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DRI EE . KMFF I O bk i 2 & BT AE S5 50
EIRAT

D FEH, LB IR BRI 5 g . B
10 g AALEN 5 g DL B4 A 1 000 mL FEK
SEZY .12 °C K 20 min FHIAE 28 MAT P8 M4 855 9% 3
T30 1.5 %6 ~2.0 Yo SR oy B Sy 144 85 57 3, 6 8 pH
% 7.4~7.6,

1 mol/L. HEPES £ty i il : 119.15 ¢ HEPES
W#AE 400 mL 2818 7K . B 0.5~ 1.0 mol/L
NaOH T pH £ 7.0, K5 FHZEB K E A E 500
mL,F 4 C{_-1E,

MM ¥ 3 %, (NH,), SO, 1 g.K, HPO, 7 g,
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KH, PO, 3 g . fF BB 0.5 g. MgSO, + 7H,0O
0.1 g A B 5 g . BF 15~20 g Z&1E /K 1 000
mL,121 “C K& 20 min,

DHRF . S-(2-F & H)-L-2F P& R (AEC) 1
H Sigma Corporation of America,
12 FHREFEMIBa4L
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WA T LB BERRE SR L, BT 37 CHEE R4
SR 24 W

B3k N LB [ 47 Al L BRHC 40 4> 540 B e
PEde Fh 2 LB WA RE IR . T 37 C #E K I 200
r/mindi 3% 24 h, F1A0 - #E RS A 04 V1A TR Rl G AR
W 3R TR LB ¥ e tirh, i gralifh 2~3 Ik,
B B 1 BT A B AR 20 % Hm (R B HDO IR & 5 &
F—80 CAE VR FE .
1.3 ZFRHT BB iF it

PR IS - 2 AT T B 7R B 0 B0 PR W
B Oy B30 0560 R AT AL LD, N LB [ K;
7 5L Pk B A T R R DU B PR L $E R B LB WA 8 57
LB 9R 24 h BXFEOW,12 000 r/min B0 10 min,
W 100 pL. 3 46 19 K B AF B8 M R L 10°
cfu/mL,H 0.1 mL ¥4k F LB B4R 5=,
FrH A 30 min J5 . JHAT L A% 78 [ 04 55 95 5 E AT
LB FRIATAL 6 4>, HBWARLE 100 pL £
FRUFHYZE AT B R W (24 h 85352 00 I 2= AL P L A4
RS 3 AN, LB B FR AR X B, T 37 °C H IR
FEFRAE SR 24 b A AR R RO 2 90 R e
7 A E
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W22 YR JUT A B TR AR A 22 G €2 3K )
& (IR C vt ) A 2 3500 A R w)D) AR 9 4 T 8 B 43
HEAT YL €8, WL 58 BT 43 85 TR AR I TP 25 L 26 1 A 22 TG R
P B RN T I 20 TR TR A

ZEMOAT B RN R B % %8 L T 16S rDNA P 4
B R AT 28 AT B R JE Y %50 . BT 40 B I 20 1A T R
2 YA Rl LB A B 55 3, Pk B 5
PEFE AP T LB WK KE F5 2, BC 5 mL B 12 000

r/ming.L> 2 min, ] QIAGEN 41 & 3% K 20 #2 Bk
BN A DNA, 4lifb )5 HF PCR #it, X%
41 16S rDNA i H 51 % F8 (5'-AGAGTTT-
GATCMTGGCTCAG-3") 55 R1492 (5'-GGTTAC-
CTTGTTACGACTT-3") X} 4 4~ 40 1 1# ¥k 19 16S
rDNA FEH#17 2 K P 1., PCR WK &K 50
pL:5 pL [ 10X Buffer,4 pL. B9 25 mmol/L dNTP
mixture, 2. 5 U Tag DNA polymerase ( TaKaRa
Corp) ,40 p mol/L EWiF A T U514 . A~ 10 ng
MIEEH 4 DNA, ¥ 3% #:95 C 5 min, 95 C
30 5,56 °C 30 5,72 °C 90 s.fGFRECH 30,72 C 10
min,4 C#-4E . PCR ¥ 3 % | Eppendorf PCR & 4t
(Gottingen, {8 E) ,PCR ¥ 14 /=¥y H 215 £ b ¢
R PR B A A BR 2 ) 305 A7 00 5 43 BT . BT I 25 SR A
PUBMED A 4t fiit %5 7 & & 5 H] Blast 3K {4 #E 47 L
XF 43 B W 8 T 3 B TR BR R % OC R B IR I 4l
i .
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ZFMOFF R RS 5 B E N 1-8800 2 KL 1R 43 BT X
CHZS H 7O $ BEOSCHRES i R 09 75 ik 647 4047
1.6 ZFREFT & £5ME T K B S B 2K 4 05

