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∫∑§—¥¬àÕ

‡∑§π‘§§≈◊Ëπº‘«æ≈“ ¡Õπ‡√‚´·ππ ǻ (surface plasmon resonance, SPR) ‡ªìπ
‰∫‚Õ‡´π‡´Õ√å‡™‘ß· ß∑’Ë„™âª√–‚¬™πå®“° evanescent field „π°“√μ√«®«—¥ªØ‘°‘√‘¬“√–À«à“ß “√ analyte
·≈–§Ÿà “√™’«¿“æ (biomolecular recognition molecules) ∑’Ëμ√÷ßÕ¬Ÿà∫πæ◊Èπº‘« SPR ‡´π‡´Õ√å´÷Ëß¡’
§«“¡®”‡æ“–μàÕ “√ analyte °“√ª√–¬ÿ°μå„™â‡∑§π‘§ SPR  à«π„À≠à®–‡°’Ë¬«¢âÕß°—∫°“√«—¥ “√ analyte
∑’Ë π„® ·≈–°“√«‘‡§√“–ÀåÕ—πμ√°√‘¬“√–À«à“ß “√™’«¿“æ ‡∑§π‘§ SPR ‡ªìπ‡∑§‚π‚≈¬’∑’Ë‰¡àμâÕß°“√‚¡‡≈°ÿ≈
μ‘¥©≈“° ·≈– “¡“√∂μ‘¥μ“¡°“√μ√«®«—¥‰¥âμ≈Õ¥‡«≈“ (real-time monitoring) ∫∑§«“¡π’È®–°≈à“«∂÷ß
§«“¡√Ÿâæ◊Èπ∞“π¢Õß‡∑§‚π‚≈¬’ SPR ·≈–°“√ª√–¬ÿ°μå„™â‡∑§π‘§ SPR  ”À√—∫μ√«®«—¥ “√™’«¿“æ∑—Ë«Ê ‰ª

§” ”§—≠: §≈◊Ëπº‘«æ≈“ ¡Õπ‡√‚´·ππ´å (SPR) SPR ‰∫‚Õ‡´π‡´Õ√å °“√μ√«®«—¥ “√™’«¿“æ
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ABSTRACT

Surface plasmon resonance (SPR) is an optical biosensor which exploits an evanescent
field to measure an interaction between analytes and biomolecular recognition molecules on a
sensor surface. Major application of SPR includes detection of biological analytes and analysis
of biomolecular interaction. An advantage of SPR is label-free and real-time monitoring
technology. This paper reviews the fundamental of SPR technology and its applications.
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∫∑π”
‰∫‚Õ‡´π‡´Õ√å‡ªìπ‡§√◊ËÕß¡◊ÕÀ√◊ÕÕÿª°√≥åμ√«®«—¥∑“ß™’«¿“æ ∑’Ë “¡“√∂μ√«®«‘‡§√“–Àå “√

μ—«Õ¬à“ß‰¥âÕ¬à“ß®”‡æ“–‡®“–®ß ·≈–„™âμ√«®«‘‡§√“–Àå “√μà“ßÊ ‰¥âÀ≈“°À≈“¬™π‘¥ ‡™àπ ŒÕ√å‚¡π ‚ª√μ’π
‰«√—  ·∫§∑’‡√’¬ ‡ªìπμâπ ‰∫‚Õ‡´π‡´Õ√å®–ª√–°Õ∫¥â«¬ Õß à«π∑’Ë ”§—≠§◊Õ  “√™’«¿“æ (biological
substance) ·≈–∑√“π¥‘«‡´Õ√å (transducer) À√◊Õμ—«·ª≈ß —≠≠“≥ [1, 2] ‚¥¬∑’Ë à«π¢Õß “√™’«¿“æμâÕß
¡’§«“¡®”‡æ“– (specificity) μàÕ “√∑’ËμâÕß°“√μ√«®«—¥ (analytes) √Ÿª∑’Ë 1 · ¥ßÀ≈—°°“√∑”ß“π¢Õß
‰∫‚Õ‡´π‡´Õ√å·∫∫μà“ßÊ ‡¡◊ËÕ “√™’«¿“æ∑”ªØ‘°‘√‘¬“μàÕ “√∑’ËμâÕß°“√μ√«®«—¥ ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
∑“ß°“¬¿“æÀ√◊Õ∑“ß‡§¡’ ·≈–μ—«·ª≈ß —≠≠“≥∑”Àπâ“∑’Ë·ª≈ß —≠≠“≥∑“ß™’«¿“æ‰ª‡ªìπ —≠≠“≥∑’Ë
 “¡“√∂μ√«®«—¥‰¥â ‡™àπ  —≠≠“≥‰øøÑ“ · ß ·≈–§«“¡√âÕπ ‡ªìπμâπ ¥—ßπ—Èπ°“√‡≈◊Õ°μ—«·ª≈ß —≠≠“≥®–
μâÕßæ‘®“√≥“„Àâ‡À¡“– ¡°—∫ —≠≠“≥∑“ß™’«¿“æ∑’Ë‡°‘¥¢÷Èπ ´÷Ëß∑”„Àâ°“√μ√«®«—¥ “√™’«¿“æ¡’ª√– ‘∑∏‘¿“æ
∑’Ë¥’¢÷Èπ  ”À√—∫‡∑§π‘§§≈◊Ëπº‘«æ≈“ ¡Õπ‡√‚´·ππ´å (surface plasmon resonance, SPR) À√◊Õ‡∑§π‘§
SPR ‡ªìπ‰∫‚Õ‡´π‡´Õ√å‡™‘ß· ß (optical biosensor) ∑’Ë¡’§«“¡‰«μàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“¥—™π’À—°‡À
(refractive index) ∫πæ◊Èπº‘«‚≈À– ´÷Ëß¡’°“√π”‰ªª√–¬ÿ°μå„™â°—∫°“√μ√«®«—¥ “√™’«¿“æμà“ßÊ ‚¥¬¡’¢âÕ‰¥â
‡ª√’¬∫§◊Õ‡ªìπ‡∑§‚π‚≈¬’∑’Ë‰¡àμâÕß°“√‚¡‡≈°ÿ≈μ‘¥©≈“° (label-free) ·≈– “¡“√∂μ‘¥μ“¡°“√μ√«®«—¥‰¥â
μ≈Õ¥‡«≈“ (real-time monitoring)

√Ÿª∑’Ë 1 ·ºπ¿“æ· ¥ßÀ≈—°°“√∑”ß“π¢Õß‰∫‚Õ‡´π‡´Õ√å∑’Ëª√–°Õ∫¥â«¬ à«π¢Õß “√™’«¿“æ ·≈–μ—«·ª≈ß
 —≠≠“≥ ‡¡◊ËÕ “√™’«¿“æ∑’Ë¡’§«“¡®”‡æ“–°—∫ “√∑’ËμâÕß°“√μ√«®«—¥‡°‘¥°“√®—∫°—π À√◊Õ∑”
ªØ‘°‘√‘¬“μàÕ°—π ∑”„Àâ‡°‘¥ —≠≠“≥∑“ß°“¬¿“æ À√◊Õ∑“ß‡§¡’ (¢—ÈπμÕπ∑’Ë 1) ‚¥¬∑’Ëμ—«·ª≈ß
 —≠≠“≥®–∑”Àπâ“∑’Ë·ª≈ß —≠≠“≥∑’Ë‡°‘¥¢÷Èπ„Àâ “¡“√∂μ√«®«—¥‰¥â (¢—ÈπμÕπ∑’Ë 2) (¥—¥·ª≈ß®“° [1])
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SPR ‡ªìπ‰∫‚Õ‡´π‡´Õ√å‡™‘ß· ß∑’Ë¡’§«“¡‰«μàÕ°“√«—¥°“√‡ª≈’Ë¬π·ª≈ß§à“¥—™π’À—°‡À ∫πæ◊Èπº‘«
√–À«à“ß™—Èπ‚≈À– (metal layer) ·≈–™—Èπ‰¥Õ‘‡≈Á°∑√‘° (dielectric layer) À√◊Õ™—Èπ “√μ—«Õ¬à“ß (sample
layer) SPR ‰∫‚Õ‡´π‡´Õ√å‡ªìπ‡∑§π‘§∑’Ë‡À¡“– ¡ ”À√—∫°“√»÷°…“°“√‡¢â“§Ÿà°—π¢Õß “√™’«¿“æ ¬°μ—«Õ¬à“ß
‡™àπ ‚ª√μ’π-‚ª√μ’π ‚ª√μ’π-¥’‡ÕÁπ‡Õ ‡Õ¡‰´¡å-´—∫ ‡μ√∑ ·≈–·Õπμ‘‡®π-·Õπμ‘∫Õ¥’ [3-6] ‡ªìπμâπ  ”À√—∫
°“√ª√–¬ÿ°μå„™â‡∑§π‘§ SPR „π¥â“π™’«°“√·æ∑¬å à«π„À≠à®–‡ªìπ°“√«—¥§à“ affinity ¢Õß§Ÿà “√™’«¿“æ
μ—«Õ¬à“ß‡™àπ Õ—πμ√°‘√‘¬“√–À«à“ß¬“°—∫‚ª√μ’π (drug-protein interaction) [7] °“√«‘‡§√“–Àå°“√
‡ª≈’Ë¬π·ª≈ß¢Õß‡Õπ‰´¡å (enzymatic turnover analysis) [8] °“√«‘‡§√“–Àå°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß-
øíß°å™—π¢Õß‚ª√μ’π·≈–≈‘·°π¥å (analysis of structure-function relationship of protein and
ligand) [9] ·≈–°“√∑” epitope mapping ¢Õß‚ª√μ’π¥â«¬·Õπμ‘∫Õ¥’ [10] ªí®®ÿ∫—π‡∑§π‘§ SPR ‰¥â√—∫
§«“¡π‘¬¡ Ÿß ‚¥¬¡’ß“π«‘®—¬∑’Ëμ’æ‘¡æåÕ¬à“ßμàÕ‡π◊ËÕß„π∞“π¢âÕ¡Ÿ≈ß“π«‘®—¬¢Õß‡«Á∫‰´μå ScienceDirect ‡¡◊ËÕ
‡∑’¬∫°—∫‰∫‚Õ‡´π‡´Õ√å·∫∫μà“ßÊ ¥—ß· ¥ß„π√Ÿª∑’Ë 2 ®–‡ÀÁπ«à“ß“π«‘®—¬∑’Ë‡°’Ë¬«°—∫ SPR ‰∫‚Õ‡´π‡´Õ√å¡’
º≈ß“πμ’æ‘¡æå‡æ‘Ë¡¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕßμ—Èß·μàªï 2000 ®π°√–∑—Ëßªí®®ÿ∫—π ·≈–¡’·π«‚πâ¡ Ÿß¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕß

