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culture, in the same three group scenarios (Figure 4.3) and in co-cultures of PE9_72 with each of
the isolates in a two organism co-culture.

The molecular triggers responsible for alternative expression of one gene which was able to
change from producing a 12 membered macro-lactone methymycin to a 14 membered
narbomycin by simply switching cultivation of S. venezuelae between two media remains
unknown (Xue & Sherman 2000). This indicates that the conditions that trigger expression of
secondary metabolism are very organism and pathway specific. Genome sequencing analyses
revealed that some microorganisms can have over 20 uninduced biosynthetic pathways (Gross
2007; Ohnishi et al. 2008; Yoon & Nodwell 2014). This indicates that no matrix would be big
enough to incorporate all the signals to induce activities in a huge range of microbes because the
signals to induce secondary metabolism are organism and pathway specific. This also translates
that even for one microbe it would be difficult to devise a matrix which would induce all the
activities present in an organism that has the genetic capacity to produce 20 to 40 natural
compounds (Yoon & Nodwell 2014).

One of the limitations to the present study was that all the 30 microorganisms under study had
different growth rates such that during the screening process, some of their biomasses were very
low. Moreover, in some cases not all isolates grew on the matrix media which could have led to a
misrepresentation of the overall activities observed under the matrix conditions.

It requires a lot of effort to set up the present study which ultimately could not identify the
compounds produced or if there were any novel bioactive compounds being produced.
Therefore, this type of study (using a huge number of conditions in the form of a matrix on a
huge number of microorganisms) is unnecessary and alternative and more informed methods are

required for discovery of novel compounds. One such method would be the use of genome
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sequencing to identify then select a novel pathway and subsequently induce the particular
pathway under different stress conditions. Real time-PCR (RT-PCR) would be used to ascertain
if the pathway is being expressed. A similar genome sequencing study was used to express genes
in S. griseus whereupon total RNA was extracted and RT-PCR used to quantitate expression
levels or selected regulator genes (Ohnishi et al. 2008). Another informed approach would be to
select an interesting microbial isolate and select a model indicator strain to which one needs to
express activity against. Thereafter apply the OSMAC approach using a different culture

conditions that trigger expression of bioactivities against the model indicator strain.

CONCLUSION AND PERSPECTIVES

In the present study, culture-independent and culture-dependent studies were used to select and
culture marine sponge associated bacteria. The culture-independent technique T-RFLP was
successfully employed to ascertain and select two marine sponges which hosted the highest
microbial diversities. Subsequently the two marine sponges were used in microbial culture
studies to obtain the highest cultural diversity using a range of media treatments. The resulting
microbial isolates were screened in an antibiotic overlay assay against a panel of 5 indicator
strains. Some of these isolates exhibited some antibacterial activities and were selected for the
second component of this study along with other microbes which did not show any activities but

had interesting morphological characteristics (pigmented or looked like actinomycetes).

The second component of this study was to employ the OSMAC approach using a matrix of
culturing conditions to determine conditions which would induce secondary metabolite
production from individual isolates from previous screening. Some of the culture conditions

under the matrix, especially mannitol (along with co-culture, phosphates, nitrates and heat shock)
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induced most of the bioactivities in one of the isolates, PE9 72 which was identified at a B.
pumilus in 16S rRNA gene sequencing. The matrix approach for the present study resulted in a
limited number of antibacterial activities in the isolates under study, thus indicating that this

approach using a lot of parameters and large number of microbes is not worthwhile to undertake.

Subsequent studies would be to use a more informed approach such as selecting a single isolate
and searching for conditions that induce activity against a model indicator strain instead of a
panel of indicator strains. Another option would be to use genome sequencing to identify a novel
pathway and induce the pathway under different stress conditions and use RT-PCR to determine

if the pathway is being induced.
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Appendices: Buffers, stock solutions, primers, PCR cycling conditions and

media

Appendix 1: Buffers, Stock solutions

TE buffer (pH 8)
1 M Tris-HCI 1
mL

0.5M EDTA 200 pL

Deionized water added up to 100
mL

Breaking Buffer

2 % Triton x100

1 % [w/v] SDS

100 mM NacCl

10 mM Tris-HCI pH 8

1 mMEDTA

Lysis buffer

25 mM Tris-HCI pH 8

50 mM Glucose

10 mM EDTA

25 mg/ml lysozyme powder

Ampicillin stock

100 mg/ml Ampicillin in sterile
dH,0

Stored at -20° C

Cycloheximide stock
20 mg/ml in sterile water
stored at 4°C

EDTA (0.5 M, pH 8) stock solution

EDTA salts 186.1 g
NaOH pellets approx. 20 g

CTAB/NaCl solution
10 % [w/v] CTAB
0.7 M NacCl

NaCl solution (5 M)
146.1¢
500 ml of sterile dH,0

DNA loading buffer

20 % [v/v] Glycerol

1% [w/v] SDS

0.1 M EDTA

0.25 % Bromophenol blue

3M Sodium Acetate

24.6 g sodium acetate anhydrous
100 mL

1x TAE buffer (pH8)

