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TERI\TS

ADP;O Ratio - The ratio of mol-eeules of ADP esterifled. per

atom of oxygen utillzed by the miiochond"rial. respiratory
chain, ft is equivalent to the P:0 ratiou having maximum

observed ( r¡theoretical'¡ ) va.lues of three f or irTAD-llnked.

substrates and tr{o for flavoprotein-llnked. substrates of

the electron transport chaln (31)"

Control and- ivlodified llitochond.rial Preparations - The two

mitochondrial- suspenslons used. in this study will be

designated of controlr¡ and. temod.ifiedm" Control mitochond-ria

are prepared- by a rnodificatlon of the nethod of Chance

and. Ilagi]nara (?6) using 3-Lp g of heart tissue 1n 4O ml

med.ium girring a tissue 'rei ireightr/ho¡rogenizing med-ium

volune ratio of i.:10" Modifled. mitochond-ria are prepared_

by ihe same technique using 2J0 mg heart tissue per 40 nI
medium giving a corres¡:onding Nissue wet weigTlt/

homogeni zLng medium vol-"lme ratio of 1 : L60 
"

Colrpling riCoupling'! of respiration and- oxiclative

phosphoryla.tion refers to the clepend-ence of the

resplraiory rate on ADP" 'rTightly coupled't mitochond_ria

are fhose having high respiratory contro'ì ratios r,¡hereas

ûf loose1y couÞl ed'! mitochondria shorv lif tle or no

GLOSSARY



dependence of resplratlon on the presence of phosprrate

acceptor (ADP) 
"

External NADH - External NADËI refers to ivADH ad_cled to the

mitochondrial preparations¡ â"s opposed. to th,at generated_

r^rllhin the mitochond.rla" The folfowingr terns w111 l:e

used lnterchangeabl¡r to d"esigna'be exte:'nal ]VADH;

exogenous e cytop'l asmic, extrami tochondrial and_ add.ed."

Resplratory

defined

pïesence

rafe of

(59) 
"

i,êu 1t

Control Ratio - The respiratory control ::atlo ls
as the ratio of the rate of res,oiration in the

of phosphate acceptor ( e. g" JtDp) d.ivid"ed b¡r the

respiration in the absence of phosphate acceptor

slater0s I'actor - slater postulated. an esseniial- electron
transporting factor be'br¡leen d.iaphorase and cJ¡tochrome g

which represents a common pathway of' electron transport
to cytochroae a from I{ADH or succinate (83). cytochrome þ

in the intact sysiem appears to includ-e slaterrs fa.ctor"

state J Respiration - 3,11- required. components of respiratlon
are present (oxypgen, phosphate, phosphate acceptor,

substrate) a.nd the respiratory chain itself is the rate-

is given by the formula:

RCR = state 3 teågi{+.tigqstate 4 respiration



limiting factor" 'fhis is rhe period

respiration in coupled- mltochondria (

State 4 Respiration - Thls is kno.¡¡n as the controll_

resting state" Phosphate accepior (e"g" ADP) is
and- respira'Lion is slornl in coupled nitochondria

of

59

rtB.ctivet!

Jø

od ô?

lacking

(59).



ABBREVIATIO}IS

ADP - adenosì ne-5 o -d_iphosphate

ATP - ad"enosine-50 -triphosphate
EDTA - ethylened.iamine tetracetlc acid.

GOT - glutamate: oxaloacetate iransamlnase (L-aspartate¿

2-oxoglutarate anrinotransf eraseo EC Z "6 ,1 " 1 )

iviDH - inalic d.ehydrogenase (L-malate:NAD+ o:rid-oreductase,

EC 1"1-.L"37)

NAD+ - nlcotinami,le adenine d.inucleotld.e

NADII - nlcotinamlde ad_enlne dinucleoiid.e (red"uced)

PHII pigeon heart mitochond.ria

RCB - resplratory contz'ol ratj.o

Tris - Tris (hydroxynethyl)aminomethane

Trl s-Ilcl - Trl s ( hydro:rynethyl ) aminomethane hydL:ochl orid-e

GLOSS.A,RY
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originally d"iscovered- by Harden and Young (1) as a coenzyme

in yeast julce" It has since been found in practically all
living tissues, but generally ii: loi¡¡ coTtcenùrations e

Biolog1ca1lyu IVAD+ functions as a eoenzymie hyd.rogen acceptor

associated. wlth d.ehydrogenases - being converted froin the

oxidized- (N¡tI;-') to ihe red.uced- form (NADII) (nig. 1) 
"

lüleotinamid.e ad.eni-ne d.inucleotid.e (iV:itl-t) was

TNTRODUCTÏON

^-r/\I

"-\*/

o
/1 l{ nrr.r\J -v 6l\il,r?

ll-õTT

R

.L
NAD'

+2H

R - -ribose-d-iphosphate-ribose-adenlne

In the cytoplasm the red-ueed- form of the coenzyme (lV¡ln) ls
formed- prlncipally by certain rea.ctions of glycolysis
(Fig" 2) " Increased production of NADH by active glycolysis

tend-s to d.ecrease the cyto,olasnic itTADr-/iV¿.nU ratioo Horvever,

under anaerobic conditions this decrease in the ratio is

mininized- by the contrersion of pyruvate to lact¡-¡"te

FTGURE 1.. 'ïhe interconr¡ersion of oxid.ized and-
red.uced forms of nicoùinamide
adenlne d.inucleotlde
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(Fìquation L) and. by the formation of c(-glyeerophosphate

(Equation 2) 
"

Pyruvate

Di hyd.roxyac et on ephos phat e

lactate

l\ÏADH

dehydrogenase

L *D(* g;ly c er o pho s phat e

Durlng aeroblc glycolysiso decreased lactate
formation requires that an alternate route of NADII removal

be identified" In heart tissu"e o Lactate does not accumulafe

und-er aerobic cond.ltlons, ind.lcating ihat Nhe cytoplasmic

NADI{ has been reoxid.ized. by a sys"bem other than lactate
d-ehydrogenase ( e, g" c( -glycerophospha.te d.ehydrogenase) 

"

Ultirnatelyu ho¡rrever, the NADH produced du.ring a-erobic

glycolysls must d-irectly or ind-irectly reach the

mltochond.rial respira.tory chain, This el-eetron transport

system is lllustrated. in b-ig" 3, showlng the points of entry

of va.rious substrateso the localization of inhibitor and_

uncoupler activities and the phosphorylation sites for
ener€çy produetion. Reoxid.a.tion of cytoplasnie NADIi by the

resplratory chain must require dlrect or ind.irect

permeability of the mitochondrial membrane system to thls

I
H' i{l\D'

L-d-glycerophosphate
d.ehyd:'ogenase

LacLate

¡lADi{ -t-

(1)

(2)
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nucleotlde 
"

The concept that iniact mitochondria are impermeable

to external" NADÍ{ lras originally suggested- by Lehninger

t2, 3, +) " Thls concLusion has galned. r^rid.e accepta.nce (5*g,

16-18) although there appears to be increa.slng evidenee

(10-15) tha-L neither the in vitro nor the in i¡i_r{o situation
can J:e classifled as a case of complete permeability or

irnpermeabllity" Any d-iseussion of th.e clegree of
mitochond-rial permeabillty in th"e oxid-aiion of cytoplasmie

NADH mustu therefore, reeognlze three major factors: (i) the

d.efinition and- sip;niflca.nce of Lhe term "imperneable$,,
(li ) the criteria used to d.efine .tintactness" of a particular
mitochondi:lal preparation in relation to lts permeability to
NADH' and ( iii ) the relevance of (i ) a.nd ( ii ) to the

pertlnent physiological d.ata on th.e requlred. minirauru rate of
ÌVADH rernor¡al fron the cytoplasn by the nitochond-ria of a

girren tissue, Mueh of the difficulty ln interpreting
permeabllity studies arises from the fail-u:re of most authors

to define thelr limits of permeability reLatlve to the

existing physiolo.";ical requirements of' the particrilar iissue
exa.mined-.

Permeability

several fra.mes of reference exlst for the descrlption
of the permeabiliiy oî a membrane to any partlcular substance"



t)

In the Lnstance of cytoplasmic NADH, peraeability may be

sta.ted. siroply in te::ms. of the absolu.te rate of uptake and-

oxld-ation of ITIADH by the mitochondria" A.lternatlvely, the

relatirre permeability can be stated as the ra-r"io of fhe

oxid.ation rates of external NAIIH relative to the maximu.m

capa.city of the respiratory chain to oxid-ize this substrate

(assunning tÌTat no intramitochond-rial N"ADH aceumulaiion

occu.rs)o or relatlve to the oxygen consumption observed.

using other conventional mitochonclria.l substrates ( e"g"

pyrurrate + malate). 1-hese criùeria of permeability suffer
from one common fa"ilure¡ the lack of any obvious relationship
to physiological r'equiremenLs"

Examinj.ng the possible physiologlcal sig;nificance of

cytoplasraic NADH oxid-ation raises the problem; is direct
ml-tochondrial permea.billt,y to ÀlAÐH necessary? Tr¡¡o

hypotheses exist"
(a) Assuming [1AD]1 mu-st penetrate the ¡ritochonclrial

membrane d-irectlyo the question resolves itself to one of

rate of penetration and relatir¡e permeabllity a.s d-efined

aboveu Slotç rates of oxio-ation of externaL NADH by lsofated.

mitochond-rla cannoL be unequ-ivocally interpreted as implying

membrane impermeability in vivo," Such r"ates, though slolvu

may merely reflect a minimal physiological requirernent for
NADH removal, ïf the maximu.m required rate of NAÐÏI remorral

from the cytoplasrn is lolv, there would- be little need to
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have available the full lV.¡\DlI oxicrizing eapacity of the

res;olratory chain" Control of the rate ln Llqg coulcl_ be

exercised by a.opropriate cha.nges in membra.ne permeabllity

induced by the intracellula.r envlronnent" Certain stu.d_ies

of pigeon heart mitochondria" (tI, 12 u Lj) have attempted. to
examine the problem of ìfADIi entry and oxid-ation in a more

physiological c on'bext 
"

The problem of intez.pretlng d-ata in a physiological

context will be consldered in greater cletail in the

Discussj-on" The relative physiological importance of NADH

transport into l-iv'er ancl muscle (particularly heart)

mitochondria will- be eonsi-dered- in relation to the d-irection

and- size of electron floi¡ a.s ¡¡el1 as the celtutar
requi.r'ements for reoxlcj-ation of extramitochond.ria]- TVADI{ by

the respiratory ehain"

(b) Assuming that o.irect NADH entry into the nitochondrion

cloes not occu.r, the renoval of cytoplasraic NADII mu-st he

accomplished- b;' some alternative nechanism(s). A nurnber of
shuttle systems (Fig. 4) which transfer the red.ucing

equivalents of the coenzyme across th.e menl-rrane barrier ha.ve

frequently been proposed- (LT-27) but not always sur¡portecl by

experimental evldence" such roechanisms require the presence,

in c¡rfoplasm and mitochondria, of the necessary enzyaes in
sufficiently hi¿:;h actirrity levels to carry out the reactions"

A]so, the ra.te of transfer of the lntermedlate carriers



CYTOPLASM

oxld-i z ed-
substrate

NAÐTT +

NAD*

I'IITOCI{ONDRIA

(Ec)

reduc ed.
substrate

oxld1 z ed-
substrate

I

( Eru)

NADH +

NAÐ+

----Þ substrate

MEMBRANE

II1--+Resplratory
Chaln

FÏGURE 4" Generalized scheme of metabollte shuttle
systems for the transport of red.ucing
equivalents fron the cytoplasm to the
mitochondrlal resplratory chaln" The
oxidlzed and. reduced substrates mustpenetrate the mitochondrlal membrane
freely
(nC) and. (Erq) represent the cytoplasnlc
and mltochoädrial forms respectlùely ofthe enzymes requlred. to lnterconvert the
oxld-lzed. and red_uced substrates



Y

across the mitochono.rlal- membrane must not be a 11¡ritin€;

factor" This la.tter consid.eration has often been ignored- in
stud¡ri¡¡g shuùtle mechanisms" Recently however, llaslam and

Krebs (28), in characterizing a shu-btle i,rrhich has been

proposed for heart rnitochonclria involvlng ma]lte ancL oxalo-

acetate, observed. a tra.nsport rate of malate which ¡¡as only

3,5T¿ of tha.t required for the calculated minimum

physiological rate" Their l¿ork re-emphasizes the importance

of relating stud.ies of permea"bility to the in vivo cel_lular

recluirements in consid-eration of either d-irect NADII

permeability or transfer of intermedlates in posslble

shuttle mechanismso

Intactness

The criteri a used to d_ef ine '¡infactness,u of isolated_

mltochond.ria" are an integra.l part of any interpreiatlon of
ð-aLa concerned. with mltochondria,l membrane permeabiLity"

There are four main crite:.ia" ir¡hlch have been used. to

d"esignate the degree of mltochondrial intactness"

1 u El_eetron lillcroscopy

The use of the electron microscope is an obr¡iou"s

means of determining mitochondrial integrity" 'l'he teciilio.ue

can be used- to detect obvious damage or morphological d,efects

as r¡sel-l as contanination of lndlviC_u.al prepar.ations by

mltochonclrial fragments or other foreign material-" .,L*owever,



there are specific limitations to electron microscopic

examinati oT1,

(a) The effects of fixa-tion and" stainine; processes on

miiochondrial morphology a.re d"ifficult to predict"

(b) Metabol-ic defects may be und.etectable

morphologica.lJ-y 
"

(c) Photomlcrographs of selected areas of the eml:edd-ed

nateria.l may prorrioe a.n inaccurate analysis,

particularly in a heterogenous preparation"

2, Bespiratory Control Ratios (RCR) (see glossary)

Tightly coupled. mitochondria generally exhlbit hig;h

respiratory control ratios since their state I respira-'bion

is d.epend.eni upon the presence of phosphate acceptor (59),

Assuming that intact mitochoncli'ia are tighily eoupled, high

BCR values ha.ve been u"sed as an indica.tor of mitochonclria].

intesrity (3t, 59) ,

illor¡ever, RCR¡s inay not be as d-efinlti\¡e a criterion
of structural integrity as had. been assu"medo The fa.ctors

control-ling respirator¡t control may be subject to

envlronmenial altera.tion exemplifieC by tire increases in BCR

which can be accomplished- by addition of borrine serum

albumin to loosely coupled prepara.tions (84, 85). Such

observations suggest that the nitochondrial env'ironment

(e"9. the Ìlresence of feity acid.s) may play a significant

role in d-etermlnin6 the RCB and the obserr¡ed. cou-pling or

1"C
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laek of it may not be a valld- i-nclieator of miiochond.rial
structure 

"

ADP¡0 ratios ¡¡h1ch approach the theoretica"l val-u.e

(3,0 for iri/\D-llnked substrates) have also been used. a.s a

crlterion of mitochondrial intaetness" ÏIor'¡-everu several
observations s¡.'-ggest this is a ra'bh.er poof. basis for
defining integrity of' the preparationu

(a) Presence of hie;h ATpase actir¡i ty may prod-uce Iow

aDP:o ratios even in mitochond-rial "oreparations

which are phosphorylating"

(b) Mltoehond-ria with l-oose coupling (1or,r RCli vaLues)

d-o not al-r^iays shoini low ADPILì ratios.
(c) Plitochond-rial prepara.tions rrhich exhj-trit coupt ing

( see glossary) l^rith some suJ:strates (e"g,

pyruvate + roaLate) may appear uncouplect when

incubated with others" For exampleu flnon-

coupl-ingtr has been observed- in ,oreparations u.sing

NADH as substrate, even ihough phosphorylation

could. be d-emonstre.ted in these same preparations

r¡ith pyruva.te * malate ( j.1).

4, IVAÐH Util_l zatj-on

This criterion is based on the assumptlon reltera.ted.
by Lehninger (31) tha'b 'rimperneabillty to extramitochono.rial-

¡[AD]I is a characterisiic of virtu.al lv atl nitochond.ria

3 " ADP: Cl Rati o ( see glossary )
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whether in vitro or in gfgtt" Obser"ved. oxldaiion of NADII

therefore is presumed, to indicate d.amage to bhe nitochondrlal-

membraneu permrtting access to the respiratory chainu or

alternatively, oxldation by another patt*,rayr in the

mitochond-rial preparailr:n (e"g" shutile systems) or by

fragments or other pa.rticl-es conbami-itatlng ihe preparation"

The value of this critericn d"epends sol_ely rrpon the

valldity of the inltial assumption" If i'b is validu then

tkre criterlon is an excellent one; 1f not, then uslng

externa'l NADH oxidatlon to gauge intactness becomes

meaningles.s" Since mitochondrlal studi.es are generally
performed in gl!_fg, cri'beria of physlological iniactness

mu"st be arbitrarily ehosen and may not Tlecessaril;v refl-ect
the true intracellular picture" They can, hov¡er¡eru provid.e

a basis for some comparaiive lnformation, partieularl.v

between various mitochondrlal preparations fron the same

tissue,

In ear'ller experiroents ln this laboratory ( tl u IZ, 1l )

a d.irect 'uptalce and oxidation oí exteri:al NADII at
physiological subsfrate levels was shor¡¡n in plgeon heart

mi'bochondrla lrhich exhibited the con.¡entional criteria of

intactness, viz. high RCR's and ADP:0 ratios, The

miiochondria i¡r those stud.ies were isolatecl by the method. of

Chance and. Hagihara (?6) in which )-Lt' U of minced. myoca.rtLium

are homogenized in 4O m1 of mediumn folloriied by the other



steps d.escribed under Methocls, The Þropertles of
mitochcndria- 'oreparec in th.ls '¡ay ,ne.,¡e been lvel_l-d.er.ined.u

rn this thesis, such orga.nelles are termed ffconir.ol-r¡

mitochond-ria, Their .oropertiesu with reference to NAÐH

oxid-a.tion and oiher me'ba.bol-ic parameters a,re compared_ ln
tnis i¡¡ork wibh ùhose of urmod.if ied.* mitochond.ria lrhich are

,oreparecL by a procedure devised by Dr, Ku i,rirogernann

(unpubllshed. d-ata). The latter method is icLentica.l to that
used. for control mitochond.ria exeept tinat onl-y O,Z5 g

(rather ihan 3-4 g) of nyocard,lurn j.s iromogenized in 4.0 rnl of
med-iu.rn" Thus, in preparing modlfied. mitochonclria, the ratio
of :nyocardlum (e) to med.ium (m1) was l¡160 i¡¡hereas the ratlo
in the control preparation r,rras LzLO" rt r¡as recognized" tl.rat

fhe term ttcontroltt mi,Eht be iaken to inplyu irrcorrectly,
that such mitochondria $rere in some T$ay prejud-ged. to be

s';perior to f hose of the other prepa.ration, slmi.r a¡r y,
ermod-ifieci.rÛ night erroneous'ì¡r be und"erstood to inCicate that
such preparations Ì{rere a nod.ifica.tlon of the control-

mif ochondria" 'rhe term ttmodlfied.n' refers strictly to the

change in preparation of f;he organelt es, rn si:ite of these

disadvantages, the tl.¡o terms T¡Íere retained. since no more

saiisfactory ones could. be f'orr¡¿u

In preliminary unpubl ished sturl_ies i,.lrogemann

d,en:ronsirated. tha'[ the modifiec]. mitochoncLria oxicllzed. added.

NAÐH mucì't more slclrly trlan control preparations bi1t exhibited.

l''
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lower BClits and a sloi.¡ oxygen consumption wlLh pyrurrate +

maf-ate as substrate" The r¡lork describecl in this 'bhesis

represents an attempt to cle'üermine the posslble cause(s) of

the behavioura.l d.iÍ'ferences observeC betv¡een the conir"ol and

mod-ified m1'üochondrial Ìr::eparations " The dif f erence 1n

oirygen consumption with added. lJfu)H as substrate tr{as u-ti'lized.

a.s a basis for examining the requirements for and" the

mechanism(s) of cytoplasmlc NAÐIì oxidatj.on in _oigeon heart

ml j;ochondria 
"





Follo'¡i1ng ihe studies of Lehninger (2u 3u 4) in which

the factors influencing the mitoehond"ria.l oxldaticn of

externally added. I\ADH were firsc examinedu it has generally

been accepted- that lnùact mitochondria are impermeab-l-e tc¡

NADH" Lehningerss i,rork on liver mitochondria sug:gested tlnat

extramitochondrial NADH does not penetrate to the internal
site of electron transportu but is largely oxidlzed by a

non-phosphorylating, cytochrone o-requiring o'external'!

pathwayo A variety of data has since been accumulated. in
support of this orlginal concept of imperrnea-frility to NAili{

in intaet mitochondria." Chance and .lriilf iams (5) observed.

evidence of a. permeability barrier to external l{ADil in
studies of gu.inea pig liver mitochond.ria" Low rates of

oxidation uere observed until tz'eairsent iir h¡rpotonic

( 0,1-1" oslYi) mediu.m ïia.s ernptoyeC- to srçe11 the ruitochonciria"

Thi-s trea"tment p:roduced- a fou-r to five fold inc¡'ease in the

NADH oxid-ation ra-te"

LITENATURE REVTEW

4ttì

The d.iseovery by Ernster and his cor¡uorkers (6) that

Amytal ( sodium amobarbital" - an inhibitor of respiratory
chai.n NADH oxid-ation (see Fig" 3)) only partia.ily inhibits
the oxidation of externalty added NADH (non-phos.ohorylating)

lea these authors to postulate two alternative paihl;ays in.

their ra.i lirrer mitochoni-ri.a.I :oreeara.tionsu



( a) Internal pathiria¡r

(b) External pa'ch.way

:

- b¡rpasses Slater I s factor ( see
g;lossa.ry)
cytochrome c-requiring

The latter "pat!'wa.y (b) is si¡ail-ar to that first
suggested- by Lehni-nger (3)" A more deta"ilecL consld-eration

of the external pa.tlnt,ray wil-l be presented La,þer 1n this
¡a¡ri ar^iÁvv¿vui6

Amytal-sensitive ]
phos phory'1at in-g J

Amytal-insensitive
non-phos phorylating
non-mitochond-r'ial cvtochrone c
red-uct,as e

EVid-ence for a. cytocltrorce c-sti¡nula.ted- oxidaiion of

extramltochondrial itlAÐFI has also been observed by Humphreys

ancl Conn t32) ln ].upine miiochondria" Their results
indicateô- tha"t a"n anount of itIADH ¡ras oxiciizeC equi-ra.lent to

the amou-nt of cytochrome g add-ed" Their lnhibitor stuclies,

however, esta-blished that tkre same natnway existed for the

oxid.ation of interna.l oï' external t'IADi-I, and inclicateä Llnat

the observed c)'tochrome g stimulatlon 1s not necessarily

related- to an external oxiclative pathwa.y,

In studies on rat liver raitochondtia.o Maley (33)

found both o>ridation anC phosphoryi-ation r¡¡ith external NAIIH

as subsire.te" The addition of cytochrome c to her

preparations resul-ted in increased orygen consumptj_on and a

correspondlng decrea.se in phosphorylation ( P/O ratios),

Althou-gh these obsefvaticns Da1ê ^^nnâf i 1¡l a ir,i j:h ncr.nroaþilitv

tn

i"ê. the
respiratory
ch,ain
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of the mitochondrial membrane to NADIï, i4a1ey preferred. to

conclude that the enhanced- oxid-a.tion 'bre.s related to the

exfent of mitochond"ri.al damage indr-rced by ùhe particular

isolation p:roced"ure. She fa.vours the Lehnin¿;er concept of

an external pathvray for IITADH oxid.ation"

In preparations of b'eef heari a-nC. rat 11r¡er

mltochondria. isolated- in 0"38 lit sucrose, Ziegler and. Linnane

(35) could not detect oridation of external NADIÌ. They

concluded that the use of hypertonic preparation media

ensures intactness of the ini¡ochonci-rial rnembrane. 'Jlhey

subsequenùly concluded. that no equilibrium exists b,etween

internal and external pyrlcìine nucleotides 1n iniact
mitochond.r'ia.o llolnle\re]?n it has been noted by several a"uth.ors

(l,Ou LI, 36) tha'E the hig-h tc¡nicity of O"8B tri sucrose is
inhibitory to mitochondria"l oxidations, inclucling exte::nal

NIAD-II oxidation" I'h1s obserr¡ation constitu-tes an adeoua.te

explanation for the 1or,+ rates of ad.ded- IIADH oxldati.on

obsen¡ed bJ' Ziegler and Llnnane (,35).

Oxio.ation oí reducea pyriC-ine nucleotides (NADH and-

I{ÄDPH) eou"irled to phosphorylat:.on has been examined by

Joshin l[ewburg-th and- Cheldelin (34)" Tn a systen consisting

of beef heart nitochoncl-ria ancl a soluble fraction ír:om heart

they detectecl oxidative phosphorlrlation associated- r.;ith

oxidation of t'oth NIAÐtr andr N;trliPH" This phosphorylaticn rras

Ì¡ioeked. by é-ietim.vcin A ancL 2,4-d-iniirophenol (see r'1*-o 3)"



1íJ

Joshl gt al , (34) attriÌ:uted, three possi.ble effects to the

soluble sunerna-üant fraciion; a perneability iTicreaseo a

transpor't of reduced- pyridine nucleoticres b)' some fac-corn or

a reduction of a. supernatant compound ¡ihich crosses the

mitochond::ial membrane and, is su.bsequently oxid-ized b¡i th.e

electron transport system" This latter possibiJ_i.i;y is
rela.ted to an al-ternative type of oxidaiive pathway

postu-lated for the remor¡al of cyto;ol-asrnic IJADII (1.e" shuttle
mechanisms r¡hich med-late the bransport of reducing

equivalenis Ð.cross the mltochondria.l mçmbrane). oner of the

better estabrished- of these mechanisms is the c(-glycero-
phosphate shutt-Le (Fi¿;" 5),

The fi-glycercphosphate cJ,rcJe of insect flig.ht tissue
ha.s been exarained. by Zebe _e! ?l__, (tg) , Sacktor a.nc]. Estabrook

(20), Estairrook and. Saclitor' (ZL), Vogel-l g! il, (22) ancl

sacl<tor and. Dicic (23) " Their results ind-icated. il:at the

enzymes necessary for this cycl-e; occur in insect flig:hl
muscle in sufflcient activity to account foz' the oxicLation

of cytoplasrnic IVADËI. Saclctor a.nd. Uic.lr {2j) useo Leased

mu-scl-e preÐa.rations l¡hicli shoi¡ecl no oxld-ation with aod.ecl

l',lAIJI{ alone as su.bstraie but respondecl" wlth rapid, oxygeil

consumption u-pon further ad_dition of d.ihyctroxyacetone-

phosphate" other studies on ihe mechani-sm of the c(-Eiycero-
phosphate shuttle vrere also performed by Uelbrii-ck et aL" (24.j

and Young e_t_ al . (25) in martma.Li.an slrstems anC by
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Kling-.enberg ancl Slenczka (26) in varj.ou_s tissues" T'he

la.tter au.thors d-emonstrateo. ikn.t ihis shuttle system iras not
functi.ona-[. in hea.rt tissue since the rnitochond.rial

L-d-¿;lycerophosphate oxid-ase (L-glycerol-3-phosplnalce;

cytochrome c oxid-oreduciaseu EC l""L,2.L) e one of the ti¡ro

enzymes requ-irecl f or cyclic operati on, is not present in
snfflclent quaniity in heart muscle" Suranyl et al" (Z?)

reconstl'ucted- an d-glycerophospha.te cycle f or lï;rjlll orid.ation

usinÉI subcellular fractions from rat skeletal_ rnuscl e. T,he

system consistecl of acrding glyeeror-l-phospha-te ancl ihe cell
sap obtained from the preparation of yat skeleta.I muscle

¡nitochond.ria to the nitc¡chond"rial suspension" T'he I{ADH

oxidation rates obtained r¿¡ith this s]¡stem r¡rere the sa.me a-s

fhose observ"ed when the cell- sâ.p rrras replaced- '¡rith ar. excess

of l,-o(*filycerorrhosrrha"ie cLehydrogenase purif ied- frcm rahbit
skeletal muscle, 'i.'heir obser',¡ation L]nai ikiis oxid.a.tion of
exter:nal I)IAUII tias insensitive to Am.-'¡tal or ¡:oteì.Lone

inhli:ition, but sensitive to Antim¡rcin A provideil_ adclj-tional

evid.ence to support the hyootbesis of the operation of ihe

o(-glycerophosphate shuttle ln tkreir s}'stem (see Fi$, 3 for
inh.ibito:: sites and points of substrate entry to the

respiratory chain).

0n exa"mining the role of mitochoncl:cia in intrace]-lular
oxldaticn of cJ"uoplasnlc ¡il\ÐH, Derrlin ancl P,ed-ell- (?)

concluCedr that inta.ct liver nitochondri¿r are impermeable 'Lo



external l{À.D}l" Addition of eataLyLic qaaniiiies of a.ceto-

àce1,a-ve or ¡3-hydrcxvbutyrate lncreased- oxict-ation of added-

i\/{Di{ by Í'a.T .l-i.rer mitochoi:rdria" A nelri o?shuttl-eer mecha.nisn

was postrllated by uevrin a.nd Bedel-l ('/) invol.vi-n¿:; tkre

transfer of rech¡,cing eqniva.r-ents from l'.]AD¡l r¿v ß-hyl_¡6¡;r-
lou.b¡i¡¿¡e d-eìi]'dropjernase (D-J-hycrr.oxyrruL"vrate;I,l¿!D-F oxj-cro-

red.uctaseo EC J-,1-,1 "30) to fA-hyd"roxybutyrate (llig. 6) .

Alnosi innediatel-¡' o evid.ence :refu-ting the postu_lated cycle
was presented b;r Lehninger' çt al. (3?) n¡ho cÌemonstratec.j. thaL

r,he D-þ-h].droxybutyrate d.ehyd.rogene.se of' xat ]hearí anl. ra"t

river mitochondria is unreacti-ve r,.rith exte-r:nal NAir-ti.

Furtheraor'--o the enzyme was not deiecta-l:le in significant
amouitts in ihe sofrrble fra.ciion of' eith.e¡: rai I iver or ireart"
Lehnincer e! gÀ. (3'7 ) su.,o,gested tnaL the ni üockrondria u_secl

b..,' Devlin ancL Bedell ('/) hacl. been dana.ged d.uring their
isola.tion pl:ocedure 

"

'Ihe norpholog;icat retationship of isola-ied
rnitochondria to the oxidai;i.cn of extramitochond-:'ial_ l{.¿\Dji has

been examined b;r ì)esiipande e! al" (38) in prepara.iions from

rabbj-t heart nuscle" Ihe ai-iihr¡rs noted a variet¡r of
mo:rpho1cr.':ical cllff'erences beti.¡een isolated mitochond.::ia, and

the organel les i4 gl!J¿" 'r'hese auilrors reported a sloi¡ raie
of oxiCation of exiramitocìrond.riai I,IADH by miLochonctrial
-ñ?^hô¡nf i 'r-¡ -^*+i ^11--p-r'epe.-ïaLt-o-r'ts e >>srrvL.rL-LJ rr'€e of ft'aglients. pathr^la.ys of

oxi-dation su"ch as the 9,1]'ceroohoscilate cycle ano_ the

a4/l
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åcetoacetatelp-nyaroxybut¡rrate c:tcre l¡ere not found_ bo be

íunctionin,g in their sy sten. ä.'he data. a-l-so inclicateci a

simllar :rate of cxidation of free l{,iÀlËl ancl- of enzyrne-bou-trC.

l'i/t.D-l'-, by the rnitoch.ond.rial suspensions, They conclud"ecl tu_.Li.L

¡¡iew of' the uncertainties as to ihe si:ru.ctu::al- anri-

'biochemica.-1. integrities'i oÍ' isol-ated mj.toe.honclri n _ thai ii
notrld- ]:e urun justified. to state L]nat heart muscl-e ¡¡if ochoncLr.ia

are ineapab'l e of eata,1¡rzing the oxirlation of cyboolasnic

NADj:lfr.

studies of int:'acelli-r-lar hydrogen trans,oor.t bj. g""*"
and Derzlin ( 8) once again d.e-signate mi'bochond.ria-l

inperroeabil-it¡r 'bo lrlfi)H a.s a c¡ite::ion of i.ntactness in
11ver" mirloohond::ia o a-'r,tribi-rting l-oi.{ l.,i:\ilj:î oxid.aii on ::ates -r.o

d"a.ma"ge infl icted du.rinq preparation" The hi3,her rates of
oxygen consumpticn ofte:r obserr¡ed. in jrear'c mitochondi:ial
preparations inpriesu to P;oxer anci. Der¡lin, an. increased-

labi1.i'by of the nitochond.:rial meml¡rane of thls tissue.
T'heSe a.U'LlfOfS ïe-êTnnh¡qi zro the si øni fi aánCe Of neClfa"nisms

such as the O(-..;1;rcercphosphaie cycle to accou.nt for
.oh;.si-oJ-o6ica.l oxlda'bi on of cJ¡tcpt a.srnic I\IADü,

(, ')

sho-r,¡t

vivo

Diphospho?¡¡rl,Line t1u.c,a eotides (¡l;tn- and i't,.rllLt) were

to enter lirrer mitocirond-ria ai a aeasurabl-e ra.te irl
and 1ê 1g[llq b;r Àrrvis a.nd Loiiens'Lein (Jg), Ilowerrer,

their compari sons of 'che 'i;rans pcrt rate aird res pi::ati on

shor^¡ed- thai the raie of transfer across the me¡:nbrane coulcl



in no way acconnt for any signi

resoiraiory ra"teu .Lolreilstein (

miiochondrial im,oermeabiliiy to

systens (shut bl e s ) as the ma- j or

thi s redu,c ed- c oenzyme 
"

Oxid-alicn of external rfAD_Ljr was sti¡_died- in huma.n a-nd

ra.t skeletal muscle mitochondria by üedman, Suranyio Luft
and Ernster (40) who oi:serr,'ec, a cy'boch.rome c stimulation of

aeroblc oxidation of NADj{ by mitochondria prepared in the

Tris-KCl ned-ium of chappell a"nù -ceruy (86)" The cytochr.ome

ei'fect was completely suppresserl- by rotenone in tjre yat

mr:-sele plreparationo but only oa-r'Lia.lly affected in huilan

muscl-e mitochoncl.ria." Finding no evicl-ence that I'JAilll oxidation
proeeeded b¡¡ a"ny of ihe prooosed shuttle pathr*ays (r¡iz"

B-hyd.roxybut,y::al e u maLa.L e/oxal oac etat e or d-elyc eroìrhosph.ai e

sl.ruttles), these authors concl-urcled. tnai, skeletal muscl_e

mitocleoncl::ia contaìn an oxid"atir¡e pathlvay fo-r external l'lADî.I

t¡rhose ooeration is depend.ent upon adil.ed. cytochrone c ancl

which is sensitive to inhibition by ÀmytaI, rotenone anc1

Antin;¿cin A" Furthernoreu certain rvater solu-ble Coe

honologu-es could be su-bstitu.ted- for c.y-uochroine c in sojne

instances (see t'ig. 3) ,

P;orst (41.), 1n iris stuclies of i.,i'/iDH oxid.ation in
Ehrlich ascites iumour cells, suÍnma.ï'ized f cu-L: ci-1f f er.ent

types of oa'uìrl,rays '¡¡hich hacl been rto.striiated- -t o r ne.ç cjabe

fica.nt portíon of the

9) reiterated the corrc€¡)t of

.rl:+j)b anri sug¿,;es beo- carrier
mechanism of oxldation of

t-r.!'



(I96i) for Lhe aerobr.c oxlcla.iion of j[r\Dlì. 'bJ¡ the mitoclrcnd-ria

of a.nimal c el'l s 
"

L, 'f fnternal'e pathnay - An.binycin A-, Amytal-sensitir¡e

- å3::tl:i":?;åiå" exrer:na, jirArri in
intact mitochonli::ia

2u "Externarrâ pathway r - Anrimycin A-o Anytal-lnsensitir¡e
- non-pllos phorylat ing;

involr¡es extra.mi i ochondria.l-
cytcchrome g

3, "Externa-l-'r pathway fï - Am¡.tal-insensitive
Antimycin A-sensitive
-insensitive
invol ves ollirrones anclL1q¿L¡

cases c.\¡'r,ochrone c

t4, rndirect o;ridation by means of a su-Ì:strate cycle (e"g,
o(-glyceropirosphate cyct e or ¡3-hyclroxybubyrate cycle)

rn the Ehrlleh cellsu r3orst found- that none of the abo.¡e

pathlays eould sa.1-isfa-cbo.r:ily account f or the oxiila.iion of
el';tÌ'eimitochondria.i t\iADtl, anc conchrd-ed that this plrocess

involi¡ed air e.s yet un.Lmown ¡retabolic c;rcle"

rnliibito:: studies by Ernster, Ðallne:r ancl .r{zzone (421

d.emonstratecl t"lnat oxi.dation oÍ exbra.nitochond.rial N;\DËl b,v

raL lir¡er mitochondria could- be inliibited by rotencne

(a pariial inhibition dependeni u-pon the presence of ad-cled.

cytochrorne c-) . Thi.s observation ,ororrid.ec,. further evid.enoe

lor a separa.ie cytochror¡e c-requlr'ing e.-rternal path',,;a.y of

IV"AÐH oxidati oit 
"

-t.-j

Conov'er and- Ernster (4:) ha.r'e sti.r,diecj the flarroenzl¡me

LT d--laphorase ( reclu"ced NAD( P) : (acce,otor) oxj.d_creiluctasen

or

in s one



EC I.6,99"2) r.rith respect to possible coupling of extra-
mif ochonclri¿11 itT::Uli:i oxicLaiion to the mitochond-r'i.al- respiratoz.y

chainn T'hey indi.catecl ih.e possibi] ity tha*, this r¡irarnin lic-)
requir'íng enzyme, f ou-nd in re.t liver cyioplasm, coul-c rnediate

electron transf e:: from cJ¡top-La,smlc NADfi io tÌ.ie r.espi::ator¡r

chain. 'i'he problem v¡itli this systemu noted- by ihe authorso

L. i es in relatinp; 1t t o tkre physi ol ogi ca.l c ont e:rt sinc e

vitanin K. is an a-rtif iej.al electron acceptor'" An evalua.tion
J

of the possible physiolcEical sj-gnificance of th.is enzyae

t¡¡i11 necessi-tate ii entlí'ication of' the na"tu-ra] su-bsta-ncc:

t^lhich aceepts electrrtns frc¡m this enzl,¡me"

In L963, Lìrni'bh, Cheldelin and i'{er,i.bur'gh (44) continued

their earlier stu-dies (34) on ilie eff.'ects of a solut,le

fra.ction from heart homoEenates on oxlo_ation and

phospho¡'yla.tion cf externa.l- N.ADÍT by hea:rt roitochoncl:r,ia"

T'hey e>;anined the relationshj-p of this solu¿ble fi'acti.on -cc¡

th.e pe::rnea"bi.-Lit¡r oí' rir.itoehond::l.a a"nC the sj-prnificance of
l'lADli to ihis process, Fron the heaf la.bilit.v of the soL.uble

fraction, the auihors oostu.fa.tei. the e:cistence of an r?acti¡¡erl

protein conponen't lihich impli ed e ,)ossible enzyme.tic

altera.iion ot' an existinç pe::meabi-11ry barrier.
Blanchaer (10 ) reporbecl stud"i es of mi-uochonctria.l

respiration from red ancl- '¡rhite guinea" pig skeleta.l nuscl eo

T'he f:inclings 1n tlle.se experi.inents lndicateci tlia'c in whlte

nu-scle, the o(-gl-ycerophosphate shu-ttle proba'Ìily cor-ll-d- col-lr:)l-e

2b
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the oxidation of NIiDF' in the evtonl:+srn 1;o tl:e nitochoirclrial
r"espiratory chaln" In con'l;r.ast, the oroper.ties of the ::ed-

muscle mitochonrlria- s¡r-g¡¡ested- tÌlat a direct oxid-at.i.on of
l'[ADj:i by tfie respiratory cha"in r,iâ".s lrore proba'b1e than a

shuttle nechanj-snu ïhls rJ.a"ta. i-s compatible r,¡lth o:revious

r"epor-t s; i:y Blancha.er qi al " (It,5) ancl i,zan l,ii jhe et al " (4.6)

(1' 'F.1,rc nrrqnti.,-tatrrr* ** *"aochemics-l char.a"cteriscics of red

an"d- whit.e slceletal- muscl-e, The auihors a.l-so ncltecl that the

presence of botkr o(-glycerophosphate oxidase (L-glycerol-J-

*ohospha"te! ci¡tochrome c o:<ido::edticta"se, EC 1"1- o Z.I) ancl

dehyd.r ogenä"s e ( L -C;lyc erol- - 3 -phos phai e r NAD" oxi d-ored-uc tas e,

EC L "-l" u1,8) ir:- rçhite f ibres providecl er¡idLence f cr ihe

coupling of ihe oxid-ation-recluc'ûi.on reactic¡ns of cyto,o-l a.sm.ic

El-)'coÌ¡rsis ¿+nd- mitochoncìrial respi::a.t_iori ln this fi-bre type"

itlargreth a"nd- rizzone (i-pZ) re-emphasizecl thi.s
I i -r-¡ .^ -.'-¡ ^r^: -^: f c¡trrr-a hñ-l-,.leen ::ed ana .r;hì i.ê mrrqn'l c -i .,u-LÞul_JI¡'LtL;fllJ-j.!,-r. auc.v¡;_lÇ uuu¡\,€€fl J-'{jCI AílLi'/,*._,_ _..i/pes"

They srr.ggesied tha.t ccm'Linually actir¡e muscres (i"e" recl)

nay reoxicl-ize f[ÄÐH ihroug:h the respirato::y chain b], either a.

su,bstrate shu-i;t1e orî some al-iernat.ive unknorun mechanisn,

ii'he sa-me a-i.:.thcr.s pu.blish"ed- fu.r:tÌler e¡,'iclence tl-rai

glycol;ri1ca.ll-y-generated, exi;erna.l ìIAtrt: is o:ridi.zed by i;ile

r,litochond-r'ial respi rator';"' chaj_n th::ou¡¡;h ihe same e-Lectron

tran-qíer' pa.tltwa;r as tkrat inrrolveo in the oxid-atlon of

inframitocl'tond.riaf l,j;I]lli"'l'he¡' disconnted_ the possibi_1ity

t}:eir pr'e¡raration of increased. iiADH oxici-atlon as a ¡:eslrlt

in
of



increased perrneabÍ-1i-ty cau.sed by nle:ll¡rane da.mâ,qe"

tru:r.thermore, the inhibiii on of' N;iDTl o:<id-ati on d.ernonstrated_

by the a.itcl-ition oÍ' olip'omycin inclicated t?rat, for their.

systein, ihe oxiila.tive pnocess ma.y be compulsor'ily-l-inkeci" to

tho f orrnatj-on of' hi.¡,Lr energy iniermediaies " I-J.ol,Je\rer, some

difficulties arise in the intei'pretation oi'tlieir oligomycin

eff ects in homogenates, Jlrastic homogenization conclitions

or the ad-d.itioir of pota.ssium chloride (f O mi4) to the

incu.bation med"il-m greatly redlr.ced or abolished the oli,gomycin

lniribition, Tlhe presence and. d,egree of inhibi iion al so

depen.ded. on tkie tissue usedo 'I'hese consid_eraticns su,q'sest

tha.t th.e resrr_ì-ts of this ty_oe of experinent mu-st be

interpreted cau.i i ousl;i 
"

In a r:eport on ihe ini.bochond-::ial i{Aij}l oxidase from

Ìrraj.n mitcchond-rial- extr"acts , Di Prisco qt a.1" (48 ) proposed_

that some of tÌ:e ar¡ai.la.bL.e er:perimenial d.a"ta. on e:;iernall_

NAÐII oxidation i¡¡ere not rea.d_il¡r ex,ol-ained in 'üerns of a

permeabili-r,y ba:r'rier to exogenous nicotinamide nucleotic¡es"

they ref er to data from Ern.stei. etr al" (6) , Vi.o;nais and"

i/ignais (ii.9) and. lLa.ley (33) in ruhich l[ADl] generated-

contintr-ou.sl¡r by ci-ehyci-rogenâ.ses addecl to tkre incubaiion med-ia

exte:-nal to the mitochonclria l¡a.s readily o:ciclized_ by the

AntimJ¡cin A-sensi tive res ¡rirator¡r chain " T'he siucli es of

bi'ain mi'bochonC-rial exi::acis (4i3) prorride evid_ence for the

occuiTenc e of c omponent ( s ) l';hi ch nod-i- f¡r the iTTADH o:rid-ailve

28
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TÐ"te by the respirator';' cInin, This '!ae,Ti,,Iatine factor'e T^ras

cYtaracierized a.s a heat stabl e, solubleu non-dial_yza.I:Leu

mitochonclrial conponent " Disruptl:n o-i. th.e mi_tochoncj-r.ia

rel eases the unlçnown factor inio -'.he solnble fracf icn"

Becr:ubination of pÉIrticulat e anð- soluble fractions i:roiluced-

increased. i'í.{Ði{ o:cid-ase acilvity.

