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∫∑§—¥¬àÕ

 “¬æ—π∏ÿå·∫§∑’‡√’¬™Õ∫√âÕπ∑’Ë¬àÕ¬ ≈“¬æÕ≈‘§“√å‚ª√·≈§‚µπ (PCL) ∂Ÿ°·¬°®“°°Õß¢¬–
§Õ¡‚æ µå„πª√–‡∑»‰∑¬ ·≈–§—¥‡≈◊Õ°‡™◊ÈÕ∑’Ë¬àÕ¬ ≈“¬‚¥¬°“√‡°‘¥«ß„ ∫πÕ“À“√·¢Áß PCL ®“°°“√»÷°…“
·ºπ¿Ÿ¡‘«‘«—≤π“°“√‚¥¬„™â≈”¥—∫‡∫ ¢Õß¬’π 16S rDNA æ∫«à“  “¬æ—π∏ÿå·∫§∑’‡√’¬∑’Ë¬àÕ¬ ≈“¬ PCL
∂Ÿ°®—¥®”·π°Õ¬Ÿà„π·ø¡‘≈’ Bacillaceae, Paenibacillaceae ·≈– Actinomycete  “¬æ—π∏ÿå S14 ∂Ÿ°§—¥‡≈◊Õ°
‡ªìπ “¬æ—π∏ÿå∑’Ë¥’ ”À√—∫°“√¬àÕ¬ ≈“¬ PCL ®“°°“√»÷°…“≈—°…≥–∑“ßøï‚π‰∑ªá·≈–®’‚π‰∑ªáæ∫«à“ “¬æ—π∏ÿå
S14 ¡’§«“¡„°≈â‡§’¬ß°—∫‡™◊ÈÕ Actinomadura keratinilytica °“√»÷°…“ ’¢Õß‡ âπ„¬æ∫«à“‰¡à¡’ ’‡¡◊ËÕ‡≈’È¬ß
∫πÕ“À“√ yeast malt extract agar (ISP2) ·≈–¡’ ’§√’¡‡¡◊ËÕ‡≈’È¬ß∫πÕ“À“√ oat meal agar (ISP3),
inorganic salt-starch agar (ISP4) ·≈– glycerol-asparagine agar (ISP5)  “¬æ—π∏ÿåπ’È‡®√‘≠‰¥â¥’∑’Ë
Õÿ≥À¿Ÿ¡‘µ—Èß·µà 40-60 Õß»“‡´≈‡´’¬  ·≈–∑’Ë§«“¡‡¢â¡¢âπ¢Õß‡°≈◊Õ 2 ‡ªÕ√å‡´Áπµå (πÈ”Àπ—°µàÕª√‘¡“µ√)
ºπ—ß‡´≈≈å¢Õß “¬æ—π∏ÿå S14 ª√–°Õ∫¥â«¬ meso-diaminopimelic acid πÈ”µ“≈∑’Ë∂Ÿ°„™â‡ªìπ·À≈àß§“√å∫Õπ
‰¥â·°à °≈Ÿ‚§  Õ–√“∫‘‚π  ‰´‚≈  Õ‘π‚π´‘∑Õ≈ ø√ÿ°‚µ  ·√¡‚π  ·≈–·¡ππ‘∑Õ≈  ”À√—∫´Ÿ‚§√  √“øøî‚π 
·≈–´Õ√å∫‘∑Õ≈ ‰¡à “¡“√∂∂Ÿ°π”‰ª„™â‰¥â  “¬æ—π∏ÿå S14  √â“ß‡Õπ‰´¡å∑’Ë¬àÕ¬ ≈“¬ PCL ‰¥â Ÿß ÿ¥∑’Ë 6.25
¬Ÿπ‘µµàÕ¡‘≈≈‘°√—¡ §à“§«“¡‡ªìπ°√¥¥à“ß·≈–Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√∑”ß“π¢Õß‡Õπ‰´¡åÕ¬Ÿà∑’Ë 8 ·≈– 55 Õß»“
‡´≈‡ ’́¬ µ“¡≈”¥—∫
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Isolation and Selection of a Thermophilic
Polycaprolactone Degrading Actinomycete,

Actinomadura sp. Strain S14

Peechapack Somyoonsap1*, Thayat Sriyapai2, Somjai Siripoke3

and Kosum Chansiri4

ABSTRACT

Thermophilic polycaprolactone (PCL)-degrading bacterial strains were isolated
from compost of the rubbish in Thailand and screened for degradation by the clear-zone
formation on PCL agar plate. According to phylogenetic tree of 16S rDNA sequence,
these strains were classified to family Bacillaceae, Paenibacillaceae and Actinomycete. Strain
S14 was selected as the best strain for PCL degrading. From its phenotypic and genotypic
characterization, strain S14 was closely related to Actinomadura keratinilytica. The color of the
aerial mycelium was colorless on yeast malt extract agar (ISP2) and cream on oat meal agar
(ISP3), inorganic salt-starch agar (ISP4) and glycerol-asparagine agar (ISP5). This strain
grew well at between 40-60°C and 2% (w/v) NaCl. The cell wall of strain S14 contained
meso-diaminopimelic acid. Glucose, arabinose, xylose, inositol, fructose, rhamnose and mannitol
could be utilized for carbon source, but sucrose, raffinose and sorbitol were not utilized.
A PCL-degrading enzyme produced by this strain had high specific activity of 6.25 U/mg.
The optimum pH and temperature for enzyme activity were 8 and 55°C, respectively.

Keywords: thermophilic actinomycete, Actinomadura sp., polycaprolactone, biodegradation,
polyester
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∫∑π”
æ≈“ µ‘°‡¢â“¡“¡’∫∑∫“∑ ”§—≠Õ¬Ÿà„π™’«‘µª√–®”«—π¢Õß¡πÿ…¬å ‚¥¬ à«π„À≠àº≈‘µ¡“®“°°√–∫«π-

°“√°≈—ËππÈ”¡—πªî‚µ√‡≈’¬¡ æ≈“ µ‘°¡’‚§√ß √â“ß∑“ß‡§¡’∑’Ë´—∫´âÕπ ·≈–®ÿ≈‘π∑√’¬å à«π„À≠à‰¡à “¡“√∂ √â“ß
‡Õπ‰´¡å∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬‰¥â®÷ß∑”„Àâ‡°‘¥°“√µ°§â“ß„π ‘Ëß·«¥≈âÕ¡ ·≈–∂â“°”®—¥‚¥¬°“√‡º“
®–°àÕ„Àâ‡°‘¥°ä“´æ‘…„π∫√√¬“°“»·≈–∑”„Àâ‡°‘¥¿“«–‚≈°√âÕπ®“°°“√ª≈àÕ¬°ä“´‡√◊Õπ°√–®° (greenhouse
gases) ‰¥â·°à °ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å Ÿà ‘Ëß·«¥≈âÕ¡ [1, 2] ¥—ßπ—Èπµ—Èß·µàªï §.». 1980 π—°«‘∑¬“»“ µ√å‰¥â
√‘‡√‘Ë¡»÷°…“·≈–«‘®—¬‡æ◊ËÕº≈‘µæ≈“ µ‘°™π‘¥∑’Ë¬àÕ¬ ≈“¬‰¥â (biodegradable plastic) ÷́Ëßº≈‘µ®“°«— ¥ÿ∑“ß
∏√√¡™“µ‘ ‡™àπ ÕâÕ¬ ¢â“«‚æ¥ ¡—π ”ª–À≈—ß ·ªÑß ‚ª√µ’π®“°∂—Ë« ‡ªìπµâπ [2] ¡“„™â ‡æ◊ËÕ∑¥·∑πæ≈“ µ‘°
∑’Ë¬àÕ¬ ≈“¬‰¥â¬“°

