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ABSTRACT
We have cloned a chromosomal DNA segment which covers the

entire sequence for the murine interleukin-2 gene and analysed
the structure of the gene. The coding regions are separated into
four blocks by three introns each of which is located similarly
to the corresponding human gene. The exon sequences can be
aligned perfectly with the previously cloned cDNA sequence. Of
particular interests is the presence of sequences within the 5'-
flanking region which are highly conserved between mouse and man.
The conserved region which spans more than 400 base pairs may
play a role in the regulation of IL-2 gene expression.

INTRODUCTION

Interleukin-2 (IL-2) is a lymphokine produced by T cells

upon antigenic or mitogenic stimulation and is required for the

proliferation of T cells (1,2). Several other biological

activities of IL-2 which appear to be crucial in the immune

regulation have also been reported (3, 4. 5. 6. 7.) . We

previously reported isolation and sequence analysis of the cDNA

for human IL-2 (8), as well as the chromosomal gene (9). More

recently, we have isolated a cDNA which encodes murine IL-2

(Kashima et al., submitted for publication). The cDNA contains a

unique tandem repeat of CAG sequence which would encode 12

consecutive glutamine residues in the active IL-2 molecule.

In order to study the structure of the murine IL-2

chromosomal gene and its controlling region, we isolated and

analysed a A phage clone containing the gene and its flanking

sequences.

MATERIALS AND METHODS

Southern blotting of total mouse DNA

Mouse chromosomal DNA was extracted from liver of BALB/c6
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mouse as described before (10). High molecular genomic DNA was

digested with various restriction enzymes and electrophoresed on

0.8% agarose ge l . Blotting analysis of DNA was carried out by

the method of Southern (11). Hybridization was carried out as

described previously and f i l t e r s were washed either in 3 x SSC at

65°C (lower s t r ingent condition) or in 0.1 x SSC at 65°C (higher

stringent condition).

Screening of qenomic DNA library

A bacteriophage X Charon 4A/mouse genomic DNA l ibrary

prepared with p a r t i a l EcoRI digests of mouse DNA from MPC 11

plasmacytoma c e l l s was kindly provided by Dr. T. Honjo. Mouse

IL-2-specif ic clones were screened by the method of Benton and

Davis (12), using 700 bp Pstl-AccI fragment of a cDNA clone,

PMIL2-45 as the probe (Kashima e t a l . , submitted for

p u b l i c a t i o n ) . Hybridizat ion was performed as descr ibed

previously(13). Positive clones were rescreened at least twice.

Subcloninq and sequencing of the mouse IL-2 gene

Two EcoRI fragments of 3.3 Kbp and 2.8 Kbp from the

pos i t ive recombinant X phage were subcloned into EcoRI s i t e of

plasmid pBR322. DNA segments derived from subcloned 3.3 Kbp and

2.8 Kbp fragments were label led at e i ther 31 end or 51 end, and

subjected to sequence analysis by the chemical degradation method

(14). The 0.8 Kbp EcoRI fragment from the same X phage clone was

d i r e c t l y subjected to sequence analys is by the dideoxy chain

termination method (15).

RESULTS

Total DNA blotting analysis

In order to study structural organization of the mouse

IL-2 gene, we first subjected total mouse DNA to the blotting

analysis by using various probes specific for IL-2 gene. When

mouse DNA was digested with various restriction endonucleases and

then probed with a 7 kb human chromosomal DNA segment which

contains the human IL-2 gene and its flanking region (Fig. 1 lane

1-8, ref. 9.), single positive band appeared at lower but not at

higher stringent condition for washing the filters (see Figure

legend). Additional bands corresponding to those observed by

using mouse IL-2 cDNA probes (lane 13-17) also appeared by longer
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Fig. 1. Blot hybridization analysis of mouse chromosomal DNA.
High molecular DNA prepared from Liver BALB/C6 mouse was digested
with various restriction endonucleases (BamHI for lanes 1, 5, 9,
13 ; EcoRI for lanes 2, 6, 10, 14, 17 ; Hindlll for lanes 3, 7,
11, 15 ; Xbal for lanes 4, 8, 12, 16 ). The resulting digests
were fractionated on 0.8 % agarose gel and transferred to a
nitrocellulose filter. Filters were hybridized by the published
procedure (13) either with the nick-translated chromosomal DNA
containing human IL-2 gene and its flanking region (total length,
7.0 kb, ref. 9) (lane 1-8) or with the nick-translated cDNA for
mouse IL-2 (see figure). Filters were then washed either in 3 x
SSC at 65 °C (lower stringent condition) (lane 1-4, 9-12) or 0.1
x SSC at 65 °C (higher stringent condition) (lane 5-8, 13-17).
Lane M each contains 7 size markers with their size being 23.7
kb, 9.5 kb, 6.7 kb, 4.3 kb, 2.3 kb, 2.0 kb and 0.6 kb,
respectively. Brief restriction endonuclease cleavage map for
the mouse IL-2 cDNAs is presented in the lower part of the
figure.

