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Many frtuits iniclt(Iinlg the avocado exhibit a
marked increase in respirationl (luring the ripening
process which is referred to as the climacteric rise
(2). Explanations of this phenomenon lhave been
puit forwar(d by a number of investigators (1. 10. 15,
18. 23) but in general the mechanismiis that initiate
the respiration climacteric remain ol)scure. TIhere
have also been a number of recenit reports in which
the isolation of subcellular particles either from ripe
fruit alone (20, 21 27) or from various stages dur-
ing the ripening process (6. 10) have been carried
out. It was considered that a detailed study of the
evolution in biochemical behavior of particles frolmi
avocado fruit hetween matturity and seniescenice might
shed some light oni the energy relationships and( their
importance in the ripeninlg process. By someewhat
mo(lifying a method (27) for the production of par-
ticles from ripe avocadlo frulit, it has been possible
to obtaini mitoclhonidria which appear to be in a goo(l
physiological state of preservation from fruiit at any
stage of ripeness tup to the postclimiiacteric (overrine)
coIn(litioii. A close coniparative stll(lv of the mdetab-
olic properties of these particles hlas been ia(le esi)e-
cially onl the treni(ls in their respiratory activities.
The ability to show the phenoIneno)n of respiratory
conitrol (5 ) [preferably calle(d acceptor control by
Lehninlger (13)] witlh various substrates, the vari-
ation in the AI)P l)hoslhorylate(l to O.. consum,ed
ratios, and responses to the action of variouis metabo-
lic inhibitors of mitochondria isolated fromii frtiit at
distinict stages durinig the rip)ening process have also
been examiinled.
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Materials and Methods

Prc/arationt of Mitochoidria. Tlhe imiethlod of
Wiskich et al. (27) for the isolation of active par-
ticles fromii ripe avocados was used as a basis for (Ce-
veloping a )rocedure which could be used with frulit
at any stage of ripeness. The modifie(d method has
been (lescribed in detail (9) and only a stummary
will be given here.

Thoroughly chilled fruit tissue (80 g) was slow,ly
passed through a stainless steel grater with 2-mm
holes and( dispersed in 240 ml of 0.4 \i Ftucrose con-
taining 4 m-.\I cysteine, 1 mi\ MgCl9, 10 miii: KCl, 50
mni Tris-l1 niNi EDTA buffer pH 8.1. ali(I bovine
serumii albumin at a standard amount of 0.75 mig per
ml. The pH was kept close to 7.6 by the lropwise
ad(lition of 1 N KOH. The brei was squeezed ini a
muslini bag an(l the extract, (liluted with 160 ml of
0.4 M sucrose containing 10 mi\,i KCl and albumii,
was subjected to the follow\,ing centrifutgationis:
.\) 150 YX y for 15 minutes. l)reci1)itate discardedl
I ) 12.000 X g for 20 miiinlutes, sipernatanit (liscar(le(l
C) 2500>( g for 10 mintute.s, precipitate (liscar(le(l
)) 1)0,000 X y for 1; miltites, superiatatnt (liscar(le(l.

'I'he l)recipitate at stage B was stispein(led ini 320 ml
of 0n4 M\ sticrose containiing 10 nm\ KCl. 10 l. Tris-
10 mM KHXPO4 buffer p-H 7.2 and(l alhumin. 'T'lhe
final suispenision was made in about 1 ml of this mlte-
(lit'ini. ( '. constimpl)tion was niieasure(l polarograph-
icallv at roomii temperatture using the apparatus, method
ani(1 reaction medium siniilar to that described bv
\VJiskich et al. (27). The meditin conitaine(d 0.25 M1
sticrose, 10 lmM\1 potassiutim phosphate buffer piH/1.2.
10 mt 'rris-HCl buffer pH 7.2, 5 im1N1 MgCL., O.5
imvi F1)TA and albulmini (0.75 img per ml) ini a filnal
xvoltlimie of 3 ml.

