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Isolation and Culture of Methanotrophs in Inorganic Medium and Characterization of

COD Production, Nutrient Removal

ITae Kim"' - Woo-Keun Bae* - KwangSoo Kim - HeeJa Lee

Korea Institute of Construction Technology - *Hanyang University Department of Civil & Environmental Systems Engineering

ABSTRACT : The objectives of this study were to isolate and culture methanotrophs and to apply them for biological removal of
nitrogen and phosphorous. Methanotrophs (dominant species: Methylomonas methanica) were isolated from a landfill cover soil, cultured
in a NMS medium, and analyzed to reveal their characteristics of growth and nutrient removal. The methanotrophs themselves can
produce substantial amount of organic substances(as COD) including methanol, formaldehyde, and formate, as carbon sources required for
denitrification. For instance, the production rate for methanol was 8 mg/L-hr. Moreover, the analysis of nitrogen and phosphorous in the
sludge suggested that the methanotrophs assimilate nitrogen and phosphorous as growth substances.
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Table 1. Composition and concentration of stock solution for
modified Higgins nitrate minimal salt solution?

Chemicals (g/L)
1. 100 x salt solution”
NaNO; 85
K80, 17
MgSO0; - TH;0 3.7
CaClz . 2H20 0.7
2. 100 x phosphate buffer solution”
KH,PO, 53
Na,HPO4 86

Adjust solution to pH 7.0

3. 500 x Trace metal solution

ZnS0y - TH,0 0.287
MnSO, 0.223
H;BO; 0.062
NaMoOy - 2H;0 0.048
CoCl; - 6H,0 0.048
KI 0.083
CuSO4 - 5H,0 0.25

1 mL of 1 mM H3SO; per liter of Trace metals

4. 500 x Iron solution
FeSO, - TH,0 224
5 mL of 1 mMH,SO; per 100 mL of iron

¥ Culture medium was made as follows: Appropriate aliquots of con-
centrated solution 1-3 were addded to the desired volume of double
distilled water and the Jcombined diluted mixture was sterliized by
passage through a 0.22 pm membrane filter. Separate and filter sterile
iron solution 4 was added aseptically to this mixture.

Y Each stock solution was storded at 4°C after sterilization, except for
the phosphate buffer which was stored at room temperature.

Table 2. Analytical methods
Item Method
pH pH meter(Thermo, 420A plus, USA)
DO DO meter (YSI, inolab DO level 2)
mLVSS  Optical Density Method (A = 660nm)

TOC Analyzer (Multi N/C 3000
analytik jena, German)

TOC

CODc: K2Cr;07 Closed Reflux, Titrimetric Method
CH,4 Gas Chromatography (FID) HP 6890 plus, USA
CH;0H  Gas Chromatography (FID) HP 6890 plus, USA

High Performance Liquid Chromatography
(Perkinelmer series 200 LC, USA)

UV-visible spectrophotometer
(Shimazu, UV-1600, Japan)

Formaldehyde

Absorbance

Het FQFE head space &7+ 110 mLe 20%(V/V)Ql
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274 4=+ sMMO(soluble methane monooxidase)
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$Eg BRFAL.
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A &2 DGGE(PCR amplified 16S rDNA-denaturing gradi-
ent gel electro-phoresis)”oll <3 SRl B AFNE
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Fig. 1. Changes of cell concerntration during culture.
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Fig. 2. Changes of TOC and COD concentration during culture.
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methanica, Methylomonas sp. LW2)7} <1 3t}
Gelgol A4 Jeld Z42be] band€] intensitys WA
9 B3 MAZY JUd FREE Yehlis Rz A H
© 2 Methylomonas species’7t $RAELE 89 & & 39
retdtslgol Aoz Be WIHASS DGGE £42

Fig. 3. Micrograph of methanotrophs (Scanning electron micro-
scope 7500X).

Fig. 4. DGGE profiles of 16S rDNA obtained by analyzing
the Kimpo Landfill site.

Table 3. Sequence information for the DGGE band by analyzing Kimpo landfill site

BAND a BAND b BAND d BAND e

Domain Bacteria Bacteria Bacteria Bacteria
Division Proteobacteria Proteobacteria Proteobacteria Proteobacteria

Class Gammaproteobacteria Gammaproteobacteria Alphaproteobacteria Gammaproteobacteria
Order Methylococcales Methylococcales Rhizobiales Methylococcales
Family Methylococcaceae Methylococcaceae Methylocystaceae Methylococcaceae
Genus Methylomonas Methylomonas Methylosinus Methylomonas
Species Methylomonas sp. Methylomonas methanica Methylomonas sp. LW2 Methylomonas methanica
Similarity 98.36% 99.09% 95.05% 98.23%
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Fig. 5. Changes of cell concentration during the cultivation
of methanotrophs in nitrate mineral salts medium(with
20 nmole and without CuSOy).
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Fig. 6. Changes of COD concentration during the cultivation
of methanotrophs in nitratr mineral salts medium(with
20 nmole and without CuSOs).
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Fig. 9. Changes of nitrate concentration during the cultivation
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Fig. 11. Changes of COD and Nitrate concentration during
the cultivation of methanotrophs in nitrate mineral salts
medium.
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