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cDNA Expression Cloning of the IL-1 Receptor,
a Member of the Immunoglobulin Superfamily

Jonn E. Sims, CARL J. MARCH, DAVID CosMAN, MICHAEL B. WIDMER,
H. RoBsON MACDONALD, CATHERINE J. MCMAHAN, CATHERINE E. GRUBIN,
Janis M. WIGNALL, JANA L. JACKsON, SUSAN M. CaLL, DELLA FRIEND,
A1aN R. ALPERT, STEVEN GILLIS, DAVID L. URDAL, STEVEN K. DOWER

Interleukin-1 alpha and -1 beta (IL-1a and IL-1B) are cytokines that participate in the
regulation of immune responses, inflammatory reactions, and hematopoiesis. A direct
expression strategy was used to clone the receptor for IL-1 from mouse T cells. The
product of the cloned complementary DNA binds both IL-1a and IL-1 in a manner
indistinguishable from that of the native T cell IL-1 receptor. The extracellular, IL-1
binding portion of the receptor is 319 amino acids in length and is composed of three
immunoglobulin-like domains. The cytoplasmic portion of the receptor is 217 amino

acids long.

NTERLEUKIN-1 ALPHA AND -1 BETA

(IL-1a and IL-1B) have multiple bio-

logical activities in vivo and in vitro:
stimulation of thymocyte proliferation
(“lymphocyte activation™), accessory growth
factor activity for certain T helper cells (1),
stimulation of hematopoietic cell growth
and differentiation (2), induction of acute
phase protein synthesis, induction of prosta-
glandin and collagenase synthesis by fibro-
blasts and chondrocytes, and pyrogenicity
(3). Human IL-la and IL-1B show low
amino acid identity (26%) (4), and yet both
bind to the same cell-surface receptor (5, 6).
This receptor is an 80-kD glycoprotein (7)
with a broad tissue distribution (8), whose
signal transduction mechanism is unknown.
We isolated a ¢cDNA clone of the IL-1
receptor, using a direct expression strategy,
in order to study further its structure and
mechanism of action.

As a source of mRNA encoding the IL-1
receptor, we used the cell line E1L4 6.1 C10
(9), a subclone of the C57BL/6 mouse
thymoma EL4. This cell line expresses about
10,000 surface IL-1 binding sites (8, 10),
many more than most other cell lines or
tissue types examined (8). Double-stranded

J. E. Sims, C. J. March, D. Cosman, M. B. Widmer, C. J.
McMahan, C. E. Grubin, J. M. Wignall, J. L. Jackson, S.
M. Call, D. Friend, A. R. Alpert, gn Gillis, D. L. Urdal,
S. K. Dower, Immunex Corporation, 51 University
Street, Seattle, WA 98101.

H. R. MacDonald, Ludwig Institute for Cancer Re-
search, Lausanne Branch, 1 Epalinges, Switzerland.

29 JULY 1988

cDNA was synthesized from EL4 6.1 C10
polyadenylated RNA (11), ligated into
pDC201 (12), which is a vector designed to
direct high-level expression of cloned cDNA
molecules in mammalian cells, and used to
transform Escherichia coli. Pools of 350
transformants were grown, and plasmid
DNA was prepared and transfected into
COS cells (13). After 3 days we screened for
IL-1R ¢DNA clones by incubating the
transfected cell monolayer with '*I-labeled
IL-1a. The plates were subjected to autora-
diography; cells that bound elevated levels
of IL-1 appeared as dark foci on a light gray
background (Fig. 1B). The background
(Fig. 1A) was caused by binding to the

B C

Fig. 1. Isolation of IL-1 receptor cDNA clones by
direct expression screening (23). The autoradio-
graphed plates of transfected COS cells had been
probed with '*I-labeled IL-la to detect IL-1
receptor expression. (A) COS cells transfected
with vector containing no insert, showing the
background level of COS. cell IL-1 receptor
expression. (B) COS cells transfected with a
positive pool of 350 individual cDNA clones, one
of which encodes the IL-1 receptor. (C) COS cells
transfected with pure clone 78 (IL-1 receptor)
DNA.

A

endogenous COS cell IL-1 receptors (ap-
proximately 500 per cell) (14).

