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Abstract

Two-component signal transduction system, a responsive system for external stimuli in bacteria, is reviewed.

The system combines a signal recognition, signal transduction, and gene activation in a two-protein system. The

sensing protein is the primary signal transduction protein that interacts directly with an external ligand stimulus.

Binding of the ligand induces an autophosphorylation reaction in which the -phosphate of ATP is transferred to the

sensing protein. The signal information exists as a phosphoryl moiety poised to be transferred to a response regulator

making a transcriptional activation of specific genes or operons that response to changing environmental conditions.
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∫∑π”

‡ªìπ∑’Ë∑√“∫°—π‚¥¬∑—Ë«‰ª«à“·∫§∑’‡√’¬‡°◊Õ∫∑ÿ°™π‘¥

 “¡“√∂¥—¥·ª≈ß‡´≈≈å„Àâ‡À¡“– ¡ ”À√—∫°“√‡®√‘≠·≈–‡æ‘Ë¡

®”π«π„π ¿“æ·«¥≈âÕ¡∑’ËÀ≈“°À≈“¬ ®÷ß‡ªìπ∑’Ëπà“ —ß‡°μ«à“

‡´≈≈å·∫§∑’‡√’¬„™â¢âÕ¡Ÿ≈®“°·À≈àß„¥„π°“√ª√—∫μ—«„Àâ “¡“√∂

‡®√‘≠„π ¿“æ·«¥≈âÕ¡∑’Ë ‰¡à‡À¡“– ¡‡À≈à“π—Èπ‰¥â ‡æ◊ËÕμÕ∫

§”∂“¡π’Èπ—°™’«‡§¡’·≈–Õ≥Ÿæ—π∏ÿ»“ μ√å®÷ß π„®»÷°…“∂÷ß°≈‰°

°“√μÕ∫ πÕßμàÕ ‘Ëß‡√â“¢Õß·∫§∑’‡√’¬¡“π“πμ—Èß·μàμâπ∑»«√√…

1970s ®“°§«“¡®√‘ß∑’Ë«à“°“√¡‘«‡∑™—π (mutation) ¢Õß¬’π„¥

¬’πÀπ÷Ëß„π ‘Ëß¡’™’«‘μÕ“® àßº≈°√–∑∫μàÕ°“√§«∫§ÿ¡√–∫∫™’«¿“æ

„π ‘Ëß¡’™’«‘μπ—Èπ‰¥â μ—«Õ¬à“ß‡™àπ °“√∑¥≈Õß¢Õß Perlman ·≈–

Pastan „πªï§.». 1969 ∑’Ëæ∫«à“‡¡◊ËÕ∑”°“√¡‘«‡∑™—π¬’π crp À√◊Õ

cya ¢Õß Escherichia coli ®– àßº≈„Àâ§«“¡ “¡“√∂„π°“√

‡®√‘≠∫πÕ“À“√‡≈’È¬ß∑’Ë¡’·À≈àß§“√å∫Õπμà“ß™π‘¥∑’Ë‰¡à„™à°≈Ÿ‚§ ¢Õß

E. coli ≈¥≈ß ·≈–§«“¡ “¡“√∂„π°“√‡®√‘≠®–°≈—∫¡“Õ’°§√—Èß

‡¡◊ËÕ‡μ‘¡ cAMP ≈ß„πÕ“À“√‡≈’È¬ß ®“°°“√∑¥≈Õßπ’È √ÿª‰¥â«à“

E. coli ∑’Ë∂Ÿ°∑”¡‘«‡∑™—ππ’È¢“¥‡Õπ‰´¡å∑’Ë®”‡ªìπμàÕ°“√ —ß‡§√“–Àå

cAMP ´÷ËßμàÕ¡“¡’°“√æ‘ Ÿ®πå«à“º≈‘μ¿—≥±å¢Õß¬’π crp „π E. coli
π—Ëπ‡Õß∑’Ë “¡“√∂‡¢â“®—∫·∫∫πÕπ‚§‡«‡≈π ǻ (noncovalent)

°—∫ cAMP ·≈–‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß‚§√ß√Ÿª

(conformation change) „Àâ “¡“√∂°√–μÿâπ (activation) °“√

∂Õ¥√À—  (transcription) ºà“π∫√‘‡«≥μ—« àß‡ √‘¡ (promoter)

