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Abstract

Objective: To study the biological characteristics of a bacterial strain named DF200620, screened
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from pig manure compost in alpine region. Methods: In this study, the morphology, culture cha-
racteristics, genotypic characteristics, motility and aerobic of strain DF200620, as well as the rela-
tionships with environmental factors including temperature, pH, salinity and moisture were stu-
died by bacterial culture, gram staining and turbidimetry. Results: The results showed that strain
DF200620 is gram-positive and rod shaped. Colonies are round, opaque, smooth and pale yellow.
The growth curve of the strain was adjusted from 0 to 2 h; the logarithmic phase occurred within
2~8 h; 8~16 h is stable period; after 16 h, the decline stage was observed. The optimum tempera-
ture was 35°C, the optimum pH was 7, and the strain could grow normally in the range of NaCl
concentration 0%~7% (W/V) and polyethylene glycol concentration 5~25 g/100mL. Conclusion:
Based on these results, it can provide experimental basis and theoretical reference for the devel-
opment and utilization of Lysinibacillus fusiformis.
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2. MRI57%
2.1, REHTR

2.1.1. #iAEK
UREALRTIIAE B RIS 7 B3RS, %50y DF200620, fRf¥ T 4'CUKAE&H .

2.1.2. EFENHIF
Z:HESCHR 418047 o R st : NB AR 774 - B2 Ak 10 g/L, ZFIE 3 o/L, &ALEN 5 /L, Bifls 15 g/L,
121°CK# 20 min; NB R FRE: EAMK 109/L, 4 WE 3g/L, & 59/L, 121°CKEH 20 min.

22. WA

22.1. BHKEHKSEER
FHRAE R bk DF200620 % FH-EA 2k fh T NB [E kR 925k, BT 37°CRFRAETRE9% 24 h,

222 BAESENE
B HERRE NB [R5 779 | 37°C R % 48 h i, MEEHETE K/, IR, B R AL, JFdid &
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2.2.3. EMEFRF MR

AR E 28 E eSS N7 W T Solk[5]: WM RIEE IR R e R A B UGB
BRI TN NB ARG 7 5E, 37T°CE TIHIRBEFRAARG TR 12 h /o a, LT RAE I e I R Fh 19 HX
WRFI TR, 3% %Rl i H: 2 O IL ir R 7R il (] il b, REIRZER 10, BNET (A S E 3 IRE
W CHEAP R VE BREIK 37°C, 120 rimin #5537, RERRF/NSTIE —k, FLIE 24 h, #brid IR
R, SZEDIE OD ff, idsidE . RRBNEAR IR E LA 600 nm K ME, e/ 6T
ETE AL BAE I B B . 5505 BL ODgoonm (L VNAANR,  BEFRIS T 9B AANR, il A K4k

BEIMEMER KA RERN 7 o B AR D 2 NB 2 [ 445 77 56 508 7 (1000 mL 5953k - 5 g
IENR), 1E ITCIHIRIGFRM T TR 24 h JE WS ERRIL . AR RAARKETFRZ b, D% H0Ew, &
INZHE AR B s R 35 RIS IR R DR 2R = FRY B, RN ZE B S skt

TEMENER S IR AR VR AT Q0 T Sk [6] - K PR R FH A 28 A 1 7 e F 22 NB 2 [ {1
FRELMREF (1000 mL 15975 - 5 g BiflR), 76 37 CIHIREGFRAE PG 9% 24 h oM A KRG FHRRAEK
TEFRILRIRHS, WRR LR R AN AR KA LR L, MR % 2 e R
BIARARKIEGFRIZ 0, MR LR R RN AR AR IR IR, RIS X R LA -

BRI FF S04 B 3G TR IEME NB W5 7725 |, 2Jl7E 5°C. 10°C. 15°C. 20C. 25C.
30°C. 35C. 40°C FH;:3%, MR R 3 AMPATER, MEHAKRN, FHFRAMEEEER
FEPE A 600 nm &4 € AR OD 1E .

pH RLE K5 S%4H 15 - R E pH B 51 ZE 5. 6. 7. 8. 9. 10, 11 I NB WifkRg 7%,
FABEE N5 3 A PATES, 37CEFE 24 h 5, KSR KN 600 nm £51F T I 5E # M
0D fH.

EHERY K 5% E R TR MAE S 1%, 2%, 3%. 4%. 5%. 6%. 7% NaCl (W/V)f#) NB ¥k
Rigrdh, IR RAARRE IR 3 A FATE R, 37T CHIFE 24 h J5, SR YL BEVETER K4 600 nm
S5 PF T I AH B 0D 18

it SR S HOCHER[7], F PEG6000 (3R £ —F%)JE BT R385, K 5% M4 B = e 2
PEG6000 Jii B3 )% )y 5. 10. 15. 20. 25. 30. 35 g/100mL [f] NB yifAkR: 953k b, AR A RS 9%
B 3AFATEE, 37T CHIFE 240 5, R JCIGREEVETER Ky 600 nm Z& A4 il i AH M. 0D {A .

