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◊✲ᡂᯝࡢᴫせ㸦࿴ᩥ㸧㸸 
 ᮏ◊✲࡟✲◊ࡢ࣒ࣝ࢕ࣇ࢜࢖ࣂࡿࡼ࡟⳦⌫⅖⫵ࠊ࡚࠸࠾࡟㐺ษ࡞ほᐹࡋ❧☜ࢆ࣒ࢸࢫࢩ
ඹ↔Ⅼࣞࠊ࡟᫬ྠࠊࡋẚ㍑ࢆ⬟⏕⏘࣒ࣝ࢕ࣇ࢜࢖ࣂࡿࡼ࡟ᶆ‽ᰴࡧᗋศ㞳ᰴཬ⮫ࠊ࡛ୖࡓ
meropenem (MEPM)ࠊࡓࡲࠋࡓࡋほᐹࢆᙧែࡢ࣒ࣝ࢕ࣇ࢜࢖ࣂࠊ࡚࠸⏝ࢆ㢧ᚤ㙾࣮ࢨ࣮
TIGR4ࠊࡾࡼ࡟ῧຍࡢ ᰴ࡟ᑐࠊ࡚ࡋPlanktonic ≧ែཬࡿࡅ࠾࡟࣒ࣝ࢕ࣇ࢜࢖ࣂࡧ୺せ࡞
⸆๣⪏ᛶࠊ⑓ཎᛶཬࡧ௜╔ᅉᏊ࡟㛵ࡿࡍ㑇ఏᏊࡢⓎ⌧ࢆ ᐃࠊ࡟ࡽࡉࠋࡓࡋᢠ⏕๣ࢆᮍᢞ
୚᫬ྠࠊ࡚࠸࠾࡟ᵝ࡞᪉ἲ࡚࡟ ᐃྛࡓࢀࡉ㑇ఏᏊࡢⓎ⌧࡜ẚ㍑ࠊࡋ⤖ᯝࠊ࡚ࡋ࡜MEPM
ᢞ୚ᚋ୍ࡿࡅ࠾࡟࣒ࣝ࢕ࣇ࢜࢖ࣂࠊ㒊ࡢ⑓ཎᅉᏊࡸ⸆๣⪏ᛶ㑇ఏᏊࡢⓎ⌧ࡀቑຍࡓ࠸࡚ࡋ
  ࠋࡓࢀࡉ၀♧ࡀ࡜ࡇ
◊✲ᡂᯝࡢᴫせ㸦ⱥᩥ㸧㸸 
There is still limited information about biofilm formed by Streptococcus pneumoniae, 
as well as the treatment of biofilm diseases is also controversial. To evaluate the 
characteristics of S. pneumoniae biofilm, we conducted the following study. A new 
system was designed to investigate the formation of S. pneumoniae biofilm, which 
includes newly defined biofilm culture condition, biofilm microtiter assay, and the 
utilities of confocal laser scanning microscopy (CLSM) and scanning electron 
microscope (SEM). We detected the varieties of S. pneumoniae biofilm existed in the 
strains with different serotypes and antimicrobial susceptibilities. We also 
investigated the in vitro expression of genes relevant to antimicrobial resistance, 
pathogenicity and adherence in the planktonic or biofilm condition, with or without 
antibiotic treatment (meropenem) for TIGR4 strain. As a result, the higher expression 
of genes relevant to antimicrobial resistance and pathogenicity was detected in the 
biofilm condition after meropenem treated. In this study, we designed a new biofilm 
observation system, and our data indicated that S. pneumoniae is capable to produce 
biofilm, and many factors such as serotypes, and antimicrobial susceptibilities 
especially when S. pneumonia is under antibiotics treatment may affect the biofilm 
formation. All these findings are supposed to be a part of new evidences to establish an 
effective biofilm diseases treatment strategy. 
 
