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INTRODUCTION

Cormon table salt (sodium ohloride) has an important
role in the nutrltion of man. It 1s added to food to
enhance flavors and to replace the salt lost through the
action of certain regulative mechanisms of the body. The
addition of large quantities of salt to food 18 also an
ancient method of preservation, However, preservation by
adding salt 1s not a perfect method since occasional lots
spoil although the process of preservation 1s always carrled
out in the same manner,

Regearch in the last century revealed that some microe-
organisms would grow readlly in the presence of high
concentrations of sodium chloride. Some even required salt
before they would é?ow’ These microorganiasms were found in
salt, dust, or in or on ﬁiaanna arl were svenbuallydincrimi-
nated in the spoilage of fish, hides, bacon, olives,
cucumbers, and many other salted products,

The losses sustained by industries uasing salt packs or
brines, though diffloult to estimate, rmust have reached
conslderable size for a great number of investigations have
besn supported by them. Numerous studlies have been carried
out on the lsolation, identification, and control of halo=
philic miceroorganisms. In contraat very few astudles have

been made on the effect of the environmental conditions



egbabliched by sediam chloride on these orsanisms. It has

been dewonstrated in the past with other mlicrooranisms and
Poods that spoilagse 1s readily conbrolled when the phrsical

and physiololcal processes are understood.



II
HISTORICAL

Many factors influence the action of salts on micro=
organisms., The concenérahion of a salt which is inhivitory
or stimulatory is characteristic of and dependent upon the
particular salt and the test organism, The influence of the
salt may be due to the undissociated molecule, the anion, the
caeion,’ér all three (@il#an}anﬁvﬁileég 1948). This influence
is also ﬁeéondent upon the composition of the medium (Stuart,
1940b; Palk, 1920f Sherman and Holm, 1922§ Curran, 1931; and
Gerrard and Lochhead, l@&gixaineé'éhe amount of protein, pH,
~ and other salts present may greatly Influence the action of
the salt belng atudiadg There 1s another factor, aptly
pointed out by Holm and Shermen (1921), which may cause
variations in results « bacteris adjust readily to abnormal
conditions.

Ionic relationships. Numerous studles dealing with the

toxicity or stimulation of cations and anions on nonhalophiles
have been made. Elsenberg (1919), Winslow and Hptchkias
(1922), Eisler (1909), Viinslow and Falk (1919), Hotchklas
(1983), Winslow and Haywood (1931), Fablian and Vinslow

(1929}, Wyant and Normingbon (1920), and many others

published information on the effeot of salts on the response
of microorganisma,.

Some attempts have been made Lo correlate the toxicity
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of various salts to the lyotrople (Hofmelster, 1886«89; and
Freundlich, 1903} series and, although there seema to be
some relationshlp, experiments by Winslow and Falk (1923a,
1923b), Shaughnessy and Winslow (1927), and Holm and
Sherman (1921) indicate the complexity and the difficulty
in classifying salts by thelr toxic or stimulative effects
on bacteria. It may also be true that too much importance
is glven to the lyotropic series for Loeb (1920) points out
a serious error in the evaluation of data from the studles
on these series. The influence of the salt upon the pH of
the solution was not noted and the effect of the salt on the
solution was attributed to ths particular lons of the salt
only, with no consideration of the effect of a pH change,
Antazonlism, an example of the influence of salts upon
one another, is defined by Winslow and Dolloff (1928) as
the neutralization of the toxic effect of 1 cation by another
catlion. Generally a monovalent and a divalent cation
entasonlze each other rather than 2 wmonovalent or 2 divalent
cations (Osterhaut, 1906, 1909). For example, Lipman (1909)
noted antaronism between calcium and potassium, magnesium
and sodium, sodlum and potassium, but not between ma;nesium
and calclum, It 1s also established that a certain concenw
tration ratio of the 2 catione must be reached before the
salts are antaonistic to each other, There is no satls=
 factory explanation for the phenomenon of antaronlsm,.
Winslow and Dolloff (1928), Fabian and Vinslow (1929),
Hotohkisa (1923), and Winslow and Palk (1923b) noted many

discrepencies in atudles of the antagonistlic effect of



salts. They suggested thalt the effect of monovalent and
di#ﬁient cations was bhs réeuitfuf an establishment of favor=
able quantitative ilonic eandi#ions raﬁh@r than qualitative
antagonism. . , _

The physical &ffach'o; the ions on one another must alao
be considered when working with solutions of various salts,
Ions do not act independently in solutions., There 1s an
attraction between ions which is increased as the solution
becomes concentrated and diminished aa the solution becomes
dilute, This interionic attraction accounts for some of the
deviatlons between salculated results and actual results in
many problems dealing with strong electrolytes. A correction
factor (Gucker and Meldrum, 1944) has been introduced to
obtain an "effective concentration”, This effective concen=
tratién is called the activity of the ion, The sctivity of
the lon has the fallnwing relationchlp o the actual concen=

tratlon, ~ = o

m

where O is the activity,m is the molal concentration, and
™ is the activity coefficlent (CGucker and Meldrum, 1944).
There are formulse for determining the activity coefficient
but as they are only applicable to dilute solubions they
cannobt be utilized here, It 1ls sufficient in the present
study to be aware that deviations may be caused by intere
lonle forces and are accentuated as the concentration of the
solution increases,

The ions in a medlium influence certain other physical
properties of that medium. van't Hoff (1887) and deVries



{1888) found that the osmotic pressure of an electrolyte
solution was dependent upon the number of dissolved
particles present in a particular volume. Changes in rate
of growth, cell division, and physical structure of plants
have been shown to be Influenced by osmotlc pressure
(Livingston, 1903), Curran {(1931) belisved that ocamotic
pressures are o’ some importance to bacteria, and
Elazari«Voleani (1040) falt that a.high osmotlc pressure
was easentlal for certain halophilie bacteria.

Environm@nﬁ established by sodium chloride, Rockwell
and Eberts (1924) listed 5 factors detrimental to micro=

organlsms; 5 factors brought aboub by increased concentrations
of sodium chlorids. Thass_raﬁtors are: 1) dehydration,

2) direct effect of the chloride lon, 3) removal of oxygen,
4) sensitization to carbon dloxide, and 5) interference
with the rapld action of proteclytic enzymes. Of special
interest to investigators of halophillie phenomena is factor
3. Thig factor referas to the decremss of oxygen solubility
in solutlons of inereasing sodium chloride concentrations,
The importance of the oxygen tension of a medium to haloe
philes was revealed by some studlss by Stusrt and James
(19388, 1938b), and Stuart (1940a, 1940b), These investim
gators found that increased sodlum chloride concentrations
gave lower Fh messurements. They also found, using bne low
concentration of sodlium chloride, that Fh measurements nade
under anaseroblc conditions were lower than aeroblc measurew
ments, Studles were made in which varying amounts of

nitrogen, carbon dloxide, or i1lluminating gas were



gubatituted for alr. In the presence of 3 M sodlum chloride
the best growth was obtained in atmospheres contalning 40

to B0 per cent of any one of the 3 pgases, but in the presence
of 5 M sodium chloride thers was no stimulation of growth in
any concentration of gas, There was a stimulation of growth
also when cyateine was added to the medium. Prom the results
of these studles it was concluded that halophiles have &
preference for reduced oxygen tension.