Jitochoidrial NVitrogeii. Tlahis wx-as (letermiinie(d b)y
the mletho(d of Tlhoniipsoln and(l AMorrisoni (24) imlo(li-
fie(d accordinig to Biale et al. (4 ). Due aillowanice
was miiade for the presence of 'ITris an(l bovine serum
albumiin in the mle(liuim in which the mitochondria
were suspenided.

VlMaterial.s. The variety of avocado fruit (Persea
gratissiima, Gaertn.) used in this work was Fuerte
but the variety Hass was sho-win on a inumber of oc-
casiolns to be equally suitable. Fruit were grown in
sotitherni Californiia and when imiature vere picked
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and immilediately transferred to a dark store at 8°.
For the first week after harvest, fruit kept at this
temperature remiiainied in an early preclimacteric state
(see 9), but after about 10 days developed late pre-

climacteric characteristics. For more advanced stages
of ripeniing, individual fruit vere transferred to res-

pirometer jars at 200 and their respiration followe(d
continuously by means of a paramagnetic O2 analvzer
(28). Fruit were removed for extraction of mito-
chondria when the respiration rate corresponded to
a selected point on the climacteric curve (2). Postcli-
macteric fruit were obtained by allowing climacteric
peak fruit to remain at 200 for at least 2 davs.

All the organic acids and bovine serum albumin
(fatty acid poor, B grade) were obtained from Cali-
fornia Corporation for Biochemical Research. ADP
and ATP from Pabst Laboratories and oligomvcin
from the Wisconsin Alumni Research Fotundation.

Results

Particle Pr-eparationi. It may be noted that the
concentration of magnesium salt included in the dis-
persing medium was only one-sixth of that recom-
wi-elnded by \Viskich et al. (27). In otir experience a

higher concentration of magnesium than this caused
the aggregation of large quantities of mitochondria
which precipitated during the low speed centrifuga-
tions.

Unripe fruit tissue needed to be grated very slowly
and finely to inisuire a satisfactory yield of particles.
Excessive grinding in a mortar and pestle or the ad-
dition of abrasives such as sand or alumina were

found to be detrimental to the retention of respiratorv
control. The use of blending machines also caused a

loss of control and in summary it can be said that the
less violent the methods used for breakinlg up the
tissue the better appears to be the integritv of the
mitochondria from a functional viewpoint.

Unless avocado fruit mitochondria are isolated in
a medium affording some osmotic protection as well
as conitainiing some high purity bovine serum albumin
(BSA), the measure of respiratory control will suf-
fer. An illustration of this is shown in figure 1. in
which a uniform batch of avocado tissue was ex-

tracted by 2 types of medium, one with and the other
wvithout the addition of BSA. Following the final
suspensioni of the 2 pellets of mitochondria, each was

assayed in 2 media, to one of which BSA had been
added. In the complete absence of BSA, no respira-
tory control was shown (fig 1A), but this property
was partially restored by BSA addition to the assay

medium (fig 1B). The presence of BSA through-
out preparation and assay gave the best results (fig
1C) but these were adversely affected when BSA
was omitted from the assay medium (fig 1D).
Thus, albumin is a desirable constituent of media to
which avocado mitochondria are exposed if unneces-

sary physiological damage is to be avoided.
Albumin was shown to be superior to other ma-

cromolecular substances such as ficoll, dextran, thio-

gel and polyvinylpyrrolidone in its protective action
on mitochondria. The mechanism through which
BSA shows its effect is not known at present but it
may be connected with the fatty acids present in avo-
cado fruit; further studies on this question are being
carried out. It was observed that, if durinig the prep-
aration, a small amount of seed tissue of the avocado
was accidentally grated with the flesh, no respiratory
control was given by the particles. This would sug-
gest that the high polvphenolic content of the seed
had affected the mitochondria. The addition of sub-
stances such as nicotine and caffeine which are able
to counteract the action of certain polyphenolic com-
pounds never appeared to improve the respiratory
control in ordinary preparations.

