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Abstract

RT-PCR generated two distinct bands from a non-toxic isolate of Alexandrium tamerense by using primers specific for large-subunit rRNA. The products were sequenced and they display partial sequence homology. This implies that the smaller product was generated by a possible deletion event. This study confirms the importance of the use of RT-PCR to look for transcription products that can be used to observe the various cell-cycle control mechanisms and possible regulation of toxin biosynthesis.
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Introduction. 

Many marine dinoflagellate species that are part of the genus Alexandrium (= Protogonyaulax) (1, 18) represent a significant portion of the bloom-forming common agents of toxic red tides. Due to the damaging effects of these toxins, much work has been done on the ecology and physiology of toxin biosynthesis in certain toxic strains, and the monitoring and prediction of outbreaks of blooms caused by these organisms (2, 3, 6, 20).  A determinant in studying bloom dynamics is the calculation of the in situ rates of growth of these organisms under varying conditions. Only in the past few years have we began to see more research focusing on gene regulation and in other mechanisms in dinoflagellates in an attempt to develop new methods for measuring and predicting cell growth rates.

Fluorescent character, isozymes, and monoclonal antibodies have been in used to detect and differentiate between the various strains and species (4, 13).  Other techniques incorporating PCR and restriction fragment length polymorphism has been also developed to distinguish between toxic and non-toxic strains (15, 16, 17). Most of the studies target the Alexandrium genome and variation within the small sub-unit ribosomal RNA (SsurRNA) genes and large sub-unit ribosomal (LsurRNA) genes (5, 7). Only few experiments are now targeting differential transcription and expression of genes and their products throughout the life-cycle of dinoflagellates (19). 

The goal of this study is to isolate the LsurRNA itself and detect any variation within growth-synchronized non-toxic strain of the species Alexandrium tamarense. This task will involve direct isolation of total RNA from healthy cultures, amplification of selected RNA targets by RT-PCR, and the sequencing of the RT-PCR products to analyze and distinguish any variation.

Materials and Methods

Organisms. Batch cultures of strain of A. tamarense were used in this study. The organisms were generously provided by Dr. James E. Corrigan of St. Francis College. The cultures were maintained at 20º C in ASP8 synthetic sea-water media. Irradiance of ca. 250 mol of photons m-2 s-1 was provided by cool white bulbs on a cycle of 12 hr of light and 12 hr of darkness. All cultures were harvested in mid-exponential phase. 

Synchronization of A. tamarense.  Cultures were synchronized by a dark-induced block/release method (19) High-density (105 cells m-1) cultures were left in continuous darkness for 80 hr and again exposed to the original light-dark cycle. At the end of the blocking period, all of the cells had divided once and were mostly arrested in the G1 phase of the cell cycle. Samples (3x106 cells) for RNA analysis were taken 2 and 12 hours after the blocking period. 

RNA Purification.  Cells were collected by centrifugation at 4,000 x g for 5 min a 4º C. The pellets were weighed (15-20mg) and immediately ground with micropestle. RNA was isolated using QIAGEN® Plant RNeasy™ mini kit. 450l of the lysis buffer RLT was added and the suspension was placed at 56º C for 2-3 min. The suspension was then directly pipetted onto a QIAshredder™ spin column. Centrifugation through the QIAshredder spin column removes cell depreis and homogenizes the lysate.  Total RNA was gathered thru RNeasy mini column and eluted with 30l dH2O. RNA presence was confirmed through gel-electrophoresis by running 5l of elution in a 1% agarose gel (figure 1). Quantification of RNA concentration was determined by measuring the absorbance/optical density at 260 nm (A260) in a spectrophotometer. RNA was quantified and stored at -20º C.  

RT-PCR and PCR.  The primers used were based upon LsurRNA sequence data and had been used to study the LsurRNA gene of the Alexandrium species complex (17). The forward and reverse primers were D1R (ACCCGCTGAATTTAAGCATA) and D2C (CCTTGGTCCGTCTTTCAAG) respectively. RT-PCR was carried out using QIAGEN® OneStep™ RT-PCR kit which involves Omniscript™ Reverse Transcriptase, Sensiscrit™ Reverse Transcriptase, and HotSarTaq™ DNA polymerase. Reaction volumes were set at 20l and the volume of template was adjusted for each reaction to obtain at least 0.1g RNA per reaction. The protocol involved an initial reverse transcription reaction at 60º C for 30 min followed by an initial PCR activation step at 95º C for 15 min. The 3-step cycling PCR reaction involved 45 cycles of amplification. The denaturing step was carried out for 30 s at 94º C, the annealing step was carried out for 30 s at 58º C, and the extension step was carried out for 1’ at 72º C.  Final extension was performed for 7 min at 72º C.  RT-PCR products were tested through gel-electrophoresis by running 5l of reaction in a 1% agarose gel. Additionally, PCR reaction (35 amplification cycles) was carried out to check for the presence of negative DNA contamination of purified RNA samples. The volume of template was adjusted to contain 0.1 g of nucleic acid content and then added the reaction volume, which includes Taq DNA polymerase purchased from Promega™, 10X PCR buffer, 2.5mM dNTPs, 50mM MgCl2, 10 pmols of each D1R/D2C primer, and adjusted to a final volume of 25l with dH2O. PCR products were then examined on 1% agarose gel. 

