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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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1.1 ##
itk SDIC-1. SDJC-2 il SDJC-3, AL

T L AR A DX 3% 1Y) R A A3 B A AL P S T
Pk GXHC-1, SIS 4r 8 B PRI e ;
SDND-BB B #k, L ZR 4Rk K2 B 5 B Bk
AT-3006 (T AW 4% 45, ARSI A ESIL
MG WPk SQIC-1, ASLE =35 H GXHC-1
FE7E .,

PDA #5537 5(g/L): HEE 200.0, %M
20.0, Bifi§ 15.0; HER pH.

PDSA Big53(g/L): D445 250.0, FfbHE
50.0, ¥AE 20.0, J3MA#H 50 mL; H4A pH.

BB -Bi IR R 2 2 (g/L): NaCl0.3, K,HPO,
0.3, MgSO,7H,0 0.3, HifZ 10.0, Byifig 15.0;
pH 7.0,

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

JUT BB SR 2 5 (g/L) . | MR 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 Y pH 6.0 TR 2% v i Bic il

RERARRE SR (g/L): H%IHE 40.0, Bk
FH 10.0; HER pH,

1.2 BEFEMESEUR
1.2.1 BEEHNEEES

7 MRIEEME, BT 28 °C. FHXNRE
95%5 M F B 3% 14-15d, BRI E 3 M ERE,
WMELR KIS

HFRIF R AT BUSFRIR AR, H
0.1%IH: 1% -80 PEEIE T, Ml & 1107 4~/mL
)98 B TR R
1.2.2 BEENSERFRASINERATE

PRHU B I R V5 HE Rl 3 PDSA 1597
b, BRGNS 45°RHGE R, frBk
P REA LR AR, BB, lcE
RRTA G DU -
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4 BECR TG IR K AL B, ik R B 3 AR,
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LR A
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ATE
1.5.1 MSNEBEEEMSENE
JIAMEE R 10 2 2 B8 Bidochka 25001
Tiidio 4 7 FPBERR A A2 TR VR R A 3 B G - B

M b, 26°C H5i353d )5, F 15% HeClL i
WA AR SR TAT TR Y SR B I A A%
FIFIR, 77 Bl P KN DL I PR AR SR ROR .
TR E 3 4 F17

2 B i TR . R
Fil 7% 5 1 % 3 o A TC TR 4 B AR R TR R
28 °C. 150 r/min 55 M1 6 do BUGFHIFH
B T 4 °C. 10 000 r/min 5.0 5 min, B 3
Y R SR AE AR

DL 2% 25 110 RS i 2 S v FRL
MR AN 2% I EE R A, 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 IOV R, REFREEEURE 3 U
W B OS948, AR 4 A o il 2 08 2R 1 T
J1, R SURE AR AR B 1 pmol A I 2R T 7
SR R R 1A BT BT
1.5.2  FESMLT BRBESE MM E

FLAN LT S5 TG 1 000 5 A4 o L 26 22 4
Peo BCH] 1x107 A~/mL R FERf TR E W, N
FJLT A A, F 26 °C. 100 r/min
P97 7 d )5, 4 °C. 10 000 r/min #.0>» 5 min,
BB 385 1 B Sk R A

DL 1% M B JL T B S D o LT 5 il
WEE, BB A 1% AL T RIES, A
40 °C /KBHRH Y 1 h 5 A DNS i,
K& 5 min JFHEUE, FFRIHEEEEINAZER
K, TE 540 nm ZEW W OGIE , RERREREURE 3 K
WU WO B O Y8, MR PR AEM 8L T
FIlHEG 77, R LSRR AE B 1 pmol N-Z Tk
GRS T SRR R R 1 A B BT
1.5.3 MNEBEERYIEMELE

WM A ERER R RS, KB
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1 SDIC-3 X 3 ¥RIFTE 1.5.1 JFIEAESE 2. 4. 6.
8 R3St UL It 8 ) v 6 R A T LA
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1.6.1 EEMNABERAEAEN

