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Abstract. Extracellular domains of some cellular
receptors expressed in the organisms at different
levels of development belong to three-fingered pro-
tein (TFP) fold. The Homo sapiens genome encodes at
least 45 genes containing from one to three TFP
domains (TFPDs), namely diverse paralogues of the
Ly6 gene, CD59 and the receptors of activins, bone
morphogenetic proteins, Mullerian inhibiting sub-
stance and transforming growth factor-f. C4.4a and
urokinase/plasminogen activatory receptor contain

two and three TFPD repeats, respectively. These
diverse proteins have a low overall sequence similarity
with each other and their hydrophobicity levels vary to
a considerable degree. It is suggested that sequence
differentiation within the TFPD led to distinct groups
of proteins whose attributes were optimized to fit both
the physicochemical properties specific to their func-
tional microenvironment and selective targeting of
their highly diversified extracellular cofactors.
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Introduction

Three-fingered protein (TFP) chain fold has been first
established from the crystallographic structures of
snake neurotoxins [1, 2]. Structural analyses revealed
four disulfide bonds forming a tight network at the
base of a palm from which three fingers emerge. These
are structured with distinct clusters of (-strands
roughly pointing in the same direction [1-3]. The
TFP domains (TFPDs) have several distinct sequence
and structural attributes [4]. Firstly, the disulfide
network consists from 3 to 6 S-S bonds with specific
tight packing of the three highly conserved disulfide
bridges. The tight S-S network assures stability of its
hydrophobic core and maintains structural integrity of
diverse TFPDs in the extracellular space. Secondly,
the TFPDs have a highly conserved C-terminal
sequence, although a slight variation occurs in the
sequence of the transforming growth factor-f§ (TGFp)
and Mullerian inhibiting substance (MIS) receptors

that have a Ser residue inserted between the C-
terminal Cys doublet. Thirdly, the specific distribution
of the intramolecular interaction clusters remains
identical in all the TFPDs studied to date [4]. Fourthly,
extensive interactions between the N- and C-terminal
segments remain well conserved despite the amino
acid (AA) length of the TFPD and the domains
flanking it. Fifthly, the hydrophobic core comprising
the S-S network sustains a great variability of the
sequence traits forming the three-fingers [4, 5].

The ectodomains (ECDs) of several cell surface
receptors belonging to TGFf family of receptors
(TGFp-R) share the TFPD-like fold [4—6]. The ECDs
linked to the intracellular kinase domain via one
transmembrane (TM) segment selectively bind di-
verse factors such as activins (Act), inhibin, nodal,
growth and differentiation factor (GDFS), TGFp,
bone morphogenetic proteins (BMPs), and MIS [5, 6].
Binding of dimeric growth factors linked through an
intermolecular disulfide bond to those receptors
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causes the kinase domain of type II receptor to
phosphorylate the intracellular domain of type I
receptor and transmits the signals to the nucleus [7,
8]. Likewise, several receptors tethered to the mem-
brane via a glycosyl-phosphatidylinositol (GPI) link-
er, i.e., the urokinase/plasminogen activatory receptor
(uPAR) [9-11], Ly6-group of gene products and
CD59 [12], have the TFPD-like fold. The TFPD-like
genes are encoded in the genomes of diverse marine
organisms such as the sea urchin Hemicentrotus
pulchiremus and the tunicate Ciona intestinalis, the
terrestrial nematode Caenorhabditis elegans, the fruit
fly Drosophila melanogaster and different vertebrate
genomes, suggesting that a TFPD fold emerged early
in evolution of living species [4, 13].

In this communication we have analyzed several
conserved sequence and structural attributes of the
highly diversified group of human TFPDs, and com-
pared these attributes with those of the TFPDs
encoded in some other organisms. We suggest that
some sequence attributes of the TFPDs were probably
imposed by two evolutionary processes: (i) fine func-
tional diversification and selective targeting of the
TFPDs; and (ii) adaptation to physicochemical con-
ditions within the microenvironments harboring the
functional forms of proteins with one or multiple
TFPDs.

