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1. Introduction 

The possible functional relationship between energy 
conservation reactions and mitochondrial structure as 
observed electron microscopically [l] or by non- 
specific light scattering changes (NSLS) is obscured by 
kinetic discrepancies between the energy coupling 
reaction as indicated by cytochrome responses [2], by 
NSLS [3] and by the “orthodox-condensed” matrix 
transition of intact mitochondria [4]. Submitochon- 
drial particles afford a simpler system for studying 
conformational changes as read out by NSLS since 
they have lost matrix material. In these particles, 

energy coupling reactions, as read out by the mem- 
brane-bound fluorochrome, 8-anilino-1-naphthalene 
sulfonic acid (ANS) [5] , are closely identified with 
the energy conservation reactions of membrane frag- 
ments, as indicated by observations of reversed elec- 
tron transfer [6] and by titrations with uncoupling 
agents [7] . Packer has reported energy-dependent 
NSLS changes in digitonin particles [8] but such 
preparations have a “sidedness” identical to intact 
mitochondria [9]. In this communication, well-de- 
fined membrane fragments [lo] have been employed, 
in which the subunits of the inner membrane, identi- 
fied as the coupling factor F, [ 1 l] project outwards. 
pH-induced changes of light-scattering, optical rotatory 
dispersion, and ANS fluorescence have recently been 
correlated by Packer [ 121. In the studies reported 
here, the response of NSLS as an indicator of mem- 
brane conformation is compared with the response of 
ANS fluorescence as an indicator of energy coupling 
in transitions between the non-energized and ener- 
gized states of the membrane. We find that the two 
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phenomena can’be both quantitatively and qualita- 
tively distinguished on the basis of the selective ef- 
fects of permeant anions, energy coupling with oli- 
gomycin, and uncoupling with pentachlorophenol. 

2. Materials and methods 

EDTA particles derived from “heavy” beef heart 
mitochondria were prepared as described previously 

]131. 
The optical arrangement for measuring ANS 

fluorescence, NSLS, and cytochrome a abosrbancy 
changes is afforded by fluorescence excitation at 
366 nm and fluorescence emission measurement at 
450 nm, coupled with dual wavelength measure- 
ment of cytochrome II at 605-620 nm, the cyto- 
chrome being recorded at the shorter wavelength, 
while the longer wavelength is very close to an isos- 
bestic point in the oxidized-minus-reduced spectrum 
[2]. Forward scattering of the light at 620 nm is 
measured by a 17 mm diameter photocathode placed 
30 mm from the rear surface of a 1 cm optical path 
cuvette, conditions similar to those used by us [3] 
and Tedeschi [ 141. Wavelength scanning from 640 to 
460 nm showed negligible specific absorbance change 
caused by the addition of nitrate to succinate and 
oligomycin supplemented ESMP, verifying that NSLS 
changes are measured at 620 nm. The dual wavelength- 
single wavelength signals were distinguished one from 
anohter by electronic choppers which performed the 
usual operations of the dual wavelength system and 
in addition selected out a portion of the alternating 
waveform corresponding to the 620 nm signal, com- 
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Fig. 1. Effect of permeant anions upon ANS and NSLS changes in membrane fragments. Submitochondrial particles derived from 
beef heart (ESMP), 1.5 mg of protein per ml, in 0.3 mannitol sucrose, 20 mM Tris-Cl, pH 7.4, supplemented with oligomycti 

(2 pg/mg particle protein) and 15.3 PM ANS. A, without Tris-nitrate; B, in the presence of 3.9 mM T&nitrate. 

pared it with a fixed reference voltage, and afforded 
an amplification of the difference. These outputs are 
continuously monitored on strip chart recorders hav- 
ing curvilinear coordinates, and experiments requiring 
a rapid time scale were recorded on a storage oscillos- 
cope. 

3. Results 

Fig. 1 illustrates, in A, a control experiment in 
which an increase of fluorescence is caused by succi- 
nate activation of electron transport in oligomycin and 

ANS-supplemented ESMP (OESMP). Time proceeds 
from left to right in both diagrams. The initial portion 
of the trace represents the de-energized state of the 
membrane. Addition of 3.9 mM succinate activates 
electron transport and energy coupling leading to in- 
creased ANS fluorescence. There is a very nearly simul- 
taneous increase of NSLS. The ANS fluorescence trace, 
however, has a slow “tail” and thus has a longer half- 
time, 13 set as compared with 9 sec. Since the ANS 
reaction involves a transition in the environment of 
ANS molecules already bound [ 151 and the binding 
of additional ANS as well [ 161, the initial portion of 
the ANS kinetics more accurately portrays the kine- 
tics of membrane energization than does the latter 
portion. 

