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·∫§‡∑Õ√‘‚Õ‡ø® (bacteriophage) À√◊Õ ‡ø® (phage)
‡ªìπ‰«√— ¢Õß·∫§∑’‡√’¬∑’Ëæ∫Õ¬Ÿà¡“°¡“¬„π∏√√¡™“µ‘ ‚¥¬æ∫
√à«¡°—∫·∫§∑’‡√’¬∑’Ë‡ªìπ‚Œ µå∑’Ë®”‡æ“–  “¡“√∂®”·π°‡ªìπ
°≈ÿà¡‰¥âµ“¡™π‘¥¢Õß°√¥π‘«§≈’Õ‘° (DNA À√◊Õ RNA) ·≈–
√Ÿª√à“ß≈—°…≥–‰¥â‡ªìπ 13 ·ø¡‘≈’Ë (families) ‡ø®¡’«ß®√™’«‘µ
2 ·∫∫ §◊Õ lytic (virulent phage) ∑’Ë∑”≈“¬·∫§∑’‡√’¬À≈—ß‡æ‘Ë¡
®”π«π‡æ◊ËÕª≈¥ª≈àÕ¬Õπÿ¿“§ÕÕ°®“°‡´≈≈å ·≈– lysogenic
(temperate phage) ∑’Ë®–·∑√° “√æ—π∏ÿ°√√¡‡¢â“‰ªÕ¬Ÿà„π “√
æ—π∏ÿ°√√¡¢Õß‚Œ µå‚¥¬‰¡à‡°‘¥°“√∑”≈“¬·∫§∑’‡√’¬ ‡π◊ËÕß®“°
‡ø®¡’§«“¡®”‡æ“–°—∫·∫§∑’‡√’¬ Ÿß  ®÷ß “¡“√∂π”¡“ª√–¬ÿ°µå
„™â‰¥â„πÀ≈“¬¥â“π ‡™àπ °“√„™â‡ø®‡ªìπ‡§√◊ËÕß¡◊Õ„π°“√µ—¥µàÕ
æ—π∏ÿ°√√¡ °“√®—¥®”·π°°≈ÿà¡¢Õß·∫§∑’‡√’¬ À√◊Õ°“√µ√«®
µ‘¥µ“¡°“√√–∫“¥¢Õß·∫§∑’‡√’¬°àÕ‚√§ „π¥â“πÕÿµ “À°√√¡
·≈–‡∑§‚π‚≈¬’™’«¿“æ„™â‡ø®„π°“√§«∫§ÿ¡·∫§∑’‡√’¬„πÕ“À“√
·≈–æ◊™º—°º≈‰¡â (bio-control)  à«π∑“ß¥â“π°“√·æ∑¬å “¡“√∂
„™â‡ø®À√◊Õ‡Õπ‰´¡å endolysin ∑’Ë‡ø®„™â„π°“√∑”≈“¬·∫§∑’‡√’¬
¡“„™â„π°“√√—°…“·∫§∑’‡√’¬¥◊ÈÕ¬“ ´÷Ëß “¡“√∂„™â∑”≈“¬ºπ—ß
‡´≈≈å¢Õß∑—Èß·∫§∑’‡√’¬·°√¡∫«°·≈–·°√¡≈∫ ‚§√ß √â“ß¢Õß
‡Õπ‰´¡å¥—ß°≈à“«ª√–°Õ∫¥â«¬ à«π∑”ªØ‘°‘√‘¬“ (catalytic
domain) ·≈– à«π∑’Ë®—∫°—∫ºπ—ß‡´≈≈å (binding domain) ·µà°≈‰°
„π°“√∑”≈“¬ºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬∑—Èß Õßª√–‡¿∑¡’§«“¡
·µ°µà“ß°—π ‡π◊ËÕß®“° à«πª√–°Õ∫¢Õßºπ—ß‡´≈≈åµà“ß°—π
‡¡◊ËÕπ”‡Õπ‰´¡å¢Õß‡ø®¡“æ—≤π“‚¥¬‡∑§π‘§∑“ßæ—π∏ÿ«‘»«°√√¡
„Àâ‡ªìπ≈Ÿ°º ¡ (chimeric) æ∫«à“ “¡“√∂‡ª≈’Ë¬π·ª≈ß
§«“¡®”‡æ“–¢Õß°“√∑”ß“π ·≈–°“√π”‡Õπ‰´¡å®“°‡ø®
2 ™π‘¥¡“„™â√à«¡°—π °Á “¡“√∂‡æ‘Ë¡ª√– ‘∑∏‘¿“æ‚¥¬¡’º≈‡ √‘¡
ƒ∑∏‘Ï°—π (synergistic effect) „π°“√∑”≈“¬·∫§∑’‡√’¬  ¥â«¬§«“¡
®”‡æ“–·≈–ª√– ‘∑∏‘¿“æ„π°“√∑”≈“¬·∫§∑’‡√’¬¢Õß‡ø®π’È
®÷ß∑”„Àâ “¡“√∂π”¡“ª√–¬ÿ°µå„™â„Àâ‡ªìπª√–‚¬™πå‰¥âÕ¬à“ß
¡“°¡“¬„πÕπ“§µ

Bacteriophages or phages are virus of bacteria

which can be found enormously in nature together with

their specific hosts. They can be classified by their type of

nucleic acid (DNA or RNA) and morphology of phage

particle into 13 families. There are two forms of life cycle

which are lytic (virulent phage) that causes bacterial lysis

after complete the phage propagation to release the

progeny and lysogenic (temperate phage) that integrate

phage genome into bacterial genome without causing cell

lysis. According to their specificity of infection, they can be

used as a genetic engineering tool for cloning, phage

typing to classify pathogenic bacterial strain, bio-control in

food and biotechnology and also phage therapy which used

phage itself or its endolysin enzyme for medical treatment

especially for antibiotic resistance bacteria. The endolysins

structure in general consists of catalytic domain and

binding domain. They act differently to lyse Gram-positive

and Gram-negative bacteria because of the different in

cell wall compositions. When chimeric enzymes were used,

they could provide killing activity with new host specificity.

