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{b) 3 Hz 5 HZ

20 ng ton H

LY
s L .u) ras ﬁ- vled and
L,i,u,;,u«u_ in 50 ] ed to p: u..”_', lL umunhuu, R Li
Treguenclen muwm, waa vin a Pbm n{ 'ubm‘uu]m (Pro-plm pyatemag, 115."rwy,
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deo  DUAL=INHIBYTOR MIPRATTONG DIPLHICING Tl DECHIA OF COHBRIMOR DOMBEN DLV,

MOLECULAR BTEDD T A SEQUEHCE OF REAMYPIONG,

The idea behind the dual=inhdbltor Litration npproach wns Ciret evpounded, ab

Ao

lTenpt in the eontext of eleclron transporh phosphorylation, by Bawm and eollosgues

(Bow e ol 1971, Baww 1972), and may be oxpresnsd s follows, Tf we have sveiloble
blghb-binding and gpecific indiibitors of electyvon fransport ol of the B ~ATD tynbhage,

Weomay modify the delocalised chemilosmolle poheme conforaing fo that of equation 1

LA
Wby

Electron transport > A e S UV wepaew ]
4 L,
@(u =epneoupler
hoeat

by of fthe cverall pathway flux (rate ol phosphonylation) o

o
it

s bhat the

(oleosron biana port frhibitor) will be decressed by the presence of o partially
Inhibitory titre ol J,_‘( (1" -~4TP aynthase inhibitox) zi?A poaw deflined 1n eguation 2

il §i;czi* We muan Hhe

does serve gy p delocaliged coupling inbewmediale By tdel

wsed (zay as Ap by a parbiowdar slectron bransport

’;J

conwept that any Lfroo onergy
choin is available $o any M =APP gynbhase in the membrane veplele, 11 enerpy
coupiing (or for thoh matter a metabolic pathway) ie mirzz‘mx:y;’picz in nature, in the
senoe that gquanta of Cres snermsy or mabterial interscting with indlvidusl enmymes in
the sysbem nre not availlable Lo other enwyme wolecules of the sane bype in conbast
with the same aquesusd i;:o:mpaw‘mef;u'%;, Then the pressnce of L, will have no sffect upon
the tibration of the observed pabthway flux with f" and vice versa. In proctios,
axperiments of the 1, / trpe d.(zmnm—z‘t‘i‘(ﬂ:ﬁ, at [leat sight unequivocally, thab the
ther behaviour is whagzzﬂ.’ed 11 8 mumber of syrtems (Fig. %3 Doum eb oal 1971,

¥
andd Kell, 1960b,0, Wosterhof? ot sl 1902u,b, 1945a,b),

Bavm 1+

How, asz pointed out fox ingbonce by Pavsonagoe and Forguson (1*)1%”), pueh bebaviouy

4

sould mlso be accommodabed dn s deloesliszed, chepdosnoiice couvpling scheme of the Gype

x

shown in equations 1 and 4 A0 the fnditial portions of the two titwation curves
wore accompanied by s decrense (of the same magnibude) in the value of the probon-

ive Toroe, However, s vaideby of measurvements of the prolonsebive forvaoe indicete

i

Ghath even quite severs inhibition of sl an Ty=bype iohibitor da
nolb decveose the protonmotive foroe (v,p. Kell ot al 1978u, Hovgato md Ferguson 1979),

antimyein A (Vonturoli

iel chromatopho:

in pavticulor when baot

wol Meladel 1982) an in Fig, 5. Wilmbohn (sse Westeshofl ob sl 194%5b) has

the interssting poanihility that the bi k’uli_n@; of auch inhibitors might be an omuoergy—

dependant process (L.e. depondend in pome fashion upon the maznitude of the shondy—

o

ghabe A;«‘)), and that thils behoavienr (67 wm) oould Tead bo an arbelnobual
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5. EBffect of dicyelohoxyl sorbodimide (DCOD) wand sntinyein A on phosphorylation

w Hpu.e eapoulabs chxomatophores.  The wate of phosphorylation was Lituvated with the
pleolron teaneport inhibitor antinyein A (@ ,[]). 1In one case shiromatophoren
e preinoubatad with o concentrabion (50 (LS of the agvalent AH=-ATP synthase
inhibitor DOCD aufficlent to veduoe the rabe of phusphorylabion in the ahsenite of
antimgein by 50%. Conbrol rates were 1,18 and 0,50 Mmol AT/ minfws bacterio-
shlovoplyll., Mere energy cedplings effacte i

via o delocslised intermediate, such sz
py bhe pecond ftitration (m) should initially have hol a ldgser glope than the
fiveby it iw evident that the 2 titvasion cuxves sre viptually identical, Data
after Hitelens and Keld (1982b)

