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Prophage Induction in Lactobacillus paracasei
Isolated from Fermented Milk
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ABSTRACT

Lactobacillus paracasei has been used as a starter for manufacturing of various
fermented dairy products. However, one of the main problems of dairy production is the contamination
of phages which leads to slow or incomplete fermentation in the dairy industry. In our previous
study, Lb. paracasei LPC which was isolated from one of the fermented milk products was
found to harbor a prophage. This prophage may be released by spontaneous induction of Lb.
paracasei LPC but this phenomenon was unpredictable. Therefore, the present study aimed to
induce the prophages from the lysogenized Lb. paracasei LPC and 10 phage resistant mutant
strains by using standard inducing agent (ultraviolet radiation and mitomycin C). Certain culture
conditions in the fermented milk production were also investigated to determine the possibility of
these phages being induced. The results showed that the strong induction of the prophages in the
lysogenized Lb. paracasei LPC was obtained only when the mitomycin C was employed.
This type of inducible phages was also generated from other three resistant strains. These
findings revealed that the repression system that maintains the prophages in the dormant state in
lactobacilli strains is sophisticated.
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∫∑π”
‡ø® (phage) À√◊Õ‰«√— ∑’Ëμ‘¥‡™◊ÈÕ‚¥¬¡’·∫§∑’‡√’¬‡ªìπ‚Œ μå  “¡“√∂·∫àßμ“¡«ß™’«‘μÕÕ°‰¥â‡ªìπ

2 ª√–‡¿∑ §◊Õ virulent phage ·≈– temperate phage ‚¥¬‡ø®ª√–‡¿∑·√°®–¡’°“√‡æ‘Ë¡®”π«π‚¥¬Õ“»—¬
lytic cycle ´÷Ëß®–∑”„Àâ¡’°“√ √â“ßÕπÿ¿“§‡ø®ÕÕ°¡“‡ªìπ®”π«π¡“° ·≈–∑”„Àâ‡´≈≈å·∫§∑’‡√’¬‡°‘¥°“√·μ°
 ≈“¬  à«π‡ø®ª√–‡¿∑∑’Ë 2 À√◊Õ temperate phage À≈—ß®“°°“√μ‘¥‡™◊ÈÕ·≈â« ‡ø®ª√–‡¿∑π’È “¡“√∂‡¢â“«ß
™’«‘μ‰¥â∑—Èß·∫∫ lytic ·≈– lysogenic cycle «ß™’«‘μ·∫∫ lysogenic cycle ®–¡’°“√·∑√°¥’‡ÕÁπ‡Õ‡¢â“‰ª„π
‚§√‚¡‚´¡¢Õß·∫§∑’‡√’¬ ·≈–®–‡æ‘Ë¡®”π«π‰ªæ√âÕ¡°—∫·∫§∑’‡√’¬ ‚¥¬®–‡√’¬°·∫§∑’‡√’¬∑’Ë¡’‡ø®·∑√°Õ¬Ÿà«à“
lysogen À√◊Õ lysogenic cell ·≈–‡√’¬°‡ø®∑’Ë‡¢â“‰ª·∑√°Õ¬Ÿà„π·∫§∑’‡√’¬«à“ ‚ª√‡ø® (prophage) ´÷Ëß
‚ª√‡ø®®–Õ¬Ÿà„π√–¬–æ—° (inactive) ‡¡◊ËÕ·∫§∑’‡√’¬¡’°“√·∫àßμ—« ·∫§∑’‡√’¬μ—«„À¡à°Á®–¡’‚ª√‡ø®·∑√°Õ¬Ÿà
 ¿“«–∑’Ë¡’‚ª√‡ø®·∑√°Õ¬Ÿà„π‚§√‚¡‚´¡¢Õß‚Œ μåπ’È‡√’¬°«à“ lysogeny ´÷Ëß®–‰¡à¡’°“√ √â“ßÕπÿ¿“§‰«√—  ·≈–
·∫§∑’‡√’¬∑’Ë¡’‚ª√‡ø®®–¥”√ß™’«‘μª°μ‘ Õ¬à“ß‰√°Áμ“¡ temperate phage Õ“®‡¢â“ Ÿà lytic cycle ‰¥â‡¡◊ËÕ¡’°“√
°√–μÿâπÀ√◊Õ‡Àπ’Ë¬«π” (induction) ®“° “√‡§¡’À√◊Õ ¿“æ·«¥≈âÕ¡∫“ßÕ¬à“ß À√◊Õ®“°°“√·μ°À—°¢Õß¥’‡ÕÁπ‡Õ [1]

‚ª√‡ø® “¡“√∂∑”„Àâ·∫§∑’‡√’¬∑’Ëμ‘¥‡™◊ÈÕ‡°‘¥¿Ÿ¡‘μâ“π∑“π (immunity) μàÕ°“√μ‘¥‡™◊ÈÕ´È” (super-
infection) ‚¥¬‡ø®°≈ÿà¡‡¥’¬«°—π πÕ°®“°π’È¬—ß∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß∑“ß®’‚π¡¢Õß·∫§∑’‡√’¬
·≈–‚ª√‡ø®¬—ßÕ“®‡ªìπμ—« àßºà“π¬’π∑’Ë°àÕ„Àâ‡°‘¥§«“¡√ÿπ·√ß (‚¥¬°√–∫«π°“√ transduction À√◊Õ lysogenic
conversion) À√◊ÕÕ“®∑”Àπâ“∑’Ë‚¥¬μ√ß„π°“√§«∫§ÿ¡§«“¡ “¡“√∂„π°“√°àÕ‚√§¢Õß·∫§∑’‡√’¬ [2, 3] „π
 ¿“«–∑’Ë¡’‡´≈≈å·∫§∑’‡√’¬¡“° ·∫§∑’‡√’¬¡’°“√ √â“ßæ≈—ßß“π¡“° ‡ø®®–‡¢â“ Ÿà lytic cycle ‡æ◊ËÕ √â“ß‡ø®≈Ÿ°
À≈“π®”π«π¡“° ·μà„π ¿“«–∑’Ë¡’°“√ √â“ßæ≈—ßß“πμË” ‡ø®®–¥”√ß™’«‘μ„π√Ÿª¢Õß‚ª√‡ø®‡æ◊ËÕ§«“¡Õ¬Ÿà√Õ¥
‚ª√‡ø®®–À≈ÿ¥ÕÕ°®“°‚§√‚¡‚´¡¢Õß·∫§∑’‡√’¬‚¥¬°“√‡Àπ’Ë¬«π” (lysogenic induction À√◊Õ prophage
induction) ®“°π—Èπ‡ø®®–‡¢â“ Ÿà lytic cycle ‚¥¬ “√∑’Ëπ‘¬¡„™â‡Àπ’Ë¬«π”§◊Õ‰¡‚μ¡—¬´‘π´’ ·≈–√—ß ’ ‡™àπ √—ß ’
Õ—≈μ√“‰«‚Õ‡≈μ πÕ°®“°π’ÈÕ“®‡°‘¥®“° ¿“«–∑’Ë‚Œ μåÕ“»—¬Õ¬ŸàÀ“°¡’ “√Õ“À“√μË” ‡ø®®–‡¢â“ Ÿà lysogenic cycle
·μàÀ“° “√Õ“À“√‡À¡“– ¡‡ø®®–‡¢â“ Ÿà lytic cycle [1]

