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Results from this and from other laboratories (Cerletti, Strom and 

Giordano, 1963; Singer and Kearney, 1963) have shown that succinio dehydro- 

genase (SD) solubilized with any of the available methods has a lower effi- 

ciency in catalizing succinate oxidation with artificial acceptors, than the 

ensyme bound to particulate preparations. The first major change in activity 

has been correlated with the extraction of the particulate preparation with 

lipid solvents (Cerletti, Strom and Giordano, 1963; Cerletti et al., 1964). 

Exporiwnts reported here corroborated this finding and gave evidence that 

the decrease of activity is not only due to an inactivation during the extra2 

tion procedures, but depends on the loss of some specific component present 

in the original particulate preparation, and that eppropriate additions may 

restore the full activity. 

MATERIALS ARDNKTRCDS 

The oxidation of succinate was followed spectrophotometrically at 25OC, 

in a medium containing 0.02 Y succinate, 0.06 M phosphate buffer pH7.6, I.2 l 

IO -5 M pyridoxamine, 4 l IO -5 M 2.6 diahlorophenolindophenol and phenazine 

methosulphate (PNS). The reaction zes started by adding the enzyme preparation, 

Succinoxidase activity was inhibited with 0.8 mK KCI?. 

Comparison of SD activity in different preparations was made on bound 

flavin basis, peptide bound flavins being determined as described previously 

(Cerletti, Strom and Giordano, 1363; Cerletti et al., 1964). Turnover numbers 

(T.R.6) represent enzyme activity as moles succinate oxidized/min/mole flavin 

at 250~. The reaction rate at 250~ is, for heart SD, 505: of that measured 

at 38~. Under the conditions adopted values of T.N. obtained with mitochon- 

drial preparations measure what, at the present level of research (Cerletti, 
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Strom and Giordano, 1963; Singer, Ig64), appears to be the full oxidation 

potential of external succinate with PUS as an acceptor, by the enzyme in 

the mitochondrion. Reference to them is made a8 to a provisional meaeure 

of the activity in the assay syetem used, of SD bound to the respiratory 

a aaembly. 

Heart mitochondria were prepared according to Bsrnath and Singer(I962). 

Before UBB they were disrupted by freezing and thawing in hypotonic saline. 

Acetone extraction was performed in a refrigerated bath at -loo to -15OC, 

by treating mitoohondria suspended in 0.06 M phoephate buffer pH 7.6 (with 

or without 5 mM euccinate) with 0.1 vol 2 amyl alcohol and 10 vol.acetone 

preoooled at -15°C. The sedimenting fraction 'IWE dried with acetone and 

ether. To obtain soluble SD, the acetone powder was auepended in 0.06 Y 

phoaphats buffer pH 7.6 containing 40 By succinate and kept 15 min. at pH 9, 

OOC; then neutralized and the sediment at 140.000 x g discarded. 

RESULTS AKD DISCUSSIOR 

Lipid in heart mitoohondria is predominantly phospholipid (Floischer, 

Kloumn and Brierley, 1961) moat of which is extraoted by aoetone under 

the oonditione ured in the present work (Leeter and Fleischer, 1961). This 

iz accompanied by a oonsiderable drop of T.N. for SD. A further decreaae 

occura in the subrequent eolubilization step, when the lipid deplstod pre- 

paration is treated with alkali. Aa shown in table 1, the presence of 

auccinate prevents to a considerable extent both these losses of activity. 

However, the addition of succinate under our oonditions, never preserved 

the original T.N. which the enzyme had in unextracted preparations. 

A full reactivation is instead obtained when mitochondrial lipids ex- 

traotmd during the acetone treatment are added. Commercial lecithin can bo 

substituted, with somewhat lower efficiency, to the lipids extracted from 

the mitochondrion. The effect of micellar phoapholipid is not duplicated 

by mitoohondrial extracts dispersed by homogenising and cholate addition. 

AB shown in Fig. 1, the T.N. of soluble SD, which is about 4,000 for the 

untreated enzyme, passes to 6,000 and to 14,000 respectively, by adding increa 

ming amounta of lipida. 

