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CHAPTER V 

RESULTS

1. BACTERIAL STRAINS

A  to ta l o f  385 S trep tococcus pneum oniae  were isolated from  patients in  the 
K ing  Chu la longkom  M em o ria l Hosp ita l (Bangkok, Thailand), between January 
2003 and December 2007. Each isolate was from  d iffe ren t patient. M ost ร. 
peum oniae  were isolates from  resp ira tory tract. ร. pneum oniae  were collected from  
invasive site ; b lood (11.43% , ท=44) and cerebrospinal f lu id  (CSF) (1.81% , ท=7) 
and non-invasive site ; sputum (61.29% , ท=236), nasal swab (7.28% , ท=28), 
endotracheal (6 .75% , ท=26), eye swab (5.71% , ท=22), nasopharynx (2.86% , ท=11), 
ear swab (1.29% , ท=5), throat swab (0.78% , ท=3), and pus (0 .78% , ท=3). A l l 
isolates were from  male (63.38% , ท=244) and female (36.62% , ท=141). The ranges 
o f  age were 1 day to 95 years old. The age d is tribu tion  o f  the patients was <1-2 
years (15.80% , ท=61), 3-14 years (8.10% , ท=31), >14-64 years (47.30% , ท=182) 
and >64 years (28.80% , ท=111). (The results are shown in Table 7).

A l l  isolates were iden tified  as ร. pneum oniae  based on co lon ia l morphology, 
gram stain, ce ll m o rpho logy and b iochem ica l tests. Colonies on sheep blood agar 
were small and graynish, w ith  a greenish zone o f  alpha-hemolysis surrounding them  
(F igure 18). G ram  stain o f  ร. pneum oniae  showed gram -positive d ip lococc i (Figure  
19). Isolates were iden tifie d  as ร. pneu m o nia e  by the ir suscep tib ility  to optochin, 
so lub ility  in b ile .
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Tab le  7 P a te in t dem ograph ics and c u ltu re  source o f  385 isolates o f
ร. p n e u m o n ia e

Param e te r G ro up No. o f  isolates Percentage o f to ta l (% )

Age <1 -2 61 15.80
(years) 3-14 31 8.10

>14-64 182 47.30
>64 111 28.80

G ender male 244 63.38
female 141 36.62

Source
invasive site

b lood 44 11.43
CSF 7 1.81

non-invas ive site
sputum 236 61.29
nasal swab 28 7.28
endotracheal 26 6.75
eye swab 22 5.71
nasopharynx 11 2.86
ear swab 5 1.29
Throat swab 3 0.78
pus 3 0.78
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Figure 18 ร. pneumoniae on the blood agar plate.

F igure 19 G ram  stain o f  ร. pneumoniae (100X )
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2. DETERM INATIO N OF ANTIBIOTIC SUSCEPTIBILITY OF
ร .  P N E U M O N I A E

S u scep tib ility  o f  ร. pneumoniae to erythrom ycin , clarithrom ycin and 
clin d am ycin  w ere  d eterm in ed  b y  agar d ilu tion  m eth od . T h e M IC  is  the lo w est  
c o n c e n tr a t io n  o f  a n t im ic r o b ia l  a g e n t  r e q u ir e d  to  in h ib i t  th e  g r o w th  o f  
a m icroorganism  in vitro. T he M IC 50 and M IC 90 are the lo w est concentration o f  
anitim icrobial agents required to inhibit 50%  and 90%  o f  iso la te  tested , respectively. 
M IC breakpoints o f  erythrom ycin , clarithrom ycin and c lin d am ycin  w ere ๘: 1 (ig/m l. 
A ntim icrobial su scep tib ility  and resistance rates o f  385  ร. pneumoniae iso lates are 
show n in Table 8  and appendix IV.

P revalence o f  eryth rom ycin  resistan ce w a s  54 .02%  (2 0 8 /3 8 5 ) . T he M IC  
ranged from 0 .03  to > 5 1 2  (Ig/m l. M IC 50 and M IC 90 w ere 8  p g /m l and > 5 1 2  (Ig/ml, 
respectively. D istribution  o f  the M IC s for erythrom ycin  are sh ow n  in Figure 20. 
It w as dem onstrated that M IC s o f  erythrom ycin-susceptib le ร. pneumoniae iso lates  
ranged  from  0 .0 3  to  0 .2 5  (ig /m l. M o st o f  e r y th r o m y c in -su sc e p t ib le  iso la te s  
/ 69 .49% ) had ery th ro m y cin  M IC  o f  0 .1 2 5  p g /m l. O f  th e  2 0 8  eryth rom ycin -  
resistant iso la te s , 53 .8 5 %  had eryth rom ycin  M IC  ran ge o f  1 to 16 (ig /m l and 
46 .15%  had h ig h - le v e l ery th rom ycin  res ista n ce  w ith  th e M IC  o f  > 5 1 2  (ig /m l.

Sim ilar to erythrom ycin  susceptib ility , the M IC  ranged from  0 .03  to > 512  
(ig/m l. M IC 50 and M IC 90 w ere 8  (ig /m l and > 5 1 2  (Ig/m l, resp ectively . D istribution  
o f  the M ICs for clarithrom ycin  are sh ow n  in F igure 21 . It w a s dem onstrated that 
M ICs o f  clarith rom ycin -su scep tib le  in  ร. pneumoniae iso la tes ranged from  0.03 to 
0.25 (ig/m l. M ost o f  clarith rom ycin -su scep tib le  iso la tes (98 .87% ) had 
clarithrom ycin M IC o f  0 .03  to 0 .125  (Ig/m l. O f  the 2 0 7  clarithrom ycin-resistant 
isolates, 53.62%  had clarithrom ycin  M IC  range o f  1 to 8  |ig /m l and 44 .93%  had 
high level resistance w ith  the M IC o f  > 2 5 6  (Ig/m l. A ll clarithrom ycin-resistant 
isolates w ere resistant to erythrom ycin . O ne o f  the 385  ร. pneumoniae iso la tes w as 
resistant to erythrom ycin  (M IC  8  (Ig/m l) but w a s  su scep tib le  to clarithrom ycin  
(M IC 0 .125  |ig /m l).
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P revalence rates o f  c lin d am ycin  resistance w as 25 .20%  (97 /3 8 5 ). The M IC  
ranged from  0.03 to > 5 1 2  p g /m l. M IC 50 and M IC 90 w ere 0 .125  (Ig/ml and > 512  
p g/m l, respectively . D istribution  o f  the M IC s for clindam ycin  are show n in Figure  
22. It w a s dem onstrated that M IC s o f  clindam ycin-susceptib le in ร. pneumoniae 
iso lates ranged from  0 .03  to 0 .25  p g/m l. M ost o f  clind am ycin -su scep tib le  isolates 
(62.5% ) had clindam ycin  M IC  o f  0 .125  (Ig/ml. M ost o f  clindam ycin-resistant 
iso lates (97.94% ) had clin d am ycin  M IC o f  >128 pg/m l.

