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ABSTRACT The sequence of 2965 nucleotides 5' of the human
E -globin gene has been completed. It includes two Alu family
repeats present in an inverted configuration. Only the one
located farthest from the gene was active as template for RNA
polymerase III in a transcription system prepared from nuclei
of Xenopus laevis oocytes. This selective transcription may
be explained by the lack of homology of the first 45 nucleo-
tides of the non transcribed repeat with other members of the
Alu family. In fact this region includes one of the homology
blocks described for other RNA polymerase III templates.

INTRODUCTION

During the last few years cell free extracts from cultured

cells or frog oocyte nuclei, capable of faithfully transcribing

RNA polymerase III templates in vitro, have been described. The

genes for adenovirus associated (VA) RNAs, for Xenopus laevis

5S RNA, for tRNA from Xenopus laevis, Bombyx mori, Drosophila

and Saccharomyces cerevisiae were transcribed in this way (for

a review, see ref 1). Recently it has been discovered that

members of the Alu family repeats found interspersed in the

human genome (2) are also transcribed, in vitro, by RNA poly-

merase III (3-5). Sequence analysis was carried out on one of

the repeats found in the 5' flanking region of E-globin gene;

furthermore, a structural and functional study of the templates

adjacent to the G - and & -globin genes has also been carried

out (6). These features of the intergenic regions are of

interest,because of the growing body of evidence suggesting that

they may play a role in the regulation of gene expression (7-12).

In this paper we extend our structural studies (13,14) of the

5' flanking region of £-globin gene and describe the different

behaviour, as RNA polymerase III templates, of the two Alu
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repeats contained in it. The transcription system we used was

derived from en masse prepared Xenopus laevis oocyte nuclei.

This system has previously been shown to synthesize and

accurately process a series of tRNAs (15). Only one of the two

repeats present in the 5' flanking region of the 6-globin gene

is transcribed in the oocyte system and only the repeat, which

is transcribed, shows 5' end homology with the repeats adjacent

to the G~ - and &-globin genes. Reconstitution experiments

with fractions obtained from the nuclear extract show that, in

addition to RNA polymerase III, other factors are required for

accurate transcription.

MATERIALS AND METHODS

Materials

The recombinant DNAs used were XS , p£3.7, p£1.8 and Me3.7.
XFis a X phage recombinant containing the 8kb HindIII

fragment from human f -globin DNA (16,17). pE3.7 is a plasmid

pBr322 in which a 3.7kb HindIII-EcoRI fragment was inserted (a
gift from E. Fritsch and T. Maniatis); p£1.8 is pBr322

containing a 1.8kb EcoRI-BamHI fragment, and ME3.7 is the

replicative form of phage M13 in which a 3.7kb EcoRI was

inserted; the inserts in pe£3.7, pE1.8 and ME3.7 derive from the

8kb insert of AE.

Preparation of Germinal Vesicles and GV Extract

Isolated stage 6 oocytes, free of follicle cells, were

obtained from ovaries of Xenopus laevis (South African Snake

Farm) by collagenase digestion. Nuclei from stage 6 oocytes

were prepared according to Mattoccia et al (15). Extract was

prepared according to the procedure of Birkenmeier et al (18)

from either freshly prepared nuclei or nuclei frozen at -700C.

Fractionation of the GV Extract

The GV extract was applied to a DEAE-Sephadex A25 column

equilibrated in J buffer [70mM NH4C1, 7mM MgCl2, 0.1mM EDTA,

2.5mM DTT, 10% (v/v) glycerol and 10mM HEPES (pH 7.4)]. The

column was washed with 2 vol of the same buffer and then eluted

with an ammonium chloride linear gradient (0.07-1.2M). Fractions
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were assayed for RNA polymerase activities. The activity of the

fractions eluting around 230mM NH4Cl was completely insensitive

to 1 vg/ml M-amanitin and inhibited by 80-85% when assayed in

the presence of 100 rg/ml z,c-amanitin. The most active fraction

was used as polymerase III (polymerase III preparation) in the

reconstitution experiments. The flow-through of the DEAE-

Sephadex column, after dialysis against J buffer containing

30mM NH4Cl, was further fractionated by chromatography on a

phosphocellulose (Whatman P-li) column equilibrated in J buffer

containing 30mM NH4Cl. The column was eluted with a linear

gradient of ammonium chloride (0.03-0.5mM). All fractions were

dialyzed against J buffer.

