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Isolation, Yield, and Fatty Acid Composition of Intracellular
Particles from Ripening Fruits " *
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Department of Pomology, University of California, Davis, California

Introduction

Our interest in quantitative isolations of intra-
cellular particles results from earlier experiments
(13) in which the capacity of avocado mitochondria
to metabolize a-keto acids was enhanced by the ad-
dition of a denatured supernatant fraction. The re-
sponse of the mitochondria 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
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with scrious operational limitations. With {ruit tis-
sues the problem is further aggravated by the tex-
tural changes that accompany ripening. As pro-
gressively less firm fruit is macerated, the viscosity
of the homogenate varies in ways which may affect
both shearing forces and subsequent sedimentation
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 composition of
mitochondrial lipids.

Materials and Methods

Homogenization and Lyophilization. Bartlett
pears, New Yorker and Bing cherries, and Yellow
Newtown apples were obtained from local orchards
and stored temporarily at 0°. In the course of the
experiment fruits were kept at 20° (cherries at 15°)
for several days extending through the period of
ripening and senescence. At the indicated intervals
representative samples of fruit were removed to a
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cold room. All subsequent isolation procedures were
carried out at 0° to 2° with prechilled fruit and
solutions.

For the lvophilization experiments pears were
first peeled, grated, and combined with 1:3 to 1:3
(v,'w) of 0.25 at sucrose plus sufficient 2 ar dibasic
phosphate to neutralize the vacuolar acids as pre-
determined by titration of a boiled and homogenized
pear sample.  Cherries were pitted and  combined
with adequate 2 M phosphate to again neutralize the
acids.  To prevent excessive browning 1 X 109 m
cvsteine was also incorporated in the cherry homo-
genate as suggested by Catlin (2). .\ partial homo-
genization was obtained by blending for 30 seconds
at speeds sufficiently slow to prevent the formation
of a suction cone. Manual control was achieved
with a voltage regulator. Pear homogenates were
immediately distributed in appropriate flasks, shell-
frozen, and lyophilized. Cherry homogenates werc
passed through 1 laver of cheesecloth to remove a
major part of the skins prior to freezing and lyo-
philization. After Ivophilization the dry homogen-
ates were finely ground in a mortar and the re-
sultant powders stored at —20° in tightly scaled
jars.

When the homogenates were prepared for the
immediate extraction of particulates rather than
Ivophilization the initial maceration was more
thorough with the addition of 2 parts (v 'w) of
sucrose-buffer solution and a longer (1 min) con-
trolled blending period.

Isolation  of  Particulate  Matter.  Lyophilized
honmgcnatcs were reconstituted with 10 parts (v /W)
of 0L.25 a sucrose, containing 0.01 M potassium phos-
phate buffer, pH 7.4, and ground for 1 minute in
a mortar.  The ameunts of buffered sucrose solution
used either for the immediate extraction of fresh
homogenates or for reconstitution of Ivophilized
preparations resulted in approximately similar ratios
of tissue to suspending medium with each method.
Thereafter, standard differential centrifugation tech-
niques were used for separation of the intracellular
particles. A low-speed centrifugation (10 min at
1000 X ¢) to remove cellular debris was followed by
a high-speed centrifugation (13 min at 18,000 X g¢)
to collect the particulates. The pellet was resus-
pended in 0.23 M sucrose containing (.01 M potassium
phosphate buffer, pH 7.4, and centrifuged again at
low speed to remove additional small amounts of
debris.  This was followed by the second high-speed
centrifugation. The pellets were then resuspended
in prescribed amounts (3-6 ml) of the buffered 0.23
M sucrose solution.

Larger volumes of the supernatant fraction from
the slow speed centrifugation of apple or pear homo-
genates were processed  through a Szent-Gyorgyi
continuous-flow  apparatus  to  collect  sufficient
amounts of particulates for subsequent fatty  acid
analyses. A centrifugal force of 18,000 X ¢ and a
flow rate of 20 wl per minute were used.

let surfaces were first rinsed with distilled water,
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suspended i a small volume of water. and then
Ivophilized.