Dutholt (1923), while studying the effect of various
concentrations of sodium chloride upon diff'erent nonhaloe
rhilic organisms, noted that osmotic exchanges are in
operation between the organism and the medium. Numercus
investigatora have studied the effect of osmotic pressure
on spore germlnation, and cell variation and viablility,
Among thoase interested in this field that may be listed are
Curran (1931), Kroemer and Krumbholz (1932), Spiegelberg
(1944), Kijkmen (1918}, Landnrkin'anﬂ Frazier (1937), Esty
and Meyer {1922), Schoepfle {1941), Holzinger (1908), and
willlams (1938)., Lewandowsky (1904) believed that the
action of high concentrations of salt upon microorganisms
was due to the molecular concentration of the solutions,
Lefevre and Round (1919) applied Lewandowsky's idea to the
study of halophiles, They muggested that a certain osmotic
pressure may be required by these organisms. They also
suggested that 1f this be #so other salts would act similarly
and satisfy this requirement., Johnson and Grey {(1949) found,
while working with wmarine halophiles, that the luminescence

of these organisms was influenced by osmotic pressure. They



also found that the large bodies in the cells ~ with
staining reactions of nuclear materiasl « were influenced by
changes in osmotic pressure. These changes were produced
by varying the concentration of the sodium chloride content
of the medium.

The effect of salts on Mic.coccus halodenitrificans

has been studied recently by Robinson (1950, 1952), and
Robinson and Gibbons (1952)+« Robinson, Gibbbna, and
Thatcher (1952),,while atudying the halophilic character

of M. halodenitrificans, found that the enzyme nitritase was

not resistant to the sodlum chloride Qoncentratipn which wasg
optimal for the growth of the organism, It was concluded
from these resulta that the salt concentration in the cell
was less than that of the medium, and that the theory of
halophilism baged upon the resistance of the protein
conatituents to "salting out" is untenable. They concluded
from inhibitor studiea that some energy mechanism may
maintain the difference in concentration of aodium chloride
between the cell and the medlum,

Statement of prol lems. The problem of halophilism is

immense and yet the more informatlon cbtained the larger
asems the problem. A number of factors, already discussed
here, necessarily make such a problem quite complex;
eapecially if an attempt is made to explain the halophilic
character of some microorganisms., The experiments recorded
here were not designed to explain halophilism but rather to
answer some questiona which might some day lead to an explae

nation., The questions are the following?



1)

2)
3)

4)

5)

what is the Influence of various concentratlions
of sodium chloride upon groewth and respiration
of an obligate halophilic bacterium?

Can sodium chloride be raplaaad by 6hh@r salta?

What 1s the influanaa of %haae salts upon the
growth and respiration of this obligate halow
philic bacterium?

What is the impertanca of the aation nr the
anion or beoth to the growth of this obligate
halophilic bacterium?

What is the physical or chemieal condition of
the medium brought about by high concentrations
of sodium chloride which benefits this obligate
halophile?



III
MATERIALS AND METHODS

Experimental organlism. The organism used in this study

resembles an obligate halophilic vibrio isolated from rib
bones of bacon by Smith (1938). Smith, at that time, named

this isolate Vibrio costicolus and gave & complete morpho=

logleal and physlologlcal description of 1t. Y. costicolus

is a gram negative curved rod with a single terminal
flagellume. No spores are formed, Although no variation in
size or shape in different concentrations of sodium chloride
has been noted, varlation in these characters dld occur in
the different salts (see Appendix), The formation of a
pellicle in broth cultures was pronounced after 24 hours
incubation. All biochemlcal determinations were psrformed

using methods described in the Manual of Methods for Pure

Culture Study. Milk was not coagulated, indol and acetyl

methyl carbinol tests were negative, nitrate was reduced teo
nitrite, hydrogen sulfide was formed, and the test for
catalese was poslitive. Glucose, fructose, sucrose, maltose,
mannltol, mannose, glycerin, and galactose were fermented
with the production of scid., Lactose, rhamnose, rafflnose,
arabinose, xylose, sorbitol, and sallcin were not fermented,
With the exception of maltose and galactose, which were
fermented, the biochemical reactlons resembled those given

by Smith. Several other obligate halophlles were obtained
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but preliminary investigatlions revealed that the vibrilo was
the only organlsm which satisfied certain conditions
vcansidereﬁ necessary to complete the proposed atudy.

The conditions which V. costicolus satlisfles are as

follows: 1) it grows rapidly, ylelding good growth in 24
hours and excellent growth in 48, 2) it is an obligate halow
phlle with definite concentration limits of sodium chloride
within which it will graw,‘and 3) it grows very well on both
solld and liquid medla., Most of the other organisms obtained,
although they were all obligate halcphilea wlith definite
concentration limits of sodium chla;idh, raquivad 7 to 10
days incubation for good growth on solid media and would not
grow in liquid media.

Btock culbtures, basal medium, and inoculume, After an

examination of the growth obtained in several commercial
peptones, digeét&d caselins, and yeast extract a medium
conaisting of 1 per cent trypticase (Baltimore Bilologilecal
Laboratories) was selected, The trypticase medium was
selected in preference to the other supplements because 1t
appeared to give the moat consistent results when the necesw
sary amount of sodium chloride was added, and because 1t had
the leaat amount of yellow coloration. The stock trypticase
broth was prepared in large quantities in 10 per cent
concentration, adjustéd to pH 7.8, dispensed in 100 ml 19%3.
into rubber stoppered bottles, sterllized by autoclaving,
and then refrlgerated until used, It was prepared in
quantity to sliminate variation in the nubritional properties

of the medium. It was prepared in 10 per cent concentration
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since 1t would evantﬁally bs diluted 10 times by the salt
solutions,

The stock culture slant medium conslsted of 1 per cent
trypticase, 0.5 per oent yeast extract (Difco), 1 ¥ sodium
chlorlide, 2 per cent agar, and was adjusted to pH 7,2, The
cultureas were transferred monthli'e The yeast extract was
added to the medium when it was dlscovered that the cultures
were dying out after 4 or § transfers. The stock cultures
were also preserved by freezing a 48 hour broth culture.
This was done after Harrison ei al. (1952) noted that
cultures of V. costicolus remained viable much longer in
frozen broth hhah when lyophiliged.

The inoculum for all salt substitution experiments was

prepared by washlng twice a 24 hour culture of V. costicolua.

