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Abstract. Secondary structure and antigenicity predictive 
methods have been applied to the sequences of human 
and bovine tropoelastins in order to have some insight 
into the molecular structure of its insoluble counterpart, 
i.e., elastin. For both tropoelastins, all the predictions 
yielded 11 major regions, in which the pleated conforma- 
tion was predominant, separated by 10 strong helical seg- 
ments of various lengths located within alanyl rich re- 
gions of the chains. The overall conformations of human 
and bovine tropoelastins were estimated to contain 
18 ! 5% c~-helices, 63 + 17% /Lsheets, 13 + 13% ~- 
turns and 6 _ 6% random coil. For both tropoelastins, 
antigenicity predictions indicated the presence of seven 
synthetic decapeptides corresponding to continuous lin- 
ear epitopes of the molecule. Some of the predicted epi- 
topes are located in the same regions in both species while 
others are not. These predictions have allowed us to pro- 
pose an ~//~ conformation for tropoelastin. Therefore this 
extracellular matrix macromolecule might be more struc- 
tured (10 helical segments for about 18% of the overall 
structure) than previously suggested. 
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Introduction 

The elastic properties of several tissues of vertebrates such 
as lung, skin and large blood vessels are mainly due to the 
presence, in variable quantities, of elastic fibers within 
their extracellular matrix (Rosenbloom 1987). Elastin, the 
major component of these fibers, possesses an amorphous 
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appearance at the electron microscopic level (Ross and 
Bornstein 1971); it also exhibits a high intrinsic fluores- 
cence and a great resistance to proteolysis as compared 
with other connective tissue proteins (Rosenbloom 1987; 
Thornhil11972). Elastin is synthesized from mesenchymal 
cells as a soluble precursor, tropoelastin, which under- 
goes posttranslational modifications; in the cellular 
space, some of the lysine residues of tropoelastins are 
deaminated following the action of lysyl oxidase and co- 
factors (Rosenbloom 1987; Anwar and Raju 1989). A se- 
ries of non-enzymatically catalysed reactions lead to the 
formation of specific cross-links, named desmosines, that 
link two chains of tropoelastin. Human tropoelastin 
(HTPE) is a 760 residue polypeptide with a correspond- 
ing 65.8 kDa molecular weight; bovine tropoelastin 
(BTPE) is very similar to its human counterpart, contain- 
ing 734 residues and having a molecular weight of 
62.6 kDa (Bashir et al. 1990). 

In both molecules, the predominant amino acids are 
Gly (30%) and Ala (20%); the group of hydrophobic 
residues G, A, V, P, L represents 82% of the overall com- 
position of HTPE and 83% of BTPE. G, V, P, L are 
equally distributed along the chains but alanines are 
found in clusters which also contain 1, 2 or 3 lysyl 
residues. Ten of these polyA-K regions are found in both 
tropoelastins. Other similarities between HTPE and 
BTPE are the absence of any Met, Asn or Trp and the 
presence of 2 Cys four residues apart (positions 750 and 
755 for HTPE, 724 and 729 for BTPE). 

However some important differences can be seen be- 
tween these tropoelastins. HTPE contains twice as many 
Tyr, Ser and Arg residues as does BTPE and 5 Glu are 
present within the sequence of HTPE and none in BTPE. 
Finally, while BTPE does not contain any histidyl 
residue, HTPE has one. More generally, and whatever 
molecule is considered, the great majority of the residues 
are hydrophobic: 90% for HTPE, 91% for BTPE and 
more than one half of the residues belongs to the class of 
flexible residues. The rigid-class ones were mainly en- 
countered in the 10 Ala-rich regions described above. In 
addition to the C-terminal cluster of charges found in 
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both sequences, another one can be detected in HTPE 
(positions 588-609) in a region very rich in flexible 
residues. This region is not present in BTPE. 

The presence of pyridinium cross-links together with 
the extreme hydrophobicity of tropoelastin is responsible 
of the rheological properties of the polymer and its total 
insolubility in all solvents. These particular physicochem- 
ical properties prevent most of the usual structural inves- 
tigation methods from giving significant results, so that 
little and somewhat contradictory information has been 
gathered about its secondary and tertiary structures. 

