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Introduction

)ur interest in quantitative isolations of intra-
celltular particles results from earlier experiments
(13) in which the capacity of avocado mitochondria
to miietabolize a-keto acids w-as enhanced by the ad-
dlition of a denatured supernatanlt fraction. The re-
sponse of the niitochondria to supernatant fluid in-
creased with ripening of the tissues from which they
were extracted. This fact coupled with an apparent
decrease in mitochondrial yield from riper fruit led
to the suggestion by one of us (12) that the senes-
cense of fruit may be accompanied by a partial dis-
solution of the particulates with the resultant loss
of specific metabolic capacities. Added support for
this observation was gained from preliminary investi-
gations of the quantitative intracellular changes ac-
companying radiation stress in which a decreasing
vield of particulate material was noted with ripening
of the unirradiated fruit (14).

As discussed by Hanson (7), attempts at quanti-
tative isolations of intracellular particles are beset

1 Revised manuscript received November 19, 1964.
2 Supported by funds from the United States Atomic

Energy Commission, Contract No. AT(11-1)-34, Pro-
ject 112.

3 Present address: Institute for Atomic Sciences in
A\griculture, Wageningen, The Netherlands.

N%ith seriouis operational limitationis. \With fruiit tis-
suies the probleili is further aggravated by the tex-
tural chaniges that accompaniy ripening. As pro-
gressivelv less firm fruit is macerated, the viscosity
of the homogenate varies in ways which miiay affect
both shearing forces and subsequenit sedimenltationi
characteristics. This paper describes, in part. our
attempt to ameliorate these difficulties by lyophilizing
the homogenate and reducing it to powder form
prior to its reconstitution and isolation of particu-
lates. The technique was then applied to a study
of mitochondrial yields from ripening, fruit.

Additional experiments have been based on the
premise that changes in mitochondrial numbers.
forms, or functions would involve changes in mem-
brane composition. Supporting evidence is presented
for the existence of subcellular membrane changes
in ripening fruit based on fatty acid comilpositionl of
mitochondrial lipids.

Materials and Methods

Homogeni.iation anid Lyophilization. Bartlett
pears, New Yorker and Bing cherries, and Yellow
Newtowvn apples were obtained from local orchards
and stored temporarily at 00. In the course of the
experiment fruits were kept at 20° (cherries at 15°)
for several (lays extelndinig through the l)eriod of
rip)ening andl senescence. At the indicated intervals
representative samples of fruiit wNere removed to a

561



PLAN.X.\Pr)iIiX si oL IN

cold roomii. All subisequent isolatioin procedures were

carrie(l ouit at 0° to 2' with plrchilledl friuit and

soltitiOl>S.

For the Il-ophilizationi explerimeuts pears wvere

first peele(d, grrated, and(I combine(d with 1: 3 to 1: 5

v- xx) of 0.25 M stcrose plus sufficielnt 2 clillasic
lphoslphate to neutralize the vacuiolar aci(ds as pre-
(leteruiiue(i by titration of a hoiled ald(l homogenized
p)ear sampIle. Clherr-ies were pitted u(la comhined
with a(le(luate 2 m pholhspate to again netutralize the
ICi(ls. T1(o prexvent excessive hrox uliing I X 10
cvsteiuie as also icorpl)orate(l in thle cherry hoio-

g,Yeniate as sigg-estedl ly Catliin (2) p\)artial liiio-

gellization was obtainedl by hlundino for- 3I) secolnds
at speeds sufficiently- slow to prevent tlle formatioll
of a suictioii conle. -Mantial conltr ol was achieved
with a voltage regulator. Pear homiogenlates wvere

inimediatelv (listribllte(l in appropriate flasks. shell-
frozeni, and Iv ophilized. Cherry homogenates wvere

passeed through 1 layer of cheeseclothi to remove a

major plart of the skinis prior to freezing an(I lvo-
philization. After lyophilization the dry homilogeni-
ates were finiel- g,rouli( in a mortar aiui the re-

stiltanit lpowders stored at -20 in ti-htly sealed
ars.