2.2.4.16S IDNA 3 FEWMF . E

BRI 4 DNA REU K Ezup #4041 DNA 3 il5m SRR 41 DNA, HAkS BH%
HEHR A E U AT

16Sr DNA Z:[F PCR ¥ # KHNEEH 514 27TF (5-AGAGTTTGATCCTGGCTCAG-3")#11 1492R
(5’-CTACGGCTACCTTGTTACGA-3") %} 3 K 4H DNA #E4T9 1,

PCR RMAA R HIBCH] E7#EE PCR & W ELH] 50 L [N &, # FRAEFIMAZ RN (E 1).

PCR RMFARBE £ PCR AIEHMY L BT, #HAETFWEMFEHIATY . 1) 94°C it
5 min; 2) 94°CAsE 1 min; 3) 57°CiB-K 1 min; 4) 72°C4EM1 90's; 5) A % 2)~4) 30 X; 5) 72°C iEAH
15 min; 6) 6°C for ever. XM PCRAX, HUH PCR ™3 =4t A7 5 e Hi i A vk Al , ik PCR 97384 F
B,

FFBIBISE # DNA A 5tk 2 F g AR TR IR A R TIF , 2SR [8] 43 7K I Neighbor-Joining
A1 Maximum Likelihood 3K % R Ge HEALA
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Table 1. PCR reaction system
#* 1. PCR RRifx%&

) PRF/UL
ElE7REE i 4
2xSanTaq PCR Mix (& 14 4+i%) 25
15 DNA 1
Jin ddH20 % 50 uL 20

2.3. HEALTE

BRICGRIE BRI 3 MRS FIME , KA Microsoft Excel 2010 X 5 46 3050 H 4 34T 52 #0437
3. AREGR
3.1 EHESENE

w1 R, B Rk DF200620 B TE MR OG- IF A GERIL GBS 6, NEy, B
1279 2~4 mm (BB R . 7RI 45 SRR I BRI E 2R 2e DY 2 W12 1) 2 SRy e, o iz
R BATISENRAE IR, H RO A RAER IR IR, D EA KA T RL A L, RUNZR 25 AR
FEOL SNBSS AR AL S OAFPIR, B2 IR RO O, BB RR S 2 2 IR T
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Figure 1. Colonies and cells morphology
1. BE RS

3.2. HFHFUEHR

3.2.1. HKHZERNNE

Wi 2 fias, OD {HEEHER IEEK, ATHHEEIL “S” B2k, 8 h X T i, 16 hiAZ|&K e
U J5 BT N F . R DF200620 7£ 0~2 h WARK I ZBON I RaE, B 2~8 h Wil Z LA LT3
PO, XTEON: 8~16 h Py iR SR T RO MM B, RFRE N 16 h DUS 4k 2218 T
F, BT E TR AN B, OD A 2 57 2. # (P < 0.05); FasE i, 12~16 h i) OD {H %
FEFP <0.05); FETHE, 18~20h, 22~24h (¥ OD {H % F &P <0.05).
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Figure 2. The growth curve
2. £KHh%

3.2.2. BERE

Wil 3 fir7s, WPk DF200620 7E NB VR {455 77 25 Hh 1K) OD B 35 IR (1 36 I 2 W5 7+ 1w Ja PR A2 4L
. (£ 5°C~35Chf, FEEIREZNT S, OD AW &E: 35°C~40°CHf, OD i FFE. f£5C~40CHI%
MNEER B, OD HZER (P < 0.05). &5 RR W HE & DF200620 7 10C. 15°C. 20°C, 25°C. 30C.
35CH 40C FIRE ALK, HEEEKEE N 35T,

1R 5
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Figure 3. The growth of strains at different temperatures
3. FEIEE TEMKAIEKIER

3.2.3. pH R

Uil 4 B, B Ak DF200620 75 NB R AR 7534 1 1) OD A BEA pH 38 i1 2B & s BEAR & 35,
2 pH 7£ 5~7 u[E NI, OD {7t ; pH 7E 7~10 JEE P, OD {H 28 FF; pH 7E 10~11 Yl i,
OD 18 T k&% . 4 pH 7£ 5~6, 8~10 Ji[E WK, OD {H % 5 2% (P < 0.05). 453K B H & DF200620 1£
NB ARG FRIE pH 7305008 6. 7. 8 F1 9 W HRet IR 4K, HIG4EK pH A 7, SR DF200620
BA — € i .
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Figure 4. The growth of strain at different pH
4. I[E pH TEKHEKIER

3.2.4. BRI

Wil 5 B, Btk DF200620 75 NB i #4725 4 (1) OD R NaCl ¥ FE i 14 i 52 I T B (1) A2
fe#a%, 24 NaCl WK E7E 0%~1%, 2%~3%, 5%~6%7u [ A, OD (%R R (P <0.05), 45 RKWFEk
DF200620 7E 54 0%+ 1%+ 2%. 3%. 4%. 5%. 6%# 7% NaCl IR fARs 73k EiReteAE K, iR
Pk DF200620 JH A3 — & i £h 1

R
0.60
050 r
040 r
igl 030 r
o
020 r
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Figure 5. The growth of strain at different NaCl concentrations

