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Siderophores from Microorganisms
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ABSTRACT

Iron is an essential element for metabolism and growth of microorganisms which is
difficult to obtain due to its low solubility at neutral pH. Siderophores are low molecular weight,
ferric iron-chelating ligands produced by some species of bacteria and fungi. They represent an
important class of molecules that solubilize iron in the environment. These compounds facilitate
iron uptake in iron-limiting environments. Chemical structures of siderophores are classified
as hydroxamates, catecholates and carboxylates. Siderophores production is induced by iron-
limiting conditions. The mechanism begins with synthesis of siderophores and membrane
specific receptor proteins. Siderophores are released into the environment to bind with ferric
irons in the environment. These ferric-bound†siderophores bind with specific receptor proteins
and release iron into cell. This cycle continue until the optimum level of intracellular iron†is
reached. The preliminary detection method for microbial siderophore production is usually tested
on Chrome Azurol S agar (CAS agar). This article reviews the role of siderophores produced
by microorganisms, siderophores structure, optimization of siderophore production and their
applications in agriculture, environment and medicine.
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∫∑π”
∏“µÿ‡À≈Á°‡ªìπ∏“µÿ∑’Ëæ∫¡“°‡ªìπÕ—π¥—∫ ’Ë¢Õß∏“µÿ∑—ÈßÀ¡¥ ´÷Ëß„π∏√√¡™“µ‘‡À≈Á°®–Õ¬Ÿà„π√Ÿª¢Õß

ÕÕ°´‘‡¥™—π 2 µ—« §◊Õ Fe2+ (‡øÕ√— ) ·≈– Fe3+ (‡øÕ√‘°) ·¡â®ÿ≈‘π∑√’¬å¡’§«“¡µâÕß°“√‡À≈Á°„πª√‘¡“≥∑’ËµË”
·µà°Á¢“¥∏“µÿ‡À≈Á°‰¡à‰¥â ‡æ√“–‡À≈Á°¡’Õ‘∑∏‘æ≈µàÕ°“√‡®√‘≠ ¬°‡«âπ·∫§∑’‡√’¬æ«° Lactobacillus ∫“ß “¬-
æ—π∏ÿå∑’Ë‰¡à®”‡ªìπµâÕß„™â‡À≈Á°„π°“√¥”√ß™’«‘µ °“√¥”√ß™’«‘µ¢Õß®ÿ≈‘π∑√’¬å®”‡ªìπµâÕßÕ“»—¬°√–∫«π°“√∑“ß
‡¡·∑∫Õ≈‘´÷¡´÷Ëß‡ªìπ°√–∫«π°“√∑“ß™’«‡§¡’∑’Ë ”§—≠‚¥¬¡’‡À≈Á°‡ªìπ∏“µÿÕ“À“√∑’Ë¡’§«“¡ ”§—≠Õ¬à“ß¬‘Ëß
¡’∫∑∫“∑∑—Èß‡ªìπµ—«°≈“ß¢Õß°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡‚¥¬®–‡ªìπµ—«¢π àßÕ‘‡≈Á°µ√Õπ ¥—ßπ—Èπ®÷ßæ∫‡À≈Á°„π
cytochrome ·≈– non-heam iron electron carrier ¢Õß “¬¢π àßÕ‘‡≈Á°µ√Õπ πÕ°®“°π’È‡À≈Á°¬—ß‡ªìπ
º≈º≈‘µ¢Õß°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡ Õ’°∑—Èß¬—ß‡ªìπ à«πª√–°Õ∫¢Õß‡´≈≈åÕ’°¥â«¬ (µ“√“ß∑’Ë 1) [1]

µ“√“ß∑’Ë 1 Õ‘∑∏‘æ≈¢Õß‡À≈Á°∑’Ë¡’º≈µàÕ‡´≈≈å®ÿ≈‘π∑√’¬å [1]

Àπâ“∑’Ë º≈°√–∑∫
Õß§åª√–°Õ∫¢Õß‡´≈≈å ¡’º≈µàÕ°“√‡®√‘≠ °“√ —ß‡§√“–Àå RNA, DNA

 ªÕ√å·≈–∑”„Àâ‡´≈≈å‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß

‡ªìπµ—«°≈“ß„π‡¡·∑∫Õ≈‘´÷¡ °√–∫«π°“√∑’ËµâÕß°“√‡À≈Á° ‰¥â·°à tricarboxylic
acid cycle, electron transport, oxidative phos-
phorylation, nitrogen fixation, biosynthesis,
photosynthesis

‡ªìπº≈º≈‘µ¢Õß‡¡·∑∫Õ≈‘´÷¡ porphyrin, toxins, vitamins, hydroxamates,
cytochrome, pigments, siderophores, aromatic
compounds, DNA, RNA

‚ª√µ’π·≈–‡Õπ‰´¡å peroxidase, nitrogenase, hydrogenase, ferritin
iron sulfur protein, ribonucleotide

„π ¿“«–§à“§«“¡‡ªìπ°√¥‡∫ ∑’Ë‡ªìπ°≈“ß ‡À≈Á°¡’§«“¡ “¡“√∂„π°“√≈–≈“¬µË”  à«π„À≠à
‡À≈Á°∑’Ë≈–≈“¬¬“°π—Èπ¡—°Õ¬Ÿà„π√Ÿª¢Õß “√ª√–°Õ∫‡™‘ß´âÕπæÕ≈‘π‘«‡§≈’¬√å‡øÕ√‘°ÕÕ° ‘́‚¥‰Œ¥√Õ°‰´¥å
(polynuclear ferric oxidohydroxide, (Fe(OH)3)) ∑’Ë¡’§«“¡ “¡“√∂„π°“√≈–≈“¬‡æ’¬ß 10-38 ‚¡≈“√å
´÷Ëß∂◊Õ«à“πâÕ¬¡“° „π¢≥–∑’Ë§«“¡ “¡“√∂„π°“√≈–≈“¬¢Õß‰ÕÕÕπ‡À≈Á° Ÿß¡“°∂÷ß 10-17 ‚¡≈“√å ¥—ßπ—Èπ‡¡◊ËÕ
‡°‘¥ ¿“«–¥—ß°≈à“«¢â“ßµâπ®ÿ≈‘π∑√’¬å®÷ß‰¡à “¡“√∂π”‡À≈Á°‰ª„™âª√–‚¬™πå‰¥â ®ÿ≈‘π∑√’¬å®– “¡“√∂π”‡À≈Á°‡¢â“
 Ÿà‡´≈≈å‰¥â°ÁµàÕ‡¡◊ËÕ‡À≈Á°∂Ÿ°∑”ªØ‘°‘√‘¬“‚¥¬°√–∫«π°“√√’¥—°™—π‡ª≈’Ë¬π‡ªìπ‡øÕ√— ‰ÕÕÕπ (Fe2+) ¥—ßπ—Èπ
®ÿ≈‘π∑√’¬å®÷ß®”‡ªìπµâÕß √â“ß°≈‰°∫“ßÕ¬à“ß‡æ◊ËÕ®—∫‡À≈Á°·≈–¢π àß‡À≈Á°‡¢â“‰ª„π‡´≈≈å ®ÿ≈‘π∑√’¬åÀ≈“¬™π‘¥
®– √â“ß “√®—∫‡À≈Á°¢÷Èπ¡“ ‡√’¬° “√™π‘¥π’È«à“ ‰´‡¥Õ‚√øÕ√å (siderophore) [2]
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‰´‡¥Õ‚√øÕ√å ‡ªìπ “√∑’Ë¡’¡«≈‚¡‡≈°ÿ≈∑’ËµË” (0.5-1.5 °‘‚≈¥“≈µ—π) ¡’√“°»—æ∑å¡“®“°¿“…“°√’°∑’Ë
·ª≈«à“µ—«®—∫‡À≈Á° (iron bearer) ‡ªìπ “√∏√√¡™“µ‘·∫∫‡¡·∑∫Õ‰≈∑å∑ÿµ‘¬¿Ÿ¡‘ (secondary metabolite) ¡’
§«“¡®”‡æ“–µàÕ‡øÕ√‘°‰ÕÕÕπ º≈‘µ®“°·∫§∑’‡√’¬·≈–øíß‰® ·≈–¡’§ÿ≥ ¡∫—µ‘„π°“√®—∫°—∫‚≈À–∑√“π ‘́™—π‰¥â
‡ªìπµ—«™à«¬π”‡À≈Á°‡¢â“ Ÿà‡´≈≈å®ÿ≈‘π∑√’¬å¿“¬„µâ ¿“«–·«¥≈âÕ¡∑’Ë¡’‡À≈Á°∑’Ë®”°—¥ ‚¥¬ “√‰´‡¥Õ‚√øÕ√å∑’Ë®ÿ≈‘π∑√’¬å
º≈‘µ¢÷Èπ¡“π—Èπ®–™à«¬„Àâ‡À≈Á°Õ¬Ÿà„π√Ÿª∑’Ë≈–≈“¬πÈ”‰¥â ∑”„Àâ®ÿ≈‘π∑√’¬å “¡“√∂π”‡À≈Á°‰ª„™â‰¥â ¥—ßπ—Èπ‰´‡¥Õ‚√øÕ√å
®÷ß¡’§«“¡ ”§—≠µàÕ°“√¥”√ß™’«‘µ¢Õß®ÿ≈‘π∑√’¬å ™π‘¥¢Õß‰´‡¥Õ‚√øÕ√å¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß®ÿ≈‘π∑√’¬å (µ“√“ß∑’Ë 2)
·≈– ¿“«–„π°“√‡≈’È¬ß®ÿ≈‘π∑√’¬å™π‘¥π—ÈπÊ [3]

µ“√“ß∑’Ë 2 µ—«Õ¬à“ß‰´‡¥Õ‚√øÕ√å∑’Ëº≈‘µ¢÷Èπ®“°®ÿ≈‘π∑√’¬å [4]

®ÿ≈‘π∑√’¬å ™π‘¥¢Õß‰´‡¥Õ‚√øÕ√å∑’Ëº≈‘µ¢÷Èπ
Acinetobacter calcoaceticus Acinetobactin
Aeromonas hydrophila Amonabactin
Aerobacter aerogenes, Salmonella sp., Aerobactin
Klebsiella pneumoniae
Alteromonas haloplanktis Bisucabarin (Marine)
Escherichia coli Enterobactin
Mycobacterium tuberculosis Mycobactin
Pseudomonas aeruginosa Pyoverdin ·≈– Pyochelin
Streptomyces pilosus Desferrioxamines
Ustilago sphaerogena Ferrichrome
Vibrio cholerae Vibriobactin (Marine)
Vibrio anguillarum Anguibactin
Yersinia pestis Yersiniabactin

‚§√ß √â“ß·≈–≈—°…≥–∑“ß‡§¡’¢Õß‰´‡¥Õ‚√øÕ√å∑’Ëº≈‘µ®“°®ÿ≈‘π∑√’¬å
‚§√ß √â“ß·≈–≈—°…≥–∑“ß‡§¡’¢Õß‰´‡¥Õ‚√øÕ√å∑’Ëº≈‘µ®“°®ÿ≈‘π∑√’¬å  “¡“√∂·∫àßÕÕ°‡ªìπ 3 °≈ÿà¡