The early infrared and CD studies performed by 
Mammi and co-workers (Mammi et al. 1968, 1970) with 
acid hydrolysates of elastin, i.e., c~-elastins, tended to sup- 
port the contention that elastin was largely disordered, 
although a low level of helical structures was seen. In 
addition, the reversible temperature elicited coacervation 
of soluble elastin (e-elastin), investigated by CD spectros- 
copy, showed that during the coacervation process, 
e-elastin goes from a disordered conformation to a highly 
helical one (50%) (Urry et al. 1969). Thus, the structure of 
water-swollen elastin under normal temperature condi- 
tions was considered to be mainly disordered, a view sup- 
ported by NMR (Lyerla and Torchia 1975) and Raman 
spectroscopic data (Frushour and Koenig 1975; Prescott 
et al. 1987). In contrast, other investigators claimed that 
elastin could not be envisaged solely as a random net- 
work of mobile chains and that supramolecular organisa- 
tion of the molecule might exist. Gotte et al. (1977) clearly 
established, using X-ray diffraction data, that elastin did 
contain some ordered structures. On the basis of experi- 
mental and theoretical studies of synthetic peptides, Urry 
proposed a regular arrangement of fl-turns (fl-spiral mod- 
el) for the regions between the cross-links which can ex- 
plain the elastic properties of the polymer when it is hy- 
drated (Urry 1983). CD, infrared, Raman and NMR spec- 
tra of elastin-like peptides (Rahman et al. 1987; Prescott 
et al. 1987; Tamburro et al. 1990, 1991), CD studies of 
7-elastin conformational changes under different experi- 
mental conditions (Tamburro et al. 1977, 1978) and an 
infrared study of insoluble elastin (Renugopalakrishnan 
et al. 1990) have shown the fl-turn conformation to be an 
important element in elastin structure. However, Tam- 
burro and co-workers pointed out that the fl-turns are 

isolated along the sequence (Tamburro et al. 1991) while 
in Urry's proposal they are recurrent (Urry 1983). 

Thus, there are two opposed points of view regarding 
the location of the fl-turns in the regions responsible for 
the elastomeric properties of the polymer, each one being 
related to its own theory of elastin elasticity: the fl-spiral 
model connected to the librational entropy theory (Urry 
1983) and the isolated fl-turns model related to a classical 
elasticity mechanism (Tamburro et al. 1991). Thus the 
structure-elasticity relationship of elastin still remains un- 
clear. 

To some extent, the conformation of elastin is proba- 
bly dictated by that of its soluble precursor; however, 
although the sequences of tropoelastin from different spe- 
cies were recently deduced from their corresponding gene 
product (Bashir et al. 1990), few physical measurements 
have been performed with the monomer owing to the 
difficulties of isolating material in its purified form. 

Therefore, in order to have a preliminary insight into 
elastin structure, we took advantage of the known se- 
quences of human and bovine tropoelastins and applied 
secondary structure and antigenicity predictions. 

Materials and methods 

Secondary structure predictions 

Three standard methods of secondary structure predic- 
tion have been applied to the sequences of human and 
bovine (Bashir et al. 1990) tropoelastins: a statistical 
method, the standard Chou and Fasman algorithm with 
an extended data base (Argos et al. 1978) and two infor- 
mational methods, the original GOR1 method of Gamier 
et al. (1978) and the GOR1 method modified by Busetta 
(1987). While the Chou and Fasman algorithm does not 
allow one to give any hypothesis about the structure of 
the sequence used, the informational GORI  method per- 
mits one to impose certain conditions regarding the struc- 
tural contents to be predicted. This can be done using a 
set of decision constants (DC) expressed in centinats 
(cnats) giving information on the folding of the polypep- 
tide backbone (Garnier et al. 1978; Busetta 1987). 

