
the rplD and rplV genes, respectively, can facilitate the
formation of the binding sites14. The macrolide resistance
is determined by specific point mutations in domain V of
23SrRNA gene, and the mutations at position 2063, 2064
and 2617 are known as common mutations2,9,15. High level
resistance to 14-membered ring macrolide and low level
resistance to 16-membered ring macrolide are induced by
a mutation from A to G at position 2063, and mutations
that induce high level resistance to 14- and 16-membered
ring macrolide and low level resistance to 15-membered
ring macrolide are A to G mutation at position 206416.
However, the relationship between these mutations and
macrolide resistance of M. pneumoniae remains obscure,
and needs further exploration.

In the current study, we aim to investigate how M.
pneumoniae resistance to macrolide antibiotics is related
to selective mutations in ribosomal gene of M. pneumo-
niae that are induced by in vitro macrolide antibiotics.

Materials and Methods
Samples

One hundred and four unique M. pneumoniae clinical
isolates were obtained from bronchial aspirations of 104
patients with low level respiratory infections in Shanghai.
Informed consent was obtained from all the patients or
his/her families. All procedures were approved by the
Ethics Committee of the University of South China. One
M. pneumoniae reference strain M129 (ATCC 29342) and
104 clinical isolates (200 μL for each sample) were inoc-
ulated in 2 mL medium in a 10 mL culture tube and incu-
bated at 37oC for 6-8 days. Color change of the medium
was observed every day. If the color of the medium
changes from red to yellow, mycoplasma growth can be

confirmed. By contrast, color change from red to yellow
with turbidity indicates bacterial contamination in the
medium.

Polymerase chain reaction (PCR) amplification
Genomic DNA of each M. pneumoniae clinical isolate

was extracted using TIANamp Bacteria DNA kit (Tiangen,
China). The absorbance of 50-fold diluted DNA samples
was determined at 260 nm and then at 280 nm. DNA con-
centration was calculated as follows: DNA concentration
= absorbance

260
× 50 μg/L. The ratio of absorbance

260
/ab-

sorbance
280

is an indication of DNA purity. Genomic
DNAs of resistant strains before and after induction were
successfully prepared as stated above. Primers used to am-
plify resistance target gene, 23SrRNA (2063, 2064, and
2617), and ribosomal proteins L4 and L22 were designed
by ourselves using Primer Premier 5.0 (Table 1). The PCR
reaction system was composed of ddH

2
O (19 μL),

10×buffer (2.5 μL), dNTP (0.5 μL), forward oligo and re-
verse oligo (1 μL), DNA template (0.5 μL) and Pfu DNA
polymerase (0.5 μL), reaching a total volume of 25 μL.
The PCR conditions were: 94°C for 10 min; denaturation
at 94°C for 1 min, annealing at 65°C for 1 min, and elon-
gation at 72°C for 2 min (30 cycles); termination at 72°C
for 10 min. Then, the PCR products were sequenced, and
underwent basic local alignment search tool (BLAST)
comparison with coding sequences in Gene Bank to ana-
lyze gene mutations in 23SrRNA, ribosomal protein L4
and L22 before and after induction.

Microdilution method
The macrolide antibiotic agents were dispensed ac-

cording to the antibiotic susceptibility test standard set by

58

Table 2. In vitro minimum inhibitory concentrations (MIC) range, MIC
50

, and MIC
90

and MIC distribution for the five macrolide
antibiotics among the 104 M. pneumoniae clinical isolates.

Antibiotic MIC (mg/L) MIC (mg/L, strain No)
agents Range MIC

50
MIC

90
M. pneum-

oniae
reference 

strain 
M129

Erythromycin ≤0.004->128 >128 > 128 ≤ 0.004 10 1 3 3 8
Azithromycin ≤0.004-64 16 32 ≤ 0.004 11 1 1 2 40 31 18
Josamycin ≤0.004->128 4 8 ≤ 0.004 10 1 1 2 4 9 44 26 5 2 1
Kitasamycin ≤0.004->128 64 > 128 ≤ 0.004 1 5 4 1 1 3 2 4 32 50
Clarithromycin ≤0.004->128 128 > 128 ≤ 0.004 11 1 4 5 9 20 54

MIC: minimum inhibitory concentration.

Table 1. Primers used for polymerase chain reaction assays.
Primer designation Sequence (5′→3′) Amplicon 

size (bp)
Ribosomal protein L4 forward oligo  GTGAGTTCTCCCCGACC 529

reverse oligo  TCAAGGAGGTGTACAAAAGT
Ribosomal protein L22 forward oligo  CCCTTGTTTAATTGCTAA 464

reverse oligo  AAAGCACCAGCAACATTA
23SrRNA 2063 and 2064 region forward oligo  AAGAGTTCATATCGACGGCAG 303

reverse oligo   CATCTAAGTGTGAAACTAT
23SrRNA 2617 region forward oligo  ACTATAACGGTCCTAAGGTA 210

reverse oligo  TTATCATGTAGAGAATAGGT

≤
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