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 Soil bacteria are known to be a prolific source of bioactive compounds. They 
produce secondary metabolites that can be used as therapeutic agents. This investigation 
focused on the chemistry and biology of secondary metabolites from two soil bacteria, 
Streptomyces herbaricolor ICBB 9409 and Streptomyces albiflaviniger ICBB 9297, 
which were isolated from soil samples collected from black water ecosystems on Borneo 
Island, Indonesia. Both strains were cultured in Modified Bennett’s medium, and their 
secondary metabolites were extracted using liquid-liquid extraction protocols using ethyl 
acetate. The extracts were then tested against five different pathogenic bacteria and a 
fungus by agar disc diffusion assay.  

 Active compounds were then purified by chemical and bioassay guided 
fractionation experiments. Mass spectrometry and nuclear magnetic resonance 
spectroscopy experiments were used to elucidate their chemical structures. A new 
analogue of actinomycin was isolated and purified from the culture broth of ICBB 9409 
strain. This compound has potent antibacterial activity against Staphylococcus aureus and 
Mycobacterium smegmatis. Furthermore, two novel analogues of elaiophylin, 2´-methyl-
11,11´-O-dimethylelaiophylin and 2,2´-dimethyl-11,11´-O-dimethylelaiophylin, were 
isolated from the culture broths of ICBB 9297. 
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CHAPTER 1 

 

Introduction 

 

1.1. Background Information 

 Infectious diseases have plagued humans for thousands of years, tracing back to 

the time of the ancient Greeks and even before that. Throughout history, humans have 

found many ways to deal with illness, from faith healing to traditional medicines to 

modern antibiotics1. By definition, antibiotics are chemical agents that are produced by 

living organisms (mostly microorganisms such as bacteria and fungi) that can inhibit the 

growth of other living cells. Therefore, they are used to fight off infectious diseases, 

which are mainly caused by bacteria. Antibiotics have revolutionized how infectious 

diseases are dealt with, and in the process have saved many lives. In addition, they have 

either eliminated or controlled the threats of some of the most fatal diseases known such 

as tuberculosis2.  

 Although some synthetic compounds have been considered as antibiotics, most 

clinically used antibiotics are natural products or natural product derivatives. They are 

produced by living organisms as secondary metabolites, which are different from primary 

metabolites such as carbohydrates, fats, and proteins, they are not necessarily required by 

organisms to stay alive3. One of the most famous antibiotics, known as penicillin, was 

discovered by Alexander Fleming. Penicillin, has saved the lives of many who were 

suffering from bacterial infections, including those with sexually transmitted diseases 

such as gonorrhea and syphilis4. However, the rising threat of antibiotic resistant bacteria 
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such as Methicillin-Resistant Staphylococcus aureus (MRSA) has called for more efforts 

to discover new antibiotics.  

 Throughout the 1940s and 1950s, a plethora of natural products were discovered, 

and from those many important antibiotics were developed, such as aminoglycosides and 

tetracyclines5. During this time period, approximately 70% of the natural products 

isolated came from a group of bacteria known as actinomycetes (soil bacteria). Since then, 

the actinomycetes have been known as a prolific source of antibacterial and anti-tumor 

natural products5. Within the actinomycetes a specific genus has produced the greatest 

amount of natural products known as Streptomyces. Specifically, Streptomyces is 

responsible for producing about 74% of all natural products5.  

 

1.2. History of Antibiotics 

 The 19th century was afflicted with many different types of infections, many of 

which were fatal. With regards to these infections, the ones that were most fatal were 

pneumonia, diarrhea, and diptheria6. In addition, the industrial revolution and growing 

urbanization of cities gave great opportunities for diseases such as tuberculosis and 

syphilis to spread. Lastly, another source of infection came from hospitals, especially 

from post-surgical infections caused by Gram positive bacteria6. With the implementation 

of antimicrobial chemotherapy, post-surgical infection rates dropped from 40% to 2%6.  

 The story of antibiotics begins with protonsil, the precursor to the class of 

antibacterial agents known as the sulfonamides. Protonsil was introduced in 1932, and 

proved to be extremely effective against bacterial infections. Later, it was discovered that 
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protonsil was actually a prodrug that is metabolized in the body into its active form 

known as sulfanilamide6. Sulfonamides have been used for almost a century, but some 

have begun to lose their effectiveness due to resistance. 

 The next class of drugs that came to be discovered was the β-lactam drugs. These 

include the penicillins, which came right after the sulfonamides, and the cephalosporins 

which first were implemented in the 1960s. Both penicillins and cephalosporins have the 

same mechanism of action, in which they inhibit the formation of the bacterial cell wall6. 

The discovery of penicillin by Fleming has led the field of antimicrobial natural product 

discovery into a new age. The story is that Fleming was culturing Staphylococcus aureus 

for an experiment. One day, he found an old S. aureus plate and noticed that there was 

contamination by a blue mold. The mold actually inhibited the growth of the bacteria, and 

it was doing so by producing penicillin7.  

During the decade between the 1940s and 1950s, many new classes of antibiotics 

were discovered. In 1942, the first peptide antibiotic, gramicidin S was discovered7. In 

1944 the first aminoglycoside, streptomycin was discovered1. Finally in 1948 and 1949 

the first tetracycline, chlortetracycline8, and chloramphenicol, were discovered9. Many 

more antibiotics came to be discovered, some through the discovery of new natural 

products, and others through the modification of already known compounds creating 

semi-synthetic antibiotics.  

Although soil bacteria have been known to hold great potential for the future of 

natural product discovery, it is becoming more difficult to find and isolate novel bioactive 

natural products from these organisms. Some of the difficulty is due to the fact that not 

all species can be cultured in a laboratory setting. The species that can be cultured are 
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repeatedly cultured, which results in the isolation and characterization of known 

compounds. 

 

1.3. Indonesian Center for Biodiversity and Biotechnology Project 

To overcome some of these difficulties we collaborate with scientists at the 

Indonesian Center for Biodiversity and Biotechnology (ICBB) to investigate new 

bioactive compounds of, soil bacteria from unique ecosystems in Indonesia. These 

bacteria are of great interest to scientists because they may produce different levels or 

different secondary metabolites in response to the environment they live in. The ICBB 

project looks for bacteria from these unique ecosystems with the hopes that they can 

produce novel antimicrobial natural products.  

In this project, soil bacteria isolated from the Indonesian Black Water Ecosystem 

(BWE) were cultured and screened for novel natural products. BWE’s are based around a 

black water river. Black Water Rivers (BWRs) are characterized by being deep, and 

slow-moving through forested swamp or wetland. They also are rich in humic acids, such 

as tannins and other phenolics, in addition to having a low pH. BWRs are also poor in 

nutrients due to the vegetation growing in the soil and are rich in secondary metabolites10, 

such as tannins, a chemically diverse group of water soluble compounds that bind to 

proteins to form insoluble or soluble complexes11. Due to the diverse nature of the BWE, 

microorganisms that live in these unique conditions are prime targets for discovering 

novel antimicrobial natural products. 

 



5 
	  

1.4. Chemical Isolation, Bioactivity, and Structural Characterization Techniques 

 Isolating and purifying a chemical compound involves the use of many 

instruments and techniques. Centrifugation and filtration allow for mechanical separation, 

while chromatographic techniques allow for chemical separation and purification. 

Bioactivity is used to determine which fraction contains the compound of interest. Finally, 

structural characterization experiments are carried out to determine the chemical structure 

of the pure compound. 

 

1.4.1. Centrifugation 

 Centrifugation is used to separate substances based on their relative densities. The 

technique revolves around using centripetal force to separate out the substances. 

Centripetal force is the force required for an object to remain in circular motion. A 

centrifuge is able to separate substances, because when the mixture travels in a circle at 

high speeds, it experiences a relatively large centripetal force. The difference is that 

substances with more mass require more force to turn, and therefore fall to the bottom 

due to gravity while the less massive substances stay at the top. For this project, a 

centrifuge was used to separate bacterial cells from their respective liquid medium12.  

𝐹! =
𝑚𝑣!

𝑟  

Equation 1. Centripetal force12 
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1.4.2. Vacuum Filtration 

 Vacuum filtration is used to rapidly separate a solid from a liquid. An appropriate 

Erlenmeyer flask is attached to a vacuum via a hose. The flask will also have a Buchner 

or Hirsch funnel placed on top. The appropriate filter paper is then placed in the funnel to 

separate the solid from the liquid. The vacuum is then turned on and the mixture is 

poured into the funnel. The solid will remain in the funnel and the filtered liquid will be 

in the flask13. 

 During this investigation, the post centrifuge media should already be separated, 

the bacterial cells at the bottom, and the resulting supernatant. This will be decanted into 

the vacuum filter in order to further separate the bacterial cells from the broth.      

 

1.4.3. Liquid-Liquid Extraction 

 The concept of liquid-liquid extraction is based on the solubility of the target 

compound or compounds. The process involves the distribution of solutes between two 

immiscible solvents. In most cases, one of the solvents is water and the other is an 

organic solvent that cannot physically mix with water, such as diethyl ether. This 

technique takes advantage of the fact that solutes have different solubilities in a pair of 

solvents. Therefore, compounds can be selectively transferred from one solvent to the 

other. During a typical extraction, there is an aqueous phase (water), and the immiscible 

organic phase (organic solvent). The solutes are distributed between the two phases 

according to their relative solubilities. Usually relatively polar compounds stay in the 
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aqueous phase and relatively non-polar compounds move to the organic phase. The 

previously mentioned concepts occur within a separatory funnel14.  

 For the purposes of this project, liquid media that has been separated via 

centrifugation acts as the aqueous phase. The solvent used for the organic phase is 

generally ethyl acetate (EtOAc). However, butyl alcohol (BuOH) is also used when a 

slightly more polar organic solvent is in need. The separated media containing the 

secondary metabolites from the bacteria (broth) is poured into the appropriate separatory 

funnel. The appropriate organic solvent is then poured into the funnel, and the mixture is 

shaken so that the appropriate compounds can be transferred to the organic phase. Further 

explanation of the technique will be documented later during the experimental sections of 

the individual projects. 

