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Isolation and biomethane production characterization of a
novel co-culture of anaerobic fungus and methanogen

LI Yuqi', XUE Yihan', GUO Ziqi', LI Fengming?®, LI Xiaobin?, ZHU Weiyun',
CHENG Yanfen''

1 Laboratory of Gastrointestinal Microbiology, National Center for International Research on Animal Gut Nutrition,
Nanjing Agricultural University, Nanjing 210095, Jiangsu, China
2 College of Animal Science, Xinjiang Agricultural University, Urumqi 830052, Xinjiang, China

Abstract: [Background] Exploiting biomethane resources is an effective way to alleviate the
shortage of fossil fuel supply nowadays. At the same time, the methods of lignocellulosic
biomass pretreatment and methane production need to be innovated for sustainable
development. The co-cultivation of anaerobic fungi and methanogens enables dual pretreatment
of lignocellulosic biomass and methane production by rhizoid invasion and fiber-degrading
enzymes. However, only one culture of anaerobic fungi isolated from camel gut has been
reported in the world. [Objective] To isolate and identify the novel co-culture of anaerobic
fungus and methanogen from the rumen contents of Xinjiang Bactrian camels, and investigate
its application potential in degrading lignocellulosic biomass and producing biomethane.
[Methods] The co-culture of anaerobic fungus and methanogen was isolated by Hungate
rolling-tube technique from camel gastrointestinal tract and then identified based on the
morphological and molecular characteristics. Further, the biomethane production, degradation
efficiency, and primary metabolites of the co-culure were determined by anaerobic fermentation
with five substrates (rice straw, reed, Broussonetia papyrifera leaves, alfalfa stalk, and
Melilotus officinalis). [Results] The co-culture CR1 of anaerobic fungus and methanogen was
composed of Oontomyces sp. CR1 and Methanobrevibacter sp. CR1, which had high xylanase
activity (21.64 IU/mL) and biomethane production (143.39 mL/g-DM) when degrading rice
straw. Furthermore, CR1 had better methane production property than the anaerobic fungal
co-cultures isolated from other animals. [Conclusion] The co-culture CR1 of anaerobic fungus
and methanogen is a novel degrading strain with high efficiency, which has a promising
application prospect in the production of biomethane from lignocellulosic biomass.

Keywords: Bactrian camel; anaerobic fungi; co-cultures; methanogens; biomethane
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Figure 1 Morphological characteristic of anaerobic
fungus CRI1.
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Figure 2 Phylogenetic tree analysis of strain Oontomyces sp. CR1 based on ITS1 gene sequence homology.
Bootstrap values (from 1 000 replicates) were shown for nodes with more than 50% bootstrap support;
Numbers in brackets: GenBank accession number of the strain; Numbers in branch points: Percentages
supported by bootstrap; Bar: 0.02 nucleotide divergence.
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R P H LR 168 rRNA SEHGE T #8582 GenBank FUd % (5 55 ON514439),
BLAST X &8, HIEHS Methanobrevibacter 2.2 HiEZFxF CR1 BWEKIRES
ruminantium CY4 HALE e (B 3), JE TH PRAECEL T 1 7 AU 2 2 1R AR RS DA
Y& %5 T T (Methanobrevibacter sp.) . B J5 ¥ NSRRI E 25 bR . 1595 CR17E24-48 h
Methanobrevibacter sp. CR1 f%) 16S rRNA FE[K ¥ 41] Af AR R B e B (] 4A), 7E 48 h 2 e A K iR

100 | Methanobrevibacter sp. strain CR1 (ON514439)
98 Methanobrevibacter ruminantium strain CY4 (MH443288)

Methanobrevibacter ruminantivm (AY 196666)

Methanobrevibacter wolinii sirain SH (1UJ55240)

%0 50 ——————— Methanobrevibacter woeses strain GS (U55237)
Methanobrevibacter smithii ATCC 35061 (UJ55233)
Methanobrevibacter oralis (DQ251043)
Methanobrevibacter millerae sirain ZA-10 (AY 196673)
Methanobrevibacter gottschalkii strain PG (U35239)

