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Chemical Screening of the Secondary Metabolites of Streptomyces cellulosae

1. Introduction

The race to discover new drugs is continuous. For example, as scientists
develop new antibiotics, bacterial resistance to them is increasing. Yet new drugs
do not always begin with a chemist creating a compound de novo. Instead many
of them are natural products or derived from natural products.
The gabosines are members of the C7 cyclitol natural products family.
They were originally isolated from the culture broths of soil bacterium
Streptomyces cellulosae subsp. griseorubiginoses strain S1096. Similar
structures are also present in many bioactive natural products, such as acarbose,
validamycin, and pyralomicin.

Figure 1-1. Chemical structures of acarbose, validamycin A, voglibose,
and pyralomicin 1c.
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Acarbose is a microbial-derived pseudo-oligosaccharide that is clinically
used in the treatment of type II diabetes. It does this by severe inhibition of
intestinal α–glucosidases. It is produced by Actinoplanes strain SE 50/1101.
On the other hand, validamycin is an antifungal/antibiotic compound. It
has been used in many parts of Asia as a crop protecting compound and is
produced by Streptomyces hygroscopicus var. limoneus1. Both acarbose and
validamycin contain the same core unit valienamine (see Figure 1-1), which is an
important precursor for the production of voglibose, a clinically used antidiabetic
drug. Valienamine has a C7 amino-cyclitol moiety which is also present in the
antibiotic pyralomicin, which is produced by Nonamuraea spiralis2.
The discovery of gabosines in 1993 yielded 11 compounds which were
named Gabosines A-K3. Gabosines A, B, and C were known to be produced by
strain S1096. Three more gabosines labeled L, N, and O were discovered in
20004. Gabosines L and N were isolated from strain S1096 that was cultivated
using a medium of rolled oats4 (see Figure 1-2).
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Figure 1-2. Chemical structures of the gabosines

4
It is evident that the gabosines can be valuable as a source of precursors
for the highly useful compounds shown in Figure 1-1. As a result, many attempts
at creating gabosines synthetically have been undertaken. One attempt was
made to generate gabosine I and G from δ-D-gluconolactone5. It involved a four
step process to get a 20% yield of gabosine I and an additional fifth step to yield
gabosine G with a 13.3% yield. One other synthesis for producing (-)-gabosine C
started out with 2,3-O-isopropylidene-D-ribose. Yields were not reported6.
Another scheme for producing gabosine A and B as well as the enantiomers of
gabosines D and E utilized (-)-quinic acid as the common precursor7. Gabosines
N and O can also be synthesized starting with a masked p-benzoquinone8. The
recurring theme in these syntheses has been moderate to very low yields. As a
result, a closer look at the natural bacterial production of the gabosines is
warranted.
Experiments with S. avermectilis have demonstrated that it has multiple
gene clusters for different antibiotics, yet only a few are expressed at one time
due to culture conditions. This is especially true for many soil bacteria. Each
strain typically has multiple biosynthetic gene clusters necessary for the
production of various antibiotics. S. cellulosae has already been demonstrated to
have the capacity of producing C7-aminocyclitol compounds3. As a result this
experiment was undertaken to see what compounds might appear should S.
cellulosae be subjected to novel culture conditions and additionally if production
of any gabosines might be achieved.
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2. Materials and Methods

2.1. Bacterial strain, medium, and culture conditions.
The strain used in this experiment was Streptomyces cellulosae subsp.
griseorubiginoses strain S1096, which was considerately provided by Professor
Axel Zeeck at the University of Göttingen.
Two media of 100 mL each were prepared to cultivate the strain S1096.
Each medium was put into a sterile 250 mL Erlenmeyer flask. The first medium
consisted of 2.0% soybean meal and 2.0% mannitol. The other medium used
2.0% Gerber brand “for baby” single grain oatmeal and 250 µL of trace element
solution kindly provided by Hui Xu. Trace element solution (per 1L) contains 40
mg ZnCl2 , 200 mg FeCl3 •6H2O, 10 mg CuCl2 •2H2O, 10 mg MgCl2 •6H2O, MnCl2
•4H2O, 10 mg Na2B4O7 •10H 2 O, and 10 mg (NH4)6Mo7O24 •4H2O. The strain was
plated out to provide enough bacteria to incubate both media. Both were
inoculated from the same strain in a sterile fume hood and then grown for three
days at 180 rpm at 30ºC.

