
Brief Definitive Report 

F I B R O N E C T I N  T E T R A P E P T I D E  IS T A R G E T  F O R  S Y P H I L I S  

S P I R O C H E T E  C Y T A D H E R E N C E  

BY D. DENEE THOMAS, JOEL B. BASEMAN, AND JOHN F. ALDERETE 

From the Department of Microbiology, University of Texas Health Science Center, 
San Antonio, Texas 78284 

Several host serum proteins avidly associate with the outer envelope of the 
pathogenic spirochete, Treponema pallidum (1, 2). The  preferential acquisition 
of serum proteins by this prokaryote, particularly the highly specific binding of 
the adhesive dimeric glycoprotein fibronectin (Fn), is extremely noteworthy and 
important to the ability of T. pallidum to parasitize cells and tissues (1, 3). Fn- 
affinity chromatography of a Zwittergent-soluble treponemal detergent extract 
purified three treponemal outer envelope proteins (mol wt 89,500, 37,000, and 
32,000) previously implicated as ligands responsible for cytadherence of 7". 
pallidum to host cells (4). Peptide mapping and immunologic analysis of the 
treponemal adhesins indicated that a comigrating, functional peptide (12,000 
tool wt) was common to each protein (5). For example, antibodies to the 
crossreactive comigrating treponemal peptide significantly blocked T. pallidum 
adherence to HEp-2 cell monolayers (5). Furthermore,  detection of a common, 
functional domain for each T. pallidum ligand (5) was consistent with the 
existence of a single class of treponemal Fn-binding proteins (3). 

Another  approach to this study recently involved proteolytic digestion and 
fractionation of dimeric Fn by standard procedures (6, 7). Heparin, gelatin, and 
cell-binding domains of Fn were obtained for binding studies (3). Preferential 
acquisition by live spirochetes of the cell-binding domain was demonstrated, and 
the purified cell-binding peptide promoted equal levels of treponemal adherence, 
as did undigested Fn (3). 

The  hydrophilic sequence arg-gly-asp-ser (RGDS) of the cell-binding domain 
of each monomer  appears to be the critical functional region of the fibronectin 
molecule, since it promotes attachment of neighboring eukaryotic cells to their 
extracellular matrices (8-11). For example, this RGDS sequence inhibits the 
attachment of rat kidney fibroblasts (NRK cells) to Fn-coated surfaces (9, 11), 
while related peptides altered within the RGD region of the tetrapeptide are 
ineffective. The  following experiments, therefore, were designed to test whether 
this important RGDS sequence was also recognized by T. paUidum for acquisition 
of Fn cell-binding domain and for parasitism of host cells. In this report, we 
show the treponemal recognition of the same tetrapeptide (RGDS) that is 
important for eukaryotic cell-substratum interactions (9-11), and we discuss the 
uniqueness of the strategy employed by 7". paUidum for host parasitism. 
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Mater ia l s  a n d  M e t h o d s  
Cell-binding domain of Fn monomers was isolated by affinity chromatography of a 

tryptic digestion of purified human plasma Fn (3). Synthetic heptapeptides gly-arg-gly- 
asp-ser-pro-cys (GRGDSPC) (12) and three heptapeptides altered in the RGD region, gly- 
arg-ala-asp-ser-pro-cys (GRADSPC), gly-lys-gly-asp-ser-pro-cys (GKGDSPC), and gly-arg- 
gly-glu-ser-pro-cys (GRGESPC) were the kind gifts of M. Pierschbacher (La Jolla Cancer 
Research Institute, La Jolla, CA). GRGDSPC was also purchased from Peninsula Labo- 
ratories (Belmont, CA). 

Competitive binding experiments were performed as recently reported (3). Briefly, 7 
x ] 0  6 T. pallidum organisms harvested as detailed elsewhere (1, 12, 13) were washed 
twice with phosphate-buffered saline (PBS) and resuspended in microfuge tubes with i.0 
ml of PBS containing saturating levels (48 #g) of 125I-labeled cell-binding domain (sp act 
5.8 x 10 ~ cpm/~g) (3). Increasing amounts of synthetic heptapeptides were added to the 
reaction as indicated in Fig. 1. After 20 rain incubation at 23 ° C, treponemes were washed 
twice with PBS and centrifuged for determination of radioactivity. 

Inhibition of treponemal attachment to cell monolayer cultures by the synthetic peptides 
was examined using glass coverslips seeded with human tumor HT 1080 cells (3) (American 
Type Culture Collection, Rockville, MD) or human epithelial HEp-2 cells (1, 2) (American 
Type Culture Collection) at a density of 5 x 104 cells per Leighton tube coverslip. Cells 
were grown in Dulbecco's minimal essential medium (DMEM) (Gibco Laboratories, Grand 
Island, NY) containing 10% fetal calf serum (KC Biologicals, Lenexa, KS). Cultures were 
incubated overnight at 37°C in a humidified air atmosphere of 7.5% CO~. 1-ml suspen- 
sions of 7 x 107 [3~S]methionine-labeled treponemes with or without various concentra- 
tions of synthetic peptides were preincubated at room temperature for 20 min before 
addition of spirochetes to cell monolayers as previously described (3). After incubation at 
37°C for 2 h, the coverslips were removed, washed three times with PBS, and counted 
for radioactivity using scintillation spectroscopy. 