 

1.4.4. Solid-Liquid Extraction 

 The concept behind solid-liquid extraction is similar to the concept of liquid-

liquid extraction. The difference is that the target compounds are in a solid phase. 

Organic solvent is applied to the solid in a container, usually a beaker. The solvent will 

then dissolve the target compounds while leaving the insoluble parts of the solid behind. 

This mixture then has vacuum filtration applied to it in order to separate out any 

remaining solid, because the target compounds should be dissolved in the organic solvent 

if the correct solvent was chosen15.  

 For this project, the solid is the remaining cell cake that is left after initial vacuum 

filtration following centrifugation. The cell cake, along with the filer paper it is attached 
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to, is placed into a beaker where acetone will poured into the beaker. The cell cake will 

soak for a certain amount of time, during which the target compounds should transfer into 

the acetone. Afterwards, the cell cake is then separated from the solution via vacuum 

filtration and any remaining cells will be discarded.  

 

1.4.5. Thin-Layer Chromatography (TLC) 

 Thin-layer chromatography is a widely used analytical technique that can be used 

for a variety of reasons. TLC is relatively fast, inexpensive, and efficient due to the very 

small amounts of sample loss for the technique. The procedure also relies on relative 

polarities of substances, which helps them separate. In TLC there are two phases, a 

stationary phase and a mobile phase. The stationary phase is the TLC plate, which is 

comprised of an aluminum plate coated with a polar, silica gel (SiO4 ∙ xH2O). The mobile 

phase is comprised of either pure solvent or a mixture of solvents. The appropriate 

solvent or mixture of solvents used is dependent on the polarity of the sample in 

question16.  

 To perform a TLC, a small amount of sample that has been completely dissolved 

in a solvent needs to be applied or “spotted” onto one end of the plate via capillary tube. 

The solvent system must then be prepared in a closed chamber. The spotted plate is then 

placed into the chamber. The solvent system will then travel up the plate, dissolving the 

sample along the way. The sample will then separate out along the plate according to the 

individual relative polarities within the sample. Usually the most non-polar compound 
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will travel the farthest and the most polar will be near the bottom. One of the uses of TLC 

is that it can predict how a sample will behave during column chromatography.  

 

1.4.6. Flash Column Chromatography (FCC) 

 FCC uses the same concept as TLC except it is not used as an analytical technique. 

Instead, it is used as a separation technique that separates compounds by their relative 

polarities. Much like TLC, FCC uses silica gel as its stationary phase and a solvent 

system for its mobile phase. In FCC, a glass column is packed with silica gel, like TLC, 

and the sample is loaded at the top of the column. In contrast with TLC, the compounds 

will now travel downwards instead of upwards, but the rates at which the compounds will 

travel will be similar. Non-polar compounds will exit the column first and polar 

compounds will exit last. Another difference is that instead of using 1 solvent system like 

in TLC, FCC uses a solvent gradient, usually starting from a non-polar solvent, and 

gradually increasing the polarity. Lastly, during FCC, the column will be placed under 

vacuum pressure. This greatly decreases the time of the procedure compared to a gravity 

based column and is more efficient17.  

 

1.4.7. Solid Phase Extraction Reverse Phase Chromatography (SPE-RPC) 

 This technique is essentially FCC in reverse. Instead of having a polar stationary 

phase and a non-polar mobile phase, SPE-RPC has a non-polar stationary phase and a 

polar mobile phase. This column is packed with silica gel, but the surface of the particle 

is made less polar by replacing the Si-OH hydroxyl groups with alkoxy groups and long-
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chain alkyl groups (C18). Like FCC, the sample is loaded at the top of the column and a 

solvent gradient is used. Another similar aspect of this technique is that it is usually 

performed under vacuum pressure within a glass chamber. However, polar compounds 

will exit first and non-polar compounds will exit the column last. In addition, the solvent 

system will now start from a polar solvent, usually water, and gradually decrease its 

polarity17.  

 

1.4.8. Gel-Filtration Chromatography (GFC) 

 GFC, also known as sephadex or size exclusion column chromatography, is 

another separation like FCC. However, instead of separating compounds based on 

relative polarities, it separates compounds based on relative size. The stationary phase in 

this column is a porous gel matrix, and the mobile phase is a solvent that the sample can 

dissolve completely in. A difference that GFC has compared to the previous column 

techniques is that it must always be in solvent, therefore solvent must be continuously 

loaded into the column except when loading the actual sample. The column will separate 

by size by using its porous gel matrix. Smaller compounds will diffuse into and out of the 

pores, whereas larger compounds will be unable to pass through the pores and travel 

faster through the column. As a result, large compounds will exit the column first and 

small compounds will exit last18. 
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1.4.9. High Performance Liquid Chromatography (HPLC) 

 HPLC is a widely used analytical and separation technique in many laboratories. 

The techniques is essentially the same as the reverse phase chromatography, but are much 

more precise. The limitation of HPLC compared to a normal reverse phase column is that 

it can only take in small amounts of sample at a time. The column for HPLC is a 

reinforced metal column extremely packed with the stationary phase. The stationary 

phase is so tightly packed that it requires pressures of 50-200 atm to force the solvent 

through the column. The most popular column for HPLC is the C18 column, which is very 

much like the column described with respect to SPE-RPC. Another component of the 

HPLC is the detector, which detects in the UV spectrum. After compounds pass through 

the column they then reach the detector which will detect the presence of a compound 

based on its UV absorbance. The information is then sent to a computer which plots a 

graph of the run17. 

 

1.4.10. Agar Disc Diffusion Assay 

 Agar disc diffusion assay, also known as bioassay, is a technique used to 

determine whether a sample contains bioactive material. A sample is loaded onto a sterile 

cotton disc which is then placed onto a media plate which has bacteria growing in it. The 

plate is then left over night in an incubator. The next day, a dye is applied to the plate to 

determine whether there was antimicrobial activity. The dye will stain the bacteria, and if 

there is the presence of an inhibition zone, then the sample loaded onto that disc is 

bioactive. An inhibition zone is determined by the lack of color, because there is no 
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bacterial growth in that area. The idea behind this technique is that the sample loaded into 

the disc will diffuse onto the agar plate, and if it has an antimicrobial compound, it will 

kill any bacterial cells that it comes into contact with as it diffuses19.  

 

1.4.11. Electrospray Ionization Mass Spectrometry (ESI-MS) 

 Mass spectrometry is a technique used to determine the molecular mass of a 

compound. When the sample is injected into the instrument, it is first introduced to an 

ionization source, either positive or negative depending on which “mode” the instrument 

is set to. After ionization, the sample travels through the mass analyzer according to their 

mass to charge ratio (m/z), where higher m/z will take longer to reach the detector. Once 

the sample reaches the detector, the data is transmitted to the computer which plots a 

mass spectrum displaying relative abundance of compounds according to their m/z ratio. 

The positive ion mode involves protonation of the sample giving it a positive charge. The 

negative ion mode converts the sample into an anion. Both positive and negative ion 

modes are used in the characterization the compound of interest20.  

 

1.4.12. Time of Flight Mass Spectrometry (TOF-MS) 

 TOF-MS is another analytical tool used in the determination of the molecular 

mass of an unknown compound. This version of mass spectrometry allows for a higher 

resolution of molecular mass compared to the previously mentioned ESI-MS. TOF-MS is 

able to determine the m/z ratio through a time measurement. Essentially, it measures the 

time it takes to reach the detector, which will record its kinetic energy and acceleration. 
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From those values, and the known strength of the electric field used to accelerate the 

sample, a mass can be determined. In addition, relative masses can also be determined 

within impure samples because heavier molecules will travel at a slower velocity 

compared to lighter molecules which means they will arrive at the detector at different 

times21. 

 

1.4.13. 1H Nuclear Magnetic Resonance (1H NMR) 

 Proton NMR is a popular analytical technique used to assist in the 

characterization of molecules. This version of NMR is able to determine the amount of 

hydrogens within a molecule, as well as how many hydrogens are near it through an 

effect called splitting. In general, the NMR procedure involves the analytes being 

immersed in a magnetic field. This will cause their atoms to either achieve an α spin or β 

spin. The NMR instrument will plot the energy differences, from dynamically changing 

spin states, on a spectrum22.  

 

1.4.14. 13C Nuclear Magnetic Resonance (13C NMR) 

 Carbon NMR is much like proton NMR, but instead of looking at the hydrogens 

of a compound, it looks at the carbons. In most cases, it is difficult to elucidate a 

chemical structure based on 1H NMR alone. By observing both spectra, the chemical 

structure becomes much less difficult to determine. The number of signals that appear in 

a 13C NMR spectrum is the number of different carbon “environments” a compound 
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contains. An advantage that 13C NMR has is that the chemical shifts for the spectrum has 

a larger range (≈ 220 ppm) compared to 1H NMR (≈ 12 ppm)23.  

 

1.4.15. Distortionless Enhancement by Polarization Transfer (DEPT) 

 DEPT is a specialized version of carbon NMR that helps differentiate CH3, CH2, 

and CH carbons. This is extremely useful in characterizing a chemical structure when the 

compound in question is complex like in the case of polypeptides. When using this 

technique and the other NMR techniques mentioned above, a more accurate structure can 

be determined24.  

 

1.4.16. Two-Dimensional Nuclear Magnetic Resonance (2D NMR) 

 2D NMR is used to determine the structure of large and complex molecules such 

as polypeptides and proteins. Since complex molecules have many atoms that are in close 

proximity with each other, 2D NMR is able to differentiate the signals of close atoms. In 

addition, it provides a better picture of how the atoms are connected together in the 

overall structure25.  

 

1.4.16.1 Correlation Spectroscopy (COSY) 

 COSY is the most common 2D NMR used, and was the first method invented. 

COSY detects hydrogen to hydrogen correlation. Plotting the 1H spectrum on both the x 

and y axis, the correlation of hydrogens, and their respective carbons can be determined 



15 
	  

relative to each other. The limit of COSY is that it can only correlate hydrogens between 

adjacent carbons. Hydrogens that are connected to adjacent carbons are considered 

coupled26.    

