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Summary

1. A protein fraction containing three polypeptides (the major one with
M, <13000) was isolated by means of Triton X-100 extraction of submito-
chondrial particles specifically treated to remove succinate dehydrogenase.

2. The mixing of the protein fraction with the soluble reconstitutively active
succinate dehydrogenase results in formation of highly active succinate-DCIP
reductase which is sensitive to thenoyltrifluoroacetone or carboxin.

3. The maximal turnover number of succinate dehydrogenase in the
succinate-DCIP reductase reaction revealed in the presence of a saturating
amount of the protein fraction is slightly higher than that measured with
phenazine methosulfate as artificial electron acceptor.

4. The protein fraction greatly increases the stability of soluble succinate
dehydrogenase under aerobic conditions.

5. The titration of soluble succinate dehydrogenase by the protein fraction
shows that smaller amounts of the protein fraction are required to block the
reduction of ferrycyanide by Hipip center than that required to reveal the
maximal catalytic capacity of the enzyme.

6. The apparent K, of the reconstituted system for DCIP depends on the
amount of protein fraction; the more protein fraction added to the enzyme,
the lower the K, value obtained.

7. A comparison of different reconstituted succinate-ubiquinone reductases
described in the literature is presented and the possible arrangement of the

Abbreviations: DCIP, 2,6-dichlorophenolindophenol; Hipip, high-potential Fe-S cluster.
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native and reconstituted succinate-ubiquinone region of the respiratory chain is
discussed.

Introduction

Succinate dehydrogenase (EC 1.3.99.1) is a membrane-bound enzyme which
donates electrons directly to the respiratory chain. In fact, the enzyme itself is
a part of the respiratory chain and no significant change in its properties has
been found in some phospholipids containing resolved preparations such as
succinate-cytochrome ¢ reductase [1,2] or succinate-ubiquinone reductase [3]
compared to the ‘native’ submitochondrial particles; As is evident from its high
succinate-artificial acceptor reductase activities, the soluble lipid free enzyme
still has succinate dehydrogenating machinery consisting of active site
sulfhydryl group [6—9], covalently bound flavin [10}], and iron-sulfur com-
plexes [11—14]. Some types of the soluble enzyme are capable of binding to
the membrane of the enzyme-depleted particles {5,15—17] with restoration of
most of the properties of the native system, while others are not [18]. The
studies on reconstitution [12,13], reactions with artificial electron acceptors
[19—21], and ESR experiments [12,13] have revealed that the Hipip center
of the enzyme is responsible for the functional link between succinate
dehydrogenase and the rest of respiratory chain. The most important properties
of the Hipip center have been reviewed [14].

The nature of factor(s) belonging to the membrane which are responsible for
binding the enzyme and for restoration of succinate-natural acceptor reductase
activity is far less known. It is generally accepted that ubiquinone serves as a
natural acceptor for both succinate and NAD -H dehydrogenase. Several
models for dehydrogenase-ubiquinone interaction in the mitochondrial mem-
brane have been suggested [22—25]. Recently, a 15000 dalton protein has
been isolated in nearly pure forin, which is capable of reconstitution of
succinate-ubiquinone reductase by admixing with soluble succinate dehydro-
genase [4,26]. The starting material for isolation of this protein was the soluble
b-c, complex [2]. The experimental procedure for preparation of this ubi-
quinone-binding protein (as it is called by the authors) has not been published.

In this paper we will report a simple preparation procedure for a soluble
protein fraction active in reconstitution of succinate-ubiquinone reductase by
admixing with soluble succinate dehydrogenase. Some observations on the
reconstitution process and the properties of the reconstituted system relevant
to the arrangement of the succinate-ubiquinone region of the respiratory chain
are also presented.