√Ÿª∑’Ë 2 · ¥ß®”π«π∫∑§«“¡«‘®—¬„π∞“π¢âÕ¡Ÿ≈¢Õß‡«Á∫‰´μå Science Direct ∑’Ë‡°’Ë¬«¢âÕß°—∫
‰∫‚Õ‡´π‡´Õ√å·∫∫μà“ßÊ ‚¥¬„™â§”§âπÀ“ (key word) ¥—ß· ¥ß„π°√“ø
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SPR ‰∫‚Õ‡´π‡´Õ√å
‡∑§π‘§ SPR ®–Õ“»—¬§≈◊Ëπº‘«æ≈“ ¡Õπ (surface plasmon) „π°“√μ√«®«—¥°“√‡ª≈’Ë¬π·ª≈ß

§à“¥—™π’À—°‡À¢Õß “√μ—«°≈“ß∫πæ◊Èπº‘«‡´π‡´Õ√å ´÷Ëßπ”¡“ Ÿà°“√ª√–¬ÿ°μå„™â ”À√—∫°“√μ√«®«—¥°“√‡¢â“§Ÿà°—π
¢Õß “√™’«¿“æ §≈◊Ëπº‘«æ≈“ ¡Õπ‡ªìπ§≈◊Ëπ∑’Ë —ËπÕ¬à“ßæ√âÕ¡‡æ√’¬ß¢Õßª√–®ÿ∑’Ë∫√‘‡«≥æ◊Èπº‘«‚≈À– ≈—°…≥–
‡©æ“–¢Õß§≈◊Ëπº‘«æ≈“ ¡Õπ§◊Õ ·Õ¡ª≈‘®Ÿ¥¢Õß π“¡‰øøÑ“¡’§à“ Ÿß ÿ¥∑’Ë™—Èπ√Õ¬μàÕ√–À«à“ßº‘«‚≈À–·≈–
™—Èπ‰¥Õ‘‡≈Á°∑√‘° ·≈–¡’§à“≈¥≈ßÕ¬à“ß√«¥‡√Á«·∫∫‡Õ° ǻ‚æ‡ππ‡™’¬≈‡¡◊ËÕÕ¬ŸàÀà“ß®“°º‘«‚≈À– ‚¥¬¡’√–¬–¬—ßº≈
(penetration depth) ª√–¡“≥ 200-300 π“‚π‡¡μ√ ÷́Ëß®–‡√’¬° π“¡‰øøÑ“π’È«à“ evanescent field
πÕ°®“°π’È§≈◊Ëπº‘«æ≈“ ¡Õπ “¡“√∂§≈◊Ëπ∑’Ë‰ªμ“¡æ◊Èπº‘«√Õ¬μàÕ√–À«à“ß™—Èπ‰¥Õ‘‡≈Á°∑√‘°·≈–™—Èπ‚≈À–
(propagation length) ‰¥â„π√–¬–ª√–¡“≥ 10-20 ‰¡‚§√‡¡μ√ °Á®– Ÿ≠‡ ’¬æ≈—ßß“π®πÀ¡¥ [11]
¥—ß· ¥ß„π√Ÿª∑’Ë 3

√Ÿª∑’Ë 3 · ¥ß≈—°…≥–¢Õß§≈◊Ëπº‘«æ≈“ ¡Õπ·≈– evanescent field
‡π◊ËÕß¡“®“°§≈◊Ëπº‘«æ≈“ ¡Õπ (¥—¥·ª≈ß®“° [12])

«‘∏’°“√°√–μÿâπ§≈◊Ëπº‘«æ≈“ ¡Õπ∑’Ëπ‘¬¡„™â∑—Ë«‰ª®–„™â°“√®—¥· ß·∫∫ çKretchmann confgurationé
[13] · ¥ß¥—ß√Ÿª∑’Ë 4 ‚¥¬„Àâ· ß®“°·À≈àß°”‡π‘¥· ß (light source) ¬‘ßºà“πª√‘´÷¡ ·≈–μ°°√–∑∫°—∫
øî≈å¡∫“ß¢Õß‚≈À–´÷Ëß‡§≈◊Õ∫Õ¬Ÿà∫πª√‘´÷¡ ·≈–· ß®– –∑âÕπ‡¢â“ Ÿàμ—«μ√«®®—∫· ß (detector) ‚¥¬øî≈å¡
∫“ß¢Õß‚≈À–∑’Ë “¡“√∂‡°‘¥ª√“°Ø°“√≥å SPR ‰¥â§◊Õ ∑Õß ‡ß‘π ·≈–‚§√‡¡’¬¡ ·μà∑’Ëπ‘¬¡„™â°—π∑—Ë«‰ª§◊Õ
∑Õß ‡π◊ËÕß®“°¡’§«“¡‡ ∂’¬√ Ÿß ·≈–‡°‘¥ªØ‘°‘√‘¬“ÕÕ°‰´¥å‰¥â¬“° ‚¥¬∑’Ë§«“¡Àπ“¢Õß™—Èπøî≈å¡∫“ß¢Õß
∑Õß‚¥¬∑—Ë«‰ª®–¡’§à“ª√–¡“≥ 50 π“‚π‡¡μ√ ‡ß◊ËÕπ‰¢°“√‡°‘¥ª√“°Ø°“√≥å SPR §◊Õ §à“‡«ø‡«°‡μÕ√å¢Õß
· ßμ°°√–∑∫„π·π«¢π“π°—∫æ◊Èπº‘«‚≈À– (kx) μâÕß¡’¢π“¥‡∑à“°—∫‡«ø‡«°‡μÕ√å¢Õß§≈◊Ëπº‘«æ≈“ ¡Õπ
(kx) ‚¥¬∑’Ë

   ¡°“√∑’Ë 1

 ¡°“√∑’Ë 2

‡¡◊ËÕ‡°‘¥ª√“°Ø°“√≥å SPR π—Ëπ§◊Õ ®–‰¥â

 ¡°“√∑’Ë 3
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‡¡◊ËÕ εM ·≈– εD §◊Õ§à“ dielectric permittivity ¢Õß™—Èπ‚≈À–·≈–™—Èπ “√‰¥Õ‘‡≈Á°∑√‘°
μ“¡≈”¥—∫ λ §◊Õ§«“¡¬“«§≈◊Ëπ¢Õß· ßμ°°√–∑∫ np §◊Õ§à“¥—™π’À—°‡À¢Õßª√‘´÷¡ θ ‡ªìπ¡ÿ¡μ°°√–∑∫
¢Õß· ß k0 §◊Õ free space wave vector ‡π◊ËÕß®“°§≈◊Ëπº‘«æ≈“ ¡Õπ¡’∑‘»∑“ß¢π“π°—∫√–π“∫
°“√‡§≈◊ËÕπ∑’Ë¢Õß§≈◊Ëπ ·≈–¡’∑‘»∑“ß π“¡‰øøÑ“„π·π«μ—Èß©“°°—∫√–π“∫μ°°√–∑∫ ÷́Ëß¡’∑‘»∑“ß‚æ≈“‰√‡´™—π
(polarization) ‡ªìπ·∫∫ çPé (‡«ø‡«°‡μÕ√å ksp ¥—ß· ¥ß„π√Ÿª∑’Ë 4 ¥â“π¢«“∫π) ¥—ßπ—Èπ· ßμ°°√–∑∫∑’Ë¡’
∑‘»∑“ß‚æ≈“‰√‡´™—π·∫∫ çPé À√◊Õ transverse magnetic wave ´÷Ëß¡’∑‘»∑“ß¢Õß π“¡‰øøÑ“∑’Ëμ—Èß©“°°—∫
æ◊Èπº‘«‡∑à“π—Èπ ∑’Ë “¡“√∂°√–μÿâπ§≈◊Ëπº‘«æ≈“ ¡Õπμ“¡‡ß◊ËÕπ‰¢¢Õß ¡°“√∑’Ë 3 ‰¥â  ”À√—∫· ß∑’Ë¡’ π“¡‰øøÑ“
¢π“π°—∫√–π“∫μ°°√–∑∫À√◊Õ∑‘»∑“ß‚æ≈“‰√‡´™—π·∫∫ çSé À√◊Õ transverse electric wave ®–‰¡à¡’º≈
μàÕ°“√‡°‘¥ª√“°Æ°“√≥å SPR [14]

