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Abstract: [Background] Beauveria bassiana, a major entomopathogenic fungus, infects silkworm
larvae, producing the white muscardine silkworm Bombyx Batryticatus. The bioactive substances in
Bombyx Batryticatus are widely used in medical, healthcare, and cosmetic industries. [Obejective] In
order to provide high-quality strain resources for the preparation of Bombyx Batryticatus, a highly
pathogenic B. bassiana strain was screened from 7 B. bassiana strains from different samples of Bombyx
Batryticatus, and the fermentation conditions of this strain were optimized. [Methods] We
isolated 7 B. bassiana strains (SDJC-1, SDJC-2, SDJC-3, GXHC-1, SDND-BB, AT-3006 and SQJC-1)
from different samples of Bombyx Batryticatus. Based on the results of biological characteristics,
protease and chitinase activities, and the lethality in silkworm, a strain with high pathogenicity and
excellent traits was screened out. Moreover, the fermentation conditions of this strain were optimized.
[Results] The strain SDJC-3 had excellent biological characteristics, high sporulation, and the lethal rate
of 75% to silkworm. The Bombyx Batryticatus prepared with SDJC-3 was large and plump and had clear
ring of silk gland in the cross-section, exhibiting good quality. The optimum fermentation conditions of
SDJC-3 were 27 °C of the temperature, 180 r/min of the rotational speed, and 1/5 of the broth volume
ratio (250 mL culture flask). [Conclusion] The findings of this study provide a theoretical basis for the
use of B. bassiana to prepare and improve the yield and quality of Bombyx Batryticatus.

Keywords: Bombyx Batryticatus; Beauveria bassiana; biological characteristics; fermentation
optimization
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1 #RE5r*

1.1 ##
HEikk SDIC-1. SDJC-2 f1 SDIC-3, ASZH

T I AR 2 DG 3% 1) P R A o B A AL P S |
Pk GXHC-1, SIS 4r 8 B PRI e ;
SDND-BB B #k , 11 AR Rl R~ B 5 3R Bk
AT-3006 (T AW 4% 457, ARREE A ESI
MG WPk SQIC-1, ASLE =35 H GXHC-1
PR

PDA Kigfid(g/L): D44 200.0, HiZiwE
20.0, Bifi§ 15.0; HAR pH,

PDSA Jigid(g/L): 485 250.0, DK
50.0, Bifig 20.0, FHIMAFE M 50 mL; AR pH.

BB -Bi IR R 3 5 (g/L): NaCl0.3, K,HPO,
0.3, MgSO,7H,0 0.3, HifZ 10.0, Byifig 15.0;
pH 7.0,

B ARRSA S IR (g/L) : B 10.0, K,HPO,
0.3, NaCl 0.3, MgSO47H,0 0.3; JH 0.02 mol/L
i) pH 7.0 BERR 2% mg Be il -

JUT R SR =5 (g/L): EAHR 2.250,
KC10.225, K,HPO, 0.225, MgS0,-7H,0 0.225,
ZnSO4+7H,O 0.450, BEARJL T i 4.500; H
0.02 mol/L #J pH 6.0 B & 2% v i Fic il

KRR SR (g/L): Hi%HE 40.0, bk
FEH 10.05 HER pH.

1.2 BEFEMESEUR
1.2.1 BEFEHNEEES

7 BRI R, BT 28 °C. FHXHRE
95%5F TR FE 14-15 d, Bk R B 3 AN EE,
WMELRTETE A

il FEIF AT . BUSFR R AR,
0.1%0Ji-80 YEERFE T, Hil#-veBE 1x107 4~/mL
P98 B TR R
1.2.2 BEENSERFRSINFERATE

PRHL 8 T R VR HE R B PDSA 17
b, BRGNS 45°RHG R, frBk
P REA LR AR, BB, cE
T T g .
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1.3 EFEKENNEMN=RENE
1.3.1 EFREKENE

HEBC g (R B i R PDA A
PDSA }igk, BT 28 °C R M P 1%,
T—RRIE 3 T, WS 6 RIFMHIGE A
V% E AR, 20 5% 9 do A 7 KRR 7E PDA Fil PDSA
SR SR I B H R R RGN .
132 FRENE

BEEREE 15d, AEA 8 mm R
LA IR oD B Zeh s AT, 0.1%
7 -80 PP A T, T kT EORR X
FUEETEL, REFPREE 3 AREET TR, ERA 7 B
P TE PDA il PDSA -l 85 F 58 =il i
1mLiﬁ¢%ﬁ@¥%F?x%umxB

