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Abstract-As well as red beet discs, turntp and sweet potato storage tissues exposed to t-butyl hydroperoxide (t-BHP) 
showed leakage of several cellular components mcludmg potassium ions, reducing sugars and UV-absorbing 
materials.. Even at the begmmng of the eight hr-treatment period, leakage of potassmm ions was accompanied by a 
decrease m respiratory activity. At the time when the resplratlon of turmp discs started to decrease, accumulation of 
lipid hydroperoxldes was detected by four different methods Just after t-BHP treatment started mcorporatlon of t- 
BHP was observed and the amount increased hnearly to a maximum after ca four hr and then decreased gradually. 
Thts disc experiment suggests that t-BHP, a model compound of oxygen stress, IS mcorporated mto plant tissues and 
may cause directly or indirectly hpld peroxldatlon m various blomembranes which leads to a leakage of cellular 
components and a decrease m respiratory actlvlty 

INTRODUCTION 

The most common and vtsibly apparent characteristic of 
plant tissue senescence is the wilting of leaves and the 
shrtnkage of frutts. This 1s a result of an mcrease m water 
loss from the tissue. Age-related water loss IS found to be 
accompamed by an increase in the rate of leakage of other 
small molecules, such as ions, sugars, water-soluble pig- 
ments and ammo aads, which could cause some abnor- 
mal metabohsm m those cells and thus lead to Injury and 
death [I, 21. Although such studies strongly suggest the 
breakdown of membrane structure during senescence, the 
physlologlcal and/or biochemical nature of the processes 
underlying the membrane changes are not well under- 
stood at present Investigating the mechamsm of mem- 
brane leakage IS important for understandmg plant sen- 
escence at the molecular level 

We have studied red beet discs exposed to t-butyl 
hydroperoxide (t-BHP) as a model system for examining 
the precise changes m cellular membranes at the onset of 
leakage [3,43 In this experimental system the time when 
betacyamn leakage occurred was easily controlled by 
changing the concentration of t-butyl hydroperoxlde (t- 
BHP) and the duration of the treatment. As well as 
betacyanm, potassmm Ions, reducing sugars, UV-absorb- 
mg materials and protems leaked out from red beet discs 
after t-BHP treatment, but the timmg of these leakages 1s 
likely to be different depending on molecular size [3]. 

The present study was designed to assess further the 
response of other plant tissues (sweet potato and turmp) 
to t-BHP exposure and confirm that it IS not a phenom- 
enon confined only to red beet discs. It was also almed at 
exammmg the mechamsm of leakage and reduced respir- 
ation durmg t-BHP treatment. 

RESULTS 

Leakage of cellular components from turmp and sweet 
potato discs exposed to t-BHP 

Throughout 10 hr after t-BHP treatment (10 mM, 8 hr) 
the efflux of potassium ions, reducmg sugars and UV- 
absorbing materials was followed in the Incubation 
medium in which four turmp or sweet potato discs were 
immersed (Fig. 1). As found from discs of red beet storage 
tissues [3], little leakage was observed from the control 
discs (without t-BHP treatment) of the both plant tissues, 
but from the t-BHP treated ones a considerable leakage 
of cellular components was found 4-6 hr after the transfer 
of treated discs to a new medium wlthout t-BHP. The 
concentrations m the medmm increased gradually with 
time and after 10 hr from sweet potato discs ca 90% of 
both the total potassium ions and total UV-absorbing 
materials leaked out mto the incubation medmm; from 
turnip discs 85% of the total reducing sugars;55% of the 
UV-absorbmg materials and 65% of the potassium ions 
leaked out 

Other tissues such as egg plant fruit, radish root, potato 
tuber, white gourd fruit and chayote fruit responded to t- 
BHP m a similar fashion showmg leakage of reducmg 
sugars and potassium ions (data not shown). 

Potassium ion leakage and decrease in respiratory 
activity rn discs exposed to t-BHP 

In our previous paper [3], leakage of potassium ions 
was observed ca three hr after exposure of the discs to t- 
BHP, preceding the leakage of other cellular components. 
The leakage of potassmm ions and the decrease in 
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Frg I Leakage of cellular components, reducmg sugars (-•-), 