æÕ≈‘§“√å‚ª√·≈§‚µπ (PCL) ‡ªìπæ≈“ µ‘°™’«¿“æª√–‡¿∑Õ–≈‘ø“µ‘°æÕ≈‘‡Õ ‡∑Õ√å (aliphatic
polyester)  —ß‡§√“–Àå‰¥â®“°°√–∫«π°“√ polymerization ¢Õß ε-caprolactone (6-hexanolide) ¡’
®ÿ¥À≈Õ¡‡À≈«∑’Ë 60 Õß»“‡´≈‡ ’́¬  ªí®®ÿ∫—π PCL π”¡“º≈‘µ‡ªìπæ≈“ µ‘°™’«¿“æ‡æ√“–√“§“‰¡à·æß ·µà
‡π◊ËÕß®“°¡’¢âÕ®”°—¥„π°“√π”¡“¢÷Èπ√Ÿª ¥—ßπ—Èπ®÷ß¡’°“√æ—≤π“‚¥¬π” PCL ¡“º ¡æÕ≈‘‡¡Õ√åª√–‡¿∑∑’Ë¡’ à«π
º ¡¢Õß·ªÑß ‡™àπ ·ªÑß‡∑Õ√å‚¡æ≈“ µ‘° (thermoplastic starch À√◊Õ TPS) ‡æ◊ËÕº≈‘µ‡ªìπ«— ¥ÿµà“ßÊ ‡™àπ
∂ÿß„ à¢¬– ÷́Ëß„™â°—πÕ¬à“ß·æ√àÀ≈“¬„π·∂∫¬ÿ‚√ª [3] ·≈– “¡“√∂¬àÕ¬ ≈“¬‰¥â [4]

°√–∫«π°“√¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ (biodegradation) ∑’Ë¡’Õß§åª√–°Õ∫‡ªìπæÕ≈‘‡Õ ‡∑Õ√å
(polyester) ‡°‘¥¢÷Èπ‚¥¬Õ“»—¬°‘®°√√¡¢Õß‡Õπ‰´¡å®“°®ÿ≈‘π∑√’¬å„π¥‘π ‡Õπ‰´¡å∑’Ë¡’∫∑∫“∑„π°√–∫«π°“√
¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ¡’ 3 ™π‘¥ ‰¥â·°à lipase ‡ªìπ‡Õπ‰´¡å∑’Ë‡√àß°“√‡°‘¥ªØ‘°‘√‘¬“ hydrolysis ¢Õß
æ—π∏–‡Õ ‡∑Õ√å¢Õß‰¢¡—π ‡æ◊ËÕ‡ª≈’Ë¬π„Àâ‡ªìπ·Õ≈°ÕŒÕ≈å·≈–°√¥‰¢¡—π∑’Ë‡ªìπ‚´à§“√å∫Õπ∑’Ë¬“«°«à“ 10 Õ–µÕ¡
ª√–‡¿∑∑’Ë 2 §◊Õ ‡Õπ‰´¡å esterase ´÷Ëß‡ªìπ‡Õπ‰´¡å∑’Ë‡√àß°“√‡°‘¥ªØ‘°‘√‘¬“ hydrolysis ‚¥¬°“√µ—¥æ—π∏–
‡Õ ‡∑Õ√å¢Õß‰¢¡—π∑’Ë‡ªìπ‚´à§“√å∫Õπ∑’Ë¡’§«“¡¬“« —Èπ°«à“ 10 Õ–µÕ¡ ·≈–ª√–‡¿∑ ÿ¥∑â“¬ §◊Õ ‡Õπ‰´¡å
depolymerase ‡ªìπ‡Õπ‰´¡å∑’Ë‡√àßªØ‘°‘√‘¬“‡§¡’‚¥¬°“√µ—¥ “¬æÕ≈‘‡¡Õ√å‡æ◊ËÕ‡ª≈’Ë¬π„Àâ‡ªìπ‚¡‡≈°ÿ≈‡¥’Ë¬« [5]
¡’√“¬ß“πæ∫«à“®ÿ≈‘π∑√’¬å„π¥‘π∑’Ë¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ à«π„À≠à‡®√‘≠∑’ËÕÿ≥À¿Ÿ¡‘¡“°°«à“ 50 Õß»“‡´≈‡´’¬ 
À√◊Õ‡√’¬°«à“®ÿ≈‘π∑√’¬å™Õ∫√âÕπ (thermophilic microorganisms) µ—«Õ¬à“ß„π‡™◊ÈÕ√“ ‰¥â·°à Fusarium
moniliforme, Penicillium sp. ·≈– Aspergillus sp. ‡ªìπµâπ [6-8] „π·∫§∑’‡√’¬ ‰¥â·°à Bacillus brevis,
B. stearothermophilus, Geobacillus thermocatenulatus, Alcaligenes faecalis ‡ªìπµâπ [9-12]
„πªï §.». 1996 Murphy ·≈–§≥– [13] æ∫‡™◊ÈÕ√“∑’Ë¡’≈—°…≥–‡ªìπæ«° phytopathogens ¡’§«“¡
 “¡“√∂„π°“√¬àÕ¬ ≈“¬ PCL ´÷Ëß®–ª≈àÕ¬‡Õπ‰´¡å cutinase (serine hydrolase) ∑’Ë¬àÕ¬ cutin ÕÕ°¡“
‚¥¬‰¥â∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫„π wild-type strain ·≈– cutinase-negative gene replacement mutant
strain ¢Õß Fusarium solani f. sp. pisi æ∫«à“ wild-type strain ¢Õß Fusarium moniliforme
¡’‡Õπ‰´¡å Fusarium cutinase §◊Õ PCL depolymerase ∑’Ë¬àÕ¬ ≈“¬æ«°æÕ≈‘‡Õ ‡∑Õ√å∑’Ë‰¡à≈–≈“¬πÈ”
(insoluble polyester) ·≈â«‡ª≈’Ë¬π‡ªìπº≈º≈‘µ∑’Ë≈–≈“¬‰¥â„ππÈ” ÷́Ëßπ”¡“„™â‡ªìπ·À≈àß§“√å∫Õπ·≈–æ≈—ßß“π
¢Õß®ÿ≈‘π∑√’¬å „πªï §.». 1998 Tansengco ·≈– Tokiwa [14] √“¬ß“π√âÕ¬≈–¢Õß®ÿ≈‘π∑√’¬å„π
¥‘π∑’Ë “¡“√∂¬àÕ¬ ≈“¬ PCL §‘¥‡ªìπ 3-49 ‡ªÕ√å‡´Áπµå (0.4-3.5 x 104 CFU/πÈ”Àπ—°¥‘π 1 °√—¡) ¢Õß
ª√–™“°√®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥∑’Ë‡®√‘≠∫πÕ“À“√·¢Áß PCL ∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬  „πªï §.». 2000
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Sanchez ·≈–§≥– (2000) [15] »÷°…“°“√¬àÕ¬ ≈“¬·ºàπøî≈å¡¢Õß PCL, PHB ·≈– PBSA ¥â«¬
Aspergillus sp. strain ST-01 ÷́Ëß∑π§«“¡√âÕπ∑’Ë 50 Õß»“‡´≈‡ ’́¬  æ∫«à“‡™◊ÈÕ√“ “¡“√∂¬àÕ¬µ—«Õ¬à“ß
øî≈å¡‰¥â¡“°∂÷ß 90% „πªï §.». 2002 Gouda ·≈–§≥– [16] »÷°…“°“√ °—¥‡Õπ‰´¡å‰Œ‚¥√‡≈ ∑’Ë¬àÕ¬
 ≈“¬æ≈“ µ‘°™’«¿“æ®“°‡™◊ÈÕ Thermomonospora fusca ∑’Ë·¬°®“°§Õ¡‚æ µå (compost) · ¥ß«à“
§Õ¡‚æ µå‡ªìπ·À≈àßÕ“»—¬¢Õß®ÿ≈‘π∑√’¬å∑’Ë ”§—≠ ¥—ßπ—Èπ‡∑§‚π‚≈¬’§Õ¡‚æ µå (composting) ®÷ß‡ªìπ‡∑§‚π‚≈¬’
Àπ÷Ëß∑’Ëπ”¡“„™â„π°“√∫”∫—¥·≈–°“√¬àÕ¬ ≈“¬∑“ß™’«¿“æ [17] „πªï §.». 2003 Teeraphatpornchai
·≈–§≥– [18] ·¬°‡™◊ÈÕ®ÿ≈‘π∑√’¬å “¬æ—π∏ÿå TB-13 ∑’Ë¬àÕ¬ ≈“¬æÕ≈‘‡Õ ‡∑Õ√å∑’Ë„™âº≈‘µæ≈“ µ‘°™’«¿“æ
‡™àπ polylactic acid (PLA), polybutylene succinate (PBS), polybutylene succinate-co-adipate
(PBSA), polycaprolactone (PCL) ·≈– polyethylenesuccinate (PES) ·≈–√“¬ß“π‡ªìπ “¬æ—π∏ÿå
Paenibacillus amylolyticus  ”À√—∫·∫§∑’‡√’¬°≈ÿà¡·Õ§µ‘‚π¡—¬ ’∑™Õ∫√âÕπ (thermophilic actinomycete)
∑’Ë¡’√“¬ß“π«à“ “¡“√∂¬àÕ¬ ≈“¬æÕ≈‘‡Õ ‡∑Õ√å ‰¥â·°à Kleeberg ·≈–§≥– (1998) [19] ·¬°‡™◊ÈÕ
Thermobifida fusca ®“°§Õ¡‚æ µå∑’Ë “¡“√∂¬àÕ¬ ≈“¬ BTA-copolyester (copolyesters ®“°
1,4-butanediol, terephthalic acid ·≈– adipic acid) Tseng ·≈–§≥– (2009) [20] ·¬°‡™◊ÈÕ
Actinomadura miaoliensis strain BC 44T-5T ‰¥â®“°¥‘π„πª√–‡∑»‰µâÀ«—π ‚¥¬ “¡“√∂¬àÕ¬ ≈“¬
poly(D-3-hydroxybutyrate (PHB) ·≈– Sukkhum ·≈–§≥– [21] ·¬°‡™◊ÈÕ A. keratinilytica
strain T16-1 ‰¥â®“°¥‘π„πªÉ“¢Õßª√–‡∑»‰∑¬∑’Ë “¡“√∂¬àÕ¬ ≈“¬ PLA ‡ªìπµâπ

