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Summary

In this deliverable we present experiments aimed at optimizing and standardizing culture
conditions of known bioactive organism incl. mixed biofilm cultures and cultures grown under
standard and stress conditions.

Partner(s) involved in Deliverable production: CBT, UW, DTU, PHM

SEVENTH FRAMEVIORIC
PROGRAMME
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Contributions from Cyano Biotech GmbH

Conditions for adaptation, maintenance and screening of cyanobacterial
strains and subsequent scale-up and large scale-cultivation of natural
product producers

We used marine cyanobacterial strains already existing in our strain collection for the test and
optimization of culture conditions for screening and subsequent large scale cultivations in 1 to 20 L
culture vessels. For these tests we focused on the influence of salinity, CO, supply, temperature and
light intensity. Other parameters like for instance nutrient composition of the media, and organic
carbon sources for mixotrophic growth were neglected.

Given a sufficient content of all relevant macro- and micronutrient of the applied media the salinity,
CO, supply, light intensity and temperature were identified as major factors for successful scale-up
of cultures and high productivities. Therefore, selected marine strains were acclimated first and
subsequently tested in 1x mBgl11l and ¥%x mBG11 (“m” stands for “marine” and corresponds to a
salinity of 35 psu at 1x adjusted by the addition of artificial seawater (ASW) salts (see Annex 1). Tests
were performed at a scale of 30 ml medium in 50 ml Falcon tubes aerated with three different CO,
concentrations of 0.03 %, 0.5 % and 5.0 %, air flow rates of max. 100 mL per minute, two different
light intensities (shaded and non-shaded) and two different temperatures (20 °C and 28 °C). The
optima for every strain as listed in Table 1 were applied in the standardized process of the scale-up
and subsequent large scale cultivation. The standardized cultivation conditions applied at Cyano
Biotech are summarized in Table 2.

We conclude that for all strains tested, the scale-up and large-scale cultivation were eventually
successful when the ranges of standardized culture conditions, mentioned above, were applied.
Also, the secondary metabolite spectra with regard to the major compounds did not change and
therefore we decided to apply this approach for all future scale-ups and large-scale cultivations as
well. However, we need to emphasize that the time needed for acclimation of strains from their
original media used for strain maintenance to the BG11 media at the salinity of 35 psu and 17.5 psu,
respectively, differed between strains (see Table 1 below).
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Table 1: Identified culture conditions for scale-up and large-scale cultivation of selected marine cyanobacterial
strains of Cyano Biotech’s strain collection.

Generated

Strain [Origin Section [Genus Species |Medium for scale-up [Light |CO2in % |Temp in °C |Growth [Biomass in g
CBT 148 |island F6hr,moist dune sand \% Anabaena sp. 1/2 mBG11 low |0.5 20°C + 8|

Mexico, Arizona Marine Station,
CBT 205 |Puerto Penasco, snail shell in 1l Myxosarcina  |[sp. 1/2 mBG11 low ]0.03 28°C + 6,6)

interdial zone

- persicin .

CBT 216 |USA, MA Woods Hole, sea water 1l Phormidium um 1/2 mBG11 high |5.0 20°C +++ 42,4
CBT 224 Spain, Mallorca from Stypocaulon 1] Phormidium |sp. mBG11 high |5.0 28°C +++ 57,2

scoparium, 20 m depth, marine

Norway, SW coast near Bergen, from e X o
CBT 225 . 1] Phormidium |sp. 1/2mBG11 high 0.5 20°C ++ 14,8
red alga, marine

France, Marseille, I'lle Riou, rock

CBT227 | | . . 1l Pleurocapsa |sp. mBG11 low |0.5 28°C + 7,7|
chip, marine

CBT 554 |lunknown 1l Pleurocapsa mBG11 (mBG11-B12) |high |0.5 20°C ++ 17,6
snail shell, intertidal zone, Arizona

CBT 576 |Marine Station, Puerto Penasco, 1l Pleurocapsa mBG11 high |5.0 28°C +++ 59,7
Mexiko
snail shell, intertidal zone, Arizona

CBT 591 |Mrine Station, Puerto Penasco, 1l Pleurocapsa mBG11 high |5.0 28°C +++ 62,5
Mexiko

snail shell, intertidal zone, Arizona
CBT 593 |Mrine Station, Puerto Penasco, 1l Pleurocapsa mBG11 high 0.5 28°C ++ 25,9
Mexiko

snail shell, intertidal zone, Arizona

CBT 596 [Mrine Station, Puerto Penasco, 1} Pleurocapsa mBG11 high |5.0 28°C +++ 83,9
Mexiko
Soil , carpet in supralittoral zone,

CBT 610 |Point de Columbie, Cap Ferrat, v Rivularia mBG11 (auch MN) high 0.5 28°C ++ 30,4
France

Table 2: Ranges of standardized cultivation conditions for scale-up and large scale cultivations between 1 and
20 L of marine cyanobacteria positively screened for the production of natural products as developed and
applied by Cyano Biotech GmbH

PBR type: 1L,2L, 2.5Lor5Lbench top PBRs (glass or polycarbonate) and 10 Lor 20 L
polycarbonate bottles (so called car boys)

Media: Bgll, m BG11 or /2 mBG11

Cultivation pH: 7.0 - 8.0 (measured manually and adjusted by respective CO2 supply; no use of buffers!)

CO, supply: 0.03 % (air), 0.5 % or 5.0 % pH into liquid phase with 0.250 — 1 L/min per supply line (1
line in 1-5 L bottles; 2 lines in 10 L and 20 L carboys)

Mixing: 100 - 250 rpm with magnetic stir bar 9 cm length (only for 1 - 5 L bottles for share stress

resistant strains)
Airlift mixing caused by aeration (only in 10 L and 20 L carboys)
Light: 24 h (no day-night-cycle!); increasing intensity over time dependent on strain and culture
2 41
density up to 900 umol m d
Temperature: 20°Cor28°C
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Miniaturisation of Cyanobacterial cultures for testing of defined cultivation
conditions on Cyanotoxin producing strains

We established a 1.6 ml scale cultivation platform in 96 deep well plates (DWP) that allows us to
control important cultivation parameters (quality and intensity of light, media, temperature,
atmospheric composition) in order to identify cultivation conditions that change natural product
formation (Figure 1) and to test numerous media compositions in parallel. Initially, different buffer
systems were tested in order to check for suitable growth conditions in these miniaturized cultures
(Table 3). Strains CBT 275 and CBT 480 (both Microcystis aeruginosa) were used as the test
organisms.

Top View b A Side View
l : G F
A
= B
C
T D l
SPEED
E
F A: aeriation inlet E: shaker
e B: microtiter plates  F: exhaust
C: adapter G: plastic box with lid

E . D: LED-light plate

Figure 1: Experimental setup micro cultivation

Table 3: Media tested for 96-deep-well plate cultivation. Other cultivation conditions: culture
volume: 1.6 ml; initial optical density at 750 nm (ODyso): 0.6 - 0.8, temperature: 29 °C; relative
humidity (rh): 16 %; CO, Concentration: 0.5 % in the headspace; light / dark circle: 12/12 h; duration:
6 days

Buffer system Concentration

Phosphate buffer 50mM in BG11, pH =4.8

TES 50mM in BG11, pH=7.2
Bicine 50mM in BG11, pH =8.9
NONE Only BG11 media components

Growth curves were recorded by measuring the optical intensity at 750 nm over a course of 7 days
at three different light intensities (50, 80 or 110 uE/m?/s).

Figure 2 shows the influence of pH and light intensity on growth curves of CBT 480 and CBT 275
under the tested conditions. The regular, not buffered, BG11 media proved to be superior to all
buffered varieties especially for strain CBT 275. Additionally, a more intense light (80 or 110
nE/m?/s) resulted in a higher final optical density.
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Figure 2: Growth curves of strain CBT 275 (left side) und CBT 480 (right side) at 50 pE/m?/s (top), 80
uE/m?/s (center), 110 pE/m?*/s (bottom). blue: phosphate buffer (pH = 4.8); light green: TES-Buffer
(pH = 7.2); dark green: Bicine-Buffer (pH = 8.9). purple: not buffered BG11 media
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To confirm these results we subjected two additional strains (Microcystis sp.CBT 633 and Microcystis
aeruginosa CBT 959) to the same cultivation conditions (Figure 3).
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Figure 3: Growth curves of strain CBT 633 and CBT 959 at 50 pE/m?*/s (top), 80 uE/m?/s (center), 110
uE/m?/s (bottom). blue: phosphate buffer (pH = 4.8); light green: TES-Buffer (pH = 7.2); dark green:
Bicine-Buffer (pH = 8.9). purple: not buffered BG11 media

Again, BG11 media (not buffered) was most favourable for growth of these two strains.
In summary a 1.6 ml scale culture in a 96 DWP is a suitable option for parallel cultivation
experiments. This is especially important for feeding experiments with metabolic precursors. Some
of these chemicals (e.g. amino acids and their derivatives) can only be dissolved in strongly acidic or
basic solutions when stock solutions are made. The respective cultivation medium has to be
buffered so that the pH will not switch to a level unfavourable for thrift upon addition.
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Formation of new microcystin variants by feeding with metabolic
precursors: comparison between different cultivation scales and detections
methods

Natural producers of Nodularin (Nodularia sp. strain CBT 786) and the Microcystin-YR (MCYST-YR)
and Microcystin-LR (MCYST-LR) (Microcystis aeruginosa strain CBT 480) were fed with various
derivatives of their metabolic precursors and subsequently analysed for the occurrence of new
microcystin derivatives by means of MALDI-TOF MS and HPLC ESI-TOF MS after organic extraction of
the dried biomass. The previously developed 96 DWP micro cultivation platform was used for the
feeding experiment and the results were compared with experiments performed at a 6 and 50 ml
scale. Additionally, an agent was tested at the 1.6 ml scale as an enhancer for the uptake of
substrates. Incorporation of two substrates (designated as S6 and S7) was detectable, where S6 was
incorporated only in MCYST-YR and S7 was incorporated in MCYST-YR and MCYST-LR.

