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Scope and Application 
This enzyme-linked immunoassay (ELISA) method is used for the determination of total (extracellular and intracellular) microcystins and nodularins by targeting the β-amino acid ADDA (4E,6E-3-amino-9-methoxy-2,6,8-trimethyl-10-phenyldeca-4,6-dienoic acid) side chain, present in most congeners.   This method was initially used in the USGS Ohio Water Microbiology Laboratory (OWM) for biodegradation experiments in which drinking-water source-water samples were spiked with microcystin-LR and analyzed for biodegradation potential over time.  In later biodegradation experiments, it will be used for the determination of total microcystins in solid samples collected from filters of drinking-water plants, with extra processing required. It will also be used for the analysis of surface water, ground water, and finished drinking water in internal research projects.
This SOP was modified from Ohio EPA (2015) and from the manufacturer’s instructions for the microtiter plate kit used for this analysis (Abraxis LLC, Warminster, Penn.,  PN 520011).  
Method summary
This test is an indirect competitive ELISA allowing the congener-independent detection of microcystins and nodularins.  It is based on the recognition of microcystins, nodularins and their congeners by specific antibodies.  Microcystins, nodularins and their congeners when present in a sample and a microcystin-protein analogue immobilized on the plate compete for the binding sites of antibodies in solution. After a washing step and addition of the substrate solution, a color signal is generated. The intensity of the blue color is inversely proportional to the concentration of the microcystins present in the sample. The color reaction is stopped after a specified time and the color is evaluated using a microplate reader at 450 nm.
Safety
The standard solutions in the test kit contain small amounts of microcystins. The substrate solution contains tetramethylbenzidine (TMB) and the stop solution contains diluted sulfuric acid. Avoid contact of the TMB and stopping solution with skin and mucous membranes.  If these reagents come in contact with skin, wash with water.
Supplies, equipment, and reagents
· 500 mL flask
· ELISA bench sheet and plate map template (Appendix H1) 
· Ethanol for disinfecting pipettes and Conflikt disinfectant for lab benches
· Micropipette with disposable plastic tips: 10 to 100 μL 
· Multi-channel pipette: 50-300 μL 
· Pipette tips: 1-200 μL 
· Low retention pipette tips: 20-200 μL
· Multi-channel pipette reagent reservoir minimum 50 mL capacity 
· Microplate reader capable of analyzing at 450 nm (BioTek Instruments, Winooski, Vermont, Model EPOCH2-GSA)
· Glass vials: 4 mL (Fisherbran, 03-339-25B)
· Amber glass vials: 15 mL (Glass Bottle Outlet, .5ZAMBRCPBFL1S)
· 0.45 μm pore size glass fiber filters (Whatman, Cat. No.6894-2504)-change made from 1.2 μm  on 1/25/16
· 5-mL Luer-lock syringes (plastic) (BD, 309646)
· ELISA sealing film (Fasson, Cat. No. 236366)
· Freezer 
· Refrigerator capable of 4ºC 
· pH meter 
· pH paper test strips
· Timer
· Hydrochloric Acid Solution (0.1N) 
· Prepare by adding 83.5 mL of HCl to 600mL deionized water. Bring solution up to 1L. 
· Sodium Hydroxide Solution (0.1N)
· Prepare by adding 40g of NaOH to 600mL deionized water. Bring solution up to 1L.
· Sodium Chloride Solution: 
· Dissolve 300g of sodium chloride in 900mL reagent water.
· Analysis Kit (capable of analyzing all microcystin congeners with the ADDA structure). (Abraxis, PN 520011) Store kit according to manufacturer’s instructions. Standards and reagents may be used until the expiration date on the box. 
· Instead of sample diluent, you may use sterile deionized water to dilute samples
· DI or Milli-Q Reagent water, free of contaminants 
· Water Bath (35ºC)
Procedure
Sample collection and preservation
1. Spot test sample on pH paper to check the values.  Sample pH must be adjusted within the range of 5-11. Samples with pH levels outside of this range may produce inaccurate (falsely low) results and must be adjusted as necessary using hydrochloric acid (HCl) or sodium hydroxide (NaOH) solutions, prior to analysis.