Electron Microscopy.  Mitochondria  sedimented
from the washing suspension were fixed with equai
parts of a 29 solution of osmic acid and .03 A
Tris (pll 7.4) in 0.25 8 sucrose. Following dehy-
dration in a graded series of cthyl alcohol the speci-
men were embedded in epoxy resin and post-stained
with  saturated uranyl acctate.  Sections were  ob-
served with an RCA-EXM 43 clectron microscope.

Analyses.  \eid digestion and the Nessler colori-
metric assay were used for the  determination of
nitrogen.  In some of the later experiments a modi-
fied Loowry technique (9) was used for protein assav.

Linids were extracted from lyvophilized particu-
late preparations by the method of Bligh and Dyer
(1), The procedure was appropriately scaled down
and further modified by withdrawing the nonpolar
phase with a pipetie after centrifugation at approxi-
mately 1300 > ¢ thus omitting the filtration step.

Samples of the liquid extract were esterified for
gas chromatography by trans-esterification in an-
hyvdrous HCl-methanol for 12 hours at 30°. The
reagents and subscquent purification steps were as
described by Stoffel et al. (13) except for omission
of the sublimation step.

Gas chromatographic analyses of the fatty acid
methyl esters were performed under the following
conditions: column, 2 m stainless steel, 6.4 mm OD:
substrate, 23 ¢ DEGS (Wilkens Instrument Com-
pany, Walnut Creek, California) on 60-80-mesh fire-
brick: temperature, 210 to 213°: carrier gas, helium
at 100 ml min: detector, thermal-conductivity  cell
calibrated with a fatty acid methyl-ester mixture of
known composition.

The fatty acid methyl esters in the samples were
identified by cochromatography  under the above
conditions as well as on another substrate, 23 ¢
Lac-2-R 446 (Wilkens Instrument Company. Walnut
Creek. California). Identifications were further
verified by plotting retention  time  versus  chain
length or degree of unsaturation (10).

Absolute measures of extracted lipids were not
obtained other than in initial experiments when cach
of two 300-g samples of fresh pears yielded approxi-
mately 200 mg of Ivophilized particulates which in
turn rendered 13.2 and 16,9 mg of lipid. Thesc
amounts were found quite adequate for chromato-
graphic analysis and similar or larger sized samples
were used in all subsequent experiments,

Results

Use of Lyophilized Tlomogenates.  Since  fresh
deciduous fruit arc available for only a few weeks
during the year there is an obvious advantage in
preparing stable, lyvophilized homogenates for sub
sequent extraction. .\ sccond advantage sought in
these experiments was the fact that dry, powdered
homogenates of similar physical clharacteristies could
be obtained from fruit which differed in texture due
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Table 1. Effect of Lyophilization on the Vield of
Particulate Material jrom Pear Homogenates

Treatment of homogenate Yield*
Centrifuged immediately 0.044
Lyophilized 0.085

* Particulate N per gram fresh tissue.

to the ripening process. Table T illustrates the par-
ticulate vields obtained from fresh and lyophilized
homogenates prepared from similar fruit. The ad-
ditional maceration achieved hoth in preparation of
the dry powder and in its reconstitution, resulted
in a considerably higher particulate vield per given
amount of original fruit tissue.

Electron micrographs of final pellets are shown
in figure 1, A, B, and C. A and B are sections
from fresh and lyophilized portions of the same
pear homogenate. In so far as could be discerned
similar structures are obtained from both fresh and
Ivophilized homogenates. Part C is a pellet cross-
section with a much higher density of mitochondria
illustrating one of the better yields from a fresh
pear homogenate. In addition to mitochondria,
parts of endoplasmic reticulum, and other unidenti-
fied inclusions, all preparations contained bodies
surrounded by a distinctly stained membrane but
having no internal structure. It is not known if
these “empty bodies” were artifacts produced during
the isolation.

Particulate Yield with Increasing Fruit Ripeness.
Experiments with New Yorker cherries completed
in 1961 are summarized in table II. The particulate
vield values for the progressively riper fruit are the
averaged results of 5 replicate isolations from each
of the lvophilized homogenates. The experiments
were repeated in 1962 with Bing cherries (table
II1) with 4 replicate isolations from homogenates
prepared at each ripening date. In both years, par-
ticulate vields declined with advancing senescence of
the tissue. Definitive data on the stage of ripeness
could not be derived from the respiration rates.
However, in both vears the indicated number of
days at 15° span the sequence of physiological
changes from firm, harvest mature to soft. overripe
cherries.