Four types of secondary substructures were used, i.e. 
e-helices, fi-sheets, fi-turns and random coil, and Table 1 

Table 1. Names and associated hypotheses of secondary structure predictions. Decision constants are in cnats and mGOR 1 refers to the 
modified GOR 1 method (Busetta 1987) 

Name Method DC, DCa DC T DC c Hypothesis 

CF 2 CF None None None None 
GOR 0 GOR 1 0 0 0 0 
GOR 1 GOR 1 158 50 0 0 
GOR 2 GOR 1 158 -87.5 0 0 
GOR 3 GOR 1 - 75 50 0 0 
GOR 4 GOR 1 - 75 -87.5 0 0 
GOR 5 GOR 1 --100 50 0 0 
GOR 6 GOR 1 -- 100 --87.5 0 0 
All-fi mGOR 1 180 --70 -- 125 --50 
c~-fl mGOR I -- 120 --70 -- 125 --50 
All-~ mGOR 1 --200 90 -- 125 --50 

None 
None 
%~<20, %fl<20 
%c~ < 20, %fl>20 
20< %c~< 50, %fl<20 
20< %~<50, %fl>20 
50< %ct, %fl<20 
50< %~, %fl>20 
majoritary fl 
majoritary c~ and fl 
majoritary c~ 
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summarizes our structural predictions together with their 
DC and therefore associated hypothesis. All predictions 
have been deduced from CFGOR, a program developed 
in our laboratory and implemented on a PC. 

Antigenicity predictions 

In order to locate the maj or continuous epitopes of tropo- 
elastins, we have used a new method of epitope/anti- 
genicity prediction (Alix et al., unpublished). This meth- 
od, which is an extension and combination of the meth- 
ods of Parker et al. (1986) and of Jameson and Wolf 
(1988), yields a composite surface profile used as antigenic 
index (AG), the calculation of which is briefly summarized 
below. 

Four classes of basic biophysical parameters are con- 
sidered for AG determination. The first class to be consid- 
ered is the type of secondary substructure of residues 
predicted using CF2 and GOR0 (Argos et al. 1978; Gar- 
nier et al. 1978). Only the/?-turn and coil conformations 
are considered to be favorable for antigenicity and thus 
the residues predicted in these conformations are the 
more likely to be antigenically predicted. 

The second class of parameters considered is the hy- 
dropathy of residues. Three scales were used (Hopp and 
Woods 1981; Kyte and Doolittle 1982; Parker et al. 1986). 
A residue is more likely to be antigenic if it is predicted to 
be in an hydrophilic environment, and less likely if it is in 
an hydrophobic one, each scale being considered sepa- 
rately. Thus, in each scale, the hydrophilic residues will 
raise the final AG value, while the hydrophobic ones will 
lower it. 

The third class is the surface accessibility of residues. 
Two scales were used: the fractional probabilities of 
Emini et al. (1985) modified by Alix et al. (unpublished) 
and the interior to surface transfer energy (Janin 1979). 
Each prediction is treated independently, and the residues 
predicted as surface accessible are considered more likely 
to be antigenic. 

The last class concerns the flexibility of residues 
(Karplus and Schulz 1985), with the flexible residues more 
likely to be antigenic. 

Thus, in each class of parameters, each individual pre- 
diction obtained is filtered and/or  smoothed to give a 
specific profile; in the same class, these specific profiles are 
then averaged to give a class profile. The antigenic index 
profile is computerized as a linear combination of the four 
class profiles: the secondary structure accounts for 40% 
of the index, the hydropathy for 30%, and both the sur- 
face accessibility and the flexibility of residues for 15% 
(Jameson and Wolf 1988). The higher the value of AG for 
a residue, the more likely is it to be part of a continuous 
linear epitope. 

Prior to giving the final ordered predictions, our re- 
sults have been compared and/or  correlated with several 
other predictions and these specific parameters are: po- 
larity, other scales of hydrophobicity, free energy of trans- 
fer, hydration potential, radial location of residues, anti- 
genic values... (Cornette et al. 1987; Sehulz 1988) and 

especially to the surface protruding regions of the 
molecules predicted by the calculation of their protrusion 
index (Thornton et al. 1989), since this method is directly 
derived from molecular graphics and crystallography. 

