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HEATE A B 45 5 AR 4 WAL TG AL L
N AN TN Y S g P s3I N PR
. 15 p T R A A Rl 3 e, PR SIS Al T LA
N T2 = Tl AR A= 7, an DL B R IS AR
PR AR e Tl AR A P R by T
5 AR AN T LA NS TN Al il TR A 7 R R AN
Pl & A G20 R 48, DT R K 48 8 T A PRl It
FAEARG A 72 il A P

HEARTIE Y W BB AL B A R P R H H
I P AP HE O A Tl R A 9 = 4R TR R 41
Je B A 45 R AT 7 T O I 5 B4 B T A
D HEARE SO FRATTANEN B PR UURR ) v 43 B
B — PR ELAT 1= R i I B T AR BRI TR Pseudo-
monas sp. IOFAL""" I %1% B bk ) PP TR 05 AL Bl A
o3 B aliAb Fn e Ve B o .
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1.1.1 ##F Pseudomonas sp. I0FA1 T[T MER
JEPEGRIEE DU RR WA il vh 70 15 ) o 200 e Y ) 7
¥k. Pseudomonas sp. T0FA1 Hy A [E ML 8 5% 35 9 15 5%
ALV (CCTCC M2010280).

1.1.2 X # DEAE-Sepharose 4 Jfi 4 B 25 [F GE
AT e SRR M (SDS) G AR R Kk (AP) D38
Promega j** i ; Tris . WA BERE TPTG Il [ 5% [ Sig-
ma 23w 3 BERREY R LRI B 3E[E Difico 23R 5 HoAt
SR P R 247 Sy [ 7 e b A 2R

L L3 AR A ittt SR LB Bigrdkok by
i Pseudomonas sp. T0FA1 Bk, 8535 5140 37°C
200 r/min 4z 5 55 F5. WK LB BE IR BE W7 40T
Ldm® ARG FRIE P &4 5 g BEEERT 10 g S ALAN .
10 gffREE F ¥R, (1A LB B FRELANA N 15 ¢ Bifis.
1.2 Fik

1.2.1 Vs enz RHERPFESEXRTC
O PRI TR AT 2 10 B2 T AT S 1 90 5 i
B 1 RRUR A, JFAE 8OC R E 10 min. 15 S
WS N F 2 R I, 8 HAE 412 nm K BRI
{8, - SR e £ B TSR R IR A v i T 5 6
1.2.2  Pseudomonas sp. 10FAl B R W B A A
AR5 LB 8535 B AE 37°C R £ K5 % Pseudo-
monas sp. IOFA1 TR, fF 5323 0D, B35 2 B,
AR E (AR YR L) 2 100 mg/em” (1) F . 75 H
VSN i (A AN [] Bsf ] 5 (0, 1.5 ,10,15,20,25 .30 ,
35.40 .45 .50 .60 min) WAL B IR L FIE IF AT HY
BRI E .

1.2.3  WEHBALERM AL TEEAMT o)
3t DEAE-Sepharose 41 Jit 21| 4% 41 v, 7 56 F 9582 B
2P (0. 1 mol/dm® , pH {f 7. 0) V-4 DEAE-Sepha-
rose A RERE. L 0. 5 m/min [ HERE , [ B 8 40
WS AT AL 8 RG0 37 HE VA 280 nm I8 KR AR Wi SR
J& FABEFR AN ZE i (0. 1 mol/dm® , pH {H 7. 0) #F 17 ¥
Uk, B R UEMRAE 280 nm I K AR IR I e 2 L2
M. B &4 0.1 ~0. 3 mol/dm’ NaCl (1B 4H
ZZ 3 (0. 1 mol/dm® , pH {H 7. 0) 47456 3 VR M. Uit
AR TR VR R A 0, I 000 o L Y e o il 0, ARAS:
ELA P A 5 1 PO AE i, 284 T SDS-PAGE 434t
1.2.4 &aRi#E%Z M SDS-PAGE H{J] | HL—
B HMEE . BEBRTERE KRS,
##4F MALDI-TOF/TOF [ %43 #1 ( BrukerDaltonics ) .
FIJH Mascot (Matrix Science ) #0415 14 S5 15 £ 48
HEATEE B0 A P M . 4 R Y B B P
NCBI P4 P 2 AR TUAR R 2 (1 5 16 587 343 4%
EHFH).