·∫§∑’‡√’¬°√¥·≈§μ‘° (lactic acid bacteria) ∂Ÿ°π”¡“„™âÕ¬à“ß·æ√àÀ≈“¬„πÕÿμ “À°√√¡Õ“À“√
‚¥¬‡©æ“–„πº≈‘μ¿—≥±åπ¡ ‡π◊ÈÕ º—° ·≈–¢π¡ªíß [4] ‚¥¬°“√„™â·∫§∑’‡√’¬°√¥·≈§μ‘°°àÕ„Àâ‡°‘¥º≈¥’§◊Õ
 “¡“√∂¬◊¥Õ“¬ÿ°“√‡°Á∫Õ“À“√ ‚¥¬‡©æ“–Õ“À“√∑’Ë¡’πÈ”μ“≈‡ªìπ à«πº ¡„π«—μ∂ÿ¥‘∫ ´÷Ëß·∫§∑’‡√’¬
°√¥·≈§μ‘°®–‡ª≈’Ë¬ππÈ”μ“≈„Àâ°≈“¬‡ªìπ°√¥·≈§μ‘°∑”„ÀâÕ“À“√¡’ pH ≈¥≈ß ·≈–‰¡à‡À¡“–°—∫°“√‡®√‘≠¢Õß
®ÿ≈‘π∑√’¬å∑’Ë∑”„ÀâÕ“À“√‡πà“‡ ’¬À√◊Õ®ÿ≈‘π∑√’¬å∑’Ë°àÕ‚√§„πÕ“À“√ [5, 6] πÕ°®“°π’È·∫§∑’‡√’¬°√¥·≈§μ‘°∫“ß
 “¬æ—π∏ÿå®– √â“ß “√ª√–‡¿∑‡ªª‰∑¥å∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ·∫§∑’‡√’¬·°√¡∫«°Õ◊Ëπ [7-9] Õ¬à“ß‰√°Áμ“¡
ª√– ‘∑∏‘¿“æ„π°“√À¡—°‚¥¬°“√„™â·∫§∑’‡√’¬°√¥·≈§μ‘°‡ªìπÀ—«‡™◊ÈÕμ“¡∏√√¡™“μ‘π—Èπ¡—°∂Ÿ°¬—∫¬—Èß‚¥¬ “√μà“ßÊ
‡™àπ  “√ªØ‘™’«π–∑’Ëªπ‡ªóôÕπ¡“°—∫«—μ∂ÿ¥‘∫ À√◊Õ “√¶à“‡™◊ÈÕ∑’Ë„™â„π°“√™”√–≈â“ßÕÿª°√≥å„π°“√º≈‘μ ·μà à«π
„À≠à¡—°‡°‘¥®“°·∫§∑’‡√’¬°√¥·≈§μ‘°∑’Ë„™â‡ªìπÀ—«‡™◊ÈÕ‡°‘¥°“√μ‘¥‡™◊ÈÕ¥â«¬‡ø® [10, 11] ®“°°“√»÷°…“°àÕπ
Àπâ“π’Èæ∫«à“ ·∫§∑’‡√’¬°√¥·≈§μ‘°À≈“¬®’π— ‡ªìπ lysogenic cell °≈à“«§◊Õ¡’‚ª√‡ø®·∑√°Õ¬Ÿà„π®’‚π¡Õ¬à“ß
πâÕ¬ 1 ∫√‘‡«≥ ‚¥¬ lysogenic cell ∑’Ëæ∫„πÕÿμ “À°√√¡°“√À¡—°π¡∑’Ë¡’‚ª√‡ø®‰¥â·°à Lactococcus (Lc.)
lactis subsp. lactis, Lc. lactis subsp. cremoris, Streptococcus thermophilus, Lactobacillus (Lb.)
delbrueckii, Lb. casei, Lb. rhamnosus À√◊Õ Bifidobacterium longum [12-19] ‚¥¬ lysogenic cell
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‡À≈à“π’È®–∂Ÿ°π”‡¢â“ Ÿà°√–∫«π°“√·≈–§ßÕ¬Ÿà„π°“√À¡—°‡ªìπ√–¬–‡«≈“Àπ÷Ëß ®π°√–∑—Ëßæ∫°—∫ ‘Ëß·«¥≈âÕ¡∑’Ë
‡Àπ’Ë¬«π”„Àâ‚ª√‡ø®‡¢â“ Ÿà lytic cycle ·≈–ª≈àÕ¬Õπÿ¿“§¢Õß‡ø®ÕÕ°¡“ ´÷Ëß àßº≈μàÕ§ÿ≥¿“æ¢Õß
º≈‘μ¿—≥±å ÿ¥∑â“¬∑’ËÕ“®‰¡à‰¥â¡“μ√∞“πμ“¡¡“ ¥—ßπ—ÈπÕÿμ “À°√√¡°“√À¡—°π¡®÷ß§«√„Àâ§«“¡ ”§—≠„π°“√§—¥
‡≈◊Õ°·≈–μ√«® Õ∫ “¬æ—π∏ÿå∑’Ë„™â‡ªìπÀ—«‡™◊ÈÕ«à“  “¬æ—π∏ÿå‡À≈à“π’È®–μâÕß‰¡à¡’°“√·∑√°μ—«¢Õß‚ª√‡ø®