Table 8 Macrolides and clindamycin MICs and resistance rates of 385
ร. pn eu m on iae  isolates

Antimicrobial
agents

MICs (pg/ml) Resistance rate (%)
Range M ICso MIC90

Erythromycin 0.03->512 2 >512 54.02
Clarithromycin 0.03->512 2 >512 53.76

Clindamycin 0.03->512 0.125 >512 25.20

Figure 20 MIC distribution for erythromycin against 385 ร. pneum on iae
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Figure 21 MIC distribution for clarithromycin against 385 ร. pneum oniae
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Figure 22 MIC distribution for clindamycin against 385 ร. pneum oniae

200 

180 
160 
140

I  120
I  100

0 80
1  so

40 
20

0'ร, J ?  N *  % •ร, &  & &  $  j p

180

• -

93
77

14 ท 12
1

“  2 6 -  
____________________________________________ - _________ ■ ___ I ___

M IC (fig/ml)



Table 9 Antibiotic susceptibility o f the erythrom ycin, 
clarithrom ycin and clindam ycin am ong ร .  p n e u m o n ia e  isolates 

collected during 2003-2007

54

A n tib io tic Y e a r
2003 2004 2005 2006 2007
(ท=80) (ท=84) (ท=76) (ท=68) (ท=77)

Erythromycin
MIC5 0 (ng/ml) 4 1 0.125 4 0.25
MIC90 (ng/ml) >512 >512 >512 >512 >512
MIC range (ng/ml) 0.03->512 0.03->512 0.03->512 0.03->512 0.03->512
%Resistance 67.50 51.19 47.37 57.35 48.05

Clarithromycin
MIC50 (ng/ml) 4 0.125 0.125 2 0.125
MIC90 (ng/ml) >512 >512 >512 >512 >512
MIC range (ng/ml) 0.03->512 0.03->512 0.03->512 0.03->512 0.03->512
%Resistance 67.50 50.00 47.37 57.35 46.75

Clindamycin
MIC50 (ng/ml) 0.125 0.125 ก. 125 •0.125 0.125
MIC*, (ng/ml) >512 >512 >512 >512 >512
MIC range (ng/ml) 0.03->512 0.03->512 0.03->512 0.03->512 0.03->512
%Resistance 35 26.20 21.05 29.41* 14.29

INCIDENCE OF ANTIBIO TIC SU SC E PTIBIL IT Y  OVER THE 
5 YEAR STUDY PERIOD (2003-2007)

A  total o f  385 isolates o f  ร. p n e u m o n ia e  were collected over the 2003-2007 ะ 

year 2003, 80 (20.80% ) isolates ; year 2004, 84 (21.82% ) isolates ; year 2005, 76 

(19.74%) isolates ; year 2006 , 68 isolates (17.66% ) and year 2008, 77 (20%) 

isolates. The rate o f  erythrom ycin resistance in  th is study was decreased from  Year 

2003 to 2005 (Year 2003, 67.5% ; Year 2004, 51.19% ; Year 2005, 47.37%), 

increased in  Year 2006 (57.35%) and decreased again in  Year 2007. M IC 90 o f 

erythrom ycin and cla rith rom ycin  were 512 fj.g/ml in  Year 2003 to 2005.
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Clarithrom ycin susceptib ility showed s im ila rlity  trends regarding susceptibility to 

erythromycin. The rate o f  clindamycin-resistance was decreased from  Year 2003 to 

2005 (Year 2003, 35% ; Year 2004, 26.20% and Year 2005, 21.05%), increased in 

Year 2006 (29.42%) and decreased in  Year 2007 (14.29% ). C lindam ycin M IC 50 

was 0.125 pg/m l and M IC 90 was >512 pg/m l in  Year 2003 to 2007. The results are 

shown in  Table 9.

3. PHENOTYPE DETECTIO N OF M A C R O LID E RESISTANCE  
M ECHANISM

For a ll ร. p n e u m o n ia e  (ท=385) isolates, m acrolide resistance phenotypes 

were identified by a double disc test using erythrom ycin and clindam ycin. O f the 

208 erythromycin-resistant isolates, 46.15% (ท=96) were cM L S b phenotype, 

53.85% (ท= 1 1 2 ) were M  phenotype (Figure 23). The cM L S b phenotype isolates 

were resistant to both erythrom ycin and clindam ycin whereas M  phenotype isolates 

were resistant to erythrom ycin but remained susceptible to clindam ycin. The iM L S B 

phenotype was not detected. The iMLSB phenotype isolates were resistant to 

erythrom ycin and b lunting around o f  the clindam ycin disc (F igure 24).

The relationship between M IC  and phenotype o f  m acrolide resistance 

showed that isolates w ith  erythrom ycin M IC s o f  1 to 16 pg /m l had M  phenotype 

w h ile  isolates w ith  M IC  o f  >512 pg/m l exhibited M L S b phenotype.

F ig u re  23  M a c r o lid e  re s ista n ce  p h en o ty p es  in  2 0 8  e r y th r o m y c in -r e s is ta n t
ร. pneumoniae iso la te s

120 - 112

phenotype
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F igure 24 D ou b le  d isc  d iffu sion  test for m acro lid e resistan ce  p henotypes  
(E ; ery th ro m y c in  (15 p g ), c c  ; c lin d a m y c in  (2 p g ), A  ; M p h en o ty p e , 
B ; cM L S b phenotype and c  ; iM L SB phenotype).

A B

iMLSs phenotype
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4. SCREENING  FOR M E F  AND E R M  (B) GENES

The presence o f  mef gen e  and erm (B ) gen e in  385  ร. pneumoniae were 
screened  b y  m u ltip lex  PC R  (Figure 25). The P C R  products w ere  3 46  bp for mef 
gen e and 6 3 9  bp for erm (B ) gene. T he erm (B ) gen e w a s found in 95 isolates 
(45 .67% ) and the mef gene w as found in 112 iso la tes (53 .85% ). O n e iso late (0.48% ) 
carried both erm (B ) and mef genes.

