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EXISTNCE AND GROWTH OF HALOPHILIC BACTERIA
FROM HYPERSALINE ENVIRONMENTS

By

M.HA.A Abdel-Monem
Botany Dept Fac of Scienre, Suez Canal Lniv.

ABSTRACT

THe sndied localites i Oatifeم area of Kingdom of Saudia Ambis (KSA) are
different in salt concentration. The effect of these environmenGs on their bacteriel
ppulation was studied. The increase in salt concentation was correlated with an
increase in counts of some species of bacteriلa population. Many spccies of bActenin
were recorded at 10% (wtv) toلقt selt MAny of theتi individuals were nommNal flara of
botl1 sلa t waer and fresh water. At over 10% salt concentrarion the bacterial isolates
showed halophiic bchaviour. Salt concentraLion induced the followiag criteria:
BEtweeD 10 to 20% salt concenTation the population of Pseudomonds;
Flavobacterium and gram posidve cocci Were increased and represented as
moderately halophilic bacteria. At 35% sلa t concentraDon some bactenia which were
fouad at whe lower concenrratior disappeared; and argeا individuals of halobacteria
wete developed. Halobacteria salinarum, 32 I. halobiun 77 and
Daلoeoecuسs morrhae 98 were identified and recordcd as the most tolerant hypeT

t of 1hcse organisms was followed by cell dry weight andب iniry organisms. Crowلمع 
tOهT l cell nitgen in intensive Stdies. Potassium cEn increase whe growth of the
stنdicd organisms. ln all concentradions ofpotassium they were forccd to produce the
g0 growth The selected amino acids; glutamic, glyGine and proline have sDimulatory
efTEct on the growth of the studied organisms. ThEse resulGs may emplain the role of
these substances in haloadaptauion of the organisms in salted lccality. Finaly these
substancEs were cosidered as osmoregulator and/or osmoprotecLant which hclp
bactenial cel o grow in hypr saلine environents.

mNTTODUCTION

Fypersalsine environments have been defined as those in which a
low spedes diversity is found and where whole taxonomic groups are
missing (Brock, 1978). These environmenbs are produed by the action of
environmental factors that reach values far from the average in the
biosphere. However, soretmes a given factor can reach very different
values above those considered nomal, ceating different degrees of
extreme conditions. A Typical example of this kind of environmental
factors is the concentrabon of salts present in seawater when it is
concentated by evaporation, giving rise to hypersaline environmens
@Brodk 1979).
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Many different groups of microorganisms vhich were isolated from
hypersaline environments were classified as either of extreme halophiiic
behavior (Halolacterium and Halococcus - Woese et ( ,لة1978 or other
groups of moderately halophiiic behavior. The latter groups are
numerous both gram-positive and gram negative bacteria of the aerobic
and anaerobic type (Raymond and Sistrom, 1969; Yopp et al, 1978; Imhoff
et a1981ل., ; Lrhoff and Triper, 1981; Ventosa et al, 1982 and Cuesada et . aل
1983).

The osmotc strength of the environment is the one of the physical
paramneters that detemmins the ability of the organisms to proliferate in a
given habitat. There are remarkable similarities between bacteria and
plants in their cellular responses to osmotc stress because organisms
fom both Kingdoms accumulate the same set of cytoplasmic solutes
upon exposure to conditions of hyperosomolarity. Thus it is likely that
these organisms employed to regulate responce to osmotic stress.
Osmoregulation is the active processes crried out by organisms to adapt
with osmotc stress. Haloadaptation in micoorganisms occrred by: the
molecular biology of the acumulated cytoplasmic osmolytes L Rudulierع)
et al. 198); or the interactions of biologiلc macromolecules with solutes
accumulated by organisms (Yancey et a1982ل, ); or effect of poassium
which trnsported to the cell from the outer medium (Walderhaug et al,
1987).