Additionally, researcher found the synergistic therapeutic

effect when combined different phage enzymes for

bacterial killing. With the specificity of bacteriophages

to their host and efficiency of lysis mechanism, their

applications could be enormous and we should be able to

obtain a great benefit from them in the near future.
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∫∑π”

·∫§‡∑Õ√‘‚Õ‡ø® (bacteriophage) À√◊Õ ‡ø® (phage) ‡ªìπ
‰«√— ¢Õß·∫§∑’‡√’¬´÷Ëß “¡“√∂„™â·∫§∑’‡√’¬‡ªìπ‚Œ µå„π°“√
‡æ‘Ë¡®”π«π ‚¥¬¡’Õ¬Ÿà¡“°¡“¬·≈–À≈“°À≈“¬„π∏√√¡™“µ‘
phage ∂Ÿ°§âπæ∫§√—Èß·√°„πªï §.». 1915 ‚¥¬ Twort æ∫«à“¡’
 “√∫“ßÕ¬à“ß∑’Ë‡ª≈’Ë¬π‚§‚≈π’¢Õß‡™◊ÈÕ Micrococcus „Àâ¡’
≈—°…≥–„  ´÷Ëß‡°‘¥®“°°“√∑”≈“¬‡´≈≈å·∫§∑’‡√’¬‚¥¬ ‘Ëß∑’Ë
∑”„Àâ‡°‘¥ª√“°Ø°“√≥å¥—ß°≈à“«πà“®–‡ªìπ‰«√—  µàÕ¡“ Felix
DûHerelle √“¬ß“π«à“ ‘Ëß∑’Ë “¡“√∂∑”„Àâ‡´≈≈å¢Õß Shigella sp.
∑’Ë‡≈’È¬ß„πÕ“À“√‡À≈« (broth) ·µ°π—Èπ§◊Õ‰«√— ¢Õß·∫§∑’‡√’¬
·≈–‡√’¬°«à“ bacteriophage1 ´÷Ëß¡’Õ¬Ÿà‡ªìπ®”π«π¡“°·≈–
¡’§«“¡®”‡æ“– Ÿß ‚¥¬æ∫«à“‡ø®·µà≈–™π‘¥¡’§«“¡®”‡æ“–
°—∫·∫§∑’‡√’¬‡æ’¬ß™π‘¥‡¥’¬« À√◊Õ®”‡æ“–°—∫·∫§∑’‡√’¬ Õß
∂÷ß “¡™π‘¥‡∑à“π—Èπ πÕ°®“°π’È bacteriophage ®—¥‡ªìπ obligate
parasite  “¡“√∂‡æ‘Ë¡®”π«π¢ÕßÕπÿ¿“§‡©æ“–¿“¬„π‡´≈≈å
¢Õß·∫§∑’‡√’¬‡∑à“π—Èπ ¥—ßπ—Èπ ®÷ß¡’ºŸâπ” bacteriophage‰ª„™â
‡ªìπ‡§√◊ËÕß¡◊Õæ◊Èπ∞“π ”À√—∫°“√æ—≤π“¥â“π™’««‘∑¬“√–¥—∫
‚¡‡≈°ÿ≈ (molecular biology) ‡æ◊ËÕπ”¬’π∑’Ë π„®„ à‡¢â“‰ª„π
·∫§∑’‡√’¬ πÕ°®“°π’È¥â«¬§«“¡®”‡æ“–¢Õß‡ø®µàÕ·∫§∑’‡√’¬
®÷ß¡’°“√π”¡“ª√–¬ÿ°µå„™â„π¥â“πµà“ßÊ ‡™àπ °“√®”·π°
·∫§∑’‡√’¬ (phage typing) °“√§«∫§ÿ¡∑“ß™’««‘∑¬“ (biocontrol)
·≈–°“√„™â‡æ◊ËÕ√—°…“  (phage therapy) ‡π◊ËÕß®“°‡Õπ‰´¡å∑’Ë
 ”§—≠¢Õß‡ø®§◊Õ endolysin2 ´÷Ëß‡ø®„™â„π°“√∑”≈“¬
ºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬‡¡◊ËÕ®–ª≈¥ª≈àÕ¬ª√–™“°√¢Õß‡ø®
∑’Ë‡æ‘Ë¡®”π«πÕ¬Ÿà„π‡´≈≈å·∫§∑’‡√’¬ÕÕ° Ÿà¿“¬πÕ° ‡ªìπ∑“ß
‡≈◊Õ°„À¡à∑’Ëπà“ π„® ”À√—∫°“√√—°…“‚√§µ‘¥‡™◊ÈÕ (infectious
disease) ∑’Ë‡°‘¥®“°·∫§∑’‡√’¬∑’Ë¡’°“√¥◊ÈÕµàÕ¬“ªØ‘™’«π– À√◊Õ
·∫§∑’‡√’¬∑’Ë √â“ß biofilm ´÷Ëß¬“°µàÕ°“√√—°…“ ∫∑§«“¡π’È
®–°≈à“«∂÷ß≈—°…≥–¢Õß bacteriophage ·≈–°“√ª√–¬ÿ°µå„™â
„π∑“ß°“√·æ∑¬å

°“√®”·π°™π‘¥¢Õß·∫§‡∑Õ√‘‚Õ‡ø® (bacteriophage
classification)

‡ø®∑ÿ°™π‘¥ª√–°Õ∫¥â«¬®’‚π¡ (genome) ´÷ËßÀÿâ¡≈âÕ¡
¥â«¬‚ª√µ’π (capsid) ‚¥¬ genome π—ÈπÕ“®®–‡ªìπ double-
stranded DNA, single-stranded DNA, double-stranded RNA
À√◊Õ single-stranded RNA ´÷Ëß¡’∑—Èß∑’Ë‡ªìπ “¬µ√ß (linear)
·≈–«ß°≈¡ (circular) capsid ¢Õß‡ø®¡’√Ÿª√à“ß‰¥âÀ≈“¬·∫∫
‡™àπ hexagonal ¢π“¥‡≈Á° filamentous À√◊Õ√Ÿª√à“ß´—∫´âÕπ
∑’Ëª√–°Õ∫¥â«¬ à«πÀ—« ·≈– à«πÀ“ß (√Ÿª∑’Ë 1) ªí®®ÿ∫—π
International Committee for Taxonomy of Viruses (ICTV) ‰¥â
®—¥®”·π°‡ø®ÕÕ°‡ªìπ 1 order 13 families ·≈– 30 genera3