In principle, the AG method is similar to that of 
Jameson and Wolf (1988); however, it is a more restrictive 
method. Indeed, although the antigenic index of Jameson 
and Wolf is calculated with the same classes (structure, 
hydropathy, surface accessibility and flexibility), our 
method considers several uncorrelated scales in each class 
(Cornette et al. 1987) while the former did not. In addi- 
tion, among the scales we used, several have already been 
tested individually and proved to be well adapted for 
locating continuous epitopes in proteins (Van Regen- 
mortel and Daney de Marcillac 1988). Therefore, our AG 
method consists of a restriction of previous predictions. 
Furthermore, since our final data are not smoothed, 
much less information is lost. Our AG determination is 
able to predict fewer epitopes for a given protein than the 
algorithm of Jameson and Wolf but when tested with 
known epitopes, it gave better agreement (Alix et al., un- 
published). 

Finally, the sequences of HTPE and BTPE have been 
compared in order to locate predicted epitopes along the 
chains and to check whether any of them can be recov- 
ered in both molecules. 

Results 

Secondary structure predictions 

Four types of secondary substructures, i.e. e-helices, 
fl-sheets,/?-turns and random coil, were assigned for the 
whole length of the tropoelastin molecules. The quantita- 
tive results for both HTPE and BTPE are given in Table 2 
and show that whatever method used, the structural con- 
tents of HTPE and BTPE are quite similar. However, the 
GOR 1, 3, 5 and 6 predictions, as well as the all-a type one 
of Busetta (1987) were rejected since the numerical predic- 
tions did not agree with the hypothesis imposed by the 
decision constants (Table 1). A similar criticism could be 

Table 2. Quantitative secondary structure predictions for HTPE 
and BTPE 

Predic- HTPE BTPE 
tions 

%c~ %fi %T %C %~ %fl %T %C 

CF 2 23 27 20 30 23 30 19 28 
GOR 0 20 55 10 15 19 54 10 17 
GOR I 16 39 15 30 16 38 14 32 
GOR 2 13 80 4 3 13 78 4 5 
GOR 3 25 35 14 26 21 36 14 29 
GOR 4 21 73 3 3 20 72 4 4 
GOR 5 26 35 13 26 22 36 13 29 
GOR 6 22 72 3 3 21 71 4 4 
All-fl 13 51 30 6 13 53 28 6 
~-fl 22 45 28 5 20 48 27 5 
All-~ 28 4 48 20 24 4 55 17 
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Fig. 1. Predicted secondary structure assignments forHTPE. 0, helix;/, sheet; *, turn;-,coil. Each predicted structure row has the name of 
its parent prediction (see Table 2) 

put forward for the e-/? type prediction although it gave 
high levels of helical and pleated contents and figures 
similar to the all-/? type. 

Accordingly, a set of six predictions was retained for 
each tropoelastin and the corresponding secondary struc- 
ture assignments for HTPE are shown in Fig. 1. The CF2 
prediction showed an overall structure of HTPE where 
the protein was composed of 11 major regions whose 
structure was undefined, being an irregular mixture of all 
substructures, separated by 10 well defined helices corre- 
sponding to the Ala-rich segments of the molecule. 
GOR 0, GOR 2 and GOR 4 predictions also indicated 
the presence of similar regions. However, the helices had 
various lengths depending on the prediction, and the 11 
regions were found to be mainly in the pleated conforma- 
tion with/?-sheets of variable length depending on the 
decision constants used. In the case of GOR 0, they are 
relatively short (usually 4-10  residues) and separated by 

either turn or coil residues while in the GOR 2 and 
GOR 4 predictions they are much longer (up to 60 
residues) covering nearly the entire length between the 
helical segments. In contrast, the all-/? and e-/? predic- 
tions yield different structures for these regions in HTPE. 
In most cases, the pleated segments appeared to be of 
limited length and were most often separated by six turn 
or coil residues; interestingly the great majority of the 
sequence exhibited a similar local structure arrangement 
with the exception of those regions bordering the predict- 
ed helices. The GOR 1 method takes into account a 
broader neighbourhood of residues than CF2, so it is 
probably more accurate than the other predictions and it 
should be considered carefully. Thus, if all the numerical- 
ly valid predictions except CF 2 are considered and aver- 
aged, tropoelastin of either human or bovine origin 
would be constituted of 18+5% e-helices, 63-t-17% 
/?-sheets, 13 + 13%/?-turns and 6 -t- 6% random coil. The 
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Fig. 2. Plots of predictions for the sub- 
structures used in the case of the GOR 0 
prediction for HTPE. a, helices; b, sheets; 
c, turns; d, coil. X axes show the HTPE se- 
quence; Y axes are graduated in centinats 
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Fig. 3. Antigenic index plot for HTPE. Abscissa, sequence; ordinate, AG value. The peak marks indicate the antigenicity confidence order 

deviations are acceptable for the helical and extended 
conformations but show that the turn and coil ones are 
badly determined. 