Materials and Methods

Preparation of succinate dehydrogenase

The soluble reconstituvely active succinate dehydrogenase was prepared
by our adaptation of the original method of King [27]. Keilin-Hartree bovine
heart muscle preparation was isolated exactly as described in Ref. 28. 100 ml
of the suspension containing 33 mg protein per ml as determined by the biuret
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method [31] was added to a threeneck flask placed on a magnetic stirrer;
200 ml water was added and the suspension was slowly bubbled with Ar for
2 h at room temperature. 13 ml 1 M potassium succinate, pH 7.5, was then
added and the flask was equipped with a combined glass pH electrode and a
separatory funnel. The flask was placed in an ice/salt bath and cooled to 0°C.
The addition of succinate causes an immediate change in color of the suspen-
sion from reddish brown to greenish brown. Once the temperature had reached
0°C, the pH of the mixture was adjusted to 9.5 with NaOH and oxygen free
n-butanol cooled to —20°C was slowly added (10 ml per 100 ml of the suspen-
sion) from the attached separatory funnel. After the addition of butanol, the
mixture was constantly stirred for 30 min and then the pH was adjusted to
6.0 with 1 M O,-free acetic acid. The contents of the flask were rapidly trans-
ferred into closed centrifuge tubes and the suspension was centrifuged at
1600 X g for 20 min. Two layers are formed after centrifugation: one is tightly
packed sediment, and the other is clear yellow supernatant containing succinate
dehydrogenase. The supernatant was carefully decanted into the flask with an
inlet for Ar, and calcium phosphate gel (4 mg dry weight per ml extract) was
added as the supernatant was bubbled with Ar. The gel was precipitated by
centrifugation at 1000 X g for 5 min. The precipitate was washed with 200 m!
of O,-free water and precipitated as before. The sedimented gel was placed into
a flask and 150 ml of an O,-free mixture comprising 0.1 M potassium phos-
phate, 10 mM potassium succinate and 100 M EDTA, pH 7.8, was added. The
suspension was stirred for 15 min and centrifuged at 10 000 X g for 10 min.
The pH of the clear yellow supernatant was adjusted to 7.0 with acetic acid,
and it was placed in closed polyethylene vials and stored in liquid N,. The
samples were taken out of liquid N, and thawed immediately before use. If
necessary the enzyme may be precipitated by the addition of an equal volume
of oxygen free (NH,),SO, saturated at room temperature, and stored as pellets
in liquid nitrogen.

The activity of the enzyme prepared as described and measured at 23°C in a
mixture containing 10 mM succinate/10 mM Tris-sulfate buffer (pH 7.8)/
0.1 mM EDTA with 0.1 mM Wurster’s Blue as acceptor is about 20 pmol
succinate oxidized per min per mg protein.

Preparation of submitochondrial particles

Submitochondrial particles were derived from heavy beef-heart mitochondria
prepared according to Low and Vallin [29]. The procedure for sonication and
isolation was essentially as described by Lee and Ernster for EDTA particles
[30], except that sucrose was substituted for 0.1 M phosphate buffer.

Analytical methods

Succinate-DCIP reductase was measured in the standard assay mixture com-
prising 20 mM potassium succinate, 10 mM Tris-sulfate buffer, pH 7.8, 0.1 mM
EDTA, 1 mM KCN and 0.1 mM DCIP at 23°C. Succinate-phenazine metho-
sulfate reductase was measured in the same way as was succinate-DCIP
reductase except that freshly prepared phenazine methosulfate was added just
before the enzyme. Succinate-ferricyanide reductase was measured spectro-
photometrically as described previously [19]. Electrophoresis in the presence
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ot sodium dodecyl sulfate (SDS) was performed exactly as described by Weber
and Osborn [49] using 10% gel. The chemicals for electrophoresis were from
Reanal (Hungary). The gels were stained by Coomassie Brilliant Blue R 250 for
4 h. The absorbance of the gels was measured at 560 nm.

Protein was determined by the biuret method [31]. The protein content in
the samples containing Triton X-100 was determined as described by Yu and
Steek [32].

All in the chemicals used were of highest quality commercially available,
Carboxin (5,6-dihydro-2-methyl-1 4-oxathiin-3-carboxanilide) was a kind gift
from Professor H. Lyr (Institute of Plant Protection Research, G.D.R))
obtained through Dr. T. Schewe.