∂÷ß·¡â«à“®–¡’√“¬ß“π°“√¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ¢Õß·∫§∑’‡√’¬™Õ∫√âÕπ¡“°àÕπÀπâ“π’È ·µà
ªí®®ÿ∫—πæ∫«à“¬—ß‰¡à¡’√“¬ß“π∂÷ß·∫§∑’‡√’¬™Õ∫√âÕπ∑’Ë “¡“√∂¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ PCL √«¡∂÷ß
°‘®°√√¡¢Õß‡Õπ‰´¡å∑π√âÕπ∑’Ë‡°’Ë¬«¢âÕß„π°√–∫«π°“√¬àÕ¬ ≈“¬ PCL „πª√–‡∑»‰∑¬ ¥—ßπ—Èπß“π«‘®—¬π’È®÷ß
‡ªìπß“π«‘®—¬·√°∑’Ë∑”°“√·¬°‡™◊ÈÕ·≈–®—¥®”·π°·∫§∑’‡√’¬™Õ∫√âÕπ∑’Ë¬àÕ¬ ≈“¬ PCL ®“°µ—«Õ¬à“ß¥‘π®“°
°Õß¢¬–„πª√–‡∑»‰∑¬ πÕ°®“°π’È¬—ß‰¥â§—¥‡≈◊Õ° “¬æ—π∏ÿå·∫§∑’‡√’¬∑’Ë¡’°‘®°√√¡¢Õß‡Õπ‰´¡å¥’∑’Ë ÿ¥ ‡æ◊ËÕ
»÷°…“ —≥∞“π«‘∑¬“·≈–»÷°…“°“√∑”ß“π¢Õß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß„π°≈‰°°“√¬àÕ¬ ≈“¬ PCL

«‘∏’¥”‡π‘π°“√«‘®—¬
°“√‡°Á∫µ—«Õ¬à“ß¥‘π∫√‘‡«≥µà“ßÊ ¢Õßª√–‡∑»‰∑¬

µ—«Õ¬à“ß¥‘π‡°Á∫‰¥â®“°∫√‘‡«≥µà“ßÊ ¢Õßª√–‡∑»‰∑¬ ‚¥¬‡°Á∫µ—Èß·µà‡¥◊Õπµÿ≈“§¡ 2551 ∂÷ß¡‘∂ÿπ“¬π
2552 ®“°∫√‘‡«≥∑—ÈßÀ¡¥ 7 ®—ßÀ«—¥ §◊Õ °√ÿß‡∑æ¡À“π§√ (2 µ—«Õ¬à“ß) Õ¬ÿ∏¬“ (2 µ—«Õ¬à“ß) ª∑ÿ¡∏“π’
(3 µ—«Õ¬à“ß)  ‘ßÀå∫ÿ√’ (1 µ—«Õ¬à“ß) π§√ª∞¡ (1 µ—«Õ¬à“ß) æ‘®‘µ√ (3 µ—«Õ¬à“ß) ·≈–π§√»√’∏√√¡√“™
(1 µ—«Õ¬à“ß) √«¡∑—Èß ‘Èπ 13 µ—«Õ¬à“ß ´÷Ëß·µà≈–µ—«Õ¬à“ß‡°Á∫¡“®“°¥‘π∑’Ë§«“¡≈÷°≈ß‰ªª√–¡“≥ 5 ‡´πµ‘‡¡µ√
®“°∫√‘‡«≥°Õß¢¬–∑’Ë¡’°“√∑—∫∂¡°—π µ—«Õ¬à“ß¥‘π∑—ÈßÀ¡¥∂Ÿ°‡°Á∫„πµŸâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ 10 Õß»“‡´≈‡´’¬ 
®π°√–∑—Ëßπ”¡“∑¥≈Õß¢—ÈπµàÕ‰ª

°“√§—¥·¬°·∫§∑’‡√’¬∑’Ë¬àÕ¬ ≈“¬ PCL
PCL ‡ªìπ·À≈àß§“√å∫Õπ ”À√—∫·∫§∑’‡√’¬∑’Ë„™â„π°“√‡µ√’¬¡‡ªìπÕ“À“√·¢Áß„π°“√∑¥ Õ∫°“√

¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ¥â«¬«‘∏’°“√‡°‘¥«ß„  (clear zone technique) ‚¥¬°“√ª√–¬ÿ°µå„™â«‘∏’°“√¢Õß
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Nishida ·≈– Tokiwa (1993) [22] ´÷Ëß¡’«‘∏’°“√‡µ√’¬¡‚¥¬™—Ëß PCL 1 °√—¡ ≈–≈“¬„π methylene
chloride 20 ¡‘≈≈‘≈‘µ√ π”¡“º ¡√«¡°—∫ 1 ≈‘µ√ basal medium ‚¥¬Õ“»—¬‡§√◊ËÕßÕ—≈µ√“‚´π‘§‡§‡µÕ√å
(ultrasonicator) ‚¥¬ basal medium 1 ≈‘µ√ ª√–°Õ∫¥â«¬ yeast extract 200 ¡‘≈≈‘°√—¡ (NH4)2SO4