µ“¡™π‘¥¢Õß°√¥π‘«§≈’Õ‘° (nature of nucleic acid) ·≈–
√Ÿª√à“ß≈—°…≥– (particle morphology) ‚¥¬‡ø®®”π«π¡“°°«à“
√âÕ¬≈– 96 ‡ªìπ tailed phage ·≈– à«π„À≠à¡’ dsDNA ‡ªìπ
 “√æ—π∏ÿ°√√¡4

√Ÿª∑’Ë 1 √Ÿª√à“ß≈—°…≥– order ·≈– families ¢Õß major phage
groups (®“°‡Õ° “√Õâ“ßÕ‘ß≈”¥—∫∑’Ë 3)

‡ø®¡’¢π“¥µà“ßÊ °—π‚¥¬‡©≈’Ë¬ª√–¡“≥ 20-200 π“‚π‡¡µ√
‡ø®∑’Ë√Ÿâ®—°°—π¥’Õ¬Ÿà„π°≈ÿà¡ tailed phages ́ ÷Ëß‡ªìπ‡ø®∑’Ë‡°à“·°à∑’Ë ÿ¥
‚¥¬¡’°”‡π‘¥¡“°àÕπ∑’Ë®–¡’°“√·¬° Eubacteria ÕÕ°®“°
Euryarchaeota (3.5 æ—π≈â“πªï) ´÷Ëß‚§√ß √â“ßª√–°Õ∫¥â«¬
 à«πÀ—« ·≈– à«πÀ“ß (√Ÿª∑’Ë 2) ´÷Ëß‡ªìπ√Ÿª¢Õß bacteriophage
ST70 ∑’Ë¡’®’‚π¡‡ªìπ dsDNA ∑’Ë®”‡æ“–°—∫ Burkholderia
pseudomallei ·∫§∑’‡√’¬·°√¡≈∫ ∑’Ë∑”„Àâ‡°‘¥‚√§‡¡≈‘ÕÕ¬‚¥ ‘ 

√Ÿª∑’Ë 2 ¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ¢Õß phage
ST70s ∑’Ë®”‡æ“–µàÕ Burkholderia pseudomallei · ¥ß
„Àâ‡ÀÁπ à«πÀ—«∑’Ë‡ªìπ√ŸªÀ°‡À≈’Ë¬¡ ·≈– à«πÀ“ß

Tail fiber

Tail

   lcosahedral head



49»√’π§√‘π∑√å‡«™ “√ 2553; 25(1) • Srinagarind Med J 2010; 25(1)

•π‘µ¬“ §â“§ÿâ¡ ·≈–§≥– Nittaya Khakhum, et al.

π‘‡«»«‘∑¬“¢Õß‡ø® (phage ecology)
Bacteriophage  “¡“√∂æ∫‰¥â∑—Ë«‰ª„π∏√√¡™“µ‘‚¥¬

ª√–¡“≥°—π«à“¡’®”π«π·≈–§«“¡À≈“°À≈“¬ Ÿß∑’Ë ÿ¥„π‚≈°
¢Õß ‘Ëß¡’™’«‘µ·≈–æ∫‰¥â∑—Ë«‰ª„ππÈ” Õÿ®®“√– ¥‘π ·≈–·¡â·µà
πÈ”∑–‡≈ ‚¥¬æ∫«à“®”π«π¢Õß‡ø®·≈–‚Œ µå®–¡’§«“¡‰¡à
·πàπÕπ  “¡“√∂‡ª≈’Ë¬π·ª≈ßµ“¡ƒ¥Ÿ°“≈ πÕ°®“°π’È¬—ß
æ∫«à“‡ø®„π∑–‡≈ (marine phage) ¬—ß¡’∫∑∫“∑„π‚¬ß —¡æ—π∏å
™π‘¥Õ“À“√ (food web) ‚¥¬°“√‰ª∑”≈“¬‡´≈≈å‚Œ µå„Àâ
·µ°ÕÕ°∑”„Àâ “√Õ“À“√µà“ßÊ ∂Ÿ°ª≈àÕ¬ÕÕ°¡“À√◊Õ¡’°“√
‡ª≈’Ë¬π·ª≈ß‡ªìπ√ŸªÕ◊Ëπ´÷Ëß‡ªìπª√–‚¬™πåµàÕ ‘Ëß¡’™’«‘µÕ◊ËπÊ  µàÕ‰ª5

§«“¡®”‡æ“–¢Õß‡ø®
‡ø® “¡“√∂æ∫‰¥â„π·∫§∑’‡√’¬°«à“ 140 genera ·≈–

¬—ßæ∫„π ‘Ëß¡’™’«‘µ®”æ«° archaea ·≈– eubacteria ·≈–¡’°“√
»÷°…“¡“°¡“¬°«à“ 1,500 ™π‘¥‚¥¬„™â°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ ‡ø®¡’§«“¡®”‡æ“–°—∫‚Œ µå„π√–¥—∫Àπ÷Ëß ‚¥¬
‡ø®®–®—∫°—∫‚¡‡≈°ÿ≈∑’Ëª√“°Ø∫πº‘«‡´≈≈å·∫§∑’‡√’¬‰¥âÀ≈“¬
™π‘¥ ‰¥â·°à teichoic acid, lipoteichoic acid, flagella, capsule,
lipopolysaccharide ·≈– porin ‡ªìπµâπ5

«ß®√™’«‘µ (Phage life cycle)6

‡ø®·∫àßÕÕ°‡ªìπ 2 ™π‘¥µ“¡«ß®√™’«‘µ„π·∫§∑’‡√’¬ §◊Õ
1. Lytic phage À√◊Õ virulent phage À¡“¬∂÷ß ‡ø®∑’Ë

‡¡◊ËÕ‡¢â“ Ÿà·∫§∑’‡√’¬·≈â«¡’°“√‡æ‘Ë¡®”π«π‡°‘¥¢÷Èπ¿“¬„π‡´≈≈å
‚¥¬„™â “√µà“ßÊ ®“°‚Œ µå„π°“√ √â“ß‚ª√µ’π·≈–®’‚π¡
®“°π—Èπ®–ª√–°Õ∫ à«πµà“ßÊ ‡¢â“‡ªìπ phage progeny ·≈â«
∑”„Àâ·∫§∑’‡√’¬·µ°ÕÕ°‡æ◊ËÕ„Àâ progeny ÕÕ°¡“‡æ◊ËÕ‡¢â“ Ÿà
‡´≈≈åÕ◊ËπµàÕ‰ª ‡¡◊ËÕ‡≈’È¬ß‡ø®√à«¡°—∫·∫§∑’‡√’¬·≈â«º ¡«ÿâπ
√“¥≈ß∫πº‘«Õ“À“√‡≈’È¬ß‡™◊ÈÕ ®– —ß‡°µ‡ÀÁπ·∫§∑’‡√’¬∂Ÿ°∑”≈“¬
‡ªìπ«ß„  ‡√’¬°«à“æ≈â“§ (plaque) (√Ÿª∑’Ë 3)