¢Õß¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√ ≈“¬§“√å∫Õπμà“ß™π‘¥‰¥â

(Zubay et al., 1970) ®“°μ—«Õ¬à“ß¥—ß°«à“®–‡ÀÁπ‰¥â«à“‚ª√μ’π

‡æ’¬ß·§à Õß™π‘¥Õ“®¡’Àπâ“∑’Ë ”§—≠„π°“√§«∫§ÿ¡°“√· ¥ßÕÕ°

¢Õß¬’π‰¥â ́ ÷ËßμàÕ¡“‰¥â‡ªìπ∑’Ë√Ÿâ®—°·≈–‡√’¬°Õ¬à“ß·æ√àÀ≈“¬«à“ ç√–∫∫

 ÕßÕß§åª√–°Õ∫ (two-component system)é

°“√ àß —≠≠“≥ (signal transduction) ¢â“¡‡¬◊ËÕÀÿâ¡‡´≈≈å

(cell membrane) ‡ªìπ°√–∫«π°“√Àπ÷Ëß∑’Ë ”§—≠„π°“√μÕ∫ πÕß

μàÕ ‘Ëß‡√â“∑’Ë‡°‘¥¢÷Èπ‰¥â∑—Èß¿“¬πÕ°·≈–¿“¬„π‡´≈≈å¢Õß·∫§∑’‡√’¬

´÷Ëß°≈‰°À≈—°„π°“√ àß —≠≠“≥∑’Ëæ∫„π·∫§∑’‡√’¬ à«π„À≠à‰¡à«à“

®–‡ªìπ·∫§∑’‡√’¬„π¥‘π ·∫§∑’‡√’¬∑’ËÕ“»—¬Õ¬Ÿà·∫∫´‘¡‰∫‚Õμ‘°

(symbiotic bacteria) À√◊Õ·¡â°√–∑—Ëß·∫§∑’‡√’¬°àÕ‚√§ (pathogenic

bacteria) (Miller et al., 1989; Ronson et al., 1987) ¡—°®–„™â

°≈‰°∑’Ë§≈â“¬°—π §◊Õ „™â√–∫∫ ÕßÕß§åª√–°Õ∫∑’ËÕ“»—¬ªØ‘°‘√‘¬“

øÕ ‚ø√‘‡≈™—Ëπ (phosphorylation) „π°“√∂à“¬‚Õπ¢âÕ¡Ÿ≈

√–À«à“ß‚ª√μ’π∑’Ë∫√‘‡«≥‡¬◊ËÕÀÿâ¡‡´≈≈å·≈–‚ª√μ’π¿“¬„π‡´≈≈å

Õ“®°≈à“«‰¥â«à“√–∫∫¥—ß°≈à“«‡ªìπ»Ÿπ¬å°≈“ß∑“ß √’√«‘∑¬“„π‡´≈≈å

∑’Ë‡°‘¥®“°°“√‡ª≈’Ë¬π·ª≈ß¢Õß ‘Ëß‡√â“¿“¬πÕ° ‡™àπ °“√¢“¥

øÕ ‡øμÀ√◊Õ‰π‚μ√‡®π °“√μÕ∫ πÕßμàÕª√‘¡“≥ÕÕ° ‘́‡®π∑’Ë®”°—¥

°“√ª√—∫μ—« Ÿà·À≈àß§“√å∫Õπ·≈–‰π‚μ√‡®π„À¡à ·≈–°“√‡®√‘≠„π

 ¿“«–∑’Ë¡’ “√æ‘…À√◊Õ “√‡§¡’∫“ß™π‘¥μ°§â“ß¡“°‡°‘π°«à“

ª√‘¡“≥∑’Ë‡´≈≈å à«π„À≠à®– “¡“√∂‡®√‘≠‰¥â ‡ªìπμâπ

∫∑§«“¡©∫—∫π’È®÷ß¡ÿàß∑’Ë®–‡√’¬∫‡√’¬ß·≈– √ÿª§«“¡√Ÿâæ◊Èπ∞“π

¢Õß√–∫∫ àß —≠≠“≥·∫∫ ÕßÕß§åª√–°Õ∫ ‚¥¬¡ÿàß§«“¡ π„®

‰ª∑’ËÀπâ“∑’Ë·≈–°≈‰°°“√ àß —≠≠“≥√–À«à“ß‚ª√μ’π Õß™π‘¥„π

√–∫∫∑’Ë„™â„π°“√¥—¥·ª≈ß‡´≈≈å‡æ◊ËÕμÕ∫ πÕßμàÕ ‘Ëß‡√â“¿“¬πÕ°

ºà“π°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π„π√–¥—∫°“√∂Õ¥√À— 

√«¡∑—Èß· ¥ß¢âÕ§‘¥‡ÀÁπ¢ÕßºŸâ‡¢’¬π∂÷ß·π«‚πâ¡°“√„™â§«“¡√Ÿâæ◊Èπ∞“π

¢Õß√–∫∫ àß —≠≠“≥·∫∫ ÕßÕß§åª√–°Õ∫„π°“√»÷°…“

°“√μÕ∫ πÕßμàÕ ‘Ëß‡√â“¿“¬πÕ°∑’Ë‡ª≈’Ë¬π‰ª¢Õß‡´≈≈å·∫§∑’‡√’¬

·≈– ‘Ëß¡’™’«‘μ∑’Ë Ÿß°«à“·∫§∑’‡√’¬

Õß§åª√–°Õ∫¢Õß√–∫∫ àß —≠≠“≥·∫∫ ÕßÕß§åª√–°Õ∫

√–∫∫ àß —≠≠“≥·∫∫ ÕßÕß§åª√–°Õ∫ ª√–°Õ∫¥â«¬

¢—ÈπμÕπÀ≈—° 3 ¢—ÈπμÕπ §◊Õ °“√®¥®” —≠≠“≥ °“√ àß —≠≠“≥

·≈–°“√°√–μÿâπ°“√· ¥ßÕÕ°¢Õß¬’π„π√–¥—∫°“√∂Õ¥√À— 

°“√∑”ß“π¢Õß√–∫∫ àß —≠≠“≥™π‘¥π’ÈμâÕß°“√‚ª√μ’πÀ≈—° Õß™π‘¥

∑’ËÕ¬Ÿà„π∫√‘‡«≥μà“ß°—π¢Õß‡´≈≈å ‰¥â·°à

1. ‚ª√μ’π√—∫√Ÿâ (sensing protein) ∑’Ë¡’≈—°…≥–‡ªìπ

‚ª√μ’π‡¬◊ËÕÀÿâ¡ (transmembrane protein) ·≈–· ¥ß ¡∫—μ‘

§≈â“¬‡Õπ‰´¡å‰§‡π  (kinase) ®π∫“ß§√—Èßπ‘¬¡‡√’¬°«à“ ‚ª√μ’π

Œ‘ ∑‘¥’π‰§‡π  (protein histidine kinase) ‚¥¬∑—Ë«‰ª¡—°Ωíßμ—«

Õ¬Ÿà√–À«à“ß‡¬◊ËÕÀÿâ¡‡´≈≈å™—Èπ„π·≈–ºπ—ß‡´≈≈å ª√–°Õ∫¥â«¬‚¥‡¡π¬àÕ¬

2 ™π‘¥ §◊Õ ‚¥‡¡π‡¢â“ (input domain) ´÷Ëß®—¥‡√’¬ßμ—«Õ¬Ÿà∑’Ë

∫√‘‡«≥º‘«‡´≈≈å ¡’Àπâ“∑’Ë®¥®” —≠≠“≥ ‘Ëß‡√â“®“°¿“¬πÕ°‡´≈≈å

·≈–‚¥‡¡πμ—« àßºà“π (transmitter domain) ∑’Ë¡’°“√‡√’¬ßμ—«Õ¬Ÿà

„π‰´‚∑æ≈“´÷¡ ∑”Àπâ“∑’Ë àß —≠≠“≥„Àâ°—∫‚ª√μ’π§«∫§ÿ¡°“√

μÕ∫ πÕß ÷́ËßÕ¬Ÿà¿“¬„π‡´≈≈åμàÕ‰ª (Parkinson & Kofoid, 1992)

2. μ—«§«∫§ÿ¡°“√μÕ∫ πÕß (response regulator) ´÷Ëß

‡ªìπ‚ª√μ’π∑’ËÕ¬Ÿà„π‰´‚∑æ≈“ ÷́¡ ‚¥¬∑—Ë«‰ª®–· ¥ß ¡∫—μ‘„π°“√

‡ªìπμ—«°√–μÿâπ°“√∂Õ¥√À— ¢Õß¬’π (transcription activator)

ª√–°Õ∫¥â«¬‚¥‡¡π¬àÕ¬ 2 ™π‘¥ §◊Õ ‚¥‡¡π√—∫ (receiver domain)