One pool out of approximately 150,000
cDNA clones gave a positive signal (Fig.
1B) that was specific, and could be abol-
ished by addition of a 100-fold excess of
unlabeled IL-1a or IL-1B to the '*I-labeled
IL-1a during the binding incubation (14).
Individual colonies from this pool were
grown, and DNA from each was transfected
into COS cells, until a single colony (clone
78) giving rise to IL-1 binding activity was
identified (Fig. 1C).
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Fig. 2. Comparison of the IL-1 binding proper-
ties of natural and recombinant IL-1 receptors
(24). (A) Direct binding of '’I-labeled IL-1a to
cells expressing native IL-1 receptors (EL4 6.1
C10) or recombinant receptors (COS—IL-1R).
(B) Data from (A) replotted in the Scatchard
coordinate system. (C) Inhibition of >I-labeled
IL-1la binding by unlabeled IL-1a and IL-1B. c,
concentration of IL-1 bound and added to the
binding incubation (molar); r, molecules of IL-1
bound per cell; COS-IL-1R, COS cells transfect-
ed with clone 78 DNA. All parameter values are
given * the standard error.

Inhibition (%)
(2]
o

n
(=]
T

10710

Fig. 3. RNA blot analy- 1
sis of IL-1 receptor
mRNA. EI4 6.1 C10
RNA (lane 1), EL4 M
RNA (lane 2), 3T3
RNA (lane 3), L929
RNA (lane 4). Polya-
denylated RNA (20 pg)
from the indicated cell
lines was loaded in each
lane of a 1% formalde-
hyde-agarose gel (25).
After  electrophoresis,
the RNA was blotted Wk
onto Hybond-N (Amer- -

sham) and the filter was hybridized at 63°C with
the nick-translated insert from clone 78 (5 x 10°
cpm/ml). The filter was washed at 63°C in 2x
saline sodium citrate (SSC).

2 3 4
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The DNA from clone 78, when transfect-
ed into COS cells, led to expression of IL-1
binding activity, which was virtually identi-
cal to that of EL4 6.1 C10 cells (Fig. 2). The

affinity of 'I-labeled IL-1a for each cell
type was similar, and binding was complete-
ly inhibited by an excess of either unlabeled
IL-1a or IL-1B (Fig. 2C). In addition, after

surface iodination of the transfected COS
cells, IL-1 receptor purified by affinity chro-
matography on IL-la columns (15) comi-
grated on SDS-polyacrylamide gels with the

