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Analysis of the dnaB gene, homologue of the Escherichia coli replicative DNA helicase 

DnaB, from various Mycobacterium intracellulare complex strains revealed their dnaB genes 

were heterogeneity. We found that intein was included in-frame in the dnaB Ibcus ofM. intra-

cellulare and that the intein is highly similar to M. avium intein. Phylogenetic study showed 

intein sequences were remote from their own host, dnaB sequences and suggested that the 

horizontal transfer had occurred among Mycobacterium avium-intracellulare complex 
strains . 

INTRODUCTION 
The Mycobacterium aviu7?~intracellulare complex (MAC) group of organisms is 
one of the most common causes of mycobacterial lung disease (Wallace et al., 1994). 

Routine clinical laboratory testing of MAC organisms does not differentiate between 

M. i72;tracellulare and M. avium (Wallace et aL, 1994). In the genus Mycobacterium, 

pathogens such as MAC, M. tuberculosis, M. bovis and M. Ieprae are slow growers and 

non-pathogens such as M. smegmatis and M. fortuitum are rapid growers. Howeveir, the 

genetic and biochemical basis for the differences in the growih rates between different 

mycobacteria and the key aspects of their respective cell cycle including DNA replication 

are largely unknown. When we studied on DnaB function involved in DNA replication, we 

found that the dnaB Iocus of M. i?2;tracellulare (Mll442) contained intein. Intein is a 

protein sequence that is inserted in-frame wlthin the precursor protein and is excised 

during posttranslational maturation, so-called protein splicing, from the precuesor pro-
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tein. Protein splicing is associated with the ligation of exteins, the flanking regions of the 

inteins, and is essential to regenerate functiQnal host protein intein (Perler, 2000) . Many 

inteins contain endonuclease domain, which exhibit homing activity. The endonuclease is 

thought to be participated in gene~Inobility of intein coding sequences into inteinless ~L1le-

les (Gimble, 2000). However, not much is available on gene mobility of intein, therefore, 

it is necessary to characterize intein of MAC strains. In this report, we described 

sequencing of intein from M. i72;tracellulare and the alignment analyses of intein 

sequences from other Mycobacteria. Furthermore, we discussed the possibility that 

intein is a horizontal transfer by using phylogenetic study. 

MATERIALS AND METHODS 
Strains 

M. avium MACI04 was obtained from Dr Luiz Bermudez at Kuzell Institute, San 
Francisco, USA. M. i7btracellulare mc2-76 was from Dr Raul Barletta at University of 

Nebraska, Lincoln, USA. M. avium ATCC35712, M. avium MA1313, M. i7ztracellulare 
strains M11 149. M11442, M11522, were obtained from Dr. Richard J. Wallace, Jr., UTHCT, 

Tyler, TX and M. avium A5 was provided from Dr. Robert Husson, Children's Hospital, 

Boston, MA. 

PCR alnplification, cloning and sequencing 
To amplify dnaB region, oligodeoxyribonticleotide (oligo) primers based on the 5' and 

3' ends of M. tuberculosis dnaB sequence were used in PCR with genomic DNA from 
mycobacterial strains. The Ndel site was incorporated for cloning the dnaB into expres= 

sion vectors. PCR was performed under the following conditions: 95'C for=5min; 30 cycles 

of 94iC (1~min), 60'C (1 min), and 72 'C (2.5min), and final extension of 72 'C (10min), 

then held at 4 'C. PCR products were electrophoresed on a lo/o agarose gel, stained eith 

ethidiuln bromide and visualized under ultraviolet light. Amplified DNAs were clorled into 

pGEM-T vector (Promega) and sequenced with the ABI,dye terminator cycle sequencing 

kit with AmpliTaq DNA polymerase in the AB1377 sequencer (P, erkil~lT~lmer Applied 

Biosystem). The cLnaB sequences of M. avium ATCC35712, M. i7~tracellulare mc'-76, 

and M11442 w~re deposited in GenBank under Accessiorl Nos. AF25990,1. AF25.9900, and 

AF307984, respe,ctively. Preliminary sequence data of M. smegmatis was obtained from 

The Institute for Genomic Research website at http://wwsv.tigr.org. 

