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SYNOPSIS

The effect of mixed culture growth conditions on the cellular fatty

acids of bacteria were examined by high performance liquid chromatography.

Streptococcus saZivarius grown individually in mixed culture with

Streptococcus mutas, Streptococcus sanguis, StaphyZococcus aureus, and

Escherichia coli showed no qualitative changes in cellular fatty acids

when compared with cellular fatty acids detected in a pure culture of

Streptococcus saZivarius. Growth in mixed culture did affect the fatty

acid profiles quantitatively, however. A pronounced quantitative shift

in the ratio of unsaturated octadecanoic acid (18:0) to saturated octa-

decanoic 18:1 was observed when S. salivarius was grown in the presence

of both S. mutans and S. scnguis.
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INTRODUCTION

Since 1963, when Abel et al.1 first demonstrated the applicability

of gas chromatography for the identification of bacteria by comparing

their cellular fatty acids, bacterial fatty acid analysis has become

increasingly useful in the study of bacterial phylogenetic relation-

ships. 2-8 Because environmental effects such as temperature, 9 gaseous

environment,10 pH, 11 and carbohydrate source, 12 as well as the limited

availability of vitamins and trace metals,' 3 may alter the bacterial

fatty acids of streptococci, standardized methods of specimen preparation

are essential for accurate comparison. Previous studies examined pure

cultures only. Because bacteria in natural environments commonly exist

in mixed culture, it was the intent of this study to determine the effects

of growth in mixed culture on the cellular fatty acids of streptococci.

MATERIALS AND METHODS

Streptococcus mutans (ATCC 25175), Streptococcus sanguis (ATCC

10557), Staphylococcus aureus (ATCC 25923) and Escherichia coli (ATCC

25922) were obtained from the American Type Culture Collection, Rockville,

Md. Streptococcus salivarius (CDC SS-262) was kindly supplied by the

Center for Disease Control, Atlanta, Ga. The lyophilized cultures were

reconstituted with trypticase soy broth* and incubated for 24 hours at

37C. Subcultures were maintained under the same conditions and used to

inoculate liter flasks of trypticase soy broth. Following aerobic

incubation for 24 hours at 37C, the cells were harvested by centrifugation

and washed three times with physiological saline.

*BBL, Cockeysville, Md.
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Fatty acid profiles for bacterial cells grown in pure and mixed

culture were assayed in three groups. Group I (reference group) consisted

of organisms grown in pure culture. Group II (control group) consisted

of mixed cultures formed artificially by physically mixing 0.3 gm of

S. saZivarius (wet weight), individually with 0.3 gm of S. sanguis,

S. mutans, S. aureus, and E. coZi in separate flasks placed on a magnetic
t

stirrer. Group III (mixed culture group) was obtained in the following

manner. Pure cultures of all organisms were grown for 24 hours at 37C in

10 ml of trypticase soy broth. The resulting 24 hour cultures of S.

saZivarius were combined individually with 24 hour pure cultures of

S. mutans, S. sanguis, S. aureus, and E. coZi in 1 liter of trypticase

soy broth and grown an additional 24 hours. Cells of each species in

each culture were quantitated at the end of the incubation period using
§

a spiral plating device. This device plated 27 Ul of the culture on

differential media so that the volume plated on a given section of each

plate was known. After incubating the plates for 24 hours at 37C, the

number of colonies that grew within a defined area were counted. The

bacterial count was determined by dividing the number of colonies that

grow in the defined area by the known volume of the original culture

within that area.

Cells from all three groups were saponified, the fatty acids extracted

and tagged 1
4
- 16 and separated by high performance liquid chromatography

(HPLC). HPLC was performed on a Waters Model 244 High Performance

Liquid Chromatographt equipped with a solvent programmert and two VBondapak

t Fisher Scientific, Pittsburgh, Pa.

Spiral Systems Marketing, Bethesda, Md.
Waters Associates, Milford, Mass.
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C 18 reverse phase columns.t Individual fatty acids were identified and

the peak heights from all chromatograms were measured.

To compare the chromatograms, palmitic acid was assigned an arbitrary

value of 200 mm and all other peaks were normalized to this assigned

value. Chromatograms for organisms in Group I (excluding S. aureus)

were normalized to 100 mm, since the peak heights thus obtained were

subsequently graphically combined to simulate the presence of the two

bacterial species in a 50:50 ratio.

