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1. Introduction

The study of histone gene expression has proved to
be particularly useful in obtaining insight into eukary-
otic gene regulation [1]. The differential expression
of the histone multigene family in oogenesis and early
development is especially well documented [2,3]. We
have focussed our work on histone gene expression in
Xenopus laevis, since the study of oogenesis and devel-
opment of this vertebrate species has given a wealth of
information both at the molecular level, especially the
regulation of specific genes, and the cellular level [4].

We have detected isolated and molecularly cloned
a 5.8 kilobasepair EcoRI histone DNA fragment
(X1-hi-1) from genomic DNA of Xenopus laevis [5].
This histone DNA fragment contains the genes for
histones H3, H4, H2A and H2B, in this order. The
5.8 kilobasepair EcoRI histone DNA fragment is
represented only once or twice in the total genomic
DNA as part of a total genomic pool of 40—50 his-
tone gene clusters [6].

Here, we report the nucleotide sequences of genes
coding for histones H3 and H4 and their surrounding
regions containing putative regulatory sequences. The
H3 coding sequence shows 18% base substitutions,
resulting in 6 amino acid changes, compared with a
gene for histone H3 from the sea urchin P. miliaris
(clone h19). The H4 gene has 21% nucleotide diver-
gence resulting in only one amino acid substitution
compared with the H4 gene in h19 [7]. The 3'-flanking
regions of both the H3 and H4 genes display a striking
homology with those of P. miliaris histone genes in
h19, especially with regard to the palindromic struc-
ture GGCTCTTTTCAGAGCC. The 5'-flanking
regions share with other histone genes several regions
of homology.
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S1 mapping experiments indicate that at least the
H3 gene present in the clone X1-hi-1 is not expressed
during oogenesis and early embryogenesis.

2. Materials and methods

2.1. Preparation of *P end-labeled DNA fragments

The preparation of X. laevis histone DNA (X1-hi-1),
the isolation and purification of the 5.8 kilobasepair
EcoRI fragment and conditions for restriction endo-
nuclease digestions were as in [5]. Restriction frag-
ments were recovered from agarose, purified by
DEAE-celtulose chromatography (Whatman DE-52)
and *P-labeled at their 5"-termini, essentially as in
[8]. Optimal incorporation of radioactivity (10° cpm
(Cerenkov)/pmol DNA fragment) was reached with
0.4 uM [y-**P]ATP (Amersham) or 25 uCi/20 ul
kinase reaction mix. Use of higher ATP concentrations
resulted in considerable loss of incorporation. Some
DNA fragments were purified by lysine—Sepharose
chromatography. Lysine was coupled to CNBr-acti-
vated Sepharose 4B (Pharmacia) according to the con-
ditions of the supplier. DNA was applied on the
column in 10 mM Tris—HCl (pH 8.0), 1 mM EDTA
and eluted in 0.3 M NaCl.

2.2. DNA sequencing

The sequencing procedure used was that in [9]. To
obtain reproducible yields of DNA in the base-specific
reactions we used twice the suggested concentration
of tRNA in the stop mixes and shook the tubes dur-
ing the ethanol precipitations. To eliminate residual
piperidine the second lyophilization step was changed:

. the DNA was dissolved in 0.1 ml water, heated for

10 min at 90°C and lyophilized. The electrophoresis
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sample mix contained: 7 M urea, S mM Tris—borate
(pH 8.3), 0.1 mM EDTA, 0.025% bromophenol blue
and 0.025% xylene cyanol FF.

2.3. Hybridization of RNA and S1 mapping

RNA from oocytes or gastrula stage embryos [10]
was isolated, electrophoresed on 2% agarose gels and
transferred to diazotized paper as in [3]. The RNAs
were hybridized with the 620 basepair EcoRI X BamHI
fragment containing the prelude and coding sequences
of the gene for histone H3 and with the 320 basepair
EcoR1 X Haelll fragment containing the prelude
sequences of the gene for histone H3. Labeling of
these fragments by nick-translation with **P-labeled
precursors and hybridization was as in [3].

