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'Ihe respiratory activity of miany plait tissues is
consi(deral)v increased after infectionl wN-ith iicro-
organiisn;.s. Initially an uncoup)ling of the respiration
from the oxidative p)hosphorylation w-as thouight to
he responsible for this effect. Since theni ample
evidenlce has been acctimtilate(I %Nhich suiggests that a
metabolic activation lea(linlg to ain accelerate(d ttiliza-
tioni of high energy phosl)hate ind(utce(d the increase
of the O.) uptake after infectioni ( 1. 11).

'I'he respiratory inlcrease occurring, in l)otato
tul)er tissuie after infectioni wvith various fuingi (2,
12) or after wounding (4,7.8) has also beeln cx-
l)lailie(l on the basis of the conitiniue(d coupling le-
tween oxidative andl p)hosl)horYlative l)rocesses. How-
ever, all evidence has been of a imiore or less iindirect
natulre, sinice it w7as gathered froml exl)erinlents with
unllcouplillg agenits all(n froml resuilts iin(licaLim- ani
inicrease of the svynthetic activity inl the tissuies.

Bolinner aln(d \'oss (3) xvere the first wNho (lescribe(d
respiratory coIntrol by ADP inl isolated p)lant milito-
chond(iria. \\Viskichi and( 13Boniel- (13 ) isolate(l mito-
choln(dria fromi l)otato tuber tissile inl which the rate
of 0., uptake wN-as accelerated 1b a(ldition of ADP)l
buit decrease(d againi wheni the A\1)P had 1)een coli-
suime(l. In both investigations the oxygen electro(le
metho(d (5) wN-as used for the study of imitochoindrial
activity. However, the mitochonidria isolated b)y
\Viskich aind Bonner as wsell as those (lescrilbe(l 1w
Hackett et ail. (4) showed l)ellonllelila which sug-
gested that the l)articles imiight have beeni (laillaged
(luritng isolation.

The l)resellt paper deals with experiments wvitli
mitochon(dria isolate(d by a soimewhat changed method
resulting in particulate suspensions ini which the
mitochonidria seeml to be ini a better condlitioni thani
those previously (lescribed ( Verleur. 1965. Plant
Physiol. Iii )ress).

Materials and Methods

Preparation! of 7issuie .S('iplcs. I'otato tubers
(Solamtni tuberosiuii L.. var. Norm I ) were stored
at I (. Sound tubers were brushed in tal)water. ex-
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ternl.ll\ sterilize(d in 4 % formialin for 2 iinutes.
washed in runninig tapwater for 15 minutites, and( ctit
iInto 1-cm thick slices. These slices were place(l in
glass jars either after iinoculationi of the cut surface
With a spore susl)ension of Ccratocvstis [jifbriata or
without inocuilatiol, anid incubated at 250. In somiie
exl)eriments 3-mmill thick slices were inculbated with-
ouit infectionl.

Tissue samlples were taken at 24-lhotur intervals.
1Fronm the inoculate(d slices the apparently 0o1i11-
vadecl tissue (zonie of l.5 mmii thickniess) adjacent
to the invaded plarts was collected (inlfected tissue).
Usually the corresponding lavers at 0.5 to 2 mmii fromll
the sturface were takenl frolmi the 1-ciim thick ulilnli-
fected slices, but iin somiie exleriments the surface
layers have been iniclude(d in the samples (tissue 0 -1.5
mm fromii the sturface). The 3-mmiii thick slices were
homiiogenlized as a whole.

(nly tissue fromii the cenitral l)arts of the tubl)ers
hias heen used, tlle peel layers being reimioved just be-
fore sampling.