Transcription of DNA and analysis of the products

The standard reaction mixture contained in 20 rll up to

1.5 Fg of DNA, 0.2mM of the nonradioactive nucleoside triphos-

phates, 0.02mM of 6 3 P-UTP or o(- P-GTP (Amersham) at a

specific activity of 20-30 Ci/mmole, 7mM MgCl2,2O.1rM EDTA,

2.5mM DTT,10% glycerol (v/v), lOmM HEPES (pH 7.4), 70mM NH4C1
and 6-8 tl of GV extract. After incubation for 120 min at 220C,
reactions were stopped and the products were extracted according

to the procedure of Birkenmeier et al (18). The RNA products

dissolved in TBE buffer L8OmM Tris-borate (ph 8.3), lmM EDTA1,
containing 10% sucrose, 7 M urea, 0.05% each of bromophenol

blue and xylene cyanol FF, were subjected to electrophoresis in

a 6% polyacrylamide gel (29:1, acrylamide bisacrylamide) in TBE

buffer containing 4 M urea. Gels were run at 350 V until the

xylene cyanol FF migrated about 13 cm from the top, and were

examined by autoradiography with Kodak XR-5 films and fine

intensifying screen. Glyoxalated samples were prepared

according to McMaster and Carmichael (19) and run as above.

RNA Polymerase assay

Fractions of the DEAE-Sephadex column were assayed directly

after the elution of the column, according to the procedure of

Mattoccia et al (15).

Blotting and filter hybridization

DNA was digested with restriction endonucleases (Miles
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Laboratories or New England Biolabs), using conditions given by
the manufacturers. Reactions were stopped adding 0.5% SDS,

15mM EDTA, bromophenol blue 0.25 mg/ml and 15% sucrose, and

heated 5 minutes at 700C. Samples were applied to an horizontal

1% agarose (Biorad) slab gel and subjected to electrophoresis
at 20 V for 12-15 hr at room temperature. Electrophoresis
buffer contained 50mM Tris, 20mM sodium acetate, 20mM NaCl, 2mM

EDTA buffered at pH 8 with acetic acid. The gels were photo-
graphed after staining with ethidium bromide. DNA was trans-

ferred from agarose gels to Schleicher and Schtll nitrocellulose

filter (BA85) according to the method of Southern (20). After

transfer, the filters were baked under vacuum at 800C for 2

hours. Hybridization buffer consisted of 0.3 M NaCl, 0.03 M

sodium citrate and 0.2% SDS. Hybridizations were conducted at

60°C for 1-2 days in plastic bags with a volume of 3-5 ml of

hybridization buffer. After hybridization, the filters were

washed 2-3 times for 6-8 hr with hybridization buffer at 600C.
Air dried filters were autoradiographed as described for the

RNA gels.

RESULTS

Templates

We used the previously described recombinant DNA from

phage XE , containing an 8kb HindIII fragment, carrying the

E -globin gene (16,17). A schematic restriction map of the

cloned insert is shown in figure 1. The sequence of the entire
& -globin gene and of the flanking region to the right of the

central EcoRI site was previously reported (13,14) and we have

now sequenced the PvuII-EcoRI 0.9kb fragment by the Maxam &

Gilbert procedure (21). Figure 2 shows the complete sequence of

the 5' flanking region of the £-globin gene. A pair of

inverted repeats can be observed (underlined nucleotides); they

can pair on 89% of their bases, including 7% G-T base pairs.