’ ’
5 v Yy v | i - 3
-] 0 I | R Y
S-----S  S-----§  S----- S —
TGGGTCGTCTGACTAGAAGTGAGCTGTCTGTCATTCTTGTGCACGCCAGCCCAGTAATCATTTGGAGGCAAAGCAAACTGTAAGTAATGCTGTCCTGGGCTGACT -177
TGAGGAGGCAGTTTTCGTTTTAACAGCCAGTGTTTATTTGCTCAGCAAACGTTGTCTCGGGGAGAAATGTCGCTGGATGTCATCAGAGTTCCCAGTGCCCCGAACCGTGAACAACACAA -58
Met Glu Asn Met Lys Val Leu Leu Gly Leu Ile Cys Leu Met Val Pro Leu Leu SerVLeu Glu Ile Asp Val Cys Thr Glu Tyr Pro Asn 11
ATG GAG AAT ATG AAA GTG CTA CTG GGG CTC ATT TGT CTC ATG GTG CCT CTG CTG TCG CTG GAG ATT GAC GTA TGT ACA GAA TAT CCA AAT 33
Gln Ile Val Leu Phe Leu Ser Val Asn Glu Ile Asp Ile Arg Lys Leu Thr Pro Asn Lys Met His Gly Asp Thr Ile Ile Trp 41
CAG ATC GTT TTG TTT TTA TCT GTA AAT GAA ATT GAT ATT CGC AAG CTT ACT CCA AAT AAA ATG CAC GGC GAC ACC ATA ATT TGG 123
Tyr Lys A!; Asp Ser Lys Thr Pro Ile Ser Ala Asp Arg Asp Ser Arg Ile His Gln Gln Asn Glu His Leu Trp Phe Val Pro Ala Lys 71
TAC AAG AAT GAC AGC AAG ACC CCC ATA TCA GCG GAC CGG GAC TCC AGG ATT CAT CAG CAG AAT GAA CAT CTT TGG TTT GTA CCT GCC AAG 213
v
Val Glu Asp Ser Gly Tyr Tyr Val Arg Asn Ser Thr Tyr Cys Leu Lys Thr Lys Val Thr Val Thr Val Leu Glu Asn Asp 101
GTG GAG GAC TCA GGA TAT TAC GTA AGA AAC TCA ACT TAC TGC CTC AAA ACT AAA GTA ACC GTA ACT GTG TTA GAG AAT GAC 303
Pro Gly Leu Cys Tyr Ser Thr Gln Ala Thr Phe Pro Gln Arg Leu His Ile Ala Gly Asp Gly Ser Leu Val Tyr Val Ser Tyr 131
CCT GGC TTG TGT TAC AGC ACA CAG GCC ACC TTC CCA CAG CGG CTC CAC ATT GCC GGG GAT GGA AGT CTT GTG TAT GTG AGT TAT 393
v
Phe Lys Asp Glu Asn Asn Glu Leu Pro Glu Val Gln Trp Tyr Lys Asn Cys Lys Pro Leu Leu Leu Asp Asn Val Ser Phe Phe Gly Val 161
TTT AAA GAT GAA AAT AAT GAG TTA CCC GAG GTC CAG TGG TAT AAG AAC TGT AAA CCT CTG CTT CTT GAC AAC GTG AGC TTC TTC GGA GTA 483
Lys Asp Lys Leu Leu Val Arg Asn Val Ala Glu Glu His Arg Gly Asp Tyr Ile Arqg Met Ser Tyr Thr Phe Arg Gly Lys Gln Tyr 191
AAA GAT AAA CTG TTG GTG AGG AAT GTG GCT GAA GAG CAC AGA GGG GAC TAT ATA CGT ATG TCC TAT ACG TTC CGG GGG AAG CAA TAT 573
v
Pro Val Thr Arg Val Ile Gln Phe Ile Thr Ile Asp Glu Asn Lys Arg Asp Arg Pro Val Ile Leu Ser Pro Arg Asn Glu Thr Ile Glu 221
CCG GTC ACA CGA GTA ATA CAA TTT ATC ACA ATA GAT GAA AAC AAG AGG GAC AGA CCT GTT ATC CTG AGC CCT CGG AAT GAG ACG ATC GAA 663
v
Ala Asp Pro Gly Ser Met Ile Gln Leu Ile Val Thr Gly Gln Phe Ser Asp Leu Val Tyr Trp Lys Trp Asn Gly Ser Glu Ile 251
GCT GAC CCA GGA TCA ATG ATA CAA CTG ATC GTC ACG GGC CAG TTC TCA GAC CTT GTC TAC TGG AAG TGG AAT GGA TCA GAA ATT 753
v
Glu Trp Asn Asp Pro Phe Leu Ala Glu Asp Tyr Gln Phe Val Glu His Pro Ser Thr Lys Arg Lys Tyr Thr Leu Ile Thr Thr Leu Asn 281
GAA TGG AAT GAT CCA TTT CTA GCT GAA GAC TAT CAA TTT GTG CAT CCT TCA ACC AAA AGA AAA TAC ACA CTC ATT ACA ACA CTT AAC 843
