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Abstract
S. Costicola is a halobacteria that is prominent in the Great Salt Lake in Utah. There are
multiple strains of S. Costicola, but the only known difference between one particular set of
strains is that none of the strains are infected by the same bacteriophage. In order to further
classify and differentiate the strains, identification of the lipid classes in the strains’ plasma
membranes was done. Two approaches were attempted in order to identify the lipid classes. The
first was whole lipid analysis using Bligh and Dyer extraction followed by HPLC. The second
was cleaving of the phospholipid into its tail group and head group, identification of the tail
group using FAMES analysis, and benzoylation of head groups and analysis using HPLC. The R
group benzoylation proved to be unsuccessful due to lack of consistency between runs, and
incomplete benzoylation, and therefore the approach was discontinued. Whole lipid analysis
provided lipid profiles for S. Costicola strains SC 39 and SC 40, and showed similar kinds of
lipids present in both strains. However, SC 40 appeared to have lipids that are not in SC 39. Also,
the relative amounts of the kinds of membrane lipids in each strain vary.
Introduction
Halobacterias are a special group of bacteria that can endure extremely high
concentrations of salt, like NaCl. According to past research, some species of halobacteria,
specifically those that are part of kingdom Archaea, can endure concentrations of salt near
saturation, or 36% (w/v). (2) This unique ability can all be attributed to their cell membrane
(Figure 1.a.): the semipermeable bilayer of phospholipids and proteins that divides the
intracellular and extracellular millieu. Logically, alterations to this cellular membrane would
result to a change in the kinds of molecules and ions that would be allowed to diffuse through it.
Another importance of the bacterial membrane is that its lipid and fatty acid composition can be
considered the fingerprints of certain bacterial cells. (3) Knowing what fatty acids and lipids
make up the membrane of a bacterial cell will help characterize them as different strains of the
same species. Nonetheless, the fatty acid and lipid structures of certain halobacterias' cell
membranes have yet to be determined, and therefore they cannot even be fully classified.
The goal of this research project was to investigate the potential differences in the
membrane lipid and fatty acid make up of 6 different samples of bacterium which had been
previously identified as Salinivibrio Costicola. Five of these samples were taken from the Great
Salt Lakes of Utah, while another was from the American Type Culture Collection. These
samples have yet to be fully classified, but we do know that some of the samples were selectively
infected by different bacteriophages. The primary importance of this research is expanding our
knowledge on new bacteria that have never been fully studied before. By finding possible
differences in the plasma membrane composition, we can find another way of differentiating one
strain of S. Costicola from another. Additionally, we suspect that one potential reason for the
selective infection is the difference in membrane composition of each of these samples of
bacteria. By finding these profiles and finding differences between the profiles of each strain, we

can see if the lipid composition of the membrane affects infection.
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Figure 1. Plasma membrane and phospholipid structure
a. Seen is the mosaic model of a plasma membrane, which has proteins (red and green), sugar molecules
attached to proteins (light blue), cholesterol molecules (dark blue), lipid bilayer (yellow spheres with
tails), and part of the cells cytoskeleton (pink). b. Seen is a rough representation of a phospholipid, with
its specific parts labeled. Source of images: www.sciencephoto.com , www.alevelnotes.com

We attempted two different ways of identifying the lipid classes that make up the
membrane of our bacterial samples. Isolating and detecting the whole lipids was the simpler
method among the two. What we expected is that the membrane should contain a variety of lipid
classes, which may include low-polarity or polar lipids. A variation of the Bligh and Dyer (1)
lipid extraction method was utilized to isolate and collect the membrane lipids of the different
bacterial strains. The extract was then analyzed using High Performance Liquid Chromatography
(HPLC) paired with UV-Vis detection. This method enabled us to separate the different
phospholipids in the sample using differences in their polarities. For example, if we used a
column that has a great affinity for polar molecules, then polar lipids would stick to the column
and would be detected later by the UV-Vis, while the opposite could be said about low-polarity
or neutral lipids.