These findings account nicely for the foldback structure

described by Coggins et al (22); the size of the stem (227 ± 39)

and of the loop (919 ± 134) established by electron microscopy

analysis are in agreement with the sequencing data (265 and 770

respectively).
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Figure 1
Schematic restriction enzyme map of F -globin gene and its

flanking region (HindIII 8kb fragment). Only the more relevant
sites are indicated; for a complete map, see ref 8, 13 and 14.
There are two BglII sites to the left of the central EcoRI site;
the farthest left was not present in the original A\E (16,17,22),
but it was found in the pE 3.7 isolated from a different gene
library by E. Fritsch and T. Maniatis (personal communication).
pe 3.7 and pE 1.8 are the subclones containing the HindIII-EcoRI
3.7kb and EcoRI-BamHl 1.8kb fragment; Me 3.7 is the subclone
containing the EcoRI 3.7kb fragment (13,14). Arrows denote the
direction of transcription. R denotes the position of the
repetitive Alu family sequences.

We also used the two subclones pE 3.7 and pE1.8, containing

respectively the 3.7kb HindIII-EcoRI and the 1.8kb EcoRI-BamHl

fragments.

Transcription in vitro

The Xenopus laevis germinal vesicles (GV) system, that we

described previously (15), was used. DNA from the recombinant

phage ?\ (containing the whole 8kb HindIII fragment carrying

the e-globin gene) was incubated in the GV extract. The RNA

transcripts were labelled with -32P-UTP and separated by

electrophoresis in a 6% polyacrylamide gel, containing 4 M urea.

Figure 3, lane 1, shows that three major distinct products are

observed (bands A, B and C). The size of these three transcripts

was determined in a glyoxalated gel (not shown) and shown to

correspond to 460 nucleotides for band A, 380 for band B and

340 for band C. The synthesis of all the transcription products
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10 20 30 40 so 60 70 60 90 100 110 120

CAGCTGCOCT GCTTTTTOTC TAOTCATTGT TCTTTTATTT CAOTGGATCA AATACGTTCT TTCCAAACCT AGGATCTTGT CTTCCTOGAC TATATATTTT ATCCACOAAG TCTTAATCTG

130 140 150 160 170 180 190 200 210 220 230 240

GOOTCCACAG AACACTAGW9 GOCTGOTGAA GTTTATAGAA AAAAAATCTO TATTTTTACT TACATOTAAC TOAAATTTAG CATTTTCTTC TACTTTGAAT GCAAAGGACA AACTAGAATG

250 260 270 290 Z90 300 310 320 330 340 350 360
BglhI

ACATCATCAG TACCTATTGC ATAOTTATAA AGAGAAACCA CAGATATTTT CATACTACAC CATAGOTATT OCAGATCTTT TTOTTTTTGT TTTTGTTTGA GATGGAGTTT COCTCTTATT

370 330 390 400 410 420 430 440 400 460 470 480

GCCCAGOCTO GAGTGCAOTO GCATOATTTC GOCTCACTGC AACCTCCCCT TCCTOCATTC AAGCAATTCT CCTOCCTTGG CCTCCAGAGT AOCTGOOGAT TACAGOCACC TOCCACCATO

49C 500 510 520 530 540 550 560 570 S30 590 600

CCAOTCTAAT TTTTGTATTT TTAGTAGAGA ATOGOTTTCO CCATOTTOOC CAOOCTOOTC TTOAACTCCT OACCTCAOAT OATCTOCCCO CCTTOGCCTC CT0AAGT9CT GGOATTATAG

610 620 630 640 650 660 670 690 690 700 710 720
BgqlI

GT9TGAGCCA CCACOCCTGO CCCATTGCAG ATATTTTTAA TTCACATTTA TCTOCATCAC TACTTOGATC TTAAGOTAGC TGCAOACCCA ATCCCAOATC TAATOCTTTC ATAAAGAAGC

730 740 750 760 770 760 790 300 610 620 630 640

AAATATAATA AATACTATAC CACAAATOTA ATOTTTGATO TCTOATAATO ATATTTCA9T OTAATTAAAC TTAOCACTCC ATOTATATTA TTT9ATOCAA TAAAAACATA TTTTTTTAGC

850 660 870 360 890 900 S10 920 930 840 3O 360
EcoR0

ACTTACAGTC TGCCAAACTO GCCTOT0ACA CAAAAAAAGT TTAGOGGAAT TCCCCTAGTT TTOTCTOTOT TAOCCAATOO TTAOATATA TOCTCAGAA 9ATACCATTO OTTAATAOCT