This culture was grown in 10 ml of 1 per cent tryplicase
broth which was 1 M in sodlum chlorlde and was washed and
resuspended with 10 ml of 1 ¥ sodium chloride solution. One
drop of this suspension was added aseptically to each tube
to be inoculated,

Temperaturs and 'nterval of incubation. In all the

salt substitution experiments the optiocal density of the
salt broth was measured after 48 hours incubation at 32 to
33 Ce Preliminary studles, whlch were in accord wlth the
findings of Smith (1938), indicated that the orgenism grows
very well at temperabtures betwsen 30 to 35 Cy The interval
of incubation (48 hours) was selected because 1t was the
shortest time in which excellent growth was obtained and the

pellicle formed was less difficult to bresk up into an even
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suapension than it was 24 hours later,

Measurement of response. The response of the organlsm

to varlious concentrations and comblnations of the salts used
in the substitution experimenta was measured as optical
density by a Klett=Summerson photoelectric colorimeter using

a blue (400~465 mu) fllter. The readings obtained are
expressed as optlcal densitles and plotted against the concene
tration of the salt used. The optical density of a suspenalon
is obtained by multiplying the reading from the colorimeter
by 0,002,

A polysaccharide materisl is produced by V. costicolus

which might invalidate the optlcal density readings, but
cell nitrogen determinations revealed a positive correlation
between optical density readings and cell nitrogen. Cell
nitrogen was determined by a micro=-Kjeldahl method with a
modified titration method (Sobel gt al., 1937). The method
used is as follows: A cell suspension was washed 3 times
with 1 M sodium ochloride and diluted with varying amounts
of 1 ¥ sodiwm chlorlde to gilve 6 different cell concentrations,
The concentrations of the cell suspensions and their colori=
metric readings are shown in table l. Two ml of each ocell
concentration were placed in each of two 30 ml micru-Kjeldahl
flaska, Two ml of the following digestion nmlxture were
added to each flask: ;

copper sulfate 2 gm,

selinium oxide 2 gm,

sodlum sulfate 100 gnm,

sulfurlc acid 500 ml, and

dilute to 1 liter with water.

The mixture and cell suspenaion were heated gently at first
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TABLE 1

Concentrations and colorimetric readings of cell suspensions

used te determine cell nitrogen

Concentratian et IDirect Klett-| Reading | ML of| Averags
| Summeraon after HCl#| MOM of
| reading dilutead uged nitrogen%ﬁ
: | 100 times 8 .
l 0 900 - 30 7«30
1l 200 30 Te84| 1,001
2 l 740 19.5 5.00
2 1 740 19.5 5.03 0.743
1 1 630 14 3.65
1l 1 630 14 3.58| 0,533
2 3 570 12 3.27
2 3 570 12 3425| 0.474
1 2 510 10 2473
1 2 510 10 2,76| 0.394
0 1 0 0 0.19
o 1 0 0 0.,18| 0.000

# 1 mgm nitrogen (NH,Cl) equaled 6.49, 6450, 6.51, and 6.49
nl of hydrochloric agid (approx. 0.01 M), therefore 1 ml of
acld equals 0,154 mgm nitrogen.

## The average mgm ammonia-nltrogen in the samples have
already been corrected for ammonla~nitrogen in the solutions
used,
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and then the heat was gradually increased until at s maximum,
Heating was continued for 1 hour after clearing, and the
flasks cooled to room temperature., One ml of water was
added, the flasks agaln cooled, and the contents of 1 flask
were added to the steam distilling apparatus. The flask was
ringsed 3 times with 2 ml of water which were added to the
8t111, Pour ml of 50 per cent sodium hydroxide were added

to the still and heating of the ateam water was begun. The
ammonla formed was carried over to a small (25 ml) Erlenmever
flask containing 3 ml of 4 per cent boric acid., One drop of
commercial indicator (Truetest MEP) was added and the
contents titrated %o a grey endpoint with 0,01 M hydrochloric
acid, Controls, both blank and nitrogen standards, were run
also, Flgure 1 shows the curve obbtained when mgm nitrogen
are plotted against optical denslty.

Preparation of salt solutions., The salts used in the
substitutlon experlments and the various concentrations used
in the culture tubes are liasted in table 2. All salts were
of Baker's CP analyszed grade. No attempt was made to further
purify them since the experiments were designed to study the
effect of high concenirations of lons rather than trace
amounts, The influence of trace lons was kept relatively
constant by preparing sufficlent amounts of concentrated
stock solutions at one time to complete the entire serles of
experiments. The stock solution of each salt was adjusted
to pH 7.2 and aliquota of thils solution were diluted with
enough naubrallzed water to obtain the proper concentrations

for the working solutionss BEach working solution waa of such
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Fisure l. Curve showing the positive correlation between
the cell nitrogen and optical density of cell suspensions of
V. costicolus. The optical density readings were taken after
diluting the experimental cell suspension 100 times. The mom
armmonla nitrosen represents that quantity of ammonia nitrogen
present in 2 ml of experimental cell suspension.




TABLE 2
Molar concentrations of salts used to determine the response of
Yibrio costicolus to ionic replacement of sodium chloride

Salts Hdolarities

NaCl 060[062|064[046/068| 100|102 |1a4|1e6]|1e8(240]2,2|244]266|2.8 360302304 ]|3.6/3.8]| 40
Razs% 000[042|004|046[068[100]102 104 [106]|1e8]260|2e2{2e4|2e6| = | = | = | = | =~ | = ]| =

38235004 000[042(064|0e6|068|1e0]1e2|104|1eb]|1e| = [ = | = | = | = | = | = | =] =] = ]| =

Na HPO, | 040|0e2]0e4|066|08|1e0|1e2|1eli]1ab] =« | « |« ] =« | =] e || e | ] =] =] =

Nafl P

KaBr 060]062[064|046{0e8{140]1a2|1e4|1e6]|1eB|240[{2.2{2:4]|2e6{2.8[340]342|3.4]3.6|3.8]|4.0
Nal 0e0]002|004|066[068]140]102 104 [|1e6]|1a8]2.0]242[244]2.6|2.8|300]342[3.4|346}3.8|440
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concentration that when 8 ml were diluted to the final voluma
of 10 ml 1n a culture tube the desired concentration of the
g8alt for that tube would be attalned,

Procedure for salt substitution experiments. Eight ml

of the working solutlons for a particular salt were added %o
a serles of tubes. The tubes were then capped and sterilized
by autoclaving. After cooling, 1 ml of aterile 10 per cent
trypticase broth and 1 ml of sterile water were adled aseptie
cally to each tubes The 1 ml of water was replaced by 1 ml
of certain salt solutions in subsequent experiments, The
salt solutlon, trypticase, and water were mixed by gentle
shaking and allowed to atand at least 4 hours beforse lnocuw
lation. This was done to be certaln thet no precipitatlon of
any material occurred, The tubesa were Inoculated and incubated
48 hours at 32 C,.