Materials and methods

Databases and sequence-homology searching proc-
esses. The genomic databases produced in the Na-
tional Center of Biotechnology Information (NCBI,
http://ncbi.nlm.nih.gov) [14] were used. Two types of
files were downloaded, the Fasta amino acid files and
the GenBank flat format files. Two protein sequence
databases assembled in the Protein Information
Resources (PIR) databases (http://pir.georgetown.e-
du) [15] were used in searches for diverse sequence
motifs. The predicted protein sequences of diverse
genomes were also accessed from the website server at
http://www.ensemble.org/ [16]. A series of Fortran 77
programs were written for searching the NCBI and
PIR databases for the presence of diverse sequence
motifs comprising Cys residues, e.g., C-(XY),-C
spaced by (n) AA residues and flanked on its
C terminus by the motifs such as CC-(XY),,.CN (a
typical TFPD sequence hallmark), and CXC-(XY),.
CN (sequence hallmark of the TGFB-RII and some
small proteins encoded in the C. elegans genome).

Multiple sequence alignments and their analyses. The
Data_SQ program was used in selecting diverse
sequences that were aligned with the ClustalW60
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program [17]. The MSA used in this work consists 802
entries (MSAS802). It contains six distinct blocks of
sequences: (1) neurotoxins and cardiotoxins from
diverse snake venoms; (2) plethodontid modulating
factors (PMFs) from various salamanders [18]; (3)
series of sequences of the Ly6 and Plaur genes
encoded in diverse genomes; (4) the ECDs of the
TGFp and uPAR receptors; (5) sequences that have
low sequence similarity score (IDs) with the TFPDs
but which have some sequence attributes similar to the
TFPDs; (6) at the bottom of the MSA is an additional
block of snake neurotoxins. Due to similar size of the
polypeptide chain and highly conserved sequence
distribution of the Cys motifs in snake neurotoxins
and cardiotoxins (the top and bottom blocks), they
impose some structure onto the entire MSA. Potential
sequence correlations existing between diverse
TFPDs were estimated with the Pola_SQ program
[19] that uses sequence profiles and physicochemical
sequence attributes of the polypeptide chain such as
hydrophobicity, p/ and AA bulkiness of the aligned
sequences. For this type of analysis we used the
MSA310 containing only some sequences present in
the MSAS802. AA conservation was estimated from
the MSAs using the following three measures: (i)
Valdar-Thornton (VT) formula comprising average
evolutionary distance calculated from given MSA
[20]; (ii) a scoring function in Jensen-Shannon (JS)
entropy [21, 22], and (iii) Shannon information (I.)
entropy [23]. The VT, JS and I, were calculated with
the pr_vt_sc.f program (written by the author). The
MSA310, MSA802, and MSA802out (a database-
processing output file) are available upon request.

Structural analyses. The following new features were
added to the CORDAN_Pr program [4, 24]: (a) two-
dimensional (2D) distance maps computed from X-
ray structures were reorganized according to the
sequence alignment (this allowed a redistribution of
the interaction clusters in the 2D space of the bi-
triangular distance maps); (b) isomorphism of gen-
erated distributions of clusters was quantified with
Kolmogorov-Smirnov (KS) statistics [25]; (¢) non-
bonding (van der Waals) and electrostatic (Coulom-
bic) interaction energy components were calculated
for the binary and ternary complexes of diverse
TFPDs [4]. The overall hydrophobicity index (HI)
was calculated using the Kyte-Doolittle hydrophobic-
ity scale [26] and a nine-AA sliding frame.

Results and discussion

The TFPD repertoire of the human genome. Analyses
of the human genomic database accessed from the
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Figure 1. Overall sequence organization of several groups of
human proteins containing three-fingered protein domain
(TFPDs).

NCBI server [14] have revealed several clusters of
genes containing the ‘snake neurotoxin-like’ Cys
motifs (Table 1). Domain organizations of the
human TFP-like proteins are illustrated in Figure 1,
and the sequence alignment (MSA47) of the human
TFPDs is shown in Figure 2. The sequences were
aligned according to the decreasing HI values calcu-
lated for the two AAs ahead of the first Cys residue
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forming the disulfide network to the highly conserved
C-terminal CN doublet [4]. This restriction allowed a
direct comparison of the Ly6-like proteins with some
toxic components of snake venoms. The overall HIs
change insignificantly for the sequences having sev-
eral additional AAs that cover the segment from the
cleavage site of the signal peptide to the beginning of
the TFPD.

