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Summary. The acid-insoluble nitrogen content, lipid content, and cytochrome oxi-
dase activity in the mitochondrial fraction are found to increase during incubation of
slices of sweet potato (Ipomitoea bataitas) root tissue. These increases appear to be
related to an increase in the number of the mitochondrial particles. The increase in
the mitochondrial fraction is not accompanied by an increase in cell number. The
nitrogen content in the mitochondrial fraction increases prior to the changes in the
activity of cytcchrome oxidase and lipid content. The increase in the numbers of
the mitochondrial particles lags behind the increase in the cytochrome oxidase activity.
Such findings are also found in the tissue infected by Ceratocystis fimlibriata.

The respiratory increase in response to wounding and infection appears to be a
result of an increase in mitochondrial particles.

The increase in the respiratory activity in tissue
slices of tuber and tuberous root tissues has been
well known as wound respiration. Hackett and his
coworkers (5,8) demonstrated that the respiration
of potato tuber tissue became relatively insensitive
to carbon monoxide and cyanide during incubation
of the sliced tissue and that there appeared to be
some differences in the content of respiratory en-
zymes. This indicates the complexity of the mech-
anism of wound respiration. Recently, it was shown
by Click and Hackett (3) that the wound respiration
was dependent on the synthesis of RNA and protein.

On the other hand, the respiratory increase in
plant cells accompanied by the infection with various
pathogens has been reported by many investigators.
Reports from our laboratory (1,9,10,11) have
suggested that the increase of respiratory activity
in storage tissues after infection with Ceratocystis
fimbriata is due to increased availability of ADP
in the tissue provided by activation of some meta-
bolic systems.

This paper deals with the increase in mitochon-
drial particles in wounded and diseased tissues of
sweet potato root. The results of our studies sug-
gest that the respiratory increase in these tissues
results from the increase of mitochondrial particles
in the cells.

Materials and Methods

Plant Material. Sweet potato roots (variety
Norin No. 1) harvested at Kariva Farm, Aichi in

1 This paper contributes part 52 of the phytopatho-
logical chemistry of sweet potato u-ith black rot.
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October were stored at 100 until used. Unless
otherwise indicated, the roots were sliced in a 3.0
mm thickness after removing the surface of roots
and incubated at 28 to 300 in a moisture chamber.
After incubation, the whole tissue was used for
the experiments as the wounded tissue.

Preparation of Mitochondrial Fraction. The
minced tissue was homogenized with twice the tissue
weight of 0.05 Ni Tris buffer (pH 7.0) containing
0.5 mI sucrose, 0.01 -a EDTA and 1.0 % sodium
isoascorbate for 1.0 minute in a blendor. The
homogenate was then squeezed through a doulble
layer of cheese cloth and centrifuiged at 300 X g
for 10 minutes. The supernatant fraction was
again centrifuged at 14,000 X g for 15 minutes and
the resultant precipitate was suspended in 0.05 M
Tris buffer (plI 7.0) containing 0.5 M suicrose.
The suspension was centrifuged at 14,000 X g for
20 minutes and the precipitate of mitochondria was
suspended in 0.01 M phosphate buffer (pH 7.0).
All procedures were carried out at approximately
3o.

Determination of Comnponents in M11itochondrial
Fraction. Nitrogen content in the mitochondrial
fraction was determined with Nessler's reagent by
the procedure described by Johnson (7) after pre-
cipitating with trichloroacetic acid at a final con-
centration of 7 %. The lipid fraction extracted by
the method of Folch et al. (4) was assayed for
nitrogen and phosphorus.

Succinate dehydrogenase activity was assayed by
the ferricyanide method (2). Cytochrome oxidase
activity was determined by measuring the 02 con-
sumption with an oxygen electrode apparatus de-
scribed by Hagihara (6). The reaction mixture was
composed of 100 ,umoles of phosphate buffer (pH
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7.0), 30 lumoles of so(liini isoascorbate, 0.06 ,umole
of cytochrome c and niitochondrial suspenisioin in a
fiial volunme of 3.9 ml. The difference between
the rates of 0, consutmption with andl withouit cyto-
chrome c was proportional to the amouint of mito-
choiidlr-ial suispensioin provided that the aniouint of
O. iuptake (lidi not excee(l 60 m/moles per minlute.

