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MITOCHONDRIAL PREPARATIONS FROM THE FRUIT OF THE 

APPLE - I. 

PREPAMTION AND GENERAL ACTIVITY 

A. C. HULME, J. D. Jo~~~and L. S. C. Woo~xx)~~ 

INTRODUCTION 

Bmnawm with the work of Pearson and Robertson,* particulate fractions containing many 
ofthecnzymcsoftheKrebscyclehavebeanisolabedftomthetisswofmatureappleftaits. 
Although the activity of the earlier preparation0 was lower than that of mitochondlial 
preparations from other plant tissues, they had many of the properties of authentic mito- 
chondria. More recently, Tager,2 Liebermanss and Hatch et a1.‘j have obtained from the 
pulp of mature apples more active preparations which contain cytochromes a, a,, b and c, 
and have the capacity for oxidative phosphorylation. Jones and Huhne’ have given a pre- 
limimuy report of a new method for preparing a mitochondrial fraction of considerably 
greateractivity. Thenewmethod,whichitisthepurposcofthepresentpapertodearcribein 
detail, gives particles having at least three times the activity of earlier preparations from the 
apple fruit and comparable with the highest activities obtained from leaves. 

Intheapplefruitthehighacidityofthetissue~longbeenknownasano~tothe 
isolation of enzymes from it, but it has recently become clear that, in addition, phenolic 
compounds (leucoanth~, catechhlsy qucrc&l and cyansn glycosides) present in 
theEruit(W~8,9andSiegelmrm1o),especiallyin~peeZare~y~~~for~ 
low activities previously reported for mitochondria isolated from apples The failute of 
earlier workers to obtain active particles from very young fits is probably due to their very 
high “tannin” content. The reduction in activity by phenolic compounds appears to be 
brought about in two ways. Firstly by direct inhibitio& and secondly by ‘*co-precipitation” 

~J.A.l’iumm~andR.N.Ro~en~,.4nabraddgnJ.I#ol..ci.7,1(l954). 
2 M. Tmmu, Mtutv, Ltd. M2,1521(1958). 
3 M. LmaERmN, sc&nce l27,189 (1958). 
4 M. -, PhwtP&siol. 3s, 796 (1960). 
5 M. -, Pkult Physiol. 36,804 (1961). 
~M.D.HAT~E,J.A.FEAM~N,A-~~~R.N.~~, -J.wfd.Sd.l2,167(1959). 
~J.D.JoNEB~~C.~NB~~U~,,~,~‘FO(~%~). 
8 A. IX. wumca, Amt. itept. Agr. Hart. &swatch Sto. Lmg Ashton, Iklsrol, p. 219 (1952). 
SAH.wILLULLI.P~~inPlsntfnHTsahcmd~,p.3.PapPnranPress,Loedon(1960). 

I@ H. W. ,!&mmm~, J. Biol. Chem. 213,647 (1955). 
173 



174 A. C. E%JLME, J. D. JONES and L. S. C Woo&mm 

with the mitochondria of inactive (in the mitochondrial seuse) protein complexed with 
phenolk material in various stages of oxidation and ~l~e~tion. C~o~~~c acid, 
which is abundant in apple flit, l1 has been reported to inactivate completely ~t~hon~a 
from sweet potcttoes (Lieberman and Bialer2). We fkd, however, tbat appk mitochondria 
oxidixe succinate almost equally well in the presence or in the absence of this phenolic com- 
pound (Huhne and Jonesf3). We have some evidence that leaf tissue containing various 
phenolk compounds also yields mitochondrial preparations of low activity unless steps are 
taken to remove these “tannins” during the isolation procedure (Hulme and JoLKs’~). 

Our new method employs polyvinylpyrrolidone (PVP) in the extraction medium to 
mitigate the inhibitory action of phenol& compounds. Nyion powder c’ Perlon”) was found 
to be inefkctive in this respect. 