TFPD-containing proteins are encoded on human
chromosomes 2, 6, 8, 11 and 19, while a series of
receptors of the TGFf family are encoded on chro-
mosomes 2, 3, 4, 10, 11 (Loc283155) and 12. These
receptors have their counterparts encoded in diverse
genomes. For example, in the D. melanogaster genome
several TGFp-like receptors [60] are encoded: thick
veins (tkv, CG14026, NP_787990) related to mamma-
lian BMP-RIA [61], baboon (CG8224, NP_477000)
related to TGFp-R [62], saxophone (sax, CG-1891,
NP_724606 and NP_523252) related to Act-RI [61],
punt (NP_732926) related to Act-RIIA [63], and
wishful thinking (wit, CG10776, NP_524692) related
to BMP-RII [64]. These 5 receptors of the fly and the
12 human TFPD-containing receptors are not only
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Figure 2. Alignment of the human TFPDs (MSA47) (see Table 1). The fingers and f-turns linking them were indicated by F and Lk,
respectively [4]; Cys residues forming the conserved S-S bonds (Db1, Db2, Db3 and Db4) were indicated in yellow, the highly conserved C-
terminal Asn residue is in green, the Cys residues forming B3a are in red, whereas the Cys forming the unique S-S bond in the first finger

(F1) of the ectodomain (ECD) of transforming growth factor 3 recepto
included in the MSA47.

r I1 (TGFpB-RII) is in violet. Ly6D (NP_067069) as an outlier was not
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crucial for signal transmission induced by the gradi-
ents of morphogens during embryogenesis and neuro-
genesis in developing organisms, they are also in-
volved in other functions in adult organisms [6-8, 32,
33, 60-67].

The reading frame of the antisense gene LYPD1
(chromosome 2) in part overlaps with that of G
protein-coupled receptor (GPR39). LYPDI1 is ex-
pressed in the brain, whereas GPR39 is mainly
expressed in different organs such as the liver and
kidney [68]. Since LYPD1 should be expressed on the
cell surface or in a soluble form, it may constitute a
signaling molecule whose binding to a GPR transmit
signals via G protein-associated networks. Loc130576
is expressed in the testis, lung, stomach and prostate
(LYPD7) [27]. A cluster of 5 Ly6-related genes is
encoded on chromosomes 6 in the major histocom-
patibility complex (MHC) class III region [34]. These
proteins have highly hydrophobic TFPDs. Pairwise
comparisons of their sequences revealed that the IDs
were low compared with each other, which may imply
a substantial differentiation of their apparent immu-
nomodulatory functions [66].

Chromosome 8 contains a cluster of 11 Ly6-related
genes including a high-density lipoprotein binding
protein (Hd_LBP, vigilin) [14, 42]. The TFPDs
belonging to this cluster are preceded by signal
sequences for extracellular secretion, are followed
by potential proteolytic cleavage sites and are termi-
nated with a GPI attachment signal sequence that
result in soluble and membrane-tethered TFPDs. The
latter type may be crucial in controlling lipid rafts of
the plasma membrane that help in concentrating key
signaling molecules. The ARS component B, also
known as secreted lymphocyte antigen-6 (Ly6)/
uPAR-type plasminogen activator receptor-related
protein 1 (SLURP1) [66], has a hydrophobic TFPD. It
is an epidermal neuro-modulator whose rarely occur-
ring AA mutations cause hyperkeratosis (Mal de
Meleda diseases) [67]. SLURP2 is a hydrophobic
protein also known as prostate stem cell antigen
(PSCA) [44, 69]. The Lynx1 gene has three splicing
forms whose products are endogenous toxin-like
modulators of nicotinic acetylcholine receptors [39]
that enhance their desensitization [70]. It has been
suggested that E48 is restrictively expressed in kera-
tinocytes and squamous tumor cells [43, 44]. Several
other Ly6-proteins can also be potential markers of
tumors [71-74]. It has been suggested that the Ly6-
cluster of the TFPs encoded on human chromosome 8
may form the susceptibility locus to HIV-1 infection in
some individuals [75].

Several cell transformation proteins are encoded on
chromosome 11, e.g., PATE-like gene products [51,
52], the sperm acrosomal protein AVPla that has
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several splicing isoforms [76] ranging in size from 81 to
265 AAs, and the CDS59 receptor on the opposite
chromosomal arm. The PATE gene products are
expressed in the prostate and testis but their low
expression levels have been detected in some specific
regions of the brain [51]; Pate_B and Pate_M have
almost identical sequences to those of XP_374945 and
NP_997720 (LVLF3112), respectively [14, 42]. CDS59,
also known as protectin, is a membrane-anchored
inhibitor of autologous lysis that binds to the C5-C8
complex, thereby detouring a membrane attack com-
plex [12]. Although CD59 was found in the genomes
of diverse vertebrates, it is also encoded in the
Saimiriine herpesvirus 2 genome (NP_040217).

