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1 Outline of work undertaken 

An initial survey was to be undertaken to assess the current status of culture maintenance within the 
EnAlgae consortium. Then based on the experience of Culture Collection of Algae and Protozoa (CCAP) 
personnel located at SAMS and the available literature the following will be delivered as a starting point 
for developing high standards of culture maintenance across the algal biotechnology sector.  
 

¥ A report on the criteria that should be considered and options available, for maintaining algal 
strains associated with the algal biotechnology sector. In addition, some consideration will be 
given to how phenotypic and genotypic stability could be assessed.  

 
¥ A series of best practice SOPs for the maintenance and management of algal master stock-

cultures by serial transfer.  
 
¥ A series of best practice SOPs on cryopreservation methods applicable to a range of algal taxa.  
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2 Executive Summary 

Introduction 
All biotechnological processes depend on the phenotypic stability and biosecurity of the production strain. 
In most industrial processes employing microorganisms this generally involves the maintenance of 
master stock-cultures, often in a lyophilised, or cryopreserved, state. In this project it is equally important 
that algal cultures being subjected to any screening procedures, or ultimately as production-strains, are 
maintained in such a way as to ensure their stability and survival. Clearly, unless appropriate systems are 
in place, the security of any strain cannot be assured and if compromised, any biotechnological potential 
will be lost. 
 
 
Scope of work 

¥ Undertaking a survey to assess the current status and understanding of master stock-culture 
maintenance across the EnAlgae partners.  

¥ Drafting a report on the criteria that should be considered and options available for 
maintaining algal strains associated with the algal biotechnology sector.  

 
Based on these further work has been undertaken aimed at refining best-practice and the development of 
best practice SOPs that could be employed within and beyond the EnAlgae project. 
 
 
Results of the Survey 
Detailed findings of the survey are provided and these are discussed in the next section. However, what 
they demonstrated was the significant disparity across the respondents in: maintenance standards, 
documentation and understanding on the international standards of maintaining biological resources as 
well as their legal implications. Whilst in the early stages of development of the algal biotechnology sector 
this may suffice longer term standards need to be higher and appropriate best practice(s) will need to be 
adopted. 
 
Criteria that should be considered for maintaining algal strains  
There are a wide variety of issues that influence the optimal long-term maintenance appropriate for algal 
cultures. These are subdivided below into technical/scientific issues and logistical/equipment issues. 
  

¥ Technical/scientific issues: 
Axenic versus xenic cultures. 
Serial transfer versus the use of cryopreservation. 
Selective nature of media and culture regime employed. 
Possibility of loss of phenotypic characters. 
Complexity of some algal life-cycles. 
Environmental shifts in culture environment as culture grows. 
Auxotrophy for vitamins/need for specific nutrients or minerals. 
Solidified or liquid medium. 
Defined mineral media or complex less defined media. 
Light levels, quality and photo-period. 
Incubation temperature. 
Static versus rotational culture methods. 
Culture vessel choice. 
Potential for genotypic change. 
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¥ Logistical/equipment issues: 
Handling errors. 
Organisation and labels. 
Source/origin of media ingredients. 
Transfer intervals. 
Culture chamber/ incubator specifications. 
Inventory systems. 
Temperature control. 
Lighting systems specifications. 
Humidity control. 
Transfer hoods/ laminar-flow cabinets. 
Cleanliness and organisation. 
Labelling and strain designations. 
Back-up cultures. 
Database design and information storage. 
Use of aseptic techniques. 
Assured sterility of culture equipment.   

 
 
Options available for maintaining algal strains  
Ideally in the longer term agreed standards will need to be applied across the algal biotechnology sector.  
 
We have developed a series of best practice SOPs focusing on the key issues including:  

Optimising maintenance protocols. 
Agreeing the number of replicates to be maintained. 
Maintenance of isolates on more than one site and/or in separate incubators on one site. 
Application of alternative conservation approaches (cryopreservation) to key strains. 
Agreeing appropriate quality standards. 
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3 Best Practice development – Maintenance of master stock-
cultures of algae  

3.1 Results of survey of status at the beginning of the project 
A total of thirteen EnAlgae partners responded to the survey (Table 1), four of which do not routinely 
maintain or store algal cultures. Of those who did not respond the majority do not work directly with algal 
cultures and do not hold stock-cultures of algae. 
 