The per cent of palmitic acid relative to the total fatty acids

present in S. saZivarius, S. mutans, E. coli, and S. sanguis were 51.5%,

45.6%, 40.1% and 43.7%, respectively, compared with only 17.3% for S. aureus

(Table II). For graphing purposes, the per cent of palmitate contributed

by each organism in reference Group I was assigned a 50% value. This

assignment was not valid for S. aureus because palmitate constituted only

17.3% of the total fatty acids. Arachidic acid was the major fatty acid

in S. aureus, whereas, only trace amounts of arachidic acid were detected

in S. saZivarius; therefore, all of the arachidic acid found in the analysis

of Group II was assumed to be from S. aureus. For consistency in analysis,

fatty acids for S. aureus were normalized using the peak height for

arachidic acid (102 mm). The corrected palmitate value subsequently obtained

for S. aureus was subtracted from the originally assigned 200 mm value for

palmitic acid to yield a palmitic acid value directly comparable with the

other chromatograms. This was used to normalize the remaining fatty acid

peaks from S. salivarius.
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RESULTS

The percentage of each bacterial species comprising the mixed cultures

of Group III is listed in Table 1.

Results from the fatty acid chromatograms obtained by HPLC for the

pure cultures of S. salivarius, S. mutans, S. sanguis, S. aureus, and

E. coli are shown in Table 2. Lauric, myristic, palmitic, and stearic

acids were the major saturated fatty acids detected in S. salivarius and

S. mutans, whereas, the major unsaturates were palmitoleic, oleic, and cis-

l1-eicosenoic acid. S. sanguis, which was characterized by the straight

chain fatty acids - lauric, myristic, palmitic, and stearic showed pal-

mitoleic and oleic to be the major unsaturates. S. aureus, which contained

myristic, palmitic, stearic, and arachidic acids as its major straight

chain fatty acids contained no major unsaturates. In addition, S. aureus

contained 12-methyl tridecanoic, 12-methyl tetradecanoic, and 13-methyl

tetradecanoic acid. Major constituents of E. coZi were cyclopropane fatty

acids, particularly cis-9,10-methylenehexadecanoic and cis-9,10-methylene-

octadecanoic acids. In all bacteria except S. aureus, palmitic acid was

the most abundant acid.

The major fatty acids detected in S. salivarius and S. mutans are

illustrated in Fig. 1 where all three groups assayed (reference, control,

and mixed culture) are represented. The quantity of stearic acid detected

in Group II (control) was approximately one-half the amount of oleic acid,

whereas, relatively equal amounts of both these acids were observed in

Group III. Larger quantities of C-12 and C-14 fatty acids were observed in

S
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Group II than were observed in Group III.

The major fatty acids detected in S. salivar-ius and S. san guis

(illustrated in Fig. 2), show that Group I and Group II contain more 18:1

than 18:0. It is of interest that the reverse is true in Group III.

The major fatty acids detected in S. saZivarius and S. aureus are

illustrated in Fig. 3. Groups II and III had similar amounts of palmitic,

stearic, and oleic acid, even though Group III possessed a lower quantity

of total fatty acids.

In Fig. 4, the quantity of fatty acids detected in Groups II and III

consisting of S. saZlivarius and E. coli were very similar, however, signi-

ficantly increased amounts of C-12, C-14, C-16:1, C-18, and C-18:1 were

observed in Group I.

Comparison of the fatty acids profiles for all the bacteria analyzed

indicates the presence of the same fatty acids in approximately the same

quantities in both Groups I and II. An exception is the relatively higher

amount of oleic acid detected in Group I (Figs. 1,3,4).

DISCUSSION

All fatty acids detected in the pure cultures of the organisms included

in this study were the same as those detected previously. 2, 14 17, 18 All

changes in fatty acids observed as a result of mixed culture growth were

quantitative, not qualitative.

Quantitative changes were evaluated by employing two control groups.

Because the bacterial species in Group I were saponified and extracted

individually as pure cultures, whereas, the bacterial species comprising

Group III were combined, saponified, and extracted as a mixture, a control
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to ascertain the effects of constituents of the mixture on the extraction

procedure was required. This control was provided by Group II. Group

I (reference group) provided a fatty acid profile for the individual

organism.

In general, the same fatty acids in approximately equal quantities

were detected in Groups I and II. Exceptions occurred in the increased

amount of 18:1 detected in Group I relative to Group II (Figs. 1,3,4), and

in the increased amount of 20:1 detected in Group I relative to Group II

(Fig. 1).

We speculate that different compositions of the cell preceding saponi-

fication and extraction processes may have altered the partition coefficients

of individual fatty acids, thereby affecting their apparent concentrations.

