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Sands and Beinert (1963) and Beinert and sands (1960) reported on an 

unidentified component of mitochondria and derived fragments, which showed a 

characteristic EPR signal in the reduced state. They attributed this signal 

tentatively to FeH. We would now like to present additional evidence that 

this type of slgml. is due to at least one new iron containing electron carrier 

(or possibly a small group of related ones) which function(s) z$ear the flavin 

region of the electron transport sequence. Wewouldlike to emphasize that 

this material, which is presentinatmunts approximately stoichiometric to the 

other electron carriers, accotmts for only a snm~lJ. portion of the tightly bound 

"non-heme imn" present in mitochondria and derived preparations. So far our 

EPR data have @en no information on the role of the bulk of the non-h-e Iron.* 

It would appear that the observed ERR signal is very specific for the parti- 

cular structure of the new component, as we have been wable to reproduce the 

signal under the same conditions using model Fe* systems. The signal, however, 

is very sensitive to temperature as would be expected for a,signal due to Fe*. 

Of other metals, which could conceivably produce a signal in this area of the 

EPR spectrm, MO could not be detected by chemical analysis, nor could the 

* This investigation was supported by research grants from the National Insti- 
tutes of Health (UgPES) (RG-5073, FG-6762, A-2X2) and by AM: contract 
AT(ll-1)+09. We are indebted to our colleagues Y. Eatefi, D. M. Ziegler 
and R. Goldberger for gifts of enzyme preparations and to Dr. R. Ii. Sands 
for his invaluable assistance and advice with ERR spectroscopy. 

* The previously reported Fe-signal at g a4.3 (Beinert and Sands, 19.59, 
1960) is of doubtful significance, since such signals have only been found 
in preparations exposed to certain chelating agents. 
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typical EPR signal of Mn* be found after ashing. Added Mn was readily detected 

in this way. Cu and Fe appear to be the only heavy metals present in sufficient 

quantity to account for the signal, but copper does not have to be considered, 

because the reduced form, Cu+, Is not paramagnetic. The KPR signal is no 

longer observed after treatment with heat, acid, urea or proteolytic enzymes, 

which indicates that the specific Fe* structure is sensitive to agents which 

denature or degrade proteins. The signal is not found on reduction of purl- 

fled preparations of cytochromes 2 + 5, d b 2 and. 9 but is readily observed 

after reduction of preparations of succinic dehydrogenase (Singer g s., 1956) 

and DPNH COW reductase (Iiaavik and Ratefi, 196l) which do not contain heme 

ccmponents. It is unlikely, therefore, that the signal is due to a hemoprotein. 

Flavin, however, has always been found to be associated with materials, which 

showed the Fe* signal. Whether this association is of any specific signifi- 

cance is not clear, but it might at least be taken as an Indication that flavin 

and the iron compound are adjacent electron carriers. Artifacts appear to be 

excluded, since the characteristic asymetric signal (g,=2.00, g 4.94) 
I 

can be 

clearly seen In the EPR spectnrm of a piece of freshly frozen untreated rat 

heart or beef heart as shown in fig. 1. Spectra of mitochondria and submito- 

chondrial particles are also included for comparison. DPIC-f was added to the 

latter to achieve the same state of reduction as that due to endogenous 

substrates in the other three samples. The predominant Fe* signal can be 

readily,distinguished from the overlapping Cu" and free radical signals by 

its temperature sensitivity.* 

Fig. 2 depicts the progressive reduction of electron carriers in submito- 

chondrial particles of the phosphorylating type by DPNR and succinate, respect- 

ively. Initially only the Cu* signal of cytochrome oxidase can be seen 

* CoQ:coenzyme Q or ubiquinone, the subscript indicates the number of 
isoprenoid units of the side chain. 

-Atemperature rise from -l&O to -130° leads to a loss of signal height 
of 70+x$. 
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Figurel- EPR spectra (first derivative) of about 100 mg of fresh rat and 
beef heart, of beef heart mitochondria (8.6 mg. in 0.10 ml. of 
0.25 M sucrose, pH 7.5) and of particles obtained by sonication 
of mitochondria (Linnane and Ziegler, 1958). 10 mg. of particles 
were suspended in 0.10 ml. of 0.25 M sucrose, pH 7.5, containing 
0.015 M MgC12 and 0.001 M A'IP and were frozen 70 seconds after 
addition of 0.45 mle of enzymatically reduced DPNH at O". All 
spectra were recorded at a sample temperature of -178’. 

