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THE NUTRITION 0F BR[JCELLAE: 

UTILIZATION OF TRACE LIINERALS FOR GROWTH 

INTRODUCTION 

Pathogenic bacteria associated with undulant vor 

in man and contagious abortion In domestic animals have 

been given the generic name i3rucellp. Recently, Intensivo 
study has been devoted to the nutrition and respiration of 

these organisms. Experiniental work in this laboratory has 

been concomed with ]ruce1ia abortus strain 19, wIth the 

subsequent possibility of applying results to other members 

of the group. This strain Is relatively avirulent arid 

comparatively safe for laboratory investigation. It is of 

practical Importance because of Its use in the preparation 
of living vaccines for the immunization of cattle against 
Bang's disease. 

Need for further information concerning trace ele- 
ment requirements of bacteria is generally appreciated by 

nutritionists and physiologists. Such knowledge is valuable 

In biochemical studies which will lead to a clearer under- 

standing of the life processes of bacteria. Lack of of- 
ficlent methods for producing a mineral deficient medium 

has been a serious hindrance in tis type of work. The 

purpose of the present research was to study the trace 
mineral requirements of Brucefla abortus strain 19, using 

a chelation agent as the rearis of medium purification. 
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HISTORICAL 

The nutritive requirements of bruceflae are exceedin 

ly complex, and the development of a simple synthetic 

medium has been the object of extensive experimentation. As 

the essential requirements of the organisms have gradually 

evolved, several workers have developed simple chemically 

defined media which will support good growth of brucellae. 

Very little consideration has been given to the 

mineral nutrition of the brucellae, due perhaps to the 

difficulty of studying minute requirements of fastidious 

organisms. Zobell and Leyer (41, pp. 358-360) are credited 

with the first thorough study of' nutritional and physico.- 

chemical requirements of the brucellae. In their studies, 

an attempt was made to determine approximate concentration 

levels of Na K LLg , and Fe for maximum growth 

of Brucelig. Other experiments revealed that singly Na, 

K, and Fe4 are not indispensable for growth. Elim1 

nation of both Na and K at once or alone arrested 

multiplication. Na and K were interchangeable, but 

growth was somewhat improved when both were present. The 

ammonium ion could not replace Na or , nor could Ba 

or Mn be substituted for They state that the maxi- 

mum amount cf each ion tolerated is Influenced by the 

osmotic pressure. The greatest stimulation was sLo'vn to 

be effected by Mg. CalcIm was only slightly stimulative 
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arid both £Ig and Ca exhibited specific toxic action in 

relatively low concentrations; an excess of either caused 

an undesirable precipitate. The absence of a complete 

knowledge of accessory growth factor requirements of 

Brucella, as well as omrnission of any attempts at medium 

purification of mineral contaminants, contributed to he 

dubiousness of their work; however, their findings have 

provided a valuable basis for subsequent research. 

Following the olution of knowledge concerning 

accessory growth factor requirements, LCul1ough, et al 

(28, pp. 6-12), seeking to develope a simple synthetic 

medium for the culturing of brucellae, gave sorne attention 

to the mineral requirements of the organisms. They studied 

the effects of inorganic ions on the growth of . suis, 

and reported that removal of Mg prevented growth, and 

in concentrations from 0.0001 to 0.003 M gave maxi- 

mal growth. Removal of Fe reduced yields from 70 x 

cells per ml to less than 20 x cells per ml. Fe from 

0.1 ppm to 10 ppm gave maximal growth; higher levels of Fe 

were inhibitive. Presence of Ihi and Ca did not effect 

the final population, but 0.1 ppm Mnand 1.0 ppm Ca 

stimulated early growth. Cu was shown to be toxic above 

2.0 ppm; but 5 ppm Fe , Ca , Iin , , Cu , Zn , 

or Ni had no adverso effects. Absence of Cdr , Co 

Zn , and Ni did not effect the rate of growth. 

