
ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍
B t i l B t i l S l tiS l tippBacterial Bacterial SporulationSporulation

¾¾ϡϳΛ΍έΟ ϥϳϭϛΗ ϰϠϋ ΓέΩΎϗ ΎϳέϳΗϛΑϟ΍ ω΍ϭϧ΃ νόΑϡϳΛ΍έΟ ϥϳϭϛΗ ϰϠϋ ΓέΩΎϗ ΎϳέϳΗϛΑϟ΍ ω΍ϭϧ΃ νόΑΔϳγϧΟϻΔϳγϧΟϻ ϡϳ έΟ ϥϳϭ ϰ έ ϳέϳ Α ω ϭ ν Αϡϳ έΟ ϥϳϭ ϰ έ ϳέϳ Α ω ϭ ν Αϳ Οϳ Ο

¾¾ ϡϳΛ΍έΟϟ΍ έΑΗόΗ ϡϳΛ΍έΟϟ΍ έΑΗόΗωϭϧϟ΍ υϔΣϟ ϥϭϛγ ΔϠΣέϣωϭϧϟ΍ υϔΣϟ ϥϭϛγ ΔϠΣέϣ

ϟ ρ η ϟ Λ ϟ Δ ϟ ϑ υϟϟ ρ η ϟ Λ ϟ Δ ϟ ϑ υϟ ¾¾ϭϣϧϟ΍ϭ ρΎηϧϟ΍ ϡϳΛ΍έΟϟ΍ ΩϭΎόΗ Δϳ΋ϳΑϟ΍ ϑϭέυϟ΍ ϥγΣΗΗ ΎϣΩϧϋϭϣϧϟ΍ϭ ρΎηϧϟ΍ ϡϳΛ΍έΟϟ΍ ΩϭΎόΗ Δϳ΋ϳΑϟ΍ ϑϭέυϟ΍ ϥγΣΗΗ ΎϣΩϧϋ

¾¾ΓΩϳΩΟ ΔϳέοΧ ΎϳϼΧ ϥϭϛΗϭΓΩϳΩΟ ΔϳέοΧ ΎϳϼΧ ϥϭϛΗϭ˺˺--ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍

ΔϳέϳΗϛΑϟ΍ ϡϳΛ΍έΟϟ΍ ω΍ϭϧ΃

˺˺--ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍

  ˻˻--  ΕϼλϳϭΣϟ΍ΕϼλϳϭΣϟ΍
ΔϳέϳΗϛΑϟ΍ ϡϳΛ΍έΟϟ΍ ω΍ϭϧ΃

˼˼--  ΔΟίϠϟ΍ ϡϳΛ΍έΟϟ΍ΔΟίϠϟ΍ ϡϳΛ΍έΟϟ΍

ΛΛΔΔΔΔ ˽˽--ϡϳΛ΍έΟϟ΍ϡϳΛ΍έΟϟ΍ΔϳΩϳϧϭϛϟ΍ΔϳΩϳϧϭϛϟ΍  ΔϳΟϧ΍έϭΑγϻ΍ϭΔϳΟϧ΍έϭΑγϻ΍ϭ

˾˾--ΔϳΟέΎΧϟ΍ ϡϳΛ΍έΟϟ΍ΔϳΟέΎΧϟ΍ ϡϳΛ΍έΟϟ΍ΔϳΟέΎΧϟ΍ ϡϳΛ΍έΟϟ΍ΔϳΟέΎΧϟ΍ ϡϳΛ΍έΟϟ΍
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ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔΔ ω΍ϭϧ΃
 ϡϳΛ΍έΟϟ΍
Δ Ηϛ ϟ΍

  ˺˺ - -  ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

ΔϳέϳΗϛΑϟ΍
99ΔϳέϳΗϛΑϟ΍ ΔϳϠΧϟ΍ ϝΧ΍Ω ΩΟϭΗ ϡϳΛ΍έΟΔϳέϳΗϛΑϟ΍ ΔϳϠΧϟ΍ ϝΧ΍Ω ΩΟϭΗ ϡϳΛ΍έΟ

99Δ ϠΧ΍Ωϟ΍ Λ΍ Ϡϟ Δϧ ϛ ϟ΍ Ύ Ηϛ Ϡϟ ΔϠΛ ΃Δ ϠΧ΍Ωϟ΍ Λ΍ Ϡϟ Δϧ ϛ ϟ΍ Ύ Ηϛ Ϡϟ ΔϠΛ ΃ 99ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϠϟ Δϧϭϛϣϟ΍ ΎϳέϳΗϛΑϠϟ ΔϠΛϣ΃ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϠϟ Δϧϭϛϣϟ΍ ΎϳέϳΗϛΑϠϟ ΔϠΛϣ΃

