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1.1 REMRREFRE

& B MR A B ZE A0 AT (Bacillus subtilis) BC2
R ARSI 7 N LA T X R 7 B it I G U T 43 B
EPE, 20, BC2 M HEGIEPE S 24.8 U/mL,
e FH AR AR Ry 7 7 v DR A R A Y L

ANTERTIRARDRE 2% MR RDRL S SR 2 2% 18 R R 2 g,

Wi — A 4.5 g, FALENS g, BRRREE 0.2 g, TNk
FEAZE 100 mL J5 7 pH £ 6.0, 121°C K 20 min,
1.2 ZIMFTEUHFIE

N R0 4 K 5 1 BRL TR T TE R T b % ik vp ok B
I, WEPEREFE 18 h AT RPEUE K I B BB T
AFSEEY B 10 mL ¥ 10° CFU/mL Y BRI
BAERHK 9 em MIGHEIE IR, 5535 0% T/
SRR b, BERILS 30 W RN A HE B 8 4%
730 em; JB ShRE I HEFERR (200 t/min)30 s J5, T
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1.7 BIESHHZE

B 35 F A S (5 o 22 (X £SD) Y TE R,
JH Excel 2016 11 SPSS 21.0 #4347 58+ 43 A0
i E PR 59 (P<0.05).

2 HREHMH

21 EIMFTEEMTHIE

DLES A BRG] R R Ak b, BRI SE T 4L
Ay, 2l AR BT R M R, 7EEFE R AR
J T5%MITEOLT, A R BC2 75 22 1% HR I ]
Uh 20 so BEE AR RERHM, EHFRSoER
YIS 75 20 22 A RURT I R W R, 26 5 WK
VA8 G RR 7 2 0 BRI [R)GA B 75 s, U 20505
AT B RR T 52 52 A1 BRGS0 e 01 2 i i s () 1)
MRAE 2 H R BSE R ML, |G EFERY
AEBANE] N 25 s, 5 2~6 IE AR}, i
)23 & 25 s, 39s, 455, 60s, 75 s,



FWE s 5 SN AL T o I T S A 2 AT R S LR R A L RE T VAR 1353

%6 M
125
251K the first mutation
2100
'E = 552K the second mutation
ko1
§ 7 W/ -+~ 537K the third mutation
@' 50 54K the fourth mutation
& 25 / -o- 55 57K the fifth mutation
-o- 556K the sixth mutation

0 10 20 30 45 60 75 90120150180
P S$AE]/s irradiation time
Bl SO RS RE 2R AT B 1 R bR BC2 % ki
AR T PR 1Y) 1578 BOE R 26
Fig. 1 Lethal rate curve of strain BC2 and several mutated
strains under UV radiation
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B H/C &
Tab. 1 Averagevalue of H/C of the highest 20
strains after each UV mutation

n=20; X+SD
VAR AL H/C T ¥1{E
mutation frequency average value of H/C
%5 1 IX the first mutation 3.567+0.11
%% 2 IX the second mutation 3.779+0.21
%% 3 ¥K the third mutation 4.057+0.18
%5 4 IX the fourth mutation 4.376x0.14
%5 5 UK the fifth mutation 4.849+0.19
% 6 IX the sixth mutation 4.850+0.17
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o5 6 WA, MAE H/C (H 5 & HIRT 9 MR
Bk, sr3lan4 4 B2, B3, B12, Bl4, B15, B25,
B27. B38. B54(3k 2), MKW alHIl, X 9 bRRE
BRRE) H/C(E#FIA i T A Wbk BC2, 45X
9 PREEHRE H/C [T #4%ik, {H B38 (1) H/C {EA)
BT HAL B, 55 6.42, RN, 7655 6 IRBE T,
TATE LI T —LEF R H/CMH S H & itk BC2
LA W IR 22 5, WK B44,