One of the simplest chemically defined media for 
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culturing Brucell has been described by Gerhardt and 

Wilson (14, pp. 17-24). This simple medium consists of 

mineral salts, four accessory growth factors, lactic acid 

and glycerol as energy sources, and di-asparagine as the 

single nitrogen source. The mineral requirements of the 

medium were not studied quantitatively and the amounts 

added were presumably based on the results of previous 

workers. This simple medium has been used in the present 

quantitative study of the requirements of' . abortus strain 

19 for various trace elements. 

One of the most serious problems in studying trace 

mineral nutrition is the difficulty of freeing culture media 

of minute amounts of trace elements. The diversity and 

amounts of trace elements contained in highest grade chemi- 

das, distilled water, cotton plugs, and on the surface of 

glassware provide aerious obstacles in biological work. 

Lethods which have been used to study trace mineral nutri- 
tion are (I) determination of elements in the ash of a given 

organism, (2) cultivation on chemically defined media using 

salts of known purity, (3) removal of traces by recrystal- 
lization, adsorption, precipitation, or inactivation. Neither 

of the first two methods are suitable for quantitative study 

of mineral nutrition of bacteria; a chemically "pure" medium 

often contains a concentration of minerals two or three 

times greater than that required biologically, and ash 

analysis obviously may lead to erroneous conclusions. 
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Feerystallization of individual salts is wholly unsatisfac- 

tory for this type of work. Steinberg's precipitation 

technique has been used effectively in studying the mineral 

nutrition of molds; however, the requirements of bacteria 

are much lower and there is some doubt as to the value of 

this method in bacteriological work (34, pp. 461-476). 

Other workers in the field have used adsorption techniques, 

utilizing purified carbon, Ca3(PO4)2, or a cationic exchange 

material with some success. 

The use of chelation agents for inactivation of metals 

has recently been accomplished successfully by a number of 

workers. Certain chemical agents (e. g., 8-hydroxyquinoline, 

2, 2' blpyridine, a a' dipyridal, and o-phenanthroline) 

form stable inner chate complexes with the metals. The 

complexes are insoluble in water, but readily soluble in 

certain organic solvents which are immiscible with water; 

and thus can be removed. These conipounds were ftrst used 

in biological oxidation studies where they were used to 

tie up certain enzyme systems by forming complexes tth the 

metals involved. By adding back the metals, various bio- 

logical processes could be studied. 

waring and erkman (37, pp. 303-312) have developed 

a method of using 8hydroxyquino1ine as a means ot medium 

purification in their studies of the iron requirements of 

a number of heterotrophic bacteria. Mediijn purified according 

to this procedure has been calculated to contain between 



0.0007 and 0.003 ppm of available iron. 

The effects of various concentrations of iron on 

riboflavin production by Clostridium acetobuty1iu has 

been demonstrated by Hickey (15, pp. 439-447) using 

2,2' bipyridine for inactivation of the iron. 

More recently, Gale and Mitchell (6, pp. 369-385) 

have used 8-hydroxyqulnoline for the inactivation of Mg 

and Mn in their study of trace metals involved in glu.- 

tamic acid assimilation. 

The primary object of the present research has been 

to study the utilization of trace minerals by BruceUp 

abortus strain 19. The technique of medium purification 

developed by Varing and Werkman, using 8-hydroxyquinoline, 

has been utilized throughout the work; and optimal concen- 

tration levels of Fe , Mn , arid Mg have been deter- 

mined. Experimental evidence for these results is pre- 

sented in the following pages. 

EXPERIMENTAL METHODS 

Stock culturß: Strain 19 of Bruce3 aborp was used 

throughout the experimental work. A lyophilized preparation 

of the culture was provided by Dr. Philipp Gerhardt, Depart- 

ment of Bacteriology, Oregon State College. The original 
culture was obtained from the Bureau of Animal Industry, 

United States Department of Agriculture. It is a direct 

descendent of the original culture isolated by Cotton, Bucks 



7 

and Smith (3, pp. 291-314). This is an avirulent strain 

used for the preparation of living vaccines for the pre- 

vention of brucellosis in cattle. Stock cultures were pre- 

pared by streaking a second generation transfer of the lyo- 

philized culture on a number of Albini Brucella Agar slants. 

These slants were incubated at 35°C and at the end of 24 

hours they were placed in the refrigerator for storage. 