∑’Ë®–§Õ¬√—∫ —≠≠“≥∑’Ë àß¡“®“°‚¥‡¡πμ—« àßºà“π ·≈–‚¥‡¡πÕÕ°

(output domain) ∑’Ë‡¡◊ËÕ√—∫ —≠≠“≥®“°‚¥‡¡π√—∫·≈â«®– àßÕÕ°

 —≠≠“≥‰ª°√–μÿâπ°“√· ¥ßÕÕ°¢Õß¬’π¥â«¬°“√‡¢â“®—∫°—∫ “¬
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¥’‡ÕÁπ‡Õ∫√‘‡«≥μ—« àß‡ √‘¡·≈–‡Àπ’Ë¬«π” (induction) „Àâ‡°‘¥

‚§√ß√Ÿª∑’Ë‡À¡“– ¡μàÕ°“√®¥®”·≈–°“√‡¢â“®—∫¢Õß ‘́°¡“·ø°‡μÕ√å

(sigma factor) ¢Õß‡Õπ‰´¡åÕ“√å‡ÕÁπ‡ÕæÕ≈‘‡¡Õ‡√  (RNA

polymerase) ‡æ◊ËÕ‡√‘Ë¡μâπ°“√∂Õ¥√À— ¢Õß¬’π®”‡æ“–∑’ËÕ¬Ÿà‡¥’Ë¬«

‚§√ß √â“ß·≈–Àπâ“∑’Ë¢Õß‚¥‡¡πμ—« àßºà“π·≈–‚¥‡¡π√—∫

‚¥¬ª°μ‘‚ª√μ’π√—∫√Ÿâ®–¡’ ‚¥‡¡πμ—« àßºà“πÕ¬Ÿà∑’Ëª≈“¬

§“√å∫Õ° ‘́≈ (C-terminal) ·≈–¡’‚¥‡¡π‡¢â“Õ¬Ÿà∑’Ëª≈“¬Õ–¡‘‚π

(N-terminal)  à«π‚ª√μ’π§«∫§ÿ¡°“√μÕ∫ πÕß®–¡’‚¥‡¡π√—∫Õ¬Ÿà

∑’Ëª≈“¬Õ–¡‘‚π·≈–¡’‚¥‡¡πÕÕ°Õ¬Ÿà∑’Ëª≈“¬§“√å∫Õ° ‘́≈ Õ¬à“ß‰√

°Áμ“¡·¡â«à“„πªí®®ÿ∫—π¬—ß‰¡à∑√“∫¢âÕ¡Ÿ≈‚§√ß √â“ß√–¥—∫∑ÿμ‘¬¿Ÿ¡‘

·≈–μμ‘¬¿Ÿ¡‘¢Õß‚¥‡¡πμ—« àßºà“π¡“°π—° ·μà®“°¢âÕ¡Ÿ≈‚§√ß √â“ß

√–¥—∫ª∞¡¿Ÿ¡‘æ∫«à“‚¥‡¡πμ—« àßºà“π¡—°‡ªìπ™à«ß¢Õß “¬æÕ≈‘-

‡æª‰∑¥å∑’Ëª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π‡√’¬ßμàÕ°—π¬“«ª√–¡“≥ 200

Àπà«¬ (residue) ·≈–¡’°“√Õπÿ√—°…å (conservation)  Ÿß¡“° (Gross

et al., 1989; Hakenberck & Stock, 1996) ®“°°“√‡ª√’¬∫‡∑’¬∫

§«“¡‡À¡◊Õπ (identity) ¢Õß≈”¥—∫°√¥Õ–¡‘‚π¿“¬„π‚¥‡¡π

μ—« àßºà“π¢Õß·∫§∑’‡√’¬∑’Ë¡’√–∫∫ àß —≠≠“≥·∫∫ ÕßÕß§åª√–°Õ∫

æ∫™π‘¥¢Õß°√¥Õ–¡‘‚π∑’Ë¡’§«“¡Õπÿ√—°…å√à«¡°—π 5 ™π‘¥ §◊Õ °√¥

Õ–¡‘‚πŒ‘ ∑‘¥’π (H) ·Õ æ“√“®’π (N) ·Õ æ“‡μ∑ (D) øïπ‘≈

Õ–≈“π’π (F) ·≈–‰°≈´’π (G) (¥—ß¿“æ∑’Ë 1) ‚¥¬°√¥Õ–¡‘‚πŒ‘ ∑‘¥’π

(H) ∑’Ëæ∫∑’Ëª≈“¬Õ–¡‘‚π¢Õß‚¥‡¡πμ—« àßºà“ππ—Èπ “¡“√∂· ¥ß

 ¡∫—μ‘‡ªìπ‰¥â∑—Èß‡Õπ‰´¡åÕÕ‚μ‰§‡π  (autokinase) ∑’Ë‡√àßªØ‘°‘√‘¬“

ÕÕ‚μøÕ ‚ø√‘‡≈™—Ëπ¢Õß‚¥‡¡πμ—« àßºà“π„π‚ª√μ’π√—∫√Ÿâ ·≈–¬—ß

· ¥ß ¡∫—μ‘¢Õß‡Õπ‰´¡åøÕ ø“‡μ  (phosphatase) ∑’Ë‡√àß

À√◊Õ¬’π®”‡æ“–∑’ËÕ¬Ÿà„π‚Õ‡æ√Õπ (operon) ∑’Ë· ¥ßÕÕ°‰¥âº≈≈—æ∑å

‡ªìπ‚ª√μ’π‡ªÑ“À¡“¬∑’Ë√—∫º‘¥™Õ∫μàÕ°“√‡ª≈’Ë¬π·ª≈ß ¿“«–

¿“¬πÕ°¢Õß‡´≈≈åπ—ÈπμàÕ‰ª ¥—ß √ÿª„π¿“æ∑’Ë 1

¿“æ∑’Ë 1 ·ºπ¿“æ°“√∑”ß“π¢Õß√–∫∫ àß —≠≠“≥·∫∫ ÕßÕß§åª√–°Õ∫ ‡¡◊ËÕ‰¥â√—∫°“√°√–μÿâπ®“° ‘Ëß‡√â“ ‚ª√μ’π√—∫√Ÿâ®–√—∫

 —≠≠“≥®“° ‘Ëß‡√â“ºà“π‚¥‡¡π‡¢â“°àÕπ àß„Àâ‚¥‡¡πμ—« àßºà“π„π‚ª√μ’π√—∫√Ÿâ ®“°π—Èπ —≠≠“≥®–∂Ÿ° àßμàÕ„Àâ‚¥‡¡π√—∫¢Õß