Counttig of ilfitochondriol Particces. For these
experimncits, the fiiial preparation described above
was stuspelndled in 0.05; M\ Tris buffer (pH 7.0) con-
tainiInRg 0.5 MI sticrose ilistea(l of phosphate buffer.
The fraction prepare(d froni 10 g of the tissule was
siiFpenided in 100 ml of the mediuim. \Vhen more
concelitrate(l suispensioins were made, the particles
aggregate(d after mixing with the dyxe soluitioin. The
suispension was theii mixeI wvith a half volume of
0.1 % janus greeIn B soluitioIn in the col(l. \Vhen
lesser amoulnts of the (lye soluition were uised, the
stainedI particles were hardI to (liffereintiate from
the non-mitochonld(rial particles becauise stainiing was
Nweak.

Imme(liately- after mixing the mitochondrial suIs-
pension with the dye soluitioni, 3 ,ul of the mixture
Were placeCd oIn a glass slide and the nutmber of
stained particles cotlnte(l uin(ler 600-fold maginifi-
catioIl.

Results

Inicrease of Acid-inisolutble A itro ycn Content (iand
Cytochronie Oxiduse Activity in1 .Mitoclonmdrial Frac-
tionts from11 Wounded ind Disea(scd Tissuies. Table
I shows acid-insolullble iiitrogein conitenit aiid( cyto-
chrome oxidase activity ini the mitochonidrial frac-
tioiis from fresh, wounded and (liscase(l tissules of
sweet potato root. Both the nitrogeni coiiteiit alld
the eiizymic activity in the fractions from the
wouid(led and(ldiseased tissuies were fotiid to be 4 to
7 times greater thani those from the fresh tissuie.
The increase in the nitrogen coiiteiit and(I enzvmic
activity was observed in the innler tissuie to a (listalice
of 3 to 4 mm below the CLut or infected suirface. It
seemed likelv that the tisstie adjacent to the infected
parts of the slices inocuilated with the fungus wvoildI
containi larger amouints of the mitochondrial fractioii
than the correspondling parts of wotiuided, Inon1-
inoctldated slices. However, iieither significaiit
difference in the nitrogen content iior enzymic
activity betweeil the mitochondrial fractions 'pre-
pared from the wounded and wotunded-inoctlated
tissuies was observed. Therefore, the wounded tisslue
was tused in all following experiments.

Recovery of lfitochondrial Fraction fromii 7Tis-
sutes. Iiicreasiiig the xvoluime of the homogenizing

TaI)le I. I id-insolulNe Aroitrooe Content and Cytochromne Oxidasc Actizitiv in Mlitochondrial Fraction fr-omii Fresh
IfVounded and Diseased Tissio's of Sweet P'otato Root

Suxeet potato roots xx ere sliced approximately in a 30 mnml tlickniess anid inctubated for 2 davs at 280 in moisture
with ain(I withouit Ceratocystis fininIfiata inloculation. Theni disks 1.0 mmn1 thiick and 11 nmm diamleter \xere cut from the
inctlbated sii.,es an.d uised for miiitochoin(irial prep)arations. The vaWues xx-ere expressed as the amlotunlt per 10 disks, of
which tl.e total freslh veight xas approximiately 1.0 g.

