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EH o BENR AL A2 BRERT FTEMEA;, REAABKR AL. A2 53 AT AW AA 0
JE R, AR E T FERAARG AR, R AW Ak Al B TIRERE B (Pseudomonas), &k
A2 ¥R B E IO H B (Sphingomonas); % F BRA144 K Z<1 200 mg/L BY  H &k Al A2 #R48 T A4 fE
BRP A FES, Y FBORE S E 1 600 mg/L B, Btk Al £ 48 h G4y FEEEME A 50%, Btk
A2 /2 104 h /& 04 B BRTAFR 2 74.3%; Bk AL A2 3T T EE ARG 4103 R ¥ 4845 5] 99%h b, &
PR AL 89 FBALERZ AT 26.4 mg/(L-h), Btk A2 69 F 8 ALK RE T X 20.6 mg/(L-h).
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Isolation and identification of bacterial strains efficient
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Abstract: In this paper, two newly isolated bacterial strain A1 and strain A2, which were capable of
degrading formaldehyde in high efficiency, were identified based on the results of standard morpho-
logical identification, physiological and biochemical characters, 16S rDNA sequence analysis. Their
capability of degrading formaldehyde was investigated by determination of the formaldehyde concen-
tration change in culture. The biological packed tower hung membrane experiment was carried to de-
termine the purification performance of the two bacterial to formaldehyde gas. The results showed that:
these two bacterial strain Al and strain A2 were identified as Pseudomonas and Sphingomonas, respec-
tively; when formaldehyde initial concentration was below 1 200 mg/L, it could be degraded by bacteria
strain Aland strain A2 completely; when original formaldehyde concentration was up to 1 600 mg/L,
50% of formaldehyde was consumed by strain A1 after 48 h, 74.3% of formaldehyde was consumed by
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strain A2 after 104 h; the removal efficiency of these two bacteria could be over 99%, the formaldehyde

removal biochemical can amount to 26.4 mg/(L-h) of strain Al and 20.6 mg/(L-h) of strain A2.

Keywords: Formaldehyde, Pseudomonas, Sphingomonas, Purification performance
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I 7K 9 B9 ) it 30 sl o F RS R /< ) v Al S5 SR o
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1 MRS
1.1 EFREEMN

YR 56 R IG SR WA 0.5%, FRE 0.3%,
M 1%, MgS047H,0 0.2%, FifE 2%,

BRI A (g/L): BERHRICY 1, EHE 1,
NaCl 0.1, K,HPO, 4.2,

FEARTEHLE; 75K (g/L): (NH,),S0, 1.0, CaCl, 0.1,
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1.2 EMMERESR. 2BAUEEE
B F 5K AL B 9 16 15 P 2 K i (] il A

FF S I A A P SEORLBE 1R AT 0 5 3R A AR o B
AR B Bk, IMA 100 mL JCEEK, 6l
BT RS B LA 10% 1) 2 vk B R Fh i e A T 40 e
SEAREFRIE T 30 °C. 150 r/min WFEIR FIRYS, B
F& 24 h J5, FfE R RN B R IR R B R
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1.3 16S rDNA 5351 PCR ¥ & 507 F

FEDKZH DNA Y52 BCR FH 40 TR 5L 5 24 DNA 42 5
A& (b7t A %8 52, Bioteke Corporation).

16S rDNA J¥ 5 By 4 3 R FH IE 1 51 ¥ 27F:
5'-AGAGTTTGATCCTGGCTCAG-3', F1 )2 [a] 5| ¥
1492R: 5'-GGYTACCTTGTTACGACTT-3', PCR
NARF AR : 94 °C 4 min; 94 °C 50 s, 52 °C 1 min,
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s,
1.6 AL B EE R S 1% R
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B, A, ARV, i, BRlaf; e
FIME, TR, WREEAR . Wtk A2 TV 2
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Fig.1 Photo of transmission electron microscope of strain A1
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Fig. 2 Photo of transmission electron microscope of strain A2
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Table 1 The result of bacterium physiological
biochemistry experimental

5 1t H Btk Al Witk A2

Tested items Strain Al Strain A2
Methyl red test - -
Voges-Proskauer test + -
Indole test = =
Gelatin liquefaction test = =
Starch hydrolysis = =
Catalase test A +
Hydrogen sulfide test = =
Glucose fermentation + +
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2.1.2  16S rDNA FHI45#r: B Iril i itk A FIE
Pk E B 16S rDNA J¥4l, i#id NCBI il k1T
BLAST X, 3 H A 12 v A AR PR Y LR 40 P
16S rDNA 2 /351, FIHK A MEGA 4.0 i R4 %
BRAnE 3 FE 4 fis

LR BAE Al 5 Pseudomonas putida
(EU443615.1) RAEJF AR A 7] — 4> 43 3 b, H AR
R 99% (K 3); Wik A2 5 Sphingomonas sp.
(DQO10645.1) I #k R AE—1~4r % |, HFE NCBI %
o PRI PT IR B 66% (1 4). &5 & e

AR ERR SR AR, WAEYRR gk 2
PRAATE 73 5 I8 T AR5 M TR & (Pseudomonas) R
[ 50 1 & (Sphingomonas)

TE R R E Db, ORI R — R A
AR AT o i N D SO E, S B AR R
TR 5 5 | S B R ) AR T W o i o1, S SR TR 1% AT
FHTHZR . WX oReE . SHEA Y55 A LY i A=
PG A s A Y A . T AR A ok R v, AT
LR SRy M — B R e AT A R