40 mM Tris acetate

1 mM EDTA

0.2 mM glacial acetic acid
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Wolfe’s vitamin solution
Pyridoxine hydrochloride — 10 mg
Calcium D-(+)-pantothenate — 5 mg
p-Aminobenzoic acid — 5 mg
Thioctic acid —5 mg
Thiamine-HCI -5 mg

Riboflavin — 5 mg

Nicotinic acid — 5 mg

Biotin — 2 mg

Folic acid — 2 mg

Vitamin B12 — 0.1 mg
dH,0-1L

Wolfe’s mineral solution
Nitrilotriacetic acid — 1.5 g
MgS0,-7TH,0 -3¢
MnSO,;-H,O -0.5¢g
NaCl-1g¢g
FeSO,-7H,O0-0.1¢
CaCl,-0.1g
CoCl,-6H,0-0.1¢g
ZnSO,-7TH,0-0.1¢
CuS0O,4-5H,0-0.01 ¢
AIK(S0),-12H,0 -0.01 ¢
Boricacid—0.01 g
Na,Mo0O4-2H,0
dH,O0-1L
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Appendix 2: General media for culturing marine sponge associated bacteria

1. Zobell Agar ¥4 strength (ZBA) 1L 2. Seawater Agar (SWA) 1L

yeast extract 1259 dH,O 250 mL
peptone 3.75¢g Sea Water 750 mL
NaCl 189 Wolfe's Mineral Solution 5mL
MgCl, 29 Wolfe's Vitamin Solution 10 mL
KCI 0.525¢ Agar 15¢
CaCl, 0.075¢
agar 15¢g

3. Complex Carbon Agar (CCA) componentin 1L mass (Q) 4. Medium A Agar (MAA) mass (g)
Cellulose 0.5 Glucose 10
Xylan 0.5 Peptone 5
Chitin 0.5 Yeast Extract 5
NH,CI 0.5 KH,PO, 1
NaCl 18 MgSO, * 7TH,0 0.1
MgCl, 2 NaCl 20
KCI 0.525 Na,CO; 10
CaCl, 0.075 Agar 15
Agar 15

6. Sponge Extract Medium

5. Trypticase Soya Agar (TSA) mass (g) (SEM) component in 1L mass (Q)
TSB 3 Sponge Extract 10
NaCl 18 NaCl 18
MgCl, 2 MgCl, 2
KCL 0.525 KCL 0.525
CaCl, 0.075 CaCl, 0.075
agar 15 Agar 15
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7. Trypticase Soya Agar pH

4.5 (TS4) mass (g) 8. Shivji Nutrient Agar ¥4 strength (SNA) mass (Q)
TSB 3 Peptone 5
NaCl 18 Beef Extract 3
MgCl, 2 NaCl 18
KCL 0.525 MgCl, 2
CaCl, 0.075 KCL 0.525
Agar 20 CaCl, 0.075
Agar 15
9. ZoBell Agar + 0.0001% 10. Ashby’s Nitrogen Free
Media (Liquid + Light)
Crystal Violate (ZBV) components mass (g) (ANFA) components mass (Q)
yeast extract 1.25 Mannitol 15
peptone 3.75 KH,PO, 0.3
NaCl 18 MgSO; *7 H,0O 0.3
5 10% Sodium Molybdate
MgCl, Solution 0.1
KCI 0.525 10% FeCl; Solution 0.05
CaCl, 0.075 NaCl 18
0.1% crystal violet 1 MgCl, 2
agar 15 KCL 0.525
CaCl, 0.3
Agar 15
11. R2A Agar (R2A) mass (g) 12. Oatmeal Agar (ISP Media 3) mass (Q)
Jungle Oats Oats Easy
R2A Agar 15.2 (OMA) (No sugar) 40
Agar 15
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14. Modified 172F

