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SUMMARY 

A Dictyostelium discoideum genomic library was screened using a degenerate oligodeoxyribonucleotide derived from 
the peptide, GPKAPT, obtained from the N terminus of purified histone H1. Two identical H1 clones were isolated. 
Comparative sequence data reveal a typical H1 three-domain structure with considerable homology to the globular 
domain of higher eukaryetic H1 histones, especially to plant H1 histones. Southern blot analysis shows that this gene 
is probably a single-copy gene, and suggests that any other H1 gene(s), if present, must be very different in sequence. 
Amino acid (aa) sequence comparison of the globular core of D. discoideum H1 to the consensus globular core reveals 
the absence of a 6-aa motif, GXGXXG, from D. diseoideum. This motif matches the consensus for a putative nucleotide- 
binding loop, which is also absent in plant H1 histones like Arabidopsis thaliana, pea and wheat. 

INTRODUCTION 

Histone HI is believed to be the primary protein 
responsible for the formation and stabilization of the 
30-nm chromatin fiber seen in eukaryotes (Van Holde, 
1989). The HI histones of multicellular eukaryotes con- 
tain three domains: a shor~E basic unstructured N-terminal 
tail, a central globular core and a long basic unstructured 
C-terminal tail (Cole, 19117). Current structural models 
postulate that the globular domain binds to the nucleo- 
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some, while the two tails bind to the linker DNA between 
the nucleosomes (Van Holde, 1989). 

Histone HI does not appear to be present in 
Saccharomyces cerevisae (Grunstein, 1990), limiting the 
use of yeast as a model system to study higher-order 
chromatin structure and H1 function. D. discoideum (the 
cellular slime mold), was shown to possess histone H1 
(Parish and Schmidlin, 1985). This organism is haploid 
during vegetative growth, contains a small genome of 
5 x 107 bp (Nellen et al., 1987), has clear mitotic chromo- 
somes (Olins and Olins, 1993) and proceeds through a 
well-defined and synchronous multicellular developmen- 
tal pathway (Nellen et al., 1987). It is readily transformed 
and has a high frequency of homologous recombination 
(Knecht and Kessen, 1990). Hence, these properties make 
D. discoideum a good model system to study eukaryotic 
higher-order chromatin structure and function. As a step 
towards this goal, we report the cloning and sequence 
analysis of the gene for histone HI from D. discoideum. 
Our data show a single subtype of histone HI present as 
a single copy gene, in sharp contrast to other eukaryotes, 
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where multiple subtypes and multiple copies of histone 
HI are common (Cole, 1987). 

EXPERIMENTAL AND DISCUSSION 

(a) Isolation of histone HI from D. discoideum 
Nuclei were isolated (Charlesworth and Parish, 1975), 

extracted with 5% HC10 4 and HI recovered by precipita- 
tion with acidified acetone (Parish and Schmidlin, 1985). 
Crude HI was redissolved in 0.1% TFA and further puri- 
fied by reverse-phase HPLC using a C4 column and a 
water-acetonitrile gradient in 0.1% TFA. The HI  was 
identified as a single well-separated peak (data not 
shown). The purified histone H1 was subsequently 
chromatographed on a C O O -  HPLC (MA7C, Bio-Rad) 
column with a guanidine-HC1 gradient in 100mM 
Na.phosphate pH 6.8. A single H1 peak was observed. 
The N terminus of the reverse-phase-HPLC-purified pro- 
tein was sequenced three times by two different facilities 
and was determined to be GPKAPTTPTKKAAATK. 

(b) Isolation of HI genomic clones 
A degenerate oligo, 5 '-GGTCCAAARGCDCCAAC 

( R = A  or G; D = A ,  C or T), was designed based on the 
sequence GPKAPT, in conjunction with the codon pref- 
erence of D. discoideum (Warrick and Spudich, 1988). 
A D. discoideum genomic library (gift of Dr. R. Firtel, 
UCSD) in a modified pAT153 (Dynes and Firtel, 1989) 
was screened according to Maniatis et al. (1982), using 
the oligo described above. Positive clones obtained after 
three rounds of screening were sequenced using the above 
mentioned oligo. Subsequently, they were mapped using 
a number of restriction enzymes like EcoRI, BamHI, etc., 
commonly found in the multiple cloning site and some 
enzymes like RsaI, which have a 4-bp recognition site. 
Two identical histone H1 genomic clones, pDH 1-23 and 
pDH1-34, with an insert size of about 4.8 kb were 

obtained. The restriction map of pDH1-23 is shown in 
Fig. 1. 