  

1.4.16.2. Heteronuclear Single-Quantum Correlation Spectroscopy (HSQC) 

 HSQC is a technique provides carbon-proton correlations. By comparing both the 

proton NMR and the carbon NMR, protons can be assigned to specific carbons with the 

help of this technique. The limitation of using this technique is that, COSY and/or 

ROESY data is usually needed to help assign protons to carbons27.  

 

1.4.16.3. Heteronuclear Multiple-Bond Correlation Spectroscopy (HMBC) 

 HMBC is another experiment that correlates a proton NMR spectrum with its 

carbon NMR spectrum. What this technique is useful for is determining the connectivity 

of different spin systems. Since connectivity of spin systems can be determined through 

this technique, polypeptides can be sequenced. Again, this is due to the fact that amino 

acid residues provide individual spin systems within a polypeptide. Much like HSQC, 

additional data from COSY should be considered before connecting spin systems28. 
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1.4.16.4. Rotating Frame Nuclear Overhauser Effect Spectroscopy (ROESY) 

 ROESY is an NMR experiment uses the nuclear overhauser effect to determine 

the proton to proton correlations within a structure. Similar to COSY, the 1H NMR 

spectrum is plotted on the x and y axis and the correlations between the protons can be 

seen. What makes this different than COSY is that the correlations this experiment shows 

is according to how close the protons are in 3D space29.  
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CHAPTER 2 

 

Isolation of a new actinomycin analogue from the Indonesian soil bacterium 

Streptomyces herbaricolor ICBB 9409 

 

2.1. Introduction 

 As part of our drug discovery program, we have investigated bioactive 

compounds of soil bacteria from the Indonesian Black Water Ecosystem. One of the 

bacteria being studied was strain ICBB 9409 strain, which was isolated from the soil 

sample of a black water ecosystem on Borneo Island, Indonesia. This strain was provided 

by our collaborator Dr. Dwi Andreas Santosa with ICBB. Preliminary bioassay screening 

revealed that this strain produced secondary metabolites that are active against Gram-

positive bacteria. To isolate and characterize the biologically active compounds from this 

strain, a chemical and bioassay-guided investigation was carried out. 

 

2.2. Experimental Section 

2.2.1. Classification of ICBB 9409 

 The 16S rRNA gene of ICBB 9409 strain was amplified and sequenced at the 

OSU Center for Genome Research and Biocomputing (CGRB) and the sequence was 

analyzed using BLAST.  
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2.2.2. Solid Culture 

 ICBB 9409 was streaked onto an agar plate containing YPGM medium using 

sterile toothpicks (see Appendix 1 for recipe). The plate was then incubated for 3-5 days 

at 30 °C, and stored in a 4 °C refrigerator for later use.  

 
Figure 2.1. Inoculation streak pattern. 

 

 

2.2.3. Liquid Culture 

 To prepare seed cultures, the ICBB 9409 strain was inoculated into two 250 mL 

Erlenmeyer flasks containing 100 mL of modified Bennett’s medium (see Appendix I for 

recipe). The bacterium was grown for two days in a rotary shaker set to 200 rpm at 30 °C.  

 The seed culture (10%) was then used to inoculate 2 L of modified Bennett’s 

medium and the culture was incubated in a rotary shaker set at 200 rpm at 30 °C for 

seven days. 
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2.2.4. Extraction 

 The yellow culture of ICBB 9409 was centrifuged for 20 min at 5000 rpm. The 

supernatant was then filtered by vacuum filtration. The resulting culture broth was then 

fractionated using a separatory funnel. This was done by placing the broth and an equal 

volume of ethyl acetate (EtOAc) into the funnel and the mixture was shook and then let 

stand to separate the organic layer from the aqueous layer. This fractionation step was 

repeated three times. The EtOAc extract was then dried in vacuo using a rotary 

evaporator. The dried extract was transferred to a vial and weighed. 

 
Figure 2.2. Large scale extraction scheme for ICBB 9409. 

 

 

2.2.5. Antibacterial Test 

 Agar disc diffusion assay was used to test the activity of the EtOAc extract. Five 

different pathogenic bacteria, Staphylococcus aureus, Bacillus subtilis, Pseudomonas 
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aeruginosa, Mycobacterium smegmatis, and Escherichia coli were used. The EtOAc 

extract was dissolved in MeOH to a concentration of 10 mg/mL. The positive control for 

this experiment was either ampicillin or apramycin (for M. smegmatis), which was 

dissolved in sterile de-ionized water. Both extract and ampicillin, 10 µL each, were 

loaded onto sterile diffusion discs and left to dry for 20 min.  

For S. aureus, B. subtilis, P. aeruginosa, and M. smegmatis, the agar plates were 

prepared by adding a layer of bacterial infused YMG soft agar to an YMG plate and left 

to solidify (see Appendix I for recipe). The bacterial infused YMG soft agar was prepared 

by growing each of the pathogenic bacteria in separate 15mL falcon tubes with liquid 

YMG medium for two days and mixed it with warm YMG agar. The paper discs, 

impregnated with the extract and ampicillin, were placed onto each plates using antiseptic 

techniques. All plates were incubated for 24 h at 30 °C. 

For E. coli, all procedures mentioned above were done using LB media instead of 

YMG. In addition, the E. coli plates and liquid cultures were incubated at 37 °C.  

After 24 hours of incubation, the plates were stained with MTT (1mg/mL in de-

ionized water) to enhance the contrast of the inhibition zones to the bacterial growth.  

 

2.2.6. Preliminary TLC 

 Once antimicrobial activity was established, TLC was performed on the crude 

extract to determine the best solvent system that can be used for liquid chromatography 

and TLC bioassay. The extract was dissolved in methanol (MeOH) to a 10mg/mL 

concentration, and spotted onto a TLC plate by a capillary tube. Three different solvent 
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systems were tested to determine the best solvent system for separation: chloroform-

methanol (CHCl3-MeOH) (7:1), CHCl3-MeOH (10:1), and CHCl3-MeOH (15:1). The 

TLC plates were placed under a 254 nm ultraviolet (UV) light after the procedure in 

order to see the separation. The TLC plates were then stained with a cerium 

sulfate/ammonium molybdate (CAM) solution to observe any spots that were not active 

under the UV light (Refer to Figure 2.6).  

 TLC bioassay was then performed using CHCl3-MeOH (7:1) on both S. aureus 

and M. smegmatis. TLC bioassay combines the ability to detect antibacterial activity, and 

the specificity of a TLC. This technique is used to determine which spot along the TLC is 

antibacterial (Refer to Figure 2.7). 

 

2.2.7. Liquid Chromatography 

 Gel filtration was performed on the EtOAc extract due to the separation shown by 

the preliminary TLC results. 72 preliminary fractions were collected from the column, 

and were then sorted into 14 distinct fractions based on their TLC profiles. For RP HPLC 

purification (column: YMC-Pack ODS-A, 250×10 mm I.D.), MeOH-H2O were used as 

mobile phase (flow rate 2 ml/min). The column was equilibrated with 85% aqueous 

MeOH for 10 min, then gradually changed to 90% MeOH for 10 min. The column was 

then eluted by 90% MeOH for 10 min, followed by a linear gradient from 90% to 100% 

MeOH for 25 min.  Finally the column was eluted by 100% MeOH for 15 min. 
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2.2.7. Structural Elucidation  

 To determine the structure of the compound, mass spectrometry and NMR were 

used. Specifically, ESI mass spectrometry in positive and negative ion mode was used. In 

addition TOF-Mass Spectrometry was used. 1H NMR, 13C NMR, DEPT, and 2D-NMR 

were used to elucidate the structure of the compound.  

                 

2.3. Results and Discussion 

2.3.1. Identification of ICBB 9409  

The strain ICBB 9409 received from our collaborator, Dr. Santosa, was identified 

as Streptomyces herbaricolor, through the 16S RNA sequence. The bacteria was cultured 

on a solid medium of YPGM. 

 
Figure 2.3. YPGM plate of ICBB 9409 (Streptomyces herbaricolor). 
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2.3.2. Natural Product Isolation and Purification from ICBB 9409 

From 4 L culture of S. herbaricolor strain ICBB 94909 in modified Bennett’s 

medium, 381.6 mg of EtOAc extract was obtained (Table 2.2). The extract was stored in 

a 20 mL vial at -4 °C. A reference sample (62.3 mg) was taken for small scale analytical 

experiments such as TLC and bioassay. Preliminary antibacterial assay against bacteria 

Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa, Mycobacterium 

smegmatis, Escherichia coli, and a fungus Pellicularia sasakii revelaed that the EtOAc 

extract is active against the Gram-positive bacteria S. aureus and M. smegmatis, but is not 

active against Bacillus, the Gram-negative bacteria, P. aeruginosa and E. coli, and the 

fungus P. sasakii (Table 2.3 and Figure 2.4). 

 

Table 2.1. Legend used for reading tables and figures later presented. 

Legend 
 
M.B.: Modified Bennett’s Media 
YPGM: YPGM Media 
YMG: YMG Media 
EtOAc: Ethyl Acetate Extract 
BS: Bacillus subtilis 
EC: Escherichia coli 
MS: Mycobacterium smegmatis 
PA: Pseudomonas aeruginosa 
PS: Pellicularia sasakii  
SA: Staphylococcus aureus 
(+): Active against 
(-): Not Active against 
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Table 2.2. Amount from extracted from 2L of M.B. broth. 

Sample Mass (mg) 

EtOAc Extract 319.3 

Reference of EtOAc 62.3 

 

 

Table 2.3. Bioassay results of EtOAc extract. 

Bacteria/Fungi SA MS PA BS EC PS 

Activity + + - - - - 

 

	    
Figure 2.4. Agar diffusion assay of the EtOAc extract using SA (left) and MS (Right) as 

test organisms. Other discs are extracts obtained from other strains. 

 

EtOAc EtOAc 
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Figure 2.5. TLC of EtOAc extract in CHCl3-MeOH (7:1). 254 nm UV (left) and CAM 

(right). 

