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1 #REFREZE
1.1 Wk

C.vinosum DSM 185 Wi#k (i 2 MIBHT#E A A% E.C. Slater FIAFTHML) K&
700L KW ZE SR KR AN E MR35k .. W gRE T Sharples LB O
BOB#, F-20CHE.
1.2 TIEH SRS Wi

AR HIRT (500g) B 1L 3K (- 20C ) TR THB LR E A CRELY R, BE
SR FRAHAEERG, FUEMNBE(50 mmol/L Tris— HCl,pH7. ) #iTHIE. . LR EH
AL (35000 % g, 45min) 5 , ¥ - ¥ 3] DEAE - S & % (Whatman DE - 23)8 L, B D%
hEEF SR RESMNEE R Tk, AGHTHERR(0-0.5mol/L NaCl), A HJ
AHENEBUBER, 2852 A TSK-DEAE (Merck) & (1) TS EHERE
(0.1,0.13,0.15mol/L NaCl), WG EH SRR, 2XH)5 1L Uliragel AcA-44
(LKB- IBF) & frolifk, SH S HEEMHMRAR, EE /KK TSK - DEAE & (1)
# FPLC Superdex TM 75 (Pharmacia)tEfE#E—#alidk .
1.3 ENEENNE

FREAAHEEMEERELRENEE. RNE 2ml REMART, ARBE MR
(50mmol /L, pH6. 0) J7 52 B A F . 90 52 B 05 R o DL B — TE R BR 4 (N2, S04 ) BR SR I 2 S
4 (Methyl viologen, Fiff MV) fER T, R ZHBHERE R 1. Smmol/ L #5 MV
50mmol/L M — MM R ERMBEES .
1.4 EHRSERENE

B 50p] BERE S RN 2.5m] B 20 (A K :85% B5 R 100ml,  BETRE G - 250 100mg, Tk
Z.8 50ml, HIK F 200ml) 2 A—WHE L OHFF . FEE TR Smin J5, MEHE 595nm Ab#
W, UAMBERNAEEITAME. LFnEEHIEEEH.
1.5 BEKBRBEMKBX(PAGE)RRE

RARBEER SR E-EEEETHT, RBMRBEAEREN 7.5%, BRNEREESN
I0mA,

EOmEEDLG. BKE, HERRETRERK (0.25% SEHRE R-250,10%Z8,
40% B ) 8, 30min, ARIGTEBEBI(10% 28R, 40% FBE) R¥ERE 1-2h,

EMEN YA BT, R T R A (SOmmol /L B8 ¥, pH6.0, 50mmol /L
R - BRI ZBHM Immol/ L BHEM ) o 30min, REHERREBIREHT, REMIE
H MBRERENE, BEFEL 100% H,EEE THRHE 30 - 60min, 5 FERWHELK, B
BYERERSE, £ A SATMHA 2.5% SEENERLBREHE, TERRIFY 20min,
EFAYhBCTIBEMNOA,
1.6 WEHEENY FTIR &HNE

T S M FTIR B8 SRR RIREE 1U/ul.

MASTHREEEAE LA, BERERIAT 0. 5nl BOES, RELET Suml Kyl
WEA L EHRO, ST Ar. RS MASKEE X 2mmol /L. M 2,6 - ~RB R (DPIP, K’
= +215mv) , AP FER F LR 1h,12h 1 24h,




2% AABE Chromatinm vinorum TR RE® PTIR 8w 8% 2649

EREEN AL - BREESNA O Sl BCEP . B FEHSMEHN, L
AR Ar- MASREER 20mmol/L ) No. SO W TFEEBTFE K 2h 3h.

EMYS COMMM. HERSIMAR O Sul OB, RTHESOMFKA, LWIE
Ar, AR X 20mmol/L 8 Naxa SO, B0 R M7 COB ), TSR T R She

AEEAM FTIR MWEE FTS 60A # i (Bio Rad) hRi#tfr. 0N
MOT i 00 8% . o MR ol DL R R TE B B A B0 CuF, BECIS )M, Rl Fid o s
MG TR

Table 1 The purilication of soluble hydrogenase from © wnosum

Steps Towel protein  Total activity”  Specifie activity  Purification  Yield

{mg) (U} (Usmg  prei} {folds) (%)

Crude enzyvme 15312 415.2 o.0z7 1.4 104
DE-23 column 1942, 5 312.2 0.l6 5.4 75.2
TS5K -DEAE (1} calumn L B 09,1 (.3 11.1 9.4
Ulrogel AvA—44 column 166.1 157.4 {1,495 35,1 37.46
TEK - DEAE (11} column 51.7 L18.5 2.29 B4 8 28.3
Superdex THW 75 column 12.4 97.3 7.85 2007 23.2

%  Hp - production  sctivity, U-=pmel Hy/min
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Fig.1 PAGE analysia of activity prak of soluble hydrogennse from various column chromaiogra-
phy. Left: staining with Coomassie — brilliant blue. A: C.vinosum MBH. B-F: activity peak
from DE =23, TSK - DEAE(l). Uliragel AcA - 44, TSK - DEAE(I1) and Superdex TM75 col-
umn. Right: activity staining. A -FE; acuvity peak from DE - 23, TSK -DEAE(1}. Uliragel A-
cA =44, 'I'SK - DEAE(I1} ond Superdex TM75 column. F: C.vinosum MDOH



270 Tty % B OE R 2001 4

2 & R
2.1 ATRHEBATAL

REME C. vinosum THE AN R KR ALE B 200 15, B3FH 23% , HAE
BCERITERE X 7. 8umolH; /min - mg prot(Tab.1).