(c) Southern blot analysis 
In order to determine whether there are multiple copies 

of the same or other related H1 subtypes, the insert in 
pDH1-23 was hybridized (Maniatis et al., 1982) to four 
genomic blots of D. discoideum. Subsequent to low- 
stringency hybridization (50°C, 6 × SSC), each blot was 
washed at a different stringency; 0.1 × SSC, 0.3 x SSC, 
1 x SSC or 3 x SSC at 50°C (Fig. 2). The absence of any 
other hybridizing restriction fragments, other than those 
in the cloned gene imply the existence of only one single- 
copy H1 gene. 

(d) Sequence analysis 
Sequence analysis of the genomic clone was carried out 

using the GCG software package (Genetics Computer 
Group, 1991). Partial sequence analysis of pDH1-23, 
revealed an ORF coding for 180 aa and about 149 bp of 
the 5' and the 3' flanking regions (GenBank accession 
No. L33457). The coding region comprised the complete 
aa sequence of Dictyostelium HI. Codon frequency of the 
deduced sequence is in close agreement with published 
data (Warrick and Spudich, 1988). 

The predicted aa sequence reveals a typical HI  three- 
domain structure (Cole, 1987), with considerable homo- 
logy to the globular domain of higher eukaryotic H1 his- 
tones, especially to plant HI histones (Fig. 3). The aa 
sequence comparison to the consensus globular core 
shows that the Dictyostelium H1 core is 5 aa shorter. A 
stretch of 6 aa, GTGASG (underlined in Fig. 3), is 
replaced by a single A. This shorter globular core is also 
present in plant H1 histones, like Arabidopsis, pea and 
wheat (Wells and McBride, 1989; Gantt and Lenvik, 
1991; Wells and Brown, 1991). This motif matches the 
consensus (GXGXXG) for a putative nt binding loop 
(Nilsson et al., 1992), and has been shown to be in a loop 

Coding region 
soo bp 

Fig. 1. Restriction map of pDH1-23. The total length of the insert is about 4.8 kb and the coding region is 540 bp. Restriction enzymes that do not 
cut pDH1-23 are EcoRV, ClaI, HindlII, PstI, KpnI, Sail, SacI, HpalI and TaqI. The polylinker sites shown were inserted into pAT153 from pSP73 
(Promega, Madison, WI, USA). 
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Fig. 2. Southern blot analysis of D. discoideum genomic DNA digested 
with EcoRI (E), BamHI (B), RsaI (R), Sau3AI (S) and TaqI (T). 
Fragments were electrophoresed on a 1% agarose gel, and trans- 
ferred to Hybond N ÷ membrane (Amersham), using 0.4 M NaOH as 
the transfer buffer.. The inser! from pDH1-23 was excised using 
PstI+EcoRV and radioactively labelled (Prime-A-Gene, Promega, 
Madison, WI, USA) to be used as a probe. Blots were hybridized at 
5 x Denhardt's/6 x SSC, 50°C and washed at 1 x SSC/0.1% SDS, 50°C. 
1-kb ladder from Gibco BRL, was used as the markers (M). Enzymes 
BamHI and TaqI do not cut the insert, hence, a single high-molecular- 
weight band is observed; in the EcoRI and RsaI lanes two bands are 
larger than the sizes in the clone, because they represent the fragments 
that overlap with the edges of the clone. All of the RsaI sites have not 
been mapped, however, the pDH1-23 clone contains fragments of 
approx. 2200, 750, 570, 520, 45(I and 140 bp. The faint bands seen in 
some of the lanes correspond to restriction fragments from the extra- 
chromosomal rDNA genes which exist in approx. 180 copies per 
haploid genome equivalent. These same faint bands have also been seen 
when other gene probes have been hybridized at low stringency. 

structure that would be accessible to nt (Ramakrishnan 
et al., 1993). The binding of a n t  to this loop would help 
explain why Lys 86 (shown with a solid dot over it in 
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R~SG p SVTEL I TKAVSAS KER KG S S LAAL KKALAAGGYDV Con. 