„À≠à ‰¥â·°à hydroxamates, catecholates ·≈– carboxylates ‚¥¬®—¥®”·π°µ“¡À¡Ÿàøíß°å™—π ·≈–ª√–‡¿∑
¢Õß≈‘·°π¥å∑’Ë≈âÕ¡√Õ∫ „π·µà≈–°≈ÿà¡øíß°å™—π®–¡’Õ–µÕ¡¢ÕßÕÕ°´‘‡®π 2 Õ–µÕ¡ À√◊Õ¡’‰π‚µ√‡®π‡ªìπ
Õß§åª√–°Õ∫∑’Ë∑”Àπâ“∑’Ë √â“ßæ—π∏–°—∫‡À≈Á° (√Ÿª∑’Ë 1)

1. çhydroxamatesé º≈‘µ®“°·∫§∑’‡√’¬·≈–øíß‰® ‚¥¬ hydroxamates ∑’Ëº≈‘µ®“°·∫§∑’‡√’¬
π—Èπ ®–¡’‚§√ß √â“ßæ◊Èπ∞“π‡ªìπ°≈ÿà¡¢Õß hydroxylated ·≈– acylated alkylamines  à«π∑’Ëº≈‘µ®“°øíß‰®π—Èπ
®–‡ªìπ°≈ÿà¡¢Õß hydroxylated ·≈– acylated ornithine ‚¥¬‰´‡¥Õ‚√øÕ√å™π‘¥π’È  à«π„À≠à®–ª√–°Õ∫
¥â«¬≈‘·°π¥å¢Õß hydroxamate 3 §Ÿà∑’Ë¡’ƒ∑∏‘Ï‡ªìπ°√¥ÕàÕπ ´÷ËßÕ¬Ÿà„π√Ÿª¢Õß R-CO-NH-OH ‚¥¬ R ®–
‡ªìπ°√¥Õ–¡‘‚π À√◊ÕÕπÿæ—π∏å¢Õß°√¥Õ–¡‘‚π ‰´‡¥Õ‚√øÕ√å™π‘¥ hydroxamate ¡’§«“¡‡ ∂’¬√§àÕπ¢â“ß Ÿß¡’§«“¡
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®”‡æ“–„π°“√®—∫‡À≈Á°·≈â«‡°‘¥‡ªìπ “√ª√–°Õ∫‡™‘ß´âÕπ·∫∫ octahedral complex
2. çcatecholatesé ∫“ß§√—Èß‡√’¬°‰´‡¥Õ‚√øÕ√å°≈ÿà¡π’È«à“ phenolates ́ ÷ËßÕ¬Ÿà„π√Ÿª¢Õß “√ª√–°Õ∫

benzenediols º≈‘µ®“°·∫§∑’‡√’¬‡∑à“π—Èπ ‰´‡¥Õ‚√øÕ√å™π‘¥ catecholates ¡’§«“¡ “¡“√∂„π°“√®—∫‡À≈Á°
‰¥â·πàπ°«à“ hydroxamates ´÷ËßÕ“®‡ªìπ‡æ√“–§«“¡·µ°µà“ß¢Õß ‡µÕ√‘‚Õ‰Õ‚´‡¡Õ√å (stereoisomer) ∑’Ë¡’Õ¬Ÿà
„π “√ª√–°Õ∫‡™‘ß´âÕππ—ÈπÊ

3. çCarboxylatesé À√◊Õ ‡√’¬°Õ’°™◊ËÕ«à“ çcomplexonesé ´÷ËßÕ¬Ÿà„π√Ÿª¢Õß RCOORû ®—∫°—∫
‡À≈Á°·≈â«‡°‘¥‡ªìπ “√ª√–°Õ∫‚§ÕÕ√å¥‘‡π™—π¢Õß‡À≈Á°°—∫°≈ÿà¡¢Õß carboxyl ·≈– hydroxyl ‰´‡¥Õ‚√øÕ√å
™π‘¥π’Èº≈‘µ®“°øíß‰®„π°≈ÿà¡ Zygomycota (Mucorales) ·≈–·∫§∑’‡√’¬Õ’° Õß “¡™π‘¥ ‰¥â·°à Rhizobium
meliloti ·≈– Staphylococcus hyicus [4, 5]

√Ÿª∑’Ë 1 ‚§√ß √â“ßæ◊Èπ∞“π¢Õß‰´‡¥Õ‚√øÕ√å°≈ÿà¡ hydroxamates (a), catecholates (b) ·≈– carboxylates
(c) [6]

°≈‰°¢Õß°“√¢π àß‰´‡¥Õ‚√øÕ√å
°≈‰°¢Õß°“√¢π àß‰´‡¥Õ‚√øÕ√å∑’Ë‡°‘¥¢÷Èπ¿“¬„π‡´≈≈å  √ÿª‰¥â‡ªìπ 3 ¢—ÈπµÕπ (√Ÿª∑’Ë 2) [1, 7]

¥—ßπ’È
1.  ¿“«–·«¥≈âÕ¡∑’Ë¡’‡À≈Á°∑’Ë®”°—¥°√–µÿâπ„Àâ¿“¬„π‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å —ß‡§√“–Àå “√‰´‡¥Õ‚√øÕ√å

·≈–‚ª√µ’πµ—«√—∫∑’Ë¡’§«“¡®”‡æ“–‡®“–®ß°—∫ “√‡™‘ß´âÕπ¢Õß‡À≈Á°-‰´‡¥Õ‚√øÕ√å¢÷Èπ¡“ ‰´‡¥Õ‚√øÕ√å·æ√à
ºà“πºπ—ß‡´≈≈å (diffusion) ÕÕ° Ÿà ‘Ëß·«¥≈âÕ¡

2. ‰´‡¥Õ‚√øÕ√å®—∫°—∫‡øÕ√‘°‰ÕÕÕπ ‡°‘¥‡ªìπ “√‡™‘ß´âÕπ¢Õß‡À≈Á°-‰´‡¥Õ‚√øÕ√å (Fe-siderophore
complex)  “√‡™‘ß´âÕπ¢Õß‡À≈Á°-‰´‡¥Õ‚√øÕ√å®–®—∫°—∫‚ª√µ’πµ—«√—∫ ·≈â«∂Ÿ°¥÷ß°≈—∫¡“¬—ß‡´≈≈å‚¥¬
°√–∫«π°“√≈”‡≈’¬ß·∫∫„™âæ≈—ßß“π (active transport)

3. √–∫∫¿“¬„π®–·¬°·≈–¥÷ß‡À≈Á°ÕÕ°  à«π‰´‡¥Õ‚√øÕ√å®–∂Ÿ° àßÕÕ°‰ª¿“¬πÕ°Õ’°§√—Èß
‡æ◊ËÕ®—∫°—∫‡À≈Á°µ—«„À¡à
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√Ÿª∑’Ë 2 °≈‰°„π°“√¢π àß‡À≈Á°‡¢â“ Ÿà¿“¬„π‡´≈≈å®ÿ≈‘π∑√’¬å‚¥¬‰´‡¥Õ‚√øÕ√å [¥—¥·ª≈ß®“° 1, 8, 56]

‚¥¬∑—Ë«‰ª„π ¿“«–ª°µ‘À“°¡’‡À≈Á°„π ‘Ëß·«¥≈âÕ¡ª√‘¡“≥¡“° ®ÿ≈‘π∑√’¬å®– “¡“√∂¥÷ß‡À≈Á°∑’Ë
Õ¬Ÿà¿“¬πÕ°‡¢â“¡“„™â‰¥â‚¥¬µ√ß‚¥¬°√–∫«π°“√ ÷́¡ºà“πµ“¡ª°µ‘ ·µà‡¡◊ËÕ„¥ª√‘¡“≥‡À≈Á°„π ‘Ëß·«¥≈âÕ¡¡’πâÕ¬
°≈‰°°“√¢π àß‡À≈Á°¥â«¬‰´‡¥Õ‚√øÕ√å®÷ß‡°‘¥¢÷Èπ (√Ÿª∑’Ë 2) ‡√‘Ë¡®“°°“√ √â“ß “√‰´‡¥Õ‚√øÕ√å¢÷Èπ¡“¿“¬„π
‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å ·≈–∂Ÿ°ª≈àÕ¬ÕÕ° Ÿà ‘Ëß·«¥≈âÕ¡‚¥¬°√–∫«π°“√·æ√à (diffusion) ºà“πºπ—ß‡´≈≈å ·≈–
¢≥–‡¥’¬«°—π°Á¡’°“√ √â“ß‚ª√µ’π∑’Ë‡ªìπµ—«√—∫ (receptor) ∫√‘‡«≥ºπ—ß‡´≈≈å∑’Ë¡’§«“¡®”‡æ“–‡®“–®ß°—∫‡øÕ√‘°
∑’Ë√«¡µ—«°—∫‰´‡¥Õ‚√øÕ√å À√◊Õ ferric siderophore °“√ —ß‡§√“–Àå¢Õß‚ª√µ’πµ—«√—∫™π‘¥π’È∂Ÿ°‡Àπ’Ë¬«π”®“°
 ¿“«–¢“¥‡À≈Á°¿“¬„π‡´≈≈å ‡¡◊ËÕ‰´‡¥Õ‚√øÕ√å®—∫°—∫‡øÕ√‘°‰ÕÕÕπ ®–‡°‘¥‡ªìπ “√‡™‘ß´âÕπ¢Õß‡À≈Á°-
‰´‡¥Õ‚√øÕ√å (Fe-siderophore complex) ∑’Ë “¡“√∂®—∫°—∫‚ª√µ’πµ—«√—∫ ®“°π—Èπ®–∂Ÿ°¢π àßºà“πºπ—ß‡´≈≈å
‚¥¬°√–∫«π°“√≈”‡≈’¬ß·∫∫„™âæ≈—ßß“π (active transport) ‡¢â“¡“¬—ß∫√‘‡«≥‰´‚∑æ≈“  ÷́¡ ·≈–√–∫∫
¿“¬„π®–·¬°·≈–¥÷ß‡À≈Á°ÕÕ° ‚¥¬∫√‘‡«≥‚¡‡≈°ÿ≈∑’Ë‡ªìπ≈‘·°π¥å∑’Ë‡™◊ËÕ¡µàÕ°—∫‡øÕ√‘°‰ÕÕÕπ®–∂Ÿ° ≈“¬
¥â«¬‡Õπ‰´¡å À√◊Õ‡øÕ√‘°‰ÕÕÕπÕ“®∂Ÿ°ª≈¥ª≈àÕ¬‚¥¬ªØ‘°‘√‘¬“√’¥—°™—π ‡øÕ√‘°‰ÕÕÕπ∂Ÿ°‡ª≈’Ë¬π‡ªìπ‡øÕ√— 
‰ÕÕÕπ  à«π¢Õß‚¡‡≈°ÿ≈‰´‡¥Õ‚√øÕ√å®–∂Ÿ° àßÕÕ°‰ª¿“¬πÕ°Õ’°§√—Èß‡æ◊ËÕ®—∫°—∫‡À≈Á°µ—«„À¡à °≈‰°¢â“ßµâπ
®–¥”‡π‘π‰ª®π°√–∑—Ëß‡¡◊ËÕ¿“¬„π‡´≈≈å¡’‡À≈Á°ª√‘¡“≥¡“°‡æ’¬ßæÕ ®–¡’°“√ √â“ß‚ª√µ’π repressor ‰ª
§«∫§ÿ¡°√–∫«π°“√ —ß‡§√“–Àå∑“ß™’«¿“æ¢Õß‰´‡¥Õ‚√øÕ√å·≈–‚ª√µ’πµ—«√—∫ ”À√—∫ ferric siderophore
‡ªìπÕ—π ‘Èπ ÿ¥°≈‰° [9]
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°“√§—¥‡≈◊Õ°®ÿ≈‘π∑√’¬å∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å
 ”À√—∫°“√§—¥‡≈◊Õ°®ÿ≈‘π∑√’¬å∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√åπ—Èπ «‘∏’°“√∑’Ë‡ªìπ∑’Ëπ‘¬¡

