




























2. CATALYflC FACILITATION AND MEfv\BRANE BIOl::NERGETICS 77 

b 

view a crucial difference between them is as follows: 
protonmotivc systc.m1s the direct mechanism, for a 

transport between redox 
trnnslocated electron through the 

+ ratio. contrast, 

case of 
pathway of 

ratio of 
i.e., a 

opera ling an indirect mechanism) are more exhibit \Vhat 
termed slip (Rottenberg, 1973; al., 1977; Hill, 

Pietrobon t:'t.al., 1981, 1982; Kell and Morris, 1981; 1982; Wal:t., 
That is, the and reactions 
pletely coupled at the molecular lcvd. This 

fashi1Jn, a Hill (Hill, J 
we :shall 

1981) and ATP 
noted in mt 

directly in a 
l; Phelps and 

and Brand1 
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78 DOUGLAS B. KEU AND HANS V. WESTERHOh 

and um:ouplt'.d (:>lip) prnlonmo!ive cycles in 11 n·(hn .• Jinked proton pump. 
repn:sentuliou of a mk1x·linke<l proton pump m an en~qo··coupllng 

rnemhranc. The prottiin eon ta ins one (shnwnJ or 11111w pro1011-bin11ing side 
of the and can of c<mformational stale (I to 5) 

the redox kvel tlf t~nergi:tation. Thtl homh between H 1 nnd !he 
protein ln<lktite localized coupling; for dlag1nmming delncalizc<l chemio:>musis the bonds are 
relaxed and the protons are to come into i:quilihrimn in !he hulk 

(b) Hill (1977) for redo>.·li11ked proton pump. For a fully 
(an Hi of only I hi shown in diagram), the t~yde of the Hill diagram 

1
• There rue two other, uncoupled slip 1-2 .J I' i!i a 11rohm (prolon 

slip: chutges !lcpuraled during lhe or 
transfer). slif'• occurs when the occur without 

concornilanl prolonmotivc <tdi\lity. Othi!r illleh as the i11ternctlon of sud1 n device with 
111embranc-pi2rm~·ant ion~. ure not considered 

think t.hat this n;flccts the current of 
favors the universality of the indirect pump type of 
1981a; Nicholls, 1982). 

Slip is often to in 
proton pumps; we shall use the 

Given our intention lo treat 
black boxes (i.e., we a 
problem of f he 
pathway during phosphorylation. 

l P. Williams Williams, 1961 
1982) a more view on prntonic coupling in electron~ 

phosphorylation. Our purpose here, however, is nc1t to distinguish 
of Mitchell and Williams (see e.g., Mitchell, l 977b; Williams, I 978a) 

in explicit detail nor historical context. It is because Mitchell's 
a much greater number of testable predictions that most 
membrane biocnergetics have come them as 

experimental at·tivity. we will 
(or constitutes a 

(\Villiams, J 978a). 
of chemiosmolic coupling'? 1t is usually 

of the chcmiosmotic coupling model (Nicholls, 
stationary-state conditions the proton electrochemical 
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2. CATALYTIC FACILITATION AND MEMBRANE BIOENERGETICS 

difference tij11p or , I F.1 
appropriate to its being the highpencrgy intermediate of clectronp 

(and m 
4a. Quantitative calculations indicate 
in t time of 

potential can (in 
same aqueous compartment) at a distance corresponding to the size of a 

b 

principle nf d1emi11smotlc a 
r11ipid bilayer encrgy,coupling mcmbnml.l incorporating two re<lox·llnkeJ proton pumps 

(S) (symp), and two ATP The pmton 
se1 upaprown po!emial • !Hcro,;:;s 

1rn:mbrnne:, and thiN proton dectroc11'~micnl f'Hllcntial dHfc!'cm:i: at.:t~ to drive H.,. back 
ATP to out trnnr,porl by 

as structun:s. lhc 
is homogcm:om;, in llH~ se115e that free energy rclcu~d hy 11 panh.;ular 

, and may utili;.(ed by any nf the ATP 
if) the same memhrnne. Of the J1f("'1it'flCt' nf "'""'"''"'',.'" 