√Ÿª∑’Ë 3 ≈—°…≥–¢Õß plaque ®“° ST70s ∑’Ëª√“°Øº‘«Õ“À“√
‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’·∫§∑’‡√’¬ Burkholderia pseudomallei

2. Lysogenic phage À√◊Õ temperate phage À¡“¬∂÷ß
‡ø®∑’Ë‡¢â“ Ÿà·∫§∑’‡√’¬·≈â«‰¡à¡’°“√ √â“ß phage progeny
·µà®’‚π¡¢Õß‡ø®®– Õ¥·∑√°‡¢â“‰ªÕ¬Ÿà°—∫‚§√‚¡‚´¡¢Õß
·∫§∑’‡√’¬ ‚¥¬ genetic recombination ‡√’¬°®’‚π¡¢Õß‡ø®√–¬–

π’È«à“ prophage ‡¡◊ËÕ‚§√‚¡‚´¡¢Õß·∫§∑’‡√’¬·∫àßµ—« prophage
°Á®–·∫àßµ—«‰ªæ√âÕ¡°—π‡À¡◊Õπ°—∫‡ªìπ à«πÀπ÷Ëß¢Õß‚§√‚¡‚´¡
·∫§∑’‡√’¬‡´≈≈å„À¡à∑’Ë‡°‘¥¢÷Èπ°Á®–¡’ prophage ·ΩßÕ¬Ÿà¥â«¬
°√–∫«π°“√π’È‡√’¬°«à“ lysogenization ·∫§∑’‡√’¬∑’Ë¡’ prophage
·ΩßÕ¬Ÿà‡√’¬°«à“ lysogen À√◊Õ lysogenic bacteria ·µà°Á¡’
prophage ™π‘¥∑’Ë®’‚π¡¢Õß‡ø®‰¡à‰¥âÕ¬Ÿà„π ¿“æ Õ¥·∑√°
√«¡°—∫‚§√‚¡‚´¡¢Õß·∫§∑’‡√’¬  ·µàÕ¬Ÿà‡ªìπÕ‘ √–„π‰´‚µæ≈“ ´÷¡
(√Ÿª∑’Ë 4) °“√Õ¬Ÿà√à«¡°—π√–À«à“ß‚Œ µå·≈– lysogenic phage
 “¡“√∂∑”„Àâ‡°‘¥«‘«—≤π“°“√√à«¡°—π (coevolution)  ‚¥¬‡ªìπ
‡ ¡◊Õπ mobile genetic element „π°“√¬â“¬¬’π√–À«à“ß ‘Ëß¡’
™’«‘µºà“π∑“ß lateral À√◊Õ horizontal gene transfer ª√“°Ø°“√≥å
π’È∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß°—∫‚Œ µå‰¥â¡“°¡“¬ ‡™àπ ‡ª≈’Ë¬π
·∫§∑’‡√’¬∑’Ë‰¡à°àÕ‚√§ (nonpathogenic strain) ‡ªìπ·∫§∑’‡√’¬∑’Ë
°àÕ‚√§ (virulent strain) µ—«Õ¬à“ß‡™àπ ‡™◊ÈÕ Salmonella spp.
‡¡◊ËÕ∂Ÿ° lysogenize ¥â«¬‡ø® ε ®–¡’≈—°…≥–¢Õß somatic O
antigen ‡ª≈’Ë¬π·ª≈ß‰ª ´÷Ëßµ√«®æ∫‰¥â¥â«¬·Õπµ‘∫Õ¥’
(antibody) ∑’Ë®”‡æ“–   ”À√—∫‡™◊ÈÕ Corynebacterium diphtheriae
´÷Ëß √â“ß diphtheria toxin ∑’Ë∑”„Àâ‡°‘¥‚√§§Õµ’∫π—Èπæ∫«à“
·∫§∑’‡√’¬ √â“ß toxin ‰¥â‡æ√“–¡’ β phage ‡¢â“‰ª lysogenize
Õ¬Ÿà  “¬æ—π∏ÿå¢Õß C. diphtheriae ∑’Ë‰¡à∂Ÿ° lysogenize ¥â«¬ β
phage ®–‰¡à √â“ß toxin ·≈–‰¡à∑”„Àâ‡°‘¥‚√§ πÕ°®“°π’È·≈â«
¬—ßæ∫«à“ °“√ √â“ß toxin ®“° Clostidium botulinum ´÷Ëß∑”„Àâ
‡°‘¥Õ“À“√‡ªìπæ‘… (botulism) ·≈– toxin ®“° β-hemolytic
Streptococcus group A ´÷Ëß∑”„Àâ‡°‘¥º◊Ëπ„π‚√§‰¢âÕ’¥”Õ’·¥ß
(scarlet fever) ∂Ÿ°§«∫§ÿ¡‚¥¬¬’π¢Õß lysogenic phage ‡™àπ°—π7

πÕ°®“°π’È‡ø®¬—ß™à«¬ªÑÕß°—π‰¡à„Àâ‚Œ µå∂Ÿ°∑”≈“¬®“°‡ø®Õ◊Ëπ
‰¥âÕ’°¥â«¬

Õ¬à“ß‰√°Áµ“¡«ß®√™’«‘µ¢Õß‡ø®∑—Èß Õßª√–‡¿∑  “¡“√∂
∑’Ë®–‡ª≈’Ë¬π·ª≈ß√–À«à“ß°—π·≈–°—π‰¥â (interchangeable) ∑—Èßπ’È
¢÷ÈπÕ¬Ÿà°—∫ªí®®—¬µà“ßÊ ‡™àπ  ¿“æ·«¥≈âÕ¡  “√Õ“À“√¿“¬„π
‚Œ µå5 ‡ªìπµâπ