1 °√—¡ MgSO4.7H2O 200 ¡‘≈≈‘°√—¡ NaCl 100 ¡‘≈≈‘°√—¡ CaCl2.2H2O 20 ¡‘≈≈‘°√—¡ FeSO4.7H2O
10 ¡‘≈≈‘°√—¡ Na2MoO4.2H2O 0.5 ¡‘≈≈‘°√—¡ Na2WO42H2O 0.5 ¡‘≈≈‘°√—¡ MnSO4 0.5 ¡‘≈≈‘°√—¡
K2HPO4 1.6 °√—¡ ·≈– KH2PO4 200 ¡‘≈≈‘°√—¡ ‚¥¬ª√—∫ pH „Àâ‰¥âª√–¡“≥ 7.4 π”Õ“À“√∑’Ë‡µ√’¬¡∫à¡‰«â∑’Ë
55 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 30 π“∑’ ‡æ◊ËÕ„Àâ methylene chloride √–‡À¬ ‡µ‘¡«ÿâπ 20 °√—¡ ·≈–π”‰ª¶à“
‡™◊ÈÕ¥â«¬°“√ autoclave ‡ªìπ‡«≈“ 15 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 121 Õß»“‡´≈‡ ’́¬  ‡∑„ à®“π‡æ“–‡™◊ÈÕ °“√‡µ√’¬¡
µ—«Õ¬à“ß¥‘π ‚¥¬π”µ—«Õ¬à“ß¥‘π¡“‡®◊Õ®“ß®π∂÷ß 104 ‡∑à“¥â«¬πÈ”°≈—Ëπ∑’Ëª√“»®“°‡™◊ÈÕ ¥Ÿ¥µ—«Õ¬à“ß¥‘π∑’Ë‰¥â
∑”°“√‡®◊Õ®“ß·≈â«¡“ 0.1 ¡‘≈≈‘≈‘µ√ ≈ß∫πÕ“À“√·¢Áß∑’Ë‡µ√’¬¡ ·≈–‡°≈’Ë¬∫πº‘«Àπâ“Õ“À“√ ®“°π—Èππ”‰ª∫à¡
∑’ËÕÿ≥À¿Ÿ¡‘ 55 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 10 «—π ‚¥¬µ√«®¥Ÿº≈∑ÿ°«—π ·∫§∑’‡√’¬∑’Ë¬àÕ¬ ≈“¬ PCL ‰¥âπ—Èπ®–
 —ß‡°µ‡ÀÁπ«ß„ ∫π®“π‡æ“–‡™◊ÈÕ ®“°π—Èπ·¬°‡™◊ÈÕÕÕ°¡“·≈–∑”°“√ streak ‡™◊ÈÕ ®π‰¥â‡™◊ÈÕ∑’Ë∫√‘ ÿ∑∏‘Ï

°“√®—¥®”·π°·∫§∑’‡√’¬¥â«¬¬’π 16S rDNA
®’‚π¡‘°¥’‡ÕÁπ‡Õ (genomic DNA) ¢Õß‡™◊ÈÕ·µà≈–‰Õ‚´‡≈∑ (isolate) ∂Ÿ° °—¥‚¥¬„™â«‘∏’°“√¢Õß

Kieser ·≈–§≥– (2000) [23] ‡æ◊ËÕπ”¡“‡ªìπ¥’‡ÕÁπ‡Õ·¡à·∫∫ (template DNA) „π°“√‡æ‘Ë¡®”π«π
¥’‡ÕÁπ‡Õ¥â«¬«‘∏’ Polymerase Chain Reaction (PCR) ́ ÷ËßÕÕ°·∫∫‰æ√‡¡Õ√å‚¥¬„™â à«π¢Õß¬’π 16S rDNA
∑’Ëª√–¬ÿ°µå®“°«‘∏’¢Õß Lane (1991) [24] ‰¥â·°à 16sE8-F (5û-AGAGTTTGATCCTGGCTCAG) ·≈–
16sE1509-R (5û-GGTTACCTTGTTACGACTT) ¢—ÈπµÕπ°“√∑” PCR ‡√‘Ë¡®“°º ¡ PCR reaction
mixture ª√–°Õ∫¥â«¬ ®’‚π¡‘°¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡‡¢â¡¢âπª√–¡“≥ 50-100 π“‚π°√—¡ 1X PCR buffer,
0.1 ‰¡‚§√‚¡≈“√å ¢Õß 16sE8-F ·≈– 16sE1509-R, 0.2 ¡‘≈≈‘‚¡≈“√å dNTP 1.5 ¡‘≈≈‘‚¡≈“√å MgCl2
·≈– 0.03 ¬Ÿπ‘µ¢Õß Taq DNA polymerase  ”À√—∫ ¿“«–„π°“√∑” PCR ‡√‘Ë¡®“°°“√∑”„Àâ “¬ DNA
·¬°ÕÕ°®“°°—π∑’ËÕÿ≥À¿Ÿ¡‘ 95 Õß»“‡´≈‡´’¬≈ ‡ªìπ‡«≈“ 5 π“∑’ „π¢—ÈπµÕπ¢Õß°“√‡æ‘Ë¡®”π«π DNA
(amplification) µ—Èß‚ª√·°√¡„Àâ¥”‡π‘π°“√ 30 √Õ∫ (cycles) ´÷Ëßª√–°Õ∫¥â«¬ 3 ¢—ÈπµÕπ¥—ßπ’È §◊Õ ¢—ÈπµÕπ
denaturing „™âÕÿ≥À¿Ÿ¡‘ 95 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 30 «‘π“∑’ ¢—ÈπµÕπ annealing „™âÕÿ≥À¿Ÿ¡‘ 60 Õß»“
‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 1 π“∑’ ·≈–¢—ÈπµÕπ extension „™âÕÿ≥À¿Ÿ¡‘ 72 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 1 π“∑’
‡¡◊ËÕ‡§√◊ËÕß¥”‡π‘π°“√§√∫ 30 √Õ∫ ‡¢â“ Ÿà¢—ÈπµÕπ extension Õ’°§√—Èß∑’ËÕÿ≥À¿Ÿ¡‘ 72 Õß»“‡´≈‡´’¬  ‡ªìπ
‡«≈“ 7 π“∑’ ·≈–∑”„Àâ‡¬Áπ≈ß∑’Ë 4 Õß»“‡´≈‡´’¬  PCR product ∑’Ë‰¥â∂Ÿ°π”¡“∑”„Àâ∫√‘ ÿ∑∏å‚¥¬Õ“»—¬
NucleoSpin®Extract II Kit µ√«® Õ∫¢π“¥¢Õß PCR product ∑’Ë¡’¢π“¥ª√–¡“≥ 1,500 ‡∫  ‚¥¬
°“√∑” electrophoresis °“√®—¥®”·π°‰Õ‚´‡≈∑∑”‰¥â‚¥¬π” PCR product ∑’Ë‰¥âÀ“≈”¥—∫‡∫  ‚¥¬Õ“»—¬
°“√∑” ABI PRISM BigDyeTM