Table 1:  EnAlgae partners/participants: rows highlighted (blue) responded to the survey1. 

Partner Location Algae 

Scottish Association for Marine Science (SAMS) UK Micro/Macro 

University College Dublin  (UCD) Irl - 

National Non-Food Crops Centre UK - 

Birmingham University UK Micro 

National University of Ireland, Galway  (NUIG) Irl Micro/Macro 

Queens University Belfast UK Micro/Macro 

Swansea University UK Micro 

Plymouth Marine Labs UK Micro/Macro 

InCrops Enterprises Hub UK - 

Centre d’Etude et de Valorisation des Algues F Macro 

Provincial Development Agency B - 

University College West  Flanders (Howest) B Micro 

European Biomass Industry Association B - 

Laborelec Ltd B - 

Ghent University B - 

Wageningen UR/ACRRES NL Micro 

Karlsruhe Institute of Technology (KIT) D - 

Hochschule fur Tecknik und Wirtschaft des 
Saarlandes 

D - 

Agency For Renewable Resources D - 

University of East Anglia  (UAE) UK Micro/Macro 

Fachagentur Nachwachsende Rohstoffe e.V.  
(FNR) 

D - 

University of Cambridge UK Micro 
 

1Micro/ Macro indicate they maintain micro- or macro-algae respectively. 
Groups who did not respond to the survey do not maintain algal cultures within the EnAlgae project. 
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3.1.1 Maintenance approaches employed 

The focus of this work was specifically on the maintenance of microalgae. Respondents stated that the 
majority of cultures they maintained were kept as uni-algal and/or axenic strains. However, for some 
partners they were unsure about the purity status of some of the strains/species that they hold. From our 
experience this would indicate that optimistically they are maintaining uni-algal isolates; however, it is 
possible that this is not/no longer the case. The environmental conditions under which cultures are 
maintained vary among the partners and depend on species specific requirements (this includes medium 
requirements) and the facilities available. 
 
The number of replicates maintained of any individual strain was relatively standard across partners with 
the majority of partners holding three replicates. However, it was of concern that 58% of respondents said 
they do not keep backup cultures i.e. the only material they held were the 3 replicate cultures in a single 
incubator. The University of East Anglia stated that “they mostly use strains ordered from major culture 
collections and therefore did not need a dedicated backup, as the master stock-cultures were held 
elsewhere”. With the exception of Scottish Association of Marine Science (SAMS), only one other partner 
(Wageningen UR/ACRRES) routinely uses cryopreservation, in their case to maintain two strains. 
 
With the exception of SAMS, which follows a UKNCC quality management standard, no other partner 
holding algae have any relevant formal accreditation for algae maintenance. Furthermore, more than half 
of the respondents were not aware of the OECD best practice for biological resources. Furthermore, they 
do not keep any formal documentation on culture maintenance. 
 
 
3.1.2 Diversity of Taxa maintained across the consortium 

The diversity of algal taxa retained across the project in year one is outlined in Table 2, with the CCAP 
strains held at SAMS listed at www.ccap.ac.uk. In addition to those maintaining microalgal cultures the 
University of East Anglia (UEA), National University of Ireland (NUIG), Seaweed Manufacturing 
Technology Center (CEVA) and Queens University Belfast all culture macro-algae (6, 5-10, 4 and 10 
species/strains, respectively). Although, UEA stated that it planned to cut back all non-essential macro 
and microalgal stock-cultures due to funding constraints. NUIG also hold all gametes produced from their 
collection of macro-algae. In addition, the University of East Anglia and Plymouth Marine Labs reported 
having more diverse collections, which include other organisms such as microzooplankton and marine 
bacteria. 
 
