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Isolation, Identification, and Fermentation Condition
Optimization of Paenibacillus mucilaginosus Strain
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Abstract: Paenibacillus mucilaginosus is a bacterium capable of decomposing silicate minerals, exhibiting phosphate-
dissolving and potassium-releasing abilities. It serves as an important microbial fertilizer product with significant market
economic benefits. This study initially isolated a strain from farmland soil that was morphologically suspected to be
Paenibacillus mucilaginosus. Through 16S rDNA sequence analysis, it was confirmed as Paenibacillus mucilaginosus.
Simultaneously, single-factor experiments were conducted to optimize the concentrations of various medium components,
followed by an orthogonal experimental design to determine the optimal culture conditions. The experimental results showed
that: (1) The screened strain was identified as Paenibacillus mucilaginosus; (2) The optimal culture conditions for this strain
were 2.0 g/L malt extract, 2.5 g/L soluble starch, 0.25 g/L calcium carbonate, 2.5 g/L L-proline, 0.02 g/L manganese sulfate,
0.02 g/L manganese chloride, and 1.25 g/L magnesium sulfate. This study will provide a theoretical basis and data support for
the industrial application of Paenibacillus mucilaginosus.
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VIR AR EE 11 IRIGHEE A (Paenibacillus mucilaginosus) » TR F AT B BEE R 25 41
W, A LRSS, BB LA Y R KR E 2 M IR . 2R eI 7wk
AR 2SR, L (O RERR SR, BRSO AT R SO R B S IR T
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HAT, CAKETEISRRAE AT R Bk, 703858 E . K L2000 L H 8] R 2%
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i S MM B AR s 33 vh 7 B9 45 2 AR AR BE D BRI B AR, ARS8 I 1548 B A ERAT 1 HUadt v A g
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1 MRIEEE
L1 AR

IR RESS AR RS IR 0L . FEME 30.0 g/L AHIREN 1.5 g/L. WERRE 41 0.5 g/L. BRMREE 0.5 g/L. &
1R 0.5 g/L. BREETER 0.01 g/L. W 2.0 /L. AlVEPETEN 3.0 /L. BRERES 0.5 g/L. FHER 2.5
g/L. WM 0.02 g/L. SALEL 0.02 g/l BREREE 1.25 g/L.
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1.2 BHRAE

ARSI AE A ) SRR A SR IR 2 AR K R R Ak 3. HERRRRE 10.0 g AR LAE,
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FI= A, T 30°CEALEE A BT FRIEAL 24 h 25 H .
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WARTE A5 XIE H MR T A0SR, AREERA. B, b WAFIE,
DA AR T (40 B T 25 SR IO AIE

SFAEDERE: IR AL S B R 20 5 25.0 mL RUVRFE SRR 77 5L 1K = A
A, FHEAE 30°C, 200 rpm FEPR EE5FE 24 hy FI AL 2] DNA SR B0 SR BB AR 2L R 4 DATR
PRIGESRIZH A5, FIF@EA 519 (27F/1492R) 4734 16S 1DNA J¥51; S HIKIGIEE, VI E,
PEA T AT ARG IR AT . 7S5 BLAST BAExtbt, SRt L4 5 M NCBI % B ¥
J# L FASTA %30 %, #id MEGA 6.0 B{HI1E RFG KB
1.4 BAEFEXEGIT

DAV e SR IR A N R B 7, e AR 8 FE SR MENEHER R D . WEAR
TR AR, 25 SR B E MR AV AR R AR o X TR0 KL, $IRE 3 AT,
I 10% %M B P WO A TIRRPE R IR 5L, 30°C, 180 rpm RiEATHISR, 0 AEA RIS [A]

RHURE, SIS (ODeoo) RIRAE B AR HI ALV 2R
1 PERTEF

Table 1 Single-factor experiments

B 53 WEERREE (g/L)
EaCey) 1.0, 1.5, 2.0, 2.5, 3.0
AR 1.0. 2.5, 5.0, 7.5. 10.0

TRER S 0.10. 0.25. 0.50. 0.75. 1.00

i 2R 1.00. 2.00. 3.00. 4.00. 5.00

TR R 0.005. 0.010. 0.015. 0.020. 0.025

A 0.005. 0.010. 0.015. 0.020. 0.025
THICRIRES 0.010. 0.015. 0.020. 0.025. 0.030

T R 0.50. 0.75. 1.00. 1.25. 1.50

1.5 IF3ZsCIegit

FE IR R R SR A2l b, Gl IEAZ SRR BT Lis(37), BRESRERZEMAZ LM, 2y

i P PR A D AR R R BRI R (BR 2D .
R2 EXRBERSKTE

Table 2 Factors and levels of orthogonal design

. 7K
1 2 3

FIERM 2.00 2.50 3.00
AT MRy 2.00 2.50 3.00
TRIREY 0.25 0.50 0.75
=Ny 2.50 3.00 3.50

T R 0.010 0.015 0.020
XA 0.010 0.015 0.020
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Fig. 1 Colonial morphology of Paenibacillus mucilaginosus (A) and microscopic examination results (B, 100X)