Gel Extraction. MARLIGEN™ rapid gel extraction centrifugation protocol was used to purify DNA bands of RT-PCR products from the gel. DNA was eluted and with 30l dH2O and DNA concentration was measured by observing optical density at 260 nm (A260) in a spectrophotometer and by comparing the intensity of the eluted DNA on a 1% agarose gel to samples with known concentrations. 

Sequencing.  PERKIN ELMER™ AMPICYCLE® sequencing kit was used to identify the sequence of gel-extracted RT-PCR products. Reaction volumes include 50 fmol of template DNA in 10X cycling buffer (supplied with kit), P33lebelled ATP, one of four ddNTP per reaction, and either of the D1R/D2C primers. Reaction volumes were adjusted by the addition of dH2O to give an 8l volume for each ddNTP. The sequencing reaction was carried out as follows: 2 min at 94º C activation step followed by 35 cycles of denaturing (94º C for 30 sec), annealing (58º C for 30 sec), and extension (72º C for 1 min). The reaction was run short on a denaturing polyacrylamide gel. The gel was dried and autoradiographed for 24 hr.

Cloning and Purification.  Promega™  PGEM®-T Easy vector system was used to clone certain RT-PCR products. The amount of DNA needed for the ligation reaction was calculated based on the size of the insert to a achieve a 3:1 insert:vector ratio. The ligation reaction contained 2X rapid ligation butter , T4 DNA ligase, PGEM®-T Easy vector, the PCR product, and dH2O to a final volume of 5l. The reaction mixture was incubated at room temperature for an hour. The transformation reaction was carried out using 50l of JM109 high efficiency competent cells added to only 2l of the ligation mixture. The transformation culture was placed on ice for 20 minutes and then heat-shocked for 45-50 sec in a water bath at 42º C. The culture was returned to ice for 2 min. 950l of LB broth was added to the tubes containing the cells and then incubated for 1.5 hours at 37º C with shaking (~150rpm). Following the short incubation period, 100 l of the transformation culture were plated onto duplicate LB/ampicillin/IPTG/X-Gal plates and incubated for at 37º C for 18 hr.  Only white colonies were collected and added to 1.5 ml tubes containing 500l of LB/amp broth and incubated for 2.5 hr at 37º C with shaking (~275rpm). PCR reaction was then carried using 5l of culture to a total reaction volume, which includes Taq DNA polymerase purchased from Promega™, 10X PCR butter, 2.5mM dNTPs, 50mM MgCl2, 10 pmols of D1R/D2C primers, and adjusted to a final volume of 50l with dH2O. The cloning PCR product was tested by running 5l from the reaction in a 1% agarose gel.  The CONCERT™  Rapid PCR purification System was used to purify this PCR product. The DNA was eluted with 30l dH2O and its concentration was determined by observing its optical density at 260 nm (A260 ) in a spectrophotometer. 
Results. 

RNA extraction. RNA was extracted from all samples and its presence was confirmed by gel-electrophoresis (Fig. 1). Successful RNA extraction was observed strongly in both samples in early and in late G1 phase post the dark blocking. Each lane showed a smear with two strong regions corresponding to the usually more abundant small and large subunit ribosomal RNA. 

RT-PCR amplification. Initially, samples from RNA extractions underwent PCR amplification to identify any negative DNA contamination that could influence the results of the RT-PCR reaction. There were no detectable bands found from PCR which signified the absence of possible large DNA contaminants (Data not shown).  RT-PCR for LsurRNA was carried on for 45 cycles of amplification and samples displayed similar bands on an electrophoresis gel (Fig. 2). A smaller LsurRNA band was detected in A. tamerense cells that were extracted 12 hr after the dark-blocking period. 