et

interpretation of this type of experiment. AL leasgt twe Lines of reasoning serve fo

axeluwde tnis criticisay (&) Ly I, bitwgbions mre pymmetrical, in the

neither of the pair decreasesn the inhibitory propertien of Lhe obhexn (o Gure

Hitchens and Kell ‘l?é&;:?u), it gince the inkibitors act on diffe

high ecnergy intsowediate' they would be evpected fo behave diffoevently depending
upon Wnich way the exgeriment is perlovisd (1,0, which inhibitor aoncentration forms

the abscizsa in avperiments of the type In Flg, 9) if enepgy—deperdent binding

eitecha might be of luporbance o the malysing (B) the use of a covalent H —~A%p

P

sypthase inhibitor dn poncert with byaine of saturabing light Dlasghes of different

freguency (feee vonditions in whiich no ervrgy-depondent inhibitor binding may he
inpoked) demonstrates thab the smue type of localised energy coupling im cbserved in

pasteriol ahromatophovon (me‘hl_’r\‘)j i and Melandri 1982),

1% should be stressed that the nuwnber of ATP swlecules synbheplosed per pair of

[34]

clectrons paseing down an electyvon brapspord chadn ia, for o well-coupled syotem ag

ioolated, in the absence of added uncoupler wmolesules, independend of the wabe of

Supplied by the British Library 17 Jan 2020, 13:44 (GMT)




188

alaatron trang port over o faloly wide pange (v:m Dam vl Paou l}(U v bor and

s, F st Wity 1970, Jacksean et al ’l’i}f}"ﬁ),
BB

{ry =

woon ob ol 1870,
SR e

This shows that any aoeroscople nabive tensvey Leakt in the sysbewny loodely shown as
Yheat! in the sehemen of equations 1 and Sy dw insigo Clemih under thege conditlions,

o8 n

Purthaer, on .;mi"r}‘ﬁ inhiioitor owmot boe exveniod to lower the volue of o deleocnbiss

4

intermediate such w Ay, Thue, whatover the putative velabionship bed ,.mm[}; |

the pate of bovylation i s eoheme much as that ol equetion 5, the titre of

weoupler roequired Top fudl wneoup ~bype inhidbi bor,

iy capnod be danre by an

phlion equation $ supposes thal wicouplerve act only by decreaaig A py  The remarkable
Fact ls, however, that o varilety of weouplers ard donephores ach more potently in
bacheriol ohromatophores (Hitehana ad Kell 1980e, 1907%0,b) awl in submiioshondrial
particles (Weaberhof! ef al 1982a, 193%0,b) wien the veaction wupposedly driven by
A poie prebially restvicted by an

coupling! alluted to nbove, ‘nm,*-wor, bhig vemwlt is indeed to be ewpeoted, sineeé the

inhibitor, In %= the "Lﬁmalii”sm?

semaeeph of looalised coupling impl ihin context, bthat dnhibition of an o

gyirthase molesule abolishen the wiil a quaitun of frae enorgy

from *its?! elestron branzspert chain complexen, Thuz uncouplexs only seek out eoupling

wil s in which the whole unit ia potentislly aotive, and will work bebber when bhie
sk is et by an nibitor, as observed, Tmua the

Lo

tranler 1o nas, In thls type ol syaten, a stoohizstic procean,

the {aregsoling, rather asuvalitedllve,
& Ly 3 3

has o gquantibative cc;«unterpzw%;, often tormed '‘metabolic conmivol theomy', that haw

been npplied to metohelic pathways (mm‘:t recently veviewed In Groen sl ol 1902 ).
Thin latbey fermalism ig ltsell a 'delooall (mmm.mvngf«ia} ana in thfg genae

alluded to above, and, in ferms of this latter formalism, it would be found

experimentally that the sum of the 'eontrel plrengthe! of the individusl abepe of

edn 1.

breport phogphorylation in the exparimants allvoded Lo hers ox
As pointed out (Groen oh al 1902), such & genoeal Cinding pases Lormidable problons
for metebolio control theories of this btype, and, we would aver,y providesn a powverful
gxperimental approasch in the bewting of the lspuriant concepbts of a vather novs
sophlobicabed cellular organisailon than $those that are commonly held (1;6(3 Gutt. Walch
P97, Kedl 19799, Herry 1981, Megs 1901 wnd thin wolumey Weloh mul Bewry, this

Vi d Hx{}t}) .

