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Sequence-based identification of Legionella using mip 

 

Sequence-based identification of Legionella using the macrophage infectivity 

potentiator (mip) gene (Version 2.0) 
(adapted from Ratcliff et al 1998, J. Clin. Microbiol. 36:1560-67) 

 

Bacterial culture conditions. Cultures were grown on buffered charcoal yeast extract agar in 

humidified conditions at 37°C for 4 to 7 days.  Genomic DNA was extracted using a commercial kit 

or by boiling for 5 min and using 2 µl of crude extract for amplification. 

 

Strategy 

Oligonucleotide primers targeting the ribosomal binding site or open reading frame region and the 

PPIase site of the mip gene (Legmip_f and Legmip_r) were designed to amplify c. 661 to 715 bp 

product.  These primers require redundancies to account for variation at the third codon site. 

Following amplification the PCR product is purified and sequenced directly using the forward 

sequencing primer (Legmip_fs).  The sequence obtained is compared to the Legionella mip gene 

sequence database which contains a complete set of available quality controlled sequences. 

 

Oligonucleotide primers 

Three primers are required, two for amplification and one for sequencing. Parentheses indicate sites 

with mixed bases and the sequence using IUB nomenclature is given underneath. 

1. Forward amplification primer 

Legmip_f (27-mer) 

5’-GGG (AG)AT T(ACG)T TTA TGA AGA TGA (AG)A(CT) TGG 

5’-GGG RAT TVT TTA TGA AGA TGA RAY TGG 

 

2. Reverse amplification primer 

Legmip_r (23-mer) 

5’-TC(AG) TT(ATCG) GG(ATG) CC(ATG) AT(ATCG) GG(ATCG) CC(ATG) CC 

5’-TCR TTN GGD CCD ATN GGN CCD CC 

 

3. Forward sequencing primer 

Legmip_fs (26-mer) 

5’-TTT ATG AAG ATG A(AG)A (CT)TG GTC (AG)CT GC 

5’-TTT ATG AAG ATG ARA YTG GTC RCT GC 
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PCR amplification and sequencing.  

Reaction mixtures were in a total volume of 50 µl and contain 1.5 mM MgCl2, 10 mM Tris-HCl (pH 

8.3), 50 mM KCl, 200 µM each deoxynucleotide, 20 pmol each primer (Applied Biosystems/MWG 

Biotech Ltd/Operon), and 2.5 U Taq polymerase (Applied Biosystems/Life Technologies).  Template 

DNA (c. 10-100 ng) was added and reaction mixtures with no added DNA served as negative 

controls.  Amplification was performed in a thermocycler (MJ DNA Engine, MJ Research) under the 

following conditions: pre-denaturation for 3 min at 96°C, then 35 cycles consisting of denaturation 

for 1 min at 94°C, annealing for 2 min at 58°C, extension for 2 min at 72°C, followed by a final 

extension for 5 min at 72°C. Reaction mixtures were then held at 4°C.   

 

Analysis of PCR products 

5µl of the total 50µl PCR reaction mix was analysed by gel electrophoresis in 2% agarose gels 

stained with 0.5 to 1.0 µg/ml ethidium bromide and photographed under UV transllumination using 

Polaroid film.  

 

Purification of PCR products 

Amplification products were purified using QIAquick PCR purification kit (QIAGEN)/Wizard PCR 

Preps purification system (Promega Corp.) according to the manufacturers’ instructions. 

 

Sequence determination 

Nucleotide sequence was determined by cycle sequencing using the ABI PRISM BigDye Terminator 

Cycle Sequencing Ready Reaction kit with AmpliTaq DNA polymerase FS (PE Applied 

Biosystems)/ Dye Terminator Cycle Sequencing kit (Beckman Coulter). 
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