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SUMMARY: The two chicken histone gene families H3 and H2B contain nine and eight 
members, respectively. To clarify whether the structures of these genes differ in different 
tissues (and cells), we analyzed DNAs from chicken lung, kidney, oviduct, and sperm. An H3- 
specific probe (probe 1.3SS) hybridized with a 10 kb EcoRI fragment carrying two H3 genes 
(H3- fl and H3- m) from the lung, kidney, and oviduct with intensities of about one quarter of 
that of the fragment from the sperm. On the other hand, the intensities of hybridization of the 
H2B- specific probes (probes H2B- I a, H2B- IIb, and H2B- III) with a 12 kb EcoRI fragment 
carrying two H2B genes (H2B-IV and H2B-V) from the oviduct, lung, and sperm were about a 
quarter of the intensity of hybridization with this fragment from the kidney. These findings, 
together with those reported previously, suggest that these particular histone genes H3 and H2B 
possess inherent abilities to form either a tight or loose structure, and that they exist in a loose 
form in the sperm and kidney but in a tight form in the other tissues tested. Q 1992 Academic 

Press, Inc. 

Among higher eukaryotes, chickens appear to have one of the lowest histone gene 

repetitive frequencies, ranging from six for Hl genes to approximately ten for core histone 

genes (H2A, H2B, H3, and H4) (l- 3). With some exceptions, most of these genes fall into two 

major histone gene clusters (4). Several of these histone genes have been sequenced (4- 11). 

The H2B gene family consists of eight highly homologous members (H2B- I to H2B-VlU), 

seven of which have been sequenced and shown to encode three different protein variants (5,7). 

All the H2B genes sequenced contain an H2B- specific element including the common OTF-1 

binding site (12), in addition to common CCAAT and TATA boxes. Six of the nine H3 genes 

(belonging to the two major gene clusters) have also been sequenced (4, 8, 10, 11). These H3 

genes all have several copies of possible AP- l- binding (13) and Spl- binding (14) elements as 

well as the common CCAAT and TATA boxes within their 5’- flanking regions. 

Based on their 5’ consensus elements, we have been investigating the regulation of 

expression of H2B-IV, H2B-V, H3- II, and H3-III, which we have cloned and sequenced (7,8). 
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These 5’ sequence blocks have been shown to be potential promoter elements (data to be 

reported elsewhere), such as an octamer and an adjacent CCAAT elements essential for control 

of expression of the chicken H2A and H2B (H2B - II in Fig. 1) gene pair (15) and also a bi - 

directional S phase- specific transcriptional regulatory element for the rat testis- specific TH2A 

and TH2B gene pair (16). 

However, our unpublished results have suggested that, in addition to this regulation 

based on cis- acting elements, there may be another, as yet unknown, but essential mechanism 

for tissue- specific regulation of the expressions of H2B-IV, H2B-V, H3- II, and H3- III. To 

obtain information on this unknown mechanism, we examined the DNA structures of the H2B 

genes in various tissues. In Southern analyses (17), various H2B gene-specific probes 

hybridized with two particular H2B genes (H2B-IV and H2B- V), which are located in close 

proximity within a 12 kb EcoRI fragment, but the intensities of hybridization with fragments 

from the oviduct and lung were about a quarter of that with the fragment from the kidney (18). 

This structural difference of H2B- V may result in its relatively lower expression in the oviduct 

and lung. 

To determine whether this biological event is common in other tissues (cells) and/or 

other histone gene subfamilies, we analyzed DNAs from the sperm, kidney, lung, and oviduct 

with an H3- specific probe and various H2B- specific probes. The results indicated that some 

undefined structural change occurs to form a tight DNA structure in a narrow region 

surrounding the H3 genes (H3- II and H3 - Ill) of the kidney, lung, and oviduct, resulting in 

decreased hybridization intensity. 

MATERIALS AND METHODS 

DNA preparation and Southern blotting 
High- molecular -weight DNA was purified from the oviduct, lung, kidney, and sperm of 
chickens (white leghorn) essentially as described (19). DNA (200 fig) was digested with EcoRI 
according to the supplier’s recommendations (Takara Shuzo). Analyses with three vitellogenin 
II-related probes as controls showed that the restriction enzyme digested all the DNA 
preparations completely (data now shown). The digests were divided into several fractions, and 
20 @g of each fraction was separated by electrophoresis on 0.8% agarose gel. The resulting 
DNA fragments were transferred to nitrocellulose membrane filters and examined by the 
method of Southern (17). The filters were hybridized with the respective probe DNAs (see later 
section), washed under stringent conditions as described (19), and autoradiographed at - 70°C 
with an intensifying screen for several days. 