‚ª√μ’π§«∫§ÿ¡°“√μÕ∫ πÕßºà“πªØ‘°‘√‘¬“øÕ ‚ø√‘‡≈™—Ëπ °àÕπ®– àß„Àâ‚¥‡¡πÕÕ°ª≈àÕ¬ —≠≠“≥‰ª§«∫§ÿ¡°“√· ¥ßÕÕ°

¢Õß¬’πºà“π°“√∂Õ¥√À— 

ªØ‘°‘√‘¬“¥’øÕ ‚ø√‘‡≈™—Ëπ„Àâ‚¥‡¡π√—∫„π‚ª√μ’π§«∫§ÿ¡°“√μÕ∫

 πÕßμàÕ‰ª  ”À√—∫°√¥Õ–¡‘‚π ’Ë™π‘¥∑’Ëª≈“¬§“√å∫Õ°´‘≈¢Õß‚¥

‡¡πμ—« àßºà“π (N, D, F, ·≈– G) ÷́Ëß¡’°“√Õπÿ√—°…å Ÿß¡“°‡™àπ

°—ππ—Èπ§‘¥«à“‡°’Ë¬«¢âÕß°—∫°“√¢¥μ—«‡ªìπ∫√‘‡«≥·Õ§∑’ø (active site)

 ”À√—∫°“√‡¢â“®—∫°—∫ ATP ·≈–‡√àßªØ‘°‘√‘¬“°“√‡§≈◊ËÕπ¬â“¬À¡Ÿà

øÕ ‡øμ ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°°√¥Õ–¡‘‚π‰°≈ ’́π∑’Ë‡ªìπÕß§å

ª√–°Õ∫À≈—°π—Èπ¡’§«“¡‡À¡◊Õπ°—∫∑’Ëæ∫„π∫√‘‡«≥®—∫¢Õßπ‘«§≈’

‚Õ‰∑¥å (nucleotide binding motif) ¢Õß‚ª√μ’π™π‘¥Õ◊Ëπ (Stock

et al., 1989)

 ”À√—∫‚§√ß √â“ß¢Õß‚¥‡¡π√—∫æ∫«à“‡ªìπ™à«ß¢Õß “¬

æÕ≈‘‡æª‰∑¥å∑’Ëª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π‡√’¬ßμàÕ°—π¬“«ª√–¡“≥

125 Àπà«¬·≈–¡’§«“¡‡À¡◊Õπ¢Õß≈”¥—∫°√¥Õ–¡‘‚π„π‚ª√μ’π

§«∫§ÿ¡°“√μÕ∫ πÕß„π·∫§∑’‡√’¬·μà≈–™π‘¥√âÕ¬≈– 20-30

(Hakenberck & Stock, 1996) °“√®—¥‡√’¬ßμ—«¢Õß‚¥‡¡π√—∫¡’

≈—°…≥–‡ªìπ·∫∫ / -∫“√å‡√≈ ( / -barrel) ‚¥¬∑’Ë∫√‘‡«≥„°≈â

μÕπ°≈“ß®–‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ‚μøÕ ‚ø√‘‡≈™—Ëπ

¢Õß√–∫∫ ·≈–∑’Ë∫√‘‡«≥„°≈âª≈“¬Õ–¡‘‚π¢Õß‚¥‡¡π√—∫π’È®–¡’

°√¥Õ–¡‘‚π·Õ æ“‡μ∑ (D) ‡ªìπÕß§åª√–°Õ∫À≈—°·≈–¡’°“√

Õπÿ√—°…å Ÿß„π∑ÿ°√–∫∫ ¢≥–∑’Ëμ√ß∫√‘‡«≥ª≈“¬§“√å∫Õ°´‘≈®–¡’

§«“¡À≈“°À≈“¬„π·∫§∑’‡√’¬·μà≈–™π‘¥ ∑—Èßπ’È¢÷Èπ°—∫§«“¡¬“«

Jittima Charoenpanich* / Burapha Sci. J. 13 (2008) 2 : 75-82 77



¢Õß≈”¥—∫°√¥Õ–¡‘‚π∑’Ë‡ªìπÕß§åª√–°Õ∫π—ÈπÊ ®÷ß∑”„Àâ “¡“√∂

π” ¡∫—μ‘π’È¡“„™â„π°“√®—¥®”·π°‚ª√μ’π§«∫§ÿ¡°“√μÕ∫ πÕß

‰¥â‡ªìπ°≈ÿà¡μà“ßÊ °—πÕÕ°‰ª πÕ°®“°π’È°√¥Õ–¡‘‚π‰≈´’π (K) ∑’Ë

ª≈“¬§“√å∫Õ° ‘́≈¢Õß‚ª√μ’π§«∫§ÿ¡°“√μÕ∫ πÕßπ’È¬—ß “¡“√∂

‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß‚§√ß√Ÿª¢Õß‚¥‡¡π√—∫„π¢≥–

‡°‘¥ªØ‘°‘√‘¬“øÕ ‚ø√‘‡≈™—Ëπ„Àâ “¡“√∂‡¢â“®—∫°—∫∫√‘‡«≥μ—« àß‡ √‘¡

∫π “¬¥’‡ÕÁπ‡Õ·≈–°¥¥—π (repression) À√◊Õ°√–μÿâπ°“√

∂Õ¥√À— ¢Õß¬’π‡ªÑ“À¡“¬∑’Ë√—∫º‘¥™Õ∫μàÕ°“√μÕ∫ πÕßμàÕ ‘Ëß‡√â“

¿“¬πÕ°¢Õß·∫§∑’‡√’¬„Àâ‡°‘¥‰¥âßà“¬¢÷ÈπÕ’°¥â«¬ (Parkinson &

Kofoid, 1992) Õ¬à“ß‰√°Áμ“¡„π·∫§∑’‡√’¬∫“ß™π‘¥ ≈”¥—∫°√¥

Õ–¡‘‚π∑’Ë ‚¥‡¡π√—∫Õ“®¡’‚§√ß √â“ß°“√®—¥‡√’¬ßμ—«∑’Ë·μ°μà“ß°—π

 àßº≈„Àâ‡°‘¥°≈‰°°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π∑’Ëμà“ß°—πÕÕ°‰ª

°≈à“«§◊Õ „π·∫§∑’‡√’¬∫“ß™π‘¥Õ“®¡’≈—°…≥–°“√∑”ß“π‡ªìπ

‚¥‡¡π‡¥’Ë¬«Õ‘ √– ¬°μ—«Õ¬à“ß‡™àπ CheY, Spo0F, PleC À√◊Õ

Õ“®¡’°“√‡™◊ËÕ¡μàÕ°—π‡Õß È́”Ê (tandem) ‡™àπ Myxococcus
xanthus FrzZ À√◊Õ Caulobacter crescentus PleD √«¡∑—Èß

