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Southern hybridization using 32P-labelled human interleukin
2 (1L2) cDNA probes revealed the existence of a single human
IL2 gene. Five clones containing the human IL2
chromosomal gene were isolated from two different human
DNA libraries cloned in either X Charon 4A or L47 phages.
Analysis of the clones showed that they contained different,
overlapping portions of human DNA which were derived
from the same chromosomal segment. Restriction fragments
which hybridized with labelled IL2 cDNA probes were
subcloned into plasmid pUR250 and the sequence and
organization of the IL2 gene was determined. It contains
three introns, 90 bp, + 2400 bp and :l 1900 bp in length,
respectively. The organization of the genomic clone resembles
that of another lymphokine, interferon-y, but no clear
homology was found by comparing either the coding se-
quence or the 5' - and 3' -flanking sequences of the two genes.
Key words: genomic sequence/human interleukin 2/lympho-
kine/polymerase II promoter

Introduction
Human interleukin 2 (IL2, also known as TCGF or T-cell

growth factor) is synthesized and secreted by activated
T-lymphocytes and plays an important immunoregulatory
role. It stimulates DNA synthesis and the long-term in vitro
proliferation of T-cells following interaction with antigen in
the proper context (Morgan et al., 1976; Mier and Gallo,
1980; Smith, 1980). IL2 also seems to be involved in the ac-
tivation of natural killer (NK) cells (Dennert, 1980; Henney et
al., 1981). The natural product is probably a glycoprotein
with a mol. wt. of - 15 000 daltons. Recently, we reported
the cloning, characterization and expression of the human
IL2 cDNA gene (Devos et al., 1983). The unique coding
region of the preprotein is 153 amino acids long and its 20
N-terminal residues are presumed to represent a signal pep-
tide. The deduced amino acid sequence was identical to that
previously reported by Taniguchi et al. (1983). IL2 was ex-
pressed efficiently in Escherichia coli under the control either
of the tryptophan promoter or the phage X PL promoter.

Here we report the isolation and characterization of the
human IL2 chromosomal gene. This gene was obtained from
two human gene libraries, cloned in X Charon 4A and in L47
phages. The data obtained reveal the presence of three introns
in the IL2 chromosomal gene but little, if any, sequence
homology to another previously characterized human
lymphokine gene, interferon-y (IFN-'y) (Taya et al., 1982).

'Present address: Biogent, Plateaustraat 22, B-9000 Ghent, Belgium.
*To whom reprint requests should be sent.

Results
Southern blotting of digested, total human genomic DNA
High mol. wt. human genomic DNA was digested with

four different restriction enzymes (EcoRI, HindIII, PvuII
and PstI), which do not cut within the IL2 cDNA (Devos et
al., 1983). After electrophoresis on a 1 o agarose gel and
transfer to nitrocellulose, DNA was hybridized with a
denatured 32P-labelled IL2 cDNA-specific Hinf fragment
covering a large part of the coding sequence and of the
3 ' -untranslated region (Devos et al., 1983). One single band
was detected in the case of EcoRI, PvuII and PstI digestion
with a length of - 3800 bp, 9000 bp and 12 000 bp, respec-
tively, while the HindIII-digested DNA gave two bands (data
not shown). The results are consistent with the presence of a
single chromosomal IL2 gene, containing at least one intron.
Also, hybridization under low stringency conditions did not
reveal additional related genes.
Isolation of an IL2 gene from a human genome library
Two human gene banks, prepared according to Lawn et al.

(1978) and to Loenen and Brammar (1980) respectively, were
plated out on E. coli BHB 2600 and screened in situ (Benton
and Davis, 1977) using a 32P-labelled IL2 cDNA-specific Hinf
fragment (see Devos et al., 1983). Two X recombinants
(XCH4A-gHil2-1 and -2) were isolated after screening 1 x 106
recombinant phages from the first gene bank and three
recombinants (L47-gHil2-1, -2 and -3) were found after
screening 7 x 105 phages of the second gene bank.
Analysis of the recombinant phages and subeloning

