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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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2o TSI HIRAL T e b E KW BEAh, RRURRE 27 AT R al il i) AR IR, JFAE 3
RS AR, IR IR R KO J AT, R AR E BN E LR, BT N AR
SIS € STE S I

HAl, O KETBSE R SA T E I B L. 2R A T 20 K 1] B &%
RPN AT IR flan, B OB RN IR, B T AR A R, 8
ot S5 A AR B - 38 v 7 B A B A RE D BRI IR AT 2R RSl i AR B ARG T P P A A
BE I A PR T RASARI . SRIM, W1 T BMOoRIRE . AR ERAE LA R, AN F BRI R
R TR AR MBI R A BORR R . BItt, RR8ip Bifie B I R R ZMIRIFE vk, IR
WHREFRFAE, RHESICEYIC R LA B 2R o AT MNAR L3R R IR A5 — MR R A
SFAUFR, R 2RSS IR B VAR R WG IR 26 1, LIS AR B R, iz ik
FERLEAE T A (0 L FH B B0 B B b B S B SO
1 #R5EZ%
L1 Rk E

VR FESBAA RS FR 3k . FERE 30.0 /L THPREN 1.5 g/L. BERRA 41 0.5 g/L. BRREE 0.5 g/L. &
1R 0.5 g/L. FREEIEK 0.01 g/L. 4B H 2.0 g/L. AlVEPETEN 3.0 /L. BRERES 0.5 g/L. FHE R 2.5
g/L. Wil 0.02 g/L. & AL%E 0.02 g/L. BRIREE 1.25 g/L.

ISR RE S T R R R 0 TR R B A IR ek (15.0 /L) «

1.2 BRI S

A FERITAEFH ) L 3R AR IR 2 AR K R A A 3 . HERRRREL 10.0 g A< LA, 7R
i 2K TE K 100.0 mL ZZ4EKF, 70757 10.0min, KEEER. HESZUE, W 1.0mL Lk
JEWL NN 9.0mL 7K, HIFER 107 B RIERRE . ARYE LA BTk, 2l 105, 10, 107 B
W W— R, WA T RRFERIE TR B E AT AR E, 30°CHE9R 1 & 2d, W PR EREAK
TH0L. PREBCREVERIZ 0 B, PRaiEEFR. B Baiffs s, B T80 IR SR s 7 ik
I =fir, T 30°CHEMRE TR FRIE 24 h %
1.3 BHRERE

RRTE A F R8T WL H R BRI T S8R, WIREETEA. B, iS5 2 ARHE,
PAK SR AR N BN BT S S O AIE -

ST EREE: MR AL S R 20 5 25.0 mL RURFE SRR AR 77 5L 1K = A
A, HAE 30°C, 200 rpm FEIK F35FE 24 hy FIFHZERIZH DNA SR BGAF G HE B PRI ZE R 20 DA
PRIZER A R, FIFHIER G (27F/1492R) §73% 16S tDNA 741 & HIKIIEE, YIRFENL,
EEATAEYBAREIRAFIMRE . P25 R H BLAST 8AEXTE, AR5 KT b4 5B NCBI % BR A
J# L FASTA #4350 %, @it MEGA 6.0 {HI1ERFE R E W
1.4 BEZEXE ST
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Table 1 Single-factor experiments

% 53 WEERRREE (g/L)
FFEH 1.0, 1.5, 2.0, 2.5, 3.0
ARy 1.0, 2.5, 5.0, 7.5, 10.0

TRIREY 0.10. 0.25. 0.50. 0.75. 1.00

IR 1.00. 2.00. 3.00. 4.00. 5.00

T R i 0.005. 0.010. 0.015. 0.020. 0.025

et 0.005. 0.010. 0.015. 0.020. 0.025
T R IE % 0.010. 0.015. 0.020. 0.025. 0.030

TRk 0.50. 0.75. 1.00, 1.25. 1.50

1.5 IE3ZsCiegit

FE IR SR R SR AR A, Gl IEAS SR BT Lis(37), BEFRERZMMZ LM, o

i AR AE R AR R GBI R (R 2)
#®2 EXREERSKE

Table 2 Factors and levels of orthogonal design

. 7K
1 2 3

FHEMN 2.00 2.50 3.00
AL PETER 2.00 2.50 3.00
TRERES 0.25 0.50 0.75
P2 R 2.50 3.00 3.50

T B 0.010 0.015 0.020
XA 0.010 0.015 0.020
TR B 1.00 1.25 1.50

1.6 BUBALIE

BT SRS B 2R P Y548 £ 4% (means+SD) £, F|H GraphPad Prism 9.0 #E47504 1)
AfARAL T
2 HSREHH
21 B BESEE

