
Stamford Journal of Microbiology, December 2012.                                   Vol.  2, Issue 1  

ISSN: 2074-5346 

1 

 
 

 

 

 

 

 

 

      

  

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is still a common belief that plasmids are circular. However, linear plasmids have been reported to exist 

more than a decade ago. Two types of linear plasmids are known. One type contains covalently closed ends 

and are commonly found in Borrelia, the causative agent of tick fever. The other type is characterized by 

the covalent attachment of proteins at the 5' ends and exists in a number of bacterial genera including 

Streptomyces, Rhodococcus, Mycobacterium and Planobispora. Recently, a linear plasmid in Salmonella 

enterica serovar Typhi of the Enterobacteriaceae family have been reported for the first time. This paper 

reviews various postulated mechanisms of replication of linear plasmids and focuses on the components of 

the replication machinery of linear plasmids studied to date. 
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   Linear plasmids are commonly present in both pro- 

and eukaryotes, and belong to one of two types, those 

with covalently closed ends and those with proteins 

bound to their 5' termini. The linear plasmids of 

Borrelia contain short terminal inverted repeats (TIR) 

and covalently closed ends (1). Borrelia burgdorferi, 

the causative agent of Lyme disease, contains a linear 

chromosome, 12 linear plasmids and 9 circular 

plasmids (2). Borrelia linear plasmids contain the 

genes for surface proteins, viz. ospA and ospB of B. 

burgdorferi and the vmp gene family of B. hermsii 

(3). Linear plasmid 25 (lp25), lp28-1, and lp54 are 

required for persistent of mice, while lp54 is required 

for establishment of tick infection or movement within 

the tick gut (4-11). 

   Together with virus genomes having polypeptides 

attached at their 5' termini and transposons, linear 

plasmids with 5' attached proteins are known as 

invertrons (12). Such plasmids also contain TIRs, 

ranging in size from 44bp in SLP2 of Streptomyces 

lividans (13) to 95 kbp in pPZG 101 in Streptomyces 

rimosus (14).  Streptomyces hosts carrying the linear 

plasmids pKSL, pSLA2-L, pSCL1 and SCP1 have 

been found to carry genes encoding echinomycin, 

lankacidins, clavulanic acid and methylenomycin, 

consecutively.  Linear plasmids belonging to this class 

have also been reported in actinomycetes 

Planobispora, Rhodococcus, Mycobacterium and 

Salmonella enterica serovar Typhi (15-22).  

 
REPLICATION OF LINEAR PLASMIDS 

 

   Replication of protein-capped linear plasmids occurs 

bidirectionally from an internal origin (23). The       
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autonomously replicating sequence of Streptomyces linear 

plasmids generally contains an origin of replication and 

one or more genes required for replication (24). These 

genes are located near the origin and may be subsidiary in 

some cases (25). Replication generates a 3' leading-strand 

overhang at the telomeres (Figure 1). The lagging strand is 

about 280 bp short at its 5' terminus (23). It is proposed 

that end patching occurs by one of two mechanisms: the 

first (Figure 1A) assumes that pairing of palindromes in the 

3' overhang causes it to fold back such that the terminal 

protein is anchored near the base of the overhang. The 

terminal protein (TP) acts as a primer and helps to fill the 

gap (26). In the second model (Figure 1B), TP acts as a 

nickase and nicks the template strand and attaches 

covalently to the 5' end. The gap is filled by DNA 

polymerase (26). Streptomyces chromosomes are linear 

(27) and contain telomeres similar to those present on 

Streptomyces linear plasmids. They replicate 

bidirectionally and it is suggested that telomeres are 

patched in similar manner as their linear plasmids (26, 28, 

29). The product of the tpg gene is required for 

Streptomyces rochei chromosomal replication (30).  