Digestion of the phage DNAs with a series of restriction en-
zymes, Southern blotting and hybridization with an IL2
cDNA-specific Hinf fragment or with a small Hinf-HaeIII
subfragment, indicated that all the phage inserts were derived
from the same chromosomal segment, although they contain-
ed shifted portions of genomic DNA.
One of the phages (XCH4A-gHil2-1) was shown to contain

the total human IL2 gene as two EcoRI restriction fragments
of 3800 bp and 3000 bp long. These two EcoRI fragments
were subcloned in the plasmid pUR-250 (Ruther, 1982). Ob-
viously, the 3000-bp EcoRI fragment must have originated by
addition of an EcoRI linker on an internal AluI or HaeIII
restriction site, cleaved during the construction of the recom-
binant phage, since the Southern blotting of the EcoRI-
digested, total human genomic DNA revealed only a single
band which undoubtedly consisted of two fragments,

- 3800 bp long.
Restriction analysis and direction of transcription
To elucidate the structure of the IL2 gene, we analyzed in

further detail the cross-hybridizing EcoRI 3000-bp and
3800-bp fragments of XCH4A-gHil2-1, which gave rise to the
subclones pUR-gHil2-1 and -2, respectively.

32P-Labelled probes were prepared by nick-translation of
two DNA fragments isolated from the IL2 cDNA clone pSV-
Hil2M (see Devos et al., 1983); namely, on the one hand, a
HgiAI-XbaI fragment (- 175 bp long) which contains the 5'
half of the IL2 coding region, and on the other hand an
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Fig. 1. Restriction map and sequencing strategy for the humani IL 2 chromiiosomal gene. Black boxes sho\\ the coding regions while thick bars represent 5'-and
3'-untranslated regions. Above, restriction sites of the plasmid inserts, shich swere used for sequenicing, arc shoswn. Rsal, HinI I and Sau3A maps are not
complete. The sequence strategy is giveni below. Open squiares represent 5' end-labelling and closed circles refer to 3' end-labelling. (We hase not proven thiat
the two EcoRI fragments are adjacent.)

Xbal-StuI fragment (-260 bp long) which spans the
3'-terminal half of the coding region as well as a small part of
the 3'-non-coding information. These probes were used to
analyze the plasmids pUR-gHil2-1 and -2 by Southern blot-
ting, after digestion with several restriction enzymes.
The EcoRI 3000-bp insert (pUR-gHil2-1) hybridized only

with the HgiAI-XbaI probe while the EcoRI 3800-bp insert
(pUR-gHil2-2) hybridized with both probes. More refined
restriction mapping followed by Southern blot analysis
resulted in tentative restriction maps of both plasmid inserts
and indicated the direction of transcription as shown in
Figure 1.
Nucleotide sequence oJ the IL2 gene

Figure 1 also shows the strategy followed for DNA sequen-
cing. The primary structure of the genomic IL2 gene and of
the flanking regions is shown in Figure 2. Plasmid pUR-
gHil2-1, indeed, contained the promoter region and the
beginning of the IL2 gene. As reported previously, (Devos et
al., 1983), the adenyl residue at nucleotide I presumably con-
stitutes the mRNA initiation site. A TATAAT consensus se-
quence is present at 32 nucleotides upstream from this
putative first nucleotide of the 1L2 mRNA. The first intron is
only 90 bp long and starts after nucleotide 194 of the cDNA
sequence. The second exon, 60 nucleotides long, is followed
by the second intron, which starts after nucleotide 254 of the
IL2 mRNA. The 3' acceptor splice site of the second intron
was located in the plasmid pUR-gHil2-2, followed by the
third exon which was 144 bp long. The third intron starts
after nucleotide 398 and is - 1900 bp long. It is followed by
the remaining part of the coding information, the uninter-
rupted 3' region and the sequence downstream from the
polyadenylation site. Each intron interrupts the reading
frame precisely between codons. The nucleotide sequence
which we have determined for the IL2 cDNA (Devos et al.,
1983) is in complete agreement with the sequence data obtain-
ed from the genomic clone, except for the nucleotide G at
positioIn 161 in the IL2 cDNA (Devos et al., 1983; Taniguchi
et al., 1983) which we determined to be T in our genomic
clone. This substitution does not lead to a change in the
amino acid sequence and is presumably due to allelic varia-
tion.