L A S AR ARG B: IR
(R
14 ARHEEEMMIREBEHIFERERRAE
EmREE

218 Pelizza ST TR o 4% 7 bR
FHER W N 1x10" 4AS/mL f PR 7w,
TR RBRIE I S W0 2) H IIR A kR, =
4 BECR TG K AL B, ik R E 3 AR,
TR AL IR R AR B 30, TR ) SR i i
F2o AP A KA FRAE 28 °C F1 80% A X &
ST, TPBEERE 1-7 d R EOE, 1T
TLARRR TR B BET R B EE A R i 3R 5 d
WA B A 2 B, X B A AR Tl R T
2R AT, TR 60 °C HMERS T LT 5
f, B JE TR ) FE AR 2 ) o B D) R I
SR A
1.5 ARBEREKR"EBEI/LT REE
ATE
1.5.1 MSNEBEEEMSNE
FLAMNE P BES EU E 2 B8 Bidochka 2501
Tiidio H4 7 FPBERR A A2 TR VR R A 3 B A - B

B b, 26°C 535 3d )5, F 15% HeClL i
WA AR R TAT, TR Y SR B Y A A
PIFIR, 7 Bl P KN DL B PR AR SR ROR .
FERRR I E 3 4 F17

2 B i TR . R
a7 S 1 e o | WY LTSl i S R R = SR R
28 °C. 150 r/min 55 M1 6 do BUGFHIFH
B T 4 °C. 10 000 r/min 5.0 5 min, B W
Y R Ry AE AR

DL 2% 25 110 S 1 2 S v FRL
MR AN 2% EE R, TR 40 °C K e
% 10 min J5BUH A =& LB LR, 25 °C
12 000 r/min .0 5 min J5E EVEW, INA
Na,CO; FIm M B ik 1R 21 5 2 B 50 20 min,
TE 680 nm AL OV, REFREEEURE 3 U
W B OS948, AR 4 s o il 2 08 2R 1 T
J1, R SRR AR Y 1 pmol Y I 2R T 7
Bl R R 1 S BT BT
1.5.2  FESMLT BRBESE N E

FLAN LT S5 TG 1 000 5 44 Ff A L 26 22 4
Peo BCHl 1x107 A~/mL R FERf TR E 0, N
FJLT FEEA A, F 26 °C. 100 r/min
PR 9% 7 d )5, 4 °C. 10 000 r/min #.0>» 5 min,
BB 85 1 B Sk KL A

DL 1% M B JL T B S D o LT 5 il
TWEE, BB A 1% AL T RIES, A
40 °C /KBHRH Y 1 h 5 A DNS i,
K& 5 min JFEUE, FRRIEEEEINAZER
K, TE 540 nm AW OGE , R RN 3 K
W WO B O M8, MR PR AEM &t LT
FIBHG 77, R LSRR AE B 1 pmol N-Z Tk
SR AN T SRR R R 1 A B BT
1.5.3 MNEBEERYIEMELE

WM ERE R R R e, kB
] 5 )E i P A B AR, &R
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S5 MEm EEEE, B GXHC-1. SQJC-1
1 SDIC-3 X 3 ¥RIFTE 1.5.1 JFIEAESE 2. 4. 6.
8 K43 | HSUHREL Ty o) 2 G B A 7 HE A

1.6 F#k SDIJC-3 HmiERINABEESZLHR
1.6.1 EEMNABERAEAEN

¥ 1107 A/mL B TR A SRR
FExE R dkrh, ERHAT T 3 WAYFEEA,
fE 120 t/min, HSR pH 5504, 4000F 23, 25,
27. 29. 31 °CfHIRHR G HEFE 2 d, D w221k
T, BRIy
1.6.2 HiEM HER &AM

¥ 1107 A/mL BRI B &
BERE R, R T T 3 WAEYEEA,
1E 26 °C. A pH Z&MF T, 435417F 120, 150,
180, 210, 240 r/min fEIRIRZ KT 2 d, WEH
W 22 R A i
1.63 EHEWNHEREABOTIN

¥ 1107 A/mL 7B 77D 2 & R
FERAERER R 13, 14, 15, 1/6, 1/T Y
250 mL $55R D, R SLR T T 3 AR

i, 7E26°C, 120 r/min 50F FHRZHFE 2 d,
W TR 22 AR A
1.7 HUEAE

SCEHEAT 3R EAEYEER, SR ¢ test
Xof S s AT B L 4 A, T Origin 9.0 3
HEAT I Rzl

) ZREp

21 BEFAEYFIFEHARER

211 HEEEFREKE. FRHEREXREH
RS

mE 1 Pk, FMEETE PSDA KEFREE 1
ERERKBWHEMT PDA. NHEEK/IEE,
Wik GXHC-1 1l SDND-BB 7E PDA #l PDSA 5
R L EFRAERK R . Fk SDIC-1 M
SDJC-3 M\ r=fli kB 1E PDA fl PDSA #5573
R R R . RO R, Wk
GXHC-1 il SDND-BB BUIEH 5514 91.6%H
96.6%, ZAEALEER 2-3 d A KR EIET: HEE
R 90%, 2T AL AR K BREGBE T (R R