On chromosome 19, several TFPs are encoded that
have with one, two and three consecutive TFPDs. The
C4.4a protein has two TFPDs [56], whereas the uPAR,
also known as CD87, has three consecutive TFPDs
and a GPI-anchored C-terminal signal sequence [9-
11]. The two TFPDs of C4.4a have similar Cys-motifs
to those in TFPD-I and II of the uPAR, i.e., they have
similar sequence distributions of eight and ten Cys
residues. The overall masses of C4.4a and uPAR are
similar (35-36 kDa) but the former has a long hydro-
phobic C terminus. A testis-specific differentiation
antigen, also known as acrosomal vesicle protein 14, is
encoded in the same locus [58].

Sequence conservation in the human TFPDs. Align-
ment of the sequences summarized in Table 1 revealed
that the maximum of the IDs lies at the range 20—-30 %
(Fig. 3A), whereas the plot of the I, values calculated
from the MSA47 indicates that only few sequence
positions remain conserved. Similar distributions of
the IDs (ID,,.=23 % ) and I s were calculated from the
MSAS02. The numbers of Cys residues in the aligned
sequences (MSA47) vary from 6 to 12. Of the
sequence, 36 (77 %) have 10 Cys residues, while 4 of
them have 12 Cys. The plot of the I, values (Fig. 3B)
indicates that several Cys sequence positions and the
C-terminal CN doublet are well conserved, whereas
the other sequence positions have highly variable AA
compositions. A dendrogram of all human TFPDs
generated from the dnd file produced with the
ClustalW program is shown in Figure 1S of the
supplementary material, whereas the numerical meas-
ures for conservation levels of sequence fragments
corresponding to (3-strands present in 1IM9Z (TGFp-
RII) and 11Q9 (a neurotoxin) are given in Tables 1S
and 28, respectively (supplementary material). Con-
servation of sequence fragments corresponding to
different secondary structures of the arbitrarily chos-
en sequence of the ECD of TGFB-RII (1IM9Z) is
shown in Table 1S, whereas similar measures calcu-
lated from the MSA310 using the sequence of the
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Figure 3. (A) Distribution of the sequence similarity score (IDs) in
sequence alignment of human TFPDs. (B) Shannon information
entropy (I.) values calculated from the MSA47 using the sequence
of IM9Z as reference. Only the sequence positions having at least
25 % residue occupancy are shown in the graph, whereas the full set
of numerical data is given in MSA47.out in supplementary
materials. The Cys residues were explicitly placed on the graph
with the highly conserved positions indicated by the arrows. The
following disulfide bonds are formed: C1-C3 (Db1), C2-C4 (Db2),
C5-C6 (Db3), C7-C8 (Db4), and Cla-C1b (Dbla disulfide bond in
Finger 1).

short neurotoxin from N. nigricollis (P01246, 11Q9)
[77]is shown in Table 2S. Both tables illustrate that the
fragments have moderate conservation with the C-
terminal segment reaching the highest conservation
level and the lowest divergence between its AA
composition and that derived from the human ge-
nomic database.

Sequence attributes of the human TFPDs. Several
genomic databases [14] have been recently analyzed
using the concept of overall hydrophobicity of pro-
teins that let us to divide the protein kingdom into
several groups according to their HIs [22]. Using the

Three-fingered protein domain

same concept we sorted the human TFPDs into three
arbitrary zones according to their HIs. Zone 1
comprises the hydrophilic entities (Z1, HIs <25%),
72 those with moderate hydrophobicity (25% < HIs
< 40%), and Z3 the hydrophobic domains (HIs >
40%). The 2D distribution of the HIs versus the plIs of
the human TFPDs is shown in Figure 4. The hydro-
philic zone contains the ECDs of several receptors
whose HIs are similar to those of the soluble forms of
diverse neurotoxins and muscarinic toxins [4]. The
ECDs of MIS-R, TGFf-RII and SLURP2 are mod-
erately hydrophobic, whereas the ECDs of TGFp-RI,
TGFB-RII, Act-RIIC and several other TFPDs such
as Pate_M, SLURP1, SLURP2, Lynxl, TEX101,
LY6H and LYPD4 are in the hydrophobic zone. The
HIs of the three consecutive TFPDs in the uPAR are
in the moderately hydrophobic and hydrophilic zones,
whereas the two TFPDs of C4.4A are both in the
hydrophobic zone. The pls of the majority of the
human TFPDs are below 7. For example, the ECDs of
diverse receptors (Act-RI, MIS-R), the TFPDs of the
uPARs and several Ly6-related gene products (CD59
or Lynx) are moderately acidic to neutral (pls 5.5—
7.5). Likewise, the TFPDs in the C. elegans and D.
melanogaster genomes and all the PMFs have acidic
pls. The homologues of the PATE, GML, E48 or
LYPD4 have basic pIs, similar to the toxic components
of snake venoms, i.e., neurotoxins, cardiotoxins or
weak toxins that vary from basic to very basic (pls
>8.5) [4].

