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ABSTRACT  We describe the isolation and initial character-
ization of seven independent A Charon 4A recombinant phages
which contain human histone genomic sequences (designated
AHHG). Restriction maps of these clones and localization of the
genes coding for histones H2A, H2B, H3, and H4 are presented.
The presence of histone encoding regions in the AHHG clones was
demonstrated by several independent criteria including hybrid-
ization with specific DNA probes, hybrid selection/in vitro trans-
lation, and hybridization of AHHG DNAs to reverse Southern
blots containing cytoplasmic RNAs from G,-, S-, and arabinofur-
anosylcytosine (cytosine arabinoside)-treated S-phase cells. In ad-
dition, the AHHG DNAs were shown to protect in vivo labeled H4
mRNAs from S1 nuclease digestion. Based on the analysis of the
AHHG clones, human histone genes appear to be clustered in the
genome. However, gene clusters do not seem to be presentiniden-
tical tandem repeats. The AHHG clones described in this report
fall into at least three distinct types of arrangement. One of these
arrangements contains two coding regions for each of the histones
H3 and H4. The arrangement of histone genes in the human ge-
nome, therefore, appears to be different from that in the sea ur-
chin and Drosophila genomes in which each of the five histone-
encoding regions (H1, H2A, H2B, H3, and H4) is present only once
in each tandemly repeated cluster. At least one clone, AHHG 41,
contains, in addition to the histone genes, a region that hybridizes
with a cytoplasmic RNA approximately 330 nucleotides in length.
This RNA is not similar in size to known histone-encoding RNAs
and is present in the cytoplasm of HeLa cells predominantly in the
G, phase of the cell cycle.

Histone proteins complex with DNA to form structures, known
as nucleosomes, that are fundamental components in the or-
ganization of the eukaryotic genome. The synthesis of histone
proteins is tightly coupled to DNA replication in a number of
higher eukaryotic cells (1-4). Although more definitive exper-
iments are required, several lines of evidence point toward tran-
scriptional level control of histone gene expression during the
cell cycle in HeLa cells and in normal human diploid fibroblasts
(5-10). To elucidate the levels and mechanisms of human hi-
stone gene regulation, homologous probes specific for individ-
ual histone genes, as well as knowledge about the structure and
organization of the human histone genes, are required. Cloned
human genomic histone sequences should provide such specific
probes and are requisite for the identification of those DNA
sequences involved in the regulation of these genes. Histone
genes of several other species have been cloned and character-
ized. In sea urchins and Drosophila melanogaster these genes
are clustered and tandemly repeated (reviewed in ref. 11),
whereas in yeast (12), mouse (13, 14), and chicken (15, 16) the
histone genes are also clustered but have no apparent repeat.
In this paper, we report the isolation and initial character-
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ization of seven genomic clones containing human histone genes
(designated AHHG). Hybridization studies with these clones
show the histone genes to be clustered but not tandemly re-
peated. Six of the seven clones can be grouped into one of two
types of arrangement. At least one of the clones studied con-
tains, in addition to H3 and H4 histone genes, another gene
which codes for an RNA present predominantly during the G,
phase of the HeLa S; cell cycle.

MATERIALS AND METHODS

Bacteria and Bacteriophage. Clones were obtained by
screening a human genomic DNA library containing human fe-
tal liver DNA cloned in A Ch4A (17). The library was generously
provided by T. Maniatis. Bacteriophage were grown in Esch-
erichia coli strain DPgysupF (obtained from F. Blattner) in
NZCYM.DT broth as suggested by Blattner et al. (18). Screen-
ings were done on 15-cm Petri plates, each containing approx-
imately 10* pfu of recombinant bacteriophage. Selection of pos-
itive clones was according to the technique of Benton and Davis
(19). Phage DNA was isolated by a modification of the method
described by Blattner (18). All experiments involving viable
bacteriophage and bacteria containing recombinant DNA were
performed under conditions specified by the National Institutes
of Health guidelines for research involving recombinant DNA.

Gene-Specific Histone Probes. Cloned genomic chicken se-
quences containing H3 and H4 encoding regions were used to
screen the human recombinant library. Gene localization in the
isolated human histone gene clones was determined by South-
ern blot analysis using chicken H3, H4, and H2B probes and
an H2B probe from sea urchin DNA. These probes were char-
acterized by DNA sequence analysis and by hybrid selection-
translation (unpublished data). Plasmid DNA was isolated by
the cleared lysate procedure (20) or by the alkaline method of
McMaster et al. (21). Nick-translated DNA probes were pre-
pared according to Maniatis et al. (22) after isolation of appro-
priate fragments from low-gelling-temperature agarose gels
(Sigma) (23).

Preparation of cDNA. The TS-11S RNA from S phase HeLa
S cells was polyadenylylated by using ATP-polynucleotidylex-
otransferase from maize (24) and was then reverse-transcribed
by avian myeloblastosis virus reverse transcriptase in the pres-
ence of [@-*2P]dCTP (25).

Hybridization. DNA fragments were fractionated on 0.8%
agarose gels and transferred to nitrocellulose filters according
to the technique described by Southern (26). DNA'DNA hy-
bridizations were carried out for 20-30 hr at 68°C as directed
by Lawn et al. (17). DNA hybridizations to reverse Southern
blots were as described (10).

Abbreviation: kb, kilobase(s).
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