S1 mapping of DNA—mRNA hybrids was essen-
tially as in [11]. 10 ng of end-labeled 620 basepair
EcoRI X BamHI fragment was hybridized over 5 h to
10 ug total oocyte or gastrula RNA using the condi-
tions in [3]. Hybrids were treated with 20 units S1
nuclease (Sigma) for 30 s at 37°C. S1 resistant DNA
was electrophoresed on 2% agarose gels. Autoradiog-
raphy was at —20°C on Kodak XRI films using inten-
sifying screens.
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3. Results and discussion

3.1. Sequencing strategy

The histone gene organization on the 5.8 kilobase-
pair EcoRI fragment (X1-hi-1) is given in fig.1A. The
location of the histone genes has been established by
hybridization [5] with purified gene probes from 2.
miliaris h22-DNA [12] and by DNA sequencing (this
paper and A. F. M. M. et al., unpublished). Fragments
used for DNA sequencing are indicated in fig.1B. Most
(90%) of the sequences presented have been deter-
mined twice or more.

3.2. H3 and H4 coding sequences

The complete sequence of the genes coding for his-
tones H3 and H4 has been determined (fig.2,3). In
contrast to most eukaryotic genes but analogous to
histone genes from other organisms [12] the coding
sequences do not contain introns. Compared to the
histone genes in a cloned P. miliaris DNA fragment
(h19) there is 18% nucleotide divergence for H3 and
21% for H4. Part of the sequences of a H4 cDNA
clone made against X. laevis oocyte H4 mRNA has
been published [15]. This partial sequence differs

A
H3 H4 H2A H2B
EcoRI
r—— " Pp— — EcoRl
620 Bam #1540 ™ » 3640
= 200bp TR
__________ (
B
EcoRI Taql HinfI Pstl BamHI Hinfl Hpall Hinfl
Haelll
I e ‘ S >----
‘ | B i i i «
|L—’ __________________

——— 200 bp

Fig.1. Schematic map of the histone genes of a cloned X. lzevis histone DNA segment (X1-hi-1) and diagram of restriction frag-
ments used for sequencing of the H3 and H4 regions. (A) Thick lines indicate the location of the coding region of the histone genes
on the 5.8 kilobasepair FcoRI fragment; numbers indicate the fragment lengths in basepairs of BamHI restriction fragments. (B)
Enlargement of the DNA segment comprising the H3 and H4 coding regions. Thick lines indicate the DNA sequences presented in
this paper. Arrows indicate singular sequenced stretches; dashed lines, extending from these arrows indicate the rest of the unique
and labeled fragments. The Haelll site, used in the experiment of fig.6, is indicated also.
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i
H3 CODING SEQUENCES

10 20
* * * * * * (2] *
ATG GCC CGT ACC AAG CAG ACC GCC CGT AAA TCC ACC GGA GGG AAG GCT CCC CGC AAG CAG CTG GTC ACC AAG GCA
AMrS ORISR RRMN MAMN RN AN Cl‘f‘ ARR MOAM AMRA IR LI RARLT AOM A 0 AR MRS Ama e ™ mowow

Ala VLA Lul AL ARL LAaL AL B UL AAA 10T ACA Gua UGG AAG GCT CCC CGC AAG CAG CTG GCA ACC AAA GCA

Met Ala Arg Thr Lys Gln Thr Ala Arg Lys Ser Thr Gly Gly Lys Ala Pro Arg Lys Gln Leu Val Thr Lys Ala
a,b
Ala™’

30 40

»* % *

CCC AAG AAG
GCC AAG AAG

™
GCC AGA AAG A
[
s

*
felele i ololol o eloly Yol el Joll el el nme o~
GCT CCT GCT ACC GGC GGA GTC AAG AAA CCT CAC CGT TAC CGG CCC GGC ACA GTC GCT CTC ¢