W 4 M R (Sphingomonas)TE MLER I 4376 #

—— Al

Pseudomonas putida CUG-LPA11 (EU443615.1)

75

Pseudomonas mevalinii M (AJ299216)

Pseudomonas putida d32 (F1950662)

Cellvibrio Sp- R4001 (A T’)SZQIA])

'—— Azotobacter vinelandii CRA-ABP378 (EF620432)

 — Pseudomonas sp. N9-4 (EU107174)

|
100

F——
0.05

Pseudomonas sp. IX (DQ837563)

3 HE#k Al BY 16S rDNA R4t L
Fig. 3 Phylogenetic tree derived from 16S rDNA sequencs of strain Al
Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the bootstrap values on
neighbor-joining analysis of 1 000 resampled data sets. Bar 0.05 represent sequence divergence.

91

56

A2
6?‘

Sphingomonas sp. RENB28 (FJ266338.1)
Sphingomonas sp. SC-N060 (FJ233842.1)

Sphingomonas sp. A28241 (AJ001051)
Sphingomonas sp. C28242 (AJ001053)

Sphingomonas sp. DEP-AD1 (DQ010645.1)

Sphingomonas sp. SBZ2-12 (HQ236046.1)

76

Sphingomonas sp. MUELAK 1 (EF628247.1)

78 | Novosplhingobium capsulatum RFNB21 (FJ266331.1)

0.001

4 E#k A2 B9 16S rDNA R LR
Fig. 4 Phylogenetic tree derived from 16S rDNA sequencs of strain A2
Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the bootstrap values on
Neighbor-Joining analysis of 1 000 resampled data sets. Bar: 0.001 represent sequence divergence.
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Wbk A2 7EHFP Y 8 b [H], OD E %2 BTN, B1E
8 hJ&, OD 5 FFHMR, 40 h 5 OD fH# T AL,
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Fig. 5 Growth curve of strain A1 and strain A2

on value (OD)

—=— Strain Al

Extinct

2.3 Bk AL, A2 W HRERPEBIERETR

58T WA U e B TR o R R ik FR RS R
TR FER o TR BRI At I 1) 4547 150 t/min ., 30 °C,
SIS ZE R LI e & 6 FE 7 FrR .

6 ME 7 A, 4 EE )b E
<1200 mg/L i}, Btk A FIE B E #RRENS 58 4 i 17
WA, PR S 2 1 600 mg/L B, &
B AL 5t A2 XFH R B8 1 & 4281k, 48 h
JEBERE AT X Y R BE 085 =T, R X R
AR ARk B 50%, X 2 PR R IRk B ik e 2 0ef
Pl e AR B VR, TR B 00 B R I 08 AR AR
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Fig. 6 The ability of purification formaldehyde of strain
Al in different initial formaldehyde concentration
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Fig. 7 The ability of purification formaldehyde of strain
A2 in different initial formaldehyde concentration

i, JETTR S IS R R T B RE A2 WA EZ
B, o F SRR, 7E 104 h i H A0 R A o6
IKF] 74.3%, Ui A2 X Rk B Y A T A2 1
Hikk Al B
24 EK AL A2 MEHRBESSELEENAR
WIS EAR AL A2 FEFT A Y ORLE B R K
By, MBS Y 0.1 mP/h, FIEEA AR
el e 100-500 mg/m® AYSZITE RN, %% 2 FRid
Xif B RS R A b M Rl . 4 SRR, R AR R AEORL
PEHERESE S, A RS N B AR AL. A2 XFH
T (AL BCR B RERA B TE 99% LA |, A 5256 B
BEER 2 MR R S AR AR, HA5R
K 8 s,
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Biochemistry elimination
quantity [mg/(L- h)]
[

10 —a— Strain Al
—A— Strain A2
J I A;/A’
0 1

0 100 200 300 400 500 600
Formaldehyde entrance density (mg/m®)

8 HEAOSKREMUENELERENTNE
Fig. 8 Effect of the gas concentration on the biological
elimination

M8 ATLLF Y, Bl B AR S,
PR RN R 00 A Ak S PR i 4 A S it 3, P42
18 AR AMEE A TR Hk A1 fEH
BEN DAY Jy 458 mg/m’® B, FIEEA= L 2= it
RERARME, KA ABRE R 264 mg/(L-h); HE
A2 TEFREA VMM BE N 422 mg/m’ B, HIEEAEfk
EBr ik B E, HAL LRSS 20.6 mg/(L-h).

3 4R

(1) Xor BRI BEMRIEAT TR A% . EHEALD
BorFHEMER 0T, WIS wAR AL A2 415
J& TR AR AN (Pseudomonas putida) FIHE 2 B PR
ML TR (Sphingomonas sp.).

(2) YH BRI <1 200 mg/L B, Efk AL Al
PRI A2 HBREAE 5T A= R ARVA v i) P o 21 PRk
W% 1600 mg/L B, TRAR A1 7E 48 h Ji5 (1) FH R fi
RN 50%, HRE A2 78 104 h i B EREFE AR ZN 74.3%.

(3) AW HUEHE IR R A1 A2 X HEE AL
RRBHIRER] 99% LA s K& R 100 L/h,
RERW W RN 1 L/, RS Bk 0 SR T A
100—-500 mg/m’® By 214, Btk Al B9 fb 2 it B
KAEH 26.4 mg/(L-h), Pk A2 1A A 22 B ot i
KAHE M 20.6 mg/(L-h).
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