   In linear plasmid pSLA2, the autonomously replicating 

sequence lies near the centre of the plasmid. It contains two 

21-mer iterons followed by a series of CT and AG residues 

within the rep1 gene that codes for the Rep1 DNA binding 

protein which promotes plasmid replication (24). Another 

gene downstream of rep1, rep2, encodes a protein with a 

helicase-like activity. Additional genes necessary for 

pSLA2 replication are the tpgs, terminal protein genes (30), 

tap, the gene for a terminus associated protein (31) loci 

required for linear replication (rlrA/rorA) (32).  The 

presence of rlrA
pSLA2

 in a circular derivative is inhibitory to 

its replication. The presence of rlrA
pSLA2

 is not however 

inhibitory for replication in the linear form (32). The 

inhibitory effect of rlrA
pSLA2

 in the circular derivative can 

be overcome by another locus, rorA
pSLA2

 (33, 34).          
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Copurification of DNA polymerase I (PolA) and a 

topoisomerase I with the Tap protein suggests a role in 

replication. However, DNA polymerase I has not been 

found to be essential for Streptomyces linear plasmid 

replication (35). Tap has been demonstrated to possess 

reverse transcriptase activity (36). The postulated 

mechanism of replication of linear plasmids with 

proteins attached covalently at their 5' ends is shown 

in Figure 1.    

   In the linear plasmid SCP1, the minimum replicon is 

within a 5.4 kb region that contains an A+T rich 

region and two open reading frames (ORFs). One of 

these codes for a protein that has the functional        

aaaa 

similarity to the primase repA gene of Acidianus ambivalens 

and the helicase-like protein of Sulfolobus islandicus (38). 

The A+T rich region may facilitate melting of the double-

stranded DNA to initiate DNA replication. The 

autonomously replicating sequence (ARS) of linear plasmid 

SLP2 is located within approximately 5 to 10 kb sequence 

from the left end. The ARS contains the tpg gene, the dnaB-

like gene and two DnaA boxes (T/C) (T/C) (A/G/C) 

TCCACA (39). One of these DnaA boxes is located within 

the tpg coding sequence and the other with the dnaB-like 

coding sequence. The minimal replicon of SCP1 contains an 

ORF (ORF SCP1.196) that codes a putative primase/helicase 

and a second overlapping ORF (ORF SCP1.197) that codes    

a     

 

FIG. 1. Models for replication of linear plasmids containing 5' terminal proteins (37). Replication proceeds bidirectionally from the centre of the 

plasmid. Two methods of replication at the telomeres have been proposed. A. TP is used as a primer to complete replication at the end. B. TP acts as 

a nickase, nicking the DNA at the telomere. The gap generated is then filled up by DNA polymerase. 
.  
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for a hypothetical protein and direct repeats (38). 

SCP1 lacks tpg and tap homologues.   

   The basic replicon of plasmid pSCL1 is similar in 

configuration to that of pSLA2 (40). In the case of the 

linear plasmid SLP2, efficient replication as a circular 

derivative requires a 47 bp sequence upstream of 23-

mer iterons. Inclusion of these sequences increased the 

transformation efficiency by about 1000 fold (41). 

This region is not transcribed as shown by RT PCR 

and hence may contain regulatory factor(s) that act in 

cis (41). SLP2 contains two tpg homologues – tpg 

SLP2 and a putative pseudogene on the right arm. 

SLP2 requires tpgL gene product for replication (42). 

SLP2 lacks a rep gene (24). It possibly requires a host 

DNA polymerase for DNA replication. It has been 

proposed (24) that the origin of replication of the  

plasmid lies close to the tpg gene, and the DnaA 

boxes.  

   A Rep-iteron structure is also found in the minimal 

replicon of plasmid pSHK1 of Streptomyces spp. HK1 

(43). The gene for a putative Rep protein and adjacent 

noncoding sequences (ncs) form the basis of the basic 

replicon in the linear plasmids pSLA2-L from 

Streptomyces rochei (44), pSCL2 from S. clavuligerus 

(45), pRL1 from Streptomyces spp. 44030, pRL2 from 

Streptomyces spp. 44414, and pFRL2 from 

Streptomyces spp. FR1 (43).  