RESULTS 

Details of the preparation of the mitocbondrial suspensions and of the methods used to 
m the activity of the various enzymes present in them aregiven in the ISxperimanta 
Section. These suspensions will be re%rred to throughout as “mitochondria*’ although it is 
certain that they &mtai.n some ~den~~ debris. An evahzation of the integrity of ,tbe 
alone will be made later, Except where stated otherwise, the connation of PVP 
used copout the Present paper was usually O-75 % (w/v) since it had been found that this 
gave optimal results for the stage of maturity of the Cox’s Orange Pippin appks used, i.e. 
picked in the immediate pre-climacteric state and used immediately or after a period of 
storage at 2%“. A subsequent paper in this series will be concerned with the effect of the con- 
centration of PVP used in the extraction medium on the polyphenols present and on the 
~~~of~e~t~on~. Itises~~~tp~~uti~~~P~isu~;~mme~ 
grades contain material which inactivates enzyme systems. Throughout the present work, 
the final pH of the medium and tissue macerate was 7*3--7-S7 

Figure 1 shows an electron&crograph made from a mitochondrial pellet prepared from 
appk peel using PVP in the extracting medium. The doubk membrane and tubules (cristae) 
are ckarly visible and the mitochondrion is very similar in appearance to plant mitochondria 
generally.r4 

It should be pointed out here that, unless a *‘stage inhibitor” is used, the O+ptake and 
the C&output in response to a given substrate of the Krebs cycle is only pr%nuily the result 
of action on the added substrate; sub~uent steps in the cycle are involved in the overall 
Oa-uptake and CC&output, 

(a) E@cf of t~pr~~~ of PVP in the ~~act~n ~. Figure 2 gives the &uptake 
with sucoinate as substrate of ~t~~~ prepared from whole fruits with and wi~out 
PVP (5 % w/v) in the extraction medium It will be seen that the endogenous Oruptake is 
appreciable when PVP is not used. Table 1 gives the activity of mitochondria prepared from 
peel and pulp tissue without and with the use of PVP. If these results were expressed in terms 
of the nitrogen (protein) content of the preparations, the difference between with and without 

11 A. C Hxnw, &&em. J. 53,337 (1953). 
12 M. LYWEMAM and J. B. BLUE, Phmt Physfol. 31,420 (19!%). 
33 A. C. HULME and f. D. J&ES, lhzym Otemistry of P&o&c Ce, p. 97, I%qamon PI=, fxmrdon 

1’ A. B. Novimm, l%e C&, Vol. II, p. 299, Academic l’mss, New York (1961). 
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PVP would be enbamxd, since, as bad been started elsewhere (Hulme and Jon&;“), ifpoiy- 
phenols are not removed by PVP they bring down with the mitocbondr& large amounts of 
non-mitochondrial protein. For example the nitrogen contents (nitrogen insoluble in 
~ic~or~c~d)of~e~~dfo~~pl~w~l~mg~dO~~~~lOgo~~ 
tissue) reqectively, and of f&b and sixth, 1.29 and l-03 mg reqec&ely. The effect of PVP 



Tfmq, hr 



category (pre and postB) were made+ over a period of fourteen days, from fruit 
developing on the tree. Results for replicate preparations fbm stored tits on sucoessive 
days agree even more ck&y (Hulme, Jones and Wooltortonl~. 