T susmary, we may etabe that, alitbough even more subble and aveane dntevoctions

almont {}Celi sﬂ"b a1 o8 ;3;)), B

31 iy membras

plas

approach outlined In $his secllon shows thot In a nunbey of syalbens the enevgy

poupling evenhs within the soparadte molseulay compleves of elestron toanuport

phonphorylobion may be said fo poseens the property of ooherence in that the
N . v s oo p P T g oy o
socoessful transler ol free enargy between eloctron bwnnaport and H —ATP synthage

complexes oscurs strlotly al the level of the Indisidusd soloculer complexes, 'Phus
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free energy can only bo franaferred by u pavbloular elechron franppord womplex o s

Poorat sathable for dedving She gynithenie of AP andder the conditionn deporibed i a

particeular I ~ATF amthaze Lo polentinlly nclive. We shinll now explora thia concept

in more detall,

PHOGPHOID i*,L‘:}’JH

BOIN THE PROCESD OF BLGCTHON ThANaE

Sete e FPellidioh theory of lengevanpe opherent ogeillabions in blol

Over the Lazt fifteen year s ov 2o, H. Fel8hlich ban developed, and stimmlabed
srperlmertal atudy wpon, a theowy of long-rvange coherent excliabions in biology thaot

b

wee think in likely o be of the great velovanes o the problem of Doee—enorey

tosngler in electron fbransport phoupharylation, Since o recont vreview is avallable

(¥eBhlich 1200), we shall discuss only whab, accsrding te our reading of the wodel,

aeem bto be 1te solient Leabires Lor our present purposos:

(a) one or more polar meden of the conatdituents of blomembranes may be colievently
arelbed thraogh energy supplied Meom metabelic processeen, provided thatb the wute of
energy supply expeeds g critical, threshold valuay the osellletions ave then

d into 2 single, lower freguepcy mods, a phase brensibion analogous o the

ISsts]
Binsgteln coopdensation of a Hosge gas and o lhe many other types of phage transition

by Hawen (¢ "’7)

wi by pon=linear intevactions bebwesn Lhe elestriond
thae woxd

and tha

(3,;) such slates ugy be Bi

and vibrational modes of the charged membranes snd ite healt b

g

ie takoen to inelude both the Ligid and proteln constituent

adzorbed iong end wvaber moleculen, Under appropriste conditions, bhie wode possepses

e (Bilw 2%

ble) ferposlest

perties of a relabively long=Iived {meta
gl 1961, Kuirer 1981)3
&

(v:) exbernally applied electromegnelic enovgy may feed into the system o raise LE

into, o deatroy, the mebantuble atats;

(d) free enovgy way be transferred over relatively long digkancoen ag a wave of
slarisation (ﬁhﬁé})alif,&?n 196¢ ) The ferroclestric sbabe sheuld be experimentally
phagerveble by diclectvle meagurements (ii‘:-:,'Bil'Huh 'I"?’if’») AR AETEY

5 i,])C}l, L5

Wo shell thecolors dizousy these points, from a bloencopobiciot's wWpeint, in
torme of what iy Jowown of the process of eleckron brancport phoaphowylation, and may
begin by remarking upon the pbriking similarities betwesn bhe Felldich wodsl snd

those invoked by usz, for quite different ressons, in this context (Kell et ot 19oi

Kell and Moveds 1981),
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Daity  HMetabolic pumping' by protopmotive syelbong

“
oL

L

Tt s now axdoswbic that o variaty pambrane-located netobolic andymes ave

By

'

protommolive, ag disongsed above; indeed, one is inclined to pemark on the Lortuitous

o
sanrtle eoincidence in the upe of the berm Tpump! by dhe phyricists and blolopluts

in this eonbext.  As dizcussed above, therefore, both the requirement for a threshold
value of the free omepgy supply agd the pusping of probons across the diclectelo

burrier of coupling menbrenes ave wall-recopgnized Lealires of fhe proceas of electron

H

vanuporl phosphorylation,

The sxistence of pon-=Linesr inboractions in enerpy counling membirones

s digeussed in section 4, it is an experdlmental obwervabtion that loddvidusl,
ppobially sepacate redox and AP aynlhage proton pumps exhibil a very sbrict coupling

wation,  The elechriasl

ralationshis, Thip of idseld wegulrss a hiphly non-livesr inta

and clastic properties of blomembranes are not usvelly copsidered from the standpoind

of the type of iden explicit in the Pehlich model, {thouvgh recent reviows thal perhaps
3 -
mo8t closely approanh this analyeis msy be consulted {Bvans and Skalak 1980, Hillex

1981) . From the binenergetic viewpoint, one of the partieularly impovrbent virtues of

e Fr8ihldiol model 1ls the demenstrolion thad such non-linesr dnterastions leading to

stabilisation of one or more coherent wmodes may axist, and showld periorce be

diveatly souwpht experimentaldy.