Particulate yields are given as percent of the
combined soluble and particulate nitrogen present
in the supernatant after the first low speed centrifu-

0 — . -

Fic. 1. Electron micrographs 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
is a more inclusive view of a pellet from fresh homo-
genate. M, mitochondria; EB, empty bodies. Magnifi-
cation: A and B, 25000 X; C, 15,000 X.
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Table 1. VYield of Particulate Material from Ripening New Yorker Cherries

Days at 153°¢

0 and 1 N 7
Yield* (avg of 3 isolations) N 2.28 162 1.56
Yield as % of 0 and 1 day 100 76 0
Range (32-110) (51-81)
Student’s t value®* 2.0 .10.0

(Not sig.) (Sig—~0.01)
*  Yield = particulate N as percent of total N remaining in the supernatant fraction after the first low-speed
centrifugation.

k3]

Student’s t distribution test was applied after the yields in cach extraction were expressed as percent ot the
0 and 1 day period to allow for differences among the separate series of extractions performed by different
individuals (10.05 = 236, 0.01 = 3.355, & df).

Table HI1. Yield of Particulate Material from Ripening Bing Cherries
Days at 15°
0 and 1 3 7 9

Yield* (avg of 4 isolations) 6.34 375 310 4.0

Yield of % of 0 and 1 day 100 87.5 79.5 70.5

Range (64-103) (65-95) (57-88)

Student’s t value** 1.56 293 401

(Not sig.) (Sig. 0.05) (Sig. 0.01)

* Yield as described for table II.

¥+ Student’s t test applied as described for table 11 (10.03 = 2447, 10.01 = 3.707, 6 di).

Table 1V, VYield of Particulate Material from Ripening Bartlett Pears
Stage of the climacteric
Min On rise Peak Post

Avg vield* 7.2 7.3 6.4 4.9

No. of isolations 16 16 17 7

Range of values 3.8-8.4 ¢ 5.4-9.2 < 4.9-7.7 ¢ 3459 O

Student’s t value®* 0.88 2.39 5.52

(Not sig.) (Sig. 0.05) (Sig. 0.0
Yield as described for table II.
Student’s t test was run following an analysis of varience. The values given are for the levels of significance
hetween yield at the climacteric minimum and those obtained at the more advanced stages of ripeness.
Table \'. Fatty cicid Composition of Particulates Isolated from Kipening Pears and Apples
Approx Fatty acid methyl ester (% of total)

Days at stage of e [ - : _
20° ripeness Palmitic Stearic Oleic Linoleic Linolenic
Pears

0 On rise 22 + | 22+ 0 6 =1 623 = 04 75 = 0
2 Near peak 26+ 2 22 £ 0 7 = 18 59 = 1.7 54 = 09
7 Post- 25 + 1 3+ 1 20 = 0 19 + 03 3+ 1

Apples*

0 23 =1 52 = 27 4 =2 8 + 5 19 =1
2 24 + 1 32 = 05 1.8 = 04 51 =2 21 + 2
7 23 = 2 2+0 76 = 0.5 56 = 2 11 =1

Respiratory activity of apples was not diagnostic of physiological state. Progressive ripeness

was only that
which can be assumed to have taken place during the given interval of time at 20°,
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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 attempts 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 yields obtained on the first
and second days of the experiment. This is done
to facilitate the statistical evaluation of a series of
extractions performed by several different workers
where the absolute yields may have differed. though
similar effects of senescence pertained.

The vields of particulate material from ripening
pears are given in table IV. In these experiments
the physiological age of the fruit was accurately
assessed by measurements of the respiratory rates
and isolations were made from fruits which were
lyophilized at the indicated stage of the climacteric.
The experimental results of numerous particulate
isolations performed by 3 separate individuals were
combined and analyzed statistically.

A significant decrease in particulate yield was
apparent with fruit at the climacteric peak followed
by a more pronounced 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 Hulme (8).

