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Abstract
The purpose of this study is to isolate new antimicrobial compounds of soil
microorganisms excavated from an Roman archaeological dig site in the ancient city of Pollentia
on the island of Mallorca, Spain. Samples were collected from a 106 cm deep grave site “OIX”
soil near the humerus bone of an unidentified child and isolated onto nutrient agar plates.
Through techniques of evaporation extraction, thin-layer chromatography, flash chromatography,
and bacterial and fungal assay, natural products are currently being isolated and confirmed. This
study tests for the activity against Staphylococcus aureus (ATCC 25923), Escherichia coli (Life
Technologies D410b) and Pythium ultimum (Montana State University). Of the five soil samples
studied, OIX-8m displayed substantial antimicrobial activity. 4 of the 12 fractions inhibited
growth of E. coli by an average of 4 mm, and 7 of the fractions inhibited growth of S. aureus by
an average of 2 mm. 3 of the 12 fractions inhibited the growth of P. ultimum for four days.
Thin-layer chromatography indicates these active vials to contain compounds that range from
partially polar to polar. Findings from this study demonstrate that sample OIX-8m has the
potential to produce active products useful in the pharmaceutical industry as an antibiotic
compound.

Introduction
The term soil refers to a heterogenous mixture of loosely arranged mineral and organic
material that exist on the surface of the Earth’s crust (NRCS). It serves as a natural medium for
land plants and harbors microscopic living organisms that decompose organic matter and
improve soil fertility. Soil components differ from varying locations, resulting in diverse
microbiota that are suited for distinct soil environments. According to Merrifield 2010, one gram
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of rich garden soil is estimated to hold 1.0 x 109 bacteria, thousands of protozoa, nematodes, and
fungal spores. Given such a competitive environment for space and resources in soil, certain
microorganisms are capable of producing and releasing natural toxins that kill or suppress the
growth of other microorganisms that come into contact. A genus of gram-positive, filamentous
bacteria called Streptomyces is one example that produces natural products (Schlatter and Kinkel
2014). According to Procópio et al. 2012, these natural products are “bioactive secondary
metabolites that have the ability to be antibacterial, antitumoral, or antifungal.” Natural products
produced by Streptomyces bacteria contribute to two-thirds of the clinical antibiotics we
currently use to treat infectious diseases in humans and animals (Wang et al. 2016).
Although the antibiotics isolated by Streptomyces have helped produce a number of
diverse antibiotic drugs, increases in antibiotic drug resistance and resistance mechanisms have
been driven by exposing the pathogenic bacteria to these antibiotic drugs. Antibiotic resistance is
the ability of bacteria to resist the effects of a medication that once was used to treat the same
microbe (Adedeji 2016). Natural genetic mutations in strains of bacteria and horizontal gene
transfer between other bacteria can result in microbial resistance against antibiotics (Adedeji
2016). Overuse and misuse of antibiotics are also primary reasons for the rapid emergence of
resistant bacteria (Ventola 2015). Resistant organisms are incredibly more difficult to treat,
requiring higher doses or alternative medications that can be far more costly and harmful for
individuals. For this reason, the search for new antibiotics from soil microbes have become
increasingly more critical.
Soil samples were collected from a grave site at the Roman City of Pollentia in Mallorca,
Spain containing a little child in the summer of 2019 (Figure 4). Screening soil is useful for
acquiring antibiotic producing bacteria. As a result, the soil at the Pollentia grave site makes a
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great reservoir to learn if acquiring antibiotic producing bacteria is possible in deep soil
conditions. Given that these grave sites have been protected by a meter of topsoil layers for
hundreds of years, it is predicted that the soil organisms discovered could have a more potent
natural product due to many years of natural selection and competing against neighboring soil
organisms. Therefore, the purpose of this research paper is to extract the natural products from
these isolated soil organisms, and measure the products’ antibacterial and antifungal activity
against common pathogenic bacteria and a saprophytic fungus called Pythium ultimum.