The effeot of lipids ia not restrioted to the soluble enzyme, but, as shl 

in Table I, ie obeerved on the acetone powder as well. It is evident also in 
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prLparation6 (e.g. first line in Table I) not treated with sucoinate at any sta- 

ge before the assay. 

-15 -15 
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Fig. 1: Doubla raoiprooal plot of PMS concentration versus T.N. of soluble SD 
with differant additione of lipids. The enzyme was obtained from an acetone 
powder zhioh had been prepared in the absence of succinate. Lipid %olubilized" 
according to Fleischer and Klouwan (1961) was equilibrated 1 hour at O°C under 
B tith tha enzyme preparation before the assay. Phosphate waa determined by 
t% e method of Chen, Toribara and Warner (1956), protein by microkjehldahl. 

TADLEl 

EFFECT OF LECITHIN ON SD ACTIVITY OF ACETONE-EXTRACTED YITOCRONDRIA 

No lipids added Lecithin added 

+40 mu 8UCC. 40 p" p/wz Proto 

22.0a 49.6 
none 

25.1 

5a 25.4b 
succ. 

48.4 58.1 

Activity after treat;nent with alkali in the absence of 
succinate (15 min. at pH 9, OOC); a: 10.6 br 25.9. 

Aativitiee of acetone powders suspended in 0.06 h" phosphate buffer pH 7,6 and 
equilibrated with or without lecithin before the assay, are given as 

r" ales 
succinate oxidized min/g protein, at fixed (0.3 &) PI.3 concentration. Other 
conditions same as fig. 1. 
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Table 2 summarizes the effect of lipids at different stages of solubili- 

zation. When lipids are added, no effect is seen on the enzyme in the unextrac- 

ted mitochondrion, while all other preparations, in which the T.X. was decrea- 

sed, recover the original activity. The values for the acetone powder and the 

TABLE 2 

TURNOVER RU&RURS OF SD BEP0R.R ARD AFTER SOLRBILIZATION 

Ritochondria 

Acetone powder 
,I 8, 

Soluble enzyme 

a - 60 p P/mg 
0 - 22 pg P/mg 

T.N.s are calculated at infinite PPS concentration. For other experimental 
details, see fig. 1 and text. 

10,200 10, 3ooa 

4,830 10,550b 

prepared in 5 mM succ. 7,960 14,500c 

4,265 14,120d 

protein b- 1 * P/mg protein 
protein d- 24 p P/mg protein 

Lipids added 

soluble enzyme exceed, after addition of lipids, the T.W. value of the unex- 

tracted mitochondrion by more than the experimental fluctuation. This may in- 

dicate, though further investigation is required, that the enzyme disconnected 

from the context of the respiratory chain may display in the assay system used, 

a higher catalytic activity. 

Data in the literature (Wang, Tsou and Wang, 19583 King, 1962) and the 

preeent results, suggest that in the presence of succinate the enzyme assumes 

a form which less easily undergoes modifications during the extractive proce- 

dures. Such modifications are very probably not to be identified with those 

connected with the activation process. 

On the other hand phospholipids appear to have a specific effect in res- 

toring full catalytic efficiency of the enzyme: they seem to be necessary not 

only for the activity of the succinoxidase system and of various fr;;gments of 

the respiratory chain (Brierley, Xerola and Fleischer, 19621 Hafkenscheid, 

Links and Slater, 1963) but for that of the succinic flavoprotein as ~011. It 

seems reasonable to suppose that as with the reactivation ofp-hydroxybutyric 

dehydrogenase (Jurtschuck, Sekuzu and Green, 1963) by phospholipids, the effect 
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of phospholipid on SD occurs at the level of the enzymic molecule either by 

producing a favorable medium for the reaction or by modifying the protein. 

The present results are relevant only to the phenazine-reductase activi- 

ty of SD. Undoubtedly the study of other activities strictly related to the 

succinic flavoprotein molecule, such as, for instance, reconstitution experi- 

ments or fumarate reduction may yield further interesting data. It seems, ho- 

wever, that this first group of experiments opens some stimulating insight on 

the modification of the SD molecule during its disconnection from the respi- 

ratory assembly. 

This research waa supported by grants of the Impress di Enzimologia, 
National Research Council of Italy. 
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