mis kads to a decrease in tlp11 ., and hence !o a dccn.·ase in I he rate uf phosphorylatiun (tir 
tnm~port), The memhnme its~1 lf is thus viewed, in the t:hemioi>.motic nmJeL 
in~ulating pmlon hackt1.1w and 1101 llsdf 

energized during dccl.rmHnmspnrl phosphorylation, (b) The rnl.ndplc of 
coupling is vlstmlizc<l us 11ccurring in /1 independently opernling, 

or is in broadly lo m 
the number of proton pumps per LHHl is conlined to two, Because the combination of 

different for each coupling unit, and l:a:cau~c them arc also kuk units (lhc 
1:nc1 gy is to mus.akin nature. 11ature of 

com1cclions he.tween tht~ diffcrct11 proton pumps, and the relative prol!m current 
~parn1c pathways, remain as yd undefined. 

Supplied by the British Library 17 Jan 2020, 14:02 (GMT) 



80 ANU HANS V, WESTERHOFF 

bacterium or an intrncytoplasmic organelle {Mitchell, I nd ri et 111 .. 
1983}. and 

of the two aqueous 
(Walz, 1983). 

common with Ort 
we use as a ''straw man!> 

results and the predictions of 

•AHIJH'-•'-' are 

serve to 

it is minimal model (Fig. 4a) 
assess t.he agreement between experimental 

in the following we 
whkh are 

we may make to the chcmiosmotic model 
more fully with experimental 

by considering t 
as observable in (phases in equilibrium 

with) bulk aqueous phases. 

·t. Respiratory Systems 

Following pioneering experiments wil h mitod10ndria 
Moyle, J 967)~ the 

denitrifif·ans 
Mitchell al.~ 1979; 

di and Hil.chens, t 

atoms 
in of compounds such as 

that are helicved to cross biological membranes rapidly in 
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2. CATA! YllC fACIUTA1ION AND MEfv~BRANE BIOENERGFTICS (rl 

as are from bulk 
in equilibrium with 

According t.o the conventional chcmiosmotic explanation of this behavior 
Mitchell, 1967, 1968; Scholes and Milch1.:ll, 1970~ Koll, 1979; Archbold 

1:1 ul.~ 1979; l 1; 1 I; et al., 
1 ~ l 

m 
and Hitchens, J demcmstratt_: 

the ___,, H 1 /0 ratio in the u bscnce of added "pcrmeanf' low 
concentrations is independent of the size of the 0 2 pulse. This type of 

rvaHon has been interpreted by the above authors to that there 
at two t of proton circuits in 

not coupled to phnsphorylalinn [but 
regulation (Padan et al., 1981; Booth and Kroll, l 

k aqueous phase external to I.hi; mernbrnnc vesicles. Further, the half-time 
H:+ ejection under many of thtisti circumstances greatly the half·· 

2 reduction, ohviati based on non~ohmk 
converse to the the 

in which the num 0 atoms added is 
all tha1 !he maximum membrane potential that c\mld set up if 

llliosmotic mechanisms arc op~rniive is so small as to he energetically 
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insignificant. Under conditions, the -> H /0 ratio should same 
whether or not "permeant'' ions arc present. Again, however, experiment 

of B /0 
(Gould and 1977a~b; l 

1982) consistent with the findings dt~scribcd above and with the view 
1 are seen nre not responsible for inhibiting the transfer 

the typical conditions 

electron in both thylakoid nnd mem~ 

branes is also more or less tightly coupled lo the reversihlc transmembranc 
of will in this section to 

are 
the regulation of internal ":ydic nature of chrnmatophorc 
transport has in cf, Jackson et al., l I) precluded 

which 
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L CATALYTIC FACILI TAllON AND MEMBRANE l110ENFKCHICS 83 

trnnsfor events the obscrvahlc 1 nmvcmcnls in ( 
with) the bulk aqueous illumina 

in this and the M<ro.~an 
careful lo distinguish bulk-phase 

in equilibrium 
chrnmatophore 

movements in discussions of energy coupling, since hoth arc to 
trnnsport. What we wish to know is which of them act in I.he entire 

process of ckctmn~transporl phosphorylation, it is, of 
a logical absurdity to ascribe a causal status as an intermediate 

to a t.hnt is merely 
it is worth reminding in this section~ that 

sufficient to inhibit phosphorylation 
upon the of nduccd H + uptake in 

(Nishimura and n, 1969; Pressman, l 

discussion in the preceding two sections may be sumnrnrized as follows: 

