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Enhancing the resistance of anaerobic fungus Piromyces sp. F1 to
nitrovin by co-culture with Methanobrevibacter thaueri F1
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Abstract: [Background] Anaerobic fungi can be inhibited by nitrovin. The presence of associated
methanogens enhances the growth of anaerobic fungi and the decomposition of lignocellulose by
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anaerobic fungi. However, few studies have investigated the effect of the co-cultured methanogens on
stress resistance of anaerobic fungi. [Objective] The objective of this study was to investigate the effect
of associated methanogen on the resistance of anaerobic fungus to nitrovin. [Methods] Mono-culture
of anaerobic fungus Piromyces sp. and co-culture of Piromyces sp. and Methanobrevibacter thaueri
were inoculated into fresh media with rice straw as substrate, respectively. Nitrovin hydrochloride
was added to the final concentrations of 0, 5, 10 and 25 mg/L-nitrovin. Bottles were incubated at
39 °C for 96 h without shaking. Gas production and methane production were measured at intervals.
At the end of fermentation, the pH was determined immediately upon removing crimp-seals and
stoppers. Samples were collected for the analysis of in vitro digestibility of dry matter, digestibility
of neutral detergent fiber, digestibility of acid detergent solution and digestibility of acid detergent
fiber. The water-soluble end-products including formate, lactate and acetate were measured as well.
[Results] In the mono-culture, nitrovin (5, 10 and 25 mg/L) significantly reduced the fermentation
activity of anaerobic fungus (P<0.05). In the co-culture, no significant difference was observed
when adding 5 mg/L nitrovin (P>0.05). However, the fermentation activity was significantly
depressed at the concentrations of 10 and 25 mg/L. At the concentrations of 5 and 10 mg/L nitrovin,
the fermentation activity of the co-culture was significantly higher than the mono-culture (P<0.05).
[Conclusion] A dose effect of nitrovin on the fermentation of anaerobic fungal mono-culture and
co-culture was observed. The presence of associated methanogen enhanced the resistance of
anaerobic fungus to nitrovin when the concentration of nitrovin was less than 25 mg/L.

Keywords: Anaerobic fungi, Methanogens, Co-cultures, Rice straw, Nitrovin
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anaerobic fungal mono-culture and co-culture
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Table 1 Effect of nitrovin on in vitro digestibility of substrate by anaerobic fungal mono-culture and co-culture (%)
Nitrovin (mg/L) Significance (P value)
Index 0 5 10 25 SEM Linear Quadrate
Mono-culture
DMD 34.1243.72°  10.96+2.05°  8.15+5.33°  6.30£0.71°  3.49 <0.001 <0.001
NDFD 39.35+2.53% 11.15+1.42° 5.78+3.71° 4.52+0.33° 431 <0.001 <0.001
ADSD 35.88+1.80°  13.74+1.37° 4.28+3.44°  2.66+1.76° 4.03 <0.001 <0.001
ADFD 36.94+3.52°  4.43+1.73"  1.96+£3.96°  0.97+1.78"  4.58 <0.001 <0.001
Co-culture
DMD 42.83+0.36"  44.85+0.16"  20.55+8.38°  8.53+0.24° 4.72 <0.001 0.159
NDFD 47.78+0.86" 49.02+0.73* 14.46+8.17°  6.63+1.20° 5.86 <0.001 0.005
ADSD 44.32+1.12° 44.23+0.70° 16.17+6.73°  9.00+1.15° 491 <0.001 0.004
ADFD 45.36+0.72° 44.88+2.75° 11.52+4.08° 1.83+2.48° 5.93 <0.001 <0.001
(P<0.05).

Note: Values in the row with different letters mean significantly different (P<0.05).
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Note: Asterisks indicated statistically significant difference between the mono-culture and co-culture under the same concentration of

nitrovin (P<0.05).
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Note: Asterisks indicated statistically significant difference between the mono-culture and co-culture (P<0.05).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Methanobrevibacter thaueri F1 Piromyces sp. F1 117

[ Mono-culture [l Co-culture

50 * 25 - %
1 1
40 20
2 2
S S
30 g 15
E 20 £ 10
< - < L
3 £
< i
| l |
0 L 0 1
5 5
Nitrovin (mg/L) Nitrovin (mg/L)
%
r r 1
4 . 6.6
1
~ 3r 6.5
g
Eot S 64l
& T
3 a.
S
=1 6.3
. B o2 .
5 5
Nitrovin (mg/L) Nitrovin (mg/L)

B 6 5 mg/L MHRKIGERIT4EIE TR NS TR I 4970 pH BUSZMD

Figure 6 Effect of 5 mg/L nitrovin on end-products and pH value of the mono-culture and co-culture
* (P<0.05).