Figure 2. R groups
From left to right: choline, glycerol, serine, inositol

The second method focused on the phospholipids, which we
attempted by cleaving them into smaller segments. A phospholipid is made
of a hydrophobic tail group, and a hydrophilic head group, which consists of
a glycerol backbone, a phosphate and a polar group (R group). (Figure 1.b.)
The goal for this method was to detach the lipid tail group from the
hydrophilic head group, and analyze these two segments separately. In this Figure 3. Benzoyl
method, we were going to use a reaction that converted the hydrophobic
Chloride
tail groups into fatty acid methyl esters (FAMES). These tail groups would
be identified using Gas Chromatography paired with Mass Spectroscopy. On the other hand, we
specifically wanted to analyze the R groups of the hydrophilic heads, which remain in the sample
after methylation. The R groups would have their hydroxyl groups derivatized with benzoyl
chloride (Figure 3) and analyzed using HPLC coupled with UV-Vis. The derivatization
procedure to create fatty acid methyl esters is established, and it was expected that the R groups
would remain in the sample after FAME formation. However, the method for head group
derivatization is not yet established, and so we performed preliminary experiments to determine
if our procedure will work on R group molecules that could possibly be present in the S.
Costicola membrane. Prior research indicated that the most common phospholipids present in
bacterial membrane had inositol, choline, serine and glycerol R groups. (Figure 2) Therefore, we
first tested this method on inositol, choline, serine and glycerol molecules first instead of using it
on our bacteria extracts. It was hoped that this method might give us a different approach into
finding the membrane lipid profile of our S. Costicola strains.
Both methods had their advantages and disadvantages, which would be discussed later.
Experimental Procedure
Bacteria Growth and Preparation
The bacteria strains were grown using 45 mL of broth taken from an original 1 L stock
containing 80 g of NaCl, 10 g MgSO4H2O, 5.0 g of casamino acid, 5.0 g KCl, 3.0 g of Sodium
Citrate, 1.0 g of KNO3, 1.0 g of yeast extract, 0.2 g of CaClH2O. The samples were placed in a
shaker at 30° C for 2-3 days for the greatest amount of bacteria for testing. These samples were
then centrifuged down at a speed of 13000 rpm for 25 minutes to form bacterial pellets, and the
liquid was decanted off.
Lipid Extraction
The prepared pellets were homogenized with a vortex for 2 minutes with 2.5 mL of
chloroform and 5 mL of methanol. Another 2.5 mL of chloroform was added to the mixture, and
it was vortexed for an additional 30 seconds. Lastly, 2.5 mL of distilled water was added, and
mixed for another 30 seconds. The mixture was filtered using vacuum filtration, and left at room
temperature to separate into two layers. The chloroform layer was transferred to a separate test
tube, dried with Anhydrous Magnesium Sulfate, filtered, and evaporated to dryness using
nitrogen gas. The residue left behind was redissolved in 0.5 mL of methanol, and was used for
HPLC injections.

HPLC Method for Whole Lipid Analysis
The separation and quantification of extracted samples were performed using Agilent
HPLC system 1100 including G1322A Degasser, G1311A QuatPump, G1316 COLCOM,
G1314A VWD, and G1328A Manual Injector. ChemStation (Agilent Technologies) was used for
instrument control, data acquisition, and peak analysis. Separations were performed using
Agilent Technologies Eclipse XDB-C8 reversed phase column (4.6 X 150 mm, 5-Micron), and
the peak detection was performed with absorbance at 210 nm. A gradient elution of H2O and
Acetonitrile was utilized in order to separate extracted phospholipids. The flow rate was kept at
1.0 mL/min and the column temperature was maintained at 55° throughout the entire separation.
The initial solvent composition was 45% water and 55% acetonitrile, and this was kept for the
first two minutes. The acetonitrile composition was then increased to 95% in a span of 8 minutes.
This was sustained for another 13 minutes, until the run ends. The system was allowed to
equilibrate for 2 minutes before starting the next injection.
Separations were also done using Phenomenex Luna 5u NH2 100A column (150 X 4.60
mm), with the peak detection performed at 231 nm. A gradient elution of H2O and Acetonitrile
was utilized in order to separate the benzoylated derivatives. The flow rate was kept at 1.0
mL/min and the column temperature was maintained at 55° throughout the entire separation. The
initial solvent composition was 5% water and 45% acetonitrile, and then the acetonitrile
composition was decreased to 78% in a span of 6 minutes. This was sustained for another 11
minutes, and the run ends. The system was allowed to equilibrate for 2 minutes between
injections.
Lipid R Group Derivatization
100 mg of stock myo-inositol was weighed out, and was added into 0.5 mL of Benzoyl
Chloride and 5.0 mL of 2.5 NaOH. The mixture was then mixed vigorously using a magnetic
stirring bar for 5 minutes, and left overnight in an ice bath. The precipitate that formed was
extracted twice using 2.0 mL of dichloromethane. The dichloromethane extracts were combined
and washed with 2.0 mL of H2O. The aqueous layer was removed, and the dichloromethane was
evaporated using nitrogen gas. A portion of the resulting solid was then dissolved in 1.0 mL of
H2O/Acetonitrile (48:52), which was used for HPLC analysis.
HPLC Method for Lipid R-Group Analysis
The separation and quantification of derivatized samples were performed using Agilent
110 G1322A Degasser, G1311A QuatPump, G1316 COLCOM, G1314A VWD, and G1328A
Manual Injector. ChemStation (Agilent Technologies) was used for instrument control, data
acquisition, and peak analysis. Separations were done using Agilent Technologies Eclipse XDBC8 reversed phase column (4.6 X 150 mm, 5-Micron), and the peak detection was performed at
231 nm. A gradient elution of H2O and Acetonitrile was utilized in order to separate the
benzoylated derivatives. The flow rate was kept at 1.0 mL/min and the column temperature was
maintained at 55° throughout the entire separation. The initial solvent composition was 55%
water and 45% acetonitrile, and this was kept for the first two minutes. The acetonitrile

