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ABSTRACT

Air pollutants enter the plant cells thdough open stomata. After crossing the boundaries
of cell wall and cell membrane, they react with the chemical constituents of the cytoplasm. Many
effects of air pollutants on plants, such as retardation of growth and increased permeybilities of
the cell wall and the membrane may be explained on the basis of their chemical rea tions wirh

thtse components,

Most of the visible or ‘hidden’ phystologiccl effects, however, are brought

about the changes in some important metabolite of the cell. Changes in the levels of proteins,
pigments and nucleic acids following exposure to air pollutants have been recorded. The enzymes
are particularly sensitive to aif pollutants both e» vire and #n voro. The cifects on enzyvmes vary
frem stimulation to inhibition according to the nature and the concentrution of the pollutint
usecd and to the system. Changes in enzyme activitics may affect plant metabolism more than the

change in any other molecule.

HE cflects of diffetent air pollutants on plants have

been demonstrated by many {avestigators. Moase of
them, however, have limited their effores to study the
visible (fects or to specifications of environmental
factors which induce or reduce the injuryl'?, In many
cases, there is no visible injury bur the ove all produe
tivity of the plant is reduced dee to some metabolic
disorders.  The mechanism of phytotoxicity, whether
visible ar hidden, las oot heenr examined 1o dernt for
most of the air pollutants, although che types  of
physiological and  biochemical  changes following
exposure to the pollurants have been reviewed3-7, The

objective of the present article is to examine the imirtal
ceaction(s) of a plape cell in response to the pollutang,
which might be leading © an gliered physiology or to a
viaible offect,

AIR TOILUTANTS AND THD STOMATAL MOVEMENTS

Gases and vapours enter leaves and plapts through
open stemata, The cutidle ks abo permeable o some
eatent 1o pascons exdhanges bue the Jufusion through
cuticle Is generally low,  Thus, the entey of gascous
pollutants into the plant and their physiological effeces
on €O, and O, exchanges and other processes laegely
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deperd upon the opening and closing of stomata. Open
and functiopal stomata were found to be necessary
for the damage to ocour by air pollutants ia the leaves
of alfalfa’, and Pos amnua™19. Katzll also reporte ]
damage to sensitive plants by SO, under conditions
whith favoured open stomata. Ozone damage ia
tobacco leaves was also positively correlated with the
scomatal opening and sugar content of the guard cellsi2,
Prcfumigation darkness, water stress and spray of
phenyl-mercuric acetate, the factors which induce
stomatal closure protected tomaro plants from ozoge
damagel3, The abcissic acid which tend to dose
stomatalt protedted bean leaves against ozone injuryld
Damage to bean plants with smog on the other hand,
occurred irrespective of the stomatal openingl®., In
another instance also, significant reduction int the growth
of tomato plants occurred ar low light intensiey?
whi.h might have induced partial stomatal closure.
The pollutants in these cases might have entered the
plant cells either through the cuticle or through stomata
often kepe permanently open by dust particles jammed
in pores’s.

Air pollutants may iaduce stomatal closure ot
opening also. Smog causes stomatal closure 1n tomat)
leavesl®. Stomatal closure by ozone in tolerant vatie-
des of maize and pinto bean leaves?0 and several other
plants2! have also been observed. Although closing of
stomata may prevent further entry of the pollutant
and avoj.,d injury, it may lead to the inhjbit.iﬂn_ of
rates of photosynthesis, respiration and transpiration,
1o bean leaves, however, inhibition of photosyathesis
and fespitation occurred in various envimnme?tal
conditions without appreciable decrease i1n 1ranspifa-
rion22-2%. In an analysis of the different resistances of
gaseous exchange, it was concluded that the eﬁ:eft of
NO., was more pronounced on mesophyll resistance
thaf: on stomatal23. For example. an exposure of
3-0 ppm NO, to bean leaves increased CO, from
0-54 s em™! to 16-74 at a light 1ntensity of

5.25 % 103 ergs ecm2 s1 while rs CO, increased .

