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Characterization of Formaldehyde-degrading Bacteria
Isolated from River Sediment
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A bacterium growing on formaldehyde as a sole carbon source was isolated by the dilution method from
‘an enrichment culture containing formaldehyde. The isolated strain, YK-32, was identified as Pseudomonas
sp. by morphological, biochemical, and genetic analyses. Pseudomonas sp. YK-32 completely degraded
0.05% formaldehyde within 24 hrs. The isolated strain had a high level of formaldehyde dehydrogenase
activity, which is thought to be one of the important factors for formaldehyde degradation, when cells

were cultivated in the presence of formaldehyde.
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ol &4H ¥4l F5F5 & st A Et} (Shim and Kim,
2006). A Ut 19983 Y| ARAE AR
Al formaldehydeE S 7|3l EAE o Ao of
7] B4 B AHA formaldehyde ] W &3 & 7|&S B W&
Al tha] 2 ppm ©olEtE FASIL ATk 2L} o7 7
AZzAd = B3t D8 JAZ dAg-EIHd A 9
formaldehydeo] W3t =Zo] WIS TAYst AT (Shim
and Kim, 2006). @A 7154 22& 2449 AF9 &4
13820 B4 o gs v|AE e 484 55 ©]838)
o F7ISAEZS Tl HFFHoE £ COE B=3)
A7) £38l2 W (degradative process)¥ AF3l3Hl a4 2
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%3] polymerE ¥4 A7) humic =2 9l bindingA]
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(bioremediation)©] ¥t} FEF Q] WHo g o AR §)
T} (Na et al., 2001; Kim et al., 2004; Choi et al., 2006; Kim
2007).
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Formaldehyde #-&s°| 53 o755 2237 95t
10 g peptone, 5 g beef extract, 1 g KoHPO4, 5g NaCl, 1g
formaldehyde ¥ 1mL trace element [Z/d, L B 0.5 g B(OH);,
0.04 g CuSO4-5H,0, 0.2 g FeCl3-6H,0, 9 0.04 g ZnSO,* 7TH,0]
E ST 1LY =% WX & S8 uiA 2 ARS8 S
g & 4 BelE 93] 1 g glucose, | mL trace elementS
¥ 1L o] o 7)9] 0.04%2] formaldehydeS A 7}3}
TAPY A E 0] 83} 0 formaldehyder= o T8 7 (0.45 um)
st H7ESE T (Ryu et al., 1993).
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ol g| 8l $HJ3tH T} PCR HES-oll AFE-3) primers 27f primer
(5-AGAGTTTGATCCTGGCTCAG-3)%} 1492r primer (5'-TA
- CCTTGTTACGACTT-3"& AME-3} R 3L (Dunbar et al., 2000),
PCR ¥H&-2 Th29) 2707 3319} 0.5 4L (2.5U) Taq
polymerase, 5 #L Taq polymerase buffer (x10), 4 2L 2] 2.5
mM dNTP, 34.5 «L dH,0°l} 20 pmol®] Z} primer 2 £L$}, 2 1L
o ¥ DNAZ AH71sle] 2 33 5 WSS 94TCo|A
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Fig. 1. Scanning electron micrograph of Pseudomonas sp.
YK-32. Bar indicates 1 xm.

Table 1. Biochemical characteristics of Pseudomonas sp.
YK-32 using Bio-Merieux VITEX kit. +, positive result or

growth; —, negative result or no growth
Medium - Resuit Medium Result

DP-300 + Raffinose -
Glucose + Sorbitol -
Growth control + Sucrose -
‘Acetamide - Inositol -
Esculin — Adonitol -
Plant indican — p-Coumaric -
Urea — H.S -
Citrate + ONPG fermentation —
Malonate — RHA —
Tryptophan - L-arabinose -
Polymicine B — Glucose fermentation —
Lactose - Arginine -
Maltose - Lysine -
Manitol — Ornithine —
Xylose + Oxidase -

sp. Z64-1zhy (accession no. AM411070), Pseudomonas sp.
Z62-zhy (accession no. AM410621) 52] Pseudomonas 2]
&3he dFEF 100%9] 35432 eI AT (Table 2). ©]&
g Ay E Ry Ee] AEE dF= Pseudomonas sp.ol &8
AL 2 HHE Y| Pseudomonas sp. YK-32E st B AY
of A& H Eolv B T Aol F WA
EAStE Ao 2 dHA U= Pseudomonas 59 A dF7}
A E3812 H3Y (bioremediation) Ho| A =1 &g AJo] A1E]
il 9).o™ E-3] benzene, toluene E xylened} 22 WL 315}
A4S BT 4 Jde AR BuEs Ut Ryu et al, 1993;
Na et al, 2001; Kim et al., 2007). ©|23 EAA L Ea|d
Pseudomonas sp. YK-32-& ©]8-3} VOCs (volatile organic
compounds) 59 FE3AA FIEHAS AAT 5 IS 9y