 «‘‡§√“–Àå≈”¥—∫‡∫ ¢Õß·µà≈–‰Õ‚´‡≈∑‚¥¬Õ“»—¬‚ª√·°√¡ BLAST
°“√∑” multiple aligment ¢Õß≈”¥—∫‡∫ „™â‚ª√·°√¡ Clustal X ·≈–°“√ √â“ß phylogenetic tree
Õ“»—¬‚ª√·°√¡ MEGA 3 [25] ¥â«¬«‘∏’ neighbor-joining ∑’Ë§à“ bootstrap 1,000 §√—Èß
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≈—°…≥– ¡∫—µ‘¢Õß·∫§∑’‡√’¬
°“√»÷°…“ —≥∞“π«‘∑¬“¢Õß·∫§∑’‡√’¬Õ“»—¬«‘∏’ Gram staining  ”À√—∫‡™◊ÈÕ„π°≈ÿà¡·Õ§µ‘-

‚π¡—¬ ’∑∑”°“√»÷°…“°“√‡®√‘≠‡µ‘∫‚µ·≈–≈—°…≥–∑“ß™’«‡§¡’¥—ßπ’È »÷°…“≈—°…≥–¢Õß‡ âπ„¬ °“√ √â“ß‡¡Á¥ ’
(pigment) ·≈– ’‚§‚≈π’∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕµà“ß™π‘¥°—π ‰¥â·°à yeast-malt extract agar (ISP 2), oatmeal
agar (ISP 3), inorganic salt-starch agar (ISP 4) ·≈– glycerol-asparagine agar (ISP 5) ‚¥¬
ª√–¬ÿ°µåµ“¡«‘∏’ Shirling ·≈– Gottlieb (1966) [26] °“√»÷°…“§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬ —∫ ‡µ√∑
™π‘¥µà“ßÊ ‰¥â·°à PCL, cellulose ·≈– tributyrin °“√»÷°…“°“√‡®√‘≠∑’Ë§«“¡‡¢â¡¢âπ¢Õß NaCl µà“ßÊ °—π
µ—Èß·µà 0-10% °“√»÷°…“·À≈àßπÈ”µ“≈§“√å∫Õπ (1% w/v) ∑’Ë‡À¡“– ¡µàÕ°“√‡®√‘≠¢Õß‡™◊ÈÕ‚¥¬„™âÕ“À“√
carbon utilization medium (ISP 9) ÷́Ëßª√–¬ÿ°µåµ“¡«‘∏’ Nonomura (1974) [27] ·≈–°“√»÷°…“
‰Õ‚´‡¡Õ√å¢Õß diaminopimelic acid (DAP) „πºπ—ß‡´≈≈å ‚¥¬ª√–¬ÿ°µå«‘∏’ Staneck ·≈– Robert
(1994) [28]

°“√∑”ß“π¢Õß‡Õπ‰´¡å∑’Ë¬àÕ¬ ≈“¬ PCL
‡æ“–‡≈’È¬ß‡™◊ÈÕ„πÕ“À“√ PCL basal medium ®”π«π 50 ¡‘≈≈‘≈‘µ√ „πø≈“ °å¢π“¥ 250

¡‘≈≈‘≈‘µ√ ∑’ËÕÿ≥À¿Ÿ¡‘ 55 Õß»“‡´≈‡´’¬  ‡¢¬à“∑’Ë 200 rpm ∑”°“√‡°Á∫µ—«Õ¬à“ßÕ“À“√‡≈’È¬ß‡™◊ÈÕ¡“∑¥ Õ∫
°“√∑”ß“π¢Õß‡Õπ‰´¡å∑’Ë‡«≈“µà“ßÊ °—π‡ªìπ‡«≈“ 7 «—π °“√«—¥°“√∑”ß“π¢Õß‡Õπ‰´¡å∑’Ë¬àÕ¬ ≈“¬ PCL
(PCL- degrading enzyme) ¥Ÿ‰¥â®“°§«“¡¢ÿàπ∑’Ë≈¥≈ß¢Õß “√≈–≈“¬ PCL ‚¥¬ª√–¬ÿ°µå«‘∏’¢Õß Oda ·≈–
§≥– (2001) [29] ´÷Ëßª√–°Õ∫¥â«¬  —∫ ‡µ√∑ (PCL-Tris-HCl, pH 7.0-9.0) 2.25 ¡‘≈≈‘≈‘µ√  “√≈–≈“¬
‡Õπ‰´¡å 0.25 ¡‘≈≈‘≈‘µ√ º ¡„Àâ‡¢â“°—π ·≈–π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 55 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 30 π“∑’
°”Àπ¥„Àâ 1 ¬Ÿπ‘µ (U) ¢Õß‡Õπ‰´¡å∑’Ë¬àÕ¬ ≈“¬ PCL À¡“¬∂÷ß ª√‘¡“≥¢Õß‡Õπ‰´¡å∑’Ë¬àÕ¬ PCL ∑”„Àâ§à“
Optical Density (OD) ∑’Ë 630 π“‚π‡¡µ√ ≈¥≈ß 0.1 „π‡«≈“ 30 π“∑’ ¿“¬„µâ ¿“«–∑’Ë∑”°“√∑¥ Õ∫

°“√«‘‡§√“–Àåª√‘¡“≥‚ª√µ’π
µ√«®«—¥ª√‘¡“≥‚ª√µ’π„πµ—«Õ¬à“ß‡Õπ‰´¡å‚¥¬«‘∏’¢Õß Bradford (1976) [30] ·≈–„™â “√≈–≈“¬

bovine serum albumin (Sigma-Aldrich Inc., Germany) ‡ªìπ “√¡“µ√∞“π

º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈°“√∑¥≈Õß
°“√§—¥‡≈◊Õ°·∫§∑’‡√’¬∑’Ë¬àÕ¬ ≈“¬ PCL

®“°µ—«Õ¬à“ß¥‘π∑—ÈßÀ¡¥ 13 µ—«Õ¬à“ß æ∫«à“·¬°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬ PCL ‰¥â∑—ÈßÀ¡¥
40 ‰Õ‚´‡≈∑ ‚¥¬¡’‡æ’¬ß 8 ‰Õ‚´‡≈∑∑’Ë “¡“√∂‡®√‘≠‡µ‘∫‚µ·≈–¬àÕ¬ ≈“¬ PCL ∑’ËÕÿ≥À¿Ÿ¡‘ 55 Õß»“
‡´≈‡´’¬  ´÷Ëß§‘¥‡ªìπ√âÕ¬≈– 20 ¢Õß·∫§∑’‡√’¬∑—ÈßÀ¡¥∑’Ë¬àÕ¬ ≈“¬ PCL ´÷Ëß Õ¥§≈âÕß°—∫°“√√“¬ß“π
¢Õß Tansengco ·≈– Tokiwa (1998) [14] ®“°π—Èππ”‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑—Èß 8 ‰Õ‚´‡≈∑ ¡“∑¥ Õ∫‡æ◊ËÕ
‡ª√’¬∫‡∑’¬∫°“√‡°‘¥«ß„ ∑’ËÕÿ≥À¿Ÿ¡‘ 37, 45 ·≈– 55 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 10 «—π æ∫«à“‡™◊ÈÕ·µà≈–
‰Õ‚´‡≈∑¡’°“√‡®√‘≠·≈–„Àâ«ß„ ∫πÕ“À“√·¢Áß PCL ·µ°µà“ß°—π ¥—ß· ¥ß„πµ“√“ß∑’Ë 1  “¬æ—π∏ÿå S21
·≈– S23 ¡’°“√‡®√‘≠Õ¬à“ß√«¥‡√Á« ·≈–„Àâ¢π“¥«ß„  6 ¡‘≈≈‘‡¡µ√  ”À√—∫ “¬æ—π∏ÿå S14 ¡’°“√‡®√‘≠
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™â“°«à“‰Õ‚´‡≈∑Õ◊ËπÊ ·µà„Àâ¢π“¥‚´π„ ª√–¡“≥ 8 ¡‘≈≈‘‡¡µ√ ®“°°“√»÷°…“°“√¬àÕ¬ ≈“¬ PCL
¥â«¬‡∑§π‘§°“√‡°‘¥«ß„ æ∫«à“‡ªìπ«‘∏’∑’Ë¥’·≈–ßà“¬µàÕ°“√»÷°…“°“√¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ [22]
‡π◊ËÕß®“°Õ“À“√·¢Áß PCL ¡’≈—°…≥–‡ªìπ ’¢“«¢ÿàπ ‡¡◊ËÕ‡°‘¥«ß„ √Õ∫Ê ‚§‚≈π’ ∑”„Àâ‡ÀÁπ«ß„ ™—¥‡®π ‡ªìπ
º≈¡“®“° PCL Õ‘¡—≈´‘ø“¬¥å‡¢â“‰ª√«¡Õ¬Ÿà„π™—Èπ«ÿâπ ‡¡◊ËÕ·∫§∑’‡√’¬ª≈àÕ¬‡Õπ‰´¡å∑’Ë„™â„π°“√¬àÕ¬ ≈“¬ÕÕ°
¡“¿“¬πÕ°‡´≈≈å ‡Õπ‰´¡å·æ√à‡¢â“‰ª¬—ß«ÿâπ‡æ◊ËÕ¬àÕ¬ ≈“¬ PCL ∑”„Àâ‰¥âº≈º≈‘µ ‡™àπ °ä“´§“√å∫Õπ-
‰¥ÕÕ°‰´¥å·≈–πÈ” [2] πÕ°®“°π’È¬—ßæ∫«à“‚§√ß √â“ß¢Õß PCL ‰¡à´—∫´âÕπ ®ÿ≈‘π∑√’¬å®÷ß “¡“√∂¬àÕ¬ ≈“¬‰¥â
ßà“¬‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫æ≈“ µ‘°™’«¿“æ™π‘¥Õ◊ËπÊ [31] ́ ÷Ëß Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Tseng ·≈–§≥– (2007)
[32] ∑’Ë·¬°‡™◊ÈÕ·∫§∑’‡√’¬ 31 ‰Õ‚´‡≈∑∑’Ë¬àÕ¬ ≈“¬ PHB, PCL ·≈– PES ‚¥¬®—¥®”·π°Õ¬Ÿà„π®’π— 
Actinomadura, Microbispora, Streptomyces, Thermoactinomyces ·≈– Saccharomonospora