nm-transport ions arc coupled to H' movcrncntt'I to and from 
phases in contact with t coupling mem in which the 
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84 B. L HANS V. WLSHKHOff 

stokhio1netcrics of these H 1 

ions, and under conditions in 
phosphate present, they would have sumcient 

ure not easily consistent with the 
serve as an 

to made concerning ATP-lin 
H+ trnnsloc:ation, although all the pertinent s do 

not appear to have In it to l 
a\vare variahlc 

depending: upon whether one is 
rneasuring rcdox-linkcd rnovcmtmts in bulk or 1nore f u 

such as phosphorylation 
Kirk, l 

stud ks on elcctron-transport~linkcd H + movement 
studies which have attempted 
the proton motive 

ion, 

"fkalily" is whal we lake t1l be I.rue. What Wi~ take to bi: trut is whut we beH1.:vc. What we 
bi:iliew ts bat>t'd upon our What we upon 

lo!lk for w1: think. What we think depe.nds upon what we 
perceive. What we percdv1.~ determines what we believe. Whai we bdieve what 
we take to trnc. \Vlmt rnkt: tn lrtlt' i~ nur 

Zukav (1980) 

earlier. it is usually taken aJ<; the central 
cherniosmotic coupling model that the 

potential di 
"'at") 
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2. BIOEN[RGETICS 

problem 
membrane potential which is up. in the chemiosmotk: 
accompaniment to proton motive activity. The only m 
principle, is measurement with microclcctrodcs. diH1cuH measure-
ments have indeed been reported for a number of Tedeschi and 
colleagues have, for a number of ycan;, in experiments of increasing 
refinement 1 reported that the metabolically induced membrane potential in 
mitochondria is energetically insignificant Tedeschi, 1980, 1981; Ling 
t 1) to account for ATP synthesis observed in the same mitochondrion 
(Maloff et ul., 1978). Thcsl: important mcasurcmcn the only direct 

used in mitochondria to date. 
Bulychcv, and cul have used 

Vrcdcnbcrg, 1976), and found 
of millivolts in the 

uncou or 01 

in giant 
potential 
transient 

of 

rnembrnne potential on the external sodium concentration was 
n (Felic ct al., 1978) (consistent with the view that it was at least 

a sin1plc diffusion potential), and (3) I.he t~oincidence between the 
with the microdcctrodcs and the pcrmcant inn uptake methods 
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DOUGLAS KtlL AND HANS V. WESTERHOFF 

\Vas obtained with in who/Iv distinct, thus non-
Tims the status of these othenvise crucial experiments, 

not is t 
basis of calibration \Vilh induced diffusion potentials, a great 

al., l 98 l I have under C<)mm<1n 
conditions, and with appropriate 1:orn:;ctions1 • ribution 

are imcccssfully measuring the trnnsmembranc elecl I potential 
Although it is possi to 

that arc independent nf a bulk-to-l:wlk phase electrical potential difference, we 
initially. that are 

measuring the hulk-to-bulk phase pH gradient and membrane potential 
the ti.;711 • ion, w1;: find major of 

anomalies hctween the data ohtui and those upon a com~ 
nmns1,~nsc ing of lhe chemiosmotic modcl 1 incorponiting appropriate 

such as a slightly 
ohmic leak of cncrgy~coupling 

a nu on 
Mclar1dri l'I al., 1983; Westerhoff ct al., 1983a, l 984b1 we confine ourselves l(J 

some surmm1ry 

H \Vas ob~crved undL~r a variety of conditions, that ra 
of electron transport or of i1m arc not uniquely Jcpendcnt 
the value of the apr)arent prntonmntive force, hut in nrnny cases depend more 
upon t numher chains or 
Padan and Rottenhcrg, l Bacctlrini-Melandri et al., 1977, 198 l; Casadio 
et al.. I and l I Kell d al,, I et al.1 

1980; de Knudmvsky and liarnux, 1981; de Kouchovsky el al., I I 
ti f'I al., 1 Wilson I Mandnlino el al.. I 9lB). Some 

ohscrvations hav1,; to that t ' k 
interactions bL~twecn rc<lox·, and A'TP synthase-linked proton pumps that arc 
not is of 
comparable anomaly which is not subject to this type of inlcrprettl!ion. 

