
Fast and accurate detection of biomarkers at low concentrations in bodily fluids is 
essential to the fields of diagnostics and drug discovery.  In diagnostics, early inter-
vention in many diseases can make a difference in the patient’s prognosis; while in 
drug discovery, biomarkers are used to assess drug efficacy and safety and new 
biomarkers are identified to better understand biological systems.  One problem 
faced is that biomarkers can be present at concentrations below the limits of detec-
tion of most commonly used assays.  Genisphere’s 3DNA dendrimer technology has 
been previously used to obtain signal amplification in the detection of nucleic acid 
targets in platforms such as microarrays and Fluorescence in situ Hybridization.  
Here we summarize our achievements in the application of dendrimer technology 
for detection of micro RNAs (miRNA) and proteins (cytokines).  miRNAs are 
increasingly gaining acceptance as biomarkers because they have the ability to re-
press mRNA expression and have been linked to many types of cancer.  Many 
serum and plasma proteins are also now emerging as predictive biomarkers be-
cause in some cases protein expression can be a better indicator of disease onset, 
and the presence of DNA or RNA is not always indicative of protein expression. We 
have evaluated the use of 3DNA dendrimers in ELISAs, protein microarrays, and 
bead-based assays.  For cytokine detection, the adaptation of the dendrimer tech-
nology to standard assays resulted in signal amplifications of up to 10-fold.  Finally, 
miRNA detection using the dendrimer technology was also successfully utilized on 
ELOSA and bead-based assays.

Dendrimers are branched structures made from 7 single stranded  
DNAs. The strands are hybridized pair-wise to produced building 
block units called monomers. 

Standard curves obtained in sandwich ELISAs using 
both Standard and UltraAmp detection for IL-4.

Detection of 4 pg/mL of antigen (IL-1 beta and IL-6) with 
anti-biotin dendrimer conjugate Oyster 650 (900)

Standard curves obtained in quantitative multiplexed 
immunoassays on ultra-thin nitrocellulose protein 
microarray slides using both Standard and UltraAmp 
detection for IL-1 beta.

The percentage coefficient of variation (%CV) and limit of detection (LOD) were determined 
for IL-1ß, IL-2, IL-4, and IL-6, in protein microarrays with dendrimer detection. The table 
below summarizes the results in the analysis of the antigens at concentrations ranging from 
0 to 5000 pg/mL.
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Antigen %CV spot %CV well %CV slide Unamplified Amplified
 to spot to well to slide LOD (pg/mL) LOD (pg/mL)

IL-1beta 3.5 - 15.7 12.3 - 34.1 15.2 - 70.6 1.27 0.14

IL-2 3.8 - 17.9 12.3 - 34.1 15.2 - 70.6 11.30 0.92

IL-4 5.2 - 18.9 11.2 - 41.4 19.3 - 54.9 4.98 0.56

IL-6 3.0 - 32.1 13.0 - 37.9 20.7 - 44.4 7.55 0.96

The percentage coefficient of variation (%CV) and limit of detection (LOD) were determined 
for IL-1ß, IL-2, IL-4, and IL-6, in sandwich ELISAs with dendrimer detection. The table below 
summarizes the results in the analysis of the antigens at concentrations ranging from 0 to 
140 pg/mL.

Coefficient of Variability and Limit of Detection

Antigen %CV well %CV strip %CV plate Unamplified Amplified
 to well to strip to plate LOD (pg/mL) LOD (pg/mL)

IL-1beta 3.2 - 7.2 3.6 - 7.1 0 - 7.9 23.71 7.18

IL-2 0.2 - 6.6 0.1 - 4.2 1.3 - 10.2 58.43 60.32

IL-4 0.4 - 4.5 0.6 - 8.1 0.3 - 9.3 4.77 1.42

IL-6 0.5 - 4.7 0.1 - 8.7 0.3 - 5.4 14.12 6.56

Sandwich ELISA
• Commercially available kits were used   
 for the evaluation of HRP labeled 
 dendrimers.  

• Plates were coated with capture 
 antibodies according to manufacturer

• Standard detection used streptavidin-  
 HRP (SA-HRP) 

• UltraAmp detection used anti-biotin 
 UltraAmp HRP

Anti-biotin Antibody Titration 
• Anti-biotin antibody oligonucleotide  
 conjugates were titrated against a fixed  
 amount of dendrimer. 

• The HRP oligonucleotide to dendrimer  
 molar ratio was kept constant.

HRP Titration
• The dendrimer was incubated with HRP  
 oligonucleotides targeting two different  
 “arms” of the dendrimer outer layer.

• The antibody oligonucleotide conjugate  
 to dendrimer ratio was fixed for all   
 samples.

