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PART I
INTRODUCTION

A- HISTORICAL REVIEW

The continuous production of air pollutants repre=
gsents a gerious environmental problem. Sulphur emitions
comprise one of the major air contaminants during the
last twenty years. The quantity of sulphur, in nature,
have increaged several times as & result of increaged
utilization of gulphur containing materialg that led to
rapid mobilization, transportation and subsequent depo-

gition and accumulation of sulphur in natural ecogystemsg.

Sulphur dioxide is one of the most frequently occur=
ring air-polluting substances. Sulphur dioxide ig relea-
ged in the greatest quantities due to the increasing uge
of fosgil fuels to generate electricity. Other signifi-
cant contributions come from industrial procegses such
ag rifining and smelting (Robinson and Robbing, 1972;
Friend, 1973)., It is also widely used in food presgerva=
tion as antimicrobial agent and as: antioxidant. Compounds
of sulphur, found in the atmogphere, include sulphur di=-
oxide, sulphur trioxide, sulphate containing caompounds
viz. sulphuric acid and emmonium sulphate, hydrogen sul—
phide, methyl mercaptan, dimethyl sulphide, dimethyl-

disulphide and other organic forms,




Oxidation of sulphur dioxide leads to the formation
of sulphate. Sulphur trioxide isg emitted with sulphur
dioxide in very small amounts. It combines very rapidly

with water to form sulphuric acide

Sulphate containing compounds are‘the end product
of atmospheric oxidation reactions of sulphur dioxide,
They may exiét ag components of the atmogphere, as golid
or liquid particles. On contact with water or the sur-
face of wet goil particles, sulphur dioxide readily en=-

ters solution and dissociates.

The percentage of the major anionic products, likely
to be encountered under most environmental circumstances,

isg given by Babich and Stotzky (1978),

Hydrogen sulphide i1g formed primarily from the natural
decay of vegetation, march lands and in oceans., In recent
marinhe gediments, rich in organic matter, the major pro-
cegs affecting sulphur geochemigtry ig bacterial re-
duction of the sulphate ion, producing disgsolved sul-
phide, Dissolved sulphide subgequently reacts with
iron, resulting in e metastable intermediate iron sulphide,
and’eventually gedimentary iron pyrite (Kaplan et als,

1963; Rickard, 1969; Love, 1969; Berner, 1970; Sweeney,




19725 Goldhaber and Kaplan; 1974; Jorgensen and Fenghel,
1974). 1In air, hydrogen sulphide is probably oxidized

to sulphur dioxide within hours.

Relatively little isg known about sulphur contailning
organic compounds. They are primarily from natural sour-
ceg, and emissions of dimethyl sulphide along with hyd-
rogen sulphide may be important in global sulphur bud-

gete(Granat et al., 1976),

Microbes are the primary source of many gasgeous atmog-
pheric pollutants, including hydrogen sulphide and or-
gahic sulphur containing volatiles, such ag methyl mere
captan, dimethyl disulphide, dimethyl sulphide. Gageous
emlgsionsg, from microbes, in combination with those from
other biologic and abiotic gourcesg, congtitute the.-nat-
ural background levels to which are added emissions

from anthropogenic sourcesg,

Sulphur compounds in the atmosphere are mainly (a)
sulphur dioxide; primarily from anthropogenic sourceg,
although smell amountg of the:gagsare also releaged from
volcanoes and (b) hydrogen sulphide, primarily from
anaerobic microbial reductions of gulphate and/or aerobic
microbial decomposition of sulphydryl~containing amino

acids (Babich and Stotzky, 1978),




-
In addition, microbial decomposgsition of organic mat-

ter, in soil, results in the evolution of a variety of
reduced sulphur containing compounds such ag methyl mer-
captan, dimethyl sulphide and dimethyl disulphide (Babich
and Stotzky, 1972, 1974; Rasmugsen, et al., 1975; Stotzky
and Schenek, 1976), "

Gageous sulphur compounds undergo a variety of cata=
lytic and photochemical reactions, in the atmosphere,
with the subsequent formation of gecondary productss At-
mospheric sulphate salts are formed from dimethyl sulphide
or hydrogen sulphide albeit by different processes (Babich
and Stotzky, 1972, 1974). |

Sulphate ig the sole component forming a minor por- o
tion of the total gulphur content of soils., The bulk of -
goil sulphur ig in the organic form which is metaboliszed

by goil microorganisms to render it available, in an

inorganic gtate, for plant nutrition,

Sulphur isg bound in proteins, of vegetable and ani=-
mal origin, ahd in protoplasm of microorganisms, in the
form of gulphur containing amino acids (cystiene and
methionine) and B-vitaming (Subba, 1977). The converg-

ion of organically bound sulphur to the inorganic state




i1s known asg mineralization of sulphur and is mediated
through microorganismsg. The sulphur thus released, is
either absorbed by plantsg or escapes to the atmosphere

in the form of oxides,

In abgence of oxygenh, certain microorganisms pro-
duce hydrogen sulphide from orgahic sulphur gsubstrateg
especially in water logged goils (Alexander, 1961).
Oxidation and reduction of sulphur involve both organic
and inorganic compounds. Rapid and striking changes in
goil inorganic sulphur compounds are brought by such
microorganiamgs Several microorganisms of wide hatu-
ral distribution are able to oxidize thiosulphate, sul=-
phide, and elemental gulphur, when grown in almost neut-
ral media (Starkey, 1966; Landesman, et al., 1966),

Among these microorganisms Thiobacillug deserves gpec—

ial mention ag it produces sulphuric acid wheh elemental
gulphur is added to soil leading to a drop in soil pH
to 2, after prolonged incubation with the bacterium

(Subba, 1977).

A wide range of heterotrophic organisms including
bacteria and fungi, are able to oxidize both elemental

sulphur and thiosulphate (XKelly, 1968). Sulphur oxidizers




were igolated from polluted leaves, litters and goils
(Wainwright, 1978). Contaminatedsoils yield nearly one

hundred times more colonies than unpolluted soilg.

Wainwright (1979), reported that soils expoged to
atmosgpheric pollution( 125 S0, ug m"3) contained sig-

nificantly greater numbers of Thiobacilli and sulphur

oxldizing fungi than did similar but unpolluted soils.

The oxidation of elemenhtal sulphur by Thiobacillus

dentrificansg requires an enzyme present in the 8144 frac=

tion GSH as well as a heat~stable factor (Aminuoddin,

1979).

Yeasts ars algo able to oxidige sulphur eompounds.

Kurek (1979), found that Rhodotroula, ig able - to oxidize

elemental sulphur and thiosulphate in vivo and thiosul-
phate and sulphite in vitro, He reported that the enzy-
meg involved in the oxidation of thiosulphate and sul-

phite are non-inducible,

Subba (1977), concluded that the various trangforma-
tions of sulphur, in the biogphere, can be summed up asg a
cyclic reaction involving (1) de€omposition of organic

sulphur compounds into subunits which are, in turn,




converted into organic compounds through a process of
mineralization, (2) asgimilation of gsulphur into the
protoplasm of microorganisms, a procegs referred to as
immobilization, (3) Oxidation of inorganic sulphur
compounds into elemental sulphur, (4) reduction of sul=-

phate,

Natalia et al. (1977) proved the applicability of
microbiological tests for determination of the degree
of goil pollution with toxic factors preseht in dusts

emit ted by copper smelters, containing sulphur oxides.

