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Abstract: Much interest has been recently focused on the
production of large quantities of hydrogen, due to its potential
importance in our economy and needs in the petroleum and
chemical industries. Formate dehydrogenase H (FDH-H)
from Escherichia coli containing selenocysteine that oxidizes
formate to carbon dioxide with the release of hydrogen is a
component of the anaerobic formate hydrogen-lyase complex
of E. coli. To make full use of FDH-H, we need effective
expression condition. In this approach, we investigated the
effect of pH on FDH-H stability and observed the effect of
selenite and formate concentration on the activity of FDH-H.
Additionally, coexpression of selenocysteine insertion genes
were tried to improve the expression of FDH-H. The highest
level of FDH-H expression was achieved by coexpression
of selenocysteine insertion genes (pSUABC) as well as by
the addition of 10 uM selenite and 10 mM formate. At this
optimized condition, a 2.6 fold elevation of expression of
FDH-H was achieved.
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Selenocysteine (SeCys)< 214 ofn| Ao Z deA] 9lo
o Al FE, BrelEote] tiaRRgel #o{sh= glutathione
peroxidase, formate dehydrogenase, glycine reductases®}
e gy g5 34 F0l HEEA] H Q3 opr] Aol
1], ©] oAk TGA codon 2 5FE AR =H TGA
T TATECE B Wolo) TS Rt ulehe F
AFES SeCysOE 35 & ¢ Sl 588 (RNAVF 8
Ht}. Escherichia coli (E. coli)oV3= selA, selB, selC 12]1L
selD®} 32 B {ARE0] SeCys S AR FHdsh=r
#Aodsl= slog g Ut [2]. Formate hydrogen-lyase
(FHL)9] 3t ©2]AIQ! formate dehydrogenase H (FDH-H)&
79 kDa2] ZE|FEIO| =R formates AFSIA|A olilstet
28} AAFE EoulE RS Suljglehs maolvt [34].
FDH-HS] &S $Ja+= SeCysiERt ol 2} FesSy cluster,
molybdopterin guanine dinucleotide (MGD) &4 5 T
oFshil Haet 720 aEe] e A el Bk
FDH-H] o AR o e-a AT 0 (59 W
2 FDH-H2] 74-%- ARFAQ] formate dehydrogenase 2} 2]
NADHE &A% HQ7 317 ¢k, 21 methyl viologen
3} Z+& electron mediator® FE AAE AEE-E 5 Sl
E4o] gt} - o]gA AR AAE duds Qe

= = T
formate dehydrogenase”} ©]2t8}eEA8) formate7+e] 4ls}et
A& 7P o® e ¢ Qlrh=s Aol BRIt [11].
weba] B2 At A didtell A felishe AxbE At
& 4 9J= FDH-HE o]43}o] o|AitalekA 2} formate+2]
7193791 Abelehd Wk X13E] S8t ARk AqdA|E
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FDH-H®] HABAEE AEalgitt. o]2{$k FDH-HS] &
Sojx Bkl AlAEl] S} FAlol] Qs Alo] Wy 2
2 3ot} wjeba] 2 Ao M= WA 3<% FDH-HY
pH P3dS Lolr 1, selenite, formate 2] F-ojfol] W
FDH-H| A1 AT S vlwste] H4 gak =
72 BAUSIGT. E8F seld, selB, selC 18131 selD2] 57
ZE 7HA AL 1 pSUABC Z2Av| =8 A8 AlA
SeCys Y 58& SN g o83l nlwdy
L =

2.5 29y

2.1. Wrej 2o} F50 EetAm=

o] AgoA AF8E BW25113 E. coli 5= NBRP (NIG,
Japan)ollA pET22b (+) ZEAU]=E Novagen (W1, USA)
oA Azt dste] AREBISIT. Sodium selenite 2t sodium
formate+= Sigma-Aldrich*|A 7318l AAz] §lo] ARg-3t
Row, pSUABC Z&}~v|=%= Dr. Elias Amér (Sweden)©l]
Al 2% who} A3} 18] T western blot AE-E $13)
primary antibody<] anti-His mouse monoclonal antibody 2}
secondary antibody<! rabbit anti-mouse IgG polyclonal
antibody+= Abcam (UK)eA] F-ej319ict. 71g} slsE4e
BD, Duchefa, Novagen, Bio-Rad 7|3 Sigma-Aldrich®]]
A lste] AR glol ARSIt

22. FAA 229 € YARY

FDH-HE H&8le fdhF F+3AH= GenScript Inc. (USA)ell
A gAdste] AREEIRITE. o] FRARE F 2145709 Ako
2 745999 Cterminal®) hexa-histidineS 3348k
e RS 8381 (Fig. 1(a)) western blot 5388 $J3h