1.2.5 WEAEACERE W2 RATP RSN
I 0 R AR B S L ROVAR R AR L A
10 em’ A5 7E K0 & H i A 20 mmol/dm® I, 100
mmol/dm’ KC1 12 em® # BB W , 37 °C 5544 F i3
B AT SN T AR B R B ok pHL T
EHEHEA A (10 mmol/dm® NaOH ,pH £ 7.0) ",
— G T E LA 37°CTR 1 min 742 1 wmol
P Jifr s S 1 Tl

1.2.6  FM11 &9B3 ot (1) FMIL B i
FNEIRLTE < R T E FMILL [ 500 S g e, 16 A [+
I TGEARR: sz Nz i BT (15,20,25,30,37 ,40,50,60
70°C ) ) FMIL1 A REE J7 , RS AR B A5
FAVREL X Bl (DAt 3% S e LR 100% ) | B 21 2 3 ik
B3 APATESL. (2) FMIT By f5s O pH {E : A [A]
pH E 1 50 7 AT« R 454 (pH B4 3.09 .
4.04.5.04.6.02) : Na,HPO,/Critric acid 2% g ;
LA (pH {E M 7.04.7.51.8.00) : Tris/HCl 2%
W P25 F (pH {24 9. 00,10. 00 ) : NaOH/Gly 2%
MR 3 AN FMILT FEAS ] pH 22 wh v 1 i T
i FMLL i) fidi B, pH A, BR4H SER R 3 4>
SEATHESD. (3) FMIT [yRESE P FMIT B 53301 T
AR 44 (15 .20 25 .30 37 .40 50 .60 .70°C )
WEE 1 h fRR AR B 2= (25°C) J5 20 Bl FM11
HIERAR G . RIS 9 FMILL i (pH {6 7.0,
T 4°C) F TG 7 100% , 3134 4y FMI1T il
AR B AR . RSB R 3 A PATHESS. (4)
pH {EFSEPE : FM11 [ 5350 T A [R] pH (B 2544 T
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(3.09.4.04.5.04.6.02,7.04.7.51.8.00.9.00,
10.00) %% 1 h Ji5 43 A I FM11 /) 5% A3 il 7).
DA B (PRT 4°C, pH H2 7. 0) 1Y BEE 1R
SRkt BR TS [R5 B LB A AR O SR AR T, B4
SHEE 3 AT, (5) &R X FMIT S
TR RE I < 6t SN A ZR A S S 0 AN () 29 B 1
&JBET(0.5.5.0 mmol/dm® ) , I 5 B in 42 )& 25
FIE e FMIL (9 EE 77 LLICT T 4 )&
B FMLT S A B TR IR R 4 8
T R RS . RGN ) 42 TR B AR . Mg
Ag® Fe’" Fe’™ K* Na® Ni* Ca’" Cu** . Zn’",
Mn®* Rb* Li* [ Cd®" ,Co™" ,Sr™" . Cs*. [§ FeSO, .
Fe,(S0,);.ZnS0, ,CuSO, #b, x4 R & 714 &
I B LR E 3 AT

2 HPRAhE
2.1 Pseudomonas sp. |OFA1 & #k FH B [% iR 4%
TR

FRATINED BE DRI DR b 3 515 38— AR B A
Wi Ak P T PR B 20 7, 16S TRNA I 3 73 A 2 B
5 Pseudomonas putida WA R E ( >99% ) ,
N Pseudomonas JE M. WE 1 i, IOFAL AR fE
7E 40 min Z Y PREH L 100 mg/dm’ () FEE, Hop
29 75% W EELE S min PN RIBE AR , 28 W ik L
A VR BV AR e R HY B ) R
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Fig.1 Formaldehyde degradation profile

of Pseudomonas sp. 10FAl

2.2 |OFA1 Bk EE FM11 g94i{k

I0FA1 B#R7E LB 553535 P 1S J2 5 0D, =0. 6,
28 000 /min B /Lo CHE TRV, 46 T4 (A 7 R RO
L EATRRRR B ST 145 TOFAL BLAGRL. 44 b7
J5 ML VAR T B 7S F 55 40 JE AT £ DEAE-Sepha-
rose (2.5 em x 10 em) , JE0 52 AW B4 1 26 11 5