Results

The preparation of the soluble fraction capable of reconstitution of succinate-
ubiquinone reductase

The sedimented submitochondrial particles derived from 1 g mitrochon-
drial protein were suspended in 50 ml of a solution comprising 0.1 M potassium
phosphate, pH 7.2, 0.5 M NaNO; and 0.1 M semicarbazide (to remove tightly
bound oxaloacetate). This suspension was incubated at 25°C for 1h. The
suspension was then diluted 10 times with 0.1 M potassium phosphate, pH 7.2,
centrifuged for 40 min at 105000 X g and suspended in 0.2 M sucrose. The
suspension (28 mg protein per ml) was diluted to a protein content 16 mg/ml
with 10 mM Tris-sulfate (pH 7.0)/0.1 mM EDTA. The pH was adjusted to 9.5
with 0.1 M NaOH and the mixture was placed in a water bath at 37°C with con-
stant stirring for 1.5 h. The pH was monitored and adjusted to 9.5 (if
necessary) every 15 min. After incubation the pH was adjusted to 8.0, the
mixture was cooled in ice and diluted with an equal volume of a solution com-
prising 4 M urea, 4 mM EDTA and 0.1 M Tris-sulfate, pH 8.0. The mixture was
incubated at 0°C for 30 min and then centrifuged for 40 min at 105000 x g.
The yellow supernatant was discarded and sedimented particles were washed
with 320 ml 10 mM Trissulfate (pH 7.0)/0.1 mM EDTA and centrifuged again.
The final sediment was suspended in 50 ml of 10 mM Tris-sulfate (pH 7.0)/
0.1 mM EDTA (the protein content was 11 mg/ml).

To 50 ml of the suspension, 12.5 ml of a 6% solution of Triton X-100 in
10 mM Tris-sulfate, pH 7.0, were added and the mixture was allowed to
incubate with constant stirring for 15 min and then was centrifuged for 40 min
at 105000 X g. The supernatant was collected, placed into small vials and
stored in liquid nitrogen.

The protein fraction obtained as described contains no succinate dehydro-
genase as evidenced by the absence of any measurable succinate-acceptor
reductase activity and by the polypeptide composition (Fig. 1). As seen from
the polypeptide pattern, the Triton X-100-solubilized fraction is surprisingly
pure. About 80% of the protein (as justified by integrated color intensity of
SDS-gel) is represented by the peptide(s) with M, less than 13 000.

General properties of reconstitution of succinate-ubiquinone reductase
When soluble succinate dehydrogenase is mixed with protein fraction, the
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Fig. 1. Sodium dodecyl sulfate gel electrophoretic pattern of a protein fraction solubilized by Triton
X-100. Top, a protein fraction (approx. 15 ug); middle, cytochrome ¢ (Sigma, type IV, approx, 5 ug):
bottom, a protein fraction plus ecytochrome ¢ (approx. 15 and 5 ug, respectively).

system is able to catalyse the succinate-DCIP reductase reaction * (Fig. 2).
Neither succinate dehydrogenase nor the protein fraction reacts with NDCIP. The
activity appearing after the mixing is completely sensitive to carboxin (or to
thenoyltrifluoroacetone, not shown). As seen from the actual tracing of DCIP
reduction, a notable lag is observed when succinate dehydrogenase is added to
the protein fraction or vice versa. This phenomenon was studied in more detail
in experiments in which different amounts of the protein fraction were added

* Since no water-soluble ubiquinone analog was available in this laboratory, succinate-DCIP reductase
without added cofactors was measured. It has been shown [3] that succinate-DCIP reductase activity of
complex II has the same properties as succinate-ubiquinone reductase. Since soluble succinate dehydro-
genase does not react with DCIP whereas the membrane-bound enzyme catalyses thenoyltrifluoro-
acetone-sensitive reduction of DCIP by succinate, it is safe to conclude that DCIP reduction is mediated
by ubiquinone, The terms succinate-DCIP reductase and succinate-ubiquinone reductase are, therefore,
used interchangeably throughout the text.
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5 uM DCIP
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Fig. 2, The reduction of DCIP by succinate catalyzed by soluble succinate dehydrogenase (SD) in the

presence of a protein fraction (PF)., 12 ug succinate dehydrogenase and 100 ug protein fraction were
added as indicated to a 1.5 ml spectrophotometric cuvette containing the standard assay mixture (see
Materials and Methods); 20 uM carboxin (ethanolic solution) was then added (c).

