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ABSTRACT

The distribution of methyl groups in rRNA from Xenopus laevis was ana-
lyzed by hybridization of rRNA to subfragments of either of two cloned rDNA
fragments, Xlrll and Xlrl2 which together constitute a complete rDNA repeat
unit. Using a mixture of VH-methyl plus 32P-labelled rRNA as probe, the
molar yield of methyl groups per rRNA region in hybrid could be calculated.
For this calculation the length of the rRNA coding region in each DNA sub-
fragment is needed, which was determined for Xlrll subfragments by the nu-
clease Sl mapping method of Berk and Sharp. The results show that both
in 18S and 28S rRNA the methyl groups are nonrandomly distributed. For
18S rRNA, clustering was found within a 3' terminal fragment of 310 nucleo-
tides. For 28S rRNA, clustering of methyl groups was found within a region
of 750 nucleotides in length, which ends 500 nucleotides from the 3' end.
In contrast, the 28S rRNA 5' terminal region of 900 nucleotides is clearly
undermethylated. The general position of methyl groups in 28S rRNA corre-
lates with the location of evolutionarily conserved sequences in this mole-
cule, as recently determined in our laboratory.

INTRODUCTION

We previously reported that evolutionarily conserved regions are present

within eukaryotic 18S and 28S rRNA and suggested that these sequences play an

important structural and/or functional role in rRNA [1]. Most of the methyl-

ated sites in eukaryotic rRNA have also been found to be highly conserved

during evolution [2]. In fact, even the timing of introduction of certain

methyl groups during rRNA maturation is the same between different species

[3-5]. It is of interest, therefore, to ask whether the sequences which sur-

round methylated sites are among those evolutionarily conserved sequences

mentioned above.

In order to answer this question, we had to determine the distribution

of methyl groups along the rRNA molecule. Data about the distribution of

methyl groups in eukaryotic rRNA is still scarce, unlike the situation in

E. coli where the position of nearly all of the 12 methyl groups in 16S rRNA
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is known precisely [6, 7] and 5 out of a total of ca. 12 methyl groups in 23S

rRNA are mapped in detail [8]. Only the position of the -m6A-m6A- sequence
2 2

near the 3' end of eukaryotic 18S rRNA is known exactly [9-11]. Recently

Maden and Reeder [12] were able to assign nearly all of the 40 and 68 methyl

groups present in X. laevis 18S and 28S rRNA respectively to either a short

3' terminal region or the long 5' remaining part of both rRNAs. In this paper

we report on a more detailed mapping of methyl groups in X. laevis 28S rRNA as

well as the general distribution in 18S rRNA. Our results show that the ge-

neral position of methyl groups in the 28S rRNA chain correlates with the lo-

cation of evolutionarily conserved sequences in this molecule, as recently

determined in our laboratory (Richard L. Gourse and Susan A. Gerbi, manuscript

in preparation).

MATERIALS AND METHODS

Preparation of rRNA

32P-labelled RNA was prepared from X. laevis kidney culture cells grown

for 3.5 days in modified Eagle's medium containing 10% dialyzed fetal calf

serum, 2.5 x 10 M NaH PO and 50 pCi/ml [ Plorthophosphate (New England2 4
Nuclear, carrier free) [13]. The cells were chased for 3-4 hr in unlabelled

medium before removal from the flask by treatment with lOx pancreatin (Grand

Island Biological Company) for 2 min at room temperature. The cells were

pelleted, resuspended in Kirby D-19 buffer [14] and homogenized on ice in a

Ten Broeck hand homogenizer. RNA was extracted twice with phenol/cresol as

described by Loening [14], but in the presence of 0.5% (w/v) sodium dodecyl

sulfate. The aqueous phase was brought to 0.1M NaCl and the RNA precipitated

with 2 vol oi 95% ethanol at -200C.