√Ÿª∑’Ë 4 · ¥ßÕß§åª√–°Õ∫¢Õß SPR ‰∫‚Õ‡´π‡´Õ√å‚¥¬„™â°“√®—¥· ß·∫∫ çKretchmann configurationé
·≈–°√“ø SPR ∑’Ë· ¥ß¡ÿ¡ SPR ∑’Ëμ”·Àπàß¡ÿ¡∑’Ë„Àâ§«“¡‡¢â¡¢Õß· ß –∑âÕπμË” ÿ¥ (¥—¥·ª≈ß
®“° [15])

®“° ¡°“√∑’Ë 3 ‡¡◊ËÕ‡°‘¥ª√“°Æ°“√≥å SPR §à“‡«ø‡«°‡μÕ√å∑—Èß Õß¡’§à“‡∑à“°—π  àßº≈„Àâ¡’°“√
 Ÿ≠‡ ’¬æ≈—ßß“πÀ√◊Õ‚¡‡¡πμ—¡¢Õß· ßμ°°√–∑∫ ·≈–∑”„Àâ§«“¡‡¢â¡¢Õß· ß –∑âÕπ®–¡’§à“≈¥≈ßÕ¬à“ß√«¥‡√Á«
∑’Ëμ”·Àπàß¡ÿ¡π’È§«“¡‡¢â¡¢Õß· ß –∑âÕπμË” ÿ¥·≈–®–‡√’¬°«à“ ç¡ÿ¡ SPR (θSPR)é (√Ÿª∑’Ë 4 ¡ÿ¡¢«“≈à“ß) ·≈–
®“° ¡°“√∑’Ë 3 ®–‰¥â

 ¡°“√∑’Ë 4
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®“° ¡°“√∑’Ë 4 ‡¡◊ËÕ§à“§«“¡¬“«§≈◊Ëπ ¥—™π’À—°‡À¢Õßª√‘´÷¡ ·≈–§à“ dielectric permittivity
¢Õß‚≈À– ‡ªìπ§à“§ßμ—« ·≈– ε2

 = n ‡¡◊ËÕ n §◊Õ§à“¥—™π’À—°‡À‡™‘ß´âÕπ ®–‰¥â
θSPR ∝ n  ¡°“√∑’Ë 5

‡¡◊ËÕæ‘®“√≥“º≈μà“ß¢Õß¡ÿ¡ SPR ®–‰¥â ΔθSPR ∝ Δn  ¡°“√∑’Ë 6
 ¡°“√∑’Ë 5 · ¥ß„Àâ‡ÀÁπ«à“¡ÿ¡ SPR (ΔθSPR) ·ª√º—πμ√ß°—∫§à“¥—™π’À—°‡À¢Õß “√μ—«Õ¬à“ß∑’ËÕ¬Ÿà

∫πæ◊Èπº‘«∑Õß „π°√≥’∑’Ëπ”‡∑§π‘§ SPR ¡“„™âμ√«®«—¥§Ÿà “√™’«¿“æ ¬°μ—«Õ¬à“ß‡™àπ√–∫∫·Õπμ‘‡®π-·Õπμ‘∫Õ¥’
(√Ÿª∑’Ë 5) ‚¥¬∑”°“√μ√÷ß·Õπμ‘∫Õ¥’∫πæ◊Èπº‘«∑Õß (immobilized antibody) ·≈–‡¡◊ËÕ¡’°“√‡¢â“§Ÿà°—π√–À«à“ß
·Õπμ‘‡®π-·Õπμ‘∫Õ¥’ (antibody-antigen complex)  àßº≈„Àâ¡ÿ¡ SPR ‡æ‘Ë¡¢÷Èπ (°√“ø SPR ‡≈◊ËÕπ‰ª∑“ß
¢«“) ‡π◊ËÕß®“°¡’°“√‡ª≈’Ë¬π·ª≈ß§à“¥—™π’À—°‡À∫πæ◊Èπº‘«‡´π‡´Õ√å (μ“¡ ¡°“√∑’Ë 5) ‚¥¬∑—Ë«‰ª¡ÿ¡ SPR
®–·ª√º—πμ“¡ª√‘¡“≥¢Õß “√™’«¿“æ∑’ËÕ¬Ÿà∫πæ◊Èπº‘«‡´π‡´Õ√åÀ√◊Õμ“¡§«“¡‡¢â¡¢âπ¢Õß “√∑’ËμâÕß°“√μ√«®«—¥
 à«πº≈μà“ß¢Õß¡ÿ¡ SPR (ΔθSPR) μ“¡ ¡°“√∑’Ë 6 ∫àß∫Õ°∂÷ßª√‘¡“≥¢Õß·Õπμ‘‡®πÀ√◊Õ “√∑’ËμâÕß°“√μ√«®
«—¥∑’Ë “¡“√∂μ√«®«—¥‰¥â ‚¥¬ªí®®—¬∑’Ë àßº≈μàÕ¢’¥®”°—¥°“√«—¥ (limit of detection) ¢Õß‡∑§π‘§ SPR
§◊Õ§«“¡‡¢â¡¢âπ¢Õß “√μâÕß°“√μ√«®«—¥ ¥—ßπ—Èπ°“√∑”„Àâ SPR ‰∫‚Õ‡´π‡´Õ√å¡’§«“¡‰«„π°“√μ√«®«—¥
 “√∑’ËμâÕß°“√μ√«®«—¥‰¥â„πª√‘¡“≥πâÕ¬Ê π—Èπ  ‘Ëß∑’Ë§«√§”π÷ß∂÷ß§◊Õ 1. ª√‘¡“≥¢Õß “√™’«¿“æ∑’Ë®”‡æ“– ÷́Ëß
∂Ÿ°μ√÷ß∫πæ◊Èπº‘«‡´π‡´Õ√å 2. √Ÿª·∫∫°“√μ√«®«—¥∑’Ë‡À¡“– ¡°—∫¢π“¥¢Õß “√∑’ËμâÕß°“√μ√«®«—¥ (®–°≈à“«
„πÀ—«¢âÕμàÕ‰ª) ·≈– 3. °“√§«∫§ÿ¡∑‘»∑“ß¢Õß·Õπμ‘∫Õ¥’ À√◊Õ “√™’«¿“æ∑’Ë®”‡æ“–μàÕ “√∑’ËμâÕß°“√
μ√«®«—¥ „Àâ¡’ active site ∑’Ë‡À¡“– ¡„π°“√‡¢â“§Ÿà°—π¢Õß “√™’«¿“æ  ‘Ëß‡À≈à“π’È®–∑”„Àâ§«“¡‰«¢Õß‡∑§π‘§
SPR ‡æ‘Ë¡¡“°¢÷Èπ À√◊Õ∑”„Àâ‰¥â¢’¥®”°—¥°“√μ√«®«—¥∑’Ë¥’¢÷Èπ

√Ÿª∑’Ë 5 · ¥ß°√“ø SPR ∑’Ë«—¥§«“¡‡¢â¡· ß –∑âÕπ‡∑’¬∫°—∫¡ÿ¡μ°°√–∑∫‡¡◊ËÕ¡’Õ—πμ√°‘√‘¬“√–À«à“ß
·Õπμ‘∫Õ¥’·≈–·Õπμ‘‡®π μ”·Àπàß∑’Ë¡ÿ¡μ°°√–∑∫∑’Ë¡’§«“¡‡¢â¡· ßμË” ÿ¥®–‡√’¬°«à“¡ÿ¡ SPR
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SPR ·∫∫¿“æ (SPR imaging)
SPR ·∫∫¿“æ‡√‘Ë¡·√°∂Ÿ° √â“ß¡“‡æ◊ËÕ»÷°…“‚§√ß √â“ß¢Õßæ◊Èπº‘«„π√–¥—∫‰¡‚§√‡¡μ√