The toxicity of sgulphur dioxide is a function of
itg high solubility in water and cohsequenhtly, to its
golubility products and, subsequent to their oxidation
productg. Sulphur dioxide, and droplets of sulphuric
acid, in the air affect animal and people, Sulphur di-
oxide ig abgorbed from the regpiratory tract into the
blood sgtream and distributed through the body (Balchum
et al., 1960 a, b; Yokoyama et ale., 1971), where it
appears to be metabolized and excreted via the urinary
tract. Relation between day-to-day changes in mortality
and pollution hag algo been reported from Osaka (Watanabe

1966). There appeared to be increases in mortality




(sbout 20 %) on days agsociated with the high 1levelg of
sulphur dioxide. Buechley et al, (1973) found more or

legss similar resultss

Mosgt studies with sulphur dioxide were focussed on
lichens, bryophytes, and crops of agricultural importance
either ag monitors of air pollution level or for economic
reasons. Babich and Stotzky (1974), reviewed the availa-
ble data on the relationship between atmospheric conta-
minants and the soil ecosystem. Eloranta and Pertti
(1980), studied algal growth in water receiving sulphite
and sulphate cellulose effluents. They found that, at
high concentration of sulphite and pH 4, algal growth
was almost totally arrested. The inhibition decreased
with increasing dilution of effluents (increasging distance

from factories),

Gusev et al. (1979) noticed that cyanobacteria

belonging to the genera Oscillatoria and Anabaena, could

grow in water reservoirs with high content of sulphides

(up to 9 mM)s

Again, Monheimer (1979) found that up to 500 ug sul=
phur/L of an equimolecular mixture of cysteine and meth=

ionine decreagsed the rate of sulphate upteke by Ankistrodesmus




falcatug without affecting that by Navicula pelliculosa,

In the meantime, 50 ug. S/L inhibited sulphate uptake

by Anabaena flog-aguae,

The same author reported that, in most fresh water
gystems, the effects of organic sulphur pollution on
algal sulphate uptake and primary productivity are insig=-
nificant compared to other ecologic changes resulting
from such pollution. Tuerk and Renate (1978) found that
the sulphur content of the lichen thalli increased with
higher levels of gulphur dioxide-pollution. Spedding
et al. (1980), studied the effect of pH on the uptake
of §3° labelled.sulphate, gulphite and sulphide by
Chlorella vulgarig. They found that with sulphate, an

enhanced uptake; in the cell, at pH 5,0 occurred. This
was attributed to transport of S0,. Héoo The uptake of
sulphide by Chlorella vulgarig was strongly pH depen-

dent, with high upteke at low pH. They also, found that
the damaging effects of gulphite solutions on growth and

chlorophyll contents of Chlorella vulgaris were directly

related to concentration of 802 o H20, whoge toxicity le-
vels were in the n mole/L range., The solution pH is an
important factor for the toxicity levels of sulphite

and sulphides
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Sulphur dioxide affects plants in geveral ways.
Ichikawa et ale. (1975), found that exposure of kidney
beansg, in pot experiments, to sulphur dioxide, reduced
the dry weight of the plant. Also Singh (1979), found
that addition of sulphur to soil up to 80 ppm increased

growth and grain yield of soy bean.

Higher applications (140 ppm) sgignificantly dec-
reaged the yield. Jaeger (1977), noticed that exposure
of gpruce and pea plants to sulphur dioxide increased
their glutemate as well &g the amino-.acids of the glu-
temate family, coupled with increaged activitieg of gluta=-
mate dehydrogehage and glutamine synthe tase, whereag,
glutamic-pyruvate~trangsaminagse and glutamic-oxalo-acetate

transaminase were inactivated,

Kumar and Singh (1980), found that the application
of gulphur up to 80 ppm significantly increased dry mat-

ter and grain yield in gsoybeang.

Sprugel et al. (1980) carried out experiments to
identify injuries to soybean plants expoged to elevated
levelg of gulphur dioxide (0.09 - 0,79 ppm) during fumi-
gation. Although vigible injury was observed in only

2 plotgs, yield, at harvest, was reduced in every fumigated
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plot compared to nearby unfumigated control plotse.
Ferguson et al, (1978), working with Sphagnum species,
found that the species differed in their response to the
pollutant. Bregsan et al. (1978), attributed the prin-
ciple reason for special and varietal differences in ree
gigtance, among different cultivarsg, to the relative rate

of abgorption of gasge

Jaco (1977), working with rice plants found that the
sensitivity diminished with age. Smith and Davis (1977),
found that the gecondary pine needles were generally
more gengitive to sulphur dioxide thah the primary oned,

The cotyledons were generally more tolerant than needlesd.

Laurence (1979) noticed that maize hybrids were more
tolerant to low sulphur dioxide doses (O.1=0.6 ppm.)
than wheat. Still difference in sensitivities among wheat

cultivars, were obgerved.

Not only sulphur dioxide caused visible changes in
the plant but algo affected chloroplasts, photosynthesis

and some other chemical activitiess

In this connhection, the work of Markowski and

Schramel (1975) may be mentioned., They found that under




optimum soil moisture conditions, gulphur dioxide produced
a glgnificant drop in dry weight and reduced plant height

They alsb found that chlorophyll content was either lo-

wer (sunflower, barley, maize) or higher (tobacco, beans)
than control plants. Hallgren and Huss (1975), found

that sulphur dioxide inhibited photosynthesis and nitrogen

fixation by blue green algae.

Ushijimae et al. ( 1976 ),  found that Sulphur
dioxide treatment reduced carbon dioxide intake by sun—
flower plants. The reduction of photosynthesis and trang-
piration started very rapidly. However the inhibitory
ratio beceame constant thereafter. Their results showed
algo that sulphur dioxide geemed to directly inhibit

carbon dioxide fixing systems

Black and Unsworth (1979), reported lower photosyn=-

thetic activities in Vicia faba exposed to sulphur di-

oxide polluted eir. Hirai and Tsubota (1975), found that
chlorophyll e was apt to be degraded than chlorophyll b,

When circular discs, cut from roadgide tree
leaves, were goaked in 0.01 M sodium sulphite, for 24
hours at 25°C,and illumination intensity of 3500
lux,, the degree of degradation differed with plant

gpecieg,
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Spedding et al. (1980b) emphacised the importance
of pH of the medium for toxicity levelg of sulphur dioxide
and hydrogen sulphide to isolated chloroplasts. They
found that sulphate showed a constant uptake rate of

1 withinh the whole

about 3.6 m mol ul™l gtroma space min~
pH range (5-8). Sulphite gave an uptake rate of a gimi=-
lar value at higher pH values; which increased ag pH

decreased to pH 5, Sulphide showed uptake rates ranging
L at pH 7.5 to 35 n

at pH 4.9, They attributed

from 10 n mol 111""l gtroma gpace min;
mol ul~l stroma space min~t
the increasing uptake of sulphite and sulphide with dec-
reasing pH, to the simple diffugion of sozo H20 and st
(aq) respectively, acrogs the inner chloroplast mem-
brane. They algo hoticed that,with all gulphur compounds
investigated, an increase in uptake with increase of
light intensity was found, whereag the earlier light=
triggered uptake of sulphate and sulphite was found to
be related to ATP and to carrier-SH group supply reg-

pectively.

On the other hand, Mourioux and Roland (1979), re=
ported that the rate of transport for sulphate through

the envelope of spinach chloroplast wes not influenced
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either by illumination or pH chanhge in the external
-medium. They also found that phosphate was a competitive
inhibitor of sulphate uptake by chloroplastse. The rate
of transport for phogphate appeared to be much higher
than for sulphate and when the chloroplagts were proloa-
ded with labelled sulphate, radiocactivity was repidly
releaged after addition of phosphate into the external

mediume

Again Hampp et al.(1980)proloaded isolated spindsh chlero-
plagts with labeled sulphite or sulphate and washed them
before the efflux of label into the suspension medium
measured, The regsults revealed that sulphate and sulphite,
in the medium, enhanced the rate of efflux, indicating
that a facilitated back-exchange diffusion ig involved.
They also found that the efflux of label was accelerated
by illumination. The obsgerved stimulation of transport by
light wag obviously due to change in competition for trang-
port between inorganic phosphate ahd inorganic sulphur in
the course of light/dark trangitions and not due to inorgs-
nic sulphur trangport activated by an envelope agsoccia-

ted ATP-ases
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An experiment, carried out by Shimazaki and Kiyoshi
(1980), on the inhibition gite of the electron transportd
gygtem in lettuce chloroplasts isolated from sulphur
dioxide fumigated leaves at 2.0 ppm, showed inhibition
in electron flow from water to 2,6-=dichloroindophenol
(DCIP); but the electron flow from reduced DCIP to me=-
thyl viologen was not affected. Neither diphenylcarbazide
nor mahgenese chloride could restore the activity of
DCIP-Hill reaction of sulphur dioxide injured chloro-
plastse They also reported that the pool size of the
primary electron acceptors decreasged with sulphur diox=
ide fumigation. The gag inactivated the primary elec-

tron donor or the reaction center itself,

Sulphur and sulphur compounds affect the morpho=
logical characteristics, sporulation, biochemical and
biological activities ag well ag pathogenicity of micro
organisms. Many investigators proved that air pollutants
have the potential to decrease or increase the resigtance
of the hogt organism to infection (Saunders, 1971; Heagle

1973; Babich and Stotzky, 1974).