University College West Flanders (Howest) reported its collection consists of anaerobic bacteria, in 
addition to a consortium of unknown microalgae species for the treatment of waste-water. 
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Table 2 : Diversity of algal taxa maintained by EnAlgae partners. 

 
 
All strains (micro- and macro-algal) held across the project can be considered as wild-type strains, with 
the majority of them reproducing asexually.  
 
Whilst not specifically relevant to this project, it was noted that SAMS and Plymouth Marine Laboratory 
conducted transgenic work (on Nannochloropsis) and this has implications to the requirements for future 
maintenance of biological resources within the algal biotech sector.  
 
At the time of the survey no work was being undertaken on genotypic or functional stability.  
 
An overview of all responses to the survey is outlined below (Table 3). 
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Table 3 : Summary of survey response data. 

 
 
 

3.2 Criteria that should be considered and options available for maintaining 
algal strains associated with the algal biotechnology sector 

For the context of this exercise algal strains are defined as unialgal, mostly clonal cultures. It is possible 
that some strains will be made axenic, but in the majority of cases cultures will be xenic i.e. there will be 
bacteria present and possibly other non-algal eukaryotes present. The most common way to conserve 
microalgal cultures is by serial sub-culture maintenance under controlled environmental conditions. There 
is “no single-best way” to grow, or maintain, algal cultures. Furthermore, the basics of perpetual 
maintenance have not changed significantly since the 1940s (Pringsheim 1946, Venkataraman 1969, 
Stein 1973, McLellan et al. 1991, Day 1999, Warren et al. 2002, Richmond 2003, Lorenz et al. 2005). The 
approach is used by phycologists both applied and academic worldwide and can successfully be 
employed for many taxa for extremely long periods of time, with the oldest strains/cultures in the CCAP 
having been isolated/initiated in the 1890s. Routine serial sub-culturing is performed using aseptic 
microbiological technique and normally involves transferring an inoculum from a late log /stationary phase 
culture into fresh, pre-sterilised medium. This leads to metabolically active cultures that can be used at 
short notice. The objective is to retain a healthy, physiologically, morphologically and genetically 
representative specimen. In the below sections the key criteria to be considered and options for 
maintenance are listed.  
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3.2.1 Criteria that should be considered for maintaining algal strains associated with the algal 
biotechnology sector 

The maintenance of metabolically active algae usually has one of three objectives: conservation of stock-
cultures, achievement of a specific morphological and physiological status, or mass culture (>200 ml 
liquid). For the latter two objectives, optimal, or specific, growth conditions are required and these vary 
greatly between different microalgae. However, for stock-cultures that are to be maintained by routine 
serial subculture over long periods of time, it is often desirable to grow the strains under sub-optimal 
temperature and light regimes; these factors may be rather similar for a range of different algae. 
 
 
Technical/scientific issues: 
 
The main limitations of perpetual transfer are the selective and artificial nature of the media and 
incubation regimes with respect to native ecological conditions. Laboratory conditions can, in extreme 
cases, lead to the loss of important morphological features and physiological traits. Examples of instability 
include the size reduction of diatom frustules (Jaworski et al. 1988). Some diatoms eventually become 
too small during continuous vegetative propagation to remain viable, so a portion of the culture must be 
allowed to reproduce sexually to regenerate large cells (Lorenz et al. 2005). Other gross changes include: 
retention/ loss of spines in Micractinium pusillum and loss of "normal" pigment composition in a number of 
algae (Warren et al. 2002). 
 
If an alga, which is poorly adapted to a particular medium, is under stress it may eventually develop 
(sometimes irreversibly) an altered morphology, e.g. loss of colonial habit in some volvocalean algae, 
Scenedesmus and Pediastrum, loss of functional flagella in Chlamydomonas, loss of surface features 
and changes in apical cell morphology of some filamentous cyanobacteria (Lorenz et al. 2005). Long-
term culturing of an alga under conditions very different from its natural environment is likely to select for 
genetic variants that are best adapted to the artificial culturing environment. A commonly observed 
example is the lack of heterocyst formation, or poor heterocyst formation, by filamentous cyanobacteria 
when cultured on medium containing high levels of inorganic nitrogen. 
 