gt

Pseudomonas sp. YK-320|| 2|8t formaldehyde2| =5}

T2 Pseudomonas sp. YK-329 2|3} formaldehyde A7
FEE M FAITPE R BR3Y T Formaldehyde 27155 E
F 0.04%2 223 viX 9] YK-328 HZs o] AFHS o

o] Z2)o] =W A formaldehyde’} 543 H3l=o] wief
24A1ZF Qo] formaldehydeZ} ¢43] E3ll5= A< QAT

4 JA T} (Fig. 2). )& 3t A= 8 YK-327} formalde-
hydeE 1AL F BLYOE o]t} T ZHol ol
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Fig. 2. Formaldehyde degradatoion by Pseudomonas sp.

YK-32. Cells were cultured at 30 C in the presence of 0.04%

formaldehyde. -m-, formaldehyde concentration; -@-, viable
cell count. Data are the average of duplicate experiments.

Pseudomonas sp. YK-322| formaldehyde dehydrogenase
S .
A=W A formaldehyde= formaldehyde dehydrogenase®]
w3 2-g-oll 93] formate® HEHE 3L formate t}A| formate
dehydrogenase®] Z-&-of 9]3lo] CO2 E35EH = 3‘19—5 2=
A AT} (Dorsev and Actis, 2003). TehA] 8wt YK-32T 59
o} formaldehyde’} E3Btie A3 E Ro: AFsA I
3171 915t 0.04%2] formaldehydeS S-5-3}3L QL R oA
Pseudomonas sp. YK-32& HjF3ldA wjoA el wE |
formaldehyde dehydrogenase &84 9] H3lE ZALSIA T
2 A3} kA7 ©E formaldehyde dehydrogenase &4 2
W7t FEE o, WA el WE 849 ST #E HU
T} (Table 3). vl SF 48A|7FA ol 28.3 Unit®] 7} =2 &4 o]
AFAH AT 2FANY] FAHA LS Hj9F 484710 Hu] 24
o]l =g3 & AdAQ3A F-AE F FAasHE AoE YEy.
o|H gt A= formaldehyde”} ¥ YK-327} 7FAAL Sl
formaldehyde dehydrogenase®] 2}-8-ol &3l AZ ol A H-3)
o] AR HAE AZ] Fo HFHOE CO0 FHE B
3 B AL 9wt} Formaldehyde?] #3jjo] #AAdI=
formaldehyde dehydrogenase= ATt AEE BEA| L o]
271742 Ao & WA EAlee E4E B2 AlddM =
formaldehyde dehydrogenase®] EA7} Hil Hojx gtk
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Table 2. 16S rDNA partial sequence (1,301 bp) and identification of the isolated strain YK-32 by homology search based

on 16S rDNA. The PCR was performed as described under Materials and Methods. The sequence data was analyzed via
ribosomal database (http://www.ncbi.nlm.nih.gov/BLAST)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
021
081
1041
1101
1161
1221
1281

AGAGTTTGAT
GGATGACGGG
GCCTGGTAGT
GAAAGCAGGG
GGTGGGGTAA
CACTGGAACT
ATGGGCGAAA
CACTTTAAGT
GAATAAGCAC
ATCGGAATTA
CGGGCTCAAC
GAATTTCCTG
ACCACCTGGA
ACCCTGGTAG
TGGCGCAGCT
AATGAATTGA
AAGAACCTTA
GAACTCTGAC
GTCCCGTAAC
GGAGACTGCC
ACGGCCTGGG
GGAGCTAATC

CCTGGCTCAG
AGCTTGCTCC
GGGGGACAAC
GACCTTCGGG
TGGCTCACCA
GAGACACGGT
GCCTGATCCA
TGEGAGGAAG
CGGCTAACTC
CTGGGCGTAA
CTGGGAACTG
TGTAGCGGTG
CTGATACTGA
TCCACGCCGT
AACGCATTAA
CGEGGGCCCE
CCAGGCCTTG
ACAGGTGCTG
GAGCGCAACC
GGTGACAAAC
CTACACACGT
TCACAAAACC