composition was then increased to 85% in a span of 6 minutes. This was sustained for another 3
minutes, and the run ends. The system was allowed to equilibrate for 2 minutes between
injections.
Results and Discussion
Lipid R-Group Derivatization
Figure 4.a. shows results for preliminary experiments involving inositol derivatization
using the reverse phase column. This column has high affinity for non-polar or weakly polar
molecules. The peaks 1 and 2 were isolated, and analyzed using a GC-MS (chromatograms not
included). The results showed that these peaks did not correspond to derivatized R-groups, but to
excess benzoyl chloride and benzoic acid that formed through a side reaction. On the other hand,
the remaining peaks indicate benzoylated inositol. This can be inferred by comparing the results
to that of a benzoylated inositol standard (Figure 5), that was previously made using more
traditional methods. The major peak, or tallest peak, for the standard’s results appears at
approximately the same time as peaks 5 and 6 of our experiment’s results. However, the multiple
peaks seen in the chromatogram possibly show incomplete benzoylation of the inositol
molecules. Peak 3 could indicate benzoylation of only 2 of the 6 hydroxyl groups of inositol,
peak 4 could indicate benzoylation of only 3 hydroxyl groups, etc. This poses a problem when
using this procedure to quantify and isolate the lipid R-groups found in our bacterial strain’s
membranes. Incomplete benzoylation would increase the number of peaks shown in our
chromatogram, and therefore we will not know whether the peak we are isolating is a completely
different head group, or if it is only the same head group as another peak, but with fewer
derivatized hydroxyl groups.
Another problem that this experiment faced is consistency between runs. Figure 4.b.
shows the results on inositol derivatization using the same conditions and procedures as the
experiment from Figure 4.a. The peaks from Figure 4.b. shows the peaks detected at around the
same time as the previous experiment, but the heights of the peaks are substantially smaller. This
would cause problems because we will not be able to conclude the actual proportion of the Rgroups for each certain strain, since the peak heights could just be the result of inconsistent
experimentation.
Due to these problems that arose when doing experiments using inositol, we decided to
not pursue further experiments using glycerol, serine and choline.
Despite these issues, attempting this experiment was still important because it would
have given us an alternative approach in finding bacterial membrane profiles. This method will
not be able to tell us the specific lipid classes present, but will give us the general composition of
the membranes. Also, compared to whole lipid analysis, this method produces samples that are
better detected by the HPLC. Derivatized R-groups would have benzoyl groups. These have
double bonds, which absorb UV-light and result in large peaks in the HPLC chromatogram.

Whole Lipid Analysis
Figure 6 shows HPLC chromatograms of whole lipid extracts from S. Costicola using the
Luna NH2 column. This column is one that has great affinity for polar molecules. Knowing this,
the cluster of peaks that appears right in the very beginning indicates that there are a lot of less
polar phospholipids in this sample. Non-polar and weakly polar impurities may also be present in
the sample. There is a well-defined peak, labeled peak 1 that is detected early in the run as well.
Furthermore, the only other peaks detected are broad peaks, labeled peak 2 and 3. These broad
peaks are likely only impurities from previous injection, because peaks from phospholipids
should appear sharper, like that of peak 1. The best way to separate these peaks at the beginning
of the run would then be to use a reverse phase column, which has high affinity for non-polar or
weakly polar molecules.
Figure 7 shows HPLC chromatogram of whole lipid extracts from 2 strains of S.
Costicola (SC 39, SC 40) using the reverse phase column. A cluster of peaks is still detected
early on in the run, however there are peaks that are seen later on in the run on both
chromatograms. These latter peaks could possibly be the whole membrane phospholipids that we
are looking for. In comparing the two chromatograms, it can be seen that there are a lot of peaks
that are detected at roughly the same time in both the run. Peak 2 of SC 39 is detected at 6.386
minutes (Figure 7.a.), while peak 2 of SC 40 is detected at 6.425 minutes (Figure 7.b.). Peaks 4
and 5 of SC 39 are detected at 12.746 minutes and 13.066 minutes respectively (Figure 7.a.),
while peaks 5 and 6 of SC 40 are detected at 12.727 minutes and 13.048 minutes respectively
(Figure 7.b.). The resemblance between the chromatograms should be expected, because they are
the same genus, and so the kinds of membrane lipids the
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Table 1. Areas of the common peaks
between the two strains