2.1.1 FASE4SE

W 1 R, BvE IR AEES, RSOy A e, WEBOVEST, R TRERES
HATA R 38 1X100 B v T DA H RS 28 fOFT B T 1R S APIR, Pasmdli, P RAh R K
REBUIRFENE, AT AF AR K HEA RN, thh, ERFREYE A 2R, 2Pt
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Fig. 1 Colonial morphology of Paenibacillus mucilaginosus (A) and microscopic examination results (B, 100X)

212 TFEYFEE

¥ PCR 88 1ik 2 A0 s RV E MR AR A TR A R EAT IR, Rl A &5 R4 2 2236 [ [ 52 A4
Y ARAE B0 (National center for biotechnologyinformation, NCBID) %4 %+, FFH BLAST L.
HBEATXIEE 71, IR SRR 16S tDNA 751, FHRAXLEFP 51 3\ MEGA 12.0 b, fid &
GREM.

69| Paenibacillus ehimensis strain NBRC 15659

Paenibacillus koreensis strain YC200
Paenibacillus tianmuensis strain B27(2)
Paenibacilus ehimensis strain IFO 15659

st ! Paenibacilus ehimensis strain KCTC 3748

Paenibacilus tyrfs strain MSt1

Paenibacillus elgii strain NBRC 100335

61! Paenibacillus elgii strain SD17

15 — Paenibacillus allorhizosphaerae strain JJ-447

Ed L Paenibacillus im strain T16R-228

Paenibacillus soli strain DCY03

1 s naphthalenovorans strain PR-N1
N Paenibacillus validus strain JCM 9077

100 ' Paenibacillus validus strain NBRC 15382
ﬂ\us puerhi strain SJY2
o1 Paenibacillus filicis strain $4

Is chinjuensis strain WN9

9 ZC32

Paenibacillus is strain 1480D

Paenibacillus rigui strain WPCB173

94 | Paenibacillus popilize ATCC 14706(2)

Paenibacillus popiliae ATCC 147086 strain NRRL B-2309

00| | Paenibacilus thiaminolyticus strain IFO 15656
|| Paenibacillus thiaminolyticus stain NBRC 1565
< | |Paenibacillus thiaminolyticus strain DSM 7262

58 ' Paenibacillus dendritiformis strain T168

B 2 ETF 16SrDNA MBI RGR BN
Fig. 2 The phylogenetic tree constructed based on 16S rDNA sequence

2.2 BEESE
2.2.1 EFEMHFEHRE KB E

2 SFRB R AT R RO T O RIR, e ae s iR 0 5 T A LR L S AL
KT, ANMABIREHEERA K S S, B, ATk R VR IR 25 AT o 5 e
MR W 3 Fron, ASFEIREE I R IR 2 AT W I A R R 2. B R
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KR EE N 2.5 ¢/L I, ODgoo fHER o SRR, WA RIS FIRIREEN 2.5 ¢/Lo

0 1 1 1
0 1 2 3 4

KEE (g/L)

B 3 KRB ERE KR
Fig. 3 Effect of Malt Extract Powder on Bacterial Growth

2.2.2 MM B E KRR

PR R — P E ZARRIR, 5 THSUEM BRI, R AR KSR RS E 1 R IR AN
BRZR, HSRALHE IRV L i A AW . Wil 4 B, B rTE PR A IR B IR AN 1
TR PR AR I S0 i B SR 3 . Al P EE IRy 2.5 /L I, Bk ODeoo (HIE R . 45
REW], BIRE R RERTIEVEEIREEN 2.5 g/L.