The pH of the extraction and assay media was
not of critical importance for retaining respiratory
control, but in order to promote uniformity of mito-
chondrial preparations from day to day the extraction
medium was kept at pH /7.6 alnd subsequent media at
pH 7.2. The presenice of a small amounit of potas-
sium salts consistently improved the uniform appear-
ance of the mitochondrial pellet and possibly in-
creased respiratory control values. EDTA may be
of benefit to the mitochondria in certain circumstances
but higher concentrations in the media are detrimental
to the nmetabolic activities of the particles.

For the extraction procedure used in this study
the number of times the mitochondria were washed
was less than that recomnmenided by WViskich et al.
(27). but the particles nevertheless showed good res-
piratorv control. The amounit of washing, inevit-
ably. is a compromiiise between a progressive reduc-
tion in the endogenous concentration of phosphate
acceptors and substrates on the one hand, an(l a de-
terioration (lue to aging as well as losses due to ag-
gregationi on the other. In a comparative studv, a
single Nvash was found to be satisfactory and was
adopted for the general method.

Oxidationi of Sitcicnate, Malate antd a-Ketogluttar-
atc. An accounit of the observations that formed
the basis for the suggested splitting of the preclimac-
teric stage of ripeness into early and late divisions
has already been given (9), and in summary is based
oni the differences in the effectiveness of thiamine
pyrophosphate (TPP) on the oxidation of a-keto-
glutarate. A consideration of the stages of ripeness
of avocado fruit between which clear-cut differences
occur either in mitochondrial behavior or in res-
piratory activity by the intact fruit has led to a divi-
sion of the ripening process into 4 phases, early pre-
climacteric, late preclimacteric, climacteric rise to
climacteric peak, and postclimacteric.

Using particles from fruit in each of these 4 dis-
tinct conditions anld succinate as substrate, a picture
of the evolution in oxidative ability for this substrate
was built up. Figures 2A and 2B illustrate the be-
havior of particles from the first and last of these
stages. The rate of oxidation following the addition
of substrate is referred to as the basic rate (see table
I), which was increased sharply by the addition of
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[o2] =240jM 2

[02]- 240pM 3

FIG. 1. Polarograph traces showing the influence of the inclusion of bovine serum albumin (BSA) in the extrac-
tion and assay media on the activity of mitochondria from early preclimacteric avocado fruit. Trace A, no BSA; trace
B, BSA itn the assay medium only. Trace C, BSA throughout; trace D, BSA in the extraction medium only. Mw
indicates the addition of washed mitochondria, the substrate used was succinate. The mitochondrial nitrogen, ex-
pressed as Ag/ml, was 54 Ag N for traces A and B, 35 ,ug N for traces C and D. The numbers on the traces rep-
resent the decrease in mtkmoles O.,/minute per ml. Additions are shown as final concentrations on all the traces.
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Table I. Rates of Oxidation of Sutccinate, Malate anid a-Ketoglhtaratc
by Avocado Frutit Mitochiodria

The rates of oxidation, Qo.,(N), are expressed as dl 0,/hour per mg mitochondrial nitrogen. Basic respiration
rate refers to the rate immediately following the addition of substrate (in the absence of ADP), to distinguislh it from
state 4 oxidation rate immediately following a state 3 rate. Values for state 3 and state 4 rates are computed from the
average of the rates following the first and second additions of ADP. The particular conditions for each substrate
are given on the relevant figure.

Respiration
rateSubstrate

Succinate

Malate

a-Ketoglutarate
without malonate

With malonate

-No. of expts

Qo., (N) Basic
State 3
State 4

Qo., ( 'N) Basic
State 3

State 3
State 4

beginninig
end
4- TPP

Qo. ( N) Basic
State 3
State 3 + TPP
State 4

Qo., ( N-) Basic
State 3
State 3 -:- TPP
State 4

Early
preclimacteric prec

420
1440
780

210
240

620
430

55
200
660
310

46
110
480
200

5

Stage of ripeness
Climacteric rise

Late to climacteric
limacteric peak

280 430
1270 1590
490 580

210
270

.