„π°“√µ√«® Õ∫§ÿ≥ ¡∫—µ‘„π°“√ √â“ß‰´‡¥Õ‚√øÕ√å¢Õß‡™◊ÈÕ®ÿ≈‘π∑√’¬å‡∫◊ÈÕßµâπ §◊Õ «‘∏’°“√¢Õß Schwyn
·≈– Neilands [10] ‚¥¬¡’À≈—°°“√«à“ ‰´‡¥Õ‚√øÕ√å¡’§«“¡ “¡“√∂„π°“√®—∫‡À≈Á° ·≈–¡’§«“¡ “¡“√∂„π
°“√·¬àß®—∫ Ÿß ¥—ßπ—Èπ Schwyn ·≈– Neilands [10] ®÷ßæ—≤π“Õ“À“√∑’Ë„™â„π°“√∑¥ Õ∫§◊Õ Chrome Azurol
S agar (CAS agar) ́ ÷Ëßª√–°Õ∫¥â«¬ CAS solution,  “√≈–≈“¬‡øÕ√‘°§≈Õ‰√¥å (FeCl3 solution), hexadecyl
trimethylammonium bromide (HDTMA solution)  “√‡À≈à“π’È “¡“√∂√«¡µ—«°—π‡ªìπ “√ª√–°Õ∫ ’πÈ”‡ß‘π
‡¡◊ËÕ “√ª√–°Õ∫π’È∂Ÿ°¥÷ß‡øÕ√‘°‰ÕÕÕπÕÕ°‰ª®“° “√ª√–°Õ∫‡™‘ß´âÕππ’È  ’¢Õßµ—«∫àß™’È°Á®–‡ª≈’Ë¬π®“°
 ’πÈ”‡ß‘π‡ªìπ ’ â¡µ“¡ ¡°“√

Fe3+-dye (blue) + siderophore ▼  Fe3+-siderophore + dye (orange)
ª√‘¡“≥¢Õß‰´‡¥Õ‚√øÕ√å∑’Ë®ÿ≈‘π∑√’¬åº≈‘µ¢÷Èππ—Èπ ¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß®ÿ≈‘π∑√’¬å ·≈– ¿“«–„π°“√

‡≈’È¬ß∑’Ë‡À¡“– ¡µàÕ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å´÷Ëß®–·µ°µà“ß°—π„π®ÿ≈‘π∑√’¬å·µà≈–™π‘¥

ªí®®—¬∑’Ë¡’º≈µàÕ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å
1. §«“¡‡§Á¡

ªí®®ÿ∫—π¡’π—°«‘®—¬®”π«π¡“°∑’Ë‡≈Áß‡ÀÁπ∂÷ß§«“¡ ”§—≠¢Õß·À≈àß¢Õß®ÿ≈‘π∑√’¬å™π‘¥∑’Ë¡’»—°¬¿“æ
„π°“√º≈‘µ “√‰´‡¥Õ‚√øÕ√å ‚¥¬‡©æ“–°“√ √â“ß “√‰´‡¥Õ‚√øÕ√å®“°®ÿ≈‘π∑√’¬å∑“ß∑–‡≈ ‰¡à«à“®–‡ªìπ
„ππÈ”∑–‡≈ ∫√‘‡«≥À“¥∑√“¬ ∫√‘‡«≥ªÉ“™“¬‡≈π ‡π◊ËÕß®“°‡À≈Á°¡’§«“¡ “¡“√∂„π°“√≈–≈“¬„π∑–‡≈µË” ‚¥¬
Bruland ·≈–§≥– [11] ‰¥â»÷°…“°“√≈–≈“¬¢Õß‡À≈Á°„π∑–‡≈·ª´‘øî°‡Àπ◊Õ æ∫«à“ ‡À≈Á°≈–≈“¬‰¥â Ÿß ÿ¥
‡æ’¬ß 0.37 nmolkg-1 ∫√‘‡«≥º‘«πÈ”∑–‡≈ ·≈–¡’°“√≈–≈“¬‡©≈’Ë¬„π∑–‡≈≈÷° (500-4,000 m) ‡∑à“°—∫ 0.38
nmolkg-1 „π à«π∑’Ë‡Àπ◊Õ ÿ¥¢Õß¡À“ ¡ÿ∑√·ª´‘øî°‡À≈Á°≈–≈“¬‰¥âµË”°«à“ 0.1 nmolkg-1 ¥—ßπ—Èπ®ÿ≈‘π∑√’¬å∑’Ë
Õ“»—¬„π∑–‡≈®÷ß®”‡ªìπµâÕß √â“ß‰´‡¥Õ‚√øÕ√å‡æ◊ËÕ„™â„π°“√®—∫‡À≈Á° ¡’‰´‡¥Õ‚√øÕ√å®”π«π¡“°∑’Ëº≈‘µ®“°
®ÿ≈‘π∑√’¬å∑“ß∑–‡≈ ´÷Ëß¡’√“¬ß“π°“√§âπæ∫‰´‡¥Õ‚√øÕ√å™π‘¥„À¡à∑’Ëº≈‘µ®“°®ÿ≈‘π∑√’¬å‡À≈à“π’È [12] µ—«Õ¬à“ß
‡™àπ pseudoalterobactins A ·≈– B ÷́Ëß‡ªìπ‰´‡¥Õ‚√øÕ√å™π‘¥„À¡à∑’Ëº≈‘µ®“°·∫§∑’‡√’¬∑“ß∑–‡≈
Pseudoalteromonas sp. KP20-4 [13] ·≈– tenacibactin A-D ∑’Ëº≈‘µ®“° Tenacibaculum sp.
A4K-17 [14] πÕ°®“°π’È¬—ß¡’√“¬ß“π°“√æ∫ streptobactin ÷́Ëß‡ªìπ‰´‡¥Õ‚√øÕ√å catecholate ™π‘¥„À¡à∑’Ë
º≈‘µ®“° Streptomyces sp. YM5-799 [12] ‡ªìπµâπ ¡’√“¬ß“π°“√»÷°…“°“√º≈‘µ‰´‡¥Õ‚√øÕ√å„πøíß‰®∫àß™’È«à“
ç°“√º≈‘µ‰´‡¥Õ‚√øÕ√å‚¥¬∏√√¡™“µ‘π—Èπ‰¡à‰¥â¢÷ÈπÕ¬Ÿà°—∫·À≈àß∑’ËÕ¬Ÿà¢Õß®ÿ≈‘π∑√’¬åé æ∫«à“øíß‰®™π‘¥‡¥’¬«°—π∑—Èß
∑’Ë·¬°®“°∑–‡≈·≈–∫π∫°¡’ª√– ‘∑∏‘¿“æ„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å‰¡à·µ°µà“ß°—π [15]  ”À√—∫ª√– ‘∑∏‘¿“æ
°“√º≈‘µ‰´‡¥Õ‚√øÕ√å„π ¿“«–∑’Ë¡’§«“¡‡§Á¡ ∫“ßß“π«‘®—¬æ∫«à“ª√– ‘∑∏‘¿“æ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å≈¥≈ß„π
 ¿“«–∑’Ë¡’§«“¡‡§Á¡µ—«Õ¬à“ß‡™àπ Argandoña ·≈–§≥– [16] ∑’Ë»÷°…“«‘®—¬‡°’Ë¬«°—∫°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß
Chromohalobacter salexigens „π ¿“«–∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß‡°≈◊Õ 0.75 M, 1.5 M ·≈– 2.5 M NaCl
æ∫«à“ §«“¡‡§Á¡¡’Õ‘∑∏‘æ≈µàÕ§«“¡µâÕß°“√‡À≈Á°„π°“√‡®√‘≠¢Õß Chromohalobacter salexigens ‚¥¬®–
º≈‘µ‰´‡¥Õ‚√øÕ√å‰¥â¡“°∑’Ë ÿ¥‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß‡°≈◊ÕµË”∑’Ë ÿ¥ ·≈–º≈‘µ‰¥â≈¥≈ßµ“¡§«“¡‡¢â¡¢âπ¢Õß
‡°≈◊Õ∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ  Õ¥§≈âÕß°—∫ Shrivastava ·≈– Kumar [17] ∑’Ë»÷°…“‡°’Ë¬«°—∫º≈°√–∑∫¢Õß‡°≈◊ÕµàÕ
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°“√ √â“ß‰´‡¥Õ‚√øÕ√å‚¥¬æ∫«à“ °“√º≈‘µ‰´‡¥Õ‚√øÕ√å≈¥≈ß ‡¡◊ËÕ‡ªÕ√å‡´Áπµå¢Õß‡°≈◊Õ Ÿß¢÷Èπ ‚¥¬‡™◊ÈÕ®–‰¡à
 “¡“√∂º≈‘µ‰´‡¥Õ‚√øÕ√å‰¥â‡≈¬ ∑’Ë§«“¡‡¢â¡¢âπ¢Õß‡°≈◊Õ‡∑à“°—∫ 7.5% Õ¬à“ß‰√°Á¥’ ¡’ß“π«‘®—¬∑’Ëæ∫«à“
ª√– ‘∑∏‘¿“æ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß®ÿ≈‘π∑√’¬å∫“ß™π‘¥‡æ‘Ë¡¢÷Èπ„π ¿“«–∑’Ë¡’§«“¡‡§Á¡ µ—«Õ¬à“ß‡™àπ
Sadeghi ·≈–§≥– [18] ∑’Ë»÷°…“«‘®—¬‡°’Ë¬«°—∫°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß Streptomyces „π ¿“«–∑’Ë¡’§«“¡
‡§Á¡æ∫«à“ °“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß Streptomyces ‡æ‘Ë¡ Ÿß¢÷Èπ‡¡◊ËÕ¡’ª√‘¡“≥¢Õß‡°≈◊Õ‚´‡¥’¬¡§≈Õ‰√¥å Ÿß
¢÷Èπ ®–‡ÀÁπ‰¥â«à“§«“¡‡§Á¡¡’º≈µàÕª√– ‘∑∏‘¿“æ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å·µ°µà“ßÕÕ°‰ªµ“¡™π‘¥¢Õß®ÿ≈‘π∑√’¬å
´÷Ëß®–µâÕß¡’°“√»÷°…“‚¥¬≈–‡Õ’¬¥µàÕ‰ª∂÷ßÕ‘∑∏‘æ≈¢Õß‡°≈◊Õ∑’Ë¡’º≈°—∫°“√º≈‘µ‰´‡¥Õ‚√øÕ√å

