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Abstract: Two ferredoxins, FdA and FdB, were purified from the photosynthetic bacterium
Heliobacillus mobilis. Their absorption spectra were typical of the 2[4Fe-4S] cluster with ab-
sorption peaks at 385 and 280 nm and with a shoulder at 305 nm. Fd-B was sensitive to oxy-
gen, and its A385 values decreased by about 50% in 2 hours at 4°C under aerobic conditions.
In contrast, A385 of Fd-A remained unchanged for up to 24 h under the same conditions. Cryo-
genic ESR measurements indicated that Fd-A had ESR signals around g = 2.05, 1.94 and Fd-B
around g = 2.05, 1.92. Both ferredoxins were fully reduced by dithionite at pH 8.0.

Keywords: iron-sulfur center, ferredoxin, ESR, metalloprotein

V¥ i

Tl RE v (Fd) 1387 L MER O M= A2 TBChla KV &, & LAHEY

éﬂéﬁﬁ%ﬁ?X&%(%S)%@l%kbfﬁ
OAEMED SN X X B D—> T, Fe-SIZ

2@@%@%&2@®MEE%#%@52R2WW
3EDOERIFF & 4 HOWE A7 5 72 3Fe-4S AL, 4

B DOERIF T & 4 E OISR 5 78 % 4Fe-4S I3
FET 2 Y, FAdIZFERAEY D bESEWE TR T
EL. %ﬁ@ﬁﬁﬁf B ARTER Y & L CEEE)
TELTWD Y, HAEBHIEA~Y A7 7Y T3S
7 LR E#é@ﬁﬁw%@ﬁ.f FHR
AFELE LT T U F7un 7 0 (BChl) g
ZF;o, BChlg 37 F I —LDABRDCOD3

Dz ur7 44 (Chl) a (ALZERREEMELCTN D 2,
FBBROCOSNMNDOTF YT LN, BB
TTHEMLEN Chla LR C=F L EICEHRm SN
%2 ~NUFRTF YT ORALF RIS AT
F IR AR & RROSMER TH Y | AlE
AL CTHD Fd E2HRITTHENTES Y, &
st/ Fd X Fd-NAD(P)* i#cE## (FNR) #4r LT
% NADMP)* |27 L NAD(P)H %4+ %, ZD
L9 R A E O~ A7 T TR, B AR
DRAFEATH T ) 37T V) T RERED AL
FOWENEE 2D LT, REBBREOIZESR ThH

©Research Institute for Integrated Science, Kanagawa University



94 Science Journal of Kanagawa University Vol. 29, 2018

%40 RKEFFRIL S A DK HEN DS -
FX7 5V T T b Heliobacillus mobilis © 7> Fd
PHEEL, FOMWEEZALNNITAHZEAZHRE L
77

PR E 5Tk

AR & B st

H. mobilis (ATCC No. 43427) 1% American Type
Culture Collection &V AF L7z, 5i# 1T PYE 5Ht
Wz, FEREEHITT 7 U AV OBK Y v — (BBL
GasPak Anaerobic Systems, Becton Dickinson) W
X, Uy —NEICMEICE ENomEL IR
ANy 7 (THRasRy 7o rF = A{BF)
EHWTERE Lz, B LIEERSCHRRA Y ¥ —I%
HEUT DY (90 pE » m? - 1) 24T s 40°CT
s Oy