W KT B AR B 2 FF B (R R B 9% 18 ~24 h)
B0 B AR AR K A TR A L A R A TR
F1X10%cfu/mL, B 3 mL BERMZE 7 cm B
F ML K L CAE G 0 B+ 2 b, 34T 54O IR
55, BB AS I 1] 2 6 min, - LB 48 AT B BE B 7
30 em A4 VRIGIESH S-(2-F ) -L -2 W& R
(AEO AL RSB IE N 6.0 mg/mL A MM 85 353 |-
TR A 37 CHEIR GEEG  F B R SR 10 h R TR & T
BRI R AR D IR E AR
1.7 HIELE

2 AT B 30 K I AT O, 38 {8 19 B0 B 2 5
N 3,%H Excel 2007 149 STDEVP pREGTE H AR
W2, Wit MEGA 6.06 8/ MR 48 4 B AR 1Y 16S
rDNA SH 39 34T R K B #6aHr. R NJ
EHHERG LB LR ERZ 1000 KIFIT NJ &
45k 7 BEARA P9 B 43 B Bootstrap B, %4MA
s AEC i 6 Je 0 25 B AT B L 7 0t 0 IR o e A di o
BEH 3.k SPSS 21.0 # 4  #) Independent
Sample Test 5iEALATHY PA105 B bkIE 1722 5 8 %
PR, R SPSS 21.0 # 4 one-way anova
H1f) Duncan’s 2 5 X 43 BT 4l 2 28 M AT B PA105
V8 5 0 4 AR 7 R K T R PR
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FBR X BE R AE LB EAA P ML 85 5% 24 h J5 — M
TR € LB TE A B0 TR Bl 5 2 AR A L 3R D
WEHREE G AEF AN AEN WY R
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2 PR Y 0 A 2 R O 2 TR R T A
FEAR s 322 0y WP 1 S A B BRI
22 FHREMAENERIKRK

R 1 50 45 R 3R BT, K 43 B 43 B 1 2 M AT TR
HAMEH KA E O bRMPER . 2 150 T & 45r
ZEMOFF T BART KA AT B O 40 R B0t 71
BEREZE (n=3), HPXKHFFE O B A 8
i 25 LAY 2F ILFE R MR A 2 bR LB PAL03,

21

PA105FPA106% , 4 B 1 Bk XF KB AT 3 Oy B8
WSS, b PA013.PA0ST 2 (38 1),

*1 BAFRARRANKBEFE O KRNI IER
Table 1 Inhibition effect of some Bacillus strains to E.coli Og
I Bk 0 B AR/ mm I Bk 0 B 4%/ mm
Strain Inhibition diameter Strain Inhibition diameter
PAO13 5.164+0.12 PA103 23.0340.73
PA057 5.0740.13 PA105 19.3740.18
PA066 15.974+0.22 PA106 20.36+0.36
PA074 5.6140.13 PA137 5.08+0.62

23 FHAERSFIEBRI N

XoF B 8 2R 1Y 112 Bk 25 MO TR AT B s 2R
Wise, Hop g 102 MRS R a3k 2, Hofth 10 BRI A 3K
RIS R . R 2 Bl LLE I, ke i
12 R T St Mk BE RN — FE L {H RS 3 #RAE 0,18 ~
0.33 g/L,H % 4.6.9.14.20.21.25,30,31 1105
5 R AR BT 0.3 g/L,

