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1.
Tablel. Morphology of anaerobic fungi in co-cultures
genera morphology DAPI staining co-culture
— monocentric thallus; spherical or oval sporangium; nuclei present in LI-T4 Al A5 A8 A10
filamentous rhizoids; uniflagellate zoospores sporangium Al18 B1 B3-B5 B24 B28
o monocentric thallus; spherical or oval sporangum; nuclei present in  A2-A4 A6 A7
filamentous rhizoids; polyflagellate zoospores sporangium A9 AT1-AL6
Cacomyces ::;1]:;;:::2 tz};il:;r:hmcal sporangium; unbranched sporangiophores; :::rl;ilgpi::ent in 831
2.2 M. thaueri( T) )
16S rRNA 28
LGM-ZA4 M. thauert
( 2)o 15 Methanobrevibacter sp. 27 93.2% -94.5% . LGM-
AK87 99.8% -100% SL1.LGM-SL2. LGM-SL4
53.57%; 7 100% 24 M. olleyae
Methanobrevibacter sp. 7.8 97.5% -100% 97.6% -97.9% » 24

25%; 5 99.6% - 100% LGM—~ZA1. LGM-ZA7.
Methanobrevibacter sp. NT7 99.8% - LGM-ZA13  LGM-MB5 LGM-MB28 5
99. 9% 17.86% ; 1 100% LGM-MB1.LGM-MB4 LGM-
M. thaueri strain CW 99.2% ZA8 LGM-ZAll 4 100%
3.57% - 28 27 LGM-ZA16 14
( Methanobrevibacter sp. AK-87 Methanobrevibacter 100% -
sp. 78 Methanobrevibacter sp. NT7 ) Methanobacterium ( outgroup)
M. olleyae RO (M. N
ruminantium( R) M. olleyae( O)) 16S rRNA
; 1 ( M. thaueri strain CW
) M. thaueri SGMT RO (27 ) LGM-SL1.LGM-SL2.
( M. smithii ( S) M. gottschalkii ( G) .M. millerae ( M) LGM-SL4 RO
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24 RO RO (M. 3
ruminantium M. olleyae) (97.1% - ( 2)o
97.9%) RO
nuclei —»
<— nuclei
1.
Figurel. Morphology of anaerobic fungi in the co-cultures of anaerobic fungus and methanogen. Left anaerobic fungal
sporangia and their zoospores Magnification about 10 x 40; right DAPI nuclei staining. Magnification about 10 x 20;
B10 monocentric thallus uniflagellate zoospores; A2 monocentric thallus polyflagellate zoospores; B31 monocentric
thallus uniflagellate zoospores unbranched sporangiophores.
2.3 28
DAPI 4 Piromyces!/ M. olleyae Neocallimastix /
16S rRNA M. olleyae. Neocallimastix/ M. thaueri
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: Neocallimastix RO
3.57% ( 3) . 15 SGMT (M. olleyae M. thaueri )
Piromyces RO M. olleyae
M. olleyae SGMT o
2.
Table 2. 16S rRNA gene sequencing of methanogens in 28 co-cultures of anaerobic fungus and methanogen
accession  sequence sequence  associated
methanogen  nearest recognized taxon nearest type strain co—culture
number similarity similarity ~ fungus