»

C

T GCC CCC GCC ACT GGA GGA GTC AAG AAG CCT CAT CGA TAC AGG CCT GGC ACA GTC GCC CTG AGA

s Ala Pro Ala Thr Gly Gly Val Lys Lys Pro His Arg Tyr Arg Pro Gly Thr Val Ala Leu Arg
a,b

Ala Lys Lys
a,b

Are
I8

50 60 70

GAG ATC CGC CGC TAC CAG AAA TCC ACC GAG CTG CTC ATC CGC AAA CTG CCT TTC CAG CGC CTG GTC CGG GAG ATC
GAG ATT CGC CGC TAC CAG AAG AGC ACC GAA CTT CTC ATC CGA AAA CTG CCA TTC CAG CGT CTA GTG CGT GAG ATT
Glu Ile Arg Arg Tyr Gln Lys Ser Thr Glu Leu Leu Ile Arg Lys Leu Pro Phe Gln Arg Leu Val Arg Glu Ile

80 90
* * * * * ] * * * * * * * * *
GCT CAG GAC TTC AAG ACC GAC CTG CGC TTC CAG AGG TCG GCC GTT ATG GCT CTG CAG GAG GCC AGC GAG GCT TAT
GCA CAG GAC TTC AAG ACA GAG CTA CGT TTC CAG AGT TCC GCT GTG ATG GCC CTT CAA GAA GCC AGC GAG GCA TAC

P

Ala Gln Asp Phe Lys Thr Asp Leu Arg Phe Gin Arg Ser Ala Val Met Ala Leu Gln Glu Ala Ser Glu Ala Tyr

c1u? ser?:P Cys®
100 110 120
* * % #* * * *
CTG GTC GCT CTC TTT GAG GAC ACC AAC CTG TGC GCC ATC CAC GCC AAG AGG GTC ACC ATC ATG CCC AAG GAC ATC
M MM 20s OmMe mmmo SR e AM RAMAM AR A MM S BN R S mmen  m oA o m mm emimem o el s e o

CTG GTT GGC CTC TTT GAG GAT ACC AAC CTG TGT GCC ATC CAC GCC AAG AGG GTT ACC ATC ATG CCC AAA GAC ATC
Leu Val Ala Leu Phe Glu Asp Thr Asn Leu Cys Ala Ile His Ala Lys Arg Val Thr Ile Met Pro Lys Asp Ile

Glya’b

.130
Y * * *ox o *

CAG CTG GCC CGC AGG ATC CGA GGC GAG AGG GCT TAG X.laevis

CAG CTC GCC CGT CGA ATC CGC GGA GAA CGC GCC TAG P.miliaris
Gln Leu Ala Arg Arg Ile Arg Gly Glu Arg Ala

aotrd o

Fig.2. Nucleotide sequence of the X, lgevis histone H3 gene as compared to that of P. miliaris [7]. The nucleotide sequence of the
‘sense’ strand is displayed in the 5’ - 3’ orientation. Asterisks indicate nucleotide differences between the X. laevis and P. miliaris
ra T, miioaa i oo 32ada d e nucleotide scauence is indicated tosether with amino acid cnkcnfnnens as

HJ5 genes. The amino acid S€quEnce preaiCita 1o the nucleotide sequence is indicated together with a G a

compared to (a) P. miligris (7] and (b) calf thymus [13].

from the sequence that we have determined at 10% of This divergence in degenerate base use within one

the nucieotide bases, without having an effect on the species is not exceptionai: the DNA sequence diver-

amino acid sequence. Several possibilities can explain gence between the coding regions in h19 and h22,

this nucleotide divergence: two histone clones from the same species of P. milia-

(i) The animals used, might have originated from dif- ris, is 12.4% [7]. It may be due to distinction in
ferent populations in which nucleotide substitu- expression at the translational level, although this has
tions résu_lting in synonymous coding changes been demonstrated only in prokaryotes [19]. Histones
could have occurred very rapidly if these substitu- H3 and H4 display an exceptional evolutionary stabil-
tions were selectively neutral or near neutral in ity {16] that is believed to reflect the importance of
the course of evolution; the complete amino acid sequence of these proteinsin