exposure of the film (data not shown). Those results suggest

the presence of highly conserved sequences between human and

mouse DNA either in the flanking regions or in the introns of the

IL-2 gene, since the coding regions apparently show lower degree

of sequence homology as evidenced in this series of blotting

analysis (see below). When the PstI insert of a mouse IL-2 cDNA

clone, pMIL2-20, was used as the probe, a simple pattern was
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obtained at higher stringent condition (lane 13-17). While the

EcoRI-digested DNA gave rise to two positive bands (2.8 kb and

0.8 kb)(Fig. 1, lane 14) by this analysis, one additional band of

3.3 kb also appeared when the same DNA was probed with a longer

cDNA insert from another clone, pMIL2-45 (Fig. 1, lane 17). The

3.3 kb band was similar in its size with the positive band which

became detectable by probing the same DNA with the 7.0 kb human

DNA probe (Fig. 1, lane 2). Since this band appeared with the

cDNA probe extending further upstream, it is likely that the 5'

region of the gene is located within this DNA segment (see

below). Indeed, this 3.3 kb band did not appear even after longer

exposure of lane 14 (result not shown). BamHI digest of the mouse

DNA (Fig. 1, lane 1, 13) constantly gave a very faint signal

which would correspond to a DNA larger than 15 kb. Taken

together, the results suggested the presence of a single copy

gene for murine IL-2. On the other hand appearance of the

multiple positive bands at lower stringent washing condition

(lane 9-12) indicates the presence of IL-2 related sequences

within the mouse genome.

Screening of recombinant phage libraries

We next screened a gene library from partial EcoRI-

digested DNA from MPC 11 cells and by using 0.8 Kbp SacI-AccI

cDNA fragment as the probe and isolated 14 positive clones

containing sequences specific to the mouse IL-2 gene. Three of

the clones analysed all contained three EcoRI fragments whose

size is in agreement with the result of blotting analysis of the

chromosomal DNA as shown in Fig. 1 (lane 17). One of these is

designated MIL-2G70.

Nucleotide sequence analysis

Two DNA fragments of 3.3 Kbp and 2.8 Kbp were excised

from the phage clone MIL-2G70 by EcoRI digestion and they were

subcloned into pBR322. DNA sequences were determined for

selected regions of both inserts and compared to the known cDNA

sequences (Kashima et al., submitted for publication). The

strategy used for sequence analysis of the genomic DNA is

presented in Fig. 2. Comparison of the mouse genomic IL-2

sequence with mouse IL-2 cDNA sequence revealed that, like the

human gene, the gene is divided into four exons. A putative
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Fig. 2. Restr ic t ion map and sequencing s trategy of mouse IL-2
gene. Horizontal lines indicate the length of mouse DNA inserted
into the A phage Charon 4A or plasmid subclones. Fil led blocks,
dashed blocks and open blocks indicate protein coding regions,
untranslated regions and introns, r espec t ive ly . Horizontal
arrows i n d i c a t e the d i r e c t i o n and ex ten t of sequence
determination without ambiguity. Dashed arrows: determination
was done by the chain termination method (15) af ter subcloning
the 0.8 kb fragment in to M13. Rest of the sequence
determination was carr ied out by the method of Maxam and
Gilbert (14). A AccI s i t e , B; BamHI s i t e , E; EcoRI s i t e , H;
Hindlll s i t e , P; PstI s i t e , S; Sad s i t e .

capping s i te or the transcription ini t ia t ion s i te was located 32

bp downstream from a TATAAA consensus promotor sequence (Fig. 3).