Resul ts  a n d  Discussion 

Four synthetic Fn heptapeptides were used in competitive binding experiments 
between T. pallidum and ~25I-labeled cell-binding domain. As shown in Fig. 1, 
only GRGDSPC, and not three peptides with modifications in one amino acid of  
the RGDS sequence, produced a 65% concentrat ion-dependent inhibition of  
125I-labeled cell-binding domain acquisition by live T. pallidum. Identical results 
were obtained when experiments were performed in the presence of  reducing 
agents in order  to prevent peptide dimerization. These data implicate the 
GRGDSPC sequence as the Fn site recognized by the syphilis organisms for 
cytadherence. 

Consistent with the competitive binding data (Fig. 1), the RGDS sequence also 
diminished treponemal parasitism of  host cells. Table I shows that preincubation 
of  3~S-labeled treponemes with GRGDSPC before addition to cell monolayers 
resulted in a similar concentrat ion-dependent  reduction of  T. pallidum adher- 
ence. hnportantly,  two alternative peptides with RADS and KGDS sequences 
instead of  RGDS were ineffective in reducing treponemal cytadherence. These 
data fur ther  implicate the RGDS region of  the Fn monomers as the principal 
site of  T. pallidum cytadherence. 

Fibronectin appears to function as an anchoring component  for the tip- 
mediated at tachment  of  virulent treponemes to host cell surfaces (13). This 
report  reinforces our  earlier findings that specific outer  envelope proteins of  T. 
pallidum interact with host Fn in a highly specific, well-defined orientation. 
Fur thermore,  these data are consistent with the role of  Fn and not other 
extracellular matrix molecules in T. pallidum cytadherence (3). 
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FIGURE 1. Compet i t ion  for ]2St-labeled cell-binding domain  acquisit ion by T. pallidum 
using GR GDS P C  and  synthetic pept ides  a l tered in the  RGD sequence.  T r e p o n e m e s  (7 × 106 
ce l l s /microfuge  tube) were washed with PBS and  resuspended  in 1.0 ml PBS conta in ing  48 #g 
J~Sl-labeled cell-binding domain  and  synthet ic  peptides.  Af te r  a 20 rain incubat ion ai 23°C,  
spirochetes  were washed twice with PBS, and  pellets were measu red  for radioactivity. N u m b e r s  
refer  to the  type o f  compe t ing  ligand present  in the  react ion mixture .  Sample 1, PBS control  
(no compe t ing  peptide); 2, 0.5 m g  GRGDSPC;  3, 1.0 m g  GRGDSPC;  4, 1.0 m g  GKGDSPC;  
5, 1.0 m g  GRADSPC;  and  6, 1.0 m g  GRGESPC.  N u m b e r s  in paren theses  refer  to percent  
acquisit ion o f  cel l-binding domain  in the  presence  o f  compe t ing  heptapept ide.  

TABLE I 
Inhibition of Syphilis Spirochete Cytadherence by Fn Cell-binding Domain Synthetic Peptides 

Exp. Treatment reagent (ug/ml) 
Radiolabel recovered* 

HTI080 HEp-2 

D M E M  - -  24,718 ± 2,116 (100) 26,455 ± 3,218 (100) 
GRGDSPC 50 13,077 + 1,919 (53) 13,761 + 2,II9 (52) 
GRADSPC 50 22,114 ± 1,602 (90) 24,884 ± 2,273 (94) 
GKGDSPC 50 23,325 ± 1,881 (94) 27,043 ± 2,881 (102) 

D M E M  - -  20,565 ± 861 (I00) 19,561 ± 580 (100) 
GRGDSPC 25 14,017 _+ 1,050 (68) 12,271 ± 261 (63) 
GRGDSPC 50 8,019 ± 164 (39) 8,265 ± 111 (42) 
GRGDSPC 250 7,749 ± 128 (38) 7,712 ± 138 (39) 
GRGDSPC 500 7,318 ± 96 (36) 7,392 ± 165 (38) 
GRGDSPC 750 7,386 ± 186 (36) 7,315 + 161 (37) 

Cytadherence assays were performed as previously described (3). Radiolabeled treponemes (7 x 107 cells/reaction 
volume) were incubated with the indicated synthetic peptide or medium for 30 min at 34°C before addition to 
cultured cell monolayers. 

* Each value represents the mean cpm ± SD of three separate determinations. Numbers in parentheses give data 
as percent of control. 