(microstructure) [16] ‡∑§π‘§ SPR ·∫∫¿“æ®–„™âæ◊Èπ∞“π¢Õß‡∑§π‘§ SPR ‚¥¬∑’Ë‡∑§π‘§π’È®–«—¥§à“
§«“¡‡¢â¡· ß –∑âÕπ‚¥¬„™â°≈âÕß CCD [17] ‡¡◊ËÕμ—Èß§à“¡ÿ¡μ°°√–∑∫·≈–§«“¡¬“«§≈◊Ëπ∑’Ë§à“Ê Àπ÷Ëß ¢âÕ¥’
¢Õß‡∑§π‘§ SPR ·∫∫¿“æ§◊Õ ¡’§«“¡‰« Ÿß  “¡“√∂‡ÀÁπæ◊Èπº‘«‡´π‡´Õ√å‰¥âμ≈Õ¥‡«≈“ ·≈– “¡“√∂«—¥
ª√“°Ø°“√≥å SPR ‰¥âæ√âÕ¡°—πÀ≈“¬μ”·Àπàß∫πæ◊Èπº‘«‡´π‡´Õ√å„π‡«≈“‡¥’¬«°—π ·μà¡’¢âÕ®”°—¥‡√◊ËÕß™à«ß
¢Õß°“√«—¥ (dynamic range)

√Ÿª∑’Ë 6 (°) · ¥ß°√“ø SPR ∑’Ë¡’§à“¥—™π’À—°‡À∫πæ◊Èπº‘«‡´π‡´Õ√å∑’Ëμà“ß°—π§◊Õ n = 1.330
·≈– n = 1.333 ‡¡◊ËÕμ—Èß§à“¡ÿ¡μ°°√–∑∫¢Õß· ß§«“¡¬“«§≈◊Ëπ 670 nm ∑’Ë¡ÿ¡ 69.08 Õß»“¥’°√’
‡¡◊ËÕ§à“¥—™π’À—°‡À∫πæ◊Èπº‘«‡´π‡´Õ√å‡ªìπ n = 1.330 (√Ÿª∑’Ë 6 (°) ‡ âπ ’πÈ”‡ß‘π) §à“§«“¡‡¢â¡· ß (%R) ∑’Ë
«—¥‰¥â‡ªìπ 20.95 %R ‡¡◊ËÕ¥—™π’À—°‡À‡ª≈’Ë¬π·ª≈ß‰ª‡ªìπ n = 1.333 (√Ÿª∑’Ë 6 (°) ‡ âπ ’·¥ß) °√“ø
SPR ‡≈◊ËÕπ¡“∑“ß¢«“¡◊Õ ·≈–§à“§«“¡‡¢â¡· ß‡æ‘Ë¡¢÷Èπ‡ªìπ 39.11 %R ‡¡◊ËÕ§”π«≥º≈μà“ß¢Õß§«“¡‡¢â¡
¢Õß· ß –∑âÕπ (Δ%R) ¡’§à“ª√–¡“≥ 18 %R ®–‡ÀÁπ«à“°“√‡ª≈’Ë¬π·ª≈ß§à“¥—™π’À—°‡À‡æ’¬ß‡≈Á°πâÕ¬
∫πæ◊Èπº‘«‡´π‡´Õ√å “¡“√∂μ√«®«—¥‰¥â®“°º≈μà“ß¢Õß§«“¡‡¢â¡¢Õß· ß –∑âÕπ °“√À“§à“¡ÿ¡∑’Ë„Àâº≈μà“ß
¢Õß§«“¡‡¢â¡· ß¡“°∑’Ë ÿ¥À“‰¥â®“°°“√π”°√“ø SPR ®“°√Ÿª∑’Ë 6 (°) ∑’Ë¡’§à“¥—™π’À—°‡À∑’Ëμà“ß°—ππ”¡“≈∫°—π
· ¥ß¥—ß√Ÿª∑’Ë 6 (¢) ÷́Ëß¡ÿ¡∑’Ë„Àâ§à“º≈μà“ß¡“°∑’Ë ÿ¥®–Õ¬Ÿà∑“ß´â“¬¡◊Õ¢Õß°√“ø SPR ‡π◊ËÕß®“°≈—°…≥–
Õ ¡¡“μ√¢Õß°√“ø SPR π—Ëπ‡Õß ®–‡ÀÁπ«à“∑’Ëμ”·Àπàß¡ÿ¡Õ◊ËπÊ ®–„Àâº≈μà“ß¢Õß§«“¡‡¢â¡· ß –∑âÕπ∑’Ë
≈¥μË”≈ß àßº≈„Àâ§«“¡‰«μàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“¥—™π’À—°‡ÀπâÕ¬≈ß ¥—ßπ—Èπ°“√μ—Èß§à“¡ÿ¡μ°°√–∑∫¢Õß· ß
®÷ß¡’§«“¡ ”§—≠ ”À√—∫‡∑§π‘§ SPR ·∫∫¿“æ

√Ÿª∑’Ë 6 (°) · ¥ß°“√μ—Èß§à“¡ÿ¡μ°°√–∑∫„Àâ§ß∑’Ë ·≈–«—¥§à“§«“¡‡¢â¡· ß∑’Ë‡ª≈’Ë¬π·ª≈ß ‡¡◊ËÕ n = 1.330
·≈– n = 1.333 ¥—¥·ª≈ß®“° [18] (¢) · ¥ßº≈μà“ß¢Õß°√“ø SPR ∑’Ë¡’§à“¥—™π’À—°‡À n = 1.330
·≈– n = 1.333 ‚¥¬∑’Ë¡ÿ¡ 69.08 degree ®–„Àâ§à“º≈μà“ß¢Õß§«“¡‡¢â¡¢Õß· ß –∑âÕπ (Δ%R)
¡“°∑’Ë ÿ¥
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¢âÕ®”°—¥¢Õß SPR ·∫∫¿“æ§◊Õ™à«ß°“√«—¥∑’Ë¡’®”°—¥ · ¥ß¥—ß√Ÿª∑’Ë 7 (°) ®–‡ÀÁπ«à“∑’Ë¡ÿ¡∑’Ë„Àâ§à“
º≈μà“ß¢Õß§«“¡‡¢â¡¢Õß· ß –∑âÕπ¡“° ÿ¥À√◊Õ¡ÿ¡∑’Ë¡’§«“¡‰«μàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“¥—™π’À—°‡À¡“° ÿ¥
®–¡’™à«ß°“√«—¥ Δ%R ª√–¡“≥ 30% ∂â“§à“¥—™π’À—°‡À¡’°“√‡ª≈’Ë¬π·ª≈ß¡“°Ê °“√‡ª≈’Ë¬π·ª≈ß¢Õß
Δ%R ®–‡ª≈’Ë¬π·ª≈ß‰¡à‡ªìπ‡™‘ß‡ âπ ·≈–∂â“μ—Èß¡ÿ¡∑’Ëμ”·ÀπàßÕ◊ËπÊ ®–∑”„Àâ§«“¡‰«¢Õß°“√μ√«®«—¥μË”≈ß
·≈–™à«ß°“√«—¥μË”≈ßμ“¡‰ª¥â«¬ √Ÿª∑’Ë 7 (¢) · ¥ßÕß§åª√–°Õ∫¢Õß SPR ·∫∫¿“æ ·≈–¢âÕ¥’¢Õß
‡∑§π‘§π’È§◊Õ “¡“√∂μ√«®«—¥ “√∑’Ë π„®‰¥âÀ≈“¬μ—«æ√âÕ¡Ê °—π ‚¥¬¡’√“¬ß“π ”À√—∫°“√„™â SPR ·∫∫¿“æ
„π°“√μ√«®«—¥ “√™’«¿“æμà“ßÊ ¡“°°«à“ 1,000 ®ÿ¥ æ√âÕ¡°—π∫πæ◊Èπº‘«‡´π‡´Õ√å [19]

√Ÿª∑’Ë 7 (°) · ¥ß°“√μ—Èß§à“¡ÿ¡∑’Ëμ”·Àπàßμà“ßÊ ·≈–«—¥§à“º≈μà“ß¢Õß§«“¡‡¢â¡· ß –∑âÕπ∑’Ë§à“¥—™π’À—°‡À
μà“ßÊ °—π (¢) · ¥ßÕß§åª√–°Õ∫¢Õß SPR ·∫∫¿“æ∑’Ë¡’ CCD ‡ªìπμ—«μ√«®«—¥§«“¡‡¢â¡· ß
¢Õßμ”·Àπàß∑’Ë π„® (region of interest, ROI) [20]