The role of magnesium i-;r the oxid.ation of external

Àl-l-\DIï by rat liver mitochond¡'ia has been exarnined by cerei jo-
santaló (1+)" i]e em.ohasizes the ,oossibiliby that va:riations

in mif ocjronclrial pei'rnea'oi1i-iy to external i\Allti occur in the

liviteg cel--|. ancl therefore cleser:ve further consicleration"
-/Santaló ( 1+) observecl tTtal; vaL l-i-¡er mitochoncl-r:ia incu-l:ated

with julg+z Þ2 mtl) c1i,c no'c oxid-ize acLrerj iYÀ.DTi" fn comtlaring

sairial-ó ? s ð-aLa, r¡ith the concliti ons utili-zed" b.y Lehnine,eï (2 ,

3), it is thus ;oossible to expla.i.n the lack of e_rtra-

nitocÌrondrial i\AD-il oxicla.ti:;n in Lehninf'-e:r.8s :rat I i.ver

irrepa.ra.tions bjt the llr:eseÌ1ce of.' an lnhibitor:y l_er¡el (5 mit{)

or' i\1gClz in the HÐ.Tburg: med.j.um" Th.c presence of Lig-" (>Z m-irt)

in the i.ncubation meclia. nsed- in exi:erlinents of other workers

{I5, 33) coufd- al-so accoiln'b for iheir repoz'ts of

mi-tochono-rial im;oe::'neabili t;' to adcled r\Alli{" Fjo-vÍel¡er " the

r'ig*Z conceniration canno'b a.ccount for the 1ow o:cygen

consu-rnpti on rates f ouncl o¡i otk:er workers (39) " fn the

a.i:sence of aclclecl- i,ig+2 , Sanr;aL/o fol:-nct- external l\il\D]i cou-lcl be

rapidly o--cj.dized b¡r 1iv'er nitochond,ria" The a.uihor attenpts



to::elate tirese obseri¡aticns i:o a posslble moce of Iíis:-a

control oveï ceJ-lula"r N;,illii oxid.ation undef' ;ohysiç'l o¡;ical

ccnc.itions " i"iagnesiu.m, a !:trotrv-n protecf o:: of miiocLrond_::ia.L

structu:re, may be Ð.n impo.r:tan'L factoi. in the contro_L of

litocìrondrial- 1:er"rreaÌ:i1iiy" .;ha.te\re:r"'blrc ¡nechaniLs.ra,

Sa.ntaló0s d,aLe lndicates that the f::ee me-g:nesi itlr

cotlcenLration in +-he ¡recìiuin is c::itical" 'fhe estrnated-

concentration of total cellul_ar ma,g-;nesium (i:ound" and. free)

in nitochond-ria 1s 3 mÌli and in cy'bop-'1-a"sm is lower" The free

magnesitlm concentra-bion in 'bhe cytopJ-asrn and ibs relationshio
no uritocl:ondria.l, st::uctu-re anrl- to the nagnesium-ATp bind,ing;

is a signi- jlicant aspect of the Dossible reg;u.la'uion of ÌiIAÐIi

entry into lnitochcndria"

Additicna-l- siud.ies by Sanl.aT6 (15) T,iere reporied- on

tlre respiraiio:ry-cteirenäent si,;el-l-ing of tat liver rnitochond_ria

in sucrose anci in po-Lassiun ehloride rnei.ia., l"-ie observecl a

naxiinal- swe-] -l-ia¡, raie at ,oIL- '/ " 0 in j¡oth suclose ancl potassium

ci\1orid-e with i\i\D-ii as subsi.rate" The onse-1. of sr^rel-l-j-np: rras

delayecl u iloi',Jerrer u in the potassium chloride nedinm" Ttre

N/\D}I-indu.ced sin'el-ling lvas resistant t o rotenone, which l'{as

interpreted. to inclj-ca.le th¿;i tjle redu-cecl p¡r¡i¿ine nuc-i.eoi1d-e

acts as a su-bstra"te of tire reslriratory cnain. santaló t:.ied
io relate ihe sr;r.sceptibility of' mitocl:ionc-ria l:o srve.r-_l-ins to

a pÏot-on of'essure on the mi-tochono-:lial membranes e:"lerted_ by

ihe flor¡ of electrons tlirou..h ihe respiratory cirain" lüe

-l'.i
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suggested tlnaL res.tiratory sr';e-l l-ing could" 'be inhit,iter; by an
-F

inc:reasecl ,{ bindi.ng capacl by ( increased al<alinity or

increasecl nolarity) , thus inpl-y1nt u" li.nk beiween electron

l:fa.n¡ii'lofi, a.nd .q'i,,'el I inn ì;hfrl'.^t^ i-'ì-Y^-; +,-nl1 rììrr'l ri:rl ni"ñi¿i1vLU,t^Ðt)v^ v e/rru. u!!v-L.Lr.Lrt) vt.L UL:¿-!l It!vL-¿!LL-L vvVJ.lvr.ILLI!-fJ- rvlu\

irr,r¡lrrn{-i,rø 1T¡rr,re,r¡ar^ i nerr ffiCi_eni e.¡j-d_OnCê TrTâS llf.esented- tOI :!v.rvv uf t

clefine a mecl'Ìanisrn by t¡,'lrich 'bhe 'p:roton :oressure initiates
the miiochondrial siÍel1inpi"

Á're a.d.ditlons1 challenge to tkre theory of mitocl:rondrial

impermeabiliì;y io external iuAr.rì-j lras also re;oorted. Ì:y Cerei jo-

^/Sa.ntaló ( 50 ) i.'r studi es oí aerobic glyeolysi s a.nd

nitocllond"ria"l swelling" FIe su-ggesied glycol yilcal-ly-inci.r..rced

nitochcncl-rial sl¡el-l-i-ng nay rencLer miiochondria permeable to

i\üÂDli, A ca.usal relationship r\ras d-etectecl- betlteen

mitocliond-rial s'..,rel.l-ing a,nr:- th-^ failure, o:f g;l ycolytic lacta"'l,e

f or'ruati on " Cerei j o-San ba1ó postulateo- thai slvel ling
'i ncreases lrelmeabllity to ]d;\D]i, incl-ucing a conpeiition fo:'
'bhe cyf oplasrnic -reou.ced coenz¡line anci coÌ:lsequen bly inhj-blf ing

Lacrate producti on 
"

-BJ-anchaer, Lundo.uist a-nd- Criífith (11), using heart

niioclrond-r'ia, publ-ished further er¡idence ccrnpatible nith

ciirect nitochono¡:iai 'Je i.neaDÌ1íry to exLern¿"-ì- ,'ltlui i, ccn'b::ary

ti'¡ f.Ltç ç Fy1 ê1.21 i rycti ¡rn rr-..rn¡r.qêd 'lr-¡ l',pirninoor I ?1 l - Stllrl¡¡'ìnc"v'J vrru ÊiLlf U¿ØL.lLØ vIvII !vJ- V'JvÐvu v'J !vr.uilirÕ!L \ )L I I Vvu!v-r, ¡{:Cj

rri ma¿r'n i¡ooe-r- 'nì i,rtnlrnincli-i ¡ - Bl anClfaef and hiS COt,¡Ofllef S f OUnd_y¿Õvvrr v 1s¿ vvurrv'¡uf r?,t

+rôõ+ -r.rrôi.ar ^"icaf co.fl.ce;rtra'Licns (L-10 ¡ritt) of jrl:+Dh coulcì jiev!!Ç.,v :Jl_er' ù LVLr),:-, 
/

oxiclizcd- in pt epara.r.i-,-rlrs of accclrta-b] e ne tabc-l ic inte.,irit;.



( see Introduction) ,

AT'P, ADt-,e ll/t.D+ and- P" o The oxicl-ation of exte-cna-]- i,iAÐlî1

obser."'ecl !,ihich T',ras sensitive 'bc Ainyta"l and i*ntirl¡rcin ,,,

ini:lied -bhat the reaction Þaih;.ra-y 'i;as biiai ojl no¡.mal

rcs ¡-riratory electror: ir,e"ns,tc.f't " Fì-¡.r,the _r s';u-clies on Lre

cont::ol of llltDlî oxidation in pi3;eon lleai:t rniiochonär'ia 1,.,¡ere

pu'blished- by Bfanchaer and- Grif'fiilr (tz1 which incLicateo

tha-t lvADï.I oxidation rni.ght be a ncrne-l- feature of intact
heart mitochonc]-r'ia" -[n -t,hese er"oeii;nents u the a-r_Lthors

d-emonst::atec1 tha-t accessibil-ity of tÌre ac.iderl- iii:tDÍ-j to 'bhe

raitochondria is clependen'b, at least in par-bu en the

concentratÍons oî l,fg-i2 , 'P, , AÐPu ATir an<1 i,lAÐ-¡ " Br-a.ncrraer

anri- Gr'1íf ith ( f e ¡ a.lso ,c::oprtsed ti,iai Ð.ccess of pllysiolo¿,ical

concenfÏations of iri-{DH ((10 ¡i'i) to ihe respi.r'abor.y c.ha"in ma¡,

be contrclled- at tire enzyma'bic lerrel " The¡i su¿1ges.L -bha.L

higher non*physiolog.ical i'l.r:irtTl coTloent:r'atir:ns (0,1-l- "o r¡-t1)

used in ea"r-l-ie:: siud_ies n¡ry be a sj.€rnificani factor in the

diff eÏences evl,cent íron i¡o::iç ,oerf'or,ined su-'osequentJ_y in ¡-:e

lo'¡¡er phJ'siol ogical- range" The e:rperinenta,l- eviclence of
Bl-a"ncha.er' g[ .il." (11-) and" îJtan"¡ror and- Grifflth (tZ\

inriicated tne"L 1n pigeon hearf niLocl:lonclria o>rid_atj_on of
cytoi:la.snic ÌilAÐi]. couLci be a property of' lnbaci pre¡rarationso

Grif f ith ancl 3,'l ancha"e.r' {LJ) _cr.-ese.irte d ac'l_,'Liti onal kinetic
er¡iclence for tilis sysieil rrihicll is in a¡.reenent i,.rith a
possible physiclogica.l rcl-e for direr:.t o;rid-ation oÍ external

j..

The oxidatirre process uas modifi.ed by



-) .)

ivADi-i by nltochond-ria" T'heir re;iro,r'ù clescribecl a potential
regulatory n*+chanisil for this o:riclaiive process bJ' the

cellular ATP l'¿hich t'ias a"n effective inhibitor at
concentratioils i¡rithin i'cs repor-Led intracet iu.l-ar. range {Zz) ,

Tl'le mod-e of j-nhibition is unlikely a.r1 effect on pe:"rneabitiì;1,

since: soirl, c.â,i',!on rlid nct alte r ihe SenSit j."'f ij". to the

nu-cl-eotirle" ll'u-rtlierirore, tl:Le insensiilv:_t¡' of ilr.e inhiblticn
to o-Ligcmycin ov 2 u4-c11nitropheno.1 a.,opeâ.rs to el-j-minate en

ef f ect Via tlr.e coupli.ng enzymes of o:rlda.tive .ahosphoryt a.iion,
Bla.nchaer (51) , in l¿Lter l<"ine'i;ic e;r.peri-rnents oTr tbte eí'f ec.ts

of ad.ei-rine nucleotides oÌ'l the respirator;r clr.ain, has fou¡rd

uslng beef heayL el-ect::on il-a-ns¡ro_rt parbict esu t-.hat -i;he itTp

inhi-bition occurs in the lr€;sDj-rato::¡. chaiil at the idADrÌ

d-ehyd-.r:ogeì'Lase level , bu-t is mor.e conpl.e:< rb.an a. sinipL e

c oru1:eti -r,ive ruechani sn 
"

Stopkie and" -rieber (52) stu.d-iecl the cc.nt::o-L of ü.ADj:i

oxiCa.ti on usin¡ me,rnbran es from &.r¡c-r¿i:1"?¡sgg ]gåg*lgg;i"
Earl.i-er exper"-Lnen,ts by Pollach c!. a!, \5j) iracì- 1r:ca-lizecl, an.

NADII o;iiclase a.c'bivii;y in ihe memb::a.ne f::e.ction" ,"i.'he aorc,

re ceni e;<perlnents of thi s gr.oup {,52) d.einonstrate an

inhlbi'bo::y eff ect oÍ ¡\Ðir observed. on irlAilli o-rid.aiion '¡;hich
bhe;. irrterpret as a" nocle oî control- ovel: the r,rembra.ne-

l-ocal-izecì ox-i-oase a.ctivity" The snpÐression. of a.ctlvi-by

eff ected ì:y /\l--lP was to be a.ssoclaiecl_ onJ-.y* i,.¡iih the menbïâ.ne

f::a.ci;ion, There ria.s no nu.cl ectide eff'ect observed. on the



i\TAlli:j. oïidase in the in situ sclui¡.1-er -il::aciii;n"

Substrate u.iil-iza.tion ( inch.idini:-; iVtrLll-i) has been

exainined by lÐ.pa gj. A]_" (l-ó ) 1n ca.Ai :r'ertina, mi'bochonä::'i.a"

|L'hese prÉ.oaraij.t-'ns ciid not oxicli-ze Lii¿Dji di r*-ct1;v u ;1()r

throug,Ìr the p-I',yd-l:,.r:cybtri-{.r}rs-oe or c{-i;--l-}.cer'o¡:ho-s pha'be cyc-Lers 
"

The au-thors proposeC- ti:c ¡;cssibili r-y oÍ an rlr:iclaiir, e

inech¿rnism in.v'olv'ing an active ì{All( 
"Ð) 

}Ì cl.e}ryd-rogen-a-se in

retina nitochoncìi-1a in tire preserrce of erclcleci- 2-nethyl -L ,,t,,,-

naphthoquir: one (viiaroin Ii, ) . The eAzyiûe stuCied b¡. these)
authors e.jr?ears sinila:: to the LIT d.ia".ohorase examinecl ì:y

Conov'er" e.lr,d Firnster (q.3) . ìlovreverr âs has l¡een notecl- s.itor¡e

in re'la.tlon i;o the lvcrk of'the la.tter aui;Ìrors, vj_ta.mr-n Ke 1s

not a norinall;;' occr-r::.rlini: e,-Lectriln acceLric::" In both

ins'La-ncesn the Ía¿i-1r;re tc ::ela'be -rhe frinctlon cf tlie enz_l-v-me

ro a. na.Lu-raf electron acceptot' ca.sts sùi.le cl ou'ot on il:e

irh;rsiolo{:;ical s1¿¡niiicsnce of fhe finriings"

The val io ity of the cytochrome c-T'equ1T'irr€: external

pa"f huiay of extranii'bociioncÌr'ia.l l\iÀDll. olciCabi on c1i scusse c

earlier has been c1:a.1'1 e:i'lrl:e,:'l ily severa"]- ¡rorkers incl-u<ling

Sclrn.eicìer' (5!l) and- Sc1':ol-,1-ne]¡Êr anci. K-] in€¿,enberg (55) " Tireir"

:iindi.i-rgs incj-cated. the a.ï:sence oî a"ny clrboplasmic

cJrbocii:rcne g. Thi-s cliscovery shoufcl elcclr.rde ihe existence

of auy _,-.llysi olo¡¡ica.l cytc-,cklrom-e c-s-bi-nula:.-becl extra-

nibochondria.l pa'bhwa.y í'or itl:rDli o;<ìdaiic;n, 'ilhat -suo11

erte.'na.l si¡sies. d"oes or iroes iror exis-b has yet io 'oe

o,! !

1_I r rurJ



established-u s-i nce both. vielvs ha.ve receivect acjclitioiral-

support" There is also scroe controversy as to rrrhe'Lher the

externel- pathir'ay isu irl fact, rnitochoirdrial or ï.esj.d-es in a

contaminant present 1n the mitochoncl-rial ,o::epara.tioTls o

Th.u-s, Sottocasa (56) has repo.rted soûte of the bicchemica.l

properties of inner and. outer nitochondrlal membra.ne

prepara.tir¡ns fron ra.t 1:ì-r'er in l^rhich enzyme disti'ibuticn
data of the nembrâ.ne sub-fractions inclicated that the ou-ter

nitochondria,l membrane contains the iVADT{-cytochrome c

reductase system resilonsil¡le f o:' the "e;rterna-l'd pathlray of

cytopl-asnic r'l/rDl-I oxida.tion" Localization of ihe rotenone-

insensitive iiLliDtl-cytochrome c red-uc-ba-se has been ilsecl by

o'bliers as a na:'ker fcr the outer mi'boclionclrial me¡rbrane

{57,73-75)"
l{oriev'ere \¡eï'y recenily {Lg6tJ) this assunption ha.s

been serictusly o-ues'bioned_ b,-'¡ i,rorlr frr:,r the f.abora"i;ory of

D" E" Green (58) " They presen'L evid ence tÌra.b the rcrtenon.e-

insensitlr¡e itlADll-cytochrome e reductase actj.v'ity is iroi an

intri-nsic property of the outer mitochonclrial membrane.

They attribu.te 'bhe fserroneous?s concl i.rsícns in Ðrer¡ious

reports to incornple'be separa'bicrn oí the varior,¡s menbra,ne anð_

particul-a-te sub-f'::a.ctions exanined- biochemically, Green

et gL, (58) have conclud-ecl. tÌrat 'bhe roienon.e*inse:nsitive

iVADi"i-cy ûochrone c red-u-cta.se aciir..it/ is a co-rìsequ.,Õt1ce of

micrcs <snaI contamiir.aiion oÍ mitochonclr:r_al merobrane



Jt¡

preparations, ana is not a aritoch.oncLr.lal .oro;oerty. T'he

f inclings reported, in ihe present thesis are ir:r agreement

i^¡ith rhis r¡isr.4 on the locat iza.t-ian of the cytochrome c-
stinulated rotenon e-in sensitirre pathr,lay 

"

The problem of exiernal ÌiiALiFl o:çiclaLion has al-so been

d-ea.]t r!-ith in a. vaz'iety oÍ'non*a.nima.-r- Lissues" rkuma and-

-Bonner (ó0 ) , using mltochoncìr'ia isot aLecl from nung bean

lrypocob¡r1", iou,nd- that in contrast 1;c rnany of the reports on

aninal mif;ochonciria, j\iAD-H. rras oxid_izeci at a su'bstantial raùe

an.C'- e>rhibi i ed rc s.oi r.at cr¡' c cntrol ( FCR ,= 3*\. " 5) " Ohni shi
e'L aL" (Ô1) also reportecì. couple.d oxid-ation of ir'iADli adciecl to
yea.st ruitochonclrla" T'he a,ctir¡e o:<idation of e;rier,nal jr.IADl-l

exhj.bited respiratcry contrcl a.nd. ADP:0 r.atios of aborr.t 1_ "g "

The latter find"ingu anc. -r,he insensitivlty oí respiration to
/imytal and rotenr¡neu su¿gested that phosphorylation siie T

( see Fi,g" 3) tdas absent froro yea.s'b ¡ritochonclria stnclied- by

Olmishi" oxidation of acLded- j\lADli has been observeil ìry

líatson and Íimi'bh (62) in nitochondrla isorated írom

-qçpeggl_l-i!¿ç 4ig_erl. Botl-i phos phorylation a.nc1 respira"tory

control- T.{ere reporiecì-" The oxiclabion r^¡as r*^ratively
insensi'f;ive to Antinycin ll and- oligornycin, hut su"r'prisin¿;ly

coulci be unccuoled by 2, rl-c'iinitrophenol " Tn a late¡. ¡e-nn;^-t:

i'/aLson and smi-r,h (63) proþosed a- rnechanism inrzolvin¡, a
byoass oí phosphorylation site r anci hence of ti-re rotenone

anrl :\rbinycin :\ sites, t'he authors sug,g,est tha-t coLr,ol ed



oxio.a.bion of e):ogenoLts Ll,ttlï .orocceds via a non-

i:hosohoryl-atiirt; 1:abirray Í-roin ill*iÐií to cyiochrorne b a"nci bhence

'Lhrough the nor,ra.l r'espira"bory chr:"in" Althoush thej-r

mi.tochonclria. sho;red respirator¡r pr'operties sim|l a:: io il:lose

of in-bact yeast and mamnali.an j)lr€;ilÐ.ratiLrnsu 'bhe e;cterna.'l

pathr.+a:! for Aspe-r8flt_gå n-1eÆ9, su¡gested_ by rratson ancl Sinith

(ó3) exlribits a distinctive f eature in tkrat it displa.ys bobh

conprin¡ anci- phosphoryla-tion" Thrs pecrr-liarity, lvhicli has

never been demonst¡a-ted. in animal rnit,ochonrlria, sug;gests ilre

Asper¡,il]-us 1:a'Diti.ia.y is not necessa"riJ.y ena]oßous to 'b,r_e

cu-rrentl-y described mammalian systen,

The problem of miiocl:ionC.rj-a_L menÌ:ra.ne pe::nea.bil1ty to
red-u-ced- ,cy:'i-c.ine nucleotides a"l sc a,r.l.ses ir: ci::cumsta.nces

requi::in¡¡ the procu-ction oj. increasecl_ qua"n-bj-iie s of
cy"boolar.snlc recLu-cing equivalents (i 

" e " clu_rin,cr, aciiri e

glu.coneogeT'l.esis i\TAllH is recluirecì- a,s ihe Ìryclrogen. rlonor foy

sever-e.-L c¡'fop]-asmic reaclion.s anc.l Lirus e. r're¡¡er.se" floi¡ of
i[ADi] (or recÌucin¡; ecluivalents) is requ_ir.ed. frora tjre

mitochoncì-ria to provid.e ihe reducing .Dotu-er to the extra.-

mitochonC.::ial system) " Jtn e;caminaticn of the mod_e of

)l

Eene::a'Di on of this cy;oÞla.säric re ciucin.i ,ùorrer f o:r

gl-uconeogenesis by l(rebso Gascoyne ancl trio'uion (6il) in kicrney

corte:ç sl ices conta.ins reference to the iinpernea.biliiy of
the mitochondria,.l menbrâ-ne to ÞJ¡T'1oine nilcl_eot1d es, :'tlihoug:h

their stu-dies exainined- 'bransport of I'üADH frorn the



mitocironcL::ia to the cyto¡:1asmo the nalate/ o>raT.caceta"te

shutLle system they proilose (FiE" Z) ma.;r have soile rel,e.,rancy

tc the reverse sitr;ation (i, e, ïerfl.oval- of cytopl_asrnic I\IüDH) 
"

l3orst {b5) ' di scussing. this pathway, ind.icatec- a ma j or
disad-',¡ania.ge to the nalate/oxa.Loacetate sJ.stemu ví2" the sl.lm

eqirati on ( Equati on 3) i s zeTo u unl- i_1re tna.t f or, the d_gl}rs ero_
phosirh¿¡.te snuttl e l¡kricþ 1s highly exe:r.¿lonic (u-cir.:.atic¿ 4.) 

"

unclez' these conclitir:ns the malate/ oxa]-o acetate c;rcle coulil
onl-y f uncticn whe,n a marLted- coilcentra.tion clif f erence canr be

maintainecl betl',.een bhe cyto,ola.sm a.ncl- the inj_tochonilL:ia Í'or
one of''uhe metabolites in tkre cyc_Le" llhis concenira.tion
gra-d-ieni is requ:-red to provide ihe ,r;cLlshoü necessary io
or¡e-ccom€ the thermor-Lynamic d_isacirranta€ies of the prol:osecl

mechani.sm. sacktor gl gl. (dZ), s.Luc]-yin¡e raL leg inuscle .i.g
qit_U demonstr.a-iec1 el evati ons in Lacl,ate (l-f ol d) , o(_gl_;¡ceïo-

;chos1:hate (4.-f olri.) ancl L-mar ate ( i. .5-f cl-cl) clurlng. J-co

conir-actirns of the muscl-e, They suggest these tliïee
substraies coniributerl to increasecl cicygren consumption, a

la.rge propo-rtion oi içhich rvas necliateri. thrrcu"g,ìr tire a-glycero-
,ohos-phate c¡icle, ivhether ¡he increase in L-rnar ate
conceniration oÌ:serr¡ed is sufficient ir¡ proi:icle ilre

:rl Á ì-rlT -i- t\Ì ri 'il-tr 

- 

lr.l n-i- - -f,\d.r/Jr ' r,,r.f\..:J F--_¡,rr1! NADU

3iJ

(3)

(4)
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therrnodynalnic'rllushir reo.'"tir:erl to opera"iethe rcta"IaLe/

ore"-l-oa"cetate sll.:-ti.le .i s no b lcno¡,'n " I'Io1.¡e1rer ¡ il-oubt in tlii s

reg;aÏd j.s raised. b¡' 'bhe results of' l,ií1,Liarûsorl ( SB) i,¡hr:

i':a"s shc>r,¡n t;hat incubation of perfused. raL hea.r't i¡ith

.olrrurrate l-ed to an increasecl mitr¡chonrii'ial lJ.AjJ,i conceni::abion

and an increased clrio.ll_l-eslri.c NAD/I'IADH ratio" T]ris

i;eforrnatlon su¡;ges'bs 'bha.t 'bhe dj-rection cf mo¡¡e¡nenL of lll:\ÐIi

( the::mocì-ynamically) uior-r.lc- be f rom initochoiro.ria io cy-bopt ¿spu

rather th¿rn in the other clirection, îiilliamson?s d.a.La are

theref ore cor¡;oatib_Le i¡ith the propcsa.l bi, Krebs ei aL. (b4.),

discussecl eaz'l-ier, th¿:. b the ma).ate/ ox.af.oacetate shurtle
functions to 'bz'ansf er reducing equi.valents froin rnitochond"ria

to f he cy';o;:l asle d-uri.'r¡: ac'7i."'e ¡'.1 lisoneor''enesis 
"

iuio:re extensi,ve stu,clies on the r,¡-l-e oi rra"i:ioi.ls

s'-Lbstrate cycles a.s Ìryd-i:ogen c¿"r::i-e:rs in ihe t-ra-nsirori oÍ'

exLl'ainitoci:icnck'ial }rîitDli i:rto nil:ochondi:ia ctr.-rring aerobic

neia.bolisrn har¡e 'been pr:rìtl-i_sheC bJ, liassinen (L./) usin[i rat
l-iver mitochoncj,r'ia" This work re¡¡ea"led thaì, neitherbhe

ace'boace'bate/ß-hy,i,ro:r:ybuiyra-te pair irorbhe cli-hyd-rox¡rac,etone-

phospha'L e/6t,-¿-1-yc eroi:hosirhc.te ;te.ir îr-rncti oned as the iaechanism

f or eïcgenous l.l;\Di: o:cj.clati ¡n in the se prrc ca.r¿ti ons. ,.ro:,re'\¡er,

tlassinen (r'7) .r:eported- erriciencs comrratlble r:¡i bh 'bhe ol:era'bicn

of the ma-"ì_ate/ o>:.a7_oace'bate si-uf tle ( i'i,q, " 7) irr his
p:i:e;oaratioirs, T'he aiicl"ition oÍ' aspartate ancl_ o:lo,r:ltiiarare to
Uile mj.tOClfOnrlf-ì sl qr'rqnêÌrci rr-¡ hacl_ nO efÍ'eCi on ::eSltifation

i+0
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wi'ch externa]- jliADi:i as su-bstraie" j.ior,,ícli'rl-ti, in e. sys-uem

eon bainini,' rnitoclionC ria, ina.la.te d-eh;rcr-r oìenir.se (L-na;l-a-be : N¡!J-F

o>liil-o:red-Lr,ctase, IC L,L " :L " 37 ) ancl å,,1 r-:ta-natet o;<al oaeetate

t ran samina-s e ( L -as.car-ca-b e : 2 - oxoEl uta.::e"t e arain otran s f eras e u

EC 2"6,!,L) he ,¡bservecl e" five-fol.-L stinulation of l{l-r]-;li

o:rida.tioì'r. u-pon aciclj-i;ion cf ox¡¿loacetate anC_ e-sparì;ateu t1-:e

sl:,Jrscrates of the ex-r-i':rna-l enzynes " _À_rsenite was also

p:r'esent in 'bhe system io p:rev'eni ::emova.l_ of oxa"loacetate

-uhrou1:h the tric¿rrboxylic aciC- cycl_e, j-ia"ssinen (L'7)

attributeri. thls i ncrease to ihe: o;;:.id-aiion cf mat ate f ormecl

extranitochot:Cria-l-]-y fron oxal-oacetate a.nci irlAllH l-.r¡ the add-ecl,

mala1,e d-ehyrlro.,*enese anr-'l conclr":_ded 1,ha.ì; the maTaLe/

oxp-loa.cebate cycle rlleys a sign1fican'u ri¡le in the'l;ranspo::t

oi' r'€rd"ucinÍ.i equir;alenis fro:n i\lifDi:.I in 'bhe c)¡i;oplasm into i,he

rnitr:chi¡ncì_.¡:'i ¡,:. i:i -l'¿r,f I ive::" Ii'r s_¡rif e of -l;his er't_denceo tlre

irääiecll.ate acce.i:ta.nce of a Fìr3rs1ol-o;,:ica1 rol er Í'or: tlle naf¿Lte/

oxal-o¿ic€f,a.te skrlr.btlê ã.s a mechrp-.nisr¡ cí h;'¡ill'ogen transfer lra-s

been rc.:nciered. sofletr,iha.L marc: ciílfi-cu-l-t Ì:)' the recent cl-a,ta

re ,r)ortecl by d-e -[{a.a.n and Tage:: (óó) " These ¡,,rorkers

d-emonstrated d-i,rect evicleriî-c-á fcr a. pe¡inea'irilit;' L.,ai':r'ie;r- to

2-c.roe,l-i-tLaro.t,e (O(*iretogl-r;iaraie) in rat 1i-r,'er. miiociior,rcjria.

such a barr"i-er hail ea.i:"1 i er 1:oen sri619esi;ed by the str,rcl_iers of

i;Tei j ei' anci lt.ager:' (,67) anci ChaS:;oe1.-L qi el, (óB) in r.rhich a

s pecif ic menb::a"ne 'bra"ns¡:orb systen for 2-cxop-:l nt e.Ta)òe iljas

discnsseci" T'hi-q obstacl_e.Lo the Oasse.Ê:e oÍ' e" shu-ttle



inte:cmeciiate cou1cl esta-blish ¿i sei'i".ou-s ra.te-limiting step in
the furnction of 1,lre ma-l-aLe/oxe.roa.ceta.te systeir, l.Iol.¡erreru i-t
llas a.lso o-bsel'v ecl (6ô ) that !--mala.'be increases nj-tochondrial
perm-eeLbiJ-ity to 2-o:,o¿l utarate" The con.cent::a.tion of

L-nna"late in f he cy'i,crnlasm rili.É,,hi l¡e sufí'icj ent to stinul:-.te
2-c;tn,g,lttLarerte i)asse!.e a.nil mai.irta,in tlie oi¡era'l,ion- cf the

sÌru1;t-l e ¡aecha"n-i s'rt" J\zzi q!. al." ( ó9 ) ha.rre re'ieal--^o. ihe

existen-ce of t',.ro mol:e carrier systens inr¡ol¡¡ing l,-gl-u"ta.nate

ancl .L-asparta.i*â r'especiively" T'he fa_iter. sJ¡stem reo,uires the

,creseuce of L-¡lrs.ta.rtaLe f c:: 1-bs oper.sr'ii Lìi.l 
"

Tlaslan an.J i(rebs (28, '70) anri G::iffiths a-ncr iìa.s].am

(7L) have pre sentecl a thoi:ough sxa.ioination of 'bh,e peneiration

of L-malate a"n'-'L o-=çaloaceta'ce in-i;o niiocl,oncll'i:,r" T,liey h.a.r¡e

re,oorted t7A) the-'i; a1. i;hor-r¿;ii bhe mt-¡ochoncjr:j a-'t i;lern'bra.n.e is
pelmeab] e Do both these substa"nces, t,he cji-f íus j-on rer-te cf
o:la"l-oacetate is ì.ie,rJ¡ sloit" l]he autho:-.'s (,ZL) p_roDose ilrat
c.)ca-l-oae,etate anrr L-nalate Þene t::aii L;¡r is a.n €ne-i-üy-

fac.iliiafecl process, requir.i_nil speclal pelne,a.bilitl.

mecl:ianisillsu rn cor-rela'bin¿ 'bhe ra.te oÍ' L-"nalate en'b.r;r into
nif ochonii:r'ia 

".¡i 
bh 'bhe-' ::a.be cÍ ox_j¿g;en consu_ín jl'bi on _in r'¿.L

hea.rt lrr'Ê:pâ-* eLti ons, ïia.sl-a.rr-r anc j(rebs (2¡ ) f ounil tha-b 'bhe

otrserr;'ed. ra.te 1¡,ias onl-y- 3.5;¿ that of 'bhe calcutaieci minini:-n

irhysio-'l op',ica"--l- li.clui¡eneni f or" transpcrt oÍ' i:ecluci_ng;

eqriirra.leni;s iirtc tirc,'.niiochondri-a. rt r¡ou._l-ri a-ppea"r that on

the basis of tr,ese ra.sì;rl--us (28, iJ6-'7L) , the recl-uiremenis í'or



a. feasible naLa,re/oxal-cacetate cj¡c1e becoae m,.;.ch aoÍ'í:l

cütrÌi¡l €rx" t-'ire ;srmi:le cycl-ir:¡ o:¡ meiaboli-bes is conpl-ica"tecl

bJ' the i-inposi'i,ion ol' ba::::iers anci neta.bolic coni_i:o1s oliel:

the inrl-1r¡iau.a] coroconenis of the systen" if,he possible

opera. bion of the malaie/o.'ra-Loaceiaie shu.'i;i-Le -ir>r th.e 'i;rairsf e:r

of rc.:ouci-n¿ì eqr-iirre-l cn'bs f::on the cJ'iopl_asrlr to initochonciria

c or,rl-cl 'bher'ef ore inr¡ olrre a c orni:l- e.:r in t e'r'pIa-y oî a" va..i:'i e,ty of

ohysiolog'ical ccn"trols, ,>orqe of these relal;ionships åïe

i-Llust:'abed in ih.e systenÌ pr'oirosed by Chai:pell (fS) for" the

o:rida.Lion of c;'ioplal;rnic iiilr,Ð;:. b]. rrLj"tochcncl.ria (Fj-e" 3)" the

mor¡euent oÍ.soae o:: B.lJ- oí the subst,re-,te a"ni.ons is l-inkecl to
e;te:r'g-oiric::ea"c'iio:rs a.nd i-nv'olr:'es ser¡eï.al ira.nsoorb systeins,

Chappel1. ? s rcpcrt (1tl) is conpr:.ì:ibl e r,rith. ihe ,c::,esent

siB.ius or'shui;tle: s¡rsi6¡" ãs t.!re i:rocie of ::eoxiclation o-'i

cJ¡Ì;cplasiiLi c Nir'iJ.i" Á.1 iitou,glt ii; is cl oub-tÍ'i.il Lha¡: the aceio-
ac etat e/þ-Y*riLr'c:ry bu-tyrat e shu i'i;l e has snJ ,ghJ'si ol- o,r,: j" cal
::e-l-er¡ance (3'7), the-r,e is a va.ri_e'cy of erridence to suÞ,oor'-b

the coniention tha'L the o(-€,l.vcerophospha-"e shuti;le iiraJr.

funci;ion as ihe patl:r,.,ra"y oÍ' oxideLtioir in iissues si;.c.}:, as

liver' (I) and si<eletat u.r¡sc.l-e (lr-C, 27), bo'Lk, ojl r,*Lrich

c,on-b¿ri-n. il:l.e ::'ec,¡uireci. co.rr.,:l r:men.t of en.zJ.¡me-s ano in'i;errnecj_iates 
"

fn otiler tissues such as Ílyoc¿LT(-ium¡ T;;i1-] ckr _]-acks the

mi-i;ocnond-ria,-1, d-gl,yceroi:|1est;hate, r:;ridas e (26) , bhe malete,/

o,ra--l- ce..ceiate sy-stera Ì:as be en sutì¿aesteci as Ð" possible

altornatirr.e lL7, 6+) " Signiflcant obje c'i:ion h.as been raiserd_
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Chemlcals

The following chemlcals were obtained. from the S3-gma Chemical

Compa.ny I

-Ad"enosj-ne:Je-triphosphate (ATP) from equine muscleu

d"isodlu¡o salt (crystalllne)

A.ntimycin A from Ëlg9Ægp¿g.gs ki_tazanaegç1s mycelia,

crysta.llineo Type IIT

Bovine serum al-bumin, crystalline
Gluianlc : oxaloacetic transanlnase, ammonium s¿] phate¡

ketoglutarate, nal.eate suspension

Lactic dehyd-rogenase from rabbit mu.sclen crystalline
suspension in anmonlum sul-phate, I'ype I

L-nalic acid.

