
MaCuMBA – Deliverable D2.13 

 Page 1 of 10 

 

 
  

 

 
MaCuMBA 

Marine Microorganisms: Cultivation Methods for Improving their 
Biotechnological Applications 

 
Project number: 311957 

Start of the project (duration): August 1st, 2012 (48 months) 
 

Collaborative Project 
Seventh Framework Programme 

Cooperation, KBBE 

 

Deliverable D2.13 
Gradient microcosm cultivation system 

 
Organisation name of lead contractor: NIOZ 
Due date of deliverable: month 9 
Actual submission date: month 26 
Revision:  
 

Project co-funded by the European Commission within the Seventh Framework Programme (2007-2013) 

Dissemination Level 

PU Public  
PP Restricted to other programme participants (including the Commission Services)  
RE Restricted to a group specified by the consortium (including the Commission Services) X 
CO Confidential, only for members of the consortium (including the Commission Services)  

 
All rights reserved 

 
This document may not be copied, reproduced or modified in whole or in part for any purpose without the 
written permission from the MaCuMBA Consortium. In addition to such written permission to copy, reproduce 
or modify this document in whole or part, an acknowledgement of the authors of the document and all 
applicable portions of the copyright must be clearly referenced. 

 

  



MaCuMBA – Deliverable D2.13 

 Page 2 of 10 

 

List of reviewers 
 
Issue Date Implemented by 

v.1   

   

   

   

 
 

Indicate any document related to this deliverable (report, website, ppt etc) and give file 
name 
* Please attach deliverable documents and any additional material if needed. 

 

Contributors to this deliverable: 

#1 NIOZ 

#2 UvA  



MaCuMBA – Deliverable D2.13 

 Page 3 of 10 

 

 
WP2 - Task 2.7. Cultivation mimicking natural environments 
 
Subtask 4. NIOZ-MM – use of microcosm with gradients of nutrients, oxygen, sulfide, pH, salt, 
temperature and light to improve the success rate of isolation of novel strains from benthic 
marine environments. 
 
 
 
Objective 
The objective of this deliverable was to design protocols for high-throughput cultivation of 
microorganisms using gradients of different substrates that mimic the natural condition of the 
sampled environments. 
 
Rationale 
The use of microcosm experiments with gradients of nutrients, oxygen, sulfide, pH, salt, 
temperature and light will improve the rate of isolation of novel organisms from benthic marine 
environments. The environmental system used as a model was “ coastal microbial mats”. Coastal 
microbial mats are small-scale stratified ecosystems formed by different groups of 
microorganisms that are responsible for the cycling of the elements. These microbial mats are 
repositories of a huge diversity of organisms and thus model systems for studying occurrence 
and evolution of species. Microbial mats play an important role in the stabilization of coastal 
sediments by initiating the development of salt marshes and promoting the vegetation. Here we 
report the development of a series of gradient systems for recovering in culture parts of the 
resident community of a mid-littoral microbial mat.  
 
Methods & Results 
Different cultivation approaches were developed to maintain the major characteristics of 
natural microbial assemblages under controlled laboratory conditions. This methodology aims 
at cultivating the members of the different functional groups. All bacterial isolates are deposited 
in MaCuMBA culture collection (recorded according to their genetic identification). 
 
Sample description 
Mid-littoral microbial mats samples were taken on November 2013 from microbial mats 
developing on the North Sea beaches of the Dutch barrier island Schiermonnikoog. Samples of 
approximately 12.5 cm3 (0.5 cm depth in the sediment) were collected in sterile cores and 
stored at 4o until processing.  
Prior to use as inoculum, 100 g of mat was homogenized with 400 ml sterile artificial brackish 
water (artificial sea water: MilliQ =1:1) for 3 hours under continuous mixing  (stirred reactor 
GLS80, Schott). In order to remove sand grains and other particles (e.g. fragments of shells and 
plant roots), the sample was filtered through a 0.3 mm sieve. The filtrate was used further as 
inoculum in all the cultivation experiments listed below. The volume of inoculum varied from 
250-500 µl (gradient of NaCl) to 1 ml (gradients of nutrients and temperature, both liquid and 
solid cultures) and 5 ml (gradient of sulfide). 
 
