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Purification and Properties of Soluble Hydrogenase from
Photosynthetic Bacterium Chromatium vinosum
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Abstract The soluble hydrogenase( SH) from Chromatium vinosum was purified 630 folds with a
yield of 33.5% and a specific activity of 7.5 ymol- min” '+ mg 1by 4 steps of column chromatog-
raphy (Whatman DE-52, TSK-DEAE, Ultragel AcA <44 and Mono Q). T he enzyme consists of two
alien subunits(52 kD, 21.5 kD). The N-terminal sequence of the large subunit and small subunit
were SRTITIEPVT RXEGHAR and STQPKIT VAT XLDG respectively. T he oxidized soluble hy—
drogenase exhibited a typical Ni( ) EPR(electron paramagnetic resonance)signals(gx.v.z= 2. 37,

2.16,2.016 and gx.y..= 2.30, 2.23, 2.016). T he results showed that the SH from C.vinosum was a
new NiFe-hydrogenase which catalyze H2—production.
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1
1.1
C.vinosum DSM 185 (
E. C.Slater )
700 L ,
[3] . Sharples M p4
, -20
1.2
50 ¢ 200 ml 50 mmol/L
Tris-HCI (pH8.0)
(W-380, University of Virginia) 15 min
, (20 000% g,30 min)
(200 000x g, 90 min)
DEAE- (Whatman DE-52), 2
, (0 0.4 mol/
L NaCl). ,
TSK-DEAE 650( M) (Merck) 0.1

mol/L,0.13 mol/L  0.15 mol/L NaCl
(10 mmol/ L. Tris-HC1, pH8. 0)

, 0.5 ml,
Ultragel AcA -44(LKB-BF) ( 45
ml/h). )
Mono Q( Pharmacia)
(0 0.3 mol/L NaCl)
1.3
2 ml R
50 mmol/LL (pH 6.0)
(Na25204)
(Methyl viologen, MV) ,
1.5 mmol/L MV 50
mmol/ L ;
s 40 mmol/L Ha,
2. 0 mmol/L (Benzyl viologen, BV),
50 pumol/ L
1.4
50 ul 2.5ml ( :85%
100 ml, 100 mg G250, 50
ml, 200 m1)
5 min 595 nm

1.5 (PAGE)
7.5% . SDS-PAGE, SDS
0. 5%, 30 mA.
(0. 25% R-250, 10% ,40% )
30 min, ( 10% , 40% )
1 2h.
(50 mmol/L ,pH6.0, 50 mmol/L B~
I mmol/L MV) 30 min,
100% Ho, 30 60 min,
, , Ar 2.5%
, 20 min,
1.6 (EPR)
5U (7.5 U/mg)
250 ul, EPR . EPR
(100% g), ,

., EPR . EPR
Braker ECS106 EPR . 45K
10K EPR :9248 M Hz, 20
dB.

2
2.1
DE-52 ,
(Fig. 1B). :
(Fig. 2).

TSKDEAE
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Fig.1 The elution profile of hydrogenases from DE-52 col-
umn
A: Protein absorbance at 280 nm; B: hydrogen production

activity; C: NaCl gradient

Fig- 2 Native PAGE analysis of hydrogenase activity peaks
from DE-52 column

A, F: purified C.vinosum MBH. B, D: first activity peak. C,
E: second activity peak. A, B, C: staining with Coomassie

brilliant blue R-250. D, E,F: activity staining

Table 1 Purification of soluble hydrogenase from Chromatium vinosum

Steps T otal protein Total activity Specific activities Purification Yield
/mg /U /U- mg! (folds) (%)
Crude enzyme 2070 24.8 0.012 1.0 100
DE-52 column 230 22.0 0. 096 8.0 88.7
TSK-DEAE column 20.8 14.8 0.71 59.2 59.7
AcA-44 column 4.2 11.4 2.71 226.5 46.0
FPLC Mono Q 1.1 8.3 7.55 629. 8 33.5
* U= umol Hy produced per minute
, Ultragel AcA-44 Mono Q A B c D
, 630 33.5%
(Table 1) . , 4
(Fig.3).
2.2
SDS-PAGE
P P
Rt
52kD 21 5kD(Fig. 4).
2.3

(010
20 30 40 50 60 70 ) 1 h,

2

Fig-3 NativePAGE analysis of hydrogenase activity peak

40 ’ 40 ’ from FPLC-Mono Q column
50 1h, 30% A and D: C. vinosum M BH. B and C: sample of activity peak.
;60 1 h, 70% ;70 1 A and B: staining with Coomassie-brilliant blue. C and D:

h, © 1994-2012 (hinashcademic Journal Electronic Publishirf MR8 rights reserved.  http://www.cnki.net
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Fig-4 SDS-PAGE analysis of SH from C- vinosum
A; protein marker; B: C.vinosum SH (52 kD, 21.5 kD); C:
C.vinosum M BH (62 kD, 32 kD)

/pumol - ml™" - mg’!
-~

N

Hydrogenasc activity (hydrogen production)

t/°C

Fig. 5 Detection of temperature stability of C.vinosum sol-
uble hydrogenase

A: H2-production activity- B: H2-uptak e activity

2.4 pH

pH
(Fig. 6) , (pH4 8)

pH 6.0. pH 6.0 ,

R Tris-HC1
2.5 N

SDS-PAGE
(Semi-dry transfer, Bio-Rad) ,
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Fig- 6 Effect of pH on the H2production activity of C-vi-
nosum SH

A:in 50 mmol/L phosphate buffer( pH 4 - 8); B: in 50
mmol/ L TrisHCl buffer(pH 7= 9)

