Picoplankton culture assessment using single strand conformation polymorphism (SSCP) and partial 18S sequencing
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Abstract

Picoplankton species (i.e. cells smaller than 3 µm) are difficult to distinguish because of their small size and the lack of morphological features. We have established a combination of crude DNA extraction, SSCP fingerprinting and subsequent sequence analysis to screen large numbers of cultures to determine their identity. Environmental samples were taken throughout the year 2001. Serial dilutions produced a large number of precultures from which several hundred well-growing cultures were started. We focussed on photoautotroph cells, i.e. no carbon source was added and cultures were grown in the light. From these cultures crude DNA was extracted, which was used for partial 18S PCR. On average 50% of the cultures produced a PCR product. SSCP analysis of PCR products revealed whether a given culture consisted of a single species (single SSCP band) or of a mixture of species (multiple SSCP bands). Single SSCP bands were subsequently sequenced and sequences were used to determine culture identity. For this study 300 cultures were screened, resulting in the identification of 50 potentially pure picoplankton cultures. The majority of cultures belonged to the prasinophytes (Mamelliales) and most of the cells were clearly smaller than 3 µm. 

Introduction

Cells smaller 3 µm (= picoplankton) are an important component of the marine plankton. In many oceanic regions, namely those with nutrient limitations, the >3µm fraction can contribute more than 50% of the total chlorophyll. Therefore the photosynthetic picoplankton has received considerable attention during the last decade. The prokaryotic members of the picoplankton mainly belong to two cyanobacterial  genera, Synechococcus and Prochlorococcus. For both, a considerable number of geographical and physiological strains have been isolated and are held in culture. Perhaps surprisingly also eukaryotic photoautotrophs occur in the picoplankton fraction, the smallest of which are less than 1 µm in diameter. In contrast to the cyanobacterial picoplankton the eukaryotic one is highly diverse in that all major algal groups are contributing. In addition, new algal classes have been detected in the eukaryotic marine picoplankton, e.g. the bolidophytes and the pelagophytes (ref). Major progress on eukaryotic picoplankton diversity was made by sequencing of environmental clone libraries during the EU PICODIV project (grant number). This approach revealed that especially among the stramenopiles and alveolates, novel clades exist that contain large numbers of potential new picoplankton species. However, the clone library approach only indicates the presence of new species because no “real organism” is seen. In order to identify the organisms that produced the new sequences, and to study their biology and ecology, it is necessary to establish cultures, to screen and identify them. As in the bacterial world, probably many of the new species are currently not accessible because we are unable to culture them. 

Although establishing pikoplankton cultures is not particularly more difficult than in other plankton fractions, screening them is. Because of their small size they are not easy to visualise by light microscopy and, moreover, they mostly lack morphological characters. Cultures may look homogenous in light microscopy but consist of  multiple different species. Electron microscopy can unravel such characters but it is too time-consuming to analyse large numbers of cultures and it is virtually impossible to judge whether a culture is unialgal or axenic with this method. Analysis of pigment or lipid composition of cultures can be done via HPLC for many samples in a short time but results will only give hints to the possible identity of a culture and uniformity of a culture can not be proven. Pigment and lipid composition is also strongly dependent of the physiological state and the growth conditions and may, thus, be misleading. It would be easy to determine the identity of a culture by sequencing a relevant gene, e.g. the 18S rRNA gene. Pure cultures will produce clear sequences and the sequence can be used to determine the phylogenetic affiliation of the culture. However, isolating the DNA, amplifying the 18S gene and sequencing the product is still time consuming and costly, at least when every single culture has to be sequenced. 

Therefore there is a need to establish a method that allows fast, cost-efficient and gene sequence-based analysis of large numbers of cultures. Here we describe such a method that is based on a simple DNA isolation procedure, partial 18S PCR amplification, fingerprinting of the product and subsequent sequencing of only that subset of the cultures producing single bands in the fingerprint.  