(ii) The two H4 sequences might belong to different controlling the expression of genetic information.
gene clusters, that are expressed in differen Thus it may not be surprising that we have found that
developmental stages or in different tissues. only a few amino acid substitutions have ocurred in
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H4 CODING SEQUENCES

» * * * * *
TCT GGA CGC GGC GGA GGA AAA GGA CTG GGG
TCA GGT CGA GGA GGA GGA AAG GGA CTC GGA
Ser Gly Arg Gly Gly Gly Lys Gly Leu Gly

ATG
ATG
Met

30
* * * #*
CAG GGC ATC ACC AAG CCT GCC ATC CGC CGC
CAA GGC ATC ACC AAG CCT GCA ATC CGT CGA
Gln Gly Ile Thr Lys Pro Ala Ile Arg Arg

AAC
AAC
Asn

ATC
ATC
Ile

50 60
* * * * * * * * * *®
ATT TAT GAG GAA ACT CGT GGG GTC CTC AAG GTT
ATC TAC GAA GAG ACA CGC GGT GTA CTG AAG GTC
Ile Tyr Glu Glu Thr Arg Gly Val Leu Lys Val

TTC
TTC
Phe

80
* % » * * *
AGG AAG ACC GTT ACC GCC ATG GAT GTG
CGA AAG ACT GTC ACA GCC ATG GAC GTG
Arg Lys Thr Val Thr Ala Met Asp Val

CAC
CAC
His

GCC
GCC
Ala

AAG
AAG
Lys

100

*
GGA
GGC
Gly

TTC
TTC
Phe

GGC
GGC
Gly

TAA
TAA

X.laevis
P.miliaris
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AAG
Lys

CTA
CTT
Leu
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CTA
TTG
Leu

GTG
GTG
Val
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20
* x ¥ %
CAC AGG AAG GTG
CAT CGC AAG GTT
His Arg Lys Val

* * * *
GGA GGC GCC AAG CGG
GGC GGT GCC AAA CGT
Gly Gly Ala Lys Arg

ok o*
CTT AGG
CTA CGA
Leu Arg

GAC
GAC
Asp

40

* % *
CGC ATC TCT GGC
AGG ATC TCT GGT
Arg Ile Ser Gly

GCA
GCT
Ala

CGG
AGA
Arg

AGA
AGG
Arg

GGG
GGA
Gly

GGa
GGT
Gly

GTC
GTC
Val

AAG
AAG
Lys

CcTC
CcTC
Leu

70

*x
ACC
TGC
Thr

AAT
AAT
Asn

TAC
TAC
Tyr

GAG
GAG
Glu

GTC
GTC
Val

ATC
ATC
Ile

CGG
CGT
Arg

GAC
GAT
Asp

GCT
GCA
Ala

GTC
GTC
Val

ACC
ACC
Thr

GAG
GAG
Glu

Cysa

90

* % * * *
CGC CAG GGC CGC ACT
AGG CAG GGT CGT ACA
Arg Gln Gly Arg Thr

¥
CTC
TTG
Leu

GCT
GCA
Ala

TAC GGC
TAC GGC
Tyr Gly

TAC
TAT
Tyr

CTC
CTG
Leu

AAG

Lys

Fig.3. Nucleotide sequence of X. laevis histone H4 gene as compared to that of P. miliaris [ 7] (see fig.2). One amino acid substitu-

tion as compared to calf thymus [14] is indicated (a).