஺௜Ỵᐃ㢠 
                               㸦㔠㢠༢఩㸸෇㸧 

 ┤᥋⤒㈝ 㛫᥋⤒㈝ ྜ ィ 

2009 ᖺᗘ 1,200,000 360,000 1,560,000 

2010 ᖺᗘ 1,000,000 300,000 1,300,000 

2011 ᖺᗘ 1,100,000 330,000 1,430,000 

ᖺᗘ    

  ᖺᗘ    

⥲ ィ 3,300,000 990,000 4,290,000 

ᶵ㛵␒ྕ㸸㸱㸵㸯㸮㸲 

◊✲✀┠㸸ᇶ┙◊✲㸦C㸧           

◊✲ᮇ㛫㸸2009 ᖺᗘ㹼2011 ᖺᗘ   

ㄢ㢟␒ྕ㸸㸰㸯㸳㸷㸯㸱㸮㸳 

◊✲ㄢ㢟ྡ㸦࿴ᩥ㸧  

⫵⅖⌫⳦ឤᰁ⑕㞴἞໬ࡢせᅉ࡜࣒ࣝ࢕ࣇ࢜࢖ࣂࡢ࡚ࡋ࡜἞⒪ᡓ␎     

◊✲ㄢ㢟ྡ㸦ⱥᩥ㸧  

Study for biofilm formed by Streptococcus pneumoniae and the treatment strategy 
◊✲௦⾲⪅ 

   Ώ㑔 ᾈ㸦Hiroshi Watanabe㸧 

     ஂ␃⡿኱Ꮫ࣭་Ꮫ㒊࣭ᩍᤵ 

 ◊✲⪅␒ྕ㸸㸷㸮㸰㸷㸳㸮㸶㸮 

 



 
 
◊✲ศ㔝㸸་ṑ⸆Ꮫ 
 ศ⛉࣭⣽┠㸸ෆ⛉⣔⮫ᗋ་Ꮫ࣭ឤᰁ⑕ෆ⛉Ꮫࡢ㈝◊⛉
 㞴἞ᛶឤᰁ⑕ࠊ࣒ࣝ࢕ࣇ࢜࢖ࣂࠊ⳦⌫⅖⫵㸸ࢻ࣮࣮࣡࢟
 
㸯㸬◊✲㛤ጞᙜึࡢ⫼ᬒ 
 ㏆ᖺࠊ⮫ᗋୖၥ㢟ࡿ࡞࡜ከࡢࡃ㞴἞ᛶឤᰁ
⑕ࡀ࣒ࣝ࢕ࣇ࢜࢖ࣂ࡟㛵ಀ࡜ࡿ࠸࡚ࡋゝࢃ
࡟ᵝࡿࢀࢃ⾜ࡀ✲◊࡞ࠎᵝࠊࡾ࡞࡟࠺ࡼࡿࢀ
ࡲࢀࡇࠊࡣ࡚࠸࠾࡟⳦⮋⥳ࡅࢃࡾ࡜ࠋࡓࡗ࡞
࡛ヲ⣽ࡢࡑࠊࡢࡢࡶࡿ࠸࡚ࢀࡉ࡞ࡀ✲◊࡞௚
᭱ࠋ࠸ከࡀ㒊ศ࡞୙᫂ࡔࡲࡣ࡚࠸ࡘ࡟✀⳦ࡢ
㏆ࠊேୖࡢẼ㐨࡟ᖖᅾࠊࡋ᫬࡟୰⪥⅖ࡢ࡝࡞
⪥㰯ဗႃ⛉㡿ᇦឤᰁ⑕ࠊ㧊⭷⅖ࠊୗẼ㐨ឤᰁ
⑕ࢆᘬࡁ㉳ྠ࡜➼⳦⮋⥳ࡀ⳦⌫⅖⫵ࡍࡇᵝ
ࡉሗ࿌ࡀ࡜ࡇࡿࡍ⏕⏘ࢆ࣒ࣝ࢕ࣇ࢜࢖ࣂ࡟
ࡀ⳦ࢨ࢚ࣥࣝࣇࣥ࢖ࠊ㏆ᖺࡣࠎᡃࠋࡓࡁ࡚ࢀ
ேẼ㐨ୖ⓶⣽⬊ୖࡸ㰘⭷࢕ࣇ࢜࢖ࣂ࡛࡝࡞
ࣥ࢖ࠊᅾ⌧ࠋࡓࡋሗ࿌ࢆ࡜ࡇࡿࡍ⏕⏘ࢆ࣒ࣝ
ቑຍഴࡀ⳦ᛶ⪏ࡣ⳦⌫⅖⫵ࡸ⳦ࢨ࢚ࣥࣝࣇ
࡜ၥ㢟ࡀቑຍࡢ㞴἞౛ࡶ࡟ᗋⓗ⮫ࠊࡾ࠶࡛ྥ
๣⪏ᛶ⸆࡚ࡋ࡜せᅉࡢ㞴἞໬ࠊࡀࡿ࠸࡚ࡗ࡞
࡚ࡋᗘ㛵୚⛬ࡢ࡝ࡀ࣒ࣝ࢕ࣇ࢜࢖ࣂ࠼ຍ࡟
ࡢࡑࠋ࠸࡞࠸࡚ࡗ࡞࡟࠿ࡽ᫂ࡣ࠿࠺࡝࠿ࡿ࠸
ᵝ࡞⫼ᬒࡢୗ࡛ࠊᮏ㑥ࡿࡅ࠾࡟ᕷ୰⫵⅖ࡢ㉳
㧊ࠊ⅖⪥୰ࡢᑠඣࡘ࠿ࠊࡃከࡶ࡚᭱ࡋ࡜⳦⅖
㞴἞ࡢ⳦⌫⅖⫵ࡿ࠶࡛⳦⅖㉳࡞୺せࡢ⅖⭷
໬ࡢせᅉࡢ࡝ࡀ࣒ࣝ࢕ࣇ࢜࢖ࣂ࡚ࡋ࡜⛬ᗘ
㛵୚ࢆ࠿ࡿ࠸࡚ࡋ᫂ࡢࡑࡘ࠿ࠊࡋ࡟࠿ࡽ἞⒪
ᡓ␎࡟ࡵࡓࡿ࡚ࡓࢆᮏ◊✲ࢆ╔᝿࡟ࡿࡍ⮳
 ࠋࡓࡗ
 