Materials and Methods
Evaporation Extraction
Five samples of isolated soil organisms (OIX-8a, OIX-8b, OIX-8i, OIX-8m, and OIX-8r)
were collected at a soil depth of 106 cm from a site labeled “OIX”, which pertained to the grave
site of a humerus bone of an unidentified child (Figure 4). These samples were initially isolated
onto nutrient agar plates (DIFCO) but were later grown in a sterile liquid medium flask made
with 250 mL of deionized water, 0.25 g of peptone (Sigma Aldrich), 0.25 g of yeast extract
(DIFCO), 0.5 g of Casein (Sigma Aldrich), 1.25 g of dextrose (J.T Baker), and 1.25 g of malt
extract (DIFCO), and placed on a Lab-Line Shaker set at 100 RPM at 23 ºC. After two months,
the flask was poured into a separatory funnel with 500 mL of methylene chloride (J.T Baker)
separating an inorganic layer and organic layer. The inorganic layer containing both the
methylene chloride and natural products were separated onto a new flask and dried by rotary
evaporation. Some bacterial colonies were saved and used with a PowerSoil DNA Isolation Kit
to separate the DNA. The DNA was then stored at - 20 ºC in a Lab-Line freezer.
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Table 1. Five Unknown samples of soil organisms on Pollentia grave site OIX.

OIX-8m

OIX-8i

OIX-8b

OIX-8r

OIX-8a

Thin-layer Chromatography (TLC)
A 20 x 20 cm TLC Silica gel 60 F 254 (Millipore) was used following the procedures by
Bele and Khale 2010. A solvent mixture or mobile phase was made with 7 parts chloroform
(Sigma Aldrich) to 1 part methanol solvent (BDH). After TLC, the Silica gel sheet was marked
for spots under a LongLifeTM Filter Ultraviolet (Spectroline) set at 254 nm and 365 nm
wavelengths, and sprayed with a solution of 18 M sulfuric acid (VWR) and vanillin (Sigma
Aldrich). Immediately, the Silica gel sheet was heated with a hair dryer for eight minutes and
new spots were marked.

Kirby-Bauer Disk Diffusion Assay
Antibiotic susceptibility testing against S. aureus (ATCC 25923) and E. coli (Life
Technologies D410b) was done with nutrient agar plates (DIFCO) following the procedures of
Hudzicki 2009. 5 μl of natural products were administered to each disk wafer (BBL). Negative
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control and positive control were done with 5 μl of methanol solvent (BDH) and 3 μl of
ampicillin (Sigma Aldrich) respectively. Observations were recorded 24 hours after storing the
plates at 35 ºC in a Lab-Line incubator.

Pythium ultimum Well Diffusion Assay
Pythium ultimum (Montana State University) was utilized because of its cancer-like
properties, which can provide insights on the strength of the natural products’ antitumor qualities
produced from the samples. The standard well diffusion assay was done by following the
procedures of Balouiri et al. 2016. Each well had 1 mL of potato dextrose broth (DIFCO) and
inoculated with a volume (20-100 μl) of P. ultimum. 5 μl of natural products and 5 μl of negative
control hexane solvent (Millipore), ethyl acetate solvent (Honeywell), and methanol solvent
(BDH) were added to its respective well. The well diffusion plate was stored at 23 ºC and
observed over the next four days.

Flash Chromatography
Standard flash chromatography procedures were done by following the methods of Bode
2022. Natural products were mixed with Silica gel 60 (EM Separations Technology) and packed
into a chromatography column. Column fractions were collected by a Reveleris X2 Flash
Chromatography system with ELSD (mV), UV1 (254 nm), and UV2 (280 nm) functions
activated. Solvent separations were done with hexane (Millipore), ethyl acetate (Honeywell), and
methanol (BDH) administered in that order. The collected solutions were dried by rotary
evaporation.
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Results
In this paper, I used evaporation extraction to isolate natural products produced by the
soil samples and analyzed the products’ activity with thin-layer chromatography, Kirby-bauer
Disk Diffusion for S. aureus and E. coli, and P. ultimum Well Diffusion. Any candidate with
promising results were further separated with flash chromatography and antimicrobial activity
was remeasured. Of the five soil samples tested from grave site OIX, OIX-8m produced the
greatest activity. A concentration of 211 μg/μl from OIX-8m was used to inhibit S. aureus by 4
mm (Table 2), E. coli by 3 mm (Table 2), and P. ultimum for up to six days (Table 3). The natural
products of OIX-8m were followed with flash chromatography (Figure 1), producing 12 vials
which were analyzed with thin-layer chromatography (Figure 2) for polarity and antimicrobial
activity measured again against S. aureus and E. coli (Table 5), and P. ultimum (Table 6).