„π°“√»÷°…“¢ÕßºŸâ«‘®—¬°àÕπÀπâ“π’È‰¥â·¬° “¬æ—π∏ÿå∑’Ë„™â‡ªìπÀ—«‡™◊ÈÕ„π°“√À¡—°π¡‡ª√’È¬« §◊Õ Lb.
paracasei  “¬æ—π∏ÿå LPC ́ ÷Ëß‡ªìπ “¬æ—π∏ÿå∑’Ë„™âÀ¡—°π¡‡ª√’È¬«∑“ß°“√§â“·≈–æ‘ Ÿ®πå·≈â««à“¡’‚ª√‡ø®·∑√°Õ¬Ÿà
[20] √«¡∑—Èß “¡“√∂·¬°‡ø®∑’Ë®”‡æ“–μàÕ “¬æ—π∏ÿå¥—ß°≈à“«®“°μ—«Õ¬à“ßπ¡‡ª√’È¬«®“°‚√ßß“π·Ààßπ’È Õ’°∑—Èß¬—ß
‰¥âæ—≤π“ “¬æ—π∏ÿå°≈“¬∑’Ë∑πμàÕ°“√μ‘¥‡™◊ÈÕ¥â«¬‡ø® Õ¬à“ß‰√°Áμ“¡  “¬æ—π∏ÿå°≈“¬∑’Ë∑πμàÕ°“√μ‘¥‡™◊ÈÕ¥â«¬
‡ø®‡À≈à“π’ÈÕ“®‡°‘¥®“°°≈‰°„π°“√μâ“π∑“π‡ø®∑’Ë·μ°μà“ß°—π Àπ÷Ëß„ππ—Èπ§◊Õ°“√æ∫‚ª√‡ø®·∑√°Õ¬Ÿà„π¥’‡ÕÁπ‡Õ
¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ àßº≈„Àâ‡ø®μ—«Õ◊ËπÊ ‰¡à “¡“√∂μ‘¥‡™◊ÈÕ„π·∫§∑’‡√’¬μ—«π—ÈπÊ ‰¥â ´÷Ëß “¬æ—π∏ÿå°≈“¬π’È‰¡à
§«√®–π”¡“„™â„π°“√À¡—°π¡‡æ◊ËÕ·∑π∑’Ë “¬æ—π∏ÿåμ—Èßμâπ „π°“√»÷°…“π’È®÷ß¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“º≈¢Õß°“√
‡Àπ’Ë¬«π”‚ª√‡ø®∑’Ë·∑√°Õ¬Ÿà„π Lb. paracasei  “¬æ—π∏ÿå LPC ·≈– “¬æ—π∏ÿå°≈“¬∑’Ë∑πμàÕ°“√μ‘¥‡™◊ÈÕ¥â«¬
‡ø®¥—ß°≈à“« ‚¥¬°“√‡Àπ’Ë¬«π”„Àâ‚ª√‡ø®À≈ÿ¥ÕÕ°∑’Ë„™â„π°“√»÷°…“π’È§◊Õ °“√„™â√—ß ’Õÿμ√“‰«‚Õ‡≈Áμ ‰¡‚μ¡—¬-
´‘π´’ ·≈– ¿“«–μà“ßÊ ‡æ◊ËÕ∑’Ë®–æ‘ Ÿ®πå«à“¡’‚ª√‡ø®·∑√°Õ¬Ÿà®√‘ß‚¥¬„™â√—ß ’Õÿμ√“‰«‚Õ‡≈Áμ ‰¡‚μ¡—¬´‘π´’ ·≈–
‡¡◊ËÕ‡º™‘≠°—∫ ¿“«–∑’Ë‡≈’¬π·∫∫„π‚√ßß“πº≈‘μπ¡À¡—°·≈â« ¡’‚ª√‡ø®À≈ÿ¥ÕÕ°¡“À√◊Õ‰¡à ´÷ËßÕß§å§«“¡√Ÿâ∑’Ë‰¥â
®–‡ªìπ¢âÕ¡Ÿ≈ ”À√—∫‚√ßß“πÕÿμ “À°√√¡π¡∑’Ëæ∫°“√μ‘¥‡™◊ÈÕ®“°‡ø®¿“¬À≈—ß°“√À¡—°π¡·≈–≈–‡≈¬ “‡Àμÿ
°“√μ√«® Õ∫‚ª√‡ø®„πÀ—«‡™◊ÈÕ®–‰¥â “¡“√∂π”‰ªª√—∫„™â„π°“√μ√«® Õ∫À—«‡™◊ÈÕ¿“¬„π‚√ßß“πÕ¬à“ß‡À¡“–
 ¡μàÕ‰ª

«‘∏’¥”‡π‘π°“√«‘®—¬
°“√∑¥ Õ∫‡ø®¥â«¬«‘∏’ double agar layer technique

‡≈’È¬ßÀ—«‡™◊ÈÕ Lb. paracasei LPC À√◊Õ “¬æ—π∏ÿå°≈“¬∑’Ë¥◊ÈÕμàÕ°“√μ‘¥‡™◊ÈÕ¥â«¬‡ø®∑’Ë·¬°‰¥â®“°
ß“π«‘®—¬°àÕπÀπâ“π’È®”π«π 10 ‰Õ‚´‡≈μ ‰¥â·°à 1-2, 1-16, 2-25, 3-1, 3-6, 3-13, 3-17, 3-27, 3-31 ·≈–
3-34 „πÕ“À“√·¢Áß‡Õ’¬ß MRS agar ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èππ”¡“·¢«π≈Õ¬„ππÈ”°≈—Ëπ¶à“‡™◊ÈÕ®π‰¥â
OD ∑’Ë 600 π“‚π‡¡μ√ ‡∑à“°—∫ 1.0 π”¡“∑”°“√‡æ‘Ë¡®”π«π‚¥¬„™â«‘∏’‡∑§π‘§°“√∑”Õ“À“√«ÿâπ Õß™—Èπ ‚¥¬π”
‡™◊ÈÕ¢â“ßμâπ¡“ 150 ‰¡‚§√≈‘μ√ „ à≈ß„πÕ“À“√«ÿâπ MRS ∑’Ë¡’°“√‡μ‘¡«ÿâπ 0.5% ∑’ËÀ≈Õ¡‡À≈«·≈â« ®“°π—Èπ
º ¡μ—«Õ¬à“ß∑’ËμâÕß°“√∑¥ Õ∫‡ø®ª√‘¡“μ√ 150 ‰¡‚§√≈‘μ√ ‡¢¬à“„Àâ‡¢â“°—π ·≈â«‡∑≈ß„πÕ“À“√·¢Áß MRS
∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß  —ß‡°μæ≈“§ (plaque) À√◊Õ∫√‘‡«≥∑’Ë‡°‘¥®“°°“√
‡æ‘Ë¡®”π«π¢Õß‡ø®·≈â«‡¢â“∑”≈“¬‚Œ μå®π∑”„Àâ¡Õß‡ÀÁπ‡ªìπ«ß„ ∫πæ◊Èπ¢Õß·∫§∑’‡√’¬∑’Ë‡®√‘≠≈—°…≥–‡ªìπ
ΩÑ“∫π®“πÕ“À“√ (lawn) [21, 22]
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°“√»÷°…“º≈¢Õß°“√‡Àπ’Ë¬«π”‚¥¬√—ß ’Õ—≈μ√“‰«‚Õ‡≈Áμ·≈–‰¡‚μ¡—¬´‘π´’
- °“√»÷°…“º≈¢Õß°“√‡Àπ’Ë¬«π”‚¥¬‰¡‚μ¡—¬´‘π´’

