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Effects of nitroglycerin on the metabolic profile, fibrolytic enzyme
activities and microbial abundance of anaerobic fungi and
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Abstract: [Background] In recent years, the rumina methane mitigation potential of nitrooxy
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compounds has attracted a wide attention, however, limited information is available for the effect of
these compounds on anaerobic fungi, an important fibrolytic microorganism in the rumen.
[Objective] To investigate the effects of nitroglycerin (NG) on the activity and metabolism of
anaerobic fungi and methanogens. [Methods] The fungal mono-cultures (Piromyces sp. F1) and
co-cultures with methanogens (Piromyces sp. F1+Methanobrevibacter sp.) were used. A series of
doses of NG (0.0, 6.6. 13.2 and 19.8 umol/L) were added in these cultures and the metabolic profile,
fibrolytic activities and microbial abundances were comparably analyzed. [Results] In co-cultures,
the dose of 6.6 pumol/L NG completely inhibited the methane production, resulting in the
accumulation of hydrogen and formate (P<0.05). And the acetate production and the activities of
xylanase and carboxymethyl cellulase decreased (P<0.05), while the changes of the abundances of
anaerobic fungi and methanogens were not observed (P>0.05). In fungal mono-cultures, the dose of
6.6 pmol/L NG decreased the production of formate, acetate and ethanol as well as the activities of
xylanase and carboxymethyl cellulase (P<0.05), while did not affect the total gas and hydrogen
production (P>0.05). In the two culture systems, as the dosage of NG increased, the inhibitory effect
on anaerobic fungi and methanogens was enhanced. [Conclusion] NG had inhibitory effect on
methanogens, but also had negative effect on anaerobic fungi.

Keywords: Anaerobic fungi, Methanogens, Co-culture, Methane, Nitroglycerin
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IGER 7890B
Porapak Q
packing & MolSieve 5A packing
ZorbaxSB-Aq ( )
FUSED SILICA
Supelco Ecoscan 5 pH Eutech

FastPrep®-24 Instrument
MP Biomedicals ABI 7500 Real-time PCR
« )
1.3 1EFEMKWIKIT

[12]

160 mL 100 mL
95 mL 5mL 3d (
ITSL 0.5x10°-
1.0x10°% 1% ( 1 mm
)
0 39°C
96 h
(2x4)
0.0 6.6 132
19.8 umol/L NG
14 BERE
Theodorou
15 KREE~=YISH
Jn 4
200 °C (Porapak Q packing & MolSieve 5A
packing) 80°C TCD
200 °C N>
Ecoscan 5 pH
pH —20°C
Jn [14]
7890B

220°C
FUSED SILICA 40 °C 4 min
40-110°C 40°C/min 110°C 2min 110-150°C
40 °C/min 150 °C 5 min

FID 250°C N,
(18]
ZorbaxSB-Aq KH,>PO, (20 mmol/L
pH 2.7 HsPO, ) 99:1 (
) 215nm 30°C
Jn 1 35
10 mg
1.8 mL - 0.2 mL
pH6.0 50°C
1 umol 1
[U/(min-mL)]
1.6 DNA #2HUf1 Real-time PCR
DNA Jn 14
15mL 4°C 12000xg 10 min PBS
(0.01 moal/L) 2 1 mL
CTAB - -
DNA DNA DNA
50 wmol/L Tris-HCI
Jn 20 uL SYBR GREEN 10 pL
ROX 11 0.4 pL ( 1 10 pmol/L)
0.4uL DNA 2.0 uL 6.8 L ABI
7500 Real-time PCR
PCR 95°C30s 95°C5s 60°C30s

95°C15s 60°C1min 95°C15s 40
1.7 BIEGI

Excel 2010 SPSS 20.0
Genera linear model (Multivariate)
P<0.05
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#* 1 AXETH PCR3I4
Tablel PCR primersused in thisstudy