If the experiment is repeated with a supplement of 
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3.9 mM Tris-nitrate, pH 7.4, the NSLS response is 
reduced more than 50% while the ANS response is re- 
duced only 7%. In the presence of nitrate, the ANS 
response is more rapid than in the absence of nitrate; 
the half-time is 8 sec. Furthermore, there is no evidence 
for a slow phase of the ANS response. The residual 
portion of the NSLS response follows that of the 
ANS response up to the half-time and then clearly 
lags behind it. At higher Tris-nitrate concentrations, 
the NSLS change is completely eliminated. Since 
similar results are obtained with iodide, thiocyanate 
and perchlorate, this experiment shows that the ANS 
and NSLS changes are quantitatively resolvable by the 
use of permeant anions. 

3.1. Oligomycin response in the presence and absence 
of permean t anions 

Fig. 2 illustrates, in A, the response of ANS and 
NSLS as well as the steady state of cytochrome a in 
ESMP prior to a supplement of oligomycin. On acti- 
vation of electron transport by adding succinate there 
is a small fluorescence increase due to the partial 
coupling of the particles, and a slower and more per- 
sistent increase in NSLS. Upon addition of oligomycin, 
both traces rise very nearly in synchrony, to give 
maximal values of the energy-dependent ANS 
fluorescence increase and the NSLS change. 

In fig. 2B, 3.9 mM Tris-nitrate is added prior to 
the activation of electron transport by succinate. On 
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Fig. 2. Effect of permeant anions on the response to oligomycin ESMP under the conditions of fig. 1 except that oligomycin was 
not added prior to the addition of succinate; A, without nitrate; B, in the presence of 3.9 mM Tris-nitrate. Top trace, ANS fluor- 

escence; middle trace, non-specific light scattering; bottom trace, cytochrome II absorbancy changes. 
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Fig. 3. Effect of permeant anions upon the response to an uncoupler. Experimental conditions were as in fig. 1B; others are as 

indicated. 

adding succinate the ANS response is practically un- 
changed, but the NSLS response is greatly reduced. 
Upon addition of oligomycin, no further change in 
NSLS occurs, but the ANS fluorescence increases 
very rapidly, as in the previous experiment. It is ap 
parent that here there is a qualitative difference in the 
response; the NSLS change is not associated with ener- 

gy coupling induced by oligomycin. 

3.2. Effect of uncouplers on NSLS and ANS fluor- 
escence 

Fig. 3A shows typical responses of NSLS and 
ANS; PCP is then added, causing the ANS fluorescence 
to decrease (half-time 6 set). The response of NSLS 
is not detectable initially, and after 8 set a slight 
decrease is observed. The response of an initially un- 
coupled system is shown in fig. 3B; 15 PM PCP is added 

prior to the initiation of electron transport by succi- 
nate. A scarcely detectable fluorescence change is ob- 
served in the ANS trace. However, NSLS proceeds, 
albeit with somewhat reduced velocity, to a level 
which approaches (after the end of the chart) the mag- 
nitude indicated in fig. 3A. It is apparent that NSLS 
is not affected by uncoupling agents to the same ex- 
tent as the energy-dependent reaction causing the 
ANS fluorescence changes. 

4. Discussion 

The non-specific light-scattering change observable 
on activation of electron transport and energy coupl- 
ing in membrane fragments derived from beef heart 
occurs very nearly simultaneously with the activation 
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of energy coupling, the latter indicated by the mem- 
brane-bound fluorochrome, ANS [6]. The two pheno 
mena are resolvable upon activation of electron trans- 
port and energy coupling under two conditions. First, 
when electron transport and energy coupling are acti- 
vated in the presence of permeant anions such as ni- 
trate (and thiocyanate and iodide as well) employed 
at concentrations below those which diminish ANS 
fluorescence [7], nearly complete elimination of the 
NSLS changes is observed. Secondly, activation of elec- 
tron transport in the absence of energy coupling shows 
significant NSLS changes which are not further in- 

creased when energy coupling is activated by the addi- 
tion of oligomycin, ANS showing a large response at 
this time. Thus the NSLS change is not essential to 
either the simultaneous activation of electron trans 
port and energy coupling upon addition of succinate 
or to the activation of energy coupling alone by oli- 
gomycin addition. 

Experiments with uncouplers also give a definitive 
separation of the two effects; whereas the ANS fluor- 
escence increase is rapidly diminished on addition of 
uncouplers, the decrease of NSLS during this interval 
is scarcely detectable. Further and most significant 
is the observation that activation of electron transport 
in PCP-uncoupled ESMP leads to a readily measurable 
NSLS increase and to a negligible increase of ANS 

fluorescence. 
The conformational change reported by light- 

scattering in submitochondrial particles is dependent 

upon electron transport but is not related to recog- 
nizable energy-coupling events, either as a confor- 
mational state related to primary events of energy 
coupling or as a consequence of subsequent energy- 
dependent ion movements [ 171. The structure or 
charge reorganizations involved in the energy-coupl- 
ing reaction as reported by ANS may not show NSLS 
changes and thus may not be associated with the 
gross structure of the membrane, but instead with the 
molecular properties of the membrane components. 
The results further suggest that other probes for mem- 
brane structure (spin label, ORD, NMR, etc. [ 181) 
must be examined for their relevance to energy coupl- 
ing by appropriate kinetic and inhibitor-activator 
studies such as those described here. 
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