to a fixed amount of succinate dehydrogenase and the initial rate of DCIP
reduction was measured as a function of time (Fig. 3). The half-times of
formation of active DCIP reductase are 15, 30 and 50 s for 60, 120 and 240 ng,
respectively, of protein fraction added into 1 ml of the reconstitution mixture.
The final level of the activity is also a function of the amount of protein
fraction added (see below for the further details).
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Fig. 3. Reconstitution of succinate-DCIP reductase as a function of time. 5 ug of succinate dehydro-
genase was added at zero time to 0.5 ml of the mixture comprising 10 mM Tris-sulfate (pPH 7.0) 10 mM
potassium succinate, 0.1 mM EDTA, 1% Triton X-100 and 30, 60 and 120 ug of protein fraction (curves
1, 2 and 3, respectively). The mixture was incubated at 23°C and the reaction was started by the addition
of 0.2 ml of the mixture to the assay cuvette, The initial rate of DCIP reduction was measured.
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TABLE 1

THE RELATIVE ACTIVITIES OF SUCCINATE DEHYDROGENASE AND PROTEIN FRACTION
SOLUBILIZED BY TRITON X-100 IN THE RECONSTITUTED SYSTEM

The preparations indicated were admixed in a medium comprising 10 mM Tris-sulphate, pH 7.0, 20 mM
potassium succinate, 0.1 mM EDTA, 1% Triton X-100 and the proper amount of the proteins. The mix-
ture was incubated for 10 min and cooled in ice, and the activities were assayed as indicated in Materials
and Methods. All the activities were sensitive to carboxin,

Preparations Activity
(umol DCIP reduced per min
per mg limiting protein)

1. Succinate dehydrogenase 0.01
2. Protein fraction 0.02
3. Succinate dehydrogenase

(excess) + protein fraction 3.0
4. Protein fraction (excess) + succinate

dehydrogenase 16.0
5. Alkali-treated, urea washed

submitochondrial particles (AUP) 0.01
6. Succinate dehydrogenase (excess) + AUP 0.75
7. AUP (excess) + succinate

dehydrogenase 14.2

It was of interest to compare the relative activities of succinate-DCIP
reductase reconstituted from succinate dehydrogenase and alkali-trated sub-
mitochondrial particles or solubilized protein fraction. The results presented in
Table I show that when succinate dehydrogenase is present in limiting amounts
its electron transferring activities are practically the same whether the complete
respiratory chain or purified protein fraction used to mediate DCIP reduction.
It may thus be concluded that, at least qualitatively, the solubilized protein
fraction contains all the components required for reduction of ubiquinone by
succinate dehydrogenase. On the other hand, the relative turnover numbers of
the protein fraction (based on protein concentration) are quite different. The
comparison of the latter would suggest that an approximately 4-times purifica-
tion is achieved by the solubilization procedure. This is apparently the lower
limit, since the rate of DCIP reduction should depend on ubiquinone content in
the reconstituted system. Indeed, in two experiments we were able to observe
the strong stimulation of succinate-DCIP reductase by added ubiquinone-6
(see footnote to p. 17).

General properties of the reconstituted system

The results presented above shown that the protein fraction is able to confer
the reactivity of succinate dehydrogenase towards DCIP. The question arises of
whether this is due to the random protein-protein collisions in solution or to
the formation of a complex operating as a single unit. Since the reconstituted
system is not sedimented by high-speed centrifugation, it is not easy to answer
this question without development of a special technique for isolation of the
complex (if it exists). In an attempt to differentiate these two possibilities the
activity of the reconstituted system was measured as a function of dilution.
As seen from Fig. 4, the activity after reconstitution is a linear function of the
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Fig. 4. Effect of dilution on the activity of reconstituted system. 340 ug protein fraction and 20 ug of
succinate dehydrogenase were mixed and incubated at 23°C for 10 min as described for Fig. 3. The reac-
tion was started by the addition of the mixture (3—120 ug of the total protein) to the assay medium. No
deviation from linearity was observed during the recording of DCIP reduction. Upper line, the specific
activity (sp. activity) (per mg succinate dehydrogenase);lower line, the total activity.