A EA42 AT,

(8) tuminal [ ML
(b) EcoRl

fan?

pPET-22b(+) vector

Ndel

Fig. 1. (a) Scheme of fdhF gene. (b) Map of the expression plasmid
pET22b (+).

pUC57 BA] Zepin|=of] A HolL fhF ke
A& Nde I, EcoR 2= Aasd 1, 5Ust Askas

g Ackg pET22b (+)°l T4 DNA 271014 (Fermentas) S
olg3lo] HIAIRATH (Fig. 1(b)). o1ZA A= ZEkvr]
= BW25113¢] &A% s1%0m, pSUABC ESHAr|E
£ 712 347% AA SAEE vluAdE I
Frax} 22t vljglol£ 9] 273k Sambrook et al. [10]
o g3 7l&E WS EdE Pt

23. @45 Wdd f

o] 45 vjokS 98l Luria-Bertani (LB) HAE)A] (tryptone
10 g/L, yeast extract 5 g/L, NaCl 10 g/L)yE AM-3131 1,
ZAE wiAR= Ar 712 15 min 52} purging 31Tt 125 mL
serum bottled] ZAE vIAE 50 mLA A Y U5 ¥
1217C, 15 min 27l BH3A)

g H FAPIE olgstd, B7] vis f& d9vd
glucose 5 g/LE WolFlon ZEpam| =8 7 #55 4
g ¢ Q5= chloramphenicol 1 mME F333I53T}. Selenite
9} formate 2] Foi3l whE FDH-HS] &7} &
) i87) 1549 0~100 pM, 0~100 mMS 2z} QolFaict,
e, WEE vl vla] vkt 3 mLe) 158 5% $-37C,
150 rpmol] ODggo 2.0°0] & w7k wiieksiict.

24. 259 34

Hjoko] it 7= 4000 1pmiA] 20 min < GRSt
o A5A7 FAA It S5 AEE N, 90%,
H, 5%, CO; 5%9] Z/39& 7K1 )+ anacrobic chamber
(Coy Manufacturing Co., Ann Arbor, USA)Z £ A&
21888130}, 24 AIES Ni-NTA Fast Start Kit (QIAGEN)
& olg3lo] AR ) RS Slslolt). WA Lysozyme
Benzonase”} 371 Native Lysis Buffer (50 mM NaHPOs,
300 mM NaCl, 10 mM imidazole, pH 8.0) 2.0 mLE &%
KA EE0] 4ol 3087 dEolx] vhg A7) H, pHL
T}E Native Lysis Buffer 2.0 mLZ 3|4 AIAZ FAo|
pHE 243103 13000 rpmolA] 30 min F<F Ee] 1%
o} 94T slo] EElE Ao gl 84 S
western blot ¥4-& $1810) BA3INTE.

25. 54084 &4

FDH-HS] B 572 Reda et al. [11]°] &3] 7]&g W
< EdiZ A3 Fr} 50 mM Tris-HCI (pH 8.0), 20 mM
sodium formate “12l3 1 mM benzyl viologen dichloride
o] WhE-g9 1| mLol e B AT 20 g ¥
UV-VIS spectrophotometer (Shimadzu, Kyoto, Japan)Z
Abg310] 578 nmelA] S78I5ich B wnit2 25°C 2] vk
foof| 18 E<2F 1 pmol 2] benzyl viologens FHAATIE=
Fow el HH.

2.6. Westem Blot

A71Y = A% AEE Ed A4 G923 Laemmli
Sample Buffer (Bio-Rad)E 1: 12 £33t ¥ 5871 90C
2 247 sl WA ARSI 71952 10% SDS,
30% acrylamide mix (Bio-Rad), 10% ammonium persulfate
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(Sigma-aldrich), 1.5 M Tris, TEMED S Z&tslo] 41215t SDS
gel 7} Tris glycine buffer® ©1431% 20 mA°)A 90%-7t
33T A7) E0) B gel western blotS 93}
100 VollA 10047} Nitrocellulose transfer membrane®]]
transfer AZAt}, Transfer¥ membrane< 5% skim milk &
607} blocking 3K, 0.1% Tween-20-3- ¥31SR= PBS buffer
2 15%l 2X 3319 AETH7g2 AR ARE membrane
& 12} anti-His mouse monoclonal antibody S 5% skim milk
% 1/10002 34381 6027+ vk Al712 0.1% Tween-20
< X3I5k= PBS buffer® 33]9] AR99S AR A2 3
5% skim milk®l Alkaline Phosphatase”} 8% 23} rabbit
anti-Mouse IgG polyclonal antibody & 1/2000% 343104 v}
Al 60327t HES- A1 TS Al S A2 % membrane
< 1-Step™ NBT/BCIP (Bio-Rad)¥} &7} 5hSA1A uh-e-

& 1O =g SEsgict.