Although axenic cultures are a pre-requisite for some applications including those involving genome 
sequencing, as well as heterotrophic and mixotrophic cultivation, this adds to the complexity and 
technical rigour of culture maintenance. However, even if axenic cultures are not required extreme care 
should still be taken on performing culture transfers/inoculation of Master stock-cultures. 
 
Algae may have complex life cycles and subcultures may have different stages of the life cycle (e.g. 
orange/red aplanospores in addition to green dividing and motile cells in early stationary phase cultures 
of Haematococcus pluvialis). Some strains (for example many Dasycladales) must go through periodic 
sexual reproduction in order to be propagated indefinitely. 
 
Inoculum levels employed are usually in the range 1- 10% (v/v) of the original culture, but some 
dinoflagellates, as well as unicellular cyanobacteria including Synechococcus and Prochlorococcus, 
require inocula of up to 25% (v/v) to ensure a healthy culture (Lorenz et al. 2005). Culture conditions can 
dramatically change with time in continuous culture even when the external environment remains 
unchanged and the algal culture has not exhausted the supply of any essential nutrient. For example, pH 
often changes over time as the culture grows and some nutrients are oxidised, or otherwise gradually 
altered, especially during illumination. Time intervals between transfers can sometimes be extended by 
identifying and compensating for these factors, e.g. by the addition of organic compounds (Lorenz et al. 
2005).  
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With long-term maintenance of cultures effects can become obvious that are not evident during short 
periods of time. For example, some microalgae have an absolute requirement for vitamin B12, but at such 
low concentrations that they can be grown for a number of generations in the absence of B12 in the 
prepared medium.   
 
An important question is whether a particular strain would best be maintained for long periods of time in 
liquid medium or in agar culture. There are a number of factors that determine whether culturing in liquid 
or on solid (agar) medium may be the best choice. Solidified/agarised media are often preferred because 
they are easier to handle during transfer and thus lower the risk of contamination. However, many 
flagellates and other planktonic species do not grow well on/in agar, while some edaphic and benthic 
microalgae do not grow well in liquid medium. 
 
Another important issue is how to decide whether a defined mineral medium or a medium with organic 
supplements is most suitable for long-term culturing. For example, it is generally desirable to provide a 
mineral medium for culturing non-axenic photoautotrophic strains in order to minimise the culture density 
of heterotrophic contaminants. On the other hand, strains that must be kept rigorously axenic are 
sometimes best cultured in the presence of rich organic supplement so that a non-photosynthetic 
contaminant can be detected soon after a culture is infected. The supplement of organic compounds or 
vitamins (B1 thiamine, B12 cyanocobalamine) often helps to retain healthy growth of the cultures. Also, 
biphasic soil water-medium may be advantageous for healthy growth over long periods of time for non-
axenic strains, in particular for filamentous green algae and euglenoids. The addition of soil extract often 
helps to ensure algae retain their “typical” morphology (e.g. in coccoid green algae), whereas the cells on 
the same medium without soil extract tend to accumulate starch or oil droplets (Lorenz et al. 2005). Some 
strains (e.g. some colourless euglenoids) cannot be grown in defined mineral media and require soil-
water medium or if axenic media containing organic nitrogen and carbon sources (Lorenz et al. 2005). 
 
Photosynthetically active radiation (PAR) light levels between 10-30 ! mol photons m-2 s-1 have proved 
appropriate in combination with subdued temperatures for long-term culturing of most microalgal taxa. 
However, algae with phycobilisomes may prefer low light intensities, i.e. ~ 10 ! mol photons m-2 s-1 
(McLellan et al. 1991). Some other algal strains, e.g. most dinoflagellates, often need high light intensities 
(~100 ! mol photons m-2 s-1). Over-illumination is a common mistake in the perpetual maintenance of 
cultures. Not only can excessive light result in photo-oxidative stress in some algae, localised heating 
may also be problematic. A change between light and darkness is required for the maintenance of most 
cultures. Some algae, e.g. many tropical open-ocean coccolithophorids may be killed by continuous light 
(Price et al. 1998, Graham and Wilcox 2000). In most culture collections the light/dark regimes vary 
between equal lengths of both and a light/dark ratio of between 12:12 hours and 16:8 hours.  
Inappropriate light/dark regimes might lead to unwanted photoperiodic effects. For example, one short 
day effect in microalgae is the formation of cysts in marine dinoflagellates including Lingulodinium 
polyedrum (Balzer and Hardeland 1991) that are hard to revive under standard culture conditions.   
 