from 1-21 to 1-34 only under similar conditions. S5i]
and Swanson2d also reposted that SO, inhibits photo-
syathesis in pinto bean and maize leaves withour
dausing stomatal closure. Inhibition of photosynthesis
in oats, on the other hand, was the result of stomatal
losure2!, Mansfield and Majerink1® and Biscoe ¢f al.2®
reported that SO, causes stomatal opening in the
marure leaves of Vicia faba. Stimulation of stomatal
opening mzy iacrease the ascess of gas to the mesophyl!
and thus the damage caused will be greater. Further
the opening of stomata may cause water Stress by
increasing transpiration. Some of the symptoms of 50,
injury closely resemble those caused by bigh rates of
eranspiration2?,
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Litde is known about the mechanism of opening
and clostag of stomata by the pollutants. In ozone
resistant onions, it has been postulated that the men-
brane of guard cells lose their ptemeability and leak

out the solutes, thereby closing the stomata. The
stomata teopen  shoctly  afrer the O, supply s
stopped =S,

MEMBRANE PERMEABILITY

Afier theid enwry through the open stomata, the
alr pollutants may affect the organisation of cell walls
and cell membranes. Single wll systems have been
used to study the effect of O4 on cell permeabilities.
Changes in permeability due to O, have been observed
in E. coli?d, yeast3®, Chlorells™ and red blood cellsd2.
The leakage of K from chlorella cells was very
tapid and occurred between 5 and 135 s after exposuse
to Oy and thus the effect on cell membrane was
rather primary?l. Dugger et al33 have shown that
exposure of plants to O, changes the permeability of
leaf tissues to exogenous substrates and also to the
catabolic utilisation of substrates, This may iadizate
that the air pollutants change the permeabilicy of cell
membranes as well as the transloiation of substrates
inside the cell. Disintegration of membranes of
patenchymatous cells was shown by Thompson et 4l.54
Smadies with isolated cell organelles showed that the
permeabiliey of the membranes of oiganelles is also
affected by the pollutants, Fumigation of bean, tobacco.
heet, maize, barley and rye plants with O5 causel the
accamulation of amino acids, y-amino butyric acid
and analine and the loss of glutamic acid33, Since the
enzyme, glutamate decarboxylase, catalysing the con-
version of glutamate to amino butyric acid occurs in
agtoplasm and glutamate is produced in mi ochondria aad
chloroplasts, it appears that O, increases permeability of
the cell organelles in which the glutamate is produced.
Changes in organid acids, amides, free sugars and
nucleic adid phosphorus following exposure to O,
may also be associated with the change in membrane
permeability of cell organelles38, Increase in the
permeability of mitochondrial membrane after expo-
sute to Oy was observed by lee®? and Ting and
Dugger3®.  Disruption of chloroplast membrane by
SO, and NO, was observed in bean by Wellburn
et al®® Ozone also induced changes in the permea-
bility of outer chloroplast membranes of intact
plastids*®, Enzymes of photosynthetic fixation of CO,
are assoiated with the chloroplasts. Hence, inhibition
of photosynthesis by oxidants such as NO, is attribu-
tel to the disruption of chloroplast membranes?$-41,

Air pollutants may afiect membrane permeability
either by destroying thetr integrity or by inhibiting
their biogenesis. The —-SH groups of proteins are sus-
ceptible to ‘oxidation by many pollutants. The inacti
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vation of papain by peroxyacetyl nitrate (PAN) was
proportional to the amount of tree-SH group at the
time of exposurett42, Fumigation with Oy lowered
the —SH content of spinach and tobacco leaves4s,
It was further shown by these workers that twobacco
and bean leaves treated with ~SH binding reagents
such as o—iodoadetaniide developed symptoms similar
to those of Oy injury. In another rnvestigation, tobacco
Icaves evpozed to Qg lost 50% of their saturated fatry
acids but only 10% of the unsaturated fatty acids¥4,
suggesting thereby that O, affects membrane permea-
bility by inhibiting fatfy acid synthesis rather than by
destroying them. Mudd and Luggerdd also found that
PAN inhibits synchests of fatty 2cids from acetate in
spinach chloroplasts.  Incorporation of acetate into
citrate and glutamate, however, was not ‘inhibired.
Treatment of pine needles with aqueous SO, produced
matked changes in the concentration and composition
of glyoolipidsit,

Cell membranes play an impontant role in the
cellolar metabolismn, Disruption in their structure and
functiop will induce several changes inside the cell
For example, it has been suggested that inhibition of
CO, fixation by bisulphite compounds i through
interference with the transport system in chlotoplast
membranct?,

