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The observed close association of mitochondrial cytochrcanes and lipid,, 

with an unidentified protein led us to postulate the existence of S.P. Isee 

acccmpanying note by Green et al. (l@l)J. C -- oneequently, the specific com- 

bining proper-ties of the isolated S.P. are of fundamental importance in our 

concept of a protein with a structural role. We shall present evidence in 

this cammwlication that S.P. rapidly combines with cytochromes 2, 2 and &, 

and with lipid to form stable complexes. 

Interaction of S.P. with Cytochromee 

Interactions have been demonstrated both by physical measurements and by 

chemical analysis. In essence the first method*involved mixing a solution of 

S.P. in the monomeric state (see legend of Figure 1 for details of preparation) 

with a solution of one of the cytochromes. Ultracentrifugal or electrophoretic 

analysis showed (a) the disappearance of the migrating bounwies of the two 

molecular species that were mixed, and (b) the appearance of a new molecular 

species whose molecular size and electrophoretic mobility were different frcnu 

those of either of the starting components. For example, by selecting the pro- 

per molecular proportions of S.P. and cy-tochrcune zl, it was pO66ibh to get a 

quantitative conversion of these two prOb?iIIS to a new molecul?r species con- 
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taining both S.P. and cl. In this particular experiment (cf. Figure l), 
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SEDIMENTATION AT 59,780 RPM FOR 32 MIN 

Figure 1 

Sedimentation diagram after 32 min. at 59,780 RMP 

in Tris buffer of pE 7.8, at 20' ,r = 0.1 (Tracings frcm photographs) 
2 

S.P. was solubilized by dialysis against O.OlM phosphate buffer (pE 10.5) 
containing 0.2$ SDS. Excess SDS was then removed by dialysis for two days 
against 0.01 M phosphate buffer (pH 10) containing 0.05 M TWX. 
~~ was added in 0.1 M phosphate solution (ph 7.4). 

Q-to&raw 

exists as the hexamer. 
At this pH cytochrczne 21 

When the two solutions were mixed (S.P. + pi) the 
pH of the resulting mixture was 7.8 and no turbidity developed. 

cytochrome z,[Green et al. (1959); Bcanstein et al. (l$Ob)J was added at 

pH 7.4 in the form of a hexamer ['% 360,000, f&12, cf. Griddle and Pock 

(195g)J, to a solution of structural protein existing In the monomeric form 

(S=2) at pE 10 (see legend for details of preparation). The sedimenting 

boundary of both of these species disappeared upon mixing and a new heme- 

containing ccznponent, migrating with a velocity of S=j.g-4.3 ( % of 75,000) 
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WaB obsem. It should be noted that the S.P.-21 coglplex has a molecular 

weiept iutemediate between that of S.P. and 21 since the formtion of the 

cauplex involves the &polymerization of the 51 hexamer. l&s S.P. BCems to 

act in detergent fashion as a depolyxerizing agent by ccmpeting for the hy- 

drophobic binding sites of individual molecules of cytochrcete c . The S.P.-~1 
-1 

casplex is water soluble at pH 7.8 uheress S.P. alone la cazpletely insoluble 

at this pE. The cauponentwithti.3 alsoplowdas a single &arpboun&ry 

in d.eCtraphOE!BiS with 8 mobility different from that of either S.P. or 21. 

Precisely the same type of experimeit has been carried out with S.P. and 

cytochraue t%~Griffiths and Wharton (lNl)J. In this experiment the cyto- 

chrome a was dispersed mostly in the monaneric or dimeric form Griddle and 

Bock (195927 at pE 10 and in the presence of 0.05$ SIS. Some 50% of the or- 

iginal cytochrcme oxidase activity mrvived this treatment. The cytochrcme 8 

solution was added to an equal quantity of S.P. prepared as described in the 

legend for Figure 1: The resultingmixture~ allowedto standatroomtemper- 

stkre (24 hours) and was then dialyzed against buffer of pE 8 (0.01 M Tris 

acetate, 0.05 M IWl). Sedimentation and electrophoretic experiments once again 

indicated the formation of a complex betxeen S.P. and cytochrcane 2. A single, 

eymmetz+al boundary ma observed-to sediment with a coefficient of b3.5. The 

greencolor of the~hememovedwith the peak. Sedimenting bouudaries for 

both S.P. and 5 were absent. 