2. For the biodegradation study, remove a minimum of 12 mL from each flask into a glass container (Ohio EPA requests 20 mL).  Be sure to shake the sample well before removing the 12-mL aliquot.  If possible, collect a second 12-mL aliquot to be used as a replicate or backup.  
3. For environmental studies, standard procedure is to collect water into a 100-mL HDPE bottle triple-rinsed with native water, leaving enough space for expansion during freezing.   Samples treated with chlorine or KMnO4 must be quenched after collection.  To quench each 100 mL sample, add 0.1 mL of 10% stock sodium thiosulfate (final amount of 10 mg in about 100 mL sample).  All samples must be protected from sunlight and cooled on ice at 0-4°C immediately after collection.
Sample lysing procedure by freeze/thaw
4. Place the 12-mL aliquots into the freezer until completely frozen.  (To speed up the process, place vial(s) in a saturated sodium chloride bath in the freezer).
5. Once sample is completely frozen, remove from freezer and thaw (To speed up the process, vial(s) may be immersed in a 35ºC water bath until it is completely thawed). 
6. Repeat freeze/thaw steps two more times. 
7. Filter 3 mL of thawed sample to rinse a plastic syringe and wet the filter (0.45 m glass-fiber filters); discard rinse.  Remove the filter from the syringe first and then remove the plunger from the filter.  Filter 2 mL of sample into a 4-mL glass vial. Samples (filtrate) are ready for immediate analysis. 
8. Freeze remainder of samples in the original amber glass vial to be used as a backup. 
Preparation for ELISA
8. Allow the reagents and samples to reach ambient temperature before use. 
9. If running a partial plate, remove the number of microtiter plate strips required from sealable pouch. The remaining strips are stored in the pouch with the desiccant (tightly sealed).
10. The standards, control, sample diluent, antibody, enzyme conjugate, substrate, and stop solutions are ready to use and do not require further dilutions.
11. Dilute the wash Solution (5X) Concentrate at a ratio of 1:5 with distilled water. If using the entire bottle (100mL), add 400 mL of distilled water and mix thoroughly. 
12. To dilute samples use 1 mL as the final volume and sterile DI as the diluent. 
· 1:10 dilution- 100 μL into 900 μL sterile DI
· 1:20 dilution- 50 μL into 950 μL sterile DI
13. The microtiter plate consists of 12 strips of 8 wells. The 6 standards must be run with each test and are placed in strips 1-2. 
14. Construct a plate map including the standards, control, blank, and samples for reference during the analysis. Enter standards, control, blank, and samples into microplate reader program under new protocol.
15.  Use the same 1000μL, 200μL, and 20μL  pipettes throughout the entire procedure and for every analysis.
Analysis by ELISA
Refer to the manufacturer’s flow chart (steps given below) with detailed ELISA procedures, if needed http://www.abraxiskits.com/products/algal-toxins/.
13. Add 50 µL of the standard solutions, control, or samples into the wells, using low retention tips. Vortex samples, standards, and controls before loading into the wells.  Each standard and sample is analyzed in duplicate wells (step 1 manufacturer’s flowchart).  Use a different tip for each well.
14. Add 50 µL of the antibody solution to the wells using a multi-channel pipette. To avoid drift and obtain accurate results, the addition of the antibody solution must be performed in less than 5 min (the manufacturer says 2 min, but this is not possible). Cover the wells with parafilm and mix the contents by moving the strip holder in a circular motion for 30 seconds. Incubate the strips for 90 minutes at room temperature (step 2).  
15. Remove the covering and decant the contents of the wells into a sink. Wash the strips three times with 1X wash buffer solution. Use 300µL of wash buffer for each well. Remaining buffer should be removed by patting dry on a stack of paper towels (step 3).  Use the same line of tips for the whole plate, providing that no tip touches the sides or bottom of a well.