600
330

74
700

280

55

470
. . .

120
4

390
1170
660

230

89
640

280

49
450

120
7

ADP [state 3 rate of oxidation accordinig to Chanice
and Williams (5)]. After a short initerval depenid-
ilng on the amount of ADP added there was a marked
reductioni in the rate of oxidation caused by the
utilization of all the phosphate acceptor (state 4
rate of oxidationi), thus demonstrating the phenome-
non of respiratory control. In this study a distinc-
tioni was made between a state 4 rate of oxidation
immediately following substrate additioni (basic rate),
and the state 4 following a state 3, which was invari-
ably the higher of the two. A general observation oni

all the traces was that subsequenlt additions of ADP
after a display of respiratory conitrol always gave

conitrol ratios which were higher than the first fig-
ure. It is suggestecl that the active phosphorylation
which follows the initial introductioni of ADP re-

stilts in anl improvemenit in the structure of the mito-
chondrial membrane leading to tighter coupling of
oxidation and phosphorylation. As an illustratioln
of this strong coupling, oligomycin, anl inhibitor of

oxidative phosplhorylation, drastically reduced the
oxidation rate of mitochondria in state 3 (fig 2C).
anid the particles remained inisenlsitive to a further ad-
ditioni of ADP. The state 3 rate was, however, re-

gainied by additioils of 2 :4-dinitrophenol (DNP).
Values for the Qo. (N\) wvith succinate as sub-

strate at each of the 4 ripeninlg stages are given in
table I. The basic anid the state 3 rates indicate lit-
tle chanige as the fruit ripened, but the decrease in
the state 4 rate miiay be accounited for by anl imiiprove-

enlt in the respiratorv conitrol ratio as shown in table
II. It canl also be seen from this table that the
ADP/O ratio improves from stage to stage, con-

tinuing even into the postclimacteric conditioni.
The oxidlationi of malate by mitochondria from

fruit at certain stages of ripening presents a rather
more complex picture. The basic respiration rate
rises considerably between the preclimacteric and the
climacteric conditions. On ADP addition to pre-
climacteric mitochondria oxi(lationi inicrease(d onily

FIG. 2. Respiratory control with succinate as substrate. Trace A illustrates oxidation by mitochondria from
early preclimacteric avocados (40 ug N), and traces B and C by mitochondria from postclimacteric fruit (73 ,ug N

in each case). Trace C shows the effect of oligomycin (0.4 ,ug/ml) and DNP. Other conditionis are given in fig-
ure 1.

FIG. 3. The oxidationi of malate by avocado mlitochoindria. Trace A is typical for particles from early preclimac-
teric fruit (65 jug N), trace B from late preclimacteric fruit (117 ug N), trace C from fruit near the beginning of
the climacteric rise in respiration (127 ,ug N) and trace D from fruit near the climacteric peak (100 ug N). Other
conditions are given in figure 1.

Post
climacteric

420
1430
510

310
1110
910
. . .

210
108
700
210
73

400

110
5
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slightlt to gi-e a slos linear rate xwhiclh persiste(d ulntil
the 02 supply becamie exhausted. If, however, TPP
was added it caused al gradutal accelerationi in oxida-
tioii enidinio in an exhibition of respiratorv control
(table I, fig 3A anid 31B). The additioni of DNP
had the expected effect of unicouplinig oxidation
fromii phosplorylatioll. causing a returni to the state 3
rate.