RESULTS AND DISCUSSION 
Cloning and sequencing of dnaB ofM. intracellulare 

To investigate the pres~nce of intein sequences in the dnaB genes of MAC strains, the 

synthetic primers based on conserved sequence around intein insertion site in the dnaB 

gene were used in PCR. The sizes of PCR produtts with 2.5kb CFig. 1, Ianes 2 - 5, 8) and 
1 .4kb tFig: I , Ianes 7, 9 'and 10) were detected, indicating that the dnaB Iocus in one of 

the four strains of M. i7~tracellulare strains (M11442) harbors intein, whereas all strains 

of M. avium strains (ATCC35712, A5, MACI04 and MA1313) contained intein. Southern 

hybridization with dnaB-specific,probes contirmed the identity of the' PCR products (data 
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Fig. l. Heterogeneity of the dnaB Iocus of MAC strains. 

PCRs of genomic DNAS from different strains of MAC were performed. Lanes: 2-5: M. aviu?n 

group; 7-10: M. intracellulare group; Ianes I and 6 are 1-kb ladder. (2) M. avium (MA) 

ATCC35712; (3) MAI04; (4) MA A5 and (5) MA1313; (7) M. i?~tracellulare (MI) 1149; (8) 

M11442; (9) M11522 and (10) MI mc'-76. Arrows indicate that locations of dnaB with and 
wlthout intein. 

not shown). To verify that the PCR products prepared from M. i7ztracellulare MI 1442 

genomic DNA are related to intein, the dnaB region was cloned and sequenced. The 

nucleotide sequence analysis indicated the presence of 1002 bp DNA fragment and 
corresponded to an insertion of 334 amino acid long polypeptide (Fig. 2). We detected 

that the M. i7~tracellullare sequence consists of Blocks A, N2, B, N4, F and G for splicing 

motif and contains several inteilrhspecific sequence motifs designated as Blocks C, D, E 

and H, that are responsible for homing activities (Fig. 2) (Fsihi et al., 1996; Pietrokovski, 

1998) . It also contains other several intein-specific sequence such as conserved C-termi-

nal splice site -H-N-S- and putative dodecapeptide domain LAGLIDADG. A notable fea-

ture of the MAC DnaB inteins is that the intein N-terminal amino acid is Ala as opposed to 

Cys in M. tuberculosis and Ser in others (Perler, 2000) . The two other families of inteins 

that start with Ala were discovered in the KlbA proteins and the Snf2 helicase (Perler, 

2000) . As shown in Fig. 2, M. intracellulare intein is 890/0 homology to M. avium. The 

DnaB inteins are related, although M. Ieprae and M. smegmatis inteins are missing the 

center region. These results indicate that identical intein is acquired in the dnaB Iocus of 

the MAC group strains. 

Phylogenetic distribution of inteins 

Inteins are thought to be mobile genetic elements. Homing endonuclease encoded in 
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AL八1』DTPLPTPTGWTハMGDVAVGDELLAVDEムPTRVVハATEVMLGRPCYEIEFSDGTV工V

㎜DTPLPTPSGWT皿GDVAVGD肌LGPDGEPTRWADTD㎜．GRPCYWEFSDG田AIV
AI』ALDTPI』PTPTG珊TTTGDVAVGDELLGADGKPTRVVAATEVLLGRPCYEVEFSDGTVIV
仙肌DTPLPTP田GWT側GDVAVGDELLGDDGRPTRW肌TDV皿GRPCYEVEFSDGTVIV

★★＊　　＊★＊　　★

M．1eprae
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M．1ntra
M。avlum
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ADAgHgWPTEK一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一－一一一一一一一

ADAAEg肌TETRASRKSAgハAAAGYNRYKNgRTFAAVRT田AEIAGTLRCPTLDRRLNESV
ADAAHg肌TETRVSRKSAgAAAVGYNRYKNgRTFA八VRTTAEIA日TLRCPAgDRRLNHSV

＊　　　　　　＊
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M。intra
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一一一一一一一一一一一一一一一一一一一一一一一一一一GIRTSAgl』RCGLD工1㎜GSTPRH一一一一一一一一一一