The natural microcystin variants LR and YR as their respective unnatural derivatives obtained by
feeding S6 and S7 were detectable by MALDI-TOF MS (Figure 4 A — D bottom MS spectra) and HPLC-
ESI-TOF MS (Figure 4 A — D top extracted ion chromatograms (EICs)) in the 50 ml cultures. The same
was true for the 6 ml cultivations (Figure 5), however in the case of the 1.6 ml DWP cultivations
some incorporation of the fed substrates were not detectable in MALDI-TOF MS spectra when no
agent was added to the cultures (see Figure 6 and 7). In summary, all cultivation scales were suitable
for feeding experiments and both, HPLC-ESI-TOF MS and MALDI-TOF MS, are appropriate methods
to screen the samples for the formation of newly formed microcystin variants, although the former
one seems to be more robust.

SEVENTH FRAMEVIORIC
PROGRAMME
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Figure 4: Detection of Microcystins from CBT 480 in 50 ml cultures using HPLC-ESI-TOF MS (top,
extracted ion chromatograms of (EICs)) or MALDI-TOF MS (bottom)

A and B: independent controls; C: results of feeding S6; D: feeding of S7; Colour codes for arrows
and EICs: black: MCYST-YR; blue: MCYST-YRs/s; ; red: MC-LR; green: MC-LRg;,

yellow arrow: unknown metabolite
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Figure 5: Detection of Microcystins from CBT 480 in 6 ml cultures using HPLC-ESI-TOF MS (top,
extracted ion chromatograms of (EICs)) or MALDI-TOF MS (bottom)

A, A’: Cultures fed with S6 B, B‘: Cultures fed with S7
black: MCYST-YR; blue: MCYST-YRsg/s7; red: MCYST-LR; green: MCYST-LRs;,
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Figure 6: Detection of Microcystins from CBT 480 in 1.6 ml cultures using HPLC-ESI-TOF MS (left, EICs) and
MALDI-TOF MS (right, mass spectra)

A, A’: 300mM S6, without agent

B, B: 30mM S6, without agent

C, C: 300mM S6 with 1 % agent

D, D‘: 30mM S6 with 1 % agent

E, E*: control (no substrate)

A green arrow indicates a signal of the newly formed MCYST-YRsg, a red arrow indicates a missing signal.
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Figure 7: Detection of Microcystins from CBT 480 in 1.6 ml cultures using HPLC-ESI-TOF MS (left, EICs) and
MALDI-TOF MS (right, mass spectra)

A, A": 300mM S7, without agent

B, B“: 30mM S7, without agent

C, C: 300mM S7 with 1 % agent

D, D‘: 30mM S7 with 1 % agent

E, E*: control (no substrate)

Green arrows indicate signals of the newly formed MCYST-YRsg/s7, red arrows indicate missing signals.
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Influence of various stress conditions on the formation of microcystins

Strain CBT 480 was also subjected to various adverse environmental conditions, which were draught
(culture was kept on solid agar and dried for 48 h under a fume hood), coldness (4 °C for 24 h), high
intensity light, low intensity light, red light and blue light as well as UV light (see Table 4) and
checked for the production of Nodularin and Microcystins respectively, with or without feeding of
metabolic precursors by means of HPLC-ESI-TOF MS after extraction with organic solvents.

Table 4: cultivation parameters; rh: relative humidity

Quality of light Other conditions

Control 25 uE*m*s™, 0.5 % CO,-, 16 % rh, 29 °C, 72 h at 12 h light/dark cycle

Intense light 24 h Control conditions, then: 70 uE*m'z*s'l, 0.5%C0O,, 16 %rh,29°C,24hat12h
light/dark cycle.

Low light 24 h Control conditions, then: 8 pE*m™*s™, 0.5 % CO,, 16 % rh, 29 °C, 24 h at 12 h
light/dark cycle.

Blue light 24 h Control conditions, then: 25 uE*m™*s ™ blue light, 0.5% CO,, 16 % rh, 29°C, 24
h at 12 h light/dark cycle.

Red Light 24 h Control conditions, then: 25 pE*m™**s™ red light, 0.5 % CO,, 16 % rh, 29 °C, 24
h at 12 h light/dark cycle.

UV-light 24 h Control conditions, then: 25 pE*m“*s™ red light, 0.5 % CO,, 16 % rh, 29 °C, 24

h at 12 h light/dark cycle. Irradiation with UV light ~230 nm for 10 min each day

Figure 8 shows the relative intensities of microcystin signals (red and black: natural variants: green
and blue: variants formed by incorporation of fed precursors) under various cultivation conditions.
The incorporation of S6 MCYST-YR was detectable under most cultivation conditions with intense
light (12.3% incorporation) and red light (8.9% incorporation) being the strongest stimuli.
Incorporation of S7 in MCYST-YR was also observed for most cultivation conditions except for
draught and coldness ranging from 2.3% (low light) to 9.9% (red light). Incorporation of S7 into
MCYST-LR varied from 6.3% (low light) to 15.5% (intense light), however an unknown metabolite
with the same retention time und an identical m/z value constitutes around 3% auf the total signal
intensity. These observations correlate well with previous studies that detected an up-regulation of
microcystin synthetase gene transcription under intense and red light conditions ). A high number
of microcystin synthetase proteins under these conditions will cause an accelerated incorporation of
precursor molecules into the microcystins.
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Figure 8: relative composition of microcystin variants formed by CBT 480

black: MCYST-YR; blue: MCYST-YRsg/s7; red: MCYST-LR; green: MCYST-LR / unknown metabolite;

K: control experiment (standard cultivation conditions); Cold: coldness; HL: intense light; LL: low
light; BL: blue light; RL: red light; UV: UV light; Dry: draught; Log: logarithmic growth stage; Stat:
stationary growth phase; S6/S7: Substrate 6/7. Amount of a microcystin variant is given in % area
under the curve (AUC) relative to the total AUC of all detected microcystins
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Influence of growth stage on microcystin production in strain CBT 480

The content of microcystins in dry biomass of strain CBT 480 was analysed in dependence of its
growth stage (exponential or stationary) by means of HPLC-DAD-ESI-MS after extraction with organic
solvent. The proportion of the newly formed microcystin derivative was calculated by comparing the
peak areas of their EICs with those of the natural microcystins. Cultivation experiments were
performed in a 50 ml scale.

The incorporation into MCYST-YR was more effective in the logarithmic growth stage for S6
(14.5/16.9% vs. 9.0/10.0%, Figure 8) as well as for S7 (17.6/13.3% vs. 2.2/8.6%, Figure 8). The
incorporation of substrate S7 into MCYST-LR occurred analogously (logarithmic phase: 34.6/43.4%;
stationary phase: 16.8/28.2%, Figure 8)

In order to check whether these differences are true or only due to different microcystin production
rates during the different growth stages, we estimated the total microcystin content in the biomass
in dependence of the growth phase. For this, precisely weighed aliquots of the dry biomass were
extracted; Microcystin-RR analytical standard was added as an internal standard and relative
guantification of Microcystin-LR und -YR was performed using the UV signals of the respective peaks
at 238 nm.

The content of MCYST-YR and MCYST-LR proved to be somewhat higher in the logarithmic growth
stage (Figure 9) but these differences were barely significant (MCYST-YR: p = 0.06; MCYST-LR 0.047).
This confirmed the hypothesis that incorporation of S6 and S7 into MCYST-YR and MCYST-LR is more
effective in the logarithmic than in the stationary growth stage.

1,00 1,00
0,90 0,90
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0,60 0,60 1
0,50 0,50
0,40 0,40
0,30 :[ 0,30
0,20 0,20
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Figure 9: Estimated MCYST-YR and MCYST-LR content in CBT 480
Content given in pg microcystin per mg dry biomass; LOG: logarithmic growth stage; STAT:
stationary growth stage
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Contribution from Danmarks Tekniske Universitet

DTU (partner 14) has worked on using substrates mimicking the natural marine environments to
enhance or induce the biotechnological potential of marine bacteria. In collaboration with a PhD
student funded by the ITN-network (Biorefinery Training Platform: Bacterial Factories for Sustainable
Chemical and Drug Production), 300 strains of marine Vibrionaceae have been screened in an
optimized antagonism assay. Here the potential producer is spotted on an agar and allowed a period
of growth before the target organism (such as a human pathogen) is spotted next to it. Growth
substrates tested have used either chitin or mannose (algal monomer) as C-source. The number of
bioactive strains tripled (to 93) as compared to a classical assay in which both producer and target
organism were grown in parallel and using glucose as substrate. Selected bacteria were cultured in
liguid media and for one strain antibiotic activity was only observed when the bacterium was grown
in chitin-based medium. Current work aims at a chemical identification of this bioactive substance.
Collectively we demonstrated that screening for biotechnological properties in marine bacteria can
be facilitated using marine natural substrates.