The f i rs t ATG t r i p l e t was located 79 bp downstream from the TATA

box. As seen a l so in the murine IL-2 cDNA, there i s an unusual

repeat of CAG t r i p l e t coding for 12 glutamine residues in a row

in the f i rs t exon. The second exon (60 bp) is separated from the

f i r s t exon by a short intron consist ing of 97 bp. The second,

the third and the fourth exons are interrupted by longer introns

whose size is about 2.3 Kbp and 1.6 Kbp, respectively. As far as

the available sequence data are concerned, i t seems that, despite

thei r iden t ica l locat ion, intron sequences are d i s t i n c t l y

dissimilar except for the junction regions between the human and

mouse IL-2 genes. There are two potent ia l poly (A) addition

signals within the mouse gene (nucleotide positions 793 - 798 and

924 - 929 in Fig. 3 ) and, based on our sequence data for various

cDNA clones, both s ignals seem to function and give r i se to

heterogeneous termini of the mRNA in the LBRM-33 c e l l s (16).

We have a l so determined the sequence of about 500 bp of

5 ' - f l a n k i n g r e g i o n of mouse IL-2 g e n e , s i n c e ( i )

promoter/regulatory sequences are located in this region in many

other genes of eukaryotes and ( i i ) th i s region appeared to

contain sequences which show strongest cross-hybridizat ion

between human and mouse DNA around the IL-2 gene (Fig. 1).

Comparison of the nucleotide sequences for the 5' flanking region
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-4 50
TACGACGTAAACCATCTCGAAACCGAAACCAATATCCTTCCTGTCTAATCAACAAATCTAAAC

- 4 0 0 - 3 5 0
CATTTA1111II ICATCTATCTCCTCTTCCCCCCgKXACCACAACACCCTCCTTACACgrrCAGGATCCTTTTCACAAAt^CAACATTTT

- 3 0 0 - 2 5 0
CATOlCTTACTTTTGTCTCTCCACCCCAAAGAGGAAAATTTT<rrrCATACGAAAGGCGTTCATTXn1ATGAATTAAAACTGCCACCTAAGAG

- 2 0 0 - 1 5 0
TtaWCTAACCC&UXAAGAGCCATTTiACCTAAATCCATTCAGTCACTATATCGGGTTTAAACAAATTCCAGAGAG+CATCAGAA<^GGAA

-l^O - 5 0
AAACAAACCTAATAl-111C ll^XACACAGGTA<^TUnTrGAAAATATGTCTAATATGTAAAACATCGTGACACCCCCATATTAtTTTTC

CAGCATrAACACTAfAAATTaXTCCCATGCTGAAGAGCTGCCTftTCACCCTrGCTAATatfrT^^
~5J 100
HTG TAC AGC ATG CAG CTC GCA TCC TCT GTC ACA TTG ACA CTT GTG CTC CTT G+C AAC AGC GCA CCC ACT
Net Tyr Ser Hot Gin Leu A l a S e r Cya V a l Thr L«u Thr Leu Val Leu Leu V a l Asn S e r A l a Pro Thr

150
TCA ACC TCC ACT TCA AGC TCT ACA CCC GAA CCA CAG CAG CAG CAG CAG CAG CAC CAG CAG CAG CAG CAG
Ser S e r Ser Thr S e r S e r S e r Thr A U G l u Ala Gin Gin Gin C l n Cln Cln C l n Gin Cln Gin Cln Gin

200
CAC CTG GAG CAG CTC TTG ATG GAC CTA CAG GAG CTC CTC ACC AGC ATG GAG
Hla Leu Glu Gin Leu Leu Met Asp Leu G i n Glu Leu Leu S e r Arg Het Glu

GTAAGTGCACAGCCATCCCATC

TATAOXAATACCTTTAGCTTTCTTGCCAAACKKrWnWITTAATAACCTTTAATAATAATCTTACGCTTTCTCAG

250
CTC AAA CTC CCC AGG ATG CTC ACC TTC AAA TTT TAC TTG CCC AAG CAC
Leu Lye Leu Pro Arg Het Leu Thr Phe Lya Phe Tyr Leu Pro Lya Gin

