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Studies of on Electron Transport Particle 

from Candida ufilis’ 

We previously isolated an electron transport 
particle (ETP) from Sacch~uromyces cerevisiae and 
showed that oxidation of DPNH by the prepara- 
tions is not inhibited by seconal or rotenone (1,2) 
in contrast to heart muscle preparations in which 
DPNH oxidat,ion is highly sensitive to the in- 
hibitors (3). In addition, t,he preparations contain 
only Aavin adenine dinucleotide (FAD), and the 
mammalian preparations contain both FAD and 
flavin mononucleotide (FMN) (I, 4). Finally, the 
soluble DPNH dehydrogenase isolated from the 
yeast ETP does not contain iron and labile sulfide 
groups (5,6) as does the similarly prepared soluble 
DPNH dehydrogenase from beef heart (6, 7). 

The present communication describes the prop- 
erties of an ETP from another yeast, Cundida 
utilis (Torulopsis utilis), a,nd presents data show- 
ing that the preparation is seconal- and rotenone- 
sensitive and contains FMN in addition to FAD, 
thus resembling the mammalian preparation 
rather than the ETP of S. cerevisiae. Furthermore, 
the ETP from C. utilis contains coenzyme Q? 
rather than &I (S. cerevisiae) or &lo (heart muscle), 
and in much lower amounts than in the prepara- 
tions of ETP from heart or S. cerevisiae. 

Electron transport particles from S. cerevisiue 
and C. utilis were prepared as described previ- 
ously by Mahler et al. (2). Assays for enzymic 
activity were performed either spectrophoto- 
metrically or by use of an oxygen polarograph as 
desoribed previously (1, 8). Prot,ein, iron, copper, 
coenzyme Q, cytochromes, flavin, and labile 
sulfide were determined by methods described 
elsewhere (1,6). 

Preparations of ETP from C. utilis catalyzed 
the oxidation of 1.5-1.8 Imoles of DPNH and ap- 
proximately 0:5 pmole of succinate per minute per 
milligram of enzyme protein and did not consist- 
ently show the marked stimulation of act,ivity 
when cytochrome c was added to the assays that is 
shown by preparations of ETP from S. cerevisiue 
(1, 2). As shown in Table I, preparations of ETP 
(C. &ilis) of the highest activity contain cyto- 
chromes a, a3, b, c, and cl, nonheme iron, labile 
sulfide, copper, flavin, coenzyme Q, and approxi- 
mately 3Oy, lipid (dry weight). The preparations 
of ETP from C. u&s differ in composition from 
those of S. cerevisiue in that they contain lower 
amounts of flavin and coenzyme Q. Further studies 
of the flavins by chromatographic procedures and 
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by studies of reactivation of specific apoenaymes 
performed as described previously (4) demon- 
strated that FMN and FAD were present in the 
C. utilis ETP in nearly equal amounts in contrast 
to an ETP from S. cerevisiae which has been shown 
to contain only FAD (1). In other experiments, 
coenzyme Q extracted both from intact cells and 
from preparations of ETP of C. utilis was studied 
by thin-layer chromatography on silica gel in a 
solvent system of 1% ether in benzene, and the 
preparation was identified as coenzyme Q7, thus 
differing from preparations from S. cerevisiae and 
heart muscle which contain coenzyme Q6 and 
coenzyme &IO, respectively. No coenzyme Q9 was 
found in the C. utilis preparations as previously 
described by Crane (lo), but this may be due to 
the small amount of coenzyme Qy which was re- 
ported to be present. In preparations of ETP from 
C. utilis of lower activity (l-l.2 rmoles DPNH 
oxidized per minute per milligram protein), the 
nonheme iron and labile sulfide content was nearly 
double the concentrations found in the more 
active preparations. 