DTU was supposed to collaborate with AquaPharm on their patented stress-biofilm-procedure for
induction of secondary metabolites. However, since AquaPharm has left the project this has not
been possible, as the patented procedure was not transferred to DTU.
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Contribution from PharmaMar

More than 1,600 deep-sea bacteria (mainly actinobacteria) have been cultured under standard and
optimized conditions and the whole broth have been tested for bioactivity under antitumor
screening platform. The 15% of the strains have been actives in, at least, one condition.

The bioactive bacteria belonged to actinobacteria genera as such Streptomyces (231 active strains
from 1005 tested), Actinomadura (3-10), Micromonospora (4-197), Myceligerans (2-4), Nocardia (1-
29), Nocardiopsis, Nonomuraea and Streptosporangium

With respect to fermentation conditions, our standard culture conditions were based on the
production medium, coded as M3 in other deliverables, as D3.3, D5.4 and D5.5, composed by
balanced quantities of dextrin, dextrose, mannitol, soyflour, artificial sea water and micro-/oligo-
elements. Using the Plackett & Burmann method and Surface Response Optimization algorithms,
other optimized media were designed as 2-7 (M1) applying an high mannitol concentration (50g/L)
and 2-36 (M2) stressing medium harbouring dextrin (68g/L). Additional media have been used as FA-
1 (M4), composed by dried yeast and partially hydrolysed starch (Glucidex©, >40g/L), M5 mainly
contained glycerol and corn steep power, nitrates and high concentration of marine slats. Finally, M6
is a highly complex medium using all M1-M5 ingredients.

- Antitumor
Isolates from screening Bioactive deep-sea
deep-sea actinobacteria
Sediments
(1G2, 1G4, MUR)
¢
l Standard Culture M 3 ﬁ Percentage of active deep-sea strains
Condition o
Culture of _) e
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i " Ml Nocardiopsis
bacteria —> Optimized culture Nocard
1660 strains conditions M2 p
> 8000 aliquots Acth -
Oth It M
er culture
conditions M5
M6

Figure 1.- Summary of PharmaMar experiments aimed at optimizing and standardizing culture
conditions of known bioactive organism cultured grown under standard (M3) and stress conditions
(M1, M2, M4, M5 and M6)

Culture conditions

Response surface methodology (RSM) was used to evaluate the effects of variables, namely the
concentrations of the dextrose, dextrin, mannitol, soy flour, yeast lysates, calcium carbonate, marine
salts and the medium initial pH. A fractional factorial design was applied to study the main factors
that affected the growth and productivity using several strains of different genera of actinobacteria.
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The central composite experimental design (standard M3) was adopted to derive a statistical model
for optimizing the composition of the fermentation medium. The experimental results showed that
the optimum fermentation medium for the growth and bioactivity depends more than strain level
(or species level) more than genus level. Significantly, high concentration of mannitol and dextrin
were the key factors to design a stressing culture medium as M1 and M2.

Other culture media, as M4 to M6 are different optimization media formulated attending to
previously experience at PharmaMar.

The culture conditions were defined and reported during Report 1 (24 month) to the WP3 leader.

Volume of the fermentations:

For primary screening, we have been culturing in microtiter plates, confirmation of the active
organisms in Erlenmeyer flasks of 250/50 ml and in 2000/250ml for scale-up.

In order to obtain optimized conditions, we have used a combinatorial approach of parameters as
such different inoculum development for activation of initial biomass, 12 wells microtiter format
(3ml) and 24 well microtiter format (1ml), different media and different timing course of
fermentation (95h, 120h, 144h, 168h, up to 2 weeks)

After fermentation, the plates were lyophilized and extracted with organic solvent in order to obtain
crude extracts for screening.

We have pointed out three analyses after studying the most interesting parameters related to aeration
or volume of cultures (different formats of microtiter wells and flasks), different production media (8
media tested) and timing course (days of culture after inoculum)

Three formats: Microtiter wells with 12 or 24 positions (3ml or 1ml) and Erlenmeyer flasks of 250ml with
50ml of working volume.

Erlenmeyer 250/50ml
3 ml culture (50 ml whole broth)
(Mt 12 wells)
(9%) 15%

50 ml culture
(Flasks 250/50)

(7%) n: 377 (+51)(-392)
12 microtiter well format 24 microtiter well format
(3 ml whole broth) (Iml whole broth)
12% 12%

n: 443 (+51)(-392) n: 4.253 (+502)(-3751)
Figure 2.- Culture volume used for culturing the 1G2 strains. The 84% of aliquots have been generated from 1
ml cultures and (b) Ratio of activity depending of volume and format used, the highest level of activity was
registered from the flasks. This assay was been reported during Period 1 (24 month)
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Although the best conditions were registered from Erlenmeyer flasks (15% active aliquots), we decided
to use 24-well microplates because it is the best system for the automatization of the process.

With respect to time course of cultures, this was reported during the first period of MaCuMBA.

# aliquots (%) Rate of activity

) ) 12%
000 [ Active aliquots

1w00] 6 Inactive aliquots
1600
1400 11%
1200
1000

800

3 days 4 days 5 days 6 days > 1 week

Time of cultures

Figure 3.-Number of aliquots (active and inactive under our cytotoxic screening) of deep-sea actinobacteria
depending on the timing course of fermentation to establishment of optimum conditions. This assay was been
reported during Period 1 (24 month)

Then, the fermentation conditions have been established to test the effect of optimum media
formulation in contrast to standard (M3)

Results:

For filamentous actinomycetes, the best age of fermentations was 120h.
Detailed effect of each culture conditions attending to taxonomy group and expeditions is
summarized below.

+ Expedition: IG2.
#+ Total strains screened: 1048
+ Actives: 237 (22%)

+*
Table 1.- Bioactive strains from 1G2 expedition. A: Actives. I: Inactives
1G2 Expedition Standard | Optimized from | Orther stressing
M3 conditions
Genus Total Actives | M3 M1 M2 M4 M5 M6
strains
Actinomadura 4 2 A A I I I I
Micromonospora 64 3 A I I I I A
Myceligenerans 4 2 A I A I I I
Nocardia 9 1 A A I I I
Nocardiopsis 17 1 I A A I I I
Nonomuraea 9 1 A I I A I I
Streptomyces 882 220 A A A A A A
Streptosporangium 1 1 I A
Unidentified 13 6 A A I A A A
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+ Expedition: MUR
4+ Total strains screened: 359
+ Actives: 21 (6%)
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Table 2.- Bioactive strains from MUR expedition. A: Actives. I: Inactives

MUR Expedition Standard | Optimized from | Orther stressing

M3 conditions
Bioactive Total Actives | M3 M1 M2 M4 M5 M6
Genus strains
Actinomadura 6 1 A A I I I I
Micromonospora 133 1 I I A I I A
Nonomuraea 5 1 A A A A I I
Streptomyces 123 11 A A A A A A
Streptosporangium 1 1 I I A
Unidentified 20 6 A A A A I A

+ Expedition: 1G4
%+ Total strains screened: 34

% Actives: 0 (0%)

Conclusions:

e We have explored the effect of abiotic factors as culture volume, age of fermentations and

inorganic elements as trace elements and salts in culture media and biotic ones, mainly as
effect in the antitumor activity of source of carbon (dextrose, glycerol, mannitol, dextrin and
other partially hydrolysed starch), nitrogen (malt extract, peptone, soyflour, corn steep
power and dried yeast). The formulation of the optimized production media has been done
using Surface Response Optimization algorithms and the results confirm the existence of
secondary metabolism genes as PKS and NRPS in such genera.

More than 1.600 deep-sea isolated strains, belonging to actinobacteria have been cultured
and screened, for obtaining 17% actives for further drug discovery proposes.

Stressing conditions of excess of source of carbon, as mannitol (M1) has increasing the rate
of bioactivity (as antitumor activity detected) in strains belonging to Actinomadura and
Streptosporangium. Partially hydrolysed starch, as dextrin or glucidex® (M2, M3 and M4) has
played a complementary role for detecting activity in Micromonospora, Myceligerans and
Nonomuraea. Other actinomycete genera, as Streptomyces, Nocardiopsis, Nocardia, have
shown variable results depending more on strain than on genus.
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Contribution from University of Warwick

UW (P13):

For extraction of bioactive compounds, marine Synechococcus spp. cultures should be grown in ASW
medium (Table 1) under standard conditions (22°C, 140rpm, 10 umol photons m™s™) until they
reach late stationary phase (usually at least 35 days). To obtain significant amounts of dry extracts
(for bioactive compound analysis), culture volume of at least 1 litre is recommended. Organic
extractions of recently isolated marine Synechococcus sp. strains gave yields in the range of 0.63-
25.3 mg/L (dry supernatant extract) and 12.5-78.6 mg/L (dry cell extract).