To prepare [ H]methyl-labelled rRNA, cells were grown for 48 hr with 5

mCi/ml L-[methyl- H]methionine (New England Nuclear, 80 mCi/pmol) in methio-

nine-free Eagle's medium containing 10% dialyzed fetal calf serum, and 10 -2

M sodium formate as well as 2 x 10 M adenosine and guanosine to prevent

labelling of the 1-carbon-pool and purine biosynthetic pathway [3]. Before

the label was added to the medium, the [methyl-3H] methionine was dried under

N2-gas for about 7 hr, while cooled in ice, to remove the 70% ethanol in which

it was shipped, and then dissolved in the medium to the appropriate concentra-

tion. RNA was extracted as described above.

Radioactive rRNA was purified by sucrose gradient sedimentation as de-

scribed previously [1]. The specific radioactivity for 32P- and [3Hlmethyl-
labelled rRNA was 70,000-500,000 cpm per ig and about 2,000 cpm per jg

respectively.
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Unlabelled rRNA, prepared from either whole cell extracts or from X.

laevis ovaries was a gift from Richard L. Gourse.

Preparation of recombinant plasmid DNA

The two Eco RI fragments from an entire rDNA repeat unit have been cloned

as recombinant plasmids pXlrll and pXlrl2 using ColEl DNA as a cloning vehicle

[15, 16]. Both plasmids were kindly provided by Dr. Igor B. Dawid. Non-radio-

active plasmid DNAs were prepared as described by Boseley et al. [17], but

with some modifications. Cultures were grown in L-broth (+ Colicin El) and

the plasmid DNA was amplified using chloramphenicol [18]. A cleared lysate

was prepared according to Clewell and Helinski [19] and extracted with phenol/

chloroform. After ethanol precipitation, RNasing and another deproteinization

step, both plasmid DNAs were further purified on CsCl/ethidium bromide gradi-

ents (refractive index 1.3910). The closed circular plasmids were collected,

extracted with isoamyl alcohol, and, after dilution with 0.01 M Tris-HCl pH 8,

precipitated by centrifugation at 26,000 rpm in a SW127 rotor at 15C for 15 hr.

The DNA was dissolved in 0.01 M Tris-HCl pH 8 and stored at 4C.

In vivo 3 P-labelled pXlrll DNA was prepared using the conditions for

labelling as described by Renkawitz et al. [20]. The specific radioactivity

of this DNA was 2 x 105 cpm/zg.

Containment conditions

Plasmids containing X. laevis DNA segments were propagated under P2 + EKl

conditions as specified by "National Institutes of Health Recombinant DNA Re-

search Guidelines" (June 23, 1976).

Isolation of restriction fragments from rDNA

To prepare the fragments rll-A to rll-E (see Fig. 1), pXlrll DNA was first

digested with restriction endonucleases Bam HI plus Hind II in 6.6 mM each of

Tris-HCl pH 7.9, B-mercaptoethanol and MgCl2, 60 mM NaCl. To prepare the

fragments rl2-A and rl2-B (see Fig. 1), pXlrl2 DNA was first digested with

Bam HI alone using the same buffer. The digests were twice extracted with

phenol and the DNA precipitated from the aqueous phase with 0.1 M NaCl and

2 vol 95% ethanol at -20°C. The DNA precipitate was collected by centrifu-

gation for 10 min in an Eppendorf centrifuge, briefly dried in vacuo and

dissolved in 0.01 M Tris-HCl pH 8. Next, both sets of DNA fragments were

digested with Eco RI in 0.1 M Tris-HCl pH 7.5, 0.05 M NaCl, 0.005 M MgC12.

The DNA fragments derived from pXlrll and pXlrl2 DNA were separated by

preparative electrophoresis on a 3 am thick 2.5% agarose gel in TBE buffer
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121] at 6 V/cm. Gels were photographed after staining with ethidium bromide

(1 jg/ml distilled water). DNA was recovered from the gel strips by electro-

elution in 0.5 x TBE buffer at 50 V for 24 hr. The eluted DNA was loaded

onto a 0.5 x 1 cm column of benzoyl-naphthoyl-DEAE-cellulose (Serva). The

column was washed with 0.3 M NaCl, 0.01 M Tris-HCl pH 7.4, 0.001 M EDTA and

then the DNA was eluted with a small volume of 1 M NaCl, 15% (w/v) ethanol,

0.01 M Tris-HCl pH 7.4, 0.001 M EDTA. The purified DNA fragments were pre-

cipitated with 2 vol 95% ethanol at -20°C and collected by Eppendorf centri-

fugation. The recovery of DNA after this purification procedure was 60-70%.