AAT TAC AGG AAC
Aan Tyr Arg Aan

GTGAGTGAt.1 11CTCTTT AACTCGTCC

TCTAATG-

2000 bp

AATGTGAACCTTGTAGTTTCTTTGTAGATTGGAACAATACTCTGAACTTGTGT

TATGCATTCCTAGAGAAACACAGAll111 lACAAAGTCTAATGAAGCCAGAACAGCTCACTAGAGTGGCCTAACAGTTAAOrnaCCCTTA

TGGTTGT(»GCTCTTGCTCTTCTAGATTTATGGCATC<»TTACCTCAGTCCCCCTITAau^

CC1 lClCrTCATTACACAGACTGCAGACTAACTTTCTCCCTCTTCACTATGT<yn<^GCTGAGCTGATGGTTAAGCTTATTAC^
3 0 0 I S O

OCC ACA GAA TTG AAA GAT CTT CAC TCC CTA GAA GAT GAA CTT CGA CCT CTG CCG CAT CTT CTG CAT TTC
Ala Thr Glu Leu Lye Aap Leu Gin Cya Leu Glu Asp Glu Leu Gly Pro Leu Arg H i s Val Lau Asp Leu

400
ACT CAA ACC AAA AGC TTT CAA TTG GAA GAT CCT CAC AAT TTC ATC ACC AAT ATC AGA CTA ACT CTT CTA
Thr Gin Ser Lye s e r Phe Gin Leu Glu Aap Ala Glu Aan Phe l i e S e r Aan l i e Arg Val Thr Val Val

AAA CTA AAC GTAAGCTGTTW^rTTATTTOrrAATCTGGAAATAAAATAGAGAAGAAATG^TTITTA^
Lya Leu Lya I

CTTTGATCGGTTCTGT«^TTTACTCAACCAAACTTTAAAGTCACTGTGCAAGTGAATCC

, 0 0 0 bp

-<aATTCTACAGAACTGTTCAl.Turi1-CCATCAAATCCTI-b'ri^rrAATCAACTCTCCACACCTT

CAGTgrTAAAATAAATOXTAAAA<arrCCGTTCAAGAATAATTATATCCAAACTAAGCTACCTTAGCCTACAATTTTATATTC 111111AG

OCC TCT GAC AAC ACA TTT GAG TCC CAA TTC CAT CAT CAC TCA GCA ACT GTC GTG GAC TTT CTC AGC ACA
Gly Ber Aap Asn Thr Phe Clu Cya Gin Phe Aap Aap c l u Ser A l a Thr V a l V a l Aap Phe Leu Arg Arg

500
GAC T

550
CCTTCC ATA CCC TTC TCT CAA ACC ATC ATC TCA ACA ACC CCT CAA TAACTATGTACCTCCTGCTTACAACACATAAGCC

t r p l i e A l e Phe Cya Gin S e r l i e l i e S e r Thr S e r Pro Gin
690

'AACTACTAGTCTTCAGATGATAAATATC
700 750

SATCTTTAAAGA111.1111 lCTAAGCCCCAACOXTCAAAAATGTTTTAAACTATTTATCT<aAATTATTTATTATATTCAATTGTTAAAT

TCTCTATTTATtTAAATATTTAACTTTAATTTAl 11T rCCATGTAl 11.1 i 1ACTATC111 I J T I
700

SATCTTTAAAGA111.1111 ICTAAGCCCCAACOarrCAAAAATGTTTTAAACTATTTATCTGA,

ATCATCTCTA<XrrACA<rrCATTAilTAAAACTATTTAGATGATTCAAATATAAATAAGCTCAGA1

tAACCCCTAAAATAACTTCTCAGTTATTCCTCTGAACTCTATCTTAATCAOI<.l 11 ILAAGAAATAA^CCTCTCCTCTAAAAAAAAAlrAAA

TCTGGGAAAAMTCrrXTCTCCACGCAGCTAACATCAGCTaiGAGTrTACTCAAGAATTC

Fig. 3. Nucleot ide sequence of mouse IL-2 gene. Four exons
are framed. Numbers refer to nucleotide positions of exons from
the presumed cap s i t e . Dots and open c i r c l e s ind ica te TATA box
and poly A additional signals, respectively.
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- < 5 0 - 4 0 0

