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Sequence comparison based on Hydraphobic Cluster Analysis procedures shows that the extracellulur 2200 amino acids domaing of ¢ylokines

receptors belonging to the Cytokine/Grawth harmone/Protuctin receptor fumily und (o the Interferan one are orgunized in two homalogous sub-

demuins. Further, comparison of the subdomuing of 32 independent sequences and of a lot of wiready recognized homologous damains with data

bases could lead to the hypothesis that these = 100 umine ueids subdomiting could possess the averall fold of the constant nnmunoglobulm domains
: and so could belong to the immunoglobulin superfumily,

Cytokine: Protein sequence comparison: Protein structure prediction; Immunoglobulin superfumily: Fibroneetin Contactin

1. INTRODUCTION

The  rapidly . expanding  family of  the
Cytokine/Growth hormone/Prolactin receptors (CRs)
now comprises 10 members: IL2RS, IL3R, IL4R,
IL6R, IL7R,  granulocyte-macrophage ~ colony
stimulating factor (GMCSFR), granulocyte. colony
stimulating factor (GCSFR), prolactin (PRLR), growth
hormone (GHR), and erythropoietin (EPOR) [1~3].
These receptors possess a  single hydrophobic
transmembrane area, a highly. variable cytoplasmic do-
main — both in length and sequence — and an ex-
tracellular domain with a stretch of about 200 amino

acids, here named D200, which is significantly conserv-

ed, although at a relatively low level (15~35%) [1].
IL3R has a tandem of two such domains. For GCSFR,
three fibronectin type 111 domains have been recogniz-
ed buetween the D200 domain and the transmembrane
segment. One additive segment occurs at the N-
terminal part of IL6R and of GCSFR and has been
recognized to be immunoglobulin like [2,4]

On the other hand, Interferon Receptors (INFRs)
show similar organization, either with a unique
D200-like domain for the  (INFgR) or-two for the a/F
(INFaR). For these receptors it was recently shown [5]
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that the two D200 domains of INFaR are similar to
each other and possess also homology with that of
[INFgR. Morcover, a structural relationship of the
INFRs has been suggested with the Cytokine/Growth
hormone/Prolactin receptor family (CR family) [6].

The recognition of conserved features for these
biologically related proteins could help the understan-
ding of their mechanisms of action and might open
perspectives for therapeutic applications.

In this paper we describe a two-dimensional (2D) se-
quence ‘analysis of the extracellular hormone binding

domain of these receptors. We show that the D200

amino acid conserved domains ‘possess internal sym-
metry and so probably result from the duplication of a
subdomain =100 ‘amino acids long, here named
SD100A and SD100B. Further, we show that GMCSFR
comprises an additional SDI100 subdomain at its N-
terminal part. These subdomains appear similar to and
have the same size as the highly. repeated type III do-
mains of fibronectin, which has already been shownto
be sequence related to the here-named SD100B [7]. We
also confirm and expand the homology with repeated
domains of contactin [8].

2. MATERIALS AND METHODS

The protein sequences of all representative members of the CR
family and INFRs as well as those of numerous other sequences have
been analyzed and compared through Hydrophobic Cluster Anaiysis
(HCA) [9]. This sensitive method is able to detect the similarity of the
secondary and tertiary folding of globular protein domains even if
their sequence identity is:low (<10%) and so, below the limits of effi-

Published by Elsevier Science Publishers B. V.
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Fig. 1. HCA plotsof the extracellular domain of the murine erythropoictn recepror, splitted 1o show the intermal symmetry between SDI00A
and SD100B subdomains. The N-rerminal region, the transmembrine stretch and the beginning of the ¢ytoplasmic domain are respeetively
indicated by n, m and ¢. Heavy vertical lines delineate the conxensus 1 (o S& structural segmenis observed in all receprars, Arrows indicate in
$2 and in 86 particular conserved featurex (see text). The large open arrow indicates the WSXWS marker, The two putative $-$ bridges are
indieated within SDIOOA by thin lines, HCA score and sequence identity between SDIO0A and SDI00B are 72% and 13%, respectively.

ciency of conventional 1D sequence comparisen. A review of the
HCA strategies and applications ¢an be found in {10},