The studied localities are salted environments with different
concentrahions whih was mainteained aLmost constant through the time
of investigation, therefore, ths factor is considered for stdying the effect
of concentration of salts on the counts of microorganisms. In tis work
the counts, distribution and growth of microorganisRs was studied in
these salted localities.

MATERIALS AND METHODs
The studied salted localites (Oatif area) are loca!ed about 1٥ t 15 Km

in the north of DammaLn dty (North eastemn of S.A.K.). These localities
are named Qatf, 1; GaHif, 2, and Qauنf, 3 (O,,@, and .( و@
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The physlco-chemical analysis of water:
The total salt concentrations were determined by the ash content of

10 ml of water dried at 110C during 48 hours. Cl- content was
determined by ttatlon wit Ag N0و . Terperature and pH was mEeasured

.n sftu with calibrated meicury themmometer and a portable pH-ueterذ 
Oxygen content was measured by the modified Winkler method (water
analysis. Merck, DarmstadR) Total Kjeldahl nitogen was determined as
indicated by standard methods for the examination of water and
wastewater (APHA 1980).

Sample collection (water sampling)
Water samples were collected in sterile sample bottles and

tasferred direclly to the laboratory and plated as soon as possible on the
chosen medium.

Bacterial isolaton
i) The heterotrophe moderately halophilic bacteria were isolated

acoording to ventosa et a1982ل. and Cuesada et al. 1983 methods. The
medium (basal medium) used for hsolation had an adeguate Ealt
concentration for maderAte halophilics from their enviroments and
contained A lower concentration of mAgnesium salts than the
coresponding proporBon in the marine salt mxrre (below) to impede
the growth of halobacteria that have a high Mg" requirement. The

;7H,0, ).1; KCl, mnpositon .و02 wes as follows (% w/v}: NaCl, 17.8; Mg50ه 
CaC1,, 2H0.036,0ر ; NaHC0;0.006ر ; NaBr, 0.023; Fe!6و. H0ر tace: yeast
extract (Difco), 1; protease-peptone no 3 0Difoo), 0.5, glucose, 0.1; Bactagar
(Difco), 2. ،The samples were surfaceinoculated and incubated at 30C
for 7-10 days. Colonies were isolated at random and puccessively
subcultured on the saie medium to ensure puriby. The stais vere
mainlaied on agar slants of medium confaining marine salts at a final
cncentation of 10% (w/v), supplemented with 1% yeast extact (Difco);
0.5% proteasepeptone n0. 3 (Difeo) and 0.1% glucose. For the
characterization of the isolates the following tests were carried out, As
previously desdibed (by Bergey's 1974; Ventosa et al, 1982 and Guesada et
al, 1983): gram stain; motility; growtH at different salt concentations;
anaerobic growth; ca talase test; oxidase test; add production from glucose,
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lactose, mannitol and sucose; gelatine, Tween 80 and starch hydrolysis;
and nitate and nitrite reduction.

:IsolaLion of halobacterlaئة( 
For isolation of halobacteria the above medium (Basal medium, BM)

was wsed. Bu٤ te final concentation of NaCl was 25% (w/v) instead af
17.8% (w/v), and Yeast extract was 0.5% (w/v) instead of 1.0% (w/v), Jt
was supplenented with 500 i.u/ml of penidillin G to avoid the growth of
halophiic cubacteria (Rodiriguez-valera et al, 1981). The pH value of
mediA was adjusted to 7.5 with 1 N KOH, and the plates were incbated at
38C. Colonies were isolated at random and subcultured towice to ersure
purity. SFrains were maintained on the same medium without
penicilline G. To classify the isolates, THe followlng phenotypic
characteristics were delermined: colony appearanc and plgmentation;
growth at differet salt concentrations; motiity; catalase test; oxidase tet;
add productlon from glucose, lactose, maltose, mamnitol and sucose;
hydrolysis of gelatine, starch, casein and Tween 80; nitate and nitrite
reduction; Hو S and Indole producHion. These methods Are described
previousiy.

