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Isolation, Identification, and Degradlng Characterlstlcs of an Oil/ Reswtant

Formaldehyde Degrading Bacterlum . V' % U ol
HAN"Xi, WANG Rong-rong, SHI Chun Zhen "w‘__,--"'f.- yr e ) &
(State Env1r0nmeutal Protection Key Lahoratory of Food Chdm Pollution Control College, of E(ology and Envirohment, Beijing"
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Abstract ;, In recent year% the health risks of bookmg ol fumes have been widely (oncernlng Since formaldehyde is one of the ma]or
pollutants émitted from ‘cooking oil fumes, |the degradanon of formaldehyde should be 1nvest1gated Due to the advances and innovations
in ‘the| degradatlon of pollutants, biodegradation was evaluated-in th;s research. In this study, we screened out the strain of XF- 1, which
can degrade forfitaldehyde from cooking oil fiie condensates® TTIG‘ strain of XF-1 was identified as Bacillus amyloliquefaciens sp. by a
sequence analysls conibing morphology, physiological, and biochemical experiments. The degrading characteristics of the strain were
further.$tudied. In the medium with a formaldehyde concentration of 100 mg-L™" | the efficiency of XF-1 for degrading formaldehyde
was 95.80% within 34 h. When the initial concentration of formaldehyde was < 300 mg-L~", the XF-1 strain could completely
degrade the formaldehyde within 120 h. When the formaldehyde concentration was 800 mg-L ™", the degradation rate of the XF-1 strain
reached 73.01% at 96 h. The maximum tolerated concentration of formaldehyde was 1500 mg-L™'. According to a single factor
experiment (pH, inoculation amount, formaldehyde concentration, and temperature ) , the influence of each factor on the degradation of
formaldehyde was studied. The optimal growth condition of the strain was 30°C at pH 6 with an inoculum amount of 10%. The
degradation specificity of formaldehyde was studied by comparing it with that of other bacillus species. The results showed that XF-1
strain was specific with regard to the function of degrading formaldehyde and was able to withstand a high oil environment. The
maximum tolerable oil concentration of XF-1 was 900 g+L~'. By analyzing the extracellular metabolites, it was determined that the
metabolic pathway of formaldehyde degradation was the RuMP assimilation pathway. In this paper, a strain of formaldehyde degrading
bacteria that was also resistant to oil was screened out and its metabolic mechanism was studied. The results indicated that the bacteria
had broad application prospects in the treatment of formaldehyde emitted from cooking oil fumes.

Key words: formaldehyde; Bacillus; isolation and identification; degrading characteristics; metabolic mechanism
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1.1 K5k
L1.1 FEAREE
AT ARV EE ORI T TR R IX &
R RERCRAES BT 4°C VKA 15 S uh i .
1.1.2 Jigedt
BEREFRAE (g-L71) (AR E MR 10.0 35HE 15.0,
NaCl 5. 0, KH, PO, 0. 45 il Na,HPO, 0. 47 ; JK 5 4 )

W1 mL-L™"; pH 7.00 0.2, 121C & & KH
40 min.

JHE & B W (g-L7"): FeSO, - 7TH,0 0.55,
ZnSO, - 7H,0 0.23, MnSO, - 7H,0 0.34,
Co(NO,),-6H,0 0.075, CuSO, - 5H,0 0.047 #I
(NH, ) MO,0,,-4H,0 0. 025.

TotsiFe bt (g- L") - SALEL 1.77 LA 5.
WEmR &40 0. 45 BEER A 4N 0. 47 FAL4E5 0. 02 A
FFREE 0. 25 R i 4 JRIAW 1 mL-L™"; B 4h pH A
6. 60, H-7E 121°C T K