AN P A s . WSS RS A 0.1 ~
0. 3 mol/dm’ NaCl 14 i & £ 2% i 760 VE B 135 0k I, Yl
S DRI % 2 1 RN P A
M2 7] LA H , #L W 7E 425 DEAE-Sepha-
rose JEHTAEAYBS IS, 76 0. 2 mol/dm’ NaCl # 5 vt i
At B R A T TR R fp T 3 ) R O 0 A ey
AR B, BUZFE 1T SDA-PAGE %3¢
(& 3). 53R R0 B BB ER AT AR A IR R 5 A 48
ZHE AR5, (A2 DEAE-Sepharose #3273
A, AR E oy im K2 45kD 1B — 2 1 2%
(K 3, 0KIE 4 ~ 7). il E R FARIIVIT H i %
T, 347 MALDI-TOF/TOF i E. KELE HFMN
RPN PR 4).
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Fig.2 Separation of crude enzyme by DEAE-Sepharose

100 120 140

Column
FLRARTR VWAL 53 1) Ango R, REARARFRVE M 22 v ik NaCl
VR BE | sS ZRAC TR BRI ZH S5 (1 AH X I

M 1 2 3 4 5 6 7

K3 iEPEL S0 SDS-PAGE 73 Hr4k
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I0FAL EERZL P4k 7 L 434, 7 T 10FAL H
AL Bl FM1L (9 36 AN R 7 91 TOFAL i) T
AR BEHE D] K B2 2 1200 bp, i f 1 399 4> HE R
PR T4 5 43.9 kD [, X 5 DEAE-
Sepharose JZHTHE 464k 1815 1) B A R figk 0% PR 1Y)
BERADN—3 875 X B R B, FMIL 2%
KR H P 5 5 — 8k Pseudomonas putida F61 TH ¥R
(1) FP I AL il LA 100% ) [) Y8 555 HeAth 47 Fef
8 24 0 )T A A i (] 5 A AT SR AR T 1) LA 4 b

P I A i 2 1 N W A Mastigocoleus testarum 1 al-
dehyde dismutase ( gi | 654353042 ,65% ) Fll4: ¥ @ 1
Chryseobacterium sp. UNC8MFCol ] aldehyde dis-
mutase ( gi 1653125403 ,63% ). 3£ B BlastP 25 R 5
FM1T [RlJEPE R 3 2R HF 8, 5 FMLL S H )7
AT Z2 B X, S5 R R AR FMILL LR 7 51 vh
FAERRT I BEES & AL (REA R4 G L RO — A
PRASSAERD) S NAD 8550, Xt — ik 1
FMI1 g BB 1 (1 S)

51
101
151
201
251
301
351

MAGNKSVVYH
HIYRGRFIVP
RNCEEARSDV
KFGDEEQAME
CAARAGARLLG
LGKPEVDCGV
IYVGSDPDPV
ILWDQMPYLS

K 4
Fig. 4

GTRDLRVETV
KGHVLGHEIT
CENNLVNPDA
KIKDLTLISD
AACVIVGDON
DAVGFEAHGL
NEKDAGSGRLH
KVMNIEVITL

PYPKLEHNNR
GEVVEKGSDV
DLGAFGEFDLK
ILPTGFHGCV
PERLKLLSDA
GDEANTETPN
LDFGEMWTES
DQAPDGYAKF

KLEHAVILEKV
ELMDIGDLVS
GWSGGQAEYV
SAGVKPGSHV
GFETIDLRNS
GALNSLEFDVV
IRIMTGMAFV
DEGSPAKEVI

4li{b 3 (119 MALDI-TOF/TOF Jift 13 % 52 45

VSTNICGSDQ
VPENVACGRC
LVPYADYMLL
YIAGAGPVGR
APLRDQIDQT
RAGGAIGIPG
TNYNRHLTEA
DPHGMLKNK

Identification of purified protein by MALDI-TOF/TOF MS

IS A SR W, UG HCRE s B B (R Pseudomonas putida ) H IS Ak B
(2i181308896) , VCHLJE g 35% , DT I Y KB P 4L o b i