2. §à“§«“¡‡ªìπ°√¥‡∫  (pH) ·≈–Õÿ≥À¿Ÿ¡‘
®ÿ≈‘π∑√’¬å à«π„À≠àº≈‘µ‰´‡¥Õ‚√øÕ√å‰¥â¥’∑’Ë§à“§«“¡‡ªìπ°√¥‡∫ ∑’Ë‡ªìπ°≈“ß (pH 7) ‡π◊ËÕß®“°

pH 7 ¡’§«“¡‡À¡“– ¡µàÕ°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å‚¥¬∑—Ë«‰ª ·≈–∏“µÿ‡À≈Á°¡’§«“¡ “¡“√∂„π°“√≈–≈“¬µË”
„π ¿“«–§à“§«“¡‡ªìπ°√¥‡∫ ∑’Ë‡ªìπ°≈“ß ¥—ßπ—Èπ®÷ß¡’§«“¡‡À¡“– ¡∑’Ë®ÿ≈‘π∑√’¬å®–º≈‘µ‰´‡¥Õ‚√øÕ√å‰¥â¥’
¡’°“√»÷°…“°“√º≈‘µ‰´‡¥Õ‚√øÕ√å®“°®ÿ≈‘π∑√’¬å∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕæ∫«à“ ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß pH ∫π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ‚¥¬ pH ®–‡æ‘Ë¡ Ÿß¢÷Èπ (‡∫ ÕàÕπ) √–À«à“ß∑’Ë¡’°“√ √â“ß‰´‡¥Õ‚√øÕ√å¢Õß®ÿ≈‘π∑√’¬å [2]
Õ¬à“ß‰√°Áµ“¡ „π ¿“æ·«¥≈âÕ¡∑’Ë¡’§à“ pH ·µ°µà“ß°—π ∑”„Àâ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß®ÿ≈‘π∑√’¬å¡’§«“¡
·µ°µà“ß°—π¥â«¬ ‚¥¬®–æ∫°“√º≈‘µ‰´‡¥Õ‚√øÕ√å™π‘¥ hydroxamate „π ¿“æ·«¥≈âÕ¡∑’Ë‡ªìπ°√¥ÕàÕπ
 à«π ¿“æ·«¥≈âÕ¡∑’Ë‡ªìπ°≈“ß‰ª∂÷ß‡∫ ÕàÕπ  à«π„À≠à®–æ∫°“√º≈‘µ‰´‡¥Õ‚√øÕ√å™π‘¥ catecholate ¡’
ß“π«‘®—¬®”π«π¡“°∑’Ë»÷°…“‡°’Ë¬«°—∫§à“§«“¡‡ªìπ°√¥‡∫  (pH) ·≈–Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡µàÕ°“√º≈‘µ
‰´‡¥Õ‚√øÕ√å¢Õß®ÿ≈‘π∑√’¬åÀ≈“°À≈“¬™π‘¥ ´÷Ëß§à“§«“¡‡ªìπ°√¥‡∫  ·≈–Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡µàÕ°“√º≈‘µ
‰´‡¥Õ‚√øÕ√åπ—Èπ®–·µ°µà“ß°—π‰ª„π®ÿ≈‘π∑√’¬å·µà≈–™π‘¥ µ—«Õ¬à“ß°“√»÷°…“ªí®®—¬∑“ß ‘Ëß·«¥≈âÕ¡∑’Ë¡’º≈µàÕ
°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß Streptomyces fulvissimus ATCC 27431 æ∫«à“ §à“§«“¡‡ªìπ°√¥‡∫ 
∑’Ë‡À¡“– ¡ ”À√—∫°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß‡™◊ÈÕ §◊Õ pH 8 ¢≥–∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡®–Õ¬Ÿà„π™à«ß 20-40
Õß»“‡´≈‡´’¬  ‚¥¬∑’ËÕÿ≥À¿Ÿ¡‘µË”°«à“ 20 Õß»“‡´≈‡´’¬  ·≈– Ÿß°«à“ 40 Õß»“‡´≈‡´’¬  ‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë
‰¡à‡À¡“– ¡°—∫°“√‡®√‘≠·≈–°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß‡™◊ÈÕ [20] „π¢≥–∑’Ë¡’°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ
°“√º≈‘µ‰´‡¥Õ‚√øÕ√å„π Pseudomonas æ∫«à“ Õÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  ‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡µàÕ
°“√º≈‘µ‰´‡¥Õ‚√øÕ√å ¢≥–∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë Ÿß°«à“ 33 Õß»“‡´≈‡´’¬  ®–¬—∫¬—Èß°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß
Pseudomonas [49, 55]

3. ·À≈àß§“√å∫Õπ·≈–‰π‚µ√‡®π
·À≈àß§“√å∫Õπ·≈–‰π‚µ√‡®π∑’Ë‡À¡“– ¡µàÕ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß®ÿ≈‘π∑√’¬åπ—Èπ®–·µ°

µà“ß°—π‰ª„π®ÿ≈‘π∑√’¬å·µà≈–™π‘¥  ”À√—∫·À≈àß§“√å∫Õπ æ∫«à“ °≈’‡´Õ√Õ≈‡ªìπ·À≈àß§“√å∫Õπ∑’Ë‡À¡“– ¡°—∫
°“√º≈‘µ‰´‡¥Õ‚√øÕ√å„π·∫§∑’‡√’¬À≈“¬™π‘¥ µ—«Õ¬à“ß‡™àπ ®“°°“√»÷°…“·À≈àß§“√å∫Õπ·≈–‰π‚µ√‡®π∑’Ë
‡À¡“– ¡º≈µàÕ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß Streptomyces fulvissimus ATCC 27431 æ∫«à“ °≈’‡´Õ√Õ≈
´Ÿ‚§√  ·≈–°≈Ÿ‚§  ‡ªìπ·À≈àß§“√å∫Õπ∑’Ë¥’∑’Ë ÿ¥ µ“¡≈”¥—∫  ”À√—∫·À≈àß‰π‚µ√‡®π ·Õ¡‚¡‡π’¬§≈Õ‰√¥å ‚´‡¥’¬¡-
‰π‡µ√µ ·≈–¬Ÿ‡√’¬ ‡ªìπ·À≈àß‰π‚µ√‡®π∑’Ë¥’∑’Ë ÿ¥µàÕ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å µ“¡≈”¥—∫ [20] „π¢≥–∑’Ë°“√
»÷°…“„π·∫§∑’‡√’¬ Pseudomonas æ∫«à“ °≈’‡´Õ√Õ≈ ‚´‡¥’¬¡ —́°´‘‡πµ Ÿ́‚§√  ·≈–°≈Ÿ‚§  ‡ªìπ·À≈àß
§“√å∫Õπ∑’Ë¥’ ¢≥–∑’Ë°√¥Õ–¡‘‚π‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß °√¥°≈Ÿµ“¡‘°·≈–·Õ ª“√“®’π (asparagine) ‡ªìπ·À≈àß
‰π‚µ√‡®π∑’Ë¥’µàÕ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß Pseudomonas [54]
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4. §«“¡‡¢â¡¢âπ¢Õß‡À≈Á°
§«“¡‡¢â¡¢âπ¢Õß‡À≈Á°‡øÕ√‘° ‡ªìπªí®®—¬∑’Ë¡’§«“¡ ”§—≠µàÕ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß®ÿ≈‘π∑√’¬å

‡ªìπÕ¬à“ß¡“° „π ¿“«–∑’Ë¡’ª√‘¡“≥‡À≈Á°∑’Ë®”°—¥®–°√–µÿâπ°“√ √â“ß‰´‡¥Õ‚√øÕ√å„πª√‘¡“≥∑’Ë Ÿß ¡’√“¬ß“π«à“
§«“¡‡¢â¡¢âπ¢Õß‡À≈Á° ‡øÕ√‘°‡æ’¬ß 100 µM ¡’º≈„π°“√¬—∫¬—Èß°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß Pseudomonas
(Ps.) fluorescens ·≈– Ps. chlororaphis [53]

°“√»÷°…“‡°’Ë¬«°—∫‰´‡¥Õ‚√øÕ√å¬—ß§ß¥”‡π‘π‰ªÕ¬à“ßµàÕ‡π◊ËÕß ‰¡à«à“®–‡ªìπ°“√·¬°‰´‡¥Õ‚√øÕ√å
™π‘¥„À¡àÊ ªí®®—¬°“√ àß‡ √‘¡°“√º≈‘µ µ≈Õ¥®π°“√π”‰ªª√–¬ÿ°µå„™â®√‘ß µ—«Õ¬à“ß‡™àπ ¡’°“√»÷°…“°“√‡æ‘Ë¡
ª√– ‘∑∏‘¿“æ„π°“√·¬°‡™◊ÈÕ·Õ°µ‘‚π‰¡´’ µå∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å‚¥¬ Nakouti ·≈–
§≥– [19] æ∫«à“ °“√‡µ‘¡ “√®—∫‡À≈Á° 2,2û-dipyridyl (iron chelator) ≈ß‰ª„πÕ“À“√∑’Ë„™â·¬°‡™◊ÈÕπ—Èπ ®–
‡ªìπ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√·¬°·Õ°µ‘‚π‰¡´’ µå ∑’Ë “¡“√∂º≈‘µ‰´‡¥Õ‚√øÕ√å‰¥â ‡π◊ËÕß®“°  “√®—∫‡À≈Á°
™π‘¥π’È®–‰ª®—∫°—∫‡À≈Á°∑’Ë¡’Õ¬Ÿà„πÕ“À“√ ∑”„ÀâÕ“À“√¢“¥·§≈π‡À≈Á° „π ¿“«–∑’Ë¢“¥·§≈π‡À≈Á°‡™àππ’È‡™◊ÈÕ∑’Ë
®–‡®√‘≠∫πÕ“À“√™π‘¥π’È‰¥â à«π„À≠à®–µâÕß¡’§«“¡ “¡“√∂„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å