Ile Ser Glu Val Lys Ser Gln Phe Tyr Arg Tyr Pro Phe Ile Val Val Lys Asn Thr Asn Ile Phe Glu Ser Ala His Val Gln Leu 311
ATT TCA GAA GTT AAA AGC CAG TTT TAT CGC TAT CCG TTT ATC GTT GTT AAG AAC ACA AAT ATT TTT GAG TCG GCG CAT GTG CAG TTA 933
Ile Tyr Pro Val Pro Asp Phe Lys Asn Tyr Leu Ile Gly Gly Phe Ile Ile Leu Thr Ala Thr Ile Val Cys Cys Val Cys Ile Tyr Lys 341
ATA TAC CCA GTC CCT GAC TTC AAG AAT TAC CTC ATC GGG GGC TTT ATC ATC CTC ACG GCT ACA ATT GTA TGC TGT GTG TGC ATC TAT AAA 1023
Val Phe Lys Val Asp Ile Val Leu Trp Tyr Arg Asp Ser Cys Ser Gly Phe Leu Pro Ser Lys Ala Ser Asp Gly Lys Thr Tyr Asp Ala 371
GTC TTC AAG GTT GAC ATA GTG CTT TGG TAC AGG GAC TCC TGC TCT GGT TTT CTT CCT TCA AAA GCT TCA GAT GGA AAG ACA TAC GAT GCC 1113
Tyr Ile Leu Tyr Pro Lys Thr Leu Gly Glu Gly Ser Phe Ser Asp Leu Asp Thr Phe Val Phe Lys Leu Leu Pro Glu Val Leu Glu Gly 401
TAT ATT CTT TAT CCC AAG ACC CTG GGA GAG GGG TCC TTC TCA GAC TTA GAT ACT TTT GTT TTT AAA CTG TTG CCT GAG GTC TTG GAG GGA 1203
Gln Phe Gly Tyr Lys Leu Phe Ile Tyr Gly Arg Asp Asp Tyr Val Gly Glu Asp Thr Ile Glu Val Thr Asn Glu Asn Val Lys Lys Ser 431
CAG TTT GGA TAC AAG CTG TTC ATT TAT GGA AGG GAT GAC TAT GTT GGA GAA GAT ACC ATC GAG GTT ACT AAT GAA AAT GTA AAG AAA AGC 1293
Arg Arg Leu Ile Ile Ile Leu Val Arg Asp Met Gly Gly Phe Ser Trp Leu Gly Gln Ser Ser Glu Glu Gln Ile Ala Ile Tyr Asn Ala 461
AGG AGG CTG ATT ATC ATT CTA GTG AGA GAT ATG GGA GGC TTC AGC TGG CTG GGC CAG TCA TCT GAA GAG CAA ATA GCC ATA TAC AAT GCT 1383
Leu Ile Gln Glu Gly 1le Lys Ile Val Leu Leu Glu Leu Glu Lys Ile Gln Asp Tyr Glu Lys Met Pro Asp Ser Ile Gln Phe Ile Lys 491
CTC ATC CAG GAA GGA ATT AAA ATC GTC CTG CTT GAG TTG GAG AAA ATC CAA GAC TAT GAG AAA ATG CCA GAT TCT ATT CAG TTC ATT AAG 1473
Gln Lys His Gly Val Ile Cys Trp Ser Gly Asp Phe Gln Glu Arg Pro Gln Ser Ala Lys Thr Arg Phe Trp Lys Asn Leu Arg Tyr Gln 521
CAG AAA CAC GGA GTC ATT TGC TGG TCA GGA GAC TTT CAA GAA AGA CCA CAG TCT GCA AAG ACC AGG TTC TGG AAA AAC TTA AGA TAC CAG 1563
Met Pro Ala Gln Arg Arg Ser Pro Leu Ser Lys His Arg Leu Leu Thr Leu Asp Pro Val Arg Asp Thr Lys Glu Lys Leu Pro Ala Ala 551
ATG CCA GCC CAA CGG AGA TCA CCA TTG TCT AAA CAC CGC TTA CTA ACC CTG GAT CCT GTG CGG GAC ACT AAG GAG AAA CTG CCG GCA GCA 1653
Thr His Leu Pro Leu Gly End 557
ACA CAC TTA CCA CTC GGC TAG CATGGCAAAAGTGGGCAGGCCAAGAACTTCGGAATATCTCCCATCATAAGAGGCTGCAGCTGGGCTGTGCCTCCCAGTAAAACAGTCACGA 1765
ACCAAACCTGTGCAGTCCCTTGTTCCAGATCACCTGGAACTGGATTGGGAAGAGAACAGGACTTGGTGGCCAGGACCGCTCAGAGAGCCATGGTTGCTCAGGGATGCTGCTCCGGGATG 1884
CTTGACTAACAGTCGAGGCAGTGAACTGGGTGTAGAAAGCGTCAGGAAATGGCCACATGTGTGGATGGTTTAATTAGATTCTGTGGAGTCTCACAGTGGGATTGTGGCTGTCTGAGGAC 2003
ACTTTGGGGGGTCGCTGTCCAAGAAGTGGCTCCCCAAAGTATAAGTGCGGGTGAGGTTTACTGATACCCCAC 2075