FM11

Pseudomonas putida F61

Badix HeTR ETVEYEKLEENNRE.L 39
RAGRK. HeTR ETVPY|SKLEHNNRE . L 39
SRR Herx DCNIDFsXKLELGKRE.C 39
Chryseobacterium sp. UNC8MFCol EBASRR HeEwW NEIAYSTFQNPRGRLT 40

Mastigocoleus testarum

FM11

Pseudomonas putida F61
Mastigocoleus testarum
Chryseobacterium sp. UNC8MFCol

FM11

Pseudomonas putida F61
Mastigocoleus testarum
Chryseobacterium sp. UNC8MFCol

LMD
FIK
FIK

FM11
Pseudomonas putida F61
Mastigocoleus testarum

Chryseobacterium sp. UNC8MFCol g

FMI11

Pseudomonas putida F61
Mastigocoleus testarum
Chryseobacterium sp. UNCEMFCol 258

198

KIS FMIL BORSFFPABras SR
Fig.5 Conserved motif of FM11
2 75 F R ) HR IS A it A R R 7 91) 40 1)K H Pseudomonas putida ¥61 (WP_016974636. 1) \Mastigocoleus testarum
(gi1654353042) Fil Chryseobacterium sp. UNC8MFCol ( gi 1653125403 ) . A [l 8 145 51) 22 ] i) A8 ) 22 Sl P B s . H
B AL B NAD 85407 5 MEALEESS B DS RN EE ZANBEES G0 5 40 B R HE 55 0 [ Bl A s

2.4 FM11 ERMERSH
2.4.1 FMI11 ¢9%iE R B E  FMI1 B &GE W
TR A 40°C. FMIT 7E H IR JE I (25 ~50°C) fig

GO EH 95% LA L OB 77, B R4 i Al i
PR 6) . tAh, FMIL £ 1S ~ 60°C i [ N REf# B
70% LA LIRS F1, HAT ) 12 BRI R
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Fig.6 Optimum temperature for FM11

2.4.2 FMII1 #93% &R 5 pH /A FMI11 B A JEH
Iz W v pH (B (pH (Eh 5 ~9) , HTE
pH {4 il pH {& 10 B350 51 HA 50% 1 80% /45
(TS 7. A, FMIT 72 pH {8 3 BB IRA 20% A2
LS T (ET).

100 I
80 1

60 4

HIRS BT / %

40 -

20 .

2 3 4 5 6 7 8 9 10 11

K7 FMIL i SO pH H
Fig.7 Optimum pH for FM11

2.4.3 FMIL1 93482 FMIL1 ££ 15 ~30°C iy i
FETRIFE 1 h 5 584 95% LI LA mES (81 8) . 1
37CTIEE 1 h J5, 0/A 80% /oAy IBGTE (H Y E
TR Ak 22 TH i ik, FMIL 9 B0 PR 20T B, 6 1
FMI11 7E = il PR 5 A A e i 22

2.4.4 FMI11 ¢ pH A& 2 @K FM11 £ A
[F] pH W B E 1 h RAGIN FM11 () pH F2E M.
R BN FM1L 78 pHAER 5 ~ 7 B AT ERA 97% LA
TS 7E pH (B2 7 ~ 10 B AR EE 90% LA F Y
Pt , o R AP pH B2 (&1 9) .