Geda Absowplion end ssdssion of electsonasnetic encrgy by profonnodive

Dne ol the especially noteworthy Ceatures ol the FrBhlich medel is the prediction
that very weak electromegnedtic radiation of Ivequency an, 100 Gz may be expecled fo
shange the propertiss of fthe types of system under disoussion by purely non-thermal
means, A puaber of very sbriking shpervations (e.g, Grondler and Keilmann 1975,

G 1 a1, Kremer, Himbz , fhis voluma) Bave shown that this behaviour can

indesd be obzerved in intact living cells, Yhe snggestions concerning the importance

of the above (microwave) Irequency wange were vprompbed by a campideration of the

\

1y speed of

wdh o g
of biomenbreanss (1077m) and the Like

relationship beiwson the

v

sound (phononz) thereln (1000 mg™ ). However (FrBhlich 1980), many types of factor

may szrve bo lower the freguency range in which wesk external electromsgmetic [lelds
oy affeot bilomembrone sysbumues. One should of course note, in this

]

conkext; the faot

that lavge oxternal eleclric lield pulses may in Faet be used o deive ATP ayntliesis,

Jusl as may lavge pll jumps (e.g. Teissic et al 1987, Griber el al 1982, Hamamoto et al

1982, Schlodder et al 1952) althoush the exact mechanisms at work remain fer from
clear (Vinkler and Korengtein 1981, Vinkler at sl 19682), Ve microvaves have been
reported not to alfeot oxddative phosphorvlation in isolated wal-liver mitochorndria
(Blder and AL 1975), but ixpadiabion for 1S minutes at 20 kils did seen to inhibit
this procens by aboulb 204 (Utraub and Carver 1979). Jince any such effents ave

expected to ke highly lrequengy-—dapendent, a morve ayehematic sludy than geems so fav
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seemy worrantod.

to have been attempbted, wolng deoledled protovs

Ly, il is not posalble Tor us abt bhio atage

paping whetlher the veny

a1

cof a0 number of active

wrh i~ ot Banan soatherd

choapvalio

microneganizng (o and Moo farlane 1078, Wellh 1980, bel Guidico eh pl 1962,

[

Urisaler, thin w,xiutms) may be due Lo oneegisod merbrane shabes involved dn electron

e emigwion of electmommmiebio enwegy (rom 4 nugher of

brangpord phosphorylation,

celly thal may be detocbed by microdieleaetrophoresiz (Polil 1981 and Lhis volume) or

=
il
M

by bhe vibrating probe method (Jaffe 1941) doon, however, scem bo be best viewed

menbrane phanomaivm,

g applied

sguivoenl bechiigue that sdlght

Ae indicated above, pe

in tbe present context, to blologieal syubems generally, and protommubive sysboms in

pariiculs is to compure bheir dislecteic properlies nnder sctive (working) and

itions (Fehiich 197%), Unlortunately, we arc

ppani sy egadd Dh

k3

i) sand

insolive (
not awvare of any experimsntn thal have po fav sowpht differences in the dielectric

praperbion of l')i.o'f«:;u;i oal syastens in differsot, identirled metabolic or oabalyfic

phmental Lamina may be aseribed fo the lack, wnblil escently,

2y

of Inotramentation of o capidity adeguabe to measure Shene properbiss acourately undex

pone-saiidie o conlitions.  However, the theorles and deta avallable o

Tarouim o
dy=ahe

s

wit ov eguilibriom syztems do sneble us congiderations

bo introodnee go

that will peonib oo to wlopt tho ophimistlic conclusion that the ewwbenwion of dielacstryle

speotroscapy o working blochemical aystone, ospecially probonmotive onen, ia likely

aueney Wwork is dis thisa

I . . PRl P . S T
Lo prove of walue, Sines

velume) we conline ournelves bo work below 100 pHz,

h.5,.  Confozmabioned dynamios and the dielectric properties of blochemicnl syatbens

i the cane of epzynes, including those of electron tranwport phosphorylalbion,
1

which fypleally nove a burnover numbog in the range a plethers of experimental

approaches have demenstbrated that izolated proteins variety of conformational

-5 oo ‘ .
Ploctuablons in a frequency ranpo of on. 10 Nim to 1077 Hz.  The view haw avolved,

5%

Ghoralors, that s Lsolat substratelenn easyme i, in Weboria (1’7 %) avonabive

i
“3

H
ey

ju_{l:‘ NGy i

by and sorenming stochkaztioc mdeoule!