970 960 930 1000 1010 1020 1030 1040 10S0 1060 1070 1060

AAAAGAAAAT OGAOTAAAA TTCAGTOGCC TOOAATAATA ACA6TTTOGG CAOTCATTAA OTCAGOTGAA OACTTCTOA ATCATOOGAO AAAAOCAAG OAGACATTCT TACTTOCCAC

1090 1100 1110 1120 1130 1140 11S0 1160 1170 1130 1130 1200

AAGTGTTTTT TTTTTTTTTT TTTTTTATCA CAAACATAAG AAAATATAAT AAATAACAAA GTCAGGTTAT AGAAOAGAGA AACOCTCTTA OTAAACTTOU AATTOOAT T CCCCAAAC

1210 1220 1230 1240 1250 1260 1270 1230 1290 1300 1S10 1320
6g1ll

ACTTOACTTG OGAGACAGGA OCCATACTOC TAAGTOAAAA AGACOAAGAA CCTCTAGGOC CTGAACATAC AOOAAATTOT AOOOACAOAA ATTCCTAT CTOOTO WC AAIOWOAOCC

1330 1340 1350 1360 1370 1330 1390 1400 1410 1420 1430 1440

ATAOGAGAAA GOAAT9OTAO AAATGOATO9 AGACOGAGOC AGAOGOTGOC AOATCATOAG OTCAAGAGAT CGAOACCATC CTOCAAACA TOTOAATC CC9TCTCTAC TAAAATAA

1450 1460 1470 1490 1490 1500 1S10 1520 1530 1540 1550 1560

AAAATTAOCT GGGCATOOTO OCATGC9CCT OTAOTCCCAO CTOCTC0GGA 9OCTOAOGCA GOAGOATCOT TT9AACCCAG nAnGCOAAGO TTCAOTGAO CTGAOATaOT oCCATTOCAC

1570 1S30 1S30 1600 1610 1620 1630 1640 1650 1660 1670 1660

TCCAGTCTGO CAACAGAOTa AGACTCCOTC TCAAAAMAAA AAAAAAGAAA GAAAGAAAAO AAAAAGAAAA AAOAAAAAAT AAATOGATOT AGAACAAGCC AGAAtOOAOA ACTOGOCTGG

1630 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800

GOCAATGOA TTATGOTGAT GTAAGGOACT TTTATAGAAT TAACAATOCT GOAATTTOTO GAACTCTGCT TCTATTATTC CCCCAATCAT TACTTCTOTC ACATTGATAG TTAAATAATT

1610 1320 1330 1840 16S0 1360 1870 1330 1390 1900 1910 1920

TCTGTOAATT TATTCCTTGA NTCCCAAAAT ATTGAGOTAA ATAACAATOO TATTATAAAA GOOCAGATTA AOTOATATAG CATAAGCAAT ATTCTTCAGG CACATOGATC GAATTGAATA

1930 1940 1950 1960 1970 1930 19SO 2000 2010 2020 2030 2040

CACTOTAAAT CCCAACTTCC AGTTTCA9CT CTACCAAOTA AAGAOCTAGC AAGTCATCAA AATOGGOACA TACAOAAAAA AAAAAGOACA CTAGAGGAAT AATATACCCT QACTCCTAGC

2050 2030 2070 2080 2090 2100 2110 2120 2130 2140 2150 Z160

C1GATTAATA TATCOATTCA CTTTTACTCT OTTTOOTOAC AAATTCTOOC TTTAAATAAT TTTAGOATTT TAOOCTTCTC AOCTCCCTTC CCAOTGAGAA OTATAAGCAG GACAGCAGGC

2170 2180 2190 2200 2210 2220 2230 2240 2250 2260 2270 2280

AAMAAGAAG AGAOCCCAAG GCAATACTCA CAAAOTACC AOT9TCCCCT OTOOTCATAO AGAATOGAA AGAGAGAGGA NTCCCCCCTT GGAGCCACTO GGTGGTAATC CTTTCCOTCC

2290 2300 2310 2320 2330 2340 2350 2360 2370 2380 2390 2400

GTTCCTCTCT AGGGAATCAC CCCAAGGTAC TGTACTTTOG GATTAAGOCT TTAGTCCCAC TOTGGACTAC TTOCTATTCT GTTCAOTTTC TOAAGGAACT ATGTACOGTT TTTGTCTCCC