√Ÿª∑’Ë 8 · ¥ßμ—«Õ¬à“ß°“√ª√–¬ÿ°μå„™â SPR ·∫∫¿“æ„π°“√μ√«®«—¥°“√‡¢â“§Ÿà°—π¢Õß “√
™’«¿“æ [21] √Ÿª∑’Ë 8a §◊Õ SPR ·∫∫¿“æ¢Õß‚ª√μ’π microarray ‡¡◊ËÕ∑”°“√ spot ‚ª√μ’πμà“ßÊ ‰¥â·°à
‚ª√μ’π®’ (protein G) ‚ª√μ’π‡Õ (Protein A) human serum albumin (HSA) ·≈– bovine serum
albumin (BSA) ∫πæ◊Èπº‘«‡´π‡´Õ√å √Ÿª∑’Ë 8b ‡¡◊ËÕ∑”°“√ºà“π 0.1 mg/ml ¢Õß human IgG ¿“æ∑’Ë‰¥â∫π
μ”·Àπàß·∂«¢Õß‚ª√μ’π®’ ·≈–‚ª√μ’π‡Õ ¡’§«“¡ «à“ß‡æ‘Ë¡¡“°¢÷Èπ ‡π◊ËÕß®“°¡’°“√®—∫°—π¢Õß§Ÿà “√™’«¿“æ
√Ÿª∑’Ë 8c · ¥ßº≈μà“ß¢Õß SPR ·∫∫¿“æ À√◊Õ¿“æº≈μà“ß¢Õß b ·≈– a ‚¥¬π”¿“æ b ≈∫¥â«¬¿“æ a
®–‡ÀÁπ«à“μ”·Àπàß·∂«¢Õß‚ª√μ’π®’·≈–‚ª√μ’π‡Õ¡’§«“¡ «à“ß‡æ‘Ë¡¡“°¢÷Èπ ‡π◊ËÕß®“°°“√®—∫°—π·∫∫®”‡æ“–
¢Õß human IgG °—∫‚ª√μ’π∑—Èß Õßμ—«  ”À√—∫√Ÿª∑’Ë 8d · ¥ß¿“æº≈μà“ß¢Õß SPR ·∫∫¿“æ ‡¡◊ËÕ∑”°“√
ºà“π 0.1 mg/ml ¢Õß anti-BSA IgG ®–‡ÀÁπ«à“μ”·Àπàß®ÿ¥ BSA  «à“ß‡æ‘Ë¡¢÷Èπ‡π◊ËÕß®“°°“√®—∫°—π
·∫∫®”‡æ“–
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√Ÿª∑’Ë 8 · ¥ß SPR ·∫∫¿“æ (a) ‚ª√μ’π microarray (protein A, Protein G, HSA ·≈– BSA) ∫π
æ◊Èπº‘«‡´π‡´Õ√å (b) À≈—ß®“°∑”°“√ºà“π 0.1 mg/ml ¢Õß human IgG (c) ¿“æº≈μà“ß¢Õß
SPR ·∫∫¿“æ (π”¿“æ b-a) À≈—ß®“°∑”°“√ºà“π 0.1 mg/ml ¢Õß human IgG (d) ¿“æº≈μà“ß
À≈—ß®“°∑”°“√ºà“π 0.1 mg/ml ¢Õß anti-BSA IgG ¿“æ a, b ·≈– c ∑”°“√∂à“¬¿“æ¿“¬„μâ
 “√≈–≈“¬ PBS [21]

°“√·ª√º≈ —≠≠“≥ SPR
‚¥¬∑—Ë«‰ª·≈â« —≠≠“≥ SPR  “¡“√∂μ‘¥μ“¡°“√μ√«®«—¥‰¥âμ≈Õ¥‡«≈“ ÷́Ëß‡ªìπ°“√«—¥μ”·Àπàß

¡ÿ¡ SPR ‡∑’¬∫°—∫‡«≈“ („π°√≥’¢Õß SPR ·∫∫¿“æ ®–«—¥ Δ%R ‡∑’¬∫°—∫‡«≈“) ÷́Ëß°√“ø≈—°…≥–
π’È®–‡√’¬°«à“ çSPR sensorgramé · ¥ß¥—ß√Ÿª∑’Ë 9 ‚¥¬„™â§Ÿà “√™’«¿“æ∑’Ë¡’§«“¡®”‡æ“–‡ªìπ√–∫∫
∑¥ Õ∫ ·Õπμ‘∫Õ¥’ (√Ÿªμ—« Y  ’¥”) ∂Ÿ°μ√÷ßÕ¬Ÿà∫πæ◊Èπº‘«‡´π‡´Õ√å ‡¡◊ËÕ√–∫∫¡’·Õπμ‘‡®π (√Ÿªμ—« Y  ’·¥ß)
ºà“π¡“¬—ßæ◊Èπº‘«‡´π‡´Õ√å ∑”„Àâ§à“¥—™π’À—°‡À¢Õß√–∫∫‡æ‘Ë¡¢÷Èπ ·≈–∑”„Àâμ”·Àπàß¢Õß¡ÿ¡ SPR ‡æ‘Ë¡¢÷Èπ
™à«ßπ’È‡√’¬°«à“ association ÷́Ëß‡ªìπ™à«ß∑’Ë§Ÿà·Õπμ‘‡®π·≈–·Õπμ‘∫Õ¥’‡¢â“¡“„°≈â°—π·≈–®—∫°—π·∫∫®”‡æ“–
≈—°…≥–§«“¡™—π¢Õß°√“ø™à«ßπ’È®–· ¥ß∂÷ß§«“¡‡√Á«¢Õß°“√®—∫°—π¢Õß§Ÿà “√™’«¿“æ ®π°√–∑—Ëß∂÷ß®ÿ¥ ¡¥ÿ≈
À≈—ß®“°π—Èπ ·Õπμ‘‡®π∑’Ë‰¡à‰¥â®—∫°—∫·Õπμ‘∫Õ¥’À√◊Õ®—∫°—π‰¡à·√ßæÕ®–‰À≈ÕÕ°®“°√–∫∫ ∑”„Àâ§à“¥—™π’
À—°‡À∫πæ◊Èπº‘«≈¥≈ß·≈–∑”„Àâ¡ÿ¡ SPR ≈¥≈ß ™à«ßπ’È‡√’¬°«à“ dissociation ¢âÕ¡Ÿ≈„π™à«ß association
·≈– dissociation  “¡“√∂π”¡“§”π«≥À“§à“ affinity ∑’Ë· ¥ß∂÷ß§«“¡·√ß¢Õß°“√®—∫°—π¢Õß·Õπμ‘‡®π
·≈–·Õπμ‘∫Õ¥’ ª√‘¡“≥·Õπμ‘‡®π∑’Ë®—∫°—∫·Õπμ‘∫Õ¥’«—¥®“°μ”·Àπàß¢Õß™à«ß dissociation ∂÷ß baseline
°àÕπ∑’Ë®–ºà“π·Õπμ‘‡®π πÕ°®“°π’È¬—ß “¡“√∂≈â“ß·Õπμ‘‡®π∑’Ë®—∫°—∫·Õπμ‘∫Õ¥’∫πæ◊Èπº‘«‡´π‡´Õ√å ‚¥¬„™â
 “√≈–≈“¬∑’Ë‡À¡“– ¡ ™à«ßπ’È®–‡√’¬°«à“ regeneration ·≈–∑”„Àâ¡ÿ¡ SPR °≈—∫¡“‡∑à“∑’Ëμ”·Àπàß baseline
μÕπ‡√‘Ë¡μâπ°àÕπ∑’Ë®–ºà“π·Õπμ‘‡®π ´÷Ëß‡ªìπ¢âÕ‰¥â‡ª√’¬∫¢Õß‡∑§π‘§ SPR ∑’Ë “¡“√∂π”æ◊Èπº‘«‡´π‡´Õ√å°≈—∫
¡“„™â„À¡à‰¥â
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√Ÿª∑’Ë 9 · ¥ß SPR sensorgram  ”À√—∫°“√μ√«®«—¥§Ÿà “√™’«¿“æ [22]

√Ÿª·∫∫°“√μ√«®«—¥ (detection platform) [23]
°“√‡≈◊Õ°√Ÿª·∫∫°“√μ√«®«—¥μà“ßÊ „Àâ‡À¡“– ¡ ”À√—∫°“√μ√«®«—¥ “√™’«¿“æ‚¥¬„™â‡∑§π‘§

SPR ®–μâÕß§”π÷ß∂÷ß¢π“¥À√◊Õ¡«≈‚¡‡≈°ÿ≈¢Õß “√μ—«Õ¬à“ß §«“¡‰«¢Õß‡§√◊ËÕß¡◊Õ ·≈–°“√π”‰ªª√–¬ÿ°μå
„™â°—∫ “√™’«¿“æ·∫∫μà“ßÊ ‡æ◊ËÕ„Àâßà“¬μàÕ§«“¡‡¢â“„®ºŸâ‡¢’¬π®–‡≈◊Õ°§Ÿà “√™’«¿“æ„π√–∫∫¢Õß·Õπμ‘∫Õ¥’
·≈–·Õπμ‘‡®π ‡ªìπ “√™’«¿“æμ—«Õ¬à“ß ”À√—∫√Ÿª·∫∫„π°“√μ√«®«—¥ “√™’«¿“æ‚¥¬„™â‡∑§π‘§ SPR ¥—ß√Ÿª∑’Ë 10

√Ÿª∑’Ë 10 √Ÿª¿“æ· ¥ß —≠≈—°…≥å·∑π “√™’«¿“æμà“ßÊ

‚¥¬∑—Ë«‰ª·≈â«√Ÿª·∫∫°“√μ√«®«—¥ “√™’«¿“æ¥â«¬‡∑§π‘§ SPR  “¡“√∂®”·π°‰¥â‡ªìπ 4 √Ÿª·∫∫
¥—ßπ’È §◊Õ

1) °“√μ√«®«—¥‚¥¬μ√ß (direct detection)
°“√ √â“ßæ◊Èπº‘«‡´π‡´Õ√å ”À√—∫°“√μ√«®«—¥‚¥¬μ√ß ∑”‚¥¬°“√μ√÷ß·Õπμ‘∫Õ¥’∫πæ◊Èπº‘«‡´π‡´Õ√å