99 Δϳ΋΍ϭϫ ΎϳέϳΗϛΑ Δϳ΋΍ϭϫ ΎϳέϳΗϛΑBacillusBacillus ϳ ϭ ϳέϳ Αϳ ϭ ϳέϳ Α

99 ΎϳέϳΗϛΑ ΎϳέϳΗϛΑΔϳ΋΍ϭϫϻΔϳ΋΍ϭϫϻ    ClostridiumClostridium
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ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

 ω΍ϭϧ΃
 ϡϳΛ΍έΟϟ΍
Δ Ηϛ ϟ΍

  ˻˻ - -   ΕϼλϳϭΣϟ΍ ΕϼλϳϭΣϟ΍Cysts Cysts 

ΔϳέϳΗϛΑϟ΍
99ΔϳέϳΗϛΑϟ΍ ΔϳϠΧϟ΍ ϰϠϋ ΕϼλϳϭΣϟ΍ ϝϛηΗΗΔϳέϳΗϛΑϟ΍ ΔϳϠΧϟ΍ ϰϠϋ ΕϼλϳϭΣϟ΍ ϝϛηΗΗ

99Δ ϠΧ΍Ωϟ΍ Λ΍ ϟ΍ ΎϬΗΎϔ ϓ Ϫ ηΗΔ ϠΧ΍Ωϟ΍ Λ΍ ϟ΍ ΎϬΗΎϔ ϓ Ϫ ηΗ 99ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ ΎϬΗΎϔλ ϲϓ ϪΑηΗΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ ΎϬΗΎϔλ ϲϓ ϪΑηΗ

99  αϧΟ ϲϓ ΩΟϭΗ  αϧΟ ϲϓ ΩΟϭΗAzotobacterAzotobacter Ο ϲ ΟϭΟ ϲ Οϭ

  ˼˼ - -    ΔΟίϠϟ΍  ϡϳΛ΍έΟϟ΍  ΔΟίϠϟ΍  ϡϳΛ΍έΟϟ΍MyxosporesMyxospores

99 ΔΑΗέϟ ΔόΑΎΗϟ΍ ω΍ϭϧϷ΍ ϲϓ ϥϭϛΗΗ ΔΑΗέϟ ΔόΑΎΗϟ΍ ω΍ϭϧϷ΍ ϲϓ ϥϭϛΗΗMyxobacterialsMyxobacterials ω ϲω ϲyy
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ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

 ω΍ϭϧ΃
 ϡϳΛ΍έΟϟ΍
Δ Ηϛ ϟ΍

  ˽˽ - -    ϡϳΛ΍έΟϟ΍  ϡϳΛ΍έΟϟ΍ΔϳΩϳϧϭϛϟ΍ΔϳΩϳϧϭϛϟ΍ΔϳΟϧ΍έϭΑγϷ΍ϭΔϳΟϧ΍έϭΑγϷ΍ϭ      
ConidiosporesConidiospores and and SporangiosporesSporangiospores

ΔϳέϳΗϛΑϟ΍
99 Ώϧ΍ϭΟΑ ϭ΃ ϑ΍έρ΄Α ϥϭϛΗΗ Ώϧ΍ϭΟΑ ϭ΃ ϑ΍έρ΄Α ϥϭϛΗΗΕΎϔϳϬϟ΍ΕΎϔϳϬϟ΍  Δϳ΋΍ϭϬϟ΍Δϳ΋΍ϭϬϟ΍

99Δ Η Ύϧ ΃ ν ϓΔ Η Ύϧ ΃ ν ϓA ti t lA ti t l 99 ΔΑΗέ αΎϧΟ΃ νόΑ ϲϓ ΔΑΗέ αΎϧΟ΃ νόΑ ϲϓActinomycetalesActinomycetales

99 έΑΗόΗ έΑΗόΗέΛΎϛΗ ΔϠϳγϭέΛΎϛΗ ΔϠϳγϭ

˾˾--ΔϳΟέΎΧϟ΍ ϡϳΛ΍έΟϟ΍ΔϳΟέΎΧϟ΍ ϡϳΛ΍έΟϟ΍ExosporesExospores

99ΔϳϠΧϟ΍ ΝέΎΧ ϥϭϛΗΗΔϳϠΧϟ΍ ΝέΎΧ ϥϭϛΗΗ

  -- ΔϳΟέΎΧϟ΍  ϡϳΛ΍έΟϟ΍ ΔϳΟέΎΧϟ΍  ϡϳΛ΍έΟϟ΍Exospores Exospores 

ϳ Νέ ϭϳ Νέ ϭ

99  ϝΛϣ ϥΎΛϳϣϠϟ ΓΩγϛ΅ϣϟ΍ ΎϳέϳΗϛΑϟ΍ ϲϓ Ύϣϛ  ϝΛϣ ϥΎΛϳϣϠϟ ΓΩγϛ΅ϣϟ΍ ΎϳέϳΗϛΑϟ΍ ϲϓ ΎϣϛMethylosinusMethylosinus
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ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