Figure 2
The 5' flanking region of human £-globin gene. The

nucleotide sequence is shown 120 nucleotides per line, the 5'
end of the sequence is at position 1. Nucleotides 1 to 886
represent the PvuII-EcoRI fragment sequenced (see fig 1).
Nucleotides 887 to 2400 were previously reported (13,14). The
start of the coding sequence of £ -globin gene is 565 nucleo-
tides downstream (position 2965, not shown). The more relevant
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restriction sites are indicated. The sequences underlined are
the inverted repeats that form the stem of the fold back DNA
structure seen by E.M. analysis (22). They are of opposite
orientation and about 89% complementary (see text). The 5' end
of the RNA polymerase III template is around position 623 and
the termination signals are possibly at position 166-159,
232-223 and 277-269 (see text). Note that the RNA transcribed
from the first repeat is complementary to the indicated
sequence. The nucleotide sequence between positions 1-140 and

510-540 were read only on one strand and should be considered
about 98% certain. The EcoRI site (position 887) was not read
through and the overlapping is based on restriction mapping
evidence.

was insensitive to zL-amanitin at low concentration (1-10 -Lg/ml),
but almost totally inhibited at high doses (100 t&g/ml) (data not

shown). These results indicate that RNA polymerase III is

responsible for the synthesis of the RNA species described. In

GV extract, in the conditions used in these studies, there is

no detectable transcription by RNA polymerase II of the sequence

corresponding to the e-globin gene, present in the 8kb fragment

To identify which part of the 8kb fragment is transcribed by
RNA polymerase III, we used the DNA of the two subclones pE 3.7

and pE 1.8 as templates. Figure 3, lane 2, shows that with the

pE 3.7 template, containing the 3.7kb HindIII-EcoRI fragment,
which carries the first repeat, the transcripts obtained have

the same mobility of the transcripts obtained using ?E DNA.

Furthermore, if the template used is pE 3.7 restricted with

BglII, a single RNA band of about 300 nucleotides is produced

(not shown). By contrast, when pE 1.8 DNA, containing the

1.8kb BamHI-EcoRI fragment, which carries the second repeat,

was used as template, the transcripts were not observed (figure

3, lane 3). These results demonstrate that the sequences

transcribed are all located on the 3.7kb fragment. In agreement

with this conclusion a 3.7kb EcoRI fragment, cloned in phage

M13 was shown to be transcriptionally inactive (figure 3, lane 5).

To characterize further the RNA molecules transcribed by ?E DNA,

we carried out Southern hybridization of fragments of l&E DNA,

produced by restriction endonuclease digestion, with 32p_
labelled-transcripts A, B and C. Figure 4 shows the results

obtained with transcript A, but identical results (not shown)
were also obtained with transcripts B and C. The transcribed
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1 2 3 4 5 6 7

A
B

Figure 3
RNA synthesized in GV extract with different DNA templates.

Autoradiogram of electrophoretic gel of RNA synthesized in GV
extract in a standard reaction mixture, using different DNA
templates. Lane 1: 0.8t~g of XE DNA; lane 2: 0.4 pig of pE3.7
DNA; lane 3: 0.4 fxg of pE1.8 DNA; lane 4: 0.8 pg of X~E DNA;
lane 5: 0.4 Vxg of double strand ME 3.7 DNA; lane 6: 0.8 rg of
Ai.DNA; lane 7: 0.4 txg of pBr322 DNA.

sequences are located on an 8kb HindIII fragment (figure 4,
lane 1), as expected. Three distinct fragjments produced after

BglII digestion were shown to hybridize (figure 4, lane 2):
a large fragment, containing part of the vector and the left

part of the human sequences up to the first BglII site; a 400

nucleotide long fragment, containing the first repeat, and a

2kb fragment containing the second repetitive sequence. It is

important to note that there is no detectable hybridization
corresponding to the 600 nucleotides BglII fragment located in
between the two repetitive sequences (see figures 1 and 2).
Double digestion with BglII and XbaI restriction enzymes

produced three fragments, respectively 2300, 1150 and 400 base

long, which hybridize with the transcription products (figure
4, lane 3). The transcribed sequences hybridize to a doublet

(about 3.7kb) produced after a double digestion EcoRI-HindIII

(figure 4, lane 4), and to two fragments (5kb and 1.8kb
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A B

1 2 3 4 5 M 1 2 3 45
2 22800-

- 7470-
5900-

- 5000-
- 3850-
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1170-

- 1_520-

Figure 4
Agarose gel electrophoretic pattern of AE DNA restricted

by several restriction enzymes and filter hybridization of RNA
synthesized in GV extract.