2.4.5 &R BF FMIL B A6 Na',
Ca’" Cu®" Fe’* Ni* Mg** \Li" Mn** 7ELURE K
0. Smmol/dm® B X} FM11 45 B & (1 384 3% V6 A, Jt
J& Mg™" 1 Ca” " ATl FMI1 5 3542 5 20% LA L

120
100 o—é—a_,
80

604

FAXSBEIS / %

40+
201 \

10 20 30 40 50 60 70
I /°C
K8 FMIL fgfAfEE
Fig.8 Thermostability of FM11
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Fig.9 pH stability of FM11

(R 1) AHSHL, RZE00 48 B e BT (5. 0
mmol/dm®) , X FML {1 FLAT B 2 pi 40 o £ 1
H Cu®t Fe'* Mn*" 76 B BB (5. 0 mmol/dm’)
X EMLT (ISR e B (35 1) . A, sk 2 1Y)
K™ (Na ™ 3 FMLT f 376 s A7 400 i 4 11

x1 &EBETX FM11 EBE NI

Tab. 1  Effects of metal ions on FM11 activity

AR AR/ %0

0.5 mmol/dm’ 5.0 mmol/dm’

K* 9.6 93.6
Na* 116.2 95.5
Ca2* 128.9 58.6
Cu®* 108.9 41.8

Co* 94.0 56.6
In** 93.1 77.9
Fe’* 114.9 41.8

Nit 114.4 51.4
Mg** 133.8 57.0
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AL RIEANTE Pseudomonas sp. TOFAL Fp HH RIS (L FM11 (216 K2 PETRITTE
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gk
AHXS Bl / 9o
SIRET
0.5 mmol/dm? 5 mmol/dm?
Mn?* 112.7 41.8
Ag* 102. 8 56. 8
Cd** 105.4 53.5
Lit 108. 4 72.5
Rb* 100. 5 57.8
Sr+ 98.5 52.8
Cs* 99. 1 65. 4
PO 100. 0 100. 0
2.5 iFig

NER BE 3 R T8 DT AR W b 70 B 3R A% 1Y Pseudo-
monas TOFAT TR B FLAT /55 200 ik HY I 1) RE 7. FA1T
(B FE 22, L Y E TR A7 P 78 34 10 mmol/dm’ | 376376
b R T A SCHRFR I 1) R BTN 52 T K, 41 Burkholde-
ria'™ E. coli'™ Bacillus'™ . Thermococcus'" I E At
Pseudomonas putida TEAE . 48, T A% IOFAL
WZ A B B 5E & B TOFAL 1R %65 1 dr 1 -5
HABPI R AN B S AF A — s 22 57, Ho g i
B0 5 Z R0 A S 1

FATAE IOFAT TR BRI 7 25 R b R T
22 P IE JId Ul P T S il e 050 S0 L T TR M L
il S AH Sl Y J P, U TOF AL ) g YIS TS 32 1 ]
A5 TR Fh 5 A T T G firp AH O R G 1 Tl 2
PR S ERARET , RS A ML 2 5 e i) G B il
FM11 7£ 25 ~50°C{E B N RERS PR B 95% L b R BT
I3, AE10°CAEREF 70% ~T75% Wi 1 (&1 6) , R B
HE R AP I 1 M L PTRE  0 T ARa  TR T AI
PSR G WSS A Bl By T 7RIS VAL B DRI f
BRI SRS & T NADMY R T B AN R el g R
TR AR GG A 1 1) D RE L PRIt 7 o T v B
S SR T A M B ) 5 e S I Y

Sk

(1] PEEsR, R M. PR VRAL TN RS i 2

A 25 F 2 —. AR TOFAL [ Bk 1 HY B I Ak i
FM11 & IEBR T35 Pseudomonas putida ¥F61 F &
AL R R 100% ,{H Yanase %5 (1995 ) {45 #t
T F61 bk P AR AR AE T IE AR g 3L
B PR BT A, FMIL A5 A ) b 0 R0 ) 8 5 A il
GAKEIR [W) AR AN, [R5 S5 &1 1 - Mastigocoleus
testarum ] aldehyde dismutase ( gi | 654353042,
65% ) . T 1% L8 B Bk i 51) 1) T 27 e Jo o ] R O D 41
8. S2PR b, BT R A A P R I A il A B 2
1k, LA BT e g~ R o i I 5. R ATTXS TOFAT Tk
1) FH R I AL it ML (Y 73 Hr 5 2R s, FMLL 7225 ~
50°CYEFEINBES PR R 95% LA LIS 11, 78 pH {H
4 ~10 BHRA 50% DL B S ), Bon AR R AT
A pH Y3 N [R)ER), FMILL 7R pH {E R S ~
THZBTHT 1 h )5 MEE 97% L ERES, B
TEpHAEN T ~10 XA TFE 1 h )5 A5 ER B 90% LI
ARG , I AR A IR I B pH AR E ML X
SEREPEEAT FM11 BERS )32 MW A [R) BR 58 11
ARV SR H AR 5 R0 Tl 2 7= 1 .
3 4k
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FMIT 5 g Wy R0 3t S 6 1) 22 R e 97 e e
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i SR BE S 40°C, d il SO pH fE N S ~ 9, Bfy
JIZ WL L pHL T R AR G 1) IR P R 1 R
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J7 I R BEE T A
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(2] BEACA, e, BRI R GER A RIS BUIR T ] TR BE2ABE 2241t 2009,27(5) : 1 660-1 662.

