
84 9 B j 
BIOCHEMICAL AND BIOPHYSICAL CHARACTERIZATION OF THE MAJOR OUTER SURFACE 

PROTEIN, OSP-A FROM NORTH AMERICAN AND EUROPEAN ISOLATES OF BORRELIA 

BURGDORFERI . 
Barbara C. McGrath", Louisa, L. France+, Wei Jaing#, Daniel Dykhuizen@ 

David Pol in#, Gina Gorgone#, John J. Dunn* and Benjamin Lu f t#  

* Biology Department, Brookhaven National Laboratory, Upton, NY 11973. 

t Plum I s land Animal Disease Center, USDA/ARS, PO Box 848, Greenport, NY 11944. 

@ Department o f  Ecology and Evolution, SUNY a t  Stony Brook, Stony Brook, NY 11794 

# Department o f  Medicine, SUNY a t  Stony Brook, Stony Brook, NY 11794. 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thcreof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparafus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 



CHARACTERIZATION OF THE OUTER SURFACE PROTEINS OF BORRELIA BURGDORFERI 

Barbara C. McGrath, B i  ol ogy Department, Brookhaven National 

Laboratory, Upton, NY 11973. (516) 282-4960, FAX (516) 282-3407. 

P 



INTRODUCTION 

Lyme borreliosis is the most common vector-borne disease in North America 

and Western Europe. It is caused by the spirochete Borre7ia burgdorferi. In 

humans, the disease is a multisystem illness, with dermatologic, rheumatic, 

cardi ac and neurol ogi c mani festat i ons . The immune response in humans is 

characterized by an early and persistent response to the flagellin protein, p41, 

and a significantly delayed response to the major outer surface 1 ipoproteins OspA 

and OspB. Monoclonal antibodies against OspA as well as immune sera will 

transfer passive immunity to mice and other rodents. Mice immunized with a 

recombinant form of OspA are protected from infection from the strain of B. 

burgdorferi from which the OspA was derived. (Reviewed in Szczepanski and Benach, 

1991) The epitopes which are recognized by human sera, as well as the protective 

epi topes, appear to be conformationally determined and local ire to the carboxyl 

portion of the protein (Schubach et a1 1991) As a result of this work, OspA has 

become a major candidate for a vaccine for Lyme Disease. 

Using a panel o f  monoclonal antibodies against OspA, several unique 

serotypes of B. burgdorferi from North America and Western Europe were identified 

(Wilske et. al. 1991). These serotypes fall into three distinct phylogenetic 

lineages, or genotypes, on the basis of their DNA sequences and their 

reactivities with monoclonal antibodies. The extent of the variability among the 

groups was somewhat unexpected, as it has been shown that B. burgdorferi does not 

exhibit antigenic variation or switching of its outer surface proteins in the way 

its close relative B. hermsii does (Barbour et. a1 . , 1985). In an effort to 

understand the basis of the variability of OspA on a structural and molecular 

level, we have cloned, sequenced and expressed a recombinant form of the protein 
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from each of the three phylogenetic groups. We are cur ren t ly  t es t i ng  these 

prote ins f o r  cross-react iv i ty wi th several OspA monoclonal antibodies and mapping 

an t igen ica l l y  important epitopes. We are also using these proteins f o r  

f l  uorescence,circular dichroism,and protein crysal lographic t r i a l s  i n  an e f f o r t  

t o  understand the s t ructura l  basis o f  OspA ant igenic i ty .  

CLONING OF OSPA 

Genomic DNA from cultured c l i n i c a l  iso la tes o f  each o f  the  var iant  

B,burgdorferi st ra ins was used as template f o r  amp1 i f i c a t i o n  o f  OspA sequences 

by polymerase chain reaction (PCR). Oligonucleotides homologous t o  the 5' and 3' 

ends o f  OspA f rom the standard lab s t ra in  831 were used t o  prime the forward and 

reverse PCR syntheses. The resul t ing products were then cloned and sequenced 
..a 

using standard methods. 