√Ÿª∑’Ë 1 °“√‡°‘¥‚§‚≈π’·≈–«ß„ ∫πÕ“À“√·¢Áß PCL ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 55 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 10 «—π

°“√·¬°·≈–®—¥®”·π°·∫§∑’‡√’¬
°“√®—¥®”·π°‡™◊ÈÕ 8 ‰Õ‚´‡≈∑¥â«¬¬’π 16S rDNA æ∫«à“ PCR product ¡’¢π“¥ 1,500 bp

≈”¥—∫‡∫ ¢Õß¬’π 16S rDNA ∂Ÿ°π”¡“«‘‡§√“–Àåº≈‚¥¬°“√‡ª√’¬∫‡∑’¬∫°—∫‡™◊ÈÕ∑—ÈßÀ¡¥∑’Ë¡’Õ¬Ÿà„π∞“π
¢âÕ¡Ÿ≈‚¥¬‚ª√·°√¡ BLAST ¥—ß· ¥ß„πµ“√“ß∑’Ë 1 °“√ √â“ß phylogenetic tree ®“°≈”¥—∫‡∫  16S
rDNA ¥â«¬‚ª√·°√¡ MEGA 3 · ¥ß„π√Ÿª∑’Ë 2 æ∫«à“·∫§∑’‡√’¬∑—Èß 8 ‰Õ‚´‡≈∑ °√–®“¬Õ¬Ÿà„π Family
Bacillaceae, Paenibacillaceae, Actinomycete, ·≈–· ¥ß§à“§«“¡§≈â“¬§≈÷ß (similarity) ¡“°°«à“ 98%
‚¥¬ “¬æ—π∏ÿå S11 (98%), S12 (99%), S41 (99%) ·≈– S81 (99%) ®—¥Õ¬Ÿà„π “¬æ—π∏ÿå Brevibacillus
thermoruber (Family Paenibacillaceae)  “¬æ—π∏ÿå S21 (99%) ·≈– S23 (99%) ®—¥Õ¬Ÿà„π “¬æ—π∏ÿå
Brevibacillus brevis (Family Paenibacillaceae)  “¬æ—π∏ÿå S43 (99%) ®—¥Õ¬Ÿà„π “¬æ—π∏ÿå Ureibacillus
suwonensis (Family Bacillaceae) ¡’‡æ’¬ß “¬æ—π∏ÿå S14 (99%)  “¬æ—π∏ÿå‡¥’¬«∑’Ë®—¥Õ¬Ÿà„π°≈ÿà¡
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·Õ§µ‘‚π¡—¬ ’∑ (Family Actinomycete) ∑’Ë§≈â“¬§≈÷ß°—∫ “¬æ—π∏ÿå Actinomadura keratinilytica
®“°√“¬ß“π Tomita ·≈–§≥– (1999) [33] ·¬°‡™◊ÈÕ Brevibacillus (formerly Bacillus brevis)
®“°µ—«Õ¬à“ß¥‘π∑’Ë “¡“√∂¬àÕ¬ ≈“¬ poly (L-lactic acid) ∑’ËÕÿ≥À¿Ÿ¡‘ 60 Õß»“‡´≈‡ ’́¬  „πªï §.». 2008
Hu ·≈–§≥– [34] ·¬°‡™◊ÈÕ Ureibacillus thermosphaericus strain BHK 25 ¡“®“°§Õ¡‚æ µå ·≈–
¬àÕ¬ ≈“¬øî≈å¡ terephthalate-containing Biomax ∑’Ë„™â ”À√—∫∑”∫√√®ÿ¿—≥±å‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 55-60 Õß»“
‡´≈‡ ’́¬  πÕ°®“°π’È¬—ßæ∫«à“·Õ§µ‘‚π¡—¬ ’∑™Õ∫√âÕπ (thermophilic actinomycetes) ‰¥â·°à Actinomadura
miaoliensis sp. nov ‡ªìπ “¬æ—π∏ÿå„À¡à∑’Ë¬àÕ¬ ≈“¬ PHB [20] ·≈–„πªï §.». 2009 Sukkhum ·≈–
§≥– [21] ·¬°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂¬àÕ¬ ≈“¬ L-PLA ®“°¥‘π„πªÉ“¢Õßª√–‡∑»‰∑¬ ·≈–æ∫«à“‡™◊ÈÕÕ¬Ÿà
„π Family Thermomonosporaceae, Micromonosporaceae, Streptosporangiaceae, Bacillaceae
·≈– Thermoactinomycetaceae ‚¥¬‡™◊ÈÕ Actinomadura sp. strain T16-1 ¬àÕ¬ ≈“¬ L-PLA ‰¥â Ÿß ÿ¥
·µà‰¡à¬àÕ¬ ≈“¬ PCL ‡¡◊ËÕ®—¥®”·π°¥â«¬≈”¥—∫‡∫  16S rDNA æ∫«à“¡’§«“¡„°≈â‡§’¬ß°—∫ “¬æ—π∏ÿå
Actinomadura keratinilytica (99%) ‡ªìπ‰ª‰¥â«à“‡™◊ÈÕ “¬æ—π∏ÿåπ’È¡’‡Õπ‰´¡å∑’Ë ”§—≠„π°“√¬àÕ¬ ≈“¬
æ≈“ µ‘°™’«¿“æ ¥—ßπ—Èπ°“√∑’Ë “¬æ—π∏ÿå S14  “¡“√∂¬àÕ¬ ≈“¬ PCL ‰¥â Õ“®‡°‘¥®“°°√–∫«π°“√∑“ß
®ÿ≈‘π∑√’¬å (microbial process) ∑’Ë¡’°“√ª≈àÕ¬‡Õπ‰´¡å∑’Ë‡√’¬°«à“ hydrolytic enzymes ÕÕ°¡“‡æ◊ËÕ
¬àÕ¬ ≈“¬ PCL