In order to measure the response of V. costlcolus bto

sodium chloride 20 tubes contalning the varlous concentrations
of sodlum chloride shown in table 2 were prepared,

Another serles of experiments was made to determine the
apseificlty of the sodium chloride requirement., The subatli=~
tution salts and concentratlions used in these experiments are
also described in table 2, These particular salts were
selected because of thelr common ion relationship, high solu=
bility, and formation of colorless solutions. The substie
tution experiments were performed in the same manner as the
sodium chloride experiments. The cation and anion substi=
tutlon experiments were then repeated, but with the addition

of 0.2 ¥ sodium chlorlde to each concentration of all sslts
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and 0.4 ¥ sodium chloride to each concentration of a second
set,
A third series ol experiments was made to determine

the influsnce of the substltution salts upon the response of

V. costicolus to sodium chloride. These experiments were
performed by preparing 11 sets of 20 different concentrationa
of sodium chloride. To each set respectively 0.2 M of 1 of
the 11 substituting salts was added, Also to additional sets
of the 20 different concentrations of sodium chlorlde 0.2 M

of 1 of the subatituting salts plus 0.2 ¥ of each 1 of the
remaining 10 salts were added separately {table 4),

Procedure for respiration experiments. The oxidation

of gluccse by V. costicolus was studied using the general

manometric techniques of Umbreit, Burris, and Stauffer {1949),
The term "respiration” will be used here in the same wmanner
as they employ 1t « used in the narrow sense of oxygen uptake.
Oxyzen uptake was measured in Warburg oonstant volume reapie -
rometers with double arm flasks., The total volume of fluid in
each flask was 3.2 ml and 041 ml of this conslsted of 20 per
cent potassium hydroxide in the center well, The potassium
hydroxide was placed in thé center well to absorb any carbon
dioxide which might be released during the oxidation of
glucose, The oxygen solubllities for the different concenw
trations of salts were obtained by plotting oxygen solubllity
data (National Research Counclil, 1928) = for 7 temperatures

to 30 C and axtrapolatéd'tn 32 C - azainst the concentrations
of the salt, From the resulting curve (figure 2) oxygen

solubilities at 32 G'fnglaﬁyipaneantraﬁian of salt were
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Figure 2. Solubility of oxygen in various concentrations
of sodium chloride at 32 C.

obtained, The ox7wen solubilities (Bunsen coefficlents) were

inserted into the formula for obtaining flask constants and

the usual calculation completed.
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The cell suspension waa prepared by harvesting the
surface growth from 15 Petrl dlshec each of which contained
20 ml of a solld nutrient medium, This medium was composed
"of 1 per cent trypticase, 1 ¥ scdium chloride, and 2 per
cent agar, The medium wasg inoculated by adding 1 ml of a
24 hour broth culture to the surface of the hardened agar,
The inoculated medium was incubated for 24 hours and the -
surface growth scraped off and suspended in 1 ¥ sodium
chloride, This suspension was filtered through 4 layers of
cheesecloth to remove any large particles of agar, washed
twice with 1 Il sodium chlorlde, and resuspended in 1 ¥
sodium chloride. After the stock suspension wes adjusted
to a cell concentration that would give an optical densiby
of 0,07 to 0,09 on the photoelectric colorimeter when dilluted
100 times, the stock suspension was then divided into as many
aliquots as salts or concentrations used, The 1 M sodium
chloride in these aliquots was replaced by an equal quantity
of the particular salt or concentration deslred., One ml of
each suspension was added to its assigned flesk or flasks,

The salt solutions were prepared in the same manner as
described previoudaly so that when the flnal volume of 3,1 ml
was obtained in the flask the desired concentration of salt
was also obtained, vall saik solutions fér these stnﬂies
were 0.1 M in pH 7.2 phosphate buflfer,

The temperature of the water badh was maintained at
32 C end the experiments were continued for as long a period
as was necessary, generally 2 to 3 hours,

Envirommental influence of salt. In experiments
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desigmed to determine the effect of oxygenation 20 tubes
containing different concentrations of sodium chloride plus
1 per cent trypticase broth war@ placed on a reciprocating
type shaker which had & 1,56 inch stroke and completed 100
excursions per minute, An unshaken set served as a control,
In the air replacement experiments a complete set of
20 tuves (20 different ccnaantrationa).cf aodium chloride
plus 1 per cent trypticase was placed in each of 11 Spaulding
Jars. These tubes were autoclaved, cooled rapidly, and
inoculated just prior to begimming the experimenta, Tya Jars
were sealed, evacuated and flushed twice with nitrogen,
evacuated again and then different amounts of nitrogen were
admitted to each Jar to give nitrogen concentrations from O
to 100 per cent in 10 per cent Increments, Air was allowed
to enter to dilute the nitrogen until &ll the negative
pressure had disappeared,

The response of V. costicolus to nonelectrolyhes was

de termined, Aﬁong the 7 sugars not fafmentad by the organism
only arabinose and rhamnose were suflflocisntly aoluble in high
concentrations to be used, Prom the fefmunbad sugars glucoss
was selected for experimentation., Eleven concentrations of
each sugar alone, with 0.2 M, and with O.4 ¥ sodlum chlorlde
added were prepared,

As in the previous experimenta the temperature of inocuw-
bation was 32 ¢ and the optical densities were determined
after 48 hours, |
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EXPERIMENTAL REBULTS

Response to sodium chloride., It can be seen in figure

3 that the response of the organism, expressed as optical
density, began at 0.4 ¥ sodium chlorlde and increased until
it reached a peak at 1,0 to l.4 M and then declined as the
concentration of the salt continued to ilncrease until no
responss was obtained at 3.6 to 3,8 M. This was always the
case in 30 independent trimls. Even after one week of Ilncus
bation the organism failed to grow in concentrations of
sodium chlorlde below 0,4 M or above 3.8 M,

Response Lo cation substitution. Flgure 4 shows the

response of V. costicolus to magnesium chloride, potassium

chloride, lithlum chloride, and potassium nitrate., The

reaults shown in thls figure and all the following fligures
1llustrate the mean of at least 3 independent trials.

Though the response is on a low level these results demonstrate
that magneslum, potassium, and lithlum lons can substitute in
pert for the sodium lon, Figures 5, 6, 7, and 8 show the
inorease 1n response obtained when 0,2 oé Oeé M sodium

chloride is added to each tube of the varlous concentrations

of the cation substituting salts,’

Reasponse to anion substitution. Figure 9 shows the

response of the organism to sodium sulfate, sodium molybdate,
sodlum bromide, and sodium phosphete mixture. Except for the
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generally more toxic enions the reaponse to the substitubed
anions is on a higher level than with the substituted
cations, When 0.2 or Q0.4 M sodium chloride is added to

each tube of the varlious concentrations of the anion substie
tution salts, generally little increase in response is '
obtained (figures 10, 11, 12, and 13). Sodium fluorids,
sodium lodide, and sodium nitrate did not support growth
alone. Note in figures 14 and 15, however, that growth la
obtained with sodium lodide and sodium nitrate when 0.2 or
or O.4 M sodlium chloride is added to each tube although nelther
salt alone will allow growth, Sodium fluoride did not allow
growth no matter how much sodium chloride was added to each

tube,
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A comparison of the effective