When the lhom,o-eniates w crc lpreplare(l for- the

imimiile(liate extractioni of piarticulates rather thalu
Iv-ophilization the inlitial 1liacerationi was miiorc
thorotigh with the addition of 2 lparts (v x\\) of
suicrose-huffer soluition1 and a longer I mm1ill ) Coll-
tr olle(d hleilill, periodl.

Isolation of I'articielate M1 I(Itte Ly oplilized
lioniogenates were reconstituted(l with 1(1 parts (Av )
of (1.25 mi sucrose, containing MN potassitili p)hos-
lihate hu ffer, plii 7.4, and ground foir I miniuite in

a mortar. The amo1110units of huffered sucrose soltition
lseed eithier for the inlmedliate cxtraction of fresh
homogenates or for reconstitution of 1 vophilize(l
l)reparations resuilte(d in, approximael simillar ratios

of tisstic to suispdending eIliui withi each miiethod.

Ilhercafter, stanlldardl differential centri fugation teclh-
iiquies cre ised for separation of tIle intracellular

particles. A loxw-speed centrifugation 1(11 mi at
1(0(1(1 X yg) to remove celltilar dehris was follow e(l hv

i1l-glspeed cenitrifua-tioni (1 I mmi at 18,1100(( X
to collect the particulates. The pellet waas resuis-

penlded in (0.25 m suCrOse coiltail1i11g (1.)1 m p)otassium11
pIhosplhate huffer, 1pH 7.4, and centrifuged again at
Ilow speed to remove additional small amilouiits o

(lebris. 'l'his x -as followxedclhv the seconid hligllspeed
cecitriftigatioll. ''lie lpellets w-ere tllei resuspeldedl
ill l)rescril)edl aillounts (3-6 ml) of the hiuffered (0.25
mI sucrose. solution.

Larger -olumiies of the superiuataint fraction from

thle slow sl)ee(l ceiltrifugatioll of apple or pear hloiio-
g-eilates xere p)rocesse(l tllr-otu-ll a Szenct-Gvorgvi
colitilitiolls-floxx aplalitits t(o collect suffi ielt
amounts of plartictilates for suhsequenlt fattx acid
anal-ses. \ cenltrifut-al force of 18,((10 X g aild a

flow rate of 2(1 ml per miniuittc crc iusell. The pel
let surfaces ere first rinised with (listille(l w ater.

suspenllded ill SillItlI \ oluu ()f wxtx'r. and tileil

I-ophlilized.
]Illcct,roll .11/ II)so)/C A\it illol(ldriat sedimelinlted

fr-oiii tile wx -alli cerc l ixe(d ithl e l.lu l

lpairts of a 2 solulotio of osmic ici(l and .(15
'1'ris ( I) l 7.4 ill ((.2 x\ stc rose. Eolloxx iin- dclx-

(lratioi ill aI ra(lel series o)f ethyl alcohlol tIle lpcci-
uii cWre elilhedded iln eptXv resill atl(l lOst-stailiel
\\xitIl saturated tir:ix ace:ate. Sectin"lls xx-re oh

scrved(l xwitll an 1RC.\A- F\1 43 electi-mi'i n1icrOSCOl)W.

.1 (llvsc\. cid dligestioll andl the Nessler colon
eti- t x1x;IV\ 1isedl for lhe (let lliil t101ti 1l M-

ilitrollgie. Ill s0olle of the latci expl)erimietst liai(li-
fid(l l,'ixxri techili(lIle ( )) xxwas us1( for IrWeii asslavx

I,ioi(ids cerc extract cd frI mil Ipalllilizellprtienl-
late preparations lix the ninethiinl otf 111igll (1(1 )x-r
(1) rhe lirocelldure wxas lappIroplriattely lclCacd d vi

and firtiel- ilIIo(lifie(l hy xxwithdraxxwin- tIle iullilar
liast xxith a lilette tilter cciltritulgatioll at aliroxi-
matelx 51l (10 tllus. ilitt ill- tIle filtratiosi le).

Sallple's of tIle liquid extract crc esterified foi-
gasl; cllhrollial--raph)ly b trallsesterificatimll ill aIll-

hlvdrmoiuS 1(1 -metlhailol for 12 IIImirs at 5(1 Thie

i-eagcilts aidl sulbeqlleilt pluiri fication steps xxe-rie as

(lescrilbe(d lbv Stoffel et al. ( 1s ) exceplt tir Olhnilssioill
o(f the suiblimationl stcl).