√Ÿª∑’Ë 4 «ß®√™’«‘µ¢Õß‡ø®·∫∫ lytic (´â“¬) ·≈– lysogenic (¢«“)
√«¡∑—Èß‡ø® genome ∑’ËÕ¬Ÿà‡ªìπÕ‘ √–„π‡´≈≈å (circularize)
(®“° www.niles-hs.k12.il.us/jacnau/chpt184.gif)
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Bacteriophages and their Medical Applications•·∫§‡∑Õ√‘‚Õ‡ø®·≈–°“√ª√–¬ÿ°µå„™â„π∑“ß°“√·æ∑¬å

°≈‰°¢Õß lytic phage „π°“√∑”≈“¬·∫§∑’‡√’¬
°≈‰°°“√∑”ß“π¢Õß lytic phage „π°“√∑”≈“¬ºπ—ß‡´≈≈å

¢Õß·∫§∑’‡√’¬®π°√–∑—Ëß‡°‘¥°“√·µ°¢Õß‡´≈≈åª√–°Õ∫¥â«¬
‚ª√µ’π∑’Ë∑”ß“π√à«¡°—π 2 ™π‘¥§◊Õ holin ·≈– endolysin  ‚¥¬
holin ‡ªìπ hydrophobic proteins ¢π“¥‡≈Á° ´÷Ëß®– Õ¥·∑√°
holin monomer ‡¢â“‰ª„πºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬®“°∑“ß
¥â“π„π¢Õß‡´≈≈å·≈â«ª√–°Õ∫‡ªìπ holin oligomers ∑”„Àâ‡°‘¥
√Ÿ∫√‘‡«≥ºπ—ß‡´≈≈åÀ≈—ß®“°π—Èπ endolysin ´÷Ëß‡ªìπ‡Õπ‰´¡å
 “¡“√∂ºà“π‡¢â“‰ª¬àÕ¬∑”≈“¬™—Èπ peptidoglycan ∑”„Àâ
‡´≈≈å·∫§∑’‡√’¬·µ°·≈–ª≈¥ª≈àÕ¬ phage ÕÕ°¡“

‡π◊ËÕß®“°·∫§∑’‡√’¬·°√¡∫«° (Gram-positive bacteria)
·≈–·∫§∑’‡√’¬·°√¡≈∫ (Gram-negative bacteria) ¡’ºπ—ß‡´≈≈å
∑’Ë·µ°µà“ß°—π ∑”„Àâ°“√ÕÕ°ƒ∑∏‘Ï¢Õß‡Õπ‰´¡å·µ°µà“ß°—π
¥â«¬ ‚¥¬ºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬·°√¡∫«°ª√–°Õ∫¥â«¬™—Èπ
peptidoglycan ∑’ËÀπ“·≈–Õ¬Ÿà¥â“ππÕ° ÿ¥ ¥—ßπ—Èπ endolysin
®÷ß “¡“√∂∑”ß“π‡ªìπ exolysins ‰¥â¥â«¬‡æ◊ËÕ∑”≈“¬·∫§∑’‡√’¬
®“°∑“ß¥â“ππÕ° √«¡∂÷ß¡’ teichoic acid ·≈– lipoteichoic acid
‡ªìπ “√µ—Èßµâπ∑’Ë®”‡æ“– ”À√—∫‡Õπ‰´¡å„π°“√®¥®” ‚¥¬„™â
 à«π¢Õß binding domain ·µà ”À√—∫ºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬
·°√¡≈∫¡’ºπ—ß‡´≈≈å¥â“ππÕ° (outer membrane) ∑’Ë°—π‰¡à„Àâ
‡Õπ‰´¡å∑”ß“π®“°¥â“ππÕ° ·µà‡¡◊ËÕ™—Èπ lipopolysaccharide
∂Ÿ°∑”≈“¬¥â«¬°“√„™â ethylenediamine tetraacetic acid (EDTA)
À√◊Õ detergents °Á “¡“√∂∂Ÿ°∑”≈“¬®“°¿“¬πÕ°‰¥â¥â«¬
‡Õπ‰´¡å endolysin2

‚§√ß √â“ßæ◊Èπ∞“π·≈–°“√∑”ß“π¢Õß endolysin
Endolysin À√◊Õ phage lysozyme ‡ªìπ‡Õπ‰´¡å¢Õß‡ø®∑’Ë

ª√–°Õ∫¥â«¬ 2  à«πÀ≈—° (√Ÿª∑’Ë 5) ‚¥¬ C-terminal binding
domain À√◊Õ substrate recognition ∑”Àπâ“∑’Ë„π°“√®¥®”
·≈–®—∫°—∫ substrate ∑’Ë®”‡æ“–∫√‘‡«≥ºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬
·≈– N-terminal catalytic domain À√◊Õ enzymatic hydrolysis
∑”Àπâ“∑’Ë„π°“√µ—¥æ—π∏–À≈—° (major bond) ∫√‘‡«≥™—Èπ¢Õß
peptidoglycan ¢Õß·∫§∑’‡√’¬„Àâ·¬°ÕÕ°8   à«π L §◊Õ linker
´÷Ëß‡ªìπ‡ªª‰∑¥å “¬ —ÈπÊ ‡™◊ËÕ¡√–À«à“ß‚§√ß √â“ßÀ≈—°∑—Èß Õß
„Àâ “¡“√∂¢¬—∫‰¥â

√Ÿª∑’Ë 5 · ¥ß‚§√ß √â“ßæ◊Èπ∞“π¢Õß endolysin ‚¥¬ N
(N-terminal) §◊Õ¥â“π∑’Ë∑”Àπâ“∑’Ëµ—¥ C (C-terminal)
§◊Õ¥â“π∑’Ë®—∫Õ¬à“ß®”‡æ“– ·≈– L §◊Õ linker (®“°
‡Õ° “√Õâ“ßÕ‘ß≈”¥—∫∑’Ë 8)

°“√ª√–¬ÿ°µå„™â‡ø®„π¥â“πµà“ßÊ (phage applications)
ªí®®ÿ∫—π‰¥â¡’°“√π”‡ø®¡“ª√–¬ÿ°µå„™â„π¥â“πµà“ßÊ

¡“°¡“¬ ‰¡à«à“®–‡ªìπ∑“ß¥â“πæ—π∏ÿ«‘»«°√√¡ Õÿµ “À°√√¡
‡°…µ√°√√¡ ‡∑§‚π‚≈¬’™’«¿“æ √«¡∂÷ß¥â“π°“√·æ∑¬å
¥—ßµàÕ‰ªπ’È