HS S ETAPAA pAAPAPAEIKT PVKKKARK SAG AAK.. A... P. S ....... A ..... $. V ........... A .... 
H5 TES ? ? ? ? ? PAPAAKPKRAKASRKSA. H. TYS. M. VA. IR. E. S.Q... RQS IQ. YIKSH - • K. 
SU AAEQKKVAKKPRA.. AH.. SS.MVLA. IT. L... G...AQ. IR. YIEKN , T. 
Ar. 30 aa...KGGKSKKTTTAKATKKPVK PTKKKTTS.H.TYEEM.KD.IVTL...T...QY.IQ.FIEEKHKSL 

Di. G PKAPTTPT=====KK KAAATK S KPKPKICH. TYQVM. ST. I ANY. D. T... QP. I I. YI E. N-. N. 
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E - - KNNSRI KLGLKS LVSKGTLVQTKGTGASGSFKLNKK 
. _ _. ................................... AA$ GEAK p KA.KKAGAAKAKK PAGAAK}f P KIK~ATGAAT PKKS A 
G - ?NADLQ... S I~RR. LAA. V. K.... V ...... R. A. SDKAKRS PAAKKKKKAVRRSTS PKKAARpRKARS PAKKPKAT 
DIK.QAIF.. RA. ITG. E ...... V.. K ........ G., KEG KSDAQKARDAAK KAKLAAKKKEAK E KKAAR S KAKK EK L 
P - PTFRKLLLVN., R.. ASEK.. KV. A .... .. I PSARSAATPK p AA PVKKKATVVAK PKG KVAAAVAPAKAKAAAKG T 
APDTFKTQL.. A.. R.. A .... TMV. A ..... , y.. S EEGKKEHQATLGPVAKKPKAKTTAS STETTAAP PATPTKKAAP 

k+ i+ I * i * +* **'**I+I 

160 180 200 
KKTPKKAKK PAAA GAKKAKS PKKAKSAKPKKAPKS PAKAKAVKPKAAKPKTAKPKAAKPKKAAAKKK 
ARKARKKSRAS PKKAKKPKTVKAKSRKASK ? KKAKP, SKPRAKSGARRS PKKK 
AAKKAS KKT~IKKVKK PAAKKAK K PAAK KAAKK PAAKK PAAKKAAA~ PA PAKKAAKK PAAKKAAKKVAKKPAAK KAAK K 
KKPAAKVVAKAKVTAKPKAKVTAAKPKAKAVAAVAKTKAVAAKpKAKEP, pAKASRTSTRTSPGKKVAAPAKK., .28 aa 
K K PAAKAA$ T $TKTAAAKKNS AKVTKAV S KK PAAKF~% P S KKVAAKK 

Fig. 3. Alignments of selected H1 histones. The numbers start with the 
first aa of Dictyostelium HI. Con., Consensus; HS, Human HI.b; H5, 
HI°/H5 consensus; SU, Sea Urchin H1B-SP; Ar., Arabidopsis; Di., 
Dictyostelium. When comparing a sequence with the globular core 
consensus (Wells and McBride, 1989), a dot (-) shows identity, a hyphen 
(-) represents a deletion or spacing to acquire the best alignment. 
Conserved aa residues of the globular core are labelled as (I) hydro- 
phobic, (+) positive charge, (-) negative charge and (*) other aa (Crane- 
Robinson and Ptitsyn, 1989). A question mark (?) in the H5/H1 ° con- 
sensus represents a position in which consensus aa could not be deter- 
mined. H1 ° is the mammalian homologue of the avian H5. 

Fig. 3), which is directly adjacent to this loop, is so well 
protected against modification in comparison to other 
Lys residues in the molecule (Thomas and Wilson, 1986). 
Binding of a nt to histone H1 has been shown to modu- 
late its binding to DNA, reducing its affinity for A +  T- 
rich DNA (Nilsson et al., 1992). 

Although this is the only histone H1 identified from a 
eukaryote that separated from the main eukaryotic line 
prior to the divergence of plants, animals and fungi 
(Wainright et al., 1993; see also Fig. 3), it suggests that 
absence of the nt binding loop is the more ancient struc- 
ture. Dictyostelium H1 has been shown to be phosphory- 
lated by a HI  histone kinase (HKG), but not in a cAMP- 
dependent manner (Heads et al., 1992); i.e., phosphoryla- 
tion site(s) for cAMP-dPK are absent. Consistent 
with this conclusion, the predicted aa sequence of 
Dictyostelium HI does not contain a consensus cAMP- 
dPK site (double overlined as a part of the consensus in 
Fig. 3). The sequence TPTK, a putative cdc2 kinase phos- 
phorylation site is also highlighted (double underlined) 
in Fig. 3. 

Experiments are in progress to construct (i) null 
mutants of H1 using gene disruption, (ii) partial deletion 
mutants by removing all or a part of each of the three 
domains of H1, (iii) mutants with the addition of the nt 
binding loop and (iv) site-directed mutants of known 
phosphorylation sites. 
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