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EEHAEEIREEEG SBETWRESE, SR —RIeT-BETHESY,
LEEEE Mo SEILPEARE, M Fe/Mo LR HBEOMZHEREY: ., oo T AR
B Grooam FIATEEET S TR Ab0en FE R EMN Fe JTEBEME I T JLFRE
FlREiR; &ENFHEINEE TRANSEEDRE. AREN, WESHAEEL £ —
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H, P-cluster FEHERGERRYIBHEEEZNE
Sginl RIETWG P-EEBRAIShER I B ER  REAARE

1 S B FH R $H(FeMo) B Bl fngk (Fe)
EEAE. BRNYE, SEREFES
thinfede T FeMo BEW, FeMo ZKE
£y TR EK (£ 220000—240000) H&FH
Fe, Mo 1S R+ X¥EE T FeMo
FEHUhE#EEAELEMERAENEER
T, HdhWBEENEFE A %A R
B F (FeMoco) H1 P-%#: %5 K -+ % (P-
cluster), 1977 #, Shah F1 Brill™ i
M. FeMo HERE M FeMoco, IFHIL
EHFERE, FeMoco & FeMo ER%KEST
TERHES: RO ERAH B 5%
5tk , P-cluster AZFAMTHERE M,
F AR, ] ank2 B 60 /R i (Moss-
bauer) Bl & #E (CD). @B — &Eis
(MCD), s Fil##IRiE (EPR) Fufiy
FiE (ABS) HE Fe{FfEEm s
B P-cluster WK R H HALIERF
H AR BURE F T T RERMIR, R
B THEZEENER . REFRSS
KR HE T (FeS) B EBBEWIER

R ST P-cluster THEE R REIE"Y, T
H KiFe(CN) A LRSI MER B RSE
BH, P-cluster 5% i SR BE 145 ¥ ZF B FeMo
EAFEHRERE . ZEHMROILER
Jhfl FeMo T iy P-cluster FH
XAfE FeMoco TMMHHIG %, IE B P-
cluster A 58 L EHEFEEXENR
i, #HHAEEE FeMo A hHUIER M
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1. “RRR) FeMo ™ [FeMo(R)]: IRIEAT
WD BRRCEENEER FoMo EXL
RIEW, BHWEN 20—25 mg/ml, H& 0.3
mg/ml [ Na,5,0, (DT),

2. “EEA [FeMo (T)]: HZEMAKIDS

AXT 1987 £33 A7 Bl
AFEESE., R TENREDR LB RERR
XENSERS, ARSHEERFIReAE)
BAEE R, bER L RFRBELLESEH
SRE & RE 8 ik —H BN,
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FJERZ Mk (o-phenanthroline, #5#r: o-phen.) W2&H[
B 10mmol/L HEAHMER . MESHE Ar EME
FeMo(R), {# o-phen/FeMo 4y T H7EMIER 2 43
DT S FHBRBRN 120—150, AR A i BB
5 min, fiPEid P 0.1 mol/L HCY i pH £
6,58 pH (2028 7.0). RIEE 25—28TC 1
KB ARE 0—3 b, HREERER [FeMo(T)] K
S hF)FisEH 0.13mol /L NaCl ] 6.3mg,/m! DT
By Tris gk (25 mmol/L, pH7.4) FEHFH
ff\] Sephadex G-25 (2,3 x 16cm) 3Ef ¥, 45
RIE s Eh R, R ERS BN E | [FeoMo
(O] ML BMNEAEHER. ST EINE
B EORE. B4 B ABs, cD i,

3. “MEEE” (FeMo(0)]: A 1.0m) FEg)
IR E 0.2m] 7.0mg/ml ] FeMo(R), BARENE
5L, =R (15s—16%C) FrEHE 20min,
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1. FeMo TET Fe FEHHDE, B8, &
fh SHRETUE YR & 1 iR B A B o 2 AT ik 7
%ﬁﬁiu,l!,ﬂ)o