‡≈’È¬ßÀ—«‡™◊ÈÕ Lb. paracasei LPC √«¡∑—Èß “¬æ—π∏ÿå°≈“¬∑’Ë¥◊ÈÕμàÕ°“√μ‘¥‡™◊ÈÕ¥â«¬‡ø®¢â“¡
§◊π„πÕ“À“√ MRS broth ®“°π—Èπ¥Ÿ¥¡“ 100 ‰¡‚§√≈‘μ√ ‡μ‘¡≈ß„πÕ“À“√ MRS broth „À¡à ª√‘¡“μ√ 5
¡‘≈≈‘≈‘μ√ «—¥§à“ OD ‡√‘Ë¡μâπ∑’Ë§«“¡¬“«§≈◊Ëπ 600 π“‚π‡¡μ√ ®“°π—Èπ∫à¡„π waterbath ‡ªìπ‡«≈“ 30 π“∑’
∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡μ‘¡ “√‰¡‚μ¡—¬´‘π´’ (Sigma, USA) „Àâ‰¥â§«“¡‡¢â¡¢âπ ÿ¥∑â“¬‡ªìπ 0.1,
0.5 ·≈– 1 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√ «—¥§à“ OD ∑’Ë§«“¡¬“«§≈◊Ëπ 600 π“‚π‡¡μ√∑ÿ°™—Ë«‚¡ß ‡ªìπ‡«≈“ 24
™—Ë«‚¡ß (À√◊Õ®π°«à“§à“ OD ®–≈¥≈ß ÷́Ëß· ¥ß«à“‚ª√‡ø®‡√‘Ë¡À≈ÿ¥ÕÕ°®“°‡´≈≈å·≈–‡¢â“ Ÿà lytic cycle ∑”„Àâ
‡´≈≈å·∫§∑’‡√’¬·μ°) „π‡∫◊ÈÕßμâππ’ÈÀ“°¡’°“√≈¥≈ß¢Õß§à“ OD · ¥ß«à“‡™◊ÈÕπ—ÈπÕ“®¡’°“√·∑√°¢Õß‚ª√‡ø®
·≈– “¡“√∂‡Àπ’Ë¬«π”„Àâ‚ª√‡ø®À≈ÿ¥ÕÕ°¡“‰¥â [23] ®“°π—Èππ”¡“ centrifuge ∑’Ë 3,000 xg ∑’Ë 4 Õß»“
‡´≈‡´’¬  ‡ªìπ‡«≈“ 10 π“∑’ ·≈â«°√Õßºà“π°√–¥“…°√Õß¢π“¥ 0.45 ‰¡§√Õπ ‡°Á∫ à«π„ ‰ª∑¥ Õ∫ double
agar layer technique ∑’Ë¥—¥·ª≈ß®“°«‘∏’¢â“ßμâπ°≈à“«§◊Õ º ¡‡™◊ÈÕ 150 ‰¡‚§√≈‘μ√ „ à≈ß„πÕ“À“√«ÿâπ MRS
∑’Ë¡’°“√‡μ‘¡«ÿâπ 0.5% ·≈â«‡∑≈ß„πÕ“À“√·¢Áß MRS ∑—π∑’ ®“°π—ÈπÀ¬¥μ—«Õ¬à“ßª√‘¡“μ√ 50 ‰¡‚§√≈‘μ√∑’Ë
μâÕß°“√∑¥ Õ∫‡ø®≈ß‰ªμ√ß°≈“ß®“πÕ“À“√«ÿâπ ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß
À“°¡’∫√‘‡«≥„ ‡°‘¥¢÷Èπμ√ß∫√‘‡«≥∑’ËÀ¬¥μ—«Õ¬à“ß· ¥ß∂÷ß°“√¡’‚ª√‡ø®À≈ÿ¥ÕÕ°¡“ ‚¥¬°“√∑¥ Õ∫∑ÿ°§√—Èß

®–¡’°“√∑” positive control ‚¥¬„™â‡™◊ÈÕ Lb. paracasei LPC ·≈–¡’°“√À¬¥‡ø® ΦT25 ∑’Ë‰¥â®“°°“√

»÷°…“°àÕπÀπâ“π’È ≈ß‰ªμ√ß°≈“ß®“πÕ“À“√«ÿâπ ´÷Ëß®–æ∫‚´π„ ‡°‘¥¢÷Èπ∫√‘‡«≥∑’ËÀ¬¥ √«¡∂÷ß negative
control ‚¥¬„™â‡™◊ÈÕ Lb. paracasei LPC ·≈–¡’°“√À¬¥‰¡‚μ¡—¬´‘π´’§«“¡‡¢â¡¢âπμà“ßÊ ≈ß‰ªμ√ß°≈“ß
®“πÕ“À“√«ÿâπ

- °“√»÷°…“º≈¢Õß°“√‡Àπ’Ë¬«π”‚¥¬√—ß ’Õ—≈μ√“‰«‚Õ‡≈Áμ
‡≈’È¬ßÀ—«‡™◊ÈÕ Lb. paracasei LPC √«¡∑—Èß “¬æ—π∏ÿå°≈“¬∑’Ë¥◊ÈÕμàÕ°“√μ‘¥‡™◊ÈÕ¥â«¬‡ø®¢â“¡

§◊π„πÕ“À“√ MRS broth ®“°π—Èπ¥Ÿ¥¡“ 100 ‰¡‚§√≈‘μ√ ‡μ‘¡≈ß„πÕ“À“√ MRS broth „À¡à ª√‘¡“μ√ 5
¡‘≈≈‘≈‘μ√ ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß À√◊Õ‡´≈≈å‡¢â“ Ÿà√–¬– exponential phase
(§à“ OD ∑’Ë§«“¡¬“«§≈◊Ëπ 600 π“‚π‡¡μ√ ‡∑à“°—∫ 0.1-0.3) ®“°π—Èππ”¡“ centrifuge ∑’Ë 6,000 xg ∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 10 π“∑’ π”μ–°Õπ‡´≈≈å¡“·¢«π≈Õ¬„π 0.1M MgSO4 ª√‘¡“μ√ 5 ¡‘≈≈‘≈‘μ√ ·≈–
‡∑≈ß„π®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ·°â«∑’Ë¶à“‡™◊ÈÕ·≈â« ®“°π—Èπ„Àâ√—ß ’Õ—≈μ√“‰«‚Õ‡≈μ (Sankyo Denki (Japan) G30T8
germicidal lamp) §«“¡¬“«§≈◊Ëπ 254 π“‚π‡¡μ√ ‚¥¬«“ßÀà“ß®“°®“πÕ“À“√ 52 ‡´πμ‘‡¡μ√ ‡ªìπ‡«≈“ 25
«‘π“∑’ ‚¥¬¡’°“√°«π¥â«¬ magnetic bar μ≈Õ¥‡«≈“ ‡¡◊ËÕ§√∫‡«≈“„Àâ¥Ÿ¥„ àÀ≈Õ¥‡°≈’¬«∑’Ë¡’Õ“À“√ MRS
broth 5 ¡‘≈≈‘≈‘μ√ §«“¡‡¢â¡¢âπ 2 ‡∑à“ (double strength MRS broth) ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬ 
„π∑’Ë¡◊¥ ·≈â«π”¡“«—¥§à“ OD ∑’Ë§«“¡¬“«§≈◊Ëπ 600 π“‚π‡¡μ√ ∑ÿ° 45 π“∑’‡ªìπ‡«≈“ 24-32 ™—Ë«‚¡ß (À√◊Õ
®π°«à“§à“ OD ®–≈¥≈ß) π”¡“‡μ‘¡§≈Õ‚√øÕ√å¡ 100 ‰¡‚§√≈‘μ√ ‡¢¬à“ ·≈â«π”‰ª centrifuge ∑’Ë 3,000 xg
∑’Ë 4 Õß»“‡´≈‡ ’́¬ ‡ªìπ‡«≈“ 10 π“∑’ ®“°π—Èπ¥Ÿ¥ à«π„ ‰ª∑¥ Õ∫ double agar layer technique ÷́Ëß®–
μâÕßª√“°Øæ≈“§‡°‘¥¢÷Èπ [24]
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- °“√»÷°…“º≈¢Õß°“√‡Àπ’Ë¬«π”‚¥¬·ª√º—π Ÿμ√Õ“À“√‡≈’È¬ß‡™◊ÈÕ MRS
‡≈’È¬ßÀ—«‡™◊ÈÕ Lb. paracasei LPC ¢â“¡§◊π„πÕ“À“√ MRS broth ®“°π—Èπ¥Ÿ¥¡“ 100 ‰¡‚§√≈‘μ√