¥ 1107 A/mL B TR %A SR
FEXE R drh, ZELRHAT T 3 WAYFEEA,
fE 120 t/min, HSR pH 5504, 40900F 23, 25,
27. 29. 31 °CfHIRHR G HEFE 2 d, D w221k
TE, BRI EY
1.6.2 iR HER &AM

¥ 1107 A/mL BRI B AR &
WERE R, MR T T 3 WAEYEEA,
1E 26 °C. AR pH Z&MF T, 435417F 120, 150,
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5, 7E26°C. 120 r/min 1F FHREFE 2 d,
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X S 35 B R AT 2 25 53 A, ] Origin 9.0 34
HEAT B Rzl

) ZREp
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mE 1 Pk, FMEETE PSDA KEFREE 1
ERERKBEWHEMT PDA. NEEK/IEE,
Wikk GXHC-1 1 SDND-BB 7E PDA #l PDSA 5
R EEFRAERK R . Fk SDIC-1 M
SDJC-3 M=l kB 1E PDA il PDSA #5573
R R . REEOERLE R, Wk
GXHC-1 il SDND-BB BUIEH 5514 91.6%H
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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+0.005¢

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 5.4240.004c¢

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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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-2o0n 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

o

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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T AR M e I Lowry I460, SEAR G
M5 R HoRE R AT-3006 (19175 B 2B AR ok,
7 2.60 cm; M FE SDIC-2 #il SDIC-3 IRZ . %
1 Lowry 4 & BLEA#E SDIC-3 JUr 7™ i A b
VB PR A, G J0°8 10.25 U/mL; BBE
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 PR o SR T DNS A T 7 Bk
TR MBS JL T PR IS , WAk SDIC-3 HIAE
SMLT R ES J1 i, A 372 U/mL, TG bE
AT3006 fil SDND-BB A4 1 0 AL F HAth
Rk

B2 AEREBEHAEERINEOEERE
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 AREFRBEBERERINGTEH
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 2.29+0.03d 30+0.94¢

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

A0 A B RS 2 RO 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, RNH 5 K-
MG IR B e, ZE PR TIRE. WAk GXHC-1
JCr™ Bl S , A 4 SR A D A 77 i A D 2 1

sl —a—SQIC-1
- —e— SDJC-3
161 —a— GXHC-1
514t
!
S 12+
Z 10}
=z
5 8
2 6r
[
S 4t
=%
2._

1(d)

&3 SQJC-1. SDJC-3 1 GXHC-1 RSN EH
B iE 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
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Bk SDIC-3 MIE A FIPERE X908 F H A
P, DRI e 3 TR Bk SDIC-3 & T4 AR B0 T b

WK 4 Frs, FEEAE 23-27 °C 44 F 3
A R R R R T B 2, R A
27-31 °C By HA:= Wy it B 4 LR ) v T a2
K, MEE R 27 °C BHAEYERE K, RfEX
ML 27 °C,

WE S s, P & Bk o
120 r/min B} A=W 50/, Wl & 5 1 38 A
Py F G B, MR F] 150-210 r/min B
AP TR E , T 5L HGA F] 180 r/min B
YRR, Wk, PR L B
180 r/min,

WE 6 Fiw, MFEZRMET, MEFfEN
1/3-1/5 B}, A=) o Bl 4 2B R o 38 A W i 1
BAT; EERERA S 1/6-1/7 B, AEWRFFIR R
R M N MBERERAE 1/5 B, AWk E
K. B, FUERE SRR 15,

14

12

10|

Dry weight of mycelium (g/L)

STy T s 27 29 3

Temperature (°C)