Õ“®‰¡à¡’Àπâ“∑’Ë„¥Ê ‡≈¬∑’Ë‡°’Ë¬«¢âÕß°—∫°“√∂Õ¥√À—  ‡™àπ CheB ∑’Ë

‡°’Ë¬«¢âÕß„π°“√μÕ∫ πÕßμàÕ°“√‡§≈◊ËÕπ‡Àμÿ “√‡§¡’ (chemotaxis)

¢Õß·∫§∑’‡√’¬ª√–‡¿∑∑’Ë¡’·ø≈‡®≈≈“ (flagellated bacteria) (Lane

et al., 1995; McBride et al., 1989; Smith, 1989; Stewart &

Dahlquist, 1987; Yonekawa et al., 1983)
°≈‰°°“√ àß —≠≠“≥√–À«à“ß‚ª√μ’π√—∫√Ÿâ·≈–‚ª√μ’π§«∫§ÿ¡

°“√μÕ∫ πÕß

°“√μÕ∫ πÕß¢Õß·∫§∑’‡√’¬μàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß

 ¿“«–·«¥≈âÕ¡∑’Ë ‰¡à‡À¡“– ¡ ‡™àπ „π ¿“«–∑’Ë¡’ª√‘¡“≥

‰π‚μ√‡®π®”°—¥  ¿“«–∑’Ë¡’ “√æ‘…  ¿“«–∑’Ë‡ªìπ°√¥ Õÿ≥À¿Ÿ¡‘∑’Ë

 ŸßÀ√◊ÕμË”®π‡°‘π‰ª  ¿“«–∑’Ë¡’§«“¡¥—πÀ√◊Õ§«“¡™◊Èπ Ÿß ºà“π

√–∫∫ àß —≠≠“≥·∫∫ ÕßÕß§åª√–°Õ∫π’ÈμâÕßÕ“»—¬ªØ‘°‘√‘¬“

ÕÕ‚μøÕ ‚ø√‘‡≈™—Ëπ·≈–æ≈—ßß“π∑’Ë‰¥â®“°°√–∫«π°“√ ≈“¬ ATP

¥â«¬πÈ”‚¥¬°“√∑”ß“π¢Õß‡Õπ‰´¡å ATPase (Bourret et al., 1991;
Comeau et al., 1985; Iuchi et al., 1989; Ninfa et al., 1988;
Parkinson, 1993; Ronson et al., 1987; Stewart & Dashlquist,

1987; Stock et al., 1989; Widenhorn et al., 1989) ÷́Ëß‚¥¬

 à«π„À≠à°≈‰°°“√ àß —≠≠“≥®–ª√–°Õ∫¥â«¬ªØ‘°‘√‘¬“°“√

‡§≈◊ËÕπ¬â“¬À¡Ÿà -øÕ ‡øμ¢Õß ATP ºà“π‚ª√μ’πμ—«°≈“ß‡ªìπ

≈”¥—∫¢—ÈπμÕπ¥—ß √ÿª„π ¡°“√∑’Ë 1-3

ATP + His ↔ ADP + His~P  ¡°“√∑’Ë 1
His~P + Asp ↔ His + Asp~P  ¡°“√∑’Ë 2
Asp~P + H

2
O ↔ Asp + Pi  ¡°“√∑’Ë 3

°≈à“«§◊Õ ‡¡◊ËÕ‰¥â√—∫ ‘Ëß‡√â“®“°¿“¬πÕ°„π√Ÿª·∫∫¢Õß≈‘·°π¥å Õ–μÕ¡

‰π‚μ√‡®πμ”·Àπàß∑’Ë 3 (N-3 position) ¢Õß°√¥Õ–¡‘‚πŒ‘ ∑‘¥’π

∑’Ë Õ¬Ÿà „π “¬æÕ≈‘‡æª‰∑¥å¢Õß‚¥‡¡πμ—« àßºà“π„π‚ª√μ’π√—∫√Ÿâ

(Œ‘ ∑‘¥’π‰§‡π ) ®–‡°‘¥ªØ‘°‘√‘¬“ÕÕ‚μøÕ ‚ø√’‡≈™—Ëπ√—∫À¡Ÿà -

øÕ ‡øμ®“° ATP ( ¡°“√∑’Ë 1) ‰¥â‡ªìπ “√μ—«°≈“ßæ≈—ßß“π Ÿß

(high-energy intermediate, His~P) ∑’Ëæ√âÕ¡®– àßÀ¡Ÿà -øÕ ‡øμ

μàÕ„Àâ°—∫°√¥Õ–¡‘‚π·Õ æ“‡μ∑„π‚¥‡¡π√—∫¢Õß‚ª√μ’π§«∫§ÿ¡

°“√μÕ∫ πÕß ( ¡°“√∑’Ë 2) ‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß

‚§√ß√Ÿª∑’Ë‡À¡“– ¡μàÕ°“√‡¢â“§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π °àÕπ

∑’Ë®–‡°‘¥ªØ‘°‘√‘¬“°“√·¬° ≈“¬¥â«¬πÈ” (hydrolysis) ¥÷ßÀ¡Ÿà -

øÕ ‡øμÕÕ°®“°°√¥Õ–¡‘‚π·Õ æ“‡μ∑ ( ¡°“√∑’Ë 3) ‡æ◊ËÕ

°√–μÿâπ„Àâ‚§√ß√Ÿª¢Õß‚ª√μ’π§«∫§ÿ¡°“√μÕ∫ πÕß°≈—∫ Ÿà ‚§√ß

√Ÿª∏√√¡™“μ‘∑’Ëæ√âÕ¡®–√—∫À¡Ÿà -øÕ ‡øμ®“°‚¥‡¡πμ—« àßºà“π

¢Õß‚ª√μ’π√—∫√ŸâμàÕ‰ª ¥—ß √ÿª„π¿“æ∑’Ë 2

NtrB-NtrC μ—«Õ¬à“ß¢Õß√–∫∫ ÕßÕß§åª√–°Õ∫∑’Ë§«∫§ÿ¡

·Õ ´‘¡‘‡≈™—π¢Õß‰π‚μ√‡®π

‡Õπ‡∑√‘°·∫§∑’‡√’¬ (enteric bacteria) ∫“ß™π‘¥ ‡™àπ

E. coli À√◊Õ Salmonella typhimurium  “¡“√∂μÕ∫ πÕßμàÕ

°“√‡ª≈’Ë¬π·ª≈ß¢Õßª√‘¡“≥‰π‚μ√‡®π„π ¿“«–·«¥≈âÕ¡‰¥â‚¥¬

„™â√–∫∫ ÕßÕß§åª√–°Õ∫„π°“√§«∫§ÿ¡°“√∂Õ¥√À— ¢Õß¬’π glnA
∑’Ë· ¥ßÕÕ°‡ªìπ‡Õπ‰´¡å°≈Ÿμ“¡’π´‘π∑’‡∑  (glutamine synthetase)