·≈–μ√«®«—¥·Õπμ‘‡®π · ¥ß¥—ß√Ÿª∑’Ë 11 „π°√≥’π’È —≠≠“≥ SPR ®–·ª√º—πμ“¡§«“¡‡¢â¡¢âπ¢Õß
·Õπμ‘‡®π„π “√μ—«Õ¬à“ß √Ÿª·∫∫°“√μ√«®«—¥·∫∫π’È‡À¡“– ”À√—∫°“√μ√«®«—¥ “√™’«¿“æ∑’Ë¡’¢π“¥‚¡‡≈°ÿ≈„À≠à
À√◊Õ¢π“¥°≈“ß ‡æ√“–«à“ “√™’«‚¡‡≈°ÿ≈¢π“¥‡≈Á°¡’º≈μàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“¥—™π’À—°‡À∫πæ◊Èπº‘«‡´π‡´Õ√å
‰¥âπâÕ¬ À√◊Õ‰¡à¡’‡ª≈’Ë¬π·ª≈ß
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√Ÿª∑’Ë 11 · ¥ß°“√μ√«®«—¥‚¥¬μ√ß

2) Sandwich assay
√Ÿª·∫∫°“√μ√«®«—¥ sandwich assay ®–ª√–°Õ∫¥â«¬ Õß¢—ÈπμÕπ· ¥ß¥—ß√Ÿª∑’Ë 12 ‚¥¬

¢—ÈπμÕπ·√°·Õπμ‘∫Õ¥’ (primary antibody) ®–∂Ÿ°μ√÷ß∫πæ◊Èπº‘«‡´π‡´Õ√å‡æ◊ËÕμ√«®«—¥·Õπμ‘‡®π ´÷Ëß‡ªìπ
√Ÿª·∫∫°“√μ√«®«—¥‚¥¬μ√ßπ—Èπ‡Õß ¢—ÈπμÕπ∑’Ë 2 ∑”°“√ºà“π·Õπμ‘∫Õ¥’μ—«∑’Ë Õß (secondary antibody,
 à«π„À≠à®–‡≈◊Õ°„™â‡ªìπ‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’) ·≈–·Õπμ‘∫Õ¥’μ—«∑’Ë Õß®–®—∫°—∫·Õπμ‘‡®π∑’ËÕ¬Ÿà∫π
æ◊Èπº‘«‡´π‡´Õ√å ´÷Ëß√Ÿª·∫∫°“√μ√«®«—¥π’È®–‡ªìπ°“√‡æ‘Ë¡§«“¡‰« (sensitivity) ¢Õß —≠≠“≥ SPR ‚¥¬
 —≠≠“≥ SPR ®–·ª√º—πμ“¡ª√‘¡“≥¢Õß·Õπμ‘‡®π∑’ËÕ¬Ÿà∫πæ◊Èπº‘«‡´π‡´Õ√å ·≈–§«“¡‡¢â¡¢âπ¢Õß
·Õπμ‘∫Õ¥’μ—«∑’Ë Õß πÕ°®“°π’È¬—ß‡ªìπ°“√‡æ‘Ë¡§«“¡®”‡æ“– (selectivity) ¢Õß√–∫∫°“√μ√«®«—¥ ‡π◊ËÕß®“°
·Õπμ‘∫Õ¥’μ—«∑’Ë Õß®–μâÕß¡’§«“¡®”‡æ“–°—∫·Õπμ‘‡®π‡∑à“π—Èπ

√Ÿª∑’Ë 12 · ¥ß¢—ÈπμÕπ°“√μ√«®«—¥·∫∫ sandwich assay

3) Competitive assay
°“√μ√«®«—¥„π√Ÿª·∫∫ competitive assay ®–„™â ”À√—∫°“√μ√«®«—¥ “√™’«¿“æ∑’Ë¡’¡«≈‚¡‡≈°ÿ≈

¢π“¥‡≈Á°∑’Ë‰¡à “¡“√∂μ√«®«—¥‰¥â‚¥¬„™â√Ÿª·∫∫°“√μ√«®«—¥‚¥¬μ√ß À√◊Õ°“√μ√«®«—¥·∫∫ sandwich assay
„π√Ÿª·∫∫°“√μ√«®«—¥π’È®–„™âÀ≈—°°“√·¬àß°—π®—∫¢Õß·Õπμ‘‡®π∑’Ëμ‘¥©≈“° (conjugated antigen) ·≈–
·Õπμ‘‡®πÕ‘ √– (free antigen) °—∫·Õπμ‘∫Õ¥’∫πæ◊Èπº‘«‡´π‡´Õ√å ‚¥¬·Õπμ‘‡®π®–∂Ÿ°μ‘¥©≈“°°—∫ “√
™’«¿“æ∑’Ë¡’¢π“¥„À≠à°«à“ ‡™àπ bovine serum albumin (BSA) À√◊Õ‚ª√μ’π‡§´’π (casein) „π¢—ÈπμÕπ
°“√μ√«®«—¥·Õπμ‘‡®πÕ‘ √–·≈–·Õπμ‘‡®π∑’Ëμ‘¥©≈“°®–º ¡°—π°àÕπ ‚¥¬„™â·Õπμ‘‡®π∑’Ëμ‘¥©≈“°¥â«¬§«“¡
‡¢â¡¢âπ§ß∑’Ë ‡¡◊ËÕºà“π·Õπμ‘‡®π∑—Èß Õß·∫∫‰ª∫πæ◊Èπº‘«‡´π‡´Õ√å ·Õπμ‘‡®π∑—Èß Õß®–·¬àß°—π®—∫°—∫
·Õπμ‘∫Õ¥’ · ¥ß¥—ß√Ÿª∑’Ë 13 ·≈– —≠≠“≥ SPR ∑’Ë‰¥â®–·ª√º—π·∫∫º°º—π°—∫§«“¡‡¢â¡¢âπ¢Õß·Õπμ‘‡®π
Õ‘ √– π—Èπ§◊Õ ∂â“¡’ª√‘¡“≥¢Õß·Õπμ‘‡®πÕ‘ √–(¡’¡«≈‚¡‡≈°ÿ≈¢π“¥‡≈Á°)¡“°„π “√μ—«Õ¬à“ß®–∑”„Àâ·Õπμ‘‡®π
Õ‘ √–®—∫°—∫·Õπμ‘∫Õ¥’∫πæ◊Èπº‘«‡´π‡´Õ√å‰¥â¡“°°«à“·Õπμ‘‡®π∑’Ëμ‘¥©≈“°®÷ß àßº≈„Àâ‰¥â —≠≠“≥ SPR
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πâÕ¬≈ß „π∑“ßμ√ß°—π¢â“¡∂â“ª√‘¡“≥¢Õß·Õπμ‘‡®πÕ‘ √–πâÕ¬ ®–∑”„Àâ·Õπμ‘‡®π∑’Ëμ‘¥©≈“°®—∫°—∫·Õπμ‘∫Õ¥’
∫πæ◊Èπº‘«‡´π‡´Õ√å‰¥â¡“°°«à“ ·≈–∑”„Àâ‰¥â —≠≠“≥ SPR ¡“°°«à“ (§«“¡‡¢â¡¢âπ¢Õß·Õπμ‘‡®π∑’Ëμ‘¥©≈“°
§ß∑’Ë)

√Ÿª∑’Ë 13 · ¥ß√Ÿª·∫∫°“√μ√«®«—¥·∫∫·¬àß®—∫

4) Inhibition assay
°“√μ√«®«—¥·∫∫ Inhibition assay · ¥ß¥—ß√Ÿª∑’Ë 14 ‚¥¬ “√™’«¿“æ∑’ËμâÕß°“√μ√«®«‘‡§√“–Àå

(·Õπμ‘‡®π) ®–∂Ÿ°º ¡°àÕπ°—∫·Õπμ‘∫Õ¥’´÷Ëß®–®—∫°—∫·Õπμ‘‡®π‡ªÑ“À¡“¬ μàÕ®“°π—Èπ∑”°“√ºà“π “√™’«¿“æ
∑’Ëº ¡‰ª∫πæ◊Èπº‘«‡´π‡´Õ√å∑’Ë¡’·Õπμ‘‡®π∂Ÿ°μ√÷ßÕ¬Ÿà∫πæ◊Èπº‘«‡´π‡´Õ√å ·≈–·Õπμ‘∫Õ¥’∑’Ë‰¡à‰¥â∑”Õ—πμ√-
°‘√‘¬“°—∫·Õπμ‘‡®π®–®—∫°—∫·Õπμ‘‡®π∑’Ë∂Ÿ°μ√÷ß∫πæ◊Èπº‘«‡´π‡´Õ√å  à«π·Õπμ‘∫Õ¥’∑’Ë®—∫°—∫·Õπμ‘‡®πμÕπμâπ
‰¡à “¡“√∂®—∫°—∫·Õπμ‘‡®π∑’Ë∂Ÿ°μ√÷ß∫πæ◊Èπº‘«‡´π‡´Õ√å‰¥â  àßº≈„Àâ —≠≠“≥ SPR ∑’Ë‰¥â·ª√º—π·∫∫º°º—π
°—∫ª√‘¡“≥¢Õß “√™’«¿“æ∑’ËμâÕß°“√«‘‡§√“–Àå ‡™àπ‡¥’¬«°—∫°“√μ√«®«—¥·∫∫ competitive assay