Traces C anid D in figure 3 illtustrate the extremes
in behavior of mitochondrida durinig the climacteric
period, onie at the beginning anid the otlher at the enid
of this stage. The rate of oxidation of malate oIn
ADP addition increased sharply, showN-inig that the
complete depenideince oni the presence of TPP for this
reactioni, which is characteristic for preclimacteric
fruit, has been relieved. TI'he oxidatioin rate, how-
ever, gradually fell awaay with time until breaks in
the curves indicated that respiratory cointrol had
taken place. In the case of particles fromii fruit niear
the beginning of the climacteric rise (fig 3C) the
state 4 rate was close to that for basic respiratioin
vhile those fromii fruit niear the climiiacteric peak (fig
3D) showed a tranlsient state 4 rate, muitich lower
thani the basic rate, which after a short while re-
verted to the basic valuie. 'T'his w!as the olylv inistanice
in xvhiclh significant differenlces inl behavior were
found between frtuit at the beginning I(l en(l of the
climacteric rise.

An example of the characteristics of postclilac-
teric mnitochonldria is giveni in figure 4\. showN-ing a
gradually decreaqiing oxidation rate folloxving ADL)
additioni as with c'ninacteric peak miiitocholndria. Tl'he
length of the plateaui immiiiiediately following respiratory
control appeared to he proportionial to the amiiounlit of
ADP adlded, buit ini the presellce of TPP (fig 4B)

Lo-i. 240,pM
1 / Mw

TPP
133 i M 4

FIG. 4. The oxidatioin of malate by mitoclhondria
from postclimacteric avocados. Trace A shows a typical
respiratory pattern w-hile trace B illustrates the influenice
of the addition of TPP to particles from the same prep-
aration (144 ug -N in eaclh case). Other con(litions are
giveII in figure 1.

the rate (f oxidation during the state 3 phase became
almiiost linear, with only a -ei--vysmall plateau follow-
ing respiratory coIlltrol. In fact, on tle second(l a((li-
tionl of AD)P' (100 pm). a linear state 4 was immile(li-
atelv assumed, which leadss to the suiggestion that
JTPP ai(ds ill the removal of somiie substance that ill-
iiiiits malate oxidationi. Otiantitati e data on1 the
oxidationi of miialate are shown in the relevant parts
of tables I anid II, and dlemiionistrate that whereas the
rates of oxi(lationi differed markedly between pre-
climiiacteric l)articles aicI those fromii ri)er stages.

Table II. O)xidativc aid Pliosphorylativc Properties of Avocado Fruiit Mlitocho;drtia
The effectiveness of ADP in promoting the state 3 oxidation rate is expressed as the percent increase over the

basic respiratory rate brought about by the first addition (f ADP. Respiratory control (RC - state 3 rate /state 4
rate) anld ADP/O ratios (tnmoles ADP plhosphorylated/patom O, absorbed) are comiiputed from the average resuilts
from the first and second(l additions of ADP. W7heni TPP significanftly affects tlh oxidation rate, RC values are cal-
cuiatecl using the higher state 3 rate. Tlle particular conditions for each substrate are given oni the relevanit figure.

Substrate

Succiinate

Ilalate

a-Ketoglutarate
without nlalonate

With malonate

Stage of ripeness
Climacteric rise

Early Late to climacteric
preclimacteric preclimacteric l)eak

ADP stimulation
RC ratio
ADP/O ratio

ADP stimulation
RC ratio
ADP/O ratio

ADP stimulation
RC ratio
ADP/O ratio

ADP stimulation
RC ratio
.\)DP/() ratio

240
1.86
1.08

32
1.58
1.04

200
2.22
1.30

230
2.40
1.62

370
2.61
1.38

30
1.81
1.49

930
2.93
1.92

830
4.09
1 .')7

5 4

Post
climiacteric

280
2.72
1.49

270
4.34
1.93

730
3.01
2.32

880
4.75
2.''2.1

260
2.79
1.40

1 5(
3.31
1.70

620
2.93
2.05

780
3.85
2.20

7
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B

a-KG 5
17 mM

Molonote
q / 10 mM

9 ADP
=<300,uM

ADP
n {^C , 300 ,uM

WDPXDP \;~~~~AD)OjiM \ ADP
/ 100 ,uM

t3 DNP
'o,-50,uM

[021=0
7- -

FIG. 5. The oxidation of a-ketogiutarate by avocado mitochondria. Trace A shows oxidation by particles from
early preclimacteric fruit (170,g N) and trace B those from late preclimacteric fruit (175 ,ug N) in the presence of
oligomycin (0.4,g/ml) and DNP. Trace C illustrates oxidation by particles from climacteric peak fruit (165 ,ug
N). Other conditionis are given in figure 1.