16. Add 100µL of the enzyme conjugate solution to the wells using a multi-channel pipette. To avoid drift and obtain accurate results, the addition of the enzyme conjugate solution must be performed in less than 5 min. Cover the wells with parafilm and mix the contents by moving the strip holder in a circular motion for 30 seconds. Incubate the strips for 30 min at room temperature (step 4).  Use one line of pipet tips; however, change pipet tips if you accidentally touch a well.
17. Remove the covering and decant the contents of the wells into a sink. Wash the strips three times with 1X wash buffer solution. Use at least 250µL of wash buffer for each well and washing strip. Remaining buffer should be removed by patting dry on a stack of paper towels (step 5).
18. Add 100µL of substrate (color) solution to the wells using a multi-channel pipette. To avoid drift and obtain accurate results, the addition of the color solution must be performed in less than 5 minutes.  Cover the wells with parafilm or tape and mix the contents by moving the strip holder in a circular motion for 30 seconds. Incubate the strips for 20-30 minutes at room temperature. Protect the strips from light by covering with aluminum foil box (step 6).
19. Add 50µL of stop solution to the wells in the same sequence as the substrate (color) solution using a multi-channel pipette (step 7). To avoid drift and obtain accurate results, the addition of the stop solution must be performed in less than 5 minutes.
20. Read the absorbance at 450nm using the EPOCH2 microplate reader within 15 minutes after the addition of the stopping solution. (step 8).
Evaluation
Calculate the mean absorbance value for each of the standards. Calculate the %B/B0 for each standard by dividing the mean absorbance value (%B) for each standard by the Zero Standard (Standard 0) mean absorbance. Construct a standard curve by plotting the %B/B0 for each standard on the vertical linear (y) axis versus the corresponding log10-transformed microcystins concentration on the horizontal logarithmic (x) axis in Excel.  Use the trendline option in Excel to calculate the formula and R2 for the standard curve. The %B/B0 for the control and samples will then yield levels in ppb of microcystins by interpolation of the standard curve. 
The concentrations of the samples are determined using the standard curve run with each test.  Samples showing a lower concentration of microcystins than the MDL (0.30 ppb) should be reported as containing <0.30 ppb of microcystins. Samples showing a higher concentration than standard 5 (5.0 ppb) must be diluted to obtain accurate results. 

Quality assurance/quality control
Initial demonstration of capability and establishment of MDLs
A Method Detection Limit (MDL) for the microcystins–ADDA test kit must be calculated annually by each analyst, when a new analyst begins work or whenever a change in analytical performance caused by either a change in instrument hardware or operating conditions would dictate the MDL must be recalculated. 
In order for a laboratory to maintain a reporting limit of at least 0.30 μg/L, each analyst must demonstrate the capability to achieve an MDL of <0.30 μg/L. 
The MDL is established using a standard 1-10 times the reporting limit; use the 0.40 μg/L standard. To calculate the MDL value, take seven replicate aliquots of the standard and process them through the entire analytical method. Once the results for the seven replicates have been obtained, calculate the MDL as follows: 
MDL = (t)*(SDR) 
Where: t = Student’s t value for a 99% confidence interval and a standard deviation estimate with n-1 degrees of freedom (t = 3.143 for the seven replicates) 
SDR = Standard deviation of the replicate aliquot analyses 
The MDL study will be valid if the resulting value of the MDL is no more than ten times lower than the replicate standard concentration level and does not exceed the replicate standard concentration level.
Quality control samples and data reporting requirements
The OWML requires the following QC requirements be met. 
· Analyze all calibration standards, QC standards and samples in at least two well replicates. The mean absorbance of the well replicates is used in all analytical calculations and reporting of sample results. 
· The curve generation must include a calibration concentration point ≤ 0.30 μg/L (MDL). 
· Calibration curve coefficient of determination (R2) must be >0.980 to be acceptable (Ohio EPA, 2015); otherwise, reanalysis of the sample batch is required.