The interaction of cytochmme 2 [solubilized with cetyldiethylmethyl- 

ammonium brmlde according to Bcmsteiu et al. (la)J with S.P. is demon- -- 

etrable by sedimentatiou and electrophoretic studies ae are the following 

additimal complexes: (1) a complex of 3 2, and S.P.; (2) a ccmplex of 2, 

c -1. and S.P.3 and (3) a ccanplex of 3 b, ~~ and S.P. In the formation of the 

cqlex containing 3 ziaud S.P. the starting molecular proportions were 

l:lt2 and the proportions in the resulting complex were the same. 

When 8 particulate suspensiou of S.P. is mixed at neutral pE with a solu- 

tian of auy of the three cytochrcmee (2, 2 and cl), rapid interaction tskeB 
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place even at 0'. If the S.P. is in large excess most of the cytochrome be- 

comes particle-bound and little protein remains in solution. At lover ratios 

of S.P. to cytochrcme, part of the cytochrame becomes particle-bound and part 

of S.P. becczaes soluble: Under the conditions of the experiments, two types of 

complexes are formed between S.P. and the cytochrcmes: (1) insoluble ccaaplexes 

(when S.P. is in large excess); and (2) soluble complexes (when the reacting 

partners are of ccqarable concentration.) 

Interaction of S.P. with Lipid 

When S.P. is incubated at 0' with solubilized mitochondrial lipid rlileischer 

and Kiouwen (Q&O)_7 or-with a purified phoxpholipid at pH 10.5 and then the 

solution is neutralized to,pH 7.0, the precipitated particles of S.P. are found 

to contain lipid. The amount of lipid bound to the particles depends upon (1) 

the time of incubation and (2) the state of the S.P., i.e., whether soluble or 

particulate. In the particulate state the interaction of S.P. with lipid is 

minimal. Under optimum ccmditions (24 hour incubation time at pH lO.5),in ex- 

cess of 4 mg of lipid ie bound to lmg of S.P. This lipid is not extractable 

by prolonged washing of the particles in water. The lipid is readily released 

.&en the particles are exposed to a mixture of deozycholate, butanol (20$ by 

volume) and ammonium sulfate (20s saturaticn). 

Cy-tochrome 2 can be shown to bind mitochondrial lipid under the same con- 

ditians and to about the ssme degree as S.P. In fact, all the cytochranes 

which have been isolated have been found to contain variable amounts of lipid 

(up to 50s) except when specific measures such as the procedure outlined above 

have been taken to remove lipid. 

Figure2sunuimr izes the scope of the binding experiments which have been 

carried out thus far and emphasizes the central role of S.P. in these inter- 

actions. 

Specificity of Binding 

Some fourteen different soluble proteins have been tested for their ability 

to react with the monomeric form of S.P. at pH 10.5 and no evidence for combin- 
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MITOCHONORIAL PROTEIN COMPLEX PORYATION 
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Figure2 

ation has been found. The list includes bovine serum albumin, protemine, hexo- 

kinaee, phosphatase, trypsin, "Nagarse", pkasein; catalsse, xanthine oxidase, 

glutamic acid decarboxylase, lysine decarboxylase, cytochrcme 2 and hemoglobin. 

The failure of S.P. to interact with cytochrome 2 is of interest in view of the 

fact that cytochrome 2 is the only one of the four cytochranes that can be readily 

extracted from the mitochondrion. Myoglobin was also tested because of its tight 

association with heart mitochondria. Unlike hemoglobin, myoglobin readily forms 

a ccmplex with S.P. 

As yet we have not considered systematically the changes in enzymatic pro- 

perties which may acccmpanythe biding of cytochrames to S.P. Our colleague, 

Dr. R. Goldberger, has shown that at least in one instance there is a signifi- 

cant change in properties. Cytochraue 2 when linked to S.P. in a soluble com- 

plex is reducible by "ious electron donors which point to a relatively high 

E; at pH 7.0 (about O.OV) whereas the unccmplexed cytochrane is not reducible 

by these same reductants and the estimated Ek is relatively low (ea.-0.Y). 
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