*1 AEREFEREEEHRANEFREKE. FRERABIERINESR

Table 1 Results of the daily nutrient growth, sporulation and lethality of different Beauveria bassiana strains

Strains Medium Average daily nutritional growth (mm/d)  Conidial production (x10"/mL) Mortality (%)

SDJC-1 PDA 3.14+0.04c¢ 5.4340.019b 68.8+2.22¢
PDSA 4.62+0.18b 10.2+0.026a

SDJC-2 PDA 2.38+0.12d 1.72+0.001e 68.8+4.26¢
PDSA 4.07+0.05¢ 2.19+£0.006e

SDJC-3 PDA 2.81+0.06d 7.024+0.008a 75+1.34b
PDSA 4.314+0.15¢ 10.5+£0.029a

SQJC-1 PDA 4.11+0.09a 1.84+0.004¢ 58.3+3.18¢
PDSA 4.29+0.14c¢ 2.90+0.006d

AT-3006 PDA 3.88+0.12b 2.04+0.002d 23.3+1.00d
PDSA 4.29+0.12¢ 2.32+0.005e

GXHC-1 PDA 4.31+0.07a 5.39+0.008b 91.6+1.35a
PDSA 4.934+0.13a 6.89+0.007b

SDND-BB PDA 4.36+0.10a 4.58+0.007¢ 96.6+2.14a
PDSA 4.81+0.26a 5.42+0.004c

T FPVEE A A R/NG FREROR 5%KF 2R B, TR

Note: Values in the same column followed by different lowercase letters are significantly different at 0.05 level. The same below.
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B A kT, B Z IR 220K,
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212 HEFESEBFESRSHBEEDNE
wmk 2 Bk, Wk SDIC-1, SDIC-2 I
SDIC-3 {2 LABAR G413, 7 LB ) A 7 22 4R
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B 5 TR 22 53 A
213 EERSNESELBIAR

R e AR LA 2y ) PP E R
AR VEATIRSE o 00 5 A 0TI 22 R A S e Pt
A IR A TR i, NI R R S
F1R) R 7 1T 22 B IR R A TSR

mE 1 PR, NZZRR IR T LU

FHIE R, Bk GXHC-1 AR FERE . Wtk SDIC-1. SDJC-2. SDJC-3 #1 AT-3006 J&
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Table 2 Results of the sporulation morphology and sporulation time of different Beauveria bassiana strains

Strains Spores and sporulation time

SDJC-1 The hyphae were more and crisscrossed on the 4th day. A small amount of spores began to be produced at 5 d, and a
large number of spores began to be produced on the 8th day

SDIC-2 The hyphae were crisscrossed on the 4th day. A small amount of spores began to be produced on the Sth day, and
clusters of spores were scattered far from the hyphae

SDJC-3 More spores than SDJC-1, less than SDJC-2on the 4th day. The number of spores were more than that of SDJC-1 and
SDJC-2 on the 12th day

SQJC-1 Hyphae were few, and the spores were abundant but scattered on the 4th day. Spores were densely distributed in the
center of the hyphae on the 12th day

AT-3006 The hyphae were more and crisscrossed on the 4th day, and conidia began to be produced. Spores increased
significantly on the 7th day

GXHC-1 The hyphae were few and spores were scattered around them on the 4th day. The spores spread all over on the 12th day

SDND-BB  The hyphae were roughly dendritic and no spores appeared on the 4th day. The hyphae were dense, and a few spores

began to appear on the 6th day. The spores were produced in abundance on the 12th day

A B ER D

E1 HEEmLRR
Figure 1 Cross-section filament gland ring. A: SDJC-1; B: SDJC-2; C: SDJC-3; D: SQJC-1; E: AT-3006; F:
GXHC-1; G: SDND-BB.
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C