Of special significance may be the unique strategy of  treponemal parasitism of  
host cell surfaces. For example, the RGDS sequence of  the cell-binding domain, 
present on a hydrophilic/3-turn of  each monomer on the dimeric Fn molecule 
(8, 9, 14), appears to represent the target for the syphilis spirochete. Since the 
recognition by syphilis bacteria and eukaryotic cells of  host Fn (1, 7, 8) appears 
to involve the same RGDS site, these studies emphasize the possible importance 
and role of  the dimeric nature of  Fn, which contains a cell-binding domain within 
each monomer. This report may lead to an understanding of  the special attributes 
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of this infectious agent, which may be ultimately responsible for the pathobi- 
ochemistry of  syphilis. In addition, continued analysis of  the interaction between 
treponemal adhesins and Fn may result in alternative approaches for develop- 
ment  of  rapid diagnostic tests and for control or eradication of  this disease. 

S u m m a r y  

The  syphilis bacterium, Treponema paUidum, parasitizes host cells through 
recognition of  fibronectin (Fn) on cell surfaces. The  active site of  the Fn molecule 
has been identified as a four -amino  acid sequence, arg-gly-asp-ser (RGDS), 
located on each monomer  of  the cell-binding domain. The  synthetic heptapeptide 
gly-arg-gly-asp-ser-pro-cys (GRGDSPC), with the active site sequence RGDS, 
specifically competed with 12~I-labeled cell-binding domain acquisition by T. 
paUidum. Additionally, the same heptapeptide with the RGDS sequence dimin- 
ished treponemal at tachment  to HEp-2 and HT1080  cell monolayers. Related 
heptapeptides altered in one key amino acid within the RGDS sequence failed to 
inhibit Fn cell-binding domain acquisition or parasitism of  host cells by T. 
paUidum. The  data support the view that T. pallidum cytadherence of  host cells 
is through recognition of  the RGDS sequence also important  for eukaryotic cell- 
Fn binding. 

We thank M. Pierschbacher for providing us with his thoughtful advice throughout our 
studies, and for his gift of synthetic peptides. We thank E. Garay and S. Skotvold for their 
excellent secretarial assistance. 

Received for publication 29July 1985. 

R e f e r e n c e s  
1. Peterson, K. M.,J. B. Baseman, andJ. F. Alderete. 1983. Treponema pallidum receptor 

binding proteins interact with fibronectin. J. Exp. Med. 157:1958. 
2. Alderete, J. F., and J. B. Baseman. 1980. Surface characterization of virulent 

Treponema pallidum. Infect. Immun. 30:814. 
3. Thomas, D. D., J. B. Baseman, and J. F. Alderete. 1985. Fibronectin mediates 

Treponema paUidum cytadherence through recognition of fibronectin cell-binding 
domain.J. Exp. Med. 161:514. 

4. Baseman, J. B., and E. C. Hayes. 1980. Molecular characterization of receptor- 
binding proteins and immunogens of virulent Treponema paUidum. J. Exp. Med. 
151:573. 

5. Thomas, D. D., J. B. Baseman, andJ. F. Alderete. 1985. Putative Treponema pallidum 
cytadhesins share a common functional domain. Infect. lmmun. 49:833. 

6. Hayashi, M., and K. M. Yamada. 1983. Domain structure of the carboxyl-terminal 
half of human plasma fibronectin.J. Biol. Chem. 258:3332. 

7. Bernard, B. A., S. K. Akiyama, S. A. Newton, K. M. Yamada, and K.J, Olden. 1984. 
Structural and functional comparisons of chicken and human cellular fibronectins.J. 
Biol. Chem. 259:9899. 

8. Pierscbbacher, M., E. G. Hayman, and E. Ruoslahti. 1983. Synthetic peptide with 
cell attachment activity of fibronectin. Proc. Natl. Acad. Sci. USA. 80:1224. 

9. Pierschbacher, M. D., and E. Ruoslahti. 1984. Cell attachment activity of fibronectin 
can be duplicated by small synthetic fragments of the molecule. Nature (Lond.). 
309:30. 

10. Pierscbbacher, M. D., E. Ruoslahti, J. Sundelin, P. Lind, and P. A. Peterson. 1982. 



THOMAS ET AL. BRIEF DEFINITIVE REPORT 1719 

The  cell attachment domain of  fibronectin: determination o f  the primary structure. 
J. Biol. Chem. 257:9593. 

11. P;erschbacher, M. D., and E. Ruoslahti. 1984. Variants of  the cell recognition site of  
fibronectin that retain attachment-promoting activity. Proc. Natl. Acad. Sci. USA. 
81.5985. 

12. IUPAC-IUB Commission on Biochemical Nomenclature. 1968. A one-letter notation 
for amino acid sequences: tentative rules. Eur. J. Biochem. 5:151. 

13. Hayes, N. S., K. E. Muse, A. M. Collier, and J. B. Baseman. 1977. Parasitism by 
virulent Treponema pallidum of  host cell surfaces. Infect. Immun. 17:174. 

14. Kyte, J., and R. F. Doolittle. 1982. A simple method for displaying the hydropathic 
character o f a  protein.J.  Mol. Biol. 157:105. 