Fig. 4. Sequence of the murine IL-1 receptor cDNA clone (11). (A)
Schematic diagram of the sequence features. Untranslated regions are lines;
the IL-1 receptor coding region is a box. The signal peptide is filled in, the
extracellular portion is open, the transmembrane region is stippled, and the
cytoplasmic segment is cross-hatched. Inverted triangles above the box show
potential N-glycosylation sites. Vertical lines indicate cysteine residues, and
the proposed Ig-like disulfide bonds are indicated. (B) The sequence of the
cDNA insert of the mouse IL-1 receptor clone 78. Amino acids are
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numbered from the NH,-terminal amino acid of the mature protein;
nucleotides are numbered from the first base of the codon for this amino
acid. The arrow marks the site of cleavage of the signal peptide. The 26—
amino acid sequence derived from the mature protein by NH,-terminal
sequencing is underlined with a thick bar. The transmembrane region is
thinly underlined. Inverted triangles mark potential sites for N-linked
glycosylation, and the cysteines believed to be involved in Ig-like intrado-
main disulfide bonding are boxed.

SCIENCE, VOL. 241



receptor from EL4 6.1 C10 cells, at 80 kD.

At saturating DNA concentrations, the
transfected COS cell monolayer expressed,
on average, 45,000 sites per cell. Since the
parental COS cells expressed only about 500
sites per cell, more than 98% of all IL-1
binding sites in the transfected population
were attributable to the expressed product
of the cDNA clone. However, flow cytome-
try with fluorescein-conjugated IL-la re-
vealed that only 4.2% of the cells stained
brightly (14); therefore, those few COS cells
that were transfected and expressed the re-
ceptor contained on average 1.1 X 10%IL-1
binding sites, suggesting that the protein
encoded by clone 78 can, by itself, bind
IL-1a. Alternatively, if another polypeptide
is also required for IL-1 binding, the trans-
fected COS cells must provide this hypo-
thetical second protein in great abundance.

Clone 78 contained a ¢cDNA insert of
roughly 2.35 kbp, which was used as a
probe in RNA blot analysis. It hybridized to
an EL4 6.1 C10 RNA that had an electro-
phoretic mobility slightly less than that of
288 ribosomal RNA (Fig. 3, lane 1), and
which was undetectable in an IL-1 receptor—
negative variant of EL4, EL4 M (Fig. 3,
lane 2). The probe hybridized to a similarly
sized RNA in the mouse fibroblast cell lines
3T3 and 1929 (Fig. 3, lanes 3 and 4). The
3T3 cells, which have approximately ten
times more surface IL-1 receptors per cell
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than do 1929 cells (8), also contained more
of the hybridizing RNA (Fig. 3). The corre-
lation of receptor expression with abun-
dance of hybridizing RNA is further evi-
dence that clone 78 is derived from IL-1
receptor mRNA. As the size of the mRNA
is at least 5 kb, clone 78 contains only a
portion of it.

The 2.35-kb insert of clone 78 was sub-
cloned and sequenced by standard tech-
niques. The sequence had a single open
reading frame of 576 amino acids (Fig. 4).
To confirm that this reading frame encodes
the IL-1 receptor, we purified the receptor
protein to homogeneity from detergent ex-
tracts of EL4 6.1 C10 cells, and obtained
the sequence of the NH,-terminal 26 amino
acids. This corresponded exactly to part of
the amino acid sequence deduced from the
open reading frame of the cDNA clone
(Leu' through Lys®; Fig. 4).

Upstream of the NH,-terminal leucine of
the mature receptor is a presumed signal
peptide, and potential initiating methionine
residues at positions —19 and —16. The
sequences surrounding each methionine do
not correspond well to the consensus se-

quence (GCCGCCRCCATGG) for good
translation initiation sites (16), making it
difficult to predict which one would actually
be used. For simplicity, we assume transla-
tion initiates at the distal residue (Met™'®).
An in-frame stop codon lies three codons
upstream of Met™'®. The amino acid se-
quence surrounding Leu’ is typical of signal
peptide cleavage sites (16).