[3] Maltoni C, Failla G, Kassapidis G. First experimental demonstration of the carcinogenic effects ofstyrene oxide; long-term bio-

assays on Sprague-Dawley rats by oral administration[ J]. La Medicina Del Lavoro, 1979, 70(5) : 358.

[4] Goldstein B D. Hematological and toxicological evaluation of formaldehyde as a potential cause of human leukemia[ J]. Human

& Experimental Toxicology, 2011, 30(7) ; 725-735.

[5] Schwilk E, Zhang L., Smith M T, et al. Formaldehyde and leukemia: an updated meta-analysis and evaluation of hias[ J].
Journal of Occupational and Environmental Medicine, 2010, 52(9) . 878-886.

[6] Boonamnuayvitaya V, Sae-ung S, Tanthapanichakoon W. Preparation of activated carbons from coffee residue for the adsorption

of formaldehyde[ J]. Separation and Purification Technology, 2005, 42(2) ; 159-168.



- 424 - MABFEEER 35 &

[7] LiuT, Li F, Li X. TiO, hydrosols with high activity for photocatalytic degradation of formaldehyde in a gaseous phase[ J]. Jour-
nal of Hazardous Materials, 2008, 152(1) . 347-355.

[8] FEiroa M, Kennes C, Veiga M C. Formaldehyde biodegradation and its inhibitory effect on nitrification[ J]. Journal of Chemical
Technology and Biotechnology, 2004, 79(5) : 499-504.

[9] Oliveira S, Moraes E M, Adorno M A T, et al. Formaldehyde degradation in an anaerobic packed-bed bioreactor[ J]. Water
Research, 2004, 38(7) . 1 685-1 694.

[10] Kato N, Yamagami Y, Kitayama Y, et al. Dismutation and cross-dismutation of aldehydes, and alcohol; aldehyde oxidoreduc-
tion by resting-cells of Pseudomonas putida F61-a[J]. Journal of Biotechnology, 1984, 1(5): 295-306.

[11] Kato N, Yamagami T, Shimao M, et al. Formaldehyde dismutase, a novel NAD-binding oxidoreductase from Pseudomonas pu-
tida F61[J]. European Journal of Biochemistry, 1986, 156(1) :59-64.

[12] Kato N, Mizuno S, Imada Y, et al. Formate production from methanol by formaldehyde dismutase coupled with a methanol oxi-
dation system[ J]. Applied Microbiology and Biotechnology, 1988, 27(5/6) ; 567-571.

[13] Yanase H, Moriya K, Mukai N, et al. Effects of GroESL coexpression on the folding of nicotinoprotein formaldehyde dismutase
from Pseudomonas putida ¥61[J]. Bioscience, Biotechnology, and Biochemistry, 2002, 66(1) ; 85-91.

[14] Kato N, Yamagami T, Shimao M, et al. Regeneration of NAD ( H) covalently bound to formate dehydrogenase with several
second enzymes[ J]. Applied Microbiology and Biotechnology, 1987, 25(5) : 415-418.

[15] Jin M, Yu X, Chen X. et al. Pseadomonas putida IOFA1 transcriptome profiling reveals a metabolic pathway involved in form-
aldehyde degradation[J]. Process Biochemistry,2016, 51(2) ;220-228.