mass
13. BG11 (BG11) Chemical g per liter medium (172) (g)/L
Stock Solution Glucose 10
1 NaNO; 15 Yeast Extract 5
2 K,HPO, 2 Starch 10
3 MgSO,* 7H,0 3.75 Tryptone 5
4 CaCl, * 2H,0 1.8 MgSO, * 7H,0 2
5 Citric Acid 0.3 CaSO, * 2H,0 2
Ammonium ferric
6 citrate 0.3 NaCl 18
7 Na, EDTA 0.05 MgCl, 2
8 Na,CO3 1 KCL 0.525
CaCl, 0.075
component 1L Agar 18
Solution 1 100 mL
Solution 2 10 mL 15. Activated Charcoal Medium
mass
Solution 3 10 mL (ACM) pH 7.0 (9)/L
Solution 4 10 mL HEPES 2.38
Solution 5 10 mL Sodium pyruvate 3
Solution 6 10 mL Yeast Extract 0.1
Solution 7 10 mL Soybean peptone 3
Solution 8 10 mL NaNO; 0.34
Wolf's mineral
solution 1mL KHPO, 0.1
NaCl 18 ¢ MgSQ, * 7H,0 0.15
MgCl, 29 Activated charcoal 3
KCI 0.525¢ Agar 15
CaCl, 0.075¢
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17. Pringsheim's Cyanobacteria

16. MagMin Semi-Solid Medium (MMM) in 1L Specific Medium (PCS) o/L
KH,PO, 0.68¢ KNO3 0.2
NaNO; 0.12¢g (NH4),HPO, 0.02
Na acetate 0.07¢ MgSO, * 7H,0 0.01
Ascorbic Acid 0.035¢g CaCl, * 2H,0 0.005
Tartaric Acid 0.37¢g FeCl, 0.5mg
Succinic Acid 0379 NaCl 18
Sodium thiosulfate 0.05¢g MgCl, 2

KCI 0.525
Resazurine Solution 0.1 ml CaCl, 0.075
Cysteine Solution 1ml Agar 12
Wolf's Mineral
Solution 5mil
FeQuinate Solution 1ml
Agar 2ml

19. Actinomyces Isolation

18. Planctomycetes Medium (PMM) g/L Medium (AIM) g/L
Glucose 1 Actinomyces Isolation
(NH,),S0, 0.25 Agar 22
Peptone 0.15 NaCl 18
Yeast Extract 0.15 MgCl, 2
NaCl 18 KCI 0.525
MgCl, 2 CaCl, 0.075
KCI 0.525
CaCl, 0.075
Agar 12
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20. Starch Casein Nitrate

Agar (SCN) pH 8 g/L 21. Yeast Extract - Malt Extract (YEME) g/L
Starch 10 pH 7.3 Yeast Extract 4
Casein 0.3 Malt Extract 10
KNO; 2 Glucose 4
MgS0,.7TH,0 0.05 Agar 20
CaCOs 0.3
FeS0O,.7H,0 0.01
Agar 15

23. Oatmeal Agar
22. Glucose Yeast Media (ISP Media 3) + salt
(GYM) g/L OMA g/L
Jungle Oats Oats Easy

D-Glucose 4 (No sugar) 40
Yeast Extract 4 NaCl 18
Malt Extract 10 Agar 15
CaCOs 2
NaCl 24
MgCl, 5.3
KCI 0.7
CaCl, 0.1
Agar 15
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General purpose media

Luria-Bertani o/L
medium

Tryptone 10g
Yeast extract 5¢
NaCl 10¢g
Agar 15¢g
Soft agar o/L
Tryptone 10
Yeast extract 5
NaCl 10
Agar 7.5
Luria-Bertani (LB) o/L
Tryptone 10
Yeast extract 5
NaCl 10
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Appendix 3 Matrix media

Group 1
Ammonium 0.1 Phosphate Ammonium 0.5 Phosphate
mannitol (A1M) mass (g)/L Mannitol (A5M) mass ()
NH4Cl, 1.07 NH4CI2 1.07
KH,PO, 0.068in 1 L use 200 pL KH,PO, 0.068
Mannitol 1 Mannitol 1
NaCl 18 NaCl 18
MgCl, 2 MgCl, 2
KCI 0.525 KCI 0.525
CaCl, 0.075 CaCl, 0.075
HEPES 2.38 HEPES 2.38
1L 1L
Sodium Nitrate 0.1 Sodium Natrate 0.5
Phosphate Mannitol (Na1M) mass (g) Phosphate Mannitol (Na5M) mass (g)
NaNO3 0.2 NaNO; 0.2
KH,PO4 0.068in 1L use 200 pL KH,PO4 0.068
Mannitol 1 Mannitol 1
NaCl 18 NaCl 18
KCI 0.525 KCI 0.525
CaCl, 0.075 CaCl, 0.075
HEPES 2.38 HEPES 2.38
1L 1L
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Ammonium 0.1 Phosphate