HEERBEAGBAEHEHERRS RN ERERBRXE, AFHTEDIHNEERA
Mkt , e kA R Fig. 1.
2.2 TAR{ENMNEDPIP M{LiZRD FTIR #ELKE

HEABTHEAMYT FEEMNE 1920- 2140cm ' L4 NBER A A FTIR 5 6.
2103.7, 2086.2, 2054.8, 1979.9 M 1962.Scm ™' (Fig.2A), H™H 1962.5em ™! &M{ESH
B, TS AA DPIP fER 1h 5, £ 1920 - 1940cm ™" JEi¥% X i B — 81 (1
(1929.3cm ™'} (Fig.2B); SksE WAL E 12h 83, H FTIR & X0 834k (Fig. 2C) ; R4 R
6% 24h B, 7E 2120 - 2020cm ™ Hoif X M RFIE ok 52 4 T3 DR ALEE 1 1900 - 2000cm ™
Fi K H Rl LB T 1962, 5em ™ AEROIEME, HE TR MM B4 F#H%(Fig.2D),

1962.5
[0.01a [ 0.01A 1962.5
2103.7 2086.2 70s54.8
. AN 1979, 9
N R

- L L. ! 1 )

2140 2100 2060 2020 1980 1940 1900 1360 2140 2100 2060 2020 1980 1940 1900 1860
Wavenumber(cm ™) Wavenumber(cm ')

Fig-2 FTIR spectra of scluble hydroge- Fig.3 FTIR spectra of reduced soluble hydro-

nase from C.wvinosum. A: enzyme puri- genase from C.vinosum. A: enzyme purified
fied under aercbic; B—D: enzyme oxi- under serobic; B: enzyme reduced with NaS5,0,
dized with DPIP for 1h,12h and 24h for 2h; C: enzyme reduced with NeggS 04 for 3h

2.3 7 NaS,0, ERGEPTRIESMNN FTIR SN TELBE
EHEEA T AT EEENE Na,S,0, R 2h )5, HFTIR BREB XTI, T
2054.8em™ ALEYINAE T, TR MABCHH MK (2093.3, 2076.8, 1968.7 H
1946.8cm ') (Fig. 3B) ; S IS ¥ E M5 NaS,0, fEF 3h J5 , S F 1968. Tem ™ 4 BB 1 i
£ T (Fig.3C)o
2.4 TREENS COfEREN FTIR #Hit
COREMUMEAN, THERNED H & H THHBE A E NiFe— BMEHTOH
Ni BF E. B NaS0, BET B EMHE 100% COSFHRM Shis, R RERRER
. SEESTRAMAMN FTIR HHW, 7 2100 - 2020cm ' il X i L5 & ¥ 15
(2071.7 # 2063.9cm "*); 7E 2000 — 1900cm ' N EX AL RBEFAEF (197.7 H
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1954.7em ™ ') (Fig.4), W5, # 2100 -
2020cm ' RE X A ERIEH (2093.3,
2076.8 cm ') BRE T A (2092.8 M0
2079.2cm ™),
3 i #

B A # NiFe - LMRESE P L0 H Niy
Fe W [ T@ 1 AT (Cys FIBRE) E&E
¥, Heys=tnm 5(&) Fim, 5 NiRF
HENAEHD Cys, &5 Fe EFHENLE
—4EEaEs -COXAAMITEEALE
4 - CN %H ", AHEHEH.08 Ni BF
LU A T4 A6 77 # i SRR e 4k 3% IR A,
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Fig.4
hydrogenase after reacted with CO. The en-

FTIR specira of C.vinesum soluble

zyme was reduced with 20mmol/L NaSO. and
incubated with CO for 5h

R EAEEE RS EM 2100~ 1900cm ™' LMK E Y, BAEE C. vinosum BMEREE
Bi & H B NiFe— SUMOTZLAT bkt 7 4 — 2 = & 4%4E ) FTIR MW *I(Fig. 5 &), X
W T 5 Fe FRFHZER - CO ZHA - CN ZEAMBMRIBE, #HHFHMERRE
HEFLMEAERERSNARMEREL ', Kb -Cco EAMasREGEEEALET
2000~ 1900cm ' HHEE A, —CN EE SO/ BBHEFELL T 2100 - 2020cm ™' JE# K HE