   Unlike any other linear plasmid reported so far, two 

origins of replication have been identified in the linear 

plasmid pFRL1 from Streptomyces spp. FR1 (46). 

One of these, rep1A-ncs1, lies adjacent to the telomere 

and the other, rep2A-ncs2, lies about 10 kb away from 

it. The first origin can propagate both in linear and 

circular modes, but the latter requires an additional 

locus, rlrA-rorA, for propagation in the linear mode. 

The Rep1A protein binds to the sequence ncs1 in 

vitro. The proteins Rep1A and Rep2A were 

transcribed at different levels at different times and 

each dominated at different points of time (46).  

   Rep-iteron structure is also found in Mycobacterium 

celatum linear plasmid pCLP. The basic replicon is a 

2.8 kb fragment comprising of a putative Rep gene 

and a putative origin of replication consisting of 18 bp 

iterons and an AT-rich region (47). Linear plasmid 

pRHL3 from Rhodococcus jostii (48) minimal 

replicon is also similar to that of pCLP. It contains 

two ORFs: RHL3.237 encoding Rep1 (Rep protein) 

and RHL3.235 that codes for a protein homologous to 

a ParA protein from R. erythropolis (49). In this 

plasmid, iterons are present as control mechanisms. 

An approximately 40% AT-rich 600bp region is found 

upstream of rep1 (50). 

 
REPLICATION OF LINEAR PLASMIDS WITH 

CLOSED ENDS 

 

   Borrelia linear plasmids contain covalently closed     

ss 

 

ends. Replication of Borrelia linear plasmids initiates from 

an internal origin and proceeds bidirectionally (51) (Figure 

1). A head-to-head dimer in which the telomere is 

duplicated is generated. The duplicated telomere is 

recognized by a telomere resolvase, ResT (52-54), which 

resolves the dimer into two covalently closed linear 

plasmids. ResT causes breakage of DNA, resulting in a 

conformational change in which the 5'-OH group of the 

DNA and the 3'-phosphate of a tyrosine residue in ResT are 

juxtaposed. The 5'-OH group exerts a nucleophilic attack 

on the 3'-phosphate group leading to the formation of a 

phosphodiester bond. This structure stabilizes the hairpin 

ends.  

   In B. burgdorferi linear plasmid, lp17, the basic replicon 

is 1.8kb in length and contains one ORF designated 

BBD14 (55) as well as adjacent non-coding sequences, 311 

bp and 360 bp to the left and right, respectively. Expression 

of ORF BBD14 is required for replication (56). However, 

no iterons or DnaA boxes were detected in lp17 basic 

replicon. The exact location of the origin is not known. The 

gene for ResT in B. burgdorferi is not located on a linear 

plasmid but on a 26-kb circular plasmid (57). ResT 

recognizes the 25 kb inverted repeats for its function. It has 

been shown that circular plasmids of B. burgdorferi can 

replicate as linear derivatives when telomeres are added to 

the termini (58). Conversely, linear plasmids have also 

been demonstrated to replicate as circular derivatives in 

circular vectors (59).  

   The basic replicon of the linear prophage N15 is 5.2 kb 

and can drive replication of linear or circular derivatives. 

An ORF, repA, which codes for a protein with similarity to 

primase is required for replication (60). ResT of E. coli 

prophage N15 is encoded by the telN gene located adjacent 

to its recognition site (telRL) (61-63). 

 
CONCLUSION 

 

   Linear plasmids and the mechanism by which they 

replicate are still mysteries. Extensive research needs to be 

undertaken to unravel such mysterious entities. In 

particular, the mechanism by which telomeres are 

replicated needs extensive investigation. Other avenues 

that might receive attention are the possible presence of 

more than one replicon in the same plasmid, components 

specifically involved in replication in different plasmids 

and in particular, the interaction among the different 

components of a replicon. Once investigated, the 

replication of linear plasmids may represent yet a new 

mode of DNA replication hitherto unknown to science. 