The prediction for each substructures has been plotted 
for the GOR 0 prediction of HTPE (Fig. 2) in order to 

show what are the structural contributions in each region 
of the sequence. The helices are unambiguously predicted 
(Fig. 2a). However, as can be seen in Figs. 2b-d ,  in the 
other regions of the molecule the predictions for the non- 
helical substructures share similar profiles and close val- 
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Fig. 4. Antigenic index plot for BTPE. Abscissa, sequence; ordinate, AG value. The peak marks indicate the antigenicity confidence order 

Table 3. Predicted antigenic decapeptides of HTPE and BTPE as a HTPE 
decreasing function of their antigenic confidence order. AG values of BTPE 

1.7 are indicated by bold face. The protruding segments predicted by HTPE 

the method of Thornton et al. (1989) are marked with an asterix BTPZ 

Or- HTPE BTPE 
der 

Positions Segment Positions Segment 

1 600-609 REGDPSSSQH* 725-734 LGKSCGRKRK 
2 751-760 LGKACGRKRK* 702-711 VGGKPPKPFG* 
3 610-619 LPSTPSSPRV* 156-165 AGVKPKAPGG* 
4 106-115 PGAGVKPGKV* 177-186 PFGGQQPGVP 
5 29- 38 ALGPGGKPLK* 33- 42 GVKPAKPGVG 
6 147-156 AGVKPKAPGV 114-123 GAGVKPGKVP* 
7 168-177 PFGGPQPGVP 202-211 LPYKTGKLPY 

ues at each point, with only a slight numerical bias to- 
wards the pleated conformation. 

More  generally, what holds for H T P E  is also valid for 
BTPE (data not shown but available on request). Here 
again, 10 helices of various lengths are predicted, which 
separate the molecule into 11 large regions where the 
predominant  structure seems to be the pleated one. One 
exception concerns the 590-620 region of the human  
sequence which has no equivalent in BTPE. 

Antigenicity predictions 

The final composite profile of the epitope/antigenic in- 
dices of H T P E  and BTPE are plotted in Figs. 3, 4 respec- 
tively. For  both  molecules, well defined and highly anti- 
genic (AG > 1) regions were found in both N and C-termi- 
nal parts of the tropoelastins. Several rather short se- 
quences (1 -3  residues) with high indices were also en- 
countered in the middle part  of the proteins. Quite re- 
markably  the 590-620 sequence of H T P E  exhibits a very 
high antigenic index. 

To be a good potential epitope, a peptide sequence 
should exhibit a high AG value associated with a clear 
peak in the final composite profile. Table 3 presents the 
ordered antigenic predictions for H T P E  and BTPE in the 

I GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLG 50 
1 GGVPGAVPGGVPGGVFFPGAGLGGLGVGGLGPGVKPAKPGVGGLVGPGLG 50 

51 AGLGAFPAVTFPGALVPGGVADAAAAYKAA-KAGA---GLGGVPGVGGLG 96 
51 AGLGALPGA-FPGALVPGGPAGAAAAYKAAAKAGAAGLGVGGIGGVGGLG 99 

HTPE 97 VSAGAWPQPGAGV .... KI?GKVPGVGLPGVYPGGVLPGA--RFPGVGVL 140 
BTPE i00 VSTGAVVPQLGAGVGAGVKPGKVPGVGLPGVYPGGVLPGAGARFPGIGVL 149 

HTPE 141 PGVPTGAGVKPKAPGVGGAFAGIPGVGPFGGPqPGVPLGYPIKAPKLPGG 190 
BTPE 150 PGVPTGAGVKPKAPGGGGAFAGIPGVGPFGGQQPGVPLGYPIKAPKLPAG 199 