212 TFEYFEE

¥ PCR 4 Ha P2 Wik 2 AL U SR E DRI B A A BR A = 3E A TI0 7, Kl 2 R 22 22 96 [ [ 3 A4k
P ARAE B0 (National center for biotechnologyinformation, NCBD) %+, F|H BLAST L.
AT Lo b, WM R R 16S IDNA 741, FEBIX L7715 N MEGA 12.0 344 H4, ME R
FREW .

137



F1%E FI AR H3W

69 | Paenibacillus ehimensis strain NBRC 15659

Paenibacillus koreensis strain YC300
Paenibacilus tianmuensis strain B27(2)
Paenibacilus ehimensis strain IFO 15659

51 | Paenibacilus ehimensis strain KCTC 3748

Paenibacilus tyrfs strain MSt1

Paenibacillus elgii strain NBRC 100335

61 ' Paenibacillus elgii strain SD17

— Paenibacillus allorhizosphaerae strain JJ-447

B l Paenibacillus im strain T16R-228

Paenibacillus soli strain DCY03

ans strain PR-N1

s Paenibacillus validus strain JCM 9077
100 ' Paenibacillus validus strain NBRC 15382

ﬂ\us puerhi strain SJY2
o1 Paenibacillus filicis strain S4

s chinjuensis strain WN9

99, ZC32
Paenibacillus m 15 strain 14800

Paenibacillus rigui strain WPCB173

2
94 | Paenibacillus popiliae ATCC 14706(2)

Paenibacillus popiliae ATCC 14706 strain NRRL B-2309

wo| | Paenibacillus thiaminolyticus strain IFO 15656
|| Paenibacillus thiaminolyticus stain NBRG 15656
4o | Paenibacillus thiaminolyticus strain DSM 7262

58 | Paenibacillus dendritiformis strain T168

B 2 ZT 16SrDNA FIHENRGER B
Fig. 2 The phylogenetic tree constructed based on 16S rDNA sequence

2.2 BEESE

2.2.1 EFRMANEHRE KR REIR N

ZESFRBR AT R TR LA T A RIR, L REs IR AL 5 T A LR S AR
KET, AARREFERAER SR, Bk, AT R R R 2 HAT T 5 R 4
MR WB 3 P, ASFEIREZE ZFIR B R R 2 ST R I AR KRR AR R 2 S . (R
FHRIEN 2.5 ¢/L I, ODgoo {EL BT SRR, WIMRAERMRAEL SRR E N 2.5 ¢/L.

3=
2 -
o
3
o
o
1
0 L] I 1 1
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WEE (g/L)

B 3 RFRMIERE KOG
Fig. 3 Effect of Malt Extract Powder on Bacterial Growth

2.2.2 AR B E KRB
AR PESER R — M E R RRRIE, 5 TR AE BRI, O AR R KSR RS E I AR AN
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L, SCHLBSRE SRR LG R, 0P 4 T, B P PN 5 DA P R ST
B2 K LTS AR MR B R3S o T PESERN R o 2.5 /L I, Tk ODooo (IS FUNER . 45
SR, PR KA T P E R 2.5 gL

4=
3-
S
a 2-
(@]
1-
0 1 ] 1
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B (g/L)

B 4 FIAMEEMAERE KRR
Fig. 4 Effect of Soluble Starch on Bacterial Growth

2.2.3 BRERSSXI ML KRBT

ST AT FUAE SR IR B5 mT DA HE BRI AR (0 A2 o AN T80 ORI I 45 9 JSC R AP 24 AT T VLR A I 1
TR B 5 Fos, ANFITREE IR B 0 VR A 2 AT I A AE R A AR 25 22 57 . AR
PHIRIEDY 0.5 g/L I, Bk ODgoo B 1o ZRKM], BEPRAK M SRR N 0.5 g/L.