 
REFERENCES 

 
1. Barbour, A. G., and C. F. Garon. 1987. Linear plasmids of the bacterium 

Borrelia burgdorferi have covalently closed ends. Science. 237 (4813): 409-11. 

2. Casjens, S., et al. 2000. A bacterial genome in flux: the twelve linear and nine 

circular extrachromosomal DNAs in an infectious isolate of the Lyme disease 

spirochete Borrelia burgdorferi. Mol. Microbiol.  35 (3): 490-516. 

3. Plasterk, R. H., M. I. Simon, and A. G. Barbour. 1985. Transposition of 

structural genes to an expression sequence on a linear plasmid causes  antigenic   

a         



AHSAN AND KABIR, 2012                                           S. J. Microbiol. 

 

4 

 

L R 

Replication initiation 

L R 

Replication 

L 

L' 

R 

R' 

L R 

L R + 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

antigenic variation in the bacterium Borrelia hermsii. Nature. 318  

(6043): 257-263. 

4. Dever, L. L., J. H. Jorgensen, and A. G. Barbour. 1993. In vitro 

activity of vancomycin against the spirochete Borrelia burgdorferi. 

Antimicrob. Agents Chemother. 37: 1115–1121. 

5. Grimm, D., et al. 2004. Experimental assessment of the roles of linear 

plasmids lp25 and lp28-1 of Borrelia burgdorferi throughout the 

infectious cycle. Infect. Immun. 72: 5938–5946. 

6. Labandeira-Rey, M., J. Seshu, and J. T. Skare. 2003. The absence of 

linear plasmid 25 or 28-1 of Borrelia burgdorferi dramatically alters the 

kinetics of experimental infection via distinct mechanisms. Infect. 

Immun. 71: 4608–4613. 

7. Labandeira-Rey, M. and J. T. Skare. 2001. Decreased infectivity in 

Borrelia burgdorferi strain B31 is associated with loss of linear plasmid 

25 or 28-1. Infect. Immun. 69: 446–455. 

8. Masuzawa, T., T. Kurita, H. Kawabata, and Y. Yanagihara. 1994. 

Relationship between infectivity and OspC expression in Lyme disease 

Borrelia. FEMS Microbiol. Lett. 123: 319–324. 

9. Pal, U., et al. 2004. OspC facilitates Borrelia burgdorferi invasion of 

Ixodes scapularis salivary glands. J. Clin. Investig. 113: 220–230. 

10. Purser, J. E., and S. J. Norris. 2000. Correlation between plasmid 

content and infectivity in Borrelia burgdorferi. Proc. Natl. Acad. Sci. 

USA. 97: 13865–13870. 

11. Yang, X. F., et al. 2004. Essential role for OspA/B in the life cycle of 

the Lyme disease spirochete. J. Exp. Med. 199: 641–648. 

12. Sakaguchi, K. 1990. Invertrons, a class of structurally and functionally 

related genetic elements that includes linear DNA plasmids, transposable 

elements, and genomes of adeno-type viruses. Microbiol. Rev. 54: 66-74. 

 

13. Chen, C.W., et al. 1993. The conjugative plasmid SLP2 of Streptomyces lividans 

is a 50 Kbp linear molecule. Mol. Microbiol. 7: 925-932. 

14. Gravius, B., et al. 1994. The 387 kbp linear plasmid pPZG101 of Streptomyces 

rimosus and its interactions with the chromosome. Microbiology (Reading). 140: 

2271-2277. 

15. Francis, I., et al. 2012. pFiD188, the linear virulence plasmid of Rhodococcus 

fascians D188. Mol. Plant Microbe. Interact. 25 (5): 637-47. 

