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Screening and antibacterial activity of bacteriocin-producing
bacteria in intestine of Dendrolimus punctatus
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Abstract: [Background] Bacteriocin is a group of antibacterial-peptide substance produced by bacteria,
with an inhibition and killing effect on various pathogenic bacteria. Insect, as the most abundant animal
groups, is one of animals containing the most abundant and diverse intestinal microbial community in the
world. Insect intestines may contain a rich bacteriocin-producing bacteria resource. [Objective] Sampling
Dendrolimus punctatus larvae as experimental materials, its intestinal bacteria were isolated, and these
bacteria were further cultured and identified. Bacteriostatic bacteria with obvious inhibitory effect on
typical pathogens were obtained. Bacteriostatic substance was preliminarily speculated, and
bacteriocin-producing bacteria with high bacteriostatic activity were investigated to further enrich
resources of the bacteriocin-producing bacteria. [Methods] The bacteria were isolated by traditional-pure
culture method, activity of the bacteriostatic substance was detected by using Oxford cup method, and
bacteriocin-producing species were determined by combining morphological characteristics and 16S rRNA
gene sequences of colony; interference of organic acid and hydrogen peroxide was further eliminated, and
the bacteriostatic substance was preliminarily demonstrated with protein-like properties. [Results]
Thirteen strains of the bacteriocin-producing bacteria were screened from intestine of the D. punctatus
larvae, which belong to genera Bacillus, Staphylococcus, Psychrobacter and Enterobacter. Results of
bacteriostatic experiments showed that these 13 strains have a certain degree of inhibitory effects on two
species of typically pathogenic indicator bacteria, Staphylococcus aureus and Escherichia coli. In
particular, bacteriocin produced by Bacillus amyloliquefaciens MW-1 maintained a good antibacterial
activity after treating with different temperature and pH conditions, and an optimum bacteriostatic activity
was obtained under pH 7.0 and 37 °C. [Conclusion] Many species of the bacteriocins-producing bacteria
in the intestine of the D. punctatus larvae present antibacterial effects on important pathogens. The strain
MW-1 with high bacteriostatic activity for pathogen shows potential to replace antibiotic, bacteriocin of
which exhibited a good stability under heat, acids and alkaline treatments.

Keywords: Dendrolimus punctatus, bacteriocin-producing bacteria, identification of bacteria species,
antibacterial activity, protein-like bacteriocin, Bacillus amyloliquefaciens, bacteriocin stability
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A5 N A 3 Wy A 1 3 v 0 ™ 0 TR 3% A 7
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b s, H B R T P2 R R 4 B G )
PR 1, A RO B R PR . B0R
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FE M BRI, R ge & 2R 408 R 1
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My, BTN B R By, IR0 B
B P P LA o R I AR B A, DI — 2
HCA R AR TR, WO R SR IR A
B2 I 38 PN 7 20 TR R A AR A I L =
=K

1 HE5h%
1.1 Bk

W A Nk . KIAT I (Escherichia coli) il
4 W40 45 5 BR 1 (Staphylococcus aureus) iy B B3
TR A P A R B AR AR TR o o0 42
ft, RIGHTA T TR EE LB AR IR 30K WA S
JR YRR 1.0x20% CFU/mL 451
1.2 FERFIFUUERIEFE

. T5% . RN . A k. PR
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NA. MRS, CAiXx 4 fpsisdt b, WE3NEL.
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rRNA JEHF53E4T PCR ¥71%, PCR ik %
(25 pL): 2xMix 12.5 pL, DNA #i#z (50 ng/pL)
2 uL, 1E. 55 umol/L)4% 0.5 uL, ddH,0 #h
fE 25 k. PCR NiZ5fF: 94°C5min;94°C30s,
52°C30s, 72°C50s, 30 ME¥; 72 °C 10 min,
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A TAY) TR () e A PR /il E A7 o
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Wy 1 mg/mL, T 37 °ClHIE/KE 2 h 5, HE
F 80 °C fHE/KIA 15 min, HEAMRIE. DAL
PR TCANM R TR X IR, R 34T, S
Y T 2R AR T8 S s TR I RS, Il SR Ay
Frimva i B, FIWr e IS ) PR A A 2
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30 min, BHIEZE; (2) KL 1 mol/L ) HCI =%
NaOH V745 pH & 3.0, 4.0, 5.0, 6.0, 7.0,
8.0, 9.0, 10.0, 11.0, 37 °C JH#E 24 h J5, M
pH 6.5, % FH A HEPR L X0 B 48 s 18 14 7 90 2 3
B, DL AH [R) A B 5 I I JC A0 M 78k )