Table 1 ASW medium.

ASW gl-l *Trace metal stock gl-l

NaCl 25 H3BO3 2.86
MgCl2.6H20 2 MnCl.4H20 1.81

KCl 0.5 ZnS04.7H20 0.222
NaNO3 0.75 NapMo04.2H20 0.39
MgS04.7H20 3.5 CuS04.5H70 0.008
CaCl.2H20 0.5 Co(NO3)2.6H20 0.00494
Tris base 1.1 FeCl3.6H20 3.0
K2HPO4.2H>0 0.03 EDTA 0.5

ASW trace metals 1.0 ml of trace

metal stock*

The pH of the medium is adjusted to 8.0 with concentrated HCI.

Experiments were also performed to assess the long-term stability of Synechococcus cultures. We
observed that Synechococcus survived much longer periods of time in ASW when grown with a
marine heterotrophic bacterium, Ruegeria pomeroyi (because the heterotroph detoxifies the
medium from all the DOM released by the Synechococcus) (Fig 1). We subsequently tested the
survival of Synechococcus in co-culture with R. pomeroyi in natural seawater. In this case
Synechococcus dies off due to the lack of nutrients, and only when the heterotrophic bacterium is
present can the small amounts of nutrients recirculate within the system.
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1,00E+05
£
N
§— 1,00E+04 == AXxenic
7 .
E == Axenic
g == Axenic
o
% 1,00E+03 == Co-culture
: =fl= Co-culture
13. =@=Co-culture
1,00E+02 r y y .

0 10 20 30 40
Time (days)

Fig. 1. Long-term survival of marine Synechococcus in culture is substantially enhanced by co-culture
with marine heterotrophic bacteria e.g. R. pomeroyi.

Co-cultures of Synechococcus-R. pomeroyi always reach an equilibrium independently of the starting
inoculum and only dependent on the amounts of nutrients within the system. The Synechococcus- R.
pomeroyi co-culture in equilibrium is always at a cell ratio of 1:10 (Fig. 2), similar to what is found in
natural marine systems.

Synechococcus growth with different initial cell
1,00E+06 concentrations

1,00E+05 ?W‘W Syn.1.00E+03

1,00E+04 =#-Syn.1.00E+04

1,00E+03 Syn.1.00E+05

Concentration (Cells/ml)

1,00E+02

0 1 4 8 11 12 12 15 18 26 29 32
Time (days)

Fig. 2. Synechococcus- R. pomeroyi co-cultures reach equilibrium at a cell ratio of 1:10 irrespective of
the starting cell concentration.

We also assessed what limits the initial growth of Synechococcus in ASW during co-culture with R.
pomeroyi. Doubling the concentration of specific ASW nutrients showed no increase in growth rate.
Only those conditions where the light intensity increased (high-light = 4x standard conditions), or
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more light reached the culture (by increasing the surface area of culture flasks) did we observe an
increase in growth rate and yield of cells (Fig. 3).

451E+08 =¢=A (Control)
? 4,01E+08 _ /‘ == B (Nitrate)
> 3,51E+08 N —#—C (Sulphate)
3 3,01E+08 D (Phosphate)
“ 2,51E+08 ==E (Trace Metals)
c
g 2,01E+08 —@—F (Carbonate)
Q
—_ 1,51E+08 === @G (Fresh media)
Q 1,01E+08
&) === | (High Light)
5,10E+07
J (Standard Light)
1,00E+06
==K (XL High Area)

Fig. 3. Growth of Synechococcus in co-culture with R. pomeroyi is limited by light availability.
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Contribution from Fermentalg

To date, Fermentalg has screened 554 strains belonging to various classes of microalgae, fungi and
marine bacteria as part of WP7. We have identified 24 microalgae producing bioactive compounds
that could find commercial applications, mainly in the fields of nutrition and green chemistry.

In this deliverable, Fermentalg presents the results of studies that consisted of assessing and
optimizing the growth of a selection of these strains in mixotrophy and/or heterotrophy.

Study of a EPA-producing marine bacteria: FCC-2339

Methods

Shewanella baltica (strain FCC2339) has been isolated by Fermentalg and in early screens was
identified as a producer of the omega-3 fatty acid eicosapentaenoic acid (EPA). The bacterial strain is
maintained by sub-culturing on marine broth 2216 (MFCC93) commercialized by Difco.

Cultures were performed in Erlenmeyer flasks and incubated at 22°C under continuous agitation
(140rpm). The growth of cultures was assessed via optical density using equipment dedicated to the
purpose: OD Scan, commercialized by Bug lab. For accurate measurements of cell density in culture,
1mL of culture was filtered on an appropriate filter and the filter and biomass were dried at 105°C
for 24h. The difference in pre- and post-filtration weight was used to calculate the dry cell weight of
the culture.

Screening of synthetic media

Results of the screens of synthetic media are presented in Figure 1 and 2.

We chose to test four synthetic media based on data in the literature (see table 2 for media
composition). To avoid limitation in mixo/heterotrophy, nitrogen, phosphate and sulfate
concentrations were adjusted on the basis of the theoretical ratio in bacterial biomass for each of
these elements. Ammonium has been was adjusted to 4g/L in order to have the same quantity in
each medium. Yeast extract was tested separately at 2g/L as a positive control.

Table 2 : Comparison of synthetic media composition to MB2216.

FCCM92mod MB2216 NSS Schatz Walin mod
NaH2P04 0,188 0,008
Na2HP04,12H20 0,54 2,04
Phosphate (g/L) KH2PO4 0396 | 0,408 | 041
total P 0,728 0,396 0,408 2,45
buffer (g/L) Tris,HCI 1,214 1,214
3,3546
(NH4)2S04 67
Nitrogen (g/L) NH4NO3 3,94864 0,0016 3,94864 | 0,72
Yeast extract 1
Peptone 5
NaCl 19,45 19,45 17,6 0,01
Salt (g/L) Marine salt 25 15
. MgCl2, 6H20 8,8 8,8 1,87
Magnesium (g/L)  Mios04 7120 0,156 | 0,13
Sulfur (g/L) Na2504 3,24 3,24 1,47
Calcium (g/L) CaCl2, 2H2o0 1,8 1,8 0,01 0,01 0,00132
Potassium (g/L) KCl 0,55 0,55 0,25
Carbonate (g/L) NaHCO3 0,16 0,16 0,08
Iron (g/L) C6H5Fe07 0,1 0,1
J FeS04,7H20 0,01 0,01 0,0018
KBr 0,08 0,08 0,16
Trace metals (g/L) g e 0,034 0,034 0,068
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H3BO3 0,022 0,022 0,044 0,001
NaF 0,002 0,002 0,004
Na2EDTA 2H20 4,36 0,11
FeCl3 1
CuSo4, 5H20 0,00075 |0,00156
Na3V04 0,00135
7ZnS04, 7H20 0,0165 0,00178
H2Se03 0,0012
AIK(S04)2, 12H20 0,00183
Na2Mo04, 2H20 0,0165 0,00117
CoCl2, 6H20 0,009 0,00183
MnS04,H20 0,00559
MnCl2 0,135
Sodium succinat 0,14
Organic molecule Sodium.Format 0,816
(g/1) L-Cystein 0,02
Citric acid 0,015
Glucose 10 10 10 10
biotin 0,0005 0,0005 | 0,0005 0,002
folic acid 0,002
pyridoxine
hydrochloride 0,01
Riboflavin 0,005
. . Thiamin 0,1 0,1 0,1 0,005
Vitamin (mg/L) Nicotinic acid 0,005
Acide pantothenic 0,005
B12 0,0005 0,0005 | 0,0005 0,0001
P-gmlnobenzmque 0,005
acid
Thictic acid 0,005

5,00

Effect of media on the growth of strain FCC 2339

4,50
4,00

9— NH4 = 4g/L FCCM92
mod

3,50

——NH4 = 4g/L FCCM92

3,00

mod+YE
=== NH4 = 4g/L FCCM NSS

2,50

OD scan (g/L)

2,00
1,50
1,00
0,50

=>=NH4 = 4g/L FCCM NSS +
YE

== NH4 = 4g/L FCCM

schatz

=@=NH4 = 4g/L FCCM
schatz +YE
control (fccm93)

0,00

50

100 150

time (hours)

200

Figure 1: Growth of S. baltica in various media. Fccm93=MB2216.
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% Glucose consumption of strain FCC 2339
35 31,8
! 29,8 30,0
30 27,0
25
20
15
10
> 0,0 0,0 0,0
0
FCCM92 mod| FCCM92 FCCM NSS | FCCM NSS + [ FCCM schatz | FCCM schatz Control
mod+YE YE +YE (MFCC93)
NH4 = 4g/L temoin

Figure 2. Glucose consumption of the strain FCC 2339 cultivated in various media.

No glucose consumption and no growth were detected on synthetic media (i.e. without yeast
extract), which indicates the need for organic nitrogen for the growth of the strain FCC-2339. The
best growth was observed with the culture control on MB2216 (MFCC 93). Two reasons could
explain this fact. First, organic nitrogen may have been a limiting factor, the control culture
contained a concentration twice that of other media. Secondly, ammonium could be set at a toxic
concentration. A new experiment was designed with a lower ammonium concentration in Walin
medium (see Figure 3 and 4) to verify this second hypothesis.