16. Baker, S., et al. 2007. A novel linear plasmid mediates flagellar variation in 

Salmonella typhi. PLoS Pathog. 3 (5): 605-610. 

17. Crespi, M., et al. 1992. Fasciation induction by the phytopathogen Rhodococcus 

fascians depends upon a linear plasmid encoding a cytokinin synthase gene. 

EMBO J. 11 (3): 795-804.  

18. Dabrock, B., M. Kebeler, B. Averhoff, and G. Gottschalk. 1994. Identification 

and characterization of a transmissible linear plasmid from Rhodococcus 

erythropolis BD2 that encodes isopropylbenzene and trichloroethene catabolism. 

Appl. Environ. Microbiol. 60: 853-860. 

19. Kalkus, J., M. Reh, and H. G. Schlegel. 1990. Hydrogen autotrophy of 

Nocardia opaca strains is encoded by linear megaplasmids. J. Gen. Microbiol. 

136 (6): 1145-51. 

20. Kosono, S., et al. 1997. Three of the seven bphC genes of Rhodococcus 

erythropolis TA421, isolated from a termite ecosystem, are located on an 

indigenous plasmid associated with biphenyl degradation. Appl. Environ. 

Microbiol. 63: 3282-3285. 

21. Picardeau, M. and V. Vincent. 1997. Characterization of large linear plasmids in 

mycobacteria. J. Bacteriol. 179: 2753-2756. 

22. Polo, S., O. Guerini, M. Sosio, and G. Deho. 1998. Identification of two linear 

plasmids in the actinomycete Planobispora rosea. Microbiol. 144: 2819-2825. 

23. Chang, P. C. and S. N. Cohen. 1994. Bidirectional replication from an internal 

origin in a linear streptomyces plasmid. Science. 265 (5174): 952-4. 

 

 

FIG. 2. Bidirectional replication of Borrelia linear plasmid from a central origin. L and R indicate left and right telomeres, respectively. L' and R' 
are replication-generated telomeres. ResT resolves the telomeres and generates two monomer plasmids (52). 

.  

 



Vol.  2, Issue 1                                                                                                                                                           Replications of linear plasmids 

 

 

5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

24. Huang, C. H., et al. 2003. Linear plasmid SLP2 of Streptomyces 

lividans is a composite replicon. Mol. Microbiol. 47 (6): 1563- 76. 

25. Hiratsu, K., S. Mochizuki, and H. Kinashi. 2000. Cloning and analysis 

of the replication origin and the telomeres of the large linear plasmid 

pSLA2-L in Streptomyces rochei. Mol. Gen. Genet. 263 (6): 1015-21. 

26. Qin, Z. and S. N. Cohen. 1998. Replication at the telomeres of the 

Streptomyces linear plasmid pSLA2. Mol. Microbiol. 2 (5): 893-903. 

27. Lin, Y. S..  H. M. Kieser,  D. A. Hopwood, and C. W. Chen. 1993. 

The chromosomal DNA of Streptomyces lividans 66 is linear. Mol. 

Microbiol. 10 (5): 923-33. 

28. Chen, C. W. 1996. Complications and implications of linear bacterial 

chromosomes. Trends Genet. 12 (5): 192-6. 

29. Huang, C. H.. et al. 1998. The telomeres of Streptomyces chromosomes 

contain conserved palindromic sequences with potential to form complex 

secondary structures. Mol. Microbiol. 28 (5): 905-16. 

30. Bao, K. and S. N. Cohen. 2001. Terminal proteins essential for the 

replication of linear plasmids and chromosomes in Streptomyces. Genes 

Dev. 15 (12): 1518-27. 

31. Bao, K. and S. N. Cohen. 2003. Recruitment of terminal protein to the 

ends of Streptomyces linear plasmids and chromosomes by a novel 

telomere-binding protein essential for linear DNA replication. Genes 

Dev. 17 (6): 774-85. 