At bimonthly intervals a new supply of stock cultures was 

prepared by subculturing from the previous stock. 

Inoculuni: Preparation of the inoculum :or expon- 

mental cultures was done by asceptically scraping the growth 

from a 24 hour Albimi agar slant culture with a small glass 

spatula. The cells were then washed twice in buffered sa- 

line (O.85 NaCl in pH 6.6 M/l5 phosphate buffer solution) 

to remove any minerals carried over from the agar medium. 

A Sorval high speed centrifuge was used in the washing 

process. After the second centrifugation, the cells were 

again suspended in buffered saline and the turbidity of the 

suspension adjusted to a light transmittance of 27 to 30 

per cent. 

To interpret the standard inc1um in tcrrns of viable 

cells per ml a curve was prepared to show the relation of 

viable cell counts and percentage of light transmittance. 

The data for this relationship are given in Figure 1. This 

was accomplished by preparing suspensions of cells having 
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Figure 1. Correlation hewi 
light transmittance 
abortus strain 19. 

viable cell count and per cent 

of cell suspensions of Brucelia 



different turbidities. The light transmittance of each 

suspension was recorded. Then the original su.spensicrì as 

diluted 1:1, 1:5, and 1:10 times, and the light transmit- 

tance recorded for each of the dilutions. Plate counts 

were made for each dilution on Albimi Brucella Agar. The 

plates wore incubated for 96 hours at 35°C. Averages were 

taken from six replicate plates counted on each dilution. 

Light transmittance was determined by means of a iodel B 

Beckman spectrophotonieter,using a 660 mu filter and andard- 

ized 20 mm pyrex culture tubes as cuvettes. 

A 0.1 ml aliquot of the suspension was used í.r 

inoculation of each culture. The inoculum was accurately 

standardized by use of a micropipette calibrated to deliver 

exactly 0.1 ml. From Figure 1 lt is obvious that the 

standard lnoculum contains approximately 3 billion cells 

per ml, thus when 0.1 ini of this suspension is added to 

9.9 ml of medium in the culture tube the final concentra- 

tion of the inoculum is approximately 30 million cells per 

mi. 

Cultural Condition Growth Assay: The cultures 

were grown in 9.9 ml 

These culture tubes 

placed directly into 

mittance readings at 

amount of growth was 

manner, and data for 

of medium in 20 rum pyrex culture tubes. 

vere standardized so that they could be 

the spectrophotometer for light trans- 

any time in the incubation per:iod. The 

determined turbidimetrically in ts 

experiments are given as percentage of 
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light transmittance. Plate counts were made at intervals 

as checks and always compared satisfactorily with the re- 

lati&riship shown in Figure 1. 

Strain 19 is an oxygen requiring strain of ll 

abortus. Aeration was accomplished by the use of a recip- 

rocating shaker which agitated the cultures at a rate of 90 

complete strokes per minute through a distance of 8 ein. 

Specially designed racks were used wbich held the tubes at 

an angle that allowed the greatest surface to volume ratio 

possible for maximum aeration while shaking. The cultures 

were incubated on the shaker in a walk-in incubator at a 

constant temperature of 35°C. 

To minimize trace mineral contamination, the culture 

tubes were covered with acid cleaned pyrex glass wool. No 

cotton, gauze, or rubber plugs were used. The glass wool 

was held in place by perforated metal foil caps which also 

served to decrease the amount of evaporation. In a control 

experiment considerably higher levels of growth were obtained 

in tubes covered with perforated metal foi]. than in those 

covered with metal foil caps that wore not perforated, 

probably due to an interference with aeration by the caps. 

In all experiments, triplicate cultures were used; 

and whenever possible, to insure greater accuracy, addi- 

tional replicates were made. Unless otherwise stated, the 

incubation period was for 96 hours. Figure 2 shows a 

growth curve prepared from a standard inoculum. Frn this 
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it is evident that the cultures are essentially at the 

maximum stationary phase of growth at the end of the in 

cubation period. 

G1assware Chemicals: Pyrex glassware was used. 

It was carefully handled to prevent scratching or etching 

from which trace contaminants would be difficult to remove. 