D-mannitol, recrystal-lized from 0"L nt'i EÐTA befor:e use

Nicoùinamid.e adenine d,inucleotide (red.uced.), disodium

salt, Gracle III

Pyruvlc acid, sorJ-ium sal-t

'IrLzma base, Tris(hydroxymethyl)aminomethane, reageni

grad.e

Trizma-liCl , Tri s ( hydroxymethyl ) aninomethane

hydrochlorid.e, rea.gent grad-e

The following chenicals were obtained. from Brltish Ðrug

},íATEËTALS

L!./J



Houses Ltcì-.:

Ethylened.iamine tetracefic acido d_isodium salto

Analar reagent

Potassium chlorid-e, Anallr rea"gent

Suc::ose, Analar reagent

T'he follol ing chemicals srere o'btained from the compani es

ind.icated;

Ad-enoslne-J 0 -CÍ-phosphate, sod.ium salt ( p-1,

Biochemicalsu Tne" )

Bovine albumin powd-er, Fraction V fron bovine pfasma

(Armour Pharnaceuticat Co" )

À¡nobarbital soci-iu-¡n U"S.P" (HIi Lilly and. Co" (Ca_:eada) )

Calcium chlorideu d.ihydrate, grairular (Baker Che¡nical

^\l'^ Ivv o /

2 u 4.-Dinitro.cheno-1- ( i{aùheson o Coleman and Betl )

I\4a1 ate d.ehyd,rogenase, suspension ( Boehringer iilannheim

Corpora.tion)

Nagarse, crystallized lyophiltzed_ bacterial p:roteinase

(Nagase and- Co" Ltd.,, Osakau Japan)

Rotenone (tt + K Laboratories)

Sephad.ex, G-25, coarse (Pharmacia Ltd", Uppsala,

Sweden)

SoC,lum d"ithionlte, sodiurn hydrosulphite powd_er

( wiallinckrodt Chemi cal i.Jorks Ltd,, )

r-t7



Cornposition of ilied.ia

The f'o]f6t¿¡1¡19 med-la are those rouilnel-y used"

throughout this study in the preparation of pigeon heart

mitochond.rlau Variations of these med.ia o:r other special

preparations lvill be described as ea.rt of the particular

exþeriment(s) in whlch they oceu-r" In each case fiiral
concentratlons are given"

L u Stock med.ium ( pH ? ,4 at 224 e)

- 0 "2L lt{ ma.nn1tol

- O,07 lvl sucrose

- 0"10 miri EDTA

2 - 'Fl nmno-an i zlv'ta" ml¡rì ì rrrna G rLveveiv:¡r 4 ¿¿rt) frrvq¿ Llr¡,

- 4O ml stock med-lum

- C"OL lrl Trls-.ohoslrhate (pl-I ?,6 ai 22o C)

- 20 mg ÌtTagarse

? Srrononrlinr' marlìrrm
-J @ squyv¡rs¿r¡F\ ruuqt v-Ju

- 2J mA stocie med.ium

- 0"0L M Tris-HC1 (pH 7"t+ at 224 C)

4o Cuvette med-ium (pn ?,2 aE 22o C)

- O,23 i'vi mairnitol

- 0.0/ I{ sucrose

- O "AZ ivl ltris*HCl (pÃ ? "2 aþ 22o C)

- 0.o2 ï,4 frÐT,il,

¿i.iJ

- 5.0 mlvl phosphate



Pisreons

The pigeons util1-zed in these experlments represented

a. random populatlon" 0n1y bird-s l^¡hieh i,{ere heal'Lhy in
aploea.:rance and- witÌrout visible heart defects were used-, lVo

attempt was mad.e to classify the pigeons on the basis of âg€,

sex or speciesu and- all i^rere used- ln unfasted- condifion"

L!.,-)



ËfepargLlep* eI iliteqbo_gÊfie (composition of reagents is
given in lviater"ials section)

Pigeon Ìreart rn1 bochonc.ria r/üere prepared accord.ing to
the method of Chance and_ Hagikøra (?(t), The pigeon was

decapltated. and the heart ra.pidLy remor¡ed. and_ placed_ 1n ice-
cold s-Lock medium. All- subsequent manipr.rl_ations T/,rere

performed- in the cold (O - 4o C) using equipment and.

solutions pre-cooled on icen After a second- rinsing in ice-
cold stock med-iunu the heart rvas thorougJ:rly mlnced. with
scalpe'ls (blade No" 22, Bard-Parker Co" Irrc,)"

fn -r,he lreparation of control mitochond.ria (see

glossary), 3-L+ grams of mi-nced. tissue were used whll-e the

modified mitochondria were preparecl v¡ith only 0.25 g of
mince in 4O ml horaogenizing med.ium"

The mince Ì/,ras incubated for B minu-tes in LpO ml of
homogenizingr medir-r.n in a size c glass grincing vessel- (A..fi"

Thomas coe ¡ Philad"elphia, pao )" The sarnpLe Ï¡as then

homogenized i¡¡1th six passes of a loose-fitiing Teflon
pestle (O "33 mm cleara.nce) , Follol.ring a seconcj. B minute

incubation, the homogenate r.¡as cliluted_ lçith llo ml of s-bock

ned-ium and rehomogenized u.sing six passes of a tight-flttlng
Teflon pestle (0.L0 mm clea.rance). The resulting homogenaie

wes then centrifuged at 480 x g (zooo rpm) for J ninutes in

I{ET1IODS

Ji"'
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a sorvall RCz-B refrigerated. eentrifuge with an ss-J+ head_"

The supernatant was removed by pipetie from the sedimented

cellular debris ancl centrifuged. again ar LZTLOO x g

(L0r000 r.Þn) for l"o minutes" The supernatant was d.lscard"ed

anC Nhe fl-uffy l¡hite layer rinsed fro¡o the crud_e

nitochond-rial pellet by swirling i¡¡i'bh L-2 ml of suspend.ing

mediurn" The rinsed pellet was then resuspend_ed in an

aliquot of suspencling medlu-m using a vortex mixe:: and

centrlfuged at 7,7L0 x g (B,OOO r.pm) fo:: 5 minutes" The

pe11-et remaining after the supertratant harl- been d-iscarded

was resuspended- in suspending nedium to give the protein
concentra-t1on d.esired for that partieular. experiment" A

flow scheme ef t-hê lr-,âêñ'ì1^otion techniqu.e is il_iustfated in
lrig" 9 u

Respiration is a major function of ¡nitochonclria,

involving the transfer of electrons along the respir.atory
chain to the tevninal acce;otor, oxygen" The raeasurement of
oxygen consumption 'i¡ith various substrates represents à

convenient method- of conparin.g mitochonrj_rial preparations"

Fu"i'thermore, other aspects of raitochond-rial- behar¡iou.r a.re

readily calculated from measurements of oxygen consumptioi,r."

A variety of technic¿ues exists for deternining respiration
rates, includ-ing rnanometric and polarogra.phlc methods" The

latter syste¡n T\ras used- exì;ensi.¡ely in the present stud_y

beCaUSe Of itS eOnVenienge qvrrt qi mnt i ai *-|r



Decapltafe pigeon^l
þ

Remove heart rinse thoroughly
ln 4O mI ice-cold stock medium

I
ivlince with scalpels and welgh

Incubate B minutis aç go c ln ilO rnI
homogeni zing med.lr¿n (with protelnase)

I{omogenize (6 passes) wlthùtoo"e-fittlng lefion pestle
V¡Incubate I mi-nutes at 0" C

Dilute v¡tth 40 ml stoc# med-lum (no proteinase)
I

Iionogenize (6 passes) withltfgkrt-fittlng Tefton pestle
I

centrirueå (480 i g)
,t

D1scat'd. cel-I Superriatant
d-ebris etco - 

I

I
v

U" (L2,L0?. x e)
tCrude mltochondrlal pellet Dlscard.
I¡ supernatant
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l{ash and resuslrend- v¡ith
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It hras d-esirable in certe"in experimenis to d.eterrnine

the rel¿Ltionship of substrate (¡fJi.DIi) utilization and, oxygen

consumpti-on" LIslng a vlbrating platinum electrod.e (American

fnstrument Co.) for or.ygen mea.surements end a. fl-uorometer

(American Tnst::ument Co" ) for lilADH oxid-a.tion, the ttr^;o

parameters could- be monitored- slmultaneously and compared-u

Kinetic stuLdies t¡¡ere performed with PhJ'siological

IÍÂ1llî concentrations (L-LO 
¡*14) " To detect the oxid.ation of

these lori concentrations of NAIIHu the sensitivi-uy available

through fl-r:.o::ornetric measureneni is required-" Parallel

determlnation of oxygen consumption r¡¡as not necessar]¡ 1n

ihese experiments,

The experlmental CLeta.ils of ihe oxygeÍr a.ncl- iïADli

measuremenis e.Te .'-iven in the folloi,:ing sections,

Ivieasurement, of Oxygen Consumption

L " Polarogra"phic

electrod-e tech::iqu.e to the s-,,udy of res¡:iration and" oxid-atirre

phosphoz'ylation vras first describeC by Chance ancl l,til-lians
(,77) " They reported that a linea.r relationship existea

between the current genera"tecl at the el-ectrode aird ozlrgen

consumption (+ tO;á).

Pola.rographic measu-rements in ihe present experiments

The appli.caiion of the polarographic oxygren



5+

trvere made at 2go c on a. l,lodel KI,f oxygraph (cirson lviedlcal

Electronics) using-: a cLavr- (?8) el-ectrod.e assembl_;, (ye]ror\T

Springs Instrument Co") with a. Teflon membrane anct_ a

pola.rizing voltage of 0.8 vol-ts, A measured qr_r_antity of
tempe3aiure-eqLr-i1i-l:::'a-tecì cuve'Lte med-ir:-m v¡as acrclecl to the

reacl;ion vessel with constant nixin¡4 by a col-e-pa.rmer

l,licro \r ma.gnetic stj.rr.er and magnetic flea b,aru The chart
drive was adju-sted. to give the correct time scale for the

mea.su-rements and the orclinate of the chart callbrated such

that 36 d-ivisions (fg cm) l^ieïe equivalent to 2jO ¡.titt O,/
(uncorrecteo- for barometricr lr'.êssrrreì l,litochond.ri-a

containing 0"J50 - 0.800 ng protein i,¡i:re ad"clecl to the cuvette
and- tl'le g;rou"nd- g,la.ss siopper r"ras f1xed. in Þtace in the cell"
Â11 furiher aclo.itiorrs r{ere nade th:..ou.¿]h the ca.pilla.ry tube

in the cuvette stoppe:: using liamilton ivlicr.olitre syrin8es"
The reacticn vessel and electi:ocle assembr-y are shor,rn 1n

Fig" 1-0. The recorclings from iypica.l control exrreriments
-r,,¡:ith pyrurrate 'r mp-.LÐ"te and_ NÀDPr as substrates a,re lllustrated
1n l¡ig" lla and. l"l"b"



Woten .!acket

¡-lAO --Ê"-

Eor mogr¡€t

opillory open¡ng

Ground gloss st@pper

55

fulognetic stinrer

Hzo

FIG¡JRE ¡O. Reoction vessol ond olectrode ossembty

Clork
Electrode



Ff i"riJFiI .l-1 
"

i1l¡rpi cel- a. {:)i:i4i:( Ò)- f, :i-- jte:r'l,.ae:û i: c Ì..i',,¡iÌ:¡ ¡'l
1:o.l-a :i:'r-.¡,, -la. 2hi.o ÌÌieå,su.ltelen t of ox.y ?-: en
c¡nsu-irni-,i on,,r j.tli i¡_vruria'be -'- ina,-La.'ic-:
il.l:t ci ,:,-,-.l.-i;l :r:-¡,r ::u'i,,i:)+Ji.i,,.i',( í: "

i-- ,

' r: -r'lr".r 
': 

_l'

-! û' :- r-: - Li. r/

iti,',:.r.iii

ri Ll ii
ii i, ¡:i 

g ¡t ll e.::" :: t i¡ j, -i; 
¡-r r: ï,:ll :-: il_ I i ¿,:_

';;¡l-,:.-'ra.i e -¡ i-Aa.l_At e



G
uv

et
te

nr
ed

íu
m

.¿
: 

'1
 

:

P
!-

lt\
l!

t I T I

A
D

P

a.

P
 +

tV
I

I

S
to

te
 3

 r
cs

pi
rc

t
(s

ee
 G

lo
ss

or
y 

) \ \
S

to
te

 4
 r

es
pi

ro
tio

n 
\

(s
ee

 G
lo

ss
or

y)¿
A

Ð
P

on

A
D

P
 G

uv
et

tc
m

ec
!iu

m
"¡

S
lo

pe
=

 X
 d

iv
is

io
ns

/m
in

P
¡-

{ 
A

,1
 f\

t

I

r*
*J

I n
¡in

ut
e

d{
M

F
¡

þ

25
O

 u
M

 O
,

36
 e

hq
rt

di
vi

s 
io

n 
s I oo

Å

L¡ ar



2 u Ca1cu"lat1ons ( see Fig, i.1 )

(i) oxygen consumption ( polarographic)

=¡moles o2/minute/g protein

where X = slope of record,er tracing (eivs/rqin)

Y = total vofume 1n cu-vette (m1)

Z = mitochondrial protein in cuvette (rng)

O) = oxygen concentration (,¡¡I{) at LAOI;
" saturation (2Bo C), córrected. Í'or

barometric pressure

36 = totat number of chart d-lvisions
( ordinate )

(ii ¡ Respiratory control ra.tio ( see glossa.r¡')

The respira.tory control ratio is calculated. by

the formula:

RCR = Bate of state_-J fqspira.tion (d-lvs,/min)
ffi

(iii) ADP¡0 ratio (see glossary)

The ADP:O raiios were calculated. uslng a prograa

prepared for the Programma 10L d.esk computer (O1ivettl

Underwood)" The program ÞIas baseo on the foll-ol^;lng formula.u

assu-miag 36 ord-inate chart divisions represent 1"001, oxygen

and- L0 ,¡.,.1 ADP are added"/
aÐp:o = (q.QÐ(Ð(36-)

(Y)(0e)(2)(2,)

l¡here X = concentration of ADP (mivi) added

Respiration late = " -.{_ " 1" " Looo
L000 z

5?



Y total number of cllr¡lsions ( ordinaie)
tra.versed in utllizing the ADi, ad.aed

tota.1 volume in cu.ve'bte (ml)

= oxygen concentration (¡.{) ai LjOl,;
saturation (28" C), cor:rected for
Ìrarnmorrri a 1vr¿v pressure

= total- nu-raber of chart divisions
conversion fa.cbor for oxygen from
molecules to a.toms

t7-

\),
4

L

Combined- ltleasurement of

"ê\s T¡ras indic¿¿ted prevlously, it lvas d.esirabl_e 1n

certain experiments to monitor the oxygen consumption and-

N¿'DH oxidation simu-ltaneously" ,r'he former parameter. r.ra.s

d.etermined using a rritrrating olatinum electrode (American

rnstrument co" )" lJoth measurements were carrled out at 2Bo c

and. recorded oi? a self-balancing potentionetric recorder
(Texas Tnstru.ments fnc" ) " I{itochond.::ta eontalning 0,500

r"50 mg protein werre suspended- in cuveite ned-ium 1n L cm

fluorometer cells" i¡rith the oxygen elec'brode in place, the
vibration amplitude was set at 6o on an arbitrary scale of
i-00, a"nd. the sensitir¡ity ad_ju.steo to give a chart span of 90

0"01" = volurne of ADP solutlon aclcleo (m1)

5H

qn . go_qqli4pii on and. NADII Oxida.tl on

divlsions (t0"3 crn) equ.ivalent to Z5Oy't 02 (uncorrected, for
barometric

throu.gh the

i¡ti crol itre

pressure) " All fu.rther a.d-d-itions viere performeci

top of the electrod_e assenbly using Hanilton

syringes l^¡ith rnanual stirr"ins for a fei; seconcls



after each ad.dition" úxyg;en

ADP¡O ratios ûrere calculateci

these ivlethods,

The simultaneoÌrs oxidation of' I$ADH Ïilas aeasu-red. by

ihe u.se of the fluorescent properties of this reclu_ced.

pyrldine nu.cleotid.e" Excitaticn of Ì,IADH by light of 365

prod-uces a fluorescence spectrum at long;er wavelengths"

since i[A]l'' d-oes not exhibit this propertyu the oxid.ation of
NADH can be follor^red by the decreâ.se in fluorescence emission

at 436-l+66 np." /{ non-lii,ìear resnÕn.qê ì-.o the concentra-tion-7-"

of NADI{ lvas observed anct therefore a. cal-ibration curve

(nig " LZ) orrer the ra.nge of N.A.DH concentrations stud-ied. ivas

;nrepared for each experiment. The sensitiviiy, dark curl'ento

zero and blank sribtract adjustments r^¡ere all ¡aad-e i^rith

0,500 - I"50O mg, of mitockroncl.rial protein suspend.ed. in
2.5-3"0 ml final volume in ihe rea.ction cuvette" ,A,fter

setiing the chart speed", d.epeno"ing on the ra.te of oxid-ation"

NAÐI1 t¡ras a.d-ded. to the cuveùte bJ' lîamilton jriicrolltr:e syrlnge
with manual stirr"ing for a few second,s" The rates of
oxidation i^ieT'e calculated bJ' re,olcttin.g; the ojrserved- ra_tes

u.sin¿i the cali-bration curve to €,rive a. linear function
(Flg" 1J). il'he calibration ourve shor¡s a. plot of the actual
NADH concentration Y*) versus the nr¡mber of oroinate cha.rt
dlvislons" The number of ordina-te charü divlsions at

arbitrary points on the record_er tracing are used. in

59
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conji-rnetion with the calibratlon curve to obtain the

correspond.ing NADII coïlcentration W) at these points"

These values can be replotted. directly below the fluorescence

traclng by converting tlie vertical scale into concentration

un1ts, Usin6ç the ap;oropria.te factors for dilution and

mitoch.ond-rial proteinu the. NADTI rate þnoles/mLnute/ g

mitochond-rial protein) can be ealculatecl from the straight
line plot of concentration changes (see Figs " LZ and_ 13).

Ilq_oroqetric ${easurement of Oxioation of Physioloeical i\TAllH

Çonc-e_â!:ãbto_+g

All studies of NADII kinetics in the control and

mod-ified- pigeon heart mitochondrial preparatj_ oi:s lÀrere

performed on the fluorescence attachment of the Eppendorf

LL00l!f photometer" T'he decrease in fl-uoresoence as NAj)H r¡as

oxiri-ized. was record"ed on a Honeywell BlectrcnL'k Lg record_er

(50 mv) " In all experiinent.s, Nhe prina.ry exciting aravelei:gth

r'ras obtained r-rsing a Hg 3r3 + J56 nlx fllter in conju-nction-./
rvith a second.ary filter of 470-3000 rÀ(,./

l{i,tochondria (0 
" 300 0 " 500 mg protein ) Ì.iere acLd.ed. tr:

cuvette medlum (z8o c) (total volume 3,0 ml) in a qu-a.rtz

cuvette and a baseline established_ on the recorder chart"

õz

NADH (f -f O Trltl f inal concent:rati cn) I¡;as aclCed_ by Ïtarailton/
l{1cro1i-tre s.'¡r^ingeu followed by i:rief rapid mixing" T,he

reaction i^ras f o1_l.owed until the NADII ha-d been comnletely



uti-1-ized-u

For izlhib:itor

nucl eotide '¿las added-

nitochondria" After
rea.cti on nixtulte l^ras

of l\ADï{" The .method

descrlbed in section

Sr¡lel-I ine lieasur ements

experiments -vrith ADP (LZ o 13) , the

to the reaction vessel before the

additi-on of the nitochond.ria, the

incubated fo:: l- miiru.ie before add_ition

of initial velocity calculaticn is
ï of fhe Appencl-ix,

L . Tu;rÐÇ-¡-!¿

i{easurements of mitocirondrial sr¡'elling r,,íere nade

using the ileclcman DU spect::ophotometet at a r,¡ar¡elength of

52A r9l-where an inverse relationshlp exists beti¡¡een optical
density and vol-;me (92) 

"

Suspensions of nitochr¡nd::ia (0.050 C"JCO mg p::otein)

were added to 3"O ml of cu.veite medium (28o C) and_ the

optical d.ensity read. ai 520 m¡l-aga.inst a blanl< containing
cuveÙte meciun onl-yo comparisons betr,reen samples $iere only

val-id v¡hen the protein concentrations, neasured- su'bsetluentJ-y

br/ the ae'Lhod of Loriry e-, ¿.L. (79) , tr{ere simila.r (! 5 "0,1¿) ,

?o Volume chanses

À1 = 5LpO y and, )r2 = 630 yL on fhe Aminco-Chance d.u,al

The absorbancy d-ifference ai the two r¡avel_ensths



wavelength spectrophotoneter nas used to follol"¡ mitochonclrial

st¡tell-lng: changes during various states of resplration" The

operatling theor.¡r of this ins-brument has been clescribed_ by

Chance (93) " Prelimlnary expe::imenis pe::f'ormed by i,liss lj.

Jacobson (personal commu.nication) had. ind-icated- tha.t 'bhe

absorbancy d-ifference wlth the r¡avelengih pair 5t+0-6jO y
refleetecÌ mitochond-rial vo_l-ume changles without interference

f rom resr"iratory cha.in redox ef f ects " ALl measurements were

mad.e at Z8o C, Variaiions in mitochond.rial- volume were

1ncl1cated. by a deflecti-on of the recorder tracing during the

reaction after the ini-tla.l basellne acl.iustment"

Cytochrone c_ Estimation ( sllectrophotomeùric)

Estimati.on of the cytochrone c ooncentration in
mitochond-rial prr:Þaraticns was performed on the Amlnco-

Chance d-ual wavef ength spectrophoiometer r¡ith the 'vrrav€length

pair 550-5+0 m/.r (59). Tlhe o-oer.ating; theory of this
instrument has l¡een described by Clnance (93).

Mitochonclria (A ,350 - L ,500 mg p::otein ) were ad.d.ed. to

cuvet'be ned.iuin (2Bo C) in a l- cm glass cLr.vette. Folloirring

additi on of an appropriate sr-rbstrate, the ¡nir-tochond.-rj-a l'¡ere

permitted to respire to anoxia, At 0.4 o;rygen, deflection of
the recorcler tracing indicated" the redu-ction of cytochrofiie ce

T'o ensure com¡lete red-uciicn of the cyiochrome g present, a

srrall amount of dithionite ïras add.ed. to the reaction vessel

6!-l



fJn 'ûhe en.l oÍ'a sii-::;'in¡.¡ -.r'od." J.rtr"¡:bhç:r.cefl_erction oí iire
z'eccrc e r-, I,ra.cin¡'. rer.re;a"_l-cl ¿1. illci:e ci_:n¡1eti: i.eiJ_l;cti_ c;n o i i,he

3Oîpl-enei:i oÍ o).¡'r,OCL-i:rOle ç. 1:n tile cì-Ì¡Jí'Iù€" 0n iì--.r.. l:asj-s Ojl

'r,llis ï'edu.c'bi-i-.n-ç iire cöflçen-i-'raj-i-i.in i-'f cjrii¡cllïorne c i¡ the
Ín-j--bocl:lcncJ-:li,a. ,¡as c¡¿-1-cr-rl-a,reci (.i1,;rrrencì-i:r, s¡ci'ì orr rrr ) "

Soni c.a'bi on

T'h.e raa:,;imum ca:laci i;.1- oî tlter ta:Ltochonl_:-,_ia-l_ r.e sí:i.:ra.Lor;r

che"in ilor i'lrtDi.l o,rlicj-ttir-in ,,.,'ras e;ça.inineä by <ì.i.srripti_ng the
rneiür:-'-ca"ne ba:i:::i-e:: '..,¡ii;il s¡ir.i-c ii::r-i]-.ii.,.1,j;f i)i1 (ä::onrli_l l_ .rÌi osoni.lç

irïo'!¡e) " 'j.'o B-.¡oid- lnee..i, d_.e"ma"gr:, iJ:l.ei: mi.[oc jionc]-:rj.a.-ì- sLtsltcrnsion_s

( kept on ice) r/vere soni careJ f or ne::iocl,s o'î 1,5 sec,-.rt1ct_s eacir,

sep¿¡"-ca.1;ed b;'- 1-nis1r.r¿-l_s of "I5*30 sr_.,colicl_s rju-r.ln¡ r¡l';j_cii-[ir-iê

bs-bl': 'r,11 e sa.iir.¡i]- r: a.llc- cric ir-:r*-rb;e !'re:i'e clc.l-ecl Ðr:r irle" T'he

son-ic:i'i,or'*¡"s r¡¡:el.:;ì;ecl ¿:,i in:-t..:t_ì-,rt;-l.rit,L)()Tr',Jt-ï'Í'o:: s.L_L eï,rtez.i_men.-ts

\ ¿O líc u d-el i¡re_rj-ng. LZC I'l) 
"

Ass¿r.y- iiroc ed-r,zt es

1 -D=',r-l-¡i,^ 
^-.i--'ì .-l-Í,--^)- a :r u,Jîl_Lri u)u,. .l>_;.\,J-:)i:

1,h.e 1:r'c bein conc c:"aLre,-j:i r>o of a.-r-,ì- il.i-¡;ochlnd:.i_a-r-

]lrega.T'â.ticrrLS r'ras cr-eie:rn'i-:reä by the mcilnod- of. Lor,r;r s! *-i.
\'/9) , Sta"¡tclarci-s ì,,¡er6: p.r:epar-cc1. i1 d-u,irl__Lc:;,te f or eael-r

es'ui-ila"j;ion in tj:e, l:r"ng'rj )-zac /LE:, uLqi-ni: 0 "25,'/, licr,¡irre _cef"u¡l

al-l:¡u-ll.iir (sr!,rla) " '-i-'ne sa.npJ_e s c¡nsis'beri of unciilu-teci



miiochondrial suspensions pz'epared 1n triplicate",-qoth

sl,andards and sanpl es tr{ere incu-bated or¡ernigçht with L.0

lVaOl{ before the estimation r¡as carried- oilt. The error

betr¡een replica-ted. read.ings b:¡ this rnethocl ïIas + 2"0|6.

2, aiAili-I

Assay of the 1VADH concentrati,rn used in the

experiments was ca.rried- oi-rt enzymavicaLly uslng tkre

c on c enlrati on

conr¡ersion of pymvate to Lactate by laciic dehydrogêr1âs€o

The ex-bent of reaction hras determined. by measu:"in¿r 'Lhe

d.ecrease in optical d.ensity at 3l-pO ml¡in the Beckman DU-/
specirophotometer" At ÞH 7 "2, Nhe equilibrium r¡f the

reaction is far tcl'¡ard- the production of 1actate and. ]ITAD+'

an'C -Í-t is the:refore assu.med- that bhe reaction proceeds to

conpletiono oxid-izing a.i-l the i\ADI{ to rVAL)J (94) " The samples

(d.uplicaies) and blanlc ldere preparecl according to the scheme

1n Table L The sample cuvetbes vrere read at 3ì+O r1¡.1 against-/
the blank" After adciitioir of 0.0J rnl of 1lt{ pymvic acid to

aI1 cntrettes¡ the samples were again read against the bla.nk

a.b 340 qrr., Ihe I'IAÐII corlcentration was determined by the'/
f ollotvin¡ calcu"lati ons :

(o-D" read.ing L OuDo read.ing 2)(raean of cì"uplicates) =

hb

At )UA yr\] mi¡i ìrlrtr"DII has an absorbancy of O "622 ( 82 ) "

A o"o"j,uo y



Composition of bla,nk and sample
cuvettes for enz:¡matic assay of i\ADï{,

Double disti,l-l-ed'water

L l'1 1ç"PO4 buffer' (pH 7"2)

T.qnii n Äolnr¡rìv.r*- Jgenase

N"ADII (anproxinatety 25 mÌ,1)

Total- volu-me

Add"iti on

hry

Table ï

Sanple Blank

^ a ¿ //l oÞt m_L ¿ ô oO mJ-

0"30 0"30

0,01 0 " 01"

ô n1u e vÀ

2 "9'7 mL 2.)l mL



ïnel udin¿5 the

d of ar^m i n o¡l 'l¡rr
vJ

ÓE

fa.ctors for dílution, ihe concentÌ.ation is
the formula:

3' AÐL?_ qssz¿

The concen'i-.ration of AD,D usecl in resltir.ation

experiments lqas estimated by ultraviol-et assay on the

Beekman Dü spectrophoLometer a"t 260 ryL (81) . g 5 ll sample

of ADP (50 nli by weip-lht) r,,ias aclded to 6 ml of O,AZ l,i

K.PO4 lruffer {pH 7,2), The d.iluted sampl-es }ilere reaC in
dupllcate against a ï:Tank of 0"02 M I(,POU buffer" The ADp

corrcentration i,,las calculated_ as follows" Ii'rcm the clata on

the u.ltrar¡io1et absorption spectrum pr"ovicled, by P-L

T ?nôn v
^ J-vrv ^

10
0"1 = NADi-I (mi{)

Biochemicals frìc", it can be calculated. tha.t 63.s¡iri ADP

prod"uces an c"D" rea.ding of' 0"!t at 260 n*{82) " /ld ju.sting

fo:: dilution (5 pl in 6 ml), the concentration is calcutated
hv the fnrmrrl.2;

o,D,?6o iq¡¡ x 63"5 x +399 = ADP (mivl)

o:ÇÇ--r- L000
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Cont::ol anC- ¡rcdif i ed prc oar.?.'i; i on s oÍ' pigeon h.ea-tt

mitochonili'ie. were exani nei pc1aL.'o6ra.1chic¿¿l-l y io ciete¡'nine

thei:r rnetabol.ic beha.r,io.ur i.¡ith pylurrate -' mala"be (t-inal

cÒilcentrations c;.5-LO "5 mii and L"9-2.L m''l -r:especbively) and

]\il\Dil ( I'ina-l- c orlc entra Li otr I5C -200 N,I) as substrai; es " -l]he-t

pararnete::s u.easu.l:ed- I¡Iere o-;rygen consr-lmpti-on, ECR'g s anc;. /rD.y: 0

ra.tios (these ter"ns arc definecl in the CìIossar:y)" liig" L!!

j.l l-u-strates a t¡ipical Ox;.gra,oh ex.ceriilenf us-t-ng the aliot'e

sr-rbst::ates 
"

RE,SLIj,TS

oxygen con s'.r.npii i.¡n rneasl.lr'€,¡r.ents irumotes Or/'rttnute/ I

nritochonci¡'ial proì;ein) cair be u-sed. as a coinp¿r.ra.ti-r'e basis to

cletelnij.ne (a) the a.cces-sil--il-i.ty of the substiaf;e fothe

irri{;ochonclrie.l trica-rbo::.rlic acid cycl e a:aò-/ ar to ti:e;

respira.tor¡r cha1n, and (b,) the aoili'i;;. oí tl'lcse pathl'rays to

cr;ir-'Lize ihe ac]d ecl sul¡stra.te" Cl,:n,oarisons i:Í' ti:e ra i:es of

cri.ygen ccnsum-otion i'Iere useC. bo assess per::reabiì-i ty and-/ot

o:iíclaiive abil-i-i..,¡ of thc conL::ol- and noc]ified nii!ockLoncl-i:ia.l

pre lrarati ons u

RCBr s and A,Dr)r ú ratios (see .lr'i.6,i;" 14) ca.n- a.iso 1¡e u-sed,

as c::itei:ia fo:r compari-n¡; .bhe :r'ela.ti.,ie sti'u.ctural- integ;lity

of -ç1'le mi-tochond.ria.l- prepara"blcns ( see fntrc¡d-uction) " In
-bhe e,-rperiaenis rerpo:'tecì in this ihesis Ìli,qir IiCRrs are

taken as inc1ica'bir¡e o:i' e" ìr1ih d-egree of stl'u-ctural lntegrity"

í-rA



]lïtl il-ÊI, 1¿i.- 'Iy,-'-1 ccL-l- o:,{)iL--rÍìcii i::zcíni:. sl'l')'.ti-rr:_
oll-i.cìrt.j, j- il:'l Of ri;r¡"1'1rr.51,'i: ç -l- if:¡---l.e"t î, ¿:ì:ild, ItAlllr
il)t ili- i'ç:i)rl ll eL::Ì; ¡.j''f ,-rcl'.lniL::-l a 

"

ila..-1-c..il a'Li- ,,r,l oi' i:ìCl:ì ! s ¿,inc:- ;i.;.j ir'I C :fei-l,i os i- s
i nr-l i- c at e<1 " 0---i¡¡ ¡.r, ei.i 3 an.:ju-líl i-r'¡.;,iln {¡rr l.: l- c s/
m.i.nri-b e.:/ 5' :ti-i.¡¡e.l:lncj-:ria.l- r-).irrt" ç j:) 't.s ¡';i--':ïr
i:r 'b::a,cl<,er 

e ü :nilri:e. r:s 
"

û " iÌ¡..¡1r-.at,.'t er ì- 11L¡l -j,.2'i; e
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AÐP( 3oo pM)
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53.5 
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A.DP (30O'pM )
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Period ï[
ADP/O "

300
5515 x 2 = 2.8
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'7L

the -1ÐP: L) l.etics, iirhich r¡s _¡€,_,l1.escnts.t j_r¡e of tile

ohrrsirlrnrr¡l¡tii"... ar,'{'i a i c.-¡nr¡ Of A ni-bOClfrfi..lCl -i Zl ni-6nâr",?-l,iOn\/¿ \.rrv;i u¿ !!LJ- _uf u!uu,i. L..

can be u-seo a"s supiroj'bin[¿] er/1 (ience f oT' st::uctu"ra.l in'ba,ctness

sugì¿;ested by high jlCites" iloii'everu hig,Ìr ill]tr: C raiios c-l-c not

appear to be a-s d-ef iniiirie a. criteri.on es ljCfì'g s (se'e

tnt:r od-r-r-cii cn ) "

Da'ba. on o]:J¡gen ccnsum-oticrn r'ri.th pyru.rraie -r- ÍLel-ate a.s

su-ost::at e a.re pres€rnted- -bhroughou.t bhis thesis l¡rth r€if ejîence

'l-n -ncc-¡i rol-i ,r¡ pOl,iOd-S T o Il: ånd Il. I " This 'tefminology

refers to th:'ee pe::iod-s of s'ba.'be J res.piratiln (see Glossary)

inciuced- b¡' ti:e a.d.clitioir,s of /\Ll-i? t r: the rela"ciiOn vesse-'ì- o The

aCoition <>f a. 'r-iini-tin¡,: a.mor-int of ohos rrhs,.t e a,cce c'bcr (::-tlP) to

coupiecl mi Loclrondria. in the pl'esence of or:'cho1rÌ:ros;ohabe a.nd-

-,.r,--+-.-+^ l.---.ùu.¡iÈ v!c,.vç \1,Jru-va-Le -' ma-l.ate) results in ¿i ra,oid J:lirsi of

res-oi-ra-uion l¡hich coniinues until ihe ;t:Ji? ha"s 'been exha.u.sted..

Three sr.r,ccess;i-r¡'e a,cldiiions of ",{DP r,re:le routinely nelde,

::esr-rltin¡ iir the three blrrs'bs of' oxygen consl:mpii,;ir tha.i are

designated re spiratlcn periods I, If and f f I " The r"a"te of

oxygen consu.mption u ËCÏìs s and- ADP: C ra.tios were ca,Icllla.ted

f or each oí' th e s e peli oct.s 
"

fn a}-L coropa.r'isons of conflol-

f 1rç:!,r,,r;¡iì-7 -ì .: u ï:otl: p::cita.r'a-ti ons r\iere

a siugle piger:n lleari or frcril the

Nwo hea-::ts.

it:L

of

of

The dif f erences beii'';e en rluol ) ca-ve estiu¿:Lti ons rna.il_e

a,n ri irir:d i- f -i ecj,

isolateci- :fron the mlnce

poolerì- m.v oca.r'r-Lliz-L .Li'1ce



(..

occa.sirna"lly during ihe collr:se oÍ the r¡oi:ll eríj ìlrsisentecl i.n

Tabl-e -Lï a.s a.a incti -¿tLr'sn ol,' the nrecisi::rt (reprcrjucibili by)

of tile .:âl:ar;Leiel:s í:Ìe¿:.siì-r'qcL u

,'rc:teþe:L}.e*!iqarae*lp-rlå!]*c-å-9.i: ^ç-sjll{"?1.*-?Jl+-*}-e-rilllg*+

Èr,eonrnti:'lns nÍ' l-ì ecr'ln ir.eal''r, ,,titcCho'rcj rj-a¿tvv<2,! !¿5vv-:

The ra.w daia. obtaineC- fl:c'i'o -uola.rograrlhil siuclìes of

control ancr lnodifieo initocirorrr:l-l'ia.,l- prepa.rafions is presented-

in Tabl.es IITa, TII b and- Irl-. Ihese rnea-su-r:menis re.oresent

the d.ata from pa.irecì- coniLcl a-nd. moilified -oltcilir.r:-a.-bi,:irs

isol-a-ted- fron s,rngl-11 pigeon hea:rts oï'å. oool-ed- ti:sr¡,e sa-ip:l-3

fro¡r tr,;o hea"-ts" i'he maieriizl su-nÌna"-rizedl i,t these ta"ltles

i{as calculated- froi'r resu.l-is cf t}re ool a.::o.gra1:iri.c stucli-es

s imi --l.ar t o 'bÌros e si'lor,un iir I'i t , 1- 4 
"

The nean,s ailii. sia.nda-::..i d-evi.:.ti,:ns oí o)..ygien

coÌ'lsr.r.iír,o'çion, RCR0s atrrì- é.ÐPrO ra-Li:.;s.í'o:r'Llie conti'ol- a.nC-

:nocli-flcci- pi'eira::a.'i;i'¡ns eïe _Ðr:esenie.ì i-r Ta.bl-e V" us

inrj j-ca.iec'ì- by fhe resuLlLs oí' these fa-bles u L;lre ineasr,i:r.,:aents

sì;u.d-i.ec1 shov,¡ed- a r';icie ri.nå{e of rra::iability, Only o;{ygten

c cns,,lmpti on i"ías r:eccL:d.ed" -i-n -bire r\;liDH e:ci:eri:aenis sinr: e

resrriT'eT,ov'y cr:nt::'ol- ccrula i'Lc'i, be d-emonsi,rated. ',';ith erther

¡:.::epa.raii¡n using aCcleC i[AÐ.i:i as not::,d- in ihe -l itera"tuL:e (1i).