B, IR RA N R 2ot M 2 B i, B4
W 34 ER,
1.9 HEESH

P I BRI 3 Y EE, LF
Bl +hrifE22(SD) 2. R Microsoft Excel
2007 F1 IBM SPSS 22.0 Ze i1 453 W Bt 24 74
HROMT o BT IRLE PRI A t K56 (Student’s
t Test)#H17; K One-Way ANOVA #E47 KK )7
Z 4y B M i /N B3 2= R 35 (Least-Significant
Difference, LSD)WZaAN[A] pH Fil B2 AL T 40 A
RGN ZE M ES B EN . BEMAKER
{H P=0.05,

2 HR54WH
21 EHRHMSE

RPERRTE /N . Bt TRARSFRMARAE, M
50 fkESL AL B3R5 168 FRali: Y, Hid LB
BiaRdk |66tk NARiFREE | 32 Bk . MRS Higrlk
| 25 Bk, CA REFRIE L 45 Bk, S PAE TSR
SETE . BEDE, Ha-200R; g SR
SEFAME. A6, DS REA . RE6A; AR
VR TER B AR IR AR BRI, ARG 3515 2

ZREFTIREN.
22 FHEZREKBIFE

W0 & BAT 13 BRI 4 (O A BR TE AR i
FFE 2 RS R BB MR PER (3 1), PITRZS
RN TER TR IR R P R/ NEEAR— 3K, TG
IMEERBI T, Brfs 13 A4 i 2 R
P P0G B S [ 7E 11.3540.21 mm (MW-8)-
24.26+0.49 mm (MW-1)Z [a]; X KA T B ()41 B
6 Fl7E 10724014 mm (MW-63)-22.31+0.58 mm
(MW-1)ZJa], i MW=L X4 B 00 35 25 BR B F Rk
AT B B R 3 defde, TR I e 02 7R ik M O
FEHFIT SR, WA, 13 FREHA 10 #7440
B 20T 4 B € 8 A K B 1 0 R P AR K M AT R
A TR BB B K, ) 4 €0 i 2 BR TR HL A T A Y
PITR R, DR UL 4 o (0 B A BR 0 O I St 5
B A R T o B MW-L A, S5 BEAR L,
MW-2, MW-4 Fl MW-26 3% 3 £k 25 70T 1 J8 41 )
2 Fh¥E 7~ ot A W B S A 4 FH (P<0.01), L
XoF 4 B0 4 BR TR A T REl ELAR I E 20 mm LU
b, HERSE 2—4 1. MW-8 X T 6 F 400 TR 80
WA, KT MW-1, Afik 21.62+0.36 mm, #H
2, MW-32, MW-35, MW-60, MW-63., MW-69
I MW-79 35X 6 S RARIN TG AR 355, (H 5%
HEAH H A7 B2 22 5 (P<0.05), i BT B P8I #
R
23 FHEZEKRIEE
231 HEEFLE

XF 13 MR R M g S R a5 AP
MW-1, MW-2, MW-4 Fl MW-26 iX 4 FRE Jyii 2
ICPRMETR, Wy B, WvRhgAMN, B4
ZEHIE A MW-32, MW-35, MW-60., MW-69 .
MW-63 Fl MW-79 iX 6 #k B 0 &5 % FCBH B, TR
TEEERR, BT A E B -4 M 2 1] 2 4 4 HR
IRHED] ; MW-3 F1 MW-7 3X 2 B 1 1 7% 20 €0 5 B
o, RMHERIPER, BIPRS00 2 B
FRIR; MW-8 [Rl)@ # = [CBAYER, WisRraE, B
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REMEFREVEESWLE 1. fa, s (L
A RGN E TP 1, 13 MR 54
BRI R . 12 s LT R S 2 AR 2
W, HARRER LR 2,
232 HFETE