‡μ‘¡≈ß„πÕ“À“√ MRS broth „À¡àª√‘¡“μ√ 5 ¡‘≈≈‘≈‘μ√ ∑’Ë¡’°“√≈¥§«“¡‡¢â¡¢âπ¢Õß Ÿμ√Õ“À“√≈ß§√÷Ëß‡∑à“,
1/4 ‡∑à“, 1/6 ‡∑à“ ®“° Ÿμ√ª°μ‘ «—¥§à“ OD ∑’Ë§«“¡¬“«§≈◊Ëπ 600 π“‚π‡¡μ√∑ÿ°«—π ‡ªìπ‡«≈“ 10 «—π ®“°
π—Èππ”¡“ centrifuge ∑’Ë 3,000 xg ∑’Ë 4 Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“ 10 π“∑’ ·≈â«°√Õßºà“π°√–¥“…°√Õß¢π“¥
0.45 ‰¡§√Õπ ‡°Á∫ à«π„ ‰ª∑¥ Õ∫ double agar layer technique μ“¡°“√∑¥≈Õß¢â“ßμâπ

- °“√»÷°…“º≈¢Õß°“√‡Àπ’Ë¬«π”‚¥¬°“√‡≈’È¬ß‡™◊ÈÕ‡ªìπ‡«≈“ 14 «—π
‡≈’È¬ßÀ—«‡™◊ÈÕ Lb. paracasei LPC „πÕ“À“√ MRS broth ‡ªìπ√–¬–‡«≈“ 14 «—π «—¥§à“ OD

∑’Ë§«“¡¬“«§≈◊Ëπ 600 π“‚π‡¡μ√∑ÿ°«—π ®“°π—Èππ”¡“ centrifuge ∑’Ë 3,000 xg ∑’Ë 4 Õß»“‡´≈‡ ’́¬ ‡ªìπ‡«≈“
10 π“∑’ ·≈â«°√Õßºà“π°√–¥“…°√Õß¢π“¥ 0.45 ‰¡§√Õπ ‡°Á∫ à«π„ ‰ª∑¥ Õ∫ double agar layer
technique μ“¡°“√∑¥≈Õß¢â“ßμâπ

- °“√»÷°…“º≈¢Õß°“√‡Àπ’Ë¬«π”‚¥¬°“√·ª√º—π pH „πÕ“À“√‡≈’È¬ß‡™◊ÈÕ MRS
‡≈’È¬ßÀ—«‡™◊ÈÕ Lb. paracasei LPC ¢â“¡§◊π„πÕ“À“√ MRS broth ®“°π—Èπ¥Ÿ¥¡“ 100 ‰¡‚§√≈‘μ√

‡μ‘¡≈ß„πÕ“À“√ MRS broth „À¡àª√‘¡“μ√ 5 ¡‘≈≈‘≈‘μ√ ∑’Ë¡’°“√ª√—∫§à“ pH μ—Èß·μà 2-11 ‚¥¬„™â 0.1 M HCl
À√◊Õ 0.1 M NaOH «—¥§à“ OD ∑’Ë§«“¡¬“«§≈◊Ëπ 600 π“‚π‡¡μ√∑ÿ°«—π ‡ªìπ‡«≈“ 10 «—π ®“°π—Èππ”¡“
centrifuge ∑’Ë 3,000 xg ∑’Ë 4 Õß»“‡´≈‡ ’́¬ ‡ªìπ‡«≈“ 10 π“∑’ ·≈â«°√Õßºà“π°√–¥“…°√Õß¢π“¥ 0.45
‰¡§√Õπ ‡°Á∫ à«π„ ‰ª∑¥ Õ∫ double agar layer technique μ“¡°“√∑¥≈Õß¢â“ßμâπ

º≈°“√«‘®—¬
°“√»÷°…“º≈¢Õß°“√‡Àπ’Ë¬«π”‚¥¬‰¡‚μ¡—¬´‘π´’

®“°°“√‡Àπ’Ë¬«π”‚ª√‡ø®„π‡™◊ÈÕ Lb. paracasei LPC ·≈– “¬æ—π∏ÿå°≈“¬∑—Èß 10 ‰Õ‚´‡≈μ
æ∫«à“ ¡’‡æ’¬ß 4 ‰Õ‚´‡≈μ §◊Õ  “¬æ—π∏ÿå LPC, 3-6, 3-13 ·≈– 3-34 ∑’Ë “¡“√∂‡Àπ’Ë¬«π”„Àâ‚ª√‡ø®À≈ÿ¥
ÕÕ°®“°®’‚π¡¢Õß·∫§∑’‡√’¬‰¥â ‚¥¬§«“¡‡¢â¡¢âπ∑’Ë “¡“√∂‡Àπ’Ë¬«π”‰¥â§◊Õ 0.5 ·≈– 1 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√
·≈–‡¡◊ËÕ«—¥°“√‡®√‘≠¢Õß‡™◊ÈÕ∑—Èß 4 ‰Õ‚´‡≈μ æ∫«à“ Lb. paracasei LPC ·≈– 3-13 ®–¡’°“√‡®√‘≠≈¥≈ß
‡¡◊ËÕ¡’°“√‡μ‘¡‰¡‚μ¡—¬´‘π∑’Ë§«“¡‡¢â¡¢âπ 1 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√  à«πÕ’° 2 ‰Õ‚´‡≈μæ∫«à“ °“√‡μ‘¡‰¡‚μ
¡—¬´‘π‰¡à¡’º≈μàÕ°“√‡®√‘≠¢Õß‡™◊ÈÕ (√Ÿª∑’Ë 1)  à«π„π‰Õ‚´‡≈μÕ◊ËπÊ æ∫«à“ °“√‡μ‘¡‰¡‚μ¡—¬´‘π´’∑’Ë§«“¡‡¢â¡¢âπ
1 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√ ®–∑”„Àâ°“√‡®√‘≠≈¥≈ß°«à“∑’Ë‰¡à‡μ‘¡À√◊Õ∑’Ë‡μ‘¡∑’Ë§«“¡‡¢â¡¢âπμË” (‰¡à‰¥â· ¥ß¢âÕ¡Ÿ≈)
´÷Ëß®“°°“√»÷°…“°àÕπÀπâ“π’È æ∫«à“ À≈—ß®“°∑’Ë¡’°“√‡μ‘¡‰¡‚μ¡—¬´‘π´’ ·≈â««—¥§à“°“√‡®√‘≠ À“°¡’°“√‡®√‘≠≈¥
≈ß‡¡◊ËÕ‡∑’¬∫°—∫ control ∑’Ë‰¡à¡’°“√‡μ‘¡‰¡‚μ¡—¬´‘π´’ · ¥ß«à“ ‚ª√‡ø®¡’°“√À≈ÿ¥ÕÕ°¡“®“°®’‚π¡¢Õß
·∫§∑’‡√’¬ àßº≈„Àâ°“√‡®√‘≠¢Õß‡™◊ÈÕ≈¥≈ß‡π◊ËÕß®“°‡ø®®–‡¢â“ Ÿà lytic cycle ∑”„Àâ·∫§∑’‡√’¬‡°‘¥°“√·μ° ≈“¬
Õ¬à“ß‰√°Áμ“¡ ®“°°“√∑¥≈Õßæ∫«à“ ¡’‡æ’¬ß 2 ‰Õ‚´‡≈μ §◊Õ Lb. paracasei LPC ·≈– 3-13 ∑’Ë¡’°“√
‡®√‘≠≈¥≈ß‡¡◊ËÕ¡’°“√‡μ‘¡‰¡‚μ¡—¬´‘π „π¢≥–∑’ËÕ’° 2 ‰Õ‚´‡≈μ ‰¥â·°à 3-6 ·≈– 3-34 °“√‡®√‘≠‰¡à·μ°μà“ß°—∫
control ·μà¬—ß§ß¡’‚ª√‡ø®À≈ÿ¥ÕÕ°¡“  à«π‰Õ‚´‡≈μ∑’Ë‡À≈◊ÕÀ≈—ß®“°‡μ‘¡‰¡‚μ¡—¬´‘π´’·≈â«¡’°“√‡®√‘≠≈¥≈ß
·μà‰¡à¡’‚ª√‡ø®À≈ÿ¥ÕÕ°¡“
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μ“√“ß∑’Ë 1 º≈¢Õß°“√‡Àπ’Ë¬«π” Lb. paracasei LPC ·≈– “¬æ—π∏ÿå°≈“¬∑’Ë¥◊ÈÕμàÕ°“√μ‘¥‡™◊ÈÕ¥â«¬‡ø®∑—Èß
10 ‰Õ‚´‡≈μ¥â«¬ ‰¡‚μ¡—¬´‘π´’ ‚¥¬μ√«® Õ∫∫√‘‡«≥„ „πμ”·Àπàß∑’ËÀ¬¥μ—«Õ¬à“ß≈ß‰ª

