
Research in the Heintz laboratory aims to identify the genes, circuits, cells, 
macromolecular assemblies, and individual molecules that contribute 
to the function of the mammalian brain and to its dysfunction in disease. 
Understanding the distinct classes of neurons and the circuits that control 
specific aspects of cognition and behavior can lead to more targeted 
treatments for central nervous system disorders.

Cognition and behavior emerge from hundreds of different classes of cells in the mammalian brain, arranged 
into specific circuits that control various functions of the nervous system. Heintz has developed a suite 
of tools to investigate the molecular mechanisms that contribute complexities of the mammalian brain, 
enabling the characterization of different cell types and furthering our understanding of the biochemical 
basis behind this diversity.

As a first step in identifying the mechanisms that are essential for normal brain functioning and those 
that go awry in disease, the Heintz laboratory invented a method to reproducibly target defined central 
nervous system (CNS) cell types using genetics. The system is based on manipulating bacterial artificial 
chromosomes (BACs) to engineer DNA by homologous recombination in E. coli, a process now known 
as “recombineering.”

Working with Mary E. Hatten, Heintz launched the NINDS Gene Expression Nervous System Atlas project 
(www.gensat.org), a large-scale screen using BAC transgenic mice to create an atlas of cellular CNS gene 
expression. It includes detailed anatomical data on cell types targeted in over 1,500 BAC transgenic mouse 
lines and a library of verified BAC vectors and transgenic mouse lines, offering the scientific community 
experimental access to CNS regions, cell classes, and pathways. The information gleaned from this project 
serves as the foundation for many of the studies currently pursued in the Heintz lab.

Many of the genes involved in neurological and psychiatric disorders are ubiquitously expressed throughout 
the brain, but Heintz proposes that disease-linked genes differentially impact finely-tuned biochemical 
pathways controlling specific neurons and circuits. To shed light on the elements that are most affected in 
a given disorder, the laboratory, in collaboration with Paul Greengard, developed the translating ribosome 
affinity purification (TRAP) technique. By fusing an affinity tag to a ribosomal protein, TRAP enables the 
isolation of bound messenger RNAs from a targeted cell type without requiring isolation of that cell type 
from tissue.

The laboratory employs TRAP to determine molecular constitutions of a wide variety of cell types in the 
mouse brain and the molecular phenotypes of select cell types in mouse models of common disorders. 
TRAP profiling has led to the definition of biochemical pathways whose altered activity contributes to the 
pathophysiology of CNS disorders, including autism-spectrum disorders, obsessive-compulsive disorder, 
Parkinson’s disease, addiction, anxiety, and depression. Recent studies have also revealed that the circuits 
involved in these disorders work differently in male and female mice.

Another focus of Heintz’s work centers on an epigenetic modifier discovered by the lab, called 
5-hydroxymethylcytosine (5hmC), which is present in the mammalian genome and specifically enriched 
in neurons. The researchers are currently addressing the potential significance of 5hmC, a novel 
epigenetic mark not previously observed in metazoans, on epigenetic mechanisms of neurological 
and psychiatric disease. 
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