2. Mo, Fe BT 4B ¥ Balleatine
AT EIEE RS AR RS S T hE
WY (1CAP-9000) MisERMMSHER,

3. MR IE MR A 557 TLHE. Rk
FRKEEH.

+. B”_&iENE: EREEHEHRE A
i#{¢ (DICHROGRAPHE),

5. Bfr &R LB REHY o mol « mg
BT s min™ty &, As, BRBEN A LES
FHEARERNE_GH SN TE N F &, s/
Aeg J) FeMo (G) 5 FeMo (R) By As H &,
Agfe NE—BRAER—MKHG 48 5 ¢ gykbf,
E R IR %, e 2R B SR,
FeMo P 4T BLL 240000 its

g X frit
(—) FEH FeMeo 7 p4sit
A o RS 4 S SR A 1S B 28
FeMo BB, Fe/Mo Lﬁ-}l:tj{] 13.0--16.5,
MRS NBASTEE 2 N Mo BT H
B, §) FeMo BRS TR A H 26.0—

33.0 4 Fe B (&) ANHEDRER
EEEBNEEEERES, SR Fe fn
Mo 8B i ZE 20.0 & 1.3, SmfaE
) Fe BHEBEMATRE FeMo BHEMNZE
BETER S 1600—2300,

(=) FeMo ZaM KA KR 5 Fe
EROXE

1LEA&ER: {BdER ophen I &
FeMo(R) #i%,{# o-phen/FeMo(R) 4y F
B3 120—150, {f NaCl FUBEKRE %
0.10—0.15moel /L, #EEE NEER DG
{HYE 510nm b I — A Wil i, 16 00 & By
FEAREN R MT MK, BEZE R KE P
WARE(E1)o o-phen £ DT Fii,
BRTE 370 nm PR EBAOWMIL, &

.00

H¥ wavelength (om)

M1 e-phenanthroline (3.26 X 10 moles)
2 FeMo JE[ (55.5%mg) MM idayeing
Fig. 1 The effect of o-phenanthroline
€3.26 X 107° moles) on the absorbance
spectra of FeMo protein (55.59 mg)

1. FeMo(R), pro. concen.: 5.59mg,/ml

2. FeMo (T), pro. concen.: 7.19mg/ml;
o-phen. concen.: 5.56 mmol/L

3. FeMo(G). pro. ¢onc¢en.: 5.9 mg/ml,
collection vol.: &.3m1

4, Red chelate compound, collection vol.:
22. 0m!

5. o-phen, concen.: 5.56 mmolfL
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Ot KRR I BB TR e BT LL, 7E
S10nm MM E A B DT 3B E o-phen,
i o-phen I EEESFIM FeMo &
HESE Fo RTFHERLEEEWS]
EE, BA5EELS ophen MERE. K
MBRERM oH HHX. YV ERN ol
6.5 Ze I, BB InbR IF AERE N BLIE i,
SEEFERKRKXT 600 nm BRI IARE R
e hFERMEBOEHEREFHNER
FRFHEE Fe BEy#BEAMEZREAAE
BEHEERDHFER.

¥ o-phen 4FEHY FeMo EH LS Se-
phadex G-25 E:EMTRt, BA /D ERITE
WRRTREERERZN, KBLER ML
EESMBLEEMEDRE, HAEes
Fo BOBEEX 80% Lo B 1A
2 ZH,IREUWEN FeMo(G) MO &XKS
MR [OD X (&R (mD)] LF 545
BHTRY FeMo(T) &WUy (400—600nm)
%, FeMo(G) EFAEK LR it
FeMo(R) /o ZLEAES Y4 510nm 4k
B — 0, W B R A A B R S s n ,
AT%-SIETHESHNTY FH X &
B (S = 111 X 107)00 - EAG B A
¥ Fe EFHEBSHABRBRRASETRER

1ot

6.0

4.0

2.01

&0a 8ag

B
wavelength (nm)
o-phen % FeMo BHREST
HARBER
Fig. 2 The effect of o-phenanthroline
on the molar extinetion coefficient (8)
of FeMo protein

1. Femo (R) 2. FeMo(T) 3. FeMo (G)
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RAEMAENLERILFEHE, MAd5
EH%&EN Fe BT RIEWE (K 1)
HEH, A OEAYELR o-phen M FeMo
EOhEAHEN Fe R5REE RN THk-
IENEMR AL S5 Mo M Méossbaver 1 EPR
MR & 298, AR FeMo R P-
cluster ] Fe [ET29 16 ERERERS