Y () AR 2 S0 A8 T 22 B P TR T B R
SQJC-1, GXHC-1 #il SDND-BB #Z i Ff i #; ifii
BETTERS.
2.2 BEEBSBEMEEN

il T AR T 1) it A v S 2 i A A
o ARUFFEXT 7 MROMEE B ANE A EGRULT
Jo e T PR AT ARG I A 25 R LI 2 Sk 3, Mt
B IR FH B0 A1 Lowry AN, SEAR LA
M5 R HORE R AT-3006 (19175 B AR ok,
} 2.60 cm; HEFE SDIC-2 il SDIC-3 k2. %
I Lowry A & BLEA#E SDIC-3 JUr 7™ i A
T EE PE A, WS J7°8 10.25 U/mL; BEBE
SDIC-2 Wz, W1 9.24 U/mL; i (# #
AT-3006 JIT ™ i fu 40 25 11 TS 0 W1 RIS T bk
SDJC-2 Fil SDIC-3, Ak, Wtk SDIC-3 KL
AR IS P o SR T DNS A T 7 Bk
TR MBS JL T PR IS , WAk SDIC-3 HIAE
SMLT R ES J1 e, A 372 U/mL, TGk
AT3006 fil SDND-BB A4 1 0 AL F HAth
Rk

B2 AEREHAEERINEOREERE
Figure 2 Transparent zones caused by the
extracellular proteases from different Beauveria
bassiana strains. A: SDJC-1; B: SDJC-2; C: SDJC-3;
D: SQIJC-1; E: AT-3006; F: GXHC-1; G: SDND-BB.

*3 ARFRFEAEERINEE S
Table 3 Extracellular enzyme activity of different
Beauveria bassiana strains

Strains Extracellular proteases Extracellular
Transparent Enzyme chitinase
circle diameter activity level activity level
(cm) (U/mL) (U/mL)

SDJC-1 1.80+0.04¢ 8.97+0.49b  131+£6.94c

SDJC-2 1.87+0.02b 9.244+0.63a  272+11.04b

SDJC-3 1.83+0.05b 10.25+0.22a 372+9.31a

SQJC-1 1.53+0.01e 3.61+0.53c 109+4.63c

AT-3006 2.60+0.05a 3.1940.32¢ 394+1.99d

SDND-BB 1.73+0.02d 2.294+0.03d 30+0.94e

GXHC-1 1.57+£0.03¢ 3.61+0.34c 275+7.90b

2.3  E#k SQJC-1. SDJC-3 #1 GXHC-1 f
ShER B B R TE T ELER

AL A B ARG 2 R B, Al 3
FiiR, Witk SDIC-3 45 2 K- Bm i, Jase
JLR /KT FLAS RS2 . SQIC-1 55 2 K7 fif
BTG ANE, 2 2-3 RIGKAREL, RN 5 K-
MG IR B e, ZE PR TIRE. Wk GXHC-1
JCr™ B S , A 4 SR A D A 77 i A D 2 1

sk —=— SQIC-1
—e— SDIJC-3
16 —a— GXHC-1
/—\14_
—
g
S 12t
210r
=
g s
g 3
S a4t
Ay
2_
G 4—— ¢ +— F @

1(d)

&3 SQJC-1. SDJC-3 1 GXHC-1 RSN EH
B &1t

Figure 3  Extracellular enzyme activity of SQJC-1,
SDJC-3 and GXHC-1.
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2.4 HIER SDIC-3 REEE ML

WAV F R . BOLR KBS LSRG K E
B SDIC-3 MIE A AIPERE X8 F H A
M, DRI e 3 T Bk SDIC-3 g & T4 AR B0 T bk

WK 4 Frs, FEEAE 23-27 °C 44 F
A BB R OB T B 2, R B A
27-31 °C By HA:= Wy it B 4 R ) T v T a2
Kk, MR R 27 °C WAV B, RfEX
MR 27 °C

WE S s, P & Bk o
120 r/min B} A=W 50/, Wl & 5 1 38 A
Yy F oG B, SR F] 150-210 r/min B
AP TR E , T4 A F] 180 r/min B
YRR, Wk, PR R EL R N
180 r/min,

WE 6 Fiw, MFEZRMET, MEFfEN
1/3-1/5 B, A=) 6 Bl 4 2B o 38 A W i 1
BAT SRR S 1/6-1/7 B, AEWRFFIR R
R M N MBERERAE 1/5 B, A¥iEikE
K. B, FUER SRR R 15,

14

12

10

Dry weight of mycelium (g/L)

9 1 Il 1 1 1
23 25 27 29 31

Temperature (°C)

4 REXE SDIC-3 BREKBIF G
Figure 4 Effect of temperature on the dry weight
of SDJC-3.
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Dry weight of mycelium (g/L)
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B 5 FHEXEH SDIC-3 BREKIENT
Figure 5 Effect of rotational speed on the dry
weight of SDIC-3.