Data shown in Figure 4 may reflect some functional
traits of the TFPDs, showing that these two sequence
attributes were adapted to the physicochemical prop-
erties of each functional niche harboring human
TFPDs and their targets. For example, human PATE
and PATE_M are probably involved in membrane
penetration via their hydrophobic interactions in the
sperm/egg ensemble, paralleling the action of snake
cardiotoxins penetrating into membranes [78]. Their
less hydrophobic homologues, Pate_DJ and Pate_B,
may bind to the membranes via a combined set of
charge/charge and hydrophobic interactions. The
majority of human TFPDs have moderate HIs similar
to those the C. elegans HOT(1-7) gene products,
whereas CD59, E48 and several ECDs are hydro-
philic, which is a hallmark of the majority of the
neurotoxins and muscarinic toxins that bind to diverse
GPR-like receptors [79]. The pIs of the TFPDs may
also have some functional meaning. Human SLURP1,
SLURP?2, and the majority of the ECDs of the large
receptors have acidic pls, similar to the HOT(1-7)
gene products in C. elegans [80], which should retain
them in an outer sphere of the cell, or keep them in a
direct association with the exterior part of a receptor.
Likewise, the PMFs are secreted, negatively charged
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proteins that bind to vomeronasal (olfactive) recep-
tors of the salamander [18].
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Figure 4. Two-dimensional (2D) distribution of the HIs versus pls
of the TFPDs aligned in Fig. 2. The Hls and p/s were calculated for
the length of the TFPD given in Table 1. For clarity, only some
squares were explicitly labeled (see Table 1 for the abbreviations
used). uPAR-I, uPAR-II, uPAR-III, C4.4_S1 and C4.4_S2 corre-
spond to the consecutive TFPDs in the uPAR and C.4a proteins,
respectively.

Conserved traits in the 3D structures in the TFPDs
targeting different ligands. In Figure 5, a 2D bi-
triangular distance map derived from two high-
resolution X-ray structures is shown: the ECD of
TGFp-RII (1M9Z, 1.05 A, upper triangle) [81] and
the weak toxin bucandin (1F94, 0.97 A, lower trian-
gle) [82]. Their 3D models are shown in Figure 6A and
B. Intramolecular interaction clusters were redistrib-
uted according to the sequence alignment shown in
the upper coordinate of the distance matrix (at the top
of the figure). In bucandin (lower triangle), finger 1
(F1) is made with p-strands 1 and 2 (f1-p2) that are
linked by B-turn 1 (t1) forming -hairpin I. $-strands 3
and 4 (p3-p4) are linked by p-turn 3 (t3) and form
finger 2 (F2, p-hairpin II). B-hairpin II is linked to f3-
hairpin I via B-turn 2 (t2) that is positioned at the base
of a palm of each TFPD. (-strand 5 is linked to f3-
strand 6 via a conserved extended loop (Finger 3, F3)
whereas B-turn 5 (t5) links F3 to the C-terminal highly
conserved part that has two intercalating f-turns (t6).
These three fingers have their counterparts in the
upper triangle despite the fact that the ECD of the
TGFp-RII receptor has several loops that are longer
than the loops in the toxin, and the secondary
structure content of the three fingers is somewhat
different than in the bucandin (Fig. 6A, B). In the
ECD of the TGFB-RII (upper triangle), long finger 1
consists four B-strands 1, fla, f2 and 2a) that are
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linked by B-turns. Finger 2 is made of [3-strands 33 and
4, whereas finger 3 consists 3-strands 85 and 6 and is
linked via a short a-helix to -strand 7. f2a interacts
with (37 that is the last secondary structure before the
TM segment that links the ECD with an intracellular
kinase domain. 37 also interacts with (35, whereas 36
forms a cluster of interactions with the long loop
linking p-strands 4 and 5 (green arrows). A short a-
helical segment at the C-terminal part is shown near
the diagonal as a red oval.