Briefly, it appears (mportant to emphasize thar the 213 HCA ap-
proach primarily relies an the comparison of the hydrophobic amino
acid patterns of protein sequences - which wre reliable signatures of
the 2D and 3D folding of protein domains — rather than only on the
maximization principle of identity (or homology) between amino
acids which supports classical 1D methods, The sequences were plot-
tedd on classical a-helix spreads into'a 2D planar pattern ([9,10) and
refs therein). The one letter amino acid code is used with the excep-
tion of P, Gy 8 and T which are representéd by special symbols to
help their immediate visual recognitions. P which is a major inter-
rupter of secondavy strugture (due to its strong internal constraints)
is represented by a star, & which contrarily brings a high degree of
freeclom to the polypeptide chain, is symbolised by a diamond. T and
S, which have special hydrophobic mimetic behavior and which are
major components of loops, are represented by open and dotted
squares, respectively (ef. Fig. 1),

Meanwhile, when necessary and particularly to statistically assess
several results of HCA, 1D sequence programs and procedures have
been used as described in [10]. The 2D HCA comparisons are, after
analysis, currently reported on- classical linear alignment through a
polyvalent sequence editor (EDITSEQ) developed for this purpose
[10]. 3D studies were performed with the MANOSK software [11]
running on an Evans & Sutherland PS390 display.

3. RESULTS

Visual inspection of HCA plots of the D200 conserv-
ed extracellular domains of CRs and INFRs families led
to the frequent observation of clear cut loop (or hinge)
regions in their middle (EPDPP for rbPRLR, QPDPP
for huGHR, QPPPPKD for mulL3R first D200 do-
main, KPLAPD for mulL4R, QPDPPAN for hulL6R,
GPPE for huINFaR first D200 domain) (see the linear
alignment reported in Fig. 3A) similar to that noted
between D200 domains, e.g. PPPEN for huINFaR [5].
So a major interrupter of folding could be suspected to
be present. Further, HCA ‘plots of many receptors sug-
gest (qualitatively and quantitatively) a structural

homology between these two equivalent sized halfs of
the -D200 domains. Fig. 1 examplifies this with the
muEPOR where the middle breaker is DAPAG around
position 120. For the two halves of the D200 domain
(SD100A and SDI100B) of that receptor, HCA-score
and the resultant alignment sequence identity are 72%
and 13%, respectively. These values are within the
range of significant homology otherwise observed for

SDiocoB

Fig. 2. HCA plois of the first S5100 subdomains of hulMNFaR, same
convention as in Fig. 1. Note that as SD100B of Fig. 1, the third
SD100 possesses a FWS motif (large arrow) within the S7 structural
segment. HCA scores and sequence identities are (72%, 20%), (67%,
149%), (64%), 16%) respectively for AA', AB and BA' comparisons..
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structurally related globular domains of sufficient size

Fig. 2 reports the HCA compurison of the SD100A
and SDI0OB of the hulNFaR first D200 doniin and
the SDI00A of the second D200 domain. A tatal of
more than 30 half D200 damaing, L.e. SDI0C subdo-
mains have been analyzed so far.

As already reported [9,10], the HCA handling of a
large number of sequences for a family showing
medium or low sequence identities considerably rein-
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Fig. 3. Overall alignment of SD100 subdomains. deduced from 2D
HCA plots. Same symbols and labels as in Figs 1, 2. For each
sequence, the numbering of the first shown amino acid is indicated;
shaded amino acids represent anchors of the alignment, For clarity,
variable regions (loops, N or C regions) are not shown; numbers
between conserved regions indicate the length of these parts of the
sequence; numbers at the end of SDICO indicate the numbers of
amino acids to the next SD100 or to the transmembrane segment.
From N-terminal to transmembrane segment, SD100 are jabeled A,
Band A‘, B! for duplicated D200, the 3 GMCSFR SD100 are labeled
A, A’, B* and the'5 GCSFR SD100 are labeled A, B, A', B', A",
(A) from top to bottom, S! to S$7 segments of CRs, INFRs,
fibronectin, Contactin and Ig sequences are shown for comparison,
Known 3D structures arc prefixed with a star, Last two lines:
consensus regions of experimentally observed A-strands in the Ig

domains and their current Jabeling (A to G). (B) S8 and hinge regions °

of CRs and INFRs SD100,

ALIGN program [12]. A test set of all SD100 con-
parisons (12 SD100, 66 pairs in all) for muEPOR,
mulL3R, hulL7R, hulNFaR shows that among
previously known corresponding sequences
(SD100A/SD100A and SD100B/SD100B) 16 pairs have
scores greater than 3.0 standard deviations (SD), con-
sidered as significant, the maximum score being 9.51
SD. Among the SD100A/SD100B pairs, the maximum
score remains high (6.69 SD for SD100B of the first
D260 of mulL3R vs SD100A of the second D200 of
hulNFaR) and 7 pairs are above 3.0 SD.