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(c) Efict of the tamount of rnit- suspension. Results for various amounts of 
mitochondriaI suspension within the standard Warburg assay conditions are shown in 
Fig. 4. The C&uptake over the first two hours shows a linear imxease between001 andO. ml 
of mitochondrial suspension and the subsequent falling-off in rate with larger amounts is 
probably due to depletion of substrates. The average value of the C&-output for the first 
two hours is lhmar with an amount of shoe between O-2 and 0.8 ml. The low COs- 
output with the smallest ~0~~ of wahoo may be due to lack of suf&ient enzyme to 
carry the reaction appreciably beyond the oxidation of succinate to fumarate. 

OxtftibtZw DecdoxyZation of Other AaS of the Krebs Cyck 

Examples of the action of the mitochondria on various acid substrates am givan in Table 4. 
Qxaloacetic has been omitted because of the difhculty in preventing its spontaneous decarb- 
oxylation. The variations in the activity with succinate are explained by the fact that the 
mitochondria were prepared from fruit at different physiological stages of maturity. It is 
interesting to note that where the substrate is at or very near a decarboxylation stage (e.g. 
oxalosuccinic, a-oxoglutarate and isocitrate) the ratio of the CDs evolved to the O2 taken up 
(the R.Q.) is close to unity. 

pyravslte~itsowna~tobebrokendownentirelybycarboxylsse,~t$err:is 
virtuahy no C&-uptake. The situation is di&rent when “sparking” amounts ofmalate are 
also present. The degree to which utilization of pyruvate becomes divided between carboxy- 
lplseandthe~~cycleherecannotbedccidtdpreciselyonthepresentdata;the~rsteof 
Os-uptake, h-==-, suggests that a large part is metabolixed via the cycle. 

In common with the total respiration of whole tissne ails, the activity of the 
mitochondria from peel is 3 to 4 times greater than that of mitochondria from pulp. 

Paper chromatograms of the orgauic acids prepared after a %hr run in the Warburg 
gave the results shown in Table 5. No acids ware present on the chromatograms other than 
those listed in the table. 

Chromatogramclofthe2:4d~~~~~~ofthelrcto~~~tinthediglest 
aftera2-hrrunintheWatburg~~m~withsuccinate(~72mg)assu~~~~o~that 
the amonnts of the kcto acids present were: Pyruvic acid (including isomer), 0*138 mg; and 
~a-oxo8huaric acid, 0.078 mg, and a trace of oxaloacetic acid. 



The activities of malic dchydrogenase, diaphorwc and czyf.dwamw redtxctse as a 

fun&n of the quantity of mitochondrial su5ptn5ion are shown in Fig, 5. Table 6 gives the 
relative a&+&es of various dehydrow; these results are typical for our apple m&o- 
chondria. It is interest@ that, &hougb 5uc4zinic dchydrogenase activity was 50 low, the 

coupled 5uccini~ome-c reductase activity of the 5ame preparation5 wa5 quite bigb 
(Table 6). This low activity in direct meas urenxnt of succiuic dehydrom by the method 
used here is not unusual with plant mitochondria (Pierpoint, personal communication). Use 

Mltmchandrla rus~~08bn, ml 

of PMS a5 an addition electron carrier increased the “activity” of both malic succinic 
dehydrogena5e, but it had no relative ef&ct on act&&y. 