Table 2. Zone of Inhibition radius distances (mm) of OIX soil samples against S. aureus and E.
coli.
Concentrationb

Control: 5 mma

Control: 10 mma

454.0

S. aureus OIX-8a: 0 mm

E. coli OIX-8a: 0 mm

469.5

S. aureus OIX-8b: 0 mm

E. coli OIX-8b: 1 mm

186.5

S. aureus OIX-8i: 0 mm

E. coli OIX-8i: 0 mm

211.5

S. aureus OIX-8m: 4 mm

E. coli OIX-8m: 3 mm

196.5

S. aureus OIX-8r: 0 mm

E. coli OIX-8r: 0 mm

a

Excessive methanol solvent may have killed off the bacteria.
Concentration measured in units (μg/μl).

b

Table 3. Inhibition of P. ultimum by OIX soil samples.b
Concentrationa

454.0

Wells

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Methanol

+

+

+

+

+

+

OIX-8a

-

-

-

+/-

+

+

Nguyen 6

469.5

OIX-8b

-

-

-

+

+

+

186.5

OIX-8i

-

-

-

-

-

-

211.5

OIX-8m

-

-

-

-

-

-

196.5

OIX-8r

-

-

-

-

-

-

a

Concentration measured in units (μg/μl).
Positive sign indicates growth and a negative sign indicates suppression of growth.

b

Figure 1

Figure 1. OIX-8m fractionated by ESDM (mV) signals using hexane, ethyl acetate, and
methanol solvents, administered in that order. Multiple compounds detected by ESDM at a
mixture 50:50 hexane and ethyl acetate from time (min) 9 to 14.

Figure 2
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Table 4: Retention factor (Rf) of Silica gel under Ultraviolet 254 nm and 365 nm, and stained
with 18 M sulfuric acid/vanillin with heat application.
Vials

1

2

3

4

5

6

7

8

9

10

11

12

Rf a

0.93

0.93

N/A

0.73

N/A

N/A

0.38

0.4

0.4

0.4

0.0

N/A

a

N/A = no spots detected

Table 5. Zone of Inhibition radius distances (mm) of OIX-8m against S. aureus and E. coli.b
S. aureus 1: 0 mm

S. aureus 8: 2 mm

E. coli 1: N/Aa

E. coli 8: 0 mm

S. aureus 2: 0 mm

S. aureus 9: 0.5mm

E. coli 2: N/Aa

E. coli 9: 0 mm

S. aureus 3: 0 mm

S. aureus 10: 2 mm

E. coli 3: 0 mm

E. coli 10: 0 mm

S. aureus 4: 0 mm

S. aureus 11: 0.5 mm

E. coli 4: 3 mm

E. coli 11: 0 mm

S. aureus 5: 4 mm

S. aureus 12: 0 mm

E. coli 5: 7 mm

E. coli 12: 0 mm

S. aureus 6: 2 mm

Ampicillin (1): 15 mm

E. coli 6: 4 mm

Ampicillin (1): 27 mm

S. aureus 7: 2 mm

Ampicillin (2): 14 mm

E. coli 7: 2.5-3 mm

Ampicillin (2): 16 mm

Control: 0 mm

Control: 0 mm

a

Zone of inhibition was interfered by ampicillin or possible old E. coli cells.
Concentration indicated in Table 6.

b

Table 6. Inhibition of P. ultimum by OIX-8m.a
Concentrationb

Fractions

Day 1

Day 2

Day 3

Day 4

Hexane

+

+

+

+

Ethyl Acetate

+

+

+

+

Methanol

+

+

+

+

3.3

1

+

+

+

+

3.3

2

+

+

+

+

3.3

3

+

+

+

+

3.3

4

+

+

+

+

40

5

+

+/-

+

+

75

6

+

+/-

+

+

75

7

+

+/-

+/-

+
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50

8

-

-

-

-

3.3

9

-

+

+

+

50

10

-

-

-

-

40

11

-

-

-

-

3.3

12

-

+

+

+

a

Positive sign indicates growth and a negative sign indicates suppression of growth.
Concentration measured in units (μg/μl).