TABLE 3

particle concentration of the

various salug

A—————

Concentration Particle
3alt of aalt vielding|concentration| Particle
maximun optical totalx10™}
denslity Salt HaCl
NaCl 148 1.2x8 24
?:%{?}313 046 O Ct3 18
E:ﬁi"’ﬂla * (042 NaCl Qe Qedmd & 04822 16
MaCle + 044 HaCl Osd Oedx3 & 044x2 20
ECl 048 O.0x2 16
EC1l + 0,2 laCl 046 OuOx2 + Qe2x2 16
¥CL # Q44 HaCl 06 DaOn2 & Q44x2 20
LiCl 0.8 Q. 822 16
LICL # 042 NaCl 046 Oex2 4 Q42x2 16
LACL + Q44 HaCl Oeb 0622 + Oudx2 20
Kﬂ(}s 0 0 0
13105 + 042 HaCl 0.8 Qe # 04222 20
KOz + Oe¢ NaCl 046 De6x2 » O0dx2 20
NanS04 0ub 04 6x3 18
HapS04 + 02 HaCl Oe4 Qedx3d 4 0422 16
1“533304 + Q¢4 HaCl 4 Qedx3 & Quéxl 20
E33M004 Qe8 0 8x3 24
I‘Iag!émé. L ng HalCll 006 QQGXS *» 0-232 22
Nasio0g + 04 NaCl Osé Dednd & Oedx2 20
Nalr 0.8 Outix2 16
Halr + 042 NaCl 0u6 OeGx2 ¢ 0e2x2 16
lalr + 044 YaCl Qud Dedx2 + Dudx2 16
@Zﬁg’éi?‘)é (nixtum) Oed Cedx3 12
NaoilPO, + 0u2 NaCl Oed Dednd + De2x2 16
HaglirOg + Oed NaCl Oe2 0e2x3 + Oedx2 14
1al10. O 0 O
NallOy + 042 1InCl 046 OeOm2 ¢ Qo2x2 16
I’Tﬂﬁ@ﬁ + 0,4 NaCl 046 D2 & D4dxl 20
Nal } 0 0 0
Nal + 042 IaCl O Oelx 4 Qax2 g
Hal + Q¢4 InClL 042 Ou2R2 + Qudx2 12
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Effect of the substitution salts on the sodium chloride

curve, It was oconsidered desirable to determine the effect

of the substitution salts upon the reaponse of V, ceaticolus

to various concentrations of sodlum chloride. The substie
tution salts were added in 0.2 and 0.4 M concentratlons to

20 concentrations of sodlum chloride, The substitution salts
were also added as & mixture of 2 salts; each salt present

in a oconcentration of 0.2 M. In thla way the depressant or
stimulatory action of each salt or combination of salts ‘
could easlly be detected. Table 4 1llustrates the different
combinations of salts used and the general effect of these
combinations on the response to various ooncentrations of
sodium chloride. The three len salts (aodium sulfate, sodium
molybdate, and magnesium chloride) stimulated growth in low
concentrations of sodlium chloride., Interestingly the nitrate
salts, both sodium and potassium, also stimulate growth in
low concentrations of sodlum chloride although alone they do
not allow growth. Lithium chloride and sodiug iodide depress
the response slightly whereas sodium fluorlde inhibits growth

completely, alone or when present with any other salt.



TABLE 4

Effect of the substitution salts on the sodlum chiloride curve

Salts:

Class| 0.2 ¥, Depressant or stinmuletory action of sach salt
0¢4 M,|| when added to 20 concentrations (0 to 4 )

lixture| of sodium chloride

KCl sllNHt stimulation In low NaCl concentratioqs,
cht depresgslon afte 2 K NaCl :
Ml ‘stimulation in low MNaCl concentrations,
slight depression after 1,2 M NaCl
Licl 31light atlmulation In low ¥aCl cencentrations,

deuressanb in remainder of curve

g o] wy e

KliOz 1atimulation In low NaCl concentrations,
glipht depression after 1.2 I NHaCl

T |NasS0y istimulation In Tow NaCl concentratious,
81liht depression after 1.2 M NaCl

F NaQMoOQIatimulation in low NaCl concentrations,
8light depression after leZ M NaCl

G NagHPogiatimulatinn in low NaCl concentrations,
slight depression after 1,2 K NaC

H |NaBr lslight stimulatian in low NaCl concentrations,

depregsion afte 2 M NaCl
I |NaI slight stimulation in low NaCl concentrations,
depresgant in remainder of curve
J |BaF |l inhibits growth in all concentrations and

with all combinations

K |NaNOz ,atimulation in low NaCl concentrations,
slisht depression after 1,2 I HaCl

Sample protocol for studving the effect of XC1lx
on the sodium chloride curve

Clasa| Serises | Concentration of salts or salts added to the
20 different concentrations of NaCl
1 0.2 I KC1 added to each tube
2 Q¢4 M KC1 added to each tube
3 0.2 M HC1 # 0.2 I MgCl, added to each tube
4 De2 I KC1 + 04,2 ¥ LiICl added to each tube
5 Qe M KC1 #+ Qo2 M Na 80,4 added to each tube
A 6 02 I KC1 + 0.2 M Nagkoa added to sach tube
7 O.2 M KC1 + 042 M NagHPO, added to each tube
8 062 M KC1 + O42 ¥ NaBr aéded to each tube
9 De2 I ¥0Y » 0,2 I Nal added to each tube
10 Qe2 I KC1 # 0.2 K NaF added to each tube
1l Q.2 M KU1 + 0.2 N NaNOmz added to each tube
12 Oe.2 M KC1 4+ 0,2 K KNOax added to each tube

# The remaining 10 salts were used in the same manner,
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' Rgggzragien with varioua canatntrat;ona of sodium
chloride. Ths results illuatrated in figuras 16 and 17 show

conclusively that the oxygen consurption of V. costicolus

with a earbohy&rate or preﬁain gubstrate inoreases as the
sodium chloride concantration increases. At 1.2 M sodium
chloride maximum oxygen uptake occura and as the concen=
tration of the salt continues to increase above 1.2 M the
oxygen uptake decreasesa., Note that the endogenous aurv?s
show the same general pattern. A brief side experiment,
using the methos of Umbreit ef al. (1949) and concentrations
of 1, 2, and 3 ¥ sodium chloride, eliminated the posaibility
of oxygen diffusion being a limiting factor., Thers was no
significant difference in the oxygen uptake with these 3
concentrations of sodium chloride at 2 speeds of shaking.
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Respiration with the substitution salts. Figures 18,
19, 20, 21, 22, 23, 24, 25, 86; and 27 show how the various
substitution salts influence the oxygen consumption when the
substrate is 2 micromoles of gluceaé. All subatitution salts
allow oxygen upbake except sodium fluoride, Neither 0.2 nor
1 ¥ aodium fluoride (with and without 0.2 or 0,4 M sodium
chloride) allowed oxygen uptake by V. costicolus.