Temperature is a major factor and should be kept carefully under control.  It is recommended that the 
actual conditions within the culture container/incubator at the location of the stock-culture is measured 
and periodically monitored. Many microalgal cultures can be maintained effectively at temperatures 
between 15-20°C. The higher the maintenance temperatures, the more the evaporation of the culture 
medium becomes an important factor. For many robust strains of green algae and cyanobacteria the 
evaporation of the medium effectively determines the duration of their transfer cycles. In general, 
temperature stability should be kept to ± 2 °C where possible, but although higher variations will not 
necessarily harm many freshwater algae, it may cause cultures to grow too rapidly and senesce prior to 
their normal transfer point. For marine algae, temperature control needs to be regulated more strictly than 
for freshwater strains.   
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Static versus shaken incubation of stock-cultures needs to be considered. Automated mixing of cultures 
using platform shakers will inevitably improve gas transfer and facilitate growth, but this approach may 
also result in more rapid growth and subsequently more rapid deterioration and death of the algae. 
 
To facilitate handling and reduce space the culture containers should be as small as possible. The 
openings have to be wide enough to give easy access for transfer of material, but need to prevent 
contamination. Any new and recycled glassware should be cleaned with hot water and finally thoroughly 
rinsed with distilled water, preferably employing a commercially available laboratory dishwasher. The use 
of detergents should be restricted to a minimum, as any of them may be toxic, especially to marine algae.  
Many microalgal cultures are kept in glass test-tubes measuring about 150 mm by 16 mm and filled with 
ca. 10 ml of medium. Petri dishes, or plastic-ware, (e.g. tissue culture flasks) are also used to cultivate 
microalgae. Some Conjugatophyceae and the majority of planktonic freshwater diatoms are cultured best 
in Erlenmeyer-flasks (50 or 100 ml) and for some dinoflagellates plastic tissue-culture bottles that are 
kept upright are most appropriate (Lorenz et al. 2005, Day et al. 2007). If plastic-ware is used, it is 
recommended to use tissue-grade polycarbonate, or polystyrene plastic material, which is cold/ heat 
resistant and provides good optical quality for microscopy. For many algae even miniaturised cultures in 
12-96 well microplates work well and they can conveniently be used with an inverted microscope. 
 
Many of the above issues involve, or result in, significant changes to the morphology and physiology of 
the algae to be maintained. However, we have relatively little evidence of any genotypic changes in 
eukaryotic algae maintained by serial transfer and for some strains including Chlorella vulgaris no change 
has been seen in 20-40 years of serial transfer (Muller et al. 2005). Almost certainly this is not always the 
case and apparently irreversible phenotypic changes (see above for examples) are common in both 
eukaryotic and prokaryotic algae. Fingerprinting techniques such as AFLP (Amplified Fragment Length 
Polymorphism) or whole genome sequencing would allow one to test this, but a significant investment in 
research effort would be needed to develop routine, low-cost genotypic stability testing methods. 
 
The most commonly employed option that prevents genetic drift in conserved materials is the use of 
cryopreservation i.e. ultra-low temperature storage (Day and Brand 2005). Whilst this provides a high 
level of security, there are issues that need to be considered prior to adopting this as the only 
conservation method. These include: knowledge of robust, reliable methods available for the taxon of 
interest; availability of appropriate facilities, equipment and expertise; timeframe needed to regenerate 
starter cultures from the Master stock-culture.  
 