√Ÿª∑’Ë 14 · ¥ß√Ÿª·∫∫°“√μ√«®«—¥·∫∫ inhibition assay

°“√ª√–¬ÿ°μå„™â‡∑§π‘§ SPR ‰∫‚Õ‡´π‡´Õ√å
 SPR ‰∫‚Õ‡´π‡´Õ√å “¡“√∂π”¡“„™â„π°“√μ√«®«—¥‚¡‡≈°ÿ≈¢π“¥‡≈Á° ´÷Ëß‡ªìπ°“√ª√–¬ÿ°μå„™â

SPR ‰∫‚Õ‡´π‡´Õ√å„πß“π¥â“π ‘Ëß·«¥≈âÕ¡ ¥â“π°“√·æ∑¬å ·≈–¥â“π§«“¡ª≈Õ¥¿—¬¢ÕßÕ“À“√ Minunni
·≈– Mascini [24] ‰¥âæ—≤π“ SPR ‰∫‚Õ‡´π‡´Õ√å ”À√—∫°“√μ√«®«—¥ atrazine ´÷Ëß‡ªìπ “√‡§¡’„π°“√
°”®—¥«—™æ◊™ ·≈–Õ“®®–μ°§â“ß‰¥â„π ‘Ëß·«¥≈âÕ¡ °“√μ√«®«—¥ “√ atrazine ®–„™â inhibition assay ‚¥¬
º ¡·Õπμ‘∫Õ¥’∑’Ë®”‡æ“–μàÕ atrazine °—∫ “√μ—«Õ¬à“ß∑’Ë¡’ atrazine À≈—ß®“°π—Èπ·Õπμ‘∫Õ¥’∑’Ë‰¡à‰¥â®—∫°—∫
atrazine ®–∂Ÿ°μ√«®«—¥‚¥¬ SPR ‰∫‚Õ‡´π‡´Õ√å ‚¥¬¡’ atrazine ‡§≈◊Õ∫Õ¬Ÿà∫πæ◊Èπº‘«‡´π‡´Õ√å √Ÿª∑’Ë 15
· ¥ß SPR sensorgram  ”À√—∫°“√μ√«®«—¥ atrazine ‚¥¬„™â inhibition assay  —≠≠“≥ SPR ®–≈¥≈ß
‡¡◊ËÕ¡’ª√‘¡“≥ atrazine ‡æ‘Ë¡¢÷Èπ ·≈–¢’¥®”°—¥°“√μ√«®«—¥ (limit of detection, LOD) ∑’Ë 0.05 ng/ml
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√Ÿª∑’Ë 15 SPR sensorgram ¢Õß°“√μ√«®«—¥ atrazine ‚¥¬„™â inhibition assay [24]

„π°“√ª√–¬ÿ°μå„™â SPR ‰∫‚Õ‡´π‡´Õ√å ”À√—∫μ√«®«—¥ “√™’«¿“æ∑’Ë¡’¢π“¥°≈“ß ‡™àπ
botulinum toxin ·≈– straphylococcal enterotoxin B (SEB) „πß“π«‘‡§√“–Àå¥â“π§«“¡ª≈Õ¥¿—¬
¢ÕßÕ“À“√ Choi ·≈–§≥– [25] æ—≤π“ SPR ‰∫‚Õ‡´π‡´Õ√å‚¥¬„™â√Ÿª·∫∫°“√μ√«®«—¥‚¥¬μ√ß„π°“√
μ√«®«—¥ botulinum toxin ‚¥¬„™â·Õπμ‘∫Õ¥’μ√÷ß∫πæ◊Èπº‘«‡´π‡´Õ√å ·≈–∑”°“√μ√«®«—¥ botulinum
toxin ‰¥â LOD ∑’Ë 2.5 μg/ml πÕ°®“°π’È Homola ·≈–§≥– [26]  “¡“√∂μ√«®«—¥ SEB ‚¥¬„™â SPR
‰∫‚Õ‡´π‡´Õ√å√à«¡°—∫·Õπμ‘∫Õ¥’ ‰¥â LOD ∑’Ë 5.0 ng/ml  ”À√—∫°“√μ√«®«—¥‚¥¬μ√ß ·≈–‡¡◊ËÕ¢¬“¬
 —≠≠“≥‚¥¬„™â√Ÿª·∫∫°“√μ√«®«—¥·∫∫ sandwich assay ®– “¡“√∂μ√«®«—¥ SEB ∑’Ë§«“¡‡¢â¡¢âπμË”≈ß 10
‡∑à“ §◊Õ¡’ LOD ∑’Ë 0.5 ng/ml √Ÿª∑’Ë 16 · ¥ß SPR sensorgram  ”À√—∫°“√μ√«®«—¥ SEB ‚¥¬μ√ß ·≈–
¢¬“¬ —≠≠“≥‚¥¬„™â sandwich assay

√Ÿª∑’Ë 16 SPR sensorgram · ¥ß°“√μ√«®«—¥ SEB ‚¥¬„™â√Ÿª·∫∫°“√μ√«®«—¥‚¥¬μ√ß
·≈–¢¬“¬ —≠≠“≥‚¥¬„™â sandwich assay [26]
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 ”À√—∫ “√™’«¿“æ∑’Ë¡’¢π“¥„À≠à ‡™àπ·∫§∑’‡√’¬∑’Ë°àÕ‚√§μà“ßÊ Fratamico ·≈–§≥– [27] „™â SPR
‰∫‚Õ‡´π‡´Õ√å ”À√—∫°“√μ√«®«—¥ E. coli O157:H7 ‚¥¬„™â‚¡‚π‚§≈πÕ≈·Õπμ‘∫Õ¥’μ√÷ß∫πæ◊Èπº‘«
‡´π‡´Õ√å„π°“√μ√«®«—¥ E. coli O157:H7 ·≈–„™â‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’„π°“√¢¬“¬ —≠≠“≥ ¡’ LOD
∑’Ë 5 x 107 cfu/ml Koubuva ·≈–§≥– [28]  “¡“√∂μ√«®«—¥ Salmonella enteritis ·≈– Listeria
monocytogenes ‰¥â LOD ∑’Ë 106 cfu/ml ‚¥¬„™â√Ÿª·∫∫°“√μ√«®«—¥‚¥¬μ√ß √Ÿª∑’Ë 17 · ¥ß°“√μ√«®«—¥
Salmonella enteritis ‚¥¬„™â√Ÿª·∫∫°“√μ√«®«—¥‚¥¬μ√ß

√Ÿª∑’Ë 17 SPR sensorgram · ¥ß°“√μ√«®«—¥‚¥¬μ√ß¢Õß Salmonella enteritis [28]

°“√μ√«®«—¥·∫§∑’‡√’¬„Àâ‰¥â§«“¡‡¢â¡¢âπ∑’ËμË”‚¥¬„™â‡∑§π‘§ SPR ‡ªìπ‡√◊ËÕß¬“°·≈–¡’§«“¡∑â“∑“¬
‡π◊ËÕß®“°¢π“¥·≈–√Ÿª√à“ß¢Õß·∫§∑’‡√’¬¡’¢π“¥„À≠à ∑”„Àâ evanescent field ∑’Ëæÿàßºà“πæ◊Èπº‘« (¡’§à“®”°—¥
ª√–¡“≥ 200-300 nm) ‰¡à§√Õ∫§≈ÿ¡¢π“¥¢Õß·∫§∑’‡√’¬ §à“¥—™π’À—°‡À¢Õß·∫§∑’‡√’¬„π “√≈–≈“¬
∑’Ë¡’§à“μË”·≈–„°≈â‡§’¬ß°—∫§à“¥—™π’À—°‡À¢Õß “√≈–≈“¬ °“√‡¢â“∂÷ß (accessibility) ¢Õß·Õπμ‘∫Õ¥’„π
°“√®—∫·Õπμ‘‡®π∫πæ◊Èπº‘«¢Õß·∫§∑’‡√’¬ √«¡∂÷ß°“√·æ√à (diffusion) ¢Õß·∫§∑’‡√’¬‰ª∫πæ◊Èπº‘«‡´π‡´Õ√å
[29] ªí®®—¬μà“ßÊ ‡À≈à“π’È®–¡’º≈μàÕ°“√μ√«®«—¥·∫§∑’‡√’¬‚¥¬„™â‡∑§π‘§ SPR ‰∫‚Õ‡´π‡´Õ√å ¥—ßπ—Èπ
Taylor ·≈–§≥– [30] ∑”°“√‡μ√’¬¡ “√μ—«Õ¬à“ß·∫§∑’‡√’¬·∫∫μà“ßÊ (untreated, heat-killed 70%
ethanol ·≈– detergent lysed) ‡æ◊ËÕ∑”„Àâ‡´≈≈å·∫§∑’‡√’¬·μ°ÕÕ° ·≈–¡’¢π“¥‡≈Á°≈ß  àßº≈„Àâμ√«®«—¥
·∫§∑’‡√’¬∑’Ë‡μ√’¬¡ “√μ—«Õ¬à“ß·∫∫ detergent lysed ‰¥â LOD ∑’Ë 105 cfu/ml ÷́Ëß¡’ª√– ‘∑∏‘¿“æ¥’¢÷Èπ
ª√–¡“≥ 100 ‡∑à“ ‡∑’¬∫°—∫ “√μ—«Õ¬à“ß·∫§∑’‡√’¬ª°μ‘ (untreated, live cell) ¥—ß√Ÿª∑’Ë 18
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√Ÿª∑’Ë 18 °“√‡ª√’¬∫‡∑’¬∫ “√μ—«Õ¬à“ß·∫§∑’‡√’¬∑’Ë‡μ√’¬¡¥â«¬«‘∏’°“√μà“ßÊ ·≈–π”‰ª«—¥
‚¥¬„™â√Ÿª·∫∫°“√μ√«®«—¥‚¥¬μ√ß¥â«¬‡∑§π‘§ SPR [30]