7z U F® ¥ v ohhih & R

TEHNCE LI BHRICE- BB IR E LTO06 M UF
+F A B % 500 pl iz 8,000 X g T 10 4y =
DL, WREE L LT, Zve £ )i 1,000
~ 1,400 kg * cm? T7 L' > F 7 L A&/ (Aminco)
filk B #%. 20,000 X g T 204y, &KW T, 160,000 X
g T 1R OmEOEI TV A EMER S 2 1570, WilRT
VE=T LE A0%EAFN & AR D Ko IS ATANE s
Mz, BELENL4CT2RREWEZ, %
20,000 X g, 20 4yfEhEL L. BIEIC, & SICHBET
VE=ULEINZ 80%FIFNE Lz, 4°CT—HrE
2%, ZiE 20,000 X g T 20 RO Uik A 15
7o LBt %V ED 50 mM Tris-HC1 (pH7.8) (ZV&i&
L. [FUREER CEITZITV, 7 v E=v L%
PR, Zhvd Fd it & Uiz, Fd ok, HiE,
R OBAEIINE 2 E R/ EH L7 8ixR v 7 ANT
TV, BEFZSNTICRF B T & ZITREEO R WA
R LT, ETHOWDRBEIR L & OWIRIZTT T
Pkt FE L, BRIV D T DI EHE
o L 7o R v 7 ANIZ 3 M@ W TR L T2,
BONZ, Fd MY % DEAE /v m—2 0 5 AIZ
237, 200 mM NaCl, & 51(Z 500 mM @ NaCl %5
i¢ DEAE fEfEiiZ CIAH S Fd 2 & ey 2 80,
RS (v hT 71U —4, Amicon) T4,
Sephadex G-50 7 7 LZHTF, 7V A IEFEER C R’
Bl L7, Fd Z&0E )% EDRM%Z, 2 M O
7= LEETe 50 mM TrissHCl (pH7.8) T
b LizsikitEr o~ v 7 Z 7 ¢ —HM % 7 2 Phenyl
Superose 10/10 (7 7 /L~ 7) (2 Fd W E#%. 2
~ 0 M DR T > =7 AOEARA R AL % FF
- 50 mM Tris-HC1 (pH7.8) IC L v iAH L=, &

H U725y 2 R4 A X0 BidE . 50 mM Tris
(pH7.8) T¥fifb L7=fz A A 22# % 7 2 Mono
Q10/10 (77~ 7) ICHESHE, 0~1M®D
NaCl O [H #j 8 72 & £ A Bic % £57-> 50 mM Tris-HCl
(pH7.8) IZX VI L, EEDBRIEM S L,

WL A X7 b L e ESR Z~X%Z7 bLOYSE
WL A~ 7 N VX 4y 6Ok BE EE (UV 2500 PC,
SHIMADZU) % vy, ESR A2 b LLiEis~Y
7 LEJE A E  (LES-LTR5X, JEOL) #3535 L
72 ESR 27 k)L A — % — (JES-RE2X, JEOL)
W=,

Wi L e

FHIRREIRIZ 40% BRI 72 5 K D IR T B =1
LEMZ, WEERER, S HIC 80%fafZe s X
IR T v E=U AN TELNZIEE V&
@ 50 mM Tris-HCl1 (pH7.8) IZ8E L. Zh A BT
LT LA b SET- 8 2 A, B -6
OREFRG Sz (FAdHMHY), FdfhH Y %
DEAE 7% 7 A2/ ) 200 mM @ NaCl % & i DEAE
PRER CIRH S B2 L 2 A, PR O M 53 25
L., &512 NaCl % 500 mM (235 LR EG
DI LTz, Z OMli4r% Sephadex G-50 77 7
LATHNABLIZEZ A, T HEWEAOME S LR
HKEOE NS LT, 209 LIEEEAOW Y 2 5E
% T Phenyl Superose 10/10 (Z7>F, 2~ 0 M Ofi
fe7 L& =7 L OERN) 2R E A & FF> 50 mM
Tris-HC1 (pH 7.8) Tl L& 2 A, Milg7
ST LABENOTME06MO L X2, HKE 380
nm (I ZE FFOB N ENF AR SN (K1),
2D 2 DDy A ALE R Mono Q 10/10 (2 &,

Fd A FdB

Asgs (wm)
/
|
=

D

g

23

\ m,‘%'
2

/

25 30 35 40

Elution volume (mL)

1. Bk a~ 777 4 =D O — 0 B
K7 v~ 27 7 ¢ — (Phenyl Superose 10/ 10, 7 7
N=T) ICREE, 2 ~0MORREET o E =7 LJEED
LAY 72 R BE ) Il 22 73 ) 72 50 mM Tris-HC1 (pH7.8) T
WL .