®2 FRAESBERBRIN

Table 2 Ability producing lysine of different strains mg/L
WS #EmRAKE || WS BERAKT | mkY BERKE L7 %2 = R K WS = R K
Strain Lysine Strain Lysine Strain Lysine Strain Lysine Strain Lysine
number content number content number content number content number content
1 208.06 37 276.18 69 254.86 110 236.17 153 242.68
3 282.71 38 253.62 70 261.37 111 236.88 160 232.88
4 310.06 39 256.61 76 242.41 113 226.35 161 234.01
6 310.59 40 254.88 77 216.61 114 248.89 164 246.78
9 312.80 45 244.13 78 248.76 122 245.79 165 248.05
11 270.32 46 258.13 79 227.95 123 254.81 176 257.09
14 300.89 47 264.08 80 227.39 127 281.34 178 254.61
16 275.95 51 244.15 81 244.25 128 278.56 179 253.61
17 278.06 52 240.63 82 239.69 129 259.54 180 251.63
20 312.15 53 239.06 83 301.17 130 261.60 182 269.03
21 304.30 54 251.18 84 241.45 131 273.51 183 242.03
25 307.19 55 263.51 85 260.09 132 252.93 185 257.25
26 290.79 56 230.47 86 146.86 134 250.63 186 254.57
27 276.29 57 252.62 87 241.53 135 253.58 187 239.03
28 285.49 58 245.42 88 257.71 139 268.85 188 254.75
29 281.71 59 242.66 89 274.86 140 255.12 189 183.07
30 324.88 60 250.11 90 281.07 141 281.59 190 251.41
31 306.66 61 250.55 91 280.16 147 230.37 198 243.10
32 296.78 64 244.93 93 279.65 148 222.78
35 253.59 65 252.79 105 303.39 151 250.04
36 243.79 68 247.64 108 274.54 152 246.80

24 FHRAEMMBELEE

X RS 4 ZF MOAT B R 20 R #EAT 16S rD-
NA 43 #1 . 25 J 2 W1, 20 AR 25 M AT 5 b A A 5
ZEMOFF TR 11 bR b A ZF MOFF T 5 bR A 2F MO AT IS
2 MR RN B RE ZE M FF B 2 Bk L bR B ZE M FF IS
PAT05 £ il K #1 31 F7= M 2 B2 BE 1 2 A~ 46 B
FROREAE  H I Ay 5 T AT IR S RN R

M AEC Tk . A5 2F MA@ PA10S & PR 7 h =
LT B 3% W) 7 5k 7 0> (China Center for Type Cul-
ture Collection, fij ff CCTCC) , £ 4w 5 & CCTCC
M 2011328, 4 5 2 M T B PA105 9 16S rDNA J¥
¥ & b f& & PUBMED, % # % & GenBank:
JN831089.1, i 1+ MEGAG6.06 43 #3815 1) 58 4t 4k
BN 1,
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64 Bacillus siralis strain 171544 (NR028709.1)
57 Bacillus circulans strain B2S(KF010794.1)
80 Bacillus megaterium strain WHO (DQ973298.1)
89 Bacillus horikoshii DSM 8719(X76443.2)
Bacillus thuringiensis (EF206345.1)
Bacillus licheniformis strain UEB FC(HQ154527.1)
100 Bacillus subtilis PA105(IN831089.1)
100V Bacillus subtilis strain Pab02(EU346662.1)
Bacillus gibsonii strain S-2 (AY737309.1)

0.01

B 1 #-F 16S DNA EEFFIR M EF AT E PALOS RS LK
Phylogenetic tree of Bacillus subtilis PA105 based on the 16S rDNA sequences

Fig.1
PL30 575 0 bk fie i 1T 3k 0.627 g/, PL83 S ifAr
W 34 0.582 g/L, B3 & T 528 5 (A 31 25
BEAFE PA105) BY K (0.303 g/L) » 28 33 X} 5 745

25 FHELZFREATE PA105 £5MET R AEC fE ik
PRI AE 2 /LA Ao R S L I K
T T8 R0 TR I Y RS B 2F BT T PAL0S 34T & AMAE AR,

SRJEH AEC i 17 0 18 Mi75 A5 8% 3% 1L I B #L % B
Horp IR B AR EAT 5 3R L B SR U AT R R K
M AR R AR BT T SRR KA R [ AR
BE R T (% 3) . PLY S B4 AR T3k 0.568 g/L,