 

 To identify the antibacterial active compound in the extract, TLC bioassay was 

performed (Figure 2.6). The results showed that a spot that eluted at an Rf value of ~0.2 

has strong activity against SA and MS. Based on the size of the growth inhibition zones, 

the compound shows appears to be more active against SA than MS. In addition, the 

antibacterial activity is localized to the major spot of the TLC.  

 
Figure 2.6. TLC Bioassay of EtOAc extract in CHCl3-MeOH (7:1). UV (left), SA 

(middle), MS (right). 
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 To isolate the active compound, gel filtration using Sephadex LH-20 was 

performed on the EtOAc extract. The fractions were analyzed by TLC and the 

compounds were visualized using UV light and CAM staining (Figures 2.7 and 2.8). 

Fractions that contained the same compounds were pooled and concentrated (Figure 2.9). 

 

Figure 2.7. TLC of gel filtration fractions of ICBB 9409 EtOAc extract under 254 nm UV 
light. 
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Figure 2.8. CAM staining of TLC plates shown in Figure 2.7.  

 

 
Figure 2.9. TLC of grouped fractions from the gel filtration fractions showed in Figure 

2.8. Left, under UV light at 254 nm; Right, after staining with CAM. 

 

 Interestingly, during fractionation by gel filtration, crystals precipitated out of 

fraction 31. The crystals were bright red in a needle-like shape (see Figure 2.10). These 

crystals were then isolated for further analysis using HPLC. From the HPLC three peaks 
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were collected, and the major product (compound 3) was subjected to structure 

elucidation experiments (see Figure 2.12).   

 
Figure 2.10. Crystals from fraction 31. 

 

To confirm the activity, of fraction 31, along with the other fractions, an agar disc 

diffusion assay was performed. This was not only to determine the activity of the fraction, 

but also to determine if the activity grew stronger as it was purified. The assay was tested 

with ampicillin as the positive control for SA and apramycin was the positive control for 

MS. As shown below, the inhibition zone of the crystal fraction is larger than the other 

fractions from gel filtration. 
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Figure 2.11. Antibacterial agar diffusion assay of fraction 31 (circled in red) against MS 
(left) and SA (right). In addition to fraction 31 other fractions from the gel filtration 
column also showed antibacterial activity. 

 

 

 
Figure 2.12. HPLC chromatogram of fraction 31.  
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2.3.3. Structural Elucidation of compound 3 from ICBB 9409 

 Low-resolution ESI-Mass Spectrometry (ESI-MS) was first used to determine the 

molecular mass of the compound. High-resolution TOF-MS was then used to determine 

the accurate mass of the compound (see Table 2.4). Both positive and negative ion modes 

were used in ESI-MS and TOF-MS. Based on the MS data, the molecular formula of 

compound 3 is predicted to be C64H90N12O16.  

 

Table 2.4. Mass Spectrometry data for compound 3. 

Mass Spectrometry Found (m/z) Calculated for 
C64H90N12O16 

(+) LR-ESI-MS 
[M+H]+ 1283.27 - 

(-) LR-ESI-MS 
[M-H]- 1281.23 - 

(+) HR-TOF-MS 
[M+H]+ 1283.6652 1283.6654 

(-) HR-TOF-MS 
[M-H]- 1281.6435 1281.6498 
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Figure 2.13. ESI-Mass spectra of positive and negative ion modes for compound 3. 

C:\Xcalibur\...\102213_9409_28_p8_neg 10/22/2013 03:59:09 PM 102213_9409_28_p8_neg

RT: 0.00 - 0.89

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
Time (min)

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

0.08 0.16

0.26
0.560.38

0.33
0.49 0.76 0.81 0.860.66 0.71

NL:
2.50E7
TIC  MS 
102213_94
09_28_p8_
neg

102213_9409_28_p8_neg #4-9 RT: 0.08-0.21 AV: 6 NL: 1.24E6
T: - c ESI Full ms [ 200.00-2000.00]

200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

1281.23

1283.23

1316.68
767.10603.96 1330.071257.46566.00441.90293.70 820.60 1105.82982.74 1480.19 1626.33666.62 1805.59 1882.37

Positive ion mode 

Negative ion mode 

1283.27 

1281.23 



32 
	  

 

 
Figure 2.14. TOF-Mass Spectra of positive and negative ion modes of compound 3 
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 1H NMR spectrum of compound 3 shows, among others, a number of methyl 

protons, aromatic protons, and α-protons of amino acids, suggesting that compound 3 is a 

peptide-derived natural product (Figure 2.14). 13C NMR and DEPT spectra of compound 

3 indicate that it has 32 methyl/methines, 8 methylenes, and 24 quaternary carbons 

(Figure 2.15 and Figure 2.16). 

 

 
Figure 2.15. 1H NMR spectrum of strain ICBB 9409 compound 3. (700 MHz, CDCl3). 
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Figure 2.16. 13C NMR spectrum of strain ICBB 9409 compound 3. (175 MHz, CDCl3). 

 

 
Figure 2.17. DEPT-135 spectrum of strain ICBB 9409 compound 3. (175 MHz, CDCl3).  
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On the basis of its physicochemical properties (color, molecular mass, and NMR 

data) as well as ANTIBASE® and SciFinder® searches, we predicted that compound 3 is 

related to a group of natural products called the actinomycins. Actinomycin was first 

isolated from a Streptomyces in 1940 by Selman Waksman.1 It is a family of compounds 

that have been shown to have strong antibacterial and cytotoxic activities. Currently there 

are many different types of actinomycin, ranging from A-type to Z-type. Actinomycins 

are characterized by their actinoyl chromophore ring (2-amino-4,6-dimethylphenoxazine-

3-one-1,9-dicarboxylic acid) and the presence of two cyclic pentapeptidolactones. Of all 

the actinomycins, Actinomycin D, is the most prominent and has been used in clinical 

settings as a chemotherapeutic agent30.  

To characterize the chemical structure of compound 3, we compared the 1H and 

13C NMR data for compound 3 with those of two closely related actinomycins reported in 

the literature (Tables 2.5, 2.6, and 2.7). Due to the incomplete NMR data presented in the 

paper by Mauger et al.31, the chromophore ring structure analysis was carried out using 

data from Bitzer el al30. Upon in depth analysis of the NMR data and COSY, HSQC, and 

HMBC (see Appendix II), we were able to confirm the presence of a chromophore ring 

and pentapeptidolactone rings in compound 3 and conclude that compound 3 is an 

analogue of actinomycin. However, due to the complex nature of the spectra, we have not 

been able to completely characterize the identity of the amino acid residues in the 

pentapeptidolactone rings (see Figure 2.18). Nevertheless, we predict that the last amino 

acid residue of the pentapeptide in compound 3 is different from that of compound 13 

reported in Mauger et al.  More analysis is needed for the identification of this last amino 

acid residue.  
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Table 2.5. Comparison of the 1H and 13C NMR data for α-pentapeptidolactone ring 
reported in Mauger et al.31 and in compound 3. 1H and 13C NMR data from Mauger et al. 
were acquired in CDCl3 at 220MHz and 55MHz, respectively in CDCl3. 

α Ring Reference (Mauger et al. 
compound 13) Compound 3 

Residue Position δC (ppm), 
type 

δH (ppm), 
mult. (J in 

Hz) 

δC (ppm), 
type 

δH (ppm), mult. (J in 
Hz) 

Thr 

1 - - 167.79, C - 
2 54.81, CH - 55.01, CH 4.60, dd (6.22, 2.1) 
3 74.91, CH - 75.06, CH 5.21, m 

4 17.78, CH3 - 17.58, 
CH3 

1.25, d (3.64) 

NH - 7.49 (7.0) - 7.77, d (6.23) 

Val 

1 - - 168.43, C - 
2 57.99, CH - 58.62, CH 3.55, m 
3 31.83, CH - 38.59, CH 1.95, m 

4 19.06, CH3 - 14.93, 
CH3 

1.08, t (6.72) 

5 19.06, CH3 - 21.74, 
CH3 

0.95, d (6.16) 

NH - 8.07 (6.0) - 7.93, d (6.37) 

Pro 

1 - - * - 
2 57.08, CH 5.91 (7.4) 56.27, CH 6.06, d (9.24) 
3 39.78, CH2 - * 2.67, m 
4 29.65, CH - 31.06, CH 1.80, q (6.86) 
5 53.84, CH2 - * 2.28, m 

6 (4-
Me) 16.93, CH3 - * * 

Sar 

1 - - * - 

2 51.38, CH2 - 51.45, 
CH2 

3.62, d (14.7); 3.60, d 
(14.77) 

N-Me 35.07, CH3 2.95 (-) 34.99, 
CH3 

2.87, s 

MeVal, 
13 

1 - - - - 
2 71.13, CH - - - 
3 27.00, CH - - - 
4 21.57, CH3 - - - 
5 21.57, CH3 - - - 

N-Me 39.16, CH3 2.89 (-) - - 

Unknown 

1 - - * * 
2 - - * * 
3 - - * * 
4 - - * * 
N - - * * 

 (-): Peak not reported or does not exist. (*): Unable to identify at this point.  
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Table 2.6. Comparison of the 1H and 13C NMR data for β-pentapeptidolactone ring 
reported in Mauger et al.31 and in compound 3. 1H and 13C NMR data from Mauger et al. 
were acquired in CDCl3 at 220MHz and 55MHz, respectively in CDCl3. 