nstlucing system is allowed to synt ATP until no net 
is the maximal for 

evuhrnted and t;omparcd with tlu.~ magnitude of the simultaneously 
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2. CAlt~LYTIC BIO[Nf.RGETICS 

measured AJ1u,. Such are said to take placL' al 

stalk head. His lly 11ssunrnd that the of the two terms 
used 1 in the cl11;.~miosrnotic model, to a minimal measure of the 

.i) ATP ratio. It is found, however; in a variety of experiments) that this 
is heavily ck:pcndent upon lhc magnitude of the apparent pmf, and 

wholly unrealistic vulucs when the pmf ls severely decreased (c.g.1 

Wiechmann et al., 1975; Kdl ei al., I 978bi.c; el aL 1978; uffanli et al., 
1 1981: Decker and Lang, 1977, 1978: et al., 1981; Bact'iHini-

et al., 1977; Mandolino et al., J983). in some of these 
the reaction cat1.tl by the 

with the pm[ no kinetic 

1. ''Add II 

Following the pioneering experiments of Jagendorf ( l a 
of workers, in u variety of systems, have demonstrated that the 

imposition of an artificial At711 + (acid hath), sometimes partly constituted hy a 
diffusion potential, i:an drive the synthesis of ATP (see e.g., Thayer and 

1975; Schuldincr, 1977; Gdihcr, 1981; Schlodder et al.1 1982~ Mnlom~y1 
and confrast. Makmkova et al., 1982). Most workers find a sharp value of 

applied pmf, typically 150 111 V, below \Vhich the rate ofA TP 
When !he valui.! of lhc applied Afin 1 is very the 

ion indm:c:d arc as as those driven by electron flow 
llinkle, I et al., 1976), indicating that were 

as the arlificially applk:d 
intermediate in electron-transport phos~ 

of Ajl.11 " ues u the 
rml. adequately Schloddcr et al,. 

on this point It is obviously this comparison, 
ion \\'ith flew/ causi a 

applied in acid~hath experiments, which is the 

His \VOrl.h m~mtioning thal 0 10 substitution for H 
ly :::iffc(:t. acid bath-induced phosphorylation in Streptococcus 
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88 DOUGLAS FL Kftl AND HANS V. WESTERHOFF 

and was in 
increased hy imposition of a potassium diffusion potential. 

dependence of is acwally wholly 
t inner thylakoid 

acid~bath experiments, 
Sl!l up is not the same as 

that caused by the impnsitiou of an add bath. It is the presumed equality 
that has 

of the chcmiosmotic mmfol 
can only be concluded that 

than the threshold 
in to electron now. 

Blumenfeld (1983) also 
his outstanding monograph, 

. "Antacid Bath" 

were to 

IS 

when it is created 

in Section HJ in 
to consult for fuller 

decreasing it, under conditions of a constant (or, hctter, ricgligibJc) membrane 
should a 
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in the chemiosmotic model (Fig. 
of next section. 

principle underlying the general m.ethods 
be expounded with to Fig. This figure 

transport phosphorylation as four redox-linked pumps 
four H +-ATP synthases (written in the figure) that arc coupled via a 

intermediate ( ). The box indicates a model in the 
released by a particular elcctron~transport may 

ATP synthase in the membrane vesicle prcparation1 as in 

b 

(ii) 

Principle of dual inhihitor titratinns using inhihitors of electron Lranspor! nnd ATP 
enzymes. For discussion and explanation, see text. 
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11 and 12 represent tight,·binding and specific inhibitors 
the ATP "Hear' all 

by Baum and colleagues (I I; Baum, l a sim 
ualkm would that partial inhibition of the 

system (i.e .. the llf A synthesis, JP) trni ;:tn I:rtypc 
5b(i), (ii)] should t titer an l 1 inhibitor 

to inhibit phosphoryh1lion relative to that in th1.~ absen..:e of 
if coup! is lized (ii) (and IX'). 