Tr¡ conoare ikie behavicur of Lhe t,;,'o 'i;;rpes of

r-nitcc j:onC-i:1e,- sta.'bisÌ;icr:._'l-ly, oai l:ed- d"at¿. iron control_ and-

rnociií'j-ecL prepa.r:a"f i;ns I';e tic ,Ãr).L:,'zed usiel :1.1e ù-r-ilet'l;i
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í r-r

lïnclerwoocl Ërogz"a-ri:m.a l-01 cieslc coinpu.ier'" Tlhe results of these

calcl:lations al:e suiura.r-izecl in !L'aï¡le V.[ " Tlhe¡r 1nc]i-e,ate i',røt

the inociifieci, mitccìro:nclria. isolaieC l,litl'r ¡L lcr'¡e-r' ::atio of

tissu e l,'et iieii;irt (g) /homci.3eni zi-ng Lrecl irlrm ( nl- ) I.iÐ:rÉl

si¡:'¡if ic.anti;r less aciir;e it<C "01) in. aI-l- a.srJects of

rne'babol i c ireÌ:¿;"'i ou.:r' e;ra;ni lr ed. u a.nd- p*.rt i c.r:1.a.::'-l-;r in 'bhe'

o;.;j.cr.a.t-,i-on of NADII (T'airle V), T'he d.iffe:re:nce in ECi-ìËso

aJ-bìrou¡h iìJ1)ãrc:rìt i¡ all t,':ree .oo:r'i-cds of respi.ra'b'ìon¡

becamo less obr"rious ciuri-n¡11 nel ricrd,s II anci I:l-I ( see Tal:1e \¡)

I'L is ár"¡ipa.Te]:rt ft'oir. i'ai:Ier VT ill¡-:-i tÌ:e ;iDts: L) r¿itios are nlr-r,

s1¡ili.l'ic.¡;ntlj. cLj.Í,''er"tni (irÞl"01-) clur:'i-irg, rre,riod- Iu i,rherea,s

the¡r beci:ne so Íol-1o,.'rítr¿; ihe seconcj ¿:"nrl th1l:r.ì- adc'ii bions of

:\Ð-ir a s shoi'¡n in il,e ana -l-J¡s i ç; oí' pa.i red d.aca. ( -i'abl c- V.i- ) "

"1"{ot'ie\¡eT', su,ch d-r.ffergnces ccul-cl not be d-ebec-Leil hy a"n

e:{an-ina,Lion or' .i;he i:ool-ed (i " e. r-r.lrpa.i:r:co]) ri.ata in liai¡le V

because oil the rra"ri ability of' the neasr.;:'r.rneil-ts in tiie

¡:rci:arat j- cn s -lroro ci-i ff err':nl; ¡ri¡;eo-,:s,

As discusse<J iir ihe fnt:."oduction, re-1-a'uive rates oí

o;{yfiien cr.;nsunf:tiln of i,r;o sr-bst::ates uLi¿;irn; be usec'r åÌs t

tneail.13 of e-j:ipr'cssi.ng,, i:c*:r;rea-bii-i-t1. " lilhe ::aii ls o:i.' the c)li)rp-r:en

cor:ìßulniJticìn ¡:ate s i':i-'bh ::I{D}l 'l;o 'bhose t¡i'bh Þy::uvate ; ma"l a.te

are 2)'ic and 1C:'; in- contro-L anrl. nociifir.rd Ðl:eÐ¿Lr'ii'bioiis

re s,¡ecti-';el-J ( calc,.ilaieci Í'.ro¡il l.'a.i:,'l e li ) . Trhe l-ot'"Iiri' ra i;i o i-n

tne ¡oocì i:li ed nr-toel:onCv'i¿-r. :r'e:fl-ects ti-rc, st::i-r,:itiir. Ctecrease

Í.roin fi,e confr<¡1, v¿;_içe,¡hicL¡ ,¡;aS o'r-,Ser:;.ecl in tlte r:,,_e oi'
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80

1{./-!D}1. ol.;id.ati on Ì:;i th¿t"i ilïeps-i:eii on " 'i'i;c ii-lnci-s o-i cr.if eria

of in.ta.ciness have, b6: en i..nd e,pencl e ntiy s u,r:g,esied- f o::

n-Ltochoir"clrj-a ( serer Introcjr-r.c bi rn) : (a.) l-o'¡ iri:,-iji:J o;ticlati,;rn anä

tb) hi¡¡¡r oxJ¡gjÉ)n cüns'.;-inlriion t'ii-i;h ;icou.;ll ed-r' su'l;strates (e"g,

i:y:l.r"r;ate -i' nal-a.te ), accoü.:)¿lni rrd b¡ hii ll i.ìCR t s aitcj- -Alj,D ; ()

i'atir:s " Ci:l this 'ì:a"s j-s, 'bl-rc cbse::ira-tio.n oí' il.ec-r'ca-seC- i:i:il-lil

r-r'.,i1 i z-a'bi ¡n hir tiie aod if i- ercj. ,:re,oa:ra''ci l.'ir su¿¡,¡,es'us , a.]; i':Lrst

t!:ought, 'bL:ac these ni'bocl:rol:Ìrl ri¿r. '¡eT'e i.itr)rr rlrt¿r.c'l i;]ra;l 'i;lle

cont:rols'¡iilr a re,su.l-fani C-ect:ease i-n ocrr-itea-i:i1--i-i¡r io il/................jrjri"

ilt ihe [ia.ine';iine kroi'Íer.¡ero ihese miic¡choncì r:'ia we,.Í'e, -l-ess

in'baci accorcling bo cr:j- irer'i-c:n (b) (T'abi-e V) . This

contr¿iC-ic.ii t-,n inpl ies 'bira'b eitllrer' ( a) Lrr' (b) is ilc---b a, v:"1- j-cl

:cef-l ec+;ion of ni'i;ocl¡o-ni1z'-r-¿-l- inte.9::i Ly, un '¿h"e h,a-sisr of

ev'ici_en_c e; f ri:iit os.¡l_ j, r.rT' s-tuii_i e:s of piiiì€ìcrn hea::t ¡iltcc.hond:'ia

( 11- , L2 , 1l) e"irc'L ci.a'|;a" re¡:orieci. late r j-n thi s i;l:lesi s,;s

ni'bochotrcir:¡-e.-1 il;o:: rneaì-,il.i-by io l\'l.\i.li'.i canncL be consic ererd a

t¡a-Lic c,¡'1te:'i- on oÍ- s'tr'..rc-bu-::ell. i ntet.r:i-t.-r 
"

llhe ::eila.r-ncler' o:l' the i:-nriins-q rer,:ortocL 1¡. thi-s secti cn

d-eal r.rir;h va,ri,ous atte,lr,'i:ts 'bo rj eiernine ihe sou..¡-'ce of tl-:e

rLeta-ccl j"c diff ererjces be'i,',,¡een conti:o1 and üodifi-ed.

mj'L;ocr'oni1r'ia., 'ra.r-i;j.cu-Ls,::J-¡' -in rela'bir¡n io *,,heii aL'lii-i-'ú;r to

o ;c jt- ci, i z e, e)i -r, :ra.ni. )u 
o c i': on c r 1 a-L i'l':rj,ji:: .



t'iorphol-oF ica.l Characteristics of Cont:;'c1 ancl_ i',1ocji-fieil

lirr patîirtions of ci,qeon tLeeri; i,ij_t<¡cho'rd..rj a

ft is conceiv'ai:le ihat the cliffe::cnce i-n nreiabo--l_ic

pe:'fori,rance of t1r.e tr^rc. m.itocirL;nrj::j_al_ pre parattii-,ns iiri.g'hi be

aftri-but'bable to g-:rcss inor:pho1-op,,i-ca.l di-s-siÊr-itaritieso visible

dlf f erences j n sil'ucr.u-ra-L i ntegrity of' 'r.o r,'a.ryin€. cegrees of

contam-inaiion bJ' nitccl:'oncl-r: al i:i:a-g;r'rents e.ir.c- cbhel particl-es,

llhe rnorpho-ì-o¡lical cha,ra.cLelistics oí'Lhe tl,,ic jrl:i::Þâ.ïaiions

Ìrere th.ererf or"rr examin ecì- -

l-r

Con'ürol- a.nCl- rnoriified ni rlcrrn l¡c,ert nifOchonCyia.L gere

isolatecl- a.n-( ¡:repa.recì. for electron m.-LcroscopJ¡ ",_rh,¡io*
inic::'og::ra"p[i.s cf the t,¡¡o prrij:raïå:.tions a-ìîe il]-ustr¿rteil- i¡r F'j-gs 

"

15a and 15b" Ther'e is no er/idence iri th"e prepa:râLions of

any extensi-ve clegree of con-bamj_n,etion b¡i e i bher inj tcrcl-:i-,nd-::,-ral

fragtuents or nic::'osones " In both ,ore pa.l:a.ti i,'i1s n the inn e::.

a.nil outer membrane systems âopeã"r to be intact,

'r'he ir¡o photogra-oh.s cì'J u lloiie v'er, rerleâ.1_ c e:r.ta_in

morpho] oEica--L ci if f er:ences 1¡e'biçecn the iv¡c prei:a.r'aii qrns, '_i'he

cri-stae oi the nocliíier; pre,oa.r:rtion (Fig," l5b) a.re more

i-rregrul-ar Lr;a.n il:ose c;f tlie contr<;-l- en¡j. are a.ssocr¿rted i,1i'bh

prr:minent int::'e-"'ni-1, ochcncl .L ia.f v'acuol es " T'he aopa.renL

ci-iff'elence i,n r:::gani-zation of ihe cri-sr,e-e na7, have, {lTc¿¿i6¡

significane,e in vie,,,',, oÍ'the _recent iroT-1ri o.a] l,ce re.l.at_i_ci::shi.o

E.l- e c-t ron i,Íi crrrsc opy

rJ 1-



j.j'-fLl i-lj;j.í 1"5" rll.ect:-t.r|,it ic:i:'l¡ll:'rlolls r:f çì,;' c,o:i:'{.rlâï'iì.-L,.rìtÌ:Ls
o,î ¡:: ¡'e,:-n liea.::t .l_j -l;ocltoniL::ia 

;,-.:re ¡;ar:,e r,ì_ b;;..
tiro r¡itr.l i_'?i_ç.f ,re-bhoci oi: Cnaircc a.ricl_-':iagihal'a. (.7ó) 

"

2-. C;:rt:r--i-;-1- i¡,i -i lOl:.1-'rlcj -.'i-e. { na.¿,':fLi ¡'-,i, ¿¿i i r-rl
,7500r:)

b " iiïocl :i îr cij, ,rl'L¡cl::;rìi:l_1'-¡_t--. ( rin"1rn_i i_-t c¡,il i i¡Ìr
l;50 0:r )
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a) -r

cf c,l:i-stae stru-c1,ur:e a"nd- morphology 'Lo 'rener'gized'1 and

"noÌ1-ener8izedn' f orms of mi'bochondi'ia. ( 95, 96) , 'bu,b l'¡as not

exaülir e.l fnrtl-r er. in -bhi s stir-d,y 
"

Th.c electron ¡ricrog::p.i:hs a-]-so il-l-us bra-uÊ å. cl l-f f o::ence

in cT'css-sectiona.J- d i¿:netels betl¡een ilre t',,,IO ,oT'rrpt"f'â.bi-cns,

T'here is a distinct hete:rr-lgeneit¡r of' thj-s oaraneier i-n tlre

control- initocl:;onCri a, r;hi-1c 'Liie moclifleo- prîeDaraticn a"pfiearlîs

tcl be a. mol:€r l-ro'ur;geneou-s .oopul-ari-on of l,a.rgc=:t. clross-sectional

dia.meiers " Si:rce the electron nicrog-;raphs re,oresent a"

qnnt'ì nn 'l-.hr-ori¡rh tlrc l)r.€.ô,âra.tion ¡-n" wnich fl_re ni bochondrla.

2-t-F: nf r-¡ h=hl .;.¡ -rpl.lrì ¡¡rnl r¡ 6a- j 6¡ i c,-l f lr o qarâ.?,?.i â ¡'T.ílSS -:: eeti O:f a]_aI \. YJ-v¿a-t'LJ v+¿!.rr.u!\tt q! ur!rL,.!

d-i¿-rrrue-ber' nary be ir:cilcative oÍ. the actu.al niiochond-rra-l- size

in the ti¡c-' orcpara-uicns " It was of inte,res't , theref cre n to

exaniire the irossi ìri 1-i i;' oí a ::'el.ati olrshi¡r ìref ',veen s-1ze ancl

rn etaboli- c fu,n c'¿i- t¡n 
"

2 . Segreg,lati on oí nif oclio:'lci:"i-al popr-r,j-aii cns

As cì.i 5çr,rssed above, ele:ctl cn ricf'r:scop)' 1. rvcal-e' C.

cossj-i;l e size Crfference bett'reen the irio t¡i¡;e-:s of

rnitochondrr-a basec i)1'1. observo.ticns c:Í-their cïoss-sec.tir-.na-"1,

d-ia,rneiers " The e:lis'bencc-i of ä.. stze/function rela.tl i)nshi i)

wasj e:<¿¡.;rli.n ed_ br¡ cl-i_e ier.ential- cen'Lr_iiug:iti r:n " ije-l.er a"n.c ï,ee

( ,80 ) ha.ve obs et'vecl- cha-y hi¡¡lrer sl:ee ds in tl:e 1n-i ii¿:.1

c en.t::ifuga.ti i:n utse,i to lrc¡noi¡e ce-:l 1u-l-ar d cb::1s cs-n rcsui-f ii-t

a siçtnifii:¡nt loss of ni'üochond-r"ia" I't seeilecì- ,oossiT-.1e

-rh.er'e f ore Ì;l:at cc:ntl'ifu¡e"'ri.x oí thc ,ityocaro ie..l- ho:iti;gcna.ie



ai 48C x g nigh-u procllrce a ee.T-vit) -Í':lacti;nsrti¡n af' a.

he'Ûero¡4eneous mi bochond::'ia1 ,oopr-r1ai j-.-'n anci Lnal: thi-q i.ri¡,,.ht

be affected b.y '¿1iE isol-ai;ion conditi,:ns (e,g" thc anoun',r, of
'ir.r,iscle tissu.e hc::c¿enized)" ljlh.ls lrt'oo"tr""t* iias "bested 1:;r

rrs"¡Jrip.:l tire ceirt.r:ifuga"I- force i,tsed- ior tha initia.t

cent-cifut¡:a"tion. of 'Lire ¡,r.i,ocarc1ie.l hono¿,en-ates" 'llhc,r effect of

clra.nginl: iire usua-l- ¿l,lltl .¿i í,1; cenb::iír.rga.bion t,: 2lO z g or

7 55 ;{ g nras i;esied on bc¡th control a.nci nc.clif ied mitochonclr"ia.l

preparaticns, The remaincier of bhe isolation pïocecì_ure rias

unchangerd. " iÏ'he, o;,rrC.a"-Live a"ctir¡i'i,J¡ of -bl_re i'e sultine;
pre pa.::arii ¡ns rra"s e;raio:i_necl_ polat:ogra_1;Ìrica1-ly a1: 2Bo C I,rith

pyrlì1,¡a.te -- na--l-ate anci ifiiü]-l as s'*i:s'b::'¿r.te s" li-'he re,sril ts of
b].rese e:r¡:e::iinen'bs { ï'¿lbl e Vl,r) indica.'i:e th¿¡,t tÌle :ca.te i:f
ce::rtlifugaL,ion rraJl iirfl uence in 1ra::1; soÌrle of the proj:-rerbies

of '[]ie, lrersLl-l t j nij -orei:a-L:atiûri'l s 
"

:lhe comparisons oÍ' moü.ifi-ed niiocholrci-,:ia isc¡laiecl

';'iiih d.if f e:rent ra1,es of ini-tia-"t- centr:'i-iu¿a.ii on su¡¡:¡;ested.

'chat, 'bhis type oÍl m.j-'i;ochontlria--t- prs:irara.iion consis-beci of a

aore homogeneous ;oo,oulati o,;r . !]he obs ei:.i¡ ed cli f f er.ernc es 1n

o--tlrg.Ên c ons,.;nDti- on , l-r.CB I s a;¡ C Ä;li): C rati os ,¡r ì;h 1r¡'¡¡1¡a.te -F

na-late as su,bstz'a.te T,vere not si"g_lrif icant ( see 'fable rr ) "

sinllai:J-y, zf o chan.,-e in 'Lhe rate oÍ' .l',T.q,,Dlt o;ticiai.iün i,vas

proclnced- by centrifr:.g;a.ticn of ihe no'Jifiecl prÊ:lreraiion at

755 -{ g;o The use of Ðercentage change compai:ifions cail l__¡e

inj-sl-eacj-n.; in ciìses uher.e the ori ¿;rnal_ HeâsL¡_T'€-,ätents are li:i,.;

8L!/



The eff e ct of tra,x':¡i:ng- t?re ini'ui-al cent¡"r.fr-t¡a-ii-on i'¿-be on
tire¡ oxi.d-a.ti r;n o-í 'iryt'u.,rate -l- loa-l a"'t,e ailci irJÈIlt by control alr.d
noili- f i c-,ci. irr i o c;hon o.::'i a. 

"

Paired- con,ca-T'i sons a-re inad i: f or ea.eh 'Lir oc of 'lr€r paï',,-'ti Lrn e

J-.eil,¡een thc-: usu.al- p_focecj,uT'er (l+30 r,l g) a.nd- ùi:e-. tes'b 'llebhoi,s
(¿'7A x g oï" ?55 x g;)" 'Ihe cor:rfro-ì- a"nd. ncc1ifj-e,cÌ
;o:cepa.r:.bj-'rns a:re not-, pairec, tjxy¡t-en conslm:ti.'n ì-s ¡:i-ven
in ,u.rr.o1es O2/ ninuie/;. mi- i;ooho:rri rl,el ¡rciei:c "

',la.ble liÏI

i',1i f ochcnd,:--' j-al-
Irrei:.g"tîa"t i on-

Con¡;r'l.l- (¿-130
( ?2Õ

ConL.rcl t +U0
\'/ 55

ð5
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\ r,d r vr
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a.nCL a,Ta-rlable si.nc€r a reiativel:¡ sna.l-l ai¡so1r,:,te d.if í'erence

cå.n proCuce a I er¿te p€r'ce'nta-¿e vg::iation" .Jonsc:;uentJ-;,r'u ihe

aopaie-ntJ-¡r l-a.rge cl.ecrease (32',[) in 'bhe rate o.fl it1;:,1]!i oxidLation

in 'bhe nod.ifiec (2ZO x g) ?repàTl;bion ',vas not à sta"tis'bica-lly

sii,,,nì ficanb d-i fference" llhe resuli,s ':f ì;he inltia-l-

centr"ifuga-ticn cha-n5es on nod-ifieil :nitochonci: ia ere,

thereforeu couira.tible wiih irrevic-rL's clata r,,iiri.cfi su.¡,:¡iested a

homogen coìls Þ:r'e pa.rati cn 
"

The observed- differ:ences i¡ o,-(i¡p,en ccnsumlrtion, RC,Ê0s

and ADÈ';0 rati cs ',,1i l;h i,.J¡T'U1¡al-e -i- r1a.,-|ate be;L-¡een Llie coilbro,l-

(1180 lt gr) a.nil control (270 ri g) pre,oarations !,rere noi

sr¡rri.fica.nt " 'I'he laite:ìl pre pere.t,icn L';a-s clr.ara-cte r-izecl- by

tire, gene:la'l 1y àcceptecl. c¡':Lteria oÍ' rai.'i;ochonr-]i:1a-ì iilta-ctness,

vi z, n hi-É:th üCliî s u AL).Pr u, rati os ancl cxicja.ii in of p¡'3'1i-r¡¿f,ç r-

l:l¿¿1.a.-be, .ii-oi^ier¡eru tì:le con.ccini ta.ni; increase in ihe ra"te of

ILADH o:ciclation {67',i') i'ras, in i;1,:ris i;rsta.nce, r:ot a--bb::ibu.'bable

IJÔ

t¿r c-.-;ra-¡i-crF.al error a.lctne (see T,a-ir--l_e _LfJ" l,hese

obser'-.raii í)ns sug.g:esteCL thai 't,he l-ol¡er ra.te of ini.i.1al-

centrlÍìr:¿a1;ion u-sed" i.n the isolation of conirol (27A x g;)

ini.tocironri::ia ha.d r,.sl-tIted- in â p-repaliaiion con-ua-iü )ng; a hi-i,l:

propo::tiln of in'Lact miioch.oncl-::ia., i'r'ur-bl're-Íjnore, the;' aTe

con,)â'tible iri bir ¡rer¡i-ous propcs;l s i:c the l-i-uera.ir¡:re (1i n L? ,

1)) i-nat, Cirect o;eiCaiion of adcl.ed. iln\D,i:i na"y be a p:r'o,oe,:r,t.-l of

iniact ;oigecn hea::'L nitcci'rc-¡nclria" The resul,ts fron tl:e

conirol ('155 :t g) Þre¡ca:ration e:rpe r'imen.bs pr'ovicì ed aciditlona.l



su-Ðpcrt to tl:e pos.;ibility rna.L the control (48C x g)

pre-cara-uion -.,¡â.s a. kretel:ore:ieolr-s popu.le.iir)c llhich eoulc he

íi:¿¿ctionatecl -b;' d-if f eronì,ia-'l- c:nt-rifugation" llt ih ,oyTr:r;å-te

f ma.late a.s subs-brateu the si-gni-ficanì; decrera.se in the i:a'r,e

of Õ):ygen consumpticn, lìCIl?s anil. A-DP:O r:;itios oí the cont:ro-i.

(,7 55 :- g.) pre-r.oara-i;ir¡rr sr:-ggestecl the,o-rr:.oortion of intact

nitochond::ia in tl-.e pretaraiion vtas ,-l-or,{er" T L is unl-r-1<el ¡r,

therefor:eo tlnaL the conccmita.nt sl-oruer raLe of itiAD.l'i oxicl-a.ticn

bi¡ -r,he cont:'ol (755 iç g,;) irre;ta:r'ation colilrl be aitrlbuted to

a d-ecïe:a"sed- meirrbre,ne pe:r:nea"bi,L-Lti¡ e.ssociaierl" i.¡iih -iircre,asei.

sirirc-ti-li'al integri.by" Tire cl.iffererrces be-bi^reen i,:'-e, contrc"l-

({l.9ti ri g) a.nrl th.e con-urol- (.'755 lr g:) ,ore.¡:aratioirs ere simil-¿:,¡''

to the rel-a-birnshic oirserved l¡e'b,¡een control a.ncI mocÌ.i-f:ied

iriiirci:ond:'ia, i,e" the cr¡ntlcl {755:l g) an,l, l¡to..-lj.fiecl

prcì'pa-rafi,:ns exhibi-b d"ec:lea.ser:L:¡'ates c.l o;rJ/llen conslilnp-bioa

lrith Þy::uvai;e 'T ma.f-â"ie an-d" t'ii\.ilH, anr1 l-or¡er RClls s ancl_ llD?: U

-ra.tics tjra.n the coniro-l- iniiochoi'ld::ia" Ii i.s ¡rossible"

t3?

therefcro, thn.t moclj fied miiochon,lr"ia rnight be ihe pi:oduct

of the seg"iegation of a. specific ironog,eneou.s f::acticn írorn

icc hetcrc¡encoìr.s contr:ol- po,:-.r-la1-.'i rn 
"

3 " S pecf:rophotoinet::i c estj- nlati ln o i ::ela.iiv e

mi t ocirontl-r:ial vcl une

It seemecl itr:ssible r,'r?,--v the :[¿si;er raLe of' or1rj_aiion

of iüt!Ð'ií l:;,r ccnt::ol- ini.tocii.onci"i:i¿r, nof eC å.bcr¡e rni¡rht be a-

conseqÌ;r.ence of in-i-tochrncl::i-a"-r. s.¡¡el-l-ing-; du-:r:i ltg tire istt.i.¿¿tion



i_qH

rar,ì^ârl¡r1-€, erìn1.Ì i-h1-v oenety'a1i:>n Of tlig meÍbj-ânF, br¡ iiï,-Dij l,..La.S
'J¿

f a"c.rlita"te d - Sirrce d,r-::eci mea.su"i:cllenis oí' ni bochond,r'ial

vo--l-un:e a..re cl-ií'îi.ctllt in i;ne lua.n'bities r:,va.tlal¡]-e irr -r,1:ese

pt:epa.ra"-vilns e ã11 j-nd.irect neil'rocl clependent u-pon fhe oi:tica-l-

d-ensit¡r neas;uïr,,ilent a"i ljzO tn¡'t. r\.'as useLL" Ji'i tj:1s ï,;a\¡e.ìlength

the op-bica-l d.ensit¡r oÍ' a rni Loc.Ìronci-::'ia] su-s pension i-s

clec::eased i-,f tire rni.tochondri à at:e na.d-e ir: swel l- " i"'lii"le f hls

",.)pears 
to 'oe a va-l-iC- assi-t:tjtii :n ia se'1u-eir'ùieI c;nra.::isí)n-q

o-í-' a- s j-lrÉ,,;-l-e prepara.f i'x, olr c.f c-l,i f f'ereni Die,:1¿¡¿¡i ons

contai.ni.trg fl-ie saite nr-r.in'be:r of ni.ì;ccironrl::iau 'i;he el-eciron

irri-ci:ogra1:hs in tiris sttjC;r sl.r-¿r¡gesterl tj:ia-L ce rha;:s, cven

bhou.gh tl-re .cp'b1oal. cì-ensi-ty -bes.bs a"'b j20 tyr.r' rr;cre sct u1: 'r;rith

sini lar ,c:rctein cÐncent-r:a.ti:;ns (.: jiii) , 't¡ri s m1 ¡rht resr..r,.l- b i;:i

a C-jtf -ierence in f lie nurci:e:: oÍ' n-l-ir:cilo;rclria- add e,rtl- -j-n 'Õ- i-ired

arnount oli' 'J::'ote in " Thr-rs, i,fl ti'ie mocl,if ied- rnitocl:lcni-i:_j-,:. ¿r.::e

'l rrger, it. l;..t'-ll-ri be ct:_ùe:ct€jil ih:.t the r;:ri,icr;._ì- crensi-i;'

lneasurîeiilents a,-E 5)C ¡ys i,loul,J be ,-l-r¡.i¡e-r'-' ín su.cli p::epa.i'atinns

inC-epend-ent o'î an:t s-'¡e1-l-i-ng; r¡'11icit,li¡¡lii l:ave occ.urrecl clu-ri;r¡.1

'fhe isol a-Lion _procedur-L:e" tJith 'i;hese reserv¿:t1i:ns in rni-nC,

the d"¿ata. of ?al.:l-e VITT o¿ln be consicLeu'ed" *ilal-r,'s:LS of -r-.he

.rai::e.1 d-a"te" i rc: i cat es bilt.i,, in f e.cL, i;.1;c :,rorli f i aC

niicchO;rcÌria h'r.1 ø ci t¡ì'f i ¡¿11ifr¡ lOtfeIr (P<C,01) Oi:ì; j_Cal_

d-ensit;i a.t 520 t|.l¿," In acco.rdance r,iitit tlle abr¡ve

c<:nsid.erati cns , ii iol lorn¡s ihai; thls -l-o'u,ie:it r.¡a.ll-l,ie c¡r-r.--1 d be

due io the preseno€ì of f eue-i ni'r;cciroÌrc1r'ia ',iLrjch, iì't the ir



Opì;ica"_L densÍ_t;i (0"1.)") oÍ' jr-ì_i::ecn ¡re:a,ri mii;¡c,lirlnC:r'ia"l (t,Ìjl\i)
suspensions*r measi:r ¡leil- e-.t 520 rt ')t-)i',

irieasureinents ¡"Te ,c:ir¡en in 0. D - llnits ,

'1.'ao-Le v-Li-t_

C ont.rol- ,i)ïii'i

q(.)

a "1.t+5

0"0çô

0 , _7!,15

0 .07 t.

0 "328

0"320

+Fcom',r:a.:li.sons i\ielle onl_.-I nacl e r.çhen tIiet ccntrol ¿rnc'l_

mocì i fi. ecl mj- -L ocìrondri_a-l prote,i.n c On cen'üi:a.tt_ on.s rJere
si-xn,f_a.T n älhe da ba t"e ilïesÊni;s paired rlrepa_Tati ons
fr:oil ó ;oiãeön Ltea.r:ì;s 

"ì,4ìþhi girer O"D,5ZO m refl-ects Ð.. sna"l-l e:: miLochoncl.r,ial
vo I une

,'iodir'i. ed Fi-iri

0 " :1,10

0"c69

0"J00

c,073

Q "?-.i:)]

o " ?,iio



qo

ô'r'i iii nã.1 si;9. Û e - 21 F l: -ñt-err the.n --.ì':i;S e of tl'.e C ont:ccl-vt Llal'La'.L tJ vvJvv t

-)îe)a.Tt.f,'i.i)r\ anrl/or siricll-en uj.tocl:ondria"" 'l'he :ce,"l-a.'Ûiv-e

coiriL:ibr-lt:ion of l;hese t'i;o f,;"c¡o::s cannoì; j:e assessecl f:rom

the ar,'a.i-lable d_a.ca"" 1-he oL::iginal h¡ilrc-r.hesis p-feSe;rteC ai

1-.1-e bee i¡ninsi of th:Ls secti-rn a-t.i;:'ibuted flie fe-sler rate: of

i'i::iDii o.:ci.C-a'Lii>n by-bhe c-.ntro]- miti:cl:lonclr:ie.. to ¡qitcchoncl.rlal-

sv¡el.l-i-ir,'j in biris ,ore.parati.:>it - Tha'i; bÌre 12-T'úer v¡as n,ot 'bhe

case r.^Ias siiol,in b;r the hi¡lhe:: oCtical clensliy ."ra,lues a"t

520 n¡r irr t.l^Lc contrc.l- .o::e¡.:araiions ( Ta-b1e VIIT ) "

+ " ¡,i o-'l ll-llìe chan¡¡es

The clj-scussion abor¡e consid erecl f ire possi-bl e

contributlon oÍ' a vcl1r.ïi1e ü1f f erence to ihe rates oí itl,{D}i

o;ri"il-ation i-a c,-ntro-r and nori-r.fieri ri-tocliclrCi:ia." -fhe ilt-l:pose

oí ihese e:c-oe:riiir€-iÌ:1ta wes bo dc-rteci s'',,rel-ii-n; i;illich niight have

occu.ri:ed- d-i-r.ril¿*t i-so]a-'biot:, Ijorirer¡er', i-U is iç¡-r.'.>i,'n ()L) tha.t

swsr-'ì lii:Lp-' iûali al-sr: occ'.1-r wiren sltlis-b::ates are adcl ed" to

mii;oclrond-i:ia" ï-r seened- possi.bl-e'bna.i -bL:e, d-i-f:¡'e::ence, in

ræ.te oí' i'lADl1 o.ricla'bi i.n observeci in :he ti,';o o::epai:af ii:as

rni-ght 'ne clue i:o a d if f e rent ci-e ¡;:ree oi s'..''e-l-r.ie!. inclu.ceri b¡r

adCi-tion Ðí irfJjJliu '.riir-ì-cir L3 t'r-r.rn iaig;ht I eaa i;o a" fas'Le::

o::iC.aticn oÍ' this su'os'i;¡'af e in the co:rtrol- raitocl:lo;rdria""

Theref ore, s-.relliieg/coniractirn cTcl-e s L're-ì"'e f i:-'j-l-oi';ecl on i;he

hrnjnco-ilha.nce di,r-a.l- '¡a.-¡elen,!,Nli s;)*-=cit')tho'i;oile.ie-r rrsin¡i tl:e

l-i¡'irb i::a.ns'oission d i-f Í'erence a"-b 'tl-re r,¡ar¡eleirg'bh ::air 5tlO-

ó."0 n/r (see i-e"bl:ocis)" i'rif.-s, L6a and, 1r:b 1l-lusi;r'ate t--''¡il of



trf Gt]B.ti 1-{r, .5llec'¡;::lirhot.::ce t:rrc Ìreãsr.r:renir::Lt cf f i:_-l_'.:fle
c n.a,.n,l.'.,:.t:: j, n c oll i_,:: i:_-1_ ãl.t d rrod_1. f i. e tJ ;;i ,11e c:ri
be¿:,:-i rit_,i_ r, tcJ:;¡i-r ri.LiiiL l.ì i-r¡i1 :¡,drl i i i" o:r L):r''

Itl.l;.rj ri 
"

a,, ^ C i;:r i:::'ll- irt -i. t i..cl': l..iii-l r:- ¿t

b " iricc_i-.ii_ r:c,-l l¡.ir{]c]tlnrl ¡i¡.
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flre ::ecc::cle:r iraein,gs ciriaitred- vtil:h. control- anij- morlifieC

rnitocl:ioncria res.¡:ec"l-i''¡ely o r.:.ti1i zing. .l{Alil.t \,ir50 -200 ,lu..t't) 
âs

su-irsira.te" T-y l_-c api:arent LYtai, cl-ur:iag o:cica"tion of e:i-Ler:la.l-

r',1;lDfi o i;h c incd,i f i ccl ni t r--chonrì -ri a urnd-e-rr,.i ent a- v-ol i_.iine cllange

( sr,re-l-1ing) o'i a.,¡-rr'o;li::ia-tely t-¡'lo tilles Ll'ta-r, of trLe coittro-t

.lIe pa::a.tirjrít r.ii ih :ro concoili-ba.ni; c;-r.:-:-nge j_u the y_'ate of li,iJlli

oxicl-a.tion" Àltlroug..ir the exteni of ihe cbserr;ec1 ch:-.Lti¡;es

¡¡ar-] ed_ in c1:lf :_'erent e:rperi::.ents u Dhe exarn;rles i'ì _ì_r:3f¡si6¿

a.Te 1;ypical of the cr:;lparatir¡.e re_l-atj.onsirip Í'or.r-n.¿ 1n al_1"

exlre-r:itnents t¡ith iho tr'¡o pre .oa.ratiorrs " :[ i; is cl er.ru

the.r:eforr:, ti"ra.'b iiie enii:y of ìlAilli is n.oÌ; necessa.ril.rr

depencì-ent u.poa ¿¿ ini j;cohoi.tdriæ._'l- swel l_i;r¡;; clu.r,in;, iso.l_a.t,;-on

( see c-Lisci.r.ssion of' 'l'able \¡rl-r ) o:: c,ir:rin¡l res pir'¿Ltrl.n lrj-tir

i'r;iDïi a.s su-l¡si::aic 
"

thzynç^þ:-e-li-zel:=.o-ir-*'¿l-'-ghe_da!*-yla¡_ __qi *?-;l-,tÈç,!_l-Èt._gi*_.uri-ça:

i51l-9.q1:ç-a.,"Lrlal.-_1l{Ð¡ _Þ.r:*Ç_?,qT_ï9-l=.*_a:i1J *[q*ifå-gli:t gpg],¿:-?Lqg,,s_

or-{11-g.9"ç-+--lip"ar.i-..-tir.!.-gç.lrg.rÈr}a

a?

.3or.'s.b (4i ) , in r€:r¡iewing the e,xisting da.t:e (f gOf ) on

the o-llid,a"-biit:a oÍ'ertz'ainiiochond-:;'ia-'l- i'IlUJIi, ci-iscusse,t.i bi:e f'cl-¡.r

f o1-l-ot,ring. tyi:es oÍ' ¡rech¿rnj.sins ¡

1" " In-be rna-"1- ciros,r¡cryla-bin¡; ¡:atirr,ra;;

2 " ,Ixte::nal I, non-phr-rs DÌ'lcr:;rll-e,¡ii,r,',,
s i i llulai ed ¡)Ð"-v1îirtia.y

3. -:lte-cna.-.. ïI, clitinone in¡.'o-l--,'-^ment

- 1^:sr':i j-¡'irìz':¡ C]::a.i-n

c;r-b ocÌ:l:orte g-



4u itetabol"i'be skru-ttl"e systens

ïr1 .,,*i -olni of these llossil¡i-1 1i1es , so.j'fle cha.ra"c'ce .¡'isti cs

oÍ' -bhe pa"-blrway ol' o:ricla"'bi lrn of exùe-r'na-l- irlAD"î1 in 'cne ccnt::<t-l-

a.nd rrOdif i ecì- .¡)I,-. pâ..1' :'L,i oits -L/ief e c,,,¡n.:af'e C " 'i1^l:ee a-t ¡:lo¿lc j:: cs

to this p-r:obl em T\ïere undci'ta..icen; (a.) s1;ucl-ies i,r1th

re-offectol:sot that al-tei: re siti ra-'vori, cLtain a.cti-rii;yo (ir)

itinetio stucl-i e,s oil oii;'siclo¿,ica-] i'i;rl,ir. co:rcentra¡j-ons

(f -f C Ftl) , a"ird- ( c ) sti.:"cl.ies of' ¡ne'bi,iboli-te si:i;"'¡ l;le systens.-t

(a) rîEi'fector'? studies

:ì vari e'b¡r of si;'i:.¡s.i;ances r,;lti cht. acL a": .J'a-:i:ior,¡.:; l_r;ca_'üio:is

on-b1'rc, res¡ri::'aifo::'y cl:l¿.in (see I¡iE;. 3, fntri:cli:.cbion) wer:e

tested on the cc:rt:lol- a"nd- inocl.ifie:L iltitoci:rorr:irii;i-l- pteD;-rû.i;i,..,:,:ls"

LLrese ef f eciors rerf,r€rsen'i;ecl- f irrere oirera.1;ioi:l¿ì I c,l-asse s o'i

subsüeince s; inhil-rii,ors (:!niim;rcin ,\, 1\.¡1;r{,¿-:-l u roi:eiri;ne ) ,

a"ctiva'bors (o¡,'tociti:ore ç-) ait,a i-n'l.ool.rill,el','s (2 ,,lt-d:-n:j_trcpllc--,nol- ) "

The a"c'ci-on c-i' such conpouinc-s oil fiie o:; idati_r,'e bei:a¡¡i i-rr-rr. crf

irif oclii¡ndria can bo used ì;c i-,1entiÍ'.y 'ûhe ea.1:r,t{a;1, or' o;iide..-uii.r;n

oí a. ,:a-r"iì cu.-l-a:: substl:a.te" .¡t11 exirer-lnents w€re per.f'orlned

a j, 28,J C usin. o;-.).¡Iie'./Ì eonsutil.p-;ion ilteo-,su-rainents 
o

The resr.rlts of these s:rce r'inents âl:e su-Lrti,l3"-i:i zec.i- i ir

'].'able I .T" .llre ori,Cati on of o:<r,ernal, I'rÀjl:i in botl:l cont:ro-l-

and- norl.iÍ"ieci- m:1- üochonrir:ia" i.vas sensitive io ,{uiyial,

1:nii.-n¡rci-n ;\ amrl t:otenr>ne, j r:raica'c-r n¡.¡ l;ìteLì; t,i:e pa"-i;Ì.:w¿ty of

o.:rid-aì; j- On was the nr-cccLrond_L:ial Ïes pi.rråì r;ojr]¡ chai,n .