Cultivation strategies were: 
1. Gradients of nutrients and temperature 
2. Gradients of NaCl 
3. Gradients of sodium sulfide and nutrients 
  



MaCuMBA – Deliverable D2.13 

 Page 4 of 10 

 

1. Gradients of nutrients and temperature 
Under natural conditions, coastal microbial mat communities can be exposed to different 
concentrations of nutrients and temperature. Previous observations of microbial mats indicated 
that microbial communities are able to recover and function after extreme input of carbon 
sources and desiccation. In the present experiment the gradients of carbon sources were 
established and combined with variation of temperature. A series of standardized culture media 
was used as base for generating the carbohydrate gradient. Three main carbon sources were 
considered -glucose, yeast extract and tryptone- and combined with different minerals. The 
media are presented in Table 1. Yeast extract and tryptone are also nitrogen sources. When 
glucose was used as sole carbon source, nitrogen was provided as nitrate through the mineral 
solution. A glucose concentration of <1mM was considered to be optimal for aquatic 
microorganisms. All media were designed as liquid media and solidified by using agar-agar or 
agarose (7g/l) when a solid medium was required. The solidifying agent may also serve as 
substrate for growth. In order to check for this possibility we monitored the different 
morphologies of the isolates in the culture. After obtaining pure cultures the results were 
compared (liquid vs. solid media). The experimental set-up consisted of 4 replicates for each 
inoculation type with a 10 ml volume for liquid media and 25 ml for solid media (standard Petri 
dish,  90 mm). After evaluation of the recovery rate of heterotrophic microorganisms the 
experiment was scaled-up to 20 replicates per inoculation type. Following the aim of the project, 
this gradient system was adapted to a microtiter-plate format that could be used as high-
throughput incubation system with robotic manipulation. All media were supplemented with 
cycloheximide (50µg/ml) to prevent growth of eukaryotes and incubated simultaneously at 
various temperatures in the dark. The temperatures applied were: 4o, 18o, 20o, 23o and 27oC.  On 
average, 30 isolates were obtained for each medium and incubation temperature. 
 
 
2. Gradients of NaCl 
Under natural conditions coastal microbial mats are exposed to a dynamic salinity gradient 
depending on tides, rainfall, wind and solar irradiation. Community composition and microbial 
diversity of the mat are depending on the location of the tidal salinity gradient. The salinity 
gradient is caused by a variation in concentration of total dissolved salts. For laboratory 
manipulation of this gradient NaCl was selected. The artificial seawater without NaCl (ASW) was 
used as the basis of the culture medium. Various concentrations of NaCl were tested. The 
cultures were grown on liquid and solid media. The liquid media were supplemented with 
glucose as the carbon source and iron-ammonium-citrate as the nitrogen source. The solid 
version was obtained by adding agar as a solidifying agent as well as nutrient source. The 
concentrations of NaCl varied from 0.02% to 2% as presented in Table 2. The experiment was 
performed in microtiter plates (96 replicates for each type of media) at 23oC in the dark. The 
incubation time was up to 2.5 months. The most efficient NaCl concentration was considered as 
ranging between 0.02 and 0.05%. Cycloheximide (50µg/ml) was added to the media to inhibit 
the growth of eukaryotes. 
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Table1. Gradients of nutrients, NaCl and minerals. 

Gradient 
media 
(MaCuMBA)a 

Original 
culture 
media 

C-source 
(concentration) 

Salinity (NaCl 
concentration)b 

Minerals solution 

Average 
number 
of 
isolates  

LB1 

Lysogenic 
broth 

Tryptone (10g/l) 

0.5% & 0.25% Na 

15 

LB2 Tryptone (8g/l) 10 

LB3 Tryptone (6g/l) 8 

LB4 Tryptone (4g/l) 10 

LB5 Tryptone (2g/l) 6 

LB6 Yeast extract (5g/l) 4 

LB7 Yeast extract (4g/l) 10 

LB8 Yeast extract (3g/l) 6 

LB9 Yeast extract (2g/l) 11 

LB10 Yeast extract (1g/l) 3 

MB1 

Marine 
broth 

Yeast extract 
(0.1g/l), tryptone 
(1g/l) 

1% 
marine broth 
minerals (annex) 

12 

MB2 
Yeast extract 
(0.1g/l), tryptone 
(0.8g/l) 

8 

MB3 
Yeast extract 
(0.1g/l), tryptone 
(0.6g/l) 

7 

MB4 
Yeast extract 
(0.1g/l), tryptone 
(0.4g/l) 

4 

MB5 
Yeast extract 
(0.1g/l), 
tryptone(0.2g/l) 

3 

TSB1 

Tryptic Soy 
Broth  

glucose(0.2mM) 0.5% 

NaNO3(17.6mM), 
K2HPO4(0.23mM), 
MgSO4(0.3mM) 