Probes 
Probe H2B- I a consists of 5 bp of the 5’- noncoding region and the 215 bp coding region of 
H2B- I . Probe H2B- IIb consists of 147 bp of the 5’- noncoding region and the 118 bp coding 
region of H2B- II. A 3.2 kb EcoRI fragment carrying the entire H2B- llI coding region was 
used as probe H2B- IlI. Because the coding regions of the seven H2B genes sequenced share 
extensive sequence homology (92% to 99%) (5, 7), these three probes hybridize well with the 
H2B gene-carrying fragments. A 1.3 kb Sal I /SalI fragment (probe 1.3SS) contains almost 
all the coding region but lacks the 30 bp 5’ coding sequences of two H3 genes (H3 - Iv and 
H3- V), which are located in close proximity in the same 12 kb EcoRI fragment (10). The 
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coding regions of all the H3 genes sequenced (4, 8, 10, 11) also show high homology (98% to 
99%). The DNA probes were labeled with 32P by random-priming as recommended by the 
supplier (Amersham). Their specific activities were about 1 X lo9 cpm/@g DNA. 

RESULTS AND DISCUSSION 

We analyzed EcoRI digests of DNAs from the sperm, oviduct, kidney, and lung with an 

H3- specific probe (probe 1.3SS) and three H2B- specific probes (probes H2B- I a, H2B- II b, 

and H2B-IlI) whose locations are shown in Fig. 1. 

In the lung, kidney, and sperm, probes H2B- I a, H2B- II b, and H2B- Ill hybridized with 

seven discrete fragments of 3.2 kb, 3.6 kb, 4.5 kb, 7.0 kb, 12 kb, 14 kb, and 20 kb, and probe 

H2B- Ill also hybridized with a 4.0 kb fragment (Fig. 2A, 2B, and 2C). Six of these fragments 

corresponded completely to the H2B gene - carrying EcoRI fragments in the two major gene 

clusters A and B (see Fig. l), but the 3.6 kb and 4.0 kb fragments have not yet been 

characterized. The intensities of hybridization of these H2B- specific probes with the 12 kb 

EcoRI fragment carrying H2B-IV and H2B-V from the lung and sperm were about one quarter 
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Fin. Organizations of the chicken histone genes and locations of H3- specific and H2B - 
specific probes. The two major histone gene clusters A and B reported (3, 5, 11) are shown 
with slight modifications. Locations of known histone genes in the clusters are indicated by 
blackened squares. 1, 2A, ZB, 3, and 4 indicate histones Hl, H2A, H2B, H3, and H4, 
respectively. The eight H2B genes and nine H3 genes are numbered I to VU, and I to IX, 
respectively. EcoRl fragments carrying the H2B and H3 genes are indicated by their lengths 
in kilobase pairs (kb). The locations of probes H2B- I a, H2B- lib, H2B- III, and 1.3SS are 
indicated by bold underlines. Cleavage sites: upward arrows, EcoRI; downward arrows, 
BamHI; open downward arrowheads, Hind Ill 
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F&&. Southern analyses of lung, kidney, oviduct, and sperm DNAs. Aliquots of 20 fig of 
EcoRI -digested DNAs from the lung (L), kidney (K), sperm (S), and oviduct (0) were 
separated by electrophoresis on 0.8% agarose gel, blotted onto nitrocellulose membrane filters, 
and hybridized as described (17, 18) with the following probes: A, H2B- I a; B, H2B- II b; C, 
H2B-III ; D and E, 1.3SS. Strongly hybridized bands are indicated by their lengths in kb. 

of that with the fragment from the kidney; the other fragments in the three DNA preparations 

showed equal intensities of hybridization. These results are consistent with those reported in 

our previous paper, where the oviduct was used instead of the sperm (18). 