The purity of fragments was checked by gel blots with 32P-labelled rRNA [22].
All fragments were pure except rll-B for which contamination a correction was

made (see Table 1, footnotes c and d).

80% formamide hybridization, nuclease S1 digestion of RNA-DNA hybrids and

alkaline gel electrophoresis.

Hybridization of in vivo 32P-labelled pXlrll DNA with unlabelled rRNA in

a buffer containing 80% formamide and digestion of the hybrid with endonuclease

S1 were performed according to Berk and Sharp [23]. The DNA was denatured at

75°C for 10 min and hybridized for 2 hr at 65°C, which we found to be the op-

timum temperature for hybridization under these conditions (data not shown ).

The hybrid was incubated with 100 units of endonuclease S1 (Boehringer) per

100 jl reaction mixture. After ethanol precipitation, the samples were elec-

trophoresed on vertical agarose gels (25 cm long, 3 mm thick) in alkaline

buffer [24]. Wet gels were covered with Saran wrap and exposed to Kodak XR5

X-ray film at -70C using Cconex "Lighting Plus" intensifying screens (Dupont,.

Several controls as described by Renkawitz et al. [20] were performed parallel

to each experiment. For molecular weight markers on all gels we used the

fragments of pBR322 DNA digested with either Hind II plus Hind III plus Ava I

or Hind III plus Hinf, which were end-labelled with [Y-32P] ATP and kinase

[25]. Molecular weights were rounded off to multiples of 10 nucleotides.

Filter hybridization
Isolated subfragments of pXlrll and pXlrl2 were loaded onto 0.45 jm nitro-

cellulose filters (Sartorius) and hybridized with subsequent RNase treatment

and washing as previously described [1]. The hybridization solution was an

equimolar mixture of [3H]methyl- and 3 P-labelled rRNA in 2x SSC (SSC = 0.15 M

NaCl, 0.015 M trisodium citrate pH 7.0) containing 0.1% (w/v) sodium dodecyl

sulfate, with an rRNA concentration of 3 pmoles(= 6.7 jg) / ml. The hybrid-

ized filters were counted in Aquasol-2 (New England Nuclear) after dissolving

1500



Nucleic Acids Research

in 0.5 M HCl and ethyl acetate [26]. A correction was made for 1.2% 32P cpm

spillover into the H channel.

RESULTS

To determine if the methyl groups along X. laevis rRNA are randomly dis-

tributed or clustered, we hybridized labelled rRNA to the rDNA subfragments of

a cloned ribosomal repeat unit from X. laevis shown in Fig. 1. When an equi-

molar mixture of [ H]methyl- plus P-labelled rRNA is hybridized to a DNA

fragment containing rRNA coding sequences and non-hybridized RNA is removed,

the ratio of H cpm/ P cpm in hybrid corresponds to the degree of methyla-

tion of that particular rRNA region (defined as the number of methyl groups

per unit length of rRNA). The total number of methyl groups contained in the

rRNA regions that hybridize to the cloned rDNA fragments Xlrll and Xlrl4 (which

contains identical coding regions as fragment Xlrl2 [16] used in this study)

is 66-67 and 43-44 respectively, as shown by fingerprint analysis [2, 12].