Isolatioii of Mlltochoidria. 'I'issuie samnl)les of 65
g were lhomiiogeniize( in a \\ aring bleli(lor with 250
ml miedium containing 0.7 M\ mlianiniitol, 0.01 K-
phosphate buffer )1H 6.5, 0.001 At EDT.\, 0.002 Nt
cvsteine, amid 0.1 % (xv/v) BSA (bovine serumil al-
bumin, A\rmour Pharimiaceutical Cominpany. fraction
V). p)ressed througil a (lotuble layer of chieese cloth
and centrifuged at 100 X g for 10 minuttes (Verleur.
1(65. Planit P'hysiol. In lpress ) The sul)erlnatallt
fluid(l was centrifug,ed at 8000 X q for 1n minuites
an(l the sedimenit washed twice with at miianniitol-
phosphate buffer-BSA mediulmi w\ithouit EDTA, and(I
conitaininlg 0.001 M\t cysteinie only durilng the first
washing. The l)recil)itate obtainie(d after the final
centrifugationl at 8000 X a for 10 miliniutes \\was re-
stus)ende(l in a kniowln volume of 0i.7 M iuianniiitol, 0.()0
M\ phosphate buffer pH 6.5 and(l 0.1 % [ISA. yielding
the mitochondrial susp)ension for the experiments.

RIcspiratioti of Mlitochondria. 'IThe 0. uptake of
these mitochond(rial stuspensions was recorcled at 250
wvith succiniate as the substrate using the oxygen
electro(le method (5 ). The reactioni imiedium (3.2
inl containing 0.7 Mi imialnnitol, 0.01 '\ K-phosphate
buffer pH 6.5, 0.01 Ni Tris pH 6.5, 0.0005 mi EDTA,
and 0.1 % BSA) an(d 0.4 ml mitochondlrial suspensiomi
were brought into the vessel, after which 10 moIes
succinate au(I later 0.5 p.mole ADI' \\'ere added.
'I'he finial volume of the reaction' mixture a-s 3.7/ nil.
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In the experiments in which the superficial layers
have been removed l)efore sanmpling an effect of bac-
terial conitaminiationi on the respiration of the imiito-
clhoildrial preparations can be excluded. In those
cases where the surface of noninifected slices was
lart of the samiiples. such anl effect canl be neglected.
lecause the surface dried and a cork layer was
formie(d (Iiurilig incubation. Onvl seldom a sliglht
local bacterial growth was observed oni very few
slices after prolonged incubation (miiore than 1 week).

Calciulationi of Respiratory Coiitr ol Ratio and
1DP/O Ratio. The rates of O., uptake during the
4 states of reaction were determiinied from the oxygen
electrode records. The respiratory control (R.C.)
ratios have been calculated as O., uptake per miiinute
during state 3/0, uptake per miiinute during state 4.
The ADP/O ratios represent the (quotients of the
amounit of ADP added to the reaction mixture (0.5
,mole) and( the total 02 uptake (,uatom 0) during
state 3.

Nitrogeni Conitenit anid Cytoch roui c Oxi(lasc Ac-
tivitv. The nitrogeni content of the mitochondrial
suspensionis has been determined by usinig Nessler's
reagenit after digestioni in concenltrated H.,SO (9)
and( has been corrected for the nitrogen present in an
eqtual volumlle of the suspenision mediumll.

Cvtochrome oxidase acti-ity was dleterniinie(l in
the oxygenl electrode by mlieasturing the O., uiptake of
a mixture of miiitocholndria. 0 04 N phosphate buffer
pH /7.0, 3 X 10-} M cytochroime c anid 8 X 10-3 At
Na-isoascorbate ill a total volume of 3.7 ml. The
clzvymie activity was assayed at 300 usinlg 3 different
lilutionis of each mlitochondrial suspensionl in the
ranlge in which the O2 uptake proved to be propor-
tionial to the amount of mitochondria in the reaction
mixture (less than 100 y mitochondrial nitrogen,
miiaximal 10 m/Lmoles O., uptake per min).

Results

Results obtained with the oxygen electrode assay
with Imlitochondria from healthy and( infecte(d tuiber
tissue are shown in figure 1. An ATP induction of
the ADP effect (13) is obviously absent. Although
nlot represenlted in the figure. it has been observe(d
that an addition of ATP does not change the rate of
succinate oxidation in the absence or presence of
ADP.