6 

TSB2 glucose(0.4mM) 0.5% 7 

TSB3 glucose(0.6mM) 0.5% 5 

TSB4 glucose(0.8mM) 0.5% 7 

TSB5 glucose(1mM) 0.5% 7 

ASW1 

Artificial 
Sea Water 
(ASW) 

glucose(0.2mM) na 

ASW minerals 
solution (annex) 

5 

ASW2 glucose(0.4mM) na 3 

ASW3 glucose(0.6mM) na 2 

ASW4 glucose(0.8mM) na 1 

ASW5 glucose(1mM) na 2 
aAll prepared as liquid and solid culture media. Solvent-MQ water. When not specified, the solidifying agent was 
agarose. bNaCl concentration for each “C-source” media . 
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Table 2. NaCl gradient. 

Gradient 
media 
(MaCuMBA)a 

Original 
culture 
media 

Salinity (NaCl 
concentration 
%)b 

Average 
number of 
isolates  

ASW1 

ASW 

0.02 3 

ASW2 0.05 5 

ASW3 0.07 2 

ASW4 0.1 2 

ASW5 0.25 1 

ASW6 0.35 1 

ASW7 0.5 0 

ASW8 0.7 0 

ASW9 1 0 

ASW10 1.5 0 

ASW11 2 0 
aAll prepared as liquid and solid culture media. Solvent-MQ water.      
 bSolid media with agar  (1.5% w/v). Nitrogen source Fe-NH4-citrate (20mM), carbon source glucose (0.8mM). 
   
 
 
3. Gradient of sodium sulfide 
The vertical distribution of different bacterial groups in microbial mats is correlated to the steep 
gradients of light, oxygen and sulfide (Figure 1).  Sulfate reducing bacteria (SRB) are important 
members of the mat communities and are responsible for the reduction of sulfate to sulfide 
while oxidizing low-molecular weight organic carbon compounds.  
 
 
 

 
Figure1. Schematic representation of microbial mat structure: vertical distribution of bacterial 
groups, gradients of light, oxygen and sulfide. 
 
We used a gradient tube to recover sulfur-active organisms. Gradient tubes were prepared by 
placing 5 ml agarose containing a high concentration of sulfide (50mM Na2S) at the bottom of a 
15 ml sterile tube. On top of the sulfide containing agarose plug an overlay of culture media 
without sulfide was added. Through passive diffusion of the sulfide from the agarose plug to the 
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medium a homogeneous sulfide gradient is generated with high concentration at the bottom 
and a low concentration at the top of the culture. The set-up consisted of 4 replicates (microbial 
mat suspension as inoculum) and 2 controls (only sulfide plug and media) and was performed 
for 7 different media presented in Table 3.  
 
Table 3. Na2S gradient in different culture media 

Na2S gradient media 
(MaCuMBA)a 

Average 
number 
of 
isolates  

Marine Agar 4 
LB Miller (10g/l NaCl) 4 
LB Lennox (5g/l NaCl) 3 
LB Luria(0.5g/l NaCl) 4 
M9 (Sambrook) 4 
ASN-III 3 
BG11 3 
aMedia with Na2S =50mM, agarose and 
rezasurine 

 
All culture media were prepared with agarose and resazurine (0.5 mg/l; redox indicator). 
Incubation was performed at 23°C in either dark (heterotrophic media) or light conditions 
(autotrophic media) for up to 3 months. The cultures were examined daily in the first 2 months 
and weekly in the last month. An example of the cultures after 1.5 months is presented in the 
Figure 2.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Na2S gradient media. 1-LB Miller (10% NaCl); 2- Marine Agar; 3-M9 (Sambrook); 4- 
ASN (autotrophs). A=inoculum, B=control. 
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Annex 

 
1. Media and componentsa 

Marine Broth –minerals solution (per liter; solution without NaCl; Sigma protocol) 

Ferric Citrate=0.1 g 
MgCl2=5.9 g 
MgSO4= 3.24 g 
CaCl= 1.8 g 
KCl= 0.55 g 
Na2HCO3= 0.16 g 
KBr= 0.08 g 
SrCl3= 34.0 mg 
Boric Acid= 22.0 mg 
Na- Silicate=4.0 mg 
NaF= 2.4 mg 
NH4NO3=1.6 mg 
Na2HPO4=8.0 mg 
 
Artificial Sea Water (Cold Spring Harbor Protocols) 

NaCl=450mM 
KCl=10mM 
CaCl2=9mM 
MgCl2 (x6H2O)=30mM 
MgSO4 (x7H2O)=16mM 
pH 7.4 
 
M9 (minimal medium-Sambrook) 