The OspA DNA sequences were then subjected t o  computer dr iven phylogenetic 

analysis using the PAUP program (Swofford, DOL., 1991) The resu l t i ng  maximum 

parsimony t r e e  (Figure 1) shows tha t  the OspAs f a l l  i n t o  three d i s t i n c t  lineages, 

each representing a unique genotype. Group I i s  comprised o f  831 and KA, a 

c l i n i c a l  i s o l a t e  which has an OspA ident ica l  t o  t h a t  o f  B31. Group 11, the 

l a rges t  group, includes K48, DK29, T ~ o ,  and HE. Group I11 i s  comprised o f  PGau, 

PKO and BO. Preliminary experiments have demonstrated t h a t  i t  i s  possible t o  

r a i s e  monoclonals which w i l l  cross-react between Groups I and 11, however, none 

o f  the monoclonals raised against these two groups w i l l .  cross-react w i th  Group 

111. I n  an e f f o r t  t o  s impl i fy  our analysis we decided t o  l i m i t  our s t ructura l  

studies t o  a s ing le representative o f  each of the genotypes. Groups I ,  I 1  and I11 

are therefore represented by B31, K48 and PGau respectively. 

The OspA DNA sequences were also used t o  obtain the deduced amino ac id 
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sequences o f  each of the var iant  proteins. Figure 2 shows an alignment of t he  

amino acids o f  B31, K48, and PGau. Both B31 and PGau OspA contain 273 amino 

acids, whereas K48 has 274. The N-termini o f  the proteins are remarkably 

conserved, and a l l  have ident ica l  export and l i p i d a t i o n  s ignals as we l l  as the  

s i t e s  required f o r  p e n i c i l l i n  binding (Urban, C., et. al., 1990). The carboxyl 

termin i  o f  the proteins have s ign i f i can t  var iab i l i t y ,  however, a l l  have a s ing le  

conserved tryptophan a t  amino acid 216. Previous epi tope mapping experiments 

have demonstrated t h a t  the carboxyl port ion o f  the prote in  i s  important f o r  

recogni t ion by human sera, as w e l l  as monoclonal antibodies t h a t  agglut inate the  

spirochete (Schubach et. a1 . 1991) (Sears et. al.  1991) . Furthermore, chemical 

cleavage o f  OspA a t  Trp-216 produces two  fragments, nei ther o f  which reac t  w i th  

agglut inat ing monoclonal a n t i  bodies on Western Blots. These r e s u l t s  s t rongly  

suggest t ha t  the region o f  OspA around Trp-216 i s  conformationally determined, 

and i s  an ant igenica l ly  important epitope o f  the OspA protein. 

EXPRESSION 

Overproduction o f  the var iant  OspAs was carr ied out i n  €* co7i using a T7- 

based expression system (Dunn, et. a l e  1990). The expressed OspAs, however, were 

not  f u l l  length, but recombinant proteins which lack t h e i r  export and - l i p i d a t i o n  

signals. This form o f  the protein i s  known t o  be much more so lub le than the  

fu l l - l eng th  OspA, and can be accumulated t o  very high leve ls  i n  E. coli (>150mg/l 

o f  culture), without apparent t o x i c i t y  t o  the ce l l .  

To obtain the appropriate clones, the OspA sequences were again amplif ied 

by PCR using forward primer designed t o  base-pair OspA DNA 17 codons i n  from the 

N-terminal methionine. The resul t ing PCR products therefore l a c k  sequences 

encoding the f i r s t  17 amino acids o f  the f u l l  length proteins, which include the 
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s i tes  f o r  export and l ip ida t ion .  The ampl i f ied DNA's were then cloned i n t o  a T7 

expression vector, and transformed i n t o  an E. coli expression host as described 

i n  Dunn, et, a l .  1990. The OspAs were then p u r i f i e d  from induced E. coli cultures 

by ion-exchange chromatography and gel  f i l t r a t i o n .  An SDS PAGE o f  the p u r i f i e d  

OspAs i s  shown i n  Figure 3. 

. 