~~~~showtbattbt~~~ofonc~y~o~in~toanotbmaadto 
the “overall” C&-uptake of the complete sy5tem in the Warburg reapirometer varies with the 
phy5ioIogical state of the tissue. 

Afters~~evenattheahorteatperiodofSsec,aprofa~dchnarru?~lheph~ 
state of the mitochondria was obvious. After centrifugation of the sonicated auspensioq a 
yellow oily layer, which very soon became di5m appeared on the surface of the green 
super&ant liquid. The pellet, instead of being bright green like the original mitochondria, 
was almost colourless. 
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The results obtained for the dekrmination of succinic and malic dehydrogenases and 
diaphorase in the supematant liquid are shown in Fig. 6b. In Fig. 6c are shown the activities 
of the three enxymes in the re-suspended sonicated particles. Fig. ti shows the effect of 
sonication on the Oruptake in the Warburg respirometer of the mitochondria. 

While sonication rapidly decrease s the activity of the complete succinoxidase system, 
and to a less extent the oxidative decarboxylation of malate, there is a small increase in malic 

Sonlcatlon time, wc 

dehydrogenase, although suc&ric dehydrogenase and diaphorase deuease. The most 
striking effect is the rapid transfer of malic dehydrogenase and diaphorase from the particulate 
fraction to the supernatant fraction; succinic dehydrogenasealsoappearsinthislatterfkaction. 

The total nitrogen content of the supematant fraction increases from 0481 mg/O*S ml for 
the supernatant fraction of the unsonicated mitochondrial suspension to 0.195 mg after 5 set 
sonication and O-208 mg after 40 set sonication. The total nitrogen of the original mitochond- 
rial suspension was O-341 mg/O-5 ml (0238 mg TCA insoluble N/O-5 ml). 



The~p~ofthft~tpslperisto~~kn~~am~~forthe~~on 
of mitocbondria from plants* especMly apple fruits% w&h b_awr rrcid sapS and contain re- 
iatively large Gove ofn%diIy oxidizable polyphextols suctX as c&e&ins and leucoantho- 
cyan&S. Bxperience leads us to believe that while some of these pbenolic ~rn~~~ may, 
espeoially if carried through to the fmal ~t~hoo~~ portion, ause direct ~~~tio~ 
of the mitochondrial enzymeq a more serious efEect is the general combioation of these 
compoundS, part&laxly when oxidized aud polymerized, witb protein and other high mob 

l 

~, but 8% zJxzix&m ~~~~t~ 
capabk of being xeasonable measxne of 

~t~o~~~~d~gfhegcneratonto~enyofthr:f~t~dd~~~~tchanges 
in physiologkxd sta& such as the respiration ciima&ri~. These changes, as welI as specific 
attributes of these mitoehondriai preparations, will be de%xibed in s&sequent papers. 

The first obvious indication that the incorporation of PVP in the extra&on medium has 
prevented oxidatiox~ of the ~~~h~~, probably by combim%ioa w&b the unpolymerizd 

mmpounds to give a soh.Ne OompIex, lies in the brig& gnx% colour of the extra&s and sub- 
sequent preparations. We have found that the incorporation of ascorbic acid, qsteine, etc* 
(wi~out~~,~Qntya~tprvYtectionagainst~~~~ti~~~gwhicboocuts 

h&&x yieMS of x~~~o~~3*, d~~~~~~~a~~~~~~~a 
nitrogm or pr&ein contit (whatever that may mean in +xIrms of ‘*true” mitochondrial 
nitrogen) i.e. in terms of abSo1ut.e activity (see Table ‘7). 

It is realized that all these preparations represent a crude ~t~ho~ f&on and m 
far from be& prepazations consiStiKQ entirely of unbroken, und organelles. Never- 
theless, the dinxt evidence provided by the electron-m.icrog~@h ahown in Fig. 1 establ.isheS 



that, in our pellets, there are at least some intact mitochondria, complete with double mem- 
~a;ndhaujadatrveryslmibuap~tothosc~in~~tissut. Wecouslderthat 
the data preset&& including the effects of sonication of our mitochondrlal prepamtio~ 
provide strong evidence that intact ~t~ondria can now be readily obtaine$l from apple fruit 
tissue having all the properties of, and not differing in any essential way from, mitochondria 
yvl$ch have been obtained from other plant material by a growing number of workers. 
Finally we should point out that the persistence of the oxidative decarboxylation of succinate 
aud malateat a high level% the Warburg studies over a period of 4 hr is unusual with plant 
mitocho~dria. 

EXPERIMENTAL 
Apple _&n&s Used 

Ccrx”s~~~appfesfrom50~gtownon~LXr~~ina~- 
dawn orchard were used for most of the experiments; a few experimenti employed Edward 
VII apples from cold storage. 