Preparaton of bacterial inoculum:
Crowth of each (isolates) of Halobacteriunt alinarum,

Ialobacteriunn halobiun and HAloeoccus tnorrhtae on basal mediumn
was suspended under aseptic conditions in sterilizEd water to get ellة
counts of abouF 5x10' per ml inoculum using E counting chamber
CHaemvجcytometer made In DDR).

Metod wsed for screenig the most salt tolerant bactera:
Growth of each isolate of Halobacterimn salinarum, H. lalobium

and Halococcus miorrluac on the basal medium were detemned as dry
weght to detect the most salF tolerant bacteria.

Deteminaton of dry weight & total cell nitrogen
Cells were collected by centifugation whenever reguired; the cear

supernatant was poured off, without disturbing the sedement cels. The
bacterial celLs were quantitatively transfered to the smal botdes left t dry
in an eectric oven at 65"C till complete dryness. The dry weight of the
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cells was estimated. Dry cells were used for the estimabion of tota] cell
nitrogen by micro-Kjeldahal apparaHs. Total cell nitrogen content was
cلa clated on oven dry bases:

1 ml o£ N/70 sاu phuric add = 0.2 mgNو.

SupplemenLatlon of potassium
Potassium (KCl) was supplied to the basal medium at the

cncentration of 100; 200;'300; and 400 mg/100 ml. Basal medium without
KCI was used.

Supplementation of selected amina aclds:
Amino acids "Prolabo" selected were L-glutamic acid, glycine and

DL,-proline. They were added singly to the basal medium in
equemolecular weight of Nو of proteasepeptone.

RESULTS
Table (1h: some physico-chemcal analysis of water in the studied

locaلies (Oatef, 1,2 and 3).

Locةlites H ا Temp'C !g/m ل] [ T.5. mg/m0 ر ص Nو 

9 8.5 29 6.5 100 ١ 3.5

@ 8.0 34 25 ١ 200 ١ 5.0

@ 7.8 38 1.5 ١ 35.0 ١ 6.0

 ر·

{ د

H Temperature ('C); Oxygen (mg/ml), total Kjelelah nitroge (mg/10م 
( mل and botal salt cncentation (rg/m).

The shudied localites showed concenhatons of 10 mg/ml,20 mg/ml '
and 35 mg/ml total salt for @,@, and .respectively و0 The
environmental conditions warid in localities of different salt'
concenLrations (Table 1). The locality with hgher salt concentation had
lower pH values and higher maximum temperature. The botal Kjeldahl
ntogen increased in O, whch had a higher total salls conetrations.
Oxygeh concentration deereased wiHh the increasing salt"coNcentrationl

(.Table  م1
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Table (2): Distribution of halophilic bacterial groups from sلa ted localites
in Gatif ea ة (G,,@,&@و )

Average No. of bacferial
individuals from differenf
sites at Catif area

Bacteriلa groups

[ ها4٧ ،عته، concent.

١

1) Gram negative facultatve
anaerobic

ChromoLacteriunt 0.0 (0.0) 0.0 (0.0) 4(1.6)
Emterobacteriaceae 5 (4.24) 0.0 (0.0) 0.0 (0.0)
flavobacteriunz 10 (8.48) 20(15.0) 30 01200)
7٤brio 60 (50.87) 40 (31.0) 15 66.00)

2) Gram negaUive aerobic
Actnuetobacter 6 (5.08) 10 (7.75) 2 (10.80)
Pseudomonas 20 (16.92) 35 027.15) 75 (30.00)

3) Gram positve rods 4(3.39) 9(6.97) 1907.60)
4) Gramn posibve cocei 10(8 )8ة. 15 (11.63) 80 (32.00)
5) Actnuomycetes 302.54) 0.0 (00) 0.0 (0.0)

A total of 459 bacterial individuals were isolated from Lhe 4 samples
colected in February, April, June 'and Octoker 1989 from each sites (0,,  و0
and Q,). The resulLs are sumumarized in Table 2. THe general observaton
was obsered as follows: A group of microorganisms .inceased in
number with the increase of salt concentation. While the other group
...decreased. The first group was represented by 'Pseudomonas (20, 35  &ع