Before use, all the glassware was first soaked in a deter- 

gent, Hemosol, for approximately 30 minutes, then rinsed 

thoroughly in warm tap water, and further cleaned by wash- 

Ing with a solution of concentrated sulfuric acid satu- 

rated with sodium nitrite. The acid was removed by rinsing 

at least five times in tap water, twice in distilled water 

and finally in glass distilled water. All culture vessels 

were filled with glass distilled water and autoclaved for 30 

minutes at 20 lb pressure to adsorb any remaining trace con- 

tamination. The glassware was allowed to drain dry and 

every effort was made to keep it free from any foreign sub- 

stances which might introduce trace mineral contamination. 

Special distilled water used for final rinsing of 

the glassware, for inedia preparation, and for making up all 

solutions was prepared by redistilling a steam condensate 

over potassium permanganate in an all glass still. 

Highest quality chemicals commercially available 

were used in all preparations. The vitamins used were crys- 

talline treparations, and the inorganic materials were 
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either reagent or analytical grades. 

aedia,: The chemically defined medium used throughout 

the experimental work was that described by Gerhardt and 

i1son, which has the following composition (14, p. 22): 

Glutaxnic acid 0.20 
Lactic acid 0.50 % 
Glycerol 3.00 % 
NaC1 0.75 
K2HPO4 1.00 % 
Na2S203H20 0.01 % 
Mg (as MgS047H0) 10.00 ug/ml 
Fe (as Fe804.7F120) 0.10 ug/mi 
Mn (as thSO47H20) 0.10 ug/rnl 

Thiamine hydrochloride 0.20 ug/mi 
Nicotinic acid 0.20 ug/mi 
Calcium pantothenate 0.0' ug/mi 
F3iotin 0.001 ug/mi 

For convenience in preparing the medium, two stock 

solutions were made, one containing 1g , and Fe 
; 

and the other containing thiamine hydrochloride, nicotinic 

acid, calcium pantothenate, and biotin. Appropriate amounts 

were accurately weighed and dissolved in water and made to 

volume so th0t 10 ml aliqu.ots of the solution contained 

the required amounts of the respective ingredients for one 

liter of the basal medium. These solutions were stoced in 

the refrigerator. 

Using a Beckman glass electrode pFi meter, the pH 

was adjusted to 6.8 to 7.0 with iN NaOH. The medium was 

autoclaved at 15 lb pressure for 20 minutes. 

iüediurn urifictio: The method used for removing 

trace elements from the medium was that described by aring 
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and .erkman (37, PP. 303-312), IncludIng several rnodïfl- 

cations which were found necessary for this particular 

problem. The procedure used consisted of the following 

steps: 

1. All the constituents of the basal medium, minus 

the mineral stock solution, were accurately weighed 

or measured and made to a volume of 250 ini, the pH 

was adjuted as explained later, and the solution 

was placed in a glass stoppered pyrex soparatory 

funnel. 

2. Approximately 5 mg. of 8-hydroxyquinoline (astman) 

were dissolved in i ini of chloroform and added to 

the medium in the funnel. 

3. The mixture was shaken vigorously and allowed to 

stand for five minutes. 

4. About 3 ml of chloroform were then added and the 

funnel was shaken vigorously for one minute. 

5. The mixture was then slowly rotated for about 30 

seconds to cause the droplets of chloroform to 

coalesce and come to rest on the bottom, and the 

chloroform layer was drawn off. 

6. The solution was again washed twice as above with 

3 ml portions of chloroform. 

7. The whole extraction was repeated by adding 5 mg 

portions of the solid 8-'hydroxyqulnollne directly 

to the funnel, shaking vigorously Into the chloroform 
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saturated, acqueous solution, and washing out the 

metal complexes until they were no longer formed. 

This point is determined visually by the gradual 

clearing of the chloroform layer, which is black in 

the presence of ferrous hydroxyquinolate complexes 

and dark green when f rric complexes are present. 

About four extractions vere usually sufficient. 

8. After the last portion of 8..hydroxyquinoline was 

added the solution was washed three times with 3 ml 

portions of chloroform and once with 5 ml. The 

excess was allowed to settle out for about 10 

minutes, and the chloroform layer was removed. 