wheni the cofactors of ADP aild TPP were presenit
the rates of oxidation becamle imuclh imlore similar.
The progressive decrease in the state 4 rate was the
restult of a continuouis improvemiient in the respiratory
cointrol. The ADP/O ratios also rose throuighout
ripeninlg to the postcliimiacteric conditioni.

Experimeents usilng a-ketoglutarate as substrate
w-ere carried out both in the absence anid in the pres-
ence of malonate in order to limit the oxidation to a
one-step reaction by inhibiting succiniic dehydrogen-
ase. The tables showv that there vas. in the presence
of malonate, a genieral reduction by some 30 to 40 %
in the rates of oxidation and concomitant imiiprove-
ments in respiratory control- and ADP/O ratios.
\Vith early preclimacteric mitochondria ADP caused
some increase in oxidation which was further en-
hanced by TPP addition (fig 5A), ending in a demon-
stration of respiratory control. Late preclimacteric
fruit showed no such dependence on TPP (fig SB)
and this disparity between the behavior of early and
late fruit provided a biochemical criterion for their
separation (9). The action of TPP on the rate of
oxidation of a-ketoglutarate by early preclimacteric
mitochondria suggests that these particles are prob-
ably deficient in this required cofactor but in sub-
sequent stages an endogenous supply is probably
available. Respiratory control ratios improved from
stage to stage (fig 5C and table II), and in general
the basic respiration rate also increased but the state
3 rate in the presence of the required cofactor re-
mained almost constant.

In furtherance of the work of \Viskich et al. (27)
on the balance between the respiratory chain and sub-
strate level phosphorvlations during the oxidation of
a-ketoglutarate, the action of DNP and oligomycin
oni late precliniacteric mitochondria was investigated
(fig 5B). T'he addition of DNP immediately al-

lowed the oxidationi rate to rise, but this effect was
reversed by oligonmycin. The interpretatioln of these
results (27) is that ca-ketoglutarate oxidation is lim-
ited b)y the stubstrate-level phosphorylation step and
that the stimulationi. by DNP is not primarilv due to
an unicoupling of oxidative phosphorylation, since this
conidition would not -be sensitive to oligomycin, but
rather is it thought-to be due to a DNP-stimulatedl
oligomyciin-inhibited adenosine triphosphatase releas-
inig additionial amounts of ADP. This was conl-
firmed bv a stimulation of oxidation by direct addi-
tioni of ADP. Particles -at the -preclimacteric stage
thus behaved in an essentially similar manner to those
at the climacteric stage,

Discussion

It is non- clear that by the use of the metlho(d de-
scribed in this study it is possible to produce ADP coni-
trolled mitochondria from unripe as well as ripe avo-
cado friuit andl from a nunmber of other tissues as well
(9). providled that the pH is kept vithin close limits,
the cells are disintegrated in a carefully controlled way.
the tonicity is within tolerance, a small quantity of
BSA is present at all stages of isolation and assay of
the mitochondria, and phenolic substances are not
allowed to damage the particles (14). There is no
evidence in our present work to suggest that pre-
climacteric avocados possess a more active adenosine
triphosphatase than mitochondria from climacteric
peak fruit, an explanation (3) that has been used to
account for tihe difficulties in the isolation of pre-
climacteric fruit particles showing respiratory con-
trol. It is also unlikely that differential damage to
the imitochonldria from fruit at the various stages of
ripeness could account for the distinct characteristics
found. The usefulness of following mitochondrial
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activities during ripeninig has been lpointedl ouit by
Pierpoint (16) while Tager (22) stressed the (lain-
gers of draw-ilng, firmii coniclusiolns froimi appareint dif-
ferenices between ripeninig stages. The point is well
takeni, anid witlh the increasinlg nluml.)ber of reports of
particles fromii fruit at selecte(d stages of ripeniess (6.
10. 17) much care mIuist be takeni in avoidinig con-
fusion of l)iochemical (lifferelnces and(l physiological
damag-e to thle lparticles.