the 500 X 10° years, since the evolutionary lines
resulting in the present-day sea urchin and Xenopus
diverged. The derived amino acid sequence of X. lae-
vis H3 differs from that of sea urchin [7] calf, carp,
shark and chicken at position 21 (Val « Ala), 26
(lys © arg), 28 (Cys  Ser), 86 (Arg « Ser) and 102
(Ala « Gly) [16]. At position 81 there is a (Asp < Glu)
exchange compared to sea urchin and at position 96 a
(Ser < Cys) exchange has occurred compared to calf.
Some of these amino acid substitutions may be con-
sidered ‘non-conservative’ (Arg < Ser; Ser + Cys).
However, the effect of these amino acid substitutions
on the protein structure has to be established.
Cysteine at position ] 10 has been preserved through-
out evolution, This cysteine might participate in the
formation of a disulfide bridge with a second histone
H3 molecule in a nucleosomal particle [17]. The H3
proteins of higher eukaryotes display heterogeneity
(Cys < Ser) at position 96 even within one species
[18]. In contrast to calf thymus H3, the X. lgevis H3

48

amino acid sequence has a serine at position 96 but a
cysteine at position 28.

The derived amino acid sequence of X. laevis H4
(fig.3) is completely identical to that determined for
calf [14] and other vertebrates [16] and has only one
amino acid exchange compared to sea urchin at posi-
tion 73 (Thr + Cys).

3.3. Codon usage

Both in prokaryotes and in eukaryotes triplet anal-
ysis has shown that synonymous codons are used
nonrandomly [19]. This is also the case in Xenopus.
The codon usage of Xenopus genes for H3, H4 and
globin and the P. miliaris genes for H3 and H4 is given
to permit inter-and intra-species comparisons (table 1).
Several points regarding the codon usage are worth
emphasizing.

(1) G and C are preferred to a high extent at codon
position 3. The G + C content of the Xenopus H3
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Table 1
Codon usage of Xenopus laevis histone H3 and H4 in comparison with that of Xenopus globin and P. miliaris histone H3 and H4

Xenopus  hl9
H3 H4 Hb H3 H4

H3 H4 Hb H3 H4

PreUUU 1 © 5 1 O Ser UCU 0 2 3 1 1
vuc 3 2 5 3 2 vcec 2 0 1 1 0
Leu UUA[O 0 0 O 0O ucalo 0 1 0 1
uuGgljo 0 4 0 2 ucGl|r 0 0o 0 0
Leu CUU 0 1 4 2 1 Pro CCU 3 1 3 2 1
cuc 3 4 2 3 2 ccCc3 0 2 3 0
CUAO 2 2 2 1 ccaAO0 0 1 1 0
CUG 9 1+ 8 5 2 cCG0 0 0 0 O
Ile AUU 0 1 2 2 0 Thr ACUO 2 2 1 1
AUC 7 5 2 5 6 ACC 9 5 3 6 2
AUA O 0 2 0 0 ACA 1 0 o‘ 3 3
Met AUG 3 2 3 3 2 ACGO 0 0 0 0
Valguu 1 2 4 2 1 AlaGCU 9 2 8 3 1
GUC 6 4 1 2 5 GCC 8 4 10 10 3
GUA 0 0 1 0 1 GCA'l 1 2 5 3
GUG 0 3 4 2 2 GCG O 0 2 0 0

Xenopus hi9
H3 H4 Hb H3 H4

Xenopus h19
H3 H4 Hb H3 H4

Tyr UAU 1 ¢ 0 1 Cys UGuUlo o 0 1 0
UAC]l|z 3 3 3 UGCl2 0 1 0 1
term UAA term UGA

His CAU G 0 6 1 1 Arg CGU 3 1 2 4 4
CAC2 2 7 1 1 cGC 8 6 1 7 2
Gln CAAlfo 0 1 1 1 cGall1 0 o0 3 4
CAGIi8 2 3 7 1 CGG 2 3 3 0 O
Asn AAU O 1 3 ¢ 1 Ser AGUO 0 3 2 O
AAC1 1 6 1 1 AGC1 0 5 2 0
Lys A_D.Am Arg AGAIO0 1 2 2 1
uclhg 8 9 9 9] AGG 4 3 0 2 3
ASpGAU 0 1 6 1 1 Gly GGU O 0 4 0 6
GAC 4 2 7 2 2 GGC 3 7 3 2 5
GlucAale 1 & 3 1] cealz 7 ¢ ¢ &
GA:“? 3 3 5 3 GGGl 3 1 1 0