We may then ask the question "o what extent do the hiph fregquenoy wmobiong of

active and inachive membranes and pivtsing bear s causal velstisnship to eassh other

mid bo those of lower freguency?y tvo morvellous resent reviews Qt;"?n:rf'o‘%ri st sl 197

Welol et al l'ﬁ}."i‘i) have summaciged the ides that a correlational or cousal relationship

betwaen the variouws fluctustional properiies of projeins is indesd crucial S0 enzym-

atic funetion, Ave these propaviies perhaps observeble by dielecirin spechmssopy in

woteing genorally?  Although, wo may rellorale, changen in dielectrele properties

durin have not oo fay besen soughl oy the available «

preted bo Pavour bwo ondn meshaniong

Yo wpaally Inle

in ifoolatbed ('I,nert) globulur probeing (eora Takaph bna and Minakabo 1975, Grant et ol
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2 10, Gascoyne eh al 1981 and veferences thereing see also Hasbed, bhin

(u) Debye-lika wobation of bhe enbive pratein melecule due to jiu possession ol a

permanent dipele moment;

(n) Loty and enpecially protou, mevement o and from, and bebtuwoes, grangs on the
protein surtnce. (We do not here discugs bhe relasation of protely-bound winler),

Sotually, bthe pvepwhe

o
pa et

an indapendean from eanh

vther ol the elemontory processes leading lo Uhe observad, macroscople dielectelin

bone, tut, as ind)

dimpe above, there are rerscnw bo suppoie that this iz

to tuen oub ko be something of an overnlnplificehian, it botwoen thaory anud

erpsrinent found in even the deopest studies (e,p. Soubh and Geant 1972, Pelerson wand

1979 ) lenves abundant whinte

avole factors other than rols

protein or protonic Llactuotions,.  YWe would sugsgest s bherefore, bhat corerelsted oon-

formational Tluebeations dn differenl vegions of the tectioey sbroctore of tha protein

of dieteciric diaper-

sone Dtsell may conobitute an additional laoporitant ssohan

gion (ol White and Slut: y o). Formally, thay would appear a8 o noneaddifiv

tho amall

the Individoal conformational Mhactuations of choavged and polar nupa ol intorent,

und selle and vesicles ale vonnorned (e’fa.L’

nistmebano i sing, wmenbrares

Sedvran 1957, O wie arpd Voreb bl 12 K Crieney

theveln), a i o dielec varkears indicates

that the pres i v Ll f=divpors
: ¢

) i=]

occurs N the rodio-fragency rang

hoab the interts

betwaan the aquecus phasen and the pooriy-conducbing

af ane

s ¥y howowver,

chinslly the ronpirabory cont ol pecus donibrllicans

{fact on 3.1?1&?/3m',§i:31a»—"r:

HEn Lt

sresaien (GupL. snd Bk,

have only » omary

T I TS

in preparation),

bo ehargad surlucon (,"ﬁnl‘wucf_‘ﬁ

b domd ?w”’ﬂd Ty the relaxalion of bound lons

Blocw, eom bhe souarinn, we may ony Yoeperpiged ! coupllng mesbranes

N

we may anbicipate stelllng,

i pop-cqidibrium sucface chares disbeibuti

be oboerved in the aodio-)

and pornibly resonant, diclecteic oy pEr ey

vange under appropriate conditlons.  Sueh g ia lo progross,

lable disl i

slectrochomical opuilibviue aliow one Lo conclode that b0 bhe bypes of electrlonl

treow foal syate

envisa i fhe Felihlich wmodsl are ooy bparespoacd

grmerval ban dicleotric

be diensbl Loy

they should ivds

ppecltrogeopy, o augges bed (1-@,:&5}’1._!..1@!2 ‘)/“)
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slectyon transport phosphorylation may Lo cummen Lol

Copegn by outling of

aa foiloway

((a) P g abundant evidenoe that protelnacsous acomple Lopmrepio v

phovphoryliablon axe proetonnohive

(i;s)’ P4 odn pob casy Lo oanderetond thelr properties in terus of

oAl Lo

thearlse which invoke a delocalised prolon eleatrochemical potential (o othen

)

et dotermediate of

st Vi

delocal {sed, macrommpin

Ling wembranes as g glaod

() he conceplion of the ta state! of

ecillnting dipole with non=linvorty voupled elecheical and vibrational mod

aeribed in Felihlich's theory of lopg-range inleractions it biology, i=

g aystems, and oug

conaistent with the avalloble sxperinental data on bhes

5

pome exbremely ivhoresting rimental bestn of, in blosnergelic tevms, a

poval chavavier,

X T

o L‘h-‘

{« i E(N:L‘g

eriding Hesearch Counuil for Dinsncial support, We

Wo thank the belence and kngl

with Dr fans Weoberhol't, and

achnowle With plessues many

the recelph of material prlox Lo publication, We wre lndebbed bo Professey H. FrBhlieh

sht=provolking dizeussions,

ant i;}m

many laciiying, atimul

B,  REFERERQED

ARGUEOLD, G.PWR, FARTLN ;rrr_m, (o, BARPIN, 2.A., PleRAY, A, and HALPRESS, @, (1979)

Biooiuwan, J.