UV-absorbmg matertals (-A-) and potassmm tons ((m-), from 

root dtscs of turmp and sweet potato Incubated wtth I-BHP 

(10 mM) Leakage was exammed m d r-BHP free medtum after 

treatment (IO mM and 8 hr) Open symbols represented loss of 
components from dtscs wtthout treatment 

respiratory acttvtty of turntp and sweet potato dtscs 

during eight hr of t-BHP treatment IS shown m Ftg 2 
The potassmm leakage was dtfferent between the control 
medta of the two ttssues (cu 5 and 18%) respecttvely) and 
no change was recognized throughout the mcubatton 
period (10 hr). From t-BHP treated dtscs a release of 
potassmm rons was observed 3-4 hr (sweet potato) and 
4-6 hr (turnip) By the end of the etght hr treatment 
pertod more than 40% of the total potassium tons had 
leaked out from the discs of sweet potato Leakage from 
turnip dtscs was considerably smaller (ca 10% ) 

The resptratory acttvtttes of control discs of turnip and 
sweet potato increased gradually and reached 
3 5 pmol O,/hr/g fr wt and 1 8 pmol O,/hr/g fr wt after 
SIX hr mcubatton DISCS treated with t-BHP showed a 
sudden decrease m actrvtty after 333 5 hr (sweet potato) 
and 2 553 hr (turnip) and then contmued to decrease At 
the end of eight hr-treatment the treated discs of turnip 
showed only I I 5% of the resptratory actrvtty of control 
discs and for sweet potato thus decreased to 30% of the 
control after SIX hr 

Produrtlon of lipzd hydroperoxldes rn mltochondrlal 
memhrunesjirom turmp discs exposed to t-BHP 

Crude hptds extracted from a mttochondrtal fraction 
whtch was prepared from turnip discs by a centrtfugatton 
method were mvestrgated by four procedures to detect 
lipid hydroperoxldes The UV spectrum of the hptds 
extracted from t-BHP treated discs of turnrp after 2 
and 4 hr IS shown m Frg 3 Maximum absorptton was 
observed at ca 235-240 nm m the drfference spectra from 

Turnrp 

Time ( hr ) 

Ftg 2 Leakage of potasstum ton (-m-) from root dtscs of 

turmp and sweet potato and changes m the resptratton ((a-) 

durmg t-BHP treatment (IOmM) Open symbols represent 
leakage from control dtscs rncub,tted wtthout I-BHP 

Wdvelengttl , “ill ) 

Ftg 3 UV-absorptton spectra (A) and dtfferenttal spectra (B) of 

hptds extracted from discs of turmp roots 0, 2 and 4 hr after t- 

BHP treatment 

both samples which suggested that tt was attributable to 
ConJugated dtenes of hptd hydroperoxrdes The differ- 
enttal absorbance increased with ttme 

Three other procedures were used to determine hpld 
hydroperoxtdes m the crude hptd extracts from mtto- 
chondrlal fractions of control and treated discs of both 
trssues Apart from the TBA method (0 8 nmol/g/fr wt) 
two other procedures, todrde-oxtdatton and Hb-MB, 
showed only trace amounts were detected m crude llptds 
of the 0 hr sample A gradual accumulatton of hptd 
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Fig 4 Concentrations of lipid hydroperoxldes m mltochon- 

drlal hplds from turnip root discs Incubated with t-BHP 

(10 mM) Determined by the TBA (El), iodide-oxldatlon (!?I), and 
haemoglobm-Methylene Blue ( q il) methods 

hydroperoxides was then observed (Fig 4). In lipid sam- 

ples prepared from discs four hr after t-BHP treatment, 
the levels were 0 37,0 44 and 0 50 nmol/g/fr. wt, respect- 
ively, from the TBA, iodide-oxidation and Hb-MB meth- 
ods This pattern of hydroperoxlde increase resembled 
that of the differential absorbance at 235-240 nm 

Incorporatton of t-BHP into turnrp dues durzny the 
t-BHP treatment 

DISCS were homogemzed in methanol and the amount 
of the t-BHP mcorporated was determined by two differ- 
ent analytical procedures, lodlde-oxldatlon and GC. The 
amount of t-BHP taken up as measured by iodide- 
oxldatlon increased linearly, reaching a maximum 
(2 3 pmol/g/fr wt) after 4 hr and then gradually decreased 
to 1 2 ,umol/g/fr wt after 10 hr (Fig. 5). A slmllar pattern of 
mcorporatlon was found usmg the GC technique (maxl- 
mum value. 1.92 pmol/g/fr wt) 

DISCUSSION 

It IS evident that the phenomenon of membrane leakage 
induced by t-BHP IS not a special one observed only m 
red beet discs Other cellular components leak out as well 
as betacyanm. Smce several fruit tissues also responded to 

Tlme(hr ) 