amount of reconstituted system and the specific activity is constant over a wide
range of dilutions. This suggests that the reconstituted system forms a single
unit which does not dissociate in solution under the conditions of the assay.
Another approach to the problem was to compare the stabilities of soluble
succinate dehydrogenase and reconstituted system under aerobic conditions.
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Fig. 5. Stability of soluble succinate dehydrogenase (SD) and reconstituted system. Two portions of
soluble succinate dehydrogenase were treated as follows: an excess of protein fraction (PF) was added to
the first sample and incubation was continued for the time indicated; the small aliquots from the second
sample were mixed with the same amount of the protein fraction at the time indicated in abscissa, incuba-
tion was continued for 5 min and the activities were then measured. The conditions for reconstitution are
indicated in Fig, 3; temperature was 23°C.
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Fig. 6. The determination of the Kj value for carboxin in the native and reconstituted systems. The recon-
stitution was performed as described for Fig. 3. ¢, 0.27 and 0.01 mg of protein fraction and succinate
dehydrogenase per ml of the reconstitution medium, respectively; ®, 0.06 and 0.07 mg protein fraction
and succinate dehydrogenase, respectively. U, submitochondrial particles. The equivalent amount of
Triton X-100 was added to submitochondrial particles before assay to eliminate possible interference of
detergent with inhibition by carboxin. Carboxin (methanolic solution) was added in the assay mixture in
the final concentrations indicated in abscissa.

Fig. 5 demonstrates that the reconstituted system is far more stable than
soluble succinate dehydrogenase alone.

It is known that thenoyltrifluoroacetone and carboxin inhibit succinate
oxidation in particulate preparations [3,33,34—37], whereas these inhibitors
do not affect succinate-artificial acceptor reductase reactions catalysed by the
soluble enzyme [36,37]. Fig. 6 shows that the sensitivity of reconstituted
succinate-DCIP reductase is the same as that of submitochondrial particles.
What is more interesting is that the K; for carboxin does not depend on the
relative amount of the protein fraction added to succinate dehydrogenase,

The results of titration of succinate dehydrogenase by the protein fraction
compared to phenazine methosulfate are presented in Fig. 7. As seen from the
titration curve, the maximal level of activity reached in the presence of saturat-
ing amounts of protein fraction is slightly higher than that obtained with
artificial acceptor. This is in agreement with the results from this laboratory
on the reactivity of soluble and membrane-bound succinate dehydrogenase
towards different electron acceptors [19,21,38]. The titration of protein
fraction by succinate dehydrogenase (Fig.7b) also shows the saturation
behavior with the maximal level of activity proportional to the amount of
protein fraction taken.

It has been shown that the activity of soluble reconstitutively active
succinate dehydrogenase as revealed by the reaction with low concentrations
of ferricyanide is a measure of functional intactness of the Hipip component
of the enzyme [12,19,20,39]. This activity is not seen in membrane-bound
preparations of the enzyme [19,41]. It is possible therefore to correlate the
binding of the enzyme with the appearance of succinate-ubiguinone reductase.
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Fig. 7. The titration curves of DICP reduction by succinate catalyzed by succinate dehydrogenase in the
presence of protein fraction (PF) or phenazine methosulfate (PMS). a, @, soluble succinate dehydrogenase
(Si)) was reconstituted with different amounts of protein fraction as indicated in Fig. 3 and the activity
was measured as a function of protein fraction added per ml of the reconstitution medium. ¢, DCIP
reduction by succinate in the presence of soluble succinate dehydrogenase and different concentrations of
Phenazine methosulfate in the assay mixture. b. Activity of reconstituted system as a function of the
amount of soluble succinate dehydrogenase added to protein fraction at two levels of the protein fraction
in the reconstitution mixture (0, 56 and ®, 28 ug per ml).

As depicted in Fig. 8, the amount of the protein fraction needed to block ferri-
cyanide reductase is less than that required to reach the full catalytic capacity
of succinate dehydrogenase. The same correlation was found when two differ-
ent concentrations of succinate dehydrogenase in the reconstitution medium
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Fig. 8. Comparative titration of succinate-ferricyanide and succinate-DCIP reductases by protein fraction
(PF). The reconstitution was performed as in Fig. 3 with different amounts of succinate dehydrogenase
(SD) and protein fraction per ml of the reconstitution medium (indicated by the figures on the curves and
abscissa). O, succinate-ferricyanide reductase (100 uM K3Fe(CN)g): ®, succinate-DCIP reductase.



23

0.2+

1/V, £ moles per min.