1. Genetic engineering ‡ªìπ°“√π”‡ø®¡“‡ªìπ
genetic tool ‡æ◊ËÕ°“√µ—¥µàÕæ—π∏ÿ°√√¡‚¥¬µ—¥∫“ß à«π∑’Ë‰¡à®”
‡ªìπ ”À√—∫‡ø®ÕÕ°·≈â«„™â‡ªìπ cloning vector ∑’Ë “¡“√∂„ à™‘Èπ
DNA ¢π“¥„À≠à‰¥â∂÷ßª√–¡“≥ 25 °‘‚≈‡∫ ‡¢â“‰ª·∑π ‡™àπ
λ phage ∑’Ë¡’¢π“¥ genome ª√–¡“≥ 49 °‘‚≈‡∫  ‡ªìπ
temperate phage ¢Õß E.coli ‡¡◊ËÕµ—¥µàÕ¬’π∑’ËµâÕß°“√‡¢â“‰ª„π
λ DNA ®–‰¥â‡ªìπ DNA  “¬º ¡ (recombinant DNA) ®“°
π—Èππ”‡¢â“ Ÿà‚Œ µå‡´≈≈å·∫§∑’‡√’¬ ‡ø®®–π” DNA  “¬º ¡
·∑√°‡¢â“‰ª„π genome ¢Õß·∫§∑’‡√’¬·≈–„™â°≈‰°¢Õß‚Œ µå
‡æ◊ËÕ √â“ß‚ª√µ’π¢Õß‡ø®√«¡∑—Èß‚ª√µ’π®“° DNA ∑’Ë„ à‡¢â“‰ª

2. Phage typing ‡ªìπ°“√®—¥®”·π°·∫§∑’‡√’¬
 “¬æ—π∏ÿåµà“ßÊ ∑’ËÕ¬Ÿà„π®’π—  (genus) ·≈– ªï™’ å (species)
‡¥’¬«°—πÕÕ°‡ªìπ°≈ÿà¡µ“¡§«“¡‰«µàÕ°“√µ‘¥‡™◊ÈÕ‡ø® ‚¥¬¡—°
„™â‡ø®™π‘¥µà“ßÊ √«¡°—π‡ªìπ™ÿ¥ (panel) „π°“√»÷°…“ ∑—Èßπ’È
Õ“»—¬§«“¡®”‡æ“–√–À«à“ß°“√‡°“–µ‘¥¢Õß‡ø®°—∫∑’Ë√—∫∫π
ºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬ ‡¡◊ËÕ‡°‘¥°“√ lysis ¢Õß·∫§∑’‡√’¬®–
 —ß‡°µ‡ÀÁπ plaque À√◊Õ clear zone ‡°‘¥¢÷Èπ°—∫·∫§∑’‡√’¬∑’Ë‡ªìπ
«ß„ ‡≈Á°Ê ∫πº‘«¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ (agar surface) (√Ÿª∑’Ë 3)
‡ªìπª√–‚¬™πå ”À√—∫ß“π∑“ß√–∫“¥«‘∑¬“„π°“√ ◊∫À“‡™◊ÈÕ
µâπ‡Àµÿ¢Õß°“√√–∫“¥ µ—«Õ¬à“ß‡™àπ ‡¡◊ËÕæ∫°“√√–∫“¥
¢Õß Vibrio cholera ∑’Ë∑”„Àâ‡°‘¥‚√§ÕÀ‘«“µ°‚√§„π Õßæ◊Èπ∑’Ë
À“°µâÕß°“√∑√“∫«à“¡’·À≈àß∑’Ë¡“‡¥’¬«°—πÀ√◊Õ‰¡à  “¡“√∂
∑”‰¥â‚¥¬π”·∫§∑’‡√’¬∑’Ë·¬°‰¥â®“° Õß∑’Ë¡“∑¥ Õ∫§«“¡‰«
µàÕ™ÿ¥¢Õß‡ø® À“°‡™◊ÈÕ®“° Õß ∂“π∑’Ë¡’§«“¡‰«µàÕ™ÿ¥¢Õß
‡ø®‡À¡◊Õπ°—π · ¥ß«à“°“√√–∫“¥πà“®–‡°‘¥®“°·À≈àß‡¥’¬«°—π
πÕ°®“°π’È¬—ß„™âª√–‚¬™πå„π°“√®”·π°‡™◊ÈÕ·∫§∑’‡√’¬ “¬æ—π∏ÿå
„À¡àÊ ‡™àπ ®”·π°‡™◊ÈÕ Salmonella typhi ÕÕ°‡ªìπ strain ∑’Ë¡’
§«“¡√ÿπ·√ß„π°“√°àÕ‚√§ ·≈– strain ∑’Ë°àÕ‚√§‰¡à√ÿπ·√ß ‚¥¬
Õ“»—¬§ÿ≥ ¡∫—µ‘¢Õß‡ø®∑’Ë®–∑”≈“¬‡©æ“– S. typhi ∑’Ë¡’ Vi
antigen ´÷Ëß √â“ß®“°‡ø®∑’ËÕ¬Ÿà„π·∫§∑’‡√’¬·≈–∑”„Àâ S. typhi
°àÕ‚√§∑’Ë√ÿπ·√ß‰¥â7

3. Bio-control tool ®“°§ÿ≥ ¡∫—µ‘∑’Ë®”‡æ“–¢Õß
endolysin ´÷Ëß‡ªìπ‡Õπ‰´¡å®“°‡ø®∑’Ë “¡“√∂∑”≈“¬‡™◊ÈÕ
·∫§∑’‡√’¬‰¥âÕ¬à“ß®”‡æ“–  ®÷ß‰¥â¡’°“√π”¡“ª√–¬ÿ°µå„™â„π
Õÿµ “À°√√¡Õ“À“√ (food industry) ‡æ◊ËÕ∑”≈“¬‡™◊ÈÕ·∫§∑’‡√’¬
∑’Ë‰¡àµâÕß°“√·≈–·∫§∑’‡√’¬∑’Ë°àÕ‚√§ (pathogenic bacteria) ∑’ËÕ“®
ªπ¡“„πÕ“À“√·≈–º≈‘µ¿—≥±å∑’Ë¬—ß‰¡à ÿ° ‚¥¬‰¡à¡’º≈µàÕ
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•π‘µ¬“ §â“§ÿâ¡ ·≈–§≥– Nittaya Khakhum, et al.