LGM-SL3 Methanobrevibacter sp. AK-87 KF49333 100 Methanobrevibacter olleyae strain KM1H54 P 99.3 Piromyces L3
LGM-MB3 Methanobrevibacter sp. AK-87 KF49325 99.9 Methanobrevibacter olleyae strain KM1HS- P 99.3 Piromyces B3
LGM-MBS8 Methanobrevibacter sp. AK-87 KF49328 100 Methanobrevibacter olleyae strain KM1H54 P 99.3 Piromyces B8
LGM-ZAS Methanobrevibacter sp. AK-87 KF49311  99.9 Methanobrevibacter olleyae strain KM1H5-4P 99.3 Piromyces A5
LGM-ZA10  Methanobrevibacter sp. AK-87 KF49316 100 Methanobrevibacter olleyae strain KM1H5- P 99.3 Piromyces Al0
LGM~ZA18  Methanobrevibacter sp. AK-87 KF49323 100 Methanobrevibacter olleyae strain KM1H54P 99.3 Piromyces Al8
LGM—ZA2 Methanobrevibacter sp. AK-87 KF49308 100 Methanobrevibacter olleyae strain KM1H5-P 99.3 Neocallimastix A2
LGM-ZA3 Methanobrevibacter sp. AK-87 KF49309 100 Methanobrevibacter olleyae strain KM1H54 P 99.3 Neocallimastix A3
LGM-~ZA6 Methanobrevibacter sp. AK-87 KF49312 100 Methanobrevibacter olleyae strain KM1H5-1P 99.3 Neocallimastix A6
LGM—~ZA9 Methanobrevibacter sp. AK-87 KF49315 100 Methanobrevibacter olleyae strain KM1H54P 99.3 Neocallimastix A9
LGM~ZA12  Methanobrevibacter sp. AK-87 KF49318 100 Methanobrevibacter olleyae strain KM1H54 P 99.3 Neocallimastix Al2
LGM-ZA14  Methanobrevibacter sp. AK-87 KF49320 100 Methanobrevibacter olleyae strain KM1H54P 99.3 Neocallimastix Al4
LGM—ZA15  Methanobrevibacter sp. AK-87 KF49321 100 Methanobrevibacter olleyae strain KM1H54 P 99.3 Neocallimastix AlS
LGM—~ZA16  Methanobrevibacter sp. AK-87 KF49322  99.8 Methanobrevibacter olleyae strain KM1H5-4P 99.1 Neocallimastix Al6
LGM-MB31  Methanobrevibacter sp. AK-87 KF49330 100 Methanobrevibacter olleyae strain KM1H54P 99.3 Caeomyces B31
LGM-ZA8 Methanobrevibacter sp. 7.8 KF49314  99.9 Methanobrevibacter olleyae strain KM1H54 P 99.2 Piromyces A8
LGM-SL1 Methanobrevibacter sp. 7.8 KF49331 97.5 Methanobrevibacter olleyae strain KM1H5-4 P 97.5 Piromyces L1
LGM-SL2 Methanobrevibacter sp. 7.8 KF49332  97.5 Methanobrevibacter olleyae strain KM1H54 P 97.5 Piromyces 12
LGM-SL4 Methanobrevibacter sp. 28 KF49334  97.7 Methanobrevibacter olleyae strain KM1H5-4P 97.5 Piromyces L4
LGM-MBI1 Methanobrevibacter sp. 28 KF49324  99.8 Methanobrevibacter olleyae strain KM1H54P 99.2 Piromyces Bl
LGM-MB4 Methanobrevibacter sp. 7.8 KF49326 100 Methanobrevibacter olleyae strain KM1H54 P 99.2 Piromyces B4
LGM~ZA11 Methanobrevibacter sp. 78 KF49317 100 Methanobrevibacter olleyae strain KM1H54 P 99.2 Neocallimastix All
LGM-MBS Methanobrevibacter sp. NT7 KF49327  99.9 Methanobrevibacter olleyae strain KM1HS- P 99.2 Piromyces BS
LGM-MB28  Methanobrevibacter sp. NT7 KF49329  99.8 Methanobrevibacter olleyae strain KM1H5-4P 99.2 Piromyces B28
LGM—~ZAI Methanobrevibacter sp. NT7 KF49307  99.9 Methanobrevibacter olleyae strain KM1H54P 99.2 Piromyces Al
LGM-ZA7 Methanobrevibacter sp. NT7 KF49313  99.8 Methanobrevibacter olleyae strain KM1H54 P 99.2 Neocallimastix A7
LGM~ZA13  Methanobrevibacter sp. NT7 KF49319  99.9 Methanobrevibacter olleyae strain KM1H54 P 99.2 Neocallimastix Al13
LGM-ZA4 Methanobrevibacter thaueri strain CW KF49310  99.2 Methanobrevibacter thaueri strain CW 99.2 Neocallimastix A4
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2. 16S rRNA
Figure 2. Phylogenetic tree analysis of 16S rRNA gene sequences of the methanogens in co—cultures of anaerobic fungus and methanogen.
The root was determined by using Methanobacterium 16S rRNA gene sequence as out group. The topology of the tree was estimated by

bootstraps based on 1000 replications. Sequences determined in this study and the closest relatives were marked in bold type.
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Figure 3. Percentage of 4 types of anaerobic fungus and

methanogen in co-cultures.
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Isolation and identification of cellulolytic anaerobic fungi
and their associated methanogens from Holstein Cow

Meizhou Sun Wei Jin Yuanfei Li Shengyong Mao Yanfen Cheng' Weiyun Zhu

Laboratory of Gastrointestinal Microbiology Nanjing Agricultural University Nanjing 210095 Jiangsu Province China

Abstract Objective We studied the microbial interaction between anaerobic fungi and methanogens in the rumen of
Holstein Cow. Methods Co-cultures of anaerobic fungi with indigenously associated methanogen were isolated by
Hungate roll4ube technique. The anaerobic fungi were identified by morphology and 4’ 6 diamidino2-phylindole
nucleus staining and the methanogens were identified by 16S rRNA gene sequencing. Results A total of 28 co-cultures
of anaerobic fungus with indigenously associated methanogen were obtained. The anaerobic fungi in the co-cultures were
identified as monocentric genera Piromyces Neocallimastix and Caeomyces. The indigenously associated methanogens were
Methanobrevibacter olleyae like and Methanobrevibacter thaueri like strains. Four different phylotypes of fungus-methanogen
co—cultures were obtained  which were Piromyces/Methanobrevibacter olleyae like strains  Neocallimastix/
Methanobrevibacter olleyae like strains  Neocallimastix | Methanobrevibacter thaueri like strains and Caecomyces/
Methanobrevibacter olleyae like strains. Conclusion Our study isolated and identified 28 co—cultures of anaerobic fungus
and associated methanogens which provided new materials for further study the mechanism of methane emission in the
rumen.

Keywords: anaerobic fungi methanogens co-cultures
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