Frequencies of use for each codon are given for the genes for X. laevis (X1-hi-1) histones H3 and H4, as presented here, for X. laevis
globin gene [20] and for the genes for P. miliaris, histone H3 and H4 (h19). Frequencies that are boxed represent frequencies of
dispensable pre-termination codons, double-boxed frequencies represent those of obligatory pre-termination codons [21]. Pre-ter-
mination codons are those codons that can mutate to a termination codon by a single nucleotide change. If they specify amino
acids that are also encoded for by triplets that cannot mutate to a termination codon by a single base substitution, they are called

dispensable pre-termination codons. Those pre-termination codons that encode amino acids only specified by pre-termination

codons are called obligatory pre-termination codons

coding sequence is 68% (58% in sea urchin) and is
60% (54% in sea urchin) for the H4 coding sequence.
The frequency of usage of G and C as third base is
80% for H3 (62% in sea urchin) and 71% for H4 (57%
in sea urchin). This ‘overuse’ of G and C at the third
base position could reflect a general evolutionary ten-
dency, since mammalian genes also show this ten-
dency [19]. In addition, in mammalian genes the use
of A in third base position is reduced to half that of U.
In contrast, sea urchin H3 and H4 genes use A slightly
more frequently than U as third base.
Grantham has postulated that each taxonomic cat-

egory has a nartlml]nr rndmo strategy, ie., a narhml]ar
choxce of degenerate bases [19]. The Xenopus H3 and
H4 genes over use G and C and under use A at the
third position and, therefore could agree with the

genome hypothesis, but a correspondence analysis will

be necessary. However, in contrast, Xenopus globin
(a- and f-partial sequences, see [20]) does not display
an overuse of G and C at the third base position. So,
clearly more sequences of higher taxonomic categories
are necessary to establish the general validity of
Grantham’s genome hypothesis.

(2) In Xenopus H3 and H4 genes, codons with U or
A at the third base position are rare or absent. This is
the main difference in codon use compared with that
in the Xenopus giobin gene and in the £. mifiaris H3
and H4 genes. There are two exceptions to this rule:
codon GCU (Ala) and GGA (Gly) are relatively fre-

quently used.

(3) A well known tendency in viral and eukaryotic
sequences is the GpC over CpG excess [22]. This is
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4a  POSTLUDE H3 X. laevis
+1G +20 +30 +40 +50 +60 +7o
_-> et
TAGATCACTCG-T~===——==m—— CCCA-GCA--GCACAACTCAAA-GGCTCTTTTCAGAGCCACAACATTCCCA—GTCAAATGA—-GA—TGAATGTCTA

TAGAACCATCGGTACAGCATGTAGCCCATGCACCGCA-TACACAAACGGCTCTTTTCAGAGCCACCACAACCCCAAE--AAA-GAATCACTGACT -TCTA
P. miliaris

4B POSTLUDE H4
+10 +2° +30 +40 +50 +60 +70

l -
TAAA - TCTCTTCCTTCCCACTAATC~TTATACCCAA--GGCTCTTTTCAGAGCCCCCCACGCTCTCACTCCTAGAG- -('!TG
TAAAGGCTCGCTTCGGTTTTTTCTGTTTTTTGCCCCCCAG-AATCMGATA-- —=A---GCCCTTTTAAGGGCCACAAAAAAA

TAAGTGAACAGACC--~——==== TCTCTCTCTCTT- -GGCTA- -- ~GAATAA-CAAACGGCTCTTTTCAGAGCCA-CCAAATAATCAAGAA'-AGAATACTG
+ 8 0 +90

|
TTACTGCTTTTTTTACATATTTAT X. laevis (X1l-hi-1)
e X, laevig (X1 ch 4)
TTGTATGTT oreresrennneneee. P, miliaris (hl9)