W5 13 BR7= 41T Z E AR 16S rRNA JE K 751 #
ZZF| NCBI, j#iffELk BLAST T.H1E GenBank %
R 5 AT COGR AR 16S rRNA JE K7 51 iF
TTAIPE g, I AE 99% LA | H X 15
i RN R R E AR A . 45 R B

N, L3RR R AR A MR 2R AT RS T
fif DKy 25 AT 14 (Bacillus amyloliquefaciens) . %4
T i 22 R 2 AT 1 (Lysinibacillus  fusiformis) FlA &L
ZEHIAT I (Bacillus subtilis); 6 i 25 Bk 1 g v
)% Bz 725 3K 7 (Staphylococcus epidermidis) . 4244
[ %5 %4 BK 141 (Staphylococcus warneri) A1 E2 FX 25 45 Bk
I (Staphylococcus pasteuri) 5 2 #k 4 7 ¥ & /&
(Enterobacter) H 19 & 4 §% #F & (Enterobacter
agglomerans); 1 £k KW&¥4FT i J& (Psychrobacter) 4
HIREVSFT B (Psychrobacter pulmonis), U 2 frs.

x1 FHEZREKRSIIEEYE

Table 1 Bacteriostatic activity of bacteriocin-producing bacteria strains
73 v A BRI Xif HRZH P1E KIGHT B X HRZH P {E
Strains  Staphylococcus aureus (mm) Control group (mm) P values  Escherichia coli (mm)  Control group (mm) P values
MW-1  24.26+0.49 8.36+0.12 0.000 22.31+0.58 8.27+0.09 0.000
MW-2  23.10+0.57 8.12+0.06 0.000 16.31+0.24 8.03+0.01 0.001
MW-3  16.36+0.36 8.04+0.02 0.001 18.65+0.61 8.16+0.06 0.000
MW-4  22.52+0.62 8.12+0.05 0.000 20.36+0.42 8.18+0.08 0.000
MW-7 12.39+0.45 8.23+0.09 0.023 17.28+0.39 8.15+0.06 0.000
MW-8 11.35+0.21 8.12+0.04 0.029 21.62+0.42 8.06+0.02 0.000
MW-26  21.36+0.36 8.06+0.02 0.000 19.25+0.35 8.24+0.11 0.000
MW-32  16.86+0.25 8.14+0.03 0.000 14.26+0.47 8.17+0.06 0.006
MW-35  16.23+0.72 8.06+0.02 0.001 15.35+0.24 8.20+0.08 0.002
MW-60  15.24+0.53 8.21+0.06 0.002 13.65+0.23 8.09+0.02 0.012
MW-63  15.38+0.19 8.12+0.05 0.002 10.72+0.14 8.26+0.11 0.039
MW-69  16.52+0.29 8.24+0.07 0.001 15.23+0.36 8.29+0.10 0.002
MW-79  16.48+0.26 8.16+0.06 0.001 13.29+0.16 8.07+0.03 0.013

T RPPUREE S A AR AR 8.00 mm; n=9, Oy 3UEM A PRIRIHEA DA, T

Note: The data shown in the table include Oxford cup diameter of 8.00 mm; The n=9 is the total number of samples in three biological

replicates, and each biological replicate contains three technical replicates. The same below

1

MO EHERERE RS

Figure 1 Colony morphology of several bacteriocin-producing bacteria strains
Note: A: MW-2; B: MW-1; C: MW-3; D: MW-32
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Table 2 Morphological and molecular identification of bacteriocin-producing bacteria strains