HEAT R FF TR 10 B S 50 (38 3) , PL83 5 B AR SE AR I
Fi 5 B0 0 8 kL X5 K W R R 90 B B 16. 33
mm, H/NTE 2/ # 19.37 mm, PL9 5 Hl PL30
SRR IE PEN B,

3 WHEFEFE PAIG FERBIBERTHRIBRKFERMNEXBITFEHIR"
Table 3 Supernatant lysine content and inhibition effect to E. coli Og of different mutant strains

from Bacillus subtilis PA105

Hitk Strains PL7 PLY PL18 PL29 PL30 PL66 PL71 PL83 PL87
EBAKT/ (g/1) 0.439+ 0.568+ 0.437+ 0.587+ 0.627+ 0.508+ 0.533+ 0.582+ 0.324+
Lysine level 0.01 ab 0.01 ¢ 0.02 ab 0.03 ¢ 0.03 ¢ 0.04 be 0.03 be 0.19 ¢ 0.01 a

0 B B A2/ mm 15.33+ 8.31+ 11.28+ 12.65+ 9.16+ 14.43+ 9.73+ 16.33+ 10.33+
Inhibition diameter 0.23 g 0.16 a 0.32 d 0.27 e 0.19 b 0.42 f 0.73 be 0.25 h 0.82 ¢

DB R KB RRME2E (0 =3) , R P RIAT AR 8RR 22 5735 3] 0.05 B9 R E KK,

within a column differ means sharing (P<C0.05).

3 W it
31 FMATEES YR MR A

ABIETE AT [0l J B PR R B T 112 BRZF
FRes o Herp SR 2 bl w2 AT B . A P A0 2
TR IO FH A 35 2 T o DA A 2 AT T R A AT
TR RAR BT S e B 2 MO AT B 1 AT 3 ROR B4
AR IR RCR AN I E PR NG € 7N A B
A IR ZE AT B AE R OR R B b R 22 R AR
IR AT R A PR R AN [ F 5 i SR D £ T R A [
DRl DA A [ ol 2 Al (] — o JaR {ELAN () 19 T ok, H
PEBER A AR R 25 5 . FEANAS W 5 o 10 ZF AT 1 L
T W R i AN ) T R A TE AR R 0 22 5%

The data is average® SD(n = 3) , different letter

XT3 T 0 112 bR 2F AT T E AT 30 ) R AT
IR 2 W] AN [ 25 I AT o 400 o) A o AT R AR 22 S R
KA TR B AT B8 A0 R R A 58 A A
TR ROCR AR TR bR L 2 AR R G K AT T — R AR
Koo BB ARIE AT T 25 2R K 3, IHE o3 A B 2
T BT 300 0 A T T RS T A2 AT T
S . DI 2R MORT B LE Sl R A N A v e
T A AR 25 S R TR R B B T O E R

AT A B R 2 AT B 40 PIL A 22 AR
R TR — e A AN TR B B 22 S K 3k ] 55 2 MOAT i
9 U AR I 2% 2 A8 0% L 28 AT T Rk B Sh S 2% 1
AR AT B B A DR O B A AR 58 A A1 B B
i S E I AR O 25 B PR BE R REJE M CE
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Bk R 2 R 0 103

FEAE MRS T BT & . FRATT A 5 3% 2 AT 1 Y
AR LS 24 h 55 48 h R £ R
RAKL U, 55 3% 48 h FL R F 24 h ARV = b &
SR NG 2 B, NP ZF M AT R AR 85 2R R, FE
HoA P v, — @ 2w B A = AR e T
i B — b 1 7 B AT R E Y T
32 FHAESHIBIW

