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Isolation, identification and fermentation optimization of a
thermophilic sulfide-oxidizing strain Paenibacillus ehimensis

CHEN Li', ZHAO Yi', ZHOU Yujie', LI Weiguang "
1 School of Environment, Harbin Institute of Technology, Harbin 150090, Heilongjiang, China
2 State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090,
Heilongjiang, China
Abstract: [Background] The sulfur-containing odor emitted from municipal sludge composting could
not only pollute the surrounding environment but also reduce the compost qualities. Biological
desulfurization technology is highly efficient and without secondary pollutions. However, recent studies
have been focused on the mesophilic strains, which are usually inactivated in thermophilic composting
environments. Studies on the thermotolerant sulfide-oxidizing bacteria are scarce, and the
desulfurization performance of the thermotolerant bacteria awaits further study. [Objective] To provide
a theoretical basis for the biological application of composting desulfurization, a thermotolerant
sulfide-oxidizing strain was isolated and identified, and the environmental conditions of the sulfide
oxidation process were optimized. [Methods] The selective medium containing sulfide was used to
screen and purify the thermophilic strain from sludge compost materials. The strain was identified by its
morphological characteristics, physiological and biochemical analysis, and 16S rRNA gene sequence
analysis. Single-factor and orthogonal experiments were used to optimize the fermentation conditions,
and we also used the Logistic model to fit the growth kinetics curve of the strain. [Results]
A thermophilic sulfide oxidizing strain LYH-1 was isolated and identified as Paenibacillus ehimensis;
the GenBank accession number was MW659161. The optimized sulfide oxidation conditions were 50 °C
of the temperature, pH 7.5, and 5% of the inoculation amount, the sulfate production amount reached
86.89 mg/L, and the production rate was 36.20%. The optimized growth conditions were 50 °C of the
temperature, pH 8.0, and 5% of the inoculation amount, and the ODg4,y reached 0.520; under these
conditions, the growth kinetics were fitted to obtain the maximum specific growth rate at 0.304 2 h™'.
[Conclusion] Paenibacillus ehimensis LYH-1 has strong sulfide oxidation and environmental resistance
abilities. It provides new bacterial resources for biological desulfurization and theoretical support for

sulfur-containing odor control during the high-temperature period of sludge composting.

Keywords: thermophilic characteristics; Paenibacillus ehimensis; growth kinetics; sulfide oxidation
performance; fermentation optimization
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Table 1 The key factors and levels of orthogonal
experiment

ESES K-

Factors Levels

1 2 3

A Temperature (°C) 45 50 55

B pH 7.0 7.5 8.0

C Inoculation amount (%) 3.0 4.0 5.0

x2 9HERHHTAIEIRIT

Table 2  Orthogonal analysis design of nine
experimental groups

Test No. Temperature (°C) pH Inoculation amount (%)
1 45 7.0 3.0

2 45 7.5 4.0

3 45 8.0 5.0

4 50 7.0 4.0

5 50 7.5 5.0

6 50 8.0 3.0

7 55 7.0 5.0

8 55 7.5 3.0

9 55 8.0 4.0
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5 My: SO FYAHXT 43 F it .
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PR LYH-2 il LYH-3 7£ 55 °C PR T- 5 hilaHk,
SNFE 9 h F 15 h BFF AT, HAE SR
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Figure 1 The growth and sulfide oxidation ability

of thermophilic strains at 55 °C. A: ODgy; B:
Sulfide removal rate; C: Sulfate generation rate.
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Figure 2 Observation of the scanning electron
microscope characteristics of strain LYH-1.
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(P<0.01), HEFEAT OD4o 1E 40 °C B ik 2 i S {H
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40-55°C Z [l Ak, HiREEFE 30-50 °C H,
FRI R 118 2 e 2 o i o 3 B 10 TP o T A DR
s 249 EE R 55 °C W), B AR Az Al ik B A

99 Paenibacillus ehimensis strain B7 (JX282195.1)

80 LYH-1 (MW659161)
90 L .
Paenibacillus elgii strain MM-B22 (KC261939.1)
100 L Uncultured bacterium clone HF85 (KR188959.1)
Paenibacillus tianmuensis strain B27 (NR 116789.1)
73 Paenibacillus ourofinensis strain ACI3MSD (EU257517.1)

Paenibacillus sp. THG-YS 2.4 (KU500373.1)

Paenibacillus riograndensis strain CBA7516 (MN646979.1)

