 ~ 6 h 22 0 Ik 25 (P<0.01) . HEFEME
TE 160 wmol/L 1 80 wmol/L BEA [ HEMI M & Segurh, ZEN RIS [E]BE , 7P K IR 3 40yt 780 i
LR A BEE ] Y, BEA AR BEAG IR R0 A B 4R OK B A BCE SR 3 T BEA A B ) oK

B FE R BT IR E o, R RRIRER,

IFH 40 pmol/L () BEA IR EMR 5, 0 FoRIEZh . 2.4 BEAXFEKEFREUEHI RN

() ke VE I AEHT 10 h N 22 5 R 3% M fE 56 12 ~ TFoK I AU AT 48 hAR RS A R
48 h 25 5 (K 3), Ik, PEH 80 wmol/L iy BEA B, ZEAS[R] A [A] Bt , T K0 Hi7E BEA 4R T ki
PR A E AU SR B R T X IR, 5 4 ~ 8 h X R4
2.3 BEAXIEM EKIEREIT AR RN Tk 5 BEA ZbF 1) K 25 b i 3 (P<0.01), i

L BEPE I T (] 4), W FoRIE 3 A il BRMESCIRAS SRR I, TR U7 BEA Zb AL oK (1)
BEA AbBE K % MR EoR M FAOBE RAE4~8h  BUE R W E LT X R4, H 48 h WHUE 25 F
BEE IR AE | 1 K 4L 4h BUBCE SR R, 535 (P<0.001), X B A1 HUE RN 35.5% ~ 46.0% , 1]
BEA ZbBRA B PR, HEA B EW2Z R (P<  BEAZBA T K EAYEUE R} 20.5% ~ 25.8%(15).
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50 O A4 Control A 40, O X Control B 40 O A Control C
Z @ E{HE# Beauvericin ;E‘ @ % Beauvericin . é" @ Ff&E % Beauvericin

40 3 3
g 5w e e bl . = 2 %
% 30 % %
: . ]
3 2 20 2 20
5 5 5
< 20 & =
= 3% 10 3% 10
z 10 « =
= = =

o 2 4 6 8 10 12 24 36 48 2 4 6 8 10 12 24 36 48 2 4 6 8 10 12 24 36 48
I f6] (h) Time I ] (h) Time I ] () Time

A IR IF R 160 wmol/L (1) BEA ; B UL 7T N W FE 80 wmol/L 1Y BEA 5 C BRI TF W FE 40 pmol/L Y BEA . &1 85cdfs g 124

bR, P 3 P<0.05; {3k P<0.01; “##+" 3% P<0.001. T I&[H].
Note: A is Arabidopsis internal absorption of 160 wmol/L. BEA; B is Arabidopsis internal absorption of 80 pwmol/L. BEA; C is Arabidopsis internal absorp-
tion of 40 pmol/LL BEA. The data were presented as mean+SE. * in the figure represents P<0.05; ** in the figure represents P<0.01; *** in the fig-

ure represents P<0.001. The same below.
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Fig.3 Effect of Arabidopsis thaliana leaves internal absorption of beauvericin of percentage of feeding Asiatic corn borer

O i Control ‘
40 @ A1 % Beauvericin A 30 il XVJ‘,.”{J. F‘énwol - B
& N . @ H{fp 7 Beauvericin
£ £
B 3
3 30 2
s %
. S 20
g g
5 20 5
2 5
A [
: 20
3 10 5
& &
= &
Y 0
2 4 6 8 10 12 24 36 48 2 4 6 8 10 12 24 36 48

B 1E (h) Time B & (h) Time
TE: A AR LR8BI PRS2 . R,
Note: A is non—selective experiment; B is selective experiment. The same below.
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Fig.4 Percentage of feeding Asiatic corn borer on 80 pmol/L. BEA and control corn materials at different time
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Fig.5 Percentage of feeding for corn aphids on 80 wmol/L BEA and control corn materials at different time

2.5 FEXAWBEAXERTFERIEMN 5 3.0% , 2% 5 .2 (P<0.05); (A4 3 d ~ 5 d, BEA &b

K BEA X BEE U B R IE SIS 25 R FHZH N BRI SE TR IR T}, 4 4 K BEA AbBRZH E
Bl 6), LA AL B &) AT T R BERT R A3 T T3R8 63.4%, LU BRI N 46.7% , 25 7 i 2 (P<
FTFLBEA XA AT R R, MRS 2K 0.001);55 5 dAETSHR N 83.3%, X BRZH 11 60.0%
46, BEA AL FRZH FORIESET- R N 6.0%, lL AR 25488 % (P<0.001).
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TR NI BEA Ta] I 5 K05 sz us SR BH (151 6), &
KA HOBE T FEAE fR] I 3 d PN B RS [R) 3 g B T, 5L
BEA £/l FOKREF HBET: . 1 MEES 2 RIFUR , BEA

AbFRZ K AF HOIE T35 48.4% , .35 1= 4 IR 4
100 Ot Control A

@ [ETH# Beauvericin

FET: % (%) Percentage of death

B 8] (d) Time

LT 26.8% , 22 534 . 3 (P<0.001) ; TRl J5 55 3 K
BEA b B 2 5 d1 ZE T2 N 81.2% , Wi X BEZH B T
FH 61.6%, 25 7 0 3 (P<0.01),

100 O *f#4 Control B
@ fEMH % Beauvericin - **
80

ok
60

40

20

FET: % (%) Percentage of death

1 2 3
i 18] (d) Time

122 AN 80 pmol/L Y BEA XHIE I £ KIE A BEAAEH s B 4 80 pumol/L Y BEA X F K4 L B2 R EH

Note: A represents the effect of toxicity of 80 pmol/L beauvericin to Asian corn borer; B represents the effect of toxicity of 80 pmol/L beauvericin

to corn aphids.

El6 i EKIEFNEAKEF RENE BEA 55k BAF KM FAREEHIET R

Fig.6  Percentage of death for Asian corn borer and corn aphids fed with beauvericin and control corn leaves at different time
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PEXE W, ABEIE & BL, TE e B A e
S, BEA BIREXT F KR &) BRI e plg i A
FSREVE T, 35 BRA 5 A 0 B K S 6
(I A TR . PRI, BEA AT A J2 BR A0 1 1 5 S B e
Yje A=A M EE R

TEPI BEA [ FORZEFIN 7 rp, JEie S 80 pumol/L
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