Materials and Methods

Establishment of picoplankton cultures

Surface water samples were taken at Helgoland “Kabeltonne” (North Sea), the same location that is used for decades now for the “Helgoland Time Series” (54o 11.3’N, 7o 54.0’E). Samples were immediately transferred to the lab and filtered through a 3 µm filter by gravity flow filtration. From the filtrate, serial dilutions (1:10, 1:100, 1:1000, and 1:10000) were prepared in  F/2 (ref) and IMR (EF) media in 24x2ml microwell plates. Plates were incubated in 10 and 15° C culture rooms at a X:X hours light:dark cycle and xxx µE. Cultures were routinely checked by eye and those showing visible growth were transferred to 50 ml flasks. 

DNA extraction and PCR

Visibly grown cultures were checked by light microscopy, photographed and those that looked uniform and consisted of small cells were further analysed. 1.5 ml of these cultures were spun down (5000 x g, 3 min), resuspended in 20 µl water, shock-frozen in liquid nitrogen, and subsequently heated to 94°C for 10 min. After another centrifugation step (5 min, 13000 x g) 10 µl of the supernatant was used as template for PCR amplification. We applied Primers 528F and 926R, eukayote and universal primers, respectively Elwood et al. 1985) to amplify an approximately 500 bp large fragment of the 18S rRNA gene. The 926R primer was phosphorylated in order to allow subsequent single strand digestion  (see below). PCR was performed in an Eppendorf cycler with Perkin Elmer polymerase (2U/reaction) and the following program: 5’ 94°C, 35x 1’ 94°C/1’ 50°C/2’ 72°C, followed by 7’ 72°C. The reaction volume was 50 µl. The success of the PCR reaction was monitored by agarose gel electrophoresis. 

Single strand conformation polymorphism (SSCP) and subsequent sequence analysis

For SSCP analysis PCR products were purified on Qiagen PCR purification columns and finally eluted from the columns in 50 µl deionised water. 25 µl of the elutant were stored at -20°C and the remaining 25 µl were treated with 10 U Lambda exonuclease (New England Bioloabs) at 37°C for one hour. After exonuclease treatment products were again purified on Qiagen PCR minelute columns in order to remove nucleotides, enzyme, and salts. Samples were eluted with 10µl deionised water, boiled for 4 min. and 10 µl of SSCP loading buffer (95% formamide, 4,9% 0.1M NaOH, 0.1% Bromophenol blue) was added. Samples were then immediately loaded to a gel or stored at -20°C. For polyacrylamide gel electrophoresis we used a macrophor apparatus that was kept at 20°C by means of a thermostat plate and a cryostat. The gel contained 6.25% acrylamide (MDE gel solution from xxxx), 1x TBE buffer and had a size of 35x25x0,04 cm. Electrophoresis was performed at <400 V, <8 mA, and <5 W for 16-20 h and 4 µl of the samples were loaded. Band were visualised by silver staining. For samples producing single bands the remaining 25 µl (see above) were used for sequence analysis using the 528F primer. 

Results

Picoplankton cultures

We chose Helgoland Kabeltonne (North Sea) as sampling site because this site is routinely used for plankton sampling for decades now for the Helgoland time series. On an almost daily basis samples were taken since 1962, plankton are counted on a daily basis, and parameters as salinity, temperature, and nutrient concentrations are measured. Throughout the years 2001 and 2002 samples were taken on an almost monthly basis and per sampling 96 precultures were started resulting in more than 1000 precultures and several hundred well growing 50 ml cultures. There was no obvious effect of the growth medium (F/2 or IMR) or the temperature (10° or 15°C) on the success of culture establishment. Best results were obtained with 1:10 to 1:100 fold dilution of  filtered sea water. Higher dilutions barely produced growing cultures. Culturing was more successful and average size of cells in cultures was smaller when filtration was done by  gravity flow rather than vacuum filtration (data not shown). Because cultures were established under photoautotrophic conditions, i.e., no carbon source was added and cultures were grown in the light, essentially all cultures were pigmented and probably photoautotrophic. In some cases mixed cultures were observed of a photoautotrophic species and a heterotrophic one. However, these could not be analysed by the SSCP procedure because they would produce a mixture of PCR products. 