100 Paenibacillus sonchi strain CBA7514 (MN646978.1)

78
L Paenibacillus sonchi strain NAC34 (MK872324.1)

0.010

E 3 BE# LYH-1 REEXEHKET 16S rRNA EFFFHRFEL B R

ZEM BT F ) bootstrap {EH 1% B

41 .000; HFRAY GenBank 8 585 FHTE S N 7538 5 70 345 AL B2 Al 5 BE 5 A R B 8l 0.010

PR

Figure 3 Phylogenetic tree of strain LYH-1 and related strains based on 16S rRNA gene sequence. The
bootstrap value used for tree is set to 1 000; The GenBank accession number of the strain is indicated by the
serial number in brackets; The number at the branch node indicates the credibility; the scale data 0.010
represents the evolutionary distance.
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ot B TR Ao I et v 48 s S R e AT A O
SNV, AN T AR B S N AT
M4 B R 55 °C B, Bbk LYH-1 M8k
NSO e AE, BRI AR — AR RETE SR AR T
B b R A AR I PE AT AR, IF HLAR A
A AL A T B2 Y FRL 7E 4555 °C Z[H]
2.4.2 pH ¥ LYH-1 £ KEFFTE LRI T
pH B Tt 5 At 4 A6 B LY H-1 PR RE 2 1)
WK 5 s o T pH (B 2846 AT DU R A
TT P4 FELASE B R PR 1) it AR oz I 1% & AR AR Ak, I
SR D AR BB, BT LIRS B R
XA AAERE I E K AERCN ¢ R A i
N, pH BIZEAEXT SO A s f R+ B
(P<0.01), X PR K AE K o 52 i i B8 35 1 B R
(P<0.001), 4IAIEAETF55FR 1 (pH fH -l 5.5-6.5)
s (pH (4 8.0-9.0)i}, Hitk LYH-1 AYAR %
fRRE 18525, iR R A i B 7E 13.42-53.90 mg/L
ZIa]; YEREE pH {E K 7.0-7.5 B, HHRIAEK
Ay A A AL RE Jr A, I H2Y pH {E 7.0 B
WRBREL & ik F) 80.92 mg/L, A K4 ODyy ik
P {E 0.149; FFH 24 pH {E~ 5.5 B, ODuy
1 0.060, FiREE UL TR LYH-1 78k K

% 30 - 1 0.20
E = SO,*

T 60 10.15
@)

2 §
2 w0l 10.10 8
.2

£ 20l £ 0.05

3

g A B BB ELEE 0.00

] 30 35 40 45 50 55 60 65

Temperature (°C)

4 RENE LYH-1 B9 KRS
A0

Figure 4 Effects of temperature on the growth and
sulfide oxidation performance of strain LYH-1.
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Figure 5 Effects of pH on the growth and sulfide
oxidation performance of strain LYH-1.
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Figure 6 Effects of rotate speed on the growth and

sulfide oxidation performance of strain LYH-1.
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Figure 7 Effects of initial inoculum on the growth
and sulfide oxidation performance of strain LYH-1.

Jo, X T TR R AT R AR RN A K B 2 &G
EEMVEM. mE 8A WA, B LYH-1 o] FJH
HIRIE Tz, BERE LATCHLAR (NayCO)E Mk,
WREFI AR A0S . WM AP TR . TR bR
XPRCBECRERE . ZLA . MR TR A L
B IR (PP IR B R A RE 1 425, IR LYH-1 1)
Az T TG R 6 2E B RE 1 Y 8AIK ;s 24 DL (i
ZHE) . CTRENF NayCOs RIS, FRREAA
VAR TR A WAB SR R E 2 ey s =R e DR )
SHRRURES , B R A B ik B 4AE(76.41 mg/L),
ODyy 1IR3 0.152, FEF | 3R 5206 30 B 26 Bl N
55 35 FE MR AT R IR AN [V I, 5 58 an
Kl 8B 7R . Y% E R 0.2 g/L B, Bk
AR 77.81 mg/L, A ERRAE s Mk TEHK
FEARSEIE N, Bk LYH-1 BORERR R 25 hi e
WBEZ PR, i BETE 0.1-1.2 g/L BF,
A AR SRR TR R B TR R, R IR
WIEH 1.2 g/L I, ODyo ik 0.510 AR i {E
WA, 2 T B A AR A X s A P A K R T
R F(P>0.05), SR [ e B 4 26 A X A iR
b B B R (P<0.01),