L
Y//

Dry weight of mycelium (g/L)

1/3 1/4 1/5 1/6 1/7
Sample volume

Bl FREHEMEN SDIC-3 EIFRE KA
Figure 6 Effect of loading volume on SDIJC-3
growth.
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¥k SDIC-1 il SDIC-3 7= & B & & F I Ak
SDIC-2. 7 WA K4 7 d e HBOER
M4 R L P, HRE GXHC-1 #il SDND-BB X%
I AL, BOCRIT A F] 91.6%F 96.6%.
B SDIC-1.2 il 3 X ¢ A Y BUFE s [R] B A A ]
Pk SDIC-1 fil 2 WEBERN 68.8%, Mtk
SDIC-3 BN, =, ) 75%. Rezende 551>
TEWFFENT At p B v i o B, 25 b B T e
WAL 9 d JFHIET RNy 52%; IR EE
T I P P T R R T/ NS 4l Hh B 3 A 3
FIMEIEAET R VE 2 39.81%—83.79%; 1] {46
ST R[] 2R 0 1 8 1 0 % 2 A B0 S E g
BEFE R CA-12 F1 CA-15 FIEHEHR S 51N
76.67%7#1 53.33%, 1M &Pk TX-1. CA-1 Fil CA-6
X 3 AN AY SR 5300 R 28.33% . 16.67%FH
10.00% , A A 53 o PR R SO0 R LU o
A 7 11 2 I BV T 2 2 T 8 A it T 179 i A
ESENI XS QA &y i N R e A D)
SRR A, Bk SDIC-1. 2 1 3 sEffE
Y Wi e Sy NI ORISR e TEZY S ST )
PR AT-3006 Ff 85 A1 22 IR PR TR BT, 1At 3 bk
B il £ O AR A S R B T TR B S, R4
R ZARIR 250

T — P A A VR A 0 A 2 R e T 32
AR Z R E A JRRAULT Al Bk A
] 3 Ao 43 D6 B 1 TR LT Al S U A1 il o o
AR E B E NSy, TR AR AR,
JUT 3T BRAE 1A A 1 G 58 2 1 o e ol o A
I, TR AR S BR R IET 1) E R R,
R g S VT PR 5 R A 1 e T 100 L 1 2 1 A
JUT 5 B0 4 X S 9 6 K ML 25 ) 18 R S 1 40 B
Hr, LLS H R ORI L) ki g T
Ko Hr, S5k BMEANE B RSN LT T
FENE TR G52 FARRER B, BT
R VR TR PR 2 3 R BE (Y B TRD L (R YR . il

WE 7 RIER AN E A RERUL T B, LKA
Pk SDIC-3 Jr ™ %) & 1 il P A LT Joa il v e
5% 10.25 U/mL #1372 U/mL, & T HALH
Mo WS PR AR 5 3 A U R 2 9 14 19 53 7R
P A1 85 AL T Tl DA O Bk 4 A A
B O S M AN LT Bl 43 51 55.3 U/mL Al
137.9 U/mL; MOfg#EERINT 15 BRBERA A 18 T ik
FPEE IR L T BRI , 45 2005 5 8 1 i S &
JUT JREEE 43 94 62.288 U/mL il 60.023 U/mL,
FE A5 675 B A R B SDIC-3 1Y 2 [ i
TG MU T o B e S A, {H 5 e Y 2 1 S L
T B FEOLA HERE R, Hi, ZE
B 7 MRB A Y2 R O B BT, B
PPk SDIC-3 A2 MR UL 5 L 7 Wi Ts 2k 5 L 3K
a1 L A PR AR R A, I AR R
SDIC-3 #4715 L Kk I s LAk o

AW ST R F AR AE P o R A SR %
ZNE, Wit SDIC-3 WARIEARREE . AH
EEMUCRR R T i A s A Tl |, fe 1%
BN EE IR BE R 27 °C. Fe A%k 180 r/min.
BAERFE R 1/5 (250 mL $55%00) . JH IR
R R, AR . pH. ZeFE o ki -80
SHEX TMERRE S WLEKAE RENE
me, oy, el BV 25-28 °C. R
H 40-60 mL B AR TREZINAER, ISR
FAEYIR, RN 50 mL (250 mL H557))
IR, BT A4, A
Hen R AR5 1 45 A — B

X 7 RS [ YR 1A TR B R 1 AR
FRrk K P B AT 9E . SDIC-3 B ARMER AL =
PSR, WO R S R AR B H Y
PRIRR o 2o X R BRI | R e s A TR AR
733 SDIC-3 Wbk Y i il o 27 °C. il
R 180 r/min., Fid A& TR I AR 5 L
9 1/5 (250 mL }i580). 28 BTk, ABFIEER
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