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DENDRIMER USE AND HYBRIDIZATION PROTOCOL 

Lucy Cherbas 
Drosophila Genomics Resource Center, The Center for Genomics and Bioinformatics, Indiana 

University, Bloomington, Indiana 
 
 

INTRODUCTION 
This protocol describes the use of dendrimers with DGRC transcriptome microarrays.  We are 
currently using two alternative techniques for labeling: (i) dendrimers described here, and (ii) direct 
labeling described in the DGRC Direct Labeling and Hybridization Protocol.   
 
DNA dendrimers are three-dimensional highly branched DNA molecules.  Dendrimers used in 
microarray hybridization have some branches labeled with a fluorescent dye and other branches 
tagged with a specific sequence tag.  They are utilized for RNA profiling as follows.  RNA is reverse 
transcribed from an oligo d(T) primer with a specific sequence tag at the 5'-end. The tag specifies 
the fluorescent dendrimer to which the cDNA will bind, thus a different primer is used for each 
fluor.  The tagged cDNA is hybridized to the microarray.  Subsequently dendrimers with the 
complementary sequence tags are hybridized to the microarray.   
 
Dendrimer probes have several strong advantages over the more commonly used probes in which 
fluorescently labeled dNTPs are incorporated directly into cDNA:  (i) There is no detectable probe 
bias with dendrimer probes.  (ii) Dendrimers can be as much as 100-fold more sensitive than 
standard direct-labeled probes; this is an obvious advantage when one is working with tissues that 
have to be dissected from flies.  We are aware of two major disadvantages of dendrimers: (i) the 
signal from a dendrimer hybridization is rather punctate, and spot finding algorithms are less 
successful at defining the spots than it is with other types of probes.  Manual correction of the spot 
definition can be quite time-consuming; and  (ii) the procedure takes longer than more standard 
techniques, because it involves two successive hybridizations. 

 
PRECAUTIONS 
Laboratory safety.  It is assumed that users have a sound knowledge of molecular biology 
techniques and safe laboratory practices.  Before undertaking a new protocol or using unfamiliar 
reagents users should review relevant Material Safety Data Sheets to identify potential hazards and 
recommended precautions.  For background in general molecular biology please see Molecular Cloning 
A Laboratory Manual, J. Sambrook and D. W. Russell. Cold Spring Harbor Laboratory Press.  For 
background in microarray techniques please see DNA Microarrays A Molecular Cloning Manual. D. 
Bowtell and J. Sambrook.  Cold Spring Harbor Laboratory Press. 



CGB Technical Report 2006-08: Dendrimers Protocol 
October 2, 2006 (Updated with DOI information) 

2 

 
Prevent particulate and fluorescent contamination.  When working with microarrays it is 
essential to avoid fluorescent and particulate contamination.  Please follow these precautions.  Filter 
solutions through 0.2 µm filters to remove particles.  Only use powder-free nitrile gloves (latex 
gloves can cause fluorescent background).    
 
Prevent RNase contamination.  When working with RNA it is essential to avoid contamination 
with RNase.  Please follow these precautions:  Use RNase-free virgin plastic ware.  Use RNase-free 
solutions (Note: all traces of DEPC must be removed to avoid degradation of Cy dyes).  Do not 
handle tubes or reagents with ungloved hands.  Clean the inside and the outside of the barrel of 
micropipettes and/or use barrier tips.   
 
Reduce the degradation of fluorescent dyes.  Cy dyes are susceptible to photobleaching and 
oxidation; Alexa dyes are somewhat more stable but require similar precautions.  Protect dyes from 
light -- store in the dark, work in low ambient light, and wrap tubes in foil.  If using DEPC treated 
solutions make sure all traces of DEPC are removed by autoclaving.  If using MilliQ water in post 
hybridization washes make sure the MilliQ system is well maintained - it has been reported that 
water from poorly maintained systems can damage Cy5. 
 
Reduce the degradation of dNTPs.  Repeated freeze thaw cycles result in progressive breakage of 
phosphate bonds and consequently lower labeling efficiency.  Store dNTP solutions at -20oC in 
small aliquots and store Cy-dNTP solutions in single use aliquots at -20oC protected from light.  
Dendrimers appear to be stable to multiple freeze-thaw cycles. 
 
Prevent physical damage of microarrays.  The DNA spots are not visible on the surface of the 
slide and are very easily scratched.  On DGRC microarrays the DNA is printed on the same face of 
the slide as the barcode label.  Never touch surface of the microarray - handle slides by grasping the 
barcode end of the slide with clean forceps. 
 