PIREFECR M BEIR ESR IC K D8MHEAE 7 = L PR Offr 95

Abs.
0.4 [

0.3

0271

0.1 f

0

[0 8
a
(=]

550 250 350 450
Wavelength (nm)

2. FEHIX7- Fd OWIL A7 L.

250 350 450

0 ~ 1M ® NaCl OJREEAFL % £> 50 mM Tris-HC1
(pH7.8) T L., BAAOE S Z5-, K212
S D OWIL ALY M vERd, EhBDAN
7 ~L% 385 nm & 280 nm [V K Z . 300 nm
\ZJ8 Z#5> 4Fe-4S M Fd 2R 720 A~ 7 |
NV ER U, BT v = AJEEE 0.7 M CIEH
L72 Fd % Fd-A, 0.6 M CIAHHi L7z Fd % FdB & %
nEnm4 Lz, SDS-PAGE 2/ )72 2 A, FdA
H FdB ©#9 15 kDa T3> R S vz,

Fd OFRLER CIIaBEIC bz B S& 2R
LT E LT, ZHITHKMEDOME 26 O Fd 2
WIFRZ LS LORRESINTEY, ~U A4
N7 T VT O Fd bREREZEEFFORTREMEDN B 2
LNl Th D, Fd OMBEEZEEZTAIRD 7201,
FEBL L 72 Fd 3B O#% &K % 50 mM TrissHCl (pH
8.0). 300 mM NaCl I[ZZ&ZH#it%, 4CITIRE, 2R %
BRLIZBDO L, BRMIIR -T2 D DIZHON TN
FEEFHE O CTRIL AR RV EJIE LT, 8.3 uM
O FdA 222K & A%, 4 ‘CT 24 BEfE V723,
PRRSRIFICR 5 72 FAA LRI AR hVIZZETR D
niginot=, —J7. 9.7 uM @ FdB % A2 5 %
WRE, 4 CICEWTRINANYZ MLERIELRE L
A, ZERGRAE 2 R R 885 nm (IZB I AWK
AR L, 20 FCF /4 12 Lz (1), =
DFEFR D FAA X FE R METIX /20, FdB 1
MR TH D LS D, BBRIEZEE R
Fd Tit. 2% F T 4Fe4S 7 7 2 Z —3{b S .
3Fe-4S 7 7 A X — &L L, B BmEEEN KD

1. K7 =L R ORI

KR

SR ]
Oh 2h
Fd-A 0.25 0.25
Fd-B 0.30 0.15

A, 385 nm OWLIN & B2 HAME SN TND 7,
FdB D4 6285 F T 4Fe-4S 7 7 A X — )3t &
A 3Fe-4S 7 7 AL —IZZb L= b D L HEES LD,

ESR it Bl % 1 < Fd % 4 °C T 50 mM Tris-HCl
(PH7.8) TA > F a— &, REERFTHLE
ESR JE&#1T>7-, ZOFKMHFTIXEPR A7 kL
WCHEE R F VTR oo T, Wi, VF A
FA b5 mM FiesfE T CESR v/ EHIE
L7=& =%, FdA ® ESR A<7 FLi g=2.04,1.94
Tz 2 >0y 7 %R L, FdB Tk g=1.94
~ 192 fHFlc 1 >0y 7 F vzl (X3), FdA,
FdB 32 pH7.8 D&M FiIcBW TV F 4+ A T
BILEND Z ENbhotz, ZOWESMETIE, B
LB T ENLIT —400 ~ —500 mV (Z3ET 5 ® DT, [l
Fd & b2, ZOfPAORLETTE NN EZFF>EEZ XD
N5, ZOMEIE, Zi 5o Fd 258k A b2
SRS EF 2% L NADP ~B 12 niET 5
EWVHRIE L FJE L7,