°“√ª√–¬ÿ°µå„™â‰´‡¥Õ‚√øÕ√å
1. ¥â“π°“√‡°…µ√

‰´‡¥Õ‚√øÕ√å “¡“√∂π”‰ªª√–¬ÿ°µå„™â∑“ß¥â“π°“√‡°…µ√ ‚¥¬π”‰ª„™âª√–‚¬™πå„π°“√¬—∫¬—Èß
°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å°àÕ‚√§„πæ◊™·≈– àß‡ √‘¡°“√‡®√‘≠¢Õßæ◊™ ‡™àπ ·∫§∑’‡√’¬∑’Ë àß‡ √‘¡°“√‡®√‘≠‡µ‘∫‚µ
¢Õßæ◊™ (plant-growth promoting rhizobacteria) ∑’Ë “¡“√∂ √â“ß‰´‡¥Õ‚√øÕ√å‰¥â®–¡’ à«π™à«¬„π°“√≈¥
°“√‡®√‘≠À√◊Õ≈¥‡¡·∑∫Õ≈‘´÷¡¢Õß®ÿ≈‘π∑√’¬å°àÕ‚√§∑’Ë‰¡à “¡“√∂º≈‘µ “√™π‘¥π’È‰¥â‚¥¬°“√‰ª·¬àß®—∫‡À≈Á°°—∫
®ÿ≈‘π∑√’¬å°àÕ‚√§  àßº≈„Àâ®ÿ≈‘π∑√’¬å°àÕ‚√§‰¡à “¡“√∂‡®√‘≠‰¥â ‡π◊ËÕß®“°¢“¥·§≈π‡À≈Á°´÷Ëß‡ªìπ·√à∏“µÿ∑’Ë ”§—≠
„π°“√‡®√‘≠ [21] πÕ°®“°π’È‰´‡¥Õ‚√øÕ√å¡’ à«π™à«¬„π°“√≈–≈“¬·≈–¢π àß‡À≈Á°‰ª¬—ßæ◊™ ·≈–¬—ß¡’º≈∑“ß
ÕâÕ¡„π°“√°√–µÿâπ°“√ —ß‡§√“–Àå “√µâ“π®ÿ≈™’æ (antimicrobial compounds) ‚¥¬°“√∑”„Àâ “√ª√–°Õ∫
‡À≈à“π’Èßà“¬µàÕ°“√π”‰ª„™â [22] Õ’°∑—Èßæ∫«à“‰´‡¥Õ‚√øÕ√å “¡“√∂∑”ß“π√à«¡°—∫√–∫∫¿Ÿ¡‘§ÿâ¡°—π √–∫∫ŒÕ√å‚¡π
·≈–°‘®°√√¡∑’Ë∑”„Àâ‡°‘¥°“√·µ° ≈“¬ (lytic activity) ¢Õßæ◊™‰¥âÕ’°¥â«¬ [23] πÕ°®“°π’È®“°°“√»÷°…“
ª√– ‘∑∏‘¿“æ¢Õß‰´‡¥Õ‚√øÕ√å„π¥â“π°“√ àß‡ √‘¡°“√‡®√‘≠¢Õßæ◊™ ‚¥¬°“√·™à‡¡≈Á¥¡–‡¢◊Õ‡∑»·≈–¢â“«‚æ¥
„π “√≈–≈“¬‰´‡¥Õ‚√øÕ√å∫√‘ ÿ∑∏‘Ï∑’Ë·¬°‰¥â®“° Ps. aeruginosa æ∫«à“ ∑”„Àâ°“√ßÕ°¢Õß‡¡≈Á¥
§«“¡ Ÿß·≈–πÈ”Àπ—°·Àâß¢Õßº≈º≈‘µ¡’·π«‚πâ¡‡æ‘Ë¡ Ÿß¢÷Èπ [24] Qi ·≈– Zhao [25] ‰¥â∑”°“√»÷°…“
∂÷ßº≈¢ÕßπÈ”‡≈’È¬ß‡™◊ÈÕ Trichoderma asperellum Q1 ∑’Ë¡’ “√‰´‡¥Õ‚√øÕ√å‡ªìπ à«πª√–°Õ∫ (siderophore-
containing culture filtrate; SCF) µàÕ°“√‡®√‘≠¢Õßµâπ·µß°«“¿“¬„µâ ¿“«–∑’Ë¡’‡°≈◊Õ‚´‡¥’¬¡§≈Õ‰√¥å
60 mmol l-1 ́ ÷Ëß„π ¿“«–∑’Ë¡’‡°≈◊ÕÀ√◊Õ ¿“«–∑’Ë¡’§«“¡‡§Á¡π’È ‡À≈Á°¡’§«“¡ “¡“√∂„π°“√≈–≈“¬‰¥âπâÕ¬¡“°
 àßº≈„Àâæ◊™·≈–®ÿ≈‘π∑√’¬å®÷ß‰¡à “¡“√∂π”‡À≈Á°‰ª„™âª√–‚¬™πå‰¥â ®÷ß‰¥â¡’°“√»÷°…“∑¥≈Õß‡°’Ë¬«°—∫°“√‡®√‘≠
¢Õßµâπ·µß°«“¿“¬„µâ ¿“«–∑’Ë¡’‡°≈◊Õ§≈Õ‰√¥å 60 mmol l-1 ‚¥¬¡’º≈¡“®“°°“√„™â siderophore-
containing culture filtrate (SCF) ¢Õß‡™◊ÈÕ T. asperellum Q1 ∑’Ë¡’°“√‡µ‘¡·≈–‰¡à¡’°“√‡µ‘¡‡øÕ√‘°§≈Õ‰√¥å
·≈–°“√‡µ‘¡‡øÕ√‘°§≈Õ‰√¥å‡æ’¬ßÕ¬à“ß‡¥’¬« ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¡à¡’°“√„™â SCF ¢Õß‡™◊ÈÕ·≈–‰¡à¡’
°“√‡µ‘¡‡øÕ√‘°§≈Õ‰√¥å ®“°º≈°“√∑¥≈Õß æ∫«à“ SCF ·≈–‡øÕ√‘°‰ÕÕÕπ¡’Õ‘∑∏‘æ≈µàÕ°“√‡®√‘≠¢Õß
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µâπ·µß°«“ °“√„™â SCF ¢Õß‡™◊ÈÕ T. asperellum Q1 ∑’Ë¡’°“√‡µ‘¡‡øÕ√‘°§≈Õ‰√¥å 30 µmol l-1 ¡’º≈∑”„Àâ
§«“¡¬“«¢Õß√“°·≈–≈”µâπ √«¡∂÷ßπÈ”Àπ—°·Àâß¢Õßµâπ·µß°«“‡æ‘Ë¡ Ÿß¢÷Èπ · ¥ß„Àâ‡ÀÁπ«à“ SCF ÷́Ëß¡’ à«π-
ª√–°Õ∫¢Õß‰´‡¥Õ‚√øÕ√å≈–≈“¬Õ¬Ÿà ‰´‡¥Õ‚√øÕ√åπ’È®–®—∫°—∫‡À≈Á°‡øÕ√‘°§≈Õ‰√¥å∑’Ë‡µ‘¡≈ß‰ª ™à«¬≈–≈“¬
·≈–¢π àß‡À≈Á°‰ª¬—ßæ◊™ ™à«¬≈¥º≈°√–∑∫®“°°“√¢“¥·§≈π‡À≈Á°„π ¿“«–∑’Ë¡’§«“¡‡§Á¡ (√Ÿª∑’Ë 3) „π
¢≥–‡¥’¬«°—π °“√‡µ‘¡‡øÕ√‘°§≈Õ‰√¥å 30 µmol l-1 ‡æ’¬ßÕ¬à“ß‡¥’¬«¡’º≈∑”„Àâ§«“¡¬“«¢Õß√“°·≈–≈”µâπ
√«¡∂÷ßπÈ”Àπ—°·Àâß¢Õßµâπ·µß°«“‡æ‘Ë¡ Ÿß¢÷Èπ√Õß≈ß¡“ · ¥ß„Àâ‡ÀÁπ«à“ µâπ·µß°«“¡’§«“¡µÕ∫ πÕßµàÕ
 ¿“«–∑’Ë¡’§«“¡‡§Á¡‚¥¬ “¡“√∂ √â“ß‰ø‚µ‰´‡¥Õ‚√øÕ√å (phytosiderophore) ¢Õßµ—«‡Õß¢÷Èπ¡“‡æ◊ËÕ™à«¬
≈–≈“¬·≈–¢π àß‡À≈Á°‡¢â“ Ÿà‡´≈≈å ß“π«‘®—¬®”π«π¡“°∑’Ë»÷°…“·≈–Õ∏‘∫“¬‡°’Ë¬«°—∫§«“¡ “¡“√∂¢Õß
 “√‰´‡¥Õ‚√øÕ√å∑’Ë‰¥â®“°®ÿ≈‘π∑√’¬å„π°“√¬—∫¬—Èß·≈–§«∫§ÿ¡®ÿ≈‘π∑√’¬å°àÕ‚√§æ◊™ ‰¡à«à“®–‡ªìπ°“√»÷°…“°“√
§«∫§ÿ¡·∫∫™’««‘∏’µàÕ‡™◊ÈÕ√“·≈–·∫§∑’‡√’¬°àÕ‚√§æ◊™ ‚¥¬°“√„™â·∫§∑’‡√’¬ Ps. fluorescens ·≈– Ps. putida
πÕ°®“°®– “¡“√∂ √â“ß·≈–ª≈¥ª≈àÕ¬‰´‡¥Õ‚√øÕ√å‰¥â·≈â« ·∫§∑’‡√’¬¥—ß°≈à“«¬—ß “¡“√∂°√–µÿâπ„Àâæ◊™‡®√‘≠
‰¥â¥’Õ’°¥â«¬ [9] πÕ°®“°π’È¬—ß¡’°“√„™â “√‰´‡¥Õ‚√øÕ√å∑’Ëº≈‘µ®“°‡™◊ÈÕ Ps. aeruginosa, Ps. putida biovar
B, Ps. marginalis ·≈– Burkholderia cepacia ∑’Ë·¬°®“°∫√‘‡«≥√“°æ◊™ ∫√‘‡«≥º‘«„∫¢Õß°ÿÀ≈“∫
·≈–¥Õ°Õ—≈ ‚µ√¡’‡√’¬ „π°“√§«∫§ÿ¡‡™◊ÈÕ√“ Rhizoctonia solani ·≈– Botrytis cinerea [26] ·≈–¡’
°“√„™â “√‰´‡¥Õ‚√øÕ√å®“°·∫§∑’‡√’¬ Burkholderia sp. „π°“√§«∫§ÿ¡‚√§∑’Ë‡°‘¥®“°‡™◊ÈÕ√“ Penicillium
expansum, Colletotrichum gloesporoides ‚¥¬ª√‘¡“≥°“√º≈‘µ‰´‡¥Õ‚√øÕ√å·≈–ª√– ‘∑∏‘¿“æ°“√
¬—∫¬—Èß‡™◊ÈÕ√“®–‡æ‘Ë¡ Ÿß¢÷Èπ„π√–¬– stationary phase ¢Õß°“√‡®√‘≠ ´÷Ëß‡ªìπ√–¬–∑’Ë‡°‘¥¢÷ÈπÀ≈—ß®“°∑’Ë
·∫§∑’‡√’¬¡’°“√‡æ‘Ë¡®”π«π·∫∫∑«’§Ÿ≥ ∑”„Àâ‡°‘¥°“√¢“¥·§≈π‡À≈Á°„πÕ“À“√Õ¬à“ß√ÿπ·√ß ·∫§∑’‡√’¬®÷ß
®”‡ªìπµâÕß √â“ß‰´‡¥Õ‚√øÕ√å„πª√‘¡“≥∑’Ë Ÿß¢÷Èπ·≈–¡’º≈µàÕ°“√§«∫§ÿ¡°“√‡®√‘≠¢Õß‡™◊ÈÕ√“ [27, 28]