CELL WALL METABOLISM

It has beery observed by several investigators that
exposure to F, PAN and Oy inhibits growth of Avena
colceptiles. For the growth of a plant body, biosynthe-
cis ard degr:dation of cell wall is essential, Works of
Ordin and his associates demonstrate the inhibition of
cellulose and ccll wall formation by aif pollutants in
cat colcoptile tissuest®51, Synthesis of Cellulose from
slucose phorphate involves the enzyme phosphoglaco-
mutase which converts glucose G-phasphate to glucose
l-phosphate. This enzyme is believed to be the rate
limiting one in the process. Inhibition of in VU0
activity of this enzyme by F, PAN and O3 was obs=tved
by Ordin and Altman®2,  Tn oat coleoptiles, either
GDP~glucose or UDP-glucose units mav be utilised an
the final reaction of cellulose synthesis, Peroxy aceryl

fitrate treatment inactivared UDP-gpluopse  utilising
sostem tn oats 99, Inhibition of this  systeny
hy O.,, however, was less although the inhibi-

non of tolcoptile growth by O, was also as drastic
as b PAN. Tt is possible that Oy inhibits ol wall
evathesis and coleoptile griwth by modifying phospho-
glucomutase activity or some other reaction.

AMACROMOLFCULAR SYNTHTSIS

. ilg the inhibition of cellulose svathesis, air
pollutants may affeat metabolism of may other macro-
A disbalun-e berween synthests and
important macromolecules sach a8

molecules  also,
degradarinon ol
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nucleic acids, proteins, chlorophyll etc. may  induce
scveral changes both visible and invisible, Al the
changes at morphological, histological or physiological

levels may be correlated to the change at molecular
L)
ievel,

One of the most common observations during ex-
posure to air pollgtants is flecking or discolouration
of leaves. Bleaching during SQ, exrosure has been
obsetved in lichens®3, bryophytes5455 2nd some angio-
sperms®3, Treating pine needles with aqueous SO, also

adcelerated  chlorophyll  degradationt6. Gilbertst
studied the time course of degradation  of
chlorophyll at  very low SO, concentratinn

(D-01 ppm) in susceptible and ”resi'smnt species
of  lichens and bryophytes.  Chlorophyll  con-
tent in susceptible species, Ramalina farinacea and
Hypnum  cwisiforme  declined  gradually over a
period of 40 days, while it was almost similas o
doncrol in resistant species, Lecanora comizacoider and
Torula muralis., Pucketr et 2155 observed that the
loss of chlorophyll in lichens was due to their oxida-
ton.  Depigmentarion has been observel with other
ait pollutants also. Destruction' of chlorophyll by F in
suseeptible species Owercus patrea was more thag in
cesistant species Alnws glutinosa®, Further, chlorophyl]
b was relatively more stable than chicrophyll a, iuhi-
bition of pigment synthesis was observal with Oy
also®. It also modified the ratio of chlorophyll to
O-carotene in the chlotoplasts. On an average the
wntrol plants had 88-8 ug of S—carotene per 4-§ me
of chlorephyll, while in ozone treated chloroplasts the
amount ol S-carotene for the same amount of chloco-
ohyll was 54-1 ug™. Dearease in camtenoids may
make chlorophyll more susceptible to phorooxidation,

Although the reduction in <hlorophyll may inhibit
the fate of photownrhesis, i many cases, inhibition
of photosynthesis is rather rapid21-2323  4p1 it is
unzcdompanied by any deteckable chlotophyll degra-
lation® 61, Tn hean leaves also a 3°Q ppm NQ, for
Sh caused discolouration in planes grown ac low
nitrofen only and that also only after 2 o 4 davs of
fumigacion=!, Inhibitton of photosynthesis, however,
was observed ar gl nitrogen levels and dhe effe ©owas
11stant.