Gel-Extraction and sequencing. DNA bands from the RT-PCR gel were removed and purified. Their concentration was measured by OD/spectrophotometery and gel comparison (Fig. 3). Sequencing was performed on the bands corresponding to LsurRNA and the small additional band found in one of the samples. Sequence analysis and comparison to published LsurRNA gene(17) showed almost identical sequences between LsurRNA bands and great homology with the detected smaller band (Fig.4). 

Cloning. Further confirmation of the identity of the LsurRNA band was achieved by ligation and cloning of the isolated bands into a Promega™  PGEM®-T Easy vector. Clones were screened by the presence of white colonies containing plasmids with the DNA insert on LB/ampicillin/IPTG/X-Gal plates and 8 colonies were chosen. The colonies were re-suspended in LB broth and allowed to grow with shaking. PCR amplification of total culture was performed and the amplified insert was detected in all colonies (Data not shown). The cloned insert was sequenced and it confirmed the identity of the bands to LsurRNA. 

Discussion
In this study we observe the detection of an expressed variant of LsurRNA that is present at a later cell-cycle stage/growth phase in synchronized cultures of non-toxic Alexandrium tamarense. The presence of two RT-PCR products with LsurRNA sequences suggests the presence of two distinct genes, one with a ~80-bp deletion, as reported in other Alexandium species (21). Additionally, it is possible that the presence of the variant could be a result from post-transcriptional modification of LsurRNA. Dinoflagellate chromosomes are known for having multiple gene copies for many constitutive and differentially expressed genes (8, 10, 11, 12). LsurRNA gene sequence data from previous studies suggested that the Alexandrium species complex was a heterogeneous group. However, any morphological similarities were not confirmed by sequence similarities. This is evident in the slight 3- or 4-bp difference seen between the LsurRNA sequenced in this study and the published LsurRNA sequences as well as slight differences between small and large LsurRNA detected.  Based on this variation, developing detection and quantitative techniques that are based on presence of amount-specific oligonucleotide probes for LsurRNA could be problematic(14).


Little data on gene regulation in marine dinoflagellates exists. Earlier studies show that dinoflagellates are capable of packaging portions of their genome which intern allows for horizontal gene transfer among members of the species. This could possibly explain the close genetic similarities among different Alexandrium  strains within a specific region(9).


To conclude, transcriptional regulation in dinoflagellate can no longer be overlooked. Genetic content within each strain can vary and their expression can differ throughout the various stages of the cell cycle.  The use of RT-PCR to look for transcription products can be an essential tool to observing the various cell-cycle control mechanisms and even the regulation of toxin biosynthesis. 
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FIG. 1 RNA extraction detection. Lane L is a 1Kb ladder. Lanes I and II are of a non-toxic strain of A. Tamerense  RNA collected 2 and 12 hr after blocking period respectively. 
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FIG. 2. RT-PCR products for LsurRNA of A. Tamarense . Lane L is a 100bp ladder. Lanes I and II are of a non-toxic strain of A. Tamerense RNA collected 2 and 12 hr respectively. Lane C is a control reaction lacking sample RNA. Lane I and II share a ~550bp band corresponding to the LsurRNA. In Lane II, a smaller band ~450bp was detected in these cells. 
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FIG 3. Gel-comparison of gel-extracted DNA bands from RT-PCR. Lanes 1, 2 and 3 contain DNA samples with known concentrations of 10, 20, and 50 g/ml respectively. Lane 4 contains 2l of 30l elution of the extracted ~450bp band from RT-PCR gel. Lanes 5 contains 2l of 30l elution of the ~550bp band found in RT-PCR gel lanes II (Fig. 2). Lane L is a 100bp ladder.

[image: image4.jpg]ATamarssel A
LaarkNA Loty
LRarRNAS o)

ATumrestacRyA
LoarRNX oty
LomrRNA3 )

LA ot
ErRNA )

AumarsseLowna
LNttty
TAmRNAbo

MmN
Laurka oy
CorRNA Xty

LaorN oty
LiorRNA3 oty

[ ——
NN oty
LiarANAS o

AunsrossLanRNA
LmRNA Mooty
ERrRNAZGol

e C T T R T T e R TR RS T e TE AR AT TR A
RN NS e e
Goeiednifeerrchraranicdrerin





FIG. 4. Partial sequence analysis of the two LsurRNA bands isolated from RT-PCR reaction compared to published A. tamarense LsurRNA gene. LsurRNA1 represent the large-band sequence. LsurRNA2 represents the small-band sequence
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