 ‘Ëß¡’™’«‘µÕ◊ËπÊ ‡™àπ ‡™◊ÈÕª√–®”∂‘Ëπ (normal flora) πÕ°®“°π’È
·≈â«¬—ß„™â„π°“√‡√àß„Àâ‡π¬·¢Áß‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß‡√Á«¢÷Èπ9-10

 ”À√—∫∑“ß¥â“π‡∑§‚π‚≈¬’™’«¿“æ¡’°“√„™â‡ø®„π°“√ √â“ß
æ◊™®”≈Õßæ—π∏ÿå (transgenic plant) ´÷Ëß¡’ phage endolysin gene
‡æ◊ËÕµàÕµâ“π‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë°àÕ‚√§„πæ◊™ (phytopathogenic
bacteria) ‡™àπ °“√„™â T4 lysozyme „π¡—πΩ√—Ëß‡æ◊ËÕªÑÕß°—π
°“√∑”≈“¬®“°‡™◊ÈÕ°àÕ‚√§æ◊™ Erwinia carotovora11 ·≈–
πÕ°®“°π’È¬—ß¡’°“√„™â lysozyme ®“°  E. amylovora phage
´÷Ëß √â“ß„π·∫§∑’‡√’¬ E.coli ‡æ◊ËÕ©’¥æàπ·≈–‡ªìπ°“√¬—∫¬—Èß‡™◊ÈÕ
∑’Ë°àÕ‚√§„πæ◊™∫πº‘«¢Õß≈Ÿ°·æ√å12 ‡ªìπµâπ

4. Phage therapy „πÕ¥’µ‰¥â¡’°“√π”‡ø® ́ ÷Ëß “¡“√∂
∑”≈“¬·∫§∑’‡√’¬¡“„™â„π°“√√—°…“‚√§ ·µà‡¡◊ËÕ¡’°“√§âπæ∫
¬“ªØ‘™’«π–∑’Ë¶à“‡™◊ÈÕ‰¥â°«â“ß°«à“  ®÷ß∑”„Àâ§«“¡ π„®„π°“√„™â
‡ø®≈¥§«“¡ ”§—≠≈ß  ·µà„πª√–‡∑»√— ‡ ’́¬‰¥â¡’°“√æ—≤π“°“√
„™â¡“Õ¬à“ßµàÕ‡π◊ËÕß „πªí®®ÿ∫—π¥â“π°“√·æ∑¬å‰¥âπ” endolysin
∫√‘ ÿ∑∏‘Ï¡“„™â‡ªìπ therapeutic agent ‚¥¬Õ“®„™â‡æ’¬ßÕ¬à“ß
‡¥’¬«À√◊Õ„™â√à«¡°—∫¬“ªØ‘™’«π– ‡æ◊ËÕ∑”≈“¬·∫§∑’‡√’¬¥◊ÈÕ¬“
(antibiotic-resistant bacteria) À√◊Õ·∫§∑’‡√’¬∑’Ë √â“ß biofilm
´÷Ëß¬“°„π°“√°”®—¥ ‡π◊ËÕß®“°‡Õπ‰´¡å¡’ª√– ‘∑∏‘¿“æ Ÿß·≈–
¡’§«“¡®”‡æ“–„π°“√∑”≈“¬·∫§∑’‡√’¬∑’Ë°àÕ‚√§   ‘Ëß∑’Ëπà“ π„®
§◊Õ‡ø®‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë “¡“√∂„™â„π°“√§«∫§ÿ¡·∫§∑’‡√’¬∑’Ë
„™â‡ªìπÕ“«ÿ∏™’«¿“æ (bio-warfare) ‡™àπ lytic enzyme (PlyG)
´÷Ëß·¬°‰¥â®“° gamma phage ¡’§«“¡®”‡æ“–„π°“√¶à“
Bacillus antracis13  πÕ°®“°π’È·≈â« phage enzyme ¬—ß “¡“√∂
„™â„π°“√§«∫§ÿ¡·≈–∑”≈“¬·∫§∑’‡√’¬∑’Ë‡ªìπ “‡Àµÿ¢Õß°“√
µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬„π‡≈◊Õ¥ (bacteremia) ‡™àπ Streptococcal
pneumoniae ‰¥âÕ’°¥â«¬14, 15

°“√æ—≤π“‡Õπ‰´¡å®“° phage ‡æ◊ËÕπ”‰ª„™âª√–‚¬™πå
®“°§ÿ≥ ¡∫—µ‘∑’Ë®”‡æ“–¢Õß phage enzyme ∑”„Àâ¡’π—°

«‘∑¬“»“ µ√åæ¬“¬“¡∑’Ë®– √â“ß chimeric enzyme ´÷Ëß
‡ªìπ°“√π” catalytic domain ·≈– binding domain ¡“®“°
‡Õπ‰´¡åµà“ß™π‘¥°—π ∑”„Àâ¡’ª√– ‘∑∏‘¿“æ„π°“√∑”≈“¬ Ÿß¢÷Èπ
‡™àπ ß“π¢Õß López ·≈–§≥–16  „π°“√ √â“ß chimeric enzyme
‚¥¬°“√„™â lytA gene ¢Õß Streptococcal  pneumoniae  ´÷Ëß
 √â“ß‡Õπ‰´¡å lytA (√Ÿª∑’Ë 6a) ∑’Ë¡’ binding domain (¥â“π¢«“)
®”‡æ“–°—∫ choline ∫πºπ—ß‡´≈≈å·∫§∑’‡√’¬‡Õß ‚¥¬„™â∑”≈“¬
ºπ—ß‡´≈≈å¢Õßµ—«‡Õß„π™à«ß°“√·∫àßµ—« ·≈– Cpl-7 gene
´÷Ëß‡ªìπ lysozyme ®“° Pneumococcal bacteriophage ´÷Ëß¡’
binding domain ∑’Ëµà“ß°—π®÷ß∑”ß“π‚¥¬‰¡à®”‡æ“–°—∫ choline
‡¡◊ËÕπ”¬’π à«π catalytic (¥â“π´â“¬) ¢Õß Cpl-7 ¡“µàÕ°—∫
binding ¢Õß lytA ®–‰¥â‡ªìπ lysozyme ∑’Ë®”‡æ“–°—∫ choline