2.2. Preparation from culture broths of S. cellulosae.
Next the three day cultures of S. cellulosae were centrifuged leaving the
desired secondary metabolites in the supernatant. Then the supernatants were
lyophilized to remove water. The same procedure was used for both media and
is as follows.
Centrifugation & Lyophilization procedure
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1. Removed flasks from shakers.
2. In a sterile fume hood, the contents were divided into 50 mL conical vials
and centrifuged at 5000 rpm for 10 minutes.
3. Filtered out supernatant into a round bottom flask with appropriate
size/neck adapters for lyophilization.
4. Solidified sample using dry ice and acetone in a Dewar flask. Rotated the
round bottom flask so the ice coats the sides.
5. Using the adaptor, inserted flask into lyophilizer and began vacuum
sublimation.
Next the contents of each round bottom flask were re-dissolved using
methanol and the sonicator. The solution was transferred to scintillation vials.
Next, the optimal solvent system was determined. The metabolites recovered
from the soybean/mannitol based media will from now on be referred as the
soybean based metabolites (SBM) whereas the metabolites recovered from the
oatmeal/TES based media will from now on be referred to as the oatmeal based
metabolites (OBM).

2.3. Initial Thin Layer Chromatography
Thin layer chromatography (TLC) was performed using the following
solvent systems:
1. CHCl3:MeOH 1:1,
2. EtOAc:Acetone 1:1,
3. EtOAc:Hexane 1:1,
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4. CHCl3:MeOH 7:3, (best).
These first four schemes all used ceric ammonium molybdate as the
staining agent. Additionally, CHCl3:MeOH 1:1 was tested with KMnO4 stain,
ninhydrin 1.5%, and vanillin sulfuric acid (see Figure 2-1). CHCl3:MeOH 7:3 using
ceric ammonium molybdate provided the best separation and was selected for
further use.

Compound B

Compound A, B

Compound C

1

2

3

4

5

Figure 2-1. I – SBM. II – OBM. Column 1 is the TLC with CHCl3:MeOH 7:3
using ceric ammonium molybdate as the staining agent.
Columns 2-4 all use CHCl3:MeOH 1:1 but different
staining agents. 2 - KMnO4, 3 – ninhydrin 1.5%,
4 – vanillin sulfuric acid, 5 - ceric ammonium molybdate.
Next, the methanol was evaporated using a rotary evaporator to prepare it for
column chromatography.

2.4. Gradient Column Chromatography
Column chromatography was performed on both extracts using a 1 cm
diameter glass column, 10g silica gel, and CHCl3:MeOH 7:3 as the solvent
system. Please note that both the OBM and SBM proved to be somewhat
insoluble in the solvent system. Therefore, small amounts of methanol and silica
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gel were added directly to the scintillation vial (in this case 1g of silica gel) and
the mixture was then put in a rotary evaporator to remove the organic solvent.
The residue was then dried under vacuum for five minutes. The product was a
fine brown powder which was scraped out onto weighing paper and loaded into
the column. Care was taken to make sure to have more than 2 mL of solvent
system above the silica gel to allow the solid powder to remain immersed. The
remaining material in the vial was dissolved in CHCl3:MeOH 7:3 and added in
subsequently. The substance was eluted at a steady rate and the solvent added
regularly.
For the SBM, 150 fractions of 1 mL each were collected, with TLC checks
every three fractions. Towards the end, the solvent ratio was changed to include
more methanol, to ensure any remaining compounds would be eluted. Fraction
collection ceased when the TLC indicated that no more compound was eluting.
See Appendix A for TLC data for all compounds. In the interests of full disclosure,
there were instances during this long process where some of the fractions were
not removed promptly when they should have been and some of the fractions
may have contained 2-4 mL instead of 1 mL. In these cases, TLC was done on
that fraction directly and the two ones neighboring it. TLC of fractions 25-33
indicated a similar compound, so the fractions were combined. This combination
contained compounds A and B (see figure 2-1).
Next 120 fractions of one mL each were collected for the OBM in the
same manner as before. TLC of fractions 20-26 indicated a similar compound
according to the Rf value and so they were combined. This had the same Rf
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value as compound B from the SBM, and so was also called compound B. TLC
of fractions 72, 80-82, and 84-86 also indicated they all contained a similar
compound and they were also pooled after 1H NMR. This was called compound
C.