Therefore, the absolute number of methyl groups contained in the rRNA regions

which hybridize to the DNA subfragments rll-A to rll-E and r12-A and rl2-B

can be calculated from the ratio of 3H cpm/32P cpm per hybrid, when the length

of the rRNA coding region per DNA subfragment is known. For each of these

subfragments the length of its coding region is known from literature data

(see legend to Fig. 1) except for 28S rRNA which may or may not be present in

subfragment rll-B. This length was determined using the method described by

Berk and Sharp [23]. In this way the length of the other coding regions

within Xlrll DNA could be analyzed at the same time in order to validate the

electron microscopic measurements reported in the literature.

To this end in vivo 32P-labelled pXlrll DNA was digested with endonucle-

ases Hind II plus Bam HI plus Eco RI to yield the subfragments rll-A to rlL-E

as well as vector Col El DNA, as is shown after gel electrophoresis under

alkaline conditions in Fig. 2, lanes 1 and 6. When these fragments are hy-

bridized with an excess of unlabelled rRNA followed by treatment with nuclease

Sl, only DNA sequences representing coding regions for rRNA are resistent to

digestion and can be detected after separation on alkaline gels. As expected

the position in the gel of fragments, rll-A, -D, and -E has not changed after

hybridization with 28S plus 5.8S plus 18S rRNA (Fig. 2, lanes 2 and 7) con-

firming that these DNA fragments completely represent 28S rRNA coding se-

quences. In addition this result shows that these rDNA fragments do not con-

tain an intervening sequence as found within this part of the 28S rRNA gene of
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Fig. 2. Alkaline gel electrophoresis of nuclease

rRNA and Xlrll DNA subfragments

Si treated hybrids between

0.7-5.4 pg of in vivo P-labelled pXlrll DNA was digested with Hind II plus

Bam HI plus Eco RI and the fragments were hybridized with 50 pg rRNA in 10 4l
for 2 hr at 65°C. After nuclease Sl treatment the samples were run on 1.2%
alkaline agarose gels at 60 V for 13 hr (panel A) or on 3% gels at 70 V for

15 hr (panel B). Lanes (1) and (6): non-hybridized pXlrll DNA fragments, no

Sl treatment, serving as reference; lanes (2) and (7): hybridization to 18S
plus 28S plus 5.8S rRNA; lanes (3) and (4): marker digest of pBR322 DNA with
Hind III plus Hind II plus Ava I; lanes (5) and (9); marker digest of pBR322
DNA with Hind III plus Hinf; lane (8): hybridization to 28S plus 5.8S rRNA.
The lengths are indicated in number of bases. Lanes (4) to (7) and (8) plus

(9) are from different gels.

some other eukaryotes L34-401. Fragments rll-B and rll-C (and Col El DNA)

have disappeared in these gel lanes, whereas two new fragments of 900 and 310

nucleotides, called C' and B' respectively, can be detected. Because fragment

rll-B cannot contain a coding region as long as 900 bp (see Fig. 1), fragment

C' must represent the coding sequence of fragment rll-C. Therefore, the 28S

rRNA gene starts within fragment rll-C at a position about 50 bp from the

Bam HI cut site. If coding sequences for 28S rRNA would have been present
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within fragment rll-B, its length could never have exceeded about 130 bp

(= 1100 - 810 - 159; see Fig. 1). Therefore, since fragment B' is longer than

this, it clearly represents the coding region for 18S rRNA within fragment

rll-B. The length of this 18S rRNA coding region, as found here, is about 50

bp less than determined by electron microscopy [32] . Since the length of 18S

rRNA is about 1920 nucleotides [41] it now follows that the 18S rRNA coding

region within Xlrl2 DNA is about 1610 bp. A fragment corresponding to the

159 bp coding region for 5.8S rRNA [17] should be present after hybridization

with 28S plus 5.8S p 18S rRNA, but could not be detected in lane 7 of

Fig. 2, probably because of the low radioactivity in such a fragment. However,

after hybridization with 28S plus 5.8S rRNA and autoradiography of the profile

of the nuclease S1 digested fragments for a longer time, a fragment of 160

nucleotides called B'" was clearly detectable (Fig. 2, lane 8). The length of

the coding regions in fragments rll-A to rll-E, as well as for r12-A and rl2-B

is summarized in Table 1, column 1, and was used to calculate the absolute

number of methyl groups in the rRNA regions represented by these rDNA fragments.