75 fom O,,@, and ;(respectively ي0 gran positve cocd (10,15 fom ع80&
Q, and ر0 ;(respectively و Flaaobacterium (60 from all sites),
Acinetobacter (43 from three areas) and gram positive rods (32 from aلl
localites). The second group was represented only by Librio in a total
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٥F 115 from al localities (6040 from ع15& G,, @, and .respectively و@ THe
folloving groupS were recorded only in one site. Chromobacterium was
isolated from ata و@ concentretion 35% salts. WhLe Enterobacteniaceae
a dع Actinorycetes were recorded only at 10% salt concentrabon in Cر .

،

The most common isolates in the first group were gram positive
ccci (80) andpseudomonas (75) espedially at 35% salt concentraton in . و@
The genus Vibria was the next highest number of representative and vas
isolated freguenty from the site with 10% salt concentation (C,).

No effect of seasonلa variation on bacterial isolates was recorded.

Table 3: Distribution of 134 of indivlduals of Nalobacteriaceae isolated
from salted sites.at Catif area.

Number of individual spp. of farly
Halobacteriaceae from different sites at
.Oatif area.

Bacterial isolates

10% 10% 10%

Haiobacteriumn. ج، S(%25.00)4 م 12 037.5%)
halobacterim H. 5 031.25%) 8 025.0%) 25 (29.06%)
Halococcus M. 7 (43.75%) 12037.5%) .33 (38.37%)

In this erperiment, the halobacteria appeared in .a localitesل A tلaا 
of 134 isolatEs were recorded from the same sampling described above.
The isolates were cassifed accomding to their response to phy5iological
tesإs to tyo genus (Halobacterium and halacoccus ) of Farily
Jlrftterتn.
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The couLis of HaloLacterinmn salinarwm, H. Halobium and
Alococcus mnoluae gradually increased with the increase of salt
cncentation to rvach their hIghest numbers (86 isolates) at 35% salt
concentration in area و0 (Table 3). The counts of all isolates of
halobacteria from % يا(10 salts) and O20)و % salts) were 16 and 32
respectively.

Table three also shows that the counts of Halococcws M was 52 ftom
localities, whle the counts of Halobacteriun S. and H. halobiumاله 

were 44 and 38 isolates respectively.

Screening test for the most salt tolerant strains belonging to the species of
Falobacteriunn: salinanm, F. Halolinn and Ialococcs morhue.

This experiment show that, (data not tabulated) Halobacteriun
salinarum, 32; Halobactertum halobium, 77and Halococcus morhuae
98 producd the large amount of dry weight. These strains are crsidered
bhe most salt toleranF bacteria.

Data In Table 4 represent the effect of different concetratons of
poاassium on the growth of Halolacterium S. 32; I. halobium T7 and
halococcus momlue 98. The three concentrations of potassium were
definitly sاmلu atng growth (dry weight and tاal cell nitroge). Good
growth was obtained when more potassiumn wAs added.

An expriment was also qrried out on te efect of selected aRino
adds on the growth of te studied organisms a measuredك by dry weight

and ell لاoا nitrogen (Table 5). These amino ecids (gluاamie Glycine and

proline) actiwated the growt of" the isolated Halobacteria. Rrolie had
relatively activated effect on growth (Table 5).
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Table (4): Effect of different concentrations of potassium KCI (B.M.
without K; 100; 200; 300 and 400 mg/100 ml) on the growth of
mlalobacterium, 32; H. lablobium, 77,and Halococcus
mbrrhude,98.