一一一一一一一一一一一一一一一一一一一一一一一一一一GVR工TAN工』RAGM∬㎜SAS一一一一一一一一一一一一一一一

VNARALDI』PDREFLVPPYTLGA肌GDGTSAAAgITAADPEIIMRIEAEMS－STVGTI、gAR
VNAR肌ELPDREFLVPPYTLGAWLGDGTSAA八g工TAADPEIIMRIEAEDSGAGVGTLgAR
　　　　　　　　　　　　　　　　　B夏ock　C

盟・1eprae
κ。5megma亡1S
M。三n亡ra

M．av1ロm
1、RT工GVI、GNKHIPTEYLRGSETgRRELLAGLLDTDGTVTAGGAVgFSVTNgRI8ACDVA四L

LRTIGVLGNKHIPTEYI』RGSEAgRRALLAGI、1、DTDGTVTVGG八VgFS－
　　　　　　　　BlockD　　　　　　　　BlockE　　　　　　　　　　BlockH

劃『．1eprae

M、5megma亡i5
κ．1η亡ra

M．av1ロm

一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一為bGRI．TTAAFMAPV

一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一GGRGGT肌L八PA

IVSI』GYRCgTSTKRVRGRNESSSIAYTLTFSTEKKMFAI』ERKAIHK－ERR盈MAGTTRSGS
工VSLGYRCgTSTKRVQGRSETSSIAYTLTFSTADKVFAI』ERKA工AHKERRAVTGTSRGGS
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飼『・1eprae

κ。5megma亡15

M．1n亡ra
κ．avlum

LCIDSVRRVRSVPVRCVEVDNAAHI』YLAGRGMVPTHN
VgITAVRRRPSVPVRCVEVDNPEHLYLAGPGMVPTHN
RFIVDVRPVETV益VRCVEVDNGSHLYLASRAMVPTHN
RF工VDVRP工EPVムVRCVEVDNDSHMYL八SR醐▽PTHN

Fig．2． Alignment　ofintein　sequences　ofM．α漉％観，〃1．乞窺7αoθ伽εαγθ，M．εθPγαθandM．5mθ9η翻乞5

Deduced　intein　sequences　were　aligned　using　ClustalW　multiple　sequence　analysis．Asterisks

represent　identical　amino　acids．Gaps　hl　the　sequences　are　shown　as（1ashe（11ines，Conserved

intein　signature　motif　domains　are　un（1erhne（1an（1are　marked　as　C，D，E　and　H。Domains　C　and

E　represent　putative　dodecapeptide　conselve（1domains　LAGLIDADG．

intein血tiates血te血9ene　transfer　to　inte血一less　gene．In　case　of　MAC　inte血，it　is　reason＿

able　to　propose　that　the　dnaB－associate（i血te血shou1（1also　behave　as　a　hon血g　en（ionu－

clease，based　on　the　highly　conserved　structural　features　and　sequence　homologies　with

homing　endonuclease．As　shown　in　Fig．3，phylogenetic　tree　was　generate（1from　aligne（i

se（1uences　of　three　exteins　an（i血teins血（血aB　genes．Phylogenetic　analysis　reveale（i　that

the　DnaB　and　inteins　were　separated　into¢hfferent　groups．〃1．伽砂αoθZZ％Zαγθintein　was

blanched　in　same　group　with〃1。α”勿椛and砿．Zθμαθinteins．Another　group　was　gener－

ated　by　dnaB　sequences　ofM．乞7z顔αoθZ伽乙α僧θ，〃1．α加％鵬and〃1．Zθpγαθand　was　distinct

from　the　group　ofintein　sequences，suggesting　that　hon豆ng　activityis　beheved　to　me（iiate

the　transposition　of　an血te血to　an　inte血一1ess　anele．
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Fig. 3. Phylogenetic tree of the, sequences of intein and extein in dnaB genes. 

Phyl6genetic tree was built inpon the alignment of nucleotide sequences of intein and 

extein in dnaB genes vyhich. were sequenc~d in this study and obtained from the 
GenBank dat~bas~, using ClustalW. The tre'e-buildiri~method based o'n Neighbourlioin-

irig was 'performed'by the+NJplot softwaie. Numbers attached to nodes' ir~phesents 

branch length. 