Sulphur dioxide hag been gshown to inhibit growth

and respiration of bacteria, fungi, algae and lichens;
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to retard germination of fungal sgporeg, to decreasge
gurvival of air borne bacteria and animal viruses, and
to inhibit nitrification rates in soils (Bozian and
Stotzky, 1976). Bisulphite, & product formed in water
from sulphur dioxide, may algo inhibit other microbial

groups (Wodzinski et al., 1978)%

Glucose oxidation was inhibited in a forest soil

(pH 4.01) previously exposed to 1.0 ul of sulphur dioxide
per liter. The extent of inhibition and the decline in
pH being directly related to the length of exposure
(Grant et al., 1979). Mahmoud et al. (1977), found that
addition of potassium sulphate to water logged clay-loam
goil increased the total counts of microbial flora over
the controls On the other hand, Mejstrik (1978) indica=-
ted that 84 or 168 ug/m3 gulphur dioxide were injurious

to Flammulina velutipes, Nematoloma fasciculare and

Pleurotus ogtreatug. The latter doge arrested growth

of the three organisms without affecting the morpholo-
gical structure of the hyphae. Schimz (1980) found that
after a ghort period of tolerance, living cells of Sacce—

haromyceg cerevigiae were irrevergibly damaged by small

sulphite doses. The length of tolerance period and the
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rate of damaging effect depended on gulphite concentra=-
tion, pH value, temperature, the physiological gtate of

the cells and incubation period.

Mejstrik (1978), found that fumigation of three fun-
gal species, with different concentrations of sulphur
dioxide inhibited their growth. The inhibitory effect
increased with increasing sulphur dioxide concentration
1l.68 ug/m3 of the gas arrested growth of the three spe-

ciede.

Salphur compounds have certailn effects on living
cells. Matsushima et al. (1975) reported that sulphur
dioxide-treated leaf cells clearly showed severe plag-
molysis with destructed ribogome and cytoplasm. Also
Stoeckli et al,(1975), found that sulphur dioxide led
to considerable shrinkage of the cell nuclei in the
apical meristem. Soldatini et al. (1978)found that higher
concentrationg of sulphite increasingly inhibited cell

growtho

Comparative gtudies by Haertel and Sieglinde (1974)
showed that gulphurous acid wag much more toxic thhan
sulphuric acid within plant cells. It degtroyed the pro-

toplasm 2.5 to 20 times more rapidly than gulphuric acid,
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Glagshouge experiments by Masohara and Kaheo (1974)
showed that continuous exposure of chard, gpinach, Chi-
nese cabbage and Japahese radish to 0.4 ppm sulphur di=-
oxide for one week induced peripheral and intervenal

necrogis followed by dehydration.

Ziegler (1978), working with Chlorella vulgarig cone-

cluded that cell growth inhibition increased with sul-
phite concentration; the response to gulphite ion was

confined to the very beginning of culture growth,

Sulphur dioxide affects algo various metabolic pro-
cegsed. Zeigler (1973), showed that, in contrast to
ribuloge diphosphate carboxylase, phosphoenolpyruvate
carboxylase of corn leaf extracts was not inhibited by
10 millimoles sulphite ioh., Furthermore although malate
dehydrogenage was almost 85 % inhibited, at this sul-
phite doge yet malate formation was unaffected.

Haertel and Sieglinde (1974) found that sulphur dioxide
affected permeability, osmotic values and plasma flow

at a sulphurous acid concentration of 0,00001 N while
starch metabolism was greatly accelerated. The experi-
ments also indicated that sulphurous acid first attacked

the osmotic gystem of the cell by interfering with cellu-

lar-SH groups,
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Mayumi and Yamazoe (1971), working on the affect of
sulphur on protein metabolism, showed. that 10 % of the
abgorbed sulphur dioxide wasg aggimilated into protein
and the remainder was detected in the water soluble forms.
Khvoles and Korobko (1977)fdund that dimethyl sulphate
cauged gharp increage in the RNA content in the nuclel
of loach femaleg. Harvey and Allan (1979), working with

Pinus contorta, showed that ATP content of needle cells

declined ag gulphur diloxide concentration increaged in
the ambient air. Ziegler (1972) showed that sulphite
anion showed a non-competitive inhibition patterns with
regpect to ribulosge 1:5 diphogphate carboxylase and

Mg ion, ag wellas a competitive inhibition pattern

with respect to bicarbonate anion. Shapiro ( 1977),
working on the genetic effect of bisulphite, obgerved
inhibition of DNA gynthesig, cell division and mitosis,
accompanied by chromogome aberrations or mutations. Thig
hag been demongtrated in microorganismg, plants and

mammalian cellg.

Hanson et ale. (1973) showed that readily available
sulphur sgsourceg, such asg gulphate or methionine, repress

the synthesis of the proteolytic activity by Neurogpora

cragga. Grant et al. (1979) found that bacterial number
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in soil, incubated for 48 hours with 0.1 ul of sulphur
dioxide/L, were reduced, but the bacteria grew rapidly
if glucoge or an aminho acid mixture was added after the
exposure periods Their results further showed that low
levels of bisulphite inhibited amino acid decompsotion

in goil at pH 3,8 but the effect was legs pronounced at
pH 4.0.Malhotra and Khan (1980) reported that treat=
ment of pine geedlings with gulphur dioxide inhibited
the acid phosgphatage activity after exposure of the seed-
lings to 0.35 ppme concentration for 24 hours, the inhi-
bition was more pronounced in the older (3 months) than
the yoﬁnger (1 month) tigsues from the same seedlings.
Upon removal of plants from gulphur dioxide environment
the inhibitory effects of fumigation were completely re=
verged in plants exposed to ghort duration (1 hour), but
were unchanged in plants expoged for a long duration

(24 hOllI'S)p

Sakaguchi et al. (1972) showed that nitrate reduc-
tase by washed cells of E. coli was accelerated by the
pregsence of gulphite in the reaction medium., Yokota et

al. (1972), found that the hydrolytic enzymes of Aspergillug
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fumigateg and Bacillus subtilis were not affected by

sulphur oxides.

Kommunargkaya (1970), studied the lethal and muta-

genic effectsg of 52 on Penicillium higricang, producing

grigeofulvin, He noticed that, in Czapek medium with
535, all gtable sulphur was replaced by the radioactive
form in the form of NaZdei The sulphur igotope inc-
reaged the morphological and antibiotic reactions. 4
new varient with high levels of griseofulvin production
(by 60 to 70 %) was selected. The new gtrain differed
from the initial by its morphological and cultural pro-

perties,
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B- MATERIAL AND METHODS

The organism used in thig investigation, Phormidium

angugtigsimum, was isolated from the Egyptian garden soil

of the Cairo University. It wag kindly identified by
Prof, W, Koch; Sammlung von Algen Kulturen, Phlanzenphy-
goil, Institut der Universitat Gottingen, to whom the

author is greatly indebted and thankful,

The finely powdered soil gsamples were gpread, in
1 cm thick layer, on the equator of a sterile agar plate
(El~Ayouty, 1966) and periodically moistened with sterile
digstilled water while standing in diffused light. Small
colonies of the blue green algae radiate from the soil border.
Thege were ageptically removed and homogenized with
little gterile distilled water. Using a micro-atomizer,the
homogenate was sprayed over nutrient agar plate,
kept in indirect light. The hewly appearing colonies
were examined for purity and re-transferred to hew so-

lid or liquid media.

Parallel with guch procedure other colonies were
aseptically sgmeared in little sterile digtilled water,
By the help of a micropipette and microscopic examination,

gingle filaments were aseptically picked out of the
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mixture, washed in sterile digtilled water and pasged
into a gterile culture solution, These were left to

grow then re-examined for purity.