Discussion
The cloning and characterization of the IL2-cDNA gene

has previously been reported (Taniguchi et al., 1983; Devos et

al., 1983) as was the IFN-^y cDNA gene (Devos et al., 1982;
Gray et al., 1982) and the IFN--y chromosomal gene (Gray
and Goeddel, 1982; Taya et al., 1982). It was shown that
IFN-y was present as a single gene in the human genome and
that it contained three introns (Figure 3). As described above,
Southern blotting of total, digested human genomic DNA
also suggested the existence of one single IL2 gene. Further
detailed restriction site mapping and sequence analysis reveal-
ed a single gene containing three introns, 90 bp, +2400 bp
and ± 1900 bp long, respectively. The IL2 chromosomal gene
organization is shown in Figure 3 and is similar to that of
IFN-a. Although IFN--y and IL2 are induced concomitantly
in mitogen-treated lymphocyte cultures and both are secreted
by T-lymphocytes, no significant homology was found in
their cDNA sequence nor in the 5'- and 3'-flanking regions.

At most, two regions with a moderate homology were
found in the promoter region (Figure 4). The first segment
from nucleotide - 20 to - 40 comprises the TATAAAT box
(reviewed by Breathnach and Chambon, 1981). The second
segment, from nucleotide - 60 to - 85, contains a sequence
GTAAAACAET which somewhat resembles the consensus
sequence GGTCAATCT (Benoist et al., 1980), present
around position - 70 to - 80 in several viral and cellular pro-
moter regions.

Both in the IL2 and in the IFN--y gene, each intron inter-
rupts the reading frame precisely between codons. Further-
more, there is a clear similarity in their donor and acceptor
splice sites (Figure 5). In each case the GT/AG splice rule
(Mount, 1982) is followed. Remarkably, both for IL2 and
IFN-y, the donor and acceptor sequence of the first intron is
a rather rare exception in that there is no direct repeat present
in the donor versus acceptor splice site (hence there is no am-
biguity as to where exactly the junction occurs), while for the
splice junctions of the second and third intron, the repeat
length is three nucleotides for both IL2 and IFN-'y.
The fact that both IL2 and IFN--y are lymphokines produc-

ed by stimulated T-cells, both are growth regulatory factors,
both have approximately the same size (on denaturing gels),
and since they have similar genomic organization, this
possibly could mean that they' are derived from a common
ancestral gene. No convincing homology can be deduced
fronm the present primary nucleotide or amino acid sequence,
but perhaps the elucidation of the three-dimensional struc-
tures of these remarkable proteins may shed some light on
this question.
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Cloning and structure of the human interleukin-2 chromosomal gene

..... CATCAGAAGAGGAAAAATGAAGGTAATGTTTTTTCAGACAGGTAAAGTCTTTGAAAATATGTGTAATATGTAAAACATTTTGACACCCCCATAA
-100

TATTTC AGAAT A ___rTAATlGcATC TCTTGTTCAAGAGTTCCCTATCACTCTCTTTAATCACTACTCACAGTAACCTCAACTC CTGCCACA-~~~~~~~~~~~O~~ ~ ~ ~ ~ ~ ~ ~ -io
-50 1

Metl Tyr Arg Met Gln Leu Leu Ser Cys lie Ala Leu Ser Leu Ala Leu Val Thr Asn Ser Ala Pro Thr Ser Ser
ATG TAC AGG ATG CAA CTC CTG TCT TGC ATT GCA CTA AGT CTT GCA CTT GTC ACA AAC AGT GCA CCT ACT TCA AGT

2 inrn(2bOo-TCGAGCACTTTCAGCATAACAACATA

Ser Thr Lys Lys Thr Gln Leu Hln Leu AGl Pro Arg Asp Leu lie Ser Asn ie Asn La] Asn Gly Ile Asn
TCT ACA AAG AAA ACA CAG CTA CAA CTG GAG CAT TTA CTT CTG GAT TTA CAG ATG ATT TTG AAT GGA ATT AAT GTA

350

Lysntron {90bp) Asn Tyr Lys
AG GTATAGGGTTTCTTACTAAAATTATTACATTTAATAATCTAGCTAA AGATCATTTCTTAATAACAATGCATTATACTTTCTTAG AAT TAC AAG

Asn Pro Lys Leu Thr Arg Met Leu Thr Phe Lys Phe Tyr Met Pro Lys Lys|
AAT CCC AAA CTC ACC AGG ATG CTC ACA TTT AAG TTT TAC ATG CCC AAG GTAAGTACAAATTTTTATGTTCAATTTCTGT