TAGGAGGT AAACCA T CTCGAAAC GGAAACCAATATCITTCCTCTITAATCAACAAATCTAAAGGATTTA1 111 111LATCTATCTCC

TAAAAGGTAAAACCAGTTCT GAAACAGGAAACCAATACACTTCCTCTTTAATCAACAAATCTAAA CATTTATTCTTTTCATCTGTTTAC

- 3 5 0 - 3 0 0

TCTTGCGCCCGTCCACCACAACAGGCTGCT T ACAGGTTCAGGATGt. 1 U 1GACAAAGAGAACA1111 CATCACTTAt. 111 UrTGTCTC

IC'lO^JLIIbriCACCACAATA TGCTATTCACATCTTCACTCTAt. 1111ATCACAAACAAAAI1111 TCACTTAC111111ATCCC

- 2 5 0

CA CCCC AAAC AGCAAAATTrcTTTCATACCAAACCCCTTCATTCTATGAATTAAAACT CCACCTAACACTGCCCTAACCCGA

CACCCCCTTAAAGAAAGGAGGAAAAACTU11 lU^TACAGAACCCCTTAATTCCAfGAATTAa^CCTATCACCTAACTCTCCCCTAATGTAA

-200 -150

CCAAGAGGGATTTCACCTAAATCCATTCAGTCAGTATAT GGGCTTTAAACAAATTCCACAGAGTCATCACAACAGGAAAAACAAAGCTAA

CAAACACCGATTTCACCTACATCCArTCACTCAGTCTTTCGCGCTTTAAA AAATTCCWuicACTCATCACAACACCAAAAATCAAGGTAA

-100 -50

TACTTTCTGCCACACAGGTAGACn- 11 1 lU^AAATATCTGTA^f AT^AAAACATCCTGACACCCCCATATTTTTWrCCAGCATTAACAG

TCTTTTTT CAGACAGGTAAAGTC TTTCAAAATATCTgTAATATCTAAAACATTTTGACACCCCCATAA|ATTTTTCCACAATTAACAG

1

|TXTAA^frT(X^rTCCCATGCTXJAAGACCTGCCTATCACCCTTWrrAATCACTCCTCACA(rrGACCTCA^ Mou»e

rTATA^AfrreAT*JlVrit*r*i:AAnAI?TTre<^ATrA^TrTrHrTTAA'Tr^ Human

Fig. 4. Comparison of 5'-f lanking regions of mouse and human
IL-2 genes. In aligning the sequences for both genes, gaps were
introduced to maximize homology. Dots indicate identical
nucleotide sequences. Number 1 indicates putative transcription
initiation site. Inverted repeats are indicated by bars and
dashed lines. TATA box is framed.

of both genes is illustrated in Fig. 4. The nucleotide sequence

homology from the TATA box to -470 is 85%. The highest region of

homology was observed between the TATA box and position -97 (60

bp matches out of 64 bp) of both genes.

DISCUSSION

We have isolated recombinant clones for mouse IL-2 gene

from a phage Charon 4A/mouse genomic DNA library and determined

the entire sequence of the gene except for the sequence of the

internal portion of the second and third introns. The mouse

IL-2 cDNA sequence was aligned with the genomic sequence and both

sequences matched completely each other. The unusual CAG repeats

encoding 12 glutamines which was found previously in the cloned

cDNA was shown to be present also in the chromosomal gene. This

finding further excludes the possibility that the unique repeat

is generated by artifacts during the cDNA cloning process.

Although we can not rule out the possibility for the deletion of

this sequence in the human IL-2 gene, it is more likely that the

CAG repeat has been generated in the mouse genome rather

recently. The repeat could have been generated either by a

direct insertion of the sequence or by the duplication after

insertion of a unit sequence.
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Organization of the mouse IL-2 gene resembles to that of

the human gene (Fig. 2., ref. 9). There seems to be l i t t l e

sequence homology between corresponding in t rons of mouse and

human IL-2 genes, except for the intron-exon junc t ions pa r t of

which i s thought to be necessary for the RNA s p l i c i n g (17, 18).

Dissimilari ty of the intron sequences among the genes which are

derived from a common ancestor has been reported in other genes

(19, 20). In s p i t e of the divergence in sequence of i n t r o n s ,

the size and position of the introns are very similar between the

murine and human IL-2 genes.