#% 1 o-phenanthroline ¥ FeMo ZAZ# NSNS ENESR

Table 1 The effect of o-phenanthroline on the activity and metals

content of FeMo protein

T ICAP fil ABS fihe

Eamw | w o | aEEk |SATER | SEFRZ fgey pe mTak
% | 2 g R &8 ERET %gﬁggﬁﬁ Fe { T
g eeovery
"% |Recovery | Specific Meral Metal lost | Fe lost/mol estimated
of activit of er mol er mol from chelate
Exp.| Ssmple [ | 000 y B P compound by
(%) (%) (“g’) (%e) Mo | Fe | Mo | Fe | ICAP ABS
FeMa(R)| 100 z250(100) | 100 | 100 | 2.00 [33.05| / /< / /
1
FeMo(G) 82 1600 ¢71) | 92 | 77 |2.0027.63| 0 5.4 / 5.2—6.4
FeMo(R) 100 2100(100) 100 100 | 2.00 |31.40( [ / ! /
L1
FeMo(G) 96 1176 (56) 85 76 1,78 | 24.76| 0.22 ] 6.6 5.02 6.,3—6.5
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HIEELSE 7570, A ER, HIEWHK
o Fe [EF ¥ H P-cluster,

LESEHY & RAEMRINEN: FeMo
EH% o-phen £hH)G Fe WEEARH
o REDEERZH Mo FEBE %
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3. B E A RO IR R0 ENE: Wau
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2L Ko R o-phen R % & P-
cluster hfy Fe [EF., 2% & 5§ P-<luster
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—HESGE 3ER—Ho . HEAW
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Fe lost/FeMo
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The relationship between &5,

&3

Fig. 3
and the loss of Fe atoms of FeMo protein
treated with o-phenanthroline
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CD #f1 ABS i#Eas@m
Fig., 5 The effect of o-phenanthroline

on the CD and ABS spectra of FeMo
protein

As B, Ae;/Asg C. Aefs

1. FeMo(R} 2. FeMo(G)

A.

,{h:’%ﬁjﬁg‘ EPR %1 Mossbauer/s®21 B 2=
AR T FeMo ﬁ[ﬂﬁpﬁlﬁ/l\ Fe J5i¥-
(A EE P-cluster MR BAFIEo
+ESFERME T @ nE m.
FeMo(R) #J CD & S5aERENEE
ez (B 4), Stephens SR
FeMo BHE 450n0m iRy CD ¥
B P-cluster ZF{ERE, HILRH Ation
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# 2 e-phenanthroline ¥ FeMo F g Fe £ .;E%, CD 1 ABS #fiEs
Table 2 The effect of o-phenanthroline on the Fe content, activity,
CD and ABS of FeMo protein
£ % EHFRE Fe BF w K L A ssuml Bt
activity

Exp- Fe lost per meol %) (%) (%)

1 0 100 100 100

2 2—3 72 774 7%.6

3 5,5 71 81,0 79.1

4 6.6 56 71.6 67.6

5 12.0 27 40.2 42.6

B Aeyonn/Eisoam FH FeMo BHWHHY
P-cluster 7 £ kK {/o o-phen &t B /5,
FeMo EHA 540—600 nom [X 8 3 CD
AL AN, #£ 360—540nm RIEASLE
FH, TAERANPXIEKIE & 78 450o0m i
(E 5) XERLFIHAANREERNELR
FRQLEA, (B, L% (L FeMo HH
BERE DT FETHETH. A4S INE
A DT %&JE #, FeMo & B &Y CD
Eah ik E EEALATAE E AR EY. W
o-phen LbFR)JFHLER & = 18 2180
FeMo(G) 19 CD 1% 27Ekr 2 o-phen R &
HXEM DT[DT/FeMo(G) KT 401 5%
HTIER, AAfERALTELIBREE
¥ DT IkEEREIRE, B, FeMo(G)
H) Atponn FIREIRAEE B P-cluster By
HABFRENZEL ORI B P-cluster
EAEMENREL. Fe EFELHBRA
1) FeMo(G) & CD ERAMRE, M
& Fe [RFZEHEE (BN P-cluster HE
Fe RY#EAMEL, MBEM/D), Kt
P-cluster { & A Afstna~ Afsonm/Estnm
YHE SRR E (5% 2)o CD EH4RF
LR R —F 3k, o-phen JLPHT — &
& P-cluster by Fe B+

(£) FeMo ZOMiE{LiE % 5 P-
cluster %R

1. P-cluster % FeMo TR FEHNRE

Wi; FE#& FeMo O o-phen EE& W
Fe RFEBEMINAEK, Kt P-cluster
TR Fe/Mo, &monm Fi Afsorn PI{EFF
ik, To BB EHEWEE P-cluster ZERY
S/ MR(EE 2./ 6)e