5. [ NaCl K E TEHEVE KIFR

3.2.5. R4 E

nl& 6 firw, @ik DF200620 £ NB WA I3 ) OD fEFE% PEG6000 Jii #4513 i 22 BLIZ B
FRERIAR LSS, 24 PEG6000 Jfi &Kk £ /E 0~10 g/100mL, 20~25 g/100mL i [El i, OD [z F B &P <
0.05). £55REL Bk DF200620 7 PEG6000 /it &% 4 5. 10, 15, 20, 25 g/100mL f¥] NB i A 77 ik
R, I E R DF200620 B — & fH F 4k .
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Figure 6. The growth of strain at different PEG6000 mass concentrations
6. AN[E] PEG6000 FR2KRE TEMKEIEKIFRL

3.3. BiFkEY 16S IDNA S F4EMFLE

H itk DF200620 ) DNA # /i (DNA J PCR =4 Ha pk Al 45 R Un 5] 7 firo) ik 2 B Y TREA IR
AT 16S rDNA SE K EEE, R 1410 bp HIFE 5. Kk DF200620 ) 16S rDNA FEHI7E
Blast P35 147 LU X J5 15 2 A i 1 16S rDNA 741, 5 AL MAGAT.0.26 S5t BT iR 15 1 B IR 7
FIUL R 5 HABAME RS =1 ) 16S rDNA JE [ P51 EATFES), e g5 Rl 8. & 9 Fraw, MMk 45
LUk DF200620 5 MK574994.1 Lysinibacillus sp. strain PF66X A1 JQ956508.1 Lysinibacillus sp.
enrichment culture clone MJJ-12 £4i Kk & X 2 NEY], FE T — N3, 3FBA 100%FH) [EVEE .

€= G600bp

€= 500bp
€=400bp

€=—300bp
==200bp

€= 100bp
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| |

DF200620 DF200620

Figure 7. DNA figure and PCR run plastic figure
7. DNA #1 PCR F=4 R 5K4& 0
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Figure 8. Phylogenetic tree constructed by Maximum Likelihood
8. Maximum Likelihood 5 R% % B i)
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Figure 9. Phylogenetic tree constructed by Neighbor-Joining
9. Neighbor-Joining Z#2 RS & B’

4. Wig

AHIE T CAUREZE H S AR A SRS AT B AR MERE 2641 T i 3R 451K 1 #k% 54 DF200620 FIZH R
PR XA T, 45 R R I, Fk DF200620 A & S IR 2F FAT B @ Ik A — E R
TUREAE, WA NREDEHE MR, 2FPR, NE 22 KPR . Neighbor-Joining ¥ 1 MaximumLikelihood
g R B k. DF200620 5 JQ956508.1 Lysinibacillus sp. enrichment culture clone MJJ-12 Al

MK574994.1 Lysinibacillus sp. strain PF66X fE[F]—/33C |, SEZ K R, CRFEE A 100%, 1B ik
DF200620 (1] 16S rDNA & [l 15 & PR 57 R KR A2 54k o 70145 e &5 S 5 T Ak DF200620 St 2 R 2 F AT 19 .
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Az K 2R 45 TR 36 I B vk DF200620 FA4E K I ZR7E 0~2 h AR, 2~8 h oA 80, 8~16 h ufasE i,
16 h UG REET . WARAE 10°C~40C N 4K, HidifEA 35°Cs pH A 6~9 JulE NIy A, ik
pH 4 7; fE 0%~7% (W/V) NaCl K FEJE I nT 4K #EIR £ ik 5 04 5~25 g/mL Ja [ N T AR K. 25
TR, LB E R DF200620 F A — 52 - S 2B

HAr Ak, 9T o0 R D06 S R 2 AT B 7E 2 N R A SR S A, E R IERL T L
ANJ7M: 1) AREARDTIE, Lysinibacillus J& — 2SR EA — ERIBEME T B . B BNSE IS 2 e H[9],
AT AR BRI = B I B 2 R BL [10]; 2) HOIRERA M5 H, B R S fAF B B-CM18 Xt a4y
I JE LB U AE KA IRIVERI[11]); AHMAD Z5[12] [13] M SR A 43 B 15 21 O # 0BR 25 AT 14 (X 416855
IX416856) B A i IR TELH B (3 /15 3) (E AR~ Jr T, I A5 MR 3 £ BE rh 4 B UL Hh v
SRR I AT, R DA R S BRI SR E SRR b A6 F B e B AR b AR R [14]: 4) EREYR A
APTIE T, SHHGE T o 22N RE[9) IR 22T 2515 21 1 MR IR 2E fAT 18 ML-64, B —
SE PRI 5o i R I R AR s AR AR R 2 [1S]HF 58  I PR Ak B AT e ol S R R RO it 2 2 AT 1
(YPL7 1 PIO)FE(E#E Bkl mg A KT B AR 7. Sk,  H Al E P 7R R 2 A B Bt 5t
RG>, AREBAG RSO TANZ AR 2 TR R SRR, h o R A E SR — e p sk
RIS 2%, NFEE MR AR 0 B R TR DA D Re R B LA, RIS S o R A A
1 v 2R AR A

E&UH
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