All known receptors have 2 or 4 SD100 subdomains,
with the exceptions of GCSFR which has 5§ SD100 bet-
ween an immunolike domain [2], residues 98—599, and
the transmembrane stretch (one true D200 + three
previously recognized fibronectin type 111 repeats [2])
and GMCSFR which possesses an additional SD100
between -the N-terminal and its D200. domain (see
Fig. 3A).
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3.1, Comparison of SDI100 with fibronectin type 111
repeais ‘

Recently, it has been shown that a part of the D200
domains of the CRs family possess a significant se-
quence homology with numerous repeats encountered
within fibronectin, contactin and other proteins [7].
This = 100 amino acid long area corresponds to the se-
cond half of the D200 domain, or to the SD100B sub-
domain. ‘

HCA comparison of these repeats with the SDI0O
shows that this recognized homology could be extended
at the structural 2D and 3D levels to all SD100 of CR
and INFR families. Fibronectin possesses three dif-
ferent kinds of repeats [13], all the 15 type 11l domains
are clearly related to CRs and INFRs SD100 (HCA data
not shown; see Fig. JA), For Contactin, HCA defines
4 true SDI00 domains (residues 582-962) and 6
preceding SD100-like domains (Fig. 3A: cont7=contl0
and contl-conté, respectively).

3.2, Comparison of SDI00 with data bases

The SD100A of nearly all D200 of CRs shows a pat-
tern of four conserved cysteines which at least for GHR
have been shown to exist as 2 successive S~8 bridges
{14]. SD100A subdomains of INFRs have two conserv-
ed cysteines positioned close to the second cysteine pair
in the SD100A of CRs. The SD100B of CRs does not
possess any conserved cysteines but does have a
WSXWS sequence which constitute a clear marker [7].
The SD100B subdomains of INFRs and the SD100a of
IL7R, possess another tandem of conserved cysteines at
their C-terminal side, the location of which is ¢lose to
the third S-S bridge in the SD100A of GHR [14]. These
consistent particularities may help verify for putative
structural homologies which could be detected by HCA
within data bases following the currently used pre-
cedures [10]. As HCA still necessitates human deci-
sions, it.is not yet possible to directly perform a
screening of sequence data bases. Thus a large number
of sequences potentially related to SD100 were selected
with the 1D FASTP program {15] and then 2D analysed
through HCA. Many were rejected but a few were con-
served for further analysis (see [10] for detailed
methodology). Since the number of clearly related
SD100 subdomains is high ‘while their sequences are
essentially different, a large amount of independent
data has been analyzed. Repeatedly, immunoglobulin
domains were detected by the 1D process and confirm-
ed by HCA. So it appears that the consensus of the first
seven hydrophobic clusters which result from the com-
parison of all SD100 (Figs 1, 2, 3) could match with the
seven conserved #-strands of the immunoglobulin cons-
tant domains -[16]. The last wvariable segment. S8
(Fig. 3B) could be a link between SD100s and SD100
and the transmembrane segment. Moreover, the shape
of hydrophobic clusters of CR ‘as that of INFRs [5] are
highly consistent. with g-strands [10].
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However, if the internal structural symmetry of D200
domains of CR and INFR families is clear, the
hypothesis of SD100 belonging to the immunoglobulin
superfamily needs further verification. Several strue-
tural features support this assumption and are discuss-
ed below,

4. DISCUSSION

Tentative alignment of SD100 (CR/INFR/fibronec:
tin type I1I repeats) with Ig constant domains reported
in Fig. 3A led to the following remarks; (i) the general
distribution between hydrophobic clusters (essentially
regular secondary structures) and loops is as similar
between the families as is the distribution of
hydrophobic and hydrophilic residues within each seg-
ment; (ii) within each family the 82 (B) and $S6 (F)
segments are more conserved in Ig domains than B and
F segments are in the central part of the two £ sheets;
(iii) within S6 (F), the YX(X')XVW motif where X' is an
hydrophobic residue, is very frequent; it constitutes a
clearly recognized marker of the constant domain of
the immunoglobulin superfamily (16}; (iv) the positions
of conserved Cys residues of CR and INFR families in
the Fc 3D template (17], deduced from the present
study are all consistent with the formation of
disulphide bridges (paper in preparation) as that first
observed for the Ig fold of the chaperone PapD protein
[18].