DNA was digested by several restriction endonucleases and
analyzed on 1% agarose gel. (A) The ethidium bromide stain of
the gel. (B) The corresponding autoradiogram after the DNA was
transferred from the gel to a nitrocellulose filter and
hybridized to band A RNA. Band A was eluted from a polyacryl-
amide gel, in which products of transcription of XCf DNA in GV
extract were run. DNA was digested with: HindIII (lane 1),
BglII (lane 2), BglII and XbaI (lane 3), EcoRI and HindIII
(lane 4), and EcoRI and BamHI (lane 5). M shows size markers
(in base-pairs).

respectively) obtained after EcoRI-BamHl digestion (figure 4,
lane 5). The hybridization to the 1.8kb fragment, containing
the second repeat, is much weaker.

From these results we conclude that the transcripts
hybridize efficiently with the first repeat, and less so with

the second. This finding is consistent with the conclusion

obtained above by in vitro transcription of pE 3.7 and pE 1.8

subdbnes.

In order to determine the direction of transcription we

used the pe 3.7 subclone. A sample of the DNA was linearized
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with EcoRI and another with XbaI (see figure 1). Both samples

were subsequently digested with exonuclease III, which,
proceeding always from the 3' end, left intact in each sample
only one of the complementary strands of the repeat. Each of

the three transcripts hybridized only to the DNA of the sample

treated with XbaI, indicating that the repeat is transcribed in

the opposite direction with respect to the £-globin gene. This

result is consistent with the polarity of the first repeat as

determined by DNA sequencing (see figure 2).

Reconstitution ofthe fractionated GV extract

We previously reported the biochemical fractionation of

en masse GV extract and showed that transcription of tRNA genes

depends on factors which do not copurify with the RNA polymerase
III, but are nevertheless essential for accurate transcription
(15). Figure 5 shows that RNA polymerase III alone is incapable
of specific transcription (lane 2) and that the addition of

fractions containing factors is necessary (lanes 3 and 4).
Therefore the Alu family repeats, like 5S and tRNA genes, require
for accurate transcription not only RNA polymerase III, but

additional factors.

DISCUSSION

In this work we extend the sequence and report the trans-

cription properties of the 5' flanking region of F-globin gene.

Bands A, B and C RNA are transcribed by RNA polymerase III from

the subclone p£ 3.7, containing the first Alu family repeat.
The starting point appears to be approximately 300 nucleotides

from the BglII site at position 313. By analogy with the

transcripts of the G r- and S -globin gene repeats (6), we

propose that transcription of band A RNA starts around position

623 and terminates at the T cluster at position 166-159 (see
fig 2). Band B and band C RNA presumably initiate at the same

site and terminate at two weaker RNA polymerase III terminators
(23), respectively, at position 232-223 and 277-269.

In agreement with this interpretation, we have observed,
in experiments in which we have used L-32P-GTP as label, that

raising the concentration of cold UTP up to 400 rM results in

6718



Nucleic Acids Research

1 2 3 4 5 6

Figure 5
Reconstitution of transcribing system from different

components derived by GV extract.
Autoradiogram of electrophoretic gel of RNA transcribed

from 0.5 t-g of XE DNA in reactions containing 3 p.1 of partially
purified RNA polymerase III with (lane 2) no addition, (lane 3)
10 I of flow-through of DEAE-Sephadex column, (lane 4) 10 k

of gradient peak (180mM NH4Cl) of material eluted by a PC
column. Lane 5 and 6 show respectively reactions containing
10 ~xl of fractions used in lanes 3 and 4 without addition of
RNA polymerase III. Lane 1 shows transcription of 0.5 g of
AE DNA in GV extract in a standard reaction mixture.