 

MATERIALS 
This protocol makes use of Genisphere Inc. dendrimer detection kits for microarrays.  Genisphere 
makes 3 types of kit for dendrimer hybridizations, differing in the number of fluor molecules 
incorporated into each dendrimer particle.  The larger the number of fluor molecules, the more 
sensitive the probe (see table below), and the more punctate the resulting pattern of fluorescence.  
They also offer each dendrimer type with Cy3, Cy5, Alexa Fluor 546, and Alexa Fluor 647.  The 
fluorescent properties of Alexa Fluor 546 and Cy3 are virtually identical, as are those of Alexa Fluor 
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647 and Cy5.  Our experience is mostly with the Alexa dyes, which are reputed to have greater 
photostability than Cy3 and Cy5. 
 

Kit type  Recommended total RNA per reaction (µg)  
Array50   10-20 
Array350   1-5 
Array900   0.25-1      

 
• DGRC transcriptome microarrays. 
• Drosophila total RNA. 
• 2 kits (Array50, 350, or 900), one for each dye to be used. 
• Reverse transcriptase (RT) (Genisphere recommends their own (Genisphere cat. no. 

RT300320) or Invitrogen’s (SuperScript II, cat. no. 18064-014) or any other good quality 
reverse transcriptase. 

• 5x RT buffer (usually supplied with the RT). 
• 0.1 M DTT (usually supplied with the RT). 
• Good quality water; we use Milli-Q. 
• 1 M NaOH/100 mM EDTA. 
• 2 M Tris.HCl pH 7.5. 
• I-Block (Applied Biosystems, Cat. # A1300). 
• LifterSlips (Erie Scientific 25X60I-2-4789). 
• A slide warmer (optional). 
• Hybridization chambers (Corning 2551). 
• 20x SSC (filter it through a 0.2 µm filter to remove dust). 
• UltraPure 10% SDS (Invitrogen cat. no. 16663-027). 
• 50 ml disposable centrifuge tubes (e.g. Falcon or Corning). 
• Centrifuge with rotor for either microplates or 50 mL tubes. 
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PROCEDURE 
This protocol is based on protocols supplied with the Genisphere Array50, Array350, and Array900 
kits, and on conversations with Genisphere Technical Support.  A significant modification is that we 
do not clean-up and concentrate the cDNA after the RNA hydrolysis and prior to the first 
hybridization reaction. 
 
Reverse transcription 

1. Use between 0.25 and 20 ug of total RNA per reaction with the appropriate dendrimer kit 
(see table above).  If your RNA is too dilute, concentrate it by ethanol precipitation as 
follows: 

Add 1/10 volume of 3M NaOAc (pH 5.2) [or an equal volume of 10 M NH4OAc] 
Add 2.5-3 volumes of ethanol and mix. 
Incubate at -20oC for at least 30 minutes. 
Centrifuge at 16,000 rcf and 4oC for 20-30 minutes. 
Carefully remove the supernatant with a micropipette. 
Fill the tube 2/3 with 75% ethanol and invert a few times. 
Centrifuge at 16,000 rcf and 4oC for 10 minutes. 
Carefully remove the supernatant with a micropipette. 
Centrifuge briefly and remove the last traces of ethanol with a micropipette. 
Air dry for 10 minutes (do not vacuum dry). 
Resuspend the pellet in 5 µL RNase-free water. 

2. For each probe, mix the following in an RNase-free microcentrifuge tube: 
Reagent    Volume per reaction (µL) 
Total RNA in water   ≤ 5 
RT primer     1 
Nuclease-free water   up to 6 
Total volume    6    
(Note:  There is a different primer for each fluor; it is the primer that determines which fluor will be 
associated with the RNA sample you are using in the finished slide.  For a single microarray slide, 
you will want to make two probes, using two different primers. Volumes given here are appropriate 
for making one probe to be used on a single slide; the reaction can be scaled up as desired. Since the 
cDNA probe generated in this reaction is far more stable than the RNA that is used to make it, it 
may be convenient to do a scaled-up reaction if you expect to use the same probe in future microarray 
hybridizations.)   

3. Mix briefly, and centrifuge briefly. 
4. Incubate for 5 minutes at 80oC. 
5. Incubate on ice for 2-3 minutes. 
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6. Centrifuge briefly, and return to ice. 
7. Prepare a reaction master mix in a microcentrifuge tube on ice.   