The immunoglobulin fold appears to be a typical ex-
ample of 3D folds compatible with a large variety of se-
quences {19,20] even when canonical Cys, Trp residues
are absent [18]. This widespread occurrence could be
related to the robustness of the fold and/or to evolu-
tionary processes {16]. That the SD100 and thus the
D200 belong to this huge superfamily. is consequently
not as surprising as it might appear. If this hypothesis
is further verified for all the SD100s, the previously
recognized Ig-like domains of CR (and the related
adhesions domains), as well as those of the IL1 receptor
{21} (Fig. 3A) constitute: a: large pool of generally
related 3D structures, but specifically designed to allow
sophisticated functional abilities.

According to this, the boomerang shape of Fc [17],
PapD {18] and part of the human class I histocom-
patibility antigen, HLA-A2 [22] domains may provide
the first overall look of the extracellular domains of
these receptor families.

5. LATE NOTE

At the completion of this manuscript an article and
a letter from J.F. Bazan [23,24] report the same ten-
tative overall conclusions. As J.F. Bazan used different
methodologies, the two approaches reinforce each
other. In the above present discussion we confirm by
3D checking the consistency of CRs and INFRs S-S
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bridges potentialities within the constant g fald, which
in our opinion is further supported by the YX(V/C)XV
consensus sequence of (S6/F) (Fig. 3A). I.F. Bazan
[24] considers that IL7R is a unique sxception to the
domain's receptors architecture. 2D HCA analysis does
not support this. IL7R SD100A and SD100B laok like
each other (Fig. 3A)and [L7R SDI00OA possesses strucs
tural similarities with many other SD100. However,
unlike most CRs, SDI100A, IL7R SD100A. lacks the se-
cand putative S8 bridge, but possesses another cys-
teine pair positioned as INFRs SDI0OB and GHR
SD100A third S~§ bridge (Fig. 3A). Our proposition
differs from that of Bazan [24) in several locations,
mainly:

in S1: huGHRB (5 aa),, mulL3RB' (3  aa),
muGCSFRB (6 aa), hulNFaRA (2 aa)

in 82 hulNFaRB’ (2 aa)

in $3: huGHRA (2 aa), mulL4RB (5 aa), muGCSFRA
(3 aa), hulNFaRA (4 aa), huINFaRB (4 aa),
hulNFaRB' (4 aa), hulNFgRA (4 aa),
hulNFgRB (4 aa)

in S4: hulL2RbB (3 aa), mulL3RB (3 aa), mulL4RB
(5 aa), hulNFgRB (8 aa)

in 8§5: muEPORB (4 aa), huGHRB (5 aa), mull.3RA
(11-aa), buGMCSFRB' (3 aa), muGCSFRB (2
aa), hulNFaRB’ (3 aa), hulNFgRB (3 aa)

mulL3RA (14 aa),

muGMCSFRB' (4 aa), muGCSFRA (2 aa),

huINFgRA (2 aa)

A major difference occurs for the location of the G
strand. for SD100; we suggest here the S7 segment,
Bazan [24) selects the region: corresponding to the S8
one. For this variable region the debate is still open and
could possibly be clarified only with new data (se-
quences and/or 3D ones, including modelling).

These differences may be crucial for further exploita-
tion. of the alignments since for extended polypeptide
structures, a 3 amino acid error led to a more than 10 A
discrepancy. Alignment based on 2D HCA plots are
generally significantly more accurate than 1D ones [10].
However, it should be recalled that in very variable
areas, only 3D modelling could make the difference
between alternative propositions.

5.1. Remarks added on revision

(i) The 3D structure of a human CD4 fragment
[25,26] shows an immunoglobulin-like subdomain
possessing a non-conventional disulphide bridge similar
to those expected to occur in the CR family.

(ii) The sequence of IL5 receptor [27] and 1L.6 signal
transducer gpl30 [28] are now known. They are fully
compatible with the family and 9 new SD100 subdo-
mains could be -added.
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