The correlation betw een  the erythrom ycin su scep tib ility  and m acrolide  
resistance gen es in  ร. pneumoniae are show n in F igure 26 . Iso lates carrying either 
mef or erm (B ) g en es or both w ere resistant to m acrolides. E rythrom ycin M ICs o f  
iso la tes conta in ing  erm (B ) alone or both erm (B ) and mef g en es  w ere  > 512  (Ig/ml. 
In contrast, iso la tes harboring mef gen es had erythrom ycin M IC s o f  1-16 pg/m l. 
O ne o f  erythrom ycin-resistant iso lates that w as su scep tib le  to clarithromycin  
carried the mef gen e  and sh ow ed  M  phenotype. T he resu lts dem onstrated that 
iso lates contain ing erm (B ) alone or erm (B ) in com b in ation  w ith  mef genes  
exhib ited  high lev e l M ICs. On the other hand, iso la tes carring o n ly  mef gene  
exh ib ited  low  lev e l M ICs.

Isolates w ith  cM L S b phenotype w ere g en otyp ica lly  confirm ed b y  the 
presence o f  the erm (B ) gene. S im ilarily , iso lates w ith  the M  ph en otyp e contained  
the mef gene. O ne (0 .48% ) o f  the 96  cM L S b p h enotype strains harbored both erm 
(B ) and mef gen es. There w as a perfect correlation b etw een  phenotype and 
gen otyp e (T able 10).

Screen in g  for the presence o f  mel gene. T he p resence o f  mel gen e in the 112 
ร. pneumoniae iso la tes carring the mef gen e w a s determ ined b y  PCR. The results 
dem onstrated that all 112 iso lates harbored the mel gene.
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Figure 25 E lectrophoresis o f  erm (B) and mef P C R  products by m ultiplex  
PCR. M  =  100 bp m arker, la n e l-2  : m acrolide-susceptib le strains, lane3-4 ะ 
m acrolide-resistant strains carrying erm (B) gene, lane5-6 ะ m acrolide-resistant 
strains carrying mef gene, lane 7 : m acrolide-resistant strain carry ing both 
erm( B) and mef genes, lane 8-9 ะ negative control (D .D .W ).

M 1 2 3 4 5  6 7 8  9 M

1,000 bp 

500 bp

100 bp

erm  (B) 639 bp

m e f  346 bp

Figure 26 R elationship  betw een erythrom ycin  susceptib ility  and m acrolide
resistance genes.

■  m e f  
B erm (B) 
m m e f  + erm (B)

MIC (pg/ml)



5 9

Table 10 Correlation between the resistance phenotypes and genotypes of 
erythromycin-resistant ร. p n eu m on iae  isolates.

Phenotypes No. of isolates Genotypes
erm  (B) m e f erm (B )+ m ef

cMLSb 96 95 0 1
îMLSb 0 0 0 0
M 112 0 112 0

INC ID EN C E OF M ACRO LIDE RESISTANC E M ECHANISM S  
O V ER  THE 5 YEAR STUDY PERIO D (2003-2007)

The distribution o f  m acrolide resistance m ech an ism s am ong erythrom ycin- 
resistant iso la tes o f  ร. p n e u m o n ia e  co llec ted  during years 2003  to 2 0 0 7  o f  the study 
is sh o w n  in  F igu re  2 7 . T h e in c id en ce  o f  m e /-p o s it iv e  ร. p n e u m o n ia e  iso la tes  
changed  from  48 .15%  (2 0 0 3 ) to 70.27%  (2 0 0 7 ). H ow ever, data from  Y ear 2005- 
2 007  sh o w  that m ef-p o sitiv e  w as con sisten tly  the m ost exp ressed  genotype w hereas 
the in c id en ce  o f  erm  (B )-p o sitiv e  ร. p n e u m o n ia e  variable changed  from 2003  to 
2 0 0 7  w e r e  5 1 .8 5 % , 5 7 .1 4 % , 3 8 .8 8 % , 4 6 .1 5 %  an d  2 9 .7 3 % , r e s p e c t iv e ly .  
ร. p n e u m o n ia e  strains exp ressin g  erm  (B ) gene exh ib ited  a h igh lev e l resistance to 
erythrom ycin  (M IC  > 5 1 2  p g /m l) w hereas ร. p n e u m o n ia e  iso la tes expressing  m e f  
gen otyp e exh ib ited  a low  lev e l resistance to erythrom ycin  (M IC  range 1-16 pg/m l). 
O nly o n e  iso la tes (2 .77% ) from  2005  carried dual erm  (B ) and m e f  m echanism s o f  
m acrolide resistance, d isp layed  high lev e l resistance to erythrom ycin  and resistance  
to clarithrom ycin  (M IC  > 5 1 2  p g/m l)
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Figure 27 Prevalence of erythromycin resistance mechanism in 
ร. pn eu m on iae  isolated from 2003 to 2007. Black shading represents isolates 
with a m e f  genotype, dark pattern represents isolates with an erm  (B) genotype 
and light grey shading represents isolates with both erm  (B) and m e f  genes.

m m e f  
m erm (B)
0 m ef+ erm (B)

2003 2004 2005 2006 2007 Year
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5. D ETER M IN A TIO N  OF M E F  GENE TYPE B Y  PCR-RFLP

D eterm ina tion  o f  mef gene type was perform ed b y  PC R -R FLP in  112 

ร. pneumoniae isolates carrying mef genes. BamRI and Drall were used to restrict 

mef amplicons (346 bp). The mef (A ) amplicon contains one BamRI site, so 

restriction generates tw o fragments o f  64 and 282 bp whereas the mef (E) amplicon 

contains no BamRI restriction site (Figure 28). RFLP analysis w ith  BamRI revealed 

that a ll 112 mef gene amplicons were not cut by BamRI. Therefore, a ll isolates 

tested carried mef (E) genes. As mef (E) amplicon contains one Drall, restriction 

analysis w ith  Drall confirm ed the results by generating 2 fragments o f  112 and 234 

bp. (Figure 29).

Figure 28 Agarose gel electrophoresis of m e f  amplicon restricted with 
restriction enzyme B am R I. M ะ 100 bp marker, lanel-3 ะ macrolide-resistant 
strains carrying m e f  (A) gene (pre-cut), lane4-6 ะ macrolide-resistant strain 
carrying m e f  (A) gene cut by B am R I.

too bp 64 bp
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Figure 29 Restriction analysis of m e f  amplicon by D r a ll . M ะ 100 bp 
marker, lanel-3 ะ m e f  (E) amplicon gene (pre-cut), Iane4-6 ะ m e f  (E) amplicon 
cut by D r a ll , one D r a ll  site, generating two fragments of 112 and 234 bp.