Unltil recently the colnsenistus of ol)inioni was that
the process of oxidative phosphorylation would be
amongst the first of the systems to suffer fromii the
effects of seniescence as fruit becamiie ov-erripe. Ani
ilicreasinlg amilounlt of evidence (6, 7 10, 17, 18) as
well as that in the lresent study strongly stuggests
that active phosphorylation, anid the svintlhesis of
specific enzymes, persist well inlto the senescent
phase. As the ADP/O ratios of particles continued
to rise up to the postclimacteric condlitioni with all
the substrates used in this study, there is every indi-
catioin that other biological systems suffer disrtuption
al(l disinitegrationi (19) some timne before mitochon-
(Irial breakdown begins.

In the presence of the necessary cofactors, taking
the state 3 rate as the most reliable criterion, no ma-
jor clhalnges in the oxiidative abilities of imiitochonl(Iria
fromli avoca(los (lurinlg the ripeninlg process have been
foulld. This is, of course, in direct conltrast to obser-
v-ations witlh ilntact fruiit where the climilacteric rise at
20' brings about a 3- to 5-fold inlcrease in the respira-
tory rate (2). There is nlo evidence that tlle climac-
teric rise may be accouniited for bv an inicrease ini the
lnuimber of ilnitoclhonldria dturinig tlis p)eriodl. T'lhe
stron, influence of TPP oni tlle oxidative abilitv of
preclillmacteric miiitoclhonidria perhaps shifts the emii-
phasis aw,7ay fromii the particles themiiselves toN-ards
tlheir cofactor reqtuiremiients for the expressioni of
miiaximiitimii activity. The subtlety of the changes tllat
aillowv a release from a (lepenidenice oni adlded TPP for
the effective oxidlationl of a-ketoglutcarate miierely 1y
allowinig tlle fruiit to remiiaini ait 80 for about a wceek
i.; worthiv of flurthier investigation.

Sonie aspects of thle metabolism of iinalate 1y mito-
chondria fromii avoca(los in various cond(litiois iieed
to be examiniile(d in tlle liglht of the conclusions fronii
previotis observations (26). 27 ). T'he very mutch higher
rates of oxidationi of miialate by climiiacteric or l)ost-
climiiacteric i,nitochondria coml)are(l with l)reclimac-
teric particles, a situlation) that is plairtially relieved by
TPP-, is evidence that the cofactor is acting bxN
catalyzinig tlle removal of an inhibitor of imialate
oxi(lationl. Th'le length of tiilme in the presence of
AIDPl and TPlPI that is reqtuire yl)y preclimnacteric par-
ticles to reacl the iaxinuiin rate of oxidationi coul(d
be a functioni of the rate of penietrationi of T1'PI) iiito
the mitochondria. Inl addition, a sclhemlse for the re-
mo.al of 'some inhibitorA of ill.late oxidation ivolv-
iin.- 'T'1'1 is likely to imnplicate Tinore thaini one step) in
the reaction, possibly, contributin- to the (delav ill
reachifi mIl.Xillnimi velocity.