‰Õ‚´‡≈μ °“√‡Àπ’Ë¬«π”¥â«¬‰¡‚μ¡—¬ ‘́π ’́∑’Ë§«“¡‡¢â¡¢âπμà“ßÊ
0.1 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√ 0.5 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√ 1 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√

Lb. paracasei LPC - + +

1-2 - - -

1-16 - - -

2-25 - - -

3-1 - - -

3-6 - + +

3-13 - + +

3-17 - - -

3-27 - - -

3-31 - - -

3-34 - + +

À¡“¬‡Àμÿ: ‡§√◊ËÕßÀ¡“¬∫«° (+) À¡“¬∂÷ß æ∫∫√‘‡«≥„  (¡’°“√À≈ÿ¥ÕÕ°¢Õß‚ª√‡ø®) ‡§√◊ËÕßÀ¡“¬≈∫ (-)
À¡“¬∂÷ß ‰¡àæ∫∫√‘‡«≥„  (‰¡à¡’°“√À≈ÿ¥ÕÕ°¢Õß‚ª√‡ø®)
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√Ÿª∑’Ë 1 °√“ø°“√‡®√‘≠¢Õß Lb. paracasei LPC (A) ·≈– “¬æ—π∏ÿå°≈“¬∑’Ë¥◊ÈÕμàÕ°“√μ‘¥‡™◊ÈÕ¥â«¬‡ø®§◊Õ
3-6 (B), 3-13 (C) ·≈– 3-34 (D) „π∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß‰¡‚μ¡—¬´‘π´’∑’Ë·μ°μà“ß°—π ‚¥¬ —≠≈—°…≥å

 ‰¡à‡μ‘¡‰¡‚μ¡—¬´‘π´’ Ó ‡μ‘¡‰¡‚μ¡—¬´‘π´’∑’Ë§«“¡‡¢â¡¢âπ 0.1 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√
‡μ‘¡‰¡‚μ¡—¬´‘π´’∑’Ë§«“¡‡¢â¡¢âπ 0.5 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√ ·≈–  ‡μ‘¡‰¡‚μ¡—¬´‘π´’∑’Ë§«“¡
‡¢â¡¢âπ 1 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√
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°“√»÷°…“º≈¢Õß°“√‡Àπ’Ë¬«π”‚¥¬√—ß ’Õ—≈μ√“‰«‚Õ‡≈Áμ °“√·ª√º—π Ÿμ√Õ“À“√‡≈’È¬ß‡™◊ÈÕ MRS ·≈–°“√
·ª√º—π pH „πÕ“À“√‡≈’È¬ß‡™◊ÈÕ MRS

À≈—ß®“°°“√„Àâ√—ß ’Õ—≈μ√“‰«‚Õ‡≈Áμ·≈â«π”μ—«Õ¬à“ß¡“∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  „π∑’Ë¡◊¥
·≈â«π”¡“«—¥§à“ OD ∑’Ë§«“¡¬“«§≈◊Ëπ 600 π“‚π‡¡μ√ √à«¡°—∫°“√«—¥ª√‘¡“≥‡ø®¥â«¬«‘∏’ double agar layer
technique æ∫«à“ ‡™◊ÈÕ Lb. paracasei LPC ¡’°“√‡®√‘≠≈¥≈ß„π™—Ë«‚¡ß∑’Ë 6 ·μà‰¡àª√“°Øæ≈“§ ‡™àπ‡¥’¬«
°—∫ “¬æ—π∏ÿå°≈“¬Õ◊Ëπ∑’Ë„Àâº≈∫«°®“°°“√‡Àπ’Ë¬«π”¥â«¬‰¡‚μ¡—¬´‘π´’ ·≈–°“√»÷°…“º≈¢Õß°“√‡Àπ’Ë¬«π”
‚¥¬·ª√º—π Ÿμ√Õ“À“√‡≈’È¬ß‡™◊ÈÕ MRS °“√»÷°…“º≈¢Õß°“√‡Àπ’Ë¬«π”‚¥¬°“√‡≈’È¬ß‡™◊ÈÕ‡ªìπ‡«≈“ 14 «—π ·≈–
°“√»÷°…“º≈¢Õß°“√‡Àπ’Ë¬«π”‚¥¬°“√·ª√º—π pH „πÕ“À“√‡≈’È¬ß‡™◊ÈÕ MRS æ∫«à“‰¡àª√“°Øæ≈“§‡™àπ‡¥’¬«°—π
´÷Ëß„π 3 °√≥’À≈—ßπ’È‰¡à‰¥â∑¥ Õ∫„π “¬æ—π∏ÿå°≈“¬∑’Ë¥◊ÈÕμàÕ°“√μ‘¥‡™◊ÈÕ¥â«¬‡ø®Õ◊Ëπ‡π◊ËÕß®“° “¬æ—π∏ÿå Lb.
paracasei LPC ‡ªìπ “¬æ—π∏ÿå∑’Ë∂Ÿ°‡Àπ’Ë¬«π”‰¥â¥’∑’Ë ÿ¥ ·μà‰¡àæ∫°“√‡Àπ’Ë¬«π”„π ¿“«–μà“ßÊ ¢—Èπμâπ ®÷ß
§“¥«à“„π “¬æ—π∏ÿå°≈“¬®÷ß‰¡àπà“®–‡°‘¥°“√‡Àπ’Ë¬«π”‰¥â‡™àπ‡¥’¬«°—π

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
°“√æ∫‡ø®¢Õß·∫§∑’‡√’¬°√¥·≈§μ‘° „πÕÿμ “À°√√¡°“√À¡—°ª√–‡¿∑μà“ßÊ  àßº≈∑”„Àâ‡°‘¥