M 1 2 3 4 5 6 7

346 bp 
234 bp 
112 bp



63

6. D ETER M IN A TIO N  OF M ACRO LIDE EFFLUX IN  
ร'. P N E U M O N I A E

The a c tiv ity  o f  e fflu x  pumps was tested by erythrom ycin agar d ilu tion  in  the 

presence or absence o f  CCCP. A  four-fo ld  d im ination M IC  in  the presence o f  

CCCP was considered positive fo r macrolide e fflux  pump.

There were 112 mef (E)-carrying ร. pneumoniae isolates w ith  erythrom ycin 

M IC  range o f  1 to 16 (Ig/m l. CCCP could reduce M IC  o f  erythromycin-resistant 

ร. pneumoniae fo r a ll strains when compared w ith  the M IC  when CCCP was absent 

erythromycin. The CCCP did not affect the M IC  o f  erythrom ycin in  the isolate 

carring either both mef and erm (B ) genes or erm (B ) alone and erythrom ycin- 

susceptible strains. The results are shown in  Table 11. E rythrom ycin  M IC  was 

decreased 6-9 fo ld  in  the presence o f  CCCP in  a ll 112 rnef-carrying ร. pneumoniae 
isolates. The data indicate that mef (E)-carrying ร. pneumoniae had macrolide 

efflux pump. The effect o f  CCCP on 112 erythromycin-resistant ร. pneumoniae 
isolates are shown in  Appendix V .

Table 11 The effect of macrolide efflux inhibitor (CCCP) on 112 erythromycin-
resistant strains carrying m e f  gene.

A ntib io tic  N o .o f fo ld  % (ท) M IC  range (pg /m l)

Decreased w ithou t CCCP w ith  CCCP

Erythrom ycin 6 8.92(10) 1-4 0.015-0.0625

7 29.46(33) 2-8 0.015-0.0625

8 32.16(36) 4-8 0.015-0.03125

9 29.46(33) 2-16 0.015-0.03125
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7. ANALYSIS OF ENTIRE M E F  (E) AND ENTIRE M E L  GENES  
BY PCR AND SEQ UENCING

Ten M-phenotype ร. pneumoniae isolates containing mef (E) gene (SP47-22, 

SP 47-27, SP48-58, SP49-2, SP49-25, SP49-54, SP49-68, SP50-19, SP50-24 and 

SP50-30), w ith  d iffe re n t M IC  leve l (M IC  range 1-16 p g /m l) were random ly  

selected fo r sequencing analysis o f  entire genes. The entire mef (E) and entire mel 
PCR products were 1,646 bp and 1,955 bp, respec tive ly  (F igu re  30). D N A  

sequences were analyzed b y  the so ftw are  ava ilab le  ove r the in te rne t at the 

National Center fo r B iotechnology Inform ation (http;//www.ncbi.nlm.nih.gov/BLAST) 

and ExPASy (www.expasy.org/), M u ltip le  sequence alignment o f  sequences were 

analyzed by M u lta lin  (http ://b io in fo .genopoletou louse.prd.ff/m ulta lin/m ulta lin .htm ) 

and B ioed it program.

D N A  sequence analysis o f  a 1,646-bp fragment revealed an open reading 

frame o f  1,218 bp, encoding 405 amino acid proteins. There were no nucleotide 

changes in  the entire mef (E) in  any 10 M-phenotype isolates (F igure 31-32). They 

shared 100% nucleotide and amino acid sequences id e n tity  w ith  the published 

sequence o f  mef gene in  ร. pneumoniae (accession no. AF274302, U83667 and 

AF376746). Furthermore, our result showed that they were 100% nucleotide and 

amino acid sequenucS'identity w ith  those o f  ร. salivarius (accession no. A J318993). 

ร. aureus (accession no. AY064721), ร. intermedius (accession no. AY064722), 

ร. agalactiae (accession no. DQ445273) ■ viridans streptococcus (accession no. 

EF042094). The mef (E) gene shared 99% nucleotide and amino acid sequences to 

those o f  N. gonorrhoeae (accession no. A Y 3 19932) and 90% nucleotide sequences 

identity and 88% amino acid sequences w ith  those o f  ร. pyogenes, (accession no. 

AY445042, AY657002 and AF227521).

D N A  sequence analysis o f  a 1,955-bp fragment revealed an open reading 

frame o f  1,464 bp, encoding a 487 amino acid proteins. There were no nucleotide 

changes in  the entire mel gene in  any 10 M -phenotype isolates (F igure 33-34). They 

shared 100% nucleotide and am ino acid sequences id e n tity  w ith  the published 

sequence o f  mel gene in  ร. pneumoniae (accession no. AF274302 and AF376746).

http://www.ncbi.nlm.nih.gov/BLAST
http://www.expasy.org/
http://bioinfo.genopoletoulouse.prd.ff/multalin/multalin.htm
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ร. salivarius (accession no. A J3 18993) and viridans streptococcus (EF042094). 

Moreover, mel sequence are 99% nucleotide and amino acid sequences identity  

w ith  mel in  T n2010 in  ร. pneumoniae (accession no. A B 4 2 66 2 6 ) and 97% 

nucleotide and am ino acid sequences w ith  mel in  ร. pyogenes (accession no. 

AF227521, AY657002, AY445042). A  119 bp mef-mel intergenic region was found 

to be 100% nucleotide and amino acid sequences identity  to those o f  ร. pneumoniae 
(accession no. A F 2 7 4 3 0 2 ), ร. pneumoniae (accession  no. A F 3 7 6 7 4 6 ) and 

ร. salivarius (accession no. A J3 18993). In  this study, we d id  not find  any isolates 

w ith  the 99-bp deletion in  mef (E) and mel intergenic region. The results are showed 

in  Figure 35-36.

A  630 bp upstream region o f  mef (E) was compared w ith  the published 

sequences o f  mega (accession no. AF274302). There were 23 nucleotide changes in  

upstream region o f  mef (E), a single T  to c  substitution at position -31, T  to G 

substitution at position -54, T  deletion at position -63, A  to T  substitution at 

position -78, T  to G substitution at position -81, A  to G substitution at position -82, 

a 16 bp deletion at position -155 and T  to A  substitution at position -345 (Figure 37). 

M-phenotype ร. pneumoniae o f  the 10 isolates, a ll 22 nucleotide changes but four 

isolates had an additional T  to A  substitution at position -345 (M IC  range 2 16 

pg/m l). The results are showed in  Table 12.
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F igure  30 Agarose gel electrophoresis o f  upstream region o f  m e f  (E) (630 

bp), entire m e f ( E) gene (1,646 bp) and entire m e l  gene (1,955 bp). M  ะ 100 bp plus 

marker, lanel-2  ะ me/(E)-upsream, lane 3-4 ะ entire m ef{E) gene, lane 5-6 : entire 

m el gene, lane 7: negative contro l (D .D.W ).