Reagent    Volume per reaction (µL) 
5x RT buffer    2 
0.1 M DTT    1 
Superase-in RNase inhibitor (kit) 0.5 
dNTP mix (kit)    0.5 
Reverse transcriptase   0.5 (200 units) 
Total volume    4.5    
(Note: You will use 4.5 ul of the master mix for each reaction;  to compensate for losses in pipetting, 
you should make a master mix that is sufficient for 1 more than the number of reactions you will be 
running.)  

8. Mix gently (do not vortex), and centrifuge briefly. 
9. Add 4.5µL reaction master mix to each 6µL RNA-primer annealing reaction (from steps 1-6 

above).  Mix gently.   
10. Incubate for 2 hours at 42oC. 

 
RNA hydrolysis 

1. Add 1µL 1 M NaOH/100 mM EDTA. 
2. Incubate at 65oC for 10 minutes to stop the reaction and degrade the RNA. 
3. Add 1.2µL 2 M Tris, pH 7.5 to neutralize the reaction.  (Note:  The final volume is 12.7µL, 

which is ready to be used for hybridization to a microarray.  If you wish, you can store the reaction product at 
-20 °C indefinitely.  If you did a scaled-up reaction, you can freeze the tube and then remove 12.7µL for a 
hybridization whenever you need it; freezing and thawing the tube multiple times should not degrade the 
cDNA.) 

 
Pre-hybridization 
Adapted from Hedge et al., 2000. A concise guide to cDNA microarray analysis.  Biotechniques 29: 548-550.   
Pre-hybridized microarrays should be used immediately so it is convenient to set up the pre-hybridization during the 
reverse transcription incubation. 
 

1. Prepare 50mL pre-hybridization buffer in a 50mL screw cap centrifuge tube as follows: 
Stock   Add  Final concentration 
20x SSC   12.5 mlL 5X 
10% SDS  0.5 mL  0.1% 
I-block   0.5 g  1 % 
Water   up to 50 mL    
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(Note: Make up fresh in 50 mL tube and place upright in a 55 °C water bath. It will take 
approximately 30 minutes for the I-block to fully dissolve.) 

2. Remove a microarray from its package and incubate in pre-hybridization Buffer at 55 °C for 
at least 1 hour.  (Note: It is possible to pre-hybridize two microarrays back-to-back in a single 50 mL 
centrifuge tube.  Alternatively use Coplin jars for multiple slides.) 

3. Transfer microarray to 50 mL tube filled with water and invert gently for 1 minute. 
4. Centrifuge at 500 rcf for 2 minutes to dry (see Appendix 1).  
5. Inspect the slide.  If there are any visible streaks repeat steps 3 and 4. 

 
cDNA hybridization 

1. Prepare the following cDNA hybridization mix for each slide: 
Reagent     Volume (µL)  
cDNA synthesis #1    12.7 
cDNA synthesis #2    12.7 
Nuclease-free water (kit)   2.1 
2x hybridization buffer (kit)   27.5 
Total volume     55   
(Note:  Genisphere provides 3 different hybridization buffers.  We generally use the enhanced 
hybridization buffer, which appears to contain dextran sulfate and produces a stronger signal on the 
slide.  We have also had good results with the SDS-based hybridization buffer.  We have not tried 
the formamide-based hybridization buffer; if you choose to use it, you will need to lower the 
hybridization temperature to 42oC.) 

2. Mix (by gentle vortexing) and briefly spin the hybridization mix.   
3. Incubate at 80oC for 10 minutes. 
4. Incubate at 55oC until it is loaded on the microarray. 
5. Pre-warm the microarray on a slide warmer at approximately 50oC.  (Note: This step is optional, 

but we find it easier to load the hybridization mixture onto a pre-warmed slide, because the hybridization 
solution is less viscous at higher temperature.) 

6. Assemble the hybridization as follows (Please see Appendix 3): 
Lay the pre-hybridized slide DNA-side up on a dust-free surface (if you are not using 
the slide-warmer).  
Using a pipette, apply the hybridization solution (55 ul) to the center of the slide.  
Carefully lower the LifterSlip onto the microarray avoiding bubbles.  
Place the slide face-up in a hybridization chamber. 
Pipette 20 µL of water into the wells at either end of the hybridization chamber. 
Seal the chamber.  (Note: It is not necessary to protect from light.) 