M 8C A1, BERk LYH-1 AJH 2R A5
P AT AR . LU AR RN A R AR
PRI PR B SR AL B TR, R ek A A o de v 1T
ik 77.20 mg/L; TESrHIMSIE IR BRI
Mg SRR A, R A OR 225N
K weAh, MUIHEREN N EIRRT, BRERER AR b
o 31.13 mg/L, T ARSI EBGALEE A
B BRI TN R IR MR FE I, 2 R an (5]
8D 7R o AR/ TE 0.2, 0.4 F10.8 g/L
fF, SRR IR EY & s 73.88. 74.01
F179.22 mg/L; HEMEME TR E 1.0 g/L B,
BRERER ST BIFURIEAR, 1T ODyo FHZE e E, K%
0.238; Y4B 2.0-5.0 /L ), TEPRIIAE
KA ERER A et AR B () s T R A1
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Figure 8 Effects of energy substances on the growth and sulfide oxidation performance of strain LYH-1. A:
Type of carbon source; B: Concentration of optimal carbon source; C: Type of nitrogen source; D:
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2.6 Btk LYH-1 B9 A EEE Bk

T RSNSOI SEEE AT A, 45 B
DR 22 Sk 1 Wk A A TR - A Il BE T A — e
M, HARFEAE R RZ X A LYH-1 S8 kg )
I, YEBOGREE . pH AR ARy b PR
W, s a2, Ui
i b A AR R A K R R N A A, A5 E Y
Lo(3H)AYIEASIRIGAE TN 3 Frs . IEAS /M
REIR, 3 FPERSE R R IR £ AR At (1 5 i K
MUK pH> B> Eefii, SRR 2 P i
K K AE, 53R IR ER A B e PR 5 A
RUAE R AB,Cs, BN R 50 °C.pH H N 7.5,

R 5% 3 FhERIRE IR 20 T AR K s
RAMRU R il B >pH> e Fi i, (AR AR K Lk
S R AR KA IR 50 °C. pH {H
H 8.0, FEFEA 5%, IKAh, EHERIIR
I X R A TR AR A K S 1 R oA
(P<0.01).
2.7 mMEGTEKLYH-1 EKeshE
o

FEARACSE WA R B, o BT S ks
7% 32 h IR AR 3 2% i A= (D AT A
FERMRE BRI, i =0 B, A4
X=X, B I FWI R IAH B X0=0.120 0 g/L, &
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*3 B LYH-1 ABFAMUNERSTREER

Table 3 Orthogonal experiment results of optimizing fermentation conditions of strain LYH-1

Test No.  Temperature ~ pH Inoculation  Empty column Sulfate concentration OD 50
(A) (B) amount (©) (D) (mg/L)
1 1 1 1 1 40.90 0.308
2 1 2 2 2 46.74 0.316
3 1 3 3 3 49.14 0.432
4 2 1 2 3 49.59 0.461
5 2 2 3 1 86.89 0.520
6 2 3 1 2 67.70 0.504
7 3 1 3 2 47.53 0.365
8 3 2 1 3 71.96 0.389
9 3 3 2 1 71.70 0.391
K 45.59 46.01 60.19 66.50
K, 68.06 68.53 56.01 53.99
K3 63.73 62.85 61.19 56.90
R 22.47 22.52 5.18 12.51
K 0.352 0.378 0.400 0.406
K’ 0.495 0.408 0.389 0.395
K3’ 0.382 0.442 0.439 0.427
R’ 0.143 0.064 0.050 0.032
RERWE X,=1.242 0 g/L, F/H GraphPad 8.0
HOPFA IR B A KR 11,0304 2171, 0 R v e
ERSANSENAM TR TR, I3 S 10}
PR LYH-1 A K8l 127 0 B A2 3) B - z 08
0.149 0e"3"% g 06
- 030421 (3) e 0.4+ e~ Fitted curve

1.1220+0.120 0e = 02 —— 95% confidence interval
A X HIRRECERD. glls e BRR R S A TR TR
[E], he ¢ (h)

FIHHEZMEARL G 09 T-B i A A6 e LY H-1
FESMHE AR RERLRL 02 A 05 BRI T 3 0 EREMHMLEESR LYH-1 RE RN 2

T

HEATELAL, [FIFLL 95%AE Ry EAGKY-, 2xihilAl
I DX ] B2, A3 BRI ZE RN 9 FoR.