The distribution of methyl groups along rRNA was determined by hybridiza-

tion of the purified subfragments rll-A to rll-E, rl2-A and rl2-B, loaded onto

nitrocellulose filters, with an equimolar mixture of [ 3Hmethyl- and 3 P-la-

belled rRNA. High amounts of purified rDNA subfragments need to be loaded

onto the filters in order to detect enough 3H counts in-hybrid. The concen-

tration of input rRNA in the hybridization mixture that is sufficient for

saturation of the coding sequence was determined using linear pXlrll and pXlrl2

DNA on filters. Fig. 3 shows that a plateau is reached at an input rRNA con-

centration of 3 pmoles/ml hybridization mixture, and such a saturating value

of input rRNA was used for further hybridizations with the subfragments of

Xlrll and Xlrl2 DNA. After incubation with pancreatic ribonuclease the RNA-

DNA hybrids were assayed for 3H- and 32P-radioactivity. Table I summarizes

the results of two independent experiments. In the first experiment the num-

ber of 3H cpm in the hybrids with fragments rll-B, -C and -E is rather low,

but the triplicate values of which the average is shown in Table I are in

excellent agreement. In the second experiment the amount of subfragment DNA

loaded onto a filter was raised in order to obtain more 3H counts in hybrid.

The 3H cpm/32P cpm ratio for a labelled rRNA region in hybrid corresponds

directly to the degree of methylation of that region, since use of this ratio

corrects for differences in loss of the various DNA subfragments from the fil-

ters during hybridization. The 3H cpm/32P cpm ratios found for the rRNA re-

gions hybridized to subfragments rll-B and rll-D are higher than the weight

1504
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4 --------- -
pXlrlI

x 105
cpm

32p 3-,w
in pXIrl 2

hybrid ,#' . ------

2 - -

0

1 2 3 4
input rRNA (pmoles/ml)

Fig. 3. Saturation curves for hybridization of cloned rDNA fragments from
X. laevis with homologous rRNA. pXlrll and pXlrl2 recombinant plasmid DNAs
were linearized by digestion with endonuclease Eco RI and 17.8 yg or 17.3 pg
of digested DNA (corresponding to 2.3 and 1.4 pmoles respectively) was loaded
onto nitrocellulose filters in duplicate. The DNA was hybridized with in-
creasing amounts of 32P-labelled rRNA under the same conditions as described
in Materials and Methods for rDNA subfragments. The 32P-labelled rRNA used
in this experiment was directly extracted from the cells according to Wolf
and Schlessinger [42] by adding per tissue culture flask 2 ml of distilled
water and 0.5 ml of 0.5 M Tris-acetate pH 5.4, 0.05 M EDTA, 2.5% (w/v) sodium
dodecyl sulfate, containing 100 ig/ml of polyvinylsulfate. Purification of
rRNA was the same as described in Materials and Methods. Any traces of DNA
contamination were removed as described previously [1]. The specific radio-
activity of this rRNA was 2.4 x 105 cpm per ug.

average for all rRNA regions coded for by Xlrll DNA (8.6 and 16.0 for experi-
ments 1 and 2 respectively), whereas the 3H cpm/32P cpm ratio for the rRNA

region hybridized to fragment rll-C is much lower. This means that the rRNA

regions coded for by rll-B and rll-D DNA contain a large number of methyl
groups per unit length of rRNA, whereas few methyl groups are found in the

rRNA region coded for by rll-C. In contrast, the 3H cpm/32P cpm ratios found
for the rRNA regions coded for by rll-A and rll-E as well as those for r12-A
and r12-B DNA are close to the weight averages of the ratios for the hybrids
with all Xlrll and Xlrl2 DNA subfragments respectively. The molar yield of

methyl groups contained in the rRNA region(s) coded for by each rDNA subfrag-
ment could be calculated as shown in Table 1. An average molar yield of 13.6

is found for the methyl groups found in the rRNA regions coded for by subfrag-
ment rll-B; of this total number 1.4 is the molar yield of methyl groups in
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5.8S rRNA [2] leaving a molar yield of 12.2 for the methyl groups in the 18S

rRNA region. The molar yields as calculated for both experiments are in close

agreement. The average of both sets of data, therefore, can be considered as

a close approximation of the actual number of methyl groups contained in the

various rRNA regions.