b

Discussion
Separating the natural products of OIX-8m through flash chromatography produced a
number of vials with various activities. Vials 5 through 11 inhibited an average of 2 mm against
S. aureus and vials 4 through 7 inhibited an average of 4 mm against E. coli (Table 5). Vial 5,
with concentration 40 μg/μl, inhibited the greatest distance against E. coli by 7 mm (Table 5).
However, only vials 8, 10, and 11 were capable of inhibiting the growth of P. ultimum for four
days (Table 6). This difference in the number of active vials between the bacterial and fungal
assay may suggest that the natural products isolated have a wider range of compounds favoring
the inhibition of bacteria or prokaryotes. A possible explanation is the lack of plant residue in
such a deep soil condition that fungal mycelia and spores are less adapted too, resulting in
OIX-8m more equipped to work against its own genus and other prokaryotes that are prevalent in
the soil. Magdalena et al. 2018 states that certain types of fungal species can live in such
unfavorable conditions (low moisture and organic matter), indicating that the probability for
OIX-8m to compete with fungal spores is highly likely, which can be explained by the three
successful inhibition vials (8, 10, and 11) against P. ultimum (Table 6). As a result, the natural
products isolated may act as a general antibiotic for prokaryotes and eukaryotes. Furthermore,
the retention factor measured in thin-layer chromatography was consistent with the separation
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solvents used in flash chromatography (Figure 1). Separation solvents were administered from
nonpolar to polar, resulting in a decreasing retention factor for compounds moving right. For
instance, vial one had more nonpolar compounds because of a high retention factor while vial
eleven had more polar compounds because of a lower retention factor (Table 4). From this, the
active compounds in vials 5, 6, and 7 that inhibited the growth of S. aureus and E. coli are
partially polar, while active compounds in vials 8, 10, and 11 that inhibited the growth of P.
ultimum are polar (Table 4). This description is consistent with Thiele-Bruhn 2003 who discusses
the structural classes of antibiotics. The review article states that antibiotics compounds have a
wide range of physicochemical properties (polar and nonpolar) and in many cases, an antibiotic
would comprise a nonpolar core but have polar functional features (Thiele-Bruhn 2003).
Some sources of error that occurred during this study include a poor sample of E. coli
inoculated for the Kirby-bauer disk diffusion resulting in unusable data for vials 1 and 2 (Table
5), low stain intensities on the silica gel sheet using a 18 M sulfuric acid/vanillin spray with heat
application (Figure 2), and a malfunction in the Reveleris X2 Flash Chromatography system to
measure UV1 and UV2 (Figure 1). While not a source of error, it may be beneficial to grow
OIX-8m through various types of nutritional growth plates to understand if certain limiting
reagents are needed to induce antibiotic expression. Despite these limitations, the data collected
remains significant, as a number of vials from sample OIX-8m were detected to contain active
compounds capable of inhibiting the growth of microorganisms. From this, a number of goals are
suggested to continue with this study. The active compounds detected in Tables 5 and 6 should
be further isolated with flash chromatography. Once isolated, the compounds can be identified
through IR, H NMR, and mass spectroscopy to identify the functional groups of the active
compounds. Lastly, OIX-8m should be identified with BLAST and BioLog analysis to identify
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the species of this organism. It is predicted that OIX-8m falls under the genus Streptomyces due
to the abundance of this bacteria exceeding other bacterial genera in soil environments,
capability to produce antibiotic compounds, and slow growth (two months) different from
standard bacterial colonies like E. coli that can grow exponentially fast in a few days.
In conclusion, I utilized flash chromatography and thin-layer chromatography to purify
and analyze the natural products of sample OIX-8m. Kirby-bauer disk diffusion for S. aureus and
E. coli, and P. ultimum well diffusion indicate that the natural products of OIX-8m have
antimicrobial properties. This study demonstrates that soil microorganisms collected from an
Roman archaeological dig site in the ancient city of Pollentia of Mallorca, Spain have the
potential to be a valuable source of antibiotics.
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Staphylococcus aureus: ATCC 25923
Escherichia coli: Life Technologies D410b
Pythium ultimum: provided by Professor Gary Strobel from Montana State University.
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Appendix

Figure 3

Figure 3. Poster Presentation for the University of Portland’s Founder’s Day 2022 and American
Chemical Society Research Conference 2022 in San Diego with classmates Alex Nguyen (‘22)
and Hoyt Bright (‘23).
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