2. ¥â“π ‘Ëß·«¥≈âÕ¡
πÕ°®“°≈‘·°π¥å¢Õß‰´‡¥Õ‚√øÕ√å¡’§«“¡ “¡“√∂„π°“√®—∫°—∫‡À≈Á° ‚¥¬ √â“ßæ—π∏–°—∫

‡À≈Á°‰¥â¥’·≈â« ¬—ß¡’§«“¡ “¡“√∂„π°“√®—∫°—∫‚≈À–Õ◊ËπÊ ‰¥âÕ’°¥â«¬ ‡™àπ Õ–≈Ÿ¡‘‡π’¬¡ (Al), ·§¥‡¡’¬¡ (Cd),
∑Õß·¥ß (Cu), ·°≈‡≈’¬¡ (Ga), µ–°—Ë« (Pb),  —ß°– ’ (Zn), radionuclides √«¡‰ª∂÷ß ¬Ÿ‡√‡π’¬¡ (U) ·≈–
‰π‚Õ‡∫’¬¡ (Np) ·¡â«à“§«“¡·√ßÀ√◊Õ§«“¡®”‡æ“–¢Õß°“√®—∫Õ“®®–‰¡à‡∑à“°—∫‡À≈Á°°Áµ“¡ [29] Tansupo ·≈–
§≥– [30] ‰¥â»÷°…“°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß‰´‡¥Õ‚√øÕ√å∑’Ëº≈‘µ®“°‡™◊ÈÕ·∫§∑’‡√’¬ Ps. aeruginosa
Rû °—∫‰ÕÕÕπ¢Õß∑Õß·¥ß µ–°—Ë« «“‡π‡¥’¬¡ ·≈–‚§√‡¡’¬¡ ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫‡À≈Á° æ∫«à“ §«“¡·√ß¢Õß
°“√®—∫°—∫‚≈À–¢Õß‰´‡¥Õ‚√øÕ√å “¡“√∂‡√’¬ß≈”¥—∫®“°πâÕ¬‰ªÀ“¡“° §◊Õ µ–°—Ë« ‚§√‡¡’¬¡ «“‡π‡¥’¬¡ ∑Õß·¥ß
·≈–‡À≈Á° µ“¡≈”¥—∫ πÕ°®“°π’È¬—ß¡’°“√ª√–¬ÿ°µå„™â‰´‡¥Õ‚√øÕ√å‡ªìπ “√®—∫‚≈À–Àπ—°„π ‘Ëß·«¥≈âÕ¡ ‚¥¬
∫√‘‡«≥∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°À√◊Õ “√∑’Ë‡ªìπæ‘…π—Èπ ®ÿ≈‘π∑√’¬å®–¡’°“√ √â“ß°≈‰°µÕ∫ πÕßµàÕ
 ¿“«–¥—ß°≈à“« °≈‰°Àπ÷Ëß §◊Õ °“√¢—∫ “√‰´‡¥Õ‚√øÕ√åÕÕ°¡“¿“¬πÕ°‡´≈≈å‡æ◊ËÕ®—∫°—∫‰ÕÕÕπ¢Õß‚≈À–Àπ—°
‡°‘¥‡ªìπ “√ª√–°Õ∫‡™‘ß´âÕπ °≈‰°π’È®–™à«¬ªÑÕß°—π‚≈À–Àπ—°‡¢â“ Ÿà‡´≈≈å®ÿ≈‘π∑√’¬å·≈–≈¥§«“¡‡ªìπæ‘…¢Õß
‚≈À–Àπ—°∑’Ë®–°àÕ„Àâ‡°‘¥§«“¡‡ ’¬À“¬°—∫‡´≈≈å π—∫‡ªìπ·π«∑“ßÀπ÷Ëß„π°“√™à«¬µ√÷ß‚≈À–Àπ—°„π¥‘π ·≈–¬—ß
≈¥°“√·æ√à°√–®“¬¢Õß‚≈À–Àπ—°„π ‘Ëß·«¥≈âÕ¡Õ’°¥â«¬ [52] ¡’°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß‰´‡¥Õ‚√øÕ√å
µàÕ°“√ °—¥‚≈À–Àπ—°ÕÕ°®“°¥‘π∑’Ëªπ‡ªóôÕπæ∫«à“  “¡“√∂ °—¥∑Õß·¥ß·≈–‡À≈Á°ÕÕ°¡“‰¥â ·≈–
 “¡“√∂ °—¥‰ÕÕÕπ¢ÕßÕ–≈Ÿ¡‘‡π’¬¡ÕÕ°¡“®“° aluminium silicate ‰¥âÕ’°¥â«¬ [31] °“√»÷°…“¢Õß Nair
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√Ÿª∑’Ë 3 °“√‡®√‘≠¢Õßµâπ·µß°«“¿“¬„µâ ¿“«–∑’Ë¡’‡°≈◊Õ§≈Õ‰√¥å 60 mmol l-1 ∑’Ë¡’º≈¡“®“°
(A) °“√„™â siderophore-containing culture filtrate (SCF) ¢Õß‡™◊ÈÕ Trichoderma asperellum

Q1 ∑’Ë¡’°“√‡µ‘¡‡øÕ√‘°§≈Õ‰√¥å 30 µmol l-1

(B) °“√‡µ‘¡‡øÕ√‘°§≈Õ‰√¥å 30 µmol l-1

(C) °“√„™â SCF ¢Õß‡™◊ÈÕ T. asperellum Q1 ∑’Ë‰¡à¡’°“√‡µ‘¡‡øÕ√‘°§≈Õ‰√¥å
(D) ‰¡à¡’°“√„™â SCF ¢Õß‡™◊ÈÕ T. asperellum Q1 ·≈–‰¡à¡’°“√‡µ‘¡‡øÕ√‘°§≈Õ‰√¥å [25]

·≈–§≥– [32] æ∫«à“ ‰´‡¥Õ‚√øÕ√å¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥ “√ ethylenediaminetetraacetic acid (EDTA),
citric acid (CA) ·≈– “√ÀπŸ‰¥â 92.8%, 77.3% ·≈– 70.0% µ“¡≈”¥—∫ Õ’°∑—Èß¬—ß¡’√“¬ß“π°“√»÷°…“
æ∫«à“ ·∫§∑’‡√’¬∑’ËÕ“»—¬∫√‘‡«≥¥‘π√Õ∫√“°æ◊™∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß‚≈À– à«π„À≠à πÕ°®“°®–¡’§«“¡
 “¡“√∂„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å·≈–¡’§«“¡ “¡“√∂„π°“√µâ“π∑“π‚≈À–‰¥â·≈â« ¬—ß¡’º≈∑”„Àâ√“°¢Õßæ◊™∑’Ë
‡ªìπ‚Œ µå¡’§«“¡µâ“π∑“π‚≈À–‰¥âÕ’°¥â«¬ ¥—ßπ—Èπ °“√ª≈Ÿ°æ◊™√à«¡°—∫·∫§∑’‡√’¬∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘µ
‰´‡¥Õ‚√øÕ√å®– “¡“√∂™à«¬„Àâæ◊™ (‚Œ µå) ¡’§«“¡µâ“π∑“πµàÕ‚≈À–Àπ—° ∑”„Àâæ◊™‡®√‘≠‰¥â„π∫√‘‡«≥∑’Ë¡’
‚≈À–Àπ—°‰¥â ®–‡ÀÁπ‰¥â«à“ πÕ°®“°‰´‡¥Õ‚√øÕ√å®–¡’∫∑∫“∑„π°“√™à«¬®—∫‡À≈Á°·≈â« ¬—ß¡’∫∑∫“∑„π°“√
™à«¬ àß‡ √‘¡„Àâæ◊™µâ“π∑“πµàÕæ‘…∑’Ë‡°‘¥®“°‚≈À–™π‘¥µà“ßÊ ‰¥âÕ’°¥â«¬ [37-40]

®“°°“√∑’Ë‰´‡¥Õ‚√øÕ√å¡’§«“¡ “¡“√∂„π°“√®—∫‚≈À–Õ◊ËπÊ ‰¥â πÕ°‡Àπ◊Õ®“°‡À≈Á°π—Èπ ∑”„Àâ
 “¡“√∂π”§ÿ≥ ¡∫—µ‘¢âÕπ’È¡“„™âª√–‚¬™πå„π°“√‡æ‘Ë¡ª√‘¡“≥°“√º≈‘µ‰´‡¥Õ‚√øÕ√å µ—«Õ¬à“ß‡™àπ ¡’°“√‡µ‘¡
‚≈À–æ«° Ca2+, Mo2+, Mn2+ ≈ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ æ∫«à“ ®–¡’ à«π‡æ‘Ë¡°“√º≈‘µ‰´‡¥Õ‚√øÕ√å∂÷ß 34-100%
‡ªÕ√å‡´Áπµå [33] ‡π◊ËÕß®“°°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß‰´‡¥Õ‚√øÕ√åÕ‘ √–°—∫‚≈À–Àπ—° ∑”„Àâ§«“¡
‡¢â¡¢âπ¢Õß‰´‡¥Õ‚√øÕ√åÕ‘ √–„πÕ“À“√¡’ª√‘¡“≥≈¥≈ß ¥—ßπ—Èπ®ÿ≈‘π∑√’¬å®÷ßµâÕßº≈‘µ‰´‡¥Õ‚√øÕ√å‡æ‘Ë¡¡“°¢÷Èπ [34]
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πÕ°®“°π’È¡’°“√»÷°…“º≈°√–∑∫¢Õß‚≈À–Àπ—°µàÕ°“√º≈‘µ‰´‡¥Õ‚√øÕ√åæ∫«à“ ‚≈À–Àπ—°¡’º≈„π°“√‡æ‘Ë¡
ª√‘¡“≥°“√º≈‘µ‰´‡¥Õ‚√øÕ√å µ—«Õ¬à“ß‡™àπ ‚§√‡¡’¬¡ (Cr), ª√Õ∑ (Hg) ·≈– µ–°—Ë« (Pb) ¡’º≈µàÕ°“√‡æ‘Ë¡
ª√‘¡“≥°“√º≈‘µ‰´‡¥Õ‚√øÕ√å¢Õß Ps. aeruginosa [35] Õ–≈Ÿ¡‘‡π’¬¡ (Al), ·§¥‡¡’¬¡ (Cd), ∑Õß·¥ß
(Cu) ·≈– π‘‡°‘≈ (Ni) ¡’º≈„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å™π‘¥ desferrioxamine E (DFOE),
desferrioxamine B (DFOB) ·≈– coelichelin (Cch) ∑’Ë √â“ß®“° Streptomyces spp. [36]