µ“√“ß∑’Ë 1 °“√‡ª√’¬∫‡∑’¬∫°“√¬àÕ¬ ≈“¬ PCL ®“°·∫§∑’‡√’¬ 8 ‰Õ‚´‡≈∑

Strain Identification based on Genbank Clear zone formation on
16S rDNA analysis (identity) accession PCL agar ata

number 37°C 45°C 55°C

S11 Brevibacillus thermoruber (98%) JN378519 + ++ ++

S12 Brevibacillus thermoruber (99%) JN378520 + ++ ++

S14 Actinomadura keratinilytica (99%) QC340794 + +++ +++

S21 Brevibacillus brevis (99%) JN378521 + ++ +++

S23 Brevibacillus brevis (99%) JN378522 + ++ +++

S41 Brevibacillus thermoruber (99%) JN378523 + ++ ++

S43 Ureibacillus suwonensis (99%) JN378524 + ++ ++
S81 Brevibacillus thermoruber (99%) JN378525 + ++ ++

À¡“¬‡Àµÿ: Õ“À“√·¢Áß PCL ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37, 45 ·≈– 55 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 10 «—π
a¢π“¥‚´π„ «—¥®“°¢Õ∫¢Õß‚§‚≈π’„π«—π∑’Ë 10 +++ ¢π“¥¡“°°«à“ 5 ¡‘≈≈‘‡¡µ√;
++ ¢π“¥ 3-5 ¡‘≈≈‘‡¡µ√; + ¢π“¥πâÕ¬°«à“ 3 ¡‘≈≈‘‡¡µ√
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√Ÿª∑’Ë 2 Phylogenetic tree ¢Õß¬’π 16S rDNA ®“°·∫§∑’‡√’¬ 24  “¬æ—π∏ÿå
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≈—°…≥–∑“ß —≥∞“π«‘∑¬“
°“√∑¥≈Õß„™â‡™◊ÈÕ “¬æ—π∏ÿå S14  ”À√—∫»÷°…“∑“ß —≥∞“π«‘∑¬“‡π◊ËÕß®“°®—¥Õ¬Ÿà„π°≈ÿà¡·Õ§µ‘-

‚π¡—¬ ’∑™Õ∫√âÕπ∑’Ë¬àÕ¬ ≈“¬ PCL ‰¥â¥’ ‡¡◊ËÕ‡≈’È¬ß‡™◊ÈÕ„πÕ“À“√™π‘¥µà“ßÊ æ∫«à“ ’∑’Ë‡°‘¥¢÷Èπ∫√‘‡«≥ aerial
mycelium „Àâ ’§√’¡ ‡¡◊ËÕ‡≈’È¬ß„πÕ“À“√ ISP3, 4 ·≈– 5  ”À√—∫ ISP2 ‰¡à‡°‘¥ ’ ‡™◊ÈÕ‡®√‘≠„π™à«ßÕÿ≥À¿Ÿ¡‘
40-60 Õß»“‡´≈‡´’¬  ·≈–‡®√‘≠‰¥â¥’∑’Ë§«“¡‡¢â¡¢âπ NaCl 2 ‡ªÕ√å‡´Áπµå (πÈ”Àπ—°µàÕª√‘¡“µ√) ‡™◊ÈÕ
 “¡“√∂„™âπÈ”µ“≈ glucose, arabinose, xylose, inositol, fructose, rhamnose ·≈– mannitol ·µà‰¡à
 “¡“√∂„™âπÈ”µ“≈ sucrose, raffinose ·≈– sorbitol °“√»÷°…“§ÿ≥ ¡∫—µ‘°“√¬àÕ¬ ≈“¬æ∫«à“‡™◊ÈÕ¬àÕ¬ ≈“¬
PCL ·≈– tributyrin ·µà‰¡à “¡“√∂¬àÕ¬ ≈“¬ cellulose  “¬æ—π∏ÿå S14 ¡’‡ª∫µ‘‚¥‰°·§π (peptidoglycan)
¢Õßºπ—ß‡´≈≈å∑’Ëª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π meso- DAP ´÷Ëß‡ªìπ°√¥Õ–¡‘‚π™π‘¥Àπ÷Ëß∑’Ëæ∫‰¥â„π·∫§∑’‡√’¬
¥—ß· ¥ßº≈„πµ“√“ß∑’Ë 2 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ —≥∞“π«‘∑¬“√–À«à“ß‡™◊ÈÕ Actinomadura sp. strain S14 ·≈–
Actinomadura sp. strain T16-1 [21] æ∫«à“ “¬æ—π∏ÿå T16-1 ‡¡◊ËÕ‡≈’È¬ß„πÕ“À“√ ISP2, ISP3 ·≈–
ISP4  ’∑’Ë‡°‘¥¢÷Èπ∫√‘‡«≥ aerial mycelium „Àâ ’‡¢’¬«  ’¢“« ·≈– ’§√’¡ µ“¡≈”¥—∫ ‡™◊ÈÕ‡®√‘≠„π™à«ßÕÿ≥À¿Ÿ¡‘
30-60 Õß»“‡´≈‡ ’́¬  ·≈–‡™◊ÈÕ “¡“√∂„™âπÈ”µ“≈ inositol, mannitol, sorbitol, raffinose, rhamnose
·≈– galactose · ¥ß«à“‡™◊ÈÕ “¬æ—π∏ÿå S14 ¡’ —≥∞“π«‘∑¬“∑’Ë·µ°µà“ß®“°‡™◊ÈÕ “¬æ—π∏ÿå T16-1 πÕ°®“°π’È
¬—ßæ∫«à“ “¬æ—π∏ÿå T16-1  “¡“√∂¬àÕ¬ ≈“¬ L-PLA ·µà‰¡à “¡“√∂¬àÕ¬ ≈“¬ PCL ¥—ßπ—Èπ°“√§âπæ∫‡™◊ÈÕ
 “¬æ—π∏ÿå S14 ∑’Ë§≈â“¬§≈÷ß°—∫ “¬æ—π∏ÿå A. keratinilyticba ®÷ß‡ªìπ√“¬ß“π·√°∑’Ë»÷°…“§«“¡ “¡“√∂„π°“√
¬àÕ¬ ≈“¬ PCL

°“√«—¥ PCL-degrading enzyme
‡¡◊ËÕ‡≈’È¬ß‡™◊ÈÕ “¬æ—π∏ÿå S14 „πÕ“À“√ PCL basal medium ‡æ◊ËÕ«—¥§à“§«“¡¢ÿàπ·≈–°“√∑”ß“π

