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Abstract
Formaldehyde is one of the toxic substances without any color and smell. Several methods to remove formaldehyde has been

investigated up to now. Here, both the enzymatic and chemisorptive/catalytic liquid phase formaldehyde removal were inves-
tigated, and their catalytic activities in terms of specific activities were compared. Firstly, formaldehyde dehydrogenase (FDH)
enzyme from Escherichia coli K12 was cloned, and expressed in Escherichia coli BL21(DE3). And the catalytic activity was
characterized as 2.49 x 10° sec'mM" of ke/Kim with 8.69 U/mg of the specific activity. Secondly, the chemisorptive and
oxidative catalytic removals were investigated simultaneously. Activated carbons and zeolites treated with heat, KI, and KOH
were used as chemisorption medium. And Pd/TiO, was used as an oxidative catalyst for the formaldehyde removal. All of
the tested chemicals showed similar formaldehyde removal efficiencies of around 50%. However, the specific activity of FDH
dependent formaldehyde removal was absolutely higher than that of using chemisorptive and catalytic removal processes with
the ranges of 0.01 to 0.26 U/g.
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Figure 1. General scheme of oxidation of formaldehyde into formic
acid by FDH enzyme and chemisoprtive removal by activate carbon
and zeolite.
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AAPIA] thgt FDH &4} B sl o, t B4 0 2= Pseudomonas
putida +3]2] FDH7} 2 &#A] QvH12,13]. P. putida 312 ©]
FDHE of|9]H 0% glutathioneol] BISJEZQ ZHow dejzion,
FDH @& o=t M3 % Ad#(crude extract)®] FDH &4 H]EA
(specific activity)= 0.01 U/mg® JA¥ $=5= FDH £42] 7% 5.40
U/mg?] HIEAE Holx Aoz RuETHs,7].
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Figure 2. SDS-PAGE analysis of purified FDH protein. Lanl, marker;
Lane 2, total cell extract; lane 3, soluble fraction; lane 4, purified
fraction.
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2.1. fdh SEXI2| pET-28a(+)-fdh ECIADIE 1A=

FDH &4 A4S 98] FDHEESR: fih 5442 FRsidc)
fdh A= E. coli K12 772 genome®llA] Z12}e] Adtais
8lel= ol primerE #1235l PCR WHS E3lo] 533190k
Forward primer; AAA GGA TCC ATG AAA TCA CGT GCT GCC
GTT, Backward primer; AAA AAG CTT GTA ACG AAT TAC GGT
TCG AAT. PCR Rk 2718 th53} 2tk 95 TollA 5 min ©]F, 95
CellA 1 min, 58 ClA 1 min, 72 T4 1 min 30A}°]E), 60 C
A 5 min. 18|31 FE3 fdh A= EcoR1Z} HindIll AlHEAS
o] gste] F WS EA WhE AHstal wUSh Alg a4 % At
pET-28a(+) 24 #E| ] ligationd}*] pET-28a(+)-fdh Z&tAv| =5
!

2.2. FDH E4°| E. coli BL21(DE3)0[A2] 245 2l H|

FDH &4 284 thditS E coli BL21(DE3)E ARE-3F3 a1
Z71L& g3} 7). pET-28a(+)-fdh ZEHAV|=E E. coli BL21(DE3)
o] 34 Agheto] filh B dE TESIIE LB 53 Wil 2 mLo|
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Figure 3. Scheme of formaldehyde detection using pararosaniline schiff base and enzymatic/chemisoprtive removal of formaldehyde.
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2.3. FDH &4 &4 =X

FDH EJ_ -2 A Tilas ARgate] 48 SAIT
FDH /4 574 W2 7]&2 NADH A4 £2 45k t,'jO]
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e 22 234 in-vitro &4 WSS XI8SFSITE 96-well plate
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glutathion &4, 7] 10 uLE 50 mM potassium phosphate $H5 8-
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NES7)ol) FIgHa Al -2 AlZsisck

2.4. Pararosaniline= O
kinetics

FDH &2 ¥/J pararosaniline Schiff baseS AFE-5}e] 27 %91
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Figure 4. Michaelis-menten plot of FDH enzyme against various
concentration of formaldehyde.
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Table 1. Purification of Recombinant E. coli K12 FDH from E. coli BL21(DE3) Harboring pET28a(+)-FDH and its Kinetic Parameters

Purification Total protein (mg/mL)

Specific activity (U*/mg)

Ka (LM) keat (sec™) kealKn (sec'mM™)

Ni** His taq 0.50 8.69

77.49 1.93 x 107 249 x 10°

* One unit of specific activity is defined as the amount of mg formaldehyde converted per mg FDH enzyme in one minute with standard reaction condition.

Table 2. Formaldehyde Removal Efficiency Catalytic and Chemisorptive Process

Chemical Chemisorption Catalytic oxidation
Process Zeolite at 25C Zeolite heat Zeolite KI °AC pellet AC 4-8 AC KI Pd/TiO,
“[FAJo (ug/mL) 100 100 10 100 100 10 100
°[FATi0 (ug/mL) 539 486 33 50.9 542 39 73.6
‘R.E. (%) 45.9 514 67.7 49.1 45.8 61.3 26.4
C.C (mg/g) 0.23 0.26 0.02 0.25 0.23 0.02 f0.13

! [FA]o : initial concentration of formaldehyde, b [FA]io : final concentration of formaldehyde, ¢ RE: removal efficiency of formaldehyde, 4SA specific activity of chemisorbant.

dee chemisorption capacity, © AC : activated carbon, £0.13 : unit of removed mg formaldehyde/used g [Pd/TiO2] in case of catalytic oxidation.
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