((Δ ϫ΃ Δ Ηϛ ϟ΍ Λ΍ ϟ΍ ω΍ ϧ΃ Λϛ΃Δ ϫ΃ Δ Ηϛ ϟ΍ Λ΍ ϟ΍ ω΍ ϧ΃ Λϛ΃ ((Δϳϣϫ΃ ΔϳέϳΗϛΑϟ΍ ϡϳΛ΍έΟϟ΍ ω΍ϭϧ΃ έΛϛ΃Δϳϣϫ΃ ΔϳέϳΗϛΑϟ΍ ϡϳΛ΍έΟϟ΍ ω΍ϭϧ΃ έΛϛ΃

((ϥϭϛγ ΔϠΣέϣ ϥϋ έΑόΗϥϭϛγ ΔϠΣέϣ ϥϋ έΑόΗ--  Δ΋ϳγϟ΍ Δϳ΋ϳΑϟ΍ ϑϭέυϟ΍ ϥϣ ΔϳϠΧϟ΍ ϲϣΣΗΔ΋ϳγϟ΍ Δϳ΋ϳΑϟ΍ ϑϭέυϟ΍ ϥϣ ΔϳϠΧϟ΍ ϲϣΣΗϲϲ

((ΓΩΣ΍ϭ ΔϣϭΛέΟ ϥϭ˷ϛΗ˵ ΓΩΣ΍ϭϟ΍ ΔϳέοΧϟ΍ ΔϳέϳΗϛΑϟ΍ ΔϳϠΧϟ΍ΓΩΣ΍ϭ ΔϣϭΛέΟ ϥϭ˷ϛΗ˵ ΓΩΣ΍ϭϟ΍ ΔϳέοΧϟ΍ ΔϳέϳΗϛΑϟ΍ ΔϳϠΧϟ΍

((ΓΩΣ΍ϭ ΔϳέοΧ ΔϳϠΧ ΞΗϧΗ ΓΩΣ΍ϭϟ΍ ΔϣϭΛέΟϟ΍ϭΓΩΣ΍ϭ ΔϳέοΧ ΔϳϠΧ ΞΗϧΗ ΓΩΣ΍ϭϟ΍ ΔϣϭΛέΟϟ΍ϭ

((ΔϘϳ ρ ϳϟϭ ωϭϧϟ΍ υϔΣϟ ΔϠϳ ϭ ΑΗόϳ Ύϳ ϳΗϛΑϟ΍ ϓ Λ ΟΗϟ΍ ΍ΫϬϟΔϘϳ ρ ϳϟϭ ωϭϧϟ΍ υϔΣϟ ΔϠϳ ϭ ΑΗόϳ Ύϳ ϳΗϛΑϟ΍ ϓ Λ ΟΗϟ΍ ΍ΫϬϟ ((ΔϘϳέρ αϳϟϭ ωϭϧϟ΍ υϔΣϟ ΔϠϳγϭ έΑΗόϳ ΎϳέϳΗϛΑϟ΍ ϲϓ ϡΛέΟΗϟ΍ ΍ΫϬϟΔϘϳέρ αϳϟϭ ωϭϧϟ΍ υϔΣϟ ΔϠϳγϭ έΑΗόϳ ΎϳέϳΗϛΑϟ΍ ϲϓ ϡΛέΟΗϟ΍ ΍ΫϬϟ

έΛΎϛΗϟ΍ ϕέρ ϥϣέΛΎϛΗϟ΍ ϕέρ ϥϣϕϕ

(()) ϲϓ ϡΛέΟΗϟ΍ ΍ΩϋΎϣ ϲϓ ϡΛέΟΗϟ΍ ΍ΩϋΎϣΕΎΗϳγϳϣϭϧϳΗϛϻ΍ΕΎΗϳγϳϣϭϧϳΗϛϻ΍    ActinomycetalesActinomycetales  ((
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ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