Figure 9 Analysis of growth kinetics of strain
LYH-1 after optimizing fermentation conditions.
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3 iwEE#

MRS et T A S A TR AR B 8 X6 T 5 PR HE A v
TR SR W RA T o ERENE L. A
AF 530 2k DA JR ¥ 7 175 e T A 3T 0 HE I
Yrekrh AT L, o aifeis®] 4 BReBR L
YA BB ER A e = il T AR LYH-1, LYH-2,
LYH-3 Hl LYH-4, 285 7% & 4 #RIRITE 55 °C 14
FARBL AR AL PERERUAS EME , 184 LYH-1 iF
TTIRERFSE . MR LYH-1 98 22 [R5 5L
BITE, J& T 2R AR, B RN A
(0.3-5.0) umx(1.6-2.4) um; F| ] 16S rRNA J&[A
M Fe KA R G R EM AT, RIS 45 & 2R 3
A SR o3 AT, WD S E R — MR B R A
T R (Paenibacillus ehimensis). &I ZET
B 2 A6 AR T AR 2R A B0 AR 7 A A
SEBFFER, TTTE TS YeHENE B B 4T AT AH G
ol , XU S A I LYH-1 A e sl
FE T AA AN U Y B

F I 07 128 H A4 ST T PR DR 22 g b Tl
. Asano ZCUFE 30 °C N A ZEHEAL A8 —
MRARAN IR AT B (Halothiobacillus neapolitanus),
ZHEAERER 10 d 5l R 21% B AUai
MR 4k 56 42 44K 5 Sun S E M5 e b i L )
ﬂ?(ParacoccuS sp-) {1 BA. H@(Pseudomonas
sp. ) ZWRBLAALE, FTA BIRRAE 33 °C T X1
W LR R 84%LA |-, AAAFEEDTN
U 4 HE T v O 32— R T o T AR R € B i T
(Pseudoxanthomonas byssovorax), ENT 50 mg/L
WAL i AL 36.89%. 5 FiRHRIA )
FIREAE L, 1EIRJE S 30-65 °C., pH {4 5.5-9.0
I, BkE LYH-1 NMUBEUEAFIE H BB maL
AT BRSSO, 32 TR AR X B 5 i B2 R B
ST S2JE ), RA BRI REEHTE, I
HAEWI IR AL Yk & 80 mg/L MR 55 °C
B, Bl Eh A e A s AT A B 80.92 mg/L. AET

HPFURAERY BN R R, iR TE 45-55 °C
Z Il pH{EN 7.0-8.0. ¥%#>4 130-150 r/min.
AR 3%—5% . SNMBRIE S AR SN
W5 Ry FACEL I, IR R 2 A W B RR B 1 AR
R, AR TR TR A it
Sb, TEPK LYH-1 BERELLJCHLER (Na,COs)IE ik
U8, WREM A ANE . eSS PRI T AR,
UL — PR IR IR B AL bR, TR IR BT
PRAER A TSGR, BATTE CON HEARKTS
TR HERE b N F A H S o P IE SIS 0 A TR AR A
MEAPEROSEB AT AL, (EIREE S 50 °C. pH {HN
7.5, Hei ol 5% AT T, G IRER AY A R
Ak E] 86.89 mg/L, AR 36.20%; FF
L B 18 728 A 08 T A IR 10 1 532 i) e Ol (B
(P<0.01), HKJZ pH FERhiE . FH Logistic
A G R A K B )2, 153 — R LR i
“STRIBEMRA R IMZR, ZETE 50 °C MRCR AR K
B 1 7 0.304 2 070 TSI AEPIESY R BBk
Thermithiobacillus tepidarius JNU-2 7E 30 °C )
9 0.20 7 W75 Xu ZECGE A5 5] () — R B
& (Pseudomonas sp.)E 30 °C Bf it K H A= K
Hhy 011 h'e 5 FARTEMAEE, T A R
LYH-1 el 55 F T B A AR, %
TE 50 °C My Al RGH A T AR A SR, AN A 4
ATt A Il B30 P o L D0 T T R A S AT 7
P2 AR AT I RE , RO J S I S 48
Zi B Rr ik, I e A A bR LYH-1
(Paenibacillus ehimensis) AT BT R HTR:
B AACRE ST, AT I 250 75 Ve HENE s
(% Ak 40 (S™ /HS ) AL R B B S0 A 42 o
SO R, B —E RS PR i FHHE
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