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PREPARATION AND CHARACTERIZATION OF
FeMo COFACTORS CONTAINING SINGLE AND DOUBLE Mo
FROM NITROGENASE

Huang Heqing', Zhang Fengzhang', Qiu Xuehui' & Li Qingmei?
(Department of Diology!, Research Cenler of Envirox;naeut Science®, Xiamen University,Xiamen 361005)

Abstract
Preparation of FeMo cofactors containing single and double Mo was related with basicity of N-methyl-
formamide. The mininal elemental composition of FeMo cofactor containing single and double Mo was found
to be Mo 6Fe; 6S by us‘ng inductively coupled plasma and proton induced X-ray emission analytical tech-
nique. FeMo cofactors containing single and double Mo showed featureless absorbance peak in the ultraviolet
and visible spectral range and did not contain homocitrate. \
Key words Nitrogenase; FeMo cofactor; Fe-S clusters containing single and double Mo; spectral

analysis
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—HEDEMNKRE, LS RE M 51 3951 30,5 F AR J [MoFe.:S:: 1~ [/ ¥} FeMoco(b) J¢*-7). £ 1F. F
G, ZESREPR S HEES=3/2H %, B AXHMENENELFHY. B BrRMFEEATRIN
RAAFEBUBEARAMEDEARATRT FeMoco B AFH, HFRMERERRK. ZAXME THITHA. X
SHERSE R0 Tl B OB AE , © X [ RS RS E VLB AL F R A W B R WA SRR 4 — L B 8.

1 HEETE

1.1 #¢

N- I 2 F Bt i (NMIF) $8 43 177 S A 70 B T 52 [ Sigma /2 B]. £ 8. [ R B OP B ¥k f1 5k FeMoco iy 47 6. [ B B
KA bk UW45H £ Wisconsin K42 B BBF R P O4E4
1.2 HWE NMF fil&

$2SCRRCOHT 85 . M, (FeMoco) I E # Huang 7 3. T R o T AR TR R E T (AL, B EE S
S F R 9L UCP, Perkin Elmer Plasma) fl i F# & X-# 28 & 5 6% { (PIXE, Nicolet Model R;) ¥ .
1.3 FeMoco 2B

2% ShahI k. S RBETHIZEIRYMES X
HuangU2 0 # w1 1 000 7 3. £ P E A &1 5 shah 0
KRB OF Bk B ¢
1.4 FeMoco #iRIE

AR, 2BEAM NAERS KT, 2K
KM EHELs LA
1.5 FeMoco &lifk 5 .
L5 1 d{b3& M FeMoco Hi{k & 4 T T at K T # .NMF A
EESR. BRI RS ENE T FRBRENARE
CRAFARAED.
1.5.2 #{LdI2  NMF {5 [ 3R H %M FeMoco # 5 '
¥ 5 WK Y 45 3 B[ B&. # FeMoco ¥ § &5 Sephadex G-25#
Tsk-Gel Toypearl EHrAE Sk, KHFT 466 E i fid %

G

{11 FeMoco SEALARMLAE. # R RN A BB RL B FeMono Hifk £

SE{LIEH) FeMoco S LE R Fig. 1 Purification system of FeMoco

1' 6 ! ‘miﬁ FeMoco mﬁ*ﬁﬂﬁ A JRE 5 Anaerobic box ,B;NMF {H [ 2§ Pressure equaliz-
FeMoco & T R 40 g1 E 17 2 . B 78 2550 PM-1000% r of NMF,C. NMF % 3 NMF apparatus, D; Sephadex G-

HERARWE2). & 25 B #Hr k&t Sephadex G-25 colunm,E; Tsk-Gel Toypearl 2

R meai{hi FeMoco B TR EMENE A XH1. 7 74 Tsk-Gel Toypear! column, G : ¥ & it S8 2% Sample col-
EHEREEGTEE b 4, 0B /NFERBEE M, lecting vessel, F. 5 5b ] B 53 J 36 B 3T UV/visible Spec-
(M,<<1 000) ) FeMoco ;835 877 5C B A BT E A trophotometer,H .2 R{X Recorder

BEHEP.

