
What is the Opal™ Method?

The Opal workflow allows simultaneous staining of multiple 
biomarkers within a single tissue section. This Opal protocol was 
written specifically for 3-plex IHC in formalin fixed paraffin 
embedded (FFPE) tissue.* It allows use of multiple unlabeled 
antibodies raised in the same species. 

The approach involves detection with fluorescent TSA® reagents, 
followed by microwave treatment (MWT) for: removal of primary 
and secondary antibodies1; removal of any non-specific staining; 
and reduction of tissue autofluorescence. The TSA signal is 
unaffected by MWT and antibody removal. After MWT, another 
round of staining can be performed for additional target detection 
without risk of antibody cross reactivity. Opal allows staining of 
multiple IHC targets using unlabeled primary antibodies raised in 
the same species. 

Combining Opal with multispectral imaging and analysis enables 
simultaneous, quantitative results for up to eight biomarkers in 
fluorescence, even with co-localized markers. 

Reagents and Materials

Required Materials 
•  Standard microwave oven with carousel, rated at  

1000W or higher with 10 or more power settings 

• Standard staining dishes

• Clear staining jars

• Slide incubation/humidity tray

• Hydrophobic barrier pen

• Orbital platform shaker

Required Reagents 
• Antigen retrieval (AR) buffer

• TBST wash buffer

• Antibody diluent and blocking reagent

• Primary antibodies for targets of interest

•  HRP conjugated secondary antibodies or polymer HRP 
conjugated secondary antibodies specific to the species  
of the primary antibodies

• DMSO (molecular biology or HPLC grade)

• Opal 3-plex Kit

• Nuclear counterstain or equivalent

• Mounting medium for fluorescence

Solutions to Prepare 

TBST Wash Buffer 
0.1 M TRIS-HCl, pH 7.5  
0.15 M NaCl  
0.05% Tween®20 

Primary Antibody Working Solution 
Dilute primary antibody in suitable diluent. (See Primary Antibody 
Optimization, page 3, for determination of optimal concentration.)

Secondary Antibody Working Solution 
Dilute HRP-conjugated secondary antibody in the absence of 
azide, which inhibits HRP. (See Secondary HRP Optimization,  
page 3, for determination of optimal concentration.)

TSA Plus Stock Solution 
TSA Amplification Reagent is supplied as a solid. Each vial  
must be reconstituted with molecular biology or HPLC grade 
DMSO to make TSA Plus Stock Solution. TSA Plus Stock  
Solution is stable for at least three months when stored at  
4 ºC. (Note: DMSO freezes at 4 ºC; thaw Stock Solution before 
each use). Follow specific kit recommendations for dissolution 
volumes for stock solutions.

TSA Plus Working Solution
Before each procedure, dilute TSA Plus Stock Solution 1:50 in  
1X Amplification Diluent to make TSA Plus Working Solution. 
Approximately 100-300 µL of Fluorophore Tyramide Working 
Solution is required per slide. Discard any unused portion of  
TSA Plus Working Solution. 

 

*Please contact us if you would like to develop 4-plex or higher for  

IHC or ISH assays, or would like to work with other types of samples like 

cryosections or fine needle aspirates. PerkinElmer provides assistance with 

assay development and offers multiplex IHC and IF services.  

Visit: www.perkinelmer.com/Opal.
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Recommendations

•  Use xylene for removal of paraffin from FFPE tissue sections. 

•  Do not let slides dry out between steps. 

•  A humidified chamber is recommended for all incubation steps 
(i.e., a damp paper towel in a covered box). 

•  Drain off as much of the incubation solutions as possible before 
addition of the next solution, to prevent reagent dilution and 
uneven staining. Blot area around, but not on, tissue section 
using absorbent paper. 

•  Be sure to use enough volume of each reagent to completely 
cover sections or cells. 

•  If there is too much signal, dilute the primary antibody or  
HRP conjugated secondary antibody further. TSA Plus kits are 
designed for use at 1:50 dilution of TSA Plus Stock Solution  
for optimal results. 