400 450~~~~~~~~~~~~~~~~5

TTTAATAAAATTCAAAGTAATGAAAATTTGCACAGATGGGACTAATAGCAGCTCATCTGAGGTAAGAGAATATATTGTTTTTTGAAAACCC

AAGTTTGATAATGAAGCCTCTATTAAAACAGTTTTACCTATATTTTTAATATATATTTGTGTGTTGGTGGGGGTGGGAAGAA-----------------

|- -- - -- 2 /rnt ron t240Obp/ - -- -- -- -- -- -- -- -- -- - -- TGCAGAAAGTCTAACATTTTGCAAAG CCAAATTAAGCTAAAACCAGTGAG|

TCAACTATCACTTAACGCTAGTCATAGGTACTTGAGCCCTAGTTGTTCCAGTTTTATAATGTAAACTCTACTGGTCCATCTTTACAGTGACATTGAGAA

CAGATGAAATGGTAGAAACTACATACTGCACTTATTTAAAATAAATTGGAAATTAATTTCTGATTCTGACCTCTATGTAAACTGAGCTGATGATAAT

Ala Thr Glu Leu Lys His Leu Gln Cys Leu Glu Glu Glu Leu Lys Pro Leu Glu Glu Val Leu Asn
TATTATTCTAG GC ACA GAA CTG AAAACAT CTT CAG TGT CTA GAA GAA GAA CTC AAA CCT CTG GAG GAA GTG CTA AAT

3bO~ ~ ~~~5

Leu Ala Gln Ser Lys Asn Phe His Leu Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn Val Ile Val Leu Glu Leu
TTA GCT CAA AGC AAA AAC TTT CAC TTA AGA CCC AGG GAC TTA ATC AGC AAT ATC AAC GTA ATA GTT CTG GAA CTA

Lys
AAG GTAAGGCATTACTTTATTTGCTCTCCTGGAAATAAAAAAAAAAAAGTAGGGGGAAATGTA-------A ntronAT1900bpTG-------CTT

GAAAATAAAGGCAACAGGCCTATAAGACTTCAATTGGGAATAACTGTATATAAGGTAAACTACTCTGTACTTTAAAAAATTAACATTTTTCTTTTATAG

Gly Ser Glu Thr Thr Phe Met Cys Glu Tyr Ala Asp Glu Thr Ala Thr Ile Val Giu Phe Leu Asn Arg Trp Ile
GGA TCT GAA ACA ACA TTC ATG TGT GAA TAT GCT GAT GAG ACA GCA ACC ATT GTA GAA TTT CTG AAC AGA TGG ATT
460 450
Thr Phe Cys Gln Ser Ile Ile Ser Thr Leu Thr
ACC TTT TGT CAA AGC ATC ATC TCA ACA CTG ACT TGA TAATTAAGTGCTTCCCACTTAAAACATATCAGGCCTTCTATTTATTTAAAT

500 550

ATTTAAATTTTATATTTATTGTTGAATGTATGGTTTGCTACCTATTGTAACTATTATTCTTAATCTTAAAACTATAAATATGGATCTTTTATGATTCTT
600 650

TTTGTAAGCCCTAGGGGCTCTAAAATGGTTTCACTTATTTATCCCAAAATATTTATTATTATGTTGAATGTTAAATATAGTATCTATGTAGATTGGTTA
poly A 700 750

GTAAAACTATTTAATAARTTTGATAAATATAAACAAGCCTGGATATTTGTTATTTTGGAAACAGCACAGAGTAAGCATTTAAATATTTCTTAGTTACTT
800 850

GTGTGAACTGTAGGATGGTTAAAATGCTTACAAAAGTCACTCTTTCTCTGAAGAAATATGTAGAACAGAGATGTAGACTTCTCAAAAGCCCTTGCTTT.
900 950

Fig. 2. Nucleotide sequence otf the human IL2 chromosomal gene and of the flanking regions. The sequence, excluding the introns, was numbered starting
from the putative mRNA start site (indicated by an asterisk). The arrow indicates the presumed signal sequence cleavage site (Devos et al., 1983). A
TATAAATT- sequence, present 32 nucleotides upstream from the putative start site, as well as the poly(A) addition signal AATAAA, are indicated by heavy
bars. The three introns (only the sequence of the first small intron is given in total) are boxed.
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-140 -120 -100 -80
TCAGAAG-AGGAAAAATGAAGGTAATGTTTTTTCAGACAGGTAAAGTCTTTGAAAATATGTGTAATATGTAAAA