CIRCULAR DICHROISM AND FLUORESCENCE 

Circular dichroism and fluorescence studies were f i r s t  carr ied out on the 

recombinant 831 OspA a t  po r t  U9b a t  the. National Synchrotron Light Source, 

Brookhaven National Laboratory, as previously described (France, et. a1 , 1992a 

and b). The CD resu l ts  ind icate t h a t  the  B31 p ro te in  contains 11% alpha-helix, 

34% ant ipara l le l  beta-sheet, 12% p a r a l l e l  beta-sheet, Primary sequence analysis 

predicts tha t  amino acids 204-217 can form one o f  the  few regions o f  alpha-helix 

w i th in  the protein. This region o f  OspA includes the agglut inat ing epitope a t  

Trp-216. The fluorescence emission c l e a r l y  shows t h a t  Trp-216 i s  buried i n  a 

hydrophobic region o f  the B31 OspA protein.  This tryptophan becomes exposed t o  

the solvent when the protein i s  denatured i n  6M guanidine HC1. Taken together, 

these data support a model whereby the  region o f  OspA between amino acids 204 and 

217 forms an oriented alpha-helix. Within t h i s  structure, Trp-216 i s  buried i n  

a hydrophobic pocket, which thereby exposes some o f  the more polar residues t o  

the hydrophil ic solvent.(Figure 4) This leads us t o  postulate t h a t  the antigenic 

v a r i a b i l i t y  w i th in  t h i s  region o f  OspA may be due t o  dif ferences i n  the solvent 

exposed ami no acids . 
To pursue t h i s  fur ther  we have i n i t i a t e d  CD studies on the K48 and PGau 

OspAs. The data shows tha t  the K48 pro te in  has s l i g h t l y  more alpha-helix (14%) 

than the B31 OspA, wi th s l i g h t l y  l ess  an t i pa ra l l e l  beta-sheet (28%). PGau, 
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however, has s ign i f i can t l y  more alpha-helix (28%) which coincides w i th  a 

considerable drop i n  the ant ipara l le l  beta-sheet content (22%). Primary sequence 

analysis predicts t h a t  the gain i n  h e l i x  f o r  both K48 and PGau does no t  occur a t  

the epitope between amino acids 204 and 217, but a t  a more N-terminal region 

between residues 143 and 179. This region o f  OspA i s  also hypervariable among the 

genotypes, and may in te rac t  wi th  the he l i ca l  region around Trp-216 t o  make up the 

agglut inat ing epitope. 

FUTURE DIRECTIONS 

We are current ly  performing mutagenesis on the B31 OspA between amino acids 

204 and 217 t o  see i f  replacement o f  t h i s  region wi th  the analogous K48 sequences 

w i l l  r e s u l t  i n  loss o f  r e a c t i v i t y  wi th  the agglut inat ing monoclonal against 831, 

and acquis i t ion o f  r e a c t i v i t y  t o  a K48 agglut inating monoclonal. We are also 

continuing the s t ructura l  studies including the fluorescence emission o f  the  K48 

and PGau OspAs t o  determine whether o r  not t h e i r  tryptophans are also i n  a 

hydrophobic environment w i th in  the he1 i c a l  epitope. Crystal lographic t r i a l s  have 

also been in i t i a ted .  Lastly, we are ra is ing  monoclonal antibodies t o  the 

recombinant OspA var iants i n  order t o  determine whether the  cross-react iv i ty  

patterns continue t o  para l le l  the d iv is ion  o f  the genotypes i n t o  three d i s t i n c t  

groups. 
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FIGURE LEGENDS 

Figure 1, Phylogenetic tree of the OspA protein of B .  burgdorferi .  The branch 

1 engths are proportional to the number of inferred character changes 

The tree is rooted by midpoint rooting. 

Figure 2. Amino acid a1 ignment of OspAs 831, K48 and PGau. 

Figure 3, SDS PAGE of purified recombinant OspAs from variant strains of 

B .  burgdorfer i .  

Figure 4, He1 ical wheel projection for residues 204-217, Capitals indicate 

hydrophobic residues; lowercase letters indicate hydrophi1 ic 

residues; +/- indicate positively/negatively charged residues. 

dashed line indicates division of the alpha-helix into a 

hydrophobic arc (above the line) and a polar arc (below the line). 

(France et. a1 . 1992b) 
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