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Abstract: Senescenee 13 an active prugress iatlated by internal and environment tmiggers, and membrane detenio-
ratior: 15 an early and fundamental feature of this process. Advaoces w1 membrane effects in senescence aof
postharvest horticultural crops are reviewed. Consideruble evidence for senescence of postharvest horticultural
crops supports mermbrane damage as the key event. Biocherical and iophysical changes 1n membrune lipids and
enzymatic and non-enzymatic lipid peroxidation lead to altered membrane properties and defects. such as jon
leakage and cellular decompartmentation . which, inturn. result in abnormalicy in cellular metabolisem and accel-
erated death. A clearer picture of the sequence of cecurrences i effects of membranes on pestharvest senescence
af horticultural crops 13 now emerging,
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ties. Postharvest horticultural scientists are interested

1 Introduction in delermining the mechanisms ol senescence m fresh

Aping nr sencscence of higher plants 15 viewed as produce in order to hind treatments that will allow

a both genetically and envirenmentally regulated pro- shelf life to be prolonged. It has been suggested thal

cess intimately assnciated with physiological activi- detenicration of frufs. vegetables, and [lowers by
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natural senescence or aging due to physiological ab-
narmalities. share a commion mechamsm ™", The [
cus of this process 1s thought to be alteratjons in the
physical and chenifeal characterstics of membranes.
which, 1 turn. lead to abnormality in cellular
melabohsm and accelerated death.

Several reviews pn senescence and membrane de-

"' and on membrane effects in

tenoration in plants °
postharvest physiology * are available. In this review
we shall present. based on select reports. the state of
current research on membrane effects in senescence of

postharvest horticultural crops.

2 Properties of plant membranes

Cellular membranes are selecuve. dynamic barri-
ers that play an essential role in regulating biochemni-
czl and physiological events. A detailed description of
plant membrzne composition as well as their physical
properties was reviewed by Borochov and Woed-
son'™', Stanley -7, Eeshemn'', and Paliyath and Drol-
lard”". Prasent knowledge of plant membranes wdenti-
[ies them as fluid bilayers of phosphohpids contaming
embedded prateins and sterols.  Functional mem-
hrancs are fluid since phospholipids can maove rather
freely in lateral dimensions. but the presence of pro-
temns and sterols nfluences membrane fluidity. The
composition of constituent memhbrane hpids can alfect
the (luidity of membranes. with unsaturated [atty
acid-contaming lipids heing more fluid than saturated
lipids. The crncept of fluidity is of great umportance
o hath membrane [unction and deterioration. Dunng
seniescence ., there is a progressive Ioss of membrane
mntegrity and changed properties of plant  mem-

branc'™ .

3 Bulk lipid fludity

T 158 now well documented for a varnicty of
senescing tissues. including flowers and fruits. that
the plasma and microsomal membranes sustain a de-
crease in bulk lipid flwdity with advancing age. In

senescing tissues that show a climacteric-like rise in

ethylene production. the decrease in membrane fluidi-
ty » which accurs abruptly. is coincident with or just
prior to the rise in ethylene productian .""fhe func-
tions of membrane proteins are known to be sensitive
ta lipd fluidity"™ . and thus a change in bulk lipud flu-
idity sustained by plasma and microsomal membranes
during scnescence s likely 1o have a deletericus im-
pact on the [unctiona of membrane-associated en-

zymes and receptors.
4 Lipid composition

The most consmicuous change in the lipid compo-
sition ol sencscing plasma and microsomal membranes
15 a dramatic decline in membrane phospholipid .
which becomes manifest as a membrane sterol: phos-
sterol.

pholipid ratio increcased. The rise In

phospelipid ratio of senescing microsomal and plasma

T For some

membranes reduces bilaver [luidity
senescing membranes., there 1= very little change in
saturated ; unsaturated fatty acid ratin” . bot for oth-
ers, ncluding microsomal membranes from senescing
carnation [lowers. there is a significant decline in the
level of unsaturation that can be actributed to mem-
branaus lipoxygenase '™, Sterol content in senescing
membranes can either increase. as observed in flow-

7.8

Er'S and fruits™ ",

or remam constant™"® .
Changes in phospholipids and sterol contents also
bring ashaut increase 1n membrane microviscosity in

apples™ . tomato'*" and broccoli'” .