Effeot of substitution salts on the respiration with

sodium chlorides It can be seen in figure 28 that the

substitution salts have little effect on the oxygen uptake
with sodium chloride. Lithium chloride and sodium iodide
have the greatest depressant effect., One very striking
feature, however, is the curve deplcting the effect of sodium
fluoride, In contrast to the turbidimetric studies the
depresgssant effect of this salt upon oxygen uptake with sodium
chloride i1s much less than with the other substitution salts,
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chloride, and curve C 1s the endogenouns curve,
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Pimure 27. Oxidatlon of 2 micromoles of clucose in 0.4
11 sodilum pnosvhate by V. costicolus. The substrate was added
at 30 minutes., Curve A represents oxygen uptake with sodium
phosphate, curve B is for sodlum phosphate plus 0.2 11 sodiunm
chloride, and curve C 1s the endosenous curve,
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Figure 28. Effect of cation and anion addition on the oxidation of 2 micromoles of glueose in 1 M sodium chloride by ¥, gosticolus. The substrate
was added at 30 mimtes, The substitution salts were added at 60 minutess A sufficient amount of each salt was added to make the concentration in the
flask 0,2 M, In anion addition, curve A represents sodium flueride, curve B sodium phosphate, curve C sddium molybdate, curve D sodium sulfate, curve E
sodium bromide, curve F sodium iodide, and curve G is the endogenous curve, In cation addition, curve A represents sodium chloride, curve B magnesium
chloride, curve C sodium nitrate, curve D potassium chloride, curve E potassium nitrate, curve F lithium chloride, and curve G is the endogenous curve,
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Response to oxygenation and nonelectrolytes. Oxygen

supply experiments were performed in two ways; the oxygen
supply was increased by using a shaker, and the avallable
oxygen was replaced with varying amounts of nitrogen.
Neither metho: showed results that were significantly
different from those obtained under normsl conditions
(figure 3). These experiments demonstrate that neither
increased nor decreased oxygen supply play an important
role in the salt requirement of V. gosticolus.

The organism would not grow in varying concentrationa
of either arabincoss or rhamnose, Even with 0.2 or 0.4 X
sodium chloride added to each concentration there was still
ne growth, The results of the respiration studies with
varying concentrations of arabinose are shown in figure 29,
Notice the similarity of these results to those obtained
with varying concentrations of sodium chloride (figures 16
and 17). The oxygen uptake inoreases aa the concentration
of the sugar increamses, and is stimulated by the presence
of small amounts of sodium chloride (figure 50), At 2 M
arabinoase maximum uptake ls obtalned and as the concen=-

tration continues to increase the oxygen uptake ls depressed.
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DISCUSSION

There are Ltwo major ways in which a salt in aolution
may affect an organism, The chemical and physical propertles
of the salt in solution govern the effeoct of the solution,
and both properties may be 1n operation at the same time
(Livingaston, 1903). This complicates any problem involving
salt solutions and living things,

An examination of figures 3, 16, and 17 reveals that
sodium chloride may play an important role in the life of the
obligzate halophilic bacterium, V. costicolus, In increasing

concentrations of sodium chloride both cell rultiplication
{measured as optical density) and respiraﬁionl {(measursd as
oxldation of the carbohydrate zlucose or the protein supple=
ment trypticase) increase regularly until an optimum concen=
tration of sodlum chloride is reathed, This optimum sodium

chloride concentration 1s 1.2 M for V. costlicolus. As the

concentration of the sodlum chloride continues to increase
above l.2 ¥ cell multiplication and reapiration decline,
Above 3.6 M and below Q.4 M sodium chloride the organiam
fails to multiply and respirea only slightly. Obligate halo=

philes are described as those organisms which require certain

lvhe term "respiration” will be used throughout this
discussion in the narrow senase of oxygen uptake.
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amounts of sodium chloride before they willl grow., Surely
V. costicolus can be sald to satiefy this definition., It

appears that the definitlion should be more general for
figures 4, 5, 6, 7, 8, 9, 10, 11, 12, and 13 show that other
salta, at least partly, satisfy the sodium chlorids need of
this organiam. It seems feaslble now to use the more general
term "salt" rather than "sodium chloride" to describe the
requirement of the haleophile V. costlcolus, It should be

clearly understood, however, that all experiments were
carried out using relatively large amounts of salts and that
trace amounts of sodium and chloride ions may be required,

With salts in which anlon substitution was made sulfate,
molybdate, and bromide were found to satisfy the ionic
requirements almost as well as chloride (figure 9). VWhen
catlion substitutions were made (fipgure 4) magnesium, potassium,
and lithium only partially satisfied the requirement, and the
magnitude of response was on a much lower level than with
sodium, Respiration atudles, using concentrations of salts
vielding maximum cell dongitiea, showed an analogous situ=
ation (figures 18, 19, 20, 21, 22, 23, 24, 25, 26, and 27)
with certain exceptions whieh‘will be discuased below,

Note particulably tha.atimulua imparted when 0.2 or 0.4
M sodium chloride 1is added to various concentrations df me ge=
nesium chloride, potasaium chlorlide, or liihium chloride
(figures 5, 6, and 7) where sufficient chloride ion is present
but there 1s a lack of the sodium lon. A comparison of these
results with those obtained when sodium chloride is added to

various concentrations of sodium sulfate, sodium molybdate,
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of sodlium bromide, where asufficlent sodium ion is present

but insufficient chloride ion (figures 10, 12, and 13),
indicates that the stimulation of growth with the addition

of sodium chloride i1s probably dus to the sodium ion and not
the chloride ion. A similar observation can be made with

the results of the respiration studies (fipures 18, 19, 20,
21, 28, 23, 25, 26, and 27). The results with sodium lodide
(figure 24), one of the most toxle salts used in these studles,
deviated from the general rule, Evidently there was some
relief from the depressant action of iodide by the presence

of the chloride ion. Gustsfson (1919) and Broocks (1919)

noted that small amounts of sodium chloride stimulated the
respiration of nonhalophilea but, as the concentrations were
increased over a certain level, the resplration was decreased.
gustafason suggested that this decrease was due to an osmotie
effect of the salt,

In general, retention of the sodium ion gave greater
optical densities and alightly higher respiration rates than
retention of the chloride ion; the addition of sodium to
sodium depleted media gave greater densitlea and respiration
rates than the addltion of chlorlde to chloride depleted
media. It appears that the sodium ion is more stimulatory
for V. costicolus than the chloride ion.