2.5. Nuclear Magnetic Resonance (NMR) spectroscopic characterization.
All NMR data except the 1D nOe were acquired using a Bruker DRX 300
MHz spectrometer. Most of the scans were for 1H and 13C NMR for structure
determination in the case of gabosines A/B, although HSQC, HMBC, 1H-1H
COSY, NOESY and nOe were run on the potential new compound. Chemical
shifts are given in ppm. The primary solvent used was methanol-d4, although
D2O was used in some instances. See Appendix B for the full list.
2.5.1. NMR data for compound A/gabosine A
See Appendix B for NMR data.
2.5.2. NMR data for compound B/gabosine B
See Appendix B.
2.5.2. NMR data for compound C
See Appendix B.

2.6. HPLC and compound A.
Since compound A and B from the soybean based metabolites were
combined and it was thought there might even be a third compound present,
separation was required to identify A. B was able to be identified more easily due
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to its NMR data matching the compound B already isolated from the oatmeal
based metabolites. In an effort to separate these two compounds, High
Performance Liquid Chromatography was attempted. A C18 reverse phase
column was used. The HPLC procedure utilized was the following.
HPLC Procedure
1. Dissolve compound in methanol and filter using sterile syringe and
disposable round filter.
2. Click Control then LC control -> direct window
3. Set lamp to ON and wait until the indicators shows it’s done warming up.
4. Select calibrate, turn on. Wait ~7 minutes.
5. Select Method from top left -> time program
6. In the time program set time, gradient, UV to desired values. For initial run
it was 3:7 MeOH:H2O, A = water B = MeOH.
7. File -> Save method as.
8. Select status window -> pump comp. -> set B to 30.
9. To wash column select status window -> pump flow -> set flow to 4. Allow
about 15 minutes to clean.
10. Reset pump flow to 4, go to control, start single run, then inject sample (~
20 µL max) into the column and quickly rotate the knob counter clockwise to
inject.
The initial run was done for 45 minutes with 70.% H2O/30.% MeOH. A pair
of peaks developed at around 8-9 minutes, but the separation was poor (see
graph titled HPLC analysis of fractions 25-33 of the soybean metabolites,
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gabosine project and following HPLC graphs, Appendix A). To improve this
separation, the percentage of water was increased until finally at 95% H2O 5.0%
MeOH the best separation of these two peaks was achieved.
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3. Results and Discussion

3.1 Investigation of secondary metabolites from S. cellulosae
For the purpose of discovering if further C7-cyclitol type compounds would
be produced by Streptomyces cellulosae subsp. griseorubiginoses strain S1096,
two media were used, one based on soybeans and one based on oatmeal. They
were inoculated with the strain and incubated for three days. The soybean based
metabolites (SBM) were purified by column chromatography (SiO2, CHCl3:MeOH)
to give two compounds, A and B. Similarly the cultivation and purification of the
oatmeal based metabolites (OBM) yielded compounds B and C.