Dry weight of Total cell nitro-
Amount of KC cells mg/ gen /mgا

Organisms mg/10٥ culture of culture of
10 ml) 1٥ ml)

Halobacteriunt B.M. without K 12.3+0.9 0.334±0.02

Salinarum (32) B.M.(100 mg/100) 14.6+0.7 0.415+0.02

200 mg/100 16.7±0.6 0.508+0.07

300 mg/100 19.040.5 0.590+0.01

400 mg/100 20.7+0.4 0.632 ذ0.06

Halobacterinm B.M. withou٤ K 1240.37 0.401٤0.010

halobiwm (77) 8.M. (100 mg/100) 15.6±0.63 0.50940.013

200mg/100 0.58340.029 د17.3+0.13

300 mg/100 20.3+037 0.61140.033

400 mg/100 21.8+0.5 0.700+0.013

Halococcws B.M.without K 124+0.38 0.41040.013

mnorhuae (98) (8.M.100 mg/100) 16.740.50 0.52940.017

200mg/100 18.6+0.70 0.59740.007

300 mg/100 20.5±0.30 0.63010.006

40mg/100 22.140.50 0.71040.07
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Table (5): Effect of tke selecred amino acids (Glutamic, glycine and
proline) on the growth of Halobacteriun salinarum, (32)H.
haloUium {77) and Halococcus noniwae (98),

Dry weight of Toلat cell nltrم 
cells mg/ gen (mلg 

Organisms Treatments culture of cuture of
10 ml) 10 m)

Halobacteriun B.M. 13.3+0.90 0.33440.02
Salinarum (32) Glutamic 25.140.23 0.420±0.03

Glycine 047530.13 د26.2+0.15
Proline 28.240.73 0.58900.03

halobacterium B.M. 12.4+0.37 040140.010
halobium (77) Glutamic ٩ 20.240.3 0.53040.03

Glycne 21.7+0.0 0.59040.08
Proline 23.440.39 0.63840.02

Halococcus B.M. 13.40.38 0.410+0.013
mtdrrhwae(98) Glutamic 23.3+0.13 0.50040.043

Glycine 24.840.18 0.56040.011
Proline 26.540.24 0.64040.024
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Tie studied localities are different in salt concentraton, however
this factor leads to differences in the chAracteristic and natre of these
localites. Ror example th inrrease in salt concentation both resulted in
the decrease of and و0 pH, while the 'total halobacteria & daily
temperatنre increased. Those effect can parhally be explained by
physiochemical characteristics of te concentated salt soluto; such as
low oxygen solubility or the low spedific heat (Stickland & Parsons, 1972).
Also the biological factors could contribute to this phenomena. For
example the absence of planktonic algae at high salt concentration ray
decrease the oxygen content of these environment.

٨ general concusion that can be observed in these environmenKs is
that high salt concentration are related with the decrease of the oxygen
content and increase of terperature.

At 10% salt concntaton many groups of bacteria appeared; mAny of
them are nrmal £ora of fresh and sea water. At bou 20% and 35% all
organisms appeared are of halophilic behaviour and able to Live in
hypersaline environment (exHere environmeNt and و@ .( ر4

Through this study we can observed thAt, the presence of two
groups of bacteria. The fret group which was represented in aibrio,
EntErobacteriaceae andActinuomycetes prefer the lower salt concentation
while the second group was represented in Graun posibve cocci and
Rseudomonas prefer the high salt coRcentration. This observation
reflects their diffarent physiological salt response (halophilic behaviour)
which is moderate for the Ist group and an extreme for the 2nd group
This observaton is in agreerent with Kushener 1978. The second group
having the copplex nutient requirement therefore increased at 35% salt
concentratioR.

The Halobacteriun spp. appeared in low number at 10% salt
concentration (G,) and increased at 70% sلa t concentrator (Cو ). A٤ 35%
salis conceRtation ،{Cو ), the counts of Halobacteriwm salinarum ;R.
halcbiumt, , and Halococcus murrhuae inceased 28, 25 and 33
respecHively. These three spercies seems tohave adapted to the high salt
concentation (35%} like the second group of halophiic behaviour
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bacteria (Flauobacterium, Rseudomonas and gram posiuve cocci). The
increasing in counts of these organisms were restricted at 35% salt
ancentration. It is interesting that the 2 different group (Hlalobacteria and
halophiلic bacleria) having different physiologiلمc acivity (behaviour) to
regulate the osmotic stress.

