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Screening of functional extreme thermophiles and their effects on improving the maturation of composting
WANG Yu'?, ZHANG Jing>**, CAO Yun™**, WU Hua-shan™**, HUANG Hong-ying>**', LIU Ai-min"’

(1.College of Life Sciences, Anhui Normal University, Wuhu 241000, China; 2.Recycling Agriculture Research Center, Jiangsu Academy
of Agricultural Sciences, Nanjing 210014, China; 3.Key Laboratory of Crop and Livestock Integrated Farming, Ministry of Agriculture and
Rural Affairs, Nanjing 210014, China; 4. Jiangsu Collaborative Innovation Center for Solid Organic Waste Resource Utilization, Nanjing
210014, China)

Abstract: Nine strains of extremely thermophilic bacteria were isolated during the high temperature period of different types of composts,
and their classification statuses were identified by 16S rDNA analysis. Six strains were selected to be compounded into an extremely ther-
mophilic inoculum according to their growth characteristics and enzyme activities. The effects of the extremely thermophilic inoculum on
the maturation of composting were studied in a mimic experiment. The results showed that the nine strains isolated in this study belonged to
the Geobacillus sp., Thermus sp., Parageobacillus sp., and Rhodothermus sp. The optimal growth temperatures of the isolated strains ranged
from 65~70 °C; Strains NY-44, D, and E were alkalophiles because their optimum growth pH was 9.5. Strain NY—44 was a halophile be-
cause its optimum growth salt concentration was 20 g« L.”'. The protease activities of Geobacillus and Parageobacillus strains were higher
than those of other strains, and their optimal reaction temperatures were over 80 °C. The seed germination index(GI) and the ratio of humic
acids to fulvic acids (HA/FA) in the extreme thermophilic bacteria inoculation treatment were 35.9% and 21.3% greater than those in the
non—inoculation control at 30 days of composting, respectively. The results indicate that inoculation with extreme thermophiles can acceler-
ate the maturation of composting and improve the quality of the compost.
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Figure 1 Temperature control in the mimic experiment
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HENE i AR i 220w ARG IR M s alidh, 36
F 9 BRAETE 70 “CHE K BB i MG TR R , & TR 1Y TR 7%
ALK 2, FRANE SR WA 2. 16S rDNA JF51 1L
XF45RFH] (K 2) : Tk NN-36 NN-86 .LB-3 .B 5 +
25 AT TR AR AL de e 5 TR PR NY 44 55 @) - 2 AT
T JER ) 5 25 5 T Mk 80-31.80-39 . E. 5 WA & AH
RURE fo e 5 TR D 5 L0 AR R AR LR fes o (R I
MG HE Y R 58 4 B W AT (18] 3) « T Bk NN-36 . NN-
86.LB-3.B 15t 2F AT Jm IR — 2, NI P 4 5
HK Geobacillus sp.; PR NY —44 5§l £ 2 4 1# g
BR—2 Ky % e ol Parageobacillus sp.; ]
£k 80-31.80-39 | E A7 AN AT Jm 2R — 2, I e A 2
& H A Thermus sp.; AR D S4IE R K —2,
9] 25 % 5 Ho A Rhodothermus sp.. Geobacillus sp.
1 Thermus sp. &= HENE &5 i DLOL B, Para-
geobacillus sp. Fll Rhodothermus sp. TEMEE H /DA #iA o
ASBIFTE DA fe T M AT B3 0 18 A B R S PE R o,
25 FLAF R AR BT o bE R A 80% 2 A, S AT AT S
HR—H
2.2 EHRAERKEFME R EENE SR
2.2.1 WHRAAER A

T JBE S 52 W) TR PR A A BB BT BRI ) R 4

=1 HERRRE AL E IR R

Table 1 Physiochemical properties of raw materials for composting

HENE SR Raw material S0 Total carbon/g- kg™ S Total nitrogen/g - kg™ C/N pH B 7K Moisture content/%
J# 7% Pig manure 383.3+0.7 29.3+0.6 13.1+0.1 8.00+0.10 71.9+0.6
IKFEFEFTF Rice straw 451.4+1.6 6.1+0.1 75.3£2.3 7.76+0.20 5.8+0.5
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Figure 2 Colony morphology of nine strains on the LB medium
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Table 2 Similarity analysis of the 16S rDNA sequences of the isolated strains and descriptions of colony morphology

RS (GenBank % 545 )

Strain number(accession number)

RRANER R

Maximum similarity strain

AL
Similarity/%

[ERSiZS
Colony morphology

NN-36(MT078689)

Geobacillus thermodenitrificans

subsp. calidus F84b
NN-86(MT078690)

Geobacillus thermodenitrificans

subsp. calidus F84h
LB-3(MT078691)

Geobacillus thermodenitrificans

subsp. calidus F84h

B(MT079736) Geobacillus vulcani 3S-1

NY-44(MT078692)

Parageobacillus caldoxylosilyticus

NBRC 107762
80-31(MT078687)

Thermus parvatienis RL

80-39(MT078688) Thermus thermophilus HB8
E(MT079738) Thermus thermophilus HB8
D(MT079737) Rhodothermus marinus DSM 4252