3. ¥â“π°“√·æ∑¬å
µ—Èß·µàÕ¥’µ‰¥â¡’π—°«‘®—¬®”π«π¡“°∑’Ëπ”‰´‡¥Õ‚√øÕ√å‰ªª√–¬ÿ°µå„™â„π¢—ÈπµÕπ°“√√—°…“

∑“ß°“√·æ∑¬å„π≈—°…≥–µà“ßÊ (µ“√“ß∑’Ë 3) ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π¥â“π°“√√—°…“ºŸâªÉ«¬‚√§ β-thalassemia ́ ÷Ëß
¡’ª√‘¡“≥∏“µÿ‡À≈Á°„π√à“ß°“¬¡“°‡°‘πæÕ Õ—π‡ªìπº≈¢â“ß‡§’¬ß®“°¢—ÈπµÕπ°“√√—°…“ [41] ∂÷ß·¡â«à“‡À≈Á°®–
‡ªìπ‚≈À–∑’Ë®”‡ªìπ ·≈–¡’∫∑∫“∑∑’Ë ”§—≠Õ¬à“ß¡“°µàÕ¡πÿ…¬å ·µà°≈—∫æ∫«à“ ‡¡◊ËÕ¡’ª√‘¡“≥∑’Ë‰¡à‡À¡“– ¡ ‡À≈Á°
 “¡“√∂°àÕ„Àâ‡°‘¥Õ—πµ√“¬µàÕ√à“ß°“¬¢÷Èπ‰¥â ‚¥¬‡À≈Á°„π√ŸªÕ‘ √–∑’Ë¡’ª√‘¡“≥¡“°‡°‘πæÕ„π√à“ß°“¬ ‡ªìπÀπ÷Ëß
„πµ—«°“√ ”§—≠¢Õß°“√‡°‘¥Õπÿ¡Ÿ≈Õ‘ √–∑’Ë¡’§«“¡«àÕß‰«„π°“√‡°‘¥ªØ‘°‘√‘¬“ Ÿß °“√‡°‘¥ªØ‘°‘√‘¬“„π≈—°…≥–
¥—ß°≈à“«‡ªìπº≈°àÕ„Àâ‡°‘¥§«“¡‡ ’¬À“¬µàÕ‡´≈≈å·≈–‡¬◊ËÕÀÿâ¡‡´≈≈å‡ªìπÕ¬à“ß¡“° [42] ®”‡ªìπµâÕß¡’°“√
§«∫§ÿ¡‡À≈Á°„ÀâÕ¬Ÿà„π√–¥—∫ª°µ‘ ¡’°“√„™â‰´‡¥Õ‚√øÕ√å Desferrioxamine B ∑’Ë √â“ß®“° Streptomyces pilosus
„π°“√√—°…“‚√§ β-thalassemia [43] πÕ°®“°π’È¬—ß„™â„π°“√√—°…“°“√µ‘¥‡™◊ÈÕ¢Õß Listeria monocytogenes
‚¥¬π”‰ª≈¥ª√‘¡“≥‡À≈Á°„π√à“ß°“¬ºŸâªÉ«¬ ‡æ√“–‡™◊ÈÕ°àÕ‚√§µâÕß°“√‡À≈Á°„π°“√‡®√‘≠·≈–°àÕ§«“¡√ÿπ·√ß
¢Õß‚√§ [44]

πÕ°®“°π’È¬—ß¡’°“√»÷°…“‡°’Ë¬«°—∫°“√„™â “√‰´‡¥Õ‚√øÕ√å®“°®ÿ≈‘π∑√’¬åÀ≈“°À≈“¬™π‘¥„π°“√
¬—∫¬—Èß®ÿ≈‘π∑√’¬å°àÕ‚√§™π‘¥µà“ßÊ ‰¡à«à“®–‡ªìπ°“√»÷°…“¢Õß Wang ·≈–§≥– (2009) [46] ∑’Ë»÷°…“ “√
‰´‡¥Õ‚√øÕ√å∫√‘ ÿ∑∏‘Ï®“°¬’ µå Aureobasidium pullulans HN6.2 ÷́Ëß·¬°‰¥â®“°∑–‡≈ æ∫«à“  “¡“√∂
¬—∫¬—Èß·∫§∑’‡√’¬∑’Ë°àÕ‚√§„π —µ«å∑–‡≈ Vibrio anguillarum ‰¥â ·≈–‡¡◊ËÕ»÷°…“ ¿“«–°“√¬—∫¬—Èß‡™◊ÈÕ¢Õß “√
‰´‡¥Õ‚√øÕ√å∫√‘ ÿ∑∏‘Ï æ∫«à“ „π ¿“«–∑’Ëª√“»®“°‡øÕ√‘°‰ÕÕÕπ‡∑à“π—Èπ∑’Ë “√‰´‡¥Õ‚√øÕ√åÕ¬à“ßÀ¬“∫ (crude
siderophore) ·≈–‰´‡¥Õ‚√øÕ√å∫√‘ ÿ∑∏‘Ï (purified siderophore) ®–¡’§«“¡ “¡“√∂„π°“√¬—∫¬—Èß°“√‡®√‘≠
¢Õß·∫§∑’‡√’¬∑’Ë°àÕ‚√§‰¥â πÕ°®“°π—Èπ¬—ß¡’°“√»÷°…“ æ∫«à“  “√‰´‡¥Õ‚√øÕ√å™π‘¥ catecholate ∑’Ë‰¥â®“°‡™◊ÈÕ
Azospirillum lipoferum M ¡’§ÿ≥ ¡∫—µ‘„π°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬åÀ≈“°À≈“¬™π‘¥ ‡™àπ ·∫§∑’‡√’¬ Rhizobium,
Azotobacter sp., Escherichia coli, Serratia marcescens, Staphylococcus aureus ·≈– Bacillus
sp. ·≈–¡’º≈„π°“√¬—∫¬—Èß°“√ √â“ß ªÕ√å¢Õß√“ Rhizoctonia sp., Fusarium oxysporium, Aspergillus
niger, Aspergillus sydowii, Aspergillus variecolor ·≈– Penicilium funiculosum ´÷Ëß°“√∑’Ë “√
‰´‡¥Õ‚√øÕ√å “¡“√∂¬—∫¬—Èß®ÿ≈‘π∑√’¬å°àÕ‚√§™π‘¥µà“ßÊ‰¥â Õ“®¡’ “‡Àµÿ¡“®“° ª√–°“√·√°  “√‰´‡¥Õ‚√øÕ√å
¡’°“√∑”ß“π§≈â“¬°—∫¬“ªØ‘™’«π– (antibiotic-like activity) À√◊Õ™à«¬°√–µÿâπ°“√ √â“ßÀ√◊Õ∑”ß“π√à«¡°—∫
 “√µâ“π∑“π®ÿ≈™’æ (antibacterial substance) ∑’Ë‡™◊ÈÕ √â“ß¢÷Èπ ª√–°“√∑’Ë Õß ‰´‡¥Õ‚√øÕ√å¡’ à«π™à«¬
„π°“√≈¥°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å°àÕ‚√§‚¥¬°“√‰ª·¬àß®—∫‡À≈Á° ∑”„Àâ®ÿ≈‘π∑√’¬å°àÕ‚√§‰¡à “¡“√∂‡®√‘≠‰¥â [47]
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ß“π«‘®—¬‡°’Ë¬«°—∫‰´‡¥Õ‚√øÕ√å„πª√–‡∑»
¡’°“√»÷°…“«‘®—¬„πª√–‡∑»‰∑¬®”π«π‰¡àπâÕ¬∑’Ë»÷°…“‡°’Ë¬«°—∫ “√‰´‡¥Õ‚√øÕ√å ¡’√“¬ß“π°“√

·¬°®ÿ≈‘π∑√’¬å∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å®“°¥‘π·À≈àßµà“ßÊ „πª√–‡∑»‰∑¬ µ—«Õ¬à“ß‡™àπ
°“√·¬°·∫§∑’‡√’¬∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å®“°¥‘π√Õ∫√“°¢â“«„π∫“ß®—ßÀ«—¥∑“ß¿“§‡Àπ◊Õ æ∫«à“
23% ¢Õß·∫§∑’‡√’¬∑’Ë·¬°‰¥â∑—ÈßÀ¡¥¡’§«“¡ “¡“√∂„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å ·≈–¡’°“√ª√–¬ÿ°µå„™â‰Õ‚´‡≈∑
∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘µ ‰´‡¥Õ‚√øÕ√å„π°“√¬—∫¬—Èß‡™◊ÈÕ√“°àÕ‚√§„π¢â“« æ∫«à“  “¡“√∂¬—∫¬—Èß‡™◊ÈÕ Fusarium
oxysporum (37.5%), Alternaria (35.4%), Pyricularia oryzae (31.2%) ·≈– Sclerotium sp. (10.4%)
µ“¡≈”¥—∫ [49] ¡’°“√§—¥·¬°·Õ°µ‘‚π‰¡´’ µå ®“°¥‘π√Õ∫√“°æ◊™„π®—ßÀ«—¥≈”æŸπ æ∫«à“ 27.5% ¢Õß
·Õ°µ‘‚π‰¡ ’́ µå ∑’Ë·¬°‰¥â∑—ÈßÀ¡¥¡’§«“¡ “¡“√∂„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å ·≈–∫“ß ªï™’ å µ—«Õ¬à“ß‡™àπ

µ“√“ß∑’Ë 3 »—°¬¿“æ¢Õß‰´‡¥Õ‚√øÕ√å„π°“√π”¡“ª√–¬ÿ°µå„™â∑“ß¥â“π°“√·æ∑¬å [45]

Õ“°“√¢Õß‚√§  “√‰´‡¥Õ‚√øÕ√å Àπâ“∑’Ë¢Õß‰´‡¥Õ‚√øÕ√å

- Õ“°“√µ—∫ÕàÕπÕ—°‡ ∫‡©’¬∫æ≈—π (Acute Desferrioxamine - °”®—¥Õπÿ¡Ÿ≈Õ‘ √–¢ÕßÕÕ° ‘́‡®π
pancreatitis)
- ‚√§º‘«Àπ—ß‡ªìπæ‘…∑’Ë‡°‘¥®“°°“√ —¡º— °—∫ Desferrioxamine - ¬—∫¬—Èß°“√‡°‘¥Õπÿ¡Ÿ≈Õ‘ √– ·≈–ªÑÕß°—π°“√
‰π‚µ√‡®π (Skin exposed to nitrogen mustard) ∂Ÿ°∑”≈“¬¢Õß‡´≈≈å
- ¿“«–‡≈◊Õ¥ÕÕ°∫√‘‡«≥À≈—ß≈Ÿ°µ“ (Retrobulbar Desferrioxamine - ™–≈Õ§«“¡‡ ◊ËÕ¡≈ß¢Õß°âÕπ‡≈◊Õ¥∫√‘‡«≥
haematoma) À≈—ß≈Ÿ°µ“
- ¿“«–°≈â“¡‡π◊ÈÕÀ—«„®º‘¥ª°µ‘®“°°“√¡’‡À≈Á° Desferrioxamine - ≈¥ª√‘¡“≥‡À≈Á°∑’Ë¡’°“√ – ¡∫√‘‡«≥
‰ª – ¡ (Iron-overload cardiomyopathy) °≈â“¡‡π◊ÈÕÀ—«„® Õ—π®–°àÕ„Àâ‡°‘¥§«“¡º‘¥