Note: Asterisks indicated statistically significant difference between the mono-culture and co-culture (P<0.05).

3.6 (P<0.05) ( 4)

DMD NDFD ADSD ADFD Piromyces (
4.1 44 32 10.1(P<0.05)( 9 50% ) 5 mg/L
5 mg/L Marounek 2 (9 mg/L
(P<0.05) pH Piromyces communis)
(P<0.05)( 6) (1) Marounek 2"
3 WE4®
3.1 fHERMERES R EEERANHIER
Marounek %) @) 20
3 (Neocallimastix
frontalis Piromyces communis Caecomyces 21231
communis) [24-23] 2002
Piromyces (2009 )

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



118 A 2 A

Microbiol. China

Marounek 2%
(1989 )
H, CO,*

I pm

ATP [27]
[26]

32 HIRELFRSRKEEE X HR SRR

4%

Bauchop Jin

H,
NADH (NADPH)
NADH (NADPH) 5 mg/L

10 mg/L
78 h
5 mg/L
Stewart )
(
) (6]

Stewart ' Cann

REFERENCES

[1] Lee SS, Ha JK, Cheng KJ. Relative contributions of bacteria,
protozoa, and fungi to in vitro degradation of orchard grass cell
walls and their interactions[J]. Applied and Environmental
Microbiology, 2000, 66(9): 3807-3813

[2] Teunissen MJ, de Kort GVM, op den Camp HIM, et al.
Production of cellulolytic and xylanolytic enzymes during
growth of the anaerobic Piromyces sp. on different substrates[J].
Journal of General Microbiology, 1992, 138(8): 1657-1664

[3] Bauchop T, Mountfort DO. Cellulose fermentation by a rumen
anaerobic fungus in both the absence and the presence of rumen
methanogens[J]. Applied and Environmental Microbiology,
1981, 42(6): 1103-1110

[4] Jin W, Cheng YF, Mao SY, et al. Isolation of natural cultures of
anaerobic fungi and indigenously associated methanogens from
herbivores and their bioconversion of lignocellulosic materials
to methane[J]. Bioresource Technology, 2011, 102(17): 7925-7931

[5] Sun MZ, Jin W, Li YF, et al. Isolation and identification of
cellulolytic anaerobic fungi and their associated methanogens
from Holstein Cow[J]. Acta Microbiologica Sinica, 2014, 54(5):
563-571 (in Chinese)

[]. , 2014,

54(5): 563-571

[6] Li YF, Jin W, Cheng YF, et al. Effect of the associated
methanogen Methanobrevibacter thaueri on the dynamic profile
of end and intermediate metabolites of anaerobic fungus
Piromyces sp. F1[J]. Current Microbiology, 2016, 73(3):
434-441

[7] Mountfort DO, Asher RA. Production and regulation of
cellulase by two strains of the rumen anaerobic fungus
Neocallimastix  frontalis[J]. Applied and Environmental
Microbiology, 1985, 49(5): 1314-1322

[8] Joblin KN, Naylor GE, Williams AG. Effect of
Methanobrevibacter smithii on xylanolytic activity of anaerobic
ruminal fungi[J]. Applied and Environmental Microbiology,
1990, 56(8): 2287-2295

[9] Stewart CS, Richardson AJ. Enhanced resistance of anaerobic
rumen fungi to the ionophores monensin and lasalocid in the
presence of methanogenic bacteria[J]. Journal of Applied
Bacteriology, 1989, 66(1): 85-93

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Methanobrevibacter thaueri F1

Piromyces sp. F1 119

[10] Cann IKO, Kobayashi Y, Onoda A, et al. Effects of some
ionophore antibiotics and polyoxins on the growth of anaerobic
rumen fungi[J]. Journal of Applied Bacteriology, 1993, 74(2):
127-133