Gas chroillato-rapIllic anllx- ss tf tlie fattvt aci(l

miethl esters wxcrc performed timii(ll- the follox ill"
conl(litiollns: Column, 2 llmstainless steel, 0.4 mmi ( )I):

lulbstrate, 25 (c I)D (F S (W\\ilkens Imisti-tiiiett Cmii-

iany. W\Valnlut Creek. Calmli)rmima) l)II 0(18(1m-Ieshl (ire-
brick temeirature, 21() to 2i "1 carrier gas, hiel ini

ait 10(1 nlil nunil; letectoi tll rl al cl niluctix itx cc(
Calilir.iteil ithi a fattx acid mithi 1I-ester lixture ot

knowx COlllIlOsitiolIl.
''lime fattx acidl mnetllx sters ill tIleh smlllles xxwerc

i(leniti fie(d bx- c(cllrIl matoing rl)lxv tiil(er- the abloix ce
Clolclitioils as xxwelI ats Oil anotller sullstrate, 25;
Lae-2-2 44(46 \\ilWkles Il.str-tiilc'lt (Coimpianlxy. WaIllint
Creek, Californll (liitificatiilis er ; ful-tlhe-
verified bl 1) 1i)tti ll r etemIt I(1I time Vers.uvs ch1alz
leilgtll orcide-ree ()of -ls1"aturatioll ( 1)1.

Ablsolute nlicasiir, )ft extracted lplinIs xxwcrc lit
n)btailed iithlel- tiail in illitiatl exleriilleilts xxwhein cachi
of twxxo 311(1-g saillplcso(f fresh pears v iclclel appri)ni-
mately 2(1(1 ilIg of lx o)philizcd piarltictilates ilich ill

tiurin reilidere(d 15.2 ani l .() Ilug if lipid. These

aillotilits xxere folund (qtite tinlequate for cllchlrtiito-
,rtaplllic alnlax si s and simiilular ltrger sized sitilllplIes
cre used in all sublisequelilt expierimlenlts.

Results

I'St, 1, ooiili.wd cmoo 1l l/cs. S ilnce ftresh
dlecidtuous frtuit are axailablIc for (111x Ia f\\- xeck

ur1-illn tlc vea r t hle r-e is io ns; ;lvltx it i-e iln

pirepariilg statile, lv ol)liliezdl lhonim)ocmi,ites for stih

sequlelIt extrtctioni. A seco(ml ailvamitag- soiugIlt iii

tlese expcrinleilts its tIle fact that dirv, piixx drem)

lmomol emiateC s f simiI l "r pl]lISix c ,Ic tiLar ICt cr istiCs *o w i (l

line oilbtam ed frmi fruitxxtw ihli mliffered Cii t(it tr

I )
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Table I. Effect of Lvo/phili--atioi oni the lYield of
Particit!atc Mlaterial fr-o,in Pear Ho i ogenzates

Treatment of homogenate Yield:

Centrifuged immediately 0.044
Lyophilized 0.085
* Particulate N per gram freslh tissue.
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to the ripeninlg process. Table I illustrates the par-

ticulate vields obtained from fresh and lyophilized
hiomogenates prepared from similar fruit. The ad-
ditional macerationi achieved 1)oth in preparation of
the drv powder alnd in its reconstitution, resulted
in a coilsi(lerablv higher particullate vield per given
amount of originial frtit tissule.

Electron micrographs of finial pellets are shown
in figure 1, A, B. and C. A anid B are sections
fromii fresh anid lyophilized portions of the same

pear holmlogelnate. In so far as cotu'd be (liscernie(l
similar strtucttures are obtailned from both fresh anid

lvoi)hilized homiiogenates. Part C is a pellet cross-

section with a mutich higher dlensity of mitochondria
illtustratinig olne of the better yields from a fresh
pear homog,eniate. In addition to mitochondria.
parts of endoplasmic reticulum, anid other unidenti-
fied inclusions, all preparations contained bodies
sturroun(le(l by a distinctly stainied membrane but
having no inlternial structure. It is not known if
these "emptv bodies" -\ere artifacts produced durilng
the isolation.