if energy eoupling is fully localized, the liters will be unchanged 
the c:ommon finding of an of 

ratio on the n1te of electron lranspnrt over a whl1,,~ nwgc in \Veil~ 
indicate:-> that arc not t 

analysis. Such a findinµ also militates against the thoughtful 
(I 

in a number of systems, that the behavior 
for a fully 

1978: Vcnturoli and Mclandri 1 l 
1 \Vcsterhoff al., I 

Kell, 1985). lt is also worth remarking that the 
grown B. coli, on 

assumption that their cytoplasmic membranes urn les.'i energized than 
w1c strains, In the case the \vhich a 

drain on the energized state than the wild type, this obscrvalion is nnt 
easily reconciled with delocalizcd couplin but is to from 

of l ts of l 1. 2 tit rations above. The finding 
(S,:hrciber and Del Vallc~Tascon, 1982; Blumenfeld, 1983) that lh!!re is nn 
nonzero ron h> drive 
under level flow conditions has alsu taken to indicate a local 

wc~n ins P 
A variety nf experiments following, in so1ne aspects, I.his broad strategy has 

and I 
incompatible with a delocalizcd energized stale caused by electron 

(cf. et at 1983). It is also draw at ion to some 
done expositions of this type of approach in relation to the 

elcctron~transport chains (Heron et ul., 1 H 
Packham and 1983). 

dual inhibitor titrations using l~mnbinations of uncoupler and l 
found in Vlork by the l authors others 
J 982c, I 983a,h; Klill and Hitdrnns, l 983; 'Westerhoff er al., 

I et I The 
in these experiments was tlrnl inhibition of the output (seconda 
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the 

Hon couhi 
with the same 

required lo uncouple the 
ion, interpreted som1;­
uncoupli antibiotic 

<'f al, (1975) and by 

Figure 1 of Cotton 
oligomycin the apparent 

a factor of t.\VO in the same 
to their l, thl! um:ouplcr is less potent the it is '" .. '""'.:"••1 t 

The rapid initial proton cannot be due to light~imluccd 
trans1oi.:ation since it is fully sensitive to t inhihHors 

and Kell, l 982c). 
The in H uptake after 8 min illumination cannot dut~ h1 the 

buildup of a high phosphorylation potential simx: the decrease in r~1te under 
(latter) circumstances (using ADP, but not UDP) can only he 
shortly before the attainment or stat it: head (H itthcns 

unpublished). 
5. Similar trends in uncouplc:r titrntions are ulsc• obscrvt~d in st t,# 
l<>chondrial particles using Hll L'lltirdy diffenmt assay (\Vesll:1 hnff l't 11! I !JX2, 

Westerhoff, 1983; Herwcijcr et al., l 984). 
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approaches secrn tn indkat~ that clectron-
cannot be prrnx:eding via a dclocaliti:d i 

of in some kind 
integral part of these 

the 
is to have 

reconstitute the enzyrncs i:atalyzing elcctronb 

We iind that the theoriei; of physich1l.s constantly undergo nrndi l\cati(ln, ;m I hat 110 pn1<l1:nl 
rmm w11ultl In be hundred year:.; 
hcm:c. Hut when theories changt'. lhe altcrati1m usually hns nnly a smull elfocl so far ai> 

It is widely l"K~licvcd (see, that the 
ution 

plus a complex in a liposnmal system 
capnblc of catalyzing elcctrnn~transport phosphorylation at rntcs (and with 

amply 
and Stocckcnius (1974) on co~ 

reconstitution of bm.:teriorhodopsin plus an olignmycin-scnsitivc 
are I 

1) ii;olatcd membrane 
("hydrophobic protein fraction''), depleted in phospholipids 
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involving prnlt1rHnotivalcd 
a 

were not 

the hyd protein con in'! know 
properly lo characterize this muterial1 that of Capaldi et al. ( 1 

found that even a onc~dimunsional SDS-polyucrylamidc gel ~cparatcd u 
number of their I (Capaldi al., 1973) would ~ccm 

assum a Gaus1'ian shape with the width 
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94 DOUGLAS B. AND HANS V. WfSTCRHOFF 

least. I of I minht be e hedtothe 
V)? Th1:re seems to he a general consensus (e.g., RainJ 