In both structures, the base of the palm is tightly
packed around three highly conserved disulfide
bridges (Dbl, Db2 and Db4, see Fig. 2) that form a
strong interaction cluster stabilizing the hydrophobic
core despite its size or the nature of the domains
flanking it [4]. The atomic interaction networks
between the N-terminal segment and the C-terminal
CN doublet (violet ovals at the upper and lower
corners) remain well conserved. Some unique inter-
actions visible in the upper triangle are due to a larger
TFPD of type II TGFp receptor. The KS statistics
showed, however, that a virtually perfect correspond-
ence exists for the major intramolecular interaction
clusters contained in these two triangles (KS=0.610).

Spatial analogues of the TFPD. Some of the small
proteins secreted in C. elegans display a distant
sequence similarity to mammalian Ly6-like proteins.
For example, the 125-AA polypeptide (F58B4.3,
NP_505786) may have some distant correlation to
Lynxl, the 192-AA polypeptide (T21Cl12.1,
NP_492605) could be related to PATE, and the 111-
AA polypeptide (F55C12.7, NP_495170) may be
related to SLURP1. Several splicing forms of the C.
elegans Odr-2 gene (TO1C4.2, NP_001024090, chro-
mosome 5) and a series of homologous HOT genes
(HOT-1 to HOT-7, chromosomes 1-4) encode the
TFPD proteins involved in chemo-sensation (olfac-
tion-like system of the nematode) [80]. The AA
sequences linking the network of Cys residues are
longer in the HOT(1-7) gene products than in the
other TFPDs, so that these proteins may constitute the
largest TFPD known to date. The HIs of the TFPDs in
the HOT(1-7) proteins are similar to the HI of human
CD59. Several TFPD-containing receptors are encod-
ed by the C. elegans genome that are involved in
development of the nematode [84]. For example, a
TGFp-like receptor (sma-6, C32D5.2, NP_495271) is
related to the tkv gene in D. melanogaster, whereas
abnormal dauer formation (daf-4, NP_498211) is
related to the activin-like ‘baboon’ receptor [84].
Three other TGFp-family receptors are encoded on C.
elegans chromosome 1 (NP_492183, NP_493361 and
NP_492668).
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Figure 5. 2D distance maps derived from the ECD of the TGFB-RII (1IM9Z, upper triangle) [81] and the structure of the weak toxin
bucandin (1F94, lower triangle) [82]. Anti-parallel B-sheets (indicated as wide blue arrows) are positioned perpendicularly to the diagonal.

The Argos protein expressed in D. melanogaster
contains three domains rich in [-sheet that are
tightened by three disulfide bridges forming a palm
similar to that present in the TFPD. Comparison of the
crystallographic structures of Argos bound to Spitzggy
[85] with several X-ray structures of the TFPDs
revealed that there is only a distant resemblance
between their structures. For example, there is no
interaction between the N- and C-terminal segments
of the Argos domains; such interaction is a highly
conserved hallmark in the TFPDs. Moreover, the
disulfide bonds display a different clustering pattern
than that observed in all the TFPDs [4].

The PRV-1 protein (CD177, NP_065139), the gene for
which is encoded in on chromosome 19 (H. sapiens) in
the same loci as the uPAR, was found to be overex-
pressed in polycythemia rubra vera [86]. Due to exon

switching, the PRV-1 protein has some disulfides in
different pairings than those in a typical TFPD.

Conclusions

In the human genome at least 45 genes are encoded for
which the products have from one to three TFPDs.
Although the overall TFPD fold retains several highly
conserved structural attributes [4], it is not known to
what extent the fold is conserved in the proteins
secreted in the other organisms, e.g., the C. elegans
HOT(1-7) gene products (a largest putative TFPD),
the highly diversified TFPDs of the activin-like
receptors in C. elegans and D. melanogaster or the
diverse human TFPDs and PRV-1. It would be
interesting to explore if some intermediary forms
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Figure 6. Models of the ECD of TGFB-RII (IM9Z) (A), and the
weak toxin bucandin (1F94) (B). The models were made with
PyMol [83]. Db, disulfide bond; F1, F2 and F3, three fingers; Lk1,
Lk2, and Lk3 linkers of the fingers. The marked N- and C-terminal
residues are in blue and pink, respectively.

exist between the fold of a typical TFPD and the D.
melanogaster Argos protein [85].