Fig.4. 3'-Flanking nucleotide sequence of X. laevis X1-hi-1 H3 (A) and H4 (B) compared with those of P. miligris [7] and X. laevis
(X1-ch-4) [15]. Sequences are aligned for maximal homology. Homologous stretches are underlined. The palindromic sequence is

indicated by —.

also the case for the Xenopus H3 and H4 genes: CpG
is used only once at position 2—3, while GpC is used
27 times at this position. However, there is no signifi-
cant difference in use of CpG and GpC at position
12 or 3—1. This is particularly clear for the arginine
codon sextet, consisting of one codon quartet (CGU,
CGC, CGA and CGG) and a codon duet (AGA and
ACG). The duet codons are not preferred compared
to the quartet codons although the quartet codons
have CpG at codon position 1-2. Why CpG at codon
position 2 and 3 is nearly completely forbidden, is as
yet unclear.

(4) The so-called dispensable pre-termination
codons (see table 1) are not used at all in human a-
and B-globin genes. This is obviously not the case for
the Xenopus H3, H4 and globin genes, although they
are used rarely, except for the codon GGA (Gly).

3.4. 3'-Flanking sequence (postlude)

Fig.4 shows the 3'-flanking sequences of X. laevis
histone genes, They are compared to P. miliaris and for
H4 also compared to X. laevis H4 (X1-Ch-4). If aligned
for maximum homology by introducing some dele-
tions an impressive level of homology can be found
(up to 80% for the H3 postlude). As for the sea urchin
histone genes [7] about 30—40 nucleotides down-
stream from the terminator codon, a conserved homol-
ogy block can be found. This block consists of the
palindromic sequence GGCTCTTTTCAGAGCC,
resembling putative polymerase III terminators [23].
The 3'-terminus of the mRNA has been located just
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downstream from this palindromic structure [15,24].
However, S. purpuratus H4 early and late gene tran-
scripts do not contain this palindromic sequence [25].
Similar to the cloned sea urchin histone genes [7] and
the Xenopus H4 cDNA [15] clone, the AAUAAA
sequence, that is present on other eukaryotic mRNAs
[26] and that possibly plays arole in polyadenylation,
is not encoded for by the Xenopus histone H3 and
H4 genes.

The biological significance of the other homolo-
gous sequences within the postlude sequence remains
to be established.

3.5. 5'-Flanking sequences (prelude)

The 5'-sequences preceding the genes for H3 and
H4 are indicated in fig.5. They display much more
divergence compared to those of the cloned P. miliaris
histone genes (h19) than the 3'-postlude sequences.
Conserved regions or homology blocks that appear to
be characteristic for histone genes have been tabulated
and called ‘consensus sequences’ [1]. Such sequence
motifs have been indicated tentatively in fig.5, based
on homology with the ‘consensus sequence’. A ‘TATA
box’, that might play a role in promoting specific ini-
tiation of transcription by RNA polymerase II [27,28],
can be clearly assigned. ‘CCAAT’, ‘GATC’, ‘Cap’ and
‘CAPyNATG’ motifs, partially homologous to the
‘consensus sequence’, can be assigned (function dis-
cussed in [1]). Experiments, testing the role of these
sequence motifs and/or others in the function and
expression of this cloned Xenopus histone DNA clus-
ter are currently performed.
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-230 -220 -210 -200 -190 -180 -170 -160 -150 -140
. [] ] ' t ] 1
AATTCAAAAATAAGCATCTGCTCTGAGGACACAGAGAGCl'\ACATCCAAGGGGTTGGAGA(I;CMCACGTTGCTCGAGCCACCGGTTGGGGI‘\TCACTGCTAT
| nt—| [ —— e
"CCAAT" - 22 »*GATCC"e——— 18— 5 "TAT
-130 -120 -100 -90 -80 -70 -60 -50 -40 -30
" ] " ' 1 )
AAGGTGACATGGATTTGCTOGGAAGACAGAGGCGTGTTTATAGTTAGTCAATCAAGGTGAGCTTGTGCCAAGATATCCGGGTTACCCGCTGCCGCAGTTA
A" - 41 > "CAP" 71
-20 -10
CACGCTTAGGTTTCTTTAACTGATACACTATG
[
—"CA--ATG"
SB PRELUDE H4
-90 -80 -70 ~60 -50 ~40 ~30 -20 -10