3.2. Structure elucidation of compound A
For the soybean based metabolites, TLC analysis of the fractions after
column chromatography indicated compounds of interest at fractions 25-33, 3850, and 87-91. 1H NMR of fractions 38-50 (see Figure 3-1) showed too much of a
mixture.
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Figure 3-1. 1H NMR of SBM fractions 38-50 (in methanol-d4)
1

H NMR of fractions 87-91 (see Appendix B, Figure B.24) likewise yielded

nothing recognizable. However, fractions 25-33 looked to be a mixture of three
compounds including gabosine B. The Rf value for this set of fractions was 0.79.
The easy identification of gabosine B came from having the NMR spectra of it
obtained from the OBM fractions 20-26. The presence of a singlet at 6.47 ppm
and a doublet at 6.73 ppm indicated that most likely two other cyclic compounds
were in the mix (see Figure 3-2).
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Figure 3-2. 1H NMR of SBM fractions 25-33. (methanol-d4)
In order to separate the compounds, High Performance Liquid
Chromatography was attempted (see appendix B, Fig. B.25-28). A pair of peaks
developed at around 8-9 minutes. The peaks were isolated from each other by
drawing off the solution eluted while their peak was detected on screen (see
Appendix B Figures B.25-28). The first peak, referred to as SBM 25-33 fraction 1
yielded only about .3 mg. and, as such, NMR of this compound couldn’t reveal
much. The second peak, SBM 25-33 fraction 2 was much more promising. After
HPLC, 0.80 mg of compound A was recovered. 1H NMR data indicated it had
with a ketone group, six membered carbon ring, double bond, and 4 OH groups,
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consistent with Gabosine A. The data matched up with the chemical shifts for
gabosine A as previously reported3 (see Figure 3-3).

Figure 3-3. 1H NMR of SBM 25-33 fraction 2 (in methanol-d4), post HPLC. X’s
indicate impurity signals. Compound A.
3.3. Structure elucidation of compound B
After fractions 20-26 from the OBM column chromatography were
combined, there was about 4.7 milligrams of compound B. 1H NMR at 300 MHz
in methanol D4 (see Figure 3-4) and D2O was performed as well as 13C NMR (75
MHz).
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Figure 3-4. 1H NMR of OBM compound B (in methanol-d4), X’s indicate impurity
signals.

Figure 3-5. 13C NMR of OBM compound B (in methanol-d4)
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Careful matching of the chemical shifts with prior known shifts for the
gabosines was undertaken2. The 13C NMR (see figure 3-5) indicated very good
matches with already known data for gabosine B. Note that the prior study to
which the chemical shifts were compared did have 1H NMR at 200 MHz in
methanol D4 whereas in this case it was done at 300 MHz in methanol D4. The
prior 1H NMR values supported the case for gabosine B. The final results showed
compound B from the oatmeal based metabolites to be gabosine B.
Because the Rf value for compound B of the OBM matched the Rf of the
compound B from the SBM, it was likely the two compounds would be similar. 1H
NMR confirmed that the SBM also generated gabosine B, although it made less
than .3 mg versus OBM making 4.7 mg of gabosine B.

3.4. Structure elucidation of compound C
Next for the oatmeal based metabolites, TLC of fractions 72, 80-82, and
84-86 had promising separation. All three also had a similar Rf value close to
0.36. They were then taken individually for 1H NMR (see Appendix B Figure B.6,
and Figures B.3-4, Appendix B). Upon comparing the NMR data, it was
concluded they all contained the same compound. However the amount of
compound in each individual fraction was low, so to proceed, all three groups
were combined. Together the mass of the compound C was about 3.1 mg. 13C
NMR in D2O indicated a seven carbon structure (see Figure 3-6). The 1H NMR
indicated there were 7 non-OH protons (see Figure 3-7).
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Figure 3-6. 13C NMR of OBM compound C. ( in D2O)

Figure 3-7. 1H NMR of OBM compound C (in methanol-d4)
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It also indicated it most likely had a ring structure with a double bond, a
CH2OH coming off the ring at the double bond, and four hydroxyl groups around
the ring (Table 3-1). Subsequent analysis of the 1H NMR of the combined
fractions in methanol D4 couldn’t be matched to any known compounds although
several came close. Specifically, it was compared to the NMR data for MK76075,
streptol6, 1-epi-(+)-MK7607 7, 1-epi-valienol8, and ent(+)-streptol9.