\Vounlded tissue Diseased tissuie
Cytochrome Cvtochrome

Distance Acid- oxidase Acid- oxidase
from inisoluble activitv insoluble activitv

cutt surface nlitrogen (mnnmoles O., nitrogeni (mnunmoles O.,
(mm) (gg-N) /min) (ug-N) /m11iii)

0.0 - 1.0 213 113 279 112
1.0 -2.0 194 107 224 146
2.0 - 3.0 183 114 205 129
3.0 - 4.0 196 106 184 116
fresh tissue 29 24 29 24

Table II. Ex-traction of Alitoclondrial Fraction with Various Volumes of Mlediuini from Sweet Potato Root Tissue
The values are expresse(d as amounts per g of fresh w,eight of tissue.

Volume of medium
per g of fr
xxt of tissue

(ml)

2
5

10

Acid-
inisoluble
i1 itrogeii

(pg-N)

21.8
21.2
21.4

Fresh tissue
Cvtochrome

oxidase
activity-

(m,umoles O,,
/minl)

18.6
16.0
10.6

AlouindeI tiSSuelt
Cvtoclhrome

Acid- oxidase
insoluble activity
nitrogeni (mnziutoles 0O
(,g-N) /mim1)
56.8 70.6
64.8 89.1
68.7 55.7
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Table III. Repeated Extraction of Mitochondrial Fraction from Sweet Potato Root Tissue
The first fraction wx as prepared as described in Materials and Methods. The precipitate obtained by centrifugation

of the first fraction at 300 X g for 10 minutes wxas collected za'd homogenized again in 2 ml of medium per g of the
starting sample. The mitochondrial fraction was collected from the second homogenate by the same procedures
described for the first fraction and labeled the second fraction. The third and fourth fractious were obtained by
repeating the same procedures. The values were as des:ribed for table II.

Fresh tissue Wounded tissue
Cytochrome Cytochrome

Acid- oxidase Acid- oxidase
insoluble activity insoluble activitv

Mitochondrial nitrogen (m/umoles 02 nitrogen (m,umoles 02
fractions (pug-N) /min) (Jg-N) /min)

1st fraction 23.2 18.7 60.4 49.3
2nd fraction 4.3 3.9 18.1 10.2
3rd fraction 2.6 0.6 6.2 0.9
4th fraction 2.3 0.8 4.0 1.2
Total recovered 32.4 24.0 88.7 61.2
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FIG. 1. Acid-insoluble nitrogen content and cyto-
chrome oxidase activity in the various mitochondrial
fractions precipitated by the centrifugation at different
speeds. The homogenate prepared as described in Mate-
rials and Methods was centrifuged at 20 X g for 10
minutes and the 20 to 75 fraction was collected by cen-

trifuging the supernatant fraction at 75 X g for 10
minutes. The 75 to 300 fraction was collected by centri-
fuging the supernatant fraction, which was obtained by

medium per definite weight of the tissue did not
result in an increase of acid-insoluble nitrogen con-
tent or cytochrome oxidase activity in the mito-
chondrial fraction prepared from the fresh tissue
(table II). In case of the tissue aged for 2 days
after slicing, recoveries of mitochondrial fraction
were higher when homogenization was done in 5
volumes instead of 2 volumes of mediuim per g of
tissue. In general, the specific activity of cvto-
chrome oxidase was found to decrease in the both
fresh and wounded tisstues when larger voluimes of
the medium was tused.

In order to obtain quantitative yields of the
mitochondrial fractions, repeated extraction of the
same lot of tissue was attempted. Table III shows
that the total acid-insoluble nitrogen content and
cytochrome oxidase activity of mitochondrial frac-
tions from 4 extractions of fresh tissue was less
than that obtained by similar extraction proceduires
from tissue incubated for 2 days after slicing. The
data in table III also show that the first extraction
recovers over 70 % of the total nitrogen and nearly
80 % of the total cytochrome oxidase activity ob-
tained from fresh tissuie by 4 extractions. Similar
restults were obtained with wotunded tissuie.