Changes in the Fatty Acid Composition of Parti-
culates. 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 analyses were run on each sample of ex-
tracted fatty acids. An increase in oleic acid with
a concomitant, but not equivalent reduction in lino-
lenic acid, was noted as mitochondria were isolated
from increasingly more senescent pears. This trend
was present but less well defined in the mitochondria
from apples. Minor changes in the other major
fatty acids were not considered significant under the
experimental conditions. Several other fatty acids.
including 2 tentatively identified as lauric and myris-
tic, were present in trace amounts in both the pear
and apple particulates.

Discussion

Observations with the electron microscope suggest
that the particulate matter isolated from either lyo-
philized or fresh homogenates of cherries and pears
consists principally of broken segments of mitochon-
dria, whole mitochondria (with cristae apparent),
“empty bodies” and endoplasmic reticulum. Of the
particulate preparations discussed in this paper only
those from fresh pear homogenates demonstrated

Kreb's cycle activity and limited phosphorylative ca-
pacity. In accord with Hanson (7), a more thorough
biochemical and morphological characterization
would be required to affirm the cytological deriva-
tion of the particulates. However, for the com-
parative aspects of these present experiments it is
sufficient that both fresh and lyophilized homogenates
vield particulate fractions composed of similar struc-
tural entities.

Transitions in mitochondrial structures are known
to occur in detached leaves (16). and during the
aging of other tissues (3.5.6). Striking evidence
for the presence of cytoplasmic reorganization in the
placental cells of ripening tomato has also recently
been presented by Cocking and Gregory (4). The
presence of cytoplasmic transitions during the senes-
cence of fruit tissues is indirectly supported by the
particulate vields and changes fatty acid composition
presented in this paper.

Statistically significant decreases in particulate
vields with senescence of the tissues have been ob-
tained in several experiments comprising over 100
separate isolations performed by 6 different indivi-
duals. Further substantiation of these data may be
derived from density gradient experiments as indi-
cated in a preliminary study (11). from shifts in
metabolic capacities of the particulates, and from a
more extensive use of electron microscopy. At
present, extrapolation to cytoplasmic events must re-
main speculative.

Summary

A decrease in intracellular particulate matter was
shown to accompany the senescence of cherry and
pear fruit. The estimation of particulate 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 electron
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 mitochondria from
ripening pears and apples.

Note. Delineation of the structures and intro-
duction of the term “empty bodies™ in our corrected
manuscript was influenced largely by the description
of somewhat similar entities, termed “empty zones,”
in muscle cells (Shy et al. Science 145:493-96, July.
1964). Evidence that these structures were not
anomalous products of our isolation procedures has
recently been offered by Dr. Virginia Sjaholm of
our department (unpublished data) who has noted
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,

Active mitochondrial preparations have been ob-
tained from a wide variety of plants (1) but ap-
parently have not been reported for citrus®. Some
of the difficulties which may have interfered with
citrus fruit preparations are believed to be the highly
acid cell sap, the low concentration of proteins, and
the high concentration of pectins.

By modifyving the usual methods of obtaining ac-
tive mitochondrial preparations (1.5). it was possible
to obtain preparations of citrus fruit which oxidized
citric acid cycle intermediates, esterified ;. and
formed and accumulated some organic acids.

! Revised manuscript received November 16. 1904.
2 After submission of this paper, an abstract on mito-
chondrial preparations from citrus appeared (7).

University of California, Riverside

Materials and Methods

Young Faris sweet lemons (Citrus limon Iinn.
Jurmann), about 4 cm in diameter, were picked and
cooled to 1° for 2 to 3 hours before extraction of
the mitochondria.  \bout 200 g of cold, peeled fruit
were grated in 300 ml of cold 0.6 M sucrose solu-
tion containing 0.25 ar ‘I'ris buffer adjusted to pll
7.8 with KOH. It was necessary to grate the fruit
directly in the buffer to neutralize immediately the
acids in the cell sap. During the grating procedure,
the pH of the buffer was determined with pH indi-
cator paper occasionally, and was adjusted with 5 9
KOH in 0.6 M sucrose solution.

Although this was the preferred method, it was
also possible to infiltrate cold buffer into the chopped
fruit at a reduced pressure (10-15 cm Hg) in an



