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Use of functional gene in studying of rumen fibrolytic bacteria
population in ruminants
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ABSTRACT: Fibrolytic bacteria are the major rumen bacteria in the rumen of ruminants and have shown an important
role in fiber degradation. Many researchers have developed methodologies to classity fibrolytic bacteria, including
culture in a medium and rumen molecular technique using 16S rRNA gene as a basis. However, these are still
limited due to low accuracy. Currently, researchers are interested in the use of functional genes to identify specific
microorganisms. Functional genes are more comprehensive and specific than 16S rRNA. The cel5_392F-754R primer
can identify rumen fibrolytic bacteria without detecting other groups of bacteria.

Keywords: functional gene, 16S rRNA, rumen fibrolytic bacteria
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wuafi3ungueasaaneiieluizaglas (cellulolytic
bacteria) LL@zﬂ@'mj@mmﬂLﬁlﬂimaﬁmaqim
(xylanolytic bacteria) (2884, 2541) 411U
wuafl3angudenaanuiielgaglaaiidndmny
18w Ruminococcus albus, R. flavefaciens Way
Fibrobactor succinogenes uﬂﬂfa’mﬁﬁ\iﬁ Clostidium
lochheadii Wa C. longisporum ugiazeiasiiaglag
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Butyrivibrio fibrisolvens LL@iﬁjﬁmﬁluj 11U Prevotella
ruminocola, F. succinogenes Was Lachnospira
multiparus fiannnsntesaaeiaiigaglanls
(Kamra, 2005) asinglsfinna LLmﬁﬁ*ﬂmjuﬁmﬁm
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Table 1 Bacterial diversity of the rumen microbial ecosystem of domestic and wild animals

Group Species References
Cellulolytic  Fibrobacter succinogenes Hungate (1950), Flint et al. (1990)
(Bacteroides succinogenes)
Ruminococcus flavefaciens Dehority (1986)
Ruminococcus albus Dehority et al. (1967), Stewart et al. (1979),
Bryant et al. (1986)
Clostridium cellobioparum Hungate (1944)
Clostridium longisporum Hungate (1957)
Clostridium lochheadlii
Eubacterium cellulosolvens Bryant et al. (1958)
(Cillobacterium cellulosolvens) Van Gylswyk et al. (1970)
Xylanolytic  Butyrivibrio fibrisolvens Bryant and Burkey (1953), Bryant and Small (1956)

Prevotella ruminicola
(Bacteroides ruminicola)

Eubacterium xylanophilum,
Eubacterium uniformis

Cotta (1992)

Van Gylswyk and Van der Toorn (1985)

Source: Modified from Kamra (2005)
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23S, 16S Uaz 55 TAEIANENIRAEITNTL 2,971,
1,522, Way 120 bp AINAIAL  (Bouchetet al.,
2008) 34 16S rRNA 1Funannlalulandugn (30s)
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Table 2 Distribution of F. succinogenes, R. flavefaciens and R. albus in the rumen quantified by molecular-

based techniques

Proportion (% total bacteria)

Animal Sources
F. succinogenes R. flavefaciens R. albus

Dairy cows 0.09-0.40 0.06-0.32 0.59-1.59 Weimer et al. (1999)
Dairy cows 0.61-1.00 0.34-0.80 0.001-0.008  Stevenson and Weimer (2007)
Dairy heifers 2.9-10.1 1.1-1.9 0.8-1.7 Uyeno et al. (2007)
Cattle 5.36 6.57 0.24 Kim and Yu (2012)
Sheep 2.0 1.6 0.9 Michalet-Doreau et al. (2002)
Sheep 2.60 0.14 0.03 Koike et al. (2007)
Sheep 0.01 2.15 18.12 Stiverson et al. (2011)
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Figure 1 The number of amoA () and 16S rRNA () gene copies in DNA extracts from samples from plots

NO, N144, and FYM/N
Source: Mendum et al. (1999)
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Table 3 Copy numbers of the 16S rRNA and the narG, nirK, nirS, and nosZ genes from soils

No. of gene copies (ng” of DNA)

Samples

16S rRNA narG nirk nirS nosZ
1 5.1x10° 2.3x10° 1.1x10° 2.9x10° 1.8x10°
2 8.9x 10° 2.1x10° 1.4x10° 2.9x%x10° 4.7 x10°
3 7.5x10° 6.4 x 10° 9.1 x 10 4.1x10° 2.0x10°
4 6.6 x 10° 3.3x10° 1.3x10° 2.5x10° 4.8x10°
5 6.3 x10° 2.1x10° 9.5 x 10° 5.7 x 10° 4.7 x10°

Source: Modified from Kandeler et al. (2006)
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Figure 2 Dissociation curves of archaeal 16S rRNA gene PCR products (A) and methanogenic mcrA gene
PCR products (B and C). E, endodontic samples; Mo = M. oralis; Ms = M. smithii; Mo = M. bryantii;
Mm = M. maripaludis; Mh = M. hungatei; NTC = nontarget control.

Source: Vianna et al. (2006)
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Table 4 Cloning and characterization of genes from rumenbacteria

Source Gene Enzyme Reference
B. fibrisolvens celA Endoglucanase Hazlewood et al. (1990)
end| Endoglucanase Berger et al. (1989)
XynA Xylanase Mannarelli et al. (1990)
xynB Xylanase Lin and Thomson (1991)
xy|B Xylosidase Sewell et al. (1989), Utt et al. (1991)
Clostridium sp.  celA Endoglucanase Mittendorf and Thomson (1993, 1995)
F. succinogenes endAFS Endoglucanase Cavicchioli et al. (1991)
endB Endoglucanase Broussolle et al. (1994)
end-1 Endoglucanase Ozcan et al. (1996)
endC Endoglucanase Bera et al. (1996)
xynC Xylanase Paradis et al. (1993), Zhu et al. (1994)
P. ruminicola celA Endoglucanase Vercoe and Gregg (1992)
xyl Xylanase Whitehead (1993)
XynA, xynB Xylanase Gasparic et al. (1995)
R. albus celA Endoglucanase Attwood et al. (1996), Vercoe and Gregg (1993)
celA, celB  Endoglucanase Poole et al. (1990)
Egl Endoglucanase Ohmiya et al. (1989), Duguchi et al. (1991)
eglv Endoglucanase Karita et al. (1993)
pRA201 B-Glucosidase Takano et al. (1992), Ohmiya et al. (1985)
R. flavefaciens  celA Cellodextrinase Wang and Thomson (1990, 1992)
celB Endoglucanase Vercoe et al. (1995)
celD Glucanase Howard and White (1990), Vercoe et al. (1994)
celE Endoglucanase Wang et al. (1993)
XynA Xylanase Zhang and Flint et al. (1992)
xynB Xylanase Zhang et al. (1994)
xynD Xylanase/glucanase, Flint et al. (1993)

Xylanase, [3—1 ,3-1,4-glucanase

Source: Modified from Selinger et al. (1996)
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Figure 4 Abundance of glycoside hydrolase modules and carbohydrate-binding modules detected in

R. flavefaciens FD-1. The 101 GH family modules predicted in R. flavefaciens

Source: Berg et al. (2009)
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Table 5 Results of PCR specificity tests with positive and negative controls

Primer combination C. thermocellum C. cellulovorans R.flavefaciens F. succinogenes D. autotrophicum M. maripaludis

cel48_490F-920R + -
cel48_880F-980R + -
cel5_392F-525R - -
cel5_392F-754R + +

mcrA_1035F-1530R - -
mcrA_1035F-1450R - -
mcrA_1430F-1530R - -

Source: Pereyra et al. (2010)
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