The obtained uni-algal culture was freed of bacteria
applying e combination of Pringsheim (1951) and Pinter
and Provasoli (1958) methods. 1 ml concentrated algal
suspengion, mixed with 150 units penicillin and 3 ug
dihydrogtreptomycin was inserted in a well formed in the
center of a 4=~ mm thick, sterile gilica gel plate,moig-
tened with a nutrient solution., This antibiotic mixture
wag found to suppress the bacterial growth, allowing the
filements to grow rapidly. Several transferrences from
the outer zonesg to the same concentrationg of antibioticsg
were hecegsgsary to egtabligh a bacteria=free culture.
Finally a block of gilica gel, with filaments from the
outer zone wag inverted on a nutrient-agar plate devoid

of antibiotics,

In order to engsure complete absence of bacteria, an
algal inoculum was inserted on either Dox-agar; peptone=
dextroge agar or yeat-dextrose agar slants and kept

for 3 weeks, in the dark, at 35°C, whereby no bacterial
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growth was noticed on the gurface while the alga wag

bleached,

Furthermore,all experiments were carried out un=-
der florescent light which produced mild ultra violet
irradiation that helped, to & certain extent, in the

sterilization of the algal cultures,

The nutrient solution, uged by Shakeeb (1975) in
his PheD, thesgis was used in thig investigation., It has

the following compositions:

Potaggium nitrate 1.50 gm
Dipotasgium hydrogen phosphate 0450 gm
Magnesgium gulphate 0.20 gm
Sodium bicarbonate 1,80 gm
Sodium chloride | 1.00 gm
Calcium chloride crystalsg 53,00 mgm
Mangahege chloride 1:81 mgm
Copper gulphate 0+08 mgm
Cobalt chloride 0.044mgm
Zinc sulphate 0e22 mgm
Boric acid 2.86 mgm
Ammonium molybdate 0+015mgm
Nickel gulphate O« 04 7mgm
Sodium tungstate O«179mgm
Potagsium alum 0.096mgm

All in one litre to which was added 3 ml of 0.1 M
EDTA solutiohs.
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Method of Experimentation:

Stock cultures of the orgahism were prepared by
inoculating 200 mls of the medium in 250 ml flaskg. Se-
veral ilnoculated flagsks were aerated with sterile air,
free of combined nitrogen. This is accomplished by
following the procedures adopted by Fogg (1942). The
slow alr current (3 liters per hour per flask) wag pag-
sed in half-filled 2-litre-capacity jars, with sintered
glass bubblers, containing 5 % copper sulphate, followed
by 1 % sodium carbonate, 2 % mercuric chloride
then 25 % sulphuric acid before pagsing in a 30 cm length
of sterile cotton glass cylinder. Before passing to the
culture solutions, the air pasgsed through enother bottle
containing sterile bidigtilled water, then another empty

bottle to avoid the back suction.

10 days old cultures were combined, homogenized in
the automix (4000 r.p.m) for 5 minutes and diluted twice.
Under aceptic conditions, 5 ml diluted mixture was trang-
ferred to 195 ml of the experimental media. All flasgks
were incubated in a large air incubator at 28°C + 0.1°C

under continuous light (4000 lux).
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At the expiry of the experimentel period, the culture
mags wag separated from itg medium by suction filtration,
The alga was rinsed with little water. Both filtrate and
washings were combined and made to 200 m1 by using bidi-
gtilled water. The filteregd media were kept in harrow
mouthed containers, covered with toluene 4, in the refri-

gerator for analysgig.

The algal masses were further thoroughly washed and
dried by further guction. 5 replicates, from each treat-
ment, were directly put in a hot air dry oven, at 90°¢C
for 30 minutes then transferred to 50°C until a constant
weight was attained. Another get wag homogenized with
10 ml borate buffer, at PH 8 before centrifugation
while a third get of 5 samples wag extracted with 90 %

acetone for chlorophyll egtimation,

Pigment Estimation:

The acetone extract wag diluted to the appropriate
concentration before itg colour intenéity was measured
at 663, 647 and 452 mm. (Metzner et 8ley 1965), The fol-
lowing equations were applied in calculation of the pige
ment constituents of the experimental algae in mg per

litfeo




Chlorophylla = 11l.78 E 663 = 2,29 E 647
Chlorophyll b = 20,05 E 647 = 4,77 E 663
Carotenes = 4,75E 452 - (Chl. a + Chl. b) x 00226,

CHEMICAL ANALYSIS

In this investigation, estimation of nitrogen and
phosphorus components was performed using the available

colorimetric procedures, at hand.

A- ESTIMATION OF SOLUBLE MATTER:

l., Ammonie Nitrogen:

The procedures mentioned by Fawcett and Scott (1960)
and Chaney and Marbach (1962) were followed in thig in-
vegtigation. 1 ml of 5 % phenol containing 25 mgm sod=
ium nhitroprusside, was added to & known volume of the
neutral extract followed by 1 ml of 2 % sodium hypochlo=
rite digsolved in 0.63 N sodium hydroxide. The mixture
wag incubated, at 37°C, for 15 minhutes, diluted to the
appropriate volume and the optical density determined

at 630 Mme

2. Nitrate nitrogen:

According to Paech and Tracey (1956), in abgence
of interfering chloride ions, hitrate could be estimated

by eveporation of a known aliquot of the medium ot fungous




extract, on a boiling water bath till dryness then left

to cool, 1 ml phenoldisulphonic acid was added and shaken.
It wag kept for 10 - 15 minutes before addition of few

ml digtilled water followed by 20 % sodium hydroxide till
the mixture is alkaline. The mixture is made up to a known
volume with digtilled water and the intensity of the deve-

loped yellow colour wag measured photometrically at 430 nm.

In this investigation, comparigon of the results,
obteined by this method; with those obtained by the sil-
ver sulphate method (Paech and Tracey, 1956) revealed no

gignificant difference.

3- Nitrite Nitrogen:

The diazotiazation with sulphanilic acid followed by
coupling with ol -naphylamine in acetic acid ig the
basic principle for the colorimetric egtimation of nitrite

nitrogen (c.fo Paech and Tracey, 1956) at 530 nm.

4- Free Amino Nitrogen:

A protein-free sample was made slightly alkaline to
phenol phthalein before addition of 1 ml of 1 % borax
(Rugsel, 1944), After shaking, another 1 ml of 025 %

freshly prepared naphthoquinone=4-sulphonic acid was
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addeds The mixture wag kept in boiling water bath, for
15 minutesg, then rapidly cooled. Acid formaline and
thiosulphate gsolutions were added and gshaken. The mix=
ture stood 20 minutes before egtimation of its colour

intensity at 470 nm.

5« Peptide Nitrogeh:

The procedures of Lowry et al. (1951) were followed
A gample of the borate extract was mixed with 1 ml freshly
mixed (1l: 1 ratio) solution of 2 % sodium carbonate in
4 % sodium hydroxide and 0.5 % copper sul-
phate in 1 % sodium tartarate. The mixture gtood for
10 minutes before addition of 0.1 ml Folin phenol and

made up to volumeo

The optical dengity of the mixture was measured, after

30 minutes, at 700 nhm.

6- Other Soluble Nitrosens

If we subgtrac¢t the product of peptide, amino and
eammohie hitrogen from the value, obtained experimentally,
for total goluble nitrogen, we can calculate the value of
other goluble hnitrogen including amide ahd acyclic nit¥o=

gen (purines and pyrimidines).
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7- Total Soluble Nitrogen:

A known aliquot of the borate buffer extract was wet
digested using 50 % sulphuric acid followed by little
dilute perchloric acid for complete oxidation, till the
whole mixture turned pale green or colorless. Thig was
made up to volume before a knownh emount was neutralized
and its ammonia content egtimated by the Berthelot re-

actione

The values obtained by this procedure, denoted all
goluble nitrogen components but nitrate and/or nitrite
nitrogen; the latters have to be added in order to obtain

the true egtimate of total goluble nitrogen.
-

8- Inorganic Phogphorugs

The sulphite metol method, adopted b& Burton and
Riley (1954), wag applied in this investigation. All phog=-
phorus estimations were carried out oh neutral samplesd

uging phenolphthalein as indicator,

A known volume of lhe neutralized algal
extract was shaken with 1 ml of 2.5 % freshly prepared
ammonium molybdate and 0.5 ml of 10 N sulphuric acid

solutions. The mixture was kept standing for 15 minutes

I
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before addition of 2 ml metol reagent. The mixture was
diluted to the appropriate volume and its optical dehsity

wag measured at 700 nm; after 30 minutes of gtanding,

9- Total Soluble Organic Phosphorug:

A known volume of the digest for total soluble hnit=
rogen (item7, P, 30) was withdrawn for the assay of its
phosphorus content, If we gubstract the value of inorga=-
nic phosphorué from that recorded by this procedure, we

obtain thevalue of total soluble organic phosphorus.