Group 2
Ammonium 0.5 Phosphate

Succinic acid (A1Sa) mass (9) Succinic Acid (A5Sa) mass (g)
NH,CI, 1.07 NH,4CI, 1.07
KH,PO, 0.068in1 L use 200 pL KH,PO, 0.068
S. acid 0.5 S. acid 0.5
NaCl 18 NaCl 18
MgCl, 2 MgCl, 2
KCI 0.525 KCI 0.525
CaCl, 0.075 CaCl, 0.075
HEPES 2.38 HEPES 2.38
1L 1L
Sodium Nitrate 0.1 Phosphate Sodium Nitrate 0.5 Phosphate
Succinic acid (Na1Sa) mass () Succinic acid (Na5Sa) mass (9)
NaNO; 0.2 NaNOs 0.2
KH,PO, 0.068in1 L use 200 pL KH,PO, 0.068
S. acid 0.5 S. acid 0.5
NaCl 18 NaCl 18
MgCl, 2 MqgCl, 2
KCI 0.525 KCI 0.525
CaCl, 0.075 CaCl, 0.075
HEPES 2.38 HEPES 2.38
1L 1L
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Ammonium 0.1 Phosphate

Group 3
Ammonium 0.5 Phosphate

Starch (A1S) mass (9) Starch (A5S) mass (g)
NH,C, 1.07 NH,CI, 1.07
KH,PO, 0.068 in 1 L use 200 pL KH,PO, 0.068
Starch 171 Starch 1.71
NaCl 18 NaCl 18
MgCl, 2 MgCl, 2
KCI 0.525 KCI 0.525
CaCl, 0.075 CaCl, 0.075
HEPES 2.38 HEPES 2.38
1L 1L
Sodium Nitrate 0.1 Sodium Nitrate 0.5
Phosphate Starch (NalS) mass (9) Phosphate Starch (Na5S) mass (g)
NaNO, 0.2 NaNO; 0.2
KH,PO, 0.068in 1L use 200uL KH,PO, 0.068
Starch 171 Starch 171
NaCl 18 NaCl 18
MgCl, 2 MgCl, 2
KCI 0.525 KCI 0.525
CaCl, 0.075 CaCl, 0.075
HEPES 2.38 HEPES 2.38
1L 1L
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Appendix 4: Primers and PCR cycling conditions

Table 5.1: PCR cycling conditions

Target gene | Primer Set Sequence (5' to 3") Cycling conditions Reference
Polymerase
16SrRNA | E9F_FAM GAGTTTGATCCTGGCTCAG o ) ) (Ramond et al. 2013)
Phusion ene/ T- initial denaturation 98 °C for 3 min, 35 cycles of
ust RgFLP PR 98 °Cfor 20 sec, 54 °Cfor 30 sec, 72 °Cfor 1 min,
U1510R GGTTACCTTGTTGTTACACTT final elongation step of 72 °C for 5 min
initial denaturation 95 °C for 5 min, 35 cycles of
Dream Taq 95 °C for 45 sec, 55 °C for 45 sec, 72 °C for 1.30
E9F_FAM GAGTTTGATCCTGGCTCAG min and final elongation of 72°Cfor 10min | (Ramond et al. 2013)
— . 5 -
KAPA2G initial denatura;t’lon 95°C for03m|n, followed boy
Robust 165 IRNA 35 cycles of _95 C 15 sec, 60 C for 15 sec, 72 °C
. for 1.30 min, and final extension of 72 °C for
ReadyMlx gene .
5min
U1510R GGTTACCTTGTTGTTACACTT initial denaturation 95 °C for 3min, followed by | (Ramond et al. 2013)
KAPA2G 35 cycles of 95 °C for 15 sec, 60 °C for 15 sec,
Fast 72 °C for 5 sec, and final elongation of 72 °C for
2 min
PJET 12 CGACTCACTATAGGGAGAGCGGC | . .. . . Fermentas
forw. initial denaturation 95 °C for 5 min, 35 cycles of
Dream Taq Vectors 95 °C for 45 sec, 55 °C for 45 sec, 72 °C for 1.30
pJET1.2 min and final elongation of 72 °C for 10 min
rev ' AAGAACATCGATTTTCCATGGCAG Fermentas
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