0 L) 1 1
0 5 10 15

WEE (g/L)

4 AEMRMEHE KRN
Fig. 4 Effect of Soluble Starch on Bacterial Growth

2.2.3 BREREEXEMRE KIBBRIE

S AT FUAE SR R 85 mT AR HE BRIk A AR o AT 0108 BRURR P9 515 9 S R A 24 AT T VLR A I 1
TN W 5 B, ASFIHEE AR IR B X VR 2 MOUAT I B A KA A R 22 07 . BRI
PEIRIEN 0.5 /L I, WPk ODeoo H B 1. 45 RKRM], BIARAER I HAEBIRET N 0.5 g/L.
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R (g/L)

Bl 5 BREREER Bk KRR
Fig. 5 Effect of Calcium Carbonate on Bacterial Growth

2.2.4 FISBXEHREKFERFM

PR T DAZE R P IB5 TR T, ASHIF A% 52 1 I IR VAN N B X F 14 B 2 R T VAR R TE P
M, Wik 6 s, BEE RIS IR AW N, BRI AE K R B S B s Ak 3. P
SIRIRE S 3.0 g/L I, BEkk ODgoo (EIBFIIEAE . S5 BRN, B KRR MERIKE N 3.0 g/L.

0 1 I
0 2 4 6

KEE(g/L)

6 FREERN EHAE KRR
Fig. 6 Effect of Proline on Bacterial Growth

2.2.5 EREBFHERE KR AKRIE

ERETAREEREM T LRMETTR, XEE TR T JrEbs. 4tz
ENSE, ZHIREMENGEERY. BARERES ML OERSRE. APAEE TRKRTE. &
FRER BRI Bl 5 SRR TN B FE VR P 28 AT IR R IR RIS o 5 SRR, BRI ML kR B Xt
FIRAREIAE (B 7A) o SRIM, A [FIEE AR RRR Bt RS R R 24 AT 1R (0 A A RO i A A X 25 22
Fto HBRIREEREZ N 1.25 /L I, T Hk ODgoo fE AR o Z5RR, WA RINRAAERRBIRE N 1.25
g/L (B 7B) o SULFN, BEE RIS RACERANINIR B (AW n, vk A B Se g 5 P A 2
s (B 7C&D) o MBS FAERIKEE A 0.015 g/L B, Btk ODeoo (HIAFIIE(E . 455K,
R A K iR R IR Bl 5 AR EE N 0.015 /L.
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Fig. 7 Effect of Metal Ions on Bacterial Growth

2.3 B3R

BT R SCIR A A, DR AR TS I AR AR A B2 . PRI, A TTIR A 2R A
PR PETEN) « BRIRES . TR . TRIREL . BRMREE AR SRALER 7 N E IR ER BT IE AL S (R 3) o 4

RRW, EHREKMREHASGN 2.0 g/L 25720 2.5 g/L Al ek, 0.25 g/L kERES . 2.5 g/L

JZER. 0.02 g/L MifRER. 0.02 g/L SALEELL Y 1.25 g/L Miles:. WESEY, 7N E &S
W PR AE KRR, IR TR . IR . MR MERE:. R, It Eikd
KHIsmi /N FERMMAM T, BRR ODeoo (EHIAE] 4.224

*® 3 EXREHR
Table 3 Results of orthogonal design

FzE  FZHEM EtEER RS WEER BERE &SME BIERS ODen
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
R 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
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86 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
5 9 3.00 3.00 0.25 3.50 0.015 0.010 1.25 1.58
ﬁfgﬁ 2.00 2.00 0.75 3.50 0.015 0.015 1.00 1.86
1o
ﬁﬁu 2.00 2.50 0.25 2.50 0.020 0.020 1.25 4.22
A
ﬁfiu 2.00 3.00 0.50 3.00 0.010 0.010 1.50 2.20
ﬁfZﬁ 2.50 2.00 0.50 3.50 0.010 0.020 1.25 1.91
ﬁHﬁ 2.50 2.50 0.75 2.50 0.015 0.010 1.50 1.76
> /5
ﬁfiu 2.50 3.00 0.25 3.00 0.020 0.015 1.00 1.57
P OA
ﬁf? 3.00 2.00 0.75 3.00 0.020 0.010 1.25 1.57
RA
ﬁfz“ 3.00 2.50 0.25 3.50 0.010 0.015 1.50 1.71
RA
ﬁfg“ 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
Wz 0.33 0.03 0.32 0.25 0.31 0.45 0.30
3 &g

(1) PARH 337 45 3] — RO S F IS SR R AL 2 AT B B Pk, J83d 16S rDNA 751
BT ITER, W HON IR 2 AT A

(2) LRI EE RN 2.0 g/L LR 2.5 g/L Al 0.25 /L BFRES . 2.5 /L i
IR 0.02 g/L FiREG. 0.02 g/L SALEE LI 1.25 g/L iR E;

(3) AWFTT I TT RIS IRFE 28 HOAT 1 A= P i ME S AN 1R B b B2 5URT B A
BE 3k
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