7. Submerge the hybridization chamber in a 55°C water bath or place in a 55°C oven and 
incubate for 10-15 hours. 
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Post-cDNA hybridization washes 
The slide should be hybridized to the dendrimer probe as soon as possible after these wash steps.  
We therefore recommend preparation of the dendrimer hybridization mix while the post-cDNA 
hybridization washes are being done. 
 

1. Prepare, dispense and pre-equilibrate the following solutions: 
400 mL 2x SSC/ 0.2% SDS, at 55oC in 500 mL beaker. 
50 mL 2x SSC/ 0.2% SDS, at 55oC, in 50 mL screw cap centrifuge tube. 
50 mL 2x SSC, at room temperature, in 50 mL screw cap centrifuge tube. 
50 mL 0.2x SSC, at room temperature, in 50 mL screw cap centrifuge tube. 

2. Retrieve and disassemble the hybridization chamber. 
3. Remove cover slip by immersing the slide in the beaker filled with 2x SSC/0.2% SDS at 

55oC, as follows: 
Flip the slide so that the cover-slip is facing down. 
Grasp the slide with forceps at the end with barcode label 
Immerse the slide in the beaker at about a 45o angle 
Keep the slide still and wait a couple of minutes for the cover-slip to float off. 
If the cover-slip does not come free, move the slide VERY GENTLY up and down 
until it does. 

4. Transfer to the 50 mL tube of 2x SSC/0.2% SDS at 55°C and incubate at 55°C for 10-15 
minutes.   

5. Wash in 2x SSC at room temperature for 10-15 minutes. 
6. Wash in 0.2x SSC room temperature for 10-15 minutes. 
7. Centrifuge at 500 rcf for 1 to 2 minutes. 

 
Dendrimer hybridization 

1. Thaw the 3DNA Capture Reagents (dendrimer solutions) that correspond to the primers 
used for cDNA synthesis (Section II above) in the dark for 20 minutes.  Vortex, spin briefly, 
and incubate at 55oC in the dark for 10 minutes. 

2. At the same time, thaw 2X SDS-based hybridization buffer by incubating it at 55oC.  (Note:  
The solution should look completely clear.) 

3. Prepare dendrimer hybridization solution by mixing the following kit components in a 
microcentrifuge tube: 
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Reagent       Volume (µL) 
Alexa Fluor 546 (or Cy3) 3DNA Array Capture Reagent 2.5 
Alexa Fluor 647 (or Cy5) 3DNA Array Capture Reagent 2.5 
2x SDS-based       27.5 
Nuclease-free water      22.5 
Total volume       55  
(Note:  Protect from light.  Also, the SDS-based buffer must be used here, not the enhanced 
hybridization buffer.  The enhanced hybridization buffer will decrease spot intensity.) 

4. Vortex gently and centrifuge briefly. 
5. Incubate at 80oC for 10 minutes. 
6. Incubate at 55oC until you are ready to load the hybridization mix onto the microarray. 
7. Assemble the hybridization as for the first hybridization (Please see Appendix 3): 

Lay the pre-hybridized slide DNA-side up on a dust-free surface.  
Using a pipette, apply the hybridization solution (55 µL) to the center of the slide.  
Carefully lower the LifterSlip onto the microarray avoiding bubbles. 
Place the slide face-up in a hybridization chamber. 
Pipette 20 µL of water into the wells at either end of the hybridization chamber. 
Seal the chamber.  (Note:  Protect from light.) 

8. Submerge the hybridization chamber in a 55°C water bath or place in a 55oC oven and 
incubate for 4-5 hours.   

 
Post-dendrimer hybridization washes 

1. Prepare, dispense and pre-equilibrate the following solutions: 
400 mL 2x SSC/ 0.2% SDS, at 55oC in 500 mL beaker. 
50 mL 2x SSC/ 0.2% SDS, at 65oC, in 50 mL screw cap centrifuge tubes. 
50 mL 2x SSC, at room temperature, in 50 mL screw cap centrifuge tube. 
50 mL 0.2x SSC, at room temperature, in 50 mL screw cap centrifuge tube. 

2. Retrieve and disassemble the hybridization chamber. 
3. Remove cover slip by immersing the slide in the beaker filled with 2x SSC/0.2% SDS at 

55oC, as for the first hybridization: 
Flip the slide so that the cover-slip is facing down. 
Grasp the slide with forceps at the end with barcode label. 
Immerse the slide in the beaker at about a 45o angle. 
Keep the slide still and wait a couple of minutes for the cover-slip to float off. 
If the cover-slip does not come free, move the slide VERY GENTLY up and down 
until it does. 