㸰㸬◊✲ࡢ┠ⓗ 
 ᮏ◊✲ࡢ┠ⓗࡣᮏ㑥ࠊ࡚࠸࠾࡟⮫ᗋⓗ࡟ၥ
㢟ࣥࣜࢩࢽ࣌ࡿ࠸࡚ࡗ࡞࡜⪏ᛶ⫵⅖⌫⳦
㸦PRSP㸧ࣝ࢕ࣇ࢜࢖ࣂࡀ⳦⌫⅖⫵ࡓࡵྵࢆ
࡝࠿ࡿ࠸࡚ࡗ࡞࡜ᅉ୍ࡢᛶ໬⪏ࠊࡋ⏕⏘ࢆ࣒
ࡇࡿ࡚ࡓࢆ␎἞⒪ᡓࡘ࠿ࠊࡋ࡟࠿ࡽ᫂ࢆ࠿࠺
  ࠋࡿ࠶࡛࡜
 
㸱㸬◊✲ࡢ᪉ἲ 
1) ⫵⅖⌫⳦⮫ᗋศ㞳ᰴཬࡧ ATCC ᶆ‽ᰴࢆ
5%⾑ᾮᐮኳᇵᆅୖ࡛Ⓨ⫱ࠊࡋ⮫ᗋᰴࡢ⾑Ύᆺ
ཬ᭱ࡧᑠⓎ⫱㜼Ṇ⃰ᗘ (MICs)ࢆ☜ㄆࠋࡿࡍ
ศᏊ⏕≀Ꮫᡭἲࠊ࡚࡟ヱᙜ⳦ᰴࠊࣥࣜࢩࢽ࣌ࡢ
ㄪࢆᛶ㑇ఏᏊ⪏ࣥࣟࣀ࢟ࡧཬࢻ࢖ࣛࣟࢡ࣐
 ࠋࡿࡍẚ㍑ࠊ࡭
2) Trypticase Soy broth (TSB), Mueller 
Hinton Broth (MHB), Brain heart infusion 
broth (BHI), ཬࡧ BHI ࢫ࣮ࢥࣝࢢ࡟ (10 
mg/ml)ࢆῧຍࡓࡋ sBHIィ 4✀㢮ࡢᾮయᇵᆅ
ࡢ࣒ࣝ࢕ࣇ࢜࢖ࣂࡿࡼ࡟⳦⌫⅖⫵ࠊࡋ㑅ᐃࢆ
 ࠋࡓࡋᐃ ࢆ⏕⏘
3) ୖグࡢᇵ㣴ᾮ96ࠊ࡚࠸⏝ࢆ wells ࢡ࢖࣐
࡟ࢺ࣮ࣞࣉࣟ 1 ⳦✀ 3 µl 200ࠊࡘࡎ✰ ᥋ࡘࡎ