T Y BT (1% 7 326 4% 35 35 « 7 K TR I 1) SR A 4 7 i
HROI AT AR A T

A 1 45 3R A K TR e B JC s SR L oA GE
e PR VA UL
1. 1.3 FERAFIAR -

NH,Cl, ZnS0, -7 H,0. FeSO, 7H oe MiS0, -
7H,0. Co(NO,)5+6 H,0, CuSO, -5 H,0 /KH,PO, .
Na,HPO, . MeSO, -7 H,0 | NaCl, LB lﬁzﬂﬂﬁéﬂ?
SR LS R KR A PR W | T
PR i 25 100 1 [ 3k 50 LA BRZS ] B IFA
(with 197 TMES,| H B ) W A % [{ RECKS
Technologles L2 AR AR A i H*Hﬁi%ﬂ
+ s Rl Hﬁﬁ&ﬁﬂﬁam’]é Dr. Ehrenstorfer Eﬁ%{ﬁ}'z
T4 2R AR Tl ik 2

éﬂﬁ%ﬂ?,jhﬁ;%%}ﬂﬂ%ﬁ(%%mﬁ&ﬁi ;R
FRFAE, g e BRI A RO AT LAt B T
(UV-2550) , H 7 & He il 7F i s 8 e 28 10K 19 4%,
Panasonic 3 A ; B IFERAE &, WA R BETH AR BR B F 57
ARIF KA BRI E] 5 ARV VR ES oL, Sigma 23 F] ; PCR
{, TECHNE 728 Al ; e K46 , SAMSUNG 2 A ; A
{6l (7890A ), Agilent 2% ) ; i 3% 1L ( PEGASUS
HT) ,LECO ; B fIL I vK 4 ( Forma 900 series) , Thermo
Fisher Scientific ; i % {{ ( JXFSTPRP-24 ) , b5+ {5
BHEABR A .

1.2 ¥k
1.2.1 Wk B Haifl
1.2.1.1 FREIREL

BT £ 90 ARV BE VR T VR AR v R 1
JEAEM RN A 2 h, B 1% B9 R4 SR
AE] 100 mL K J5 B SR FR I R 9% R
BL100 pL PR AR 205 SRR 1 P Al b o 25 4lif.
1.2.1.2 BHHEYIMERE

HUA3 B8 4l Ak I A TR V4% T 5 9% AR L I 21 K
PRI LB R $ 00 05 7 il b 1, 76 SE a5 5%
FEPMA 2.5 mg- L™ B EE, B F 170 remin~' |
30°C R IR P8 35 24 h. Z )5, 8 5 mL (IR AW
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FREDHT A9 100 mL R fili 75 32 B b 55 3% IR M A S
mg- L~ AR M ) 4 1 855 9% 24 h. u&t;@?ﬁ
RSN 2.5 mg-L™" FFHE 2 20 mg-L~" JEAT Y
REFR. WA PR R LR A R P Al R 2R vk
i 1 4 8 LA P I A s A A7 1Y) PR R, IR B 4l
1.2.2 Hkk%EE
1.2.2.1 FHRIEES ML

H 5 B AR B B TE AR IR A J5 30°C #5535 2
d, ME R TETEAS. i i 7t ol e 0 41 41 P 5 WL 2%
Y1 R A 20 T S B AR /DN

FAl E AR A B % A E Y R 2
mL,8 000 r-min B> 5 min, 3 FWE, A 40 155
TRARFRIY 2. 5% 1 RS 2 W, BT 4°C VAR b [ e
2.5 h, JHBE PR #h 22 vh W vk 3 8, IR H] 50%,
70%. 90% F1 100% WA T4 B2 B 7K, B R B 7K bsf
B8 5 min. BKEEHE , FH O EE-SUT BER W (1: 1,
WAL, TR B4 20 min, 55 100% U7 L #
PPV, B 20 min. E?ﬁ%}:ﬂd‘ﬁéunﬂ:ﬁ?/\(ﬁfq:kﬁ
Ab T ﬂ%}iﬂﬁﬁﬁﬁﬁﬁgﬁimﬁﬁﬂxﬂ”@ﬂ: ET*EE
T BT A I

p".