•  Before attempting multiplexed staining, assay conditions for 
each analyte should be optimized individually with TSA with  
a goal of achieving similar exposure times for each analyte.

•  Microwave treatment (MWT) as outlined in this protocol  
performs antigen retrieval, quenches endogenous peroxidases, 
and removes antibodies from earlier staining procedures.

Opal Optimization Strategies

AR – Microwave Optimization
This procedure is performed to ensure all endogenous peroxidase 
activity is abolished. The following method should be employed to 
determine the most effective antigen retrieval through use of a 
microwave. Optimal microwave treatment will result in no non-
specific staining in the presence of TSA reagent.

• Fill a clear slide jar with citrate buffer and one slide.

•  Microwave on high (100%) and note time at which boiling  
first begins. This is the point where the power should be 
reduced to low (20%) for 15 min. Allow sample to cool to RT 
for 15 – 30 min.

•  Add TSA reagent and evaluate non-specific staining and assess 
optimal antigen retrieval microwave metrics.

HRP Secondary Antibody Optimization
This procedure is performed to assess the contribution of the HRP 
conjugate incubation to general non-specific background. The 
optimal HRP conjugate concentration will result in the absence of 
background staining.

•  Slide 1: microwave, add HRP conjugate at recommended 
concentration, with TSA reagent (primary antibody omitted); 
evaluate non-specific staining.

•  Slide 2-5: microwave, add HRP conjugate at half log (3.16-fold) 
serial dilutions from starting concentration, with TSA reagent 
(primary antibody omitted); evaluate non-specific staining. 
Further dilution may be necessary.

•  SuperPicture™ reagents generally have been used following the 
manufacturers recommendations.

Primary Antibody Optimization
This is performed to determine the most effective concentration of 
primary antisera. The optimal primary antibody concentration will 
result in the highest signal to background ratio observed in 
fluorescence microscopy.

•  Slide 1: use same antibody concentration as the  
standard method.

•  Slide 2-4: use 3.16-fold serial dilutions from starting 
concentration. Further dilution may be necessary.

• Slide 5: negative control (primary antibody omitted).

Opal Multiplexed IHC 

Single analyte TSA-IHC methods may be combined for 
multiplexed detection within a single tissue section. After  
signal amplification, MWT is performed to strip away detection 
antibodies. The TSA fluorophore is largely unaffected by  
MWT because it is covalently bound. Then the process is 
repeated using a different TSA fluorophore. 

Importantly, a different TSA fluorophore should be used  
for each target. 

Figure 1. Opal Workflow Schematic

Step 1: Slide Preparation

Step 2: Microwave Treatment

Step 3: Blocking

Step 4: Primary Antibody Incubation

Step 5: Introduction of HRP

Step 6: Signal Amplification

Step 7: Microwave Treatment

Step 8: Counterstain and Mount

REPEAT UNTIL ALL TARGETS OF INTEREST 
ARE DETECTED, USING A DIFFERENT TSA 

FLUOROPHORE FOR EACH ONE
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TSA Multiplexed IHC Optimization -  
Step by Step TSA-IHC Protocol (Single Analyte)

Single analyte TSA-IHC assays should be optimized before 
combining for use in multiplexed detection. The following 
protocol details the workflow for a single analyte, and can 
subsequently be employed for multiplexed IHC. 

In multiplexed IHC, the order of target/fluorophore detection may 
be a point of optimization, and must be independently validated. 

Step 1: Slide Preparation 

Prepare tissues or cells for detection with TSA using standard 
fixation and embedding techniques. We recommend running 
an unamplified control slide and an amplified negative control 
slide with each experiment to serve as positive and negative 
controls. For each slide, dewax with xylene (3 x 10 min) and 
rehydrate through a graded series of ethanol solutions: (100% 
1 x 5 min; 95% 1 x 5 min; and 70% 1 x 2 min). 

Wash slides in distilled H2O (1 x 2 min) and TBST (1 x 2 min).