Effect of media on the growth of strain FCC 2339

7
—o=— NH4NO3 0,5g/L - 22°C FCCM92 mod
6 === NH4NO3 0,5g/L - 22°C FCCM schatz
5 == NH4NO3 0,5g/L - 22°C FCCM NSS
3 4 == NH4NO3 0,5g/L - 22°C FCCM92
= mod+YE
g === NH4NO3 0,5g/L - 22°C FCCM schatz
[a) 3 +YE
o —@— NH4NO3 0,5g/L - 22°C FCCM NSS + YE
2
NH4NO3 0,5g/L - 22°C FCCM walin
1
——— NH4NO03 0,5g/L - 22°C FCCM walin +
ye
0 5 T T T T 1 control FCCM93
0 50 100 150 200 250

time (hours)

Figure 3: Growth of S. baltica in various media with low ammonium concentration.
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Glucose consumption of strain FCC 2339

%

120
100,0 100,0 100,0 100,0
100
80
60 - 00,9 B %conso
40 -
20,3
20 - 10,2
0,0 0,0 .
0 - |
FCCM93 | FCCM92 | FCCM92 | FCCM FCCM FCCM FCCM | FCCM FCCM
mod | mod+YE | schatz | schatz NSS |[NSS+YE| walin walin +
+YE ye
NH4NO3 0,5g/L |

Figure 4: Glucose consumption of S. baltica in various media with a limited concentration of
ammonium.

With a decrease in the concentration of ammonium, growth and glucose consumption were
observed to increase in each medium. Yeast extract enrichment also resulted in a better growth and
glucose consumption. Growth in Walin medium + YE was better than the control MB2216.
Cultivation in MB2216 medium resulted in a higher biomass yield compared to that of Walin without
organic nitrogen. Although Walin medium has the advantage of being chemically defined, which
allows better control during the development of a fermentation process, for this strain, a source of
organic nitrogen may be necessary for economic yields and productivities.

%

4,5
M EPA
4
M Fat/DW %
3,5
3 %EPA/DW

2,5

2
1,5
1
0,5 I
0 T T T T T !

FccM93 FccM92  FccM92 + YE Schatz + YE Walin Walin + YE

Figure 5: Fatty acid analysis of FCC2339 in different media

Fatty acid analysis has been performed for those cultures exhibiting significant growth. Higher
production of lipid was observed with MB2216 and Walin+YE. No EPA has been detected. Since
initial screening was carried out with a temperature stress at 4°C at the end of the culture and detect
EPA near 10% in the FCC2339, whereas the above experiment was carried out at 22°C, we next
performed an experiment varying temperature to investigate its effects on the accumulation of EPA.
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OD scan (g/L)
w

Effect of temperature on the growth of strain FCC 2339
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time (hours)

%
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Figure 6: Growth, glucose consumption and fatty acid analysis of the strain FCC2339.
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A lower rate of growth was observed at 15°C but the amount of biomass obtained at the end of the
culture was similar in the three conditions. The consumption of glucose was higher at 26°C.
Interestingly, in this experiment we detected EPA in several samples, even those at 22°C where we
had not previously detected this fatty acid. In the analysis of the biomass, the percentage of EPA in
lipids correlates inversely with temperature. We imagine that the percentage of EPA in the lipids
could be raised further at temperatures below 15°C. Using a culture temperature below 15°C is,
however, likely to cause significant problems at an economic level for any process to be
industrialized. Based on these potential issues with industrial application, we decided to investigate
other strains before continuing this work.

Study of Marine eukaryotes

Methods

Strains to be screened in mixotrophy and heterotrophy were first pre-cultured in photoautotrophy in
Erlenmeyer flasks of 100mL with a working volume of 20 mL. Strains that were not yet identified
were first screened for photoautotrophic growth on 4 different media that were chosen based on
the origin of the sample. 24-well microtitre plates were filled with 1.8mL of the appropriate medium
containing organic carbon substrates. For large screens, in order to minimize the number of wells
required, the carbon substrates were mixed, for example: glucose + glycerol; sucrose + lactose;
arabinose + xylose + acetate. The final concentration of each substrate was 10 g/L except for sodium
acetate, which was used at 3g/L to avoid issues with toxicity and pH control. Each well was
inoculated with 0.2mL of the pre-culture. Plates were incubated at the appropriate temperature
with and without light (for screening in mixotrophy and heterotrophy, respectively).

A comparison of photoautotrophic growth (without organic carbon) and the carbon-containing tests
was made to identify mixotrophic and/or heterotrophic strains. The growth of cultures in microtitre
plates was monitored by the measurement of optical density at 750nm. When strains were
identified as being capable of mixotrophic or heterotrophic growth, carbon consumption was
checked in a second experiment carried out using larger volumes in Erlenmeyer flask (250/50mL).
Media and process optimization were performed in 250mL Erlenmeyer flasks and in lab-scale
fermenters (1-5L). Growth of cultures in Erlenmeyer flasks was monitored by the measurement of
the optical density at 750nm or dry cell weight (DCW). Organic carbon consumption was measured
using an HPLC coupled to a refractometer. Lipid content was analyzed by gas chromatography
coupled to a Flame lonization Detector.

Study of the strain FCC-351

Screening of mixotrophic and heterotrophic growth

FCC-351 is a marine diatom. Based on the strain characteristics, we selected Conway medium for
experiments to determine mixotrophy or heterotrophy (see composition in table 3).
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Table 3 Composition of Conway medium
(enriched with Yeast Extract)

Compound g/L
Marine Salt 10 25
YE 2
NaNOs3 0,1
Na2Si03 9H20 0,1
NaH2PO4 0,02
H3BO3 0,0336
Na;EDTA, 2H,0 0,045
FeCl3 6H20 13
MnCl,.4H,0 0,4
ZnCl2 0,0021
CoCl,.6H,0 0,002
CuS04.5H,0 0,002
(NH4)6 M07024
4H20 0,0009
Thiamine 0,001
Biotine 0,0005
B12 0,0005
0,450
0,400
0,350
0,300 —4— autotrophy
g —&— GlcGly
,_°: 0.250 —— Lac Suc
; 0,200 —— Ac Ara Xyl
° c — #— negative ctrl
o150 — #- GlcGly
0,100 Lac Suc
0,050 - %= Ac Ara Xyl
0,000
0 100 200 300 400
Hours

Figure 7: Growth curves of strain FCC-351 cultivated on organic
carbon substrates. Cultures were performed in 24-well plates.
Dashed curves: without light; solid curves: with light; Glc: glucose;
Gly: glycerol; Lac: lactose; Suc: sucrose; Ac: sodium acetate; Ara:

arabinose; Xyl: xylose.

As shown in Figure 7, strain FCC-351 has enhanced growth when cultivated with glucose and glycerol
in light conditions. Other substrates (lactose + sucrose and acetate + arabinose + xylose) permit
some growth in the presence of light. No growth enhancement with organic carbon was observed in

heterotrophy.
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An assay in Erlenmeyer flasks (Figure 8) showed that glycerol is the preferred carbon substrate of
this strain. The consumption of this substrate reached 33% in 320 hours. Glucose consumption was
measured at near 15% but is not corroborated by the growth curve and may be an artifact of

analysis.
1,60
1,40
1,20 — 35,00
-}
g 1,00 %30,00
(=] S
0 0,80 ‘;5'_25.00
8 0,60 E 20,00
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0,00 Z 0,00
100 200 300 400 \\} \\3\ \\';\ \\3\ \\';\ \\3\ \\3\
o \9‘% ’\9% Nd \'Q‘?o \QQC‘ \9‘%
—a&— Autotrophy Hours —=— Ac (3g/L) w c;z,& %c',k é}\ & c;z.\' %e,&
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Sucrose (10g/L)

Xylose (10g/L)

Figure 8: Culture in flasks for the validation of mixo/heterotrophy and organic carbon consumption
of the strain FCC-351.

Optimization of the medium composition

The first assay that was performed for the optimization of medium composition was an assessment
of various nitrogen substrates. Figure 9 shows the result of this experiment. Whilst all sources tested
supported growth, there is a clear preference for organic nitrogen, especially yeast extracts.
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Figure 9: Assessment of various nitrogen substrates for the growth
optimization of the strain FCC351.

Further experiments were carried out in order to identify compounds in the culture medium that
influence accumulation of lipids and the production of EPA. Five elements were identified in the
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literature and their effects were assessed using an experimental design for which the matrix is
shown in table 4. The responses measured were the dry matter, the percentage of lipid in dry matter
and the percentage of EPA in fatty acids.

Table 4 Experimental design for the strain FCC-351.

