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✓Acute transcriptional responses are essential for normal development and homeostasis. 
However, current approaches to study transcription dynamics have significant 
limitations. To overcome these limitations, we have developed a CUT&Tag-based 
approach to directly and quantitatively profile chromatin-engaged RNA polymerase II 
(Pol II). 

For assay development, we screened nearly 40 commercial Pol II antibodies for 
specificity / efficiency via our phospho-CTD-dNuc standards. Strikingly, for many 
antibodies, epitope recognition was weakened or completely masked when adjacent 
phospho-marks were present. In addition, most antibodies tested displayed a strong 
preference for the corresponding double modification versus its singly-modified 
counterpart. 

The best performing reagents were used to benchmark Pol II CUT&Tag in MCF7 breast 
cancer cells stimulated by estradiol. Finally, optimized Poll II CUT&Tag was used to 
investigate transcriptional dynamics within an hour after opioid exposure. Cohorts of 
mice were treated with a fentanyl time-course; and brain tissue harvested, fixed and 
dissociated to isolate nuclei from striatal neurons. Subsequent Poll II CUT&Tag identified 
opioid-regulated genes and tracked their transcriptional dynamics over timed opioid 
exposure. Overall, Poll II CUT&Tag is a sensitive and scalable approach that will 
revolutionize the study of transcriptional dynamics in complex tissues, supporting 
substance use research and (pre)clinical development. 
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However, the specificity, efficiency, and masking effects of 
antibodies for Pol II CTD phospho-forms are not fully understood.

Canonical CTD heptad: YSPTSPS
• 52x and 26x heptad repeats in human and yeast, respectively

Phospho-CTD marks exist in all three forms: 
mono, dual, and tandem

Schüller et al. (2016) Mol. Cell.
Suh et al. (2016) Mol. Cell.
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Validation of MCF7 estradiol stimulation 
model: ERa TF dynamics & ERE motif 
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*5-8 amino acids is the typical range for 
epitope-paratope antibody recognition.

Akbar et al. (2021) Cell Reports.
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