4. Transfer to the 50 mL tube of 2x SSC/0.2% SDS at 65°C and incubate at 65°C for 10-15 
minutes.   
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5. Wash in 2x SSC at room temperature for 10-15 minutes. 
6. Wash in 0.2x SSC room temperature for 10-15 minutes. 
7. Centrifuge at 500 rcf for 1 to 2 minutes. 
8. Scan as soon as possible. 
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APPENDIX 1: CENTRIFUGING MICROARRAY SLIDES 
In several steps the microarrays are centrifuged to dry them after washing.  This is most easily done 
using a stainless steel slide rack in a centrifuge with swing buckets that accept microplates (see 
Figure 1A).  Centrifugation at 500 rcf for 1 to 2 minutes is sufficient to dry the slides.  Do not leave 
the post-hybridized microarrays sitting in a centrifuge for any longer than necessary as it has been 
reported that ozone degrades Cy dyes. 
 
Alternatively, single slides can be centrifuged in a 50 ml tube as follows. Place the slide bar-code 
down in an empty 50 ml tube (see Figure 1B).  Centrifuge the uncapped tube 3-4 min in a clinical 
centrifuge to dry it.  Using a Pasteur pipette and working behind the microarray slide (i.e. keeping 
the pipette on the side that does NOT contain the bar code label), remove the liquid from the 
bottom of the centrifuge tube.  Then dislodge the slide by tapping the top of the tube on a clean 
surface.  By keeping the bar-code side up, you can ensure that any residual fluid does not fall onto 
the microarray.   
 

 
 
Figure 1.  Set-up for centrifuging microarrays. 
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APPENDIX 2: LOCATION OF ARRAY ON DGRC TRANSCIPTOME 
MICROARRAYS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Location of the array on the slide. 
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APPENDIX 3: ASSEMBLING A MICROARRAY HYBRIDIZATION 
The hybridization is conducted under a cover-slip in sealed humid chamber.  Several specially 
designed microarray hybridization chambers are commercially available.  They are all functionally 
equivalent - a low volume water/gas proof chamber. We use LifterSlips that have raised edges 
designed to provide a uniform space between the slide and the cover-slip and thus help achieve 
homogenous hybridization across the area of the array. The DGRC transcriptome microarrays are 
approximately 54 x 21 mm as shown in Appendix 2.  We use 25 x 60 mm LifterSlips and a 
hybridization volume of 55 ul.  There is a knack to assembling a hybridization without trapping 
bubbles.  New users might find it useful to practice setting up sham hybridizations using blank 
microscope slides, LifterSlips and 55 ul of water, to learn the technique. 
 
Assemble hybridizations as follows.  Clean off a dust free work space.  Lay the microarray DNA side 
up on a horizontal surface (a pre-warmed slide warmer if available).  Using a micropipette apply 
hybridization solution to the center of the array without touching the slide (Figure 3A).  The 
hybridization solution will form a single bead.  Inspect the LifterSlip to identify which side the 
spacer bars are printed on (the spacer bars look shinier and more distinct from the neighboring clear 
glass when they are facing up).  Using forceps grasp the LifterSlip at one end with the spacer bars 
facing down. Hold the cover slip at 45o angle to the slide and gently rest the free end on the slide 
(Figure 3B).   Then slowly lower the LifterSlip until it contacts the surface of the hybridization 
solution (Figure 3C).  Slowly lower the LifterSlip all the way onto the slide (Figure 3D).  The 
hybridization solution will slowly fill the area under the LifterSlip; this may take a while if you use 
the enhanced hybridization buffer, which is very viscous.  If there are a few visible bubbles, they 
usually disappear during the overnight hybridization.  When the coverslip has been lowered it should 
not be raised or removed until the hybridization is complete. It is however possible to make minor 
adjustments to its position by nudging it VERY GENTLY with a pipette tip or fine forceps. Place 
the microarray in a hybridization chamber and add water to the reservoirs (Figure 3E).  Seal the 
hybridization chamber (Figure 3F).  Keep the hybridization chamber horizontal at all times.  Wrap 
the hybridization chamber in foil to protect fluors from light.  Incubate the chamber submerged in a 
water bath or oven set at the appropriate temperature.  Do not rest hybridization chamber on the 
bottom of the water bath where the temperature may fluctuate -- raise it up on a support such as a 
rack or small beaker and place a weight on top to ensure that it does not float off. 
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Figure 3.  Assembling a microarray hybridization. 
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