, (494 Protein Sequencer,
Applied Biosystem) . N
:SRTITIEPVT RXEGHAR(X
, ), NiFe- N
. (Fig.
7). PVTRIEGH.
N : STQPKIT-
VAT XLDGXYV. ,NiFe-

Large subunit Similarity (%)

C.v SH SRTITIEPVTRXEGHAR
A.e SH" SRKLVIDPVTRIEGHGK 64.7
T.r MBH” M.GKRIVVDPITRIEGHLR 52.9
AeMBH” S.GRRIVVDPVTRIEGHMR 64.7
M. t MBH™ MVKLTMEPVTRIEGHAK 64.7
Small subunit
C.v SH STQPKITVAIXLDGXV
Ae SH SIQITIDGKTLTTEEG
T.r MBH MPTTETYYEVMRRQGI
A. e MBH MVETFYEVMRRQGISR
M. t MBH MITIVNKEDCIRCGACQ

Fig-7 Comparison of similarity of N-terminal sequences of
hydrogenases

* C. v: Chromatium vinosum; A. e: Alcaligenes eutrop hus;
T. r: Thiocap sa roseop er sicina; M. t: Meth anobacterium ther —
moautotr @ hicum; SH: soluble hydrogenase; MBH: mem—

branebound hydrog enase

2.6 EPR

NiFe-

e Nif i)
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EPR "' EPR g
Ni( )EPR g = 2.16, ,
gy 2.24. s , TSK-DEAE
45 K EPR (gwi= 2.37
2.16 2.016  guwi= 2.30 2.23 2.016) (Fig. 8A).
EPR NiFe- EPR C. vinosum EPR N-
) NiFe- . NiFe-
NiFe- (<18K) . g=20
[ 3Fe4S] EPR ) 52 kD 21.5kD
10 K EPR 45 K , 62 kD 32 kD
EPR . [ 3Fe4S] NiFe— ,
EPR (Fig-8B), NiFe- [ 4Fe—4S]
[ 3Fe-4S] [3Fe4S] . s NiFe— C.vi—
nosum (< 18K) ,
[3Fe4S] EPR (g=2.0)";
A 10K EPR
NiFe- , [ 3Fe4S]
[4Fe-4S]
B am , 5 Cys, 4 Cys
NiFe- (CxxC. .. Gx-
CxxxG...ccpp)y ', 4
Cys [ 4Fe-4S] ,
25 24 23 22 a1 2I‘o 1I.9 [ 4Fe—4S]
g-value R
Fig.8 EPR spectra of oxidized C.vinosum SH obtained at ’
45 K(A) and at 10K(B)
Microwave frequency: 9248 MHz; 20 dB
( References)

Adams M W W, Stiefel E L Biological hydrogen production. Sci—
ence, 1998, 282: 1842 1843

Tsygankov A A, Laurinavichene T V, Bukatin V E, Gogotov I
N, Hall D O. Biomass production by continuous cultures of
Rhodobacter capsultaus grown in various bioreactors. Appl
Biochem Microbiol, 1997, 33: 485 490

Coremans J M C C,van der Zwaan ] W, Albracht SP J. Distinct
redox behaviour of prosthetic groups on ready and unready hy-
drogenase from Chromatium vinosum. Biochim Biophys Acta,
1992,1119: 157 168

Andrea T B, Warnecke U, Christian B, Christiane Z, Friedrich
B. Cloning and nucleotide sequences of the genes for the sub—
units of NAD—educing hydrogenase of Alcaligenes eutrop hus
H 16. J Bacterial, 1990, 172(2):2920 2929

Rakhely G, Colbeau A, Garin J, Vignais P M, Kovacs K L. Un-

usual organization of the genes coding for'Hyd SL, the stable



6 : Chromatium vinosum 715

NiFehydrogenase in the photosynthetic bacterium T hiocap sa
roseop er sicina- J Bacteriol, 1998, 180: 1460 1465

Christiane K, Karin H, Schwett E, M anfred R, Ralf B, Barbel
Friedrich. A gene com plex coding for the membrand-bound hy—
drogenase of Alcaligenes eutrophus H 16. J Bacteriol, 1992,
174: 6277 6289

Reeve J] N, Beckler G S, Gram D S, Hamilton P T, Brow J W,
Krzycki J A, Kolodziej A F, Alex L, Orme-Johomson W H,
Walsh C T. A hydrogenase linked gene in Methanobacterium
thermoautrop hicum strain delta H encodes a polyferredoxin.
ProcNatl Acad Sci USA, 1989, 86(9):3031 3035

Albracht S P J. Nickel hydrogenase: in search of the activity
site. Biochim Biop hys A cta, 1994, 1188: 167 204

Happe R P, Winfried R, Albracht S P J. Pre-steady-state kinet—

11

ics of the reactions of NiFe-hydrogenase from Chromatium vi-
nosum with H2and CO- Eur | Biochem, 1999, 259: 602 608
Trofanchuk O, Stein M, Gessner C, Lendzian F, Higuchi Y, Lu-
bitz W. Single crystal EPR studies of the oxidized active site of
NiFe-hydrogenase from Desulfovibrio vulgaris Miyazaki F. J
Biol Inorg Chem,2000,5:36 44
s > Albracht S P J, , s
Chromatium vinosum

(Long M innan, Su Wen-jin, Albracht S P J, Wu Jian—
min, Zhang Feng—zhang, Xu Liang-shu. Gene cloning of small
subunit of soluble hydrogenase from Chromatium vinosum. J

Xiamen Univ) , 2000, 39: 247 252