HTPE 191 YGLPYTTGKLPYGYGPGGVAGAAGKAGYPTGTGVGPQAAAAAAA~F 240 
BTPE 200 YGLPYKTGKLPYGFGPGGVAGSAGKAGYPTGTGVGPQAAAAAA-KAAAKL 248 

HTPE 241 GAGAAGVLPGVG--GAGVPGVPGAIPGIGGIAGVGTPAAAA~ 288 
BTPE 249 GAGGAGVLPGVGVGGAGIPGAPGAIPGIGGIAGVGAPDAAAA~ 298 

HTPE 289 KYGAAAGL-VPGGPGFGPGWGVPGAGVPGVGVPGAGIPW ......... 328 
BTPE 299 KFGAAGGFPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPG 348 

HTPE 329 ---PGAGIPGAAVPGWSPF~YGARPGVGVGGIPTYGVGA 375 
BTPE 349 VGVPGVGVPGVGVPGAVSPA~FGARGGVGIGGIPTFGVGP 398 

HTPE 376 GGFP6FGVGVGGIPGVAGVPSVGGVPGVGGVPGVGISPDAQAAAAAKAAK 425 
BTPE 399 GGFPGIGDAAA ............................ AQAAAAAKAAK 420 

HTPE 426 YGAAGAGVLGGLVPGPQAAVPGVPGTGGVPGVGTPAAAAAKA~QFG 475 
BTPE 421 IGAGGVGALGGLVPGAPGAIPGVPGVGGVPGVGIPAAAAAKAAAKAAQFG 470 

HTPE 476 LVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGIGPG 525 
BTPE 471 LGPGVGVAPGVGVVPGVGWPGVGVAPGIGLGPGGVIGAGV ......... 511 

HTPE 526 GVAAAAKSAAKVAAKAQLRAAAGLGAGIPGLGVGVGVPGLGVGAGVPGLG 575 
BTPE 512 --PAAAKSAAKAAAY, AQFRAAAGLPAGVPGLGVGVGVPGLGVGVGVPGLG 559 

HTPE 576 VGAGVPGFGAGADEGVRRSLSPELREGDPSSSqHLPSTPSSPRVPGALAA 625 
BTPE 560 VGAGVPGFGA ................................. VPGTLAA 576 

HTPE 626 AKAAKYGAAVPGVLGGLGALGGVGIPGGVVGAGPAA~QF 675 
BTPE 577 AKAAKFGPGGVGALGGVGDLGGAGIPGGVAGVGPAAAAAA-KAAAKAAQF 625 

HTPE 676 GLVGAAGLGGLGVGGLG-VPGVGGLGGIPPAAAAKA~YGAAGLGGVLGG 724 
BTPE 626 GL---GGVGGLGVGGLGAVPGAVGLGGVSPAAAAKAAKFGAAGLGGVLGA 672 

HTPE 725 AGQFPLGGVAARPGFGLSPIFPGGA ......................... 749 
BTPE 673 GQPFPIGGVAARPGFGLSPIFPGGAGGLGVGGKPPKPFGGALGALGFPGG 722 

HTPE 750 -CLGKACGRKRK 760 
BTPE 723 ACLGKSCGRKRK 734 

Fig. 5. Comparison of HTPE and BTPE sequences. The comparison 
criterion used is the genetic code; -, gap. The bold underlined seg- 
ments show the antigenic predicted decapeptides 

form of synthetic decapeptides predicted to correspond to 
linear continuous epitopes of the molecule. They are giv- 
en in decreasing order of their antigenic index values and 
thus antigenicity confidence. For  either BTPE or HTPE,  
decapeptides at the C O O H  terminal part  of the molecule 
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do exhibit high antigenic probability, and there is a good 
correlation between our antigenic predictions and the 
protruding regions of the molecules predicted by the 
method of Thornton et al. (1989). 

The genetic code was further used as a comparison 
criterion (Fig. 5). The alignment of the two tropoelastins 
clearly showed that some predicted antigenic decapep- 
tides overlapped. However, some did not; this is especial- 
ly true for the human 600-609 and 610-619 segments 
which are both absent in the bovine sequence. Thus it 
seemed reasonable to assume that these peptides might 
confer species specificity to the antigenic response. 