11 I lil11 II I I I I 11 I 1 1 11 1 1111
CCAAATGCCACAAAACCTTAGTTATTAATACAAACTATCATCCCTGCCTATCTGTCACCATCTCATCTTAAAAA

I L2
IFN-6

-60 -40 -20
CATTTTGACACCCCCATAATATTTTTCCAGAATT-AAC-A- IATAAA GCATCTCTTGTTCAAGAGTTCCCT iL2

11 III 1 1 1111 I Ill I ill I 111111h 11 I l I
ACTTGTGAAAATA-CGTAATCCTCAGG-AGACTTCAATTAG CATAA CCAGCAGCCAGAGGAG-GTGCAGC IFN-6

40

I L2
IFN-6

Fig. 3. Schematic representationi of the organization of the chrornosomal 112 anid IFN--n genes. Black boxes show the coding regioni. The 5'- and
3'-untranslated regions of the genes are shown as hatched boxes. Important transcription and translationi signals arc indicated below. The nuLmbers retlt- to
the length of the segmnents (in base pairs).
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132
587
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Fig. 4. Comparison of the 5'-flanking region including the putative promoter of the human 1L2 and IFN-y genes. Nucleotides, identical in both sequences are

connected by vertical bars. Gaps are created to show maximal homology. The numbering for the 1L2 gene is as shown in Figure 2.

donor sequence acceptor sequence

1st intron IL2
IFN-6

T T A A T G T A A G T A T .... T T T|C T T A C
A UT T T G T A A G T A T .... |T T T|T| T A G A A T|G C A

2nd intron IL2 A G A IG T A A G|T A C .... T Af T T C CFAC A

IFN-6 A G A G G T A A G C T G .... C T C C A G A G A G T

3rd intron IL2
IFN-6

T A A A G GT A|A G GC[ A .... T T T TIA T AGW G A T CTT
A T T C G GA G GC|T C C C G|A T A GG| T A A C

consensus sequence

A G G T(A)A G T
....(C C C )N(C)A GIG

Fig. 5. Compparisoin of the splice junction.s of the 11.2 and IFN-y genes anid the coniseni.sus sequLenice. Thc airrows indicate the splice sitesa'ssumin that the

GT/AG rtule is followed. HomologouLs FlUcleotides between thc two geles are boxed.

Materials and methods

Procedulres or0 Irtin DY

High mol. st. DNA flom01 hulmliani spleen.s anid plasmid DNA were prepared
as clescribed in Tavernier et a!. (1981). Phage DNA wsas prepared essentially as

described by M1aniari cli ol. (1982).

Phage library sereeniaqg

A X Charon 4A phage reconmbinanit library (Alul aind Haeill partial diges-
tion fragmllnents), conistructed by Lawn el (1978), and a library (Mbol par-

tial digestion fragments) cloned in a XL47 vector according to Loenen and
Brammar (1980) were ulsed. Approximately 1 000 000 and 750 000 phages,
respectivel were screenied a1.s described by Tavernier et a!l. (1981), using an
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Cloning and structure of the human interleukin-2 chromosomal gene

IL2 cDNA-specific Hini fragment (450 bp) derived from pAT153-Hil2
(Devos et al., 1983), which was 32P-labelled by nick-translation.
Two and three plaques, respectively, were picked out and were plaque

purified. The recombinant phages were grown in 500 ml cultures for prepara-
tion of DNA.

Restriction endonuclease digestion, agarose gel electrophoresis, Southern
blotting and hybridization were carried out as described before (Tavernier et
al., 1981).
Suibcloning, restriction mtiapping and DNA sequencing
EcoRl fragments were subcloned into a single EcoRI site in the ,-galac-

tosidase ae-peptide gene region of the plasmid pUR-250 (Ruther, 1982). E. coli
RRIZAM15 was used for transformation.

Restriction maps with Rsal and Hinf were made by the partial digestion
procedure of Smith and Birnstiel (1976).
DNA sequencing was done using the chemical method of Maxam and

Gilbert (1980).
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