C¡r-uoch::ojne c a,ld.itir,;ir al-a,rs'i. ccu.l:led- o:{.i¡gern clr:s,.,t1nllti,-¡n ii:l
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ô(7,)

both crelrar:ai;i,-;,:rs" iftlii= iítcre:i,seij- r':-,riri¡¡.iii;:r. r'rite r,lp-]-icd

the ijos-s-..b_l e, con';:i-i bt¡ i;i,rn oÍ' ¿rn e;q1;t,T'i_re.l c;rioc.Llf ltio c-

stiini-rla,'leri roteno'ie*inse.Ìrsi-f i.,'e 1)atÌ.rr,i'í,r;r as l:c¡:r:T'ie,,C. r it .i;l:, 
e

l- j-tr:'.'a"-biri:e (3, ó, 56, 57) " ,.lr:uever', bìris lÌjas rr¡-Lei out b:y

s€¡r¿e:i-al e,-tpeiri-n€iriis ir l'lh1ch i,irc effei'c oi'roteiloile L-rr-'i. Li:e

cy't,och::l:re g-st j.inr-rl,er.-beC r¡;ricl ati {ln. iIa-c e:ralii:recj ( see' "rrrie io

.1lab-l-e Iii) " Ín ¡"1-L su-ch inr:tances ::'o'l,eni;L:.s i:i'ocli-lcec-'1. cor¡ i:ie,te

init j bif i,.')n ojl oiil/g'en c,')trsi;il.1l.tci:,ïi" Tl1u,,c, e.,,J-thor-.i¡1'r--. c;i'i;cch_,:,ilr]e

c- c,'¡L:.l cl st j_iitr,l-l-¡i-i;¿, c:liila.ti- i¡n of' aCd eC, iil,r:jj:i, i'r.; .,,1 i)lt.ld ¿t p!er_l:

tc ci o so by su";c,i-l-enen'bi-ng- tilc en.;i),.i.iti)ììs c;¡b¡clrL:i;ife c_ of ',.he

l:c S r):Lilai;or¡i cll:'i in ancl irOt i;h:cor-l¡:1-: ¿;"n el!:tí:','.'nil.l ira-i,hvra-;r, ll'Ìtr:

ÌtncL)ui)lol', ? ot:r*r¡r"t,i tr.opi]cro1" hai.l iro ef f e cL ct i'l¿l-ti: o:liie.Li¡:n

T..)' er bire:: 'l,he, cont.ri¡.1. r.rr i¡ccì :l-fierr:ì llii, b¡c].,.i;n:',:t'-r-i:'l i)lepé.,Ì-i:itj,ons,

T'Lris obs,+::'vatj-on:-r¡r-j lr-c¿,r.'i:es'¿h¿:li tl:: e it:";i.rle.i;iln oj- aclc,tec] lrl :rt-li:i

is.or:i:-irabì-y nc-r, coi,lirii.-LsoT'ir, l/ c,:lupl.er'l ro o:.id¡,ttii;"e

irlioS !llo:r-'J¡1a-r;io::l u ¿r";:rC -f,1:ìi:.î) the rn,i tOcl'lOÌ:d,,'"i-al. .iV;:lilir U Cta"jle

,o::: r:r t,: itS i,-:'ricla-ii:tn j"s noi ir.r:ce sse"i,iJ_;. àT\ (lfìe] -r'í:.j¡-l i.ai:.ecl

fu.nctiln " '.1.'hese e f f e r:ì;or siuiJ.,r-es oenoi:lstr:ate -vh¿:.i r'J;¡.])ï:,

e"<-i ci eri bo ct-.ni-ro-l a:rr'ì noci iíj-eiì Þreila-r.'a;'-ti on;s j-s o.:-id-i?J{:r ci l.-ry

tlrc; rrii;oc.i-iorLd:r'-l-al L':cs:if-'¿1.;í).T:\.r cita,in. 1:l o'¡eïer, 'uh.t r.esu-,i-'bs

ctc-. not e.!iii¡inabe a.::ol.e í'oi: ¿:n a, di'L-.icnetl sero¿r.:ra.te

inec.abcl-i';e shr.ttle systei:r i:n i:jlc o-:,iiair cn oí cJ¡"boi:-'1.-¿;..jj.Ìl_ic

-i r:11/.!1 6

( b) ì{ine'tic str:.clies

-i-'o cii.:i:ra-ci e;:iz e fur'i1i e r tnc 'bciia.¡i ou"r ()r:'' c i;n'i;::r:.1 ailC_



ÍroCLi ¡iiect rnitocirondi:i¿.1 1:i:e ,rs"ra.iiors, t1'tc itinetics cí

or:ì-r-l ati on r>f exo!ien ortrl ì,1 l,)':r lie.rc e --Ir,,:-ri.'teC- usi-n¡ 'il:e

Eppend-o::f 1L 00i'i pho-r,r:ne i; er f I rlol:erso enc e atta"cirroenì; " l-l:1 1-

measuremenis iíere ilad-e ai; ?8o C rtsing 1. crß cr..uariz cli*,rei'Les

contai;rj ,r5r 0 " 3*0 ",5 n;r, ¡ni.tocirona-ria..i- i:roiein su.s i:en,l-ed- j-n

2,5 rn-l- cr.r.r¡e 'b j;e i¡.eclj-u"n" Initi.a,l' v.e.l-lcities oi' i,l'/+l).1;i. oxicjation

r,^iere ca"-l-crrlatecl (see ;ìl;:crrrli x, seoti"cn .].-,) in 'i;l-re .û:iîesence

a.::C abs enc e of :lDP ( 5 rni!1u 10 nì'i ) olier a _lih;'s -i ol- o¡'.i c;,-.I ran8;e

oi ì'lirDl:l. cÒncentra.bio,rs (1-10 yl:ti) ,

'l'kre calc'u.1. at ì- ons are s u-iâtj1.i'r..r-.'i zed i..tr i[ab'] er ,i(. a"ncl

Dllesented irr:e.iliii.ce.l-1-J¡ D.s': ,i.."ci;caver-Êur::lt (:r?) d-.;r:l-,.1-e

reci g-r:ocal t:l-ci;s in irig;s , t'7 e.nrr i-i," îo.t tiie ccn¡;¡:rti and-

nltriified,ol:eila:it:r.iiorrs i:escec-b1-re-l;." -i'he:¡'ecinl:oc:.,1-,rl'-ots in

ihe se t,¡o rli¡,r-r,res .i¡íere e;ye*f i ì:tecj, T'hc kraeiic i-ìåìi:r:linete-r's

de "be::inilrecÌ f rr,ir tile glr'a ohs EJ;e sl:-mr¿¿:lizer-l j n ll'al.-.--'ì-e -{I " 'llhe

lahibi'¿cr cr:n$taïrj; ( it,i ) '.ras ca..l-cnl-ei;ed- i:;r bLle i.nte::c epi;

neihorl" (.97) usirr¡,, bhe ,to--l--r-o';,ii'n3: ecua.j;iol: a.nil 5e-l-irinf' j1o.r iii:

r\DF (5 111,1, L0 mi'i) erar:rs ír strcn¡'inhi-bi1;j-on ön

ini-ioci:c¡nd-ria-l- o,-li-,C.a.'r.ion or:' i\i,ADil in boi;h c¡ntrcl (73-93',''/.) and

Ito¡-iifiecl ('/0-85,,) nreca,t'a.'cioi:ts a"c bhe f ou.i: sr-r-l¡siral;e

c(-rncentr:ati ons ex¡arlj-ned, "L'he ca.lci-r--l-a-LecL -r(., ancì- ii, '¡a.l-ue s

In-üerc e ,oi ( a.ìrsc i. s sa )

i,,, kr -cr:e i - c on-c en tra"ti
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T{ -iî'î" i"-)
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"1.

cn of inhi.bito:r
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i Table .KÏ ) zt:c: irr i.loC- e.!r'1-eeflei?t r'¡ith tirosfi ;oîeviousl.i¡

llî:.iof-'Le,. (,<1 ), If ti:e Ç"." values Tliej:e ne:at.1...y icje¿tica-r_ iit
the', oTe¡qerh,e(ì a.nci. absence i:f ¡iDP, t'hi S r,,;ou-]-c1 be sl.t¡ r¡,,1,gii,.7" of
a, sönpeiti.f j-r¡e inhi biti r:n " iîo'¡er.reï, the t/*n"r, r¡a1uÊs tire¡e in
f¡.c b no-u icr entica"l " sri¿ìr.qresì;ilr¡1 ì;lr."ii j;l:: e i.rrì:: :itri i;i-¡n r¡a-s c1. a

inir:ed i1¡pe (97) " ijlÌr j s is corn¡:ai;ib-Le l¡j-th prerrior-;.s er¡'LCì e¡ce

in fh;r -'l-i-i;erei.i"r+:, t5I) r.,¡hi.cil has i_ndicateci e. cr:npl-ex

neclianisn oî lnhii:ili.-.n b.rr JlÐP exists" ii cÌetai._l-ed_

e:ra.r¡tiirati-on o,i' "i,Ìre l¡'ineti.cs of .liDP inl:ri-biti i;ir uas consid_e:lccj-

be.;'s¡¿.'i;he sccpe of this sti_rc1;r siirce ihe l;j_nei;ics l,ïere

perforrr.ecl íor cr:mpa::a_ì,i_r¡e plr-jtposes onl.¡rn {lÐ der-bect

sini-lar:i bíes ol cliff e::ences be'br;een the behaviou:: of contro-],

an,:l- nocl i.fi.e:ii rl 1-i;or..l:r-inrj-r:-'i¿; i.'.1, i.j-. ¡:lrys-ì.oi.tgi e.i--l- c:)t.lr_rE=nt::aj;ions

of add erj iíAÐtj, certa-iie iii.nei;ic .¡:a:raine ì;er:s r¡f ihç, j;,,,ro

s;.'stens, \riz " :'1" a-ncì -"i a )r)e¡ìi i;o Jre i,re jtji s j,qj_lì-ai: i-ir ilüi,h

S¡rsiens, '-lhis jlrdLcalec"l tl.¿',,'i;l:e o-::,1_,-,1aii-on r:i ii;iDll t,¡a_s

¡::oba-b]-..v pr{)oeeii.:rg t,.,. tne s:,,Ìr€ì rieclt¡:nt-s¡l l:,1 'boïh

-c-i:e pa..r'a'bi_ lns 
"

J Ô1

(c) tiei;¿-"bol ite shuttfos

ïhel for-:::th g,ene:r¿:._l- i;rite o_i',lecì:a.äi-srl r,1-esc,i:.iÌted 1r.,i

jlirrsl.-. ( +1- ) EÒ Ð.?coi.ini; ír:_'r: the o::id.a,ì;i,rn o.f' c)¡br:p]-asrilic ;:i¡iljli.

i.;y nitr¡chirnC::j-?- üas -r,he neta.bo--j-1ie shui.ble;. Sjirce i_t is
u.nl.. i.kel-;r t]:a".b ihc, ace:ioacetat e/ft-!:;rdr.ox¡ri':y,-b.;r:-aie shul.bt.Lc.ì o.il

tke d,-g-1-;;cerophos plrabe siruti;i €: c,T'a funci, j. ona.] in ¡ej¡oca"ï',,-j_j_,r.in

l j'7 
' :2CI) o the irre.1ate/o:rai ç:a.ceta;be systen (Lrrig," Z, -i-,itcz"¿,:.'r.r;l:,:e:



1.02

Fevi eli) se e ¡neci tire rnos i; p.r:on-Lsin¡: elL'Y"-':n¿"Lir,¡e tr: exanine 
"

Êecar..:.se ;rodif iecl- ¡n¡- DoclLonrli'ia e-rl:ri-bii re"l-e"iiveJ.;r -Loli neinbTa.ne

_¡reTinea"itil-i'f;,y Lc i;lie il-irerct en'br:y a-ncì- orlr-å¿;..bii:n o.l'e:ltr:sr.-

¡itocj-r'onc::iLal ÌíriliÌ, i;he;'r,,ic:ïe cnosÊn D.s'Llle tt:st s)¡s-ben fo:r:

tiler :ra"l-a,Le/ ç;12.i,oaceiaie shui ble inrc jl¿,¡.nistii, -|he exOe lirnents

r,rere perf'o:i'ne cl- a.ï 2 iJo C r-:-sl4¡,; the -í'l u-o-r'esc eï1c a a.'ctacl:lmerii oÍ'

'che :\ninco-Cna"nce du¿rl i¡a.velenElh s,:ect-'':o_¡:hoto:üete-r' to

rueasu-re i'tÄüjí o:rj-r.lal;i o:r and a vib¡'a,bin¡l ,tlatinui-n el.ectrccle

f cr- sinu,ltaneou-s lnoni-bo::ing of o]:ygen ccnslr-n1lf icn" '-]-he

laite:ìr rca.:a-rrei;âTS,.,'iero exar-uineo- in j;1rc r)resenc€ a'ÍÌd a-lrseilce

of 'bhe exte.rna.l--l-it a.dlC"e;å cn3;r1'¿ç-q ( ila.l-ate', cie hJ¡c[r"cl-.enîrsj e a":r.d.

gLl-u'banate; o::sl oa"cel:a--çe tra"nsa¡rin¡:,se) a"nC.. the-, inierinedi:r,ì;e s

(a:.s oa.rtai;c, :_,1-'.lta,mate -r nal-¡;.'te a;rLì 2-c:lo¡Lr:ti.,r.:-f c. ) t"c,':l i,r,,it'eil-

ior the cireraiion of' the shr-rt'i;l-e, -!lhel conlionents ci' r;he:

V'a"::l-t-'rl.;r.s te s'; -s;rstc.tis e:ce.ninec'l- a".*'c suitl,ila-rized- i.n ffall.l-e .¡i-i.T 
"

.-ri-2.,..:r'i.iirs L:e 1:::r:d.i.rcira¡r; ( on a red-uced- sca-ì-e) i;he i'l uo::l-,r-ite'ce-r:

a,n¡: s;rectL'r-,,2lrltcnetc-r 'braci-n.,9,s a.ïe ,)iîesentei<j iia ji'-ig . L9a*h.,

Section 1.I oi the .tppencli-r il-i-:tsr';:cp-"'i;e s a. fu,l -'l--sc¿¡"1e' coÍly- o i

a. ¡:oibii:n oÍ ihe o:r:i.gt1na"} i:racing; crlrt:esllondi,n;: to t?le

e:rpc,rir¡.ent si:r:¡n :rn i¡ig;" L9a,,

ext¡l:'na--l---l-;'a-ckled eì12;ri¿s5) ir.:le rep::'odu.cecl in ltiÉi;" 19a, ca e

anci gn lri¡Lfil was the Í'i:rsi aclc'ii-tioir ;o ihe ¿i'1;ccirondria" in

a-,'l-f i,he eïÐer.j:i-rxen-ts " i. 1re suti:sç'ci r-r.eni a.riCiti on o-fl a-s'Ðs"T'".aTe

( 2 
" 4 iai,r Í'ina"l- ccrlcenf ra-t1r:n) Ðror,l-i-.Lceo nc cirarl¡,e in 'ì.ire r?"i"ê-

The cr:irbrcl- e:roe::-i:i:.ents (i"e" i"n the a,irsence of
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Exterr¡cl Enzymes Absent

hIADH
osp

iclr

External Enzymes Fresent

NADH

NADþI
osp

( + arsenite)

Gsp

NAD¡4

NADH

hIADH
osp

NADH

CIsp

(+DNP)

NADH

NADH

NADH
osp

( +orsenite ¡

osp

o2

NADH

NADH

NADH

TIME (min)

(+DF¡P)

NADH
osp

o2

ADH



L-'.-i 'a

oí or()¡Se'n c on,sr.lrß üti ün o:t: o:i i"l'iJ)ii ü,.î-i-d.; ii oT1 in u.n'5, of tlle

6¡¡e riments irr 1;he absencír oí' a.rid eci enzJrnes " ll'he fu:r'iher,

aCdì-ti on o-Í ¡,.J uia.na;o -- ma-'l-ate (¡-,t.,3 :.'rii ea-ch) ::espl-Ì;ed. in e.

-?^5 frld stiinrr-'l-at,ien oÍ' r):í)¡g,en ccnsunil-rion (I-ri,o:" L9t-, c, e)

er-¡en in the a os snc €r oî CCT s:rd, itiDi'I . tio-i¡er¡r:r , -i,}t 
e ,"c ltas

a-5'ain nc cìean3;e obsertred in tlle ra'üe of i'li\U,::. o:r,irlatioil

corresl)onrì-ì.n¡: i;o ihe inc:re aseci o';ilrrllen cÐr.ìslLlnD'i,i ol:l-, li'i-:.e

12,'1,":er rr-te, tr-rÊf'ef o:re, oz"esr-rnebl y reÍ'l-ec beC l>nl-y 'Ll.e

oxi-d-alion of'thr...: ¿1:lir-iarn:,"be + ma.l-a-be b;,r l;a-'. oÍ't;:'¿,"nse.illnaLion

a"ncl- Dhe'l;r:i-carl¡o-ry1-i-c acicl cyc,ì-e" .Ll'ig" L9c ana e i-'l-l.Lrstrates

the eífects of arsenj-te (3"5 nii) and.2orl-dii:rj-t::oi"rhenol,

(]0 pii) cn ti:e colLtrc-,"1- systen" 'l'hn f o.r.rne:l sul:siance, bj-ocirs

ui:e ,o;,cici¿r-i;i"ixi oí 2-c:,rc¡.;1-u-i-a.l:r.tC.: âr.d-'ul'lercrír-r-r'e siiou,-l-cl

c-e cre asr: i;he cOni::il¡u-'Lion -l,o tlre oj.;.J/'¡ç;€ìn c:)nsr.r.iJ.ll-¡i lrn riÎ ii:e

irri-d.aj;ii;n oÍ,'glir"-bara:ibe', ma"f-¿.'ie a"ncì,-i;hr.;rs Tnaii:Ç any stiuu.l-ai;i.on

o-i ihe o.ìr-J.'å{en ra'be a:;,a r:esull'b o:l'i;iie: r-'.yclrì riecl:renísll ll.i-¡i:e

år.i).pâro11"0" ,iilscr 3.T,sen-ì-te b). iL.rhj.bi'úin1 'bhe o:¿-iC.a-tiori of

2-cxo¿11-ltia::ete rai¡,hì; bc e:rpecteC i;c increa.se tlre rate of

ci,if'fusron of bhis sr-:.J-¡s-crafe fron tire ni'bocironcl,r'icn so 1,n¿¡.i

il; cc-ruld o¡,rt:i;iciirate j.;:.r. -bire c:rt,:r:nal pcrtion of -bl:: c, s)¡s-i-ea"

AIihot-:.¡;h these e:ii:ec'úed- e, ,i'fects of a":rseniie h,.¡.r¡e'oeen

observecl r,rii-Lh -"1-ti;er miiochcnd-rla (17), 'uhe;' ¿rç cl-ea::-l"y

e-¡:sent in 'úlis -fr.:,se flf :r.ce-ri men.ì;s a.ncl- no stimul a.'b:L ¡;r of i'l-ADii

o.::ic1,9.-t-l- )n b]t 9"rSei'lite] ì.IaS r-.bseT".,red-n

Tll:.e rrossibl-e ef f'ec'c oi 2, rl-Ci-n-ì-t::or:i:leirol oi: i't*li:i



ltA6

c;r:ici-açion by the: m3.]2.te/oxe.].oaceta"te shr:-'ï;tl e r,Ia-S be steC

J:eca.use th-i--q uncou-pl.er has r:ecenfJ-y been sl-.olrn (g5) ro

inf,,']-r.r"en.ce 'i;ire ra.;e of o]_1tr¡¿¡¿, ,:noveneni ecross ilre

ni tochonri::ia-]- aeinll:rÐ"ne of' 2-c-iot1r-r.ta.rs.te" T'he 2, ri.-c_ini-tro-

;ohenol ìra:i, n.o ef'f'eci; on. 'the ra.tc cf o--rJ¡ilen cojLr:r-¡ÌtÐt:r- an oï on

the rai,e r¡Í' lli{l--lii o:ri,:1ai;ion i-n i}ie s¡is Lem wl:en 'i.ne e:ttc,ïira.l l.¡

aiided- enzynes ¿a.re lroi ¡::resen-b " î'li.e aii.cìitir..n o,i 2-orco-

gl-u:ca.raÍe afDÊr asLlarta'be bo the ccntrol, systen, con'baining

ni-tochonrì:lia, i'T;\Ði{ anci as;ca-r'ba'ie, lrroc-l,uced a_ ]*folc}
s f i-nu]-a-b i cn c:f oï)¡€jen c orisu-irr¡tii on ]-ruf wi r; jr no c oïros Þ(t.:tcj.i.n ¿;

eÍ 1'ect obsefirÊd- in the T'at-^ of i'ilrÐJI o:riiation (i-,ig; " Ig.¿,.) 
"

The a1-.or¡e -l ack oÍ' sÙirn-L.r--l-a-i;i on of I'J.li])r:ä o:liclati on b¡r

the';¡a"t'icäs ätatabolite a"dci.i-tions iias nor rrnexpectr:c1 s-ì_nc.e:

the illalabe/o^";,:;-1-c¿rce'La-ie s jir-l"tl;1o c¡uli.cl. po i; b€,: e:çcectecr, "bo

opera"i;s'l'rii;hou.; clle ar)cli'i;ion of tl:le L¡,¡t¡ e:eir,,:r,na.-'l- enzyirlcs to
i;he ¿1i-'ì;r;rcLloncj::ia,l- s.)rs¡**" ir:l:i:: ì;est sysiens';,ii'i;ir (;L)1ìe-;rcr i";,-r'

t)r:€sen1, a-re i,'l-,]_r-r-stT'aLecj_ ln ii'i6. l-9i:, d, f ancj- h," Tl-Lej oi'cl,er

of a.cli:i ition oi'-b.ire lfeìa"c't¿.rn-Ls r,Ia-s ¡lte saiile âs i-n e:t¡efin*^ìl'Ls

r¡lihout -bhe exie:r.ir;a_L enzynes" .i!s,:artaie, i.n ii:e p.res€nce of
ar,:ci-eC. enZj/neS, a¡.,a1t: jraC tro ei'i'eC,-,- rJill tl:ir,; t.e,'be Oí ej- -l-,lier

o)iJ¡É_1en cLrr:lsLÌmoii ün or' 1dll.Jï o:ticl.ati i..it " Cllrùa"iï¿;"r,e -i- ¡na-l_aie

a.cÌcliti on ( r'ig . L9ln) e-Licitecl a re sÍrÐnse in i:oth Lhe r.ate of
orry,r4en coiLsr-;-n)li,.)ir (l-f'o1ri) a.n..l the ra¡:e c:î liADlj o;tiija.i;icrn

( J-f û'l d ) . Ilower¡e::u thi-s ca.,r'ncr i:e erss'-r-ned- io iyrd-ica.te r;i:e

o,:e-r¡¡.tio,.L oil ihe sìiu"bt1_e, si,i:tce the. ,. ncrsâse i:r er_vgtÉn



ccn"sr.r-mlfi;ioi1 r¡i.Ls n:-. i.-i'eâ-'tr:.c \hatt th¿'ut otlseT'i¡eci r.¡ith r-"i-u"-ba.n¿¡ie

ì- rna.l-ate i n i;he a,bse::rce oi' G0l' sncl ì;illli { IìiE, , L9a.} " 'il.'hr-ls ¡

che enh¿?.ncerj i'i:lilri o¡itl-¡"¡ii:i't in ll'i,.¡" 1-!b ilas oresllÌ.laol-:¡ the

::esi.ll-t cf i-ts €.t1-,.:rr.ítâ",1 -.í'eac';i rtn r;j i-lt l:ia.-i-,.;¡.eej-etg -¡ j.t-i :ra.l-ai;e

C-eh¡rclro¡ien.¿ìse e tlre, c¡:r.a-l-oa.cetate 'b+1ng f o::¡,--,er.l eri;e,'t'naJ 1;' h:'

i;.rerns¿.,niilaii r;n. of -bhe ¡-iicled ¿----spai:tate i;it'Yt 2-c;ro|;'t1-t-;,-'ca.rate

r:e.l-eased. f::oil, 'blie ::ii';ocl'ioncL: it- ¿r; a- resr-:l'b of hhe i n'bc:'nal-

fi:o.irsaninatii,.ìr i:ì-,q-l u.ì;a-i:l¿rte a,ird o:ça-j-i¡acet¿te" iio'¡arlor, ì;he

mal-a.te fo:'nec"l e:ite:r'n¿:.1.1y f:ro¡'r ihe rc-:cir.tca-ion it-fl o,-cal.<taceta.te

b;' lrJ]-.illi rt¿.ls eil-,he-:r jnsuffj ci.ern-i; ilr er¡¡lr¡L.ri-r.t o:r clici not

pen-eti.:i.'Lc, Tire nitoch¡n.r'Ì..r'i.¿,i.-i- uÉlini:rue.nÊ ra.pidl--v eni:u¡h i;c

enl-.ance i-þc labe cjl c_rcJ¡e,e:ì:l consLli¡.1_riii_,n.';hilnu¡:i-i ccuil_l_ì-n¡:,' oí'

i.ts o-:iici¿-i,i- ¡n tc the re s pi ::¡'i'f;o::'.'i cila"in " Iìaii 'L;he l e,i1;e',.:::

oc,or-l:r':r'ed u D.\ j.ncr'*ase in 'uLicr, o.-{y((.jen colrs'rlfrifJti-itn r:.;te' cor..r.-J-c

bc e:raec'ber,l. in }¡it.:" LÇ)b cr.eL'tlrai; j-l tì'i¡.:t" L9a z.¡¡yo:(j-na-l;ÉiJ-j¡

eeu-1"r,r¡,r-l¡¡¡1i i;o bhe ilicrer.se r-i:l 'bl:ç:' r:¿: bei tlí .i'jALll t-r:ii-ri e.'bi or¡

ot;se-.;'ved, 1n tl:rc ilr'îsje-noc o.[' t]le ¡ltcrn.a"l eiliJ.i¡liiâsi ( GLI!.', lïr'.rl:l) 
"

f'roni the i-oregoin¡¡-,, it isl clea:: th¿lr; the accel era.-bicn of

]tìiilDiî o;ri-dæ.'r-,ic¡n se. eä i-n i;i,'e, ,críisnrnce oi' er-l;e rna-'l--ì-)¡ :.i;-r' ecl-

glrr"i;aina. û e ; o:ra-L oac c-:-bet e t::a.n sar¿ j-n a.s e a¡rd na.]'a.t e cl eh)¡'.l l'{),! r::ì11å.s o

occl-:::rE:i- e;.rbo:rnal- 'bo the: raitoch.r:ncj-¡:i a a.itci- rro ac'Li-'';r iJ¡ ¡:í' i'(:e

i:os'l,riJ.atecl: ma-'ì-a-l; e/ o:rt:.f-uacetaie skrirb ì;-Le lie.s cl c'l,ectecl " 'L-]re

sa.n.e test s;ig.b6¡-11 u r¡-lrea'becj in 'i,l',e ,:rlcÌ sence oÍ a:csan:i ie

( Iii.¡_: " i9ð-) a-ncj 2 , !,t:-(ittt.t, ',rr.1,. :honr:T, (::'i,¡ " 19í ) , s.!roL,,rerl no

ch.,nr:,es :¡-n i.,ìc,Lta"-,¡iÛu:r' ír'Otlt the eí'r ec-is d-isc.r-lsscc-l âi:) ílïa':" '-l'he

:.07



i0E

arseiliie o)íÐsi:'inei'l Ìl j-ncij-c¿¡.tecl, th¿',i 2*c:ro{_t,1-uis,ra.ie c..':itla'i,ii:n

rir-Ûitt i;:i:i-c¿:::'J-.o,:ly.L.i-c aci"i cl¡c,Lfr i,{a.s lrtot rr ll-i-tni-''-ir:íI: ir'ac.tc::'i_n

tlie opei*,ii-i,i,r::. Of' "i;l¡e shi;r,'u'i;-'1.e" -i'i:'.-: ;r-bSencc oi' ã 2 r'.1.-rt.inj_ir1o..

,:heno-l ef f e'ct irrt-¡:h-L sii.¡.¡;ç5'f ilri"'u -bhs cLrítcern-L-ra-'Li on o-"i

ulLccr-r i,.l r;ri Adi.ed- i.';¿zsr inef f ec-bi_r"ie, L,h,-':i 2 ,1¿-cii.ni'b_r'cr:heriro-ì- cio€, s

ncl-b iilcl:.:r,¿ìsle pellnee.t:i-i--i,;¡i oí' -çhe ine:ol:z'en.e to 2-O;rc¡,.-Lr-r.i;arate,

oi:.ihal' 2-o>:<t¡,\t:-b¡.:::-;.te no.¿e¡:ient í'ro¡c iho n.i Lor-:horlcìii ¿,r. T/,ra-s

ni;t a 1i-nL-'r'ring Í'acl,or i..n tlcc cI¡c-l--r-c r*che"ni¡jil " fìr¿t, " l-9h

i11us brates the çff ç¡'..L of 2-o:lo,o.;l-tr.rara'ce adcl-i'bitn -i,o 'bhe

ie st si¡s-terri in the', ÐrÊ-sencc of iiter €:ït.:i':ra-L enzJ¡riÌes. 'Il:e

sâ-fr€: i:ri ci:e::se in tire ïeiLe cÍ' oityf;cn cons'r-ll¡p-l;i-il;,r r,tas obser¡¡eci

¿ls in bhe. ccntro]- (]ìj-c " 19år_) ¿,.cco;j.,)r.t'L-r.etr i:¡r a T.et'.j¡ rar:r- cl

o-:ticla.bion cí'1rl '\i-l]l" 1-'itis el¡1d-o--r.ce s,-t,:j:,rî-<i,s'i;li¿ei, ¿;. j-l¿L::::i+:r'ì;o

Uir e lla.ssrìge oí 2-r::,;o¿.;J_r;t "t:t.r:¿lte Í'::oirr tfie rn,L;crllonCr":.¿¡. â]ai.sr¿.r ¡

s j,,i'-lc.e i irs acid-iticn i;r,r tl-',.t' e -':-i; :r:n¿r.-l s¡rsterïí1, l'.'esyiì;s j zr sr'l-c.ì-i Ð-

::ai:lj-ci o-:¡j-cra.ticn oÍ.'i!l\lï: (coin,oere irj-bh]r-':i¡,¡, -L!;g¡ " llhe

fej-.1-ure of'¡¡:e shui;tie tl c¡rei'aì;e r,Ìr.s a.l-so et;l¡:l'asizecÌ b;r,-

-::of er-r.orr.e ( see Fi¡.,:¡- j?) ejrÐr:ìlîitìlents (not j.ll-ustraico in jì'i€1,

19) " Suf:llicient rote'nilne r¡a.s aridecì- i;o bloci., o-rcJr[::en

c Dns'-rntti j- ci1. in the 'i;e sl sJrsien cr.;nte.i-::l.rlg enzi¡j-iìes ( GOT ancl

i'lftli¡, inì-iochoncL..ri-a,, iii;l,i:.,, asLtsl:-ba-fe anci g1-uia.i-ira1;e -r- na-La,te 
"

llol;et¡er, the -lncrq-:a.secl e-:li;c,ri:ra-l-. L).-::idari ln- of :.ì¿*:)it nitieii-

al¡or¡e in i}ig, LÇì:n û a.n.j f -rras corir,ì,e,teL-y ïotcnr>n e-

insen.si'f ive. 'tlhese l:esL:.1 -ts â.ltÊ coiltDe.r;ibl e '.,;i i:h il¡e

ccnc-"1-us j-on ¡ita-i; in 'bire. tesi s;; siei'rr sLurii rrc] i-n -blie,se



ê-¡1'rê?-ì r1 Ê,-ìf i:q r\ï.¡,i_.jir Ttg"S a¡:i Ci Z,gi\Jrl ,!/r,-L i1,:r,IJ vLJ I

ileacfi-on anii 1,ras no'b cle;i:encenì,

ille ilala ¡:,e/ oxa-ltop,.ceta-bs sþ¡r.l;j;l-e " The re-qulf .r ri:: ;-r¡¡¡".t 1n

tlLis exrleï'j-ïent hav'e, been ccn:iiï'rned 'b¡' r,irs " llr:lLe"nde i.1,1:"i-:.1'b

cf bbis I abo:ca. bof'J¡ ilsiÌ'-tí'i ¡.ra"i:i i-rr.ls cnncent--r'a"-i;i i;r'¡s of iJ,lJltr ¿¡"ncl-

.qr:bs'cra"'bes r¡ii;h -bhe nodi:ili.ed ini bochonri-ri.: " IL na..¡ l,hererf ore

b,: ccnol ucl,ecl thai. the nal-a'L e/ o::¿:.!oa.cetate sitrriil.e d-oes ïlo-b

s¿t.ti sf'a.e.tori -l r¡ rLcrol)-ï1t f or tir-^ o;tir-l.ati oir of e¡:i:i:aloi toclroni.l-i'i-a.l

liADl--l by moclifierl pi¡,ecrn hca-rt ni-tocl:roncl-ria observecl in these

s l;uid-i e-q " Ccmi>a::abl e e:;tper:ì-r.enis i,tere no-t r.l,.one on ulter ccn'L::o1..

pï'eDaratiun beca.use the hi-¡rh cli:recj; en'i;r'¡r r:f itTr.lDll i-nic'i;hese

q.-i-br;.c.hond"r:ia wol:,_l,.ci obscl-lre aû.:i e:vic encer of ihr.: si:urii--l-e:

inech:; n-l sin *

4 
^Õ'l\-/';'

Ð-n. e>r ir:e":t i."L och on<J ri,al-
.l--lra nr;n r ì ^,--ra¡¿.t.ii ;il,t iliv._'ur-.r-v çìi\

Dr/

CN

Specirophotonetr:j-c Esi-Lma.-bii¡n oÍ'C;.i'Úoci':::'oile c Con'i;eil'L-, j-n

'rreì:a.raii ons oí Contro.l-

llitr¡chond-i.'ia

'j'he rotencne-sensj-tir,'e cy'bocLi.:rorlie c_ sùimul ati.>n of

errosellor,ts ii].Dli o:r:irJa.ticn i,n ther t'¡ro pr:erpai':r.ii.ons cl¡sef'r.iecì. in

t1:e eff ec r;or sj;urcl-j-e':s d-esc::ibecl. abov-e sr-:r.g¿i;estecì. -bh¿li;

encì-o,gr.:nor-rs rni icohl¡ndri a1 cytoc,hrc",i.te q n1l,h'u be a, ::a.'ce-

limi'rin¡¡: faci;or' ì-n ihe o-rica.ii on l)roceìss ø I'he l-ii:ti-r,a-bicit

i::rpos ecl b¡. tir e c.l,'f rtc hrotnû c i cr,'ell- itti Éi:krt be e-rcnec u ed- t o be

E rc at er iir iLLe mocl.i f i ed .oïopâri:ì'L:l on s j-¡rc e ih e r. bs e-i'¡,.cr-L ra.ie

of i!:rDr! c-:li d-ati oi1 t'ra.s l.- tller u

-"?"I'lJ-:i-æ."]l-iså-il"r.e,-xn-.js.ggi



!LA

T'r: te sì; tl:ri-s hyirothes-is, i;l:e cy-Locii:lonei g conten-t r:.i

coni:rll a"nd- nocl-ifiec-l nl-;ochcncl l'i Ð, r,'ra,.i es''r j lnai;ec-'ì- usinÍ.' ì;he

:\ninco-Ci:.ailrcr':: dull- fiar,'ell,eil55i,ir s ilca'c.Lf'ollltc'l'Lolnc',ter l;itll

trar¡e-l-en¡;th i:air' 55t:-5tl'O rf as cl esc-r:i i:ed- untliei' l1ei;ilr,-ds. ilhe

cyi;l;cirroïiû c cincen'br"ati.¡ns 'ifc:í'e ca.lct.l-l¿;-'i;eC es Ai:lÐl "si/ r'.

rnitcohc¡"riri.a.L ,oroi;ein" (see 1,-)ilrjrlal-i:{, sec'bicn i.II) " .4.

stabj-siica.-l a.n.a]-ysis i'Ias car'ried out on Ui:e pi;.ireci c¡n,tr'ol-

a-nc ntrc-i:iieiL d-l,l-b¡" pllcsen'¿eri itr 'ia.i;-'l-e -,{f Ïl- " Iï isr cJ-ear' ¿.'t:,aL

ilhe ci íf :ierence in o:liCi¿rticir rates wi.tli ac'l-cied- i';iÀll].i c¿zÌînilt be

a.'i;'bri- br.r"j;eci l.;o -bile c¡r-ur.rcn:.cífle g -1,,e¡¡e]-s si-rrce -bhe conce:n'i;raiiOn

c.f 'bi.,i.s ca:ij:ier j_s noL, s:t-¿1lriÍ-'_icant-i-y cìif ier-ent (jr>O "01- ) in

L,he. ti¡c .orenarat j-¡n.s " /il b?_.ough a_cldeci c;r'brl rJi -ï'oilte c i,i'eS

i:rcvir:us1-;r sltoui: -in i-.1::ese ::elsi-ilL.i;s i;i¡ s l;irn.ul-e'i;e irj;\Dii

o:licl-¿'ti-on, '';h.e, ef:í'ec-ì: ì'iasl sir.'i-,1-¿r:: fo::-1.;r:ilì coil-brr;l âi: ril-

iirocliÍ'j-ed n-i-[i-rchonc]::'j a" ,i! reJabir¡e.l-;¡ ,ì.o'¡er l-nrli-Éis:norl,ù

c;.i, l.rcl;i:'i-.itú q -ler¡e:i-u 'i,1i:eir:ìf'fT'€j, c¡-oes :i::tot åc,ci-,l;n'L i0i'illc-:

s--l-c-'ri.rer ,ti:li,ili o,riiiati-on :r"ar"-te j-i': ti.ie: inoclif i6:cì n1'Lcchotiij,r'i,e"

cgéir.9:,]-çi:9":i,l-j¿-9. I-qs;1J-g!-tu.y**Ç:.g¿g-iri'-,ìqç'i-:y"*1-o-{-!-:t"1-'{-?-1:-r-?g

of' I'rA,DE bj¡ Ccrit.,-'ol- a.¡.d- lfoiì,ifi-ecl -Lrrepp-::a.ti c:'rs oÍ' t'i-lieon
à-^*-*.*&* *-^,4dé--@."Àê"*"_

i'r e¿lr'¿ i'iit i:c.!ronil :'i.a

'.llhe -l-o',¡¡er i:es oii'a.¡i o;r :;'a"te c j-.s e lyec1

in i¡,oCif iecj nitocl:Loncjr:i-a ( rei-¿-ti-r¡e 'bc 'L;he,

na;.r l¡E-: a"ssocietÐcl -ioi tb e. -nrenbran.e o.nÒ/ aT Ð,

phen.onenon " -Llc dicti-nr;,r-tisl:l beii¡een i;he ser

r,,,;i'ci:i ¿:td-j eC l,l.\-Djj.

i -.llÌ,ro-l- l.llr€ pa.:f â-'Di cn )

res pir'a'L ol'¡' ch¿ ii:r

ef : ecì;s, "uire



Cy i; irr..hrilj¡ €r c
pre ira-i:Éìi j" ons
c1 er i. c:r:a j.n ecl b)'

c cnc e;'r'f r:atj- o.':t oíi c on-bloi a"n¡j- i:norl i_l'j_ ercl

of pig;eon he,e,i:t, ni-t,ochondria. (pUl';)
s ;:lect::o i-¡lr r-¡t onet-r j- c, cst j-ini;ti oyt,

CJ.'boch::i)il€r c- þnof es/ g

Con-bro,L 'riri,i

-c'liihi.or':ite+?

!. e. b l- e l(I.J. I

ö,293

^ 
)'7^

^ 
A)a

c .:;97

i1)

.d-i 1;hi ir'i.'i_ t e,-;i-)i

n i- i i:c,i'r i:nc.ì.r'i-al- prr;i eiil )

1'iodi Í'i e,d irjil'j

lïre i,t-r.c ed- cy't ccht:r:olie c iilee"st;l:e.rcl,
ha,-v e r'esnireci -l;c'r a-nãxia i.;r ihc--:
s:;:bstrate (stafe 5 (3i))

+rtt¡l-i thi-oni tel,Ìes ar-icl ed_ ti: i'ed.ucr:
c)¡bochi-'r)ille c_ iir¿;,i;,!)ejrsisieiì i-n

0 ,lilS

0 " 3'7',!'

0 " 
(r27

a"597

..C i- rhi. on i- t.e

^ 
1 a,t-);J ë L > (

0 " õ2r),

-.ciichi-oni-te

i n 'n i t o c. ,l---,. on o. i' i- a r,'¡ I'i:i c kr

,ilr'es ÉìJic cì of exc e s s

l:r.rs iuU:¿-r'- olLir,j i z e,-cL

staì;e J

0 " 
l+ó¡j

et 1n2

ô '? 1',ì

r_t 
" OrC



i.12.

inaxinu-ln o)riû-a"ti1'r,: ca.es..e,i't-y c-i''i,Yie'r'"-s,ci.Ta.'DoTyr che.Ln of 'Lhe

tr¡c p:leÞa:i'a.ti i;rs iil¿.r.s e.-lali..i:eii t"'.f'-E er ci-i sr'¡t pii otr oÍ' il:e

rnei:r'i:raÌre ba:rl:i.e i: i¡iih ¡;irilic i:':,-'ad.iat-Li;n¡. ( li,:r:i:nwi1i llilso¡.:-l,i

.Prol:e) " l-:n oi:e--l-i¡rinar:¡ *,'i.,o.::T'i-Ìnents u -i;l.r<-r oiitj-rtr.lra i-i ne of

s{)ti..'r-ca.ti(-în r¡li-ì.Ê dtl-b*¡'iiij-nea ic:r "L;¡e b'i"'i) pTe?a.Ta.ti{-lns (1,'i,!l " 20)

.i'Ucï;,J- ¡;Lrn"ica'i;ir-rn timr: of lC secrrtcis tria,'i sutlificieni: ''rc

el.icit "i;ire: iln.-riltri-uÌr :r"a"te of iiiÀ.1-)-ii r-r-'ii-r-r-a.i;i-':rr 
"

Thc c¡,a'i:a ':bia-inr-':tj- cn tire eíf ccts of sr).iticä.Li i)n on iire

con+.ro-"1- a-nri rncCj--iiecl- creÐalra.tj-lns 1s ror"Êseniecr in !la"l-:-l-e:iIV

'lli Lh ille s'sa-uis'bic¿:"1- ari.'il-j¡;-Ls r:i -1..]:tì.í:,ì ilait:eil- d-e,.iz" lllhr¡

SiSniric.,n: il if'''e::en.oe in Ðrijrgr::'n con.sumlti¡n Ì)er'i-;.r,"reerl i nl;¿¡,ct

conL:,:ro:l- eln,d mr:d-ifiec1 in:-iochoncli:j-a befr>re sciri cafi irn

i1 js¿"r:rre¡,r'ed- a-í'ier:r' onL.),r lt-5 seconrl,s of sÒn.:Lca'ii,rr.]., ärt

di-i'í-'er,'eilce ra,Ts"s l'r-rt-;-üc]- bei'iiÊen '[.he na,y;ir-flr]"ro c?..irll"ci- Lie s r;Í' i;l:c'

T'ÉrsDLrc bive .itç:s:-',r-'i...'LDl'lr cl:ei-i::.s 'bo i.r-¡i.iize iiJit:lj:i a.iict-Êr,'r i;a a

s¡.'"i-,i.iL'aì;in,!: ci:jÌ:r.c€rlri-i"a.ii- i¡n" lì.'he, -Lai'8:Ër i.nt-rease in c,ii-cj-iìt.i-.n

.!'a1-,e a:i'bc-;: s,¡n.i.cati i:n cl,e itons'br:¿::.Les t,n::.:, : iitÊml:rr:'¿ì.ne 1,.¿,t.-L;'i e,T'

to Lf.ùDii -cene'tra'bi-on e:li-sils in i,.ot,Ìi ir.r'e i:ara-ì;i,r.rns " illhe

di-::felr€jnce bei;-¡cen o:-irj-a"ticn cf'exDf!,oi¡.ol-l..s i,i,i\l;iJ D;i coi:trroll-

a.irr':. :il¡rj.j- jlicci inr-i,lc.l:rrild.i'ia bef orr.' sotli- cû,1"\oi,l nr.r"s-t lhe,":t. l¡e

i:-tf ::i lruted i.Lr ili-f .ier:'ence s in bire st:r'i.:-c-l;¡.;.r¿','l znrl/ r¡¡ ir-r.nciiitn¿ì,-l-

jl-iroíJert j- €is of iheir' flct¡1i¡¡r,ae s.¡,rstens r"üi'i. nlI ir: cl-.rf .i'ei:euce s

ii:r 'bhe-, ci,ìl.r-ci-ì.1¡ ('i/:r:e":l) r-.ri ;ile l'lÀÐ.il iLelli',-ì":' Lr¡'rf-r-'t¿?.se p.'r.,,:- i.i-r e

s'L;r-llSe{]r._;-ent C:.r-::l:i_ ç:,'S ü j. l;hc-', -f (rSpi-I'å¡-'r,O.r,.j,- ci.rij_.i::_ 
"

The: obsey."¡a-ti ons il-Lt.is i'a.x' l:ra;r,re: Ínrji- cÐ-8".(i. i;.r:¡¡""b '[h.'



li'.I_ilííf.-lj:; 2il " "ll-le r'.':.1f cc i; r¡Í' 'iit:l.r: l.r-i sr (-,\:ûj-e.¡:t l-ir,,'1 ílr:ì
1:Y:,e: -l::l.t e,:;í' (-),ï,';¡r..:': c ítns,.l.jtl.l)'L.i, r.r'.1 -iTl
Ci)'iLtÏ'l-1l a"lcÌ ii1il'-l'i-.í'i l:il- ilr trc j:l';l': il.:'::-:; 

"

a¡,'.g * Ci::r'u..i'o,-j. ¡li.:,i,,oo1:r;.tt1cl-,ri-¡

t)-í,r * i'i¡:i_ j íj. c,cl li'r,ì 'i.r,tCit,:ltr-1 1l i j_e
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:ihe e! Í'ects oí scni ca.ii-r,n on the o,,li.Ca-bi i..n of e-rlte :rn¿;--!-l-.:¡

a.C ded i:-r,--);, \L jO -2)n ¡,,;, íi-r:l c,Jn c e,r L::e.1. 11:r ) l:y c rnilol-
a"nd n,-'li.', f i ed. ,orîÊ-latf :j.'l;i:;n s tf pi¡¡ec:n hea::t ,-r 1.tccl-:i¡nC:-v:ia
Íì cir.,Sl.r-.r'Ci,j oi-r-l-r.:r1--ïa-lìri-ç.¡--ì- l-:r î ú ?-.)J C 

"

Reseiraii on lla"j.e
(¡rrnol- es Ap / ni '1u.-ue/ ¡r' inj- b ociiond.rial- p-rot ein )t'-

11 lJ
_i- f, -

-1-'i.ni: of iJi¡nica'b-i cn ( se conri-s )

C-;i ì.ii; C i!,1 C ì,i ü ili

'[ (calcr,r-iareci) b,575 Z"¿J75 0,1-62 A"203

t ('rhe oreti-ca,l- ) +,a jZ Ll.O32. !-".03?- i-|"032

17 o ?(\2 1J2 ?1\ )2H )?? )i ?/ '-- -
L'7 1-I ?-L1. 1.7 5 1.'t9 2I4 1ó9 !97
2+ t2 '¿'J_1- :LC'/ '¿55 2 -)',7 )-87 ?,55
2i.! 1-0 L,.,ì8 2a'7 22') ?tt,:i 2L),¡3 ?,1t7

)g 23 't_g'/ 2 )5 3',¿.5 2',i1.t 331 z?-Lt,

3., ')'¿ '¿7 4 zA'L 29,.,, 29iJ .J,r 0 29,.+

1< ìr1 ¿¡(nL

i¡C = control
I'l = looil_,if1ed-

'iîä4¡a,S = Siç;ni_fica.n1;
i{,S = non-sj,gnifi ca.ni

Jli,S r,IS



11x'

c'Li ['f'erence s i:r etryeren cL)ntT'ùl- tnÇj nOclifie,c]- lii'Uccij.ond,jt_ì_a e_r-5¡

Ì:1.öì- rel.ai;ecl rt e iLr:l:eï' 'bl:l Ê lies Di ra"i;oi:;.," c!.ii:..1.t1 .)7' 'i,,1 
¿;.