Crude DNA extraction and partial 18S PCR

Extraction of  DNA from cultures by phenolisation, CTAB extraction or by the use of DNA binding columns is time-consuming and does not guarantee good results. Therefore we developed a crude extraction protocol based on centrifugation, shock-freezing, and subsequent boiling. Although the DNA resulting from this procedure is not pure in terms of OD 260/280 ratio it proved to be a good template for PCR amplification in about 50% of the preparations (see below).  

For PCR amplification we chose oligos 528foreward (F)/926 reverse (R). Oligo 528F only binds to eukaryotic rDNA and 926R is universal, ensuring that only eukaryotic rDNA could be amplified. Using of 528F was a prerequisite because this primer was also used for large-scale partial sequencing of environmental clone libraries in our lab (Valentin et al., in preparation) thus allowing the comparison of  sequences from cultures to those from these libraries. Primer 926R was phosphorylated to allow specific digestion of the anti-sense strand. We also tested the Oligo pair 528F/1055R that was less efficient (data not shown). On average 50% of the cultures produced a product in the PCR reaction (fig. X, agarose gel). Products had to be purified prior to subsequent single strand digestion. Additional purification after single strand digestion improved the resolution in gel electrophoresis (data not shown) but is not  essential in case large numbers of cultures have to be screened in a most cost-efficient way. 

Gel electrophoresis and sequence analysis of SSCP products 

SSCP products were analysed on 6 % polyacrylamide gels at 20°C allowing secondary structure formation. In theory a pure culture should produce a single band, whereas mixed cultures should result in multiple bands. We tested this by analysing pure and mixed cultures. Whereas mixed cultures always produced multiple bands (not shown), of the four pure cultures tested, one (Skeletonema costatum) gave rise to more than one band (not shown/fig X). On average about 10-30% of the cultures produced a single band on the SSCP gel (figure X, SSCP gel from the report). From these cultures the 528F/926R PCR products were subsequently sequenced with the 528F primer. More than 90% of these sequencing reactions produced a clean sequence. 

Sequences were compared to Genbank, the Ribosomal Data Bank (RDP) or to the ARB databank in order to determine their phylogenetic affiliation. Table X (same as in report) summarises the results. The vast majority of cultures belonged to the prasinophytes, namely to the order Mamelliales. An example is given in fig X, also demonstrating the small size of the cells.  In total we could determine homogeneity and identity of 50 cultures from more than 300 tested. 

Discussion

Here we present a procedure for fast and exact identification of large numbers of cultures and apply it to picoplankton. We could identify a variety of potentially new species belonging to a wide phylogenetic range (Chlorophyta, heterkont algae etc.). Thus, the methods proves to be useful for the analysis of cultures otherwise difficult to identify and seems not to be biased by the PCR step or the primers used. It should, in principle, also be applicable to other plankton classed, i.e. those larger than 3 µm. The use of oligos for PCR specific for other groups (i.e., universal, prokaryote-specific etc ) could also allow to screen for other systematic groups.

The method could be scaled up to 96 well plate scale. Crude DNA extraction, sufficient to produce amplifiable DNA, can be performed for many cultures within less than one hour. The PCR cycle takes about 4 hours, subsequent purification on Qiagen columns in a 96 scale could be done in about 1 hour. Exonuclease digestion needs one hour, followed by another purification step of one hour.  We are currently investigating the possibility to replace the enzyme step by using the forward primer biotinylated and separating the two strands using Dynal beads and magnetic separation to produce a single-stranded product. Time involved to do this is 5 minutes. It is uncertain how the biotinylation and binding of the Dynal beads might influence the separation on the gel. Also beads are likely to be more expensive than the enzyme. All these steps can be performed in one day. The most time-consuming step is the gel electrophoresis and subsequent silver staining which takes altogether about 20 hours. However this can be done over night. Another limitation is the capacity of the gel – conventional 40 cm gels hold about 45-60 samples when using a shark tooth comb. Thus, two such gels are necessary to analyse 96 samples. This limitation could possibly be overcome by using fluorescently labelled 528F primers and a capillary sequencer. Sequence analysis than again could be done on a 96 scale. Therefore the procedure could allow the routine SSCP analysis of up to 200 cultures per week when using conventional gels. Using a 96 well system for SSCP gels this number can be increased to 400/week. This means that more than 40 new isolates could be identified in this time span. 

