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In a previous communication (Susuki and Kimura, 1965), adrenodoxin, a 

ferredoxin-like non-heme iron protein, was isolated in a homogeneous state 

from pig adrenals. Adrenodoxin was shown to be one of the redox components 

of the adrenal steroid hydroxylase complex, with a molecular weight of 

about 22,000 and two atoms of iron and two moles of labile sulfide per 

mole of proteinmm+. As has been suggested (Kimura and Suzuki, 1965), the 

iron atoms which are coordinated with the protein moiety, plq a key role 

of its catalytic function. 

The present work will provide information on the function of adreno- 

doxin with respect to the state of the iron, as studied by electron spin 

resonance. 

* We proposed the trivial name, "adrenodoxin", for the non-heme iron 
protein isolated from adrenal mitochondria, in order to avoid possible 
ccmfusion among non-heme iron proteins which mey exist in the adrenals. 

s Although an earlier study (Suwuki and Kimura, 1965) had indicated 
one atom of iron per molecule af adrenodoxin, precautions to prevent 
loss of iron during the preparation procedures showed the protein to 
contain two atoms of iron per molecule. 

This study is in part supported by a grant from National Institutes of 
Health,USPHS, (AM 09243) to T.K. and b funds from the Ministry of Educa- 
tion in Japan. 
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Adrenodoxin and a YADPH dehydrogenase (adrenodoxin reductase) were 

prepared as previously described with minor modifications (Susuki and 

Kimura, 1965)@imura and Suzuki, 1965). Labile sulfide was determined by 

the method of Foge and PopowsIqy (1949) with slight modifications: The 

titer of the sodium sulfide standard was determined iodometrically. Iron 

was determined by the method of o-phenanthroline, as adopted by Massey 

(1957). Protein concentrations were determined by the biuret method. 

Purified adrenodoxin preparations used throughout this investigation were 

about 50% pure, as judged by the measurement of non-heme iron content on 

the assumption that the purest protein has 103 m)xatoms of iron per mg of 

the protein. At this stage of purity, there is no flavin and no heme to 

be detected @ the fluorometric or spectrophotometric method. Further, 

any significant contamination of Ni,Zn,Cu,Mn and Ko in the preparation 

could not detect by the determination of the method of atomic absorption 

(Billis, 1963). Electron spin resonance nas performed at the liquid nitro- 

gen temperature with the Qarian Q-4500 spectrometer with 100 kc magnetic 

field modulation. ESR signal was plotted as X-axis and output voltage of 

the Hall effect element, which is porportional to magnetic strength, was 

plotted as Y-axis of X-Y recorder. 

Iron Valence in Oxidized Adrenodoxin s Measured B Chemical Rethod: ----m 

As stated in the previous report (Kimura and Suzuki, 1965), when 

adrenodoxin was reduced either by NADPH and adrenodoxin reductase or by 

dithi.onite, bleaching throughout the visible color was prominent. 

The chemical determination of the ferrous iron content in adrenodoxin 

vas performed by calorimetric measurements of the ferrous o-phenanthroline 

complex with or without blocking the reducing groups in adrenodoxin. 

Table I shows that in the presence of an excess of PCIviB all the iron 

could be extracted by 5% trichloroacetic acid as ferric ions, as indicated 

by the fact that the ferrous complex was formed only on addition of 

ascorbate as a reductant. Therefore, it is concluded that all the iron in 
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untreated oxidized adrenodoxin is in the ferric ion. Of interest, some 

50% of iron atoms could be removed as ferric ions even without the presence 

of mercurial. 

Electron && Resonance Snectrum of Reduced Adrenodoxin: 

Upon reduction of adrenodoxin in the presence of NADPH and adrenodoxin 

reductase a prominent signal appeared. The ESR spectrum (first derivative 

curve) of the enzymaticaUy reduced form is given in Fig.1. The g-values 

of this signal were calculated by Kneubiihl's method (1960) as gL (g,+g,)= 

1.94 and g, (g,)=2.01. men adrenodoxin was reoxidized by aeration, this 

signal disappeared. After calculation of the signal intensities a strong 

Fig.1, Electron Spin Resonance Spectrum of Reduced Adrenodoxin 

The reaction mixture contained: S,umoles of tris buffer (pH 7.4), 0.75 
poles of NADPH, 475 n@.oms of iron in 11 mg of protein as adrenodoxin 
and 159~ of protein of adrenodoxin reductase in 0.40 ml in an anaerobic 
cell. After the reaction mixture was incubated at 30°C for 30 minutes, 
the ESR spectrum was recorded at 99$K with a Varian V-4500 spectrometer 
set a modulation amplitude of 3.2 gauss at microwave power attenuation of 
10 db. 
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w-2, Dependence of ESR Signal Intensity on Temperature 

The experimental conditions were same as described in Fig.1, except 
temperature. The signal intesities were calculated from double integra- 
tion of the first derivative curve, ref'ered to a standard solution of 
1mM cu904. 

dependence on temperature was observed, as indicated in Fig.2. Also, 

Fig.3 Illustrates a saturation experiment of the signal by microwave power, 

A quantitative evaluation of the spectrum of reduced adrenodoxin 

was performed by double integration of the ESR derivative curve, and by 

calibration of saturation with microwave power: For a standard reference 

1 mM C&U,+ solution was used. The value derived from an experiment with 

enzymatic reduction could explained about 505 of the iron content found 

by the chemical method. The identical spectrrrs was observed upon reduction 

by dithionite. 