β Ring Reference (Mauger et al. 
compound 13) Compound 3 

Residue Position δC (ppm), 
type 

δH (ppm), 
mult. (J in 

Hz) 

δC (ppm), 
type 

δH (ppm), mult. (J in 
Hz) 

Thr 

1 - - 167.69, C - 
2 54.81, CH - 55.40, CH 4.48, dd (6.72, 2.45) 
3 75.09, CH - 75.15, CH 5.17, m 

4 18.09, CH3 - 18.01, 
CH3 

1.26, d (3.71) 

NH - 6.94 (7.0) - 7.15, d (6.72) 

Val 

1 - - 168.94, C - 
2 57.99, CH - 58.53, CH 3.57, m 
3 31.91, CH - 38.87, CH 1.89, m 

4 19.06, CH3 - 15.06, 
CH3 

1.08, t (6.72) 

5 19.06, CH3 - 21.85, 
CH3 

0.97, d (5.88) 

NH - 7.99 (6.0) - 8.09, d (6.02) 

Pro 

1 - - * - 
2 57.17, CH 5.87 (7.4) 56.42, CH 6.00, d (9.24) 
3 40.18, CH2 - * 2.97, m 
4 29.65, CH - 31.41, CH 1.86, m 
5 53.84, CH2 - * 2.28, m 

6 (4-
Me) 16.93, CH3 - * * 

Sar 

1 - - * - 

2 51.38, CH2 - 51.49, 
CH2 

4.76, d (17.22); 4.70, d 
(17.15) 

N-Me 35.07, CH3 2.93 (-) 35.05, 
CH3 

2.87, s 

 MeVal, 
13 

1 - - - - 
2 71.26, CH - - - 
3 27.00, CH - - - 
4 21.57, CH3 - - - 
5 21.57, CH3 - - - 

N-Me 39.16, CH3 2.89 (-) - - 

Unknown 

1 - - * * 
2 - - * * 
3 - - * * 
4 - - * * 
N - - * * 

(-): Peak not reported or does not exist. (*): Unable to identify at this point.  
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Table 2.7. 1H and 13C NMR data for chromophore ring structure of compound 3 in CDCl3. 
Compared to those of compound 2 in Bitzer et al.30. Reference NMR data, 1H NMR 
600MHz, CD3OD and 13C peaks were obtained from HSQC and HMBC due to low 
amount of compound 230.  

 Reference ( Bitzer et al compound 
(2)) Compound 3 

Carbon 
Number δC (ppm), type δH (ppm), mult. (J in 

Hz) 
δC (ppm), 

type 
(δH (ppm), mult. (J in 

Hz) 
1 - - - - 
2 - - - - 
3 179.8, C - 179.28, C - 
4 113.7, C - 113.58, C - 
4a 146.2, C - 145.21, C - 

5 (O) - - - - 
5a 140.58, C - 140.58, C - 
6 128.2, C - 127.69, C - 
7 131.6, CH 7.43, d (7.7) 130.37, CH 7.36, d (7.70) 
8 126.1, CH 7.49, d (7.6) 125.98, CH 7.64, d (7.70) 
9 133.2, C - 132.74, C - 
9a 131.6, C - 129.22, C - 
10a - - - - 
11 14.6, CH3 2.56, s 15.23, CH3 2.56, s 
12 7.4, CH3 2.22, s 7.96, CH3 2.25, s 
13 168.8, C - 166.20, C - 
14 169.1, C - 168.94, C - 

 (-): Peak not reported or does not exist. 

 

 Although the complete structural elucidation has not been completed yet, we are 

confident that this compound is a new analogue of actinomycin. This is due to the fact 

that we have already eliminated many actinomycins from the realm of possible 

compounds that match this compound. Compounds that match the molecular mass, but 

have been eliminated as a possibility are actinomycin K2c, K2t, D1, D2, D3, D5, ZP, C2, C3, 

Au5, Au6a, and Ay. In addition to the mentioned analogues, we can eliminate any analogue 

that does not have the same molecular mass as compound 3. 



39 
	  

 
Figure 2.18. Structural comparison between actinomycin D and the proposed structure of 
compound 3. The valine residue in compound 3 is suspected to be in the L conformation 

based on NMR data from tables 2.5 and 2.6. 

 

All actinomycins have the same mechanism of action. This involves binding to 

DNA and preventing replication and transcription. Specifically, the chromophore of the 

molecule can fit between two guanine and cytosine base pairs, while the peptidolactone 

rings lie inside the minor groove of the double helix. This means that different 

compositions of the peptidolactone rings can affect the affinity of the molecule to DNA30. 

As the actinomycins have great variability within their peptidolactone rings, their 

antibacterial activity is variable as well. The portion of the peptidolactone ring that seems 

to be the most variable is the L-proline of actinomycin D31. It has been shown that the 

addition of the methyl groups to the proline sites actually decreases the activity of 

actinomycin due to the increased steric hindrance when binding to DNA31. There are 

many analogues of actinomycins in existence, most of which are varied at some point on 

either or both of the pentapeptidolactone rings. Due to this variability, the effectiveness 

of the compound is significantly different between the analogues, as shown by Mauger et 

al31.  
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Figure 2.19. Left: Structure of Actinomycin D30. Right: Actinomycin D binding to 

DNA32. 

 Further studies on this compound may include hydrolysis of the peptide followed 

by analysis of the individual amino acid residues using Marfey’s method.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



41 
	  

CHAPTER 3 

 

Isolation of new elaiophylin analogues from the Indonesian soil bacterium 

Streptomyces albiflavinger ICBB 9297 

 

3.1. Introduction 

 Streptomyces albiflaviniger ICBB 9297 was isolated from a soil sample collected 

from a Black Water Ecosystem on Borneo Island, Indonesia. Preliminary bioassay 

screening revealed that this strain produced secondary metabolites that are active against 

Gram-positive bacteria and fungi. To isolate and characterize the biologically active 

compounds from this strain, a chemical and bioassay-guided investigation was conducted. 

  

3.2. Experimental Section 

3.2.1. Classification of Bacterial Strain 

 The 16S rRNA gene of ICBB 9297 strain was amplified and sequenced at the 

OSU Center for Genome Research and Biocomputing (CGRB) and the sequence was 

analyzed using BLAST. 

 

3.2.2. Solid Culture 

 ICBB 9297 was streaked onto an agar plate containing modified Bennett’s 

medium using sterile toothpicks (see Appendix I for recipe). The plate was then 

incubated for 3-5 days at 30 °C, and stored in a 4 °C refrigerator for later use.  
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3.2.3. Liquid Culture 

To prepare seed cultures, the ICBB 9297 strain was inoculated into many 

Erlenmeyer flasks containing a total of 500 mL of modified Bennett’s medium. The 

bacterium was incubated for two days in a rotary shaker set to 200 rpm at 30 °C.  

The seed culture (10%) was then used to inoculate 6 L of modified Bennett’s 

medium and the culture was incubated in a rotary shaker set at 200 rpm at 30 °C for 

seven days. The isolation process was attempted multiple times which resulted in the 

production of multiple batches of liquid culture. This resulted in approximately 20 L of 

liquid culture total.   

 

3.2.4. Extraction 

 Extraction of bioactive compounds from the culture broths of ICBB 9297 strain 

followed a similar protocol described for those of ICBB 9409. As with ICBB 9409, only 

EtOAc was used for the extraction, and was extracted three times. In addition, to a liquid-

liquid extraction, a solid-liquid extraction was performed on the cell cake using acetone.  
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Figure 3.1. Extraction scheme for ICBB 9297 secondary metabolites. 

 

 

3.2.5. Antibacterial Test 

 Agar disc diffusion assays were performed against bacteria Staphylococcus 

aureus, Bacillus subtilis, Pseudomonas aeruginosa, Mycobacterium smegmatis, 

Escherichia coli, and a fungus Pellicularia sasakii using the same protocol as described 

previously. Both the EtOAc and cell cake (acetone) extracts were tested independently 

until they were confirmed to be the same via TLC. 
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3.2.6. Preliminary TLC 

 After antibacterial activity was established, TLC was performed on both the 

acetone and EtOAc extracts. The solvent system used was CHCl3-MeOH (7:1). 

Following TLC, a TLC bioassay was performed to locate compounds that have 

antibacterial activity. 

 

3.2.7. Liquid Chromatography 

 A reverse phase flash column was performed on the EtOAc and acetone extracts 

of ICBB 9297. The solvent system began with a 10% mixture of MeOH in water. The 

concentration of MeOH was increased by 10% every run until 100% MeOH was 

achieved. The fractions were collected, dried under reduced pressure, and weighed. The 

products were analyzed by TLC and bioassay.  

 Active fractions (fractions 5 and 6) were combined and subjected to a normal 

phase silica gel flash column. The column was first eluted with 100% CHCl3, followed 

by gradual addition of MeOH to CHCl3-MeOH 84:16, and finally 100% MeOH. The 

fractions were collected, dried under reduced pressure, and weighed.  The products were 

analyzed by TLC and bioassay.  

 Active fractions (fractions 9 and 10) were combined and subjected to Gel 

filtration using Sephadex LH-20. The solvent used for this was MeOH, and four unique 

samples were identified after TLC analysis of the 35 individual fractions collected.

 Finally HPLC was used to purify the active compounds from fractions A and B 

using a gradient methanol-water solvent system with a reverse phase column (YMC-Pack 
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ODS-A, 250×10 mm I.D., mobile phase MeOH-H2O, flow rate 2 mL/min). The column 

was equilibrated with 85% MeOH for 10 min, then changed gradually to 90% MeOH for 

10 min, eluted with 90% MeOH for 10 min, followed by a linear gradient to 100% 

MeOH for 25 min.  Finally the column was eluted by 100% MeOH for 15 min.   

 

3.2.7. Structural Elucidation  

 ESI mass spectrometry, 1H NMR, 13C NMR, DEPT, and 2D-NMR were used to 

elucidate the chemical structures of the compounds.  
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3.3. Results and Discussion 

3.3.1. Identification of ICBB 9297 

The strain ICBB 9297 was obtained from our collaborator at ICBB. The strain 

was identified as Streptomyces albiflaviniger based on its 16S rRNA sequence. 

 
Figure 3.2. ICBB 9297 (Streptomyces albiflaviniger) strain grown on an agar 

plate containing Modified Bennett’s medium. 

 

 

3.3.2. Natural Product Isolation and Purification from ICBB 9297 

 Due to the extremely low yield of the target compounds, multiple growth and 

extraction cycles were performed. As with ICBB 9409, a small reference sample was 

taken for TLC analysis. The extracts were stored in 20 mL vials at -4 °C. 
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Table 3.1. Total amount of EtOAc extract from the culture broths of ICBB 9297 strain. 