Preparations of ETP from C. utilis were in- 
hibited over 95yo (succinic and DPNH oxidase 
activities) by antimycin A (1 pg/ml) as are ETP 
preparations from heart (11) and S. cerevisiue (1). 
The DPNH oxidase and DPNH coenzyme Q 
reductase activities of preparations of C. utilis 
ETP were inhibited 90 and 75%, respectively, by 
seconal (2 mu), and by rotenone (2 PM), com- 
pounds which inhibit preparations of heart ETP 
(3) but not ETP from S. cerevisiae (2) at. low con- 
centrations. In addition, seconal (4 mM) inhibited 
the succinic oxidase and succinic cytochrome c 
reductase activities of the C. utilis ETP 80-907, 
(the corresponding activities of heart ETP are not 
inhibited); however, rotenone (10 pM) did not 
inhibit the succinic oxidase activity. The inhibi- 
tion of succinic oxidase activity by seconal was 
usually not immediate, and increased to maximal 
values progressively over a 2- to 3-minute period 
of incubation at 38”. Furthermore, the inhibition 
was present only when the enzyme was assayed in 
phosphate buffer. When assays were performed in 
Tris buffer or at temperatures under 30”, no 
inhibition of succinic oxidase activity by seconal 
was observed. 

The ETP from both S. cerevisiae and C. utilis 
have been examined by low-temperature EPR 
spectroscopy. Both preparations show the copper 
signal of cytochrome oxidase in the oxidized form 
and the “g = 1.94” resonance of nonheme iron 
proteins on reduction, either enzymically with 
DPNH or succinate or chemically with dithionite 
(12). As shown in Fig. 1, the main qualitative 
differences in the EPR spectra of the reduced 
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TABLE I 

COMPARISON OF THE COMPOSITIONS OF ETP FROM c. ulik AND s. cerevisiae” 

Total 
flavin 

Coeyyme Nopheme 
IrOn LaSbi’e 

Cytochromes 
Copper 

c+ ci b a + aa Total 

ETP of C. utilis 0.33 0.27 2.0 2.4 1.5 0.39 0.46 0.99 1.8 
ETPb of S. cerevisiue 0.95 1.6 2.6 - 1.0 0.61 0.77 0.78 2.2 

0 izll valrles are the average of data for three or more preparations and are expressed as mrmoles/mg 
of protein except as noted in the Table. 

* Vallles previorlsly reported by Markler et a,l. (9). 

ETP from the t,wo organisms is the location of the 
shoulder on the principal high-field resonance. In 
S. cerevisiae the shoulder appears unusual and 
may represent the middle component of an aniso- 
tropic g-tensor. Both DPNH and succinate 
(though to a lesser extent) elicit this signal, which 
suggests that it is related to a component of the 
enzyme common to the pathways of electron 
transport for both substrates. With C. utilis, how- 
ever, the shoulder appears to be due to a second 
species of iron associated with the succinic de- 
hydrogenase portion of the ETP, for whereas 
reduction wit,h DPNH produces the whole signal, 
succinate gives only that component responsible 
for the shoulder. 

In summary, ETP prepared from C. utilis ap- 
pears to differ from ETP from S. cerevisiae and 
resembles heart muscle ETP by containing a 
second nonheme iron component which is reduced 
by DPNH but not by succinate, and which may 
therefore be associated with the DPNH dehydro- 
genase portion of the system as suggested by the 
EPR studies described above. In addition, the C. 
vtilis preparations contain FMN in addition to 
FAD, and the DPNH oxidase activity is inhibited 
by low concentrations of seconal and rotenone. 
The similarity in structure of the heart muscle 
preparations and the ETP from C. u&is suggests 
the possibility that the sensitivity of DPNII 
oxidase activity to seconal and rotenone and the 
substrate level phosphorylation associated with 
DPNH oxidation in heart muscle may be related 
to the FMN component and/or to the nonheme 
iron component which are not present in the ETP 
of S. cerevisiae. Finally, the ETP from C. utilis 
differs from similar preparations from heart in 
that the succinic oxidase activity of the prepara- 
tions under certain conditions is highly sensitive 
to inhibition by seconal. 
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FIG. 1. Electron psramagnetic resonance 
spectra of ETP from S. cerevisiae (A) and C. ufilis 
(B) reduced with excess DPNH. Protein concen- 
tration was 20 mg/ml. Modulation amplitude, 12 
gauss; microwave power, 27 mW; scan speed, 400 
gauss/minute; time constant, 1 second; Tempera- 
ture 68°K; T’arian \:-4500, S Band Spectrometer. 
The vertical arrows denote g = 2; the magnetic 
field increases from left to right. 
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