Fig 5 Uptake of t-BHP mto root discs of turnip during the 
treatment 

the t-BHP treatment similarly, c-BHP-induced leakage IS 
considered to be a general phenomenon among plant 
tissues other than green leaves. The compound also 
causes a remarkable decrease m respiratory activity 
These observations suggest that disorder of some cellular 
membranes occurs m the cells and thus leads to a 
decrease m respiration and an increase m membrane 
permeability during t-BHP treatment If thts IS correct the 
system usmg t-BHP and plant tissue discs may be useful 
for examining membrane disorders or damage which are 
presumed to occur at the onset of plant senescence or 
other physiological injury 

It 1s interesting to note that low levels of hpld hydro- 
peroxides (2 7-3 3 nmol/mg mitochondrlal hplds) 1s likely 
to be responsible for the changes m respiratory activities 
m t-BHP treated tissues Formation and accumulation of 
lipid hydroperoxldes are reported to change the physical 
properties and function of blo-membranes or artlficlal 
membranes [S-l 21 

t-BHP (3.9%, 1.93 pmol) was mcorporated mto the 
discs of turnip (fr. wt; 0.88+0.04g) from 5 ml of the 
mcubatlon medium including 10 mM t-BHP (50 pmol) 
after two hr mcubatlon at 20” Although at the present 
time there IS no evidence to support whether the chemical 
acts on the cellular membranes directly or mdlrectly, 
Trotta et al. [13, 141 reported that m human red blood 
cells, t-butoxyl radicals derived from t-BHP m a reaction 
which was catalysed by chelated Fe3+ ion, haemoglobm, 
attacked red blood cell membranes resulting m haemoly- 
SIS. It is suggested that a similar mechanism could be 
induced by chelated Fe3+ ion m plant tissues and such t- 
butoxyl radicals could easily cause hpld peroxldatlon m 
blomembranes. 

Smce our previous paper [4] reported that some 
radical scavengers effectively prevented betacyamn leak- 
age from red beet discs, some parts of mcorporated t- 
BHP are transformed to t-butoxyl radicals in the plant 
cells The results of this model experiment give sugges- 
tions that a small amount of radicals produced at the 
onset of plant senescence or a physlologlcal disorder such 
as chdhng injury may play an important role in produc- 
mg abnormal secondary metabolisms and symptoms 

EXPERIMENTAL 

Tubers of sweet potato (Ipomoea hatatas Lam) and turnip 
(Brasylca rapa L ) were obtamed fresh from a local market DISCS 

of ca 1.5 mm thickness and 13 mm diameter were prepared from 

the storage tissues, washed twice with 10 mM MES-NaOH 

buffer (pH 6) containing 0.2 M manmtol and transfered to 50 ml 

conical flasks contammg 5 ml of the same buffer with 0.2 M 

manmtol and streptomycm (1 pg/ml) Four discs (fr wt turnip 
discs 0 84+004 g, sweet potato discs 0 88+004 g) in a flask 

were treated with 10 mM t-BHP at 20” m the dark for various 

times, usually 8 or 10 hrs, followed by washing with buffer 

containing manmtol and streptomycm but no t-BHP DISCS were 
then incubated m the same medmm or a test solution 

Measurement of leakage of cellular components was carned 

out by determining the amounts released from discs after or 

during t-BHP treatment Reducing sugars were determined by 
the method of ref [15], potassium ions by an atomic absorption 

method and UV-absorbing materials by a spectrophotometrlc 

method (A at 260 nm) 

Respiration of discs was measured as 0, uptake polaro- 

graphically at 20” with a Clark-type Pt electrode Llpld hydro- 
peroxldes m hpld extracts of crude mltochondnal fractions, 
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which were prepared by a centrlfugatmn method 1161, waq 7 
determmed by four methods, Iodide-oxldatron 1171, A of con- 

Jugated dlenes at 235 nm [18], haemoglobu-Methylene Blue 8 
[ 19,201 Malonaldehyde derived from hpld hydroperoxldes was 

assayed by the thiobarblturtc acid method as descrtbed m ref 9 
[21] The amount of t-BHP mcorporated mto dtscs durmg t- 
BHP treatment was determmed by two procedures. CC and 10 
lodlde-oxldatron [17] CC condltlons fused sthca column 
(0 24 mm Id x 50 m) coated with PEG20M, column temp 70‘ 11 

(5 mm) to 110” at 5’/mm R,s of t-BHP and t-butyl alcohol, were 

16 6 and 11 4 mm. respectively All experlmental values are the 12 
mean of three determmatlons m leakage, hpld hydroperoxldes 

and t-BHP uptake expts, or of two determmatlons m resplratlon 13 
measurements Expts were repeated dt least twice 
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