H H . 258 B AT B A 5T B A R 7 g A R
b B G A A A A B B AR 4N i sh e
Y5 855 Jy T S 0 7E 2 AT B X 3h 4 1 08 52 ey T
RDAG i, HoAth 40 B X sl 4 SR R AR i i H
A — S AH G i 38, K ok & B0 W] i Bk U
A B A () o Jeg 400 B O BR D L K AT B L S TR A A
Ja )Xot 42 5 1% 174 ) FH A [ K FF T8 R o R A0 T
G2 R ) FH R 5 e T ) — o 440 B X A ) 2 O 1R
RIS R S A T 40 B R A 2 e R K
T2 R 3 SR 1) R SR AP X B R 2 ) i e R AN
R R, — 2 B O MR AS BE A ik A A 88, Pk
J2 T B 43 M 22 R Wk 3 W 1A D B R W A i T 3
B A A T8 R A T AS S 43 A 1) 25 26 T B AR
B AR 7 R A R T A R A TRDRE TP A R D A 1Y
— BN . AR ZF IR TR R Yy T,
e e B Rl R AR IR A B 2 M R
SRR I BE 7 B A E R OB SN 2F IR BR ( Ba-
cillus pumilus) D8 17 4 75 48 F1 IR 1k £ B 75
A5 JFa 6.0 me/mL Y& IR 45 #4925 U4 AEC
HEATBU M 07 2 (0 2R 7% = iR 8 50.83 g/L, SR
X B 7 R e Y PR A N ZE R T LA R R
BEFF TR 45 H AT T AS ReAE S RS n iR T 3 2k
7. A B R AR M RS n ) B Sk b R
A DL 0 TR R, 38 A B R Ok B e L A R Y
7o [ SCEA H R RS A T R M R AR

M 2 FRATTAT LA B, AS [5] 5 A 50 2F AT o I
TH OB R i 22 AR KL A TE 0.18 g/ & 0.33
g/LZIL AN 0.25 ¢/ LS R IES . H
BT Ml T 2R 77 R 1 28 B FF 1 L 38 o 1R R R
Fr S AL L S R 7 i e = gk 50 g/LMT L FK
IR AEC #EAT T 75 748 i 34 , M 20 R 1 7™ &5 A
0.303 g/L42E 5] T 0.587 g/L. 2% 7 94% . {HiL
I T %l A ™ i B8 1 2 AT TR Pl el DL
U IS il = T i U = S Wl R DK
A 702 JRURT BT 7 o 2 IR 1Y) R 0 LA R e R v 1

6], i 22 BEAT R T sh W) 35 8 26 7= o DARE AR T A} 2 7=
AR EHE . T EAMAE T WS T REL%
AR, FLIX Rl 988 75 b e A Il i 5 A8 R BR 0 J 1k 25 5
e AR E L DR X TR R R AT A T R R TR AT —
RS T ) B AN AN B R T A E IR A 2 AR
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Lysine content in culture supernatant of Bacillus
and screening of lysine high-yielding strain

WANG Sheng-ping'? FAN Jue-xin® LI Li-li' ZHANG Bin® JIANG Zhu-ying®

1.Laboratory of Animal Nutrition and Human Health and Key Laboratory of Agro-Ecology s
Institute o f Subtropical Agriculture ,Chinese Academy of Sciences ,Changsha 410125,China ;
2.Hunan Microbiology Institute ,Changsha 410009,China ;
3.College of Animal Science and Technology, Hunan Agricultural University ,
Changsha 410128 ,China

Abstract The present research aimed to develop a new probiotic product with functions of both ly-
sine high-yielding and strong inhibition on the growth of E. coli Og by screening and mutation breeding
of the Bacillus strains. A total of 112 Bacillus strains were isolated from pig intestine in the present
study by traditional culture-based method. The lysine content in the culture supernatant of Bacillus
strains was determined by Automatic Amino Acid Analyzer.The inhibition effects of Bacillus strains on
the growth of E. coli Oy were determined using an inhibition zone assay.The UV-mutagenesis and s-(2-
aminoethyl)-L-cysyeine hydrochloride(AEC) screening was conducted on bacterial strain. The results in-
dicated that there existed large differences for the lysine content of the culture supernatant among differ-
ent Bacillus strains. The Bacillus subtilis PA105 can effectively inhibit the growth of E. coli Oy and its
lysine content in the culture supernatant was up to 0.3 g/L. The UV-mutagenesis and S-(2-aminoethyl)-
L-cysyeine hydrochloride(AEC) screening was conducted on B. subtilis PA105.The lysine content in the
culture supernatant of the resulting mutant strain B. subtilis P1.83 was up to 0.582 g/L..The lysine con-
tent in the culture supernatant of the resulting bacterial strain in the present research is increased by al-
most 100 percent compared with conventional strains.

Key words  Bacillus; culture supernatant; lysine; S-(2-aminoethyl)-L-cysyeine hydrochloride
(AEC)
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