The solution was then free of the oxine(8.hydroxy* 

quirioline) reagent, which is highly soluble in 

chloroform. 

The purified solution was then transferred to a 

thoroughly clean one liter volumetric flask, the minerals 

added in appropriate amounts, and the solution made up to 

volume with glass distilled water. 

Spot tests (5, pp. 151-160) were used to check the 

effectiveness of the extraction procedure, as well as to 

check on the purity of the glass distilled water. These 

were negative in all cases. The a,a' dipyridal spot test 

was used to determine the presence of iren. This was done 

by mixing a drop of the solution to be tested with a thtp 

of a two per cent solution of a,a' dipyrida]. in alcohol 
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ori a spot plate. According to the amount of iron present, 

a red or pink colored circle Is formed. The limit of 

Identification of this test Is 0.03 ug/mi of iron. 

To test for the presence of manganese a drop of the 

solution to be tested was mixed with a drop of concentrated 

sulfuric acid In a micxocrucIble, arid a drop of a 0.1 per 

cent silver nitrate solution was stirred in followed by a 

few mg of solid ammonium persulfate. The mixture was.then 

gently heated; a violet coloration Indicates manganese. The 

limit of identification of this test Is 0.1 ug/rnl of man.. 

ganese. 

These tests were chosen because of their simplicity 

and relative sensitivity. Since large quantities of mag- 

neslum are required, and s'na1]. amounts o it are detected 

with difficulty, no spot test was used to ascertain the 

complete exclusion of 

Figure 3 shows the effects of the extraction pro- 

cedure on the medium. The process has a somewhat retarding 

effect on the growth of the organism; however, the dif- 

fererice in the final concentration of cells does not appear 

large enough to be significant or to question the advisability 

of using this procedure. It Is possible that in the extrac- 

tion process certain trace ions are removed from the medium 

and are not added back. These traces, riot accounted tr, 

may have certain growth promoting effects in the unextracted 

medium. 
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Figure 3. Effect of 8-hydroxyquinoline extraction of Fe, 
Mn+4, and Mg on the growth of Brucella abortus 
strain 19 as compared with growth in the 
unextracted medium. 
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It has been observed that 8-hydroxyqulnoithe forms 

the che1aton complex most completely with Iron nd man- 

ganese at a pH of 7.0 and with magnesium at a pH of' 9.0. 

The pii of the medium was adjusted before the extraction 

procedure. In the Iron and manganese experiments it was 

merely adjusted to 7.0 with i N NaCH. For the magnesium 

experiments, the pH was adjusted to 7.0 with NaOH and 

from 7.0 to 9.0 with 0.1 N NH4OH. During the autoclaving 

process the ammonia volatilizes away thus lowering the pli 

to 7.0. This obviated the necessity of readjusting the 

pli with acid, which would be a possible source of trace 

contamination and which would also necessitate a comperi- 

sation for the change in salt concentration of the medium. 

EXPERIMENTAL RESULTS 

An attempt was made to analyze quantitatively the 

requirements of Bruce1laortus strain 19 for Lig , Ln , 

and Fe . In the absence of previous literature concerning 

techniques for studying the mineral nutrition of this organ- 

lara, much of the preliminary work involved development of 

a standard method by which accurate and reproducible results 

could be obtained. 

A prerequisite to all mineral nutrition studies is 

a medium sufficiently free of trace minerals to reveal a 

deficiency. In this study this was accomplished by the use 

of the chelation compound 8-hydroxyquinoline. The mineral 
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free medium must then be protected from all possible sources 

of trace contamination. Early experiments in this study 

gave inconsistent results and lt was not until the sources 

of error had been eliminated by experimentation and the 

procedure was rigorously standardized that consistent re- 

sults wore finally obtained. 