ZORAMIL, M, (1 GH4) Cure. Top, Bonevg., in prrE

Blochim, Diophys. Acta 501, 407-314,

Bod. (?317’;»") ERTAAN

TANDET, A,, DASADIO, R, &

+w

Hlology of |

Ty Y TRS - ARePEy i . Sy s
BAUH, E. (3‘1{»‘}) ihrancst (Fleipol

MaoLenran,  DGH. and Teagolol T, Aa, edity) ppa 245-202 0 Plonom, New Youk,

y ey Hateli, Y.,

BAlM, He, HALL, 4.5,, HALDER, J. (1971)  in Yenersy Vranadin

Linpielioy W, Papa, 0. and Rowsel,

Hespleabion and Pholosynlheals! (e

Py, {47755, Adristicag mditrice, Bevri,

Supplied by the British Library 17 Jan 2020, 13:44 (GMT)




“l':hﬁy 3 i‘V\v u“ . ( ] r)“l ) 4!3“ u»ti {Jt )’ v 1 ) 3"*] '3}3 N

forseh. 3hp, JUB=2TZ.

. I TS T . . - , — ]
BILa, He, BUPTHER, H. and FRELICH, H. (imm1) v,

CARRAL, Gy PASELEA, P.oand GRATIOR foma Rev, Blophys, Bloeng. ©, 69-97,

CASADTO, 1., BACUARIHL-MFLAND mid, Boi. (1) FEBS Ledd. 07, s24-32n,

.1“{i :u; .) Ty J.S:‘.
GLBoe, . (19681) Gellesbive Prenomenn 3, 209-412,

Lly Hod, and CROFTS, Aui, (0974)  Biochis,

Ssnta 7>L,r!7, G =27,

COHGE
DONOVER ; T, and AAZONE, 1L, (19&1) in "Witochondria and Mierogomes' (Lue, U=Pay
Sehatbz, G. ond Dollner, G. eds,) pp. 487-910, Mdiaore-desley, New York,

BEL GULDTCR, E., DGGLIA, o, aod MIL st (VRz) thya, Deripts

DRISSLER, . and MACKARLANE, W0, (1970) Thys. Lhett. 694, 65-67.

PRI BE P
DUEHEHN, s.H.

(77{4} 'he and the double luyver in

s and polyelzetrglytest Wiley, Chichester,

disperne

AT, 0.8, (1975)  Amn. N.Y. Aced,

i, 247, 251262,

Ui, Puhud, and KONETHGE, WML (1976 Bur. J. Biochem. 92, 367-3
BRESTER, L. and NORDENBRAND, #. (1974) BBA Libeary 13, P63-280,

BVANS, WAy amd SKALAE, B, (19B0) 'Mechanics snd Thermodynamics of Biomswbranes

CRE Preas, Booa Haton,

G, and WHATLEY, P, (1976)

FERGUSON, S5.J., JOWER, 0.7, KELL, D.B, and BOROATO, M.¢, (1979) Biochem. J. 180

Th=tity |

GUSON, 8.0, wel SOREATO, .0, (

a1, mhe217,

=

FROALTCH, H, (1908)  Natuwve 219, T43-744,

o (3915) Proo, Yabl, head, Sel, 72, 42171-400%

5y t SN

FROHLICH, 11, (1900)  Adv, Electron. Rlectron | e,

CASLOYIE, PUR.C., PWPHIG, R, and SZ2OND-GYORGYT, A. (1981) Prow, Mall, Aed, Sei, 78,

QOULT, J.B, amd CRABER, VA, (1977) J. Tdel, Ohem. 252, SH75-5302,

GRABER, Py, EOGNEN, ©. and BUCHWALD, H-f, (1980) FEBS Leli, 149, 559-40.

GRABEH, V. and WI'TT, H.T. (1975) Hioohim, Biophye., Adcta 403, 141-167%,

GIART, B, SHMPPARD, R,J. and 50090, 6.0, (3978) 'Diclectric behavieur of biologica)

moleoulas in eolubiont, Glavendon Press; Oxford,

Supplied by the British Library 17 Jan 2020, 13:44 (GMT)




195

%

ViRl

HOTY, H.V., WAHDERS, HoJ.A, HOOM, TVRLIL

GROER, AVHL, ven der
and TAGER, J.04. (1982) in 'Hebabolie Comparimentation’ (B’i@ﬁ, le ed.) pp. 9=37.