All niitochonldrial preparations clearly exhibit the
p)henomenon of respiratory control by ADP, includ-
ing the decrease of the O. uptake after the depletion
of ADP (state 4). The respiratory control (R.C.)
ratios are 3.0 to 3.7 for mitochondria from healthy
intact tubers stored at 100 (fig 1 A) and 2.0 to 2.6
in case of infected tissue (fig I C. D). However,
the infected tissue and the healthv iiptact tubers stored
at 100 have been treated in a different way. The
infected tissue has been incubated at 25° after slicing
of the tubers and after inoculation. Therefore, in
addition. mitochondria have beei prepared from
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Fi(;. 1. Respirationi of mitoclhondria from healthy
potato tubers and from tuber tissue infected with Cera-
tocvstis fin1ibriata as recorded by the oxygen electrode
method. A) Tissue from healthy intact tubers stored at
100. B) Tissue from healthy intact tubers incubated at
250 for 2 days. C and D) Tissue from infected tuber
slices incubated at 250 for 2 and 3 days, respectively.
MwI: 0.4 ml mitochonidrial suspensioni. succ: succinate
10 uimoles per reaction. ADP: 0.5 unmole per reaction.
R.C.: respiratory conitrol ratio (O., uptake state 3/0.,
tuptake state 4).

healthy intact tubers which have been incuibated at
250 for 2 days (fig 1 B). The R.C. ratios prove to
le of the same order (2.6-3.2) as those founld with
tubers stored at 100. anld they are clearly higher than
the R.C. ratios of infected tissue mitochondria.

In order to obtaini samples of infected tissue. the
tubers had to be sliced preceding inoculationi and in-
cubationi. Thus, it was niecessary to (letermine if
slicinig of the tubers affected the respiratory control
of the isolated mitochondria. In all experimelnts the
succinate oxidation of preparations fromii cut tissue
proved to be controlledI by AI)P (table I). The R.C.
ratios of the particulate fractions from the cut tis-
sue corresponding to the layers taken from inoculated
slices (0.5-2 mm from the surface) are lower than
the ratios observed using intact tubers. They are of
the same order as found with infected tissue. When
surface layers of the slices are included in the sam-
ples (0-1.5 mm from the surface) the ratios of the
resulting preparations seem to have a tendency to
decrease further. at least when the slices have been
incubated for 3 days. This tenidency is miiore clear
when tuber slices of 3-mm thickness are used for the
isolation of particles. especially after 3 days of in-
cubation. It should be notice(d that 3-nmm slices conl-
sist of 2 zones of tissue at 0 to 1.5 immn from the
surface.

Although generally the rate of sticciniate oxidation
has been increased aftei infectlon or cuitting, it is

I
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Table I. Properties of Mitochondria fromI-lHealthy Potato ITl)crs (lvzd from Tuber 7Tissue
Infected with Ceratocystis lutbriata or Inzclulbated after Cutting without Inifectioni

The data are averaged for 3 experiment series.

R.C.* A.-DP/pO> c y N ***

O.,
uptake'

State State
3 4

O,,
uptake/
yN

State
3

Cyto-
chromle'
oxidase

Cyto-
chrome
oxidase
per yN

Healthy tubers stored at 100
Healthy tubers inicubated at

250 for 2 days
Inifected tissue incubated at

25 c for 2 clays
3 days

Cut tissue: 0.5-2 nmll from
surface of 1-cm slices
inicubated for day

2 days
3 days

3.0 1.7 342 132 44 0.4 144 0.4

3.0 1.7 412 134 45 0.3 245 0.6

2.2 1.3 406 165 7. 0.4 236 0.6
2.1 1.2 316 13i5 64 0.4 193 0.6

2.5

2.3

1.2
1.3
1.3

495
454
;93

121
172
178

48
78
77

0.3
0.4

0.3

258
260
346

(.5
0.6
0.6

Cut tissue: 0-1.5 nim from
surface of 1-cIm1 slices
incubated for 2 days 2.2 1.2 492 174 79 0.4 359 0.7

3 (lays 2.0 1.1 568 322 161 0.6 368 0.7
Cut tissue incubated as 3 mm-

thick slices for 2 days 2.0 1.0 566 187 93 0.3 377 0.7
3 davs 1.5 0.8 646 170 113 0.3 404 0.6