32. Qin, Z., M. Shen, and S. N. Cohen. 2003. Identification and 

Characterization of a pSLA2 Plasmid Locus Required for Linear DNA 

Replication and Circular Plasmid Stable Inheritance in Streptomyces 

lividans. J. Bacteriol. 185 (22): 6575-6582. 

33. Kendall, K. J. and S. N. Cohen. 1987. Plasmid transfer in Streptomyces 

lividans: identification of a kil-kor system associated with the transfer 

region of pIJ101. J. Bacteriol. 169 (9): 4177-83. 

34. Stein, D. and S. N. Cohen. 1989. A cloned regulatory gene of 

Streptomyces lividans can suppress the pigment deficiency phenotype of 

different developmental mutants. J. Bacteriol. 171 (4): 2258-61. 

35. Tsai, H. H., C. H. Huang, A. M. Lin, and C. W. Chen. 2008. Terminal 

proteins of Streptomyces chromosome can target DNA into eukaryotic 

nuclei. Nuc. Acids Res. 36: e62. 

36. Bao, K. and S. N. Cohen. 2004. Reverse transcriptase activity innate to 

DNA polymerase I and DNA topoisomerase I proteins of Streptomyces 

telomere complex. Proc. Natl. Acad. Sci.USA. 101 (40): 14361-6. 

37. Phillips, G. and B. E. Funnell. 2004. Plasmid Biology. American 

Society of Microbiology. 

38. Redenbach, M., et al. 1999. The linear plasmid SCP1 of Streptomyces 

coelicolor A3(2) possesses a centrally located replication origin and 

shows significant homology to the transposon Tn4811. Plasmid. 42 (3): 

174-85. 

39. Jakimowicz, D., et al. 1998. Structural elements of the Streptomyces 

oriC region and their interactions with the DnaA protein. Microbiol.144: 

1281-90. 

40. Wu, X. and  K. L. Roy. 1993. Complete nucleotide sequence of a linear 

plasmid from Streptomyces clavuligerus and characterization of its RNA 

transcripts. J. Bact. 175 (1): 37-52. 

41. Xu, M., et al. 2006. Characterization of the genetic components of 

Streptomyces lividans linear plasmid SLP2 for replication in circular and 

linear modes. J. Bacteriol. 188 (19): 6851-7. 

42. Lee, K. and S. N. Cohen. 2003. A Streptomyces coelicolor functional 

orthologue of Escherichia coli RNase E shows shuffling of catalytic and 

PNPase-binding domains. Mol. Microbiol. 48 (2): 349-60. 

43. Zhang, R., H. Xia, P. Guo, and Z. Qin. 2009. Variation in the 

replication loci of Streptomyces linear plasmids. FEMS Microbiol. Lett. 

290 (2): 209-16. 

 

44. Hiratsu, K., S. Mochizuki, and H. Kinashi. 2000. Cloning and analysis of the 

replication origin and the telomeres of the large linear plasmid pSLA2-L in 

Streptomyces rochei. Mol. Gen. Genet. 263 (6): 1015-21. 

45. Wu, W., et al. 2006. Prediction and functional analysis of the replication origin 

of the linear plasmid pSCL2 in Streptomyces clavuligerus. Can. J. Microbiol. 

52: 293-300. 

46. Zhang, R., S. Peng, and Z. Qin, 2010. Two internal origins of replication in 

Streptomyces linear plasmid pFRL1. Appl. Environ. Microbiol. 76 (17): 5676-

83. 

47. Picardeau, M., C. Le Dantec, and V. Vincent. 2000. Analysis of the internal 

replication region of a mycobacterial linear plasmid. Microbiol.146 (2): 305-13. 

48. McLeod, M.P., et al. 2006. The complete genome of Rhodococcus sp. RHA1 

provides insights into a catabolic powerhouse. Proc. Natl. Acad. Sci.USA 103: 

15582-15587. 