The behaviour of the signal observed in reduced adrenodoxin is quite 

similar to that found in reduced preparations from sutauitochondrial 
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plig.3, Saturation Experiment of Microwa/se Power 

The experimental conditions were same as described in F’ig.l, except 
microwave power attenuations. S: signal intesity, P:microwave power atte- 
nuation. 

particles by Beinert and Sands (1960). Furthermore, similar signals have 

been reported in metal flavoproteins and some of the nowheme iron 

proteins from microorganisms. It is important to note that ferredoxin 

and Chromatic ferredoxin had not been observed to show a distinct 

signal at gs2.0 upon reduction at 9!?K, until Palmer and Sands (1966) 

found the signal at 4O.K. Their observations showed that Bpinach ferre- 

doxin has the Parameters at glrl.89, g2p1.96 and g3d.04 and attempt 

to produce the I%% signal @T enzymatic reduction was not successful, 

owing to the unfavorable oxidation-reduction potentials. Since adrenodoxin 

has a high oxidation-rednction potential of about I.50 mV (EL), it was 

easy to produce the ESR signal at gx2.0 region upon the enzymatic 

reduction. However, it is suggested that there is no fundamental differ- 

ence between adrenodoxin and the so-called gsl.94 iron proteins. 

Furthermore, the fact that about half of the iron content in adrenodoxin 
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can be found as species which exhibit the ESR signal and which can be 

reduced by the intramolecular reductent seems to be pertinent to assume 

that each of two iron atoms would not be equivalent. 

In addendum, Omura end his colleagues (1965) also isolated a non- 

heme iron protein from bovine adrenals and observed the reduction of the 

protein by NADPH and the reductese. They also briefly noted the ESR 

signal at gsl.94 upon reduction with dithionite. 

Table I, Ferrous Iron Content in Adrenodoxin with or without 
Blocking Reducing Groups 

Exp. No. Reductant Iron Content Total Iron in 
Added Ferrous State 

Ftomsjmg 
protein E 

I with ascorbate 35.4 100 
without ascorbete 0.0 0 

II with escorbate 39.9 100 
without escorbete 21.6 54 

The chemical determinations were performed as follows: In Experiment 
I, PCMB (400 mpoles) in 0.40 ml was added to adrenodoxin (100 mptoms of 
iron). To this solution, 1.0 ml of 15 B tricbloroacetic acid was added 
and the contents were well mixed. After centrifugation, the supernatant 
solution was determined w the method of o-phenanthroline with or without 
the presence of escorbete. In Experiment II, PCMB was not added. 

Table II, Iron and Labile Sulfi.de Content in Adrenodoxin 

Ekp.No. Iron') Labile Sulfide 

I 41.5 19.3 38.7 

II 38.4 19.8 34.6 

Values were expressed by m)latoms of iron or mpoles of hydrogen 
sulfide/mg of protein in biuret basis. 
a) was determined by chemical analysis as total iron and b) was calculated 
by ESR analysis. In Experiment I, adrenodoxin was reduced reduced enaymati- 
tally in an anaerobic cell and in Experiment II, it was reduced chemically 
by dithionite. 

111 



Vol. 24, No. 1, 1966 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

The authors nieh to thank Wx.I.Tsuchjya and Miss G.K.Kabayashi for 
their excellent technical assistance. 

Reference 

Beinert H., 
Fogo,Jck., 

& Sands R.H., 
& Popow&,M., 

~~~~~~~~iop~s.~~.F~~~l 2, 41 (1960) 

Kimura,T., & Suzuki,K., Biochem.Bio;&&s.Comm.,& 373 (1965) 
Kneubtlhl,F.K., J.Chem.Fbs., 2, 1074 (1960) 
Massey,V., J.Biol.Chem., a, 763 (1957) 
Omura,T.,Sato,R.,Cooper,D.Y.,Rcsenthal,O., & Estabrook,R.??., 

Fed.Proc., 24, 1.~31 (1965) 
Palmer,G., & Sands,R.H., J.Biol.Chem., &, 253 (1966) 
Suzuki,K., Biochem.Biophys.Res.Comm 2 340 (1965) 

' izE%',; Biochem.Analysis, 11, 1 ii963) ?!illis,J.B., 

112 