Some TFPs contained in snake venoms, such as
neurotoxins, cardiotoxins and muscarinic toxins, dis-
play deleterious activities in bitten animals [3, 87].
Their structurally homologous domains, such as the
Ly6, Plaur and TGFp-family of gene products ex-
pressed in different organisms, constructively influ-
ence development and functioning of different organs.
For example, the 12 human TFPD-containing recep-
tors may interact with several dozens of growth
factors, creating a complex local context of cell
growth, differentiation and proliferation [6—8]. The
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remaining TFPD-containing proteins and their splic-
ing variants regulate diverse signaling pathways via
GPRs and other receptors, influencing sophisticated
networks of neuronal functions, immune responses
and communication relays between different cells.
Briefly, those diverse activities may be summarized as
follow. First, the ECDs of several cellular receptors
bind diverse morphogens and cytokines to their TFP-
like folded domain, and become crucial in develop-
ment and embryonic differentiation of the stem cell
lines and diverse organs [6—8, 60—64, 88—90]. Dereg-
ulation of growth factor gradients or improper secre-
tion of morphogens in adult tissues may be a cause of
cancers [6]. Secondly, some of the GPI-tethered and
soluble human TFPs (the Ly6-family of cell surface
antigens) detected as being overexpressed in tumor
tissues could become useful in the diagnostics of an
early stage of certain tumors [6, 71-73, 91-97]. In
fact, immunotherapeutic targeting of Ly6 proteins
may be beneficial, leading to complete regression of
some tumors [98]. Thirdly, selective binding of the
Ly6-gene products to diverse GPRs may activate
diverse signaling networks (Lynx1, LYPDI1, Pate-
series, SLURP1 and SLURP2) [39, 51, 52, 70, 99]. Do
some soluble TFPDs bind to human vomeronasal or
olfactive receptors (GPRs) by analogy to the PMFs
(courtship pheromones) sensed by the olfactive sys-
tem of the salamander [18]? For example, SLURP1
has been detected in the granular layer of the skin and
in diverse body fluids [67]. Is SLURP1 or another
human Ly6-protein a pheromone-like gender-de-
pendent molecule ? Fourthly, TFPDs tethered to the
membranes may bind to GPRs or other receptors on
diverse cells and influence their motility, proliferation,
cell-cell adhesion. It could be hypothesized that the
expressed TFPDs may behave as anchors for HIV-1-
infected cells and would modulate their migration
towards the lymph nodes. Fifthly, several Pate gene
products [51, 52] and acrosomal TFPDs are crucial at
some reproductive stages. Sixthly, the specific traits of
the fold of TFPDs encoded on chromosome 8 could
have been fashioned to bind an excess of morphogens
and other factors targeting the ECDs of the TGFj-
family of receptors and would protect the cells from
improper activation cascades. Some of them may
protect the cells from being attacked by the comple-
ment cascades, similar to the CD59 receptor [12];
unfortunately their expression on the cell’s surface
could effectively protect cancerous cells from being
destroyed by immune interventions. Finally, the
nature of the ligands binding to these diverse Ly6-
related proteins still remains enigmatic.
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Materials placed in supplementary materials:

Figure 1S. Dendrogram derived from the alignment of
all the human TFPDs shown in Table 1. Attention:
some of the branches were probably correctly set up,
e.g., the ECDs of the TGFf family of receptors that
perhaps are due to gene duplication events. Arrange-
ments of the other branches are less certain since the
IDs were relatively low in this group of protein
domains.

Figure 2S. (A) Distribution of the IDs in the MSA802;
(B) 1. values calculated from the MSAS802. The Cys
residues were explicitly placed on the graph with the
highly conserved positions indicated by the arrows.
The following disulfide bonds are formed: C1-C3
(Dbl), C2-C4 (Db2), C5-C6 (Db3), C7-C8 (Db4), and
Cla-C1b (Dbla disulfide bond in Finger 1).

MSAA47.out - Full set of the numerical values of the I.s
calculated from the MSA47.

Table 1S. Conservation levels in the MSA47.

Table 2S. Conservation levels in the MSA310.
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