The etract: zn process and method of glassware 

cleaning were eliminated as sources of error due to trace 

mineral contamination by the use of spot tests on the medium 

and on the final rinse water from the glassware. Several 

diffeï'ent methods of capping the culture tubes were used to 

check on these as a source of trace contamination and it was 

found that in a large number of replicates the cultures in 

tubes covered with acid cleaned glass wool gave the most 

consistent light transmittance readings. Subsequently, it was 

noted that tubes covered with perforated metal foil showed 

more growth than cultures in tubes covered with plain metal 

foil. The spectrophotometer readings in this case were also 

more consistent due to the more uniform aeration. It also 

became evident that temperature must he standardized, as t} 

tubes placed directly above the motor on the shaking machine 

never attained the maximum level of growth because of the 

heat given off by the motor. The tray on the shaker was 

then insulated with an asbestos pad, and a fan was directed 

on the motor to cool it. Then these methodological sources 

of error were eliminated and the method became standardized, 
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as outlined previously; lt was possible to obtain consistent 

results on replicate cultures and in duplicate experiments. 

The results shown In the following data were duplicated at 
least twice and In the case of iron requirements the oxperl- 

mei.t was repeated four times. 

Determination of Optimal Concentrations 

of Fe , Mn , and Mg ++ 

A serles of experiments was designed to determine 

the optimal concentrations of Fe ++ , Mn , and Mg to 

obtain maximum growth of BruceUp strain 19. This 

was done by adding varying concentrations of the respectivo 

ions to the mineral free medium. 

Ferro j: To determine the Fe requ±rement of 

the organism the medium was purified of all trace minerals 

by the procedure described. Ton ug/ini of Mg and 0.1 

ug/mi of were added to the medium, 9.8 ml of titts were 

placed in the culture tubos, and 0.1 ml of the varying 

dilutions of Fe were then added to the tubes. The medium 

was autoclaved and then inoculated with 0.1 ml of inoculum 

to give a final volume of 10 ml per tube. In various 

experiments concentrations varying from no detectable Fe 

to 10 ug/mI were used. It was noted that above 1.0 ug/m1 

a precipitate formed which made spectrophotometer readings 

impossible. In such cases there was apparently very little 
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growtb oresent as observed visually, and 'Lt i asuzned that 
such concentrations are not tolerated by the organism. 

The difference in rate and amount of growth in the 

medurn with varying concentrations of Fe is shown in 

Figure 4. At the end of the incubation period, the hîghest 

level of growth was obtained using the medium containing 

0.01 ag/mi of Fe . Above or below this concentration of 

Fe there was a marked decrease in the rate of multiplica- 

tion, as well as in the final concentration of cells, 
Using 0,1 ag/mi of' Fe , the amount originally specified 

for this medium, a level of 1.9 x 109 cells per ml was 

reached; while with 0.01 ag/mi of Fe a level of 3 x 109 

was attained. The possibility that certain factors present 

in the unextracted medium may neutralize the effect of the 

higher concentration of Fe was considered; however, this 

possibility was eliminated by an experiment using Fe con- 

centrations of 0, 0.1, and 0.01 ag/mi In the medium which 

had not been purified vtth 8-hydroxyquinoline. Approximately 

the same differences were shown In the final amount of 

growth. Data for this experiment are shown In Figure 5. 

It is noted that In an aerated environment, oxidation 

of Feto Fe will occur, and an equilibrium will be main- 

tained. No attention has been given to this phenomenon in 

this or previous studies. It is assumed that with standard 

conditions of pH and oxygen concentration, the Fe/Feì'atio 

will remain relatively constant for a given concentration 
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Figure lj.. Effect of varying Fe concentrations on the 

rate and amount of growth of Brucella abortus 

strain 19. 
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Figure . Effect of varying Fe++ concentrations on the 

growth of Brucella abortus strain 19 in the mediuni 

not extracted with 8-hydroxyquinoline. 
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of Fe added to the culture medium. 

In none of the experiments, was lt possible to lower 

the Fe concentration enough so that sorne growth did not 

appear. The amount of Fe within the cells, which obviously 

could not be removed by washing, may be enough b maintain 

a minimum rate of multiplication. Using standard inoculum 

procedures, the cells were inoculated into an Fe free 

medium In the same manner that the experiments were conducted, 

and the growth from this was transferred serially every 96 
hours to tubes of Fe free medium. With each transfer 

the amount of growth decreased and aftcr the third genera- 

tion no multiplication took place. 