an increase of the relative amount of band A in respect to

band B and C (fig 6).
The repeat contained in the subclone pE 1.8 is not

transcribed in the GV system, although the Alu repeats of

pE 1.8 and pe 3.7 are 87% homologous in the region underlined
in figure 2. However, the pE 3.7 repeat presents further

homology at the 5' end with G and ~S repeats, while the

pE 1.8 diverges (fig 7). The latter is the only one not

transcribed by the GV system. It is suggestive that the more

homologous region includes one of the consensus sequences
described by Birnstiel and collaborators (24,25) in so diverse
RNA polymerase III templates such as tRNAs, adenovirus VAI
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Figure 6
Effect of UTP concentration on transcription of {\E DNA.

0.8 tkg of NE6 DNA were transcribed in a standard reaction mixture
containing increasing amounts of added cold UTP. In this
experiment we used dI -32P-GTP as labelled triphosphate. Auto-
radiograms of polyacrylamide gels of the samples were analyzed
in a E-C Apparatus Corp. densitometer; the ratio of the areas
under the peaks corresponding to band A and C was plotted as
function of UTP concentration. Similar results are obtained
for the ratio of band A to band B.

and VAII genes, 4.5S RNA gene of hamster and mouse cells and

members of the human Alu family of repeated sequences (6,24-26).
In figure 7, we compare the A and B blocks in G vand S&
repeats with those in the two repeats of E -globin gene. The

B block homology is particularly striking; the homoloay in the

A block in the Alu family repeats, is limited to the first

part of it, as also shown for mouse and hamster 4.5S RNA (27).
In the repeat contained in the pE 1.8 subclone significant

differences from the other three Alu family repeats can be

detected in the first 45 nucleotides, particularly in the A
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A B
CONSESS SEOUENCE TGGCNNAGTGG GGTTCGANNCC

Ireo. 6) AGGCTGGATGCGGTGGCTCAGGCTTGTAAACCCAGCACTTTGGGAGGCCAAGGCAGGCAG 1l Nuc AGGAGTTCAAGACCAGC
G Iref- 6) AGGCTGGGTGGTGGCTCACGCCTGTATCCCAGAATTTTGGGAGGCCAAGGCAGGCAG 13 Nuc AAGAGTTCAAGACCAAC

pe 3.?1this papr GGGCCAGGCGTGGTGGC TcAC ACCTATAATCCCAGCACTTCAGGAGGCCAAGGCGGGCAG 13 Nac AGGAGTTCAAGACCAGC

pA .iSfref 14) GGGGAGCCATAGGAGA A AGCAATGGTACAAATGGATGGAGACGGAGGCAGAGGTGGGCAG 11 N,c AAGAGATCGAGACCAIC

Figure 7
Comparison of the 5' end sequences of four different Alu

family repeats.
This region in pE 3.7 is about 88% homologous with the

repeats adjacent to the G- and & -globin gene, while p£ 1.8
is significantly different. The 5' end of the sequence is on
the left of the figure. In the first line two conserved
sequence blocks found in most genes transcribed by RNA poly-
merase III are shown (6, 24-26). Nucleotide matching with the
consensus sequence are written with big lettering. While for
the second block there is significant homology in all the four
repeats, in the first block pE 1.8 diverges considerably, if
the alignment of the repeats is conserved. However, pE 1.8
contains the sequence TGGTAGAAATGG, that presents some homology
with the consensus sequence, displaced 9 nucleotides with
respect to the other repeats. The numbers in the middle show
the number of omitted nucleotides. Vertical bars indicate
sequence homology. The first nucleotide at the 5' end in
pwE 3.7 and ps 1.8 repeats correspond, respectively, to nucleo-
tides 623 and 1313 of the sequence shown in figure 2. Note that
the sequence of the p& 3.7 repeat in figure 2 shows the strand
complementary to the strand shown in this figure. Sequences are
taken from the references given on the left.

block (see fig 7). These differences could be responsible for

the fact that the repeat in pE 1.8 is not transcribed.
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