Osmoregulation, osmoprotectant were the most observations which
were reported by many invesbgators in some species of bacteria. The
osmotic stress tolerance (osmoregulatlon, .osmoprotectant) is not
necessarily dependant on the interaciion of a large array of gee products
but can be dependant on simple phenomenA, such as the accumulaton of
compatble solutes (Chnistian 1955). The existence of Halobacterium
salinarum ;H. halobium and Halococcus morhue at thee different
concetrated salted area (C,,0و and 0) were not corelated with gene
activity. This observation was ingreement with christian (1955)
postulation. Halobacterium salinarum (32); H. Halobium, (77); and
Balococcus norrhue {98); were the most salt tolerant halobacteria.

Compatible solutes can be accumulated by bacteria by de novo
sythesis or by tansport fom clture medium. THis solutes are called
osmoregulator or osmoprotectant.

Iasal medium wit potassium (BMK) was petter for growth of
halobacteria than the BM without K'. The result here in shows that,
when more potassium was added the growth of the stdied organisms
was enhaneed. Potassium was essential for halophilic enzpe, ribosore,
and cell wal structure (Kushner, 1968). Brow Gibbons &ع (1955) found
that potassium was essetial for growth of some halobaetenia and Sarcina.
The results here in were in agreement with the previous results. Ln
addition Sen et al, 1988 found that potassium is the most prevalent
cations in bacterial cyboplasm. The intercellular cntent of potassium play
،an important role in serving the turgor oondition of bacterial cell (Road  &ع
Start, 1985).

Meury and Kepes (1982) found that the rapid exchange between
extracellular and intracellular concentration of potassium was responsible
for intacellular content.
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Generally thuis results and others of many workers onfirmed the
pressence of positive correlation between the potassium content and both
good growth (dry weight and toاl cell nitrogen in these reults); and the
ability of bacteria tc tolerant the conditions of hypersalinity (Chistian &
Waltho, 1961).

Many investigabor reported' that te cytoplasmic levels of glutamine
and glutamate. Temnpest et al. 1970} increase in response to osmotic stes
in gram negative bacteria {Botsford, 1984; Richey et a1987ل, ; and Csonka,
1988). The increasing of cncenHation of glutamine and glutamate
stimlated tle growth of E. coli {Richey et al, 1987) and Gram negative
bacteria (Drown & 5uanly 1972). Tempest (1970) found that the activity of
glutamate dehydrogenase enzyme of Enterobacter aerogenes i case of
exposure of their cells to osmotic sLress. These results were in agreement
with the results here in Un this work).

The presence of glycine in basal medium increased te cel dry
weight and total cell nitogen of the test organisms. This results were in
agreement with the results of manuy workers. Sakaguci 1960 foud thuat
the glydine derivatives اi &ع could aciivat the growth of pediococcus in
salted medium. Rafaeli-Eshkol and Avi-Dor (1968) found that
glycinebetaine stimulated the respiratory rate of halophlic bacteria. Le
Rudulier and Bouillard (1983) also observed that this compound is
osmoprotectant for a number oF Enterobacteriaceae. The result here i
and the results of other worker as seen above confirmed that the
osmoprotectant effact of glycine' and glycine derivetives leads to good
growth of the studied organuisms.

High interceLular concentation of proline in grar negative bacteria
during osrotic stress wAs dependant on the enhanced transpori (Brady &r
Csonka 1988). ProLne was able to function as osmoprotectant of some
species of bacteria (Csonka 1983). THs funcion was depended on its
advaton on metaboLism by the bacteriلa cll in the medium of lugh salt
concentration. The effect of proline on the stdied organisms wAs
increasing in both cell dry weight and ttal cell nitrogen. These increases
were due to the acbvation of metabolism of the stdied organisms. TTe
results here in were Ln agremnent vith the results previous werkers.
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