· Calibration standards.  Relative percent differences (RPDs) for well replicate absorbance values for calibration standards and QC standards should be <15%. If the RPD for more than one calibration standard is > 15%, the analytical run is not acceptable. Corrective action and reanalysis of the sample batch is required.   An analytical run may be accepted if RPD for only one calibration standard is > 15% but < 20% as long as all other calibration standards in the analytical run are < 15%. 
Calculate RPD for replicate wells A and B as follows: 

Where: AbsA is the absorbance value for well A; AbsB is the absorbance value for well B; AbsAveAB is the average of the absorbance values for wells A and B
· Laboratory Diluent Blank (LDB).   An LDB must be analyzed with each batch of samples to verify laboratory and diluent are free of contaminants.  Values exceeding the reporting limit require corrective action and reanalysis of the sample batch. If reanalysis is not possible, the results must be appropriately qualified (remark = E, value qualifier = v).
· Low Calibration Range Check (LCRC).  An LCRC must be analyzed with each batch of samples to verify accuracy of the calibration curve near the reporting limit. The LCRC may be one of the curve calibration points and the concentration must be ≥ 0.30 μg/L and ≤ 0.50 μg/L.  Acceptance limits must be within ±40% of the true value. LCRC values exceeding the acceptance limits require that all sample concentration results less than an acceptable value analyzed in the same batch must be appropriately qualified (remark = E, value qualifier = \). 
· Positive control. A positive control must be analyzed with each batch of samples to verify the concentration of the calibration curve. Use the positive control provided in the kit. If a positive control is not already in the kit, a positive control prepared from a separate primary stock may be used even if it has a different lot number than the calibration standards. Acceptance limits must be within ±25% of true value (Ohio EPA, 2015).  Positive control values exceeding the acceptance limits require that the results are qualified (remark = E, value qualifier =\). 
Using the 25% criteria, the concentration of the 0.75 μg/L positive control should be 0.75 ± 0.1875 g/L (0.562 to 0.938).
· Replicates.    RPDs for replicates must be calculated and records must be maintained.  For well replicates, these are replicate absorbance values; for all other replicates, these are replicate absorbance values (for the same dilution only) and (or) replicate microcystin concentrations.  Average values are reported.   Some replicate results are entered into the USGS National Water Information System (NWIS), the database for water quality data.  
· Wells.  RPDs for replicate absorbance values for samples must be <22%, if the value is >22% then reanalyze or qualify the results with the appropriate qualifier (remark = E, value qualifier = ~, c).  These replicates are not entered into NWIS.
· Dilution replicates.  Dilution replicates must be analyzed on at least 5% of samples.  These are one 2-mL aliquot removed from the freeze/thawed vial, filtered, and made into two separate dilutions.   RPDs for dilution replicates must be <22%, if the value is >22% then reanalyze or qualify the results with the appropriate qualifier (remark = E, value qualifier = ~, c).   These replicates are not entered into NWIS. 
· Vial replicates.  Vial replicates must be analyzed on at least 5% of samples.  These are two aliquots removed from the same time step/flask or two split replicates removed from the same environmental sample bottle; they are frozen in duplicate vials.  These are not qualified and for environmental samples, they are entered as two separate records in databases 1 and 4.  Treat these as split concurrent replicates in NWIS (99105=40).
· Flask or field replicates.  Flask or field replicates should be analyzed on at least 5% of samples.  These are two flasks with the same treatment or two concurrent samples collected essentially at the same location and time.  These are not qualified and for environmental samples, they are entered as two separate records in databases 1 and 4.  Treat these as concurrent replicates in NWIS (99105=10).
· Samples not analyzed within the required holding time should be recollected. If recollection is not possible, the results must be appropriately qualified (remark = E, value qualifier = @).  Samples not frozen should be analyzed within 24 hours of collection.
Value qualifiers
v, analyte detected in laboratory blank.
\, laboratory control sample recovery outside of acceptable range
~, duplicates do not check.
c, see laboratory result comment:   “well duplicate”, “dilution replicate”.
@, holding time violation.  
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