] ] ] 1 1 | ] ] []
GCCTCTTCGAGTGAGTCTCTGTCGGTCCTCTCCAGCTGCATATAAGAGGAGGAGAGGCCCTAGATACGTTATATTGTGTTTCAAGAGCTCAAGAAAGAATG
— ——— r———

"GATCCY%——10—» "TATA"

-~ 21—, "Cap" - 17

Fig.5. 5'-Flanking nucleotide sequences of X. laevis X1-hi-1 H3 (A) and H4 (B). Putative blocks of homology [1] are indicated.

3.6. In vivo expression

Expression of the genes present in the cloned his-
tone DNA fragment during oogenesis and early
embryogenesis was tested by homology mapping of
hybrids between oocytes or embryo RNA and the end-
labeled 620 basepair EcoRI X BamHI fragment. If
oocyte or embryo H3 mRNA form perfectly matched
hybrids with this DNA-fragment a piece of DNA of
475 basepair, between the BamHI site and the pre-
sumed ‘Cap’ site is expected to become protected
against nuclease S1 action. However, it appears that
not more than 390 + 20 basepair are protected against
the nuclease (fig.6A(c,d)) both by oocyte and gastrula
RNA. This indicates that the prelude sequences are
not protected by the mRNA. This point is reinforced
by the experiment of fig.6B. Electrophoretically sepa-
rated oocyte and gastrula RNA are hybridized with
32pJabeled 620 basepair EcoRI X BgmHI fragment or
with 3?P-labeled 230 basepair EcoRI X Haelll frag-
ment (see fig.1B). This latter fragment contains
besides non-coding sequences, the complete prelude
of the H3 gene up to the codon for the first amino
acid. As shown in fig.6B(c,d) hybridization of H3
mRNA cannot be detected with this fragment, in con-
trast to the fragment containing the H3 coding
sequences (fig.6B(a,b)). We conclude from this exper-
iment that the H3 present in the cloned DNA is not,
or only at a very low level, expressed during oogenesis
and early embryogenesis in Xenopus. This might
imply that these genes are under developmental con-
trol and that other histone gene clusters must be
expressed that contain different prelude sequences.
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285
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587
540
304
458
434
267
| 234 o
— 313
— 192 4s

abcd
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Fig.6. (A) S1 mapping of hybrids between the end-labeled
620 basepair EcoRI X BamHI fragment and H3 mRNA. End-
labeled 620 basepair fragment (a); fragments protected against
nuclease S1 attack after hybridization of the 620 basepair
fragment with wheat germ tRNA (b) oocyte RNA (c) and
gastrula RNA (d). As marker a digest of PBR 322 DNA with
Hagelll is used. Their positions and length in basepair is indi-
cated. O is origin. (B) Hybridization of electrophoretically
separated oocyte RNA (b,d) and gastrula RNA (a,c) with
32p.labeled 620 basepair EcoRI X BamHI DNA fragment (a,b)
or 230 basepair EcoRI X Haelll DNA fragment (c,d). The
position of 4 S, 5 S, 18 S and 28 S RNA are indicated.
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Indeed, we have found that the prelude sequence
of the H3 gene from the clone X1-hi-1 does not hybrid-
ize to at least one of the H3 genes in a number of dif-
ferent recently cloned Xenopus histone genes.
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