?l¡iocrflltOi;rå c_-l-in l<ecL e,Tiçrnr, l- 1:l,r_tiir;a";r, o_f' oll'1_cLa.ti. r:z_t l_ j..trl:.:ec_] -i;O

ihe -r'estlirra-r,ci:;)r cì1a.i-n" ïÌ, s-pDeâT's I rkel_.i¡

a" i fe:reo ine'i¿:"bol_i.c beiir-r¡.i.r:t;:r .i-s i:e-Laì;ec -t.i:

a-nd/o:r' l:'r-l"nc'biilir, lJre liinini:r;i e]{oe:r:iirleni;s ixerle c..-,"rri-ed i-rlt.t

on f'Oul- Lr1,i-,l.e1î as,cecïs o.[' i;i:s p:r:Lìf,. ] rìlt :r.i.ì-i u jî. a.-it'fi i.u"o:i:: i-1,i-::cc i;j-.;'

c)n(_'.c-,,:"iter_j t:i,th ni_tcc.hond'r.i-r:.1 struc'Lu.,r.a_l i-n"begr;:r..ì,t¡."

1 u ÐiJ r;li;iön and uecha¡,i-cr¿._-1.- ef'f ecì:_q

'¿ , -ir:rr)r,e j_naser (ttìagarse ) eÍ'Í'ocis

3" tt.l-r,.i;m:in el'f'ec'bs

1- . t-l1ltrii',:n a'ri.i inecll¿:-ni.c.i,i-l_ efr.'ec. i;s

Thi. -Ì-r,t!'iel' rai:i {) OÍ' i;i:-'r*el:.e i.r e f

i',onur[r.¡:nl ::i i:t i¡. ned i 1].in (ll I ) u s çr1 -l.n i;l:tc

Li/ , ilr-r- j:elnai¿l"nì- e,.l per j_iüe,:i.': s

in.i--i;or; jronci:'j :¡ li: i¡,;h'c i-,:-'.-i.t-'od',r.ce tlto

Ít.a-j-socia"Leci l::r:j.r,a-::i l;r ',qj Li: t'¡'t'

1ìleìI rft'-'n e siï'r_tc"i;.l.-lr-â

n,;' o c i:lrc.l i l¡ m ri r-l r i. ;: ¡; h o itt ci.; en i z i.; -1, 
i'-:.¡1

( lr) tirose a*qs;oc.i¿,-,i-eC rr_r'j,irali tv

¡:ecl:rr.ir l. c¿,¡l î;r'ore"r'tj- es cf -Lltr-; s¡rg'ì:s,r

e.i:i-ects ) " -ln

:¡i toch<>n,d.r:i¿,¡

ai'l i. n c:-'ea s ecL

inri ¡. c +cì '..l. ¡ì': i

sna l- I

'ú1¡c ci i

.'i- l^ ^.

lri-ít.c Of

:ä r-.cj i, f -L ed.

( a,) iitos e.., '.' ' , .-' '

. r'i'' J- l.

fl' bis-qr-le (

â,= €r.

eí'j'ect-.r )

Lr,s €d i o

.- -^ -1J.r 11/

l;h e



iioul-{1 i:e o.i 'L¡r'oe

:i,::'si: i"''r:-tcc', :J'ai

'i.,t¡)t -1,-Lslsr.-re lic;:r.l¡r'eni-z:eä inì ¡r,hi; ¡r-l-so h:lv.-- ,sarjilç: c::".f'ec¡ i)il t1-i -^

l:esl;l ',t;Lni p:-'et ¡:a-,ra.r.i.,:t1 " 'Llle: e:r:iel-b c;l ::eu-ov.a",l- î:';:u. ilLe

l:l-Li-. l--,chc¡Lcì "r'r-a r>-í' :.:',.('.'\) :i¿r"c.-ui.:r{ s ) :lcce ijs¿ìity f iti: e.i'f i ci clr-b

ori<Je,.i;ion cf ,s,-:.ils'L;t:::.tç, s t,¡..;' Ìlc cle1:e:-: i"r'itn'r Ll'ilr:n'L.l.te,

se j;a.b.l. j.sh¡re:n--t; a:f i:ì- i;:¡ti.,'ilti c st ea¡:;¡ s'ù¡'; r,e'" T:hq 111-l ,t:,It r rl1]lijlt' r:f

äied:";n, T'É:l-å-t;i'r:'î t:-. tl:c ittj-''r.ocirrtni-i ::i¿:.-1 c!)!\cen'i.ra1;i i;it o t.1 ilr't-,1 ;,

isol-¿'LÌ;iln o: nod.i:fl-'ì-ed ,.r-i boc.lrond::i-a. :¡i;l; .l-i:;. -i;lri:,s n.c€ìssi-1;a"i,e

íÌoro 3-r.3.,';.1-c;'i;e l:erul;r,r¿t-'l- oÍ' si.lcf i a fa.c'io:: j-;:: ll:r:1. ct' r.i-ì t..L; L,:-ì i:1"

tkie stead .i¡ sij;,"t€, Ot;lii.r'i tf.:n " i'h.j S J'¡-::rrìl;r.ra,1- tûî:':i be :-.,e.i'lJ_cc.-l;r-:o-

:in cl:n-ilï'¡laÌ;i,.rn¿;i.,]- or i't-t"no1;icì:::ul' eiti,:.i:¡,' sg j-n -'iiier i-si,'1:itecì

r¡. i. t t¡ c h on ii .-'i- â. 
"

LII]

å.biJ¡iÊ: * Ïri ¿;rCaj i-:-,-i.rn 'bi: fi:t: üiec1,;-r:il-i-ca,-l-

i¡-i-'ì;r-',choi:r:iÏi-a, r,hc' a.cJ;'Lr.l.,i.l- iJ i I ',1'i,i c,r )f

iir)

ul¡ e

Tc olla-in a ¡,.e;ir e ra-L 'rictu.::'e: c.i' f hc e.'f ec l,s on .ri.il,llli

cl'r:idâ.tr ',ìÌi cb;i--.i-;r¿,,.hl e: b.¡r r,.r'î.tîi':r-ní) i;ire i,'.ililL,.ni o:i' Ìn.-;¡öcî:ll'li i.::'¡ 'ì r.r

a. il:lxed y'o--l-i¡,rle, of'horrl:-eni::i.n¡r ¡rciclrlrr (40 ,ll), a se-'i:'iers oÍ'

ieitlciri:i:il-:^j.a-1. i)t:cÌnalirl'bi,i.,ns,-.¡Ê-r'F.; i,sr.r-i-a,'beC- i.ls:n2 a. T'a.|.:'.:e of

-rai'i os ci' t.i ssl;.r.:: t'¡et-, wei. i:.:11-t/Ytct'.its€,:.,:n-i- r':i..a!: 1íì€r('l i r;.n \ro1r.ine f :i:lrä'l

I1'IC Lo'Li1-6J" '.ilrr: re.'re oí c,ii.'irìâ-íl consi,rit¡r'bi',t,r b,\, bi¡.ase;

þ-r:Õper:¿-ì."bi r¡irs rt-i'Ì:1, a.iji,l r-cj ,:1 r'i.!jli s"r s,:l-.si;¡'a,i;e (:i,50-Zr) )r.,. i'rre"l

c()nceni::'iL i;ir-rn) -!'1â-s Í|eÍ:-:-qÌ.tlrf:d ilol-Eiri,),!,ra,ririce-l-.1,.1' :--,t 2--lo C " A.s

:'n- ,inrJ+nenci,qni :.'1eÊ"r1,s oí assessrnl; lni- i.r¡cl:rondri-a-'l i:nteg:r'.'-i'r.;ru

L:hc';-Ui-¡.':htn:ssì?o:i-birc-: eci;r ¡l"jni; oI o.:i-i;.a-¡il-rn ¿:.r-¡ri

pl.los r;.|'i,ri'j¡l.eii;ior I¡It.si 're sl;ecì usi.n¡', r¡ir'r.11rg.ie -,- i:"1-a.ie t.s

sr.iltsi.,fi-:iír" :tii pf'..t;oa.--c?r.'Li,l..ns:-lsed. in -uh: li,li:-,j-I o::.:1-i:â.'[ii,::.r.:i:.':-ì;e'



44 t-

com.pp-,risoTls shoi'reirl essenti¿111;,'no:'är:;1 c;';i-cJa.'Lioit::'aies ii:r.tl:r

pTl:uv'a"te -i- na.l-ate and. eirl:iL:j'LcC FìClle s of /-l 
" 5 or g:rea'be::"

Fig^ 2.L sh.oinis the olry!;cn ccnsitm-:tion f'-n'rl u,.. OZ/

ninu.te/E mi i;ochou-j:-'i a-.'l- oiroiein) p-Lotteci, a"¡-:alnsi concevrt::a.tic'n

( inc rca si t':E anoi-rtr.is ol" ¡lyoca::rj-iun ii;:. a f i;ted- ¡¡o-l-r¡-ile of

h,rm,-r. oni zi -.' .neCj._rLlm) " ll_'he COTlCentfa,t j-Ons Uf Ll:e cl;ntf ol an.Cl-:u'v\','-:4.1.1 / !

noc'lj.jliec-i r;rj.tochcn.cl.ria-"1- pre;:a.::atj-r:ns a.l:(ì ind-icatecl. on the

g,::aph" T'lLe initial i n.cre¿:.ses in tissL:"ei collcentl:â"ii. (ln

a";l:ea-red to p,-loc,l.r-r.ce a -l-i.nea.T' t'escoi'.r-se in the rate of o).ygen

constir.p'i;i.cn" A1j h.i¡:her tj-ssue concent::'at-it;ns (>20 m6/rnl-) u

the l:esponse [ias non-l j-n.ea-r anc] sr-rg,¡;ested- a-n a"s¡rp,pf otic plot,

p1a.'beauirr¡, si; sotlls kri-gi'er ra-te o-l oìa¡¡{:ic.a ci-.n¡L;:noiiLi¡n " ,l'hese

cha"nges j-n irl:-il-rii oxioa"ti-on j--l-lu-,q'i-re'bed iir FiSt" 2I -cefl"ect j;he

co'¡abin*cl- action ç-f ¡r,i-liJ'i;i ¡111 B"ncl. meclrani-ca-L ís.c bir::¡t de sc::ibed-

on 'i;h e: lf l:e,1¡i cì-.1 s pa.[;e 
"

:ilhe a-s;zur;ototic. re l-a Li r-rnsl:i ¡r d esc.r:i beci a1:oì.rÉì riteìs

e;rarulned fi;.r''bhe:r 7:y a. ri.cu,bì-c -rcci,:rcc:;.1- p1-o-b (1.'i--i: , 22) r¡f

rhe rerciÌ:,r'oca L oí' oi{y[,-1cn con si.:.;,npli- i-r;:i ve:rsr-:is lici-i]-ut j- ontt ( the

reciproca-L oí corlceni;::a'bi oir) " '1'he eye..f :-i;te,-'l- --.].:i.n ear. il-oi;

iiro j ca"te s a.n -i.rv-et'se rel-:;iiüÌ'ìsl:l:i, ¡r 1-.e-i;.reen tlle ::atc cil o:J/[r;en

eonsLr.u.Ð;ii-¡n a,nij C_1_lr-1iicl:} cr.re]:' the lt¿lni:rO stuC-i ecl," .ï-r'i-.n r-1he

g::ach cÍ- 'uhe ::ec. j-nï'oca,Ls, il:e oina,-ii,i;lulr.tu ?,.s;,..f0Ðbo'bic r=,Le, of

o j{y€¡îlr. cr:nsU.npii l-r--':¡. r;as C¿1.1 c,-i'l 3.terj l-:sinf' tlL:', i-,rte::cel:t e.t bl:e

o-r:iin:-:..*r-e " Ther -ce slll-r,¡l.n'b r.rå-,]-ue ¡i 1-|t7 ¡'loi-es Oç/minu+-e/i':

ni-tcchi:nd-r':LeL"l- p::o-r,ein i--q ccnpei;ibll.e Lrrith j,lle o:r: ¡.-Lna1 ca'ca.



i'ii-(;î,lRE 21- *
tl--.:.1¡i,:cïl ciì-.i',:l'Lj.ïi:)t:ì-ön f.5-t ]. -i,r'i-¡c.i.i.i:n llf i;1le

o ölto f)Ì1 f;.rrir".l;:r .-rn ( i-,,/nl ) cf irtl/'i)c!.-t'C.:t.r,.lì-l'..

lroiir i: ¡,' ¡ ¡. i- r', ç.tr-1' 
"

_ihe c i)tr C. e:i:.i;.i:,1. j; j l

,9.Ì-r c"l r.:i il i,r -r- í j c ri jt il (
)ïr s.i 1r s cil. f cr c lari;L:i-¡,-i-
ì i-;¡.-'ç¡¡.1;_r,. a--ri¡ E er.l:'a ,i..nrl -i C.q.i::Êa-'ì
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i¡-i- l-ì irrii,i:; 2 2 , i¡ulb i-a itÉrci ir:r'ilc:il ;1,-1-;-r't ìÍ' oi',J¡tr'e,l:.l

O í)l'.L Sl i.l.ÍLtt i. i.)n rr- a -.T-' S r."l S V :.r. ì':)¡ i n Íì:

c(,rlîC,îli.t-.t'iì.'i:_ ln í, t /:.t1 ¡ i-i. l,ij¡öC¡ t,c-l i.r r;n

1-r. r:n I ¡: ..:,n i _ r: ç:d. ,
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i2a

of l,-i.g;" 2I t¡;hicl'i ind j catecl. 'i,Tnf. a. '¡--l-af eau j-n tnc.: raLe of

o::ygen c.onsurn'ption ni¿-';h'L occl,:-r at sone poi-nt ii,ghe::' tlr.an ihe

ó0 ¡rnLol-es A..,/n:nuLe/g;. rl,rbcchondri a1 pro'tein" The: aclc'iiicnal-/L

obse:¡"va"tj. on thai tlle ca-l-culai;ed. i¡i¿;'rinui¡ :ra-te (11-7 ¡il,>1.es AZ_/

ninrrt e/ ¡y: mrtoc.hr>nd::i-a-1- ;oro t erln ) 1,{3.s fa-:c bef cr,i thai; of

slrn-i-cateC- ni-tochoncr-ria ( shoyin earlie-,r in 'birese resullts)

srr[¡ estec] 'cnai thc þh)tsiol-ogic.rl raie of il;l),l.l.j o>:iclLaii-on

ri¡.hi ntrt nr-cessp-::j l;v u-[i-1-ize 'che -ne-yinun ct.to.cii:y o¡] 'bhe

T e s i:i ra t r":1.i¡ eVtej L 
"

As cl-iscussed- ear]-i. e'r i-n th.is sec bi- on, -Lkio net¡"bo-Li c

d.if f erences I-retween contrcl ancl nocl:lfieiL initcchond-::i a mi¡rht

be -r'e-La.tecl to eitl-rer Ci-1u.bj-on eifects or tkre a"-'l te::ecL

mecl'ra:ni-ca.--1- c::'opr-z'i;ies of'-i;ire sj¡si;en risecl i.n isr:-1-arti.n¡r,'i-:he

f-a-li;er ni'i;ocll,l>nrJ-i'i-a " llhe s¡lal-1. q.r-r-a.i-rti L;r (0 ^25 Ci) of

n.j¡i)c3:.'r,l i-,.:r¡. j nitiaJ-l;.' lrrolrrogcnized ir:. ';i:i,s sj¡stei:r resi..l]-is j-n a

11o:rcg-'-onâ-ie rilrich is l-ó*.ic.lr,ì no:rc rii-l-ui.e (r,,¡1¡,¡. ïÊgp6'3t io
-bissu.e concertrati.on)'¡.han'cj",er cont::'o-l- pretlar¿l'biln, T'o

elininate fh..-r c.rniribu"iir;n of ru.ecna.nic¿-L-ì- effecis to ihe

nr'¡lle,--lies I'l'i ihe feSUl-ba.ni; -.-r.-.rr"o'i-ilrr fi:agtíOnS Of aj''...-.':L.".|vL-'

c':rntrr>-ì- rl;roca::di.al- holrr;l.en.ate.*.;ere clj--l-lrÌ,eci l-o-íl¡lcj e"i

r¡a_rj,ous staLg;es clrr,z,ing,, i.i::e isolaLirtr,Jïocedl;-::e" '-ihe::enainde::

of -r.hc rneihori f oll-o-iiing, eacì'r ;oa.rticu--ì-¿ir c-l i l-.i-l'Li lrr renaineC-

u.ncIrc,nc.eCr a.il(" ths resr.i-ì-'ti¡:: 1;repa:':a,tione ''-ere tes¡c,:r

pol aro€i'ai:lri-ce-'l-1.)- a.'b 2lo C with pj¡ï'ir-ve-ie -i- mala.te ancl r\;AD¡i

as subs1;;'a'bes " ., cr coni.Ða-:cì soi't l¡i j,h the ci.i'lil:r-''l- anrl inocì j,f i ed-



aiiocl-fol:td-lt''t i¿ , ïl::,: fc;l- i.rxvin{: ÞTe-pa.rati ons T^re7'e j_¡:<>:-.¿¿'i,e:cl.:

( a) ConirclL {ìr) ; cj il-:¿tecl 1 /:Lba _r'at j_o of' tlssne .;gei
r,,r e i g:ht./ 1.i orit o g eh, i :z i. n i:. rn ecl i. i ;,ia'v :_l- r.rÌ¡1. e
afte-c the :l- j--r'i-: u i:l.tlti,-;,r¡erii j:;iì.t _i oíì

( b) Ci:ntr"cl- l2!t); d1.l_r:.i:ecl to ihe :raLir: r:í the nocl_if1ed_
.p_rel)al:a"tion afte::, th.e secr>i:ìrl
hoin l ¿l en,'i . z at i- :>n

(c ) .lonilol ( 2hs ) ; cilu-r,ed as in ( b) , f'ol-lolverj 'l:y 
LO

lnin'rlì;es o.Í' ili-ocha,ni"cz)- sti .ri:i lli,

i]l¡re erperiiaenbal resLl,r_ts o.í'a_na_l-;rs1s c;'these plrei)a-f.aij-crls

ai:e siror¡n. i-n î'¿:-b-1-e .'<"11 , Ui-Lation of the n¡roc¡.-rci:.ral hornttÉ:.c.na.'b,e

j:ei-,;,¡een the tl':c horirr-rgeni_zat:i':o s'beps (coniz.rtl- (hl i:)reitajr-_,iicn)

resllitec'. j-n ¿r 1:reparaii r-rrr ilhicÌ¡- was noi si.gn,ifi-cani;J,;r

clifíereä-u fr'oüi the u-su,:-,,-,-l-.¡oo-ified uii-boclLot:lii::'i¿:. i-it an¡¡ ¡i'the
oay':lltl€-'Ie_i:s i'ijÉì3_sl-t:¡:e-rcl" li st_nj.l-a."r s: tuai;r,:)líl t,f¿ls it-nse.rl¡ecl- in
thr.; case of p;.rnvate -i- mal-i¿i;c olcj cl_atÌoc .i,tr tlie ci:niro]- l2y.t)

a"nd control ( 2-Ìrs ) it::epa-i:ati,¡,rs " .i.io'lieve:r., i:oil:t t]:ese

mif ,rcnc:ad.i':j-al- i;y-pes he.r,r s j ir.n-i .rlican't_l_:,, fa"s-r,er: (.>Z-Í'ú-aI) ::a.-ueis

of i'lj,-Dli o;ri,:j-¿"tr ¡n rh:;,n f Ie Lnoc'l-if .L ecl_ ;.:::epa:rati ilìr., Sr_nce

sinl-.1-ar d-ecf-ea.se s iir :r;.r"u-.,re--te .- na1¿rte; o>ri-,iat'ì iln u ?_cll ? s a"nd-

l\l-lLr: (i i:aiio-q r..¡eue irhservec| i-n tì:re mod-i_f ir::o, con';::o_ì_ (ir) ,

c Otttro--l- tr2it) a"nLr c r¡tr.-broi ( 2hs ) illre pa-ra i;i al s ( r'c_l-atir.¡e -tr:

coirf::ci ¡.i-Litcnonclris-)r ii'''ioril¡t ai)ll€ai: tlia1; bi:e lra,jor: f¿.c'irst

causi-n¡,:'these djffe-r'encíts ura.s tfr:.]-eieLì tr: rr:l-"Lri;ir;n i)Lf i;tle

o,l'i::irral- iis.sr.re ol inusc,-l_ç iloÌttoglolr¿:.'ce" I,iolier.rsti, bire rl.¡lic1a_tion

o:i e>ltr:a-m j_. t oc noncll:ia"l i,lÀj,ì¡.i ci cl- n o 1; f o_-l- l_ or.; j;he sa_tto o9_t-L ern _

1'he -ì-or,,rer: :ca-i.es ori oxiila;i:n of irlAli. il|i'nc nodi_fiecl.

L2L
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1 ? !.1,

orr'Ûl.inecl. i:r. llabl.e ,fVT" li-he i:'our' )t:€:te.TÐ.'bicns Cescribeo i.n

il,'aìrle ì',J/I i,"rere e.:laroj-necl pci-ar.'og.::a,ihic;:,-l-,r,¡r ""si.r.-:,:l¡-rLfi¡ai-,e f

tne)-ave p-,.ilc1 idl\il-iL as surbsf ::a.tes " llhe L:es:r-l_ts ,lf tliese

e:ri:e -r",i rreïÌi;s e.l:e shr¡lin- i-n !,a-b-L e ,iüIl- " '-l-'her cla"ia arc conoa::erl

iir-b¡.¡ ¡reLirs; conirol- -\¡ersl-i.-q noCjfiecl (C) and- cont::cl (i,l)

versl-r,s nodiíiecl " lllre coni-':'o L a.nr,i. rn':dif ied- ( U) roinpÐ-i'isoil

cl.e'ilonsira.ies a si-n:r1¿;":: :roll-a"ti- it.rsli.i I -,ri'i;h ¡:¡rru";'a.te -' mal-aie

a.s sr-r.bs'çra-'l,e to tha,,1; cbserrrecl i..r the usua"--1_ coätz'o,-l- a-ad_

ilo<l-ifi er.ì :i:ç,Jara.-biols " -ihis is cctnpa"'bil¡1e wi'bh '¿l:re e¿ril.Lier

d.¿Lfa -¿l:rat slr¡lgesterd" ihe czrse( s ) t¡ji c)r:r,;"nge:: in ir¡rf'Lr-r,'ete .-

mir---ì-a,ie oxicla.-bi-on ',,^ief'e rel ai;ei'1. i:_r:itnari---1._1,¡ to ci.i"Ll-t-i,ioll " ,:lince

nD cl:an.ge j-n ì;nese l:-t'e .l¿.ra-uj,cirs Ti,i¿rrs tÌt¿-:-d-e in 'i;he u"sua_.1_ r.¿:.tio

o:i tissue i..ref ,:', ei,ciìrtrlh¡ii1o¡:.eiri- zi,n¿: ined-i-uu .l'olu.üte, 'i t rnj ¡li--'.i

llc:r.sonabl;r þp su¡:¡l:e:siecl ine:i:, tíie, inoreaseci- co:tceni;lta.ùicn of

plc'Leina.se u ::ela"tirre i;o j;he anorrn-i; of iissl-:.s lr,¡ii!rJf,eni-zed jn
';i::e ¿oclif:,ec- í)reparafiíli:l r,"iF-s,rl'i; resDOn*cr-b:Le fo.,:''b.lie clri,ler:es

ol:se:rvec- 1n c:ticia¡i-oti o-i,' ¡"tr-fuT,.l.Le -- r:l.â"-l_t'ì:.e " ,llbsence, of a,

p.roteiÌ1ase ef.liec-i; ca.nno-i;u holÌeveru be e_l-inirra"ieci :-tr. ì;i:r: cese

of '.-r,'li -d-ali r-rn oi aiìcj ecl lt:..ÐÍi si-i-rce i;l:ie-: r¿r-1,e.s of' o-ri.,/!:ifil

c )rírs |]lI j,]ti oi't of tire c or:ll-l:o:L a.nc_ iitocli f'1 eir ( C ) i:re1:er-::a ti cn s

i¡i'üh exr,ra"r¡i tochoncÌ-rial- iil.AllLi ,¡rei'e nol si¡,ni ii-c::n u1-y d-i_:t-:l'Êrent 
"

'j'.ivo possibie interi)reia,ti.ol'ts l,,rejie su¡,,¡r;esfec_l_ on the'j:asis of

;hi s da-te" ¡

(a.) '-i 'he i:j-r:'her re.i-io oÍ' -ri-,; .sr-r-e t.'r€:i

u-s eû, r n tites."r ;)l:e Dâlta-i; j- .rns ( c,rntro.l_ ancl n

i!ü-Lf,.

oclif:i

i:i,/ ir.r:' it'f e i na s e

*ocl (C))



;¿uantif j es cf n¡.oca::dÍurrn
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åi'cc¡:ltt'c,-1" r.¡ii-tocllor.lcl:ci_a llr:epa:lted. r.rl'i:!: a "L;i -ss¡-6 .¡¡ç¡
-t'ieri ghi/ p:r:'or;e j-¡ra"se ra.bio of 'L2,5/ l- usu¡;l]_J¡ us€,d f o::
noCi f i od ;:lit'¡chcnd.r'iai;iii1¡i¡rJified-,niiochondrj-a nrepa.recl wiih ¿;" tissl-le .,.¡et
,¡".:ighl,/ pL:cteinase ra"Lio oí L 50 /! Lr-i:Lr.a_-t-ly. usecJ- for"
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cr)tLsu.ült'1 j-ng ncl:is s ancl iiDtr: L) r,e¡ios i¡itir i)l;¡T'l_rr¡âre -r
maLe"i e ¿¡-nrJ- i'i,.¡ili:i ¡¡-s sr-i-t¡str:a 1; es 

"
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4 4,1)
| í-!

p:itoa"7'-ì cì-e:s insuf iicicnï €4..-1;,fi.c 'i;c d i: es; t'rte ti ssl.:.e, , rcs,-, 1[rir¡'

ii:r -rno::ea,sec-1, rlcc.l"ra-"nici,,"-Ì- i::ai.r,Íia di.ti:ini'l hoirto¡;e'ni zr-t"tii--n anii a

si"¡-bsequent ía.ste-::rate of irl'i\Ijl-,;¡enet-ra.'i;j-i:ir:-¿i:li uri;r-l-iz¿:ti-o¡r"

( b) 'i.'h.c ìri-¡"he-r :l¿;ti:) -i-rrlr iirese prepâ-lrations in¿;"ini-e"iirs

'ETLi.; sì;:ru"c'i;ura-ì, 'i n'i;eaii'i;r¡ oí tlle m,i-'l;oc1-lot-rdri;l---l- rtleltl;ra.ne a"¡rå

it:e i'esril-'Lin3: fasferl: race of o:rid-aiion of elfcrna-l- L'I.;i,ll.t is a

llï'otterrl/ of bhe se in'fac-i; rir:- uochoirrl:r'-ia"" "ù !-oir-ice.1 coi:o1.1ary

to t?ris li;r¡:othesis wi:u.r-c,i itÉ.,-ûhai, in'bhe nrepa":ra-ti-cn or'

nodifierl mitocl:ion,:-1-ria", the p-co'[ei nasc (ac ;iÌ-.l.C o]11 â sila--ì-1e::

e,ilr:Lr.,nìi oI' j;issr-re) daina,,,"¡r;es i;he nitr-',c j--'roiro-:l1al- ¡lsrit]:i'an e 'i LL si:cJr

a ':';'ay es bo iri-nd-cr i'i:\.lji, penet,:ra"'Lion"

ll.)rooi-hes-i-s, ,i¡u::'-bl-re:i:'i4ore, :1. l'iLre ca.'il-scs l:i'rili,'ferenoes in

DyT'u.r"¡eLe -'i:-r.¿¿-l-¿rie a.nd j,l/!Ðj:i oxj.ci¿l.t-l.ottl. lle"ti'lcen cont-r'ol anc.'1..

när:il-tf i-ed. nr-ioch.oild--ri¡:, rï'ere not t-ne s¿Ltre, interillt€'rts.'biorr of

tl-jr,ì resu.,-l-ts -;¡r:u--1*d. Lle ci-¡t¡l--.I_,,cebe,r_.îi,i::'tlle:r,

InsuÍ'ficiellt cia"¡:a. i-s å-r¡a.j.1r"ill-e ti: i:e.j eci ci'l;her:

A conpa,::'iscn o¡ coirt,ic-l- (fi) anci ;r:ocr-ified- ni_toclioncl_rie-

i s a.l-so sllor,,l]:r :-n T¿:,ó]-e l{ti Il. " 'ì'he .i'D-r:ne r p-re Da..r:a-ûi l¡- 1,;'6-g

C:)í0,f,'l e'üel ./ U-1,-r.ci>uir-!-ed. in :ì- l.i- elli.pelj-i tel:ris ','ri- i;h .¡ry::",r-'vaì;e -.

na--Laie e-s si.t-'r.)stÌ'¿:.'te" -ln'b¡t-l-:-r ce,se, a,.l-'L-.,1to,-';i., h'l;rtte -r:...ì;.'i_i-. o-í

l;:Lssu€, Ì.,ier =i;er¡ih'D,/ctor;einase iras L?-.5/1 (as; tn ilie moCi-:.i"ecl

p:reoaira.tii,'n) u ihr,.' r'ii-¡ ti cL)nce::'i;ra-'b.i_rx o:. l,i:¿::arse (o tt¡'/t:,).) io

i;ne iireC-iriin c:rcira.bJ-;,- r€ìsLr":l-'L,eCL i-r:..-L:-:äeli,e ì;c ì;.!:r ã ltii;tcj:ionrl.r:iau

na"r:tic.) le_ì:.1-,,¡ :i n ¡6'-¡_3.i-i ,)ft -i;it 'Lh+ coup_l-i n., tc-:ck.i¿:.rrl.g,:," j" t j-s

'i;lie.ref'ore sr;.i:1:.r'ì sinit, tne-r ihe i:a.le s o i' i'i.illi. o-¿<_iii ,:,:-r,i itü_ il).



c{Jnt:rtol (ili) â.nd- ii1c.i1:iied--üri-'bochcnri-::i-::, s"l:e no"D s!l;ïtii'iceniT-y

cr j._l'f e:lenj; i-Í', å-q ita.s ilt:É:,n sll¡r'¡':esì;ecr- \'J, )3) , :retLi_-.ra-nç: _l_e:ßa,it:e

11 o3¡.ss;'¡i -l_1r "r ra.creg,ses líÀilf llenei;:a,9.'i_cr-r " ilhe si.rili l-a.i:i-fl- i.i:

.ral;es îti.irÌl u rncl ica.ie, I,Y',a.-¿, in '.i.'e.c'c, fhe :r'eri€rTse i,s D_r:r,le (i"e"

Oriii-l *i j ':n o:i' a,cj,cì ecl- l.I;'illi:i is e. Orr)1re::'1;y oil inj;a.c b iir,,i-'lrclii::lrl-::ia.

wti'rcJ:i can be inhi bi cr:tl, o;.¡ i,ì-'l-1,e-r''t.n¡l 'Lhe s j:::uc-tu:la.l_ i-:rie¿:-r'i t¡r

oÍ' i;he neritbr?.Ì1 €r u.:li.cle :r: cerba-i n cuncl-i ui- tt-rs ) "

Ihe d-ata jü these ex,oe::iin.enis j-nCi ca'Ued- rne,i py:rurzate

i- malâ1,e r;-:lida-rlioir in- conl,rol a.nd mod-if iecl- nr-tocl:o:rdri¿r- i¡a.s

p-roiraO l-y nor, ar'r'ec'l;e,l- L.). i;hs cli Í'Í'er"eni ::'a-ti os o:' ti ssr-r.e wet

',^:ei.lrrht,/pt:o1;ct_na.se. :l,it iii-,...'^, 1-.::'oi;eji:lisÊ-) c.t)ii.or:rit,i:a'ci.i-rns

( b n¿./;nl-) , hoi¡ierie¡-r', i.be i:'a-1,e oil pyr.;-vt."Le -i- ma-l-a,te oxici ¿:.tion

r-n i1r,ir contirol- r:repa.::a'tion cor-ì lc ile si-€.n-Lfj-c.a_n'i;-1_.r' r'ror_rced_

a.ntì unccLt;:'l e'd , gfl¡:,ç'a¡bj,iri, tha u rri"llil.€' -ei;:rt.tctu.:t¡¡.-l- (i,g.na.¡'e :rr.i¡.1-¡i

ile-",te' i¡cc,.,r.:rred." iilhe ::cr-.;u-l ts ,Ðlr€.:senic.i on oxi ci¡¡'ciitn oI iiÄiJr't

Qïorr1¡;ç aciclii;i one--l- er j-c--'(rtfo€r i:ha-t ,.-i ec::ea.ses: i.i-: îhis lltr.-r"ã.neter

o?-'Sel''; ecr, in noij.ifi, ed ili bl,'chr¡nd.::-i a. n:i,51 111; i:e at-i;.-r:i t:r-r';ch-Le' tc

d if -[e re::rì; car,.r.se] s i;l:l¿¡-n those i;i- ih o]r16r;n-¡e,' -i- ma_]-ate D,s

sïLbs.tï"ate" The concçntr¿¡.-uj cn of pr:ote in¿ìse {::e,i.erì;ir,'e, to -uhe

¿ì"Ii]or-in,: ,sf f rssuQ horiiO¿:;e nizrcd,) e ililep,-ïF:c-'l to ¿.1 i.:îect i;hc' l:a-'l:l aÍ'

irflì-f)I. o:ij_Ca-ú_iln in oi'1tl, ol. '{,i'to '',Ja.JIS; (e.) -LesS ir.si:rue cli¿'est;itln

l'ri'bfr -l-or,re-ì:' ailti,-r.t,nis L.:f ilaga-i:se rcsi-r.J" L, I t:r.Í; i-i-l -i n.cT€,e.-ced

ilecha.il i- cal. o a.lita ge anil hi 5'lr el r)JAt-jl i r¿:t es o:u ( b ) r.ii ¡,th,::-r:

1"2ti

a¡ount-q of iria¡ra"-rse s.ci:i,'¡i, on

itrndr-: cin¡1 I oiie,"" i'].rti:i] 7'4.ì- e-q,

tJ:r.e :n-i -uirci:roird ::i,a.l s i;::u,c';i-rr:€: iì.r-l.ir

i'l o c lT¡ cl-Ltsi-r,'c c-:t.¡i-ci,cÌic aì c.ìli--i- stS



-?,--^ ,.:,4-1^¡-¡ - a.,- \,1óô"1a \_,J. i.f, vI|ç-L \/: rJ -¡\r(-a:-l- ê

" 
\-ì l^,¡rrn-j :^ +-t'{"¡n l'n

) B ..:-L rl L:::.!- I r;.1 J. !- l-; U ù'

ü'jrc j,tr.c-l 
'-r,s-ì_lJ-.. of alLl:unj.c ilr bLic meclia cii-r.-t:i-n¡:r 'i,her

i.so-i.a.tion ,tìr.cl. assaJr Ðr)cecl.Lr"ïr s l-.âs bc, gn slii:.r.;ll:1 i;,.: i-itc::ease

i;he -!iil:lT s of' f¡-i ti-.cb.onc:r'i-a.] pi:'(iparâi;i ¡:-r:rs (¡i4., tj;i ) " 'i.'h-r-s

ef'f ec L ha.s be eti aL; i;r'i-l¡rr,-i;eC 'ú¡ the biniì i-n1,, b,r' a-l-bi-r,nin Ðf fr:'ce

fatty a.cicls iir tlic ent¡iT"onme,:i::'i: L''rhi-eh a:,lfecc 'i;he s'1"r1.r.c.'i;i-il'¿¡-l-

in'be ¡;r'i i;.¡ oi t¡:e rir.i ti¡rþonc-i-ri. Ð. E"n(.') o-Íten -r.'esul l,; in ijl:lcou illitr,ji"

-Tt ljie"s consiiereci' .ilcssib-l-e t\:al: the i:reparatrve cli¡-rnge ì-1sed-

t-n ti:e, -isol-¿.i-l,r on Oî ärOClt-f ic.:cj in:l toci?oncl._rj a ni¡:.1-.'c l¡.a.r¡'e I'.;'Íjr,.r,:l t*od

i-it ¿:.1'r :r-ïicl:easc i"n il:tt' c] lr-Ð"nti-b'i. cf Í'r'r-;e f..l |;t ¡i acic-l s, -rt€l-â'l;ir,'(:

ì:i-r the' r¡1tocl:on,J.r-iar' c(-\llce:ni-i-'a-Li ln" ..,''1:er ¿'ici;io:¡ oi' f i:,e se

f'atil¡ t,c-icls lj i:hì.; b€: ras,',ìlnstl:ie' f o.r:' -tl'-r c-:: ill:s::::vçc bei'r¿:.vii..,r-r:r:'

rÍl 'l;.1:lc-: ili:cl:l-í11 ecì il:rerìra.:rir,-t-i i.)1r * !.'ir¡-l e Í'i'ec.i; r,[' a ] brin ln o,n tl:re

i:;ci-cio.çi-;n oi e:r'b::eni"i;r;c1roni,l::i ¿,'l- .i¡,tilÌrt lli' inocJ-j fiecl. iü-ì tcch,:r:irl:l-L¿:

Irìias l;rhet'efitlc eriatt,.tinecl," l.i-'lt,'J i;ii¡rgg o!' ilr'.:l.iii.rit::ary e-:ipcr:Lr.cr-..ì;s

i¡eïe, c.i;lil ';cied-; (Ð.) bhc i,:':r'e j-:e-ï¡,r.1-.i-i,¡. l,i' :ii;cl:i-[:icrc ni- ];i:cl-r.onl,i:ia

i:l i;lle' ust.i-r.l ¡nec-:ia. supp]-enc:ni;er-i 
"'1.-ir"r: 

O.Jio or-'1"C;ó bovine

se-r'r,r.tlj. a.l_blr.nj_n a.ncj ( b) iilc ,Ìlr'€ìr ilaj:aül-ijÌi o]l mod i_fiecl.