Fror: the results of these experiments lt is evident 

that Brucellp grtus straIn 19 wIll not live in the corn- 

++ 
plete absence of Fe In ordinarily prepared media it 

is Impossible to exclude all Fe 
; 
however, the amount 

present when no additional is added is not enough to 

support maximum growth. Small quantities of Fe added 

to the medium stimulate growth, while larger amounts are 

inhibitory. 

2iariganous Ion: Determination of the manganese 

requirements of Bruce1 abor strain 19 was performed 

in the same manner as the iron experiments. Varying con- 

centrations of from c to 1 ug/mI of LIn were used. Figure 

6 i1lustrtes a comparison of the rate and final concentration 

of growth using varying concentrations of In the medium. 
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Figure 6. Effect cf varying Mn concentrations on the rate 

and amount of growth of Brucella abortus strain 19. 
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There is no marked change In the rate of growth with the 

addition or subtraction of' Mn however, repeated oxperi- 

merits have shown that higher levels of growth are attained 

in a medium containing 0.1 ug/mi of i1n . Above and below 

this level there is a decrease in the amount of growth a- 

mounting to from 500 million to I billion cells per ml 

at the end of the incubation period. when carried through 

a series of transfers in Wth deficient medium the amount 

of growth diminished with each transfer, although there 

was still evidence of growth after the fifth transfer. 

The results of other workers have indicated that 

in is stixnulatory to the growth of brucella, but that it 

is not required. The results of the present study corro- 

borate these observations, specifically in regard to BrucQ 

abortus strain 19. It also appears that 0.1 ug/mi of' Mri 

is the concentration most compatible with the other con- 

stituents of this chemically defined medium, and it 

concentration which stimulates maximum growth of the organism. 

Magnesium j: The requirement of Mg by organisms 

of the brucellae group has been fairly well established; 

however, this study was conducted to determine the exact 

concentration of Mg which would support maximum growth. 

These experiments were carried out by using a medium which 

had been purified of Lig by extraction with 8-hydroxyquino. 

line at pH 9.0. The removal of Mg by this method has 
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been found to be niost complete at thIs pH (1, pp. 529-536). 

As explained In the previous section the pH had been ad- 

juted from 7.0 to 9.0 wIth NHOH. After the purlficat±on 

of the medium Feand were ddod to the redIum In the 

optimal concentrations determined in previous experiments, 

(i.e. Fe , 0.01 ug/mi arid Mn , 0.]. ug/mi). The medium 

was placed In tubes and concentrations varying from to 

25 ug/mi of 1Jg were added to the tubes. mien the medium 

was autoclaved the pH was lowered to 7.0 by the volatiliz 

ation of the ammonia. The tubes were then inocnT tod and 

Incubated as described, 

The results of the Mg experiments are shown In 

Figure 7. ien concentrations of 15 ug/mi or over were 

added to the medium a precipiteto formed which Interfered 

with the spectrophotometer readings, and presumably, Inter- 

fered with the growth of the organism, as evidence by the 

fact that In a medium containing 12 ug/rnl of Lg there 

was approximately one billion cells per nil less at the end 

of the incubation period than In a medium containing bug/mi. 

From this data it Is obvious that Is required 

by abortus strain 19, as there Is a definite in- 

crease In the amount of growth directly proportional to 

the increase In the tg concentration up to 10 ug/ini where 

the optimum Is reached. Above this level growth appears 

to decrease again. A slight amount of growth was observed 

In the medium experimentally deficient In M but attempts 
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Figure 7. Effect of varying Mg concentrations on the rate 

and amount of growth of Brucella abortus strain 19. 
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at serial transfer to Lïg deficient medium were not suc- 

cessful and no further growth occurred. 

iinera1 nutrition studies with other organisms have 

shown that In some cases the magnesium and manganese require- 

ments are interdependent, while in other cases one is re- 

placeable by the other. Pn experiment was designed ng 

0.01 ug/mi of Foand varying the Mr and rAg concentrations 

In relation to one another. Figure 8 is a three dimensional 

representation of the results. The two variables were 

plotted against the light transmittance. This experiment 

did not reveal any interdependence between the varying 

concentrations; however, it did serve to confirm the op- 

timum conditions found in the experiments with the indi- 

vidual elements. It is noted that manganese concentrations 

show little effect on the amount of groth although slightly 

more growth is obtained using 0.1 ug/mi. The level of growth 

increases with the amount of 1Iig added. Thus the optimum 

conditions for gro-vth of rucel abortus strain 19 include 

0.01 ug/mi of Fe , 0.1 ug/mi of Lr , and 10 ug/mi of £ig. 