(Sands and Beinert,1959). On addition of substrate this signal rapidly disap- 

pears and a free radical signal (g=2.00, probably due to flavin semiquinones) 

immediately appears and declines as the reduction proceeds. ,It is clearly 

seen at the early stages that reduction of Cu", Fe+++ and flavin (evidenced 

by radical disappearance) occurs simultaneously. Spectrophotometric experi- 

ments, performed under the same conditions with the same concentrated prepara- 

tion as was used for the EPR spectra, indicated that the iron compound was 

reduced at a rate comparable to that of the cytochromes. Reduction of the 

latter was followed by absorbancy readings at wave-length pairs characteristic 

of each component. 

In addition to the predominant slope (g*=l.g&), the RPR spectra of reduced . 

submitochondrial particles exhibit small peaks a, b and c (fig. 3) which vary 

according to whether DPNR or succinate is used as substrate. With DPNR peak 

'a' is most pronounced whereas succinate accentuates peak lb'. These differ- 

ences in signal shape are evidently due to different structures which are 
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Figure20 JZPR spectra of submitochondrial particles as in Fig. 1. Upper- 
most line: Untreated (Cu* signal); lower lines: reduced by 
substrate (0.45 mle of DPNR in A and 2 moles of succinate in 
B) and frozen as indicated after incubation at 0'. Spectra taken 
at -178O. The sharp signal at g=2.00, overlapping with the Cu* 

;;PP 
is due to free radicals. To the left at higher fields the 

signal (gL=l.#) shows by its characteristic deep slope. 
The broad trough to the right is due to Cu* and is used to esti- 
mate the quantity of (hi++ present because it is less interfered 
with by other signals. 

specifically reduced by the respective substrates. That the differences are 

not a result of interaction by the same structure with different substrates 

is evidenced by fig. 3 (B and D). ERR spectra of derived enzymes which are 

reduced either by DPNR only (3R) z by succinate (3D) give the typical DPNR 

type signal only (3B, peak a) or the succinate type (3D, peak b) whether 

reduced by substrates or by dithionite.- 

**H DPNR is able to reduce the iron compound of succinic CoQ reductase when 
a small amount of DPNH Co& reductase is present. In this case also the 
succinate-type signal of the succinic Co& reductase (Fig. 3D) is ob- 
served, although succinate is absent. 
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Figure 3- 
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A and C, EPR spectra of sutimitochondrial particles as in Fig. 1 
and 2. A, reduced with 0.45 pmole of DPRR, frozen after k-0 seconds 
at O"; C, reduced with 2 mles of succinate,frozen after 2 minutab 
at OO. B, 2.5 mg of DPRR Co& reductase dissolved in 0.10 mI of 
0.66 M sucrose containing 0.05 M Iris (pIi 8), and D, 3 mg of 
succinic Co& reductase, (Ziegler and Doeg, 1959) dissolved in 0.10 
ml. of 0.25 M sucrosei both reduced with dithionite. 
at -178O. 

Spectra taken 

In DPRR and succinic Co& reductases there is not more than one molecule 

of the specific iron compound per flavin and in mitochondria and derived 

particles the compound is also present in amounts not exceeding those of the 

flavin and individual cytochromes.- If we assumethatfreshhearthas 

15s protein and that one fifth of this is mitochondrial protein, the concen- 

tration of the compound in heart is accounted for by that present in 

mitochondria. Thus, after allowing for the iron content of the new respiratory 

catalyst, more than 95$ of the "non-heme iron" in mitochondria and derived 

particles and 75-955 of that in various DPRR and succinic dehydrogenase 

***H*Estimated by double integration and comparison to a Cu" standard 
assuming four free spins per molecule of the Fe* compound. 
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preparations still remains unaccounted for. 

Study of the new component by chemical methods would obviously be very 

difficult in the presence of so large an excess of non-heme iron ana results 

obtained by such methods would not necessarily apply to the iron component 

described in this note. 

As exemplified in fig. 2, in all materials with an active electron trans- 

port system the iron compowkl is readily reduced and reoxidized. This is also 

true for DPRH and succinate Co& reductases. In succinic dehydrogenase (Singer 

et tie, 19561, however, which only links to phenazine dyes or ferricyanide, 

the iron compound is reduced less extensively by substrate if at alJ. and is 

no longer reoxidized by compounds such as Cog. It is of interest in this con- 

text that inhibitors such as cyanide (Tsou, 195l) or thenoyl trifluoroacetone 

(keg, 1!,6l), which block interaction of succinic CoQ reductase with many 

acceptors, affect the iron compound in the same way, i.e. its reduction is 

less extensive and reoxidation is practically eliminated. 
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