49. De Mot, R., et al. 1997. Structural analysis of the 6 kb cryptic plasmid pFA 

52600 from Rhodococcus erythropolis NI86/21 and construction of Escherichia 

coli-Rhodococcus shuttle vectors. Microbiol. 143: 3137-3147. 

50. Warren, R., et al. 2004. Functional Characterization of a Catabolic Plasmid 

from Polychlorinated-biphenyl-degrading Rhodococcus sp. strain RHA1. J. 

Bacteriol.186 (22): 7783-7795. 

51. Picardeau, M., J. R. Lobry, and B. J. Hinnebusch. 1999. Physical mapping of 

an origin of bidirectional replication at the centre of the Borrelia burgdorferi 

linear chromosome. Mol. Microbiol. 32 (2): 437-45. 

52. Chaconas, G. and K. Kobryn. 2010. Structure, function, and evolution of 

linear replicons in Borrelia. Ann. Rev. Microbiol. 64: 185-202. 

53. Chaconas, G. 2005. Hairpin telomeres and genome plasticity in Borrelia: all 

mixed up in the end. Mol. Microbiol. 58 (3): 625-35. 

54. Kobryn, K. and G. Chaconas. 2005. Fusion of hairpin telomeres by the B. 

burgdorferi telomere resolvase ResT implications for shaping a genome in flux. 

Mol. Cell. 17 (6): 783-91. 

55. Casjens, S., et al. 2000. A bacterial genome in flux: the twelve linear and nine 

circular extrachromosomal DNAs in an infectious isolate of the Lyme disease 

spirochete Borrelia burgdorferi. Mol. Microbiol.  35 (3): 490-516. 

56. Beaurepaire, C. and G. Chaconas. 2005. Mapping of essential replication 

functions of the linear plasmid lp17 of B. burgdorferi by targeted deletion 

walking. Mol. Microbiol. 57: 132–142. 

57. Kobryn, K. and G. Chaconas. 2002. ResT, a telomere resolvase encoded by 

the Lyme disease spirochete. Mol. Cell. 9 (1): 195-201. 

58. Chaconas, G., et al. 2001. Telomere resolution in the Lyme disease spirochete. 

EMBO J. 20 (12): 3229-37. 

59. Stewart, P. E., G. Chaconas, and P. Rosa. 2003. Conservation of Plasmid 

Maintenance Functions between Linear and Circular Plasmids in Borrelia 

burgdorferi. J. Bacteriol. 185 (10): 3202-3209. 

60. Rybchin, V. N. and A. N. Svarchevsky. 1999. The plasmid prophage N15: a 

linear DNA with covalently closed ends. Mol. Microbiol. 33 (5): 895-903. 

61. Deneke, J., A. B. Burgin, S. L. Wilson and G. Chaconas. 2004. Catalytic 

residues of the telomere resolvase ResT: a pattern similar to, but distinct from 

tyrosine recombinases and type IB topoisomerases. J. Biol. Chem. 279: 53699–

706. 

62. Deneke, J., G. Ziegelin, R. Lurz and E. Lanka, 2002. Phage N15 telomere 

resolution: target requirements for recognition and processing by the 

protelomerase. J. Biol. Chem. 277: 10410–19. 

63. Deneke, J., G. Ziegelin, R. Lurz, and E. Lanka. 2000. The protelomerase of 

temperate Escherichia coli phage N15 has cleaving-joining activity. Proc. Natl. 

Acad. Sci. USA. 97: 7721–26. 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lin%20YS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kieser%20HM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hopwood%20DA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20CW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/7934869
http://www.ncbi.nlm.nih.gov/pubmed/7934869
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Huang%20CH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Redenbach%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xu%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xia%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guo%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Qin%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Warren%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Casjens%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/10672174
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chaconas%20G%22%5BAuthor%5D