ATTGAACGCT
TTGATTCAGC
GTTTCGAAAG
CCTTGCGCTA
AGGCGACGAT
CCAGACTCCT
GCCATGCCGC
GGCAGTAAGC
TGTGCCAGCA
AGCGCGCGTA
CATCCAAAAC
AAATGCGTAG
CACTGAGGTG
AAACGATGTC
GTTGACCGCC
CACAAGCGGT
ACATGCAGAG
CATGGCTGTC
CTTGTCCTTA
CGGAGGAAGG
GCTACAATGG
GATCGTAGTC

GGCGGCAGGC
GGCGGACGGG
GAACGCTAAT
TCAGATGAGC
CCGTAACTGG
ACGGGAGGCA
GTGTGTGAAG
TAATACCTIG
GCCGCGGTAA
GGTGGTTTGT
TGGCAAGCTA
ATATAGGAAG
CGAAAGCGTG
AACTAGCCGT
TGGGGAGTAC
GGAGCATGTG
AACTTTCCAG
GTCAGCTCGT
GTTACCAGCA
TGGGGATGAC
TCGGTACAGA
C 1301

CTAACACATG
TGAGTAATGC
ACCGCATACG
CTAGGTCGGA
TCTGAGAGGA
GCAGTGGGGA
AAGGTCTTCG
CTGTTTTGAC
TACAGAGGGT
TAAGTTGGAT
GAGTACGGTA
GAACACCAGT
GGGAGCAAAC
TGGAATCCTT
GGCCGCAAGG
GTTTAATTCG
AGATGGATTG
GTCGTGAGAT
CGTTATGGTG
GTCAAGTCAT
GGGTTGCCAA

CAAGTCGAGC
CTAGGAATCT
TCCTACGGGA
TTAGCTAGTT
TGATCAGTCA
ATATTGGACA
GATTGTAAAG
GTTACCGACA
GCAAGCGTTA
GTGAAAGCCC
GAAGGTGGTG
GGCGAAGGCS
AGGATTAGAT
GAGATTTTAG
TTAAAACTCA
AAGCAACGCG
GTGCCTTCGE
GTTGGGTTAA
GGCACTCTAA
CATGGCCCTT
GCCGCGAGGT

60
120
180
240
300
360
420
480
540
600
660
720
780
840
920
980

1040
1100
1160
1220
1280

Reference (accession no.)

Identity (%)

Pseudomonas sp. Z64-1zhy (AM411070)
Pseudomonas sp. Z62zhy (AM410621)
Pseudomonas sp. J19 (DQ127530)
Pseudomonas sp. BCNU171 (DQ229316)

100
100
100
100

Table 3. Formaldehyde dehydrogenase activity according to the growth of Pseudomonas sp. YK-32. Cells were cultured

‘at 30C in the presence of 0.04% formaldehyde

Incubation time (hr) Cell growth at ODggo

Protein concentration («g/mL)

Specific activity (Unit)

24 0.538
30 0.775
48 1.356
60 1.393
72 1.471

972.6 23.2
2,207.8 27.2
3,588.0 28.3
3,5669.5 28.1
3,357.0 26.9

(Kaulfers and Marquardt, 1991; Ito et al., 1994; Echenique et
al,, 2001). & <d7olM E£2E YK-32 Fol EH=
Pseudomonas <72] 43¢ M5 ZFoll= Pseudomonas pudita FDH
g} 7} formaldehyde dehydrogenase A4S 7R =
Ao g BAFHAT} (Ito et al,, 1994). AT, F HdFo <3|
A AF8l formaldehyde dehydrogenase= o} & Z}o] 7 o] )
T}, Pseudomonas sp. YK-327} AYAFE}=  formaldehyde
dehydrogenase®] 73-%- Sul 282 3}7] ¢34} glutathioneS-
a2 A9 Pseudomonas pudita FDH®] formaldehyde
dehydrogenase= glutathione H]2]&2]Q) &40t} (Ito et al.,
1994). =3+ G4 SAS Pseudomonas sp. YK-327} A4bsh=

formaldehyde dehydrogenase (B4 28.3 U)7} Pseudomonas
pudita FDH®] formaldehyde dehydrogenase (HI&4] 7.0 U) X
o AdAeZ o EUT(Ito et al., 1994). ), F2]+t
Pseudomonas sp. YK-329 €13} formaldehyde -3HR7F8-2| 7|+
5 5ol A 27 Sste] FelFozye
formaldehyde dehydrogenase A} 2 #¥ 7F-Z}2] cloning

g AEsta vk

At AL
o] =& 20079 % A Bl gmbol e ol ef dE ]l

gokXAle)e] X ol ojste] AlAE =FoE AH] XY
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