79

94 Methanobrevibacter arboriphilus strain DEH-1 (AY 196663)
_’— Methanobrevibacter curvatus (1162533)
34 Methanobrevibacter filiformis (U82322)
—_—

0.02

3 EYXE Methanobrevibacter sp. CR1 EF 16S rRNA EFEFINHENRZLBR  FiTZFX
CkH 1 000 REL) R/ HNHA M 50%5 235010 A 55 NET . WKE GenBank &35 ; 7
THEF . Bootstrap ZHFHR; AR 0.02 Z 5K

Figure 3 Phylogenetic tree analysis of strain Methanobrevibacter sp. CR1 based on 16S rRNA gene
sequence homology. Bootstrap values (from 1 000 replicates) were shown for nodes with more than 50%

bootstrap support; Numbers in brackets: GenBank accession number of the strain; Numbers in branch points:
Percentages supported by bootstrap; Bar: 0.02 nucleotide divergence.
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Figure 4 Gas production and methanogenesis characteristics of co-culture CR1 under different substrate
conditions. A: Gas production. B: Methane production.
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BWAEGE o 2 LARERE Sy IS ) I A K G R e P L
PR R, PO . B RO
KR, H b= a2 (& 4B) HAT F e R
LR AL, Y DARERS P A 7 R AR K e i
HARENF R mE 1), RS THA
41(P<0.05), HHr, REREALRE =SR2
MM 2.4 15, SHLGE EIEMARIZR 3.1 5,
2.3 FHIEFF CRI1 BIPEBERAF M RRAT

h T R IR SR CR1 XA [A] 2 S
YRR Am Ly, RATBEIET S BP0 A B A Al
Ja W T AR A DA S 25 ¥ A8 Ak o B A i e 2
EFYE R | LR a B T AR
B2 (P<0.05), AT & & | B R T ROK
. BT AP 54 (P<0.05), BB 5 APEY
MM AA B EERGR 2). B, &
fa FF 00 T 9 T B ff 2 W % & T H A K W)
(P<0.05) (Kl 5A), TREHE L4 R BRI
2T Y R B R R W T A W) (P<0.05)

(K 5B, 5C).

FRATTIIIN A [+) 550y e e R 1) 22 S iy A
BE 3% CR1FIT 20 Wb A0 45 2 4 2 4 f I 1) 22 5 135
(), BRI EiEmH 2 Ry e 4 4k K B i
(3R WL 4F 4k R MGG S ) LA R A R
Wif i 1) AR 3R W T TG 036 T AT T AU (6 1) %5
TRk RE G 20 B FR P L 4T 4k K S 7 LA BOR
S0 ity I T T ¥ I 2 T A RS I 4 (P<0.05),
77 LA SR Tt i ) 2 R W L 2 4t R i iy v )
(R 77 1 5 2T 4k R T2 27 4 R B i R e I (AL A
W2H L 32 AR ) e B SRR A PRI
2.4 3EFF CRI1 BIHEILEE IIRAR

XFTAYRARLE P, B4k (saccharification)
JE KR W) AL B S ek — 2. PR, FRAT
PE— X LR IR CR1 K e 1 WP ) 38
W RE | ARRAAER WA NE L AR LA 4R
YA BEVR FE AT TR (B 6)0 AR I 2 ) S
M OBV B L A RV R DL R AR W R 2 AR

F1 TREYMHEES: CRI ZHE, BENR pH MM

Table 1 Effects of different substrates on methane production, enzyme activity and pH of co-culture CR1
Substrate Gas production  CH,4 production CH, production CMCase Xylanase pH
(mL) (mL) (mL/g-DM) (IU/mL) (IU/mL)

Reed 169.23+1.78b 37.82+0.73b 125.3445.71a 0.27+0.02b  12.69+1.13b 6.42+0.05b
Broussonetia papyrifera leaves ~ 83.40+0.80d 14.62+1.48e 86.85+7.08b 0.19+0.02¢  3.73+0.13c  6.70+0.04a
Alfalfa stalk 153.00+15.44bc  32.91+1.54¢ 88.81+2.06b 0.33+0.01a  4.64+0.17c  6.44+0.03b
Melilotus officinalis 138.07+2.97¢ 25.59+1.03d 93.66+5.71b 0.25+0.01b  4.20+£0.92c  6.48+0.04b
Rice straw 203.53+0.35a 45.74+1.40a 143.39+7.12a 0.28+0.02ab 21.64+0.12a 6.35+0.01c

[FIZ A [6) /NG B3R 25 57 1 25 (P<0.05)

Values in the same column with different lowercase letters mean significant difference (P<0.05).