Particulatc Yiel(d -with, Inicreasinig Fruiit Ripec ess.

Experiments with New Yorker cherries completed
in 1961 are summarized in table II. The partictulate
yield valtues for the progressively riper frtuit are the
averaged restults of replicate isolations from each

of the lyophilized homiiogellates. h'l'e experiments
were repeated in 1962 with Bing cherries (table

III) with 4 replicate isolationls frollm homogenates
prepared at each ripening (late. In both years. par--

tictulate yields declined with advancing senescenice of
the tisstue. Definitive (lata oni tlle stage of ripeniess
cotuld nlot be derive(d fromi the resl)iration rates.

r* QHowever, in both vears the ind(licated nulimber of
days at 15° span the seqtlelnce of physiological
chaniges fromii firm, harvest maizitture to soft, overripe
chlerries.

C)> Partictulate yields are given as l)ercent of the
comiibilled soluble and( l)articulate niitrogen l)resent

in the supernlatanlt after thle first low slee(l cenitrifui-

Ot:4.FIG. 1. Electron n'.icrograplhs of cross-sections of
once washed mitochondrial pellets isolated from pears.
A and B are isolations from a fresh and a lyophilized
portion respectively of the same pear homogenate. C

I.i} is a more inclusive view of a pellet from fresh homo-
genate. M, mitochondria; EB, empty bodies. Magnifi-
cation: A and B, 25,000 X; C, 15,000 X.
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Table 11. Y'ield of Particulate Matcrial from Ripening Newc Yorker Chicrries

Yield'- (avg of 5 isolations)
Yield as ¼t of 0 aiid 1 (lay
RZangie
Studlenit's t value'-*

0 anid 1

2.28
100

Days at 15

1.62
76

(32-110)
2.0

(Not sig.)

7

1.56(
70

(51-81)
10.0

(Sig.-0.01 )

* Yield = particulate N as percent of total N remaining in tile supernatant fraction after the first low--speed
cetntrifugationi.
Studenit's t distributioni test NNas applie(l after the yieldis ;nieach extractioii were expressed as percent of tlit
0 and(l 1 day periodl to allow for dlifferenices amonig the separate series of extractiotns perforiie(d l)y (lifferenit
ilindi(iluals (tO.05S = 2.36. '0.01 3.35;, 8 (df).

Tahle 111. Ficld (4 It,artienlat(e laItcr)ial fr,i Ripeuu1ioq(/ i;q(, Cherl,ries

D)avs at 15
() andl 1 ) 7 9

Yield* (avg of 4 isolation,.) 6.3v4 57.10 4.0
Yield of ¼ of 0 an( 1 Iday 1(1) 87.5 79.5 70.
Range (64-105) (65-95) (57-88)
Student's t value* 1.56 2.93 4.91

(N ot Si) ( Sig. 0.05) ( Sig. 0.01 )

Y:ield as dlescribe(d for table II.
Sttudlent's t test apl)lied as (describe(l for table 11 ( t0.05' 2.447, '0.01 3.707, 6 (f).

T.able I )ielcd of Pa(rtticte(tt- illMaleril fru Riipeninfl Bartlett Pears

Stage of the climacteric

A-v vield:
No. of isolationis
RZanige of values
Stuldlenit's t value;.

Mitl

/.2
16

5.8-8.4 ((

Oni rise

16
5.4-9.2 ',

0.88
(Not sig.)

Peak

6.4
17

4.9-7.7 ¼'
2.39

( Si-. 0.05))

Post

4.9
7

3.4-5.9 c,¼
5.52

(Sig. 0.01)

Yield as described for table II.
Studeint's t test was run followin- an analysis of varience. The valtes given are for the levels of significance
hetw eeo yield at the climacteric miilitlinim antd those obtained at tile more advanced stages of ripeness.