Matrix

Ne NZZHSzigg' NaH2PO4 l\ﬁ?l%' H3BO3 Csuf?%' DCW™ | oomc/pew 0

mg/) MY mgry M gy /) oPA
1 288 40 0.8 60 4 0.97 1553  5.01
2 151 20.5 0.405 30.5 2.05 0.80 14.02  5.44
3 151 20.5 0.405 30.5 2.05 0.97 12.53 5.7
4 288 40 0.01 1 0.1 0.83 13.09  6.02
5 151 20.5 0.405 30.5 2.05 0.73 1214 6.9
6 288 40 0.8 60 4 0.70 1257 6,51
7 | 137 40 0.8 60 0.1 0.60 1561  5.21
8 288 1 0.01 60 0.1 0.87 1321 631
9 288 40 0.8 1 0.1 0.83 13.2 5.98
10 | 151 20.5 0.405 30.5 2.05 0.70 15.4 5.29
11 | 137 1 0.8 1 0.1 0.60 2033  5.02
12 | 288 1 0.01 1 4 0.77 9.77 6.09
13 | 288 1 0.01 60 0.1 1.00 1166  6.38
14 | 137 40 0.01 60 4 0.40 14.68 5.2
15 | 288 40 0.01 1 0.1 0.80 1162  6.14
16 | 13.7 1 0.01 60 0.1 0.43 1951 524
17 | 13.7 40 0.01 60 4 0.67 1495 478
18 | 13.7 1 0.8 1 0.1 0.50 1586  4.73
19 | 137 40 0.01 1 4 0.70 1526  4.61
20 | 288 40 0.8 1 0.1 0.87 1141 5.82
21 | 151 20.5 0.405 30.5 2.05 0.67 10.86 5.7
22 | 137 40 0.8 60 0.1 0.67 1618 537
23 | 151 20.5 0.405 30.5 2.05 0.80 1343 6.32
24 | 288 1 0.8 60 4 0.70 12.8 6.67
25 | 288 1 0.8 60 4 0.87 1154  6.54
26 | 288 1 0.01 1 4 0.80 1142 613
27 | 137 40 0.01 1 4 0.57 13.88  4.94
28 | 137 1 0.8 1 4 0.70 1611 541
29 | 137 1 0.8 1 4 0.67 1695  5.28
30 | 137 1 0.01 60 0.1 0.70 1932  4.95

The results of these experiments identified a potential influence of silicate concentration in the
culture medium on several parameters with positive impacts on biomass yield (Dry Matter) and EPA
concentration in the lipid fraction of the biomass and a negative impact on lipid quantity in the
biomass (Figure 10).
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Figure 10: Influence of silicate on strain FCC-351. A rising slope indicates a positive effect of the
silicate on a particular response. A decreasing slope indicates a negative effect.

A final experiment was carried out in fermenters in order to verify the influence of silicate on growth
(Figure 11) and to assess the potential of the strain. The positive effect of silicate on the growth of
the strain was confirmed, but less than 5g/L biomass was produced in 330h, which is likely to
indicate a relatively poor potential for biomass productivity. A starting point for future process
development has been defined but based on this evaluation, further development of the
fermentation process is not planned for now.
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Figure 11: Culture assay in fermenter vessel. Control condition (Ctrl; red dots and curve) was
performed with a regular concentration of silicate in the medium (0,1 g/L). “Silicate +” condition was
performed with silicate at a concentration of 0,3 g/L (black dots and curve).

Study of strain FCC-1382

Screening of growth in mixotrophy and heterotrophy

Screening was performed as per strain FCC-351 but using BG11 medium as the base. Growth was
detected in mixotrophy using acetate as carbon substrate and acetate, glucose or glycerol in
heterotrophy (Figure 12). This strain seems to have the particularity of being repressed for the
consumption of organic carbon in the presence of light.
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Figure 12: Screening of the growth of the strain FCC-1382 in mixo and heterotrophy
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Optimization of the medium composition

An experiment was performed in flasks with and without light and verified that the strain FCC-1382
uses acetate and glucose preferentially in the dark (Figure 13).
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Figure 13: Culture growth and organic carbon consumption of strain FCC-1382.

Use of nitrogen substrates was assessed as for FCC-351 and the comparison of 6 different nitrogen
substrates identified the preferential use of organic substrates, especially casein peptones and a
very low or zero consumption of nitrate (Figure 14).
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Figure 14: Assessment of various nitrogen substrates on the growth of t FCC1382

An experimental design with 5 factors was conducted in order to find elements in the culture
medium influencing growth and lipid production and quality. The matrix is detailed in table 5. The
responses measured being the Dry Cell Weight and the percentage of arachidonic acid (ARA) in
lipids.
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Table 5: Experiments design and result for the strain FCC-1382.

Results

P04 Vit B1 ARA %

N° (g/L) Fe (g/L) Cu(g/L) (g/L) VitB12 (g/L) | DCWg/L inFat

1 ++—— 1 0,02 0,0000079 0,000001 0,00000001 4,70 11,27
2 =+ 0,01 0 0,00079 0,000001 0,000001 6,77 9,87
3 4+ 1 0,02 0,0000079 0,000001 0,00000001 4,70 11,45
4 4 1 0 0,0000079 0,000001 0,000001 4,73 10,83
5 ——4-- 0,01 0 0,00079 0,000001 0,00000001 6,33 10,69
6 0 0,505 0,01 0,00039895 0,0005005 0,000000505 5,97 10,58
7 4+t 1 0,02 0,00079 0,001 0,000001 5,27 10,38
8 ——+—+ 0,01 0 0,00079 0,000001 0,000001 6,70 10,01
9 ———4- 0,01 0 0,0000079 0,001 0,00000001 6,33 10,37
10 —++4- 0,01 0,02 0,00079 0,001 0,00000001 6,53 10,33
11 +—+++ 1 0 0,00079 0,001 0,000001 5,03 9,20
12 o 0,505 0,01 0,00039895 0,0005005 0,000000505 5,90 10,72
13 +++++ 1 0,02 0,00079 0,001 0,000001 5,50 10,82
14 +——+ 1 0 0,0000079  0,000001 0,000001 5,30 10,64
15 ———4- 0,01 0 0,0000079 0,001 0,00000001 6,93 10,16
16 +——+- 1 0 0,0000079 0,001 0,00000001 527 11,53
17 —+-++ 0,01 0,02 0,0000079 0,001 0,000001 6,67 9,75
18 —+—++ 0,01 0,02 0,0000079 0,001 0,000001 7,00 10,00
19 o 0,505 0,01 0,00039895 0,0005005 0,000000505 5,67 10,24
20 +——4- 1 0 0,0000079 0,001 0,00000001 4,73 11,02
21 —4——+ 0,01 0,02 0,0000079  0,000001 0,000001 6,67 9,82
22 o 0,505 0,01 0,00039895 0,0005005 0,000000505 5,83 10,28
23 0 0,505 0,01 0,00039895 0,0005005 0,000000505 5,93 10,12
24 +44—- 1 0,02 0,00079 0,000001 0,00000001 4,73 11,27
25 —+44- 0,01 0,02 0,00079 0,001 0,00000001 6,17 9,92
26 —+——+ 0,01 0,02 0,0000079  0,000001 0,000001 7,60 9,97
27 +—+++ 1 0 0,00079 0,001 0,000001 5,03 10,64
28 ——4+— 0,01 0 0,00079  0,000001 0,00000001 6,27 10,23
29 o 0,505 0,01 0,00039895 0,0005005 0,000000505 5,97 10,40
30 +++—- 1 0,02 0,00079  0,000001 0,00000001 5,07 10,98
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As shown in Figure 15, we identified that a higher concentration of phosphate has a positive impact
on the content of ARA and a negative impact on growth and biomass accumulation, perhaps through
the modification of the carbon/phosphorus ratio since phosphate is a required element for the
growth whereas carbon can be used either for growth or for energy storage (in the form of lipid
reserves). In contrast, iron did not give a notable influence.
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Figure 15: Influence of phosphate and iron (Fer) on strain FCC-1382. A
rising slope indicates a positive effect on A/ Dry Matter and B/ ARA (% in
Lipids). A decreasing slope indicates a negative effect.

The results of these experiments allowed further improvements to be made to media composition
and these were transferred to fermenter scale (Figure 16). In fermenters the strain FCC-1382 shows
a latency of 72h followed by a growth phase that reached 20 g/L in 180h.
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Figure 16: Culture in fermenter of the strain FCC1382.
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For a first transfer to fermenters, this is a promising result and future improvements to the process
will aim at reducing latency and identify nutrient limitations on the production of biomass.

Study of 4 strains belonging to one genus of marine diatom

During screening work, we identified a genus of marine diatoms that had the potential for
production of a PUFA (EPA) and a monounsaturated fatty acid of nutraceutical interest, palmitoleic
acid (C16:1n7). Screening of potential substrates and growth modes was carried out as for the other
eukaryotic strains above. Figure 17 illustrates that these strains are capable of mixotrophic use of

glycerol.
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Figure 17: Assessment of growth in mixo/heterotrophy of 4 strains of the same genus of marine
microalgae on glucose and glycerol.