2 RS

2.1 SEMBIAKE .
MTIRIE R FeMoco —HEEYRA AR LAEZFITAMESN. RITMTREREYBREF®
B . BEMEAEA FeMoco I XRZ - RIFHMBHESEE LS oH M| i, NMF 5 E B RIS
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B FeMoco AA[ZHMWHEERNRZ — RIGRRY . K

S FE & NMF-2 54 (pH 7. 3). ) i T4 B FeMoco A ¢ b
B, 7 3K 18 FeMoco =R . B REHRAIHILPERE

WE A &Y. i NaHCO,Hl Na,CO4L 8 J5 iy NMF % B 7 f D E

B £ (pH 9. 0~9. 5), Fr {2 FL {1 FeMoco[ 1§ #§ FeMoco(a)]] 1

P RUEK, FeMoco () BB RS, EMEAEH B AR
S F BaO 4b 7§ NMF 1% %5 (pH13) i) FeMoco {21 "
) » AL BT 18 FeMoco[ fi] # FeMoco(b) J= B &, # MEB
MEFEC. MHEDEAZER, ERIBRE AR FeMoco
(o) A TRAS R TR SO BRAE (R ). ELMIE st E RS sy B2 W IURRERER BN A% |

X4 FeMoco fBife  JEiHISHE Rk M, STLISHREE R R Fig. 2 Osmotic system of FeMo cofactor containing
K —HHERAGNES RER AL EERETE single and double Mo

5 FeMoco {8 IR NMF [ &b 58 35t R0 B B A 2% A.B. % ¥ ¥ Osmotic room, C; % # i (PM-1000) Osmotic
2.2 FeMoco Billi e (B3) e e o B Mot

KL FeMoco # 5 h ¥ % & C1-Na* (HPOT .
x|l SEMENHDHIELREER

Table 1 The Physico-chemical properties of FeMo cofactor

NMF B ¥  NMF W 1S ] FeMoco #if8 EMEMIEE
NMF treatment NMF Extracting Colour of Activity of
basicity quantity FeMoco biological
recombination *
- 7.5 7 4 ARG 0~5
A little Green-yellow
NaHCO3 9 S ®o 28
A little Green
Na:COs 9.5~10 - g®e 28
A little Green
BaO 13 -4 BEf 280
) Much Black-brown

» EEAIEBEAL (Unit of activity of biological recombination) ; n(CzH, formed) «¢~!+n~!(Mo) /nmol smin—"!-nmol —!

FFRREEL SO0 K RAAFEARS AR, ISR EFSHEA TR S IT FeMoco AR M. FERAE
TR —EMREN. H AL FeMoco 1 7 5 R ] Sephadex G-258F G-100/2 #7 & B 2 7+ & 0 M1 3E FeMoco
AN ETC L BASWERRYT . FHEHE Na.S:0,§ NMF(pH 10~ 13) SF iR FX i) FeMoco 7E S X 315
nm &b B 55 0% Y 4% , FeMoco (%8 {6 i TR W R BE B 35 ik IR 0 T8 T 2 T RE#S 5. 35 F NMF(pH 10~13)#4 Na:S:0,
EEIMEX3L5 nm 4 BB sE] WE3B)Y ], BT 1A X, FeMoco fE K 5HX 315 nm 4 R B R 1R
[ fE - S.01" &4 F FeMoco fF 3|, 3 A& FeMoco H 5 £ H #Y 5 W L #%. FeMoco (a) fil FeMoco (b) 43 5| %
Sephadex G-25f1 Tsk-Gel Toyperal R4 &E4l k)5 , P 76 S S 0] DL i3 XX o ¥ R & FFAE TR s o , TR WO 0 ) 588 )
HERKOBMES. B3O RBEW 5T NMF(pH 10~ 1) ETEMEFE R/ X325 nm L HLFEHE
H AE R o8 , T B4l 4L 49 FeMoco (a) il FeMoco(b) £ % S 0] L6 ik X A # R & 45 GE o, BRI 3L, RTTA N I E
CHHERRERTEREAS . X~ S RITL LR 6. B A HEAR (GC/MSH B R FeMoco REH
FERLMNGE
2.3 FeMoco(a, b)RY M,

Smith % 78 FeMoco fJ M, 7700~ 1 SOOZIE,XﬁFfﬁEﬁEEﬁZﬁEE’J M, 33800, i0 A FFHERE AL 1 500080,
&l 46 32 F B T .FeMoco(a) fl FeMoco(b) % Sephadex G-25§1 Tsk-Gel Toyoperal Bt #H T FRMEN ,HE
EEREFHEERER —BLAEERRES S AN ERK TEEERHTES A% 80t E. & Huang O J ik
M S FeMoco(a) I FeMoco(b) ] M, 43 51| }96504-50F11 39060, B 4R FeMoco(a)@ M, B & /N F FeMoco(b)
M. RIESER 5% G IRV 1, FeMoco(a, )M M, AR S MESRBENEH LV RFERKERESR
X, BHREMAFERETX.
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2.4 FeMoco(a,b) TSR