5 Phase changes

Increased proportions of gel phase lipid appear in
tlie membrane bilayers as senescence wntensiies™ .
Thus . senescing membranes may contain & muxture of
liyuid-crystalline and gel phasc lipd domain. and
these coexisting domains render the membrane leaky
and contribute to the loss of mtracellular compart-
mentation that is a feature of scnescence'’'. The [or-
mation of gel phase Lipid in membranes during senes-

cence ls more apparent from measurements of the

lipid phase transition temperature. The transition
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temperature rises progressively with advancing senes-

cence™,

6 Membrane protein

There 15 evidence that the progressive destabi-
lization of membrane hilayers accompanying scnes-
cence contributes to loss of membrane protein fune-
tion. Protein degradation 1s an mmportant feature of
the dismantling of membranes. and there 1s a grow-
ing canviction that selective degradation of membrane

13.06-27

protems occurs during senescence For cxam-
ple. the number of the receptor protein for ethylene.
which s thought to be associated with memhbranes.

€23.0491

decreases with advancing sencscence It 15 also

vanceivable that [ree radicals. which produced

through membrane-assaciated lipoxygenase, act dr-

"% With the onset of senescence,

rectly on proteins
the chemtcal composition changes of membrane lipids
may result in lipid phase separations within the hilay-
er. Evidence is described indicating that lItpid metabo-
lites are released from membranes as lipid-protein
particles under normal conditiens but accumulate in

the bilayers of sencscing membranes coincident with

impatrment of lipid-protem particle formaton ™.

7 Permeability

As a result of senescence, there is an increased
permeability . which, tn turn, leads to alterations m

cellular metabolism'™ ™ .

Increased leakage correlates
with increased membrane viscosity and decreased de-
grec of [atty acid unsaturation., which is assocated
with Increased phase transition temperatures of mem-
brane lipids and a declime in fluidity in the senescence

(NS I P |

afl flowers 1-Methylevclopropene. an anti-
ethylene compound. which inhibits ethylene-induced
cellular senescence . results in a delay in an ncreased
electrolyte leczkage'™ . These data support  what
memhbrane deterraron leading o loss of intracellular
compartmentation s an inherent feature of senes-

cence. It s not unreasonable. therefore, to proposc

that progressive destablization of the bilayer con-

tributes in a major way to memhrane leakiness in

serescing tissue.

8 Freé radicals and peroxidation

Peroxidation nf lauy acids with resulting free
radical formation has heen described as one of the ma-
jor senescence pracesses of membranes™ " **, En-
hanced peroxidation. observed in a variety of senesc-
g tissues, leads to gel-phase formation and loss in

340 Changes in membrane

membrane functionality
lipids resulting in decreased (luidity will alfect the
functionality of the associated proteins as well ',
Various studies demonstrate that frurt rnipening and
the vase life of flowers can he modulated by radical
scavengers'” . Memhranes could he expected to he
highly prone to free radical artack inasmuch as unsat-
urated fatty acids are major components of most
membrane liptd hilayers. The consequences of free
radical attack on membranes are numernus and in-
clude the induction of lipid peroxidation and latty acid
deesterification'®-*'. Of particular interest is the find-
ings that levels of superoxide radical in microsomal
membranes of carnation flower increased during
senescence’' Y. Additionally . this increased produc-
tion of superoxide radwal durtng natural aging can he
simulated hy in vitro aging of sulated microsomal
memhranes from young tissue in buffer'™’. The for-
mation of superoxide radical by senescing microsomal
membranes has been attributed to a membrane-asso-

Baker ot al ®'. reported that

ciated lipoxygenase'” .
specific inhibitars of lipoxygenase significantly delay
the senescence of cut carnation [lowers. Thus, it
would appear that superoxide radical is formed as an
mtermediate during the converston ol polyunsaturated

[atty acds to their conjugated hydroperoxydicne

derivatives.