~it~~~~~ 
Anmaniontations,except~~ti~werepePTormedinaroom at I*: centrifugations 

were carried out in r&&rated centr@ugea 
Twenty-five~~ofpeel,~ov~fromthe~ttwithas~s~domesticpo~to 

peeler, was added immediately piece by[ piece to 120 ml of extraction medium (see below) 
contained in a crystalli&g dish. A close&ting perforated polythene disk was placed over 
thepeelinthedishtok~itbelowthes~~ofthe~~~~dthedish~putintoa~ 
vacuum desiccator. Vacuum was applied and anon for 10 min during which time the 
desiccator was gently shaken to allow all the air in the tissue to escape and be replaced by 
extraction medium. Thevacuumwasreleased, thepolytbenediskremovedfromthedish,aud 
theliquidponredintoalarger(15Qmdia.)~whichwasp~cedontttems~-p~o~ofa 
magnetic stirrer and under the roller of a special stainless steel mill (Jone&$ The rotor of the 
magnetic~~plaoedinthcfiquidandnur.ataslowspeedw~c~epeelstripswerefed 
~~rollersofthemillwithplaslticforceps.Astbepecl~~~~the~~~ 
it was comixmally bathed with further extraction medium (80 ml) from a plastic wash- 
bottle. Thus 200 ml in all of extraction medium was used per 25 g peel. The ~rn~tion of 
this medium was: Sucrose O-4 M; 2~~~2-hy~o~ethylpro~l : 34liol @is) @2 M; 
citrateO¶2M(PierpointPlerpoint”4; KI&I’O~ 091 M; ethylened&&etetmacetic acid (EDTA) OGl 
M. The pH of this medium was made to 77-7-g with I!I$04, depending on the maturity 
of the fiuit. When ~l~y~y~~ne (PVP) was used, the requisite amount was dis- 
solved in the. medium. The pH of the macerate was 7.3-75. 

The macerated peel in the extraction medium was then atered and squeexed through 
fine cloth and the filtrate centrifuged at 1000 g for 10 min. The supernataut was ftir 
centrifuged at 15,OOOgfor 20 min and the green •‘~~on~~~et” obtained was washed 
by resuspension in 20 ml of a solution containing sucrose (04 M) and ED’I’A (091 M) made 
to pH 7.5 with KOH, using a Duall glass homogenixer with a “Teflon” pestle driven by a 
slow-sped (400 ~~~~) motor. After ~tion by fruition at 1§,000 g for 10 min 
the pellet was suspended in 50 ml 0.2 M sucrose using the homogenixer. This suspension is 
the “mitochondrial preparation”, In some early experiments, the suspending medium also 
contained potassium phosphate (OQ5 M, pH 7‘5) and small amour& of ATP and AMP but 

fs J. D. &NIB @n prms). 
I9 W. S. l’mmmr+ Biocbm. J. 7l, 518 (1959). 



Uxygwli U~~e~C~~n Moxide thtp 

These were measured, at 29, in the conventional Warburg respirome& by the meth& 
described by U&b&, Burris and Stat&r .m The8hakingratewas11Ostrokes~minand 
equilibration was carried on for 5 min wore the taps were dosed. The flasks contained 
Sucrose 400 mole; KH#O~ tijusted to pH 7.5 with ICOH, 37~5 pmolc; Iv&SO, 10 
*ok; MnSOd 0.1 mole; cytochrome-c 0418 wale; u+aEzed boviue plasma albumin 
3 mg; yeast CollcMlttate 2 mg; sub&r&c acid adjusted to pH 74 with KOH, 40 pmole; 
~t~o~~tion~Z~~5ml,~~~tomaketo2ml. ~n~~~~outsu~te 
were always performed. In some early experiments with succinic acid as substrate, yeast 
ccrrcentrate was rep- by an approp&tte mixture of ATP, NAD, thknine pyrophosphate 
chloride and CoA. Gemzally similar results were obtained although occasionally the yeast 
concentrate gave digbtly higher activities. 