3.0

2.5+

ODgqo

15 I L) 1
0.0 0.5 1.0 1.5

W (g/L)

5 BREREER EHRE KEIR M

Fig. 5 Effect of Calcium Carbonate on Bacterial Growth

2.2.4 PSRBT EHRE KRBT

JHE IR AT CAAERF AR IS8 T, B FU 5 1 I A I X R A 2 A o A A R
SN, WIE 6 P, BEAETHZURININIR B AT IN,  BAk i A HBUSE A B B a3 . = )h
R EN 3.0 g/L N, TPk ODgoo AL HNUEME . Z5RKW], AR BRAEMERIKER 3.0 g/L.
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Fig. 6 Effect of Proline on Bacterial Growth

2.2.5 ERETFIEKREKF RN

SRETAREERKRME T DRNMETR, XEETERARMHIIET. Jrais. 4t
A, ZH5REMENRENRE . EORERESMZOEHER. ARAERE TS, m
REE. BRIEREL 5 S S IN B R R A 28 MO B M R B IR S o 25 SRR, TR IV AR 50 o
PRAEKFZM A (B 7A) o SR, AN [RIR FE R R B 0T M VR 2 R 11 1) A S i A7 A 035 22
Fto MIBREEIKRE N 1.25 /L I, W#k ODeoo fH IR H. 45 REH, BMRARKKBREMBRBEIREN 1.25
g/L (B 7B) « SUbFN, BEEBERE-S S BRI IR B AW 0, B AR A2 K HE IS 3 )5 P 1
e (B 7C&D) « ARG S FALERIRE N 0.015 g/L I, EFk ODgoo fEIL R . 4550 E M,
PR AR AR K 1 B PR AR R i 5 A AR 2 0.015 g/L

noE B A
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Fig. 7 Effect of Metal Ions on Bacterial Growth

2.3 B3R

BT R BRI 2 A, DR IR ARV I BN R AR A K S AN B . (Rt AT T B R
FIEPEVERD . BRBRES . IR B IRIREE DL SR 7 N EFRBERIHIER L (R3) o 45
REWY, WRAERKMREHS N 2.0 g/L ZHEHK . 2.5 g/L AIEMEIER . 0.25 g/L BkIRES. 2.5 g/L
L. 0.02 g/L filR4h. 0.02 g/L &ALE LK 1.25 g/L ilREE. WEMHTRE, 7 MRE P&
SFRMRA KRR R, HUOURE RN BRIRES . TRIRER . TRRREE. IR, VA IETER X B Ak A

KHF RN fERALESE T, PRI ODgoo fEHIAF] 4.22.
+®3 EXRELER
Table 3 Results of orthogonal design

FzE  FZHEM R RS WEER O BERE &SME GRS ODeno
R 1 2.00 2.00 0.25 2.50 0.010 0.010 1.00 1.98
A5 2 2.00 2.50 0.50 3.00 0.015 0.015 1.25 0.75
A5 3 2.00 3.00 0.75 3.50 0.020 0.020 1.50 2.08
R 4 2.50 2.00 0.25 3.00 0.015 0.020 1.50 1.87
R4 5 2.50 2.50 0.50 3.50 0.020 0.010 1.00 1.53
5 6 2.50 3.00 0.75 2.50 0.010 0.015 1.25 1.72
K5 7 3.00 2.00 0.50 2.50 0.020 0.015 1.50 1.67
R 8 3.00 2.50 0.75 3.00 0.010 0.020 1.00 1.27
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56 9 3.00 3.00 0.25 3.50 0.015 0.010 1.25 1.58
o
ﬁf?)m 2.00 2.00 0.75 3.50 0.015 0.015 1.00 1.86
ﬁi‘?ﬁ 2.00 2.50 0.25 2.50 0.020 0.020 1.25 4.22
ﬁf‘;ﬁ 2.00 3.00 0.50 3.00 0.010 0.010 1.50 2.20
12
ﬁfiu 2.50 2.00 0.50 3.50 0.010 0.020 1.25 1.91
A3
ﬁfim 2.50 2.50 0.75 2.50 0.015 0.010 1.50 1.76
ﬁf‘zﬁ 2.50 3.00 0.25 3.00 0.020 0.015 1.00 1.57
ﬁf‘zﬁ 3.00 2.00 0.75 3.00 0.020 0.010 1.25 1.57
SR IA
ﬁf? 3.00 2.50 0.25 3.50 0.010 0.015 1.50 1.71
SR IA
ﬁf? 3.00 3.00 0.50 2.50 0.015 0.020 1.00 1.47
K1 8.85 7.73 8.70 8.53 7.99 7.83 6.70
K2 7.25 7.57 6.75 7.00 6.55 6.22 7.75
K3 6.86 7.66 7.51 7.43 8.42 8.91 8.51
e 0.33 0.03 0.32 0.25 0.31 0.45 0.30

3 i

(1) A H 458 b 73 B9 45 B — BRI A 2 SR B R R A 2R F AT B B BT P, G883 16S rDNA 751
SIRTITEER, e HON IR A 2 AT A

(2) ZWRBEREESAT N 2.0 g/L F2EH 2.5 g/L AT MRy . 0.25 /L BRIERES . 2.5 ¢/L il
AR 0.02 g/L TRkt 0.02 g/L EALAR LA 1.25 o/L BRlkEE;

(3) AW TR FF R VRAE T T B A T AR AR R T b % YR S AR i
BE 3k
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