Na2HPO4(x7H2O)= 25.6 g/L 
KH2PO4=6 g/L 
NaCl=1 g/L 
NH4Cl=2 g/L 
pH (2X solution): 6.6–7.0 at 25°C 
 
ASN-III 

NaCl=428 mM 
MgCl2 . 6H2O=10mM 
KCl=6.5mM 
MgSO4 . 7H2O=14mM 
CaCl2 . 2H2O=3mM 
Na3-citrate=0.012mM 
Na2-EDTA . 2H2O=0.0013mM 
NaNO3=8mM 
K2HPO4 . 3H2O=0.088mM 
Na2CO3=0.19mM 
Trace metal mix: 
H3BO3=0.047mM 
MnCl2. 4H2O=0.009mM 
ZnSO4. 7H2O=0.0007mM 
Na2MoO4. 2H2O=0.0016mM 
CuSO4. 5H2O=0.0003mM 
Co(NO3)2. 6H2O=0.0002mM 
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BG11 

MgSO4 . 7H2O =0.3mM 
CaCl2 . 2H2O=0.25mM 
Na3-citrate=0.024mM 
Na2-EDTA . 2H2O=0.0025mM 
NaNO3=16mM 
K2HPO4 . 3H2O=0.17mM 
Na2CO3=0.19mM 
Trace metal mix: 
H3BO3=0.047mM 
MnCl2. 4H2O=0.009mM 
ZnSO4. 7H2O=0.0007mM 
Na2MoO4. 2H2O=0.0016mM 
CuSO4. 5H2O=0.0003mM 
Co(NO3)2. 6H2O=0.0002mM 
 
-Notea : all media and chemicals used in task 2.7  were provided by Sigma and/or Merck 
 
 
 
2. Incubators 
 
-Sanyo MLR-350 
-Climate room – NIOZ-Yerseke (MM) 
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Partner 2 - UvA 

The UvA has been using natural gradient systems to isolate bacteria from the rhizosphere of 

seagrasses. The main objective was to use in situ conditions to enrich target groups of bacteria, for 

further isolation in the laboratory. Natural gradients of substrates and electron acceptors are formed 

around the roots, according to the type and concentration of exudates that the seagrass release to 

the sediments. Planting seagrasses in agar allowed us to visualize the progression and establishment 

of microbial communities around the roots (rhizosphere) over time, and to selectively retrieve them 

at the end of the experiment. 

 
  

Methods and results 
Microcosms were prepared by planting single shoots of Zostera marina and Z. noltii in aquaria filled 
with 0.75 % (w/v) agar in 0.2 µm-filtered natural seawater. Separate aquaria were amended with 
different concentrations of sodium sulfide (10, 100 and 500 µm), in order to enrich the rhizosphere 
with different types of bacteria, developing in response not only directly to the sulfide concentration 
but also to the plant’s physiological response towards this stress (Figure 3A). Aquaria were shaded 
and incubated in a flow through tank exposed to in situ conditions (i.e., seawater, light and 
temperature). These microcosms enhanced the development of different types of bacteria around 
the roots (Figure 3B and 3C). 
 

 

 

 
Figure 3 – Microcosms of seagrasses planted in agar enriched with sodium sulfide in the 
beginning of the experiment (A). Two weeks after incubation, the development of different 
bacterial communities was visible in different areas of the rhizosphere (B and C). 

 
Fourteen days after the start of the experiment, rhizosphere samples embedded in agar were 
harvested and kept at 4°C until further processing. In the laboratory, a seagrass extract was used as 
culture medium. The extract was prepared by grinding whole shoots of the seagrass Z. noltii with 
commercial artificial seawater (35 g/L), and applying a subsequent 2-step filtration using cellulose 
filters to remove big particles and fibres, and 0.2 µm polycarbonate filters to remove bacteria 
present in the seagrass. Separately, an agar solution was prepared with artificial seawater (35 g/L) 
and autoclaved. All the volumes were used so that the final concentration of culture medium was 
composed of 1 % (w/v) seagrass extract and 0.8 % (w/v) agar. 
 Agar plates were inoculated with the rhizosphere of different treatments and incubated in 
the dark under aerobic and anaerobic conditions. Colonies picked from aerobic cultures are currently 
under isolation using the same method, and from anaerobic plates are in liquid seagrass extract 
medium. The bacterial colonies obtained using this procedure showed a high morphological 
diversity, indicating a wide variety of microorganisms that can be potentially isolated using this 
procedure. 