Results were usually expressed as fi gas/hr/lO g original tissue averaged over the first 
twohours. ~~~OnofactivltyintmnsofproteinN~only~in~ial~ 
because ofthe difhculty experienced in obtaining a value for the true nitrogen content of the 
preparation. This b been discwed in detail elsewhere (Hulme, Jones and Wooltort&~. 

SuccinicmtdMaIfc~~ 
~eactivityof~tnagmeswas~~byfo~o~~decreaoeinabsorgtiv~at 

600 w due to the coupled reduction of the dye ~~~0~0~~01 (DCPIP). 
A~~chan@eesw~measuradinl~~~~n~gthsfollowing: lmlcompo&e 
solution (A) containing buffer and dye (see below); @2 ml NAD (l*lvole); Oal+l ml 
mitochomlrial preparations; O-l ml (Xl qole) acid substrate and water to make to 34 ml. 
Solution A contained, per ml: 60 pmole potas&m phosphate (pH 73); 6 mole KCN; 
0486 vie DCPIP; 10 hole ~~; 16 mole magr&um sulpbate. It was pre- 
pared fresh each day from stock solutions ofthe various compounds which were stored at lo, 
~fortheK~solutionwhichwas~ypreprusdeachday. Measurementsofabsorp- 
tivity were taken immediately on the addition of substrate and at 3O-sec ktervab for 2-3 min. 
Tbereactionmixturewithoutsub&ratewasusedasblanh. Therateofthereactionwaslinear 
foratleast2min. ~~~t~~~~~~t~~~o~~tion 
wbicb caused a correoted initial rate of change in a~~~ of 04ll/min under the above 
con~tio~,“initial~~“beingtherate~~bttw;een3oand9osecf~theaddition 
of substrate. Specik activity equals enzyme units/l0 g original tissue; a nkrogen (protein) 
basis was not used for specik activity for, the reasons given above. All spectrophotometric 
measurements were made at Xl”, and an amount ofmitochondrial preparation was always 
~sothatchangesinabsorptivityper3oseclaybetwetn~3and~. Insomeexperiments 
the use of phenazine methosulphate (PMS) as an intermediate electron carrier was tried. 
Although this compound kcmased the rate (generally two-fold) of reduction of the DCPIP, 
its use was ~~n~u~ mainly for the reasons given by Arrigoni and Singer?l Mafic 
debydrogenase activity measured as descriiwill ~VolveN~H~~p~~ activity, since 
it is the action of this enzyme which gives the “coupled” reduction of DCPW. 

m W. W. ‘Urn, R. 33. Banus and 3. F. sTAtWF5, JlhmwneW Ravisedw,~m 
. . 

09m. 
~,~~~ and J. P. Ssmm, Nhrc, karrt Hi%,1256 (1962). 



The activity of this enzyme system was measured by following the decrease in absorptivity 
at 600 mp, due to the reduction of DCPIP as NADHs is oxidized, in l-cm cuvettes containing 
the following: 1 ml solution A (as above); 0905-0*05 ml mitochondrial preparation, and O-1 
ml (0-l 5 pmole) NADHz (substrate), and water to make to 3-O ml. Readings were taken every 
30 set for 2-3 min after the addition of substrate. The usual blank correction was made. 
The definitions of initial rate, enzyme units and specific activity were the same as for succinic 
and malic dehydrogenases. 

NADH2 Cy&tromc Reductare 
This enzyme system was de&m&xl by following the reduction of cytochrome-c by 

measuringthe imxease in absorptivity at 550 rnp in l-cm cuvettes containing the following: 
1 ml solution A (with the DCPIP solution @aced by water; in some experiments sodium 
~d~7*4~ole~~~~ the cyanide but the results obtained were identical); O-Ol-O(ci 
ml strong p~ation; @l ml (0*15 pmok) NADHa and O+ ml (099 wale) cyto- 
c~o~~d~~to~eto3~~ ~thecontrol~~~cuvette~lmfofwater~ 
the NADH2. Readings were taken every 30 set for 2-3 min after the addition of the qto- 
chrome-c. Initial rate, enzyme units and specific activity were the same as for diaphorase. 

