Toxic Algal Detection Using rRNA-Targeted Probes in a Semi-Automated Sandwich Hybridization Format

Introduction

Identification of algal species associated with harmful algal blooms has traditionally relied upon light and electron microscopy, time-consuming processes that require substantial expertise.  Even with an informed eye discriminating microalgae to species level is often difficult.  As a result, timely analysis of samples for hazardous algal species can be problematic.  To overcome these impediments molecular assays have been developed to identify and quantify harmful algal species in near real time.  One such assay for rapidly detecting and enumerating HAB species uses species-specific probes that are applied using a semi-automated robotic processor in a sandwich hybridization format (Scholin 1996,1997and 1999).  Currently, DNA probes for Pseudo-nitzschia spp., Alexandrium spp., Heterosigma spp., Chattonella spp., and Fibrocapsa spp. are available.  Others probes are being developed for Coccholodinium ssp., Karenia ssp. and Karlodinium micrin.

Basic Principles of Sandwich Hybridization

Sandwich hybridization uses DNA probes that are targeted to sequences in large subunit ribosomal RNA that are indicative of the algal species of interest.  Sample preparation for the sandwich hybridization method involves filtering a water sample followed by lysis of the particulate fraction captured on the filter membrane.  Lysis is accomplished through the use of a strong chaotrope and heat.  The lysate is then filtered and added to the 12 sample wells on a 96 well microplate, commercially available from ORCA Inc.  A semi-robotic processor, also available from ORCA, automatically processes these samples.  This process involves use of a probe attached to a solid support that captures LSU rRNA from the cell lysate.  Captured molecules are washed and hybridized with a signal probe.  The resulting “sandwich” of capture probe-analyte-signal probe is detected using an enzymatically driven colorimetric reaction.  Results are obtained in approximately 1 hour and the colorimetric reaction is read on an optical microplate reader.  Conversion of optical density to cells per well is accomplished through a standard curve that is generated from cultures of known cell densities.  
Some considerations 


The signal from the sandwich hybridization assay reflects the number of molecules of the target of interest per unit volume of homogenate.  In turn a standard curve translates this signal into cells per well and by applying a simple mathematical formula you obtain cells per milliter.
The sensitivity of the assay can be varied by changing the sample volume or the volume of lysate that is used to liberate the nucleic acids in the sample.  If your target is rare you can increase the amount of sample collected to increase the total number of the cells captured on your filter.  On the other hand if collecting large amounts of sample is impractical, you may increase your sensitivity by decreasing the volume of lysate used release the nucleic acids of the sample.

Another issue to consider is the sample to sample variation that is unavoidable during a collection event.  To ameliorate this problem one should combine the lysates of several equivalent samples and use that pool of lysate to fill your analyate wells.  This technique is also valuable in getting enough volume of lysate to fill one or more plates.

As stated above, results from the Sandwich hybridization assay are quantified by a standard curve made with your target organism.  Generally the curve is made from culture.
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Protocol
Preparation
1. Turn on heating block (Fig. 2) and processor (Fig. 1) and be sure that the set temperatures at their respective values.  Heating block should be at 85ºC and the processor plate heater at 30ºC.

2. Pre-charge lysis tube with appropriate volume of SSP lysis buffer.  Generally this volume is 1.2mL.  Alternatively label 2ml cryovials to store sample filters in liquid nitrogen for later analysis.
3. Start your plate reader.

4. If using pre-made plates, remove sealing membrane.  Membrane should be peeled off by pulling from corner well A1 diagonally towards well H12.  Once membrane is removed, clear any strands of adhesive covering wells.  Allow plates to warm up to RT (note, plates can be easily made on site.  Contact manufacturer for details).
Safety considerations

1. The lysis buffer (SSP) and the signal buffer contain Guanidine thiocyanate which can damage skin and eyes.  Use safety glasses and gloves when handling reagents.  In US the plates are considered hazardous waste and should be disposed in appropriate manner consistent with regulations in you country.
Sample, plate and prong handling
1. Protect sample from light and excessive heat.

2. Samples should be filtered and run or archived on liquid nitrogen as soon as possible.

3. Do not expose plate to direct sunlight.

4. Use plate within 1 hour after removing membrane

5. Prongs should remain in package until used.  Handle prongs with tweezers and store them @ 4-8ºC with desiccant package
Filtration

1. Samples should be collected using a vacuum manifold with using ~ 100-150 mmHg (Fig. 3).

2. Filter samples onto hydrophilic Durapore filters (Millipore) using the largest porosity that will capture your target.  Typically we use 5um porocity.
3. The volume filtered should be no more than what can pass through the filter in 20 minutes.  Typical sample volumes are 200 to 400mL.
Lysis and archiving sample

1. After filtering sample place filter membrane into a 2mL cryovial.  Place the filter with the sample side facing into the tube.  Do not crumple the filter and be sure you push the filter to bottom of the tube (Fig 4).
2. Add 1.2mL of lysis buffer to cryovail with filter and cap it tightly (Fig 5).  Place cryovail in heating block with wells half filled with water to enhance heat transfer (Fig. 2).  Heat for 5 minutes with a finger vortex at 2.5 minutes.
3. After heating allow lysate to cool for 5 minutes, use lysate within 20 minutes after preparation.
4. Remove plunger from a 5cc disposable syringe (Becton & Dickinson)
5. Install a 13mm, 0.45um Millex-HV (Millipore) syringe filter.
6. Place tip into a clean polypropylene collection tube and push lysate through filter until foam appears at the tip of filter (Fig. 6).
7. The lysate is now ready to be loaded onto plate sample well (row A).
Processing
1. Load sample well (Fig. 7) with lysate (0.025mL).

2. Load prong onto processor arm and secure spring clip.  Do not handle prong with bare hands.  Hold prong by the backbone with tweezers
3. Install microplate onto processor being sure to center microplate on heating plate (Fig. 8).

4. Push the run button and make sure that the prong (s) enters the wells without touching the sides of the wells.  Plate will be ready to read in little over an hour.
Reading the Plate

1. When the processor is finished immediately read the plate (s) (Fig. 9).
2. First read the plate at 650nm.

3. Next acidify row A with 50uL of 10% H2SO4 (mix with pipetter) (Fig. 10).

4. After all bubbles have popped 1-2 minutes, read plate at 450nm.
Data Processing

Relationship between Optical Density, cells/well, and cells/mL sample:

O. D. is related to cells/well using an empirically derived standard curve.

O.D. values obtained from experimental trials are related to cells/mL by:
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