B- ESTIMATION OF INSOLUBLE MATTER:

l. Total Ingoluble Nitrogen: .

A known volume of the sodium hydroxide - resgidue
extract was wet digested and its nitrogen content deter—
mined following the previously mentioned proceduresg

(item 7, po 30)0

2. Protein Nitrogeh:

An aliquot of the sodium hydroxide residue extract
wag analysed for its protein content using the Folin

phenol procedureg (item 5, pe 29),

3. Other Ingoluble Nitrogent

If we gubstract the value obtained by the previous
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procedure from that of total ingoluble nitrogen, we can
easily egtimate the value for other insoluble nitrogen

representing the nucleoprotein nitrogen.

4~ Total Insgoluble Phogphorugs

A known volume of the digested sodium hydroxide -
regidue extract (item 1, p. 31) was heutralized before its

phosphorus content was determined,

5~ RNA Phogphorus:

According to Schmidt and Thanhausger '(1945), 5 ml
of the sodium hydroxide-~regidue extract were acidified
with 1 ml of 6 N hydrochloric acid and 5 ml of 5 % tri-
chloroacetic acid then centrifuged. Both inéiéﬁnic and
total phogphorus were determined in the centrifugate

according to the previously mentioned procedureg,

6~ DNA Phosphorug:

If we gubgtract the total phosphorus reported by the
previous procedure (item 54 p.32) from the valiie of the
total ingoluble phogphorus (item 4) we calculate the value

of the DNA phogphorusg in the gample.

7= Other Insoluble Phogphorug:

Thig ig represented by the figures recorded for the
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inorganic phogphorug during egtimation of RNA-phosphorus

(item 5, P.32).

In gome ingtances,the phogphorus content of the
gampleg wag too low to develop itg colour reaction in
the previougly stated periodsg of time. Under guch coh-
ditions, the molybdate mixture wasg left 30 minutes be-
fore addition of the metol reagent after which the whole

reaction wasAkept, for at leagt 3-4 hours, before being

aggayede
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PART IT
EFFECT OF VARIOUS RATIOS OF SULPHUR
SOURCES ON SOME GROWTH ACTIVITIES OF
PHORMIDIUM ANGUSTISSIMUM |

In this experiment we applied mixtureg of sulphate
ion with either thiosulphate, metabisulphite sulphite or
persulphatg in ratios of 80; 60, 50, 40, and 20 % of
either gources. The total gulphur remained 26 mg/L ag
recommended by Shakeeb (1975).Control samples contained
100 % of each gulphur source. In the meantime, Phormi-
dium was also cultured on the same medium devoid of
sulphur. Under all conditions, maghegium wag gupplied ag

chloride whereas sulphur was introduced as gsodium galte

Accordingly, we had 26 variables, 15 replicates
each, in order to have 5 replicates for dry weight gain,

pigment estimation, nitrogen and phosphorug analysig.

l. Dry Weight Gains

Table 1 and Fige. 1 show that (compared with sulphur
free gamples), sulphate, sulphite or persulphate geemed
without effect whereas thiosulphate and metabigulphite
gtimulated such procegs; more prominently under the

former condition, The presence of 40 % thiosulphate in
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various ratios of different sulphur sources on the dry weight gain by

Fig.(1) Effect of

Phormidium angustissimum.
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the sulphate media geemed to stimulate dry weight gain
above that of control thiosulphate; a phenomenon that
declined with increasing the thiosulphate -doge though
gtill to a higher level than the control gulphate gsam-

ples.

On the other hand, equal amountg of sulphate and
metabigulphite favoured better gain in biomass than in
presence of éither lons, singly or in the other varioug
combination, the latters geemed with little, if at all,
effect'compared with either controls. Mixing sulphate
with sulphite initiated better dry weight yield than
supplementation of each sulphur source alone; a pheno-
menon that was mogt apparent at 40 % sulphite that ine-
duced the largest biomass among all mixtures. On the
contrary, coupling sulphate with persulphate gseemed with
minor effect on dry weight gain compared with supplemen=—

tation of either sources alone,

2 Pigmentation:

Table 2 and Fig. 2 show that sulphite or persulphate
equally stimulated whereas sulphate and thiosulphate were
inhibitory (the latter being more effective) to chloro-—

phyll a accumulation, but metabisulphite seemed without
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Fig. (2 ) Effect of various ratios on different sulphur sources on chlorophyll a content of P hormidium

angustissimum.
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effect compared to control gamples free of sulphur source.
Addition of thiosulphate to sulphate media attenuated
chlorophyll a formation; with minor differences between

various treatments above 20 % level of thiousulphate,

On the other hand, the smaller percentage of either
gulphate or metabisulphite, in their mixture; seemed with-
out effect whereas equal amounts of both ions inhibited
chlorophyll a accumulation in the algal biomass. In the
meantime, equal levelg of sulphéte and sulphite iong fav-
oured a sgteep drop in chlorophyll a content that wag
partially alleviated when larger percentages of either
long was prevalling. Coupling sulphate with persulphate
initiated the largest accumulation of chlorophyll a egpe-

cially at 40 % :of either ions in the media.

Table 3 and Fig. 3 show that sulphite retarded where-
as metabisulphite and persulphate stimulated (the former
being legs effective) carotenoid formation but sulphate
or thiosulphate geemed without effect, compared with the
algal samples deprived of gulphur. Coupling thiosulphate
with sulphate highly inhibited carotenoid accumulation;
more prominently with larger doses of the former, Whereas

addition of metabisulphite to sulphate media wag not
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effective. Equal amounts of sulphate and sulphite favoured
better carotenoid accumulation but larger percentage of
either gulphur sourceg restored the carotenoid level to
that of the respective ion. In the meantime, equal doses
of sulphate and pergulphate favoured the highest carotenoid
accumulation; a phenomehon that was partially counteracted

with rige of concentration of either ionsge.

3~ Nitrate Digappearance:

Teble 4 showg that nitrate disappearance wag invar-—
iably affected by the pregence or absence of sulphur in
the media except for thiosulphate that reduced the amount
of abgorbed nitrogen by the alga. 80 % either sulphate or
thiosulphate did nhot alter nitrogen uptake compared with
pure sulphate media whereas 60 % thiosulphate #emarkably
enhanced such procegs. The remaining combinationg fav-—
oured a low abgorption rate gimilar to that reported for
pure thiosulphate media, Coupling sulphate with metabisul-
phite hardly affected disappearance except when equal
ratio of both gources was prevailing where a hoticeable
drop wag recorded. Similarly, equal proportions of sul=-
phate and sulphite induced a gevere repregsion of nitrate

uptake; a phenomenon that was partially alleviated with
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increasing the doge of either ions, particularly sulphite,
On the other hand, the range of 40 - 60% of either sul-
phate or persulphate, in their mixtures, increaged dig-
appearance whereas the larger percentages seemed without

effect compared with 100 % of either ions,

4- Nitrogen Secretion:

Table 5 and Fig. 4 show that addition of sulphur to
the nutrient media lowered nitrogen secretion; more pro-
minently when thiosulphate was admihigtered followed by
gulphate and least by either of the Yemainihg sources.
40-50 % thiosulphate ih sulphate media restored nitrogen
gsecretion to that of pure thiosulphate media whereas the
other ratios had nho effect compared to pure gulphate.
Coupling metabigulphite,sulphite or pergulphate with gul-
phate initiated better nitrogen secretion compared with
sulphate alone; a phenomenon that was furthered with inc-—
reaged ratio of metabisulphite or persulphate; more
prominently the latter gource but glightly attenuated

with larger proportion of sulphite ioh.

It is interesting to note that all thiosulphate

media were free of emmonia, whereas all sulphite and
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pergulphate media were devoid of amide nitrogen. In the

meantime, although all compohents shared in the foremen-
tioned fluctuations in total nitrogen secretion, yet the
change in peptide and/or other goluble nitrogen were the

most prominent.