100

-t

(23]

<3
(=]
T

past

HiaHiEHE Relative gctivity (%)

1 A
4 8 12
Fe lost/FeMo

El 6 o-phenanthrolineft#@y) FeMo /Y
S Fe HTERMER

Fig., 6 The relationship beitween the
activity and the loss of Fe atoms of

FeMo protein treated with o-phenan-

throline

W FeMo HFFES: Fe HTHOXF] A4
FEB/H P-cluster #43p Fe R (15—
16 4~) i, G e k. BARC HIE
JEFMH, o-phen BEHHY Fe BFILT 2
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%3 FeMo({G) 5 FeMo(O) S #H
Table 3 The complement of FeMo(G) with FeMo (O)

T i Al L =]
Before complement After complement®
B & I
i W i FeMo(G) FeMo(0O)
Sample Specific activity i iE B E
Specific acuvity Specific activity
(7% (%) (%)
FeMo(R) 1632 (100) / /
FeMo( Q) 1030 (62) 1494 (92) /
FeMo(G) 1118 (69 / 1536 (94)

* FeMo(G)/FeMof0) = 1.09

sk H P-cluster; BTLIE 6 EFREHER
7EHELS P-cluster OB EHFEEHEHXE:,
MIERH, P-cluster & FeMo BH & K
YA RDOE DS X5 B
Fl Gomez-Moreno LA 87,

2. FeMo(G) 5 FeMo(0Q) BUHEAME
F: %A kEL 10% AH15HR FeMo
(0) S5 o-phen JLPEKE 30% AAiik
) FeMo(G) B4, BE Fe BIEA
BRI, FIAEM S LLERNGE 3),
RIC RS, MEAE 30% AA4ATE H N,
FeMo(O) rhpy FeMoco 44 45, 1 P-
cluster {X {3 Al F LB, FeMo(G)
"5 FeMo(O) E ¥ & #: 15 BH, o-
phen 4LFRAJEH & FeMoco RIZF[H17,
&R P-cluster 2B AL R, H
iii FeMo(G) E#:PEfR. X5 LREER M
Levchenko™ gy B IR —Ho

LR HEABHAANSEIR:
1. RE HAX FeMo BAM P-cluster /]
5H—AFf Mo JFIF/Y FeS fREVE R R
Bl RBRETS B, BEFEAIEEAK
P-cluster @] Fe [EFADT 12 40 Hit,
SPAEMBIKE S Fe H T, BALRRER
LS HERAE /RN Fe FF¥H G FeMoco
ENMPET Fes #, HELHER X &

P-cluster, 2. P-clusterff FeMo EHIE
FEmIE G RERNJRDHER F A
WL, SEmREGHAMIEREHTE
ARy EE ILH .
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METAL CLUSTERS IN NITROGENASE IRCN-NMCLYEDENUM
PROTEIN FROM AZOTOBACTER VINELAN DII

[1I. THE RELATIONSHIPS BETWEEN THE [RON CONTENT AND CATA-
LYTIC ACTIVITY, SPECTROSCOPIC CHARACTERISTICS OF
IRON-MOLYBDENUM PROTEIN TREATED WITH
O-PHENANTHROLINE

Huang Jufu

Luo Ailing

Liang Yinchu

(Instirure of Borany, Acadenmtia Simica, Beijing)

A red chelate compound of ferrous o-
phenanthroline appeared after o-phenanthro-
line was added to the solution of crystalline
FeMao protein. The Mo content of the treated
FeMo protein was almost not decreased, but
the ratio of Fe to Mo atoms in the protein
decreased; C:H:-reduction activity, molecular
extinction coefficient €y4,, and molecnlar
circular dichroic extinction coefficient A€gnn
of the treated protein were almost propor-
tionally decreased when the lost Fe atoms in
increased. And the activity was able to be

restored by an addition of an aerated FeMo

protein which was not severely damaged. The
results show that a loss of activity of 1he treat-
ed protein is due to a removal of Fe atom
by o-phenanthroline, which results in destro-
cture of P-clusters. Therefore, it seems to be
reasonable to deduce that P-clusters in FeMo
protein can play an important role in the re-

duction of substrates.
Key words

o-phenanthroline; Function of P-clusters
FeMo protein; Azotobacter vinelandu
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