ITable \. Fatty . CMid( o itiosii of IParticldatcs Isola((ltcd fJro,m, lipcniq JPcars(ad 4pplcs

Approx
Days at stage of

200 rilpeness
P~ears

0
2
7

A\pples*
0
2
7

Oni rise
Near pecak
lost -

Fatty acidc methyl ester ( ¼, of total)

I '-l,uitic

22 -+- 1
20 -+- 2

25 -4+- I

23 -+- 1
24 - 1
23 -+- 2

Stearic

2. H-+ 0
2.2? -4- 0

5.2 -4- 2.7
3.2 + 0.5
2 -4- 0

Oleic

6 -+-

20 -

4+
1.8 -4-

7.6 -4-

I .iloleic

1.8
0

(62. --+ 0.4
59 -- 1.7
49 -+- 0.3

2
0.4
0.5

48
51
56

-! Respiratory activity of apples was not diagnostic of physiological state. Progressive ripeness \was onl that

which canl be asstiuimed to have taken )place during the giveni interval of time at 20

1 .iiiolelli

7.5
.5.4

.5

+ 0
-'4- 0.')
-'-1

-4-

-4-

5
2
2

19
21
11

-4-

-4--+ 2
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gation. This mode of expression obviates anomalies
that would arise from occlusion or initial denatura-

tion of protein, from a variable moisture content of

the lyophilized powders, the occasional discarding
of improperly dried portions of the lyophilizate, and

other discrepancies that could result in attemipts to

relate yields to original fresh weight.
Changes in the course of senescence are shown

by expressing the particulate yields from the ripening
fruit as a percent of the vields obtained on the first

and secon(d days of the experimiient. This is done

to facilitate the statistical evaluation of a series of
extractions performiied by several different wvorkers
where the absolute yields may have differed, thoulgh
silmiilar effects of senescence pertained.

The yiel(ds of particulate miaterial fromii ripening'
pears are given in table IV. Inl these experimiielnts
the physiological age of the fruit was accurately

assessed by miieasutremeents of the respiratory rates

anid isolations were made from fruits which were

Iyophilized at the indicated stage of the climacteric.
The experimiienital results of numerouis partictulate
isolations performed by 3 separate individuals were

combinied andi anialyzed statistically.
A significant decrease in particulate yield wvas

apparenit with fruit at the climacteric peak followed
by a more pronouniced decrease in yield from the
post-climacteric pears. A slight though not statisti-
cally verifiable increase in mitochondrial yield during
the climacteric rise is perhaps related to a phase
of protein synthesis as discussed by Hulmiie (8).

Chaniges in the Fatty Acid Corn positioii of Parti-
cil/atcs. Table V lists the principal fatty acids in
the lipids extracted from the fruit particulates.
The values, given as percent of the total fatty acids
extracted, are the averages of 2 separate experiments
with apples and 1 with pears. Two or more chroma-
tographic anialyses were run on each sample of ex-

tracted fatty acids. An inicrease in oleic acid with
a concomitanlt, but not equivalenit reduction in lino-
lenic acid, was noted as mitochondria were isolated
from increasinigly more senescent pears. This trend
was present but less well defined in the mitochondria
from apples. Minor changes in the other major
fattv acids were not considered significanit unlder the
experimenltal conditions. Several other fatty acids.
inclt(iinig 2 tentatively idenitifie(d als lauiric anld imyvris-

tic, were present in trace amlounits in 1oth the pear

and apple particulates.

Discussion

Observations withi the electroni microscope suggest

that the particulate matter isolate(d from either Iv°o-
philized or fresh homooeinates of cherries and pears

consists principally of broken segmiients of mitochon-
dria, whole mitochondria (with cristae apparent),
"empty bodies" and endoplasmic reticululmi. Of the
particulate preparations discussed in this paper only
those from fresh pear homogenates demonstrated

Kreb's cycle activity and limaite(l phosp)horylative ca-
pacity. In accord with Hanson (7), a more thorotugh
biochemical and morphological characterization
would be required to affirmii the cytological deriva-
tion of the particulates. However, for the com-
parative aspects of these present experimiients it is
sufficienit that 1)oth fresh and lyophilized homogenates
yield particulate fractions composed of similar struc-
tural entities.