®“°ß“π«‘®—¬∑’Ë°≈à“«¡“¢â“ßμâπ· ¥ß„Àâ‡ÀÁπ«à“¡’°“√ª√–¬ÿ°μå„™â SPR ‰∫‚Õ‡´π‡´Õ√å„π°“√μ√«®
«—¥ “√™’«¿“æ∑’Ë¡’¢π“¥‚¡‡≈°ÿ≈∑’Ë·μ°μà“ß°—π‰¥â √«¡∂÷ß°“√‡≈◊Õ°„™â√Ÿª·∫∫°“√μ√«®«—¥„Àâ‡À¡“– ¡°—∫
¢π“¥¢Õß‚¡‡≈°ÿ≈ “√™’«¿“æ πÕ°®“°π’È¬—ß¡’ß“π«‘®—¬Õ◊ËπÊ ∑’Ëπ”‡∑§π‘§ SPR ¡“ª√–¬ÿ°μå„™â√à«¡°—π°—∫°“√
æ—≤π“‚¡‡≈°ÿ≈∑’Ë¡’§«“¡®”‡æ“–μàÕ “√∑’ËμâÕß°“√μ√«®«—¥ ¬°μ—«Õ¬à“ß‡™àπ Zhang ·≈–§≥– [31] ‰¥âæ—≤π“
æÕ≈‘‡¡Õ√å≈Õ°·∫∫ (molecularly imprinted polymer, MIP) „π°“√μ√«®«—¥ŒÕ√å‚¡π‡∑ ‚∑ ‡∑Õ‚√π
(testosterone) ‚¥¬„™â SPR ‰∫‚Õ‡´π‡´Õ√å ‚¥¬ MIP ∂Ÿ° —ß‡§√“–Àå®“°‚¡‚π‡¡Õ√å (monomer)  Õß™π‘¥
√à«¡°—∫·¡à·∫∫‚¡‡≈°ÿ≈¢Õß‡∑ ‚∑ ‡∑Õ‚√π æ∫«à“‰∫‚Õ‡´π‡´Õ√å∑’Ëæ—≤π“‰¥â¡’ LOD ∑’Ë 10-15 g/ml ·≈–
§«“¡§ß∑π„π°“√„™âß“ππ“π∂÷ß 8 ‡¥◊Õπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ´÷Ëß¡’§«“¡§ß∑π¡“°°«à“°“√„™â‚ª√μ’π¡“‡ªìπ “√
™’«¿“æ Loo ·≈–§≥– [32] ‰¥âæ—≤π“™ÿ¥‡§√◊ËÕß¡◊Õ«—¥ SPR ·∫∫ common-path interferometry
√à«¡°—∫ aptamer (‡ªìπ DNA À√◊Õ RNA ∑’Ë¡’§ÿ≥ ¡∫—μ‘æ‘‡»…§◊Õ “¡“√∂®—∫°—∫‚¡‡≈°ÿ≈¢Õß “√μà“ßÊ ‰¥â
Õ¬à“ß®”‡æ“– ∂÷ß·¡â«à“‚¡‡≈°ÿ≈π—Èπ®–‰¡à„™à “√∑’Ë®—∫Õ¬Ÿà°—∫ DNA À√◊Õ RNA „π∏√√¡™“μ‘) ∑’Ë®”‡æ“–μàÕ
cytochrome c ´÷Ëß‡ªìπμ—«∫àß™’È∂÷ßº≈¢Õß¬“¿“¬À≈—ß®“°°“√√—°…“¡–‡√Áß¥â«¬«‘∏’°“√‡§¡’∫”∫—¥ ‚¥¬¡’ LOD
πâÕ¬°«à“ 80 pM
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 √ÿª·≈–§«“¡§“¥À«—ß¢Õß‡∑§‚π‚≈¬’ SPR „πÕπ“§μ
‡∑§‚π‚≈¬’ SPR æ—≤π“¡“¡“°°«à“ 20 °«à“ªï ¡’°“√æ—≤π“ à«π¢Õß‡§√◊ËÕß¡◊Õ SPR „Àâ¡’§«“¡

‰« Ÿß °“√æ—≤π“æ◊Èπº‘« SPR  ”À√—∫°“√μ√÷ß “√™’«¿“æ √«¡∑—Èß°“√æ—≤π“√Ÿª·∫∫°“√μ√«®«—¥μà“ßÊ
‡∑§‚π‚≈¬’ SPR ‰∫‚Õ‡´π‡´Õ√åÕÕ° Ÿàμ≈“¥„π‡™‘ßæ“≥‘™¬å§√—Èß·√°‚¥¬∫√‘…—∑ Biacore International AB
μ—Èß·μàªï §.». 1990 ´÷Ëß¡’°“√æ—≤π“‡§√◊ËÕß SPR √ÿàπμà“ßÊ √ÿàπ∑’Ë¡’§«“¡‰« Ÿß·≈– “¡“√∂μ√«®«—¥ “√μ—«Õ¬à“ß
‰¥â®”π«π¡“° (high throughput) §◊Õ Biacore T200 πÕ°®“°π’È¬—ß¡’∫√‘…—∑Õ◊ËπÊ ∑’Ë¡’°“√æ—≤π“
‡∑§‚π‚≈¬’ SPR „π‡™‘ßæ“≥‘™¬å‡™àπ British Windsor Scientific (IBIS), Nippon Laser and Electronics
Laboratory (SPR-670 and SPR-CELLIA), Texas Instruments (Spreeta), ·≈– Analytical
μ-Systems (BIO-SUPLAR 2)

§«“¡ ”‡√Á®¢Õß°“√æ—≤π“‡∑§‚π‚≈¬’ SPR „π°“√μ√«®«—¥ “√™’«¿“æ ª√–°Õ∫¥â«¬ à«πÀ≈—°Ê
3  à«π§◊Õ 1. °“√æ—≤π“ à«π¢Õß‡§√◊ËÕß¡◊Õ«—¥ „Àâ “¡“√∂μ√«®«—¥°“√‡ª≈’Ë¬π·ª≈ßπâÕ¬Ê ‰¥â 2. °“√æ—≤π“
 à«π¢Õßæ◊Èπº‘«‡´π‡´Õ√å ”À√—∫√Õß√—∫ “√™’«¿“æμà“ßÊ ‡æ◊ËÕ≈¥ —≠≠“≥∑’Ë‡°‘¥®“°°“√®—∫°—π·∫∫‰¡à®”‡æ“–
(non-specific binding) ‡π◊ËÕß®“°‚ª√μ’πÀ√◊Õ “√™’«¿“æÕ◊ËπÊ „π “√μ—«Õ¬à“ß 3. °“√æ—≤π“ à«π¢Õß
 “√™’«¿“æ„Àâ¡’§«“¡®”‡æ“–μàÕ “√∑’ËμâÕß°“√μ√«®«—¥ ¡’§«“¡§ß∑π  “¡“√∂Õ¬Ÿà∫πæ◊Èπº‘«‡´π‡´Õ√å
‚¥¬‰¡à‡ ’¬ ¿“æ ·≈– “¡“√∂‡°Á∫‰«â‰¥âπ“π πÕ°®“°π’È¬—ß¡’ à«π∑’ËÕ◊ËπÊ ‡™àπ °“√≈”‡≈’¬ß “√μ—«Õ¬à“ß‡¢â“ Ÿà
√–∫∫«—¥‚¥¬„™âª√‘¡“≥ “√μ—«Õ¬à“ßπâÕ¬ °“√æ—≤π“„π‡√◊ËÕß SPR ‡´π‡´Õ√å™‘æ√«¡ (integrated SPR
chip) ‚¥¬„™â√–∫∫‰¡‚§√ø≈ŸÕ‘¥‘° (microfluidic) °“√æ—≤π“√–∫∫ sensor array ∑”„Àâ “¡“√∂μ√«®«—¥
 “√μ—«Õ¬à“ß„πÀ≈“¬™π‘¥ (high throughput) ·≈–°“√æ—≤π“‡§√◊ËÕß SPR ·∫∫°√–‡ªÜ“À‘È« (SPR
portable)  ”À√—∫°“√μ√«®«—¥ “√™’«¿“æ„π¿“§ π“¡
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