§«“¡‡ ’¬À“¬∑—Èß°“√ Ÿ≠‡ ’¬º≈‘μ¿—≥±å À√◊Õº≈‘μ¿—≥±å‰¡à‰¥â§ÿ≥¿“æμ“¡μâÕß°“√ πÕ°®“°°“√§âπæ∫‡ø®ª√–‡¿∑
lytic phage ∑’Ë∑”„Àâ‡°‘¥°“√·μ° ≈“¬¢ÕßÀ—«‡™◊ÈÕ·≈â« Õÿμ “À°√√¡°“√À¡—°π¡Õ“®æ∫§«“¡‡ ’Ë¬ß®“°‚ª√‡ø®
∑’Ë·∑√°μ—«Õ¬Ÿà„πÀ—«‡™◊ÈÕ∑’Ë„™â„π°“√º≈‘μ ´÷Ëß‡¡◊ËÕ∂Ÿ°‡Àπ’Ë¬«π”®“° ¿“«–∫“ßª√–°“√Õ“®∑”„Àâ‚ª√‡ø®À≈ÿ¥
ÕÕ°·≈–‡¢â“ Ÿà lytic cycle ‰¥â À√◊Õ·¡â·μà ¿“«–∑’Ë‡æ“–‡≈’È¬ßÀ—«‡™◊ÈÕ‚¥¬∑—Ë«‰ª Õ“®¡’‚ª√‡ø®À≈ÿ¥ÕÕ°‰¥â‚¥¬
∏√√¡™“μ‘ (spontaneous prophage induction) ·μà„π√–¥—∫∑’ËμË” ÷́Ëß®–‡ÀÁπ‰¥â«à“ °“√‡Àπ’Ë¬«π”‚ª√‡ø®®–
‡°‘¥¢÷Èπ‰¥â§àÕπ¢â“ß¬“° ·μàÀ“°¡’°“√‡≈’È¬ßÀ—«‡™◊ÈÕ„π√–¥—∫Õÿμ “À°√√¡ À√◊Õ√–¥—∫¢¬“¬ à«πÕ“®∑”„Àâ®”π«π
¢Õß‡ø®∑’ËÀ≈ÿ¥ÕÕ°‡æ‘Ë¡¢÷Èπ [25]

®“°°“√∑¥≈Õß°“√»÷°…“°“√‡Àπ’Ë¬«π”‚ª√‡ø®¥â«¬‰¡‚μ¡—¬´‘π´’ √—ß ’Õ—≈μ√“‰«‚Õ‡≈Áμ °“√
·ª√º—π Ÿμ√Õ“À“√‡≈’È¬ß‡™◊ÈÕ MRS ·≈–°“√·ª√º—π pH „πÕ“À“√‡≈’È¬ß‡™◊ÈÕ MRS æ∫«à“ ¡’‡æ’¬ß‰¡‚μ¡—¬´‘π
´’∑’Ë “¡“√∂‡Àπ’Ë¬«π”„Àâ‚ª√‡ø®À≈ÿ¥·≈–‡¢â“ Ÿà lytic cycle ‰¥â ´÷Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬°àÕπÀπâ“π’È∑’Ë√“¬ß“π
«à“ °“√‡Àπ’Ë¬«π”‚ª√‡ø®¥â«¬‰¡‚μ¡—¬´‘π´’‡ªìπ«‘∏’∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥„π°“√‡Àπ’Ë¬«π”‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
«‘∏’Õ◊ËπÊ ‚¥¬‰¡‚μ¡—¬´‘π´’®–¡’º≈∑”„Àâ¥’‡ÕÁπ‡Õ¢Õß‚Œ μå‡°‘¥°“√·μ°À—°∑”„Àâ‡°‘¥°“√‡Àπ’Ë¬«π”√–∫∫ SOS
response ‚¥¬√–∫∫π’È‡ªìπ√–∫∫ à́Õ¡·´¡¥’‡ÕÁπ‡Õ¢Õß·∫§∑’‡√’¬´÷Ëß°“√°√–μÿâπ√–∫∫π’È‡ªìπº≈„Àâ‡™◊ÈÕ
·∫§∑’‡√’¬‡°‘¥°“√∑πμàÕ ¿“«–‡§√’¬¥À√◊ÕÕ“®∑”„Àâ‡™◊ÈÕ‡°‘¥°“√°≈“¬æ—π∏ÿå √«¡∑—ÈßÕ“®¡’º≈„Àâ‚ª√‡ø®‡°‘¥
°“√À≈ÿ¥ÕÕ°´÷ËßμàÕ¡“®–∑”„Àâ‡ø®‡¢â“ Ÿà lytic cycle [26, 27]