Transitions in mitochondrial structures are known
to occur in detached leaves (16), and dutring the
aging of other tissues (3, 5, 6). Striking evidence
for the presence of cvtoplasmiiic reorganizatioll in the
placental cells of ripening tomato has also recenltly
been presented by Cocking anid Gregory (4). The
presence of cvtoplasnlic tranlsitionis (luring the senies-
cenice of frulit tissules is in(lirectly sul)l)ortedl by the
particulate yields anld changes fatty acid com1position
presented in this paper.

Statistically significant (lecreases in particuilate
vields with senescence of the tissues have been o0)-
tained in several experimenits comprising over 100
separate isolations performe(d by 6 different indivi-
duals. Further substantiation of these data may be
derived fronm density gradielnt experiments as indli-
cated in a preliminarv study (11), from shifts in
metabolic capacities of the particulates, and fronm a
more extensive use of electron microscopy. At
present, extrapolation to cytoplasniic events miust re-
main speculative.

Summary

A decrease in intracellular partictulate nmatter was
shown to accompany the senescence of cherry and
pear fruit. The estimation of partictulate yields was

facilitated by lyophilization of homogenates to pre-
serve the material for subsequent and( multiple ex-

tractions and to mitigate some of the physical changes
accompanying ripening. As indicated by electronl
micrographs, comparable particulate material could
be isolated from fresh and lyophilized homogenates.
A minor shift to the more saturated fatty acids

was noted in the lipid fraction of mitochonidria from
ripening pears and apples.

Note. Delineation of the strtcttures anid initro-
duction of the term "emnpty bo(lies" in our correcte(l
manuscript was influenced largely by the description
of somewhat similar entities, ternmed "emptv zones,"
in mulscle cells (Shy et al. Science 145:493-96, JTul.
1964). Ev,idence that these strtucttures were niot
anomialotus produtcts of ouir isolationi proce(lires has
recently been offere(d by Dr. Virginia Sjahollm of
our (lel)artmellt (unpublished (lata) who lhas wnoted
similar bodies in the cells of peach callus.
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Activity of Mitochondrial Preparations Obtained
from Faris Sweet Lemon Fruit
Eitan Bogin and Louis C. Erickson

Department of Biochemistry, University of California, Riverside

Active imiitocliowllrial preparatioins have been oh-
tainedl frcomll a wide variety of planits (1 blit ap-
l)arenitly have iiot been reported for citrus2. Some
of the (liffictilties which miay have inlterfered with
citruis frtlit prelparatioins are believed to le the higlhly
atci(I cell sal). the low concentration(of iroteins, anld
the hig-h colncenitrationi of lectins.

1B1\ modifving thle usual milethio(ds (If obt:aining ac-
tive militkCllollch l-ial lprelparatiois ( 1. 5) it was l)ossible
to obtain l)relarations of citrus friuit which oxi(lized
citric aci(l cycle intermiie(liates, esterified P (land
formiie(d at(l accumulated souR'e orgalnic aci(ls.

I Revised maniuscript received November 16. 1964.
2 After submission of this paper, an abstract on nmito-

chondrial preparations from citrus appeared (7).

Materials and Methods

Youing Faris sweet lemiionis ( C(itrns Iibiiooi Liun.
Burmann). about 4 cm11 ini (lialeter. were picked ai(1
cooled to 1 0 for 2 to 3 hours before extractioii of
the miiitoclhond(lria. .\bout 200 g of col(l, p)eele(l frulit
were grate(l in 30() ml of col(d 0.6 i suctrose solui-
tionl con1taiiniig 0.2.5 -m'M'l is buffer adjutsted to p1i 1
7.8 with K( )1 1. It was necessar\ to grrate the fruiit
(lirectlv in the btiffer to uetetralize immediately thle
acids iii the cell sap. DYLriigr the gratiiig p)roce(lure.
th-e pH of the buffer was deterllilled with pH itidi-
cator paper occasionally. anid was adjtuste( with 5 %
KOH in 0.6 -m sucrose solution.

Although this was the preferredl mietlhod,. it wvas
also possible to infiltrate cold buffer into the clhoppe(d
fruit at a reduiced pressure (10-15 cim Hg) in an
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