L2 2.2 @*ﬁfﬂﬁi}i@d&ﬁ% “‘ g ) f y f.---

éﬁililéﬁiiﬁi%ﬁtﬁ/ﬁﬁﬁjc%ﬂ'm ii
A/ACRENR (A NG E TN VP qufﬁwm

%m%#ﬁ%w Yy )y
1.2.2.3 165 rDNA %m&%?fuﬂiﬁﬁﬁﬁ »

%ﬁﬁlﬂ%m%%ﬁ? %I?HEE’JJ?WEP T
30°C 25 1 R 48 h B 3 2 B0, X% B bk
16S rDNAKE K F 41 43 #. F H] DNA $2 B 7] & 4
HUEL DNA 28 PCR #iti, ¥ H 16S T DR ST 7 51 i
17 PCR #7314 . 16S tDNA #4151 91°H 27F . AGAG
TTTGATCMTGGCTCAG #1 1492R : TACGGYTACCTT
GTTACGACTT. PCR &% 4 :95C 5 5 min ,95°C
PE 30 s,55°C B K 30 s, 72°C #EAH 1 min, R 35
K ;72°C ZEAH 10 min, 12°C {47 53] 750 bp W) A
B, AR BERE XF-1 #9 16S rDNA 2741, 14
5 b A% 2] NCBI & [H B #F 17 BLAST Lk X, #| H
MEGA 5. 05 {44618 R 40 & B #LR.
1.2.3 bk XF-1 (OREAiIERE
1.2.3.1  S[)BE 5 45 A X0 T bk Bt i
R it 3ok AR A I 5

BUEACSS I XF-1 B B 4 1) e RO [ 42 b i
(8%, 10%. 12% . 15%. 18% F120% ) &7 & H )
AU 20 mg L~ M35 3R 3. A B I E 3
AAT, LAZS U RE IR B0 0 BE R BR B TR
170 r-min~" RN 30°C [HIRFEIAR P E 3%, 2 L
FE A 55 IR SR BE Doy [ BLAL T Dy, 13RS

€1 B i K

’a'

WRAEPE KR 600 nm 4k I SEAE (optical density) ]
pH. BCHl 5 300 mg- L~ FEE A RE IR 58 04T KA.
AV, OO I T8 B DA AR A s i A
WHE AN B 37 (25, 30, 35 F1 40°C) #il pH
(5.0, 6.0, 7.0 F18.0), ¥ & i & T 5% # 2 170
VHEFT IR SR, B3 A AT, DLZS s AR
R Xl B 55 A I R ERORE I I 3% 5 22 v i Y
1.2.3.2  GEPRXTAS RV B2 (1% FY s o i

R T WIS TR R R AN () FE R e B 1 R i B
o R R B B 43 iR A 1001, 200, 300, 500 Al
800 mg-L ™" BN EERE AN 3 AFAT, LAZS 557
AT R BR AR 3R I A B CAE P 10% (R
A3E) X IR 2 B 35 BE RN A [R] v B HH I 1) 355 5 ik )
BB T 30°C . 170 remin IEGT%rEPi*?% mﬂfﬁlﬁé
o N FY e %ﬁﬁx#ﬁfﬂﬁ&%ﬁ‘@%ﬁz
L.2.3.3 G PRMH B URORT 20 E T S

#ﬁm%%%ﬁg“%hﬁ%m%ﬁ?%%
WeHZ 100, 300,800, 1 000, 1500, 2 000 £13 000
mg LRI T R B R 2 T 1T

ETﬁH%E’JP?%%ﬁﬂTHH HHIF 5% #Fi*?% B
BﬂEﬂFﬁﬁuuEPE’JT%T@%%/%%&@%@#?&
1.2.4 @%&F 1 RS
1.2.4.1  BFEXF-1 ARl

W A I 52 1 TR R T AL S R VLA 10% 1 42
Pz A 245 100 mL & & H0 (2 KE) 25008 1,
4.8.10,20,30, 50, 60, 80 F190 g [ ICHIE; 75k
3 2 E A 2 A B Ao A TR T i BB — B TR
INEEAT 100 ¢ &R (B K ) BRI . B0
JERREERE S 2 AN FAT, AZS FUOR B () 85 R 5
Syt R R L [E I T 30°C L 170 remin ' AR R
R B — B[R] e R 0 25 40 R A 4 B AR R
. B R R /N T 50% BARE AR FH EE R VA A
W Do, 5 B HITM BT LR BE R T 509% ROFE i, S ik o1
P Do TIN5 L, R P 8 Uk A 1k 6 A 7 17 TR 14K
i 20 B AR R O
1.2.4.2 PRSP REARE 1