Step 2: Microwave Treatment

Place slides in a plastic jar and fill it completely with AR buffer. 
Loosely cover the jar with lid, place it in microwave and bring 
the liquid to boiling point (about 45 sec at 100% power;  
may require optimization as described). Microwave for  
an additional 15 min at 20% power. Allow slides to cool  
down at room temperature before proceeding (15 – 30 min). 
Importantly, do not let slides dry out. Wash slides in distilled 
H2O (1 x 2 min) and TBST (1 x 2 min).

Step 3: Blocking 

Use a hydrophobic barrier pen to completely surround the  
tissue section on the slide. Cover tissue sections with blocking 
buffer and incubate slides in a humidified chamber for  
10 min at room temperature.

Step 6: Signal Amplification 

Drain off excess wash buffer and pipette 100-300 µL of TSA 
Plus Working Solution onto each slide. Incubate the slides at 
room temperature for 10 min. 

Wash the slides 3 x 2 min each in TBST Buffer at room 
temperature with agitation. 

Step 4: Primary Antibody Incubation 

Drain off the blocking buffer and apply Primary Antibody 
Working Solution. Incubate according to the manufacturer's 
instructions regarding incubation time and temperature 
requirements. Use enough volume to completely cover the 
tissue section (generally 100-300 µL per slide). 

Wash the slides 3 x 2 min. each in TBST Buffer at room 
temperature with agitation.

Step 5: Introduction of Secondary-HRP 

Incubate slides in Secondary Antibody Working Solution for 
time recommended by manufacturer at room temperature. 
Use adequate reagent volume to cover the tissue section, 
generally 100-300 µL per slide. 

Wash the slides 3 x 2 min each in TBST Buffer at room 
temperature with agitation.

Step 7: Microwave Treatment 

Place slides in a plastic jar and fill it completely with AR 
buffer. Loosely cover the jar with lid, place it in microwave 
and first bring the liquid to boiling point (see step 2: about 
45 sec at 100% power; may require optimization as 
described above), then microwave for an additional 15 min at 
20% power. Allow slides to cool down at room temperature 
before proceeding (15 – 30 min). Importantly, do not let 
slides dry out. Wash slides in distilled H2O (1 x 2 min) and 
TBST (1 x 2 min).

For multiplexing, it is necessary to strip the primary-
secondary- HRP complex. Restart the protocol at Step 3: 
Blocking. Otherwise, continue to Step 8. Please contact  
us if you would like to develop 4-plex or higher IHC or  
ISH assays. PerkinElmer provides assistance with assay 
development and offers multiplex IHC and IF services.  
Visit: www.perkinelmer.com/Opal 

Step 8: Counterstain and Mount

Apply DAPI (1:2000) for 5 min in a humidity chamber and 
coverslip with mounting medium.

Imaging and Analysis

Visualization of multiplexed TSA can be performed using 
standard fluorescent microscopy. For more advanced analyses, 
spectral imaging and analysis with inForm® Advanced Image 
Analysis Software enables quantitative results for multiplexed 
assays in FFPE tissue.  
Please see: www.perkinelmer.com/quantitative-pathology

Troubleshooting

Technical Support Resources
Assay Support  
Knowledge Base: ................... www.perkinelmer.com/askTSA 

Email: ..................................... global.techsupport@perkinelmer.com

Telephone:

 USA Toll-Free ................. 800-762-4000

 EU Toll-Free .................... 00800 33 29 0000

 Finland Toll-Free ............. 999 800 33 29 0000

 China Toll-Free ............... 800 820 5046
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Problem Remedy

Low Signal  Titer primary and/or secondary antibodies to determine optimum concentration for signal amplification.  
  (Note: oo much HRP can reduce signal when using TSA detection.) Reducing the concentration of primary or secondary  
  can lead to increased signal in some cases.

  Lengthen incubation time for Fluorophore Tyramide Working Solution. (Suggested range is 3-10 minutes.) 

  Use antigen retrieval techniques to unmask the target. 

Excess Signal   Decrease concentration of primary antibody.

  Decrease concentration of secondary antibody HRP conjugates. 