Target organisms Primers sequence (5'—3') Annealing temperature (°C) References
F: GTGCTCCCCCGCCAATTCCT 59 [17]
Archaea R: GCGGTGTGTGCAAGGAGC
F: GAGGAAGTAAAAGTCGTAACAAGGTTTC 60 [18]
Fungus R: CAAATTCACAAAGGGTAGGATGATT
2 BB 6.6 pmol/L NG
= = /= o >0.
21 NG ME&SE, S5, BRK pH EH pH(P>005) NG
A
1 6.6 umol/L pH
NG (P<0.05)
(P<0.05)  pH (P>0.05) pH (P>0.05)
A 00 B 201
Culture: P<0.001 -8 Monoculture Culture: P=1.000 —@— Monoculture
Dose: P<0.001 & Coculture Dose: P<0.001 - Coculture
CulturexDose: P=0.012 15 - CulturexDose: P=1.000
2200k«
E =)
£ € 1or
35 T
=]
= 100 51
0 | , ! ! | op 8 | | ! !
0 6.6 13.2 19.8 0 6.6 13.2 19.8
NG dose (umol/L) NG dose (umol/L)
c 750
40 | Culture: P=1.000 —@- Monoculture
Dose: P<0.001 - Coculture ’ '
Dose: P<0.001 -l Coculture
30L 70k CulturexDose: P=1.000
=)
E 20p T 6.5 3
o) -
’:-J .
10+
6.0
0F L |
I I I | | 5.5 L ‘ L . I
0 6.6 13.2 19.8 0 6.6 13.2 19.8
NG dose (umol/L) NG dose (umol/L)

B 1 NG MS{EF~EF pH ERENE

Figurel Theeffect of NG on the production of gasand pH value

A) (B) (©).* P<0.05.

Note: The production of gasincludes total gas (A), hydrogen (B) and methane (C). *: P<0.05.
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(P<0.05) B E RS20
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(P>0.05) 6.6 umol/L NG NG
(P<0.05) (P<0.05) NG
(P>0.05) NG
(P<0.05)
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= 40+ S .
_g dkk __O. 2 L
£ £
£ £
320t % 4r .
0k
0 ! ! | I ] I 1 I !
0 6.6 13.2 19.8 0 6.6 13.2 19.8
NG dose (pumol/L) NG dose (umol/L)
C D
40 - 1.8 -
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30 CulturexDose: P<0.001 1.6 - CulturexDose: P=0.761
=) =)
= Y S 14l
P Pl
E _g 1.2
s 10} 3
1.0
O -
1 1 1 | 0.8 I 1 ! \
0 6.6 13.2 19.8 0 6.6 13.2 19.8
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& 2 NG X EHLERH ZEER E A5 0

NG dose (pumol/L)

Figure2 Theeffect of NG on concentration of the organic acids and ethanol

A B C D .* P<0.05

*** - P<0.001.

Note: A: Acetate; B: Ethanol; C: Formate; D: lactate. *: P<0.05; ***: P<0.001.
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0 6.6 13.2 19.8 0 6.6 13.2 19.8
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B 040 - | B 10 -
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0.15 L ' - ‘ 2 L I \ ! I
0 6.6 13.2 19.8 0 6.6 13.2 19.8
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3 NG xfEgEMRIF M
Figure3 Theeffect of NG on the activities of enzymes
A B .* P<0.05 ** P<0.01

*** - P<0.001.

Note: A: Xylanase; B: CMCase. *: P<0.05; **: P<0.01; ***:

P<0.001.

24 NG M REEEMPKREFEERRMD

4 6.6 umol/L NG
(P>0.05)
6.6 umol/L NG
(P>0.05) NG
(P<0.05)

3 WisLR

NG dose (umol/L)
4 NG MREEHEA)FPEEB)FEERFMN
Figure4 Theeffect of NG on the abundances of anaerobic
fungus (A) and methanogens (B)
* P<0.05 *** P<0.001.
Note: *: P<0.05; ***: P<0.001.
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