Irregpective of guch fluctuations the percentage
hitrogen gecretion (Table 6) was almogt unaffected by the
various sulphui treatments except with thiosulphate, in
the media, where a noticeable drop was hoticed ag well
ag with large proportions of persgulphate in sulphate media
where a remarkable increase wag obgserved., 100 % sulphate
algo favoured lower ratio of nitrogen secretion compared

to sulphur free mediaa

5- Nitrogen Components of Biomagg:

Table 7 and Fig. 5 show that the presence of either
sulphur sources in the media hardly affected the total
hitrogen content of the biomasgs except for a slight dep-
ression, with administration of thiosulphate; ag a re-
sult of low goluble components and protein accompanied
by increased other soluble nitrogen. Metabisulphite ion

lncreased nitrate and other insolubie nitrogen on the
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expenge of other soluble and protein nitrogen. On the
other hand, sulphite ion enhanced peptide and protein
accumulation with a concomitant drop in other insoluble
nitrogen. In the meantime, pergulphate geverely atten—
uated amino and peptide hitrogen with a remarkable rise

in the other soluble compohnent,

The pregence of thiosulphate ion in sulphate media
did not affect the total nitrogen content of the biomass,
compared to 100 % sulphate~fed samples except at equal
proportions of both iong or 60 % thiosulphate where a
drop to 100 % thiosulphate-fed samples, under the former,
and a remarkable increage, under the latter condition;
wag noticede. Within all mixtures, the nitrate, peptide
and protein content did not exceed that under pure thio-
sulphate feeding whereas amino, other soluble and other

ingoluble nitrogen largely increaged,

The presence of metaebisulphite in sulphate media
favoured a low total nitrogen content particularly at
40 % level or morej;the drop being mainly in amino, pep=-
tide, other soluble and/or protein nitrogen coupled with

increased ammonia level., Equal proportions of sulphite
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and sulphate induced a gevere drop in total nitrogen con-
tent; a phenomenon that was almost alleviated with inc-
reased percentage of either sulphur sourceg particularly
sulphite. Under all conditions, a noticeable drop in all
nitrogen components wag obgerved except for peptide and
protein nitrogen that largely increased. The pregence of
persulphate in the sulphate media, though had little, if
at all, effect on total nitrogen content yet it still
lowered the peptide content with a remarkable increage

in smmonia and other ingoluble nitrogen,

6- Phosgphorug Components of Biomags:

Table 8 and Fig. 6 show that neither gsulphate nor gul-
phite ilons affected the total phogphorug content of the
algal biomags whereas the other sulphur gsources were sup-
preggive; especially thiosulphate; compared with gamplesg
deficient in sulphur. Under all conditions, the drop was
mainly in the insoluble components and/or soluble organic

phogphorusg,

Addition of larger proportions of thiosulphate to
the sulphate media favoured legs total phogphorus content,

compared with pure sulphate media; a phenomenon that was
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gradually alleviated with rige of gulphate comcentration.
The sghortage was mainly in inorganic phosphorus, RNA and
other ingoluble. On the other hand, the drop in total
phosphorug, following metabisulphite addition to sulphate
media, wag congistent irregpective of variation of ratio
of either sulphur gsourcess Fluctuations in RNA, other
insoluble phogphorus and/or soluble organhic phosphorus

were regponsible for such effect.

In the meantime, though coupling sulphite with sul-
phate hardly affected the total phosphorus content, yet
DNA content remarkably increagsed on the expense of reduce
tion, mainly in other ingoluble phosphorus followed, in
few cageg, by organic phosphorus., Similarly, persulphate
had little, if at all,effect on total phosphorus, when
coupled with sulphate but the soluble components remark-

ably increased on the expensge of the insoluble fraction.
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PART ITI
DISCUSSION

The results of this investigation clearly establish

the fact that growth of Phormidium angustissimum was not

affected by absence of gulphur as a nutrient element. Thio-
sulphate geemed to be a better source of sulphur for main-
taining maximum growth vigour of the organism by initiating
maximum gain in dry weight, followed by metabisulphite
whereas sulphite, gulphate or pergulphate hardly affected
growth though the latter source tended to be inhibitory

compared to sulphur deficient samples,

These obgervations clearly show that dithionates are
more effective sgulphur source than monothionatesg,for

Phormidium; more prominently at their lower than higher

states of oxidation i.e. with increasing their redox po=-
tential or number of lone pairs. This indicatesg the in-
volvement of such ions in the pathways of sulphur meta-

bilism by this organism.

These observations differ, in one way or the other,
from thoge recorded for higher or other lower plants.
It is well established that sulphur dioxide or sulphite

lon are quite injurious to a variety of higher plants
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(Miyake and Uno, 1973; Markowski et ale., 1975; Ferguson
et al., 1978; Ashenden, 1978; 19793 Kord, 1981). Among
fungi; Mehrotrs (i§68) hoticed that suiphate wag. good
whereas metabisulphite,or persulphate was poor for
growth of two Mucorsp.Agnihotri (1969) reported gul-
phate ag best and sulphite as poorest sulphur source for

growth and sclerotia production by Aspergillug niger,

According to Singh and Tandon (1971) hyposulphite, thio-
gulphate and sulphate were gatisfactory gources for nut-

rition of Alternaria tenuis. Babich and Stotzky (1978). -

reported that though differential sensitivitiesg were

nocted among the tested bacteria and fungi, yet bisulphite

wag always more inhibitory than sulphite. Similarly Mejstrik
(1978) found that even 84 ugom3 gulphur dioxide was in-

hibitory to growth of Flammulina velutipes, Nematoloma

fagciculare and Pleurotug ogtreatusd,.

On the other hand, Kurek (1979) showed that

Rhodotorula wag able to utilize thiosulphate or sulphite

though the enzymes regponsgible for oxidation of both

compounds were non-inducible.

Soldatini et al., (1978) showed that below 1 mM,

sulphite enhanced growth of Chlorellas vulgarig coupled
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with increaged carbon fixation; & phenomenon that was also
recorded by Stamm (1980) at concentrations below 0.3 mM

using Chlorella vulgarig, Scendesmug and Chleamydomonasg

reinhardtili,

The results of table 1 further show that smaller
dogeg of thiosulphate or metabisulphite stimulated growth

of Phormidium ahgugtissiumum in sulphate media whereas

smaller dogeg of sulphate, slightly, if at all, affected
growth in either thiosulphate or metabisulphite media.
This confirms the prevailance of a dithionate pathway
for sulphur metabolism similar to that recorded by

Wainwright and Killhem (1980) for Fugarium golani. Simi-

larly, sulphate - sulphite mixtures stimulated but sul-
phate = persulphate mixtures seemed without effect. Since
under all conditions, the pH changes, during 10 days of
growth, were minor (pH 6.8 to Te2) one would not expect
pH fluctuations as one of the main factors causing varia-
tion in absorption rates, inhibition and/or toxicity by
these sulphur sources. On the contrary, sulphate and
sulphite seemed antagonising each other but sulphate and

persulphate were not.
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Since Garged and Read (1977) noticed that sulphur
dioxide wag rapidly transferred to sulphate; in soya bean
leaves, in the light, but subgtantial quantities of sul-
phite were present in the dark, one may suggest that the
bresence of gulphate, in sulphite media, prevented the
latter's oxidation by light, thus the obgerved gtimulatory
effect on growth, being still with itg comparatively higher

redox potentials The inert effect of sulphate and/or per-
thQSY
D)

sulphate might be attributed to their maxtmumskate of
oxidation thus devoid of ahy lope pairs or being with

leagt or even no redox.

In this connection it may be menhtioned that Cowling
and Lockyer (1977) reported that although gulphur dioxide
could replace sulphate ag sulphur source for rye grags
yet it had no effect on yield when coupled with sulphate,
Soldatini et al, (1978) proved the preferential absorp- '
tion of gulphite from its mixtures with sulphate by

Chlorella vulgarig., Hodson and Schiff (1971) showed that

thiosulphate was the major product formed by Chlorella,

Euglina, Chlemydomonag, Anacysgtis, Egcherichia, Salmo=

nelle and Baker's yeast whereag sulphite and sulphide

were abgent, In the meahtime, oxidation of sulphite to
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APS (adehosine 5—phosphosulphaté) by bacteria had been
demonstrated by Aminuddin (1979). Burnell and Whatley
(1980) showed that sulphate upteke by Paracoccug denitri-

ficang was non-competitively inhibited by sulphide and
sulphite and competitively by thiosulphate, This sugges=-
ted that gulphide and sulphite may function ag feedback
inhibitorsg of sulphate uptake whereas structural gimi-
larity between sulphate and thiosulphate suggested com-—
petition of both ions for the binding sites on the sulphate

carrier protein.