\

10 20 30
(1/DCIP, uM) X 103

Fig. 9. Determination of Ky, values for DCIP in the reconstituted systems with different proportions of
succinate dehydrogenase and protein fraction. The reconstitution was performed as in Fig. 3. ®, 40 ug of
succinate dehydrogenase and 56 ug of protein fraction were mixed in 1 ml before assay; ©, 10 ug of suc-
cinate dehydrogenase and 332 ug of protein fraction were mixed in 1 ml before assay.

were used. The amount of succinate dehydrogenase which is accessible for ferri-
cyanide may be assumed to be a measure of unbound enzyme. Therefore, these
results establish clearly that the requirements for the binding itself are different
from those for the formation of fully active succinate-ubiquinone reductase.

As follows from the model proposed for two component catalytic redox
system reacting according to the Law of Mass Action [21], the apparent K,
value for the final electron acceptor must be in inverse proportion to the
amount of the species reacting with the acceptor. This is the case for the
systems reconstituted from soluble succinate dehydrogenase and protein frac-
tion (Fig. 9). Formally, the protein fraction can be considered as the activator
of succinate-ubiquinone reductase interacting with the system at the site of
DCIP reduction.

Discussion

Several preparations capable of reconstitution of succinate-ubiquinone
reductase when added to the soluble succinate dehydrogenase have been
described in the literature. Some of those are summarized in Table II. Five
out of the seven preparations cited in Table II have high cytochrome b content.
It was proposed that, in addition to its function as an electron carrier, cyto-
chrome b has a structural role in the formation of succinate-ubiquinone reduc-
tase [43]. In light of recent findings on reconstitution of succinate-ubiquinone
reductase, it seems that this proposal must be discarded. None of cytochrome
b preparations which have been used for reconstitution is pure enough to
exclude the possibility that some contaminating protein is responsible for
ubiquinone reactivity-conferring property. Moreover, the preparation of QP-S
protein described by Yu et al. [4,26] has no peptide other than the 15000
dalton.



24

‘g1 "Joy woly uayej anfea SIYL *xx
'$3110YRIOqR] JUAISIJIP Ul PayIpow se [GT] 3ury] pue Ulid}f jo 2Inpadoid Tedoulad ayl ««
‘uosUEdW 09 10] PAIRINI[BIIL 10 SIOYINE 3y} Aq PIIU3satd SB UIAIS aXe 3[qe] 2} Ul SAINIY JYL "AUCIIIE0IONFINAOUIY] O JANISUIS SBMm diod

1O UONONPAL oYL ‘TP 19 AOPRIFOUIA PUE LIOWaye] pue 3uly Aq asoys 10] 1danxa [g] g-aouournbiqn pappe jO 30UaSaId aY] UT PAINSEIU 3XIM SANATOE oY) nv s«

Taded s1y) D g1 (0D g2)0'E (0,82 9T 001-X uoju],
000 €1 W Ytm uonoely
1oleur ‘saplidadArod 99y} %% PO10BIIXI [oueinyg ‘Te 13 AOpPRIZOULA
l9g'v] (0 .£8) 81 (D ,£3) 0¢ (0,£2) 1g (%03
uey) ssaf) spidijoydsoyd
‘uretoxd 000 61T W %+ PII0BRI}XD [oueing ‘e nk
[8%1] PIULUIIa}P joU g0 GZ'0 spidijoydsoyd tsurajoxd
12410 ¢ q AWIOIYI01 4D ¥ Pa10BNX3 [ouring weyguruuny) pue reydon
Aesse asepIxo
ajeuroons
fgl (D, 8€) 011 (D 8€)ge¥ ut (0 8€) €1 spidrijoydsoyd :sutajord
13Y)0 ¢ Q QUOAYD 04D Pa1o.IIX D 9jRIOo[YIIdd ‘Te 3@ urajsueH
fevl [CeIRS AR 4 Aoomuv 60 (D £3)8'1 sprdn
-oydsoyd surajoixd @yjo
1P 10908} ¢ @ QW OIYD0LAD % P2I0BIIX3 [ouBINg I9)oey pue runag
[ev] JUIWIEIX] [BITWAYD 310J3q
(D 8¢) LE (D, 88)0'9 (0.88) Q1T sprdrjoydsoyd ‘sutajoxad PajeATIORAI A[[ITWIIYD
I3]0 ! Q 3WOIYDI0}4AD tpajoeIIXd [DH-SHUL 139jeH pue Aysurdeqg
[Ly] (D E8) x%x G'91 (,€2) €%°0 [COIRIAN a0 8 suouinbign ‘sprdrroyd
-soyd !surdjoxd I3yjo
¢ 1o pue q soWOIY20340 «x PajORIIXD TourINg uouwaye], pue sury]
Ad 3w rad as sw xod
(as sw 1ad urw/rowr)
Aesse ajejnsoyiawt (utur/fown’) , UIIISAS
S30UI9J9Y aurzeuayd Ul £1A110Y PaINJIISUODIAX JO AMAIPY Ad Jo uonyIsodwo) pasn ds sioyny