ST NT T T REREONALT R T T K
i FRE PT00 22 Bt R L F —(Z K- Tl &
NIZBTFDRRIGOETZHRETH D Fa/Fs ~ L iniE
b, Fd 2 Fu/Fe #EGEBAE CTH H PsaC 12827
5 & FaFs B ETFFd O Fe-S I2{mnE X1, Fd
I% FNR DO f#1E{t. T NADP* %% ¢ L NADPH % /&

Fd-A

(a)
"\/\—\ «’/\//M‘_W_Am - i o PP\,

¢=2.05 g=1.94

®)

10mT

3. 7 = L ¥ D ESR A7 bL. (a) BRLIREE,
(b) TFAFA 5 mMIZ K DETIREE .



96 Science Journal of Kanagawa University Vol. 29, 2018

Bt %, R U8k AR HR D & b Dk o it 25 A 1A
TIERIG PO P840 O T XA XF—IT Lk » T
it ST 170 FAFs EAHE TH 5 PseB ~ &1
FEIN, FdBEITLSND, ~U AT TV T DN
LRGSR RN EA TE LT, bR
I ® PsaC kR E Al O PseB 0 X 9 22 bR
JEHDE SR AR T 2 8RR T T RMFAET D
DE D e TIZ 72, FmiETER 2 Ttk
221D PsaC 2 A KRN OHBET 5 Z L NTAHET
HHN, HBES T PsaC D Fe-S 13E Wiz M
ZFROY ZoOZENLARIEBES N Fd O 5 b
FREZMAFFO FdB &, tbFR IO PsaC (2B
PENRHDD0H L7y,

AAMFFTIL 2017 A AR ZS )| RSP A B2 0F 58 AT 2L (]
WFoeRhEs (RITS201709) %517 TiT-7-.

HR
1) Matsubara H and Saeki K (1992) Structural and
functional diversity of ferredoxins and related
proteins, In: Advanced in Inorganic Chemistry,
Cammack R, eds., Academic press, California. pp.
223-280.

2) Gest H (1994) Discovery of the heliobacteria, Photo-
synth. Res. 41: 17-21.

3) Sakurai H, Kusumoto K and Inoue K (1996) Function
of the reaction center of green sulfur bacteria. Photo-
chem Photobiol. 64: 5-13.

4) Xiong J, Inoue K and Bauer C (1998) Tracking
molecular evolution of photosynthesis by
characterization of major photosynthesis gene cluster
fron Heliobacillus mobilis. Proc. Natl. Acad, Sci. USA
95: 14851-14856.

5) Xiong J, Fischer W, Inoue K, Nakahara M and Bauer
C (2000) Molecular evidence for the early evolution of
photosynthesis. Science 289: 1724-1730.

6) Beer-Romero P and Gest H (1987) Heliobacillus
mobilis, a peritrichously agellated anoxyphototroph
containing bacteriochlorophyll g. FEMS Microbiol.
Lett. 41: 109-114.

7) Tilley GJ, Camba R, Burgess BK and Armstrong
FA (2001) Influence of electrochemical properties in
determining the sensitivity of [4Fe-4S] clusters in
proteins to oxidative damage. Biochem J. 360: 717-
726.

8) Inoue K, Fujii T, Yokoyama E, Matsuura K, Hiyama
T and Sakurai H (1989) The photoinhibition site of
photosystem I in isolated chloroplast under extremely
reducing conditions. Plant Cell Physiol. 30: 65-71.

9) Golbeck J (1999) A comparative analysis of the spin
state distribution of in vitro and in vivo mutants of
PsaC. Photosynth. Res. 61: 107-144.