Sample Mass (g) 

EtOAc Extract 3.994 

 

Table 3.2. Bioassay results from EtOAc extract. 

Bacteria/Fungi SA MS PA BS EC PS 

Activity + + - - - + 

 

 

 
Figure 3.3. Bioassay of EtOAc Extract. MS (left), SA (middle), PS (right). Other discs 

are from extracts from other strains. 

 

 
Figure 3.4. TLC of EtOAc extract (E) and Cell Cake Extract (C) in CHCl3-MeOH (7:1). 

UV (left), CAM (right). 
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Figure 3.5. TLC Bioassay of EtOAc extract in CHCl3-MeOH (7:1). 

 

 As shown in Figure 3.3, the EtOAc extracts showed activity against SA, MS, and 

the fungus PS. From the TLC bioassay (Figure 3.5.), the active compounds could be 

located. Based on these data, the samples were then subjected to a reverse phase column 

chromatography for fractionation. From the reverse phase flash column, seven fractions 

were obtained (Figure 3.6.). 

  

SA MS 
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Figure 3.6. TLC of reverse phase column fractions. CHCl3-MeOH (7:1). UV (left), CAM 

(right). 

 

The active fractions (fractions 5 and 6) were combined due to their similar TLC 

profile. Then, the combined fraction was subjected to a normal phase silica gel flash 

column for further fractionation. From the column, 17 fractions were collected (Figure 

3.7) 

 
Figure 3.7. TLC of normal phase flash column of the combined sample. CHCl3-MeOH 

(7:1). UV (left), CAM (right). 

   1    2    3     4     5   6     7    C   1     2     3     4    5     6     7     C 

2   3   4   5   6   7   8   9  10  11 12 13 14 15 16 17  C 2   3   4   5   6   7    8  9  10  11 12 13 14 15 16 17  C 
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 Active fractions (fractions 9 and 10) from Figure 3.7, were combined based on 

their similar TLC profile. The combined fraction was then subjected to gel filtration using 

Sephadex LH-20 for further fractionation. 35 fractions were collected from the column 

(Figure 3.8). 

 
Figure 3.8. TLC of gel filtration fractions. CHCl3-MeOH (7:1). UV (top), CAM (bottom). 

 

 Based on the TLC profiles, fractions 16 through 20 were combined and named 

fraction A. Fractions 21 through 23 were combined also based on their TLC profiles and 

named fraction B. Fractions 24 through 26 were combined and named fraction C, and 

finally fractions 27 through 35 were combined and named fraction D.  
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 HPLC was used to purify the active compounds from fractions A and B using 

YMC-Pack ODS-A, 250×10 mm I.D., mobile phase MeOH-H2O, flow rate 2 mL/min). 

Fifteen compounds were collected (Figure 3.9). 

 

Figure 3.9. HPLC chromatogram of ICBB 9297 after gel filtration. 

 

3.3.3. Structural Elucidation of Compounds from ICBB 9297 

 Low resolution ESI-MS was used to determine the molecular mass of the 

compound. Positive ion mode was used for both compounds 14 and 15. Based on the MS 

data, the molecular formula for compound 14 is predicted to be C57H94O18. The molecular 

formula for compound 15 is predicted to be C58H96O18.  
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Table 3.3. ESI-MS of compounds 14 and 15 after HPLC under positive ion mode. 

Compound Found (m/z) Molecular Formula 

Compound 14 [M+Na]+ 1089.47 C57H94O18 

Compound 15 [M+Na]+ 1103.49 C58H96O18 

 

 
Figure 3.10. Positive ion mode ESI-MS of compound 14. 
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Figure 3.11. Positive ion mode ESI-MS of compound 15. 

 
1H NMR spectrum of compound 14 shows many methyl protons, oxygenated 

hydroxyl protons and some sp2 protons (Figure 3.12). 13C NMR and DEPT spectra of 

compound 14 indicate that it has 15 methyl groups, 6 methylene groups, 31 methine 

groups, and 2 quaternary carbons (Figure 3.13 and Figure 3.14). 
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Figure 3.12. 1H NMR spectrum of strain ICBB 9297 compound 14. (700 MHz, DMSO).  
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Figure 3.13. 13C NMR spectrum of strain ICBB 9297 compound 14. (175 MHz, DMSO).  

 

 
Figure 3.14. DEPT-135 of strain ICBB 9297 compound 14. (175 MHz, DMSO).  
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On the basis of its physicochemical properties (color, molecular mass, and NMR 

data) as well as ANTIBASE® and SciFinder® searches, we predicted that compound 14 is 

related to a group of natural products known as the elaiophylins. Elaiophylin was first 

isolated in 1959 by Arcamone et al. from a Streptomyces species33,  and later, as 

azalomycin B by Arai in 196033. Elaiophylin  has been shown to have activity against 

Gram positive bacteria such as S. aureus34. It is also active towards protozoans such as 

Plasmodium and Trypanosoma34. Elaiophylins are characterized by two identical or 

almost identical glycosylated polyketide chains that form a central 16 membered 

chromophore dilactone ring and two cyclic six membered ether rings.  

To characterize the chemical structure of compound 14, we compared the 1H and 

13C NMR data for compound 14 with a closely related elaiophylin analogue reported in 

the literature (Tables 3.4, 3.5).  The compound reported by Wu et al. has two methyl 

groups less than compound 14. An in depth analysis, using COSY, HSQC, HMBC, and 

ROESY experiments (see Figure 3.15 and Appendix III.1), revealed that compound 14 

contains a pendant methyl group at the C-2´ position of the polyketide backbone. 

Therefore, compound 14 was identified as 2´-methyl-11,11´-O-dimethylelaiophylin, 

which is unique and has not been reported before in the literature.  
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Figure 3.15. Selected COSY and HMBC correlations of compound 14. 

  

 
Figure 3.16. Compound 2 from Wu et al. Note the differences as the C-2´ and C-20´ 

positions. 
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Table 3.4. Comparison of the 1H and 13C NMR data for carbons 1 through 27 reported in 
Wu et al.35 and compound 14. The reported 1H data was obtained in DMSO using 500 
MHz NMR instrument. The reported 13C NMR data was obtained in DMSO using 125 
MHz NMR instrument.   

Carbon 
Number 

(δC) 
Reference (Wu et al. compound 2) Compound 14 

Carbon 
Number 

(δH) 

 δC (ppm), 
type 

δH (ppm), mult. (J in 
Hz) 

δC (ppm), 
type 

δH (ppm), mult. (J in 
Hz)  

1 167.1, C - 167.4, C - 1 
2 121.3, CH 5.70, d (15.5) 120.2, CH 5.62, d (15.33) 2 
3 144.9, CH 6.83, dd (15.5, 11.0) 145.1, CH 6.85, dd (15.05, 11.27) 3 
4 130.4, CH 6.11, dd (15.0, 11.0) 129.6, CH 6.07, dd (14.77, 11.27) 4 
5 145, CH 5.66, dd (15.0, 10.5) 145.8, CH 5.67, dd (14.91, 10.01) 5 
6 41.2, CH 2.47, tq (10.5, 6.0) 41.2, CH 2.47, m 6 
7 76.1, CH 5.13, d (10.5) 76.0, CH 5.11, d (10.5) 7 
8 36.7, CH 1.72, dq (10.0, 6.0) 37.0, CH 1.73, m 8 
9 68.2, CH 3.32b 68.1, CH 3.32b 9 

10 37.6, CH 1.88, q (6.5) 37.6, CH 1.89, q (6.86) 10 
11 102.8, C - 102.8, C - 11 

12 33.7, CH2 
1.08b (ax); 2.39, dd 

(13.0, 4.5) (eq) 33.7, CH2 
1.08b (ax); 2.39, dd 

(13.0, 3.64) (eq) 
12ax, 
12eq 

13 68.3, CH 3.70, td (10.0, 4.5) 68.2, CH 3.70, m 13 
14 47.2, CH 1.04, m 47.2, CH 1.05, m 14 
15 66.9, CH 3.40, m 66.9, CH 3.40, m 15 
16 18.9, CH3 1.11, d (6.0) 19.0, CH3 1.11, d (5.74) 16 
17 15.6, CH3 0.96, d (6.0) 15.5, CH3 0.96, d (4.9) 17 
18 9.9, CH3 0.85, d (6.0) 10.0, CH3 0.87, d (6.79) 18 
19 7.3, CH3 0.83, d (6.5) 7.3, CH3 0.82, d (6.44) 19 

20 18.8, CH3 
1.59, m (a); 1.36, m 

(b) 18.8, CH2 
1.60, m (a); 1.36, m 

(b) 20a, 20b 

21 8.8, CH3 0.78, t (7.5) 8.8 CH3 0.77, t (7.35) 21 
22 92.5, CH 4.90, brs 92.5, CH 4.90, s 22 

23 32.7, CH2 
1.79, m (a); 1.39, m 

(b) 32.7, CH2 
1.80, m (a); 1.38, m 

(b) 23a, 23b 

24 64.9, CH 3.73, m 66.4, CH 3.72, m 24 
25 70.3, CH 3.37, m 70.3, CH 3.37, m 25 
26 66.4, CH 3.74, m 65.0, CH 3.73, m 26 
27 17.1, CH3 1.06, d (6.5) 17.2, CH3 1.06, d (6.3) 27 

11-O-Me 45.7, CH3 2.94, s 45.7, CH3 2.94, s 11-O-Me 
2-Me - - - - 2-Me 
9-OH - 4.36, d (7.0) - 4.44, t (8.82) 9-OH 

24-OH - 4.49, d (5.5) - 4.56, s 24-OH 
25-OH - 4.25, d (4.5) - 4.32, s 25-OH 

(-): no peak, (ax): axial, (eq): equatorial 
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Table 3.5. Comparison of the 1H and 13C NMR data for carbons 1' through 27' reported in 
Wu et al.35 and compound 14. The reported 1H data was obtained in DMSO using 500 
MHz NMR instrument. The reported 13C NMR data was obtained in DMSO using 125 
MHz NMR instrument. 