Mora, J.R., and Getts, R.C., “Improved Detection Sensitivity in ELISAs by 
Enzyme Multli-labeled DNA Dendrimers Conjugated to Anti-biotin Antibodies”, 
Poster #738, ACS Middle Atlantic Regional Meeting, 2005 

UltraAmp Optimization: 

ELISA Results 
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~37,000 bases
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Enzyme, Fluorophore and Antibody labeling

Dendrimers are labeled by hybridization of HRP, dye, biotin or antibody labeled 
oligonucleotides complementary to the outer core sequences of the dendrimer.

UltraAmpTM Reagents: 
signal amplification molecules
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Methods: Protein Microarrays on Ultra-Thin 
Nitrocellulose Slides (GenTel BioSciences)

Capture Ab Detector Ab

Streptavidin-HRP 
conjugate

Cytokine Ag

• Recombinant human cytokines and biotinylated  
 secondary  antibodies (R&D Systems) were used  
 for the assay.

• Dy547-Streptavidin (Dyomics) was used for 
 standard detection. 

• UltraAmp detection used Anti-Biotin UltraAmp  
 Oyster-550 at 50ng/well. 

• Arrays were scanned using a Tecan LS Reloaded  
 laser scanner at gain 130 for standard detection  
 and gain 115 for UltraAmp detection. Analysis   
 was performed using ArrayVision.

• The optimal HRP oligonucleotide to dendrimer molar ratio range is 24 to 39 for
  2-layer dendrimers and 235 to 390 for 4-layer dendrimers.

• The optimal anti-biotin oligonucleotide to dendrimer molar ratio is 12 for 2-layer
  dendrimers and 50 for 4-layer dendrimers.

• UltraAmp reagents provided up to 3-fold improvement in the limits of detection 
 in sandwich ELISAs without significant increase in the coefficient of variation
  compared to standard detection.

• Addition of 2% dextran sulfate to the hybridization buffer provided a 5-fold 
 increase in the output signal compared to buffers lacking dextran sulfate

• UltraAmp reagents provided up to 10-fold improvement in the limits of detection  
 in protein microarray assays with some increase in the coefficient of variation 
 compared to standard detection.

• Preliminary results show compatibility of the dendrimer technology with the 
 Luminex platform for protein detection and signal amplification was demonstrated.
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Zielinski, T., Mora, J.R., Kadushin, J, Getts, R.C., Nelson, B. “Ultra-Sensitive multiplexed protein expression measurements”, 
Poster #66, Discovery to Diagnostics, 2006

Sandwich ELISA

• Beads covalently modified with capture antibodies  
 were used to test the sandwich approach. 

• For UltraAmp detection, streptavidin-PE (SA-PE)
  was followed by incubation with biotinylated anti- 
 PE UltraAmp and then SA-PE 
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Tissue specificity in miRNA samples
(confirmed in ELOSA and Luminex)
Detection of 70 ng of LMW RNA enriched samples on a microtiter plate 
coated with miR-124a, miR-122, and miR-1 probes. 60ng 
of dendrimer (960 biotins) per well were used for the detection 
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Comparison of signal response from HRP (30 and 200), and 
3DNA biotin (350) cap03 UltraAmp reagents: 
Detection of 1.25 ng per well of control oligonucleotide with 30 
ng of dendrimer conjugate.

 

ELOSA: Signal Amplification

miRNA Spotting Oligonucleotide Sequence

Biotin (350) HRP (30) HRP (200)

UltraAmp label molecule
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Formamide concentration effects on single base 
mismatch detection in Luminex assay at 50˚C hyb 
temp using 0.1ng of Let7b control oligo

 

Discrimination of the Let 7 miRNA sequences by 
Luminex assay optimization

Temperature effects on single base mismatch detection in 
Luminex assay with 10% formamide/TMAC hyb 
solution using 0.1ng of Let7b control oligo
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Luminex Detection of Rat Brain LMW RNA Conclusions

Concentration of rat brain LMW RNA and hybridization time
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let7a beads

let7b beads

let7c beads

let7f beads

let7a beads

let7b beads

let7c beads

let7f beads

let7a  AAC TAT ACA ACC TAC TAC CTC AAA CTA TAC AAC CTA CTA CCT CA  

let7b     AAC CAC ACA ACC TAC TAC CTC AAA CCA CAC AAC CTA CTA CCT CA

let7c  AAC CAT ACA ACC TAC TAC CTC AAA CCA TAC AAC  CTA CTA CCT CA

let7f  AAC TAT ACA ATC TAC TAC CTC AAA CTA TAC AAT CTA CTA CCT CA

• In the ELOSA platform, dendrimers directly 
 labeled with HRP outperformed the signal from
  biotinylated dendrimer reagents detected with
  SA-HRP

• Optimization of sample hybridization buffer and
  conditions (concentration of formamide, and
  temperature), allowed in some cases discrimination
  of single-base mutations among miRNAs

• Tissue specificity previously reported for miR-124a,
  miR-122, and miR-1 was confirmed in both 
 platforms.

• 3DNA dendrimer technology was successfully
  evaluated on the Luminex platform for detection of
  miRNAs, this allowed higher throughput analysis
  than ELOSA.
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