ª°µ‘¢Õß —≠≠“≥§≈◊Ëπ‰øøÑ“¢Õß°≈â“¡‡π◊ÈÕ
À—«„®

- ¡–‡√Áß (cancer) Desferrioxamine - ¬—∫¬—Èß°“√‡®√‘≠¢Õß¡–‡√Áß
- ¿“«–°≈â“¡‡π◊ÈÕ≈“¬¢“¥‡≈◊Õ¥ (Skeletal Desferrioxamine - ‡æ‘Ë¡°“√ √â“ß‡ âπ‡≈◊Õ¥„À¡à·≈–°“√§◊π Ÿà
muscle ischemia)  ¿“æª°µ‘®“°¿“«–°≈â“¡‡π◊ÈÕ≈“¬¢“¥‡≈◊Õ¥
- ‚√§µ°¢“«®“°‡™◊ÈÕ Trichomonas vaginalis Desferrioxamine - ¬—∫¬—Èß Trichomonas vaginalis ∑’Ë

∑”„Àâ‡°‘¥Õ“°“√µ°¢“«
- ¿“«–∑’Ë¡’‡À≈Á° – ¡„π√à“ß°“¬‡π◊ËÕß®“°¡’°“√ Desferrioxamine - °“√≈¥ª√‘¡“≥‡À≈Á°∑’Ë¡’°“√ – ¡´÷Ëß‡ªìπ
„Àâ‡≈◊Õ¥ (Hyper-transfusion) º≈¢â“ß‡§’¬ß®“°°“√„Àâ‡≈◊Õ¥
- Õ“°“√‡¬◊ËÕ∫ÿ™àÕß∑âÕßÕ—°‡ ∫„πÀπŸ (Peritonitis Desferrioxamine - ™à«¬ àß‡ √‘¡°“√√—°…“‚¥¬¬“ªÆ‘™’«π– ́ ÷Ëß
in rat) ®–™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√ ÷́¡ºà“π

¢Õß¬“ªØ‘™’«π–„Àâ¥’¢÷Èπ
- ‚√§æ¬“∏‘®“°‡™◊ÈÕ Trypanosoma brucei Desferrioxamine - ¬—∫¬—Èß°“√µ‘¥‡™◊ÈÕ Trypanosoma brucei

„π°√–· ‡≈◊Õ¥
- ‚√§ªÕ¥Õ—°‡ ∫®“°‡™◊ÈÕ Pneumocystis carinii Desferrioxamine - ¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ Pneumocystis

carinii
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Streptomyces spp. ·≈– Actinomadura spp.  “¡“√∂º≈‘µ‰´‡¥Õ‚√øÕ√å‰¥â∑—Èß™π‘¥ hydroxamate ·≈–
catecholate ‚¥¬‰Õ‚´‡≈∑∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å à«π„À≠à·¬°‰¥â®“°¥‘π√Õ∫√“°µâπ
¢¡‘Èπ¢“« ·≈–Õ¬Ÿà„π®’π—  Streptomyces [50] πÕ°®“°π’È¬—ß¡’°“√»÷°…“§—¥·¬°·Õ°µ‘‚π‰¡ ’́ µå ®“°
¥‘πµ–°ÕπªÉ“™“¬‡≈π®“°®—ßÀ«—¥‡æ™√∫ÿ√’ ©–‡™‘ß‡∑√“ ·≈–™≈∫ÿ√’ æ∫«à“ 89.2% ¢Õß·Õ°µ‘‚π‰¡ ’́ µå
∑’Ë·¬°‰¥â∑—ÈßÀ¡¥¡’§«“¡ “¡“√∂„π°“√º≈‘µ‰´‡¥Õ‚√øÕ√å ‚¥¬‰Õ‚´‡≈∑∑’Ë √â“ß‰´‡¥Õ‚√øÕ√åª√‘¡“≥ Ÿß ÿ¥Õ¬Ÿà
„π®’π—  Streptomyces [51] ‡©≈‘¡ ·≈–§≥– (2546) ‰¥â»÷°…“º≈¢Õß‰´‡¥Õ‚√øÕ√åµàÕ°“√‡®√‘≠¢Õßæ◊™
‡»√…∞°‘®∫“ß™π‘¥ ‚¥¬„™â‰´‡¥Õ‚√øÕ√å∫√‘ ÿ∑∏‘Ïº≈‘µ®“°‡™◊ÈÕ Pseudomonas putida (KKU2) ∑’Ë·¬°‰¥â
®“°¥‘π„π®—ßÀ«—¥Õÿ¥√∏“π’æ∫«à“ ‰´‡¥Õ‚√øÕ√å∫√‘ ÿ∑∏‘Ï ‰¡à¡’º≈µàÕ°“√‡æ‘Ë¡§«“¡ Ÿß ·µà¡’º≈µàÕ°“√‡æ‘Ë¡πÈ”
Àπ—°·Àâß¢Õßæ◊™Õ¬à“ß¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘ [48]

®“°∑’Ë°≈à“«¡“¢â“ßµâπ®–‡ÀÁπ‰¥â«à“ ‰´‡¥Õ‚√øÕ√å¡’∫∑∫“∑∑’Ë ”§—≠µàÕ ‘Ëß¡’™’«‘µ·≈–¡’ª√–‚¬™πåµàÕ
¡πÿ…¬å¡“°¡“¬ ªí®®ÿ∫—π°“√»÷°…“‰´‡¥Õ‚√øÕ√å®÷ß¢¬“¬«ß°«â“ß¢÷Èπ ‡æ◊ËÕ„Àâ°“√π”‰ªª√–¬ÿ°µå„™â∫√√≈ÿ
ª√–‚¬™πå Ÿß ÿ¥ ·µàªí≠À“∑’Ë ”§—≠ §◊Õ ¢—ÈπµÕπ°“√º≈‘µ‰´‡¥Õ‚√øÕ√å®“°®ÿ≈‘π∑√’¬å„πÕ“À“√ —ß‡§√“–Àå∑’Ë¡’
ª√‘¡“≥∏“µÿ‡À≈Á°®”°—¥ ‡¡◊ËÕ∑”„Àâ∫√‘ ÿ∑∏‘Ï®–‰¥âª√‘¡“≥πâÕ¬ ‰¡à‡æ’¬ßæÕµàÕ§«“¡µâÕß°“√ ‡ªìπº≈„Àâ “√π’È¡’
√“§“ Ÿß¢÷Èπµ“¡‰ª¥â«¬ [48] ¥—ßπ—Èπ®÷ßµâÕß¡’°“√»÷°…“Õ¬à“ßµàÕ‡π◊ËÕß‡æ◊ËÕæ—≤π“·π«∑“ß„π°“√º≈‘µ
‰´‡¥Õ‚√øÕ√å„Àâ‰¥âª√‘¡“≥∑’Ë Ÿß ·≈–≈¥µâπ∑ÿπ°“√º≈‘µµàÕ‰ª

 √ÿª
‰´‡¥Õ‚√øÕ√å ‡ªìπ‚¡‡≈°ÿ≈∑’Ë¡’§«“¡®”‡æ“–µàÕ‡øÕ√‘°‰ÕÕÕπ º≈‘µ®“°·∫§∑’‡√’¬·≈–øíß‰® ‡ªìπ

µ—«™à«¬π”‡À≈Á°‡¢â“ Ÿà‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å„π ¿“«–·«¥≈âÕ¡∑’Ë¡’‡À≈Á°®”°—¥ ´÷Ëß¡’§«“¡ ”§—≠µàÕ°“√¥”√ß™’«‘µ
¢Õß®ÿ≈‘π∑√’¬å Õ’°∑—Èß‡ªìπº≈‘µ¿—≥±å∏√√¡™“µ‘∑’Ë‰¡à°àÕ„Àâ‡°‘¥¡≈æ‘…µàÕ ‘Ëß·«¥≈âÕ¡ ¥—ßπ—Èππ—°«‘∑¬“»“ µ√å
À≈“¬ “¢“®÷ß‰¥âπ”§ÿ≥ ¡∫—µ‘π’È¡“„™â„Àâ‡ªìπª√–‚¬™πå„π¥â“πµà“ßÊ ¡“°¡“¬ ‰¡à«à“®–‡ªìπ ¥â“π°“√‡°…µ√
π”‰ª„™âª√–‚¬™πå„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å°àÕ‚√§„πæ◊™·≈– àß‡ √‘¡°“√‡®√‘≠¢Õßæ◊™ ¥â“π°“√·æ∑¬å
π”‰ª√—°…“ºŸâªÉ«¬„π√Ÿª·∫∫µà“ßÊ ‚¥¬‡©æ“–Õ¬à“ß¬‘ËßºŸâªÉ«¬‚√§ β-thalassemia ·≈–„™â¬—∫¬—Èß®ÿ≈‘π∑√’¬å°àÕ‚√§
À≈“°À≈“¬™π‘¥ √«¡∂÷ß ¥â“π ‘Ëß·«¥≈âÕ¡ π”‰ªª√–¬ÿ°µå„™â„π°“√®—∫‚≈À–Àπ—°™π‘¥µà“ßÊ ·µàÕ¬à“ß‰√°Áµ“¡
°≈‰°∑’Ë‡°’Ë¬«¢âÕß„π°“√π”‰ª Ÿà°√–∫«π∑’Ë‡°‘¥¢÷Èπ¥—ß°≈à“« ∫“ß°√–∫«π°“√¡’§«“¡ —́∫´âÕπ ·≈–¡’§«“¡‡™◊ËÕ¡
‚¬ß¢ÕßÀ≈“¬°≈‰°‡¢â“¥â«¬°—π‡π◊ËÕß¡“®“°‚§√ß √â“ß¢Õß‰´‡¥Õ‚√øÕ√å·µà≈–™π‘¥¡’§«“¡À≈“°À≈“¬ Ÿß „π
ªí®®ÿ∫—ππ—°«‘∑¬“»“ µ√å “¡“√∂ —ß‡§√“–Àå “√‰´‡¥Õ‚√øÕ√å®“°®ÿ≈‘π∑√’¬å∫“ß™π‘¥¢÷Èπ¡“‡æ◊ËÕπ”‰ª„™â
ª√–‚¬™πå„π¥â“πµà“ßÊ ·µà‡π◊ËÕß®“°µâπ∑ÿπ„π°“√º≈‘µ¡’√“§“ Ÿß ¥—ßπ—Èπ®÷ß‰¥â¡’°“√«‘®—¬Õ¬à“ßµàÕ‡π◊ËÕß‡æ◊ËÕÀ“
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