DISCUSSION

In this paper the partial data of Maden and Reeder on the distribution of

methyl groups along 18S and 28S rRNA of X. laevis [12] are confirmed and ex-

tended for the four regions of 28S rRNA coded for by the subfragments A, C, D

and E of Xlrll DNA. The molar yield of methyl groups calculated for the 18S

rRNA regions coded for by the r12-A and rll-B DNA subfragments as well as for

the 28S rRNA region corresponding to subfragment rl2-B (Table 2) agree reason-

ably well with the molar yields known from fingerprint analysis: 31-32, 8-9

and 12 respectively [12]. This close agreement supports the reliability of

the experimental approach used in this paper. Using this method the distribu-

tion of methyl groups along 18S and 28S rRNA was found to be nrn-random

(Table 2).

For 18S rRNA, clustering of methyl groups was found within the short 3'

terminal sequence corresponding to subfragment rll-B DNA, in which the degree

of methylation (expressed as the average number of methyl groups per 100 bases

Table 2. Distribution of methyl groups along various regions of X. laevis rRNA

(1) (2) (3)
rRNA region molar yield of length of rRNA b average number of methyl
(corresponding methyl groups a region in bases groups per 100 bases of rRNA
rDNA fragment) per rRNA region - column(l)/column(2) x10-2

5' 18S (rl2-A) 32.0 1610 2.0
3' 18S (rll-B) 12.2 310 3.9

£= 44.2 E -1920 wt x=2.3

5.8S (rll-B) 1.4 161 8.7

5' 28S (rll-C) 3.2 900 0.4
28S (rll-E) 3.4 230 1.5
28S (rll-A) 19.7 1720 1.1
28S (rll-D) 26.6 750 3.5

3' 28S (rl2-B) 11.4 486 2.3
E = 64.3 E = 4086 wt x = 1.6

a. See Table 1; the number for 5.8S rRNA is taken from Khan and Maden [2].
b. See legend to Fig. 1.
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of RNA, Table 2, column 3) is two times as high as in the remaining part of

18S rRNA coded for by subfragment r12-A DNA. The molar yield of methyl groups

in the 3' terminal sequence includes the 4 methyl groups of the m A-mnA clus-
2 2

ter found in 18 rRNA [12].

For 28S rRNA, clustering of methyl groups was also found within a 3' ter-

minal sequence: especially in the region corresponding to DNA subfragment

rll-D -but also to r12-B. The degree of methylation for these regions is 2.2

and 1.4 times as high respectively as the average for the whole 28S rRNA se-

quence. In contrast, the 5' terminal sequence of 28S rRNA coded for by sub-

fragment rll-C DNA is clearly undermethylated: the degree of methylation is

four times less than the average for the whole 28S rRNA molecule.

From other studies from our laboratory we know the position of those

regions of the 18S and 28S rRNA sequence that are conserved between X. laevis

and yeast (Richard L. Gourse and Susan A. Gerbi, manuscript in preparation).

Within X. laevis 28S rRNA, the regions corresponding to the DNA subfragment

rll-A and rll-D have the highest percentage of evolutionarily conserved se-

quences, whereas the region coded for by rll-C DNA hardly contains any se-

quence conservation at all. In addition, the other 28S rRNA regions as well

as those of 18S rRNA, listed in Table 2, have only the average percentage of

sequence conservation. Thus, when we compare this data with Table 2, the

degree of methylation correlates with the extent of sequence conservation for

at least the 28S rRNA regions corresponding to the Xlrll DNA subfragments C,

D and E. The fact that this correlation cannot be shown for the other 28S

or 18S rRNA regions, does not necessarily exclude that the position of methyl

groups and evolutionarily conserved sequences coincide. If the distribution

of methyl groups were known for shorter rRNA regions than, for example, the

1720 bases corresponding to the long DNA fragment rll-A, the correlation men-

tioned above might be found as well.