The restriction sites for homing endonuclease in mycobacteril~lu dnaB genes 
With comparison of the extein ,insertion sites, we found that the focation of this 

fragment is in exactly the same location (GVGK-STLGLD) in M. avium ATCC35712, 
M. Ieprae and M. s7riegmatis but differs in M.' tuberculosis at the same location 
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(RESG-SLEG) as that found in Synecl~oc~lstis spp., the thermophile R/~odothermus 

mari7bus and plant chloroplast Porphyrus purpurea (Fsihi et al., 1996; Pietrokovski, 

1998). The sequences of insertion site in the M. avium MACI04 and A5 dnaB genes are 

also found to be identical to the corresponding sequence ofM. avium ATCC35712 and M. 

i7~tracellulare M11442. When the nucleotide sequences of insertion sites are aligned with 

those of dnaB genes from M. i7btracellulare, M. avium, M. Ieprae and M. smegmatis, we 

found that the Lys codon corresponding to the site of insertion was AAA in M. 
intracellulare dnaB gene that reveals heterogeneity, whereas this was AAG in three of 

the four species harboring inteins (Fig., 4). It suggests that the corresponding homing 

endonuclease could recognize particular sequence and represent sequence specfficity. It 

was also shown that the Tyr codon corresponding to the site of insertion was TAC in all 

gyrA genes that did not contain the intein coding sequence, whereas in three of the four 

species harboring inteins this was TAT in case of mycobacterial gyrA genes (Perler et al., 

1997). Taken together, distinction of the nucleotide sequences of the insertion sites 

might account for the heterogeneity, bedause the presence of active endonuclease motifs 

in M. i7btracellulare and M. avium dnaB inteins indicate that the MAC intein could 

exilibit endonuclease activity (Fig. 2). 

Organisms have chance to acquire inteins. For example, plasmid and virus could 

carry foreign DNA to them and gene conversion, DNA repair and recombination could be 

occurred. In case of MAC, it is possible that recombinational events such as conjugation 

and transduction contribute to homing events: Conjugation is thought to be the primary 

route for horizontal gene transfer (Parsons et al., 1998). MAC group strains are difficult 

to transform presumably because many of these strains contain multiple plasmids and or 

cryptic phages (Crawiord et al., 1981). It is conceivable that these plasmids harbor activi-

ties that mediate gene transfer leading to acquisition of intiens. The polyclonal nature of 

MAC infections (Wallace et al., 1998), cell-cell contacts and Hfr conjugation in mycobac-

teria (Parsons et al., 1998) are consistent with the above reason. The roles, if any, of 

intein in M. avium metabolisrn are unknown as inteins are often perceived as selfish 

genetic elements. The heterogeneity in MAC dnaB Iocus does not favor any advantageous 

roles for inteins to the host, although it is important to note that all M. avium strains 

M. intracellulare 

M. avium 
M. Ieprae 

M. smegmatis 

i*tei* inse*ti** *ite 

G K ~s T L 

GGA GTC GGG ;A~~ ;te.G ACG CTA GGA 
GGA GTG Gcc , Az~G Tcc Acc CTC GGT 
GGT GTG GGC i mc TCG Acc CTT GGG 
GGT GTG GGT i mG TCG ACA CTC GGG 

Fig. 4. Alignment of nucleotide sequences of the restriction sites in mycobacterial dnaB genes. 

Sequences were from alleles from dnaB genes of M, intracellulare, M. avium, M. Ieprae 

and M, smegmatis. Deduced DnaB sequence is shown above and arrow indicates intein 
insertion site: Conserved nucleotides in the insertion site are shaded. 
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examined appeared to contain intein in the dnaB gene and the majority of the MAC infec-

tions in AIDS patients are primarily due to M. avium (De smet et al., 1996). The replica-

tive helicase DnaB protein plays a crucial role in the DNA replication process in 

Escherichia coli (Biswas and Biswas, 1999) . Assuming that the M. avium DnaB precur-

sor protein undergoes splicing i7~ vivo to produce functional DnaB protein, as in other 

intein containing precursor proteins, then it is possible to envision that the rate wlth 

which the DnaB protein is formed following splicing could influence the rate of M. avium 

DNA replication process affecting both intracellular and extracellular growih. 
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