wtk X BHIEA I FYE JPol—3tE  GenBank B35
Strains Morphological characteristics of Micromorphology of bacteria Molecular Sequence GenBank
bacterial colony identification identity (%) accession No.
MW-1 i HERDE . MRIAR ANES, ZFEEmEE, L MEmZFEmFE 100 MF581449
4, NZAR SRR, i RIAPER Bacillus
White, oval, colony surface with With endophytic spores, oval spores, and amyloliquefaciens
fold and irregular edge rod-shaped cells, Gram-positive bacteria
MW-2 REEf, BITE, WEREERN A4, MBSEIR, AHE2R SEPBERY 99 MH085463
Pk PR FIFFI
Light yellow, round, and With spores, rod-shaped cells, Lysinibacillus
relatively flat colony surface Gram-positive bacteria fusiformis
MW-4, [, TR, EEREAH  AEE, AESREMR, b A e 100 KY848338
MW-26 4, AN PR FH M T Bacillus subtilis
White, round, colony surface With spores, straight-rod cell shape,
with fold and irregular edge Gram-positive bacteria
MW-3, #f . BIE, WEREDGHE, HEESEEMPR, NEZRAME  REGTR 99 AF130934
MW-7 I H5% Straight-rod bacteria, Gram-negative Enterobacter
Yellow, round, colony with agglomerans
surface smooth and neat edge
MW-8  [Ifh, BRIk, EVEREDGE  METBSZEEAR, NIRRT 99 KU364058
White, spherality, colony with Rod-shaped bacteria, Gram-negative Psychrobacter
smooth surface pulmonis
MW-32, [, BRI, WERIDEH, M2 aeRAs], A2 SRR 100 MN511770
MW-35, 1434 5% T B Staphylococcus
MW-60, White, spherality, colony with With arranged clusters of grapes, epidermidis
MW-69 surface smooth, neat edge Gram-positive
MW-63 15, BRIR, RiERIENE, B SEE0R, HaRRAR, L PR A4 BR 99 KT003275
NZHEFT R 2 R P T Staphylococcus
White, spherality, colony with ~ With spherical cells, arranged clusters  pasteuri
surface smooth and neat edge of grapes, Gram-positive
MW-79 I BRIR, RYERIEE, AIREWAHIRAS], LR ROIREAERE 99 KT211483

NGHEST PET
White, spherality, wet colony

surface with neat edge Gram-positive

With arranged clusters of grapes,

Staphylococcus
warneri

24 FHEZERMITEYRAR

5513 BR N TR 2R BRAR G T AN IR TR I B
ik pH G.L)E—EMALRM LR 2 FEHLER, 435
XA BRI U T E R b, R ER, 5
TGS AT BILIR Y JC 20 0 855 35 0] R 2 B S %) 990 o)
FERBROR(EE )M (P<0.05), 2 FfRsr Ikt
77 4 P 2 TR AR A BEH 35 R S R PR AR (TG B 2
W), RWAVRRIFIEMEY TR, fTEHE
bR HLER T4 ook 40Tk X 7 40 B 2K 4 TR 1

TCAMERE IR AL R, HR0 R P B AR S R
W E AR R KT A EL, B B AR R R
/N (P>0.05), AIHIALHERR i AL A T L. e
Hb, FIFHEE MG K B8 AR B 2R G5 2
FW T3 AR 25 7 A R R W AR T AL B S, R B
FEMIBA IS M A 35T B (P<0.05) HL X —Fhal £ Fil
EOMEOR ., Hd, W MWL, MW-2 |
MW-4, MW-26 1 MW-60 iX 5 F#REE X 3 R (i
Btk ; MW-8 i g 2 1 i AN 1 R T ORR
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MW-3 F1 MW-7 XJ 2 I K F R IR
MW-32, MW-35, MW-69 fil MW-79 iX 4 k%t 2
I KR 2 RS MW-63 (U2 1 K
&, AR IR 3.
25 FRIEMFEMEMEE RARE SN E

4 MW-1 35550 35 7EAS [FR B AR [R] pH (B
ST J3 X8 46 €5, 4 2 3K TR A AT A TR A e S
¥, G5B EEREH 3.0)Fd s (pH 11.0)4k
S, MW-1 405 R AR — & G v . 72
PH 3.0 ZAFT, X 48 78 1 A 40 o Bl B AR R

x3 FHERAEMNIEDRBEIEEER, mm)