´÷Ëß‡√àßªØ‘°‘√‘¬“°“√ —ß‡§√“–Àå°√¥Õ–¡‘‚π°≈Ÿμ“¡’π (glutamine)

®“°°√¥Õ–¡‘‚π°≈Ÿμ“‡¡∑ (glutamate) ·≈–·Õ¡‚¡‡π’¬

(ammonia) „π°√–∫«π°“√·Õ  ‘́¡‘‡≈™—π (assimilation) ¢Õß

‰π‚μ√‡®π ¡’√“¬ß“πæ∫«à“°“√∂Õ¥√À— ¢Õß¬’π glnA ®–„™â∫√‘‡«≥

 àß‡ √‘¡ Õß™π‘¥ §◊Õ glnAp1 ́ ÷Ëß‰¡à “¡“√∂§«∫§ÿ¡‰¥â·≈– glnAp2
∑’Ë∂Ÿ°°√–μÿâπ‰¥â®“°ª√‘¡“≥¢Õß‰π‚μ√‡®π∑’Ë®”°—¥ ‚¥¬«ß®√ —≠≠“≥

(signaling circuit) ∑’Ë§«∫§ÿ¡°“√∂Õ¥√À— ¢Õß∫√‘‡«≥ àß‡ √‘¡

glnAp2  π—Èπª√–°Õ∫¥â«¬‚ª√μ’π√—∫√Ÿấ ÷Ëß¡’ ¡∫—μ‘¢Õß‡Õπ‰´¡å‰§‡π 

§◊Õ NtrB À√◊Õ„π∫“ß§√—Èß‡√’¬°«à“ NR
II 
·≈–‚ª√μ’π§«∫§ÿ¡°“√

μÕ∫ πÕß §◊Õ NtrC À√◊Õ„π∫“ß§√—Èß√Ÿâ®—°„π™◊ËÕ NR
I 
 ¥—ß· ¥ß„π

¿“æ∑’Ë 3 πÕ°®“°π’È„π«ß®√ —≠≠“≥¬—ßμâÕß°“√‚ª√μ’πÕß§åª√–°Õ∫

‡æ‘Ë¡‡μ‘¡Õ’° Õß™π‘¥ §◊Õ ‡Õπ‰´¡å∂à“¬‚¬π¬Ÿ√‘¥‘≈‘« (uridylyltrans-

ferase; UT) ·≈–‡Õπ‰´¡å°”®—¥¬Ÿ√‘¥‘≈‘« (uridylylremoving; UR)

√«¡∑—Èß‚ª√μ’π ́ —∫ ‡μ√μ¢Õß‡Õπ‰´¡åπ—Èπ¥â«¬ (Parkinson, 1993)

®“°°“√»÷°…“‚§√ß √â“ß¢Õß NtrC ´÷Ëß‡ªìπ‚ª√μ’π

§«∫§ÿ¡°“√μÕ∫ πÕß¢Õß√–∫∫ ÕßÕß§åª√–°Õ∫™π‘¥π’Èæ∫«à“∑’Ë

ª≈“¬Õ–¡‘‚πª√–°Õ∫¥â«¬‚¥‡¡π√—∫·≈–‚¥‡¡π‡æ‘Ë¡‡μ‘¡Õ’° Õß™π‘¥

∑’Ë¡’§«“¡®”‡ªìπμàÕ°“√°√–μÿâπ°“√∂Õ¥√À— ®“°∫√‘‡«≥ àß‡ √‘¡

®‘μμ‘¡“  ‡®√‘≠æ“π‘™ / «“√ “√«‘∑¬“»“ μ√å∫Ÿ√æ“. 13 (2551) 2 : 75-8278



¿“æ∑’Ë 2 °“√‡ª≈’Ë¬π·ª≈ß‚§√ß√Ÿª∏√√¡™“μ‘¢Õß‚ª√μ’π√—∫√Ÿâ·≈–‚ª√μ’π§«∫§ÿ¡°“√μÕ∫ πÕß„π√–∫∫ àß —≠≠“≥·∫∫ ÕßÕß§åª√–°Õ∫

∑’Ë¡’º≈μàÕ°“√· ¥ßÕÕ°¢Õß¬’π®”‡æ“–À√◊Õ‚Õ‡æ√Õπ„π√–¥—∫°“√∂Õ¥√À— 

∑’Ë¡“ : ¥—¥·ª≈ß®“° Hoch & Silhavy, 1995
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¿“æ∑’Ë 3 °“√§«∫§ÿ¡°“√∂Õ¥√À— ¢Õß°≈Ÿμ“¡’π´‘π∑’‡∑ ‚¥¬√–∫∫ ÕßÕß§åª√–°Õ∫ NtrB-NtrC

∑’Ë¡“ : ¥—¥·ª≈ß®“° Bourret, 1991
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glnAp2 ´÷Ëß„™ấ ‘°¡“·ø°‡μÕ√å¢Õß‡Õπ‰´¡åÕ“√å‡ÕÁπ‡ÕæÕ≈‘‡¡Õ‡√ 

∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ 54 °‘‚≈¥“≈μ—≈ (
54
)  à«π‚¥‡¡π∑’Ëª≈“¬

§“√å∫Õ°´‘≈¢Õß NtrC π—Èπ®–‡°’Ë¬«¢âÕß‚¥¬μ√ß°—∫°“√‡¢â“®—∫

¢Õß NtrC °—∫∫√‘‡«≥ àß‡ √‘¡‡¡◊ËÕ¡’°“√‡μ‘¡À¡ŸàøÕ ‡øμ„Àâ°—∫

NtrC ·≈–¡’°“√‡¢â“®—∫¢Õß NtrC ∑’Ë∫√‘‡«≥ àß‡ √‘¡ ®–∑”„Àâ‡°‘¥

‚§√ß √â“ß‡™‘ß´âÕπ°“√∂Õ¥√À—  (transcription complex) ‡ªìπ

‚§√ß √â“ß·∫∫‡ªî¥ (open-form) √–À«à“ß‡Õπ‰´¡åÕ“√å‡ÕÁπ‡Õ-

æÕ≈‘‡¡Õ‡√ ·≈–∫√‘‡«≥ àß‡ √‘¡ glnAp2 ∑’ËμâÕß°“√æ≈—ßß“π∑’Ë

‰¥â¡“®“°°“√ ≈“¬ ATP ¥â«¬πÈ” ®÷ßÕ“®°≈à“«‰¥â«à“°“√‡¢â“®—∫¢Õß

NtrC · ¥ß≈—°…≥–‡ªìπ‡À¡◊Õπμ—«‡Àπ’Ë¬«π”°“√∂Õ¥√À— 

(transcriptional enhancer) ¢Õß¬’π glnA
 ”À√—∫ NtrB π—Èπ‡ªìπ‚ª√μ’π∑’ËÕ¬Ÿà„π‰´‚∑æ≈“´÷¡´÷Ëß¡’