12a

ni'Lochoniì-li¿ri in i,rilj-c1'r l;1..e í'ina,--l- i:'ash.rÌ-l!, ¿:nc. lresLrsjpcÌrs:-on

-!.iel:e c¿:.rrieii Ou-'i; i',:r-i;li su-sÞ€irdi '.ll' .-tercl i,,,,.:t cci': La"iirir¡, ! "0it

bor,'iÍie scrilr-räi a-L 'ol:ninu T']iÍ' :'e su-l-Ls cÍ' pol-o-rr:gr'¿- .;Ìi-Lc anal ]'ses

of i;l:ese l)1.r::lln.Î:iìtii-)¡S àTî: Srr.ìilrxa-lli-Zed- in T'a"b.l.e¡-; l¿,11:tl."l- alrí-:- I'ir-.]i"

:l-'lre ai':d-i bilir oí' i-,he 1D-r,ier' a,Lbunin conce'::rir'a-f i,i--,n la " 5ii)

tí) b¡c lritochonclrj.a-]- I)l:€Ì]:aï'â,i;-ll-,1't- üicrd.j-tl j-ll.ct:¡.:esc':cl bhe::'a.te oí



1 2î|

c;{)i¡[,r-êi-1. consunp'ti:tn t;i bii. ¡r]¡:i:uvaie ì- ¡na-La"te ¿¡"t:tc-L 
'Lhe ilÜ,Ê" r s of

'bhe noCii flcc nitc¡ohoncì:r:'.i a (llabie 'ilirltI) , '.i.'he se eíf e c-bs -i,le-f-'e

a-ccccl!l,rì-1 j-eal- b¡:, e. col:ci'¡l¡iLar': incï'í:i3.äe rn -bi:e ¡¿r-fe cî ota)¡g,en

cDn,sr..r.np-ï,i-r¡;r -rritli .l*Di1 a-nd,- s]-.t!'¡:'.65i 'i;?:eL-l. a-LÌ,ru-LlLLil u as i': eil a"s;

clec:i:easiiir¡r. thr i;litc¡1r.1-l-i1^:- e:: f ect i;f f rîo f a.'ct,;,¡ ¿rcir"l.i-: ini !¡-r-b

a-l-so .iìoC-f f¿; ini'"',ocho::rcl::ial- si.ructtr,r:al- i n be g:i:ii;¡,' in suci-r :l. iJa"t¡

as -blr 
cÉ.,i-:r.s e j-r c-rr:.r.si ed, ilene"bre-'i j cn o I e ]ioii:en.or-l.s lli:.itlil . '-t.'lli s

ì;;iiro i:f r:esull-t si-r¡:¡r_estecl j'lr-r:t.hei'.-:T'i.d-crìtic€-,:i'r)r'¿r. l:tossì-b.1,e,

cii'ffe,rentj-a,-t. eflleci into1¡¡jüÍ't the beha"r¡ioul'oí''che contrc--i-

e,nii rrnil-i f i ecl- )T'r )a1:?.ti i-rns .¡i r,i: the 'L,iio s'.:.-l:rs'blla.'b es ,

in vicrr of the ef f eci;s o-f C "5:¿ e.-'l-'bt"r-nit'1 . ther ,l'es::--1-ts

l,¡i- i,1t r.teC_iå contaj.,-_r j.nf.. 1-;,ú a._1-'lurirj-n ';;eT'e, il:err-f ,:I'e, SliJ€,.i:¡rl-r.¿[

si,r-r'c::'i.s;in¡., i,iodif ierd- üi-i,ceL:o:ncl.i-'ia o:t'e car:ecj i-n i;i:e --l-a; be ¡:

i"r.ecl-iu-t hal I ow :i:ai;es cÍ lrlrf'!,¡¿;1'l,e -l ir.el ¿ìie e¡:riil¿l,ti-on D,ttl) llool.

::rlCE ! s " 'j-'-!;'o llossli-l--¡] c e;tp:l-€inaì;i i.¡i1 s cf l;iri.s lloÌ':;.r"r,'iou.r-' 1'Ie-l:e

sn1,¡'i,es'becì- 
"

(i ) t-'he a--l-l-¡r-rnln j-Lr b¡e. me<ii.uir:t iil j-trjlt r:1-rc:e,Ôy l':e,r¡e'

conta.ineC- l--ound Í':'1,'Û;,. a.cr cis l.ll-ricn lilelîe; ::e l-eased- il-u::'i-¡:,'-.: fhe

;;ritrcho¡rd:^i a.-Ì- lrrepalra.tj-í)ït p.roced.li::e n:l'Ðcii.r cin¡1 'bl;lo s-l-lr;e¡:

UltCtrr¡ D1 ecl :cr.,,Ie of o_i.t-iC¿¡,ti trn i:f :':,\-Ti).ti;,'í e -i- i;ta,lA--Le,

( i.i ) Tner 1:'á a-l-'¡un1i: i:r'o.,¡iC.ecl -bher i]a,?'a"1'se i-r¡ i;lle

lrot¿rr€i;eni zi-n¡; ¡L¡çf¡1r,r-l:r. r,ii-l;li i;" pi'ef e::'eni: j-a-l- pr'o Le in sli.l-'5'¡""tu 
"

i-jince 'tile -bj-ssue t;rtir.l-cj iii-rer6for(', noi: be Qllr:rcl-i g-esie-,cì i;i-r i;he

sa.ne e:,:''uertrt, inc:le'c,seci. ¡¡e cll¡r-nici,'i-1- Ì;ra"u:ria. to ille ili,i;i::hond.::ia

in the ¡iLr¡cjif ie,c': ,'lTe t3.Tî j;ion ]i,i¡:li¡ f eSUr]-I irr r:nc.itil l-L_l,ll.,: Of
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-1 ?:.)

il;r¡'ro'*te t må',1-aiû o;¡ioa-bi on " .t.'he obserr¡at_L l>n- bha. b the rate

oÍ' oïy¡gen cotrsltrnpticn ','ii bln aC.clecl äA.Dli r,,la"s rc'b si¡ni iicantl;¡

cltan¡¡:ecl -b.-.¡ 'bhe i-ncl.usi-i-ri¡ of L,, a-r'i:rr.tili-n i s a"d-di'i;iitne.l

e',r¡icÌ ence bha.'i; the c'Lifile -r.'c;nce,s be'l;¡,¡een con'br.i:,1 anr.L laocl ifi ec'L

mj.'l,c¡r:hi,-nd--cia. -in r.r"i;i--l-izaij-on of j-;lie tv¡i; si:.bstra--i.es i'Lli-f,hi; not

be ai;t.r::ibu b:;i-.] e b-¡ rhe sa..j-iÌe c.a,usc ( s ) "

'-L'he ef f ec'l; o:f 1,:,i bc¡l'in €ì s eliìr 1jt ¡:i1¡u.i¡in 1n cl ur.d eC- j-n ih.e

f inal waslnin¡r, a"nci" rr--;su,g1lsts-r- or: necr.i-u.rr íc:: lnoiì -Lf i- crd

rnit.ochol-rr-ì-::l-a i¡as al-so in-; esii,Í,:a.'tecl. ( Ta.b,-l e ;(r,(,) . ;\l thor-lsth

'üite a,i..i¡r,r-rai-n'o7'(-rpal:atj-irn s?iiril, eai- scneL':ltaì; Í'asic=rr oriJ,¡í¡;en

co.nsr,r.fripi;io::r ili1-,ir o;ra'1¿r7¿'i,s -r na.La.Ler ânci si-iiir.l_fica-nil_v

j":ncrea.secl BCF,e s Lrlrelr the nr.:n-a.-t-J-:ui:l-in nod-j-fie:cl- i;r_r_-i--.ochond.::i_au

_l-itil€ ofia.n[,:e lir i;he j':a.1:e: t'rÍ' orJ¡{icìn c{]nsr._r.ìltÌli,i i_,n i¡;iì;l:r ijiì,lli

',Íå"s obserr¡ec'i " T'hese ob*ce7'va"'l,i ott-s a]-sc gr-:.¡.r,c.,:e,s'ced th¿liï the

a,-l r¡u,nin--l'er,'ers:Ll-.1-e Ll.i'tcolip-l-i r"i,'. e -ilf ects associ-:lteC r.ii 'Ll:i

¡:¡rli.lr,'a."be i- i:ie,l-¡¿'l;e iìt{j Crr-ì;i,)n i.n iroc.r if i r:cl tli_'';..cþ.otr,c,-:-i.il

(re--l-atir¡e -bc controll ni i;i-rcllc¡rc.ì.-r:'i a) il-i::iti, be a. ..ie ¡:ra::a.,,e:

phcno::iien on f roit tlre iÌi f f ey'enc e iì:i i,i;il)ii itll_ida-i;r i.,n ,¡bsej:r.r eC

-beti're en t1=re 'r,iiLì l)f'elfai:a.t1cns * jlhese e;:Þe:¿.i:len-bs, "i,he ref or'-e ,

iilcl-1c¿:,i;eci, in Lì OreL:iairar:y ìr.¿ììfrr,Érr '¡.':ra.i flee f s"ii:-), a.ci-c1.s

n-ì !..i'li; be j-nr¡o1¡¡ecl in 'i;..'le cl-iff €:tîe,:i:tcí-:r.l j-,:: it;'l-r-ijati,lli o:i' p]'i:t:la-'be

t na-l-ate bet',.te en ci:ntri:l- ailtl nocìr.ilie,c.l- ni. ¿i:oho:rC-iip. It fia.s

lrn-ì-i-'Lte ly i;ir:'i such í.ree faÙi¡r a:ci. c s lrler-ô assi)ciaì;eci lii-bl-r bjre

obsel:r.¡ec] Cì,ssiinil-arj tie:s i:r ihc.: rate oj' o:J¡€,ûít coftsll,ijt.i-1:i:.:t:i

,¡li.bh e ì,î'b:fan-l- ir¡chonC::iall i'i,t\.ll¡ .
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!-1. ,

Ðecrea-sin¡:,r';l:ier clncertt'a-i;:ion cÍ'i:r)¡--c:, -r:di"a.l 'bissi.;e

.l-rr)r¡r rlr-'i r: srrl ì n tjt: :ì-so1 ¿;i¡-,, rtf' .i;Ì'l e Ílod:Lf j ecl ,l:r.i.-rrlarati ()n
--'¿|.. 

f:

ri¡ h.'b 1'rt-e ¡1¡ci--l-ii;¿;.ier.i tlls r'É:iror-râ]- f-¡'il.r¡, il-rese nj- b,¡cnond:r:1a

o j' a. fa.cti¡r i.'sse::li;i-a-l- ft¡r tlre effj.cie:ri; o,.:¡ dai;.i, ln ¡f'

.ìu-;:e :r'.'na'lJs.n-t e:c rel'ilr e-l t S

::-\¡:lll.lr.râtÇr -¡ ¡¡s,1--.'[e a-n.cì lir,tl-rij . In. tri erj,j oi Si]ru.€j i¡i' 'bl:ie Oï'id_ence

in tlli --i-itlrattr:r'tl (4.¡1, 90), sr-rc.h rjri,l ì-.ì.j_'ll:i.ílift,iì1 fa-ci;or', i_i' 1i

É:;riclts, coi-ilcl be irrotein in n¿ì;¡r-¡ç;n j.i cl-en.cnsb-r'ah]-e effeci;

of the suìlernll.'ia.n-l of ¿r mii;¿sþpi1çl,y¡-¿-r t-r::er:a::aii-on on "bhe

rates oÎ orr;¡8,€i11 ccnsunpti cn ;,;it1:r t¡lrr-r..:rate -i- ¡ra-ia'be ¿incl- ailc'i r,:C

j,lA.Ðl':i in noclif i ecl- üri'rochontlria rçci;l r-i incllcate bn:,.f sr-i-cl:r a.

fac-bo::' hail he en retLi¡r.'ecj' f'--roii:. -bhe tn-l'bl¡chonil ,ri a, or L'ili,¡.i- it

l,re.s incl j íì,3it.ÐL1s t¡ tli-tsr sl,r ll€rf-'na"'ce.n c f'rz.c b, j i:n, '1.'1i€i 12 ,1,)0 ",(. t:;

sLr-irel:tta.'Lant n'.t-rr¡a.l--l-ir cl.i-sc¿:r'il ec c'j,ui:ii:t¡.: i:l'ìr.,i-sc.l.a-i;io;i of

c.':.r:ti;rol ¡tj ì-ccholrl.lr'_ie. v¡e"s l-secl as j;he si)t;ì -r:ce, _rt¿:icr-'i¿r.1. 'j:'or the

sr-l lterlia.ì.¡.;"n'L e:-rjport-iiL€rit-i;lj, '-l-ti'l i) 'u;y.ne s it-1.' exi:ej:'i.itr ctn-j;s -,,tcre

Lr-ncJ e:il-bi,',itsn r.-tsì :r1:,'Llti-s :L2 r!AC t¡í [: sr-:-i:ernaie.n ¿ z

\e) Ð" c,:rtltOa:ri.so.rt r:Í c,o¡ti:cl. ancl ¡liocl::fliecL nitochonCri-a
,';i i;h a. -eîccnli ärodi_fic,d D]:ç:,-)E"T':*-ci)n iso,-l-aj-.erì u-5111¡,:;
i:,]re !?-,IAQ l: ,g s1.r-,Ðer.na"'ba.ni a-s the hoi¡r.:gie,:nir.ji_.li;
m ecli um

( b) o- stLrcl_r,¡ i:f tlie, eff c.:cis .tf the l-2,:LOC j. ii
sr:,¡ernai;a"n-i as -bllc cril\.¡Éìt-be ;lec'Ì.i-urir i"n pcJ-a:rr.r¡t.ra, ltlr
exr¡e-r j_nen¡s '¡,.ith noci i f 1cr.-:r_ r..'ii i;ccho¡cl r, j-e,

-fn t¡r,!s (a ) €jliìlaìï'irtr::nis u i;lte !2,L,)C ,:i i, st;_i:e::nE-ia.n-L

I'IaS:lr,'i¿.l-i:iec'r fii-r:l'Lj:e, seconi-L ce.rt-r'if'lr-ga-tioä i:Í-¡itcr ¡ri;sc_'l"e

hoi:.i)¡teliai e i,t:r -bh er i g r)--l_a.li ,,r,i:t p:ì:oc erii_r,.1ï,1" f o:: c ltr tt'o1

1',ìt1.



I lì

mi.iccirrcnil-ria" Thr-s s.r..t,oeT'11.a.ie:l-i'r':as L.r"sea- a;s 'i;l:¡ ,: no,nit[¡-cr]izi.n{:a

nlec'L:1.i:-¡:r :i'o:i:' a mi:c-rll,i.o'rJ mi iocì-i:tr. .::lll, -cI,..-,pal:¿lt.iíJl1 " ßefo:rr: r.tsÉì,

2) il,: of iilag,a.::se !¡ie-r:r.l a"clö,ecl rrì l-,r) tnl- i¡f iÌre: sD-Ìla:ril:ti:.r-rr,rt-nt

n¡i-b eri a-l- i o en

í):,:'o'b ei na.s e i:r

\.1 :l Otl"cf ç,A:..a()'ú,]

rtn c han¡:erì, " i'ìte,: resr-l-l- i;ini;
-¡r;l-.¡..¡'i1.:1'a f]i j r,..r- ''-:= î'.'. 'r ':C

D l,{._1.

uit I

a;c sii. l-¡s'L;.,-a-'Les" li. l:c.r

e'Ì:li¿,.,t j;her c()ì'toen'b.i:'a"i;j, i;:t o-l jlrcsi-r

ìlres oì1l e. d.

¡ ii¡r i- la ), 1

\ rJ¿ v.t. ._ /

jì 
"',rl .- r-i \'!1
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", 

..
'J'!L ú:,,.: -L a, \r,a ')

;i-'.. r'l- Cr.l. ,. :.,J:: u O I '
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'ì n-| t:r: i) j'(-, ¡, îrr. ì-')
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t'?, t-r

í) t'

crci; r:r-r."ata-s e

a¡r.ì.i- rîi crl

rl:a:'oc e d ure

t) i.i¡ Ê, f n

.Jn -b,, ¡

(i)

il, e:

:l r-.-ì ,^.
,:- -i_ ,l ,:),

(r-i )
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'.i'h e s c

?.ll e

f-i'lr- :l (ì I':ì,t-I i:r-}-ì l;

!.IAS
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2.

i. cr,:.ü.ç e.l
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\f

t-,

li iì.'.i-î.ì. be c Ðlf-Í€:ct 
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I i:t) t.,
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I

I'nì
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o_f

i;1_r efir
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ì,lre L:¿,1.:)0 ,.i i:
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Sì:, r:g¡1'¡1"'ae.i1'

Oi -l-]^ 
^uli c;

-r- 3 ?.niì.]-rs:r-s"



T
'h

e 
e 

f f
 r-

.,:
'c

 L
s 

of
 

su
.jt

e:
:n

at
an

-Û
,o

lrr
Ll

,¡
t::

,'i
; 
er

 -
l- 

üt
¡'-

,1
-¿

t 
i; 

e 
¿

l.n
d.

 il
À

i-l
li

Ü
x.

;r
 ¡

.r
.c

t-
r 

c 
iJ

nS
Ì.1

íí1
Þ

l:i
 c

:r
,'r

,S
 ¡

li.
r;

 c
n

iil
:r

-f
 o

ch
on

cl
li 

a,
L

-C
re

 p
al

at
i 

oL
r.

lla
" 

bl
- 
e 

-l(
i{

hl
no

;,i
=

:i:
ri 

r.
Ln

g,
 :

ne
r-

l-i
l-t

ir 
( 
sr

:e
 ie

:lt
) 

rt
n 

tl:
t 
e 

¿
--

r-
ili

 c
l 
¿

l.i
;-

ic
:n

. 
'-r

f'
tl-

'¡ 
rn

od
i 
i-í

 :
Lc

cl
 r

ci
¡,

er
:n

 h
e¡

l::
i; 

n-
l b

oc
ho

;r
d-

-¡
:i-

¿
r.

"

C
 o

n-
U

-'r
:o

-l-

iL
()

(lI
II€

:C
l

i'i
od

if:
ie

d

1Y
\

.lr
er

i 
r-

¡c
ì 
ol

' 
i'i

es
¡r

i- 
llr

r.
'r-

; 
i o

n

:L
 

.tI

.)
iì!

 3 
3-

i

1\
?

f 
ir,

,i 
I 
'li

. 
1 

1r
y

\ 
i./

r!
 

/ 
.L

 
J 

I

o'
¿

li;
-.

],e
,s

 0
2/

:r
i-L

rt
ui

 e
/ 

i::
. 

:t.
i '

i;l
ch

r,
rn

tl.
::i

al
 p

-r
c'

be
in

,

IJ
C

T
]

tr
'ii

i6
di

-f
 1

ec
ì-

 (
 S

ìi 
) 

'=
 n

od
-i 

fie
 c

 n
lto

r:
hr

on
ci

:'i
¿

r-
 t

)r
ep

er
É

:c
l

hi
:n

o,
1,

le
n:

 z
:i 

n¡
,' 

r¡
.e

cl
.i-

rl"
¡r

l (
 s

ee
 t

e:
<

i; 
)

ìr
-ì

r¡
¡ 
ry

 e
6r

¡ 
c 

on
 s

n.
in

pt
i_

 o
n 

, 
R

ü 
j:i

 s
 s

 a
nd

 l\
ijl

: 
I 
0 

.r
a.

'i,
 j

- 
os

 Ð
._

r.
.ç

:

r¡
¡;

.1
..u

-e
¡-

s 
of

 
-io

t.l
t' 

er
ip

er
i.r

te
n'

l;s
j

liL
iP

: 
O

îJ
 

\1

Õ
r,

)ø
 

i

11 1n 2i
\

0.
, 

ir,
cl

Ì
L

( 
P

J¿
::u

¡;
 a

'b
 e

 -
¡ 

rn
al

a.
i 

e 
) I] 
I

3b
c

1i
i6

l- 
ir 

(l

A
D

"í
'l 

0

¿
 " 

l't
/

5 
, 

t-
1

?n ?ô t 
t-

.1

oz
R

C
Ii

"1
!-

!,1

L8
V

L'
IL

r.
!il

 i
li 

: 
i")

'')
 ô

r't
.li

]J
.ll

in
 

su
i:e

t'n
ai

;e
ln

'i;

lti
."

i¡e
'n

 ¿
l's

 th
 e

ì 
.,i

r.
€r

í,r
.na.

i

?r
l

oz ó3 a 
t^

l
á,

{

.-
-j 

(-
.)

j-\ \*
ì i].



1"7

l?1-Lts u ì;be: lljresencç ¡í' a- sìrllérrl1]¿r.'ta"rtz cüt'r.Jün€ri:tt(s ) Ê,s,:rroc:ia.'i;etC.

r;j.i:.fi the o:'lj.cl¿.1'bj-on i)i.r?rr-'-trrr¡"ì,o -- tna-l"ate o-r: e:ct::¿:.rii'bochcnil:ïip. I

Iti;-uitr iti-¡qlti bç, inrllce--i;+cì. ìr¡r' ¿r i j i:ect e'il ec i, 'Jt\ iÌrese

illlOCeS-q€; S " 'J-'liiS iil.il:l:I'Oach i¡raS f .:r-Lnil, 'bo lra-; e nll-lnCl.l-'ari-S

o.bSii,--C-1_e S u ìlo-t¿h.J-j¡ ;i:er ef'f ecl_;S 'Jí' €,n.d.,:)iiÉrilru_¿q SUj:Si:ral;eS e.nð.

Lu:.cot-tp-l-ei'-<" (i¡¡e,r'ü-i-Srh-i dia-l-¡rsis ;:"¡-r,a-r-.rs'b ci-o¡1i,.-l-e ii-si;i1-l-ei

r'¡¿¡"'rre:: c-iri nof c'rr:ll¡--l-f,'t,eI-1r e-i-j-nì ir¿:.te t?rc foïi¡lerr c-.:fi'-:l'¿ r^¡l:r:t.cj-1.

srr,,1 ¡icsieclr i- i; lLlgh'i; l.ier"v e 'i)e en ¿zn a"o-i-.,i- ol:- oÍ' tire si:.iroi:na-ir'."n; or1

rrr-l-ic_eilou.s -qr-r-l¡s-b;'a.te s in ihe jnii,f chonr,i i:i¿,r_L 1:re.ri:"r:at-i-ons o

ljot:rs ercl r: en'i;,1-;r t,ir.e l.ti¡.1-ai:oir.-rartlric mF-:e..rlurr, rnen"ts cÍ' oja;¡ît€rn

cot-1,sl.r.inll'i;i on iil the s€r e..,i1:e ïi"rtilei')r;-q âT€: rí' ct ul- s'1. j- t:na.ble: 1¡i-.1-uc:

a.nci :,li,l-.1- noj; be {tcïtsicl-6¡"6. Í.u:ri;}ierr"



ì-;:t Sçtt*,rtttrt'î



IIIñCii,Síi-l-0l!

Ci-'n-irol- and_ mr¡d-i-:fli. e<l Ði¡ìson

pre pa.-ra-r! i. itns r,'riÉ)ie exa.n-i- n eo' i l1 'r;h j- s

{a) -['o d,eì;c:lr:-l-Lne t]:e: scl-t-rîcc:: (

íiiffcr.;:'ences in o:ii_daii ln
e-¡rtre"fl i i oclioncl ::i. aj- lti,i!,Ð i:l

rlo,li. :fl i- e,C- mi 1"; oc h liril ri a

ml tocl,roieC-ria

v-ie,,r o:f -Lher r-?.,'o.,'r: a.ims, this cliscLr-ssi- i.;'n r.¡ii-L-r ìre, Duese,nteil.

bjrro,': n-a-j,n siic 1-i, :ns n

( 1 ) 2, i:r'i eLî consirl.e:ra-i;i r¡n of' tl:e: inte i:;r:r,e'rå.'t iol,l..,J tnad-e
clirect-L;¡ 1.1:orÍÌ tlic ii a'La f,il1,Ìl trí:ìs,?ec L i': tL_re
d_r.f :f ercnc es l,-etwe.'en ci:itt-r.r;1 a.ncl. äLod-if,'i ecj_

iniiu.chonlj.r'i¿:, a.trii ti-te orl_j_cl_aì;j ln of e:.i-bra-
n,i þr¡ç11 ¡¡,rcr.r:j s.:1. if-"Li-) :-

In

.L T.L

( b) ',llc er¡al-r-:-a"te tl:le, nech¿.,nj -q:n ,c_i:c;j)sîd
ni tochonclri_a"l oreid,a-ti,l¡ c:f ìrgtli*L o:I

'r¡ezr i nl i ocllr:n-cl ::i ç _l-

stt-tcJ;,r "",ri-ih fuo ob,;ect j-r"re S;

s ) lri ihc¡ r:bs e t:'r¡eci
of o¡tri-rria-i; e -¡ rila"_l-a"t e enC_

be-i,t,ieen c,x.tir -ì_ at:lC.

!:i.j

\'¿) a C'i.sc.LtsSi..o:1 of i¡;ircce¡rclia,l nei;a'bolisil t.:i'i;h
'pa"r:ticir-l-a.r ref erernce 'u,¡ tk.Lc': s.,-ll¡si:l'i,."ì;es u.Ij- L j:zecl
Enù tlie ::ecii-riretjteni;s i-or c--,:_icj.¿ri¡_ r-,n of c.,¡ii:lr-ias;rj.c
ri¡ririì

t3) i;tre irhysiolog'i ci-:-l_ si-¡tni îice.nce, of ilrie e Ì1,-rle -rl.iite, tieL.
-r--c-rsil]_ts in r,ri- el.n oi" b1:c, C a"ta" i.lt s e ct:_ rn ( 2 )

\1) .Llcth biochenr ca l- ancl rnorpho-1.o,.:'j.ca-l- aspec bs of the t,¡o

p::e¡:a:rai'i.ons li,a.¡¡e l--e€,n e:çanined_ tr¡ _rosll v'e ihe il_j_f'îe ::cncers

in o-:';i-d¿¡"i;ir¡-e'l:e,':a-i¡,lol.r:r'obse::vecl- be'i;i,ieen ccnt::o.l- a.nc-1, nor:.i-.tiec1

niir:chonciria, l,oL:,ohclr:,c'ica1 investig:r¡.ii on ( el_eciron

1î ^-- ^ --.t- -- -.L \i-L i-:_u!:::_*
l-ì I a'â :'r iî ',-\ e- 2 -,f tí-.
-,_-.-it' '-_.-

iriicf:<:-qc.¡p"\r) cJ.err:.onstr:e.Ner-i ci i:['e::ences i-n 'i;he o.r:ga.nizaii o¡. of
ihe initoci'rrndrre-'r- c-ris'ra.e (i.'ig; ^ L5a, a"nd l:) " [r¡ir]ence in the

rite::a-tulre (95, 9,) ha.s l:een p-ÍesenteC- i;o corL:e.l_aie

con:í'o:i:rnai1:ni¡,-'l- clÌ¿:..rlile,s in 'Lhe i n¡.er r-i_j;,:c.lronciri a.'-Ì_ mû:ll:_r:e.n.e,



i Ò/l

anLj. crilstae to f he fu-nc'l;ioira"l_ staie r:f tlr.e cï.i.i:¿_r.,7lel I €,js " 1l

Cei-'e.il er;, e:c¿.,,n-l-n.¿ition oÍ' 't,!tr:, :,."irD.l-_ical;-i li:l ¡¡f itris th€r cr.l,¡ ir:
-bhe lre,s-rl--l-ts ebove r,'¡as be:lronci 'Lhe scclle of tl-r : p::es:ern.t siu"c.1;iu

e;{c€:jlf -'u¡ nltte tha.i; soi-r'rí:: r.e-'-l_atj_i¡nsl:i¡_r ttrì ¡,:i:it çx-is-L betl,,een

c::isiae llo¡:.:].orr-i.ll,..r¡ z.ltr\ tlier funcij_oira-L llroile:,*-,¡içjs i>í' -tLie

ctrri;I'o,-l- aircl- ilorl if i. ec.' ¡rrj-tochr:ncl,,c-ia"

1"1i"¿cclLct:tcl::ia]_ trc l_rìne st.ii_lii_e,s r:Ì,arö c:;._cri_ec or-lt (Tal:-l e

V'-L-f -1, i''ig,s " Lba atrd- b) i-n atlr:ì'.ûtjii:Lnl to cor:rel a.te nr';tal:ol-ic

ciifíe-rences beir¿een cr"lr"¿-r'ol a:1d noc]ì.í- j eri ¡)ï'€;)âraiions 'bo

¡.:,i-ioclri-.nc::1a-L sr,,i€ |-LiÌ:ÌÊ'" ,Ll or,'ierlel:, th.e :laie o:i' o,a,idajti{)tÊ of

a.rj.cleci idAtl!: l'¡a"s r-r.nrr:--l-a.te,ii 'br: eiiheri;1-re :in:- rii¿i,-ì- r,'ol L;.i:rc-, of'

i'-i:csl't1;i i.si-lla-ta:,'. rti:¡r.a"ne-L1ers cJ'rl:1 e.. r,'r)11ìj:rìe,ch:rnges fi;--1,-l-()rj'_r_ng

acjdl.'i, j.sn r:f t¡:c ,sl:.rrls-b:ra'l,e , 'L1:e ni:d-i-íiec,l_ t¡r-ì_¡ochondrl:ia o i-n

i¿'"ct u âilÐea..ltF:il i,o ''be 1-arge:r' :Ln r.ro:l-r-r-jûe th.a.n .ì;'irosel O,i' ]-It€)

cr)ì1tl:cl- 1:r:e_ra::ar.trotr" consi.d-ei:.e,d_ in cLrnjLr-ncì;i.:la ¡rri_ih t.he:

e-1..e ctr'¡:n ni-o-ï'ogT:ì"]ths, 'bh.er ¿l ili)al:e t3'i;fy J-a..r:p,e-': ri,::fr.r.lil€ it.i' tire

nr:riif i ecl nttociro:ri.r.'ra ir,-i ¡l:'ü l-¡e L-, ::'efl e ct_ion of 'bhei-r: _1-a"l:¡leï

size ( inci.j-cateci by thej-:l 1a"llge,r crcss-seci;ilna.l a-iaiteters) 
"

In tlle sl:.bsec; uen-L i-nvas-Ui-ga.-Li ln o-í i¡. t-ros,,iib-l- e size/ fr;nr:ti on

.rela.'Lionsh.. i) Lr-sin¡: iLiif er:'en'Lj-Ð:L ce:rrr'¿,['r,¡-¡:¿-,'ii.';n, j--b .r¡e]s

etiicLe.:¡r"L i;l:a¡ the ci:nì;i'i-,1 o:ÌîeDa.rr.tj:.:l.l 'rrÉì.s Ð,. lrete:rcgeneous

il()Drr-:l-r.iiilr ,r:hil er the' :nod-i.fied. lr,l, l;oclr¡nrJ ri a col;Llci n.-¡'i; l;e

cLeiect:."1r1r. f :'e"ct'ì- lnateri- " Lh: lte'te -t'r)¡::¡.¡ eity oi ihe, f o:cner

otî'aarÐ".'i;i-r--'n :rLi.i.h.1. be r€r-Le.ierl- l;o tÌi,.--, fr.¡;eciit-,,ra-l- .ol:olf€:rii es of

firc i¡i-tochonri-ria, (i"e"'bhe mo::i:l:oloÍ:,iDa:l_ s,:-Ì:-f.::ac;io:,ts co lcÌ



'L+l

a.l so :ji-Í'f e:r i-n 'L;hei-c netabol.ic beha.r¡i-our) " TIrr: ieod-if i- ed.

lni i;ocl::ltrri-:ria" r.1-r,1hl- rerlrci se::r'l; 2, s oe;c1il j-c 1-rouoE;ene.l.rr.sj si-:b-

f ra.cLi x o.i 'the cont:lcl i:o¡,r.'r1-';-l;i- rn il-.i>r-'-r:-crc, a:i 'r.he ¡:ar:ti-cu-l-a-r

j"so-La'Di:.n c,:r¡c,l j- r',ir)it-e" .i! liil-i;e cf car-rtii¡n nusf J-.e, i.nier'lc:ctec]

a'b'Ul:is point i-'ri.tllerrl'er" 'lhe heteL:ci'c.iicit,:'i¡:í'tÌtc, co:r.L::'o--l-

preDÐ-rÍì.'L.i:rn obsrrrr-ocl. era leri ii-re:rta ]--l-;r ri;,irt, in f a.cD, tre ?,-n

as:Lt fa.ct of rnc -i so--l-a"-bix i;eohni-qu-e in l,vhich a ceri;ai.-n

fre"c-ui-ln of' úire o:ii-gina"l rli.tcchlnC-ria",l.. .ooill1-:l-af i )n con-l.cl ha-'¡e

i:een a"l-te::ec} boih inorilh()--l-r:5iicai-]-¡r a.nr'1. fr;"ncLi-ona.]--l-y'" ffhi-s

t;,l1re of' a-1..i,err"i1o?.r. is inevital:r-l,e io s',Jir:ie e:;-be:r-b r.,n :¡-l-1

';->r:epa;ceii.-rns; o .j.iol,,íer.rer, in the- i-.1î€s€ni 
"¡-¡11¿¡,ii 

r-ri'ì it ¿ì,,rrte=-reil

t:ha"l ?, se]-ectirre -l-y g¡reai;e:r eÍ'f e c b hacl been exe ::i;eii on tl-re

cLri-g'i-:'ra-- rropt;"1a..uit)it clu.rin,r," fJ-L e,)¿r.:r'ai;-i-,;n of iood-ifiecl,

ni-i;ccliirncl--r-ia" 'Ill..l S u ih.e: Lz.l.,i:€lt il-f c,'^te rp,,¡iln ¿i-¡lht c oncci ri¿l1l ¡z

cr-tn.sist a1l:ost enLj-t:'e1.y oi.'tiri-s soecifi.c'¡i-focl:lL-rnc'l:ria--l- iy.¡re"

îipi-:n lr€r\riei'i o.i' thr. f inri i rr¡'s u i-'b L,';a,s ¡r-.trl,?.T'Çìiltì.t tll¿;,'l no sini;_l-e

i:"'l-l*inc1'Lrsit,'e hi¡p:rtllesis c,;r..:l-rl 1--e n.r'oÌ:its€C. to er ri.rl-a"i-il i)j1 e

purel¡i no;:oliol-i:gi ca.l- ba.gj s 'úl:rs cl-L tf e.rlr:ncos -ì-n 'tlle: o,rj.r-'l a.'l;ir.re

lr..,ì.rêi-ti oe ;r{' CO¡i-f ol a"if.fl m3cli fie , 1j.t¡tÌr.,:nClf-ì-a ,,çi ih

,oy::rr,rrate '. ital-¿z'Le ai:rrì a.cl.d-ed j),.j liD.l', a,s s.r.ilsi.-rta.-L.e' s 
"

cliÍ'feronces r,.eii.:sen t}'le: i;r.,lo ctet:a.raticns ce::ta-in biocirr:lnica--l-

Ê.soect's oÍ'c,:atïi-¡l- an<1, itod-líiecl ni-ioi:l-r¡rirclr-ia" Iiierr€i

-iir searcLr of a:l a-lternç.tir¡e e:,;ola.na-bi,:t^t .í'o:r 'ûhc-:

ini¡estig,¿:i;ecl, i'Ii.¡ Or.qsi_üril-z;t't-iies cr;ul ii, i:e ci_e.'lons-;:r¡_:,i;eO j,n

fheir na.'"h.,ite)t c-¡':rì-ne,tics cr-'o:iicl-a-bion oil eli::'a-ni.ioclloncl-¡'ia--L



i¡ÀUli u i-n" the i.:': c.i¡ [och-ii"()i]1€, c ci)i-:rcerri;r's.i;.lons Ðï" i:ri theii_.