Succinic Cytochrom-c Reductase 

This enzyme was assayed by measuring the imxeaseinabsorptivityat55O~~in- 
cubating the following mixture for 10 min at 25”. One ml of solution A (minus DCPIP, as for 
NADHs cytochrome-c reductase); OG2-0.05 ml mitochondrkl preparations; 0.1 ml (10 
yumolc) sodium sue&ate, and water to make to 30 ml. The reaction was started by adding 
0.8 ml (O@ qole) cytochromec aRer the incubation. The blanks were treated exactly the 
same except that 0.1 ml water replaced the succinate. Readings were taken every 30 set but, 
since the activity of the enzyme fell off after about 60 set, the initial rate was taken as the rate 
over the fust 60 set after the addition of the q&chrome-c. Enzyme units and specific activity 
werecalculated as before. 

Mishap sac were treated to ~~~ intact partkks in an Ii&SE. 
I.Iltrasonic Disintegrator (~,~ cycles; maximum output 60 w) for periods up to 4Osec. To 
Bliniaizethermaldesttuctionof~the~c~~locatcrdina~omatl”aadthe 
vessel containing the suspension was surrounded by melting ice. During the period of sonica- 
tion the temperature of the suspension did not rise above 4”. After sonication the suspension 
was centrifnged at 25,OOOgfor 15 min. The supematant solution was used immediately for the 
determination of the activity of the ‘I solubilized” dehydrogenases, while the pellet was 
resuspended (using the Kontes homogenizer) in the origmal volume of O-2 M sncrose for the 
usual Warburg studies and the determination of dehydrogenase activity. 

CHEMICAL ESTIMATIONS 

TbepAenoUcscontentoftlaemitoch~~p~tio~waadeterminedtyytheme~of 
Swain and Hillis,= for plant extracts. We have found that sucrose interferes especkhy with 
the determination of kucoanthocyanins so that never more than O-1 ml mitochondrial pre- 



~~(~hissuspendedina0~2M~~o~medium)wastakenforthesecstimsti6ns~ It 
wasalso~tocentrifugeoffthe~cledebrisbeforeestimatingtheoptical~~of 
the 6ual solutions. Swain (private communication) has provided calibration tables using 
(+)-cattchin for total phenolics and flavanols, and cacao leucocyanidin for leucoantho- 
cyanidin. Since the exact nature of the phenolic compounds present in the mitochondrial 
preparations is not known, the analytical results are only of.value for purposes of comparison 
and in some preparations leucoanthocyanidin appears to be greater than total phenol&. 

Nitrogen determinutim were made by a method speciahy developed by one of us (J.D.J.) 
and which consisted of a combination of Kjedahl digestion followed by estimation of the 
ammonia formed with ninhydrin. The samplw contain& 10-60 ~18 nitrogen, were placed in 
Pyrex tubes (10 mm x 100 mm, graduated at 4-O ml) with O-2 ml of concentrated HsSO, and 
0*2 ml of H20s (100 voL) and incubated at 105” for 4 hr. A futthw O-2 ml of HaOz was added 
and the tubes transferred to close&& cavities (2 cm deep) in a heated aluminium block. 
Digestion was carried out at 140-150” until all the water was removed &om the samples, and 
then at 30&360° for 30 min. The tubes were rapidly cooled by means of a forcbd draught 
through the heating block and 0+2 ml ofHsO2 again added. Heating, cooling and addition of 
~2~~H~O~~~~~~~~~ remaineddearat3f50°. Afteraflnalcoolin& 
1 ml distilled water followed by 05 ml 10 N NaOH were added, and the contents of the tubes 
diluted with water to the 4-ml graduation mark and thoroughly mixed. An aliquot (OB-O*S 
ml depending on the ammonia content) was measured into Pyrex tubes 15 mm x 125 mm and 
the volume made to @5 ml with distilled water. To this O-5 ml ninhydrin reagents3 (with 
hydrmdantin prepamd awn-ding to Comrel et d”) was added, the solutions mixed, the tubes 
hesdedinboilingwaterfor15min,coo~~dthe:wn~~madeto5mlwith5o~(v/v) 
ethanol. The colour intensity was measured in l-cm cells at 570 n+ The nitrogen content 
was obtained from calibration cmws prepared using a stambud solution of ammonium 
sulphate treated exactly as for the sample. Such standards were also used with each bat&t of 
determmation. For the &termination of N in the ‘preparations, 0-l ml suspexk~~ w 
digested directly (“total N”) Or 0.1 ml was first extracted once with 15% trichloroacetic 
acid (TCA) followed by washing the centrifegate twice With 7-5 % TCA followed by digdOll 
Of the fkal centrihgate (“TCA insol. N’p. Protein = TCA insol. N x 6.25. 