 
Logistical /equipment issues: 
 
Handling errors and contamination of axenic cultures. These may be minimised/reduced by extending the 
interval between subcultures thus minimising handling and transfers. 
 
Organisation and labels. Before starting a transfer, it is extremely important to carefully check the labels 
to avoid mislabelling. Is using barcoding technology a viable alternative? 
  
Differences in quality of alternative sources of agar may have a significant effect on the growth of some 
algae that are cultured on agar medium. Quality of water and of chemical reagents used to prepare media 
may also influence the vigour of some algal strains. These, and other quality-control problems, can 
sometimes cause a seemingly healthy culture to crash suddenly. 
 
Transfer intervals can vary between one week and up to six months. At the large service culture 
collections, such as the CCAP collection based at SAMS, the shortest transfer cycle is three to four 
weeks and this is only applied to a small number of sensitive strains, e.g. freshwater diatoms and 
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Rhodomonas lacustris. As a rough estimate for a safe transfer interval one may take one quarter of the 
maximum time span that a strain can survive under sub-optimal stock-culture conditions without transfer.  
 
Dedicated culture facilities can vary from a simple shelf at a north-facing window in a lab or office, an 
illuminated incubator, to a large walk-in culture room. The principal requirements are: it should always be 
possible to maintain the temperature and light levels as constant as possible. Normally a cabinet with 
temperature control and light will be adequate for a smaller number of cultures. 
 
Racks and shelves that contain the culture tubes should allow uniform illumination and temperature 
control and give easy access to the cultures. Normally a system of racks that allow a varying number of 
subcultures to be held are used. Shelves made of glass or metal are recommended because the can 
easily be cleaned, or sterilised.  
 
The temperature in any culture facilities is best controlled by air-conditioning, with the compressors suited 
removed from the cultures, ideally outside of the building. A pre-set visual and audio-alarm alarm should 
be transmitted in case of overheating by more than 2 - 4°C and it should also be connected to an 
electronic override that “turns-off” the illumination to avoid overheating (Starr 1973).  
 
Indirect natural daylight, solely artificial light, or a mixture of both can be used for the maintenance of 
cultures. Illumination should be diffuse rather than focused and sunlight should never fall directly on the 
cultures as it invariably results in localised heating and other stresses that may lead to culture death. For 
obtaining reproducible results under artificial light, a 1:1 mixture of "cool white" and "warm white" 
fluorescent tubes works best in many culture collections. Most light sources that are designed for plant 
growth (e.g. xenon burners in growth cabinets for higher plants) are often too bright and not the best 
choice for algal maintenance. The maximum light emission of tungsten filaments is shifted towards the 
red part of the spectrum in aging bulbs. This can be inappropriate for some strains and has been 
observed to result in premature senescence in some algal cultures (Lorenz et al. 2005). Increasingly 
LEDs with day-light spectra are being employed in culture rooms. These use less energy to emit light and 
less heat is produced thus minimising the energy needed to control the temperature in the incubator. 
 
Humidity control is needed not only for preventing excessively fast evaporation of cultures, but also 
reducing the risk of contamination by other microorganisms. In particular, fungal moulds frequently grow 
in stock-culture rooms at condition of 60% or higher humidity.  
 
Transfers need to be performed aseptically and should be undertaken in dedicated work areas preferably 
in a laminar-flow cabinet following the manufacturers’ recommendation and adhering to Health and Safety 
legislation. High standards of aseptic technique and ensured sterility of media and equipment for 
performing culture transfers are required as any bacterial or fungal contaminant will invariably grow more 
rapidly than the alga of interest. 
 
Cleanliness and organisation are of paramount importance. Clutter on work benches and shelves with the 
cultures allow the accumulation of undetected dust that may harbour many potential contaminants, 
leading to unnecessarily frequent contamination of cultures. Also, disorganisation causes distractions and 
may result in confusion during handling of cultures, increasing the risk of errors in transferring algae from 
one culture vessel to another. In areas where the cultures are kept or being transferred, all surfaces 
should be easy to clean and frequently wiped with 70% (v/v) ethanol. In some larger collections, e.g. 
biomedical collections such as NIBSC in the UK and the NIES algal collection in Japan, outdoor footwear 
is never worn within the laboratory suite.   
 