* R.C.: respiratory conitrol ratio (0. uptake per min state 3/0., uptake per min state 4).
** ADP/O: amount of ADP added (0.5 ,umole) / total O., uptake in gtatom 0 during state 3.
* Nitrogen content of Mw suspension: y niitrogen per 10 g original tissue (corrected for the niitrogeni present in the

suspension medium).
0O, uptake during state 3 and state 4 moles 0. per inute per 10 g original tissue.

cytochrome c oxidase activity

evidenit froml table I that the activity during state 4
increases to a relativelv greater extent than the oxida-
tionlduring state 3 does, causing the fall of the R.C.

ratios.
The increase in activity of the preparations from

cut tissue is greater both during state 3 and state 4.
when ''the surface layers have been included in the
samples, although there seems to exist some differ-
ence in behaviour between the fractions from tissue
incubated as 3-mm slices and those from 1-cm slices.
Special attention has to be paid to the observation
that in contrast to mitochondrial fractions prepared
from infected tissue after 2 days of incubation. which
have a higher oxidative activity comparable with the
respiration rate of lparticles from the corresponding
layers of cut tissue., in the fractions isolated 3 days
after inoculation the 0,2 uptake during state 3 has
already fallen to the level of the healthy controls.
The 0., ul)take during state 4 decreased to a lesser
extent.

The oxidative activity of the mitochondrial frac-
tions during state 3 is higher after infection and after
cutting. This might be due to an increase in the
amount of mitochondria or to a higher activity of
the particles. Therefore, the nitrogen content and
the cytochrome oxidase activity in the fractions have
been determined, in order to know, whether the
amount of niitochondria changes -r not.

TI'he mitochondlrial fraction fromi 2 clays incubate(d
infecte(d tissue contains more nitrogeni than the prep-

arations from healthv intact tubers stored at 10'
(table I). However, the nitrogen content appears
to be equal to that of the fraction isolated from
healthy intact tubers which have been incubated at
250 for the same period. In accordance with the o0-
served fall in oxidative activity in the preparations
from 3 days incubated infected tissue, the nitrogeni
content of these fractions is also lower than after 2

clays of incubation.
Tuber slices incubated without inoculation always

yieldecl higher amounits of nitrogeni in the isolate(d
fractions compared with the tissue from 0both healthy
tubers stored at 100 and tubers incuibate(d at 250.
The nitrogen content is even higher after cuttiIng thani
after infection. Especially when the cut tissue has
been incubated as 3-mm thick slices, the increase in
nitrogen content is striking and seems to take place
sooner after cutting than in slices of 1-cm thickness.
Calculation of the rate of 02 uptake during state 3
per y nitrogen makes it clear that practically no

change in oxidative activity per unit of nitrogen
occurs.

The data of table I also clearly demonstrate,that
in general the cytochrome oxidase activities of the
isolate(d fractions followv the same )attern as the
nitrogen content does. 'This is more evident when)
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the cytochrome oxidase activity is calculated per y

nitrogen present in the preparations. With the ex-

ception of the healthy intact tubers stored at 100,
which gave a somewhat lower value, all tissues yielded
mitochondrial fraction with practically the same

cytochrome oxidase activity per unit of nitrogen.

Discussion

The R.C. ratios of the mitochondrial respiration
observed in preparations from healthy tissue are

higher than those reported for potato tuber mito-
chondria by WViskich and Bonner (13). The occur-

rence of a clear respiratory control by ADP in mito-
chondria from both noninfected tissue and infected
tissue demonstrates in a direct way that also after
infection the oxidative and phosphorylative processes
are coupled.

However, the R.C. ratios and ADP/O ratios of
mitochondria from both infected tissue and cut tis-
sues are lower than in the healthy controls. These
lower ratios are due to the higher rate of 02 uptake
during state 4, which has been accelerated to a greater
extent than the 0. uptake during state 3. This
might be explained by the assumption that respiration
and oxidative phosphorylation in the infected and cut
tissues are partially uncoupled. However. in the
authors' opinion, another way of interpretation of
the results may be more likely. An inicrease of the
adenosine triphosphatase activity in mitochondrial
preparations with maintenanice of a complete coupling
between oxidation and phosphorylation will also re-

sult in a rate of 02 uptake which is relatively more

increased during state 4 than during state 3, and
consequently lead to lower R.C. and ADP/O ratios.
This might be induced by changes in physical proper-

ties of the mitochondria in the cells as a result of the
marked metabolic activation. or by damaging effects
during the isolation procedure of comipounds (e.g.
phenolic compounds) accumulating in the tissue dlur-
ing incubation (6, 10).

