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In the preceding communication (Hatefi et al. 196la), the preparaiion, the
propertlies and the component entitles of DENH-Q*** reductase (I}, succinic-g
reductase (II) and QHg-cylts ¢ reductase (III) hove been summarized. When I and
III are combined, a highly active DPNH-cyt. ¢ reductase is reconstiiuted, whose
activity, as in mitochondria, is inhibited by Amytal and antimycin A (Table I).
When II and IIL are combined, a highly active succinic-cyt. ¢ reductase is
formed (Teble II). The activity of this system is in turn inhibited by thenoyl-
trifluoroacetone as well as by antimycin A. The only regquirement for recon-
stitution, as outlined in the preceding communication, is that the daughter
particles should be mixed together in relatively high concentration. The enzyme
preparations are usually suspended in a buffered sucrose solution (0.66 ;{
sucrose, 0.05 M Tris-Cl, pH 8.0) and are mixed together at 0° After mixing,
the solution 1s diluted with Tris-sucrose to 0.l mg protein/ml and assayed at

0.5~1.0 pg enzyme protein/ml.

As seen in Table IIT, essentially no reconstitution occurs unless the daughter
particles are mixed together in high concentratlon. However, once reconstitution
is achleved in this manner, subsequent dllution of the solution does not cause

the dissociation of the reconstituted particles. Thus the suspension of the

* DPNH=-cyt. ¢ reductase 1s defined as the Amytal and antimycin A sensitive
system, which contains the functional components (DPNH-flavoprotein, non-
heme iron, coenzyme Q, cyt. b and cyt. El) found in intact mitochondria.

*¥  Postdoctoral trainees of the University of Wisconsin Institute for Enzyme
Research.

¥**  For abbreviations cf. Hatefi et al. 196la.
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TABLE I

Reconstitution of the DPNH-Cytochrome ¢ Reductase Systen

Enzyme Preparation Specific Activity
I 8.9
II1 0.0
I+ III 5Tk
I + III + Amytel 0.0

I + III + Antimycin A 0,0

After combining I endIII, the mixture was diluted to O.1 mg protein/ml
and assayed at 1 ug pro‘bein/ml. Assay conditions were the same as described
previously by Hatefi et al. (1961b). Specific Activity is expressed as pmoles
cyte ¢ reduced/min/mg protein of I at 38%

TABLE II

Reconstitution of the Succinie-Cytochrome c¢ Reductase System

Enzyme Preparation Specific Activity
II 0,0
IIT 0,0
II + III 48, &
II + IIT + antimycin A <20
II + III + Thenoylirifluoroacetone 0,0

Assay conditlions were the same as in Table I.

reformed particle can be diluted and assayed at 1 ug protein per ml without
decline of activity with time.

Although reconstitution does not take place in dilute solutions of‘the
reacting particles, strictly speaking it necessitates the presence in high
concentration of only one of the daughter particles. That 1s, so long as one

of the daughter particles is present in high concentration, the other can be
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TABLE III

Effect of Enzyme Concentration on Reconstitution

Engzymes I and III DPNH=-cyt. ¢ Enzymes II and IITI  Succlnic-cyt. ¢
(pg/mi of each) Reductase Activity] (pg/ml of each) Reductase Activity
1 k.5 1 0.9
10 6ol 10 2.6
5,000 432 100 13.2

6,000 3%.0

Specific Activity is expressed as pmoles cyt. ¢ reduced/min/mg protein of
I or IT. Other detalls of the assay are glven in Tsble I.

added in smaller amounts and reconstltution achieved to the extent that the
concentration of the second particle is the limiting factor. Thus, when small
smounts of Qﬁg-cyt. ¢ reductase are added Yo a concentrated solution of DITH-Q
reductase, the emergent DPNH-cyt. ¢ reductase activity increases linesrly as
the level of Qi,-cyt. ¢ reductase is increased (Fig. 1). Vhen optimal emounts
of the latter are added, the concentration of the reconstituted particles (the
DPNH-cyt. ¢ reductase) becomes maximal and further additions of Ql,-cyt. ¢
reductase to the mixture are ineffective. Per mg protein, QHo-cyts ¢ reductase
1s far more active (i.e. in terms of its capaclty for catalyzing electron flux
from donor to acceptor) than DPNL-Q reductase (Hatefi et al. 196la). However,
as seen in Flg. 1, reconstituted activity is a function of protein concentratior
of the daughter particles (i.e. the number of particles of each) rather than a
funetion of equal ac‘bivitx units of each. osimilar results have been obtained
vhen succinilc~( reductase 1g titrated with an—cyt. ¢ reductase. These resulis
indlcate that reconstitution as described asbove 1s the result of interaction
between the two narticulate segmentc of the electron transport chaln to reform

the structured unit from which they were derived.
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FIGURE 1

Reconstitution of DPNH-cyte ¢ reductase as a function of Qy~cyte ¢ reductase
concentration - specific activity and other details of the &ssay are the same
as in Table I. The residual cyt. ¢ reductase activity of DPNH~-Q reductase
alone was subtracted from the experimental values obtalined.