A consistent and stable labelling system is necessary for long-term maintenance of cultures. Strain 
numbers (e.g., CCAP 211/11B, COG-0001, SAG 3.72 etc.) are the simplest and most reliable means of 
labelling a tube or flask. Additional details (e.g., collection and isolation information, growth requirements) 
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for each strain can be maintained in a database and paper files. Simple designations will reduce the risk 
of mislabelling and allows for easy sorting. It is recommended to include the following information on the 
label: scientific name of the organism, strain number, and culture medium. Where available using both 
strain number and species name minimises the risk of mislabelling. The labels should be easy to read, 
waterproof and, if the culture containers are reused, easy to remove.   
To reduce the risk of losing strains, each strain should be maintained in more than just one culture. It is 
recommended that subcultures from at least two different transfer-dates should be retained. For example, 
at the CCAP collection based at SAMS a minimum of 4 cultures from different ages per strain are kept. 
Two cultures are from the last transfer date; two more represent the previous transfer date, with one of 
held separately from the other cultures in a separate part of the SAMS site. Such backup cultures act as 
a secondary collection at another safe location. This is good practice and follows the recommendations of 
the World Federation of Culture Collections (Anon 1999).  
 
An important step in quality control of the holdings is to check the cultures for contaminations and to 
purify them if contaminated. In many cases it may be sufficient to check the cultures just by using a lens 
or a dissection microscope. Other methods may be more efficient, but rather time consuming. Some 
service culture collections including CCAP based at SAMS regularly check for contaminations using test 
media.   
 
The more information that is available for a certain culture strain the more valuable it is to the potential 
user. Information about the strains is best stored in an electronic database using appropriate applications 
of standard software packages. More sophisticated database programs allow the convenient printing of 
culture labels, storage of images and the online-access of strain information to a wide audience via the 
Internet. Each strain should be traceable through the database and it is recommended to keep record 
sheets in both, digitalised and printed format. It is also important that people other than the responsible 
researcher/ database manager can access and understand the stored information as well as the 
database structure and how to maintain it.  
 

3.2.2 Options available for maintaining algal strains associated with the algal biotechnology 
sector 

Routine serial sub-culturing is currently the only applicable method for maintaining all culturable 
eukaryotic algae and cyanobacteria. It has a number of fundamental limitations: it is a labour- and 
consumable-intensive process and this limits the capacity of workers to maintain large numbers of 
strains. Other issues of significant concern include: the potential for  
 
Mis-labelling contamination or culture failure. Furthermore, it cannot guarantee the phenotypic and 
genotypic stability of the conserved strain(s). To circumvent, or minimise, the risks of routine sub-culturing 
culture regimes may be optimised and strategies developed to minimise human error.  
 
In addition, we are moving towards the use of much more complex, defined and undefined microbial 
consortia. These may have a single algal partner with a range of bacteria, or indeed a variety of algae 
and their associated bacterial flora. Maintaining such complex mixtures results in a series of new 
challenges that had not been explored prior to the EnAlgae Project.  One of the key findings of the project 
is that cryopreservation provides a realistic and practicable option to conserving consortia and their 
biotechnological functionality   
 
In the context of EnAlgae project and for that matter for the algal biotechnology sector as a whole, 
strains/consortia need to be maintained in a way that ensures, or at the very least maximises the 
likelihood of, them maintaining their biotechnological potential (Silkina et al. in prep;, Ridley et al. in prep). 
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Standards have been suggested in a series of best practice SOPs which aim to provide guidance on: 
 

• Optimising maintenance protocols. 
• Agreeing the number of replicates to be maintained. 
• Maintenance of isolates on more than one site and/or in separate incubators on one site. 
• Application of alternative conservation approaches (cryopreservation) to key strains. 
• Suggesting appropriate quality standards. 
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