Carbon 
Number 

(δC) 

Reference (Wu et al. compound 
(2) Compound 14 

Carbon 
Number 

(δH) 

 δC(ppm), 
type 

δH (ppm), mult. (J in 
Hz) 

δC (ppm), 
type 

δH (ppm), mult. (J in 
Hz)  

1' 167.1, C - 168.0, C - 1' 
2' 121.3, CH 5.70, d (15.5) 126.6, C - 2' 
3' 144.9, CH 6.83, dd (15.5, 11.0) 138.6, CH 6.66, d (11.55) 3' 
4' 130.4, CH 6.11, dd (15.0, 11.0) 127.7, CH 6.20 dd (14.6, 11.9) 4' 
5' 145, CH 5.66, dd (15.0, 10.5) 143.8, CH 5.56, dd (14.56, 9.87) 5' 
6' 41.2, CH 2.47, tq (10.5, 6.0) 41.6, CH 2.54, m 6' 
7' 76.1, CH 5.13, d (10.5) 76.2, CH 5.15, d (10.36) 7' 
8' 36.7, CH 1.72, dq (10.0, 6.0) 36.9, CH 1.70, m 8' 
9' 68.2, CH 3.32b 68.1, CH 3.32b 9' 

10' 37.6, CH 1.90, q (6.5) 37.6, CH 1.89, q (6.86) 10' 
11' 102.9, C - 102.8, C - 11' 

12' 33.4, CH2 
1.09b (ax); 2.36, dd 

(13.0, 4.5) (eq) 33.7, CH2 
1.08b (ax); 2.39, dd 

(13.0, 3.64) (eq) 
12'ax, 
12'eq 

13' 71.6, CH 3.41, td (10.0, 4.5) 68.2, CH 3.70, m 13' 
14' 42.4, CH 1.10, m 47.2, CH 1.05, m 14' 
15' 69.8, CH 3.21, dq (10.0, 6.0) 66.9, CH 3.4, m 15' 
16' 19.2, CH3 1.10, d (6.0) 19.0, CH3 1.11, d (5.74) 16' 
17' 15.6, CH3 0.96, d (6.0) 15.9, CH3 0.97, d (4.9) 17' 
18' 9.9, CH3 0.85, d (6.0) 10.2, CH3 0.85, d (6.79) 18' 
19' 7.2, CH3 0.83, d (6.5) 7.3, CH3 0.82, d (6.44) 19' 

20' 13.3, CH2 
0.85, d (6.0) (a); - 

(b) 18.8, CH2 
1.60, m (a); 1.36, m 

(b) 20'a, 20'b 

21' 8.8, CH3 - 8.8 CH3 0.77, t (7.35) 21' 
22' 92.2, CH 4.90, brs 92.5, CH 4.90, s 22' 

23' 32.6, CH2 
1.79, m (a); 1.39, m 

(b) 32.7, CH2 
1.80, m (a); 1.38, m 

(b) 23'a, 23'b 

24' 64.9, CH 1.39, m 66.4, CH 3.72, m 24' 
25', CH 70.3, CH 3.37, m 70.3, CH 3.37, m 25', CH 
26', CH 66.2, CH 3.74, m 65.0, CH 3.73, m 26', CH 

27' 17, CH3 1.05, d (6.5) 17.2, CH3 1.06, d (6.3) 27' 
11'-O-Me 45.7, CH3 2.95, s 45.6, CH3 2.96, s 11'-O-Me 

2'-Me - - 12.26, CH3 1.78, s 2'-Me 
9'-OH - 4.36, d (7.0) - 4.44, t (8.82) 9'-OH 

24'-OH - 4.48, d (6.0) - 4.56, s 24'-OH 
25'-OH - 4.23, d (4.5) - 4.32, s 25'-OH 

(-): no peak, (ax): axial, (eq): equatorial 
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Much like that of compound 14, the 1H NMR spectrum of compound 15 shows 

many signals of methyl protons, oxygenated hydroxyl protons and some sp2 protons 

(Figure 3.16). 13C NMR and DEPT spectra of compound 15 show signals of 16 methyl 

groups, 6 methylene groups, 30 methine groups, and 2 quaternary carbons (Figure 3.17 

and Figure 3.18). 

 
Figure 3.17. 1H NMR spectrum of ICBB 9297 compound 15. (700 MHz, DMSO). 
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Figure 3.18. 13C NMR spectrum of ICBB 9297 compound 15. (175 MHz, DMSO). 

 

 
Figure 3.19. DEPT-135 spectrum of ICBB 9297 compound 15. (175 MHz, DMSO). 
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 The 1H and 13C NMR spectra of compound 15 are very similar to those of 

compound 14, suggesting that compound 15 is another analogue of elaiophylin whose 

chemical structure very similar to compound 14.  Comparison of its molecular mass 

(1080) with that of compound 14 (1066) suggests that compound 15 has a methyl group 

more than compound 14. However, it was not clear the exact location of this additional 

methyl group. 

To characterize the chemical structure of compound 15, we compared the 1H and 

13C NMR data for compound 15 with those of compound 14 and an elaiophylin analogue 

reported by Wu et al.  (Tables 3.6, 3.7).  Based on these comparisons, we concluded that 

compound 15 has one methyl group more than compound 14, and three methyl groups 

more than the compound reported by Wu et al., respectively. An in depth analysis using 

COSY, HSQC, HMBC, and ROESY experiments (see Figure 3.19 and Appendix III.2) 

revealed the exact location of the extra methyl group and that compound 15 contains 

pendant methyl groups at both the 2 and 2´ positions of the polyketide backbones. 

Therefore, compound 15 was identified as 2,2´-dimethyl-11,11´-O-dimethylelaiophylin, 

which is unique and has not been reported before in the literature.  
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Figure 3.20. Selected COSY and HMBC correlations of compound 15. 
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Table 3.6. Comparison of the 1H and 13C NMR data for carbons 1 through 27 reported in 
Wu et al.35 and compound 15. The reported 1H data was obtained in DMSO using 500 
MHz NMR instrument. The reported 13C NMR data was obtained in DMSO using 125 
MHz NMR instrument. 

Carbon 
Number 

(δC) 
Reference (Wu et al. compound 2) Compound 15 

Carbon 
Number 

(δH) 

 δC (ppm), 
type 

δH (ppm), mult. (J in 
Hz) 

δC (ppm), 
type 

δH (ppm), mult. (J in 
Hz)  

1 167.1, C - 168.2, C - 1 
2 121.3, CH 5.70, d (15.5) 126.7, C - 2 
3 144.9, CH 6.83, dd (15.5, 11.0) 138.6, CH 6.66, d (11.5) 3 
4 130.4, CH 6.11, dd (15.0, 11.0) 126.7, CH 6.23, dd (14.6, 11.9) 4 
5 145, CH 5.66, dd (15.0, 10.5) 144.5, CH 5.58, dd (14.6, 9.9) 5 
6 41.2, CH 2.47, tq (10.5, 6.0) 41.5, CH 2.56, m 6 
7 76.1, CH 5.13, d (10.5) 76.2, CH 5.13, d (10.5) 7 
8 36.7, CH 1.72, dq (10.0, 6.0) 37.2, CH 1.72, m 8 
9 68.2, CH 3.32b 68.2, CH 3.33b 9 

10 37.6, CH 1.88, q (6.5) 37.6, CH 1.9, q (6.7) 10 
11 102.8, C - 102.8, C - 11 

12 33.7, CH2 
1.08b (ax); 2.39, dd 

(13.0, 4.5) (eq) 33.7, CH2 
1.08b (ax); 2.39, dd 

(13.0, 3.9) (eq) 
12ax, 
12eq 

13 68.3, CH 3.70, td (10.0, 4.5) 68.2, CH 3.7, m 13 
14 47.2, CH 1.04, m 47.2, CH 1.04, b 14 
15 66.9, CH 3.40, m 66.9, CH 3.4, m 15 
16 18.9, CH3 1.11, d (6.0) 19.0, CH3 1.11, d (6.1) 16 
17 15.6, CH3 0.96, d (6.0) 15.8, CH3 0.97, d (6.4) 17 
18 9.9, CH3 0.85, d (6.0) 10.0, CH3 0.89, d (6.9) 18 
19 7.3, CH3 0.83, d (6.5) 7.2, CH3 0.83, d (6.9) 19 

20 18.8, CH3 
1.59, m (a); 1.36, m 

(b) 18.8, CH2 
1.59, m (a); 1.35, m 

(b) 20a, 20b 

21 8.8, CH3 0.78, t (7.5) 8.8, CH3 0.78, t (7.5) 21 
22 92.5, CH 4.90, brs 92.5, CH 4.9, d (3.0) 22 

23 32.7, CH2 
1.79, m (a); 1.39, m 

(b) 32.7, CH2 
1.79, m (a); 1.38, m 

(b) 23a, 23b 

24 64.9, CH 3.73, m 64.9, CH 3.72, m 24 
25 70.3, CH 3.37, m 70.3 CH 3.37, m 25 
26 66.4, CH 3.74, m 66.4, CH 3.73, m 26 
27 17.1, CH3 1.06, d (6.5) 17.1, CH3 1.05, d (6.44) 27 

11-O-Me 45.7, CH3 2.94, s 45.6, CH3 2.95, s 11-O-Me 
2-Me - - 11.9, CH3 1.75, s 2-Me 
9-OH - 4.36, d (7.0) - 4.43, d (7.4) 9-OH 

24-OH - 4.49, d (5.5) - 4.54 brs 24-OH 
25-OH - 4.25, d (4.5) - 4.28, d (3.8) 25-OH 

(-): no peak, (ax): axial, (eq): equatorial 
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Table 3.7. Comparison of the 1H and 13C NMR data for carbons 1' through 27' reported in 
Wu et al.35 and compound 15. The reported 1H data was obtained in DMSO using 500 
MHz NMR instrument. The reported 13C NMR data was obtained in DMSO using 125 
MHz NMR instrument. 