NOILNTOSTY 40 AAYDIA INTYAAJIA SNOILVHVAIUd TVIHANOHIOLIN WO¥A AIAIYEd (Ad) SNOILOVY A ONINIVLNOD NIZLOYd

ANV (ds) SASYNADOYAAHIA ALVNIOONS dT7917T10S WOYd dALNALILSNODEH SASV.IONAHY ANONINDIIN—ALVNIOONS 40 SHILYIALO™d THL

II919dvy



25

The comparison of protein fraction SDS-electrophoresis pattern with that
of QP-S described by Yuet al. [4] shows a remarkable similarity. The differ-
ence in molecular weight reported by Yuetal. (15000) compared to our
finding (less than 13000 for the major fraction) may well be explained by
some differences in electrophoresis procedure. QP-S and our protein fraction
reveal almost the same catalytic activity of succinate dehydrogenases prepared
by similar procedures. 10-times lower turnover of our protein fraction, based
on the protein content, compared to that of QP-S [4] may be explained by
the difference in the assay procedure used by each group (the addition of
ubiguinone-2 in the method of Ziegler and Doeg [3] used by Yu et al. and no
addition of exogenous ubiquinone in our work),

The reconstituted system shows most of the properties of the native
succinate-ubiquinone region of the respiratory chain. Its activity does not
depend on dilution, is perfectly stable under aerobic conditions and sensitive to
thenoyltrifluoroacetone and carboxin. Some of the points concerning the
arrangement of the succinate-ubiquinone region of the respiratory chain
deserve special discussion.

(i) Judging from the kinetics of ubigquinone reductase formation (Fig. 3)
and independence of the activity on dilution, it might be concluded that a
simple complex with fixed stoichiometry between succinate dehydrogenase and
protein fraction is formed during reconstitution. The existence of such a com-
plex as a natural constituent of the respiratory chain has been suggested in
earlier papers by Green [44] and seemed to be supported experimentally [5].
(ii) No sharp end-point in titration curves is, however, observed (Fig. 7a and b)
when the formation of the complex is measured through the appearance of the
active succinate-ubiquinone reductase. Qualitatively the same behavior has been
observed when succinate-ubiquinone reductase [2,5] or succinate oxidase
[15,16] have been reconstituted in experiments in which one component was
titrated by the other. (iii) The comparison of the titration curves for binding
(measured as disappearance of ferricyanide reactive site [19,20]) and parallel
increase of activity (Fig. 8)) shows that a clear quantitative difference exists
between these two. (iv) The dependence of the K, for DCIP on the relative
proportions of succinate dehydrogenase and the protein fraction is consistent
with the model in which two redox components react according to the Law
of Mass Action [21], e.g., in homogeneous solution.

The apparent contradictions between the points mentioned above can be
solved by utilizing the following model for arrangement of the succinate-
ubiquinone region of the respiratory chain. Succinate dehydrogenase (like,
perhaps, NAD - H dehydrogenase) reacts with a specific component in the
protein fraction with the formation of a tight complex which is identical to
that existing in the native respiratory chain. The active component in the
protein fraction may be considered, therefore, as a binding site on the mito-
chondrial membrane for succinate dehydrogenase. The other function of this
component is to make the Hipip center of succinate dehydrogenase reactive
with the bulk of ubiquinone freely solubilized in the hydrophobic region of
the membrane. The latter function may be fulfilled either by the specific
binding of ubiquinone at the active site of the protein fraction in a form which
is highly reactive towards Hipip or by the changing of the Hipip center in such
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a way that it becomes reactive with lipid-soluble ubiquinone. This model is
consistent with the experimental results reported in this paper. It also explains
the absence of simple stoichiometry between succinate dehydrogenase and
cytochromes in the respiratory chain [45,46].
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