Acpidemic, Bew Yorlk,

GRUNDLER, W. and KSDILMANN, R (’1‘;"(f,?.> 4, Maburforsch, 350, 1522,

GUFFAITT, A.4., BLUENFHLD, HJH, and ERULWICH, .4, (1991) J, Biol, Chew. 256,
;*z‘; JH)MH[}Z I ®
Aoby, HUSMAI, D., BLANCO, Re and KROIMICH, ©,0a, (1978) 0, Kiol. Chem. 243%,

IAXERN, 1T (1977) 'synengobics! Springer, Heidelberg.

.z‘; 1{{'.*

HAMAMOMG, T, , OGO, E, and VAGAWA, Y, (7‘;31,%;‘) J, Blochem, 91,

HUTOHENG, G.0, and KBLL, Dub. (9sia)  Biochem, Boo. Trans. 10, 261,

i

HITCHRIS, .0, and KBLL, 0.8, (1960b) Biochem, J, 208, 31-397,

ILICHEN S, (LD, s 0,5, (1902¢)  Blosei, Bep. 2, 745-749.

Biochem, J. 210, in press,
APTCHEMS , G.D, and KELL, DB, (198%b) Bioohim, Blophya, foba, asubaifhad,

JACKBOW, J.B., VENTUROLT, G., BACCARINI-MMULANDRI, A, and MELAWDRI, B.A. (1981)
Alochim, #i

sphye. Aoba zif s Ity
JArEE, LuF. (1991)  Thil, Prans, H. Hoe. B 295, 955566,

urz. Top. Nanbr, Trans, 16, 471465,

Kazser, ©, (1961)  ACS Symp. Sew, 157, 219-241.

KELL, D0, (3979} Bioohim, Blophyu. Acta 549, 5009,

KELL, e, FERGUBON, 8.J. and JoiM, T. (1976a) Blochan, soo, Tuean, f, 12921295,

KBLL, D05, JOMM, Fo oend FERGUZCR, 5.F. (19750) Biochem, J. 174, 297=
| KELL, D, FERGUAON, 8.0, and JOHN, P. (1978¢) Blochim. Bilophys. Acka 507, 111=100,
BB, SLAWKEE, DLF, and FOREIG, J.0. (1’[?&54!‘) Micrabiol, Letd. ﬁ, 1=11,
KiELLy DL,y CLARKE, D.oJ., BURBNS, A, and VORKLS, J.G. (19610)  Speocul. Sci, Technol,
4, 109-120,
and HITOHERED, G0, (1983)  Dinc, Paraday Soc. {4, in i
and MORRIS, J. (1‘M in Weotorial Heactiong In Elesbron and Ton
gport in Mitochondria and Falwieri, ¥,y wuagliariello, K,
Wllipreandl, W, and Slaber, F.G., aday) pp. 350-347. Wluevier, Amdterdan,
! LERDTINGER, AL, (1982)  'Wrinciples of Hlocheminbry! Marbh, Hew Yok,

Supplied by the British Library 17 Jan 2020, 13:44 (GMT)




Ty BLA

Bioelidn,

(i1 T

Brdmin,

Ly P

HUPOHELL, P,

WICHGLLE , DG

Aol o

FADAN, L, and

P

PARSOMAGE, 1.

FETERSEN, D,O,

PETIG, R, (0

.y WROLL, G, de ZAUTIE, A, and

A S-—S:i' -

Biophys. Acts

sl gy adel Bieoh

(1951) in Yapies

O, eda) Vol 4, ppe 162004, Wiley, londan,

STLLG, L0, and MUPCHELL, P, (1962)  #Res Lett, 144, 63-07,

(1956) 'Chemlosmotbio conpling and

and FOYEE, J. (1967)  Bicchen, J. 105, Ti47-116%,

MOYLE, J. ond MIPOIEDL, R (1979)  Meth, Tasymol,

. (1982) 'Bicensegeticn,.  An Iobeoduction Lo bhe Chemiosmotic

Freua, London,

ROTEREBERG, 11, (1973)  Bur. J. Blochem, 40, 4531-45

PRI, Dy and SCHULOTHER,

and FERGHEOH ’ u,nl @ ( I(}fvi

179) 'hielacheic and Blectranic Fropertiey of Bialng

Wilmy, Ohichester.

FONL, HoA. (1

REYHAFARIE, B, , DAl

987)  Copllective Plenomens Gy 21244,

L oY TN
15y DAL=OHD,

o~
Ty

BOTHENBERG, #

Ay b,

phoaphorylation! (o her, J. ad.) piee TUS=1150 Blsevier,

(i")’(??a) Progr, ourfe Mambr, Sel, 12,
o (199a)  Heth, tasymol, 55, LA7=50%,

o (109b)  Biochim. Biophys.