:lli: s jlj.r-'a"Ùol'.1. cLta.j-t't capaci r,¡i t-,¡ ;t'üj--1,)-zc a"cl-cieC ü,LDJÌ ( see l.'a.bl-es

f Ku )l , l,il, anr',- ,){I\/) u 'l.'h(r e'¡iCencÇ' illtesenl,eil is ci;rlpa'ùibl e

o't1t¡ i'li'bir t¡re' i'i;i,:i:-r,1:e,sis iha"t r"ri'Lh irÌt.l)í-i as ihe -r¡i bor.þonrl-:r:i¡,.-j_

st.i-ì,:sT¡¡¿.fs, r',1:e -"1-<)r,,,trJt:':r'a"'úe's cf o:i.:ic-rai;i,oi.-t i-n ii:e ino<.i i_-í1e.iL

ilf eJare,-f i i)n c--Te ::o1e-ieC i;i-r ne:¡ b.rr-:.i1 e s-b:'l:"ciul,e an.. / c::

Í'i;,nctr iln 
"

llhe e:"..ö€-rrri-iÍ1ents ci e si¡lnecì 'bc estab l i- ç:!t r¿. st:rli.l ctu-re/

l"r-r.nction ::e-1 a'i;i- itnshi o cannoi be cons.icierecl" n:):re tl::,ern

e;{i:l itt'ato11. in n:.'i;r-1.::e. iL'he s'bu",:l-i- es ¿rÍ' ,l- j_.1-i.tùr ¡n a.nrÌ

rnec?ti,:-ni-ca-r eiiíects ('labl-e .":it/) iniica'ûerrj, tr a.I", bo'Lh bhese

fa.ctcrs .ï€)lt€ cln'i;::'j-b',t.L,j-n:t: t,J tlr.c beha-r,ri t)r_r.11, cf ihe isola_Derl

mi¡ochln¿lt'ia" llhe iitoarÌ-'i ì,li: of tlic, Lelins "cl_i_L.i;.ti ix'o anli

"rtech¿ani-ca-l-ir has i-¡e'ell icss. ¡-r- jl¡,j p:f er¡,iou.s1.¡. ii:t ihe Ftsr-i.l,i;s,

:t t a"?¡rea:red- i;h¡,t --i..i)',.:e,T' ra.-be,e ,rf il)¡-fi;r.r¿;.-te. -r in¿,r-l-p-,ter i,...i_i-iia'br -in

iir bi,.e inoii-j-:í'j-ecl- l¡i'icc. ILcrrr,it'ia, inií:j:L-i; be _re.Le--üecì_ 'bit Ihr.:-

incT'e:as eci- t¡r-.l.ui¡.e cí' ined-i r-,.¡:1 pef' ,î.re-ril ti s su,e ra.'ílie¡' rl¡.r^,r ..njr

rnecl:1.:nica]_ ac'û-1...-r,1. (see TELitl-e ."Ji ) , Iu co:ni,rast, 'ûii.r:

C-j-ffe::'ences in t.l',:e o-rli.da'bj-ol ilf'rlJilll-i cortl-c, o:e1-¡l be sit_rrL.u'cecl-

to the cl,i-f:f'e:reni iLecira.nica.-L ¡t:'olre:l-,-i.c-r s oi th:e i-so,l-a'l;:Lr_in

sj¡sten f '¡r nocli.f ieci ni-'t:rcli;)rici,-ui a" 1l 'hese e-=çpe-:riiir.e:r'bs !,a-ì-i¡e

'ülre íir:s j; rncl 1cij,'l;,ì. r-,1:ì l:ha"'t o a Ltllou.:':rh tire ra-L;es of r:l¡t-..i:-r,'-:r.'te --

na.-l-¿¡-i;e a"n¡-l accj-ecl irl:l\i).fl o¡tici-e,Ì;i c,ir a,T'e _-l,oirr-r" in riloc-,if':i eril-

tlr:'ii¡clri>ncjrtia, i;.he'1'",-ci:¡7's cL,lts:j_nf,'-tl:re, se,.l-ititct'ïaic.: E.!'? n:J-Ç

LLI1.

nc'ee,s-qar-i--l.J¡ til", r: sîLtitel Í'i-rl .aci't sr.:'i:isfy'al;e, Plr:ru]¡a.t€r -rlt1iì-l_tìre



4 )ta

ot:,i..:.i-âtÍ Õn \i-¿.h1: he i.n.ilue:rced. b:¡r ,u.n ef'Í'e c; olt. -;Vte, cùr;j it:ì- i.t-1 i)"

]i:ecirani-srno s j-nce, ,:lC,i.t s a.lrJ I,t"l-"l.Lr; ü ra-Di¿ls r.,.te Í,e ¿t.l,so J.i)l..ic:r:I. in

n;r-:li-i'1e.ci ¡"i--i;rr:.hr-;nr.lr:i.4., fj]he r'¡l'i;cr o:i' i!i\l,li:r oi{-i-ûari.on, h.o1.le,-,rsl:

cD.i.i,l-r.L :rellI ec I

:-u,rl i- erl 'ci--r.¿-.,'i;

íä úa"C'ù :r¡?..],h c'T'

c:.iíl'e¡:ena€)s i,rr

and, a!- blttnj.n- el{pe lllmðnf s - Va-r:l:;tiOn j-n the c,:Jnce,ntL:ai; j-tl-l of

il:lîo'f,einase {i|abJ-€s }íVI anci ,'{\,i.1-L) i:rorjr-rceci a. sta-tisì;1ca-l-_l_¡r

s,ì ¡:nii"'1cani clr"c,n¡:rer in ilie o:ticletr t-.n or ,J;lj}] bLli; nc¡ ln
i¡¡'¡¡1 rra.f e -r ila1s.te v¡hen ¡he enzytne ccl:,r.3c.itf ï,e-t j- oljl rî3.s

40 " -5 îû5::/ 
^, " A"a e jll:'cce,'Lnase oolLcenira_ti..ùn cf ô :il¡1lrlil L 

"

t:5tîujia.-l- e ì- na-]-a'bc o,r:j c-la"ci il,l:) ,¡.asi S-r_í)r,i ârrtit 'ûhe nj. Dcor,ror_rcj,::'i5;.

we:iîe I,litc oi,:"1r1 e o_ , il"l- l;he _l- i)t,îer:r in()-r€: u si_1,:¡.-l- ei:ì z.¡1t e,

ccl:coni;l:aï-1 ,'ti'ls (a.i-r;,;l'l::'r.:ri".'f ol-l¡ ) " 5 ni,/n..!.) , :1.i) eíf crcf coi_],-l_il be

c-eni:nstrateä T'c¡re.T'cì-l-e,ss o:f ille a.ij1or..rni oÍ'-t-is-sr.Le Ì:-rescnt"

llatq obta"-i_ri e:cj f'f ir)í1Ì a._l_ br:.inj_n e,-í_ireriíÌteLì.tsj i.¡j.'th the f l.;c

tli ii;chonr.i:,.^t"-,- sl¡st.eiriir is elso c.orolra-üj-b1 c i¡L-tl:t tL:e h;-i,ri:i;lresj--q

iha"L ì;hs, ,Jiffer:'errces i::r pyl:ur_¡åì;e -.ila.1a-te o;l:_r-i.ari.ii:r ailci itr.tti;J..l

o:ri,cl.ei j- i:¡ Ìl('''t-vieon. 'i;hr ccntrl-i. ailrì rocl ¡-f i ec'l niioci':o¡t-j.::.i a, a:r-.,e

no-l-, nçce;ssa"-,::ì 1;- at'ür-i- b¡..r-b¿l:1e' to ihe s,?rne ca-u,se (ilab_-l-ers ,{V-III

a.ncl ;i:ti() " '.,1-'h.a r<.sL;._l_ts r¡if it a.Cil ec] ¿:,_-t_'brni n su.¡:g,e s'i;er.i t.t-:,à-l

ia.t-L¡, a.cjCs conir".ì L-¡ilted -bl ilta lhsej:-'c,,.rj cl is_¡siil_i_'l_s, i:r_ij.eS il

i¡;r¡1;.1¡¿i;e -¡ ilta.l"al:e lllj.csti irt:l il:t n l:, 'bo 'bilosÊ i,tt rli .iiJ ;ii,ti-r a.-q

itLC_i'C¿r Sa¡ì_ .,:. '.i_).f

i;it¿:.n d:,.tra¡1ecr

.li cl-i Í'f'e-re:n't1a. I e:rt'i'ec r, on pji::r.¡-r:.aie. -¡ nra t-s.'i,e, e"n_C itl'/iíJll

a..ls¡ -lrnl-. lj-r-,iJ i,'j,' '[he: eir:j_clt:]llce i.¡î rli¡ pro;eini:,se

:1. n. r- el.-r:i Ï;,' " '-illf e Cl-a'i;a"

a,s s ,rc i. ¿r,i. e,cl- -yli th

n3moltÊ"n"es *



subsi;re.te*

ll'l:e Ðóss_i l¡_Le l-oss cf a riti br:e.llonCr'i_a-J- t,-f r,,.çûüï_." i¡f,o
tkle suite :'na'Le-n'b r,'rhic.h r,,ias r..clui_i?e,d í'o:: eff rc,i el_r.,c ¡re;.ba.b,¡1i c
-beh¡,"riür.lï 

r¡ia--q a-.l-so elli--iiiì i.nãcì , ,:¡i,¡¡-rr.'6'1', eii ni'r,eiJ i:n lhe
cl.isct.lssj :LJn ecc,ûîÌ.,l9.nl,¡in¡r ]-a"bi-e .ilti., i.ae ah,sCne.e of ..-. sr_ll;errl aiairt
efLîect rìr:es nl:L nercess;e,r:i,1-rv e,l_i-¡r-l-ne.be .i,hc: i:i¡ss-ì ,b-1.-Ì_i,i;;,r .b!Lah

llilì".D"r'. nerrer'f :r-a,ti,:ir j,s .i r¡'t::i.l-ri i;eiì. b,;, tl:lc, l:i:,r,r-o.,rù-_l_ of a l-abi,l_e

miiocl-rondl'1ai s'-i.bsfe"rnce cssernti-e-L jfor' j bs 'Ì;:j:ar.sÐo1.1. oï tt,-i .2

fa-ctor i;rerseni in ihe, cJ¡tl¡_l,a-qin ',,;l:r i_ci.r ri i ht har,'€, e,. si. lir i,-1,a,:r,

c-f-îe,ch-

fn abte'lo.binir

1¡atr,¡een con b.r¡l ¿Lnrl

il :i-:re,c ciJ¡ c cn c €:T.h ei ,¡l_i th

c:ii- r.i a. l; :r-,,ri: o f c :.t'i: ra.r¡r i, t o c i:t i)L.d, -r_i al

ef 'í'ect,c:,,' sl,ucj-_j es re o,rr:'i;eci

tiAi.-)ii ¡ irs c-r::r¡ecl- r;'.r3,.S ii:ercl i,::r I ec,

I, L|4,

ch¿¡. j ¡. " Inh-Lhi'i;r¡i: f:.race,r','ì_:i:er¡t:-i;s

Do._L eftir¡ 1.;lie

¡13¡_l j_ f j- 6rr,

e::i-sì;cn"c,e oL' tl_rrr itl()tosecl \il , í) 
u

s'1; i i¡'.i.-l- a t c'..i, r I t er- tn e ^ -r-tr s o¡ s i- i i ii e
'i;lte a:ìllDl¡e l"í:r !j'L.il_i,s c¡ir,l-n als¡ lt,.

',;i. rh a .-nc,ta,bo,-l. j i:c skrl.:i,'t-l_c irl

maj-a,-C a / o::a.7-¡ac e'[¿r.-L e s ]ru b i;l r-r,,'ra",s

cel.Il

l¡rt

iil i. r. i: c ]i c ¡,r c.l :: i- ¿ ,

e li l) €:f'i, ]:û Êti 'i S ,

O Lr e l:¿-','t i O::l i: f'

i-in c1 e:' l;h c

il i-r

.l- t^ ^ut.La-;

e ¡-, rlie,-i:rc (' j,rn s ¡ jttai,r: e:cl t o

;ia-l-a r, e /:::ra)-i;a.ce 'l;;rte slt

ir 'he

i),Tl of'

e ri..ij-r: e ci

ir l, i)f i"

tÌre

c*

'j-1^ 
^ú.ittttof

'Ì- i.. 
^vt rtl:

UJILì ine:cì_lacing



._1" 
!i'-l'

sJ¡st€,m fol: o,'ll-ca'uj. li--r of c;¡'-i.o-pl-asritic ir':li]l:.i" ifie l:,,:.jo:: it_'l-i-rc,,r

i-n iher o Lre_-ú,et j_ ijn of 'bl.e ii:eci:ra_n j- s', â _r;l€o.rs to ne as_coc j"eì;ecl-

,,if i.-ll tnc-r ll¿tssai'.â ci' 2-o:ral-.¡'.,1-1 ,.ta-rt:',;e cr:'t Dt' -i;.l.-re ltij-tocÌlo:rcL_-rj.¿=, 
"

L-ì; uOr-r.-'l-c ,':ì p,rle3-¡ 'i;hen, i j:re-i; i..ir n;roca.:i 'd-i::._,r_ rr',ì-Li;cili.lnd i-.j-.:,.,

d-i ¡'ec.L pe-r::neLb_il-jl;r. li eicrl¡¿¡¡1¡i iochc¡cl;:i::.lt_ i:tlli.jjti r:l L;r-s.i; Lte

r,'-r-b¿'-,titeci- ¿..s a. ilo-s-s j b-l-e ;fe'ú1ii¡a¡r f or flle: .rc::jr.i:i¡a-"-r_ ,:-:,f' thr:

nuc--l-e¿:i;icl e f::l¡r the: c;),''boi:lasrir t,: ila-j nta.i¡r ti-le nr::ina._l-

iii'AD-'/i!AÐli ra-i;i c 
"

The Ïes-urlts oí. -bjre soni-e.¿r.-tiJ:Ì:'l- €]:í,ìr, r.:Lrrerjlts u-serd i;c

i-n¡¡ esr;i gia"ie il-.r cr Ð.!ì.c,i iI¡ of ti"e ros ir-L::'e.,'bo1.,1. cha_: n :f'cl il;\.ijl:

.):riclaj;ici: iri'orri-decl a-criii:l;n¡.--r- ei-\¡i.dencr...'rhclt l-oir rates r:f

c:,:-1.ri.a.ti ct:l a-lîeÌ a- ::eí-l- e cti on o_l -i;he 
i:r¡:.o oe::-i:i- es tf .bh 

e

:,ti.f ;c1:r¡rtci -r:j ¡.-r. iûerlb:r'å.ne, " Irl -uhc c.r_,:rtrol llf-eoarål{:ioü, t.rnich

e:llrilri i-e i,j i;jte ci:-i'L(::Ìrj_e. l;f' j-::.:raci nj_tocÌ-rctrili.i a. u \r!r:, I:-L€il:t

llcl;lss a"-r¡cl :iil-ir: t,\ rat:r cs ir.r Ì".Lrc. l:l:-daJ.¡_oir, rf ìr],¡ïl_:-ì.¡c:te - Íil¿l.l-ai;€,,

Ð,n o1-.r,-i-oL.:s -1 :-ilri-i;i-'c.i per:'ilea.bj -l-i- l;y o:i' the- i:rj i-:ocl:;ndlj,a_1,

ile.iit"br:.nf; 'bo li-,ji)irr w¿r.s cl.e.ni:;:ts-i;:rai;ec-i " il,her ;rliseï.iied_ l:a_-l-€, s il:fl

o:ri ci af il:t-.r i-n "i nt.:-.-ct'o cl-rn-b:Ì:ll plreÞa.l'a.bi o,ls r'ras on_l_.jrr ?.0- :'o:i

oí th¡ b i¡r tl:e sl.l-r,-l.cate,c- ilabe 11a]_ " lfhe i:riiJ¡sio-l o¡ri-ca_l

ilnporta"n c. r- ( 1f aln;rr ) of tl're s e: l_ ¡¡r.,¡ r-¿¡.tes of iri/*.ijj-i r:;";id a-ti ¡n 'b1,

the j-ni;a-c.i; r;.i:¡':anel --l-e s ¡¡i -l-l- be clnsiire::eci _'r-r.r- tþ,c, l j:ra:..1-

stctiOc. oí' t,lre lJtscr-lss-i r)n " iì]lrer e¡.'irJ.enc.e 'chu_s .í'a:: rj i: sci::Ll:eil

j-n tiri-s i;k: esis j-s, ìrlj,,:€ïe i", c.r-r:il-¡-ru.i,r-'t-,.,_o L.ll';h a. -j 1t j i;e ir l.tui;

cl-ll¡:e,c'i, ,¡eì-.e:i_T'atiln of €r;ll:rai:i_'i;ochi¡ncli:'ia.ll_ ¡iìlll bj. ,ìr i;.:rc-i;

pi¿.:'eon hea-i"'l; nl b lchi-.nd-l:i:r 
"



i f,'-

{2) flc inie:,pr,.,,t lltc, 1rh;'.tio1i:gi ca_ì- si¡.n-lf j.crnct. ::l' tt:e

de-i¿ -i:eporì;cd i.::l i;i:Li s 'i;l'resi s r blir ¡.;eae,i"i;,l .ra'ì.;Ler_r:ri r.f

rl]ioc'.r.--.air:L nei¿¡-boli_slir :n'irsi; be, consic-iererd, li_'¡ es'i;i_n:.ir, -blre

illi-i1 l.rrr,rrll rec¡ utrerilo:rt for i.its l-.-:rj-c¿1,'bj_l¡ll oÍ'c¡riool-i::s,,, Í_c i.i:!j,ll.

,':e':cl Li.i l:es .1-¡ i'ç'1,rl çr'iri oíf 'rLtc sr..l bs'i-r¡:.ti:'s ',-r,s eiì ì:y ilie tn;.¿.gerrii il-lj1]

sil-r.cf i}'tc i r :,L ccl: e o -í o.:l i, cl Ít i i o:'r 
"

-i_n 
L9 56, iii:ni:. t ,)9) cle sc::ilreci 'blle ri¡:.:r j s¿lliJ j.';j,. oÍ' -bhe

rnyrc:r,r,:ì i a-J- fue"1. si.t Dit1.;; 'urltj-ch acts å'iíJ 'blle ,sit1ì-r,cç i_r:f caï,c¡,-j ac

en eríy " illr€r e..{'i-T's.c i j" r'ri:t of i:rrl l_i¡j-cj ua--l- c.iir.,':ohyr,i r¿.'i,e,,

lrLetabrli"i;es î'f i>t:,.t the l:1 or;cl- r-..¡¿r.s de ,rr;enc€.ìr:tr: Ì-l.i)oi.ì bi.le:i r e.rceri-a1

c otlc en-bi:a Lr-,rns " -ln c cni;r:ast , t1:e c.:,ir'l-.,oh;rd j,'t.'i;e:/ n,¡rt-

c?t:l:'.:j-rJ'cì r'a.te rela'bir-,;:rslr j-li) .;,,res -r-l¡.í'-'l',;.ênc*d lr¡r ii:r-,, ie_ì n¡;i1 E

a".r.al).als.¡-1-i'L;' of' tite 'C,;¡t,r c,'l.e.siSe', S O:[' SllbSlii-,],:lCeS " llhe d,::.i,a

ciisct.r"ssecì n.;r i-li,r" l').c)) is sullrna:ri-zed i-n llab-l-e, ii.,'il-- Li 1s

obvi-ous j-ir".;t tlre hrr-Llri i,.f iirr c. lîd.1É)c €ìn€:rf:)¡ s11 i)¡:rl_;i is

Cr,r:riv-eci iÎ:r'rtr â fiA'i''i:t e"c-ia ¡JL)Li-ïce" ill-'-rcLìSç; a¡til l_¿¡.c'1,¿,-teu blle

lria ,¡¡ Cr¡-'b',-t':.1rfl.¡51.'ie, ,;.lül:) S-;fa"teS, c:nt:r"_i l:i-r"bt-: O¡r,-l-.;r 35',,; ¡f tl-rei

tioLal- otr)rg,en clrlsiln,oti,'¡n-" iji_irce'f.lie Ðrcr:Ìt.r.ci;ii;n i:f

cy brlia"srli e. il¡.il:. 1s ¿¡ rcs¡-r--1.-t of ía,\)rool-.;rf ¡,c ci-e,gr-¡ci::,-l-ii-,n

cD,T'T):Jr,i:)tC-i'¿,iies u i-'b is ervirlen-b bl.:¿,:.i; :¡ J_t:,.ri. €, re::i .,i-:i-.r e;i1lç-;¿-i .il

fiADli re o,.lj-datj i;:lr ,.rlj-¿,irt nr:i a"rj_se. in iù"1i Çc:i,.í,aj ie.l ri_L.ssLrr.:"

fllhe ill Li:\:çl sirrcl-ies o,[' lin¡]j :j! å'.i_" \Zg, L,l,l) Ðtr

cc.l:'bi;r':;¡ci.i'a"ie arc,'r î¿,.1: r',le.i¿Lbp-l i srn l-ït 'ilviten .1,;ea"r'i; c,enon,st::atecl_

tl':e veriai;i--l-ii;.y r¡-f su-]lsì.-lreile oirid.aj;ioil cle i-'rncl er,ri ìj.ì)on i;lre

alraj-l-p¡i-1-i- i;¡r ancj cif?lcenti:atiors r:_f c.ai:blirJ¡d:l:'e,.i,. :.:icj. nln-

lf

il l,'



Ig ::-i-:¡g tjilrr"u,".r-tu.t- i)r.j¡[i.:tî. r-r -qe.[ì;(j.] ¿it'L-.::i-hr-r. i,eil:1.çì i'J ";-a"::'i oi-LS

si;irs'¿-ra-ies ( arìa"i:te,ci f':r'it-lr. .i:ìinE, ( 99) ),

Ca::"boli.1ici T2..e

'1" t:,:5

Íiu.-n,e br::.t el

Te,.b-l- e; -:iì{ï

i.-l-i-;.c r-rs f: 1 ii

*'y jlut¡¡:"-r, e 0 " -5 ]iin 1n rr a.c i- r.i s

¡a.c ta.,t e 'L?

"t3 Sr-: ?: s r-y 9,L e

.li'a'i;tJ¡ a..c:icl s b'l

äet on es !-lr



1 Lt7

carlllD:h)¡C- Ía'¿e SÐLr-7"cO-<, aS .-¡€:Ì-l- a-S Lli:l il¡..,:, ile,'f s-bol--i-c

Ic.ìci r,;r-iltfÌl:iten't,s i-rí' tilc tj-s.rLl-e, i"r1¡y -l;Lle: cl-r.:l]l)i)s€-ì g Ðí tilis

d-iscr-tssii-ìn ce-rt;a-j-n a,ssi-tínpti-i)ns ai:Éi n€'ccst-jáìll]¡-to ciefi.rie the

ci-,nil itilns ¿f ¡L;ii;::ì;e gitcl o,:i d.a.ti.. ln ,:rf si.r.?:st,r'¿:..'tes i.il 'bkre

rí1]¡ocelld-i.1ilíÌl ? Ii'h.esej ¿ì.ssi-.irÍLr)ii, on s eT.'Ê) !

(a") l-']rl e.:ner.'l,Y rFrilr,ìilleii:ìellts c-Í ihe li, ol'i::i-n¡n i"ea.::1;
ilusc-J-e, al:'Ê nert maii'll ¡i l¡¡r the oxi-i:-r.-i;i¡:n cí
ca-rÏ,,¿-¡l-ll;d:ra.te .-¿nil, ncn.-ca::bolt.;,cì::aLe sl¡"ns'L.ra,ie-e
obi.ai-necì f'::oin 'L.,:tr: ci-r'cl:Ll-ati.:':t i'' 'bl-oocl 

,

( b) Cal'bclt;rcì:i:'¿rte sor-l-Tc.e.s cr:ni-i:'l.bi'r.te -75'.'I lf' tl::c '¿oia-l-
ni,' cci-:,¡'cj i :l- 1 -a::I i:" en c ons Ìì1li i)-[i i-'n rec''-'r'C. ec- 

"

( c) T'he o.:ricja.tii:'n i:,e non-calloi)Ìlyr,ira"'i;es ( fa'!;by acid-s)
rj-oes noi c.cnii:'i--bube -bc Ì;¡e pioCL.tcl;i¡;:l of
cJ¡t¡l¡-Laslric ff.¡ì.l')ii -''¡h-1 cLr r.l,u-si; 5rr'bse:1 LLen't-i;r 'l¡r,r

rr:.r-i c1r z e cl. ,

( c1 ) r,'h.e ''l:itiii proi'rr-ic lci :in il-le c¡,' L i-'pJ as.ti b¡,' [i,]Li,¡c l-'-'l-.'rr s i s
iiLutsl; i:e .r.':o-,r-ici -i:.::eci tl-r t,la-i.l,rt-,a"rir. a -'r-i;ç,¡7,ç-i¡,i siarie
r¡'D-r¿/l'j;hÐ,!- .rr¡. b:l r: il:ii; iril--1, a--l -1-i¡l.t ille i'ì;iD-i-*
recl u-i:l'iir¡." ::cac;ii-,:rs 'r :r. tllr, c.-)¡-irûil:|.â..'rin -i;o c.cni; j-nLlc"

il.he o:li d¿-:1-i'v"e 1:a.-ühi',-a.yr i:f boì:h lr-l-l;,:os'-- (CôLl.-2Ob) r::ncj

f.e,.c'ia¡'e ( {,'2i,1¿.ù3) in he,ra":lt io¡lils thcr i n'f cr:rnecl:l-eLte i;l-L"r..tilai;e-)J'

(Cei.¿¡02) :;i.lclr ls t,:e::r c¡ïli¡crtec-'l i;o CL),s ?:.rrd'.i);,)O bJ," t-,he

-bt'ì-c¿r.::l;irti-)¡-'l-i c ac. j..¡.-l c.Jrc-l-e" ,rlhe.; rel-er,'bi-rnsh.:l ,r bÊ,1,r'¡eç:n Dt{J./Í,'re,l

coirsu,-i.tt j-on airrl i:,itjjri ilr-'i)Ll-uc-'-i i,rn r,'-i'i;lr iitese ir¡o ca,rbohlr¡i..:jaie

s..;.Ì:si,':e.-ut s i-s illtlice,.ir:c) :t-rr tiie sci'r et.tg ltcr'l i,'1'ì"

ü-ì-ucose l

C^ji-i rC'- -= O';- 2 C-Il¡,Lf -u, )-L (J )

2'?3,:i,-tCi1 - j O,r+ ts
)

'i'-¡io nol-eci:.--l-es oi il"L',lill a-.¡:e c::odilcec] l;:i

ino_'l_ec.lll.,€:s ,¡f oi.)/i:r€n (j!A.il;:]./0., = i/ ,") .
a

! ,)
ta,

cc..
la

bit

1'T,,\Ijl + 2 }i'

-r- iL i t" t''/
bi:rc, 

",ri",-,m,, 
1,i..;n lf ír
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c:;.r:aci-t,_t' l'e\¡e¿Ìi,Led- !.-'/ s¡trlca'ij.;ir (i'a.b!_,: .í.f \1 ) " i: oi,icî¡er., j_t :,s
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.1-" i:ai:'ci-r':nr li. a.nc: I'f ,..,] " Itun¡i , ,fo i-'l:;rs-L¡-"1-" 1l*, Pl:oc of ìdo\'*
1.)01',, p, ti) (:190,5)"

'¿, -l,ehnin.gler:r', ji" j.," , j"t .Phcsltl¡.it¡us i,ietabi¡1-i-si:tu V:]- " ll ,
!'r"ii, iiic-il,l-:i:o;r ¿,trc.ì .,t:1 " Gl-ass (eO-s" ) , ,i oj:"r.s .l-icpì"i1ns .Pt:c:ssu
i:-ia--l-'Li-no-r'e, , f', 1t-l'tl. (1^i) 5'l- ) ,

.)" i,6'sì n¡5e r:, i\,.l.," u .J " iJir:1" ChciLi" Itp- u 3Ll5 ( 1951) 
"

4 n I-,ei:.nîngei:, Aul, " u '-r'.l1c.r i:a,,:ve;i l',Êci--l-:ile s, 4'_2, 1-'i6 \1955) .

5- C.ha,-i.roeo l:1 " a:icl- (, ".ii." lrlj--L-l-is.ilsu J'" Ìi:io-l-, Cf.e:1 " '¿3J^, +09
tL955) 

"

b, i:r]-rnsie,i:, i-,uu L)n .t ar-J-i-tr3, ll" Lor'; a.t:.ci. i.l" i,i-ncber'.,:l o [-'í.J"
Ce-l-,]. ìr1i:s " tu-11-rl- " l, :L2!! L'I955) "

'/ " Der¡ii-;r, .l'"i'i" ancl- .lj"¡-i" L¡ed-el-'l-o J" iii-ol, Ci'le'uL" ?rj_j_, ,:i3LL
(1"9110).

-j" l-to;ier', C " l:;. a.ncl_ T'" i'," lJer'-!.ino Sc-r enca, LlL, LLþ95 (i-9c\ ) "

9e Lcr,riensieì".r, J"i"i., ..)"'-i.'lle: oue1i" Jl:.ol. l, 9,J (1i)ô1)"

1-0" J,''-L;Lncl:aoru i.i"C", .åriì" ,i" -dh¡l-<-io-1." ?l';ç, 1.01.5 (-l-9rc,:1.;,

i-:1 " .:i.J ar.-tolr.a.e'.r, i'i"C,, C,-G" Lt:.ncìqu-l-st:ìr,rcl- T,J" GriffiDìr,
it¡.l, .r " f,i lche:l " !-tr4:, 105 ( 1t?ôó ) "

L2" ¿Ì_La.ncitaar, i,j"C" :rnc,'l !-'".; " G.:i-f.ii-Ì;ir, C¡¿ü" "I" uil:ciic,'il"
1{, L 52',1 ( .L 9(]ô ) "

L3, Cl::1ffi-fÌ.:, ::' "J" anC, I'1 "C, -l-ì-l.e,nor'râ"eîe Ca-i1 " .l-" i,ìi-ocir*ur"
+5 , i.1;.i1' \L9t)'/ ) .

L1r, ilïej- jl*,3ani-,a"1ó, jì", C?;,1n J. iliDchein, Llü, 1.7 (,L)::5) 
"

15" Cei'ei- )o.-"),2.nj.eJ(:, lt" u i--iirrclieil" j-'--l-to;:ir.;,s1 " Ïres" CrrÌn,rrui1 
"'li:, b50 (19Òó)"

1b" lra"pei, S, u il'l 
" ili" l,ofÏun:e,ni;o, ii"Ci, Secchi a::i-d- Ï: 

"
i.)lt-ep,1-i-a.z'i-eI-l-o, ,1ilcl:l-irr" -Jiolti-r¡'s" ":ic'i;a,'!1Lu 2::iì7 (."19a'/)"

!'7" j.iass-ine,nn i"u -{an" i.ir=rrJ., e).1,-" i'''enn. LJ-ä, )5 (19rr7)"

1-8" Cl:a"i:¡:el-i,, .-J-" il,, -Prr" i,ect-" Bltl1 , ?-!Jiu 1-5a (19b3)"
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L9- li;ebe, ll", .1.n .ile-t b:tiicl; a.;-rci '1.'" iri.iche::, l-ìi-lcherì:" li,
3jL, 25tp {1Í;)59)'

'¿.A^ ilacl<to:::', 3'" e.nð..i::"ï," i:r,sL,¿l.n.l:'i-r(-)ll, i'ed" Proo" !7-, -lf:l-
{l_Ç58)"

'¿1", ilsiab::l-. ll:, ,:ì " l,l " e.nC ¡" lacli'r:,:-r, J" " ¡;i-i:l-. r.ille::;r, ?-ij-u
.1.0i-¿.j. ( :1- -cr,5ti ) "

'¿i¿" riceierl-, ;'i" u i;""i-r " :ii-shaì-, T" -i liiche':r'u i'i' lí-Lir,rgle.ni:c:::¡;,u
'ù 

" lrei i; e s":l cL i:,, .,:,e be , d1 nch e:l - ':a , j:É_, )l,L \I9 59 ) "

23, lìao1'.1;oi'u "Ll, an.l A" Di-c !i n J " !-L i¡l . Chr:rt" 'm_, ',1',,..5,q

t"1"9{r2) 
"

'¿t-| , :lel b::iici;, ii", I!" l¿',e1.,-c ¿,',it'cj- '1" iiilckre.::, .l:ì-lche-';i:" i:'"

3.3J-, 't'1": (1959) 
"

¿5, lilÒ1.-r-l:lg,.ij .-!..., " Lrlrj l.,ì" -fa.c.er.l.i.i:clt":.tl-iochcrä. r':,i1,'r-,l-t"'¡:¡"

?5, L:'.t ( 19 ;:1) "

'¿b * ::iJ,.i-:rire n?.ìetf'gì , ]j" altcL lf , :i-t.enczlic|, Fii itcJie:ir, '1," j.?,L' ';l')t',

(11-q5qr 
"

'¿'l - 5,.t.r:'a.n.-r'Í-, -Ì"ii", i¡'." ,i:ieci.iri:.,i, îi" j,lifi; i-.ì.itr(i i," l:;i:'nsì,e-i.., ,tlc'i;a
fjll al,l . :t)c?.nt': , '!3- ilt"'i t .L 9Ó -l ) ,

'?-t:), I.as]-e|lr , .l-,i'." ¡.lr1 ¡1 "",ii." liiîiti-lsu Ìì-i-itcile,il"..l-u'.L!:1_, l:59
(.l-'?irii) 

"

l'-\/

'¿t), i3in¡,', Ii,..l " , ,1i." ljl.cr,ltel , i{, \i:L ü3-l-e, I'o ija-i i,,'*'rlri-, :::," Í-pal'ils,
,i" '-l'a"e:sc1rl-cï'u -,!- ii l¡,itrlr,,i' ai'iiÌ 5, .:t:i.i l¡:'L.L:rls, À:.icr'. ,i'" lrcci"
L 5, '¿4!t, t,l- 

,a)'-i )) ,

-,10, ilieel.;.. , )""::., u :,. i.,l el:eT'lCi:-t'iC,r: u i::'",-l " l.ìa'i.'be i'Sb-i Í:.,.Ì-Lcì

jjl "'¡" i'ii)f.r,5r.¡1 , ljne.,:r'" .-t-, ]:'bygi-¡-;r" '?.:lt, iil)i'(i?5i:),

3!, .i,,el',il-j.nii,et'e r'\."L. o ',i '.1:1e lij-ioe, l'lt;tòt':';:n u .;"i,. .i..,e,ria.::.1,,,::l -Lilc",
ì:;e¡ )i¡¡-.rl,r (1!f¡t; .

3'.:. ,'ir,1ilÌrtll-r'¡:.)¿tt, '.t:..1: . ¿¡.tt':l rj""rr." :,j )lal4u ,,:li-rr:llr , 'i',j,tlcj:r r,r-::" il-r-l.ì-;t3"
É?, 'ìi¿.5 ( 1? {{: ) "

33" I'ia.ie,.r¡, C".1.""u ..1 . i:irol-" Ühe:ä"'a?-.2-,'\-lì:,?.t:)'t'I')j'7),

3t:." ,jlShi r llj", Jì":,i" i,r e1,:llr..r.:i:. 1î a":';r.i Iì'n-.i . (-l¡tel-ie,,l-i-n, ..1-" i:lj.Ol-"
Cirer: , '!i9:, ',i'7 .1. {,L} 5'7 ) "
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35- 'lie.tr:"7-Ç:îs'i'.),;i" a,rtð-..\:"",, -1,-i.¡:nan.c-lo iìi-lchi:r.' ,l'ilil::.:¡s, ìLcT'a',

19, 5.) ( 1!ì5ij) .

35" :-J1-::.te-r', ]r "C, ar'¡d i-,;. Ci-el-¿rnfiu r-:l:Li'r,:.i:cr,-r.in ,.l , ::i, )5'l
(-iil5?)"

')'1 
" .,-elilrj-vlí.'e:-, .:l:,".1-,., l'ì "Ll" i:i 116,¡ t'j 

.t-t-tl:: ar:L'.l ,l"l.1 " i..ì sl, J" .!,'i-ir--l--

ii-1:r:,t'l , îL5-., '¿.¡.,,5) ( 19(:0 ) "

J':l " lcsi':it,::rtrd.c, .r".1..i " u j_)" i-) " .l.l j_cl,,:rlata ¡".tLr.i i), t, " liorr iii;_r:f -i',
,1 ".Hi-r:,rÌ',ys" li-i.r:ciçr:r" C¡rui-'l-" 1_i", 'l'/ ('l 9ó1 )"

-7,)" .:u;:r¡i-s, ,1 ".i," a.n-o .i"l,r" .Lol,,IcLtstrej-ne ,;, lii-o1 " i,lleilt,
'¿l'þ"' 2'i)'t' (19Ó1 ) '

LL,a, ,::ied.ilaif u lrj n, _!l "lfi" iii_t::.e-iljrj-, iit, _i-,1_fi.i: e-ifcj l" l1,TnsteI,!
I:-i,lche,¡i" Ìr,ri r.;r).'t;ig " .i:rers " Com¡¡i¡n" T., i:t-I" ( 1iió2 ) "

rlL, !,::;-rst, .i.u, .ilii:c.l::iiir." ,i_ìiJrtLt.)r'S" ¿cl,:", 5:1_,'l'10 (l_<)i¡Z)"

Lt/:¿ " !lz'rrs'i:.eru .!.,, , (,ì " i.r¡,1.-i--'l-::er sLrLrl. C " "l:i'" :\.z,:a:ne.:, ,l-" iii o]- " ,lii-",r:'ii"
'¿":ij., L!z!.i. (1.9ó:l) ,

t-13- C¡nit-¡ç-i', il"-'., " a.:rcl- 1," Li,i:nsi;e:i., i-ti i:cj::i.rr " l_,i1, r]'r:¡s" .ÌcIr_s
!]2, 't'1" \i.9ó j2) ,

!-llr, 'Jmi'iir, ii."iì", V"ir" Llnelr-Lr.:li,¡t a.nr.i;i".." i.'jc-ìtl l;ìl-f',",",u l:,-i-i..rc.1:l-r-itt-

ìi,j_ r,l r-tltr¡s . ;,:,c i;2., !;), :sb ( i 1"-ó ; ;,

4'5, l|a.ir,cì::ra,er', il" C " , i'i " \iarÌ ili.lit Ll åìï1"í i"i" i'ii:ze,::sr,,i'u
J, iri"i s'b¡;c!rci::, C..rt,Jcii€ì,i1." Ltr-, 500 (19ó3) 

"

t-l'6" '\l ';:,n ';i ll:e , l'i", ii"f,l , ,:i.l-ailcrr:¡-e;:' :.nii. li"ir," .-j ¿?,o-¡L:,¡

J " Iii s ì;ilcÌ^,e,.fì, (.):,- r,oc,l:'jr.'ÍL " 1-i.-, )ta 5 ( 1 rlÔ: ),

¡-"'1 " jre,l:i_r'r'te1;ll , jj." a.nlt. i " iì-, Jt\.zzÒa-eo ::ìii;'cher.r:;t, .l-, .:ià, ð2 (1:lí:{.)"

Ll't, l-li P:risoo, ii, , i'i" ijatn,?"J,,"-,Sci1i],'¡2.111,i;:. a!').:) i.l",l , S-ui:eci';eÏ,,
J " ileu,roci're i,'r" !3^, 't t:,, (.1-9ó,5 ) "

4'(), Vi-€iil:,',i-s o 1-J.l.l " ancJ- ,r:', i" Vi¡j.n:ii s;, .,r" ,ii r--¡--l- " iliict,,r , 2?,2.u '2i:,\
i10(,7 I
\L/r,)t / Ã

50 " Ce:rei jc-Sen b¿r]-á , :!" , -l:-.i: " .l-" ijj-i.rckren" gi, L?59 (1..?i;ó) 
"

5L, ìll-l;.nclrac-:r, ii.C" r Clan. .I" rij-i.-'c.ire,li. 1i'O , 'Ji 5 (:i9ÓiJ) 
"

5¿." S'i;o:--'l'.:i.t: , :ì",-i" a"nÖ j'Ì":."i " irle'i:eL:, fÌi'lci'tetn" i:ii',,'.:: i¡:" i:ìe:s,
CcrnlLi.tr-. 2i I 1.07/-i' l-i?5'l) ,
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r. Ca-ì cr.rlati on

Airp"Ui{Dïi(

of ini;ial velocity of

Fluor
u

I minute

The accompo.nying cliagra.io ill_ustrates e typical
f}uororc,ter iracing for lrIADir oxicla-tion indice.tir.c; the

fluorescence rea.d.ings at the pealr (a), baselj.ne (b) and

after 1 minuie (c).

T'he arnoun-r, of N¡LDil remaining after L minute (Y) is
calculated- 'by the equatlonl

Y = (c) - (b) x A
(a) (b)

where A = concentratlon of NADH
aclcled. ( M )

The linear logarltltnic plot of a flrst-ord.er curve (as in
the abcve diagram) is glven by tire equa.tion:

i',Tl',DF, o:lid,at i on .

| \/

(o)

(c)

(b)



ii¡-Ì-"Lri-ni:, f ai' li ;

2.3'i3 -ì-ogj I = 2^ jÕ3 icS :ì. - lt'i;

,.'Í.l.t€l-í',e .i..; = r:olrs1;ani

,i'lrc i-ni-ii-¿l-ì- rri:j-;cii;.y iU") oä.n i.i-i+n 'be 
ca.-l c:l--'L,a.LecÌ us:-::.g;

ïo = ii{ i::) = y|i.t/';ri-t:.,s'bð

illre ¡¡*--1.'-,Cit,I c¿r:r be Ctr¡:Ve:':teiL i,O a ,--:'-'Cr:: 'ìlijl-rlç:,:aS-i illL ìJ:i i"'he

.Í' c l-]1- c r:ii.n.¡r, ecl,t.i i;ii i- lr'i :

initi¿;i ï¿r-i;s = -ut,J --i 

--*;L 

j! vl)i-lr-Ì-iìe .in cuveite {nJ-}
ni t och onii.-ri.¿;l-
ilroi ein i i.; )

'- 
^¡1,-r-r.l- 

€.s ;:;l ):i./,r:-r:u,t e,r'g ui. t ocl:l.ci-lri.ria"l- li:'o-i; si.,:t

'f .:: j; .t ¡n ç1 i :,t-ì ,i,-;'l; * S )

', .,: 
" " 3: ?, -t _t: ,. .- 1..:¡ rf )
-_-l.--_



ïI F\tl-l--sca.le'eoPY of
( c orres,ooncl"i-ng' to

me'r,a-'bcli te
¡orìrrn orì n /l 1ìrv v ' '.J

shuttle experiment
in Fig, I9a),
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r,:i-l;1'rc i-i:ar:lstitiss-i-orr cj::¿:.n:e,:;.',rlini: r:'r,'tl.ltct.i-i-rt*¡ ,.:,rr.ì'L:ht

ni-l -l jiiill-a::' er)ati--r,ro'i-,i.;¡n coeífi-cir,:::i, " llLr¡.' l-¡,t'i;i;¡:'::' vtl,rr€' l,;as

Ì,a.j';en ?j.Í: !)!"c,:r, * inii)-1 ( iil- ) "

tllire, f lrrnr.L,"ì,-a Lr-s(;cl :l.i:i oe.1-e.Ll 1.,ai;ilrr. rJ:e c,Jnce:ri;r'¿i;j-ijl-t. ,rias i

C¡iircir::oiÌc ç. (yr:>-i-t-.-:/'; .¡.ì -i;l;i:hrx<-lr'i¿-l- ¡:::oi;ein ) =

iit Cha-n¡ e l':: ,:r .r- I tt..)tt. Lro--1.-un-ler in
Ine*¿.1;S:¿-g1_* -).- ,:" lJ::" 1¡ ¡''¡r.re'i;ì:: e { in1. ) :, 

-*--- -}.--*"-.*,--r:lil-i-i i¡,o-'l-a.:: e:¡'Li-nci-r-i-:n n:.'.,i-¡clionilri a.-l-

coe.i:îic1r+n-b irr-l-i;e-i-n (i,)

;San ¡l- e C¿r.--1. cr.Ll a"t j- rn ;

lll:ansrlii.s¡.;,iln Cheni'.e = C "5r:t i/.

iri,-l Li-rlrl-¿::r e::ii:.ro-Ei.l:r c¡e,l'-fic.r-en-1. = 1-Ç(,c::, - nii) 
*1-

l,r'rt,l Lr-r1e 1n C1t,r,- f,;l; tl . := 3 , C 3 n]-

irij-i;Oc1..,tnd-t'j ¿:l 'i,-:,r:Ì;r-,, 1 r = C,C}i.5 g

C.y,-Lrcch.ri,;req=9*"j¿"1!-/":\-12.*¡;,_.9=ii:j:):,¡:3.a'l;i-***J_-
!? c "cc1-5

= 0 " 29J l¡tn,:l- ==,/., :ri-i-cciroiid'-'ia-l- i).f f);cin-T