((Δ ϠΧ΍Ω Λ΍ ϟ Δϧ ϛ ϟ΍ Δ Ηϛ ϟ΍ Ύϧ Ϸ΍Δ ϠΧ΍Ω Λ΍ ϟ Δϧ ϛ ϟ΍ Δ Ηϛ ϟ΍ Ύϧ Ϸ΍:: ((ΔϳϠΧ΍Ω ϡϳΛ΍έΟϟ Δϧϭϛϣϟ΍ ΔϳέϳΗϛΑϟ΍ αΎϧΟϷ΍ΔϳϠΧ΍Ω ϡϳΛ΍έΟϟ Δϧϭϛϣϟ΍ ΔϳέϳΗϛΑϟ΍ αΎϧΟϷ΍::

))Δϳϭλϋ ΎϬϠϛΔϳϭλϋ ΎϬϠϛ––ϡ΍έΟ ΔϐΑλϟ ΔΑΟϭϣϡ΍έΟ ΔϐΑλϟ ΔΑΟϭϣ––ΔϛέΣΗϣΔϛέΣΗϣρ΍ϭγ΄Αρ΍ϭγ΄Α   ΔϳρϳΣϣ ΔϳρϳΣϣ(( ))ϬϬϡϡ((

((ϝΛϣ ϲ΋΍ϭϬϟ΍ ΎϬϧϣϝΛϣ ϲ΋΍ϭϬϟ΍ ΎϬϧϣ

Bacillus, Bacillus, SporoSporolactobacilluslactobacillus, , SporoSporosarcinasarcina, , 

SporoSporovibriovibrio ThermoThermoactinomycesactinomycesSporoSporovibriovibrio, , ThermoThermoactinomycesactinomyces

((ΎϬϧϣϭΎϬϧϣϭϲ΋΍ϭϫϼϟ΍ϲ΋΍ϭϫϼϟ΍ϝΛϣϝΛϣ ϲϲ

Clostridium, Clostridium, DesulfotoDesulfotomaculummaculum, , OscilloOscillospiraspira
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ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

S o oS o o iiSporoSporosarcinasarcina
 ƊƒŕŶƂƆ ŘœŶƆŞř ŘŒŦ ŗƒƍŧƂ œƒƚŤ

Ŗŧš ƅƒśŒŧŞƃŒ ůŶŕ ŧƌŲřƍ
Bacillus Bacillus 
¾ŪƚŪ Ƒż ŗƒƍŮŵ œƒƚŤ - ŗƆƍśŧŞ ¾ Ƒ ƒƍ ƒƍ ŧŞ

Ŗŧš ƅƒśŒŧŞƃŒ ůŶŕƍ ŗƒűŪƍ
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ΔΔ

ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

Δ Λ Ϡϟ Δ Ύ ϟ΍ ΋Ύ Χϟ΍Δ Λ Ϡϟ Δ Ύ ϟ΍ ΋Ύ Χϟ΍:: ΔϣϭΛέΟϠϟ ΔϣΎόϟ΍ ι΋ΎλΧϟ΍ΔϣϭΛέΟϠϟ ΔϣΎόϟ΍ ι΋ΎλΧϟ΍::

((ΔϳέοΧϟ΍ ΔϳϠΧϟ΍ ϝΧ΍Ω ϥϭϛΗϳ ϑϳΛϛ ϡγΟΔϳέοΧϟ΍ ΔϳϠΧϟ΍ ϝΧ΍Ω ϥϭϛΗϳ ϑϳΛϛ ϡγΟϡϡ

(( ϊϠοϣ ϭ΃ ρρΧϣ ϭ΃ ϡϋΎϧ ΔϣϭΛέΟϟ΍ ΢ργ ϊϠοϣ ϭ΃ ρρΧϣ ϭ΃ ϡϋΎϧ ΔϣϭΛέΟϟ΍ ΢ργ))ωϭϧϟ΍ ΏγΣωϭϧϟ΍ ΏγΣ((

(( ΔΑϭρέϟ΍ ΔΑγϧ ΔΑϭρέϟ΍ ΔΑγϧΎϬΑΎϬΑ   ϲϟ΍ϭΣ ϲϟ΍ϭΣ˺˾˺˾%%

((ϟ΍ϭΣ Δ ϭΛ Οϟ΍ ΟΣϟ΍ϭΣ Δ ϭΛ Οϟ΍ ΟΣ˺˺//˺˺))ηϋηϋ((Δϳ οΧϟ΍ ΔϳϠΧϟ΍Δϳ οΧϟ΍ ΔϳϠΧϟ΍ (( ϲϟ΍ϭΣ ΔϣϭΛέΟϟ΍ ϡΟΣ ϲϟ΍ϭΣ ΔϣϭΛέΟϟ΍ ϡΟΣ˺˺//˺˹˺˹))έηϋέηϋ((ΔϳέοΧϟ΍ ΔϳϠΧϟ΍ΔϳέοΧϟ΍ ΔϳϠΧϟ΍