Fractionation of Mitochondrial Particles by Dif-
ferential Centrifugation. The mitochondrial frac-
tion was separated into various fractions by centri-
fugation. Figure 1 shows acid-insoluble nitrogen

the centrifugation at 75 X g for 10 minutes, at 300 X g
for 10 minutes. Other fractions were collected by the
same procedures. All fractions were finally washed with
0.05 M Tris buffer (pH 7.0) containing 0.5 M sucrose

and suspended in 0.01 M phosphate buffer (pH 7.0). A)
acid-insoluble nitrogen content in the various fractions in
,ug of nitrogen per g of fresh weight of tissue. B) cyto-
chrome oxidase activity in the fractions in m/Mmoles of 02
uptake per minute per g of fresh weight of tissue.
-0-0-: fractions from the fresh tissue. -A-A-:
fractions from the tissue aged for 2 days after slicing.
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conItent and cytochrome oxidase activity in the
(lifferenit fractions. Cytochrome oxidase activity
patterns suiggest that most of the mitochondrial par-
ticles were precipitated betweein 600 and 14,000 X g
in case of the fresh tissuie, and between 75 and
4,300 X g in case of the wsouinded tissuie. OInly in
a few experiments the precipitating pattern of
mitochondrial particles from the wounded tissuie

Table IV. Size of Mlitocliondrial Particles
The heavy alnd light fractionis xN-ere obtained by col-

lectinig the particles precipitating betw een 100 and 2,000
X g and between 2000 and 13,500 X g, respectively.
The size was determine(d by measuring the diameter of
the particles from photographs taken by electron micro-
scopy at 5,000-fold magniificationi. The values slhow the
lengtlh of the lonig axis. The values in parentlheses show
the stanidard deviation betxx-een 50 particles.
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FIG. 2. Acid-insoltlu)le niitrogeni conteiit, cytochrome
oxidase activity and succinate dehydrogenase activity in
the mitochond(lrial fraction as a funiction of time after
slicinig. -Q the nitrogeni content in ,g of nitro-
gen per g of fresh Nveight of tissue. -0-0-: cyto-
chrome oxidase activity in m,umoles of O., uptake per g

of fresh weight of tissue. A A-: succinate dehy-
drogenase activity in decrease ill optical density at 400
l11II p)eC- 10 nllntite per g of freslh weight of tissue.
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FIG. 3. The inicrease of lipid-phosphoruis and -nitro-
gen conitenits in the mitochiondrial fraction during the
a i,li of si es of seet lotato root tiVsue. A A

lipid-phosphorus content in the mitochondrial fraction in
,ug of phosphorus per g of fresh weight of tissule.
* *0 lip)id(-n1itrogen contenlt i:l thle Imittochon(lrial

fractioni in ju. of niitrogen l)er g of freslh weiglht of tissile.
-aci l-isoluble nitro-en conte:t ri the m'ito-

chondrial fractioni in ,u( of nitrogen l)er g of fresh Nvei-lht
of tissue.

wxvas observed to be idlentical to that in case of the
fresh tisstie.

Howvever, the electroni microscopic observations
suggest that the particles precipitate(d 1y a low
centrifuigal poxver Xx cere not larger than those b)y a

higher centrifugal poN-er (tal)le IV). No Cletectal)le
(lifferelnce in the size of mitochonidrial particles
from the fresh anld ounlidedI tissuies as obserxed.

LIl(c1rosc of lIitoclon(ldriol Froctiont dourig Aqinjg
of Slices. Figuire 2 showsS that increase(l aImoiints
of the mitochonclrial fractilon can1 he extractedl from
slices of swveet potato root tissule (dtiring aginig.

Stucciniate dbehydrogenase activitv as well as aci(l-

insoltblde nitrogeni contelnt and(I cvtochrome oxidase

activity in the mitocholn(drial fractioln were foinll
to increase (Itirilig aging.