Fiiect of air pollutantss on coryme activines  have
been  investipated, The eflecrts vare from stimulaton
to ndubition o no tiect (Table 1Y, The nature of
the eflecr depends upon several factors; the soecies cf
the plint and the nature of the pollueane being the
mare  important ones. Tingey 2 @9 exposed Dare
and Hood culrivars of soybean to O for 2 h ani then
mesured  the acoviries of  glucose  6-phosphate  de-
hydrogenase, phenylalaniae ammonia lyase, polyphenol
oxklase and peroxidase in the b entolisee leaves, The
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TARLE }
Effects of air pollutants on enzyme activities
Air pollutent Enzyme Plant material Eflect Reference
Sulfur dioxide RuDP Carbexylase Pea Slight increase 71
Peroxidase Pea Slight increase 71
Peroxidase Pine needle Decrease 72
Glutamate-pyruvate Pea No effect 71
transaminase
Glutamate-pyruvate trans- varjous plants Decrease 73
aminase
Glutamate-oxa2lacetate trans- Various plants Decrease 73
aminase
. Pea No effect 71
2 Pea Decrease 74
Glutamate dehydrogenase Pea Increase 75, 76
’s Various plants Increase 73
Chlorophyllase Pine needles Increase at 10-50 72
ppm and
decrease at
100 ppm
Catalase Pine needles Decrease 77
Nitrogenase Anabaenag Decrease 6l
evlindrica
Nitrogen dioxide RuDP carboxylase Pea No effect 71
Peroxidase Pea No effect 71
Glutamate-pyruvate Pea No effect 71
{ransaminase
Nitrogen dioxide Glutamate-oxalacetate Pea No effect 1
transaminase
Nitric oxide Nitrite reductase Tomato Increase 78
Peroxy acetyl Polysaccharide synthetase Oat coleoptile Decrease 50
njtrate
Phosphoglucomutase Oat coleoptile Decrease 52
Ribonuclease Enzyme prep, No effect 41
Papain Enzyme prep. Decrease 41
Ozone 6-phosphogluconate Soybean Increase 79
dehydrogenase
Glucose 6-phosphate Soybean Increase 62, 80
dehydrogenase
Phenvlalanine ammonia lyase Soybean Increase 62, 80
Polyphenol oxidase Soybean Increase 62, 80
Peroxidase Soybean Increase 62,
80-82
" Many plants Decrease 83
Catalase Many pilznts Slight decrease 83
’y Soybean No effect 80
Papain .o Decrease g3
Urease . Slight decrease 83
Phosphoglucomutase Bean No effect 523
Ribonuclease Aqueous sol. Decrease 42
' Bean Increase 34
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Tasre I—Contd.
Air pollutant Enzyme Plant material Effect Reference
Ozone Glyceraldehyde 3-phosphate Soybean Increase R0
dehydrogenase
Ribonuclease Soybean No effect 80
Protease Soybean No effect 80
Acid phosphatase Soybean No effect R0
Esterase Soybean No effect 80
Nitrate reductase Soybean Increase 85
Flueride Phosphoglhucomutase Oat coleoptile Decrease 50
Enclase Bean Increase 86
s Maize Increase 86
Catalase Bean Increase 86
PEP carboxylase Bean No effect R6
Pyruvate kinasz Majze Increase 86

ey — ' "

-

activity of all these enzymes increased. But the incCrease
in sensitive cultivar (Dare) was several hours eatlier
than in the tolerant one {Hood). Change in enzyme
activity may affect the metabolism of a plant more
than the change in any other molecule. Decrease in
protein content following exposcre to Og has been
observed in tobacdo mitochondria3? and in  Lemua
minorS3, The effect on proteins appears to be miore
pronounced on in witro system than on intact
plant materialsé1:64, These experiments, however, do not
demonstrate whether the decrease is due to inhibited
synthesis or to acdelerated degradation. Godzik and
Limskens®s demonstiated that SO,  inhibits protein
synthesis in bean leaves. Anp attempt to reveal the
mechanism of protein synthesis inhibition Dby air
pollutants was made by Changt, He observed E:hat
O, break down the polysomes and monosomes 10O
cubunits.  Further, the chloroplastic ribosomes were
more susceptible than dytoplasmic  ones, This was
probably because chloroplastic ribosomes have more
_§11  groups and have better protrein synthesizing
capacity.