M l  2 3 4 5 6 7 M

3.000 bp 
1,500 bp
1.000 bp

500 bp

100 bp

1,955 bp
(entire m e l  gene) 
1,646 bp
(entire m e f  gene) 

630 bp
(upstream region 
m e f  gene)
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Figure 31 Multiple amino acid 

10 พ ^/-positive ร. pneum oniae  
(SP.AF274302) in GenBank.

sequence

isolates

alignment o f entire 

with those from

M ef protein from 

ร. pneum oniae

1 7 0
SP.AF274302 MEKYNNWKRK FYAIWAGQAV SLITSAILQM A IIFYLTEKT GSAMVLSMAS LVGFLPYAIL GPAIGVLVDR

SP47-22 ................................. โ . .  ............โ ........................................................................................
SP50-30 ....................................................................................................................................................
SP50-24 ....................................................................................................................................................
SP50-19 ....................................................................................................................................................
SP49-68 ....................................................................................................................................................
SP49-54 ....................................................................................................................................................
SP49-25 ....................................................................................................................................................
SP49-2 ....................................................................................................................................................

SP48-58 ....................................................................................................................................................
SP47-27 ....................................................................................................................................................

Consensus ....................................................................................................................................................
71 140

SP.AF274302 HDRKKIMIGA DLIIAAAGAV LAIVAFCMEL PVWMIMIVLF IRSIGTAFHT PALNAVTPLL VPEEQLTKCA
SP47-22 ........................................................................................................................................ โ .........
SP50-30 .................................  .. . . . . . . . . . .  . . . . . . . . . .  ...........................................................
SP50-24 ....................................................................................................................................................
SP50-19 ....................................................................................................................................................
SP49-68 ................................ .......... ...............  . . .  . . .......... ........................................
SP49-54 ....................................................................................................................................................
SP49-25 ................................ .......... .. . ..........  .............. . ................  ..........  ..........
SP49-2 . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

SP48-58 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP47-27 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

Consensus ....................................................................................................................................................
141 210

SP.AF274302 GYSQSLQSIS YIVSPAVAAL LYSVWDLNAI IAIDVLGAVI ASITVAIVRI PKLGNQVQSL EPNFIREMKE
SP47-22 . . . โ . . โ ............................................................. ..................................... . . โ . โ .........................
SP50-30 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-24 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-19 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-68 . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP4 9-54 . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-25 . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-2 .................. . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

SP48-58 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP47-27 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

Consensus ....................................................................................................................................................
211 280 

SP.AF274302 GVWLRQNKG LFALLLLGTL YTFVYMPINA LFPLISMEHF NGTPVHISIT EISFAFGMLA GGLLLGRLGG
SP4 7-22 ..........โ..................................................................................................  . . . . . .  . . . . .
SP50-30 . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-24 ..................... . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-19 ............................... . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-68 . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-54 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP4 9-25 . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-2 ....... .........................  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

SP48-58 . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP47-27 . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

Consensus ....................................................................................................................................................
281 350

SP.AF274302 FEKHVLLITS SFFIMGTSLA VSGILPPNGF VIFWCCAIM GLSVPFYSGV QTALFQEKIK PEYLGRVFSL
SP4 7-22 ...................................................................................  . ........ . . โ . . . . โ . . .  . . โ . . .
SP50-30 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-24 ............ . . . . . . . . .  . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-19 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP4 9-68 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP4 9-54 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-25 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-2 . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

SP48-58 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP47-27 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

Consensus ....................................................................................................................................................
351 405

SP.AF274302 IGSIMSLAMP IGLILSGFFA DKIGVNHWFL LSGILIIGIA IVCQMITEVR KLDLK
SP47-22 .............................................................................................โ................
SP50-30 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . .
SP50-24 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . .
SP50-19 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . .
SP49-68 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . .
SP49-54 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . .
SP49-25 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . .
SP49-2 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . .

SP48-58 . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . .
SP47-27 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . .

Consensus .....................................................................................................................
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Figure 32 M u ltip le  amino acid sequence alignment o f  M e f protein from 

ร. pneum oniae  (SP.AF274302) and those from ร. pyo g en es  (SY.AF445042, 

SY.AY657002 and SY.AB227521), ร. sa livarius  (SS.AJ318993), viridans 

streptococcus (SV.EF042094) and ร. pneum oniae  (SP.AF376746).

SP.AF274302
SP.AF376746

1
MEKYNNWKRK FYAIWAGQAV SLITSAILQM AIIFYLTEKT GSAMVLSMAS LVGFLPYAIL

70
GPAIGVLVDR

sv!EF042094
Sy !aF445042 . .L • L____ .VF
SY.AY657002 . L..........VF
SY.AB227521 . L ..........VF
Consensus . V.......... ! 1

71 140
SP.AF274302 HDRKKIMIGA DLIIAAAGAV LAIVAFCMEL PVWMIMIVLF IRSIGTAFHT PALNAVTPLL VPEEQLTKCA
SS !AJ318993
SV.EF042094
SY.AF445042 ..............ร. . Y. . .
SY.AY657002
SY.AB227521
Consensus 1

141 210
SP.AF274302 GYSQSLQSIS YIVSPAVAAL LYSVWDLNAI IAIDVLGAVI ASITVAIVRI PKLGNQVQSL EPNFIREMKE
SP.AF376746
SS !AJ318993
SV.EF042094
Sy !AF445042 E. . . . . . . .  DR. . .  . D............Q.
SY.AY657002 E. . . . ___DR. . .  . D............Q.
SY.AB227521 . . . .  DR. . .  . D............Q.
Consensus #___ . . . . #q. . . . #............k.

211 280
SP.AF274302 GWVLRQNKG LFALLLLGTL YTFVYMPINA LFPLISMEHF NGTPVHISIT EISFAFGMLA GGLLLGRLGG
SP.AF376746
SS.AJ318993
SV.EF042094
SY.AF445042 .MA. . ..........V. . . .M ........DY. ........ร. . . I ..........LF.N
SY.AY657002 .MA. . ..........V. . . M ........DY. ........ร. . . I . . . . .  LF.N
SY.AB227521 .MA. . ..........V. . . M ........DY. ........ร. . . I ..........LF.N
Consensus . พ . . ..........1. . . ........#h. .......... r l . g

281 350
SP.AF274302 FEKHVLLITS SFFIMGTSLA VSGILPPNGF VIFWCCAIM GLSVPFYSGV QTALFQEKIK PEYLGRVFSL
SP.AF376746
SS.AJ318993
SV.EF042094
SY.AF445042 YQ.RT . . . .A . I .M .. I . .T I . L ■ QS. - F.
SY.AY657002 YQ . Ri . . . .A . I .M .. 1 . .T I . L .QS. . F.
SY.AB227521 YQ.RI A .I.M  . I T I . L .QS. . F.
Consensus %# .h! ■ pn. .