Growth of S. sclivarius with S. scnguis (Fig. 2, Group III) resulted

in decreased production of the unsaturated fatty acid 18:1. Groups I and

II possessed more oleic acid than stearic acid; however, more stearate was

detected in Group III than oleic acid. The decrease in 18:1 may have

resulted from a competitive inhibition between S. salivarius and S. sanguis

for a limited substrate or precursor required for the biosynthesis of 18:1.

Alternatively, inhibition of 18:1 synthesis may have resulted from a

symbiotically produced inhibitor. As shown in Fig. 1, Group III, growth of

S. salivarius with S. mutans resulted in a reversed shift in the production

of these two fatty acids since more 18:1 than 18 was produced. Because we

did not attempt to determine the cause of this change in unsaturation, this

effect remains unexplained. It is of interest that the increased production4of unsaturated fatty acids has been previously associated with the degree
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of oxygenation i°'' and osmolality1 9 of the culture media. Although this

offers a possible explanation, a similar effect was not noted for 16 and

16:1.

Lambert and Moss 2 were unable to differentiate S. saZivarius and S.

mutans by fatty acid profiles. However, both could be distinguished from

S. sanguis, as well as other oral streptococci, since they both contained

relatively large amounts of 20:1. The results obtained here by HPLC

partially confirm their results obtained by gas-liquid chromatography

(GLC). Eicosenoic (20:1) was detected in both S. saZivarius and S. mutans

(Fig. 1), but was absent in S. 8angis (Group I, Fig. 2). The amount of

20:1 produced was not affected by growth in mixed culture since, as shown

in Figs. 1 and 2, the amount of 20:1 in Group III was comparable to the

amount in Group II.

The fatty acid profile for S. aureus showed only myristic (14:0),

palmitic (16:0), and stearic (18:0) acids in common with streptococci.

The fatty acid profile for E. coZi showed two entirely different fatty

acids, methylene hexadecanoic acid A17 and methylene octadecanoic acid A19.

Growth of S. salivarius with E. coZi resulted in virtually no noticeable

effect on the fatty acid constituents of S. salivarius.

Commercial materials and equipment are identified in this report to

specify the investigative procedures. Such identification does not imply

recommendation or endorsement or that the materials and equipment are

4, necessarily the best available for the purpose. Furthermore, the opinions

expressed herein are those of the authors and are not to be construed as

those of the U. S. Army Medical Department.



TABLE I

PER CENT OF BACTERIA QUANTITATED IN GROUP III

FOLLOWING GROWTH IN MIXED CULTURE

Streptococcus saivarius 41% Streptococcus sanguis 58%

Streptococcus salivarius 37% Streptococcus mtans 63%

Streptotoccus salivarius 55% Staphylococcus aureus 45%

Streptococcus saZivarius 39% Escher-!chia coZi 60%



TABLE II

NO.MALIZED PEAK HEIGHTS (mm) OBTAINED FOR MAJOR

BACTERIAL FATTY ACIDS (DETECTED BY HPLC)

Fatty Acids Bacteria Examined

S. salivcarius S. mutans S. sanguis S. aureus E. coZi

CDC SS-262 ATCC 25175 ATCC 10557 ATCC 25923 ATCC 25922

Lauric C-12:0 22 12 59 -- 43

Myristic C-14:0 63 42 48 170 33

12-methyl
tetradecanoic -- 4 -- 148 --
C-15:Oa

Palmitic C-16:0 200 200 200 200 200
(51.5%)* (45.6%)* (43.7%) (17.3%)* (40.1%)*

Palmitelaidic ...... 97
C-16:10 9

Methylene
Hexadecanoic -- -- -- -- 40
i'C-17:0

Stearic C-19:0 23 31 48 242 32

Oleic C-18:1A 9  42 85 75 18 79

Methylene
Octadecanoic 17
AC-19:0

*Arachidic C-20:0 1 1 1 266 1
(23%)*

-Eicosenoic C-20:1-A9  7 38 --

*Per cent of total fatty acids

AL]



LEGENDS

Figure 1. Fatty acid peak heights (normalized) for reference, control, and

mixed cultures of Streptococcus salivarius and Streptococcus mutans.

Figure 2. Fatty acid peak heights (normalized) for reference, control, and

mixed cultures of Streptococcus salivarius and Streptococcus

saguis.

Figure 3. Fatty acid peak heights (normalized) for reference, control, and

mixed cultures of Streptococcus salivarius and Staphylococcus

aureus.

Figure 4. Fatty acid peak heights (normalized) for reference, control, and

mixed cultures of Streptococcus salivarius and Escherichia coli.
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