Obviously there are also some shortcomings of the method. First, the crude DNA extraction applied did only produce amplifiable DNA for about 50% of the cultures. Probably some of those not producing a PCR product were prokaryotic and could not be amplified with eukaryotic 528F. Also some plankton groups (e.g. the Cryptophytes; Katja Kerkmann, pers. comm.) maybe difficult to amplify, especially from crude DNA preparations.  In these cases one could perform a “traditional” DNA extraction protocol or increase the amount culture used for DNA isolation in order to increase the amount of PCR products. This would of course increase the amount of time and work necessary per culture. Second it is possible that pure cultures produce more than one band and thus are regarded as mixed cultures. The only way to overcome this problem would be to sequence all SSCP products, which in turn would make the SSCP analysis dispensable. However costs would be about 5-fold higher then. 

Most of the cultures identified by the SSCP screening belonged to the prasinophytes. Although this group also dominates in the phytopicoplankton as seen in environmental clone libraries from Helgoland (Valentin et. al, in preparation) they are not as abundant in clone libraries as in our culturing approach. This demonstrates a problem of the culturing approach in general: many of the species present in the environment and detectable by clone libraries are difficult or impossible to bring into culture. As a result culture libraries are not representative of  the biodiversity in the environment in that certain groups are under-represented and vice versa. The same situation is true of the Prokaryotic community, although some progress has been made in culturing some of the most important oceanic bacteria, e.g., SAR 11 (ref). Some of the difficult to culture species could perhaps be isolated by screening very large numbers of cultures for example generated by flow cytometry and sorting of cells or cell populations.  The SSCP approach presented in this paper may be very helpful for this. 
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Figure X 

SSCP profiles of 24 picoplankton cultures. Those cultures producing clean sequences are labelled with “X”. 

[image: image2.jpg]O

o




Figure X

Example of a picoplankton culture producing a single band in the SSCP analysis and a sequence with no ambiguities. The SSCP product showed a sequence similarity of 98% in an overlap of  486 base pairs to Mantoniella squamata, a prasinophyte. A small scale bar equals 1 µm, demonstrating the small size of the cells (1-2 µm in diameter). 

Table 1   Cultures identified with the SSCP approach. All are stored in the Roscoff Culture collectio 

	
	
	
	
	
	

	No
	Internal culture code
	best hit
	best hit to known species
	syst. Group
	% identity/overlapping sequence

	1
	He010117 I1 C1
	euk. marine clone
	Mantoniella squamata
	Prasinophyceae
	98/486

	2
	He010117 I1 C4
	euk. isolate 
	Nanochlorum eucaryotum
	Chlorophyta
	97/503

	3
	He010117 D1 D5
	euk. marine clone
	Mantoniella squamata
	Prasinophyceae
	98/482

	4
	He001206 I1 D1
	 
	Caecitellus parvulus
	Stramenopiles
	89/397 (very low!)