W[“u

ERERMETHAY C. vinosum W EMAE 1860 - 2140cm ' LA E AT HER
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Fig.5 The structure model of NiFe— hydrogenase active site {left) (from refer-
ence B) and the FTIR spectra of oxidized Aflcaligenes eutrophus NiFe — hydro-
genase (Right) (from reference 15)
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W (2103.7, 2086.2, 2054.8, 1979.9 1 1962.5em "), H P =K HH M4 F 2110 -
2020cm ' IR, RT - CN B AR ; HR M &HH AT 2000 - 1900ecm ™ 36
XM T - CO EEAMMGIEREW . KBTI RAR, T - CN XE#H K R REH
A FBH AR AT - COo ZAMHE ARG EERI N —FREH (1962, 5em™),
B —-EEBMIERRNEE LA, BMXRRBIHETIEEHS TUREESEALTE
s HxS R COEAMmENCUREEARBTEN, BGFFReBR). B, 54
Al AR S BEAY EPR E45ME, TTLIEWT C. vinosum WISHEEMR T NiFe - SR %, Hi5#
FLMERBEMUTRE NiFe- €8, BMEHEARNEET CATEIE =4 - CN XEHM
Eh—4-CO #EH, MARHEE NiFe- ABMEKPLRAEHFET -CN ZHAM—4-CO
£H,
HELGTHENTEEABE NS0, B4HERE, 1T - CN ZRAEFRK PR
%ME (2103.7, 2086.3cm ') BIGEH K, 53 5 —EH (2054, 8cm ) MBEL T, EAR=
-CN 2R 5t OS5 FRAWEEEER, HP 1T -CN XATRE N &6, A
;‘a CNR2— I BREM - BFZHE, YN BEFEINEN'H, BRAXEW-CN 5
Ni BFRRAES, #HEW - CN REANRSIBE, AMARTE Fe EFHAH -CN £
H BB, B— A HE, TR EERHARK, - CO LA RFEARBCEFRRETL, K
%B‘J%’&iﬁ%?.?i?ﬁ’bﬁﬂ@%&%(l%s 7 f11946.8cm ) HEEHH—FEEE, H
BT — KWK (1946, 8cm 1), FHEALHF -1 - CORHE Fe HFHE .
CO5ammE g RTRR, ﬁi&[@:?&”ﬁﬁﬁﬂﬁ'—ﬁ CO %M, £ - CN £ HKH X 3
A0S, EP AR SRR (2071.7 A 2063.9cm™), WA FREF (2093.3 1
2076.8cm ) B4 T HUMASLEE (2092.8 #2079 2cm 1) ; 75 - CO HEIRAF K HKE =%k
# R (1954.7 f11967. 7em ™), X FH R BEAER T CO SH K
OB Ni(ER Fe) BT 4T =4 11, TIZE 1946. 8cm ™' 4L MM H 2 £ /MY LR, HEM CO
WS EWSMM Ni RFES, ANXBNEAAREN Fe ET LM - CO 2R 3HR Ik
BEKMER, SLRFBNGEENE T, AESTHELAMES COKHR. 448 COXMS
#4454 CO WM 8] it F 517546 [Ni(CN) Fe(CN).(CO) 1 Ni(CN) (CO) Fe(CN).{(CO) ],
PR R4y T RS L0 AN RN ZE— , 8 FE 2100 - 1900cm ™' R BB T L &R
BELRERAY LT, C vinosum THEIMEETLIREF=1EEQMS
~CN #HR—1TEEBELHAS - CO XE, HP—4 - CN BHRAE T B4R - CN EH, B
WSS FEEDOM NI EF L, Bk, RIEM C. vinosum AIREIARMTE LS OHE
WA BN Ni(CN)Fe(CN)L(CO), XM H 5 AMF BN M AL RN FHER M,
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STUDPIES ON FTIR SPECTRA OF SOLUBLE HYDROGENASE
FROM CHROMATIUM VINOSUM
LONG Min—nan', SU Wen - jin', S P ] Albrach?,
ZHANG Feng — zhang', XU Liang —shu'
(1. School of Life Sciences, Xiamen University, Xiamen 361005, China;
2. E C Slater Institute., University of Amsterdam, Amsterdam, the Netheriands)

Abstract: Fourier transform infrared (FTIR) studies of oxidized soluble hydroge-
nase {SH) from C.wvinosum revealed four absorption bands (2103.7, 2086.2, 2054.8
and 1962.5cm™') in the 1860 —2140cm™' region. A strong band at 1962.5cm ™' is in the
same region as the band due to the intrinsic — CO group bound to Fe in the active site
of other NiFe— hydrogenases. The other three bands(2054.8, 2086.3 and 2103.7cm ')
are similar in position tc those arising from the stretch vibrations of — CN group in
other NiFe - hydrogenase. When the soluble hydrogenase was completely oxidized by 2,
6 — dichlorophenolindophenol, no band shift was observed. When the soluble hydroge-
nase was fully reduced by Na;$04, all the bands shiflted. The u(CO) band shifted to
1946.8cm ™!. The other bands moved to 2076.8cm™ and 2093.lecm ™. Addition of CO to
the reduced enzyme resulted in changes of both the number and position of the bands.
Two new bands (1954.7cm ™' and 1967.7cm ') were observed in the — CO region,
while two new bands (2063.9¢cm™! and 2071.7cm ™) showed up in the —CN region.

Key Words: Chramatium vinosum ; Soluble hydrogenase; FTIR spectra