1979: Galante et nl.! 1979; Kagawa, 1979: Senior, 1979: Bcnlcn 
l l; Pedersen et 11/,, 198 .I; Pt~dcrscn, 1982; Stmior and Wise, 

oncRdirm~nsional SDS ";an separate approximately 11-13 
in pur(ficd beef heart rnilm:hondrial V. [l lo 18 

I ( ett1/.,1980;('apaldi,I alt 
many of I remains unk110i,vn.] 

concluded I hat the hydrophobic protein fraction may contain 
ide components that arc not par! of thm:c of purillcd com~ 

are rccnnsl phosphorylution performed without a 
hydrophobic protein fraction nr analogous from another encrgyu 
l~oupling membrane? We can the answ\,~r once: not at alL A few quite 
typical examples serve to illustrate this. 

\Vinget et al. ( 1977) r~'"'."""' 

Their 
min 

low compan!d with that in in nivo, hut, as remarked Haw;ka 
(1980) and by Kell and Morris 0981), whnt we need to knnw is the 

turnover number of the ATP synthase, since these preparations an~ enriched 
in the sole proteins supposedly required (in the simple interpretation) 
energy trnnsduction. If we: assume a rough molecular weight for 

1 of 500,00U tfohons ( ;md R I l 
I, SO that 

ituted ts 0.5/min, about OJH/s. Since the 
turnover nmn of !he CF)'" 1 during phnlophosphorylntion hy thylakoids 
in tiivo is approximately 100/s (Hauska et al» 1980), and this figure is esscn~ 
tially accurate for cnergy·t~oupling mernbrancs ( M 
I 1), t rncmrntituted of 0.01 , 
With I 

et al. (I 980) a F 1 
from Rlwdospirillwn rulmm1~ their of' photophos~ 
(lhcir Table I) were approximatdy 8 nmol min 1 mg 1 F.,F 1 , 

to those found by Ryric et al. (1978) using bactcdorhodopsin plus a 
F .. F 1 preparation and those {'1f (I l) 

phrn 
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and now 
tm (van 111 al., I 

Finally, we may consider the detailed experiments 
st udil~d the of 

t increased this 

Hauska el al. ( 1980), 
a purified photo~ 

·were as \vc a war(\ 
published rate obtained in any systern reconstituted with "purified" compo-

H t of these 
was jmH a~ as t 

as is possibki, by 9Ha1ninoacridinc fluorescence 
t 

early et al., I 
indicated the presence of a so-called structural protein, \Vhieh could 

from rnitochondria, which might have a in oxidative 
and which distinct 

recognized protonmotive protein crnnplexes. This 
by the work of Schatz and Saltzgahcr ( 1970), 

of strudural protein contained. 
denatured F 1. protein. Since the publication of this a 

1970)1 the literature has essentially 
of son11:~ of (quasi~) structural (but 

here that the ha by may have been thrown out. with bathwater, since 
summariicd in the two previous sections~ whfoh arc wholly sc/f-

indicatc that some uncha to 
arc now routinely bdng neglected. Let us look at some further studies 
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still further and indeed may shed important light 
coupling may not be easily reconstituted in liposomes1 usi 

s 
and cytochrome-containing cmnplex1~s was 

in rough prop<>rtion to 
was to indicate 

our discussion in 
chondria) a diffusion~lirnitcd 
limitation could 

although the ATP hydrolasc activity 
was unimpaired or slightly and 

was insensitive to 

I· 
' 

\Vas lat least in lipomitn~ 
electron transfer. 

u 

lipomHochondria 
l 

et al., 1982.) that lipid enrichment did not 
carol.enoid signal induced by /valinomydn 
dark, but of 

l 

amount 
lipomitoehondria, their 

partially scnsilivc to atrnctylatc (Schneider el al., t 980b), we 
to mention an alternative explanation for the incapability of this 

Hmt t 
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2. CATALYTIC fACIUTAllON AND /'v1fMBRANr HIOENERGETICS 97 

that 

implicating 
protoneural proteins (Kell et al.~ 1981 b; Kell and 

mmmic 
transduction. This 

of a device that should be present among the 
above. In Section VII we shall discuss a possiblestruclurnl identity of 