((ΔϳέοΧϟ΍ ΔϳϠΧϠϟ ΔΑϠλϟ΍ ΕΎϳϭΗΣϣϟ΍ ϡυόϣ ϰϠϋ ϱϭΗΣΗΔϳέοΧϟ΍ ΔϳϠΧϠϟ ΔΑϠλϟ΍ ΕΎϳϭΗΣϣϟ΍ ϡυόϣ ϰϠϋ ϱϭΗΣΗϡ ϰ ϱϡ ϰ ϱ
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ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

΋ οϟ΍ Ϭ ϟ΍ Ε Η Δ Λ ϟ΍ Ϭυ΋ οϟ΍ Ϭ ϟ΍ Ε Η Δ Λ ϟ΍ Ϭυ:: ϲ΋ϭοϟ΍ έϬΟϣϟ΍ ΕΣΗ ΔϣϭΛέΟϟ΍ έϬυϣϲ΋ϭοϟ΍ έϬΟϣϟ΍ ΕΣΗ ΔϣϭΛέΟϟ΍ έϬυϣ::

((ϊϣϻ ϡγΟϊϣϻ ϡγΟϊ ϡϊ ϡ

(( ϱΩΎόϟ΍ ώΑλϠϟ ΔϠΑΎϗ έϳϏ ϱΩΎόϟ΍ ώΑλϠϟ ΔϠΑΎϗ έϳϏ

((ϙϳϣγϟ΍ ΔϣϭΛέΟϟ΍ έ΍ΩΟ ϥϣ ΫΎϔϧϟ΍ ϰϠϋ ΔϐΑλϟ΍ ΓέΩϗ ϡΩόϟϙϳϣγϟ΍ ΔϣϭΛέΟϟ΍ έ΍ΩΟ ϥϣ ΫΎϔϧϟ΍ ϰϠϋ ΔϐΑλϟ΍ ΓέΩϗ ϡΩόϟ

((΍ΩΧΗ ΍ ϥ ΩΑϻ ϙϟΫϟ΍ΩΧΗ ΍ ϥ ΩΑϻ ϙϟΫϟΕΎϐΑλΕΎϐΑλώΑλϟ΍ ˯ΎϧΛ΃ Γ ΍ Σϭ ΔϳϭϗώΑλϟ΍ ˯ΎϧΛ΃ Γ ΍ Σϭ Δϳϭϗ (( ϡ΍ΩΧΗγ΍ ϥϣ ΩΑϻ ϙϟΫϟ ϡ΍ΩΧΗγ΍ ϥϣ ΩΑϻ ϙϟΫϟΕΎϐΑλΕΎϐΑλώΑλϟ΍ ˯ΎϧΛ΃ Γέ΍έΣϭ ΔϳϭϗώΑλϟ΍ ˯ΎϧΛ΃ Γέ΍έΣϭ Δϳϭϗ

((ΔϣϭΛέΟϟ΍ ϝΧ΍Ω ΔϐΑλϟ΍ ϝϭΧΩ ϝϳϬγΗϟΔϣϭΛέΟϟ΍ ϝΧ΍Ω ΔϐΑλϟ΍ ϝϭΧΩ ϝϳϬγΗϟ
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ΔΔ

ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

Δ Λ Η ϟ΍ Δ ϠΧϟ΍ ϓ ΎϬ ο Δ ϠΧ΍Ωϟ΍ Δ Λ ϟ΍ ϝϛηΔ Λ Η ϟ΍ Δ ϠΧϟ΍ ϓ ΎϬ ο Δ ϠΧ΍Ωϟ΍ Δ Λ ϟ΍ ϝϛηΔϣΛέΟΗϣϟ΍ ΔϳϠΧϟ΍ ϲϓ ΎϬόοϭϭ ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ ϡΟΣϭ ϝϛηΔϣΛέΟΗϣϟ΍ ΔϳϠΧϟ΍ ϲϓ ΎϬόοϭϭ ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ ϡΟΣϭ ϝϛη

((ϡγΎΑ ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϠϟ ΔϠϣΎΣϟ΍ ΔϳέοΧϟ΍ ΔϳϠΧϟ΍ ϰϣγΗϡγΎΑ ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϠϟ ΔϠϣΎΣϟ΍ ΔϳέοΧϟ΍ ΔϳϠΧϟ΍ ϰϣγΗϡ ϰϡ ϰ