These strains reached a dry cell weight of near 8 g/L in flasks, which is encouraging but this
preliminary work permitted us to identify that these strains are strictly mixotrophic. That is that the
cells require glycerol and a high quantity of light for their growth to a high biomass yield. In
industrial fermentation vessels, this requirement for light could be difficult to meet and could be a
major barrier to industrial use. However, this study is the beginning of the assessment of this
particular genus and will be followed by new experiments looking at other isolates and working to
improve growth and consider whether the productivity of biomass, EPA and palmitoleic acid match
with industrial needs
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Appendix 1 - Media recipes used for strain maintenance in liquid
culture at Cyano Biotech GmbH

C{)ano

Biotech GmbH

Recipe 002.01

Recipe for instant marine BG-11

Author: M. Swiatecka-Hagenbruch

Date: 15.01.2013

ReferencelLiterature:

“Algal Culturing Techniques” by Academic Press (2005), Pasteur Culture Collection (PCC)

Stock solutions

100x BG-11 g/L mL/L
Sodium nitrate, waterfree (NaNO3) 149.58
Magnesium sulfate -heptahydrate (MgSO,4-7H,0) 7.49
Calcium chloride dihydrate (CaCl,-2H,0) 3.6
Citric Acid 0.6
0.25 M EDTA disodiumsalt dihydrate 112
(Na,EDTA -2 H,0 (pH 8.0))

1,000x Trace Metal

Solution g/L mM
Boric acid (H3BO3) 2.86 46.3
Manganese(ll)chloride tetrahydrate (MnCl,-4H,0) 1.8 9.15
Zinc sulfate heptahydrate (ZnSO,4-7H,0) 0.22 0.77
Sodium molybdate dihydrate (Na,MoQO,-2H,0) 0.390 1.61
Copper(ll)sulfate pentahydrate (CuSO,-5H,0) 0.079 0.32
Cobalt(l)nitrate hexahydrate (Co(NO3),-6H,0) 0.0494 0.17

Other Stock Solutions

20 mg/ mL Disodium carbonate, waterfree (Na,CO3)
40 mg/ mL Dipotassium hydrogen phosphate trihydrate

(K,HPO,-3H,0)

6 mg/ mL Ferric ammonium citrate
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Recipes for instant marine BG-11 with different psu concentrations

35 psu instant

mBG-11 g/L mL/L
Instant Ocean Sea Salt
(Aquarium Systems) 41.94
100x BG-11 - 10
20 mg/ mL Disodium carbonate (Na,CO3) 1
40 mg/ mL Dipotassium hydrogen phosphate trinydrate
(K;HPO,) 1
52.5 instant
525 pou nstar gL mUL
Instant Ocean Sea Salt
(Aquarium Systems) 62.91
100x BG-11 10
20 mg/ mL Disodium carbonate (Na,CO3) 1
40 mg/ mL Dipotassium hydrogen phosphate trihydrate
(K;HPO,4-3H,0) 1
2 .
r:BZs_l;_;_nStant gl L mL/ L
Instant Ocean Sea Salt
(Aquarium Systems) 83.88
100x BG-11 10
20 mg/ mL Disodium carbonate (Na,CO3) 1
40 mg/ mL Dipotassium hydrogen phosphate trihydrate
(K;HPO4-3H,0) 1

Use de-ionized water for preparing the solutions.

Autoclave for 20 min at 121°C.

After the medium has cooled down add 1 mL 6 mg/ mL Ferric ammonium citrate and 1 mL of the
1,000x trace metal mix.
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G{yano Recipe 003.01

Biotech GmbH Recipe for artificial marine

BG-11 (35 psu)

Author: M. Swiatecka-Hagenbruch

Date: 15.01.2013

Referencel/Literature:

“Algal Culturing Techniques” by Academic Press (2005), Pasteur Culture Collection (PCC)

Stock solutions

100x BG-11

1,000x Trace Metal

Solution

Other Stock Solutions

MaCuMBA

g/L mL/ L
Sodium nitrate, waterfree (NaNO3) 149.58
Magnesium sulfate -heptahydrate (MgSO,-7H,0) 7.49
Calcium chloride dihydrate (CaCl,-2H,0) 3.6
Citric Acid 0.6
0.25 M EDTA disodiumsalt dihydrate 112
(Na,EDTA -2 H,0 (pH 8.0))

g/L mM
Boric acid (H3BO3) 2.86 46.3
Manganese(ll)chloride tetrahydrate (MnCl,-4H,0) 1.8 9.15
Zinc sulfate heptahydrate (ZnSO,-7H,0) 0.22 0.77
Sodium molybdate dihydrate (Na,MoQO,-2H,0) 0.390 1.61
Copper(I)sulfate pentahydrate (CuSO,-5H,0) 0.079 0.32
Cobalt(l)nitrate hexahydrate (Co(NO3),-6H,0) 0.0494 0.17

20 mg/ mL Disodium carbonate, waterfree (Na,CO3)
40 mg/ mL Dipotassium hydrogen phosphate trihydrate

(K;HPO,-3H,0)
6 mg/ mL Ferric ammonium citrate
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Recipe for artificial marine BG-11 (35 psu)

35 psu artificial

marine BG-11 (=ASW g/L  mL/L

BG-11) Sodium chloride (NaCl) 25.84
Magnesium sulfate heptahydrate (MgSO,4-7H,0) 6.36
Magnesium(ll)chloride (MgCl,) 5.06
Potassium chloride (KCI) 0.62
Calcium chloride dihydrate (CaCl,-2H,0) 1.36
100x BG-11 - 10
20 mg/ mL Disodium carbonate (Na,CO3) 1
40 mg/ mL Dipotassium hydrogen phosphate trinydrate
(K;HPO4-3H,0) 1

Use de-ionized water for preparing the solutions. Autoclave for 20 min at 121°C. After the media is
cooled down add 1 mL 6 mg/ mL Ferric ammonium citrate and 1 mL of the 1,000x trace metal mix.
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C( dN0 Recipe 004.01

Biotech GmbH Recipe for A+ medium

Author: M. Swiatecka-Hagenbruch Date: 15.01.2013

Referencel/literature:

UTEX The Culture Collection of Alga

Stevens JSE, Patterson COP, Myers J. (1973). The production of hydrogen peroxide by blue
green algae: a survey. J Phycol 9: 427-430

Chemicals/stock solutions

- Sodium chloride (NaCl (180g/L))

- Magnesium sulfate heptahydrate (MgSO,-7H,0 (50g/L))
- Potassium chloride (KCI (6g/L))

- Sodium nitrate, waterfree (NaNO; (500g/L))

- Calcium chloride dihydrate (CaCl,-2H,0 (370g/L))

- EDTA disodiumsalt dihydrate (Na,-EDTA (30g/L))

- Iron(lll) chloride hexahydrate (FeCls-6H,0 (3,89g/L))
- 1M Tris, pH 8

- Filter-sterilized Vitamin B12 stock solution (0,02g/L)
- Potassium phosphate monobasic (KH,PO, (50g/L))
- Filter-sterilized Trace metal Mix A™:

Boric acid (H3BO3) 34,3g/L
Manganese(ll)sulfate tetrahydrate (MNnSO,4-4H,0) 4,3g/L
Zinc sulfate heptahydrate (ZnSO,-7H,0) 0,63g/L
Sodium molybdate dihydrate (Na,MoO,-2H,0) 0,39g/L
Copper(l)sulfate pentahydrate (CuSO,-5H,0) 0,003g/L
Cobalt(ll) chloride hexahydrate (CoCl,-6H,0) 0,0122g/L

Recipe for A+ medium:

g It stock g/L ml/L medium
NaCl 18.0 180 100
KCI 0.6 6
NaNO3 1.0 500 2
CaCl, 2 H,O 0.37 370 1
Na,-EDTA 0.03 30 1
FeCL;. 6 H,O 0.00389 3.89 1
1M Tris, pH 8 8.5
vitamin B12 0.000004 0.02 0.2 (stock BG11)
KH,PO4 0.05 50 1
Trace Metal A" 1
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G{yano Recipe 005.01

Biotech GmbH Recipe for Artificial Seawater Medium (SaltyA) and
Baltic Sea (BA) Medium

Author: M. Swiatecka-Hagenbruch Date: 15.01.2013

Reference/literature for BG-11:

Rippka, R., J. Deruelles, J. Waterbury, M. Herdman and R. Stanier. (1979). Generic
assignments, strainhistories and properties of pure cultures of cyanobacteria. J. Gen.
Microbiol. 111: 1-61

Chemicals/stock solutions
- Autoclaved artificial seawater stock solutions

Sodium chloride (NacCl) 280,51g/L
Magnesium sulfate heptahydrate (MgSO,-7H,0) 690,1g/L
Magnesium(ll)chloride hexahydrate (MgCl,-6 H,0) 548,9¢g/L
Potassium chloride (KCI) 67,1g/L
Calcium chloride dihydrate (CaCl,-2H,0) 147,79/L

- Autoclaved BG11 stock solutions for SaltyA and BA medium

Sodium nitrate, waterfree (NaNO3) 1509/L
Citric Acid 0,6g/L
EDTA disodiumsalt dihydrate (Na,EDTA -2 H,0) 0,6g/L