R T SRR DT KA B T DI 2 0 A e A 2
FORT TR XF-1 A AT REAf PR AR e 1, 5 HAh i e
B3 ZEAOAT BRI T XT EL a0, DA v I A 0 TR £
PR 512338 38 A ) oL (CGMCC) T A 7 ok fi
VERY AT B, S5 o ik 1. 871 6 N1, 871 9 AT H
TS 3 At AP A [] T 00 BT e X FY JR2E 1Y) % e i
1. FVEE B B R 100 mg- L7 4 AR IR 3
AAT, LLZS LR 3R 3 05 IR SRR 453008 241 [m] Asf
BT 30C ., 170 r-min "' BUFEIR TP B 3. S B BURERS:

remin
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DML E B P A AR D0 R F P R 58 Py A2 A, BT IR
IR IRAE 5 LA

1.2.5 Wrhs:
1.2.5.1  FREEM B I &

Z8 GB/T 13197-1991 , B & 145 M B¢ & i A
10 mL HEEZI R0, FHZRR/K E AR 2 10 mL Z)
205 W 2 mL £ RN B O AR IR A,
60°C 7K 15 min, ZEIRA 1 h 5, IZEWK IS
KAE K 413 nm ZERYWOGEE. IF @ AnE 1 B s
() AR e, BB 0.2 ~ 3.5 mg- L', 4k
PN v =0.22073x +0.000 53, F K JF R® =

0.999 97.
0.8
0.6
S 04t
0.2
0 1 L 1 1 L 1 1
0 0.5 1.0 1.5 2.0 25 3.0 35
F e JIE /mg L
S0 B RERE
Fig. 1 *Formaldehyde standard curye /' i

. & f
1.265. 2/ | IRk I il s "

44 S A S mL LB AR, K Haes
F. L33 S HEFl 0,175 mL B R 32 12 h 19
(WG D 15510. 01). 5 11 34 MRS 45 44 3
W B TEIRPEIR PR 5%, IR B 30°C
BB 170 vemin ™" AR — B B B BORE A AE 600
nm A& BE(R, 15 B G P AR K ph 2.

HR A PR Ak AE A ) s 1) %) A 4 BB, e B 15 IE
SGompertz £ 5T JLA B A A AE G Bl 2R AT
BRI SEOTE R A () [HERE S EK
AERECR UL AR (2) ], &R R X @y 8 ik
.

In(N,/N,) = a xexp{-expl -k x (x —x)]|

(1)
el IS 3] U iR AR
U=axk/e (2)
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Fig. 2 Plate, electron microscope, and transmission electron microscope photos of the XF-1 strain
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Fig. 3 Phylogenetic tree derived from 16S rDNA sequences of the XF-1 strain
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Fig. 5 Change in the formaldehyde concentration over time
when XF-1 degrades formaldehyde under

different inoculation conditions

pH Wi il 172 4k, PR S il 6 mivin, ia gl g
Mz pH RIS , S IR v e R A I

ST I S, 15%@94\@@1% FH A1k
maﬂjc Z%%TW%%EPE%#FF@H& XF-1 FeAg
FREI) R AL ), 1 pHL G0 5 9% W T
5 10% Wik LBy (A

(b} pH

9

6

tl] I12 214 _"il(a 4[8 E:O ?lz
i [i)/h
B 6 AREZFEMET,HEHk XF-1 FEMERER Dy, 5 pH B EHTL

Fig. 6 Change of D¢y, and pH over time when the bacteria XF-1 degraded formaldehyde at different inoculation quantities
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Fig. 9 Ability of the XF-1 strain to degrade formaldehyde at different concentrations
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