(( ϭ΃ ΔϳϣϭΛέΟϟ΍ ΔυϓΎΣϟ΍ ϭ΃ ΔϳϣϭΛέΟϟ΍ ΔυϓΎΣϟ΍ϡϭϳΟϧ΍έϭΑγϻ΍ϡϭϳΟϧ΍έϭΑγϻ΍  Sporangium Sporangium 

(( ΔϣϭΛέΟϟ΍ ϝϛη ΔϣϭΛέΟϟ΍ ϝϛη–– ΔϣϭΛέΟϟ΍ ϡΟΣ ΔϣϭΛέΟϟ΍ ϡΟΣ – –ΔϣϭΛέΟϟ΍ ϊοϭϣΔϣϭΛέΟϟ΍ ϊοϭϣ

((ΕΎϔλϟ΍ ϥΕΎϔλϟ΍ ϥΔϳ ϳ ϘΗϟ΍Δϳ ϳ ϘΗϟ΍ΩΣ΍ϭϟ΍ ϳΗϛΑϟ΍ ωϭϧϠϟ Γίϳ ϟ΍ϭ ΔΗΑΎΛϟ΍ΩΣ΍ϭϟ΍ ϳΗϛΑϟ΍ ωϭϧϠϟ Γίϳ ϟ΍ϭ ΔΗΑΎΛϟ΍ ((ΕΎϔλϟ΍ ϥϣΕΎϔλϟ΍ ϥϣΔϳϣϳγϘΗϟ΍ΔϳϣϳγϘΗϟ΍  ΩΣ΍ϭϟ΍ ϱέϳΗϛΑϟ΍ ωϭϧϠϟ Γίϳϣϣϟ΍ϭ ΔΗΑΎΛϟ΍ΩΣ΍ϭϟ΍ ϱέϳΗϛΑϟ΍ ωϭϧϠϟ Γίϳϣϣϟ΍ϭ ΔΗΑΎΛϟ΍
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ΔΔ

ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

Δ ϠΧ΍Ωϟ΍ Δ Λ ϟ΍ ϝϛηΔ ϠΧ΍Ωϟ΍ Δ Λ ϟ΍ ϝϛηΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ ϝϛηΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ ϝϛη

((ϱϭέϛϱϭέϛSpherical Spherical ϱϱpp

((  ϲοϳΑ  ϲοϳΑEllipsoidalEllipsoidal

((  ϲϧ΍ϭργ΍  ϲϧ΍ϭργ΍CylindricalCylindrical
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ΔΔ

ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

 ΩΣ΍ ϲϓ ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ ΢οϭϳ ϲρϳρΧΗ ϡγέ
ω΍ ϧ΍ϧ ϟ΍BacillusΕ΍Ϋ Δ Λ ϟ΍ υ ϻ

 ϲρϳρΧΗ ϡγέΩΣϻ  αϧΟϟ΍ ω΍ϭϧ΃Clostridiumˬ υΣϻ
ω΍ϭϧ΍αϧΟϟ΍Bacillus Ε΍Ϋ ΔϣϭΛέΟϟ΍ υΣϻ

 ˬ ϱϭΎοϳΑϟ΍ ϝϛηϟ΍ϭ ϲϓέρ ΕΣΗϟ΍ ΎϬόϗϭϣ ϙϟΫϛ
ϱϭέϛϟ΍ ΔϣϭΛέΟϟ΍ ϝϛηϭ ΔϳϠΧϟ΍ ϑέρ ϲϓ ΎϬόϗϭϣ- υΣϻ

ϥ΍ ΔϳϠΧϟ΍ έρϗ ϥϣ έΑϛ΍ ΔϣϭΛέΟϟ΍ έρϗ

 ΎϳέϳΗϛΑϠϟ ϲρϳρΧΗ ϡγέSporosarcinaˬ
ΕΎϳϧΎϣΛ ϓ Δϳϭέϛϟ΍ ΎϳϼΧϟ΍ ϊϣΟΗ υΣϻϭϙϟΫϛ

 ϲρϳρΧΗ ϡγέΩΣϻ ω΍ϭϧϻ΍  αϧΟϠϟ ΔόΑΎΗϟ΍
Desulfotomaculum  ˬ Δϳϭέϛϟ΍ ΔϣϭΛέΟϟ΍ υΣϻ

Δ ϓ ρ Ηϟ΍υ ϻ΍Δ ϠΧϟ΍ ρϗ ϛ΍ Δ Λ ϟ΍ ρϗΕΎϳϧΎϣΛ ϲϓ Δϳϭέϛϟ΍ ΎϳϼΧϟ΍ ϊϣΟΗ υΣϻϭ  ϙϟΫϛ
ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϠϟ ϱϭέϛϟ΍ ϝϛηϟ΍