16.07+0.21 mm; 7E pH 11.0 & F, %IR8 s
(I TR BBl AR N 12.36+0.02 mm, AHFLHAD pH 4%
H 2 % BB i Ik (P<0.05), (A LRFRI] B 3N T T
PEo AN, 4R R AE pH 3.0-11.0 )X HAT B R
IVETE G A EATE 12 mm DL E), SRR E
TSN R IAE pH 7.0 BHI B R B AR AR A pH
1 B IR P K (P<0.05), y 23.24+0.52 mm
(K 2A, 3 4), 7£ 100 °C Fi4bFE 30 min 5,

MW-1 4 [ 2 X B 46 s 3 A0 10 18 P AR
12.24+0.04 mm, 3k 3| A I B2 Ak 38 /s T

Table 3 Determination of bacteriostatic substances produced by bacteria (bacteriostatic diameters (mm))

Rtk PUR = faeil e HEM K JEAE 1 il EE{EL Papii
Strains Catalase Protease K Trypsin Pepsin Control
MW-1 22.65+0.41 8.36+0.12** 8.19+0.10** 8.16+0.17** 24.16+0.32
MW-2 21.85+0.36 8.12+0.09** 16.35+0.11* 8.3740.14** 23.0440.52
MW-3 18.58+0.28 10.1440.21* 8.26+0.13** 15.25+0.29 18.56+0.42
MW-4 21.79+0.48 8.35+0.11** 8.12+0.12** 8.14+0.14** 22.64+0.28
MW-7 17.14+0.56 9.36+0.14** 8.32+0.21** 15.35+0.19 17.32+0.48
MW-8 20.26+0.45 17.25+0.23 8.25+0.18** 8.32+0.14** 21.62+0.42
MW-26 20.64+0.22 8.16+0.17** 8.32+0.26** 8.36+0.25** 21.21+0.21
MW-32 16.02+0.46 10.65+0.21* 14.38+0.20 8.25+0.10** 16.74+0.68
MW-35 15.32+0.26 9.85+0.13* 12.78+0.15 8.28+0.12** 16.29+0.19
MW-60 15.03+0.52 12.20+0.25* 8.26+0.12** 13.14+0.12* 15.21+0.56
MW-63 15.14+0.63 8.21+0.23** 13.59+0.10 15.06+0.13 15.32+0.13
MW-69 16.36+0.32 12.24+0.14* 14.35+0.32 10.65+0.10* 16.46+0.35
MW-79 16.08+0.25 9.92+0.25* 15.25+0.10 8.16+0.11** 16.53+0.31

e n=9; 435 Fs i A B 5 TR MO L 0 X BRI (] 22 55 S 25 ROt 35 (P<0.05, P<0.01)
Note: n=9; *, ** indicate significant or extremely significant difference of this data relative to that of its corresponding control
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Figure 2  Stability of bacteriocin from Bacillus amylolyticus for acid, alkali (A) and temperature (B)
TE: R AR HILE b, SRR HEZE 5] P T e B 22 57 i %4 (P<0.05)

Note: At each treatment point, there was significant difference between treatment and control groups (P<0.05)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TLFATEE: Ty R T U IE 7™ 40 T2 2% 40 12 1) 07 8 2 400 T e

131

BER, MEAURMESCE; & 80 °C 43
30 min J&, MEEEAEM 37 °C (1) 24.2620.49 mm
W NS T 18.39+0.23 mm; 7E 37-100 °C L[
P, 4 B Ky 220 B & B SR AE 37 °C A4
HoA IR R 0 2 2 R B e A R ACR (P<0.05), )
TR VB A A R S i Ak R RE ) T v T R A 1)
B, HAE R R X BE(80—100 °C)H I [k ik et JE i
K(Kl 2B, % 5).

3 WiE4i

ZN T INC Sy /NS S I Y 7B IS = 7 NI SR TR N
[F) 240 A 5 R S AL T 1 AR 13 R ELAT 7 4 1 2 Ak
(RIANTE . IR 16S IRNA JEKF 814 7 %58
J& , RIX SRR 53 ) SR T2 AT TR R L A A BR
W& « WA e DL S R R E S . BT Ry 4e R
(N ZFRFTEE . SAEREE ST R ) 2
FEHABAS B W (= b £ H 4 4L, Dendrolimus houi)