In the case of climacteric imitochondria, the high
iinitial rate of malate oxidlation brought abouit by
ADP (lecreases progressively, presumably because of
sonme inhibition by a p)roduct of the reaction (11,
27). The inhibitor is l)resume(l to be metabolized
slow-ly and(l a high rate of mialate oxidlationi causes its
accullmulationi. This colnclusioni is substantiated by 3
additional pieces of evidence. First the initial l)art
of the state 4 rate iinniediatelv- following Control is
mliarke(dly lower than the basic reslpiration rate (fig
3D. 4A). Second. as has already beeln imilentioniedl.
the length of this l)lateau betwxeeu state 3 an(l a trute
state 4 rate is in direct proportion to the amount of
ADP addled and henice to the amoulnlt of inhibitor pro-
luced. Tlhird, N-heln 'T'P is aldded to the svsteimi
(fig 4B), the rate of oxidationi becomes almost liinear
and the plateaui muclh less obvious or nloniexistent:
TPP appears to be active in relieving the metabolic
restraint. The break in the state 4 trace initroduces
a difficulty in computing the respiratory conitrol
ratio, since the initial rate of oxidationi followinig
state 3 is a temporarily inhibited state 4.

These results lead to the following suggestion. at
least as a working hypothesis, that oxaloacetate couild
be the inhibitor concernied wN-ith the oxi(lationi of
miialate. It is the (lirect produict of the oxi(latioil of
this stibstrate anid is knowni to inihibit mlalic (leh-vlr-o-
geenase (11). \Viskich et al. (217) have suggeste(l
that in avocado miiitochonidria this l)ro(luct cotil( ini-
hibit miialate oxidationi and they lhave l)resented evi-
denice that a tranisaminiiationi reactioni with gluitamliate
is able to relieve this inhibitioni. The actioni of 'TP'l
could be thouglt of as actinig ini ani equivalent av.
However, it is tiilikelv (25) that TPP is directly iii-
volved in the decarboxvlationi of oxaloacetate to rield
pyruvate. btit miuch miiore p)robably it taakes l)art in the
oxidative decarboxylation of endogenous pyrtivate.
the product condenisinig with oxaloacetate to formii ci-
trate, thus relieving tlle inlhibitioln.

Ani investigation inito the sensitivity of a-ketoglul-
tarate ox(idation towar(ls D)N P and oligomycill
showed that mitochondria contained(l an aictive adlelos-
ine triphosphatase (27) ). tUl(ler the saiie exl)eri-
miielntal conditions it milighit be exl)ecte(l that the oxi-
dlationis of succinate and imialate would be similarly
affecte(l, but with these substrates phosphorylatioin is
through the electr-oIn trainsport chainl. Furthermore,
even if adenosine triphosphatase were stimlullate(d bvy
DNP to the scame extent as with a-ketoglIttarate. the
rates of oxidlationi of stuccinate aindl mialate are o
much greater that the conitributioni dlue to the tri-
phosphatase would be of nminlor impliortance.

Summary

By a modification of a )revious method,l particles
showing respiratory conitrol have been isolated from
avocado frutit ait 4 selected stages of ripening, early
:01(1 late l)recliniiacteric, cliniaizcteric :11(1 l)o.stciilaC-
teric. 'T'hie l)articles dlisplayed a basic ability to oxi-
(lize siucciiiate, malate and a keto-ltitarate. Suiccini-
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ate was oxidized by particles from fruit at all ripen-
ing stages at about the same rate. \Vith malate
there appeared to be a block in the oxidationi at the
preclimacteric stage and a progressive inhibition of
the oxidationi rates at the climacteric anid postclimac-
teric stages. Both these points of inhibition were

overcome by thiamine pyrophosphate additiolln sug-

gestiilg anl inivolv-emient of oxaloacetate in the mecha-
niismii. Oxidlationi of a-ketoglutarate required the ad-

ditioni of thiaminie pyrophosphate only wvith particles
from preclimacteric fruit. In gelneral, respiratory
control ratios inicreased with ripening, as did the
ADP to oxygeni uptake values. Inidications are that
a cofactor requirement could form a regulatorv-
mechanism and act as a contributory factor in the
climacteric rise.
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