The mature protein has one extended
stretch of uncharged amino acids, from
Asp*® to Tyr**. This presumed transmem-
brane region contains three cysteine residues
that could be involved in either lipid deriva-
tization or covalent binding to other pro-
teins. NHy-terminal to this segment is a
stretch of 319 amino acids that contains all
seven of the potential N-linked glycosylation
sites; thus, this portion of the molecule may
lie exterior to the cell and be responsible for
IL-1 binding. The IL-1 receptor is glycosy-
lated on asparagine residues (15), and the
removal of the carbohydrate with N-glycan-
ase decreases the size of the receptor from 80
kD to 62 kD (15), close to the 64,598
daltons predicted from the cDNA sequence.
The COOH-terminal, presumably cytoplas-
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Fig. 5. Relation of the NH,-terminal portion of the IL-1 receptor
to the Ig superfamily. (A) Alignment of the three domains of the
IL-1 receptor. Residues present in more than one domain are
stippled. The geometric symbols enclose residues conserved in all
members of the Ig superfamily (<), V domains (O), C1 domains
(0), V and CI domains (V), V and C2 domains (O). Stretches of
amino acids involved in B-strand formation are underlined and
labeled B to F; see (17) for full discussion. (B) Scores generated by
the computer program ALIGN (18) when the three IL-1 receptor
domains are compared with one another and with other members of
the Ig superfamily. Scores above 3.00 are boxed, and are statistically
significant. The Ig superfamily sequences were from GenBank or
from the sources in (17), except for he-fims, mPDGFR, hCEA, and
hCD3y (26). Nomenclature is as given in (17). The ALIGN
program was run using the parameters given in (17). For the IL-1
receptor, the search strings used were: domain I, amino acids 23—
80; domain II, amino acids 122-180; domain III, amino acids
228-296. Definitions: human, h; murine, m; rat, r; rabbit, rb;
carcinoembryonic antigen, CEA; alB-glycoprotein, a1B-GP; Fc
receptor, FcR; cluster designation, CD; immunoglobulin, Ig; con-
stant region, C; variable region, V; T cell antigen receptor, TcR;
B2-microglobulin, B2-MG; poly immunoglobulin receptor, Poly
IgR; major glycoprotein of peripheral myelin, P, MP; and leuko-
cyte common antigen, LCA.
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B
Murine IL-1 Receptor Domains
I II III
mIL-1R (I)
mIL-1R (II) -3.7
mIL-1R (III) 1.3
C2 Domains
hc-fms (I,I1,II1,IV) 1.0,1.3[3.1]1.1 2.2,2.6,2.6,0.0 1.4,0.8[3.1,4.1
mPDGFR (I,III) 1.6,2.6 3.5,3.3 3.512.8
, , cN-CAM (1V) 3.0 a1
NDSKTRISAORD tMAG (III,IV) 1.7,1.6 3.0,3.6 2.4,0.0
N-CK-PLLLDNV hCEA (II,III,IV,V) 2.5,2.1[3.3]2.2 2.3]3.6}2.8[3.1] [3.0!2.3[3.4]}2.1
NB---PFLAEDY halB-GP (III) 1.9 2.1 ls.s —
mFcR (I,II) 2.9[3.3] 2.3 2.5,1.4
rcp2 (I1) 0.5 1.1
hcp3y 1.2 0.3 2.9
hcD3e 2.7
€1 pomains
hlg C lambda 2.1 2.7 3.9
hig C kappa 2.3 2.9 3.6
hig C heavy (I,III) 2.2,0.9 mm 3.9/2.9
hTcR beta 1.2 5.7
mTcR gamma 2.6 1.8 2.2
hB2-MG 1.7 2.3 0.2
hMHC I alpha 3 2.0 2.4 3.6
hMHC II beta 2 3.2
hcpl alpha 3 2.4 1.1 4.4
V_Domains
mIg V lambda 2.8 2.9 2.0
hig V heavy 3.5 2.6
mTcR V alpha 3.8 2.8 2.3
hTcR V beta 4.7 1.8 2.5
hcb4 (1) 3.2 2.9 4.0
rCD8 (chain I) 3.8 3.2
rCp8 (chain II) 5.0 2.2 5.2
rbPoly IgR (III) 2.3 1.4
EMRC OX-2 (I) 2.9 2.1
P, MP 2.1 1.7
rrfy-1 2.1 2.4 1.8
he-fms (V) 1.2 2.2
4S-S Domains
rcp2 (1) 2.6 2.1 2.9
mPDGFR (1IV) 0.9 1.1
hCEA (1) 1.0 1.0 2.3
Negatives
hIL-2R (p55) a a 1.2
LCA a 1.5 a
hcbs a 0.9 0.5
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mic, part of the protein contains 217 amino
acids.

The extracellular portion of the IL-1 re-
ceptor is organized into three domains, sim-
ilar to those of members of the immuno-
globulin (Ig) gene superfamily (Fig. 5A).
Immunoglobulin-like  domains  typically
possess only minimal amino acid similarity
but share a common three-dimensional
structure consisting of two B sheets held
together by a disulfide bond (17). The cyste-
ine residues involved in formation of this
disulfide bond, as well as a few other critical
residues, are highly conserved and occur in
the same relative position in almost all mem-
bers of the family (17). Members of the Ig
superfamily include not only Ig constant and
variable regions but also a number of other
cell surface molecules. In particular, certain
other hormone receptors, such as those for
platelet-derived growth factor and colony-
stimulating factor 1, also share Ig homology
(17).