99.93

99.86

99.86

98.92
98.35

99.85
98.88
99.78
99.43

BB, (6, AEY, i F, REAOLH WG S, HiE4~5 mm

JEPRAKN, ZL @, AREY T, REAIEH A ARTT B
#3~5 mm

TEARAHLI, 168, AW, i T, R DG AKTT, HAR

4~6 mm
B, @, 23 W o, RN NG5, AR 3~4 mm

TEARAKLI , (160, AN i F-, R AN AT, AR
1.5~2 mm

FATE R, B W, ke, R IDEN 5T, AR 1.5~2 mm
BT AGLLE, B, Ml , RTEDEH 48 5% , HAR 1.5~2 mm
PITE , o€, B Y, Mok, WO, I8 5T, BAR 0.5~1 mm
B AGLLE, Fm ], ok, R DG 48 5%, HAR0.5~1 mm

bz —. M 4aml DIF 1, HEH 80-31.80-39.D.E
P i 1 AR L BE SR 70 °C, TR R NN-36 \NN-86 \NY -
44 LB-3 Fl B 1y i AE K R 65 Co B R E A
TF 5% 2 W e M A U B T sk g B A R 7R 400 e A
SN T A G 2ok AR HE L R L E R 2 70 Cg 4 il
JUT A AR ) (A 6 Ve R GAE ) TGk, S BUR 22
HENE 3 A LIRS IB AT, DRI 4 88 0 3 f i A 1 Tk
465 CHIT0 °CHY iy ifit AR AK B W50 T B HE I vh B

H 1] 4b BT, 284S TR RO R vk B (9 Tt 32 BE 1 A

i) o 22 B0 MR B9 fie 0 AR IR ER MR E O 10 g 171, T 7R A
NY-44 1 fie il A R ER W R 20 - 17, HE AL R R FiE
Miff 52 5 v ER T J T g R e

H & e ATAL, JT 53 55 T MRER REAE pH 7.5 DL 1 A2

£, H0E Tk E . R E R NY-44 D 1 E 19 55l
K pH M 9.5, 8 T E" ., & B ENRES
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94| B
a 94 Geobacillus vulcani 35-1(AJ293805)
40 Geobacillus thermoleovorans KCTC 3570(CP014335)

74 Geobacillus kaustophilus NBRC 102445(BBJV01000091)
Geobacillus gargensis Ga(AY193888)
55 Geobacillus stearothermophilus NBRC 12550 (AB271757)
96 Geobacillus lituanicus N-3(CP017692)
Geobacillus icigianus G1wl(KF63 1430)
— Geobacillus zenensis U(AF276304)
97— Geobacillus Jjurnassicus DS1(AY312404)

LLB-3
Geobacillus thermodenitrificans subsp. calidus F84h(EU477773)
95
62 L| NN-36
75 NN-86
77 |: Parageobacillus thermantarcticus DSM 9572(FR749957)
Parageobacillus thermoglucosidasius NBRC 107763(BAWP01000055)

100 Parageobacillus caldoxylo silyticus NBRC 107762(BAWC01000028)
H‘:T Geobacillus galactosidasius CF1B(AM408559)
0.005 95 Parageobacillus toebii NBRC 107807 (BDAQ01000034)

b 75 82 Geobacillus galactosidasius CF1B(AM408559)
Parageobacillus toebii NBRC 107807(BDAQ01000034)
Parageobacillus thermantarcticus DSM9572(FR749957)

78 Parageobacillus thermoglucosidasius NBRC 107763 (BAWP01000055)
Saccharococcus thermophilus ATCC 43125 (X70430)

99

NY-44
o7 88 = Parageobacillus caldoxylosilyticus NBRC 107762(BAW001000028 )
Geobacillus thermodenitrificans subsp. calidus F84h(EU477773)
100 Geobacillus icigianus G1wl(KF631430)
38 Geobacillus subter raneus subsp. Subterraneus KCTC 3922(CP014342)

0.005
—_—

Sgl Thermus scotoductus SE—1(AF032127)

c 69 |_| L Thermus caldifontis YIM 73026(KX580314)
Thermus amyloliquefaciens YIM 77409(JQMV01000003 )

Thermus antranikianii HN3=7(Y18411)

Thermus tengchongensis YIM 77924(JX112365)

Thermus brockianus YS038(Y18409)
Thermus signiterrae RF—4(Y18406)
Thermus aquatiaus YT—1 (LHCI01000106)
59 Thermus arciformis CGMCC 1.6992(jgi.1058010)

57 Thermus islandicus DSM 21543(ATXJ01000013)
97 Thermus thermophilus HB8( AP008226 )
100 100 L[LThermus parvatiensis RL(CPO14141)

35

90 | [57

5811 80-39
66 [80-31

62 E

Thermus filiformis ATCC 43280(JPSL01000317)
Maririthermus hydrothermalis DSM 14884(CP002630)

_‘_‘ Vulcanithermus mediatlanticus TR (AJ507298)
61 — Oceanithermus desulfurans St55B(AB107956)
100 Oceanithermus profundus DSM 14977(CP002361)

0.01

D
d 6967 "{ Rhedothermus marinus DSM 4252(CP001807)
Rhedothermus marinus DSM 4252(NR074728)
85 Rhedothermus marinus DSM 4252(NR029282)
Rhedothermus obamensis JCM9785T(AF217493)
1001 &1 Rhedothermus marinus AA3-38( AP0O19797)
81L Rhedothermus marinus WL( DQ812981 )
Rhedothermus profundi DSM 22212 (jgi.1058932)
Rubrivirga profundi SAORJC-476(MVOI01000003 )
Salisaeta longa DSM 21114(ATTH01000001 )
ol — Salinivenus lutea DGO(HQ197983)
100 — Salinivenus iranica CB7(HQ197982)

0.01

B3 OBREHEE T 16S rDNA FIIH RS & B

Figure 3 Phylogenetic tree of nine strains based on 16S r DNA sequences
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value on the growth of each strain
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Figure 5 Protease activity ,amylase activity, xylanase activity,
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