Carbon 
Number 

(δC) 

Reference (Wu et al. compound 
(2) Compound 15 

Carbon 
Number 

(δH) 

 δC (ppm), 
type 

δH (ppm), mult. (J in 
Hz) 

δC (ppm), 
type 

δH (ppm), mult. (J in 
Hz)  

1' 167.1, C - 168.2, C - 1' 
2' 121.3, CH 5.70, d (15.5) 126.7, C - 2' 
3' 144.9, CH 6.83, dd (15.5, 11.0) 138.6, CH 6.66, d (11.5) 3' 
4' 130.4, CH 6.11, dd (15.0, 11.0) 126.7, CH 6.23, dd (14.6, 11.9) 4' 
5' 145, CH 5.66, dd (15.0, 10.5) 144.5, CH 5.58, dd (14.6, 9.9) 5' 
6' 41.2, CH 2.47, tq (10.5, 6.0) 41.5, CH 2.56, m 6' 
7' 76.1, CH 5.13, d (10.5) 76.2, CH 5.13, d (10.5) 7' 
8' 36.7, CH 1.72, dq (10.0, 6.0) 37.2, CH 1.72, m 8' 
9' 68.2, CH 3.32b 68.2, CH 3.33b 9' 

10' 37.6, CH 1.90, q (6.5) 37.6, CH 1.9, q (6.7) 10' 
11' 102.9, C - 102.8, C - 11' 

12' 33.4, CH2 
1.09b (ax); 2.36, dd 

(13.0, 4.5) (eq) 33.7, CH2 
1.08b (ax); 2.39, dd 

(13.0, 3.9) (eq) 
12'ax, 
12'eq 

13' 71.6, CH 3.41, td (10.0, 4.5) 68.2, CH 3.7, m 13' 
14' 42.4, CH 1.10, m 47.2, CH 1.04, b 14' 
15' 69.8, CH 3.21, dq (10.0, 6.0) 66.9, CH 3.4, m 15' 
16' 19.2, CH3 1.10, d (6.0) 19.0, CH3 1.11, d (6.1) 16' 
17' 15.6, CH3 0.96, d (6.0) 15.8, CH3 0.97, d (6.4) 17' 
18' 9.9, CH3 0.85, d (6.0) 10.0, CH3 0.89, d (6.9) 18' 
19' 7.2, CH3 0.83, d (6.5) 7.2, CH3 0.83, d (6.9) 19' 

20' 13.3, CH2 
0.85, d (6.0) (a); - 

(b) 18.8, CH2 
1.59, m (a); 1.35, m 

(b) 20'a, 20'b 

21' 8.8, CH3 - 8.8, CH3 0.78, t (7.5) 21' 
22' 92.2, CH 4.90, brs 92.5, CH 4.9, d (3.0) 22' 

23' 32.6, CH2 
1.79, m (a); 1.39, m 

(b) 32.7, CH2 
1.79, m (a); 1.38, m 

(b) 23'a, 23'b 

24' 64.9, CH 1.39, m 64.9, CH 3.72, m 24' 
25', CH 70.3, CH 3.37, m 70.3 CH 3.37, m 25', CH 
26', CH 66.2, CH 3.74, m 66.4, CH 3.73, m 26', CH 

27' 17, CH3 1.05, d (6.5) 17.1, CH3 1.05, d (6.44) 27' 
11'-O-Me 45.7, CH3 2.95, s 45.6, CH3 2.95, s 11'-O-Me 

2'-Me - - 11.9, CH3 1.75, s 2'-Me 
9'-OH - 4.36, d (7.0) - 4.43, d (7.4) 9'-OH 

24'-OH - 4.48, d (6.0) - 4.54 brs 24'-OH 
25'-OH - 4.23, d (4.5) - 4.28, d (3.8) 25'-OH 

(-): no peak, (ax): axial, (eq): equatorial 
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Figure 3.21. Chemical Structure of 2´-methyl-11,11´-O-dimethylelaiophylin. 

 

 
Figure 3.22. Chemical Structure of 2,2´-dimethyl-11,11´-O-dimethylelaiophylin. 
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Table 3.8. Summary table of compounds 14 and 15 isolated from strain ICBB 9297. 

Compound Name Molecular Formula Molecular 
Mass 

Compound 14 2´-methyl-11,11´-O-
dimethylelaiophylin C57H94O18 1066 

Compound 15 2,2´-dimethyl-11,11´-O-
dimethylelaiophylin C58H96O18 1080 

 

During the investigation it was brought to our attention that elaiophylins may be 

derivatized by methanol. Specifically the 11 and 11´ OH groups may be methylated to 

form 11,11´-O-dimethylelaiophylin36. Since we have used methanol as our solvent in 

most of our experiments, the isolated compounds may indeed be artifacts of the natural 

products. We suspected that we could identify un-methylated versions of compounds 14 

and 15 by avoiding the use of methanol.  

 Therefore we decided to re-culture the ICBB 9297 strain and analyzed the fresh 

extract by HPLC (Figure 3.23). The result showed that in the absence of methanol, only 

un-methylated versions of compounds 14 and 15 were present. However, extracts that 

have been exposed to methanol overnight showed the presence of compounds 14 and 15.  
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Figure 3.23. HPLC chromatograms of elaiophylins and their methylated products. 

Methylation of the 11 and 11´-OH groups of compounds 14 and 15 is postulated to occure 
upon exposure to methanol.  

 

 Further studies for these compounds may include a more in depth analysis of the 

bioactivities exhibited, because many elaiophylins show antibacterial, antifungal, and 

cytotoxic activities. Moreover, we also plan to investigate the biosynthesis of elaiophylin 

and use the knowledge to develop new analogues of elaiophylin via biosynthetic 

engineering approaches. 
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CHAPTER 4 

 

Conclusion 

 

 This investigation focused on natural product discovery from soil bacteria isolated 

from Indonesian Black Water Ecosystems. Black water ecosystems are well-known for 

their richness in biodiversity, phytochemicals, and other secondary metabolites. In this 

study, two soil bacteria, ICBB 9409 and ICBB 9297, isolated from the soil samples 

collected on Borneo Island, Indonesia, were investigated.  

 From the 16S rRNA sequences ICBB 9409 and ICBB 9297 strains were identified 

as Streptomyces herbaricolor and Streptomyces albiflaviniger, respectively.  Both species 

were studied because they produced secondary metabolites with promising activity 

against Gram positive bacteria. Particularly ICBB 9409 was very active against 

Staphylococcus aureus. Through bioassay-guided separation using various 

chromatographic techniques, we were able to purify the compound for structural 

elucidation experiments. Although the chemical structure of compound 3 from strain 

ICBB 9409 has not been completely characterized yet, we believe it is a new analogue of 

actinomycin. 

 Active compounds from ICBB 9297 were much more difficult to isolate due to 

their relatively low yields. Consequently, more chromatographic work was required to 

obtain the pure compounds. After careful and repeated isolations and purifications, 

sufficient amounts of the compounds could be collected for their structure elucidation 

studies. On the basis of their MS, 1D and 2D NMR data, they were determined to be 2´-

methyl-11,11´-O-dimethylelaiophylin, and 2,2´-dimethyl-11,11´-O-dimethylelaiophylin.  
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 The discovery of new natural products is important for the future of modern 

medicine. With more infectious diseases developing resistance against antibiotics, the 

need for new antibiotics to be discovered is becoming more prevalent. 
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Appendix I: Media Recipes 

 

A. YPGM (Yeast-Peptone-Glucose-Malt) (1L) 

3g Yeast Extract 

3g Malt Extract 

5g Peptone 

10g Glucose 

1L D.I. Water 

15g Agar 

B. Modified Bennett’s Medium (1L) 

10g Glucose 

1g Yeast Extract 

1g Beef Extract 

2g Soytone 

1L D.I. Water 

1mL Metal Ion Solution 

15g Agar (for solid culture) 

C. YMG (Yeast-Malt-Glucose) (1L) 

4g Yeast Extract 

10g Malt Extract 

4g Glucose 

1L D.I. Water 

15g Agar 
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Appendix II: ICBB 9409 2D NMR Spectra 

 

Figure II.1. COSY spectrum of strain ICBB 9409 compound 3. (700 MHz, CDCl3). 
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Figure II.2. HSQC spectrum of strain ICBB 9409 compound 3. (700 MHz, CDCl3). 
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Figure II.3. HMBC spectrum of strain ICBB 9409 compound 3. (700 MHz, CDCl3).  
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Appendix III: ICBB 9297 2D NMR Spectra 

 

III.1. 2´-methyl-11,11´-O-dimethylelaiophylin 

 

 

Figure III.1. COSY spectrum for strain ICBB 9297 compound 14 (2´-methyl-11,11´-O-
dimethylelaiophylin). (700 MHz, DMSO). 
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Figure III.2. HSQC spectrum for strain ICBB 9297 compound 14 (2´-methyl-11,11´-O-
dimethylelaiophylin). (700 MHz, DMSO). 

 



80 
	  

 

Figure III.3. HMBC spectrum for strain ICBB 9297 compound 14 (2´-methyl-11,11´-O-
dimethylelaiophylin). (700 MHz, DMSO). 
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Figure III.4. ROESY spectrum for strain ICBB 9297 compound 14 (2´-methyl-11,11´-O-
dimethylelaiophylin). (700 MHz, DMSO). 
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III.2. 2,2´-dimethyl-11,11´-O-dimethylelaiophylin 

 

 

Figure III.5. COSY spectrum for strain ICBB 9297 compound 15 (2,2´-dimethyl-11,11´-
O-dimethylelaiophylin). (700 MHz, DMSO). 
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Figure III.6. HSQC spectrum for strain ICBB 9297 compound 15 (2,2´-dimethyl-11,11´-
O-dimethylelaiophylin). (700 MHz, DMSO). 
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Figure III.7. HMBC spectrum for strain ICBB 9297 compound 15 (2,2´-dimethyl-11,11´-
O-dimethylelaiophylin). (700 MHz, DMSO). 
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Figure III.8. ROESY spectrum for strain ICBB 9297 compound 15 (2,2´-dimethyl-
11,11´-O-dimethylelaiophylin). (700 MHz, DMSO). 

 

 

 

 

 

 

 

 

 

 

 

 



 
	  

 


