Bovine rumen에서 분리한 숙신산 생산 균주 Mannheimia sp. 의 특성연구

이평천, 이우기, 이상엽, 장호남

한국과학기술원 화학공학과

Isolation and characterization of succinic-acid producing Mannheimia sp. from bovine rumen
Pyung Cheon Lee, Woo Gi Lee, Sang Yup Lee, Ho Nam Chang

Department of Chemical Engineering, Korea Advanced Institute of Science and Technology 373-1, Kusong-dong, Yusong-gu, Taejon, Korea, 305-701
Introduction

Succinic acid is a dicarboxylic acid produced as an intermediate of the tricarboxylic acid cycle and also as one of the fermentation products of anaerobic metabolism. It can be used for the manufacture of synthetic resins and biodegradable polymers and as an intermediate for chemical synthesis. To date, succinic acid has been produced commercially by chemical processes. Recently, however, fermentative production of succinic acid from renewable biomass by anaerobic bacteria has attracted great interest (1). Fermentative production of succinic acid can be regarded as a green technology not only because renewable substrates (biomass) are used for its production, but also because CO2, a greenhouse gas, is incorporated into succinic acid during the fermentation (2).

A number of functionally important rumen bacteria produce succinic acid during fermentation of carbohydrates although succinic acid is seldom detected in measurable amounts in rumina because it is rapidly converted to propionic acid. Several anaerobic and facultatively anaerobic bacteria that produced succinic acid from carbohydrates were isolated rumen as well as other sources: Bacteroides ruminicola, Bacteroides amylophilus, Bacteroides fragilis. Recently, Guettler et al. (3) reported the isolation of succinic acid-producing Actinobacillus succinogenes from bovine rumen. This report has again attracted interest in this area, and the acquisitions of the pure succinic acid-producing bacteria opens opportunities for more detailed investigation on their function in rumen environment. 

In this study, a description of a novel succinic acid-producing strain isolated from the bovine rumen is presented, including its cultural and physiological characteristics and its phylogenetic position within the family Pasteurellaceae based on complete 16S rRNA sequence information.

Materials and methods
Media. The enrichment medium contained per liter: 20 g glucose, 5 g polypeptone, 5 g yeast extract, 3 g K2HPO4, 2 g NaCl, 2 g (NH4)2SO4, 0.2 g CaCl2(2H2O, 0.4 g MgCl2(6H2O, and 15 g MgCO3, 16 mg lasalocid and 10 mg monensin. Plates used for isolation contained per liter: 5 g glucose, 23 g peptone, 5 g yeast extract, 12 g Bacto agar, 2 g NaCl, 0.4 g sodium bicarbonate, 0.5 g Cysteine-HCl, 0.25 g soluble pyrophosphate, 10 mg Heamin, 1 mg vitamin K. The media were gassed with oxygen-free CO2 and autoclaved for 15 min at 121oC.

Enrichment and isolation.  Ruminal contents were taken from cattle and used as an inoculum for an enrichment medium containing the ionoporic antibiotic lasalocid and monensin (Sigma), which inhibit rumen microorganisms which produce acetic acid and hydrogen, thereby favoring those which produce propionic acid. Subculture was made after 18h incubation at 37 oC. The culture was diluted to 10-6 in PBS buffer (0.145 M NaCl, 0.01 M sodium phosphate). The diluted cultures (0.1 ml) were spreaded onto agar plates and incubated in an Oxoid anaerobic jar with a CO2 atmosphere at 37 oC. After 24-48 h, single-isolated colonies were picked with a sterilized 22-gauge needle and washed into vials of enrichment medium with lasalocid and monensin. Primary isolates were grown for 24 h and end-products were analyzed by HPLC and screened for succinic acid production. 

Analysis.  The organic acid fermentation products and glucose were determined by high-performance liquid chromatography equipped with an ion exchange column using 0.012 N H2SO4 as a mobile phase (4).
16S rRNA Sequence analysis.  The 16S rRNA gene was amplified by PCR (a GenAmpTM PCR system 9700). The sequences of the primers used for amplification were 5’-AGAGTTTGATCMTGGCTCAG-3’ and 5’-AAGGAGGTGWTCCARCC-3’, corresponding to positions 8 to 27 and 1545 to 1525, respectively, in the 16S rRNA sequence of E. coli. The PCR product was purified using Wizard PCR preps DNA purification system (Promega) and sequenced on an ABI PRIBSM 310 automated sequencer (Perkin-Elmer), as described in the ABI protocol for ABI PRIBSMTM BigDyeTM Terminator Cycle Sequencing Ready Reaction Kit.  