Probe 1.3% hybridized with seven discrete fragments of 1.2 kb, 3.6 kb, 6.4 kb, 10 kb, 12 

kb, 16 kb, and 20 kb from the oviduct, lung, kidney, and sperm, and also with an 11 kb fragment 

from the oviduct, lung, and kidney (Fig. 2D and 2E). Six of these fragments corresponded to 

H3 gene-carrying EcoRI fragments belonging to the two gene clusters mentioned above. The 

3.6 kb fragment may be from another region containing an H2A and an H3 gene (3, ll), 

because it also hybridized with probe H2B- m carrying the H2A coding sequence (see Figs. 1 

and 2C). The identity of the 11 kb fragment is unknown. Possibly it is related to the region 

carrying a variant H3 gene with introns previously reported (3, 11). The intensities of 

hybridization of the fragments bearing the H3 genes with probe 1.3SS were similar in the 

oviduct, lung, and kidney DNA preparations (Fig. 2D). Although the 10 kb fragment contains 

two H3 genes (H3- II and H3-III), its intensity of hybridization with the H3- specific probe was 

much lower than that of the 6.4 kb fragment containing an H3 gene. Surprisingly, in another 

experimental series involving sperm DNA, probe 1.3SS hybridized with the 10 kb EcoRI 

fragment carrying H3- II and H3-III from the lung and kidney DNAs with an intensity of about 

one quarter of that with the fragment from the sperm preparation (Fig. 2E). Conversely in the 

sperm preparation, the intensity of hybridization of the 11 kb fragment with the H3- specific 

probe was too low to be detectable although the pattern of other hybridization bands was similar 

to those in the other tissues. 
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H3- II and H3- III, which have inverted orientations (8), share a 5’- noncoding region of 

about 900 bp, the two genes being transcribed in opposite directions. H3-Il and H3- Ill, like 

four other H3 genes sequenced, have been shown to encode the same amino acid sequence (4,8, 

10, 11). Thus, the regulation of expression of these two particular genes could be expected to 

be virtually the same manner. Our unpublished results, however, showed that the regulations of 

expression of H3- II and H3- III based on the 5’ consensus elements are very different. In 

addition, the human H3 histone subfamily has been reported to contain at least three different 

protein variants (20). To elucidate whether the chicken H3 histone subfamily, like the H2B 

histone subfamily (5, 7) contains some different protein variants, we have again isolated and 

thoroughly sequenced several independent M13mp18 and mp19 phages carrying the H3 genes. 

Codon 113 of H3-III in these experiments is ATG coding for Met (GenBank accession no. 

M61155) whereas that of the gene described previously is ATC coding for Ile (8). These 

findings, together with reported results (4, 8, 10, ll), indicate that the six H3 genes sequenced 

encode two different protein variants. 

Results on the intensities of hybridization of the H2B and H3 genes are summarized in 

Tabel I . In the 12 kb EcoRI fragment, the variable intensity of hybridization is limited to very 

narrow region surrounding and within the H2B-IV and H2B-V coding sequences and does not 

extend over two genes each of Hl, H2A, and H3 (18). The same is true for the 10 kb EcoRI 

fragment; that is, the variation does not extend over the entire fragment but is limited to the 

narrow region surrounding H3- n and H3- IlI. We are now studying the 11 kb fragment. The 

most likely of several possible explanations for these findings is that undefined structural 

changes occur to form a tight DNA structure in the regions surrounding the particular H2B 

genes or H3 genes in most tissues (or cells) other than the kidney or sperm. In the case of the 

Table I. Relative hybridization intensities of particular HZB and H3 genes 

Relative Hybridization Intensity 

HZB-IV and HZB-V H3-n and H3-m H3 gene 
in 12 kb fragment in 10 kb fragment in 11 kb fragment 

Sperm + cc++ ? 

Kidney ++++ + + 

Lung + + + 

Oviduct +* + + 

Relative hybridization intensities due to the H2B and H3 genes within the 12 kb, 
10 kb, and 11 kb EcoRI fragments are presented. 
*from a separate paper (18). 
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H2B genes, this possible structural change of H2B-V was partly responsible for its high 

mRNA levels in the kidney (18). These results indicate a tendency for increase in the level in 

the kidney of the remarkable H2B protein variant carrying Arg at position 30 (7). We are now 

studying the regulation of expression of H3- III encoding an H3 protein variant containing Met 

at position 113. 
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