*2 TEIRVIEEFFRITHRK

Table 2  Profiles of nutrient composition of different substrates

Substrate NDF (%) NDS (%) ADF (%) Cellulose (%) Hemicellulose (%) Lignin (%)
Reed 80.09+2.41a 19.91+£2.41b 56.44+2.63a 38.40+1.20a  23.64+0.22b 17.68+1.23b
Broussonetia papyrifera leaves  32.09£4.86b 67.91+4.86a 16.40+2.59¢ 11.55£1.45¢  15.69+2.28c 4.14£0.86¢
Alfalfa stalk 69.73£0.91a 30.27£0.91b 54.32+0.75a 40.87+0.74a  15.42+0.15¢ 12.64+0.20b
Melilotus officinalis 71.8442.05a 28.17£2.05b 52.91+1.42b 38.48+0.45b  18.93+0.63b 13.524+0.94a
Rice straw 77.1543.56a 22.85+£3.56b 45.51+2.09b 39.68+1.42a  31.75+1.44a 4.57+0.53¢

[FZ A NG 73RN 22 F 1 25 (P<0.05)

Values in the same column with different lowercase letters mean significant difference (P<0.05).
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Figure 5 Degradation properties of co-culture CR1 under different substrate conditions. A: DMD. B:
Cellulose degradation rate. C: Hemicellulose degradation rate. Values with different lowercase letters mean
significant difference (P<0.05).
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Figure 6 Saccharification properties of co-culture CR1 under different substrate conditions. A: Total

reducing sugars. B: Glucose. C: Xylose. Values with different lowercase letters mean significant difference
(P<0.05).
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Figure 7 Primary water-soluble metabolites of co-culture CR1 under different substrate conditions. A:
Formate. B: Acetate. C: Lactate. D: Ethanol. Different lowercase letters indigate significant difference

(P<0.05).
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Table 3 Comparison of methanogenesis performance of lignocellulosic biomass in this study with other

studies
Co-culture of anaerobic Isolation source Incubation Substrate Methane production  Study
fungi and methanogens time (d) (mL/g-DM)
Pecoramyces sp. Goat rumen fluid 4 Rice straw 49.50 [17]
Fl1+Methanobrevibacter Wheat straw 52.59
thaueri CW Maize stem 40.93

Corncob 59.65

Wheat bran 43.32
Pecoramyces sp. Camel feces 4 Rice straw 50.11 [17]
N3+Methanobrevibacter sp. Wheat straw 49.23
Z8 Maize stem 38.87

Corncob 67.62

Wheat bran 70.87
Neocallimastix frontalis+ Yak rumen fluids 7 Wheat straw 76.32 [31]
Methanobrevibacter Corn stalk 83.70
ruminantium Yaktz1 Rice straw 80.14
Piromyces+ Yak rumen fluids 4 Wheat straw 32.31 [32]
Methanobrevibacter Corn stalk 33.33
ruminantium Yak-G18 Rice straw 29.51

Chinese wildrye 36.63

Medicago sativa 29.00
Pecoramyces sp. Goat rumen fluid 3 Corn leaf blade 56.63 [7]
Fl1+Methanobrevibacter Corn stem pith 49.23
thaueri Corn stem bark 67.98
Oontomyces+ Camel rumen fluid 4 Rice straw 143.39 This study
Methanobrevibacter Reed 125.34
CR1 Alfalfa stalk 88.81

Broussonetia papyrifera  86.85

leaves

Melilotus officinalis 93.66
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