- Autoclaved 100x BG11 stock solution

Sodium nitrate, waterfree (NaNO3) 149,58g/L
Magnesium sulfate heptahydrate (MgSO,-7H,0) 7,49¢/L
Calcium chloride dihydrate (CaCl,-2H,0) 3,6g/L
Citric Acid 0,6g/L
EDTA disodiumsalt dihydrate (Na,EDTA -2 H,0) 1,12mL of a 0,25M
stock solution
(pH 8)
- Autoclaved 100x BG11° stock solution
Magnesium sulfate heptahydrate (MgSO,-7H,0) 7,49¢g/L
Calcium chloride dihydrate (CaCl,-2H,0) 3,6g/L
Citric Acid 0,6g/L
EDTA disodiumsalt dihydrate (Na,EDTA -2 H,0O) 1,12mL of a 0,25M
stock solution
(pH 8)
- Filter-sterilized Trace metal Mix A5+Co
Boric acid (H3BO3) 2,86g/L
Manganese(ll)sulfate tetrahydrate (MNnSO,4-4H,0) 1,81g/L
Zinc sulfate heptahydrate (ZnSO,-7H,0) 0,222g/L
Sodium molybdate dihydrate (Na,M0O,-2H,0) 0,39g/L
Copper(Il)sulfate pentahydrate (CuSO,-5H,0) 0,079g/L
Cobalt(ll) chloride hexahydrate (CoCl,-6H,0) 0,0494g/L
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- Dipotassium hydrogen phosphate (K;HPO4-3H,0 (40g/L))
- Ferric ammonium citrate (6g/L)

Recipes for Artificial Seawater Medium (SaltyA) and Baltic Sea (BA) Medium:

stock g/L Salty A+ (1L)| SaltyA-(1L) 2xBA+(1L) BA+ (1L) [ BA- (1L) [BA+ (0,5L)

NaCl 280.51 100 ml 100 ml 60 ml 30 ml 30 ml 15 ml
MgSO, « 7H-0 690.1 10 ml 10 ml 6,66 ml 3,33 ml 3,33 ml 1,65 ml
MgCl> « 6H,0 548.9 10 ml 10 ml 6,66 ml 3,33 ml 3,33 ml 1,65 ml
KCl 67.1 10 ml 10 ml 6,66 ml 3,33 ml 3,33 ml 1,65 ml
CaCl, «2H,0 147.7 10 ml 10 ml 6,66 ml 3,33 ml 3,33 ml 1,65 ml
NaNO3 150 / / 16,66 ml 8,33 ml / 4,16 ml
citric acid 0.6 / / 16,66 ml 8,33 ml 8,33 ml 4,16 ml
EDTA 0.6 / / 2,66 ml 1,33 ml 1,33 ml 0,664 ml
100xBG11 10 ml / / / / /
100xBG11° / 10 ml / / / /
Na,COs3 20 1ml 1mil 4,6 ml 2,3 ml 2,3 ml 1,15 ml
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G{yano Recipe 008.01

Biotech GmbH Recipe for ES, ESP and ¥2 SWES media

Author: M. Swiatecka-Hagenbruch Date: 15.01.2013

Reference/Literature:
“Algal Culturing Techniques” by Academic Press (2005)

Stock solutions

micronutrients . stock applied
Solution | [9/01 L] [mL/09L]
Zinc sulfate heptahydrate (ZnSO,-7H,0) 0.1 1
Manganese(ll)sulfate tetrahydrate 01 5

(MnS0O,-4H,0)
Boric acid (H3BOs) 0.2 5
Cobalt(ll)nitrate hexahydrate

(CO(NO3),-6H,0) 0.2 S
Sodium molybdate dihydrate 0.2 5
(Na2M004-2H20) )

Copper(ll)sulfate pentahydrate 0.0005 1

(CUSO45H20)

Solution Il g/0.1L

Iron(Il) sulphate heptahydrate
(FESO47H20)

EDTA disodiumsalt dihydrate
(Na,EDTA-2H,0)

0.7

0.8

Use de-ionized water for the preparation of the stock solution. Autoclave the two stock solutions for 20
min at 121°C. After cooling down combine the two solutions.

Recipe for ES and ESP media

ES stock applied
(="Erddekokt + Salz”, [g9/0.1 L] [mL/L]
basal medium) Potassium nitrate (KNO3) 1 20
Dipotassium hydrogen phosphate (K;HPO,) 0.1 20
Magnesium sulfate heptahydrate 01 20
(MgS0O,-7H,0) :
soil extract* 30
Micronutrient solution 5
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* Preparation of soil extract: Fill a 6 liter flask one third with garden or leaf soil of medium, but not too
much humus content which does not contain fertilizers or plant protective agents. Success of soil
extract depends on selection of suitable soils. Those with high clay content are usually less
satisfactory. Add de-ionized water until it stands 5 cm above the soil and sterilize by heating in a
steamer for one hour twice in a 24 h interval. Separate the decanted extract from particles by
centrifugation. Fill into small containers of stock solution each of a size appropriate to making a batch
of media, autoclave for 20 min at 121 °C and store in the refrigerator. Use de-ionized water for media

MaCuMBA - Deliverable D3.10

preparation. Autoclave solutions | and Il separately, unite after cooling and add 5 pg/ L vitamin B12.

ESP
(basal medium with
pepton)

% SWES
(=brackish water
medium)

Use de-ionized water for the preparation of solution I. Combine 545 mL of solution | with 455 mL

ES with 0.1 % proteose-peptone.

. stock
Solution | [9/0.1 L]
Potassium nitrate (KNO3) 1
Dipotassium hydrogen phosphate (K;HPO,) 0.1
Magnesium sulfate heptahydrate 0.1

(MgS0,-7H,0)

soil extract*
Micronutrient solution

applied
[mL/ 545 mL]

20
20

20
30

Solution Il

filtered seawater

455 mL

filtered seawater (solution Il). Autoclave for 20 min at 121 °C, after cooling add 5 pg/ L vitamin B12.
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C( a n 0 Recipe 011.01

Biotech GmbH Recipe for ASN-Ill medium

Author: M. Swiatecka-Hagenbruch Date: 15.01.2013

Reference/Literature:
Rippka R. (1988). Isolation and purification of cyanobacteria. Meth Enzymol 167: 3-27.

Stock solutions

1,000x Trace Metal

Solution g/L mM
Boric acid (H3BO3) 2.86 46.3
Manganese(ll)chloride tetrahydrate (MnCl,-4H,0) 1.8 9.15
Zinc sulfate heptahydrate (ZnSO,-7H,0) 0.22 0.77
Sodium molybdate dihydrate (Na,M0O,-2H,0) 0.390 1.61
Copper(I)sulfate pentahydrate (CuSO4-5H,0) 0.079 0.32
Cobalt(I)nitrate hexahydrate (Co(NO3),-6H,0) 0.0494 0.17

Recipe for ASN-III

ASN-I1I

30 psu AS g/l mM
Sodium chloride (NaCl) 25 428
Magnesium sulfate heptahydrate (MgSQO,4-7H,0) 3.5 14.2
Magnesium(ll)chloride hexahydrate (MgCl2-6H,0) 2 9.84
Sodium nitrate, waterfree (NaNO3) 0.75 8.82
Dipotassium hydrogen phosphate trinydrate
(K;HPO4-3H,0) 0.75 3.29
Calcium chloride dihydrate (CaCl,-2H,0) 0.5 3.40
Potassium chloride (KCI) 0.5 6.71
Sodium carbonate (NaCO3) 0.02 0.241
Citric acid 0.003 0.0156
Ferric ammonium citrate 0.003 0.009
Mg EDTA 0.0005 0.00159
Trace metal solution 1mL

Use de-ionized water for preparing the solutions. Autoclave for 20 min at 121°C.
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C( dNo Recipe 013.01

Biotech GmbH Recipe for modified f/2 medium

Author: M. Swiatecka-Hagenbruch Date: 15.01.2013

Reference/Literature:

Modified from Guillard RRL and Ryther JH. (1962). Studies of marine planktonic diatoms. I.
Cyclotella nana Hustedt and Detonula confervaceae (Cleve) Gran. Can. J. Microbiol. 8: 229-
239

Stock solutions

Modified f/2 trace mL/L
metal solution

9.8 g/ L Copper(ll)sulfate pentahydrate (CuSO,4-5H,0) 1
6.3 g/ L Sodium molybdate dihydrate (Na,M00O,-2H,0) 1
22.0 g/ L Zinc sulfate heptahydrate (ZnSO4-7H,0) 1
10.0 g/ L Cobalt(ll) chloride hexahydrate (CoCl,-6H,0) 1
180.0 g/ L Manganese sulfate tetrahydrate 1
(MnS0O,-4H,0)

Modified f/2 vitamin

solution mL/L
1.0 g/ L Vitamin B12 (Cyanocobalamin) 1
Vitamin B1 (Thiamine-HCI) 200

Recipe for modified f/2 media

f/2 media mL/ L
150 g/ L Sodium nitrate, waterfree (NaNOs) 1
10g/ L Sodium phosphate monobasic monohydrate
(NaH,PO,4-H,0) 1
3.2 g/ L Iron(lll) chloride hexahydrate (FeCl;:6H,0) 1
4.36 g/ L EDTA disodiumsalt hexahydrate
(Na,EDTA-6H,0) 1
f/2 trace metal solution 1
f/2 vitamin solution 0.5

Use filtered seawater for preparing the f/2 media and for all stock solutions de-ionized water.
Autoclave for 20 min at 121°C.
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