9 Ethylene

1t s now known that ethylene plays an impor-
tant role in regulatmng plant senescence. Ethylene

production is regulated by cellular membrane *'. One


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

21 BHRBE. RAXGEZEWEEMEWN 163

mechanism 1s a direct effect on the enzymes that were
associated with membranes. The other involves the
cellular membrane as a transducer whereby de nove
synthesis of the enzymes in ethylene biosynthesis is
affected. Microsomal membranes from plant tissues
have been found to be capable of catalysing the con-
version of l-aminocyclopropane-1-carboxylic acid
{ ACC) to ethylene™. The conversion of ACC to
ethylene by microsomal membranes depends on hy-
droperoxides generated through membrane-associated

4! Treatment of microsomes with ex-

lipoxygenase
ngenous phospholipase A,, which generates fatty acid
substrates for lipoxygenase. enhances the production
of hydroperoxides as well as the conversion of ACC to
cthylene'™ . However, these results do not distin-
guish between a direct and an indirect effect of ethy-
lene on the peroxidative pathway leading 1o changes

m membrane [unction.

Triggers

d

10 Ca*

An increasing amount of evidence points to Ca®”

123431 Calejum or the

regulating plant senescence’
calcium-calmodulin complex can activate lipid-degrad-
ing engymes. Furthermore, the Ca’™ calmodulin com-
plex s required for protein phaosphorylation'. Phos-
phorylation of proteins promaoted by the Ca’” calmad-
ulin complex i1s reduced in senescent apples and toma-
toes, and this could alter the biochemical processes in
the cell and participate in the onset of senescence'™ .
As numerous authors have shown a relationship be-
tween ethylene and the induction of senescence ™",
research to determine if Ca®™ is ahle 1o translate the
ethylene signal and initiates membrane lipid degrada-
tion has been undertaken''. Ta date. the “trigger”
through which calcium is released into the cytosol and

senescence 1s initiated is skill unclear.

Allered membrane fluidety and permeah ety

Dysfunctional membrane pruteins

&
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Fig. 1

Peronidized faty acwds

Generalized scheme to account for membrane deterioration in postharvest horticultural

crops due to senescence. Adapred in part from Marangone et wf. " and Thompson et of. "'

11 Nonbilayer lipid

There 15 evidence for the induction of nonbilayer
lipid ennfiguratons [ollowing peroxidation. Indeed,

many ol the products of peroxidation are not cylindri-

cally shaped because they have bulky side groups (e.

g.,» hydroperoxy, cyclic peroxide, and epoxide
groups), and, thus. could promate the conversion to
nonbilayer configurations. Lipid peroxidation has

been shown 1o increase the rate of transbilayer lipid



http://www.cqvip.com

164 i

£ OO0 http://www.cqvip.com|

0%

mugration *'. Muoreover, trace amount of hydroper-
nxide derivatives of {atty acids may act as fusongens.
and oxidized di- and tri-enoiwc {atty acids serve as Ca-*
wnophores in model blayers'™ ™. Thus. it is highly
concelvable that lipid peroxidation. which oceurs dur-
ing senescence, promales the formation o nonbilayer
lipid configurations in sensescing menthranes.
Recently. a modern approach 10 the study of
senescence 1s related o gene expression of enzymes

Hhassel - These guthors

invalved 1n lipid metabolism
found that mrembrane-assaciated enzymes coneerning
lipid biosynthetic potemilal decreased during senes-
cence and that second messenger synthesis continued .
mainiaining the tissue responsiveness to the environ-

ment and hormones. However, mwore work in this

area is greally needed.

12  Concluding remarks

In Light of information available, there appear 1o
be distinguishable mechanisms of senescence for
membranes. These processes produce destabilization
and loss of functionzlity of membrane via brochemical
and biophysical changes in lipids and/or protemns. In
all cases, attack by enzvmes such as phospholipase
and bpoxygenase as well as free radical {ormation has
been reported. Specifically, the enhanced free radi-
cals initiates liptd peroxidation and estabilization of
the membrane bilayer, which. in turn. leads 1o lcak-
age. an uwcreased proteclytic activity, and a general-
ized Joss of membrane function. Thus, scnescence of
nucrosomdl members appears 1o be lipid droven. A
patlern of membrane deterwraton accompanying a
scries of evenls during senescence of postharvest hor-
ticultural enps has been summarized schematically 1n
Figure 1.

As membrancs have an mportant effect on
postharvest semescence of horticultural erops, it is de-
sirable for food and hortieultural scientists o find
treatments that will allow shelf Lfe to be prolonged.
The prospects of postharvest life extension of fresh

produce by regulating membrane functions appear to

be promising, either by exogenous chemucal applica-

tion or genetic manipulation.
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