HAIN RO N (“}“)‘g’k:‘?) Vompeslanon ¥

Ff¥ogr g pd o Wy 259
Prariz, 13
A

[l YE

transductionts  Glynn

DBy BI040,

»

7

Hiophyn. Aots

& £y

et QOME, HoAo (1975)  pdophys, J. 19, fiei-izoo,

in hiolagi

[t

Iy s Sy v B i . %
y GRABEH, U, and WIOR, 10, (192} in 'Tlection Teancport and

ACHOLIE, Ty oand AVINHELL, P (1970) Ju Bloonerg, 1, 307-425,

GOHWARY, (3, (
SKULACHEY, V.

SORGAT, Bl

I‘ML’} Je Fhym, Chet, bHb, 26560642,
o (} )'.}HL}‘) Gadt, oJe Bloohom, 'j/(v?/, Pt Th.

S (“1'"}“}“;3) Rlovnetiotey 10, 5757
¥

Supplied by the British Library 17 Jan 2020, 13:44 (GMT)

Mrsbend an,

theory!

cal Oel

Thotoe-

4

;.. -

A, and LEMNCER, AL, (1979)  Yewh, Zazywol,




1497

SOUTH, G P, and GRAHE, wE. (1972)

STOY, [,D., FONEER, Y.H, ad SCHWAN,

vr, P (19749)

-t

ER, L. (1901) tsiocheminbry, Znd Bd,' Feeeman, Smr Francisca,

TALASHINA, H. ond MINARADA, A, (1979) in 'Di

of Literature on Dielestolios!?

(Veughon, A, ed.) pp. 602-654, Mational Hoseweeh Cowneil, Waslinptbon,

PEISSIH, J., KNOX, B0, TE0NG, .Y, and WRIREE, J. (1981) Proe, Nabl, Acad, foi.
T8y T4T5=T47T

THAYER, W.9, and HINGb, P00 (1975) 7. fiol. Chem. 250, 5350-53%5,

vary DA, K, and T8O, 8,5, (1970)  in 'Wlectren Tranpport and fnergy Conservabion!
(7

Adpiatlion

v, Juih, Fapa, S, Uus

B, edis) pre 4204745
Fditrice, Davi,
VITUROLT, G, and MMLANDRL, BoA. (1980)  Biocohim. Biophys. Acka 602, B-lé,

VIGNAYE, DMy, HENRY, M-R,, 978, B. and KBLL, DB, (WM) Cuir. Top. Bioeners.
doy T15-19,

THKLER, O, and KORRHZTWIN, R, (1‘)4;’) Froc. Matl. fead. Sol, (9, 4185-3787,

VINKLER, ., KORBESTEIN, . and PARELAH, D.b. (1962) WEBS Lett. 145, 255-240,

Wod, (1976)  In 'The Tntact Chlovoplast' (Barber, Jo ed,) ppe B3=005,

Elpevier, Mmsberdam,

wan, 5.7, (1900)  Phos. Hep. 201224,

WERR, . (1975)  Adv, Peob, Chem, 29y 1-l3,

WELCH, O.R. (1977) Vrogr, Blophys. Hol, #Siol, 32, 103=191,

¥
2L

WELCH, G.H,, SOMGGYL, B, and DAMVAMOVICH, ©. (1900) Propr, Hiophys. Mol. Tiel. 39,

XQQthﬁ.
|-,

WEGTERIIOFE, K.V, and van DA, K, (1979)  Curr. Top. Bloenerg. 2,

WISSTRRHOME, H, V., STMONETTT, AL, and van DAM, K, (1981)  Biocham, J. 200,

WESTEIIOPE, V., de JONGE, D.U, COLH, A., GHOFS, A.K., VANDENRE, HeJuh.,

van den BERG, OB, snd van DA,

Trange, 1n presg,

Leskbay
Lo be gubmitied.

JROTERIORE, H, V., HELGERSON, G.b,, THEG, 00N, van KOOTEM, ., WIKGPROM, M. et al

(195%)  hota Biol, dcads Sel. Hung,, in press,

Supplied by the British Library 17 Jan 2020, 13:44 (GMT)




WHITR, D, and BLURSRY, Tad. (1992)  Biopolymers 11, 197310

WIRTUROM, MoH.F, and KRAE, K. (1980)  Gure. Top. Bloenerg. 10, Hi=101,

WIERTR, s, (1a1) Ao, Bev, Toohem,

MY

WIKS RO, )RR Letb, 344, 1083=189,
WLLSON, DLW, and FORKAZ, H.G. (1982)  Diochemintey 21, 1436-144d4.

ZORATEL, Ho, PIEPROBOM, D, and ASEONT, .00, (1900) Ruw. J. Bluchem, 196, 1173451,

Supplied by the British Library 17 Jan 2020, 13:44 (GMT)