√“¬ß“π«‘®—¬°àÕπÀπâ“π’È‡°’Ë¬«°—∫°“√‡Àπ’Ë¬«π”‚ª√‡ø®¥â«¬‰¡‚μ¡—¬´‘π´’·≈–· ßÕ—≈μ√“‰«‚Õ‡≈Áμ
„π·∫§∑’‡√’¬°√¥·≈§μ‘°  à«π„À≠à¡’√“¬ß“π„π‡™◊ÈÕ Lactococcus ‡™àπ √“¬ß“π¢Õß Roces ·≈–§≥– (2013)
‰¥â»’°…“°“√‡Àπ’Ë¬«π”„Àâ‚ª√‡ø® TP712 ∑’Ë·∑√°Õ¬Ÿà„π Lc. lactis MG1363 ‚¥¬æ∫«à“‚ª√‡ø®®–‡¢â“ Ÿà
lytic cycle ‰¥âÀ√◊Õ‰¡àπ—Èπ¢÷ÈπÕ¬Ÿà°—∫°“√· ¥ßÕÕ°À√◊Õ°‘®°√√¡¢Õß‡Õπ‰´¡å‚ª√μ‘‡Õ  FtsH ÷́Ëß‡ªìπ‡Õπ‰´¡å∑’Ë
®”‡ªìπμàÕ°“√ lysis ¢Õß Lc. lactis [28] πÕ°®“°π’È®“°°“√»÷°…“¢Õß Chopin ·≈–§≥– (2001) [12]
√“¬ß“π«à“æ∫°“√·∑√°μ—«¢Õß‚ª√‡ø® 6 μ—«„π®’‚π¡¢Õß‡™◊ÈÕ Lc. lactis subsp. lactis IL1403 ·μàÀ≈—ß
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®“°‡Àπ’Ë¬«π”¥â«¬‰¡‚μ¡—¬´‘π´’·≈–√—ß ’Õ—≈μ√“‰«‚Õ‡≈Áμ æ∫«à“  “¡“√∂‡Àπ’Ë¬«π”‡ø®„ÀâÀ≈ÿ¥ÕÕ°‰¥â‡æ’¬ß
2 μ—« ‡∑à“π—Èπ´÷Ëß¬◊π¬—π®“°°“√ àÕßæ∫‡ø®∑—Èß Õßμ—«∑’Ë¡’¢π“¥∑’Ë·μ°μà“ß°—π¿“¬„μâ°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á§μ√Õπ·∫∫ àÕßºà“π ·≈–®“°°“√»÷°…“¢Õß Bolotin ·≈–§≥– (2001) [29] æ∫«à“ ‰¡à “¡“√∂‡Àπ’Ë¬«π”‡ø®
bIL311 ∑’Ë·∑√°Õ¬Ÿà„π‡™◊ÈÕ Lc. lactis IL1403 À≈—ß®“°‡Àπ’Ë¬«π”¥â«¬‰¡‚μ¡—¬´‘π´’ ·≈–‰¥â —ππ‘…∞“π«à“
‰¡‚μ¡—¬´‘π´’Õ“®‰¡à “¡“√∂‡Àπ’Ë¬«π”‚ª√‡ø®„ÀâÀ≈ÿ¥ÕÕ°®“°®’‚π¡¢Õß·∫§∑’‡√’¬‰¥â‡π◊ËÕß®“°§«“¡À≈“°
À≈“¬¢Õß√–∫∫ phage repressor system ·≈–¬—ßÕ“®‡ªìπ‰ª‰¥â«à“ ‡°‘¥°“√°≈“¬æ—π∏ÿå„π·∫§∑’‡√’¬∑”„Àâ
ªÑÕß°—π‰¡à„Àâ‡°‘¥°“√‡Àπ’Ë¬«π”„Àâ‡ø®À≈ÿ¥ÕÕ°¡“ ·≈–®“°√“¬ß“π¢Õß Ho ·≈–§≥– (2016) [30] æ∫«à“
®“°°“√‡Àπ’Ë¬«π”‚ª√‡ø®¢Õß Lc. lactis MG1363 ¥â«¬‰¡‚μ¡—¬´‘π´’·≈– ¿“«–μà“ßÊ ∑’Ëæ∫‰¥â„π√–À«à“ß
°“√º≈‘μ™’  ‰¥â·°à pH μË” §à“·√ß¥—πÕÕ ‚¡μ‘°∑’Ë Ÿß ·≈–°“√∫à¡‡ªìπ√–¬–‡«≈“π“π ‚¥¬μ√«®«—¥ª√‘¡“≥
¢Õß‡ø®∑’ËÀ≈ÿ¥ÕÕ°‚¥¬«‘∏’ quantitative PCR æ∫«à“ °“√‡Àπ’Ë¬«π”¥â«¬ ¿“«–μà“ßÊ ‰¡à¡’º≈∑”„Àâ‚ª√‡ø®
À≈ÿ¥ ¬°‡«âπ°“√∫à¡‡ªìπ√–¬–‡«≈“π“π 21 «—π ®–∑”„Àâ¡’‚ª√‡ø®À≈ÿ¥ÕÕ°¡“‡≈Á°πâÕ¬ ·≈–‰¡‚μ¡—¬´‘π´’¡’
º≈μàÕ°“√‡Àπ’Ë¬«π”„Àâ‚ª√‡ø®À≈ÿ¥¡“°∑’Ë ÿ¥ ®“°°“√§âπæ∫¥—ß°≈à“«®÷ß √ÿª«à“ √–∫∫ phage repression
system ‡ªìπ√–∫∫∑’Ëª√–°Õ∫¥â«¬μ—«°√–μÿâπ§«“¡‡§√’¬¥ (stressors) À≈“¬™π‘¥ ÷́Ëß àßº≈„Àâ‰¡à “¡“√∂§“¥
‡¥“«à“ ¿“«–„¥∂÷ß®–‡Àπ’Ë¬«π”„Àâ‚ª√‡ø®À≈ÿ¥ÕÕ°‰¥â πÕ°®“°π’È¬—ß¡’√“¬ß“π∑’Ë»÷°…“„π‚ª√‡ø®¢Õß
·∫§∑’‡√’¬°√¥·≈§μ‘°∑’Ë„™â‡ªìπÀ—«‡™◊ÈÕ„π‚√ßß“πæ∫«à“ ‚ª√‡ø® à«π„À≠à∑’Ë·∑√°Õ¬Ÿà„πÀ—«‡™◊ÈÕ‡À≈à“π’È ‰¡à
 “¡“√∂‡Àπ’Ë¬«π”„ÀâÀ≈ÿ¥ÕÕ°‰¥âÀ√◊ÕÕ“®¡’°“√À≈ÿ¥ÕÕ°·μà‰¡à “¡“√∂‡æ‘Ë¡®”π«π‰¥â (defective) [31] ‚¥¬
®“°°“√»÷°…“≈”¥—∫‡∫ „π®’‚π¡¢Õß Lc. lactis ´÷Ëß„™â‡ªìπÀ—«‡™◊ÈÕ„π°“√º≈‘μ™’ æ∫«à“ „π®’‚π¡¡’°“√·∑√°
¢Õß‚ª√‡ø®Õ¬Ÿà∂÷ß 3 ∫√‘‡«≥ ·μà “¡“√∂‡Àπ’Ë¬«π”„Àâ‚ª√‡ø®À≈ÿ¥ÕÕ°‰¥â 2 μ—«‡∑à“π—Èπ ·≈–¬—ßæ∫Õ’°«à“¬—ß
¡’Õ’° 3 ∫√‘‡«≥πÕ°‡Àπ◊Õ®“°π’È∑’Ë¡’‚ª√‡ø®∑’Ë‰¡à ¡∫Ÿ√≥å·∑√°Õ¬Ÿà (incomplete prophages) ‚¥¬®—¥°≈ÿà¡π’È‡ªìπ
P4-like satellite prophages [12]

§«“¡ —¡æ—π∏å√–À«à“ß‚ª√‡ø® ·∫§∑’‡√’¬∑’Ë‡ªìπ‚Œ μå ·≈– ¿“«–μà“ßÊ ≈â«π¡’ à«π„π°“√§«∫§ÿ¡
√–¬–μà“ßÊ „π«ß™’«‘μ¢Õß‡ø®∑—Èß lytic cycle ·≈– lysogenic cycle ÷́Ëß àßº≈∑”„Àâ°“√‡Àπ’Ë¬«π”‚ª√‡ø®
‡°‘¥§«“¡ —́∫´âÕπ·≈–·μ°μà“ß°—π ®“°°“√»÷°…“„π§√—Èßπ’È∂◊Õ‡ªìπ°“√»÷°…“·√°‡°’Ë¬«°—∫°“√‡Àπ’Ë¬«π”‚ª√‡ø®
„π‡™◊ÈÕ Lb. paracasei ´÷Ëß®“°°“√»÷°…“®–„π ¿“«–∑’Ë‡ªìπ°√¥∑’Ë‡°‘¥¢÷Èπ„π°√–∫«π°“√À¡—°π¡‰¡à “¡“√∂
‡Àπ’Ë¬«π”‚ª√‡ø®„ÀâÀ≈ÿ¥ÕÕ°®“°‚Œ μå‰¥â Õ¬à“ß‰√°Áμ“¡ À“°¡’°“√„™âÀ—«‡™◊ÈÕ„πª√‘¡“≥¡“° Õ“®¡’§«“¡
‡ ’Ë¬ß„π°“√À≈ÿ¥ÕÕ°¢Õß‚ª√‡ø®‰¥â‡™àπ°—π ®÷ß§«√‡≈◊Õ°À—«‡™◊ÈÕ∑’Ëμ√«® Õ∫„π®’‚π¡·≈â««à“‰¡àæ∫°“√·∑√°
μ—«¢Õß‚ª√‡ø®‡æ◊ËÕ§«“¡ª≈Õ¥¿—¬„π°“√º≈‘μ„π√–¥—∫Õÿμ “À°√√¡μàÕ‰ª

°‘μμ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ«‘®—¬®“°‡ß‘π√“¬‰¥â§≥–«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤

ª√–®”ªïß∫ª√–¡“≥ 2559 ·≈–∑ÿπ‚§√ß°“√ª√‘≠≠“‡Õ°°“≠®π“¿‘‡…° √ÿàπ∑’Ë 18  ”π—°ß“π°Õß∑ÿπ
 π—∫ πÿπ°“√«‘®—¬ ( °«.) ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥¡“ ≥ ∑’Ëπ’È
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