Reconstitution of DPNH, Succinic-Cytochrome ¢ Reductase.

The reconstitution of the particle with both DPNH aend succinic-eyt. ¢
reductase activity 1s achileved by mixing together nearly equal amounts of the
enzyme complexes I,' II and III. Thus, as seen in Table IV a cyt. ¢ reductase
particle is obtained vhich is highly active with respect to both succinate and
DPNH as substrates. VWhen succinate is the substrate, electron flow to cyt. ¢
is inhibited by thenoyltrifluorcacetone and antimyein A but not by Amytal. When
DPNH is the substrate, 1t is the latter two. compounds that are fully effective
as inhibitors.

The possibility has been considered that by mixing together enzyme prepara-
tions i, II and III, two separate particles are reconstlituted, one capable of
catalyzing DPNH-cyt. ¢ reduction and the other succinic-cyt. ¢ reduction. How-
ever, this does not appear to be the case. When DPNH-cyt. ¢ reductase and

succinie-cyt. ¢ reductase particles are separately reconstituted and then
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TABIE IV

Reconstitution of the DPNH, Succinic~Cytochrome ¢ Reductase System

Specific Actlivity

Enzyme Preparation Inhibitor Succinic-Cyt. ¢ DPNH~Cyt. ¢
DPNH-Q reductase (I) ——— 0.0 8.9
Suceinic-Q reductase (II) - 0.0 0.0
QH,-Cyte ¢ reductase (111) .- 0.0 0,0
I+ III —e- 0.0 5T,k
IT+ III ——— 48,4 0.0
I+ I+ III ——— 5646 k2,9
I +IT +III Antimyein A < h,0 0.0
I+1II+IIX Amytal 52,0 0.0
L+ I +1IIT Thenoyltrifluoroacetone 0,0 ———

Speclfic Activity is expressed as pmoles cyt. e reduced/min/mg protein of
I or II at 38°. Other details of the assay are given in Table I.

together added to the assay medium, their respective cyt. ¢ reductase activities
are additive, which means that the two enzyme systems functlon separately.
Lowever, vwhen enzymes I, II and III are combined and the DPNH, succinic-cyt. [
reductase unit is reconstituted, the iDPNH-cyt. ¢ and the sucelnic-cyt. ¢ reduc-
tase activities of the system are not additive. This observation argues against
the possihility that two reconstituted particles (a DPHH-cyt. ¢ reductase and a
suceinic-eyt. ¢ reductase) are separately formed. On the contrary, it suggests
that a rate limiting step (possibly the reduction of coenzyme Q) is shared by
both dehydrogenasess We alsoc have evidence, inter alis, that the bound coenzyme
Q of I is shared by both the DPNH-cyt. ¢ and the succinic-cyt. c reductase path-

ways vhen enzymes I, II and III are combineds
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FIGURE 2

Schematic Representation of the Functional Complexes and thelr Arrangement in
the Electron Transport System.

CONCIUSIONS

The studles reported in this and the preceding communication indlcate thet
the terminsl electron transport system of mitochondria can be divided into four
discrete units. These units are the enzyme systems I, II and III described
above, and the cytochrome oxidase unit which contains cyt. i_a._ and copper (Hatefi,
1959; Griffiths and Wharton, 1961). Each unit may be considered as a complex
of enzymes, coenzymes and a paramagnetic metal ion capsble of undergoing oxida~
tion-reduction. Electron transport activiiy in each unit is a function of the
special structural arrangement of 1ts componentss There is some evidence that
suggests further resolution of the above complexes results in irreversible loss
of the properties that are characteristic of the corresponding activities in
the intact electron transport system.

Since the reaction catalyzed by cytochrome oxidase has been thoroughly
investigated and defined (Griffiths and Wharton, 1961) » the overall structure
of the electron transport system, composed of the sbove four complexes, may be
sumarized as shown in Figure 2, Functlonally the reconstituted cytochrome ¢
reductase systems can be linked to oxygen by adding cytochrome oxidase and
cyts ¢ to the reaction mixture. While this coupling of activity is not
reconstitution as defined earlier (Hatefi et al, 196la), it is hoped that this
final step of the terminal electron transport system can be also reconstituted;

however, as yet no definitive experiments in this direction have been performed.
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