	5
	He010322 I1 A2
	euk. marine clone
	Mantoniella squamata
	Prasinophyceae
	98/505

	6
	He010322 I1 C5
	 
	Massisteria marina
	Cercozoa
	95/325

	7
	He010218 I2 D1
	euk. isolate 
	Nanochlorum eucaryotum
	Chlorophyta
	97/510

	8
	He010218 I3 A5
	 
	Micromonas pusilla
	Prasinophyceae
	93/508

	9
	He010322 D2 B5
	 
	Phaeodactylum tricornutum
	Diatom
	99/506

	10
	He010322 D3 B4
	 
	Micromonas pusilla
	Prasinophyceae
	93/508

	11
	He010516 I1 B6
	 
	Micromonas pusilla
	Prasinophyceae
	92/527

	12
	He010418 I1 A3
	euc. Isolate
	Caecitellus parvulus
	Cercozoa
	97/385

	13
	He010516 I1 B4Ü
	euk. marine clone
	Mantoniella squamata
	Prasinophyceae
	87/118 (bad sequence)

	14
	S. costatum
	 
	S. costatum
	Diatom
	99/534 

	15
	He010322 D2 A5
	uncultured euc.
	Nanochlorum eucaryotum
	Chlorophyta
	ca. 95/548

	16
	He010322 I3 A6
	Spumella danica
	 
	Chrysophyte
	99/541

	17
	He010418 I1 B6
	euk. marine clone
	Micromonas pusilla
	Prasinophyceae
	99/545

	18
	He010322 I3 A3
	uncultured euc.
	Caecitellus parvulus
	Stramenopiles
	92/397

	19
	He010322 D2 A2
	Pteridomonas danica
	 
	Dictyochiophyceae
	99/420

	20
	He010322 I1 A3
	Cafeteria sp. and 
	Methanophrys sinensis
	Alveolates
	98/486

	21
	He010322 D2 A6
	Eucampia antarctica
	 
	Diatom
	89/185 (very low, short overl.)

	22
	590-2
	Micromonas
	 
	Prasino./Mameliales
	93/506

	23
	590-5
	Phaeocystis globosa
	 
	Haptophyta
	100/514

	24
	590-6
	Ostreococcus
	 
	Prasino./Mameliales
	99/513

	25
	590-10
	Ostreococcus
	 
	Prasino./Mameliales
	99/499

	26
	590-13
	C3_E009
	Nanochlorum
	Chlorophyta
	97/526

	27
	590-14
	Phaeocystis globosa
	 
	Haptophyta
	99/528

	28
	590-15
	C3_E009
	Nanochlorum
	Chlorophyta
	97/526

	29
	590-16
	C3_E009
	Nanochlorum
	Chlorophyta
	97/526

	30
	590-18
	Micormonas pusilla
	 
	Prasino./Mameliales
	93/510

	31
	590-23
	Metanophrys sinensis
	 
	Alveolate/Ciliphora
	98/483

	32
	592-1
	Micromonas
	 
	Prasino./Mameliales
	93/524

	33
	592-4
	Deveolpayella elegans
	 
	Stramenopile
	93/526

	34
	592-5
	Metanophrys sinensis
	 
	Alveolate/Ciliphora
	86/252

	35
	592-6
	Spumella elongata
	 
	Chrysopyte
	99/526

	36
	592-7
	Metanophrys sinensis
	 
	Alveolate/Ciliphora
	98/480

	37
	592-9
	C3_E009
	Nanochlorum
	Chlorophyta
	97/526

	38
	592-11
	Metanophrys sinensis
	 
	Alveolate/Ciliphora
	98/486

	39
	592-12
	Micromonas
	 
	Prasino./Mameliales
	93/534

	40
	592-13
	Micromonas
	 
	Prasino./Mameliales
	93/526

	41
	592-15
	Micormonas pusilla
	 
	Prasino./Mameliales
	93/511

	42
	592-14
	C3_E009
	Nanochlorum
	Trebouxiophyceae
	97/525

	43
	592-22
	C3_E009
	 
	Chlorophyta
	97/527

	44
	592-23
	C3_E009
	Nanochlorum
	Chlorophyta
	97/525

	45
	594-8
	Micromonas
	 
	Prasino./Mameliales
	93/513

	46
	594-18
	Micromonas
	 
	Prasino./Mameliales
	93/524

	47
	598-7
	Metanophrys sinensis
	 
	Stramenopiles
	98/485

	48
	598-9*
	Micromonas
	 
	Prasino./Mameliales
	93/505

	49
	598-10
	ANT37-3
	Mantoniella squ.
	Prasino./Mameliales
	98/513

	50
	598-11
	C3_E009
	Nanochlorum
	Chlorophyta
	97/512

	51
	598-16
	Phaeocystis globosa
	 
	Haptophyta
	99/515
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