Figure 3-8 Chemical structures of (from left to right) MK7607, streptol, 1epi-(+)-MK7607, 1-epi-valienol, ent-streptol.
Most of these compounds only had spectral data available for 1H NMR in
D2O, so the solvent was changed to D2O. Afterwards it was necessary to relyophilize to go back to methanol D4 to continue. The D2O spectra are also
available in Appendix B, however none of the spectral data for these compounds
matched (see Table 3-1).
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Table 3-1 Collected NMR data for compounds similar to C.

MK7607 (400
MHz D2O)

Streptol (300
MHz D2O)

1-epi-(+)MK7607 (300
MHz D2O)

1-epivalienol
(400 MHz
D2O)

ent-streptol
(300 MHz
D2O)

3.86(dd,
J=10.2,
3.6Hz,1H)

3.43 (dd,
J=10.8, 3.9
Hz, 1H)

3.49(dd,
J=10.9, 4.2
Hz, 1H)

3.42(dd, J =
7.9, 10.4 Hz,
1H)

3.60(dd,
J=11, 4 Hz,
1H)

3.89 (dd,
J=10.2, 3.6
Hz, 1H)

3.55 (dd,
J=10.4, 7.7
Hz, 1H.

3.59(dd,
J=10.9, 7.4
Hz, 1H)

3.50(dd, 1H
J=7.9, 10.4
Hz)

3.69(dd,
J=11, 8 Hz,
1H)

4.16 (s, 2H)

3.93(dd,
J=7.7, .6Hz,
1H)

4.03(m, 1H)

4.06(d,
J=13.9Hz,
1H)

4.13(d, 14
Hz, 1H,
CH2.)

4.25(d, J=3.6
Hz, 1H)

3.99(d,
J=14.1 Hz,
1H)

4.09(m, 2H,
CH2OH)

4.15-4.19(m,
3H)

4.16(m, 1H)

4.32 (dd,
J=4.2, 4.2 Hz,
1H)

4.09(d,
J=15.6 Hz,
1H)

4.16(d,
J=4.2Hz, 1H)

5.58(d,
J=1.5Hz,
1H)

4.20(d,
14Hz, 1H,
CH2)

5.85 (d, J =
4.9 Hz 1H)

4.13(dd,
J=5.0 Hz,
1H)

5.66(m, 1H,
C=CH)

5.7(d,
J=5.4Hz, 1H)

4.27(d, 5Hz,
1H)
5.83(d, 5Hz,
1H)

Although the basic structure had now been elucidated (see Fig. 3-11), and
it was known to be very similar to some other compounds, the relative and
absolute stereochemistry was still unknown.
In order to determine the relative stereochemistry HSQC, HMBC, COSY
and NOESY experiments were run. The HSQC experiment was well resolved
and allowed the protons to be associated with specific carbons on the ring (see
Figure 3-9).
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HC
HE

HD

HB

HA

CH2

Figure 3-9 HSQC of OBM compound C and proton associations determined from
1
H-1H COSY. Configuration not proven.
.
As seen in from Figure 3-9, protons C are associated with the CH2OH
carbon coming off the ring. Proton F is bound to the carbon at the other end of
the double bond. Then clockwise around the ring are methine protons D, B, A,
and E in order.
Unfortunately the COSY and NOESY tests inexplicably had a lot of noise,
and not much more could be determined from them (Appendix B). As a result 1D
nOe was attempted at the OSU chemistry department. (Figure 3-10).
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Figure 3-10 1D nOe of OBM compound C (in methanol-d4)