Figuire 3 showvs that lipidI-phosphoruls anld -nitro-

gen conteint of the mitochondlrial fractioni akl;o
increase(l duirinig aging of the slices. The patterni
of increase in lipidI conltenlt was almolst the same as

that of the enzvmic activities.
Increase in Ni\ miber of Mlitocliondriul Pa rticlcs

i.n TissuIc dihX-i(y-A!Jing of Slices. Table showSs
the inicrease in n.imbers of niitochondrial particles
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Table V. Increase in Nunbcr of M11itochondrial Particles during Aging of Slices of Sweet Potato Root Tissue
The values show the percentage of the nitrogen content, the enzymic activity and the number of Janus green B-

stained particles in the mitochondrial fraction from a given tissue relative to that obtained from fresh tissue. The
values in parentheses indicate the standard deviation between 20 fields of microscopic vision.

Experiment I Experiment II

Time Acid- Cytochrome Acid- Cytochrome
after insoluble oxidase Relative insoluble oxidase Relative
slicing nitrogen activity no. nitrogen activity no.
(days) (%) (%) (%) (%) (%) (%)

0 100 100 100 (22) 100 100 100 (23)
1 ... ... ... 151 142 112 (39)
2 193 270 150 (32) 191 359 173 (60)
3 201 318 278 (62) 189 355 238 (69)

during aging of the slices. It is evident that the
Janus green B-stained particles in the mitochondrial
fraction increased after 3 days. Marked increase
in acid-insoluble nitrogen content and cytochrome
oxidase activity also occurred. The standard devia-
tion between fields of microscopic vision is too great
to permit drawing a relationship between the in-
crease in the nitrogen content and enzymic activity
and in the number of the particles. It was observed
that the number of the particles seemed to increase
most rapidly between the second and third days after
slicing of the tissue. However, the nitrogen content
and the enzymic activity in the mitochondrial frac-
tion increased more rapidly during the first 2 days
after slicing.

Discussion

It was observed that the mitochondrial fraction
in slices of sweet potato root was increased by aging
or inoculation with Ceratocystis finmbriata. Verleur
and Uritani (11) indicated that the increase in
mitochondrial nitrogen in white potato tubers after
cutting but not after infection with Ceratocystis
finibriata. In the present studies the increase was
observed even in the inner tissue at the distance
of 3 to 4 mm from the cut or infected surface. This
result indicates that the increase in the mitochondrial
fraction was not due to an increase in the number
of the cells. Thus, it is proposed that the mitochon-
drial fraction in a cell increased during the aging
of the root slices.

In the isolation of the mitochondrial fraction
from the fresh tissue, increasing the volume of the
homogenizing medium per the tissue weight did not
increase the yield of acid-insoluble nitrogen or cvto-
chrome oxidase activt-. The recovery of the m tK-
chondrial fraction from the wounded tissue was
similar to that obtained with fresh tissue and was
slightly enhanced by using a larger volume of the
medium. Moreover, the yields of total nitrogen
and cytochrome oxidase activity obtained by re-
peated extraction of wounded tissue was greater

than that recovered from the fresh tissue. These
results suggest that the observed increase in mito-
chondria was not due to a difference in the rate of
extraction of the mitochondria from the 2 types
of tissues.

The number of Janus green B-stained particles
in the mitochondrial fraction was observed to in-
crease in response to the slicing of the tissue. Thus,
the increase in the acid-insoluble nitrogen content,
the lipid content and the activities of respiratory
enzymes in the mitochondrial fraction is considered
to be the result of the biogenesis of mitochondria
in the cells, in addition to the increase in these
components of each mitochondrion.

There appears to be some difference in the
properties of mitochondria from the fresh and
wounded tissues. The difference was observed in
the pattern of precipitation during centrifugation.
Moreover, there also were different patterns of
increases in the acid-insoluble nitrogen, the lipid
content, the activities of respiratory enzymes, and
the number of Janus green B-stained particles in
the mitochondrial fraction during the aging of the
slices. The increase in the nitrogen content ap-
peared to precede to the increase in the enzymic
activity, lipid content and number of the particles.
However, these quantitative relationships should
be investigated more in detail, after confirming that
other particles such as the nuclei and ribosomes did
not contaminate the mitochondrial fraction.
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