 ¡∫—μ‘‡ªìπ‰¥â∑—Èß‡Õπ‰´¡å ‰§‡π ·≈–øÕ ø“‡μ ∑’Ë „™â§«∫§ÿ¡

ªØ‘°‘√‘¬“øÕ ‚ø√‘‡≈™—Ëπ¢Õß NtrC ·≈–¡’Àπâ“∑’ËμÕ∫ πÕßμàÕ

 —≠≠“≥¢Õßª√‘¡“≥‰π‚μ√‡®π∑’Ë‰¥â¡“®“°°≈‰°°“√ àß —≠≠“≥

¿“¬„π∑’Ëª√–°Õ∫¥â«¬‚ª√μ’π UT, UR ·≈– P
II
 °“√‡ª≈’Ë¬π·ª≈ß

√–¥—∫¢Õß‰π‚μ√‡®π¿“¬„π‡´≈≈å àßº≈μàÕ°‘®°√√¡¢Õß‡Õπ‰´¡å UT

·≈– UR ∑’Ë∂Ÿ°§«∫§ÿ¡Õ’°∑’ ‚¥¬°“√¥—¥·ª≈ßæ—π∏–‚§‡«‡≈π ǻ

(covalent modification) ®“°°“√‡¢â“®—∫¢Õß P
II
 °≈‰°°“√

 àß —≠≠“≥‡√‘Ë¡®“°ªØ‘°‘√‘¬“ÕÕ‚μøÕ ‚ø√‘‡≈™—Ëπ∫π°√¥Õ–¡‘‚π-

Œ’ ∑‘¥’π¢Õß NtrB ∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπ¬â“¬À¡ŸàøÕ ‡øμ®“° NtrB

„Àâ°—∫°√¥Õ–¡‘‚π·Õ ª“‡μ∑ ÷́Ëßμ—ÈßÕ¬Ÿà∑’Ëª≈“¬Õ–¡‘‚π¢Õß NtrC

‡°‘¥‡ªìπ NtrC ∑’Ë¡’À¡ŸàøÕ ‡øμμ‘¥Õ¬Ÿà (NtrC-phosphate) ´÷Ëß¡’

§«“¡‰¡à§ßμ—«‡π◊ËÕß®“°¡’§√÷Ëß™’«‘μ∑’Ë —Èπ·§àª√–¡“≥ 4 π“∑’ (Bourret

et al., 1991) ®÷ß “¡“√∂‡°‘¥°“√‡√àßªØ‘°‘√‘¬“ ≈“¬¥â«¬πÈ”®“°

°“√√«¡μ—«°—∫ NtrB, ATP, UT, UR ·≈– P
II
 ∑’Ë‡ªìπμ—«‡™◊ËÕ¡¢Õß

ªØ‘°‘√‘¬“øÕ ‚ø√‘‡≈™—Ëπ°—∫‚ª√μ’π√—∫√Ÿâ ‰π‚μ√‡®π ‚¥¬ª√‘¡“≥

¢Õß‰π‚μ√‡®π∑’Ë¡’Õ¬Ÿà„π ¿“«–∑’Ë‡´≈≈å‡®√‘≠®–‡ªìπμ—«°”Àπ¥

Õ—μ√“ à«π¢Õß°√¥Õ–¡‘‚π°≈Ÿμ“¡’π·≈–·Õ≈ø“§’ ‚μ°≈Ÿμ“‡≈∑

( -ketoglutarate) ∑’ËÕ¬Ÿà¿“¬„π‡´≈≈å ·≈–¡’º≈μàÕ°‘®°√√¡¢Õß

‡Õπ‰´¡å UT, UR ·≈– P
II
 ∑’Ë∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“°“√∂à“¬‚ÕπÀ√◊Õ

°“√°”®—¥¬Ÿ√‘¥‘≈‘«μàÕ‰ª ‚¥¬∑—Ë«‰ª‡¡◊ËÕ‡´≈≈åÕ¬Ÿà „π ¿“«–∑’Ë¡’

ª√‘¡“≥‰π‚μ√‡®π∑’Ë®”°—¥ √–¥—∫¢Õß·Õ≈ø“§’ ‚μ°≈Ÿμ“‡≈∑∑’Ë

‡æ‘Ë¡¢÷Èπ®–‰ª°√–μÿâπªØ‘°‘√‘¬“°“√∂à“¬‚Õπ¬Ÿ√‘¥‘≈‘«¢Õß P
II 
∑”„Àâ ‰¥â‡ªìπ

NtrC-phosphate ∑’Ë¡’ª√‘¡“≥‡æ‘Ë¡¡“°¢÷Èπ ®÷ß°√–μÿâπ°“√

∂Õ¥√À— ®“°∫√‘‡«≥ àß‡ √‘¡ glnAp2 ·≈–„π∑“ßμ√ß°—π¢â“¡‡¡◊ËÕ

‡´≈≈åÕ¬Ÿà„π ¿“«–∑’Ë¡’ª√‘¡“≥‰π‚μ√‡®π¡“°‡°‘πæÕ®–‰¡à¡’°“√

¥—¥·ª≈ß‚§√ß√Ÿª¢Õß P
II 
®÷ßªÑÕß°—π°“√√«¡μ—«¢Õß NtrC ·≈–

øÕ ‡øμ‰¥â ∑”„Àâ°“√°√–μÿâπ°“√∂Õ¥√À— ®“°∫√‘‡«≥ àß‡ √‘¡

glnAp2  ‘Èπ ÿ¥≈ß ®“°μ√ßπ’È®–‡ÀÁπ‰¥â«à“°“√°√–μÿâπ·≈–°“√ ‘Èπ ÿ¥

°“√°√–μÿâπ¢Õß°“√∂Õ¥√À— ®“°∫√‘‡«≥ àß‡ √‘¡ glnAp2 π—Èπ‡ªìπ

°≈‰°∑’ËμÕ∫ πÕßμàÕ°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥‰π‚μ√‡®π∑’ËμâÕß°“√