The more interesting aspect about these
chromatograms would be their differences. There are
some peaks that appear only in SC 39 or only in SC 40.
Peak 7 of SC 40, which appears at 16.066 minutes, is not
present in SC 39. Peak 3 of SC 40, detected at 8.257
minutes, is not seen in SC 39. At 3.291 minutes of SC 39,
there is only one peak that can be seen, peak 1. However, at 3.264 minutes of SC 40, there is a
peak, and peaks before and after it. From these, it can be inferred that although there are many
similar peaks, and therefore similar kinds of lipids present in the two strains, there are still a lot
of membrane phospholipids that may be present in one strain and not in another, as seen from the
different peaks in SC 40 that are not present in SC 39.
Another difference that could easily be seen from looking at the two chromatograms is
how peaks that represent the same molecule do not have the same heights relative to the other
peaks in their specific chromatograms. Shown in Table 1 are the areas under the curve of some
peaks that are common between the two chromatograms. The area of peak 2 from SC 39 is 2.6
times larger than peak 4 (148.015:57.89), while the area of peak 2 from SC 40 is 9.6 times larger
than peak 5 (634.781:65.8878). The areas of peaks 5 and 6 from SC 39 are almost identical
(23.1917:21.3151). On the other hand, such isn’t the case for peaks 6 and 8 from SC 40. Peak 8
is 6.6 times larger than peak 6 (104.656:15.7813). From these results, it can be inferred that even

if the same kinds of lipids are present in the plasma membrane of each of the strains, the relative
amount of a particular kind of lipid for one strain may not be the same as that of another strain.
Conclusion
The primary goal of this project was to determine the membrane lipid profiles of different
strains of Salinivibrio Costicola so that they can be characterized further, and to determine if the
classes of lipids present in their plasma membranes affect the kind of bacteriophages that infect
the strains. Although we have not been able to identify the membrane lipid profiles of all the
strains, we seem to have developed a method that could lead us to our final goals. The whole
lipid analysis was able to give us a rough lipid profile of two strains, and there are clear
differences in the peaks present in the two chromatograms. From here, it would be best to repeat
the experiments we performed on SC 39 and SC 40 to confirm that the profiles we got from the
experiments were due to the amount of phospholipids in the bacteria membrane and not because
of errors in the preparation and extraction of the lipids. We would also like to improve the
detection of these phospholipids, and hopefully come up with taller peaks in our chromatogram.
To do this, we will try to increase the amount of bacteria we grow for runs. Instead of using 45
mL samples, we might grow bacteria in 150 mL of broth to hopefully increase the phospholipids
extracted from them. Once we get tall and well-defined peaks, we will then try to identify the
phospholipids that are represented by the peaks on the membrane lipid profiles. We will do this
by either comparing the retention times of the peaks from our bacterial extract to those of
phospholipid standards, or isolating and collecting each phospholipid and sending them to an
outside resource to be identified using H-NMR or Mass Spectroscopy.
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Figure 4. HPLC Chromatograms of Derivatized Inositol
Both HPLC chromatograms show a sample of inositol derivatized with benzoyl chloride. Both a and b
samples were made using the same procedures, but during different days, and the HPLC methods were
the same. Peak 1 represents the cluster of peaks under them, while the rest are numbered by the peak.

M

Figure 5. HPLC Chromatogram of Benzoylated Inositol Standard.
The sample injected was prepared using traditional organic methods. The HPLC method used was the
same as the method for the injections shown for Fig. 3. The major peak, labeled M, most likely represents
the inositol with 5 benzoyl groups.
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Figure 6. HPLC Chromatogram of whole lipid extract from SC 40 using the Luna NH2 column.
The big cluster of peaks that is detected early in the run represents many weakly polar molecules that
couldn’t separate. Peak 1 also represents a weakly polar molecule, but one that is more polar than the rest.
Peak 2 and 3 are likely to be impurities because of their broad shape.
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Figure 7. HPLC chromatograms for S. Costicola whole lipid extracts
a. Chromatogram of SC 39 whole lipid extract, b. chromatogram of SC 40. Some of the peaks were not
considered in this analysis, such as cluster of peaks at the beginning of both chromatograms, and the
broad peaks present in both as well. These peaks are most likely impurities. Each of the numbers
represents a single peak, except for 3 of a. and 1 and 4 of b.