¢Õß‡Õπ‰´¡å∑’Ë¬àÕ¬ ≈“¬ PCL æ∫«à“ “√≈–≈“¬ PCL ¡’§«“¡¢ÿàπ≈¥≈ß∑’Ë OD 630 nm ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
°—∫ “√≈–≈“¬ PCL ∑’Ë‰¡à„ à‡™◊ÈÕ (ø≈“ °å§«∫§ÿ¡) °“√«—¥°“√∑”ß“π¢Õß‡Õπ‰´¡å‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§«“¡
‡ªìπ°√¥¥à“ßæ∫«à“‡¡◊ËÕπ”‡Õπ‰´¡å¡“∫à¡°—∫ —∫ ‡µ√∑ (PCL-Tris-HCl) ∑’Ë§à“ pH 7, 8 ·≈– 9 ∑’ËÕÿ≥À¿Ÿ¡‘
55 Õß»“‡´≈‡´’¬  æ∫«à“„Àâ§à“°“√∑”ß“π¢Õß‡Õπ‰´¡å®”‡æ“– (specific activity) ‡∑à“°—∫ 1.45, 5.98 ·≈–
0.98 ¬Ÿπ‘µµàÕ¡‘≈≈‘°√—¡ µ“¡≈”¥—∫ ¥—ßπ—Èπ‡Õπ‰´¡å∑”ß“π‰¥â¥’∑’Ë pH 8 ·≈–‡¡◊ËÕ«—¥°“√∑”ß“π¢Õß‡Õπ‰´¡å°—∫
 —∫ ‡µ√∑ pH 8 ∑’ËÕÿ≥À¿Ÿ¡‘ 55 Õß»“‡´≈‡´’¬  „π·µà≈–«—π æ∫«à“«—π∑’Ë 3 „Àâ§à“ Ÿß ÿ¥‡∑à“°—∫ 6.25 ¬Ÿπ‘µ
µàÕ¡‘≈≈‘°√—¡ ¥—ß· ¥ß„π√Ÿª∑’Ë 3 °“√»÷°…“‡Õπ‰´¡å∑’Ë¬àÕ¬ ≈“¬ PCL æ∫‰¥â∑—Èß„π·∫§∑’‡√’¬·≈–‡™◊ÈÕ√“
‡π◊ËÕß®“° PCL ‡ªìπ·À≈àßæ≈—ßß“π·≈–·À≈àß§“√å∫Õπ∑’Ë®ÿ≈‘π∑√’¬åπ”¡“„™â„π°“√‡®√‘≠ [12, 35] ‡Õπ‰´¡å∑’Ëæ∫
 à«π„À≠àÕ¬Ÿà„π°≈ÿà¡≈‘‚æ‰≈µ‘°‡Õπ‰´¡å (lipolytic enzyme) ‰¥â·°à lipase, esterase ·≈– depolymerase
[8, 15] πÕ°®“°π’È¬—ßæ∫«à“‡Õπ‰´¡å cutinase ®“°‡™◊ÈÕ√“ Fusarium moniliforme  “¡“√∂¬àÕ¬ ≈“¬ PCL
‰¥â‡™àπ°—π [13]
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µ“√“ß∑’Ë 2 °“√‡®√‘≠·≈–≈—°…≥–∑“ß™’«‡§¡’¢Õß Actinomadura sp. strain S14

Properties Actinomadura sp. strain S14
Growth characteristic on Growth Aerial mycelium Pigment
Yeast malt extract agar (ISP2) Moderate Colorless -
Oat meal agar (ISP3) Moderate Cream -
Inorganic salt-starch agar (ISP4) Moderate Cream -
Glycerol-asparagine agar (ISP5) Moderate Cream -

Growth at Positive/Negative
30°C -
40°C +
50°C +
60°C +

Growth at Positive/Negative
0% NaCl +
2% NaCl +
4% NaCl -
6% NaCl -
10% NaCl -

Carbon source utilization Positive/Negative
D-Glucose +
L-Arabinose +
Sucrose -
D-Xylose +
Inositol +
D-Fructose +
Raffinose -
Rhamnose +
Mannitol +
Sorbitol -

Degradation Positive/Negative
PCL +
Cellulose -
Tributyrin +

DAP type meso

À¡“¬‡Àµÿ: + ‡™◊ÈÕ‡®√‘≠‰¥â; - ‡™◊ÈÕ‰¡à‡®√‘≠



SWU Sci. J. Vol. 27 No. 2 (2011)240

√Ÿª∑’Ë 3 °“√«—¥‡Õπ‰´¡å∑’Ë¬àÕ¬ ≈“¬ PCL „π PCL basal medium ∑’ËÕÿ≥À¿Ÿ¡‘ 55 Õß»“‡´≈‡ ’́¬  pH 8
‡ªìπ‡«≈“ 7 «—π ‚¥¬ ● · ¥ß§à“ OD 630 ¢Õßø≈“ °å∑’Ë„ à‡™◊ÈÕ “¬æ—π∏ÿå S14; ●● · ¥ß§à“ OD 630
¢Õßø≈“ °å∑’Ë‰¡à„ à‡™◊ÈÕ; ▲ · ¥ß§à“°“√∑”ß“π¢Õß‡Õπ‰´¡å®”‡æ“–¢Õßø≈“ °å∑’Ë„ à‡™◊ÈÕ “¬æ—π∏ÿå S14

 √ÿªº≈°“√«‘®—¬
®“°°“√·¬°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬ PCL ®“°¥‘π∫√‘‡«≥°Õß¢¬–æ∫«à“·¬°‡™◊ÈÕ·∫§∑’‡√’¬‰¥â

∑—ÈßÀ¡¥ 8  “¬æ—π∏ÿå „π°“√∑¥≈Õßπ’È¡’§«“¡ π„®„π·∫§∑’‡√’¬ “¬æ—π∏ÿå S14 ÷́Ëß‡ªìπ “¬æ—π∏ÿå‡¥’¬«∑’Ë®—¥Õ¬Ÿà
„π°≈ÿà¡·Õ§µ‘‚π¡—¬ ’∑ ™Õ∫√âÕπ ‚¥¬‡®√‘≠‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 55 Õß»“‡´≈‡ ’́¬  ·≈–‡ªìπ°“√√“¬ß“π§√—Èß·√°¢Õß‡™◊ÈÕ
Actinomadura sp.  “¬æ—π∏ÿå S14 ∑’Ë¬àÕ¬ ≈“¬ PCL ∑’Ë·¬°‰¥â®“°ª√–‡∑»‰∑¬ ¥—ßπ—Èπ®÷ß‡ªìπ®ÿ≈‘π∑√’¬å∑’Ë¡’
§«“¡‡À¡“– ¡∑’Ë “¡“√∂π”‰ª„™âª√–‚¬™πå‰¥â„πÕπ“§µ∑’Ë‡°’Ë¬«°—∫°“√¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æª√–‡¿∑ PCL
πÕ°®“°π’ÈºŸâ∑¥≈Õß¬—ß¡’§«“¡ π„®„π°“√»÷°…“∂÷ß™π‘¥¢Õß‡Õπ‰´¡å·≈– ¿“«–∑’Ë‡À¡“– ¡∑’Ë‡°’Ë¬«¢âÕß°—∫
°√–∫«π°“√¬àÕ¬ ≈“¬®“°‡™◊ÈÕ “¬æ—π∏ÿåπ’È

°‘µµ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπß“π«‘®—¬®“°‡ß‘πß∫ª√–¡“≥·ºàπ¥‘π ª√–®”ªï 2554 ¡À“«‘∑¬“≈—¬

»√’π§√‘π∑√«‘‚√≤ ( —≠≠“«‘®—¬‡≈¢∑’Ë 061/2554) ·≈– Asian Core Program, JSPS-NRCT ª√–®”ªï 2554
¢Õ¢Õ∫§ÿ≥ Õ“®“√¬å ¥√. ÿ¢ÿ¡“¿√≥å  ÿ¢¢ÿ¡ ∑’Ë„Àâ§”ª√÷°…“„πß“π«‘®—¬‡ªìπÕ¬à“ß¥’ ·≈–¢Õ¢Õ∫§ÿ≥π‘ ‘µ
„π∑’Ëª√÷°…“ªí≠À“æ‘‡»…∑ÿ°§π∑’Ë™à«¬„Àâß“π«‘®—¬ ”‡√Á®‰ª‰¥â¥â«¬¥’
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