  Decrease TSA Plus Working Solution incubation time. (Suggested range is 3-10 minutes.) 

High Background   Filter buffers 

  Titer primary and/or secondary antibodies to determine optimum concentration for TSA detection. 

  Evaluate laboratory water source for contamination. 

  Check for endogenous biotin (if using streptavidin conjugates). 

  Increase number and/or length of washes. 

  Evaluate other blocking reagents. 

IHC Troubleshooting

Fluorophore Excitation Emission

Coumarin 402 nm 443 nm

Fluorescein 494 nm 517 nm

Tetramethylrhodamine 550 nm 570 nm

Cyanine 3  550 nm 570 nm

Cyanine 3.5 581 nm 596 nm

Cyanine 5 648 nm 667 nm

680 665 nm 688 nm

Cyanine 5.5  673 nm 692 nm

TSA Fluorophore Excitation and Emission Maxima

Product Name Quantity  Product #

TSA Coumarin 100-300 slides NEL703001KT

TSA Plus Fluorescein 50-150 slides NEL741001KT

 250-750 slides NEL741B001KT

 25-75 slides NEL741E001KT

TSA Plus Cyanine 3 50-150 slides NEL744001KT

 250-750 slides NEL744B001KT

 25-75 slides NEL744E001KT

TSA Plus Cyanine 5 50-150 slides NEL745001KT

 250-750 slides NEL745B001KT

 25-75 slides NEL745E001KT

TSA Plus Cyanine 3 / Cyanine 5 50-150 slides NEL752001KT

TSA Plus Cyanine 3 / Fluorescein 50-150 slides NEL753001KT

TSA Plus Cyanine 5 / Fluorescein 50-150 slides NEL754001KT

TSA Plus Fluorescence Palette Kit 10-35 slides NEL760001KT

TSA Fluorescence Kits for Opal Methods

Product Name  Quantity   Product #

Opal™ 3-Plex Kit, Fluorescein,   25-75 slides NEL791001KT 
Cyanine 3, Cyanine 5 

Opal Multiplex Fluorescence Kits

Product Name Quantity  Product #

TSA Blocking Reagent 3 g FP1020

 10 g FP1012

Horseradish Peroxidase Reagents

Anti-rabbit IgG (goat) HRP  1 mL NEF812001EA

Anti-rabbit IgG (goat) HRP  100 µL NEF812E001EA

Anti-mouse IgG (goat) HRP  1 mL NEF822001EA

Anti-mouse IgG (goat) HRP  100 µL NEF822E001EA

Anti-human IgG (goat)* HRP  1 mL NEF802001EA

Anti-DNP-HRP  150 µL FP1129

Antifluorescein-HRP  2 x 250 µL NEF710001EA

Streptavidin-HRP  2 x 250 µL NEL750001EA

Anti-digoxigenin HRP 500 µL NEF832001EA

Complementary Products
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*Please contact us if you would like to develop 4-plex or higher for IHC or ISH assays, or would like to work with other types of 
samples like cryosections or fine needle aspirates. PerkinElmer provides assistance with assay development and offers multiplex 
IHC and IF services. Visit: www.perkinelmer.com/Opal. 

TSA and its use are protected under U.S. Patents 5,688,966, 5,863,748, 5,767,287, 6,372,937, 6,399,299, 6,593,100, 6,617,125 and patents pending, and foreign equivalents thereof.. 

For Research use only. This product is distributed and sold for research purposes only by the end-user in the research market, and, to that extent, by purchasing this product the end-user 
is granted a limited license to use this product for research use only. This product is not intended for diagnostic or therapeutic use and no license or right is granted for use of this product 
for diagnostic or therapeutic purposes. Purchase does not include or carry any right or license to use, develop or otherwise exploit this product commercially. Any commercial use, 
development or exploitation of this product without the express prior written authorization of PerkinElmer is strictly prohibited and may constitute infringement of the intellectual property 
rights of PerkinElmer under the aforementioned patents. 

TSA is a registered trademark of PerkinElmer. Other trademarks are property of their respective owners.
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