Reference sequences.  The accession numbers for the sequences used as references are as follows: Mannheimia varigena CCUG 38462T (AF053893); Mannheimia granulomatis ATCC 49244T (AF053902); Mannheimia ruminalis CCUG 38470T (AF053900); Mannheimia glucosida CCUG 38457T (AF053889); Pasteurella trehalosi NCTC 11550 (U57073); Pasteurella dagmatis ATCC 43325T (M75051); Mannheimia haemolytica NCTC 9380T (AF060699); Pasteurella avium NCTC 11297T (M75058); Pasteurella aerogenes ATCC 27883T (M75048); Pasteurella bettyae CCUG 2042T (L06088); Pasteurella volantium NCTC 3438T (M75070); Pasteurella mairii CCUG 27189T (AF024532); Pasteurella multocida NCTC 10322T (M35018); Pasteurella langaaensis ATCC 43328T (M75053); Pasteurella gallinarum NCTC 11188T (M75059); Pasteurella stomatis ATCC 43327T (M75050); Pasteurella canis ATCC 43326T (M75049); Haemophilus influenzae T (M35019); Pasteurella pneumotropica NCTC 8141T (M75083); Pasteurella anatis ATCC 43329T (M75054); Pasteurella testudinis CCUG 19802T (L06090); Vibrio cholerae ATCC 14035T (Z21856); and Escherichia coli (J01695).

Phylogenetic analysis.  The phylogenetic analysis was conducted by using the neighbor-joining method (5) in the computer programs in the PHYLIP (version 3.5c) program package developed by department of genetics, University of Washington (Seatle). 

Results and discussions 

Morphological characteristics.  Blood agar colonies of Strain 55E were smooth and grayish and 1-2 mm in diameter after 24 h incubation. Spore was not formed and Gram staining was negative. Light microscopy and scanning electron micrograph revealed that the morphology of the cells could best be described as that of typical Mannheimia cell clusters (6). The cells occurred mainly singly (0.5 x 0.8 μm), in pairs and in short chains (Fig.1). Occasional filamentous cell were seen in most of the cultures and small aggregates of cell occurred in most of the culture. Mobility was not observed.

Cultural characteristics.  Strain 55E is a non-fastidious organism that grows rapidly on blood-free media. It can grow on simple chemoorganotrophic media containing glucose, yeast extract, and mineral salts. It was mesophilic and grew well at 37-39 oC, whereas no growth was observed on agar plates at 20 or 45 oC. Although strain 55E can grow aerobically, it was capnophilic because its growth was enhanced in an atmosphere that contained an increased CO2 concentration. Without CO2 supply (100% N2), growth was relatively poor compared to that under CO2-rich condition. Acid but no gas is produced from glucose. The strain 55E produced more than 14 g/L succinic acid in the enrichment medium containing 20 g/L glucose and 5 g/L yeast extract. The succinic acid was produced along with acetic acid, formic acid, and lactic acid. The strain 55E could grow at pHs of 6.0 - 7.5 under CO2 -rich condition. 

Phylogenetic analysis.  The almost completely 16S rRNA sequence (1392 bases) was determined for strain 55E. Sequence comparison with organisms in the database indicated that strain 55E was clearly a member of the family Pasteurellaceae. The sequence for strain 55E was compared to 22 previously sequenced members of the Pasteurellaceae and a similarity matrix based on comparisons at 1392 base positions was produced. A phylogenetic tree was generated from the similarity data by the neighbor-joining method. Strain 55E is most closely related to strains representing Mannheimia varigena (4.9% difference), Mannheimia granulomatis (5.1% difference), Mannheimia ruminalis (5.3% difference), Mannheimia glucosida (5.3% difference), Mannheimia haemolytica (5.9% difference).  These organisms belong to the new genus Mannheimia, which was recently reclassified based on 16S rRNA sequencing and DNA-DNA hybridizations. The strain 55E will serve to call attention to its source in the bovine rumen because it is a rare source for Mannheimia.  The origins of isolates in the genus Mannheimia were sheep [M. haemolytica NCTC 9380T], bovine [M. granulomatis ATCC 49244T], ovine lung [M. glucosida CCUG 38457T], sheep rumen [M. ruminalis CCUG 38470T], and bovine pneumonia [M. varigena CCUG 38462T].  Based upon phylogenetic placement, it is proposed that the strain 55E be included in the genus Mannheimia. In addition, morphological and cultural characteristics of the strain 55E are the same (1. gram-negative, non-motile rods or coccobacilli; 2. Endospores are not formed; 3. Growth is mesophilic and facultatively anaerobic or microaerophilic). However, because the Mannheimia was recently reclassified and detailed information on between the genus Mannheimia and the Pasteurella will be needed, further physiological studies and molecular approaches will be necessary for the strain 55E (Mannheimia sp.) and other related organisms to obtain knowledge on the family Pasteurellaceae. 
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Figure. 1
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