351 405
SP.AF274302 IGSIMSLAMP IGLILSGFFA DKIGVNHWFL LSGILIIGIA IVCQMITEVR KLDLK
SP.AF376746
SS.AJ318993
SV.EF042094
SY.AF445042 T. . . . ..........AL. . .R . T . . . c . . . . . P . . N . I .
SY.AY657002 T. . . . . . . . . . A L . . R T c. . . . .  P. .N . I .
SY.AB227521 T . . . . .  AL . R . T . . .C. . . . .  P .N . I .
Consensus i  . . . . ..........g f •. . k . i  g. . ■ q t .  !.
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Figure 33 M ultiple amino acid sequence alignment o f entire Mel protein 

from 10 me/-positive ร. pneum oniae  isolates with those from ร. pneum oniae  
(SP.AF274302) in GenBank.

1 70
SP.AF274302 MELILKAKDI RVEFKGRDVL DINELEVYDY DRIGLVGANG AGKSTLLRVL LGELTPPGCK MNRLGELAYI

SP47-22 . 77 . 7 . . . . .  . 7 . ...................................................................................................................
SP50-30 . . .  .........................................................................................................................
SP50-24 ....................................................................................................................................................
SP50-19 ....................................................................................................................................................
SP49-68 ....................................................................................................................................................
SP49-54 ....................................................................................................................................................
SP49-25 ...........................................................................................................................................
SP49-2 ....................................................................................................................................................

SP48-58 ................ .........................................................................................................................
SP47-27 ....................................................................................................................................................

Consensus ....................................................................................................................................................
71 140

SP.AF274302 PQLDEVTLQE EKDFALVGKL GVEQLNIQTM SGGEETRLKI AQALSAQVHG ILADEPTSHL DREGIDFLIG
SP47-22 .777โ . 7777 7 . 7 . . . . . . .  777. 7.. ....................  7 ___7.................................................
SP50-30 . . . . . . . . . .  .................. ...........................................................................................
SP50-24 ....................................................................................................................................................
SP50-19 . . . . . . . . . .  ................ .....................................................................................................
SP49-68 ....................................................................................................................................................
SP49-54 .............. ...........................................................................................................................
SP49-25 . .............. ...........................................................................................................................
SP49-2 ....................................................................................................................................................

SP48-58 .................. . ....................  ...........................................................................
SP47-27 . . . . ..........  .............................................................................................................................

Consensus ....................................................................................................................................................
141 210

ร.PAF27430 QLKYFTGALL VISHDRYFLD EIVDKIWELK DGKITEYWGN YSDYLRQKEE ERKSQAAEYE QFIAERARLE
SP47-22 .................................................................................................  7.............. 7........  7................
SP50-30 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . .  .................. . . . . . . . . . .  . . .  ........
SP50-24 . . . . . . . . . .  .............................................................
SP50-19 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  .................. . . .  ................
SP49-68 .................. . . . . . . . . . .  . . .....................................................
SP49-54 ....................................................................................................................................................
SP49-25 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . .  . . .  .................. ..........
SP49-2 . . . .  .................. ...........................................................................

SP48-58 . . . . . . . . . .  . . .  ....................................................................................
SP47-27 ....................................................................................................................................................

Consensus ....................................................................................................................................................
211 280 

SP.AF274302 RAAEEKRKQA RKIEQKAKGS SKKKSTEDGG RLAHQKSIGS KEKKMYNAAK TLEHRIAALG KVEAPEGIRR
SP47-22 .............. 7 ..........  7 ........................................ 7 .........................................................................
SP50-30 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  ..................  ..................
SP50-24 ...........................................  . . . . . . . . .  . . .  .................................... ..................................
SP50-19 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-68 . . . . . . . . .  . . . . . . . . .  . . . . .  . . . . . . . . . .  ..................  ..................
SP49-54 ............................ . . .  ............................  ........ ......................................
SP49-25 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-2 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

SP48-58 . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP47-27 . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  ..................

Consensus ....................................................................................................................................................  281 * * * * * * * * * * * *
281 350

SP.AF274302 IRFRQSKALE LHNPYPIVGA EINKVFGDKA LFENASFQIP LGAKVALTGG NGIGKTTLIQ MILNHEEGIS
SP47-22 ___7.....................................................7.................................. 7 ...................
SP50-30 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-24 .................. . . . . . . . . . .  . . . . . . . . . .  .................... . . . ............
SP50-19 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-68 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-54 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-25 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP4 9-2 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

SP48-58 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP47-27 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

Consensus ....................................................................................................................................................



351 420
SP.AF274 302 ISPKAKIGYF AQNGYKYNSN QNVMEFMQKD CDYNISEIRS VLASMGFKQN DIGKSLSVLS GGEIIKLLLA

SP47-22 . . . . . . . . . .  . โ . . .  โ ..........โ ...........................................โ.............................................
SP50-30 ....................................................................................................................................................
SP50-24 ....................................................................................................................................................
SP50-19 ....................................................................................................................................................
SP49-68 ....................................................................................................................................................
SP49-54 ....................................................................................................................................................
SP49-25 ....................................................................................................................................................
SP49-2 ....................................................................................................................................................

SP48-58 ....................................................................................................................................................
SP47-27 ....................................................................................................................................................

Consensus ....................................................................................................................................................  421
421 487

SP.AF274302 KMLMGRYNIL IMDEPSNFLD IPSLEALEIL MKEYTGTIVF ITHDKRLLEN VADWYEIRD KKINLKH
SP47-22 . . . .  .....................................................................................................................................
SP50-30 ..............................................................................................................................................
SP50-24 ..............................................................................................................................................
SP50-19 ..............................................................................................................................................
SP49-68 ..............................................................................................................................................
SP49-54 ..............................................................................................................................................
SP49-25 ..............................................................................................................................................
SP49-2 ..............................................................................................................................................

SP48-58 ..............................................................................................................................................
SP47-27 ..............................................................................................................................................

Consensus ..............................................................................................................................................
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Figure 34 M ultiple amino acid sequence alignment o f Mel protein from 

ร. pneum oniae  (SP.AF274302) and those from ร. pyo g en es  (SY.AF445042, 

SY.AY657002 and SY.AB227521), ร. sa livarius  (SS.AJ318993), viridans 

streptococcus (SV.EF042094) and those o f ร. pneum oniae  (SP.AF376746 and 

SP.AB426626).