NtrB ‡ªìπ‚ª√μ’π√—∫√ŸâμàÕ ‘Ëß‡√â“ (‰π‚μ√‡®π) ∑’Ë¡’°“√ àß —≠≠“≥

ºà“π‚ª√μ’π UT, UR ·≈– P
II
 (Bourret et al., 1991; Parkinson,

1993)

·π«‚πâ¡°“√„™â√–∫∫ ÕßÕß§åª√–°Õ∫»÷°…“°“√μÕ∫ πÕßμàÕ

 ‘Ëß‡√â“¢Õß ‘Ëß¡’™’«‘μ

®–‡ÀÁπ‰¥â«à“ªØ‘°‘√‘¬“øÕ ‚ø√‘‡≈™—Ëπ¢Õß‚¥‡¡π√—∫„π

‚ª√μ’π§«∫§ÿ¡°“√μÕ∫ πÕß ‡ªìπ®ÿ¥ ”§—≠„π°“√°”Àπ¥°“√

‡¢â“®—∫¢Õß‚ª√μ’π§«∫§ÿ¡°“√μÕ∫ πÕß°—∫∫√‘‡«≥μ—« àß‡ √‘¡∫π

 “¬¥’‡ÕÁπ‡Õ ·¡â«à“„πªí®®ÿ∫—π¬—ß‰¡à∑√“∫·πà™—¥∂÷ß√–∫∫∑’Ë„™â„π

°“√§«∫§ÿ¡°“√‡°‘¥ªØ‘°‘√‘¬“øÕ ‚ø√‘‡≈™—Ëπ¢Õß‚ª√μ’π§«∫§ÿ¡

°“√μÕ∫ πÕß ·μà®“°¢âÕ¡Ÿ≈∑’Ë¡’Õ¬Ÿàæ∫«à“Œ‘ ∑‘¥’π‰§‡π · ¥ß

Àπâ“∑’Ë ”§—≠„π°≈‰°π’È ‚¥¬‡ªìπ‰¥â∑—Èßμ—«„ÀâÀ¡ŸàøÕ ‚ø√‘≈·≈–„π

∫“ß°√≥’°Á· ¥ß ¡∫—μ‘„π°“√°”®—¥À¡ŸàøÕ ‚ø√‘≈ Õ¬à“ß‰√°Áμ“¡

°≈‰°∑’Ë ‰«μàÕ ‘Ëß‡√â“¿“¬πÕ°¢ÕßŒ‘ ∑‘¥’π‰§‡π π—Èπ¬—ß‰¡à‡ªìπ∑’Ë

‡¢â“„®¡“°π—°„πªí®®ÿ∫—π ·¡â«à“®–‡§¬¡’√“¬ß“π∂÷ß°“√∑”¡‘«‡∑™—π

¢Õß‚ª√μ’π¥—ß°≈à“«√«¡∑—Èß°“√∑”«‘»«°√√¡‚ª√μ’π∑’Ë‡°’Ë¬«¢âÕß„π

√–∫∫ ÕßÕß§åª√–°Õ∫¥—ß°≈à“«„πÀ≈Õ¥∑¥≈Õß (In vitro protein
engineering) ·≈â«°Áμ“¡ (Comeau et al., 1985; Hakenberck

& Stock, 1996; Iuchi et al., 1989; Yonekawa et al., 1983)
·μà®“°¢âÕ¡Ÿ≈®’‚π¡¢Õß·∫§∑’‡√’¬∫“ß™π‘¥∑’Ë¡’°“√»÷°…“¡“·≈â« Õ“®

‡ªìπ‰ª‰¥â∑’Ë®–„™â¢âÕ¡Ÿ≈¥—ß°≈à“«„π°“√À“‚ª√μ’π™π‘¥„À¡à∑’Ë‡ªìπ

Õß§åª√–°Õ∫¢Õß√–∫∫ àß —≠≠“≥·∫∫ ÕßÕß§åª√–°Õ∫¢Õß

‡´≈≈å·∫§∑’‡√’¬∑’Ë¡’ ¡∫—μ‘‡©æ“– ‡™àπ ·∫§∑’‡√’¬∑’Ë “¡“√∂¬àÕ¬

 ≈“¬ “√æ‘…μ°§â“ß„π ‘Ëß·«¥≈âÕ¡‡ªìπ·À≈àßæ≈—ßß“π ”À√—∫°“√

‡®√‘≠‰¥â À√◊Õ·∫§∑’‡√’¬∑’Ë¡’§«“¡∑πμàÕ·√ß¥—π∑’Ë Ÿß·≈–Õÿ≥À¿Ÿ¡‘

∑’ËμË”¡“° Õ¬à“ß·∫§∑’‡√’¬„μâ∑–‡≈≈÷° (deep-sea bacteria) ‡ªìπμâπ

·≈–‡¡◊ËÕ√«¡°—∫¢âÕ¡Ÿ≈¢Õß°≈‰°°“√ àß —≠≠“≥·≈–°“√§«∫§ÿ¡

°“√· ¥ßÕÕ°¢Õß¬’π®”‡æ“–À√◊Õ‚Õ‡æ√Õπ∑’Ë√—∫º‘¥™Õ∫μàÕ°“√

μÕ∫ πÕßμàÕ ‘Ëß‡√â“‡¡◊ËÕÕ¬Ÿà„π ¿“«–·«¥≈âÕ¡∑’Ë‡ª≈’Ë¬π‰ªÕ“®

∑”„Àâπ—°«‘®—¬ “¡“√∂æ—≤π“·≈–§âπæ∫°≈‰°°“√μÕ∫ πÕßμàÕ

 ‘Ëß‡√â“™π‘¥„À¡à¢Õß∑—Èß„π·∫§∑’‡√’¬·≈– ‘Ëß¡’™’«‘μ™—Èπ Ÿß°«à“·∫§∑’‡√’¬

√«¡∑—Èß “¡“√∂§«∫§ÿ¡°“√· ¥ßÕÕ°À√◊Õ¥—¥·ª≈ß ¡∫—μ‘¢Õß¬’π

∑’Ë‡°’Ë¬«¢âÕß„π°≈‰°¥—ß°≈à“«„Àâ‡À¡“– ¡°—∫«—μ∂ÿª√– ß§å°“√„™âß“π

∑’ËÀ≈“°À≈“¬¡“°¢÷Èπ°Á‡ªìπ‰¥â
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