Pagternak et al, (1965), Hodson and Schiff (1971)
propogsed that the enzymes of sulphate asgsimilation, in
bacteria, were subject to differential rather than co-

ordinate repreggion.

Table 2 further shows that although thiosulphate in-
duced the maximum dry weight ggain yet the chlorophyll a
content per unit dry biomass wag far less than the other
treatments that seemed without effect compared with sule
phur-gstarved samples, except sulphate that had a tendency
to lower chlorophyll a level. This might be attributed
to the stimulatory effect of thiosulphate on the other

vital metabolic activities than chlorophyll a formatioh,
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Still delayed genescence and/or wear and tear of chloro-

phyll might account for the stimulated gain of dry weight,

The presence of gsulphate in thiosulphate media did
not antagonise the inhibitory effects of the latter ion
on chlorophyll a accumulation except at 20 % thiosulphate
where a slight increase (below 100 % sulphate content)
wag obgerved, an indication that repression of chloro-
phyll a gynthesgis was not competitive. Sulphite or meta=-
bisulphite did not exert any competitive effect on chloro-
phyll a synthesig in sulphate media but persulphate was
very effective, at itg lower than higher levels, ag obg-
erved from the larger increments in chlorophyll a in
guch mixed sulphur media that declined with increaged

persulphate content,

The results, recorded in table 3, further show that
dithionates seemed better stimulatorg for carotenoid
accunulation than monothionatés; & phenomenon that was
highly apparent at the higher than lower states of oxi-=
dation of the ioh i.es with decreased redox potential.
This is gnite obvious since persulphate induced the
largest gain followed by metabisulphite then thiosulphate

that hardly affected carotenoid content compared with
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monothionates or gulphur deficient gamples though sulphite

tended to lower carotenoid contente.

The presence of gulphate in metabisulphite media
slightly counteracted the stimulatory effect of the ion
whereas i1ts presence in sulphite media slightly stimu-
lated carotenoid formation; a phenomenon that was remark-

ably increasged in thiogulphate or persulphate media.

It should be recalled that Haertel and Miklan -
Grasgsl (1974) reported that sulphurousg acid reduced water
permeability of cellg even at 10-5N9 8till lohg term ex=
posure to gublethal dogeg of sulphur dioxide induced con-
giderable shrinkage of cell nuclei in apical meristems

of Lemna minor (Stoeckli et al., 1975). Similarly,

Matsushima et al. (1975) showed that 1-2 ppm gulphur

dioxide exposure of 3-years old Zelkova gerrata potted

plants for 8 hours/day cauged gevere plasmolysis and
degtructed ribosomeg and cytoplasm without gevere deg-
truction of the lamellar gtructure, within the leaf
cellss Uhring (1978) reported that, apart from digine

tegration of the circular chloroplagsts cf Petunia hybrida,

sulphur dioxide induced plasmolysis, aggregation of cyto=

plasmic contents and disintegration of nuclei,
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Compared with other results, we may conclude that,

within 26 pepems doge or O = 8 mM level, Phormidium angus-

tiggimum is more tolerable to the tested inorganic sul-
phur sources, ihcluding sulphite ion; compared to higher
plants or other algae. This deduction is confirmed by
the fact that with sulphite feeding, chlorophyll a
accumulation was enhanced without affecting dry weight or

carotenoid content,

It should be mentioned that Miyake et al. (1974)
claimed that 3, 10 or 30 p.pe.me sulphur dioxide delayed
the maturation of tobacco leaves.. Wodzinsgki and Alexander
(1978) showed that the photosynthetic activity of Anabaena
flusagua and Chlamydomonag reinherdtii was totally inhi- L

bited, within 24 hours exposure to 1 pspem.sulphur di-
oxide when the pH of the medium wes acidic. Maintaining
the medium at pH 6 nullified such effect. They deduced
that the decrease of the pH was not the gole cauge of
inhibition of photosynthetic activity. Ichikawa et al,
(1974) showed a decrease in chlorophyll content when
gulphur - fed kidney beans were exposed to small doses

of gulphur dioxide. Hirai and Tsubota (1975) noticed
that chlorophyll a was more sengitive to degradation than

chlorophyll b when leaves were fed with sodium sulphite,
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It should be recalled that the increased chlorophyll
a content in persulphate - fed samples coupled with minor,
if at all, effects on biomags yield indicates that thig
ion gtimulated chlorophyll synthesis;‘more prominently
when mixed with smaller dogeg of sulphate, accompanied
by lowerihg photosynthegtic activitye Still deviations
in rate of regpiration and/or metaboiic activities may

be effective,

In this connection, Ushizima et ale. (1975) mentionegd
that carbon dioxide intake began to reduce as soon ag
exposure of sunflower plants to sulphur dioxide wag be-
gun. Ushijima et al. (1976) concluded that sulphur di-
oxide directly inhibited carbon dioxide fixing systems
of gunflower; a phenomenon that was confirmed by other
investigators working with other plants (Taniyama, 1976
&, b; Black and Unsworth,1979). Ziegler (1972, 1973)
showed that gulphite ion hon-competitively inhibited
ribuloge 1: 5 diphosphate and P E P carboxylases. The
latter enzyme as well ag malic dehydrogenase were hot
affected by 10 mM sulphite. Spedding et al. (1980),
proved that spinach chloroplagts abgorbed sulphate iong,

at a constant rate, within pH 5 -~ 8 range. Similarly
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sulphite ion was abgorbed but the rate was doubled with

lowering the pH to 5,

Analysis of media and biomasgg for nitrogen compohents
revealed that total nitrate disappearance from the media
wag indifferent to sulphur sources except thiosulphate that
favoured a glight inhibition that wag abolighed by mix—
ing with sulphate; particularly at the larger doses of
either ions. Mixing sulphate with bisulphite hardly af-
fected whereasg coupling sulphate with sulphite inhibited
nitrate disappearances. On the other hand, sulphate

enhanced hitrate disappearance from persulphate media.

These observation might suggest that thiosulphate

glighly lowered the permeability of Phormidium ahgustig-

gimum cells towards nitrate uptake, a phenomenon that

was ahtagonised by sulphate ion. Sulphate ion did not
affect the permeability to nitrate ions in metabisulphite
media but wag inhibitory, in sulphite media, and stimu-
latory, in persulphate media; an indication that the sgi-
milarity or disimilarity in structure and/or redox po=-
tential of the various sulphur ions participated in the
regponge of permeability towards their mixture.

\
\

7
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Irregpective of such fluctuations, the ratio of
gecreted hitrogeh wag less in thiosulphate media compared
with other sulphur sourceg where it wag almost simi-
lar to that by sulphur-gstarved biomass. This  indicates
better utilization of the absorbed nitrate from thiosul=
phate media compared with the other sulphur sources.Such
increaged ratio of nitrogen gain within the algal bio-
mags wag not counteracted by the presence of gulphate ion
in the media. On the other hand, the increased ratio of
nitrogen secretion, in mixed media of sulphate with other
gourceg, indicates a lower nitrogen gain by the biomags
i.e..deleterious effect of increasged permeabilitys; that

wag more prominent in persulphate media.

Apart from these deductions, sulphite seemed to in-
hibit whereas thiosulphate or metabisulphite stimulated
nitrite reductase compared with sulphur deficient or
sulphate-~fed samples.Also pergulphate had no sighifi-
cant effect. Thig is apparent from the fluctuations of
nitrite content of the various media. Furthermore, the
presence of sulphate in thiosulphate, metabisulphite or
sulphite media stimulated amino nitrogen secretion; par=

ticularly at its. larger percentages, a phenomenon that
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reverged when sulphate was added to persulphate media.
Such fluctuationg were majorly on the expense of the other
goluble nitrogen ratio, in the media, whereas the peptide
nitrogen ratio was remarkably lowered with the larger
proportion of persulphate. This indicates the differen-
tial permeability to the various nitrogen components when
sulphate was mixed with the other sulphur sources (compe=

titive and non competitive effects).