£2 FoRFLEREN O MHEFRTE

BEHkAI H/IC &
Tab. 2 H/Cvalueof 9 normal strainsafter 6 UV mutations

[%]Hi B2 B3 B12 Bl14 B15 B25 B27 B38 B54 B44 BC2
strain

H/C 5.20 5.155.02 5.71 5.44 5.17 532 6.42 5.08 3.29 3.01

2.3 B38 ZEOMMT4EZE TS

FIHAEARES 00T T B38 EA ) & e st i) B
R B 45 R R, TR RIBE T B3S
(18R 1 TG R B R T BC2, 7E 96 h B i 22 F 5
Ko % 120 h B, B38 & MGG A & T & 1# Ak
BC2, {HZFFEEA/NE 2A),

KR HLT 4R CMC %007 T B38 7EA
[F] & Bemf () B N IAF g R B E 1. 45 R Bon, 7
&N E]EE T B38 LT 4 ZH G M5 BC2 R
AN 2 2 (K] 2B). 48 h B, H & HE#E BC2 FIZEAE
Ftk B38 ML R A B, 20k
0.85U/mL. 0.97 U/mL, 2=t AR W% Ui
H/C {EAE R brfEE & 8 BT 1 = bk, R4
PR T R A T, (O LA Y K S PR
WA B,

cellnlase activity

RO

12 24 48 72 96 120
B} 1] /h culture time

B2 AR ZEAFT A bk B38 A1 BC2 2K 11 (A) FIEF 4 22 1l (B) TG T Lo 45
T AR A [7) =R 3 2 19 S 6 2 7 [R]— st ) o5 22 5 4 35 (P<0..05).
Fig. 2 Comparison of protease (A) and cellulase (B) activity between strains B38 and BC2
Different small letters above the bars indicate significant differences (P<0.05) at the same time of different treated groups.
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Fig. 3 The comparison of the feed protein degradation ability
between strains B38 and BC2
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UV-mutated breeding of Bacillus subtilis strain with high protease ac-
tivity and evaluation of its substrate degradation ability

WANG Xiaoyun, WANG Hui, ZHAO Yan, CHEN Hongju, JI Xiangshan
College of Animal Science and Technology, Shandong Agricultural University, Taian 271018, China

Abstract: Modern high-intensity aquaculture has seen a rapid increase in annual cultured production over recent
decades, and it is essential to deal with the amount of waste produced. Aquaculture effluent is typically character-
ized by increased nitrogen species (ammonia, nitrites and nitrates), organic carbon, phosphates, suspended solids,
and high biological oxygen demand and chemical oxygen demand. Probiotics are defined as live microbial or cul-
tured product feed supplements that beneficially affect water quality or the host. For example, some Bacillus sub-
tilis strains can degrade ammonia, nitrites or nitrates and are important for water manipulation in intensive aqua-
culture. As a result, the use of probiotics in aquaculture is gaining increasing scientific and commercial interest
worldwide. A strain with high protease activity, which can degrade protein or nitrogen, is key to its commercial
application in probiotics production. To breed a B. subtilis strain with high protease activity, an original strain (B.
subtilis BC2) was mutated using different doses of ultraviolet (UV) radiation, and a preliminary study determined
the optimal UV radiation conditions. The value of flat transparent circle to colony diameter (H/C) was used to
estimate the UV mutation effect on B. subtilis. The results showed that the H/C value of mutated strain B38 in-
creased from 3.01 to 6.42. A spectrophotometry method with Forint phenol (Lowry) was used to measure the pro-
tease activity of the mutated strain. The protease activity of B38 was 86.82 U/mL, which was increased by 3.14
times compared with the original strain. After ten successive generations, the protease activity of B38 was 77.01
U/mL and did not change significantly, showing its good genetic stability. Cellulase activity analysis was used to
determine whether the UV mutagenesis also affected other enzyme activity. The result showed that the cellulase
activity of B38 was not significantly different from BC2. Subsequently, we evaluated the ability of mutated strain
B38 to degrade feed protein. Protein content in the feed medium was assayed by the Kjeldahl method. The liquid
protein degradation ability of B38 was an increase of 2.57 times compared with original strain BC2. However, the
ability of B38 to degrade solid protein did not increase significantly. The UV-mutated high protease-producing
B38 strain provides an important foundation for the development and application of aquatic probiotics.
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