Discussion 

Although the structures of elastin and c~-elastin have been 
extensively studied, that of tropoelastin has not because it 
is difficult to obtain in large amounts. Thus, the confor- 
mation of tropoelastin remains unknown as no X-ray, 
NMR or other structural data are available in the litera- 
ture. However a CD study of chick tropoelastin in the 
presence of different agents showed that the molecule 
could be somewhat structured. Furthermore, in the pres- 
ence of sodium dodecyl sulfate 20-25% of the residues 
were in a helical conformation (Rucker et al. 1973). 

In this investigation, several calculation methods have 
been applied in order to predict the conformations of 
tropoelastins from human and bovine sources. Indepen- 
dent of the method of calculation, our data demonstrate 
the presence of 10 helical segments concentrated within 
the potential cross-linking domains of tropoelastins; the 
remainder of the molecule was assigned mainly to the 
pleated conformation using the GOR 1 prediction meth- 
od, while in the CF 2 predictions the 11 major regions of 
the molecule were predicted to be almost equally in the 
pleated, turn and coil conformations. Although some or- 
dered structures were also seen in the COOH terminal 
region of the molecule, it has to be emphasized that for 
most proteins, terminal COOH or NH2 domains are of- 
ten very flexible and unstructured. Knowing that the 
GOR 1 method is more accurate than the CF one, we 
propose the following structural contents for both tro- 
poelastins: 18 ± 5% c~-helices, 63___ 17% /?-sheets, 13-t- 
13% /?-turns and 6+_6%random coil. However, if this 
structural estimation might seen acceptable for tropo- 
elastin, it has to be reconsidered in the context of its 
polymeric form, i.e. insoluble elastin, and the question is 
raised of whether or not these methods can predict the 
structure of a protein such as tropoelastin. Indeed a mol- 
ecule containing so much ordered structure can hardly be 
considered to possess elastomeric properties, even in its 
polymerized form. 

Data used in our predictions are derived from crystal- 
lography, so that here tropoelastin has to be considered 
in the solid state and the influence of water on the confor- 
mation of the molecule is not taken into account. This 
point is noteworthy since infrared spectroscopy has 
shown that water forms very strong hydrogen bonds with 
elastin (Bertoluzza et al. 1989). In addition, the regions 

between the cross-links are very mobile in elastin and 
7-elastin (Lyerla and Torchia 1975; Tamburro et al. 1991). 
It seems therefore reasonable to assume that they may 
share similar properties in hydrated tropoelastin. Since 
prediction curves for/?-turn, pleated or random confor- 
mations are very close (Fig. 2), a minor motion of the 
peptide backbone could induce a local conformation 
change. Thus, it is highly probable that a dynamic equi- 
librium could exist between these three substructures, an 
equilibrium where structural water might have a crucial 
role. 

Other investigations (Guantieri et al. 1980; Tamburro 
et al. 1982) have shown that ~-elastin exhibits CD features 
characteristic of a/?-structure when interacting with bile 
salts. The displacement of structural water by such hydro- 
phobic compounds might be responsible for the stabilisa- 
tion of the "original" pleated structure. In this way, the 
overall equilibrium could be pulled towards an extended 
conformation and the CD spectrum of the degraded poly- 
mer would then exhibit/?-structure characteristics. 

It has to be assumed that CD spectra of all-/? proteins 
whose/?-sheets are either very short and irregular or very 
much distorted do resemble spectra of random coil mod- 
els (Manavalan and Johnson 1983). The CD spectrum of 
c~-elastin is typical of a random coil model (Urry et al. 
1969). 

Therefore, the 11 major regions of the molecule we 
have predicted might be constituted of short to medium 
size/?-sheets separated by unordered and/or turn confor- 
mations in the solid state. If this is the case, then the 
conformation of the anhydrous molecule would consist of 
pleated segments linked by turn and/or coil residues al- 
ternating with helices (about 18 percent of the overall 
conformation). This would classify tropoelastin as an ~//? 
class protein, on the edge of being an all-/? one because of 
its very large content of extended conformation (Levitt 
and Chothia 1976). Thus, with the qualifications we have 
developed earlier, we suggest the following structural esti- 
mations for anhydrous HTPE and BTPE: 

a-helices 18 + 5%,/?-sheets 63 _+ 17%,/?-turns 13 _+ 13% 
and random coil 6_+ 6%. 