R4 BEMFANEAERBRBEREENEERAESHRZEIR

Table 4 Single factor analysis of variance and multiple comparison of acid-base stability of bacteriocin from Bacillus

amylolyticus
pH 4 FHE PRI P {H 959% L {5 X [1]
pH groups Mean values Standard errors (SE) P values 95% Confidence limits
_EBR Upper limit B Lower limit

pH5.0vs. pHG6.0 —2.340 0.676 0.003 -1.664 —-3.016
pH 7.0 —3.560 1.027 0.000 —2.533 —4.587
pH 8.0 —0.460 0.132 0.118 —0.328 —0.592
pH 9.0 2.320 0.670 0.005 2.990 1.650

pH6.0vs. pH7.0 -1.220 0.350 0.035 —0.870 -1.570
pH 8.0 1.880 0.545 0.003 2.425 1.335
pH 9.0 4.660 1.346 0.000 6.006 3.314

pH7.0vs. pH8.0 3.100 0.895 0.034 3.995 2.205
pH 9.0 5.880 1.696 0.000 7.576 4.184

pH 8.0 vs. pH 9.0 2.780 0.802 0.001 3.582 1.978

T 2 ETR RN & 22 R0k
Note: Multiple comparison analysis was done by the LSD method

RS BEMFATEARRAREMMNBEREAEIMRSELLRK

Table 5 Single factor analysis of variance and multiple comparison of thermostability of bacteriocin from Bacillus

amylolyticus
T4l FEE RGPS PE 95% EAF X 7]
Tm groups Mean values Standard errors (SE) P values 95% Confidence limits
_EBR Upper limit TBR Lower limit

37 °C vs. 50 °C 1.120 0.323 0.026 1.443 0.797
60 °C 1.860 0.539 0.006 2.399 1.321
70 °C 4.070 1.176 0.000 5.246 2.894
80 °C 5.490 1.586 0.000 7.076 3.904

50 °C vs. 60 °C 0.740 0.216 0.033 0.956 0.524
70 °C 2.950 0.853 0.001 3.803 2.097
80 °C 4.370 1.262 0.000 5.632 3.108

60 °C vs. 70°C 2.210 0.637 0.000 2.847 1.573
80 °C 3.630 1.047 0.000 4.677 2.583

70 °C vs. 80 °C 1.420 0.410 0.008 1.830 1.010

T 28 R R iR/ N2 28 57 051

Note: Multiple comparison analysis was done by the LSD method
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Ji7 3 TR TR AR P B R X A T 2
P2 B A TR A G TR ADESY, R IR ZF 7
FF A &8 th A7 A 2 Fh ™ i 0 M A T = D 2 Y A
T, LAEERFIEA A A (Termite) i s f 8 P 43 5 3
15—BR™ 4 1A 22 IS ZEFAT I (Bacillus cereus),
HoXF 4 B8 A A Bk A 22 W7 KR T (Listeria
monocytogenes) & & UL TR w7 T RS EF A i 3K
Wy —Fh 2 N S ER B TR AN TR 28 A R 2R
R EP, HHA R E N, RS RE 2
FFURT . A 8 03 44 2K 1 AR5 B G B (Shigella) 45 4
2 IRFAYESOwW A 2 IRIEN, AT Z T
T B ETL T BERIAERENIE . W
W, AR B H i 38 b 2 AT B A TR G T H
PR R VS ). R HATIREE . O IR
B 7 1% 1 % BR 1 (Staphylococcus  dissolve) 55 %) 4
R & 1) Z R A B A AR ) Ak — B R O i A KT
RN R, X2 R0 1 68 A 2 AR 47 (4 41 il
VERIPY, REBWIE R . REWERE ., B
IR TE AR N QI 23K TR 4 7 F B A K R
F 2 26 TR A R — LR e 2 P T HL
G4 2] BR A& A0 B R AEAS 5 b o B AR B A
BIF MR A R . BB R HA - 4
ZRESIATE, HRTZER LA s O A HE P
TELAERE T, ¥ v & 0 4w (B3 I FF 1
Enterobacter cloacae) s £ #% & i 7= 41 1 2 1 &g
SR8, ACHETE S WA T AT A
Fream = K ae S . DL e R B
EREAFEE MR R HAh, gl
R R ME IR ERTTE, AR &
77 B R BRI B T P X A e ) — bk
Z A A BUSNE, ) 20 B A TR 2R R B A S
EEYIT, T EIX AR R S 2. B, AT
EAEFE—FREAYT. SR, XTFHHIH
B AT s B R ] 2R 52 e T Be it — DR sE, fildn
POEERZ I AD LS & g R igr i Sre