Comparison of the three IL-1 receptor
domains with one another using the
ALIGN program (18) shows that domains 1
and 2 are related (alignment score = 3.7), as
are domains 2 and 3 (alignment score 4.2);
but that domains 1 and 3 are less similar
(alignment score 1.3). Alignment scores of
>3.00 are considered significant (18). Com-
parison of each domain with selected mem-
bers of the Ig superfamily, however, reveals

significant matches by all three domains

(Fig. 5B). The closest relationships, as per-
centage amino acid identity between the IL-
1 receptor and other members of the Ig
superfamily, are domain 1 with rat CD8
chain IT (31.6%), domain 2 with human Ig
Cy1l (31.6%), and domain 3 with human T
cell receptor CB (33.3%).

How the cytoplasmic domain functions in
signal transduction is unknown. Computer
searches of the August 1987 edition of
GenBank, the April 1987 edition of the
European Molecular Biology Laboratory
databases, and the June 1987 edition of the
National Biomedical Research Foundation
protein database have not revealed signifi-
cant similarity to any currently available
sequences. No sequences typical (19) either
of protein tyrosine kinases or of protein
tyrosine kinase acceptor sites are present.
The sequence Lys-Lys-Ser-Arg-Arg (amino
acids 429 to 433) resembles a protein kinase
C acceptor site (19); phosphorylation at this
position may regulate cither the activity or the
cell surface expression of the IL-1 receptor.

The ¢cDNA clone we have isolated en-
codes a polypeptide that binds both forms of
IL-1 in a manner quantitatively indistin-
guishable from that of the receptor on EL4
6.1 C10 cells. This suggests that no other
protein is required for IL-1 binding. It is
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not known whether the binding activity is a
property of the monomer or of multimeric
forms of the receptor.

A second class of higher affinity
(Ka ~ 10"M™") IL-1 receptors has been
reported (10, 20). We have not found such
receptors on our subclone of EL4 6.1 C10
cells, although we can detect them in conca-
navalin A-stimulated primary murine spleen
cells (14). The nature and relevance of these
higher affinity receptors is unknown. How-
ever, since there is only one class of IL-1
receptor present in our EL4 6.1 C10 cell
line, and the binding of IL-1 to these recep-
tors is sufficient to induce the EL4 cells to
secrete T cell growth factor activity (21), the
molecule we have cloned must be the func-
tional IL-1 receptor (or, alternatively, the
IL-1 binding subunit of a hypothetical func-
tional IL-1 receptor complex). The IL-1
receptor described here, unlike the p55 sub-
unit of the IL.-2 receptor, has a cytoplasmic
domain large enough in principle to possess
some IL-l-regulated enzymatic activity.
Whether the cloned IL-1 receptor molecule
is functional in signal transduction can now
be addressed by appropriate transfection
experiments.

IL-1 receptors on B cell lines and fibro-
blasts differ in size or binding properties, or
both, from those on EL4 cells (5, 20, 22).
Further comparison of these receptors to the
T cell IL-1 receptor may provide insight
into the relation between the structure and
function of this molecule.
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Intervacuole Exchange in the Yeast Zygote: A New
Pathway in Organelle Communication

Lois S. WEISMAN AND WILLIAM WICKNER*

A new pathway of vesicle traffic between organelles has been identified. The vacuoles
(lysosomes) of Saccharomyces cerevisiae zygotes rapidly exchange their contents at a
specific point in the cell cycle. With the use of fluorescence microscopy, “tracks” were
observed that connect the original parental vacuoles to the newly forming bud
vacuoles. These observations suggest that vacuole-derived vesicles rapidly move along
the tracks in both directions, equilibrating vacuole contents. This rapid vesicle

movement may be responsible for vacuole formation in newly developing cells.