Δϳϓέρ ΕΣΗϟ΍.υΣϻϥ΍ΔϳϠΧϟ΍ έρϗ ϥϣ έΑϛ΍ ΔϣϭΛέΟϟ΍ έρϗ
ΔϣϭΛέΟϟ΍ ϊϗϭϣ Ωϧϋ ΔϳϠΧϟ΍ ϲϓ ΥΎϔΗϧ΍ ϙΎϧϫ ϥϭϛϳ ϙϟΫϟ
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ΔΔ

ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ ϊοϭΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ ϊοϭϳ  ϭ έΟ  ϊ ϭϳ  ϭ έΟ  ϊ ϭ
(( ΔϳϠΧϟ΍ ργϭΑ ΔϳϠΧϟ΍ ργϭΑ–– ϰϣγΗϭ ϰϣγΗϭ Δϳργϭ ΔϣϭΛέΟ Δϳργϭ ΔϣϭΛέΟCentral spore Central spore 

  ΎϳέϳΗϛΑ ϲϓ Ύϣϛ  ΎϳέϳΗϛΑ ϲϓ ΎϣϛBacillus Bacillus subtilissubtilis

(( ΔϳϠΧϟ΍ ϑέρ ΏέϘΑ ΔϳϠΧϟ΍ ϑέρ ΏέϘΑ–– ϰϣγΗ ϰϣγΗ  Δϳϓέρ ΕΣΗ  Δϳϓέρ ΕΣΗSubterminalSubterminal  

ϓϓCl idiCl idi b i lb i l  ΎϳέϳΗϛΑ ϲϓ Ύϣϛ ΎϳέϳΗϛΑ ϲϓ ΎϣϛClostridium Clostridium subterminalesubterminale

(( ΔϳϠΧϟ΍ ϑέρΑ ΔϳϠΧϟ΍ ϑέρΑ–– ϰϣγΗϭ ϰϣγΗϭ   Δϳϓέρ ΔϣϭΛέΟ   Δϳϓέρ ΔϣϭΛέΟTerminalTerminal    

Ύ Ηϛ ϓ Ύ ϛΎ Ηϛ ϓ Ύ ϛClostridiumClostridium sporogenessporogenes  ΎϳέϳΗϛΑ ϲϓ Ύϣϛ ΎϳέϳΗϛΑ ϲϓ ΎϣϛClostridium Clostridium sporogenessporogenes
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ΔΔ

ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

Δ ϠΧ΍Ωϟ΍ Δ Λ ϟ΍Δ ϠΧ΍Ωϟ΍ Δ Λ ϟ΍ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ ϡΟΣΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ ϡΟΣ

((ΔϣϭΛέΟϟ΍ έρϗ ϥϭϛϳ ΓΩΎϋΔϣϭΛέΟϟ΍ έρϗ ϥϭϛϳ ΓΩΎϋ>>ϭ΃ϭ΃==έρϗέρϗϡϭϳΟϧ΍έϭΑγϻ΍ϡϭϳΟϧ΍έϭΑγϻ΍ϡϡ

(( έρϗ ϥϋ ΔϣϭΛέΟϟ΍ έρϗ Ωϳίϳ Ωϗϭ έρϗ ϥϋ ΔϣϭΛέΟϟ΍ έρϗ Ωϳίϳ ΩϗϭϡϭϳΟϧ΍έϭΑγϻ΍ϡϭϳΟϧ΍έϭΑγϻ΍   ΏΑγϳ Ύϣϣ ΏΑγϳ Ύϣϣ

  ΥΎϔΗϧ΍  ΥΎϔΗϧ΍SwellingSwelling    ϡϭϳΟϧ΍έϭΑγϻΎΑϡϭϳΟϧ΍έϭΑγϻΎΑ

ΎϬϧ ΔϔϠΗΧ ϝΎϛη΃ ΫΧ΄Η ϟΎΗϟΎΑϭΎϬϧ ΔϔϠΗΧ ϝΎϛη΃ ΫΧ΄Η ϟΎΗϟΎΑϭΎϬϧϣ ΔϔϠΗΧϣ ϝΎϛη΃ ΫΧ΄Η ϲϟΎΗϟΎΑϭΎϬϧϣ ΔϔϠΗΧϣ ϝΎϛη΃ ΫΧ΄Η ϲϟΎΗϟΎΑϭ
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ΔΔ

ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

Δ ϠΧ΍Ωϟ΍ Δ Λ ϟ΍ ϊ ΎΗΔ ϠΧ΍Ωϟ΍ Δ Λ ϟ΍ ϊ ΎΗΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ ϡΟΣ ϊΑΎΗΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ ϡΟΣ ϊΑΎΗ
(( ϝϛηϟ΍ ϝϛηϟ΍ϲΑέΎϘϟ΍ϲΑέΎϘϟ΍    BoatBoat--like shapelike shape