Of p a r t i c u l a r i n t e r e s t s i s the p resence of h i g h l y

conserved sequences in the 5' - f lanking region of the human and

mouse IL-2 gene (Fig. 4). Whereas the coding region shows

nucleotide sequence homology of 72% between the two genes, the 51

upstream region spanning about 500 bp (Fig. 4) shows 85% homology

which was r e a d i l y d e t e c t a b l e by the b l o t t i n g a n a l y s i s (Fig. 1,

lane 1-4). Since we have not yet determined the nuc leo t ide

sequence fur ther upstream of the mouse gene, we do not know

whether or not t h i s s i m i l a r i t y extends fur ther . I t i s l i k e l y

that such sequences are involved in the controlled expression of

the IL-2 genes in activated T-lymphocytes. Work is in progress

to iden t i fy such DNA sequences by introducing the cloned genes

into various lymphocytic c e l l l ines . Our preliminary r e su l t s

i nd i ca t e tha t the 5 ' - f l ank ing sequence of the human IL-2 gene

mediates mitogen induced expression of the gene xn T-lymphocytic

c e l l s (Fujita & Taniguchi, unpublished observation).

ACKNOWLEDGEMENTS
We thank Dr. T. Honjo for mouse gene library. We are

also indepted to Ms. M. Nagatsuka for typing the manuscript. This
work was supported in part by Grant-in-Aid for Special Project
Research, Cancer-Bioscience from the Ministry of Education,
Science and Culture, Japan.

5To whom correspondence should be addressed

'Present address: Department of Microbiology, School of Medicine, Chiba University, Chiba 280,
Japan

+ Present address: Central Research Laboratory, Ajinomoto Co.Inc., Totsuka-ku, Yokohama 244,
Japan

9330

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/12/24/9323/1051926 by guest on 19 April 2024



Nucleic Acids Research

REFERENCES
1. Morgan, D. A., Ruscetti, F. W. and Gallo, R. (1976) Science,

193, 1007-1008.
2. Gillis, S. Ferm, M. M., Ou, W. and Smith, K. (1978) J.

Immunol., 120, 2023-2027.
3. Chen, B. M. and Di Sabato, G. (1976) Cell. Immunol., 22, 211-

224.
4. Henney, C. S., Kuribayashi, K., Kern, D. E. and Gillis, S.

(1981) Nature, 291, 335-338.
5. Wagner, H., Hardt, C , Heeg, K., Rollinghoff, M. and

Pfizenmaier, K. (1980) Nature, 284, 278-280.
6. Farrar, J. J., Benjamin, W. R., Hilfikr M. L., Howard, M.,

Farrar,W. L. and Fuller-Farrar, J. (1982) Immunol. Rev. 63,
129-166.

7. Pearlstein, K., Palladino, M. A., Welte, K. and Vilcek, J.
(1983) Cell. Immunol., 80, 1-9.

8. Taniguchi, T., Matsui, H., Fujita, T., Takaoka, C , Kashima,
N., Yoshimoto, R. and Hamuro, J. (1983) Nature 302, 305-310.

9. Fujita, T., Takaoka, C., Matsui, H. and Taniguchi T. (1983)
Proc. Natl. Acad. Sci. USA 80, 7437-7411.

10. Ohno, S. and Taniguchi, T. (1982) Nucleic Acids Res. 10, 967-
977.

11. Southern, E. M. (1975) J. Mol. Biol. 98, 503-517.
12. Benton, W. D. and Davis, R. W. (1977) Science 196, 180-182.
13. Ohno, S. and Taniguchi, T. (1981) Proc. Natl. Acad. Sci. USA

78, 5305-5309.
14. Maxam, A. M. and Gilbert, W. (1980) Meth. Enzymol. 65, 560-

580.
15. Sanger, F., Nicklen, S. and Coulson, A. R. (1977) Proc. Natl.

Acad. Sci. USA, 74, 5463-5467.
16. Gillis, S., Scheid, M. and Watson, J. D.(1980) J. Immunol.

,125, 2570-2580.
17. Breathnach, R., Benoist, C , O'Hare, K., Gannon, F. and

Chambon, P.(1978) Proc. Natl. Acad. Sci. USA, 75, 4853-4857.
18. Lerner, M. R., Boyle, J. A., Mount, S. M., Wolin, S. L. and

Steitz, J. A. (1980) Nature, 283, 220-224.
19. Van Ooyen, A., Van den Berg, J., Mantei, N. and Weissmann,

C.(1979) Science, 206, 337-344.
20. Searle, P. F., Davison, B. L., Stuart, G. W., Wilkie, T. M.,

Norstedt, G. and Palmiter, R. D. (1984) Mol. Cell. Biol. 4,
1221-1230.

9331

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/12/24/9323/1051926 by guest on 19 April 2024



Nucleic Acids Research

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/12/24/9323/1051926 by guest on 19 April 2024