Proton B was irradiated specifically and although there was some noise,
the graph indicated proton B was most likely coupled with protons A and D. This
allowed the relative configuration to be discovered. However, the absolute
configuration could not be determined. Due to time constraints no further
experiments were done for this thesis. Still, if the 1D nOe results are in fact
accurate, this could potentially be a novel compound; as it does not appear to
match any compounds in the database. The compound could be either of the
structures depicted in Figure 3-11.
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Figure 3-11 Possible absolute stereochemistry of compound C based on 1D nOe.
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4. Conclusion
The study reported in this thesis deals with an investigation of secondary
metabolites from the soil bacterium Streptomyces cellulosae. This study revealed
that S. cellulosae can produce two major compounds in the soybean based
media. Using cutting edge analytical instruments it was possible to identify the
compounds to be gabosines A and B.
On the other hand, the bacteria were also able to produce two major
compounds in the oatmeal based media. Those two compounds were revealed
to be gabosine B and compound C. Compound C had similar structure to other
C7-cyclitol compounds, but its configuration is in fact novel, establishing it as a
new member of the gabosine family of compounds.
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APPENDIX A: TLC Data

Figure A.1 TLC Analyses of potential gabosines from oatmeal/TES based extract
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Figure A.2 TLC analyses of potential gabosines from soybean based extractpotential gabosines. Wide range.
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APPENDIX B
NMR and Spectral Data
Note: fractions refer to column chromatography fractions.

Figure B.1 1H NMR of OBM fraction 84-86(in CDCl3)
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Figure B.2 1H NMR of OBM fraction 72 (in methanol-d4)

Figure B.3 1H NMR of OBM fractions 80-82(in methanol-d4)
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Figure B.4 1H NMR of OBM fractions 80-82 (in methanol-d4)

Figure B.5 13C NMR of OBM fractions 80-82 (in methanol-d4)
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Figure B.6 1H NMR of OBM fractions 84-86 (in methanol-d4)

Figure B.7 1H NMR of OBM fractions 84-86 (in methanol-d4)
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Figure B.8 1H NMR of OBM compound C (in methanol-d4)

Figure B.9 1H NMR of OBM compound C (in D2O)
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Figure B.10 1H NMR of OBM compound C (in D2O)

Figure B.11 1H NMR of OBM compound C, close view (in D2O)
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Figure B.12 13C NMR of OBM compound C (in D2O)

Figure B.13 HSQC of OBM compound C (in methanol-d4)
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Figure B.14 HSQC of OBM compound C (in methanol-d4)

Figure B.15 NOESY of OBM compound C (in methanol-d4)
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Figure B.16 NOESY of OBM compound C (in methanol-d4)

Figure B.17 1H-1H COSY of OBM compound C (in methanol-d4)
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Figure B.18 1H-1H COSY of OBM compound C (in methanol-d4)

Figure B.19 1H-1H COSY of OBM compound C (in methanol-d4)
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Figure B.20 1H NMR OBM compound C (in methanol-d4). This NMR was used
with the 1D nOe.

Figure B.21 1H NMR of SBM fractions 25-33 (in methanol-d4) compound A and B
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Figure B.22 1H NMR of SBM fractions 25-33 (in methanol-d4) Compound A and B

Figure B.23 1H NMR of SBM fractions 38-50 (in methanol-d4)
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Figure B.24 1H NMR of SBM fractions 87-91 (in methanol-d4)

Figure B.25 HPLC separation of SBM fractions 25-33.
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Figure B.26 HPLC separation of SBM fractions 25-33.

Figure B.27 HPLC separation of SBM fractions 25-33.
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Figure B.28 Best HPLC separation of SBM fractions 25-33. (95% H2O 5% MeOH)

Figure B.29 Post HPLC 1H NMR of SBM fraction 1.
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Figure B.30 Post HPLC 1H NMR of SBM fraction 2. X’s indicate impurity signals.
Compound A
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Reduce the complexity of the synthetic part
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