5%CO2ࠊ℃37ࠊࡋ✀ ྛࠊࡋ᮲௳ୗ࡛ᇵ㣴ࡢ
⳦ᰴࢆ⬟⏕⏘ࡢ࣒ࣝ࢕ࣇ࢜࢖ࣂࡢ microtiter 
biofilm assay (MBA) ἲࠊ࡚࡟ ᐃࠋࡓࡋ          
 ࢆ࣒ࣝ࢕ࣇ࢜࢖ࣂࡓࡋ⏕⏘ࡀ⳦⌫⅖⫵ (4
confocal laser scanning microscopy (CLSM)
 ࠋࡓࡋほᐹࠊ࡚࡟
5) ࣂ ࢖ ࢜ ࣇ ࢕ ࣝ ࣒ ࢆ ⏘ ⏕ ࡉ ࡏ ࡓ ᚋ ࠊ
meropenem (MEPM)ῧຍࡢ᭷↓ࠊࡾࡼ࡟
Real-time PCR ᪉ἲࠊ࡚࡟⸆๣⪏ᛶࠊ⑓ཎ
ᛶཬࡧ௜╔ᅉᏊ࡟㛵ࡿࡍ㑇ఏᏊⓎ⌧ࡢኚ໬
 ࠋࡓࡋウ᳨ࢆ
 
㸲㸬◊✲ᡂᯝ 
1) ௒ᅇࠊ࡚࠸࠾࡟✲◊ࡢ⮫ᗋศ㞳ᰴ K-112ࠊ
K-116 ࠊ K-129 ࠊ K-29 ࠊ TIGR4 
(ATCCBAA-344)ཬࡧ ATCC49619 ᰴࠊ࠸⏝ࢆ
ゎᯒࠋࡓࡗ⾜ࢆMIC ⤖ᯝࠊࡾࡼ࡟K-116 ᰴࡣ
ከ๣⪏ᛶ⳦ᰴุ࡛࡜࡜ࡇࡿ࠶᫂ࡓࢀࡉ㸦⾲ 1㸧ࠋ
ࡋㄆ☜ࢆpbp㑇ఏᏊࡿࢃ㛵࡟ᛶ⪏ࣥࣜࢩࢽ࣌
K-116ࠊࡾࡼ࡟ᯝ⤖ࡓ ᰴࡢ࡚࡭ࡍࡣ pbp 㑇ఏ
Ꮚࠊ࡚࠸࠾࡟ኚ␗ࡀぢࠊࢀࡽ㔜ᗘࣛࣟࢡ࣐࡞
ࡶ␗ኚࡢ㑇ఏᏊ(ermAM)ࡿࡍ㛵࡟ᛶ⪏ࢻ࢖
ㄆࠋࡓࢀࡽࡵK-112 ཬࡧ ATCC49619 ᰴ࢟ࡣ
ࡿࡍ㛵࡟ᛶ⪏ࣥࣟࣀ parC, gyrA 㑇ఏᏊ࡛ࡢ
ኚ␗ࡀㄆࠊࡀࡓࡗ࠿࡞ࢀࡽࡵK-116 ᰴࡣ gyrA
ࡢ 81, 114 parCࠊ㓟ࣀ࣑࢔ࡢ┠␒ ࡢ 82, 94
 ࠋࡓࢀࡽࡵㄆࡀ␗ኚࡢ㓟ࣀ࣑࢔ࡢ┠␒
 
 
 
 
 
 
 
 
 