[11] Cheng YF, Edwards JE, Allison GG, et al. Diversity and activity
of enriched ruminal cultures of anaerobic fungi and
methanogens grown together on lignocellulose in consecutive
batch culture[J]. Bioresource Technology, 2009, 100(20):
4821-4828

[12] Yu HM. Study on rapid testing strip for nitrofurans in feeds[D].
Beijing: Master’s Thesis of Beijing University of Agriculture,
2015 (in Chinese)

[D].
,2015

[13] Liggenstoffer AS, Youssef NH, Couger MB, et al. Phylogenetic
diversity and community structure of anaerobic gut fungi
(phylum Neocallimastigomycota) in ruminant and non-ruminant
herbivores[J]. The ISME Journal, 2010, 4(10): 1225-1235

[14] Wright ADG, Williams AJ, Winder B, et al. Molecular diversity
of rumen methanogens from sheep in Western Australia[J].
Applied and Environmental Microbiology, 2004, 70(3):
1263-1270

[15] Davies DR, Theodorou MK, Lawrence MIG, et al. Distribution
of anaerobic fungi in the digestive tract of cattle and their
survival in faeces[J]. Journal of General Microbiology, 1993,
139(6): 1395-1400

[16] Theodorou MK, Williams BA, Dhanoa MS, et al. A simple gas
production method using a pressure transducer to determine the
fermentation kinetics of ruminant feeds[J]. Animal Feed
Science and Technology, 1994, 48(3/4): 185-197

[17] Hu WL, Wang JK, Li JM, et al. Rapid gas chromatogram
determination of methane, organic acid in in vitro ruminal
fermentation products[J]. Journal of Zhejiang University
(Agriculture & Life Science), 2006, 32(2): 217-221 (in Chinese)

[J].
, 2006, 32(2): 217-221

[18] van Soest PJ, Robertson JB, Lewis BA. Methods for dietary
fiber, neutral detergent fiber, and nonstarch polysaccharides in

[19]

(20]

(21]

(22]

(23]

(24]

[25]

[26]

(27]

relation to animal nutrition[J]. Journal of Dairy Science, 1991,
74(10): 3583-3597
Li YF, He XY, Cheng YF, et al. Effects of shading during grain
filling on nutritive value and in vitro digestibility of “Yangmai
15” wheat straw[J]. Acta Prataculturae Sinica, 2016, 25(1):
187-198 (in Chinese)
s s , . «“ 15”7
[J]. , 2016,
25(1): 187-198
Marounek M, Hodrova B. Susceptibility and resistance of
anaerobic rumen fungi to antimicrobial feed additives[J].
Letters in Applied Microbiology, 1989, 9(5): 173-175
Batterham ES, Fagan VJ. Nitrovin supplementation of diets for
growing pigs[J]. Australian Journal of Experimental Agriculture,
1970, 10(45): 391-392
Pokorny M, Bauer B, Polasek L, et al. Effectiveness of nitrovin
in the feeding of growing lambs[J]. Acta Crystallographica,
1980, 70(2): 166-172
Tokosova M, Tokos M. Use of nitrovin in feed and its effect on
the development of Marek’s disease in chickens[J]. Veterinarni
Medicina, 1989, 34(12): 735-742
Liu JS, Yang CM, Chen AG. Application effectiveness and
characteristics of nitrovin in animal feed[J]. Feed Research,
1999(11): 32-33 (in Chinese)
[J1. , 1999(11): 32-33
Chen YF, Yin YL, Tan ZL, et al. Effect of the nitrovin on the
growth performance of weanling pig[J]. Chinese Journal of
Animal Science, 2003, 39(3): 29-30 (in Chinese)
[J1. , 2003, 39(3): 29-30
Boxma B, Voncken F, Jannink S, et al. The anaerobic
chytridiomycete fungus Piromyces sp. E2 produces ethanol via
pyruvate: formate lyase and an alcohol dehydrogenase E[J].
Molecular Microbiology, 2004, 51(5): 1389-1399
Marvin-Sikkema FD, Gomes TMP, Grivet JP, et al.
Characterization of hydrogenosomes and their role in glucose
metabolism of Neocallimastix sp. L2[J]. Archives of Microbiology,
1993, 160(5): 388-396

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



