
H3K4me1
H3K4me1 is an epigenetic modification to the DNA packaging protein Histone H3. It is a mark
that indicates the mono-methylation at the 4th lysine residue of the histone H3 protein and often
associated with gene enhancers.
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H3K4me1 indicates monomethylation of lysine 4 on histone H3 protein subunit: [1]

Abbr. Meaning

H3 H3 family of histones

K standard abbreviation for lysine

4

position of amino acid residue

(counting from N-terminus)

me methyl group

1 number of methyl groups added
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This  diagram  shows  the  progressive  methylation  of  a  lysine  residue.  The  mono-methylation
denotes the methylation present in H3K4me1.

The  genomic  DNA  of  eukaryotic  cells  is  wrapped  around  special  protein  molecules  known  as
histones. The complexes formed by the looping of the DNA are known as chromatin. The basic
structural unit of chromatin is the nucleosome: this consists of the core octamer of histones (H2A,
H2B, H3 and H4) as well as a linker histone and about 180 base pairs of DNA. These core histones
are rich in lysine and arginine residues. The carboxyl (C) terminal end of these histones contribute
to  histone-histone  interactions,  as  well  as  histone-DNA  interactions.  The  amino  (N)  terminal
charged tails are the site of the post-translational modifications, such as the one seen in H3K4me1.
[2][3]

H3K4me1 is enriched at active and primed enhancers.[4]  Transcriptional  enhancers control  the
cell-identity  gene  expression  and  are  important  in  the  cell  identity.  Enhancers  are  primed by
histone  H3K4  mono-/di-methyltransferase  MLL4  and  then  are  activated  by  histone  H3K27
acetyltransferase  p300.[5]  H3K4me1  fine-tunes  the  enhancer  activity  and  function  rather  than
controls.[4] H3K4me1 is put down by KMT2C (MLL3) and KMT2D (MLL4)[6]

LSD1, and the related LSD2/KDM1B demethylate H3K4me1 and H3K4me2.[7]

Marks associated with active gene transcription like H3K4me1 and H3K9me1 have very short half-
lives.[8]

H3K4me1 with MLL3/4 can also act at promoters and repress genes.[8]
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H3K4me1  is  a  chromatin  signature  of  enhancers,  H3K4me2  is  highest  toward  the  5′  end  of
transcribing genes and H3K4me3 is highly enriched at promoters and in poised genes. H3K27me3,
H4K20me1  and  H3K4me1  silence  transcription  in  embryonic  fibroblasts,  macrophages,  and
human embryonic stem cells (ESCs).[7]

Enhancers  that  have  two opposing marks  like  the  active  mark H3K4me1 and repressive  mark
H3K27me3 at the same time are called bivalent or poised. These bivalent enhancers convert and
become enriched with H3K4me1 and acetylated H3K27 (H3K27ac) after differentiation.[8]

The  post-translational  modification  of  histone  tails  by  either  histone  modifying  complexes  or
chromatin remodelling complexes are interpreted by the cell and lead to complex, combinatorial
transcriptional  output.  It  is  thought that  a  Histone code dictates  the expression of  genes  by a
complex interaction between the histones in a particular region.[9] The current understanding and
interpretation of  histones  comes from two large  scale  projects:  ENCODE  and  the  Epigenomic
roadmap.[10] The purpose of the epigenomic study was to investigate epigenetic changes across the
entire  genome.  This  led  to  chromatin  states  which  define  genomic  regions  by  grouping  the
interactions of different proteins and/or histone modifications together.  Chromatin states were
investigated in Drosophila cells by looking at the binding location of proteins in the genome. Use of
ChIP-sequencing revealed regions in the genome characterised by different banding.[11] Different
developmental  stages  were profiled in  Drosophila  as  well,  an emphasis  was placed on histone
modification relevance.[12] A look in to the data obtained led to the definition of chromatin states
based on histone modifications.[13] Certain modifications were mapped and enrichment was seen
to  localize  in  certain  genomic  regions.  Five  core  histone  modifications  were  found  with  each
respective one being linked to various cell functions.

▪ H3K4me1- primed enhancers
▪ H3K4me3-promoters
▪ H3K36me3-gene bodies
▪ H3K27me3-polycomb repression
▪ H3K9me3-heterochromatin

The human genome was annotated with chromatin states. These annotated states can be used as
new  ways  to  annotate  a  genome  independently  of  the  underlying  genome  sequence.  This
independence from the DNA sequence enforces the epigenetic nature of  histone modifications.
Chromatin states are also useful in identifying regulatory elements that have no defined sequence,
such as enhancers. This additional level of annotation allows for a deeper understanding of cell
specific gene regulation.[14]

Suppression  of  the  H3K4  mono-  and  di-demethylase  LSD-1  might  extend  lifespan  in  various
species.[15]

H3K4me allows binding of MDB and increased activity of DNMT1 which could give rise to CpG
island  methylator  phenotype  (CIMP).  CIMP  is  a  type  of  colorectal  cancers  caused  by  the
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inactivation of many tumor suppressor genes from epigenetic effects.[16]

The histone mark H3K4me1 can be detected in a variety of ways:

1. Chromatin Immunoprecipitation Sequencing (ChIP-sequencing) measures the amount of DNA
enrichment  once  bound  to  a  targeted  protein  and  immunoprecipitated.  It  results  in  good
optimization and is used in vivo to reveal DNA-protein binding occurring in cells. ChIP-Seq can be
used to identify and quantify various DNA fragments for different histone modifications along a
genomic region.[17]

2. Micrococcal Nuclease sequencing (MNase-seq) is used to investigate regions that are bound by
well  positioned nucleosomes.  Use  of  the  micrococcal  nuclease  enzyme is  employed to  identify
nucleosome  positioning.  Well  positioned  nucleosomes  are  seen  to  have  enrichment  of
sequences.[18]

3. Assay for transposase accessible chromatin sequencing (ATAC-seq) is used to look in to regions
that  are  nucleosome  free  (open  chromatin).  It  uses  hyperactive  Tn5  transposon  to  highlight
nucleosome localisation.[19][20][21]

▪ Methamphetamine#Addiction
▪ Histone methylation
▪ Histone methyltransferase
▪ Methyllysine
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