ELL DIVISION REQUIRES THAT ALL
cellular constituents be replicated
and segregated faithfully. Whereas
mitosis ensures the equal partitioning of
chromosomes between two daughter cells,
little is known about how other cellular
components are segregated. Previous obser-
vations of yeast vacuoles strongly suggest
that their distribution between mother and
daughter cells does not occur by a random
process (1). Saccharomyces cerevisiae grows by
an asymmetric process of budding. The bud
receives a small vacuole when it is approxi-
mately 1% of the mother cell volume (7).
Although obvious growth is seen only in the
bud vacuole and there is no synchronous
fragmentation of the maternal vacuole,
about 50% of the bud’s vacuole contents are
derived directly from the mother cell vacuole
(1, 2). To account for this pattern of inheri-
tance, we proposed that vacuole formation
entails continual vesicular traffic between
the mother and bud vacuoles. We now
report that parental vacuoles within a zygote
mix their contents without fusing, presum-
ably by a vesicle-mediated process. This
“communication” between parental vacuoles
may be related to the process of vacuole
formation.
The two parental vacuoles in a zygote can
be distinguished by mating an ade2 strain
with an ADE strain. Vacuoles of ade2 yeast
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accumulate a fluorescent dye when the cells
are deprived of adenine. Synthesis of the dye
is suppressed by adenine, and the previously
accumulated dye is stable (1, 3). When yeast
zygotes first form, the endogenous ade2
fluorophore remains with the original pa-
rental vacuole (Fig. 1, a and b). The fluoro-
phore appears in the ADE parental vacuoles
sometime after bud formation (Fig. 1, ¢ to
f). Often vesicles can be seen along a “path”
from each major vacuole into the bud (Fig.

1c). Although the vacuole contents mix, the
original parental vacuoles never fuse (Fig. 1,
e and f).

The transfer of vacuole contents occurs at
a specific point in zygote dcvclopmcnt Zy-
gotes were scored both for bud size and for
dye transfer (Fig. 2). At 2.9 hours after
mating, most of the zygotes had no bud or a
small bud. None of the zygotes scored had
dye present in the ADE parental vacuoles. In
contrast, many of the zygotes scored at time
points ranging from 3.4 to 4.8 hours after
mating had mixed the contents of the paren-
tal vacuoles. In all of the zygotes with no
bud and most of the zygotes with a small
bud, the ade? fluorophore appeared exclu-
sively in the ade2 parental vacuole. In con-
trast, both parental vacuoles are labeled in
almost all of the large-budded zygotes. In
zygotes with medium-sized buds, about
50% have label in both parental vacuoles.
From these observations we conclude that
transfer of fluorescent dye to the unmarked
parental vacuole generally occurs when the
bud is medium-sized. To more precisely
determine the size of the bud at transfer, we
observed and photographed individual zy-
gotes until fluorescence appeared in the
ADE parental vacuole. During observations
of nine such zygotes, we measured the size
of the bud at the time that transfer occurred.
The volume of the bud at transfer was
9+ 3% (SD) of the zygote (two fused
parental cells plus the bud). Buds eventually
grow to a maximum volume of 31 + 4%
(SD) of the zygote. Thus, transfer occurs
when the bud is about one-third of its final
volume. In addition, transfer occurs in a

Fig. 1. Zygotes obscrved after mat-
ing ade2 yeast with ADE yeast. The
zygotes in this figure are oriented
such that the two parental lobes are
positioned on the vertical axis and
the bud emerges on the horizontal
axis. DBY1398 [MATa ade2 ura3]
were grown in yeast extract—pep-
tone dextrose (YEPD) (21) for 3
days until the vacuoles were highly
fluorescent. One milliliter of cul-
ture was diluted into 25 ml of
YEPD with adenine (160 pg/ml) to
a final concentration of 2 x 107
cells per milliliter. The culture was
aerated at 30°C for 2 hours, then
mixed with an equal volume of a
culture of X2180-1B and [MATa]
(Yeast Genetics Stock Center) at
the same cell concentration. Cells

were incubated with slow shaking at 30°C. Under these conditions, zygotes were observed in 2.5 to 3
hours. Glass slides were treated with concanavalin A (0.5 mg/ml) before application of cells (5).
Fluorescence of the cells was observed as described (1). In addition, the cells were illuminated with
visible light so that the cell outlines could be seen. (a, ¢, and e) Fluorescence micrographs. (b, d, and f)
The corresponding Nomarski photographs. (a) In zygotes with no bud, and most zygotes with a small
bud, the endogenous ade2 fluorescence is confined to the original ade2 parental vacuole. (c) In
approximately one-half of the zygotes with a medium-sized bud, fluorescence is seen in both parental
vacuoles and in the bud. In addition, vesicles or fluorescent trails appear to connect these areas. ()
When the bud is large, most zygotes contain fluorescence in both parental vacuoles as well as in the bud
and the fluorescent trails are no longer visible.
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