Separation ad idenmcatim of acids present after a Warburg run were attained by 
removingthemitochondriaby~~tion,~s~thesupematantfiquiddownaDo~ 
50 column (II+ form) to remove cations, concentrating the liquid leaving the column &I wcw 
in a rotary film evaporator and runrdng the coucentrate on Whatman No. 2 paper using the 
solvent layer of a mixture of rr-butanol; water; formic acid (4: 5 : 1 v/v) after equilibration 
ovemightwiththeaqueouslayer. Theacidspotswemdevhpedbysprayingwith~Paves 
reagent (Hw3. 

sepamtim and Determination of lrim-acti 
The method used for the extraction, separation by paper chromatography, and quantita- 

tive determina tion of the keto acids was essentially that of Isherwood and Niavis%xcept that 
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solved syekm (a) 0111 paper ?mfkmcI at pH 62 de&i by Ismood and CruicM *’ 
was wed. The e@mction procedure was mod&d for mitocbondrial digests as follows: 
#t8eI;onEeateaftheW~~~aftera2-~nm,~addtdimlofi%dinitrophcnyII 
by~in5N~c~dandthe~allowdtos~datroom~for30 
mia TBecoratentPofthe~s~thenw~intocenttifugetubes~alittlt~~. The 
centi* tubes ~3re then spun for 5 miq the supematant liquid containing the 2:4 dinitro- 

phenyl hy-bazm tramfkmed to a micro-separatinS funnel. The solid residues in the centri- 
fuge tubes were washed twia with ether and the washing added to the separMing funnel. 
Afker separation of the other, the aqueous layer was re-extracted four times with ether, etc., 
as descrii by is&wood and Niavis.= 

Yeast cQllceDtfatc was obtained from the Sigma 4zhemM Co. adenosine t&phospbate 
(ATP), NAD, NAD& qtocbrome-c, sodium pyruvate, and/or oxoglutarate and CoA from 
BoebringeruSoelme; ~~~~e~~b~frorn~ourF~~~c0.; 
m oxalosuocinic and malic acids and tris from J?luka AX%.; sucoiuk, fumatic and 
aconitic acids and sodium tide fkom Light and Co.; citric acid, nicotinamide and DCPIP 
from British m Houses. Polyvinylpyrrolidone (PVP) was a p&m&ceutical grade called 
Kollidon 23 manufWured by the Bad&he An3in u. Sodafabrik A.CS. and having a mole- 
cular weight of approximately 28,000. Sulphuric acid and H202 wese B.D.H. “Micro- 
analytical”grade; etbyleneglycolmonomethyMher(methylccllosolve)B.D.H.wastechnicaI 
grade; ninbydrin was obtained from Koch Laboratories. Au the other chemicals were of 
Analar grade wherever possible. Glass distilled water was used tbrougbout. 

2’F.A.IstmvaadD.H. Ckmmmc, Narww, head 173,121(1954). 