The R.C. and ADP/-) ratios are reduced more in
mitochondria from 3-n'nm thick slices than in mito-
chondria from 1-cm thick slices. In other experi-
ments (12) an acceleration of the 0, uptake follow-
ing cutting of potato tubers could be demonstrated
as far as at least 2 mm from the cut surface. 'When
1-cm thick slices are incubated, these zones of 2 to 3
mm from both surfaces are separated by cell layers.
while in 3-mm slices these 2 zones are overlapping.
Consequently, the activating effect of the cutting on

cell metabolism and/or accumulation of compounds
can be expected to be much more intensive in 3-mm
slices. The greater and earlier increase of the nitro-
gen content and the cytochrome oxidase activitv of
the mitochondrial fractions from these 3-mm thick
slices might be explained on this basis. If the hypo-
thesis is right that this intensive wound reaction af-
fects the properties of the mitochonidria in the tissue
and makes them suffer more injurv during the ex-

traction, then the low R.C. and ADP/O ratios are

understandable.
It has been concluded from table I that all tissues

yielded mitochondrial fractions with practically the
same °2 uptake during state 3 an(l cytochrome
oxidlase activity per unit of nitrogen. This strongl

suggests that both the changes in nitrogenl conltent
and in cytochrome oxidase activity represent clhaiiges
in the amount of mitochondria present in the frac-
tions without marked-changes in activity of the mlito-
chondria.

The nitrogen content and cytochrome oxidase
activity of the mitochondrial suspensions fromii cut
tissue are clearly higher compared with preparations
from healthy intact tubers incubated at 2°5. indicat-
ing an increase in mitochondrial number after cut-
ting. However. such an increase has nlot been oh-

serve(l in the fractions from infected tissue. which
even show a decrease 3 days after inocullationl. This
l)henomenon might be explained oln the assumption
that 3 days after inoculationi a degeneration of mito-
chondria has occurred in the infected tissue. Per-
haps, this degenieration starts earlier. resulting in the
fact that in contrast to the fractions from the cut
tissues, those from 2 days incubated inlfected tissue
do not show an inicrease in the amount of mlito-
chondria. However. the equal R.C. and ADP/O
ratios 2 and 3 days after infection makes a degener-

ation of mitochondria in the tissue (lubious, the niore

so as it is known that a respiratory inicrease after in-
fection can be demonstrated in potato tuber tissue
adjacent to the invaded parts after much lon-ger in-
cubation periods (12). Therefore. the decrease in
the amount of mitochondria in the isolated fractions
might be an indication for the possibilityr that it is
more difficult to extract mitochondria fromn infected
tissue than it is from noninfected tissules.

Summary

Mitochondria have been prep.ared from intact
potato tubers (Sola turm tuiberosuinii L.). from tuber
slices (cut tissue) and from the tissue adjacenit to
the invaded parts of 1-cmii thick slices inoculated
with Ceratocvstis finibriata (iinfecte(d tissue). All
preparations showed respiratory control bv ADP:
the oxidative and phosphorylative processes were

coupled, also after infection.
The R.C. and ADP/O ratios of mitochon(dria from

infected and cut tissues proved to be lower than in
mitochondria from healthy tubers.

The changes in nitrogen content and cvtochrome
oxidase activity in the mitochondria ran in parallel.
indicating changes in the amount of mitochondria.
The cytochrome oxidase activity per y nitrogen was

practically the same in all preparations.
The experimental results suggest that the amount

of mitochondria in cut tissue was higher than in in-
tact tubers. No increase in miiitochond(lrial numiber

was found in preparations from infecte(d tissue when
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compared ith the fractioins fromii incubated initact
tubers. Even a decrease Xw as observed (lays after
ilnoculation.
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