LY ERFRE AN, [ ZBE FeMo-

co (RHEBHAR . AEHVULEY. HEX
FeMoco B 45H) L7 . SH EX B A9 41 B L 219
AEH LB, KR A FHE 5 FeMoco #4E
BERXERSTAEAX R2GRRAT:
Fd AA,ICP HI PIXE i R M€ 2/ KB
4¥.f) FeMoco(a)ff} FeMoco(b) 4R &K T &
HR A H1:6:6. ERPAESHBEER
INE L F A R 9 MoFeSe. FeMoco
(0)# M, JLFKF FeMoco(a) M, B 145 (R
MO, BESHEREXRSH LS.
B, S FeMoco (a) M4 FA B X B
MoFeS;, Jl] FeMoco (b) 9 4+ F A B X 1R 7]
fE & (MoFesS; ) : 8, (Mo:Fe,-S;2) , I¥ J& T W
HERESHW. B R FeMoco(a) fil FeMoco
O EAFHMYHERMED . BEd FEMN
M EHERMIBTINEDEHEE
BB AR GRL,E3).
2.5 A, WEASkEAMEELIX I
BRI RE R —H AN, FeMoco
R—REAKHERE. Lo FARKX N
MoFe,~sS~st**), B {ft 1l FeMoco ij 43 F 4
BA BE. XEFEALFENERS
FeMoco S E M A R TR 0 F
B89 X FeMoco(a) Hl FeMoco (b) il %

M Y% Absorbance

)
100

+/nm

P 3 FeMoco, Na:S:0.f1 7 KB EL 76 3 51 0T WL X P i WL -
Fig. 3 Absorbance spectra of FeMoco, sodium dithionite, and ho-
mocitrate in the ultraviolet-visible range.

(A) FeMoco £ % b 5] WOt ilf X o i) B W )6 3% ¢ Absorbance spectra of
FeMoco in the ultraviolet-visible range)
FeMoco(a) B9 W Yt i%. (Absorbance spectra of FeMoco(a)),

— +— FeMoco(b) ) T W It it (Absorbance spectra of FeMaco(b))

---- &% S:0i" 1) FeMoco IR I ¥ i (Absorbance spectra of

FeMoco containing S:0§~)
(B)Na2S:047E %8 #h X 84 B W6 3% ( Absorbance spectra of Na2S:20y in the
ultraviolet range)
(OB MR L 7 % 41X 69 B Y6 #8F ( Absorbance spectra of homocitrate in

the ultraviolet range)

R kL. 6)%4 & U . FeMoco () B H B #LE T M F A A B ET #LE! B BHE , W W FeMoco(a)fly
M, NFEHEEE M. 000). #$FE FeMoco (a) M HE BT KA L 1:61640 M, 650+ 30(E 4, X2 HF
AL AT LB E AN FeMoco(a) 4k 2 4 /i I, & MoFesSs[ M, (ther) =625]. g 5h, AT LR hXKB T
FeMoco (M) R85 E I I A et A B ZEHA B B E, A H FeMoco (b)) M, KT HENTIRE A M. 4§
FeMoco (W) WL R AR LEM M, BEAEST LR R, 3, {1 #4007 LU & FeMoco (D)3 {hF H B A B
(MoFeSe)-% (Mo-Fe,:S,2) [ M, (i {H) =1 248].

P %2 FeMoco f)TLISH4
; Table 2 Elemental analysis of FeMoco
g S — EYT] SHHTH
Species Analytical methods
0 10 20 30 10 50 60 AA icp PIXE
Mo Fe Mo Fe 8§ Mo Fe S

cm
FeMoco(a) 1 6 1 6 6 1 6 6

B4 S#HmES FTEMERTE FeMoco(b) 1 6 1 6 6 1 6 6

Fig. 4

Chromatomap of molecular deterimination of
FeMoco
A ;FeMoco(a) B:FeMoco(b)

FeMoco Xf 17 HAR .CI~ fl NMF B — & M 48 & BE N1, SH s #7 ML 6, ATP RE K ¥R B 3 82 8 FeMoco i)
EYEA BN BILE T NMF [ FeMoco 1R TJ REA &5 T NMF, X FELR 5B HI 2 #7 1 M E#) FeMoco
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(a,0) M. HERENH G ENEE M. HEREREAE.

M X-HRAEEHEARINRN THEEG M P OBREERESH, IRE M P LOEREH2IM LT
FeMoco & R EA R, , 84 4 F FeMoco H & 48 A9 Bk LI (MoFe,S:) HI £k LK (Fe,Sa) 4 b — (R 191 H it , RATIA
HEKBEAM FLRESRBEGABES THAR TN (Mo:Fe,Si) , EM & RMBA R 5 FeMoco (0) H AL
FAMEBEEE NMF I FeMoco(a)fRATHER M .0 /REEM T & H KB, B F 50 ERILBE LS (MoFeSs) ,
#EBBENEERRBAT. FURKBELNEFAY). HRME NMF {2 FeMoco(b) RFTRERE A M o
D& IR, N B DR B W %M (Mo:Fe:S:2) , B F FeMoco(a) fil FeMoco (D) FE 45 LA #EBR B R, BT 1M
M EA SV 8RR XU SRS A [ R AR AL R
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