SUMWRY AND CNCLUSIONS 

The effects of various concentrations of Fe ++ , Mn 

and Mg on the growth of Bruce abortus strain 19 were 

studied using Gerhardt and Wilson's chemically defined medium. 

An efficient method has been developed for studying the 

mineral nutrition of brucellae, making use of chelation 
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Figure 8. Three dimensional representaton of the effects of the relationship 
of varying Mn concentratons to varying Mg concentrations on 
the amount of growth of l3rucella abortus strain 19. 0 
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compounds for removing truce elements from the medium. In 

this particular study the compound 8-hydroxyquinoline was 

used for medium purification. Certain other similar corn- 

pounds form more stable cholate complexes with other Ions; 

and in subsequent studies dealing with such ions a proce- 

dure using another compound which forms a water insoluble, 

chloroform soluble complex may be desirable. The method 

probably yields the most satisfactory minerai free medium 

thus far obtained for bacteriological study. It is par- 

ticularly advantageous because of the rapid action of these 

compounds and the relative simplicity of the procedures. 

Contrary to the findings of earlier workers, the 

results of this study indicate that optimum growth of 

LQil pbortu strain 19 takes place in an Fe concen- 

tration of 'O.Ol ug/mi. In Fe concentrations above 0.1 ug/m]. 

growth is diminished; similarly lt is diminished in cori- 

centrations below 0.01 ug/mi. McCullough, et al. (28, pp. 5- 

15) found Fe concentrations of from 0.1 ppm to 10 ppm to 

give maximal growth of Brucella suis, and they also noted 

that higher levels were inhibitory. It is worthy of note 

that the earlier studies lacked the modern, accurto methods 

of analysis, and that many of the Ingredients sed In the 

chemically defined media carried various substances as 

contaminants. However, the results of, tbis study refer 

only to the growth of Brucella %bort straIn 19 in the 

chemically defined medium developed by Gerhardt and i1son. 
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Until these findings have been applied to other species and 

used in other media they cannot he compared or applied to 
other members of the group. It has been shown in the pre- 

sent study that in this one medium, better growth is obtained 

using C.Ol ug/mi of Fe than 0.1 ug/ml which the original 

description included. 

The results of the Mn and ig experiments are, for 

the most part, In agreement with the findings of other 

workers with other species of Brucella. It appears that 

f n is stimulatory, but not essential for growth. Inclu- 

sion of 0.1 ug/ml of Mn in this medium produces maximum 

growth levels. This is in agreement with the results 

obtained by iJcCullough and co;orkers, and furthermore, it 

confirms the concentration used in the Gerhardt and ii1son 

medium. 

Lig was found to be essential for the growth of this 

organism. Zobell and ffeyer and LEcCullough, et al. have also 

found it to be essential for other brucellae, The amount 

of growth was observed to increase directly with the amount 

of fg up to 10 ug/rnl, at which point the highest level of 

growth was reached. With the addition of more magnesium 

the growth decreased. 

In conclusion, it may be stated, that as a result of 

the present study, optimum growth conditions for Brucoll 

abortj strain 19 in the chemically defined medium of 

Gerhardt and Wilson include 0.01 ug/ml of Fe , 0.1 ug/mi 
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of Mrr , and 10 ug/mi of ig . Considering the agreement 

of the li and îg studies with the findings of other 

workers, lt may reasonably be assumed that these results 

will aply to all iembers of the group. Desirability of 

further study In regard to the Fe requirements of the 

brucellae is indicated by the variance of the requirement 

found for BruceI abortus strain 19 from the amounts found 

to be required by other species of Brucelip In other studies. 
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