‰¥â πÕ°®“°π’È¬—ß¡’°“√π”‡Õπ‰´¡å®“°‡ø®¡“„™â√à«¡°—π‡æ◊ËÕ
∑¥ Õ∫°“√ªÑÕß°—π°“√µ‘¥‡™◊ÈÕ S.  pneumoniae „πÀπŸ∑¥≈Õß
‚¥¬π” Cpl-1 lysozyme ·≈– Pal amidase ®“°‡ø®¢Õß
S. pneumoniae17 ∑’Ë®—∫∑”≈“¬ºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬‚¥¬µ—¥∑’Ë
µ”·Àπàßµà“ß°—π (√Ÿª∑’Ë 6b)  ·µà¡’ binding domain §≈â“¬°—π·≈–
®—∫‰¥â°—∫ choline ∫π S. pneumoniae (√Ÿª∑’Ë 6a) ®“°π—Èππ”∑—Èß
Cpl-1 ·≈– Pal ¡“∑¥ Õ∫„πÀπŸ ‚¥¬©’¥‡™◊ÈÕ S. pneumoniae
„ÀâÀπŸ mice ∑“ß™àÕß∑âÕß (intraperitoneal) ®“°π—ÈπÀπ÷Ëß™—Ë«‚¡ß
µàÕ¡“©’¥ Pal º ¡°—∫ Cpl-1 (combine enzyme)„Àâ°—∫
ÀπŸ°≈ÿà¡·√°, Pal „Àâ°—∫ÀπŸ°≈ÿà¡∑’Ë Õß ·≈– Cpl-1 „Àâ°—∫ÀπŸ
°≈ÿà¡∑’Ë “¡ ®“°π—Èπ —ß‡°µ°“√√Õ¥™’«‘µ¢ÕßÀπŸ mice ∑’Ë‡«≈“
µà“ßÊ º≈°“√∑¥≈Õß· ¥ß (√Ÿª∑’Ë 7a) æ∫«à“ÀπŸ∑’Ë∂Ÿ°©’¥¥â«¬ Pal
À√◊Õ Cpl-1  “¡“√∂¡’™’«‘µ√Õ¥‰¥â‰¡à‡°‘π«—π∑’Ë “¡ „π¢≥–∑’Ë
ÀπŸ∑’Ë‰¥â√—∫°“√©’¥¥â«¬ enzyme  Õß™π‘¥ (combine enzyme)
¡’™’«‘µ√Õ¥∂÷ß√âÕ¬≈– 100 πÕ°®“°π’È ‡¡◊ËÕ∑”„ÀâÀπŸ 4 µ—«
µ‘¥‡™◊ÈÕ∑“ß°√–· ‡≈◊Õ¥ (bacteremia) ·≈â« 1 ™—Ë«‚¡ß ‡¡◊ËÕπ”
¡“©’¥¥â«¬ combine enzyme √–À«à“ß Pal ·≈– Cpl-1
®“°π—Èπ∑”°“√‡®“–‡≈◊Õ¥ÀπŸ‡æ◊ËÕπ—∫®”π«π¢Õß‡™◊ÈÕ·∫§∑’‡√’¬
(bacterial count) „πÀπà«¬ cfu/ml „π™à«ß‡«≈“µà“ßÊ (√Ÿª∑’Ë 7b)
æ∫«à“®”π«π‡™◊ÈÕ·∫§∑’‡√’¬„π°√–· ‡≈◊Õ¥≈¥≈ßµ“¡√–¬–
‡«≈“À≈—ß°“√©’¥¥â«¬ combine enzyme ‚¥¬‡™◊ÈÕ®–À¡¥‰ª
„π‡«≈“ª√–¡“≥ 6 «—π ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“°“√ combine
enzyme ¢Õß phage  Õß™π‘¥∑’Ëµ—¥æ—π∏–µà“ß°—π„π™—Èπ
peptidoglycan ∫πºπ—ß‡´≈≈å¢Õß‡™◊ÈÕ S. pneumoniae  (√Ÿª∑’Ë 6b)
 “¡“√∂‡ √‘¡ƒ∑∏‘Ï‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√¶à“‡™◊ÈÕ·∫§∑’‡√’¬
„π°√–· ‡≈◊Õ¥‰¥âÀ¡¥„π‡«≈“Õ—π —Èπ

 √ÿª

Bacteriophage ‡ªìπ‰«√— ¢Õß·∫§∑’‡√’¬∑’Ëæ∫Õ¬Ÿà¡“°¡“¬
„π‚≈°¢Õß ‘Ëß¡’™’«‘µ lysogenic phage  “¡“√∂¡’«‘«—≤π“°“√
√à«¡°—∫‚Œ µå ‚¥¬‡ªìπ‡ ¡◊Õπµ—«°≈“ß„π°“√·≈°‡ª≈’Ë¬π
À√◊Õ¢π¬â“¬¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡√–À«à“ß‚Œ µå  à«π®”æ«°
lytic phage  “¡“√∂∑”≈“¬·∫§∑’‡√’¬‰¥âÕ¬à“ß®”‡æ“–‚¥¬„™â
‡Õπ‰´¡å ®÷ß “¡“√∂π”¡“ª√–¬ÿ°µå„™â„π¥â“πµà“ßÊ ∑—Èß°“√‡ªìπ
vector „π°“√µ—¥µàÕ DNA ·≈–„™â‡æ◊ËÕ§«∫§ÿ¡‡™◊ÈÕ·∫§∑’‡√’¬
°àÕ‚√§æ◊™ ·∫§∑’‡√’¬∑’Ëªπ‡ªóôÕπ„π°√–∫«π°“√º≈‘µÕ“À“√
·≈–∑’Ë ”§—≠§◊Õ°“√§«∫§ÿ¡·∫§∑’‡√’¬¥◊ÈÕ¬“À√◊Õ √â“ß biofilm
„π∑“ß°“√·æ∑¬å ªí®®ÿ∫—π¡’°“√§âπæ∫‡ø®„À¡àÊ ¡“°¡“¬
‡æ◊ËÕπ”¡“„™âª√–‚¬™πå„π¥â“πµà“ßÊ ¥—ßπ—Èπ°“√æ—≤π“§«“¡√Ÿâ
‡°’Ë¬«°—∫‡ø®®÷ß™à«¬„Àâ “¡“√∂π”‡ø®¡“„™â„Àâ‡ªìπª√–‚¬™πå
∑“ß¥â“π°“√·æ∑¬å‰¥â¡“°¢÷Èπ·≈–¡’ª√– ‘∑∏‘¿“æ
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