 ϲϓ Ύϣϛ ΔΧϔΗϧϣ Δϳργϭ ΔϣϭΛέΟϟ΍ ϥϭϛΗ ΎϣΩϧϋ ϲϓ Ύϣϛ ΔΧϔΗϧϣ Δϳργϭ ΔϣϭΛέΟϟ΍ ϥϭϛΗ ΎϣΩϧϋB. B. polymyxapolymyxa

((ϟίϐϣϟ΍ ϝϛηϟ΍ϟίϐϣϟ΍ ϝϛηϟ΍Spindle shapeSpindle shape (( ϲϟίϐϣϟ΍ ϝϛηϟ΍ ϲϟίϐϣϟ΍ ϝϛηϟ΍Spindle shapeSpindle shape

 ϲϓ Ύϣϛ ΔΧϔΗϧϣ Δϳϓέρ ΕΣΗ ΔϣϭΛέΟϟ΍ ϥϭϛΗ ΎϣΩϧϋ ϲϓ Ύϣϛ ΔΧϔΗϧϣ Δϳϓέρ ΕΣΗ ΔϣϭΛέΟϟ΍ ϥϭϛΗ ΎϣΩϧϋCl. Cl. BotulinumBotulinum

((  ΔϠΑρϟ΍ Ύλϋ ϝϛη  ΔϠΑρϟ΍ Ύλϋ ϝϛηDrumDrum--stick shapestick shape

ϲϓ Ύϣϛ ΔΧϔΗϧϣ Δϳϓέρ ΔϣϭΛέΟϟ΍ ϥϭϛΗ ΎϣΩϧϋϲϓ Ύϣϛ ΔΧϔΗϧϣ Δϳϓέρ ΔϣϭΛέΟϟ΍ ϥϭϛΗ ΎϣΩϧϋClCl TetaniTetani ϲϓ Ύϣϛ ΔΧϔΗϧϣ Δϳϓέρ ΔϣϭΛέΟϟ΍ ϥϭϛΗ ΎϣΩϧϋϲϓ Ύϣϛ ΔΧϔΗϧϣ Δϳϓέρ ΔϣϭΛέΟϟ΍ ϥϭϛΗ ΎϣΩϧϋCl. Cl. TetaniTetani
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ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

 ΎϳέϳΗϛΑϠϟ ϲ΋ϭοϟ΍ έϬΟϣϟΎΑ ΓέϭλBacillus cereus -
ϝϛηϟ΍ Δϳϧ΍ϭρ ΍ϭ Δϳρ ϭϟ΍ ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ υΣϻϝϛηϟ΍ Δϳϧ΍ϭργ΍ϭ  Δϳργϭϟ΍ ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ υΣϻ
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ΔΔ

ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

 ΎϳέϳΗϛΑϠϟ ϲ΋ϭοϟ΍ έϬΟϣϟΎΑ ΓέϭλClostridium tetani
- ϱϭέϛϟ΍ ϝϛηϟ΍ Ε΍Ϋ Δϳϓέρϟ΍ ΔϣϭΛέΟϟ΍ υΣϻ- Ύοϳ΍  υΣϻϥ΍ 

 ΔϳέοΧϟ΍ ΔϳϠΧϟ΍ έρϗ ϥϣ έΑϛ΍ ΔϣϭΛέΟϟ΍ έρϗϭ  ΩΟϭϳ ϲϟΎΗϟΎΑ
ΔϣϭΛέΟϟ΍ ϊοϭϣ ϲϓ ΔϳϠΧϠϟ ΥΎϔΗϧ΍
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ΔΔ

ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍ϱήϴΘϜΒϟ΍ ϢΛήΠΘϟ΍Bacterial Bacterial SporulationSporulation

ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍ΔϳϠΧ΍Ωϟ΍ ϡϳΛ΍έΟϟ΍EndosporesEndospores

 ΎϳέϳΗϛΑϠϟ ϲ΋ϭοϟ΍ έϬΟϣϟΎΑ ΓέϭλClostridium botulinum -
ϱϭΎοϳΑϟ΍ ϝϛηϟ΍ Ε΍Ϋ Δϳϓέρ ΕΣΗϟ΍ ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ υΣϻϱϭΎοϳΑϟ΍ ϝϛηϟ΍ Ε΍Ϋ Δϳϓέρ ΕΣΗϟ΍ ΔϳϠΧ΍Ωϟ΍ ΔϣϭΛέΟϟ΍ υΣϻ
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