3. 8% 4 2%

WA pH7F FDH-HS] 443} oFgAo] mxje ks Yo}
H7] date] &3 &4 §92] pHE 5~82 WA AFH
=78 A1} (Fig. 2), FDH-H7} pH 8914 1] &4&
R pH7}F wtobRlel] wieh 34 53k FAel) sk
A& WA o]ojA] Aol vA)= FES dolr)
A8t FL AE-S pH7F U Native Lysis BufferojA]
AR Bl 5 dolSlis 3498 vlugich 4% 4w
Fig. 20llA H35z0] pH 5.5904] 1AIZ} <t B.9st FDH-H7}
pH 8.0°IA X343t FDH-He| nlal 248 & 848 §4
3}3it}. o] =2 pHolA FDH-HO) 32} @hlal Jix7}
Wb 1 BAE ol AloR widkEn o] A A=
FDH-H7} pH 5~6.5 Alolo) A ebA sl pH 7.5~9 Alo]ol
A #1e] 9A3-E eIt o) el Bl Axpeli: elx)
sho] ERIFI [12).
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Fig. 2. Effect of pH on FDH-H catalytic activity and stability. Stability:
each activity represents residual activity after 1 h storage at the
indicated pH.

& T e RAEE Fot & Hart it wEbA selenite
9} formate®] Foi72] Hislel] mE Ud o] zolE Hiw
ATt T BISA] selenited] F01 FEE 0 pM, 10 pM,
30 uM, 50 uM, 100 pME TREA] 3lod @& vlas|s 4
3} selenite?] =71 10 uM & wff o] 1.2v] Sk
A9 10 pMoPde] wer] s £ w1 o)
7431390t (Fig. 3). ©1i= selenite”} SeCys 2] 4 A& &M
&7] FDHS] 373 Q=R [13], 71 590 Qs 5
7} S7tehA ARl 288p7] diEl A0 ) [14].
E. coli &8 A AES E3j0] FDHE AAE & 1, formates
FDHE] ¥3e 58l Friu 2u® vt ok [15,16]. Wt
A formate ] F5ol] HElE o] &R W A g folE
7} 9I3IH). Fig. 4% selenite 5 F481A] &2 AdejollA
formate®] F5Z 0 mM, 10 mM, 30 mM, 50 mM, 100 mM
2 H3LE o] WSt ¥ 8498 SAsle] e el
Aoltk 10 mM 9] 559 formateoA] Fa s 748 o
TV e S AR oM, ) Bolel we 24
o] A} sk S B Stk ol F71xzdeA oju
ko) olucose”} formate® ARHE 7] wjito] o]E &
3o} FDH-H7} 2&dg Aoz FA%h E coliolr] TGA
FTHATEE SeCys o2 35 & F UEF Lolat 34t
seld, selB, selC “12]1L selDE 7}7) pSUABC ZEkAr|=
& BW251130) 3328 7 33t western blot WY
-2 Eato vl ARE vlwdhe FAY BW251133
@48 uwalsith. Western blot 248 B84 7} FDH-HS)
A 79 kDa? A& 72~95 kDa 9X|oA F318) si=
7} Yeptom (Fig. 5) pSUABC ZEkan|=o] A&
T3l wgo] Trkshs Ale Rl T 4 slo GRS
Z74= mu) SI3AT} (Table 1).

Table 1. Effect of coexpression with pSUABC plasmid and optimized
expression condition on the production of FDH-H in £. coli

Wild type  Coexpression with  Optimized
BW25113 pSUABC plasmid  condition*®
Activity (U/mL) 48.5 56.4 125.3

*: Coexpression of pPSUABC and supplemented with 10 M selenite
and 10 mM formate.
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Fig. 3. Effect of selenite concentration on the activity of FDH-H.
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Fig. 4. Effect of formate concentration on the activity of FDH-H.

95 kDa
72 kDa

Fig. 5. Effect of coexpression with pSUABC plasmid. Western
blotting of soluble fraction of FDH-H. Lane (D expression in
pET22b (+) plasmid; Lane @ expression in pET22b (+) plasmid
and coexpression with pSUABC plasmid

o|F B3 E. coliolX1] FDH-H 23 9] limiting factor
7} TGA FA7E A opdlal the a4l §I5S &
T A3 919 BIE Flelo] Hsle wE 20210 pM
selenite, 10 mM formate “12]11 pSUABC ZEtAT|E FA]
Holehs Zlo R RISy, HXskd 2oz vy F3
FDH-H®] &/do] 2.64] F713t A& & 5= it} (Table 1).
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