Ajr pollutants react with aucleic acids and nuddeo-
ddes also.  The dontent  of  ribosomal RNA in tlfs
chloroplastic ribosomes of bean was decreascd by Oyt
Proein and RNA content of detached tobacco Jeaves
was also inhibited by an exposure to 30 pphm Oy for
5 h. However, the effece of Oy on these campmne?ts
:n atrached leaves was negligible!d,  In annrher_m-
stance, fumigation of pea, letruce and maize'seeclim%s
induged the formation of pyrimidine sulfonic a<id®,

M

Inhibition of protein ﬁynthesis or acceleration of its
degradation may enhance senescence in mature leaves
which has been cobserved with 00,1369 and aqueous
H,S870, In the latter case, H,S enhanced degradation

of chlorophiyll and carotenoids also  in

the mature
leaves.

CONCLUSION

Ie 15 apparent from these adcounts that the ulrimate
effect of an air pollctant is on some important mole-
cule(s) inside the cell, This effect changes the bio-
chemistty of the cell to produce either “hidden” phy-
siological effects or apparent injury. Before the air
pollutant reaches inside the gelf, it maly also affecr the
stomatal movements and structure and function of cell
walls and cell membranes, In many cases, effects on

these structures bring about physiologi al, histological
or morphological changes.

-
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EFFECT QF IN ViIVO MUSCULAR STIMULATIONS
III. Some Aspects of Carbobhydrate Metabolism of Cardiac Tissuc

P. REDDANNA anND S. GOVINDAPPA
Department of Zoology, Sri Venkateswara University, ILirupall 517 502, India

ABSTRACT
The carbohydrate level of cardiac tissue was drastically decreased under the influence
of in vive muscular stimulations. The aminoacid content increased to a large extent. On
successive muscular stimujations for 10 days the cardiac tissu¢ appcared to have undergone a
shift towards aminoacid oxidations, decreasing the utilization of carbohydrates,

INTRODUCTION

LECTRICAL stimulation has been widely employed
E for inducing the muscular exercise!™2. Increased
levels of oxidative enzymes of all tissues of the body3
and of myocardium?, bave been reporied fﬂllawipg
prolonged in vivo muscular stimulations and conflict
stress  respectively. Physical exercise also leads O
increase in the oxygen demand of myocardiums, and
‘ncreases heart rate, regional blood flow and arterial
blood pressure®7, The valucs of thesc paramcii*ar&
were shown to decrease within 5-7 days of EXCICise.
Since heart is known to involve in rapid activity during
exercise, an atlempt has been made to understand lihc
possible ¢changes in carbohydrate metabolism of t:::.rd.mc
issue during muscular Jimulations of short duravon

and prolonged peiiods.
MATLRIAL AND MiTHODS

Progs belonging 1o the species Ranu fuw:{t{.wm i1
(Leyson) wete employed in the present imcmgu‘tiun.
Right gastrocnenius muscles of intact [rogs were stini-
Lied with electronic stimulator (INCQO, CSHO Rescaivh
Crimulator—Ambala) as doweribed  eailice?d wih 2
ceries of impulses (biphasic) of 5V al 4 {requeney of
120 pulses/min for 30 min per day for one day one
batch of experimental animals and for 10 stccessive

CLlrrl SE ir_" "3

days in another batch. The duration of cach impulse
was 100 ms, while the delay was 400 ms,

The cardiac fissue was isolated from Ireshly pithed
control as well as eaperimental frogs and placed in
amphibian Ringer to recover from shock ellects. The
heart was squeczed and washed thoroughly with amphi-
bian Ringer to remove the traces of blood and taken
for biochumical assays,

The activity levels of SDH, MDH and LDH were
cstimated by th: method of Nachlas ef af® and
GDH activity by the method of Lee and  Lardy?
modified as follows, The reaction minture i a hnal
volume of 2ml containy 40 v of substrate (odum
succiate for SO, sodium malate foe MDH, sodium
Lictate for EDID and sodium ghutamate for GDID
0-1 pm of NAD (for MDiL, 1 DH and G only),
100wm of ptl 7-4 phosphae butler aad 2 ygor of INT
(2-4 lodophenyl) 3 (4 nitrophemyl} § phemyl tettaza-
umchloride), The reaction was nitiated by the addinon
of 0-5 mi of the tmue evbract. The meutation was
cartied out Tor 30 pun at 37 O amd the reaction wis
stopped by the addion of Sl of glacial geete acid,
The (otmazan fotmed  was extiacted  owenmeglit o
cold wit't S mi of teluene, The mtensiy of colour was
read at 493 g agains roluene blanh — and the activity
wis exprassed as fm of fornuzan gm wt hr,  fotal