In addition, the data in Table 3 support the suggestion that the flanking

sequences of methylated sites within rRNA are evolutionarily conserved. An

equimolar mixture of [ 3H]methyl- and 32P-labelled rRNA from X. laevis was hy-

bridized with homologous and heterologous rDNA, present as recombinant plasmid

DNA containing a complete repeat unit. The increase in the 3H cpm/ P cpm

ratio from 13.5 X 10 in the homologous hybrid with X. laevis rDNA to 22.9

and 24.9 x 10 in the heterologous hybrids with D. melanogaster and yeast

rDNA respectively reflects the high number of methyl groups contained in the

rRNA sequences conserved between X. laevis and the other species. Because

about 15% of X. laevis rRNA (= 0.15 x 6170 = 925 bases) is conserved within
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Table 3. Hybridization of [3H]methyl- plus 32P-labelled rRNA from X. laevis
with homologous and heterologous rDNA

The heterologous rDNAs used were the recombinant plasmids cDm103 and pYlrA12
containing a complete ribosomal repeat unit from Drosophila melanogaster [43]
and S. cerevisiae [44] respectively. 11-24 pg of linear DNA was loaded onto
nitrocellulose filters and hybridized with a mixture of [3H]methyl- and 32p_
labelled rRNA from X. laevis as described in Materials and Methods. A cor-
rection was made for background counts as described in the legend to Table 1
for experiment 2.

DNA [3Himethyl cpm P cpm 3H cpm/32P cpm
in hybrid in hybrid x 10-2

pXlrll (Xenopus) 1024 6947 14.7 a3.5a
pXlrl2 (eou)219 1942 11.3 1.

cDml03 (Drosophila) 437 1909 22.9

YlrA12 (yeast) 629 2523 24.9

a. weight average calculated as indicated in Table 1, footnote e.

yeast rRNA (Richard L. Gourse and Susan A. Gerbi, manuscript in preparation),

the number of methyl groups within these conserved sequences can be calculated
925 24.9as 110 x 6170 x 13.5 = 30 (see legend to Table 1, footnote f). The number of

methyl groups per se that is conserved between X. laevis and yeast rRNA is ca.

46 [2, 4, 5, 45-48], so a substantial portion of these conserved methyl groups

have flanking sequences that are evolutionarily conserved as well.

As a by-product of our methylation study reported here, we have made some

adjustments to the X. laevis rDNA restriction map. We used the method of

Berk and Sharp [23] to determine the position of the start of the 28S rRNA gene.

This method is more accurate than using electron microscopic measurements to

line up the 28S rRNA coding region in Xlrll DNA [12, 17]. This explains the

small differences between our map positions and the map of Boseley et al. [17].

It is now clear that Xlrll subfragment B does not contain the beginning of the

28S rRNA gene. This gene starts in subfragment rll-C at about 50 bp from the

Bam HI cut site. In addition, we found that the 18S rRNA coding sequence

within subfragment rll-B is 310 bp in length, slightly less than the length

reported by Wellauer and Reeder [32]. Moreover the 28S rRNA gene as localized

on Xlrll DNA does not contain an intervening sequence, which has been reported

to interrupt the 28S (or 25S) rRNA coding region at a position about 2/3 its

length downstream in several eukaryotes: Drosophila melanogaster [34-371,
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Drosophila virilis [38], Calliphora erythrocephala [39], Tetrahymena pigmentosa

[40] and Sciara coprophila (Drs. Renate Renkawitz-Pohl and Lloyd Matsumoto,

personal communication). Ultimately, DNA sequencing will further refine the

exact lengths of the Xenopus rDNA coding regions and the positions of methyl-

ated sites in the transcript.
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