[16] Nash T. The colorimetric estimation of formaldehyde by means of the Hantzsch reaction[ J]. Biochemical Journal, 1953, 55
(3). 416.

[17] Yanase H, Noda H, Aoki K, et al. Cloning, sequence analysis, and expression of the gene encoding formaldehyde dismutase
from Pseudomonas putida F61[J]. Bioscience, Biotechnology, and Biochemistry, 1995, 59(2) . 197-202.

[18] Marx CJ, Miller J A, Chistoserdova L, et al. Multiple formaldehyde oxidation/detoxification pathways in Burkholderia fungo-
rum LB400[J]. Journal of Bacteriology, 2004, 186(7) : 2 173-2 178.

[19] Kiimmerle N, Feucht H H, Kaulfers P M. Plasmid-mediated formaldehyde resistance in Escherichia coli: characterization of re-
sistance gene[ J]. Antimicrobial Agents and Chemotherapy, 1996, 40(10) ; 2 276-2 279.

[20] Jakobsen @ M, Benichou A, Flickinger M C, et al. Upregulated transcription of plasmid and chromosomal ribulose monophos-
phate pathway genes is critical for methanol assimilation rate and methanol tolerance in the methylotrophic bacterium Bacillus
methanolicus[ J]. Journal of Bacteriology, 2006, 188(8) : 3 063-3 072.

[21] Orita I, Sato T, Yurimoto H, et al. The ribulose monophosphate pathway substitutes for the missing pentose phosphate pathway
in the archaeon Thermococcus kodakaraensis[ J]. Journal of Bacteriology, 2006, 188(13) : 4 6984 704.

[22] Roca A, Rodriguez-Herva J J, Duque E, et al. Physiological responses of Pseudomonas putida to formaldehyde during detoxifi-
cation[ J ]. Microbial Biotechnology, 2008, 1(2): 158-169.

Purification and characterization of formaldehyde dismutase FM11 from
deep-sea bacterium Pseudomonas sp. I0OFA1

YU Xiang'?,CHEN Xing-lin'*,JIN Min"*,ZENG Run-ying'”
(1. State Key Laboratory Breeding Base of Marine Genetic Resources, Third Institute of Oceanography, SOA, Xiamen 361005, China;

2. Fujian Collaborative Innovation Center for Exploitation and Utilization of Marine Biological Resources, Xiamen 361005, China)

Abstract ; Pseudomonas sp. 10FA1, the strain isolated from the deep-sea sediments of Indian Ocean, was found to
degrade formaldehyde efficiently. I0FA1 could rapidly degrade 100mg/cm’ formaldehyde within 40 min. The crude
enzymes in cell lysate were purified with a DEAD-sepharose ion exchange column and analyzed with SDS-PAGE.
After segregation, a pure protein with formaldehyde-degrading activity was obtained and was further identified as

formaldehyde dismutase ( FM11) by MALDI-TOF/TOF mass spectrum. Sequence analysis showed that FMI1

shared 65% maximum amino acid sequence identity to known formaldehyde dismutase from other species. Domain
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analysis suggested the existence of two conserved zinc atom binding sites and one conserved NAD binding site in
FM11. FMI1 was most active at 40°C and retained more than 95% of its maximum activity at temperatures ranging
from 25°C to 60°C , exhibiting well adaption to temperatures. FM11 displayed a broad range of optimal pHs (pH 5
~9), and could adapt to wide pH environments as it could retained more than 50% and 80% of its maximum ac-
tivity in pH 4 and pH 10, respectively. FM11 could retained more than 97% and 90% of its initial activity after in-
cubation for 1 h in pH 5 ~7 and pH 7 ~ 10 environments, respectively, displaying a excellent acidic and alkaline
stability. The presence of Ca’" Mg’" " at low concentration could significantly increase the activity of FM11. Col-
lectively, our findings should provide a foundation for the utilization of Pseudomonas sp. formaldehyde dismutase in
the decontamination of environmental formaldehyde.

Key words : marine biology; Deep-sea; Pseudomonas sp. ;formaldehyde dismutase ;formaldehyde degradation; tem-
perature and pH adaption; pH stability
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