AT RIE T A TE = A R R, AR R

T HAT RS R 5 P (5 P P 20 A
AFF 5 30 o 0 4 o C B AT ER A R KA AT X 2 PR
PRI I DA DM B IS, W 2B IR T 45 B AR 4 TR
RN TEYE . 13 =40 & B e 5T R
AAFEFEEE M BESCR . (AR, MIEN
ZEAOHFT R RA, B ZF AT IR ) A i ik, X
595 5 iz s 2 OV S TR B A8 B B A B 2R AT
B, LA Ayed Z5BMIN b4 B AR 0 i A 2
FOLAT TR XoF 4 B 0 ) 2 3K T AR K A A1 1 400 81 25 2R
L. AR, KREEEH N S L M,
BATTRI R IR T 4 B €8 A 2K B L K R R A
PR ROCR s DEER 22 IRBA T, XK
FER M RCR I F & W O AR, RHDE
Fis B AU A Fp A R AR AT 85 35 40 B DA 22 PG PH P T
JBZ . hh, SRS AR S > PO A4 i ok
TR 118 200 TR 2% 30 &% T R ]2 S5 B AR %) 410 ) 55 SR B A
PIRUEAH—2, JF—2 RS AE Ry vl Sk

AR 5T 1 O I 3 P A 1 AR T A 2 SR B
e, XA P R AR e — 2 AT TR
L R A B A TR R EAA B TS N — o R
(AT ERBR M , pH 7.0 B HA AR RO . X
G0] B 5 IZ MRV M ZE TR TR 9 A KA — e Y
FHIEME, DR AR IR b X2 08 A ) 4 15 33 4 1R ok
AR, RBILAERK S pH A 7.0 224, 7l
UL, 2 TR 2R 2 i DA 2 6T TR X PR A 7 1
TR A= 2 3 2 — o 2% AR AN T 25T 1 s TR
JER 37 °C, (HREREFSIEA —EWEE, 2R
THESE N R VSR . A, R 2R
TR TG 200 0 55 % V00T 4 6 ) 2 Kk D ) 900 1 P LA
ATk 25 mm ZeAT, RS BB i
FF B A 10 40 TR 28 % 4 €0 i 7 K AT 1Y) B0 ok A
L ik —2 B I R A B AU I o) B 0 i D
B3 AT R LA P R R R

AR SCE YOy AR B HU T PN 7 A TR R 4 B
EAT A, Wik 2R A0 v 0 TR P A TR R 1Y
MR, IR R A R E A, i —
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A DA UE M 25 AT 187 40 0 28 AR SR T R
TR B 321 o B oT 4l R — 2 3 A5 2%
PRI R E U BRI, o TR R = %
BRI ARAE TR AR . TR IR A BRI
) AT T A B 3 R AR AN B A TR R .
H, Wi RIRAE IS, DR R M BCR RN EK,
PRL I 475 4 i T8 DR A TR 4 SR A e T R 1 T
VEo H T2 15 37 1 Tk Mt M B R i T
WOE WA RIS, KM 8 41 R A 288 Toik
AR R, SO LA (B 7 200 TR 25 4l
VEBE Z 00, B2 5T i 0 i g R o £
FEVE RN 7 56 LA B AR ) & i, A TTIETE AT
11 3 DR A 2R R PR R AR AR R O
M & HICEC RS SR A, I 2015 4F, A& AE
Nature Communications [ &% T #4fi 16S rRNA J&
PR Py 40 BB %ot b TR AR SR A 7 5 7% 35 T 14 50 4 e
(http://komodo.modelseed.org/default.htm)? | >y 42
I K 1) F B T AR 0 B U B AR T Y SR
I, FIFHITAEARIT LRGSR, Bk Rkl A
BT 1 i R O 3 T e g 7 4 TR R A TR
— IR A RS TR
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