It has to be emphasized however that the proposed 
tropoelastin structure is acceptable only when tropo- 
elastin is considered in its solid state, that is a molecule 
constituted of alternating c~-helical and mainly pleated 
regions with short to medium/?-sheets separated either by 
/?-turns or some coiled residues. In this sense, our struc- 
tural model supports the isolated/?-turns model for elas- 
ticity (Tamburro et al. 1991). 

Our antigenic predictions led us to delineate a series of 
decapeptides with high AG values. The strong antigenici- 
ty of the COOH terminal end of tropoelastin has already 
been reported (Rosenbloom et al. 1986), and recent inves- 
tigations by some of us demonstrated that such antigenic 
determinants are still present in alkaline hydrolyzates and 
purified insoluble elastin (Wei et al., unpublished). It was 
recently suggested that antibodies raised against the 
VGVAPG hexapeptide, a sequence that recognized the 
elastin receptor and which is repeated 6 times in HTPE 
and 3 times in BTPE, react with tropoelastin and its 
polymer (Wrenn et al. 1986). However we have not pre- 
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dicted that repetitive peptide as a possible epitope for 
tropoelastins mainly because it was predicted to be in a 
pleated conformation and it is highly hydrophobic.  Nev- 
ertheless, the VGVAPG sequence nearest to the C O O H  
terminus was predicted to be more surface accessible and 
more flexible than the other repeats. 

Although our AG method regards hydrophobici ty as a 
negative factor for antigenicity, hydrophobic segments of 
a molecule can be selected as potentially antigenic (Alix 
et al., unpublished). Thus, we think that our method does 
not overestimate the importance of hydrophobici ty in 
terms of antigenicity but rather that molecule-receptor 
interactions should not be envisaged as antibody-antigen 
recognition although some parameters  associated with 
antigenicity could be applied individually to antigen-anti- 
body interaction. 

Again, we would like to underline that all our predic- 
tions are intended for tropoelastin and may not be entire- 
ly revelant for its insoluble counterpart.  Indeed, a great 
number  of the peptides predicted to be antigenic contain 
lysyl residues in their sequence, one of the reasons for 
their high AG. Since the great majori ty of these residues 
are involved in the formation of cross-links during elasto- 
genesis, the antigenicity of these peptides will undoubted- 
ly be affected in insoluble elastin. 

However, if the AG values of these areas and the 
pleated conformation content of the molecule might be 
different after polymerization, we speculate that the Ala- 
rich regions would still keep an e-helical conformation in 
insoluble elastin. First it has to be emphasized that lysyl 
residues have side chains located far away from the pep- 
tide backbone, so that any local conformational  change 
induced by desmosine or lysinonorleucine formation 
should be minimal. Secondly, the amount  of information 
(in cnats) in favour of helical conformation is overwhelm- 
ing when compared to other information values in these 
Ala-rich regions (Fig. 2). Thirdly, and as we pointed out, 
the alanyl residues in these cross-linked areas of the 
elastin molecule belong to the rigid class and therefore 
would undoubtedly resist any conformational  change. 
This provides these regions with a locally r ind helical con- 
formation which probably play a key role in elastogenesis. 

Bashir and his colleagues have demonstrated that  ex- 
on 33 of both  the H T P E  and BTPE genes is alternatively 
spliced (Bashir et al. 1990). Therefore we have investigat- 
ed what might be the influence of the changes in tropo- 
elastin sequence on our results. Both secondary structure 
and antigenic predictions for either modified molecule did 
not show any major  difference when the sequence corre- 
sponding to exon 33 was missing. Thus the structural and 
functional implications of these tropoelastin isoforms 
where exon 33 is spliced still remain uncertain (Boyd et al. 
1991). 

These preliminary predictive results have now to be 
compared with results from optical spectroscopy in order 
to better describe the elastin molecule. This work is under 
progress and preliminary investigations (CD spectra of 
BTPE) have suggested that our structural model of tro- 
poelastin might be representative of the BTPE conforma- 
tion in solution (Debelle et al., unpublished observa- 
tions). 
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