1 70
SP.AF274302 MELILKAKDI RVEFKGRDVL DINELEVYDY DRIGLVGANG AGKSTLLRVL LGELTPPGCK MNRLGELAYI
SP.AF376746 ....................................................................................................................................................
SS.AJ318993 ....................................................................................................................................................
SV.EF042094 ....................................................................................................................................................
SP.AB426626 ................ ...............................................................................................................................
SY.AF227521 
SY.AY657002 
SY.AY445042 
Consensus

ร. . . 
ร. . . 
ร. . .

. . H..........................

. . H..........................
. . . H..........................

. h. .

............................... FK. . .

. . . . . . . . . .  . . . . . . FK. . .

................................ FK.. .
. . fk.  . .

. . .  I . . .  . 

. . .  I . . .  . 

. . .  I ___
. . . H............
. . . H............
. . . H............
. . . h............

71 140
SP.AF274302 PQLDEVTLQE EKDFALVGKL GVEQLNIQTM SGGEETRLKI AQALSAQVHG ILADEPTSHL DREGIDFLIG
SP.AF376746
SS.AJ318993 
SV.EF042094 
SP.AB426626 
SY.AF227521 
SY.AY657002 
SY.AY445042
Consensus

ร. PAF274302 
ร. PAF37674 6 
ร.SAJ318993 
ร.VEF042094 
ร .PAB426626 
S.YAF227521 
ร .YAY657002 
ร .YAY445042

141 210
QLKYFTGALL V ISHDRYFLD EIVDKIWELK DGKITEYWGN YSDYLRQKEE ERKSQAAEYE QFIAERARLE

R
R
R

Consensus .................................................................................................................r
211 280

SP.AF274302 
SP.AF376746 
SS.AJ318993 
SV.EF042094 
SP.AB426626 
SY.AF227521 
SY.AY657002 
SY.AY445042
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SKKKSTEDGG

............G. .

............G. .

............G. .

RLAHQKSIGS KEKKMYNAAK TLEHRIAALG

........H. . . . S. .N...........

........H. . . . S. .N...........

........H. . . . S. .N...........

KVEAPEGIRR

SP.AF274302
281
IRFRQSKALE LHNPYPIVGA EINKVFGDKA LFENASFQIP LGAKVALTGG NGIGKTTLIQ

350
MILNHEEGIS

SP.AF3767 4 6
SS.AJ318993 
SV.EF042094
SP.AB426626 ........................... X......................................................................................................................
SY AF227521 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . T . . . . . . .  . . . . . . . . . .
SY.AY657002 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . T . . . . . . .  . . . . . . . . . .
SY.AY445042 ...................  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . T.............  ..................
Consensus ............................y ................................................................................ t ...................................

351 420
SP.AF274 302 ISPKAKIGYF AQNGYKYNSN QNVMEFMQKD CDYNISEIRS VLASMGFKQN DIGKSLSVLS GGEIIKLLLA
SP.AF376746 ..............................................................................................................................................
SS.AJ318993 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . .
SV.EF042094 ................  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . .
SP.AB426626 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . .
SY.AF227521 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . .
SY.AY657002 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . .
SY.AY445042 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . .
Consensus ..............................................................................................................................................

421 487
SP.AF274302 KMLMGRYNIL IMDEPSNFLD IPSLEALEIL MKEYTGTIVF ITHDKRLLEN VADWYEIRD KKINLKH 
SP.AF376746 ..............................................................................................................................................cc 7\.7ว 1 OQQl
SV ! EF042094 ’ ^ ’ ’ ’ ’ ’ ’ ’ ^ ' ’ ^ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ' ^ ' ’
SP.AB426626 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . .
SY.AF227521 ...................................................................................................................................... K
SY.AY657002 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . .K
SY.AY445042 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . .K
Consensus ...................................................................................................................................... k
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Figure 35 M ultip le nucleotide sequence alignment o f m ef-m el intergenic region 

o f 10 ร. pneum oniae  isolates with those from ร. pneum oniae  (SP.AF274302) in 

GenBank.

1 70
SP.AF274302 CTGGATTCTT TGCTGATAAA ATCGGTGTAA ATCATTGGTT TTTACTATCA GGTATTTTAA TTATTGGCAT

SP47-22 ........ . .......................... .................................................................................................
SP50-30 ....................................................................................................................................................
SP50-24 ....................................................................................................................................................
SP50-19 ....................................................................................................................................................
SP49-68 ....................................................................................................................................................
SP49-54 ....................................................................................................................................................
SP49-25 ..................................................................................................................................................
SP49-2 ....................................................................................................................................................

SP48-58 ....................................................................................................................................................
SP47-27 ....................................................................................................................................................

Consensus ....................................................................................................................................................
71 140

SP.AF274302 TGCTATAGTT TGCCAAATGA TAACTGAGGT TAGAAAATTA GATTTAAAAT AAACAATATT GGAGGAATAT
SP47-22 ....................................................................................................................................................
SP50-30 ....................................................................................................................................................
SP50-24 ....................................................................................................................................................
SP50-19 ....................................................................................................................................................
SP49-68 .................. ...... ...................................................................................................................
SP49-54 ....................................................................................................................................................
SP49-25 ................................ ..........................................  .......................... . . ..........................
SP49-2 .................. ........ .........

SP48-58 ................ . . . . . .................. .............................  .............................................................
SP47-27 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

Consensus ....................................................................................................................................................
141 210

SP.AF274302 TTATGTATCT TATTTTCATG TAACTCTTCC TGCTAAAATC GCAGGGTTTT CCCTGCATAC AAGCAAATGA
SP47-22 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . ____ . ......................  . . .  . . ............
SP50-30 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-24 . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-19 .......... . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-68 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-54 ................................  . . . . . . . . . . .  . . . . . . . . . .    . . .
SP49-25 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-2 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

SP48-58 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP47-27 ..................  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . .

Consensus ....................................................................................................................................................
211 280

SP.AF274302 AAGCATGCGA TTATAGACAG GAGGAAATGT TATGGAATTA ATATTAAAAG CAAAAGACAT TCGTGTGGAA
SP47-22 ..................................................................................................................... ............  ............
SP50-30 .............................................................  . . . . . . . . . .  . . . .
SP50-24   . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-19 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-68 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-54   . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-25 . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-2 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

SP48-58 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP47-27 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

Consensus ....................................................................................................................................................  281
281 350

SP.AF274302 TTCAAAGGAC GCGATGTTTT AGATATAAAT GAATTAGAAG TATATGATTA TGACCGTATT GGTTTAGTAG
SP47-22 ................................................................................. . .................. . . . . . . . . . .  . . . . . . .
SP50-30 . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-24   . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP50-19 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-68 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-54 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-25 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP49-2 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

SP48-58 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .
SP47-27 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .

Consensus ....................................................................................................................................................
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Figure 36 Multip le nucleotide sequence alignment o f m ef-m el intergenic region 

from ร. pneum oniae  (SP.AF274302) with those from ร. sa livarius (SS.AJ318993), 

viridans streptococcus (SV.EF042094) and ร. pneum oniae  (SP.AF376746).

(letters in red ; m e f  gene, letters in violet ; m el gene, letters in blue ; m ef-m el 
intergenic region and - ; 99 bp deletion).

SP.AF274302 
SP.AF376746 
SS.AJ318993 
SV.EF042094
Consensus

1 70
CTGGATTCTT TGCTGATAAA ATCGGTGTAA ATCATTGGTT TTTACTATCA GGTATTTTAA TTATTGGCAT

71 Stop codon of m e f  g e n e  140
SP.AF274302 TGCTATAGTT TGCCAAATGA TAACTGAGGT TAGAAAATTA GATTTAAAAT AAACAATATT GGAGGAATAT
SP.AF376746 ....................................................................................................................................................
SS.AJ318993 ....................................................................................................................................................
SV.EF042094 .............................................................................................................................................. ......
Consensus ............................................................................................................................................... ta t

141 210
SP.AF274302 TTATGTATCT TATTTTCATG TAACTCTTCC TGCTAAAATC GCAGGGTTTT CCCTGCATAC AAGCAAATGA
SP.AF376746 . . . . . . . . . .  ............ . . . . . . . . . .  ................ .. ..............................................................
SS.AJ318993 . . . . . . . . . .  .................. ..............  ............................................
SV.EF042094 - - - - - - - - - -  ————— ————— ----------------------------------------------------------------------
Consensus t ta tg ta tc t  ta t t t tc a tg  ta a c tc ttc c  tgctaaaatc gcagggtttt ccctgcatac aagcaaatga

211 Start codon of m e l gene 280
SP.AF274302 AAGCATGCGA TTATAGACAG GAGGAAATG: TAAAJAATTA A7ATTAAAAG CAAAAGACAT T
SP.AF376746 ....................................................................................................................................................
SS.AJ318993 . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  ...................  . . .SV.EF042094 ————— ————— ——— .............................................................................................
Consensus aagcatgcga ttatagacag gaggaa.............................................................................................



T a b l e  1 2  N u c l e o t i d e  s e q u e n c e  c h a n g e s  in  u p s t r e a m  o f  m e f  g e n e  in  m a c r o l i d e - r e s i s t a n t  ร .  p n e u m o n i a e  i s o l a t e s .

Strains MICs pg/ml **Nucleotide sequence change at position ะ
-31 -54 -63 -78 -81 -82 -155 -345

Reference stra in
ร . pneumoniae 4 T T T A T A ACCTTTAT T
*(accession no.AF274302) — • ฯ TT A ACT AT( 16bp)
SP47-22 16 c G - T G G - A
SP47-27 16 c G - T G G - A
SP49-68 2 c G - T G G - A
SP49-2 8 c G - T G G - A
SP48-58 4 c G - T G G - T
SP49-25 2 c G - T G G - T
SP50-30 2 c G - T G G - T
SP50-24 1 c G - T G G - T
SP50-19 4 c G - T G G - T
SP49-54 2 c G - T G G - T

* ; GencBank accession no.AF274302, SP ; ร. p n eu m o n ia e  , - ; deletion, ** ; Position relative to the start site of m e f  (E) gene.
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F ig u r e  3 7  Multiple nucleotide sequence alignment o f upstream o f m e f  gene 

from 10 m ef-positive ร. pneum oniae  isolates with those o f  ร. pneum oniae  
(SP.AF274302 and SP.AF376746), ร. sa livarius  (SS.AJ318993) and viridans 

streptococcus (SV.EF042094).

AF274302
AF376746
AJ318993
EF042094

10SP
Consensus

4
-345

TTGAACATAT CATCTTGTTG TGTTATACTA TAÀATTGATA TAAACAAAGA TGTAGGAGGA ACCGAAACTA TGACAGCCTC AATGCGTTTA AGATAAGCTG

A
t .

AF274302 GCAATAAAAA AAGCAGAATC TATACCCGAT GATAGGCTTT TTTGTTGTGC TTATTTATAC GATATTGAGC ATTCATTAGT TACGGTGAGG ATATTGGTTA
AF376746 ..................... . . . .  . . . . . . . . . .  . . . . . . . .  .............................................................................................................
AJ318993 .......................................................................................................................................................................................
EF042094 .......................................................................................................................................................................................

10SP .......................................................................................................................................................................................
Consensus .......................................................................................................................................................................................

£  -155 -82,-81 £
ÀF274302 TTTAACTATA CCTTTATTTA ACTATACCTT TATTTAACTA 1GTCTTTAAT ATGAATGTTT CCAAATTGTA TGTATGCAGA CCAAAAGCCA CATTGTGGAT
AF376746    GG
AJ318993    GG
EF042094  GG

10SP ...............       GG
Consensus .................................................................................................................................................................................... gg

AF274302
AP376746
AJ318993
EF042094

10SP
Consensus

f  11:78 5 JL 2  4  -54 . 4TTAGGCCTGC ATTTTTTTAT TGCCTATAAT GCTATTCAAA ATAGAÀATTT
. .T........................ - ..............G........................................ C
. .T........................ - ..............G........................................ C
. .T........................ - ..............G........................................ C
. .T........................ - ..............G........................................ C
. . t ...................................................g ..................................................c

AAGCAAAATA ÀTATGCAGGA GATAATATAA ATGG&AAAT ACAACAATTG

Start codon of m e f ( E) gene
AF274302 GAAACGAAAA TTTTATGCAA TATGGGCAGG GCAÀGCAGTA TCATTAATCA CTAGTGCCAT CCTGCAAATG GCGATTATTT TTTAC(TTAC AGAAAAAACA
AF376746 .......................................................................................................................................................................................
AJ318993 .......................................................................................................................................................................................
EF042094 .......................................................................................................................................................................................

1081?Consensus

A b b r e v ia t io n s  : A , a d e n in e  ; c, c y to s in e  ; G , g u a n in e  ; T , th y m in e  ; 1 0 S P , 10  
M -p h e n o ty p e  ร . p n e u m o n ia e .
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