\Ve shnll summarize the rnininmm and 
nt in the 

Minimum 

with the of numerous 
the dclocalized chcmiosmotic coupling hypothesis 

to retain most clements of the latter in any alternative 
tly, (see Fig. 4h) the mosaic protonic coupling hypothesis :rnimmes 

mcmbrnnes contain proton rmmps that arc d 
Important ones arc 

1~typc protmt~translncating ATP synt 
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between the delocalized and the mosaic chcmiosmotic 
hypotheses is that the former proposes that there is one single 

compartmcnl (domain) into which all individual proton pumps pump (the 
form a 

as func~om~lly 
dc)tmuns 

JLH ''in'' 
"ouC'). this rnosaic protonic coupling 

hypothesis: the coupling membrane essentially contains a muhilude of 
independently operating and possibly heterogeneous (i.e., a mosaic of) 

units. 

1. Explanation of the lncompE!tence of the PMF (~Al~i·) 

oft mosaic coupling hypothesis it is readily understood 
why observed magnitudes of the prnton electrochemical potential di!Tcrem:e 

the hulk aqueous bordering t (fl/7111 i c>r pmf) 
too low to account for 

due through Rirk in 
is a continuous dissipation of tlflw such that the latter will always he 
than the proton gradient at the "site"' of the proton pum which is 

4b). It is this Al.Hi, and not tl;1n , shtrnld 
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Some Statistical A$pects of Energy Coupling 

of 
(or rn I hi:r, 

hdow, the energetic equivalent thereof) that lly 
suflicicnt to drive ATP synthesis. The fact. thut this number is so small has 
important effects on the characteristics of coupling. First. a proton 

is either in the (i.e., prtHons), or in 
(i.e., 

rclev~mcc of this phcm>mcrmn, we shall 
description (for a more refined treatment sec Wt!sterhoff al.~ l984b) of the 

dependence of energization in a system where the 
regularly, and simultaneously) pumping protons 
number coupling is denoted by n 

the 

n*'(l) n*(O) e "' (for r r) ( I ) 

r this number \vould againjump back ton. The probability that the H ~ H 

present in an energized coupling unit would make ATP may be 
by (cf Van Dam et al., 1983; Westerhoff and Van m, 1985) the 

K p(l which indicates that 
phosphate this prohahilit.y 

amount of synthcsi~cd coupling unit can 

(<5ATP/n) (n/K}(l - e~"~)K 11 [1 f(~GP)] 

lion (2) show~ that n! low turnover rates [l:mr1parcd to the rate at which 
energized proton leaks out of the proton donrnin~ (1/r) << K]. the ATP 

per coupling unit per turnover of the clct:lronwtransfor chain tends to 
independent of turnover rate, or, in ot words, the m 

independent f)f the rate of ron transfer. In many 
this is indeed (e.g .. 

and Nordenbrand, 1974; Ferguson t!l al., 1976; Venturoli 
ri, 1982; and sec carli(~r). 

We may also consider whut would happen if a fraction a
11 

of the H + ~ATPasc 
a fral;tion of the dcctrnn~trnnsfor chains would be eliminated at random, 

through (he addition of irn;vl~rsihlc inhibitors. The ATP yield pt•r 
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(.11/k)(I --e:<r)K
1
)[1 -/(LiG

1
,fJ(I ~. et,.)(1 

Importantly, both types of inhibition would have the sumc , snn 
of ~:oupling units (n). inhibition 

ns is nol expected to lead lo a reduction in the liter of the 
~ATPa~m (nor vice versa). The deloealizcd chcmiosmotic 

hypothesis would gcm;rally predict such a reduction in ti 
results scmn to plead in favor of prnlonie 

of an uncouplcr would be to increase the: probability of 
"local proton" (i.e., increase t<)1 then inhibition of the H + would 

expected have no effect on the ti t 
synthesis. If some 

then ti ri,;d This is in contrast to the 
ions of the hypothesis of delocalizcd chemiosmotic coupling, but in 

with I.he c~xpcrimcntal rnsults (cf. I 
Thus, it seems that precisely 

entailed the 
et al., 1983a,c, I 984h) mm account for 

odds with the delocaliicd chernimimotic rhemy. 