4 REXME SDIC-3 BREKBIF G
Figure 4 Effect of temperature on the dry weight
of SDJC-3.
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Figure 5 Effect of rotational speed on the dry
weight of SDJC-3.
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Figure 6 Effect of loading volume on SDIJC-3
growth.
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SDIC-2. 7 WA K4 7 d e HBOER
M4 R L P, HPE GXHC-1 #il SDND-BB X} %
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P& SDIC-1.2 Fl 3 X ¢ A Y BLFE B[R] B A A [A]
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SDIC-3 BN, =, ) 75%. Rezende 551>
TEWFFEXT At p B va i o B, 2 b B T g
WAL 9 d JFHIET RNy 52%; IR R
T I P P T R R T/ NS 4l Hh B 3 A 3
FIREIEAET R VE 2 39.81%—83.79%; 1] {46
LT A [ 2R 0 1 8 1 0 % 2 A B0 S E 5
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 A5 b R R SO0 R LU o
A 7 11 2 I BP0 Tl 2 A T 8 A it T 170 i A
ESEN CE QA &y i N (R e A DY)
SRR A, Bk SDIC-1., 2 1 3 LM
A A S K AR LR T 22 BRI T M, T
PR AT-3006 Ff 8 A1 22 IR PR TR BT, 1At 3 Bk
B il £ A A A S AR B T TR B S, R
R Z BRI 20

T — P A A VR A 0 A 2 R e T 32
R E A IRRAULT Ak Bk A
PR3 Ao 43 D6 B 1 TR LT Al S L A il o e
AR Z R EE Sy, TR AR E AR,
JUT JoT B AE 1A A 1 G 58 2 o ol o A
M, R A S SR AT B N D
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 B 25 T 18 R S 43 B
Hr, LLS HE EOREE L) ki gk T
Ko, S50k BN ANE B A AN LT T
FENE TR S5 FARRER B, BT
R VR TR PR 2 A R BE (Y B TR (R YRR . il

WE 7 PRI AN E A RERUL T B, LKA
Pk SDIC-3 Jr ™ (1) & 1 il P A LT Joa il v e
5% 10.25 U/mL #1372 U/mL, & T HALH
Mo WS PR BIF 5 3 A U R 2 99 14 191 53 7R
LA 25 AL T Tl DA R O Bk 4 A A
i KA LT B sy 5 55.3 U/mL
137.9 U/mL; MOfg#EERINT 15 BRBERA A 18 T ik
FPEE AR L T s , 15 2005 5 8 1 i S &
JUT JREEE 43 94 62.288 U/mL il 60.023 U/mL,
FE A5 675 B A s S SDIC-3 1Y 2 [ i
6 MU T o E mE S AT, H 5 e B 2 1 S L
TR R EOLE R B, K, 2%
B 7 MRB A Y2 R O B BT, B
kR SDIC-3 AW R UL S 7 B PR L 2L
a1 L A R AR R A, IR E R
SDIC-3 #4715 £ Kk I s LAk o

AW ST R F AR AE P o R A SR %
ZNE ., Wil SDIC-3 WARIEARREE . AH
EEMURR RSB A T i A st E A T, B 1%
BN EEIRBE R 27 °C. Fe A%k 180 r/min.
B EERER N 1/5 (250 mL $53500) . JEmeikss:
W R B, ANFERE . pH. ZeFE o ki -80
SHEX TMERRE S WLEKAE RENE
me, o, el BV E 25-28 °C. R
h 40-60 mL B AR TRZINAER, ISR
FAEYIR, R RN 50 mL (250 mL H557)H)
IR, BT A4, A
Hen R AR5 45 AR — B

X 7 RS [ YR 1A TR B R 1 AR
FRrk K e B AT SE . SDIC-3 B ARMER AL =
TSR, WO R S R WA B H Y
PRIRR o 2o X R BRI | R e A TR AR
7331 SDIC-3 bk Y i il 2o 27 °C. il
R 180 r/min ., Fid A& IR I AR o L
9 1/5 (250 mL }i580). 28 BTk, ABFIEER
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