It seems from the resultas obtained that fluoride,
iodide, and nitrate lons do not satisfy the physiological
requirements of the organlam (figure 9) and may even be toxlc.
Although nitrate and iodide lons alone do not allow growth
(figures 8, 14, and 15), both anlons allow reapiration to
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continue (flgures 21, 22, and 24), Fluoride ias definitely
toxlc for no growth response was obtained with any concenw
tration or combination of salts., If, however, small amounts
of aodlum chloride are added, a growth reaponse (optiocal
density)} to s.dium or potassium nitrate, but not to sodium
fluoride, is obtalned, This seems to indicate that the
chloride lon is also of some Ilmportance to this organism.
Schoop (1935) likewlse found that both the sodium and chloride
lons were important to halophiles; Fabian and Winslow (1929)
noted the stimulatory effect of the sodium lon on nonhalo=
philes. Of greater significance perhaps 1s the fact that
sodium fluoride, alone or in combination with any other
experlmental salt, does not allow growth but does allow
respiratlion to contlnue when sodiws chloride is present in
optimum amounts {(figure 28); It can ve seen in the above
mentioned figures that fluoride in swall quentlities completely
inhibits repraductionlbut not raapiration; In larger amountas
(1 M) or 0.2 M alene the fluorlde lon also lnbibits resple
ration. It mey eventually be'expiained ad an antagonism
between the chloride and fluorlde ions in the syatems
involved in oxygen uptake, and as & simple polsoning of the
aystema involved in cell multiplication,

The magnltude of the growth reasponse curves seema lo
have 1little significance other than to indicate the relative
atimilatlive or depressant effect of the lons involved,
However, the concentration of the salt at which the greatest
growth response 1g obtained seems to be quits sipgnificant.

Table 3 illustrates a simple comparison of the concentration
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of lons of each salt at which V. costicolus gave the maximum

growth reaponge. An explanation of the calculations involved
is given below,

Lefevre and Round (1919) suggested that osmotic pressure
might be important to halophiles and they felt that this would
be proven 1f other smlts could replace the sodium chloride
requirement. There.ia more in the data presented in table 3
that suggests an osmotic pressure explanation for halophilism
rather than jﬁst a substitution of salts for sodium ohloride.
In the filrst column of table 3 the substitution salts are
listed. The concentrations which yleld maximum growth are
tabulated in colwm 2, van't Hoff (1887) and deVrles (1888)
found that the osmotic pressure of an eslectrolyte solution
is dependent upon the number of dissolved particles present
in a particular volume. An electrolyte having 2 ions has
twice the effect on the osmotic pressure that a nonelectrolyte
of the same molar concentration has, and an electrolyte
yielding 3 ions has three times the effect. This information
was used to calculate the partlcle concentrations of the
solutions of the salts listed in the table., The total
effective particle concentratlion waa obtained by adding the
particle concentrations of the several salts in one solution
together,

In 24 out of 28 calculations (the 3 solutions allowing
no cell multiplication were omitted) the total effective
particle concentration was between 16 and 24, It is well to
remember that lons do not act independently as do molecules,

and interlonic forces, inherent with the particular ions and
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their concentrations, slightly influence their effect in a
solution, This and the depressant effect on the respmse
by some lons may explain the slight deviations in the particle
concentrations giving maximum growth responses It 1s apparent
from the results obtalned with various salts and combinations
of salts that the particle concentration has a direct
influence on the cell multiplication and reaplration of this
organism, Additional proof of the impnrtance of par@iclg
concentration 1s given in figures 5, 6, 7, 84 10, 11, 12,
13, 14, and 15, Notice that in every case the response
curve has moved to the left when 0.2 M salt has been added,
and that thia shift to the left 1a even more pronounced when
0.4 M salt is added $o0 each tube., A aimilar change in the
sodium chloride response ourve was noted when the subsiie
tution salts were added, The 3 ion substitution salts
stimulated cell multiplication in low sodlum chloride concene
trations whereas the 2 lon salts did not have as stimulatory
an effect, Pinally, observe figures 8, l4, and 15, None of
these three salts alone allowa cell multiplication but when
0+2 M sodlum chloride is added notice the curve obtalined as
the substitubion salt concentratlion increases, Although the
sodium chloride which is added 1s below the minimum concene
tration allowing growth, these curves also follow the same
general patte?n of all the other curves.

Ogmotic pressure 1a only one of several properties
influenced by number, rather than kind, of particles. Also,
there are several plausible explanations for halophiles and

thelr halophilic charactser, and all are supported by the
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experimental evidence discugsed thus far.

Particle concentration influences gas solubility,
Stuart (1940a) found, when substituting various amounts of
carbon dioxide, nitrogen, or illuminating gas far alr, that
certain halophiles grew best in a glightly reduoed oxygen
tension, These studies by»sﬁuarf were performed with the
red chromogenic halophliles, necossltating the use of a long
incubation time and a soclid surface. Since these factors
limited the quantitative aspect of this phase of Stuartts
work 1t was considered prudent to substantiate or ellminate
the posaslbility of the influence of oxygen tenéiun on V.

coaticolus, an organism which lends itself readily to quantie

tative growth studies. Two methods were used to determine
the effect of oxygen tension on the growth response of V.
costicolus. Nelther gave any data which would indicate that

oxyzen tension was lmportant to the quantitative growth
response of this organism, If increasing concentrations of
sodium chloride influenced the growth response of the organism
by gradually decreasing the amount of oxygen in the médium,
a gradual increase 1n growth in the tubes 0.0, 0.2, or 0.4
¥ in sodium chloride would be expected as more and more
nitrogen was substituted for air, Curves similar to figure
% would be expected., Thias was not the case. Thers was no
conslatent increase of growth in any one concentration of
sodium chloride with increasing concentratlions of nitrogen
{(decreasing concentrations of avallable oxypen). Although
oxygen tension may play a minor role these results indicate

that the importance of an optimum particle concentration 1s
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not dus to the influsnce of this partlcle concentration on
the oxygen tension of the medlum,

Particle concentration influences eamotic pressure.
Since nonelectrolytes {sugars) have been used extensively by
investigators of oamotic pressure phenomena two very soluble
sugars (arabinose and rhamnose), which are not fermented by

V. costicolus, were gelected for these experiments. A

regponge curve similar to the curves obbainad with the salta
would be expected but it was found that nelther sugar, even
wlth 0.2 or O.4 M sodium chloride added, would allow the
growth of the organism. The sugars actually inhibited the
growth of the organism in solutions 0.4 M in sodium chloride
which normally allowed growth. However, the resplratlion
studies tell an entirely different story. The sugars do
'allow respiration to continue, and the results from these
studles substantlate the data obtalned with salts. Note in
figure 29 that mazimum oxygen uptake ia obtained when 2 M
arablinose is present. Since arabinose yields only one
particle when in seolution, 2 M arablinose has a particle
concentration of 20, This 1s within the same range as the
optimum particle concentration for salts. These results
bolster the viewpolnt that the particle concentration
importance 18 at least partlally due to the influence of the
particles on the osmotic pressure of the solution, It is
also apparent from the ¢ell multiplication studies with the
sugars that more than an optimum osmotic pressure is
required = gpecifically, an electrolyte concentration,

Similar observatlons have been made by many other
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investigators. Johnson and Crey (1949), while studving the
influence of osmotlc pressure on nuclear bodies of luminous
bacteria, found that sugar solutions caussd a depression of
the luminescence. Loeb (1912) and Thompson {(1942), while
discusaing the ilmportance of osmotic pressure to certain
marine forms, report that sugar solutions isotonic with sea
water are not satisfactory., There seemed to be some slectrow
lyte requirement. Johnson and Harvey (1938) found that
luminescence and resplration fell off as the sea water was
dilluted, |