hypothesis 
observations that were 

adjacent 
energized prnt.ons. In the 

with the hulk aqueous phase 
thus frorn forming a pool \Vith its fellow 

\Ve will discuss the indications for 
of proteinuccous kind arc from 

111~ 1Hly1me :,hotdd not all 
if it is !o be of any 

(Darwm, I 

A commonscmse (and usual) reading of the delocalizcd chemiosmotic 
coupling hypotht;sis indicates that all that is required for 

primary pump (ATP 
with the polarity in a 

n1cmbrane, as indicuted in the simple interpretation 
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reconstitution experiments (Fig. 6). ln the previcms sections, we concluded 
more localized coupling (and, to the 

of H J, mandate) the 
of additionalt presumably proleim.:1ccous1 devices that am required 

Junge I,! 
localization the 
(\Vestcrhofl~ 1983) as being irnmfficier1t 

S"' 1 ~ostram, 1978) proposed that 
of the external 
An uncertainty is how this 

and submitochondrial particles. An 
m men1 

protoneural net works (Kell et al., 1981 b). Herc we shall 
, which was explit;itly to our k 

really are these mcm 
identified all the polypeptides which they contain'! The answer again 

doubt if 

us a leap see 
by the mammalian 

genomes of a number of mammalian mitochondria1 that 
f human (A ndcrson et al., 1981; see .also Borst et al,, 198 l ), ho vine (Anderson 

1 murinc (Bibb t'I al., l 1) mitochondria, been l~ompletely 
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sequenced. importance of these beautiful st to our 
sidcrations is that, in each case, the presence of cighl u 

( U for rather hydrophobk proteins of unknown function, 
Davies er al. ( 1 put it, in our 

''the discovery of these putativ1.~ in as different 
A/speruillus] niduhms that they for functional 

a hitherto rnk; in m 
many possible indentitics t.he proteins 

or ribosomal proteius, or (Attardi 
Wl~ wish lity that. our molecular biological 

w·ho fully •nvare of the literature, might 
URFs eocle for proteins with the role of the 

(Kell and Morris, 198 l ). It should he 
rnRNA molecules. Finally, we 

autoradiogrnms (which, in contrast 
inate against very hydrophobic 

indicate that the mitochondrial transhition prnducts of HcLa cells 
include as ma as (Ching and Attnrdi~ J 

It be remarked, ln conclusion, the coincidence of the hydrnphobic 
of the proteins coded for by URFs and the impc:1rtmR:e of using 

hydrophobic protein fraction ratht~r than morn purified + 

synthase preparations in reconstituting oxidative phm;phorylation seems 
beyond fortuity. now tum to some ~;tudics of plant mitochondrial 
molecular biology which give us a mnre forthright clue as to of at 
least om~ unidentified mitochondrial protein in mitochondrial 
transduction. 

tp. P. l 7. 1981, 
1hc of !!) set; in milnchnmlrial rest~arch: quoted by 

Bemfa:h ( J 982) J, 

male is a maternally 
t.he production of functional pollen but docs not affoct fertility 

plants of (Echvardson, 1970). The 
which control CMS in maize (corn) are located on 

(see et al., l 982; Leaver and 1982}, 
lines carry nudcar fertilityAArcsloring the 

in the commercial production of Fi hybrid 
self'.,pollination of the parent. 
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Three types of CM namely Ti and CM have been 
described in the maize. Our attention is i;onctmtralcd on lhc T (Texas) 
cytoplasm, which was used in over '.}~:of hybrid corn grown in the United 
States by 1970 (Leaver and Gray, 1982). In that yeur1 an epidemic of southern 
com leaf blight disease virtually wiped out the maize crop, causing losses in 
excess of $1 billion. The disease is caused (T toxin) (for 
probable structure see Kono et al., J 980) fungus Helmi11th~ 
osporium maydis Race T, which st th the T lrait hut 

little effect on normal fertile (N) or the ( Ullstrup, 
Gregory et al., 1977}. A wealth by 

and colleagues (1977, 1980) and 
l el al.. 1982)1 

T toxin is a 

to of 
bility, in harmony with the 
this target protein the propcrt of a protoncural 

"""'",.""" previously (Kell et al., t 98 l h). 
Although the T toxin is not proteinaceous, the physiological 

\vith sensitive mitodwndria bear many striking 
elicited by the interaction or a mtmbcr of protcin~weous mcm 
bacteriocins with their sensitive bacterial cells, a topic which 
the subject of the next scdion. 
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