It should be mentioned that Tomonaga (1967) noticed

that during sulphur deficiency, the synthesis of protease,

by Aspergillug niger occurred perferentially but that of

cellular proteins (including acid phosphatasge) did note
According to Sakaguchi (1972), nitrate reductase Was acce=-
lerated by 1073 - 102 u sulphite ion but higher concen-
trations were inhhibitory. Sulphite algo inhibited formation
of methemoglobin when rabbit erythrocytes were suspended

in nitrite solutionse

Yokota et ale. (1972) also noticed that proteasge,
amylage and alkalinelphosphomonoesterase were inhibited
by sulphite, bisulphite, thiosulphate and metabisulphite
whereas the microbial taka diastase wag not affecteds;

a phenomehonh that wag also reported by Malhotra (1980)
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for acid phosphatase of Jack bean and by Rabe and Kreeb
(1980) for glucoge-6-phosphate dehydrogenage, isocitric
dehydrogenage, glutamic dehydrogenase, alanine amino trahg-—

ferage and agparatic amino transferase of Medicago sativa

and Viola tricolor, when thege plants were expoged to large

doseg of gulphur dioxide. The lagt authorg noticed that
the crude enzymes from plant extracts were legs affected
by sodium sulphite than pure preparationg, Jaeger (1975,
1977) noticed that the inhibitory effects of sulphur
dioxide on GOT and GPT activities, in higher plants, was
always accompanied by stimulated reductive amination

(enhanced glutamic dehydrogenage activity),

Analygig of algal biomass indicated that thiosulph-
ate enhanced nitrate reductase ag could be obgerved from
its lower level and percentage. Thig wag accompanied by
increased ratio of other soluble on the expense of peptide
with slight reduction in the ratio of protein nitrogen.
This shows the inhibitory effects of thiosulphate on pep-
tide formation without affecting protein and other insoluble
nitrogen (cell wall and nucleoprotein hitrogen). Similarly,
metabigulphite, though slightly inhibited nitrate reduction
yet i1t enhanced other insoluble nitrogen (cell wall and

nucleoprotein nitrogen) oh the expense of protein and other
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soluble without affecting the ratio of soluble to insolu-—
ble componentge. Such tendency towards increased cell wall
and nucleoprotein nitrogen might suggest a mean of resis-
tance against metabisulphite toxicity that appear in inhi-
bited protein synthesgig; a phenomenon that wag more appa=
rent with persulphate treatment that did not affect pro-
tein synthesis and thusg leading to a higher ratio of insol-

uble than soluble nitrogen components,

On the other hand, sulphite lowered the ratio of
other soluble and insoluble nitrogen with a concomitant
increase ih peptide with little, if at all, effect on
protein nitrogen. This indicates th;# low resistance of
the algal wall, coupled with accumulation of mogt of the

cell nitrogen in the form of peptidess

Such particularities of the various sulphur sources
were hot changed by mixing with various ratios of sulphate

ion; an indication of non-competitive effect,

In this connection it may be mentioned that dJdaeger
(1977) noticed that spruce needle and pea plahts, expo-
ged to sulphur dioxide, synthesised increased amounts of
glutamate, stimulating the formation of glutamine and

other amino acids of the glutamate family., The enhanced
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formation of acidic amides may be a N-detoxification pro=
cesg. Shapiro (1977) explained the sgpecific mutagenesis
in microorganisms, at high bisulphite concentration, to

be likely due to deamination of cytosine.

The results of thisg inveatigation further show that
compared with sulphate-fed or sulphur deficient samples,
thiosulphate, metabisulphite or persulphate inhibited
phogphorus accumulation in the algal biomass whereas
sulphite seemed without effect; a phenomenon that was
partially or completely alleviated by addition of sul-
phate ion to guch media; more prominently at larger than
gmaller doges. The presence of gulphate in sulphite media
almogt had no effect. This adds further evidence in sup=-
port of the effect of these ions on the permeability of

Phormidium cells.

Apart from these fluctuations, thiosulphate favou-
red a low inorganic phogphorus ratio with a concomitant
increage in soluble organic ratio without affecting the
ingoluble compohents. Metabisulphite seemed without
effect compared with sulphate whereas sulphite apparently
inhibited soluble organic phosphorusg with a parallel inc-
reage in DNA ratio. On the othexr hand, the increased

organic phogphorug, in persulphate media, was accompanied
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by reduced DNA ratio. Under all conditions, the presence
of sulphate, in these media did hot affect the ratio of
the various phosphorus components; an indication of the

non-competitive effect of such long.

It ig well known that the soluble organic phospho-
rug is majorly soluble nucleotides including coenzymes
end ATP. The large ratio of such fraction denotes better
energy supply ioéo active metabolism, particularly when
RNA and/or DNA were not lowered., The latter condition,

might lead, to inhibited metabolism and cell demage.

In this connection, it may be mentioned that Harvey
and Legge (1979) noticed a drop in ATP content of Jack
pine needles, that was furthered with increased level of
sulphur dioxide in the atmosphere., Shapiro (1977) conc-
luded that bisulphite had a number of reactions with
nucleic acidg and cellular moleculesg but it was not yet
been demonstrated which was the respongible for the obsger=-

ved inhibited DNA synthesgise







SUMMARY

The results of this investigation clearly establigh

the fact that growth of Phormidium angustisgimum was
not affected by abgence of sﬁlphur ag a hutrient element.
Thiogulphate seemed to be:.a better gource of sulphur for
maintaining maximum growth vigour of the organism by ini-
tiating maximum gain in dry weight, followed by metabigul-
phite whereas gulphite, sulphate or persulphate hardly
affected growth though the latter source tended %o be in-

hibitory compared to gulphur deficient samples.

Small doses of thiosulphate or metabisulphite sti-

mulated growth of Phormidium angugtisggimum in sulphate media

whereasg smaller doses of sulphate, slightly, if at all, af-
fected growth in thiosulphate or metabisulphite media. Sim-
ilarly sulphate-sulphite mixtures stimulated but gulphate=

persulphate mixtures seemed without effecte.

Thiosulphate lowered chlorophyll a content whereas
the other sulphur sources seemed without effect compared
with sulphur deficient samplese. The presence of sulphate
in thiosulphate media did hot antagonise the inhibitory
effecta of the latter ion on chlorophyll a accumulation,
Sulphite or metabisulphite did not exert any competitive
effect on chlorophyll a synthesis in.sulphate media

but persulphate wag very effective,
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Dithionates seemed better stimulators for carotenoid
accumulation than monothionates. The presence of sulphate
in metagbisulphite media slightly counteracted the stimu-
latory effect of the ion whereas its presence in sulphite
media sglightly stimulated carotenoid formation; a phenomen-
on that was remarkably increased in thiosulphate or per-

gulphate medlia.

Nitrate disappearance from the media was indifferent
to sulphur sourcés except thiogulphate that favoured a
glight inhibition thgt wag.ebolighed by mixing with sulpha-
te; particularly at the larger doseg of either ionsg. Mix-
ing sulphate with bisulphite hardly affected whereas coup-
ling sulphatecwith sulphite inhibited nitrate disappearan-
ced. On the other hand, sulphate enhanced nitrate disapp=

earahce from persulphate media.

Sulphite geemed to inhibit whereag thiosulphate or
metabisulphite gtimulated nitrite reductase whereag perg-
ulphate had no effect. The presence of gulphate in thio-
sulphate, metabisulphite or sulphite media stimulated
emino nitrogen secretion, a phenomenon that wasg reversged

when sulphate was added to persulphate media.

Analysis of algal biomags showed that thiosulphate

enhanced nitrate reductase. This was accompahnied by in-




- 75 -

creaged ratio of other soluble on the expense of peptide
and slight reduction in the ratio of protein nitrogeh.
Similarly metabisulphite slightly inhibited nitrate reduc-
tage but enhanced other insoluble nitrogen accumulatiohn
on the expense of protein and other goluble components

a phenomenon that repeated itgelf with persulphate thou-
gh protein content was not affected. Sulphite lowered the
ratio of other soluble and insoluble nitrogen coupled
with increase in peptide content without affecting the
proteins. Such particularties were not changed by mix=-

ing with various ratios of sulphate ion.

The results of this invesgtigation further show that
compared with sulphate=fed or gulphur deficient samples,
thiosulphate, metabisulphite or persulphate inhibited phog=-
phorus accumulation in the algal biomass whereas sulphite
gseemed without effect; a phenomenon that was partially or
completely alleviated by addition of sulphate ion to such mediaj
more prominently at larger than smaller doses. The presence

of sulphate in sulphite media almogt had no effect,
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