It appears that at least 2 systems are involved = &
cell reproduction system, and & respiratory system. Zobell
and Stadler (1940) found that at least one factor had a
different effect on each of the above mentioned systems,
Prom the results obtalned with V., costicolus it seems likely
that not only 1s a certain particle concentration required
to obtain optimum osmotic pressure but there is also an
electrolyte requirement, The sugars allow respiration to
continue but do not allow cell multliplication, The salts
allow both to continue. An optimum oasmotlc pressure is
required for respiration and in part for c¢ell multiplication,
An electrolyte concentration 1s required for cell multilpli=
cation and 1s stimulatory to the respiratory system (figure
30}

It i3 beyond the scope of these studles to explain
halophilism, Observations with one halophile cannot be used
as definitive observations for all halophiles. However, all

obgervations seenm to indicate that permeability of the
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membranes may be a dominant factor in halophlilism, Curran
(1931) felt that the osmotlc pressure of a solution played
a part in modlifying the absorption processes through
membranes, lathews (1906) believed that asalts influence
protoplasu through the effect of their lons, and that the
physlologlcal action of the protoplasm was dependent upon
the available potentiasl energy. Stuhlman (1943) declares
that surface energy is raised by lncreasing the concen=
tration of salta, and Thompson (1942) statea that ions tend
to concentrate at surfaces thus lowering surface tension to
permit adsorption, Robinson et al. (1252) suggest a membrane
petential to explain the membrane character of halophiles.
Stiles (1924) felt that 1t would not be surprising if the
final explanatlion concerning membrane permeabllity woulad
indlcate that all theories (ultrafiltration, solubility in
lipids, adsorption and other surface effects, and chemical
combinations) play a part in absorptlion by the living cell.
He suggests that sursely it is foolhardy to accept, adopt,
and adapt data acquired with Inanimate membranes to explain
the complex processes of the permeability of living cell
membranes,

In the past few years conslderable progress has been
made in the study of halophilism. Eventually it may be found
that halophiles can be employed as & tool %o demonstrate and
to clearly explain the permeabllity of living membranes. The
permeability of the membranes of halophiles 1s possibly an
exaggeration of the processes in nonhalophlles but there 1s

no reasgon to assume that the phenomenon is basically different,
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They must be similar, There are too many genera of plants,
animals, and microorganisms involved in halophilism, and too
many similarities between the halophiles and nonhalophiles.
In this Jis~ussion some of these similaritles have been
pointed out. Perhaps this exacgeration of certain membrane
processes in halophiles will iIn time give us a clearer
understanding of the permesbility of living membranes,
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SUMMARY AND COL CLUSIONS

An investigatlion of the salt requlrement of Vibrio

conticolus was performed to answer a number of fundamental

gqueations concerning the salt requirement of this organism,
These guestions are given in the "statement of problem® and
an attempt to answer these guestions has revealed the facts
below,

V. cesticolus is an obligate halophlle which grows in
concentrations of sodium chlorlde from 0.4 to 3.8 M., The
influence of sodlum chloride on this organism was measured
by turbidimetric and manometric methods. Through thess
methods it was found that the organism responds to various
concentrations of sodium chloride in a regular and measurable
manner, The maxlimum optical density and maxl im oxygen
consumption were found to ocour at l.2 ¥ sodium chloride,

The requirement for sodium chloride is not specific
and should no longer be referred to as s "sodium chloride
requirement™ but rather as & "salt requirement"., Other salts
(sodium sulfate, sodium molybdate, sodium phosphate, sodlum
bromide, magnesium chloride, potassium chloride, and lithium
chloride) were able %to satisfy the organism's requirement
for added salt. The substitution of these salts for sodlum
¢hloride was succaaéfuliy demonstrated 1n‘bobh cell multle
plication and respiration studies.
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The optical denslity and oxygen consumption were always
lower with the substituted salts than with sodium chloride.
The results obtained with eoptical density and oxygen uptake
determinations suggest that the cation (sodium) has a nore
stimulatory effect upon the organism than does the anion
{(chloride). Retention of the cation gaharally gave & gfeater
~response bthan retentlon of the anions Either the sodium ion
- 1s nore stimulatory than the chloride lon or the substituted
catlions are more Inhibitory than the substituted anions,

A comparison of the salt concentratlions at which the
maximwa optlcal densitlies were obtalned revesls that an
optimum particle concentration 1s required for maximum
optical density regardleas of the salt used, Studies on the
influence of oxygen tension of the medium prove that oxygen
tension does not have & positive earralatibn with particle
concentration, Use of the ciéaaical method (sugars)} to
raise the osmotic pressure of solutlons disclosed that a
high eametié pressure was not a primal factegr in tne cell
multiplication of this organism. Similar studies proved
that osmotlic pressure was 9f first importance in cell respie
ration. The curves depicting respiration in varying concene
trations of sugar were simllar to those obtalned with various
concentrationa of sodium chloride, Maximum respiration was
obtained at 2 M sugar concentration; calculatlons show this
to be a similar opbimus particle concentration to that
obtalned with the salta.

The resulta of these Investigations suggest that there
may be at least 2 major systems influenced by particle
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concentration, The flrast, that of cell rmultiplieation, is
apparently influenced by an electrolyte particle concenw
tration whereas the second, that of respiratlion, 1z influenced
by a nonspecific particle concentration though stimulated by
the presence of small quantities of electrolytes, In slther
case 1t seens that the osmotic mressure of the surrounding
medium plays an lmporbtant role in the physioloslcal wellebeilng

of V. costicolus.
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VIII
APPINDIX

The remaining pages contain photomicrographs illuse
trating the morphology of V., costicolus in the various salts

used in thls study. These photomicrographs were made with
a Bausch and Lomb photomlicrographic camera (type K} and 3%
by 4% contrast process ortho cut film (Easbtman). The film
was developed in the recommendesd Kodak Dwll,

Trypticase broth (1 per cent), with the optimum concenw
tration for growth in each salt added, was used, The amears
were made after 24 hours incubation at 32 C, air dried,
fixed with methyl aleohol, and stained 1 minute with crystal

violet.
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X5,700

Appearance of V. costicolus in 1 M sodium chloride

Appearance of V.

X5,700
cos ticolus in 0,8 M potassirnn chloride
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X5,700
Appearance of V, costicolus in 0.8 M lithium chloride

o\°

X5,700
Appearance of V. costicolus in 0.6 M magnesium chloride



X5,700
Appearance of V. cos ticolus in 0.6 M sodium sulfate

Appearance of V. cos ticolus in 0.8 M sodium molybdate



X5,700

Appearance of V. costicolus in 0.4 M sodium phosphate mixture

mijUta

X5,700
Appearance of V. costicolus in 0.8 M sodium bromide
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