 
⾲ 1 

2) TSBࠊMHBࠊBHIࠊཬࡧ sBHI ィ 4 ✀㢮
ࠊ๣㠀ឤཷᛶᰴ⸆ࠊ࡚࠸⏝ࢆᾮయᇵᆅࡢ
TIGR4ཬࡧATCC49619ᰴࢆᑐ㇟ࠊࡋ࡜MBA
ἲ᳨ࢆ⬟⏕⏘ࡢ࣒ࣝ࢕ࣇ࢜࢖ࣂࠊ࡚࡟ウࡓࡋ
⤖ᯝࡢࢀࡎ࠸ࠊࡾࡼ࡟⳦ᰴ࡛ࠊࡣsBHI ᇵࢆ
㣴ᾮࡓࡋ࡜ሙྜࡢ࠿࡯ࠊࡣᇵ㣴᪉ἲࠊࡾࡼ⳦
⏘࣒ࣝ࢕ࣇ࢜࢖ࣂ࠸㧗ࡾࡼࠊࡋᏳᐃࡣቑṪࡢ
24ࠋ㸦ᅗ㸯㸧ࡓࢀࡽ ࡀ⬟⏕ ᫬㛫ࠊ࡚࠸࠾࡟
ATCC49619 ᰴࠊK-116 ᰴࡣ K-112 ᰴ࡟ᑐࡋ
biofilmࠊ࡚ ࡽࡵㄆࡀᕪ࡞᭷ពࡿࡅ࠾࡟⏕⏘
K-116ࠊ(P=0.003)ࡀࡓࢀ ࡜ ATCC49619 ᰴ
 ࠋ㸦ᅗ㸰㸧ࡓࡗ࠿࡞ࢀࡽࡵㄆࡣᕪࡢ㛫ࡢ



ᅗ㸯 
 
 
 
 
 
 
 
 
 
 
 
 

ᅗ㸰 
 
3) CLSM ࡓࡋ㏙ୖࠊ࡚࡟ 4 ✀㢮ࡢᾮయᇵᆅ
TIGR4ࠊ࡚࠸⏝ࢆ ᙧࡢ࣒ࣝ࢕ࣇ࢜࢖ࣂࡿࡼ࡟
ែࢆほᐹࠊࡋMBA ἲࡿࡼ࡟⤖ᯝࡿࡍ⮴୍࡜
 ࠋᅗ㸲㸧ࠊ㸦ᅗ㸱ࡓࢀࡉ၀♧ࡀ࡜ࡇ

 
 
 
 
 
 
 
 
 
 
 
 
 

ᅗ㸱 
 
 
 
 
 
 
 
 
 
 
 
 

 
ᅗ㸲 

 
4) MEPM ῧຍࡢ᭷↓ࠊࡾࡼ࡟TIGR4 ᰴࢆᑐ
Planktonicࠊࡋ ≧ែཬ࠾࡟࣒ࣝ࢕ࣇ࢜࢖ࣂࡧ
࡟௜╔ᅉᏊࡧ⑓ཎᛶཬࠊ๣⪏ᛶ⸆࡞୺せࡿࡅ
㛵ࡿࡍ㑇ఏᏊࡢⓎ⌧ࢆ ᐃࠋࡓࡋ⤖ᯝࠊ࡚ࡋ࡜
MEPM Planktonicࠊᢞ୚ᚋࢆ ≧ែ࠸࠾࡟
ermBࠊ࡚ ௨እṤࡢ࡝㑇ఏᏊࡢⓎ⌧ࡣᢠ⏕
๣ᮍᢞ୚᫬ࡾࡼ࡟ప࢖ࣂࠊࡀࡓ࠸࡚ࡗ࡞ࡃ
๣⸆ࡸ⑓ཎᅉᏊࡢ㒊୍ࡿࡅ࠾࡟࣒ࣝ࢕ࣇ࢜
⪏ᛶ㑇ఏᏊࡢⓎ⌧ࡀᢠ⏕๣ᮍᢞ୚᫬ࡾࡼ࡟
ቑຍࡀ࡜ࡇࡓ࠸࡚ࡋ♧၀ࡓࢀࡉ㸦ᅗ㸳ࠊᅗ
㸴㸧ࠋ 
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ᅗ㸴 

 
㸳㸬୺࡞Ⓨ⾲ㄽᩥ➼ 
㸦◊✲௦⾲⪅ࠊ◊✲ศᢸ⪅ཬࡧ㐃ᦠ◊✲⪅࡟
 ୗ⥺㸧ࡣ
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